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PREFACE. "

IN a leading article on educational Engineering Treatises, which,
appeared lately in a well-known journal,* the following remarks,
amongst others, struck me as being very suggestive to any
one engaged in the preparation of a Text-Book for Students,
and as well worthy of attention :— : ‘ .

“We are convinced that all the instruction contained in a
great number of the engineering books already published, could
be printed much more simply and concisely, and also much
more lucidly, if authors sought only to impart their knowledge
with the greatest brevity, without thinking at all of displaying
their own learning or seeking to make a thick volume. ..
There is too much paste and scissors work, too much book-
making and padding nowadays. . . . A considerable number
of engineering books are so learned as to be quite over the
heads of most students. Many more are so verbose, so laden
with abstruse formule, letters, and diagrams, that the solution
of the simplest question involves hours of time that can ill be
spared from ot%er work. It is no doubt true, that many
engineering questions demand elaborate writing to give a precise
answer with mathematical exactness; but in the majority of
engineering practice, absolute exactness of such a nature is not
necessary, and if a useful approximation will amply suffice, and
is readily obtainable in some simply written book, that is the
one that will be adopted.” -

The object, therefore, aimed at in the following pages, was the
production of such a “simply written book ” as should nof be
above the heads of my readers, but should bring the information
desired, step by step, within their grasp. ether I have
succeeded in accomplishing this object, is a question which, of
course, must be decided by those competent to judge. .

T wwanld acle 33 4lod she work is the result of gradually

1 on Steam and Steam Engines

‘neer, July 30, 1886.
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during the last six years to the students of the Glasgow College
of Science and Arts.

Although all the questions (elementary, advanced, and hon-
ours) that have been set at the Examinations in Steam of the
Science and Art Department for the last ten years, as well as most
of those in the Steam Section of the City and Guilds of London
Institute’s Examinations for Mechanical Engineering, besides
many others, have been systematically arranged at the end of
the Lectures in accordance with their order of treatment, the
work is not by any means intended as a mere cram-book for
these examinations. It is designed to be an easy introduction
to Professor Rankine’s well-known treatise on 7'he Steam Engine,
and to Mr. Seaton’s practical and highly appreciated Manual of
Marine Engineering, both issued by the publishers of the present
volume.

In all new and specially done cuts a uniform system of refer-
ence letters has been observed throughout the book, viz., the
use of the first letter or letters of the name or names of the
has been adopted to indicate the part, and, in addition to a
general description of the figures, an “index to the parts” has
been printed either immediately underneath or alongside of the
same. This system is always insisted upon by me with my own
students in writing out their home exercises or examinations,
and I have found that it greatly facilitates the reading of draw-
ings, as well as a quick understanding of the different parts of a
machine.

In every instance where matter has been taken from other
books, the author’s name and the work referred to have been
indicated in a footnote, and in many cases where further infor-
mation is likely to be required by honours, or advanced
students, the book or source where it may be obtained has been
mentioned. In addition to these notes, a selected list of several
standard Treatises and Papers on Steam and Steam Engines will
be found in the Appendix.

My cordial thanks are due to Mr. A. C. Kirk, M. Inst. C.E.,
and his assistant, Mr. John H. Macalpine, for valuable sug-
gestions 1n regard to the treatment of various parts of the firss
half of the book. Mr. Brownlee’s appendix to Lecture XIV., on
“ Empirical Formule for the Pressure, Density, Volume, and
Work of Steam,” is all the more valuable owing to its not
having been published before, and to the fact that Professor
Rankine based the constants in several of his well-known formulee
on Mr. Brownlee’s careful experiments and investigations on the
properties of steam.




.o

PREFACE. v

I have also to acknowledge the able assistance afforded me
while the work was in progress, by the following old students
of the Glasgow College of Science and Arts, viz, Messrs.
H. Osbourne Bennie, Wh. Sc., Stud. Inst. 0.E.; James Welsh;
‘Wmn. Borrowman, Wh. Sc.; J. H. A. M‘Intyre, Wh. Sc.; and
Thos. O. Fulton.

Finally, I have to tender my best thanks to all friends who,
by furnishing drawings, &c., have enabled me to place before
students some of the more recent developments in engineering
practice. ]

Elementary or first-year students should devote most of their
attention to the history and elementary principles of the Steam
Engine, together with the experiments on heat and steam, and
the action of steam in the cylinder, given in the first eleven
lectures. They should also reproduce from memory neat free-
hand sketches with reference letters, and descriptions in their
own words of the general outline and details of the engines
noticed, or of other engines of a similar kind, which they have
met with in the workshop ; and they should work out carefully
and exactly all the elementary arithmetical questions. They
may, therefore, with advantage pass over Lecture XII., Zeuner’'s
diagrams in Lecture XIII., the Appendix to Lecture XIV.,
from compound engine diagrams to end of Lecture XV., Lecture
XVIL, the latter half of Lecture XXII., and Lecture XXIV.
Advanced, or second-year students, should study the whole book,
and work out most carefully at home all examples which they
have not previously mastered. Honours, or third-year students,
should revise the more difficult portions of the book, work out
any of the examples which they before omitted to consider, and
refer to the different treatises mentioned in the footnotes, as
well as in the Appendix at the end, for more information on
the subject of their study.

If any errors should be observed by readers, or answers
obtained to unanswered arithmetical questions, I shall feel
much obliged for an early note of them, and I shall also grate-
fully acknowledge the receipt of any suggestions or communi-
cations tending to increase the usefulness of the work, as my
desire is, as far as possible, to keep it abreast of the times.

ANDREW JAMIESON.

‘COLLEGE OF SCIENCE y /
GLaAsGow, Septemly
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Exressive and important addizions, both to the Text and
the Illustrations, have been made in this new Edition. To
Lecture XYV an illustration and description of the new forms
of Brake used in determining the brake horse-power of the
“ Ajax " Glasgow Gas Engine, bave been added. The whole
of Lecture XVII., on the Action of the Connecting-rod and
Crank, Turning Moments, and the Effects of the Inertia of the
Moving Parts in High Speed Engines, has been re-written and
extended. A diagram drawn to scale, and account of the
action and peculiar constraction of the cylinders in Mr. Brock’s
patent Quadruple-Expansion Engines, together with reduced
copies of the Indicator-diagrams taken from the engines of the
S.S. « Buenos dires” (built and engined by the Messrs. Denny,
of Dumbarton) have been incorporated in Lecture XXIV.
A very complete set of scale working-drawings (including a
Folding Plate), with detailed index to parts and full descriptive
specification, of an Express Locomotive lately built by Messrs.
Dubs & Co., of Glasgow, for the London, Chatbam, and Dover
Railway Co., have been introduced into Lecture XXX. The
whole of the Advanced and the Honours Questions set at the
1889 May Examination on “ Steam” by the Science and Art
Department, have been allocated to the examples at the end
of Lectures and the Appendix. I have availed myself, as far
as possible, of hints kindly sent me by Engineers, and will be
much obliged for any further suggestions which tend to increase
the usefulness of the work.

My best thanks are again due to Dr. A. C. Kirk and his
Scientific Assistant, Mr. John H. Macalpine, and to my own
Assistant, Mr. John Anderson, for their kind contributions
and help. Iam also indebted to Mr. C. A. Mathey, Engineer,
Demerara, for a lengthy and most acceptable criticism on many

important points.
ANDREW JAMIESON.

THE GLASGOW AND W
Tecu~icAL C
GrasGow, Septe)
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STEAM AND STEAM ENGINES.

LECTURE 1.

CoNTENTS,—Early Formas of the Steam Engine : Hero’s, Savery’s, and
Newcomen’s.

THE student will find the history of the rise and progress of the
Steam Engine both interesting and instructive. Two lectures
will therefore be devoted to reviewing, as concisely as possible,
the struggles of early inventors to produce mechanical work
from steam.

Hero’s Engine.—The first application of the elastic force of
steam of which there is any record, was by Hero of Alexandria,
about 130 B.c.*

From the following fi and index of parts the construction
and action will at once be understood. The fire at, F, heats the
water in the caldron, C, generating steam; the steam passes up by
the pipe, P, in the direction shown by the arrows into the globe,
G, first expelling the air, and then exhausting by the two nozzles,
N,, No. Owing to the nozzles being fixed in opposite directions
and at right angles to the axis on which the globe is free to
rotate, the reaction from the steam on the air produces a
¢ couple,” and thus turns the globe at a very high speed, but
with so little power that a great expenditure of fuel would be

uired to develop even a horse-power.

o other notice of the application of steam to produce motion
is found until about the year 1563, when Mathesius hints
at the possibility of constructing an apparatus similar in its

- action to that of our modern steam engine.t No device of a

* Glass models, called Whirling Oelipiles, are obtainable at mf optician’s,
for illustrating the action of Hero’s engine, on the ¢‘Barker mill principle.”
4+ For complete descriptions of the attempts made by De Caus, 1624 ;
Giovanni Branca, 1628; Marquis of Worcester, 1663; Sir S8amuel Moreland,
1682; Papin, 1685 to 1695, &c., see Descriptive History of the Steam
Engine, by Robert Stuart, C.E., published in 1825, and dedicated to
T+ Rivkhanl 6 Patran of tha Matal Glasgow Mechanics’ Institution, and
»sophy in the College founded by
" Also, see a treatise by John
id Prof. Thurston's History of the

)y C. Kegan, Paul & Co.



2 LECTURE 1.—HISTORY OF THE STEAM ENGINE.

thoroughly practical nature worth drawing the attention of
students to occurs, until Captain Thomas Savery brought out
his patent steam engine for raising water from mines in 1698.

Hzro’s ENGINE, 130 B.C.

F for Fire. G for Globe.
C ,, Caldron, containing water. Nj, N3 ,, Nozzles, steam exhaust.
P ,, Pipe, steam supply.

Savery's Engine.—Steam from the boiler, B, is admitted to the
receiver, R, by opening the steam cock, SC. When the receiver
is filled with steam, the cock, SC, is closed, and CJ opened, which
allows a douche of cold water to play on the outside of R, thus
causing condensation and producing a vacuum. The atmospheric
pressure acting on the mine water, at M W, forces water up
through the suction valve (or cock), SV, nearly filling the re-
ceiver. OJ is then closed, and SO opened, thus permitting
the steam from the boiler to force the water now in the receiver
up through the delivery valve (or cock), DV, and the discharge
pipe, DP, to any convenient place clear of the mine.

In Savery’s actual engine he adopted a complete duplex set of
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boilers, receivers, and cocks, so that the operations of filling one

receiver and emptying the other might be conducted simultane-
ously.* He placed his boilers and receivers about 20 feet above

F for Furnace. MW for Mine water.

B ,, Boiler. SV ,, Suction valve.
SP ,, Steam pipe. DV ,, Delivery valve.
SC ,, Steam cock. CJ ,, Condensing jet.
R ,, Receiver. DP ,, Discharge pipe.

the bottom of the mine water, or well, and the height of the
overflow from the discharge pipe about 30 feet above the receiver.
The efficiency of a Savery engine, as measured by the weight of
coal consumed, was tested by Smeaton, in 1774, and found to be
about ¢ of what can now be realised by a modern pumping-
engine. The loss of heat-energy, due to the alternate heating
and cooling of the receiver, added to the condensation of the
steam upon coming into direct contact with the water when
forcing the latter out of the receiver, combined with the impossi-

n Savery's enﬂne introducing a
receiver, and the cold water injec-
jection for condensing the steam in
. Engine, 1825, Fig. 20, 3
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bility of placing the receiver much more than 20 feet above the
bottom of the mine,* and the inability of engineers in those days
to construct boilers of sufficient strength to withstand a steam
pressure more than 15 lbs. on the square inch,t prevented the
adoption of Savery’s engine in most mines,
Newcomen's Atmospheric Engine.—1In 1705 Thomas Newcomen,
a blacksmith, associated with Savery and John Cawley, a glazier,
made the experiment of introducing steam under a piston
moving in a cylinder. They formed a vacuum by condensing the
steam by an affusion of cold water on the outside of the steam
vessel ; and the weight of the atmosphere pressed the piston to
the bottom of the cylinder. This was the first form of atmo-
spheric engine—the simplest and most powerful machine that had
hitherto been constructed. After a great many laborious attempts
at Wolverhampton to make one of their engines work satisfac-
torily, they were one day (in March, 1712) surprised “to see the
engine go several strokes, and very quick together, when, after a
search, they found a hole in the piston, which let the cold water
in to condense the steam in the inside of the cylinder, whereas
before they had always done it on the outside.” This fortunate
observation gave rise to the improvement of condensing by
injection, which thus rendered the cold water jacket of their
steam cylinder unnecessary, and they thereafter manufactured
their engines in the form shown in the following figure.
The mine pumps, M P, weighted pump-rod, W P R, and lift
ump, LP, on the one side of the wooden beam, W B, being
geavier than the piston, P, and piston rod, P R, always brought
the piston to the top of the cylinder, C; consequently, to start
the engine, the steam valve, S V, was opened, in order to expel
the air by the relief or snifting valve, RV, and to fill the
whole cylinder with stcam. The steam valve was now closed,
and the injection cock, I 0, opened, which caused a spray of cold
water from the cold water tank, C W T, to enter the cylinder and
condense the steam. The vacuum produced brought the pressure
of the atmosphere into play on the top side of the piston,
causing it to descend to the bottom of the cylinder, thus actu-
ating the pumps at the other end of the beam. The condensed
steam and injection water got clear away from the bottom of the

* With even a ect vacuum in the receiver, the atmospheric pressure,
which is usually abopt; 15 Ibs. on the square inch, could only force water up
into it from a depth of 34 feet.

+8avery said, ‘¢ T could only get boilers and pipes of sufficient strength,

u to a height of 1,000 feet.” .
1; Jed the enifting valve by Newcomen, because the air
. e it blows through it.
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cylinder by the eduction pipe, EP, to the feed water tank,
FWT,; the water from this tank being used to fill the boiler,

NEwcoMeN's ExcINg, 1712.

F  for Furnace. MP for Mine pump.

B ,» Boiler. LP ,, Lift pump.

GP ,, Gauge pi CWT,, Cold water tank.

SV ,, Steam valve. WT ,, Water tapto top of piston,
(o] »» Oylinder. IC ,, Injection cock.

P ,» Piston. RV ,, Relief or sifting valve.
PR ,, Piston rod. EP ,, Eduction pipe.

WB ,, Wooden beam. FWT,, Feed water tank,

WPR,, Weighted pump-rod.

and the height of the water in the boiler was ascertained by
the gauge pipes, G P.
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At first (in 1712) the valves were opened and shut by hand.
To perform these operations at the precise moment, required
the most exact and unremitting attention on the part of the
attendant, as the least neglect or inadvertence might be ruinous
to the engine, by beating out the bottom of the cylinder, or
allowing the piston to be drawn out of it. Stops were contrived
to prevent both of these accidents; then strings were used to
connect the handles of the cocks and valves with the beam,
and finally a Mr. Beighton, in 1718, simplified the whole of
these movements by causing them to be automatically opened
and shut at the proper moment by means of a *tappet rod”
connected with the beam. He also introduced the lever safety
valve to the boiler.

Another difficulty which at first severely taxed the ingenuity
of the inventors was the sudden upheaving of the cylinder,
at the moment of creating the vacuum, which caused such a
jolt and stress on the pipes connecting the cylinder and the
boiler, as to keep them in a chronic state of leakage. It will
be observed that at the instant the vacuum is produced, the
piston is pressed downwards by the atmospheric pressure, but
at the same time the cylinder is equally pressed upwards, so
that it required to be very heavy or very securely fastened down,
to prevent it rising; since no downward motion of the piston
can take place until the inertia of the whole moving mass of
beam, pump-rods, &c., has been overcome. This difficulty was in
& measure mastered by bolting the cylinder firmly down to strong
beams, and keeping it separate from the boiler.

":.'_’:1 WIR
SMEATON’S P1sTON.
PR for Piston rod. BB for Bolts.
1D ,, Iron dish. WIR,, Wroti&ht iron ring shrunk
WD,, Wooden dish. on like a cart-wheel tyre.

Newcomen's piston, which consisted of a flat plate with a
broad piece of leather screwed to it and turned up the sides of
the cylinder two or three inc’ considerable trouble,
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owing to leakage and the cutting of the leather. An improved
form of piston (see preceding figure) was afterwards introduced
by Smeaton.*

*For Smeaton’s improvements, see Thurston's History of the Steam
Engine; also, see articles in 7The Kngineer, beginning June 6th, 1879,
p. 403. For a diagram of a Newcomen engine from an old plate, see
The Engineer, November 28th, 1879, p. 400, and for a tine diagram of an
elaborate Newcomen engine, only taken down in 1880, see the same paper,
January 30th, 1880, p. 84.

Lecrure I.—QUEsTIONS.

1. Give a free-hand sketch of Savery's engine, with index of parts.
Describe its action in your own words. State clearly how it was so
wasteful of fuel, and what limited its application to deep mines.

2. Suppose the water in a mine to be 25 feet below the point to which
it rose in Savery’s receiver, and the top of the discharge pipe 30 feet above
the bottom of the receiver, what vacuum and pressure of steam in pounds
per square inch would be necessary to work the engine? Amns. 11 lbs.,
and 132 1bs.

3. Give a free-hand sketch with index of Newcomen’s engine. Describe
in your own words its action, and how you would start it.

4. Suppose the diameter of a Newcomen’s engine cylinder to be 30 inches,
the stroEe 5 feet, the effective pressure per square inch due to the vacuum,
10 1bs., and 15 up and down strokes to be made per minute, how many
pounds of water would it lift per minute to a height of 100 feet, neglecting
all losses due to friction, &c.? .Ans, 53015 lbs,
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CoxrenTs,—Watt’s Model of Newcomen’s Engine in Glasgow University—
Watt's Single and Double Acting Engines—Hornblower’s Engine—
List of Steam Engine Patents to 18%5.

Ur to the period when Smeaton perfected the atmospheric
engine, the progress of the ‘fire engine,” as the steam engine
was then called, had been merely empirical; and in everything
that depended on principle, the steam engine of that period
was a most rude, wasteful, and inefficient machine. Then came
the time when science was to effect more in a few years than
mere empirical progress had done in nineteen centuries. In
1759, James Watt had his attention directed by Robison to
the subject of the steam engine, and for a few years afterwards
made various experiments on the properties of steam. In 1763
and 1764, Watt, while engaged in the repair of a small model
of Newcomen’s engine (belonging to the University of Glasgow,
and since preserved by that University as the most precious
of relics), perceived the various defects of that machine, and
ascertained by experiment their causes.

Watt set to work scientifically from the first. He studied
the laws of the pressure of elastic fluids, and of the evaporating
action of heat, so far as they were known in his time; he
ascertained as accurately as he could, with the means of ex-
perimenting at his disposal, the expenditure of fuel in evapora-
ting a given quantity of water, and the relations between the
temperature, pressure, and volume of the steam. Then, reasoning
from the data which he had thus obtained, he framed a body of
principles expressing the conditions of the efficient and economic
working of the steam engine, which are embodied in an invention
described by himself in the following words, in the specification
of his patent of 1769:—*

“ My method of lessening the consumption of steam, and
consequently fuel, in fire engines, consists of the following
principles :—

s First. That vessel in which the powers of steam are to be
employed to work the engine, which is called the cylinder in

* Extract from The Steam Engine and other Prime Movers, by Prof, Rankine.
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WATT’S MODEL IN GLASGOW UNIVERSITY,
¥, for Furnace; B, Boiler, O, Cylinder; PR, Piston rod; W B, Wooden beam; MP, Mine
pump; TR, Tappetrod; CW T, Cold-water tank; WT, Water tap for keeping piston
tight ; E P, Exhaust pipe.
Norzs.—In working to repair the model here rqm-euted, James Watt, in 1765, made the
discovery of a separate condenser, which has identified his name with the Steam

Eogine,
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common fire engines, and which I call the steam vessel, must,
during the whole time the engine is at work, be kept as hot
as the steam that enters it; first, by enclosing it in a case of
wood, or any other materials that transmit heat slowly; secondly,
by surrounding it with steam or other heated bodies; and
thirdly, by suffering neither watér nor any other substance
colder than the steam to enter or touch it during that time.

¢ Secondly. In engines that are to be worked wholly or partially
by condensation of steam, the steam is to be condensed in vessels
distinct from the steam vessels or cylinders, although occasionally
communicating with them; these vessels I call condensers; and,
while the engines are working, these condensers ought at least
to be kept as cold as the air in the neighbourhood of the engines,
by application of water, or other cold bodies.

“ Thirdly. Whatever air or other elastic vapour is not con-
densed by the cold of the condenser, and may impede the
working of the engine, is to be drawn out of the steam vessels
or condensers by means of pumps, wrought by the engines
themselves, or otherwise.

« Fourthly. 1 intend, in many cases, to employ the expansive
force of steam to press on the pistons, or whatever may be used
instead of them, in the same manner in which the pressure of
the atmosphere is now employed in common fire engines. In
cases where cold water cannot be had in plenty, the engines may
be wrought by this force of steam only, by discharging the steam
into the air after it has done its office.

" ¢« Lastly. Instead of using water to render the pistons and
other parts of the engines air and steam tight, I employ oils,
wax, resinous bodies, fat of animals, quicksilver, and other
metals in their fluid state.”

To start Watt’s Single-acting Engine:

First. Blow through, by opening all the valves, V,, V,, V.
This allows the steam from the boiler to expel the air from
the cylinder, steam passages, and condenser.

Second. Shut valve, V,, and open injection cock, I 0. This
creates a vacuum below the piston, and at the same time brings
into play the steam pressure above it, causing the piston to
descend.

Third. Close valves V, and Vg, and open V,. This allows the
steam which forced down the piston to find its way below it,
and thus to create an equal pressure on each side of it, when
the weight of the pump-rods, acting on the other end of the
beam, brings the piston to the top of the cylinder.

These second and third operations are repeated automatically
by the tappet rod when the engine has been fairly started. -
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‘WATT'S SINGLE-ACTING ENGINE,

for ]I;:rnwe

,» Damper,

,, Boilell)'?

”» geed water pipe,
»» Gauge pipes.

”» Steamuge pipe.

s Steam valve,

»» Equilibrium valve,
,s Exhaust ”
s» Cylinder.

» Steam jacket.

»» Cmnder cover,

s» Gland and stuffing box.
4y Piston.

s» Piston rod,

QB Oddd4uoEg
Q“ C ""ﬂﬂ
-}

w

WB for Wooden beam.

A s Axis,

WPR ,, Weighted pump-rod down
to bottom of mine,

» Exhaust pipe,

,» Jet condenser.

»» Injection cock.

» Cold-water pump.

o]

» Air pum
y» Snifti l\’r‘alve.
y»» Foot valve.

,» Delivery valve,
,» Hot

,s Feed pum

4 Stone wor

moH®eh Q-
gug<<d<dngCan
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THE FOLLOWING IS AN ABBREVIATED LIST OF IMPROVEMENTS
EFFECTED BY WATT ON SINGLE-ACTING ENGINES.

. Steam jacket to keep cylinder warm.

Separate condenser.

. Air pump to draw off air and condensed steam.

. Expansive working of steam in the cylinder.

. Improved piston, cylinder cover, gland, and stuffing box.
. Oataract or hydraulic governor for regulating the speed.

By these several improvements, Watt reduced the amount of
fuel required to produce a certain power to about one-third of
that required in Newcomen’s engine. So fully was this recog-
nised, that Watt, in granting licenses to use his engines, received
a third part of the saving of coals which was made by his engines,
when compared with an atmospheric engine, doing the same
work with coals of the same quality.

Watt’s Cataract Governor.—The cataract governor was in-
vented by Watt, to regulate the speed of his single-acting
pumping engines, and is so simple that the student may readily
understand it without the aid of a diagram.* This governor
consisted of a pump placed in a tank of water below the
level of the cylinder, and the plunger of this pump was
attached to a long lever. This lever was loaded with a heavy
weight on the same side of the fulcrum as the plunger, and the
lever projected out on the other side of the fulerum. The tappet
rod, which was worked off the main beam, engaged with the
projecting end of this lever when the piston of the engine was
travelling downwards, and therefore raised the plunger of the
pump. When the piston of the engine began to rise again (due
to the opening of the equilibrium valve by the tappet rod), the
heavy weight on the same end of the cataract lever as the plunger
caused the latter to descend and to force out the water which
it bad drawn in during its up-stroke. The water was forced
out through a small cock, and the time occupied by the pump
plunger in its descent depended upon the amount of opening
given to this cock, which could be regulated by the attendant.
Since the opening of the steam valve of the engine, which
caused the down-stroke of the piston, was effected by a rod from
the cataract pump lever, the down-stroke of the engine could not
take place until the pump plunger had descended sufficiently
to open the steam valve. It will therefore be apparent that by
regulating the amount of opening of the discharge cock, the
pump plunger could be made to descend with any required

* e wall diagrams illustrating clearly Watt’s cataract governor may
be had from the Science and Art Department. It is shown at, P, in the
following figure.

O O 0o b0
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speed, and thus the steam valve of the engine opemed any
uired number of times per minute.
m‘i'he following diagram illustrates an improved form of Watt'’s

single-acting pumping engine, and the cataract gavernor

IuwPRrOVED FoRM OF WATT'S SINGLE-ACTING PUMPING ENGINE.

ﬂm—mmmon}d make a free-hand sketch of the above figure and write out an
index of parts, using the first letter of the names of the parta.

o«

-~

f1

-~
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Watt’s Double-acting Engine—Hitherto Watt had only in-
troduced steam acting against a piston to press it downwards,
thus losing time and the opportunity of taking advantage of
the pressure of the steam in the up-stroke to increase the power.
In 1782, however, after he had removed from Glasgow to
Birmingham, and there joined in partnership with Mr. Boulton,
he took out a patent for a *“double-acting engine.” This engine
was freed from the enormous dead weight of counterpoises,
which had hung on it from the first attempts of Newcomen,
for the purpose of equalising the motion and producing the
up-stroke.

Watt says:—“My second improvement upon steam or fire
engines, consists in employing the elastic power of the steam
to force the piston upwards, and also to press it downwards
alternately, by making a vacuum above or below the piston
respectively, and, at the same time, employing the steam to act
upon the piston in that end, or exerted upon the piston only in
one direction, whether upwards or downwards.” His 1782
patent engine was considerably improved by his patent of 1784,
of which we now give a drawing and description.

To start Watt’s Double-acting Engine :—

First. Blow through, by opening all the valves, V,, V,, V4, V.

Second. If the piston is at top of cylinder, shut valves, v‘s
and V, and open injection cock, I 0. This creates a vacuum
underneath the piston, and at the same time brings into play
the steam pressure above it, causing the piston to descend.

Third. When the piston has reached the end of its stroke,
shut valves V), V,, and open V,, V. This permits the steam
to exhaust from the top of piston direct to the condenser, and
at the same time admits steam from the boiler underneath it,
causing the piston to ascend.

These second and third operations are repeated automatically
by means of the plug rod and tappets.
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Warr's DouBLE-ACTING ENGINE, 1754,

for Handle.

SP for Steam ttjvipe. H
TV ” e valve, AP »» Air pump,
G ,» Governor, HW 5 Hot well.
V1, Vs, ,, Steam valves connected | FP »» Feed pump.

by a pipe.* CWP ,, Cold-water pump.
Vo, Ve s aust valves also con- | P ,, Piston,

nected by a pipe. PR s> Piston rod.
TR . T‘E::t (or plug) rod. PM sy Parallel motion,
C »» Cylinder. MB ,» Metal beam.
8J »» Steam jacket. CR ,» Connecting rod,
EP »» Exhaust pipe. S&PM ,, Sunand 1& et motion,
JC sy Jet condenser (separate). | M S sy Main shaft.
IC »» Injection cock. FwW »» Fly-wheel

* In the drawing the steam pipes connecting valves, V; and V,, and the ‘

exhsust valves, V3 and V,, cannot be fully shown, but it will form a
useful exercise for the student to make a section at right angles to the

figure through these valves, including all the necessary pipes. . -
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TisT oF IMPROVEMENTS INTRODUCED OR PATENTED BY WATTP
SINCE THE INVENTION OF HIS “SINGLE-ACTING ENGINE.”

1. Applying steam on both sides of the piston.

2. Parallel motion to guide the piston rod in a straight line.

3. Metal beam instead of the large clumsy wooden one.

4. Sun and planet motion to convert reciprocating rectilineal
to rotative motion.*

5. Governor to regulate the speed of his rotative engines
(see index at end for Governors).

6. Indicator to ascertain the pressure of steam in the cylinder
(see index at end for Watt’s Indicator),

* There can be no doubt that Watt first thought of applying the crank
to convert the reciprocating motion of the piston into a rotative one, but,
having neglected to take out a patent, the invention was communicated

by a workman to tho engineer erecting an engine for a Mr. Matthew
ashbrough, of Bristol, who patented the application. The following is
Watt’s own narrative on this subject :—¢‘‘ Among the many schemes which

passed through my mind, none appeared so likely to answer the purpose
as the appli%ation of a crank in the manner ofya common turning-lathe
(an invention of great merit, of which the humble inventor and even its era
are unknown); but, as the rotative motion is produced in that machine
by the impulse given to the crank in the descent of the foot only, and is
continued in its ascent by the momentum of the wheel, which here acts as
a fly; and, being unwilling to load my engine with a fly heavy enough to
oextinne the motion during the ascent of the piston (and even were a
commterweight employed to act, during that ascent, on a fly heavv enough
upon
other,
gle to
aearly

7y fly-
se the
Watt,
0, s
ght it
ation,

some
d the
1 over
| thus
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WATTS DOUBLE-ACTING ENGINE.

IMPROVED ForM 0F WATT'S DoUBLE-ACTING EXGINE,
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7. Oounter for recording the number of strokes of the engine.

8. Mercury U-tube gauges to ascertain the pressure of steam
in the boiler as well as the vacuum in the condenser.

An improved form of Watt’s double-acting rotatory engine
is shown in the preceding illustration; students should compare
this with Watt’s engine, shown on page 13.

Hornblower's Engine.—Professor Goodeve says:—*“There can
be no question as to the fact that Watt invented the expansive
working of steam, but, technically, he does not stand first
in the records of the Patent Office, for he was anticipated
by a patent of Hornblower for a single-acting pumping engine,
which dates from the year 1781.”

Hornblower, in his specification, says—1. “I use two vessels,
in which the steam is to act, and which in other steam engines
are generally called cylinders.

2. “I employ the steam after it has acted in the first vessel,
¢o operate a second time in the other, by permitting it to expand

=

Ve

Hor~eBLowER's CoMPOUND ENGINE, 1781.*

SP for Steam pipe from boiler. V3, V3 for Steam cocks or valves,
HPC ,, High-pressure cylinder. Vg, V4 ,, Equilibrium ”

» W- 13 2 VG ” Exhaust ”»
EP ,, Exhaust pipe to condenser.

* The drawing is taken from Stuart’s Descriptive History of the Steam
Engine, printed 1825, P v
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itself, which I do by connecting the vessels together, and forming
proper channels and apertures, whereby the steam shall occa-
sionally go in and out of the said vessels.

3. “I condense the steam by causing it to pass in contact with
n}(eletallic surfaces, while the water is applied to the opposite
side.”

To start Hornblower’s Engine:— ,

First. Blow through (to clear all air and gases out of the
cﬂinders and condenser), by opening all the steam and exhaust
valves.

Second. Shut valves V, and V,, and turn on the cold water
to surface condenser. This creates a vacuum on the lower side
of low-pressure piston, and permits the live steam from boiler to
press on high-pressure piston, and at the same time the steam
from below that piston to act on the low-pressure piston.

Third. Shut valves V,, V, V, and open V, V, This
allows the steam which pressed on the top of each piston to
flow underneath them, and thus to create equilibrium when the
weighted pump-rods pull them to the top again, ready for another
start downwards.

It will be quite apparent to students of the present day, that
Hornblower had actually devised not only the compound engine,
but also the surface condenser (although his engine was but a
single-acting one). He erected several engines on his plan, and,
probably, the reason why they did not prove more economical
than Watt’s single-acting engines, was that the pressure of
steam which could be generated in the boilers then constructed
was too low. He applied to Parliament, in 1792, for an exten-
sion of his patent, but was refused; and it is curious to note the
severe criticism of early writers on his invention, the principle
of which is nowadays so fully recognised.®

The further improvements on the steam engine by Trevithick,
‘Woolfe, M‘Naughton, and others, will be noticed within proper
place, in connection with locomotive and marine engines.

In order to complete this Early History of the Rise and
Progress of the Steam Engine, we here give a list of a few of
the more important English patents up to the beginning of this
century. '

* Stuart, in 1825, writes—*‘It must always be a sub{el:t of regret, that
this ingenious man should have wasted the best part of his life, and ruined F
his fortune in a series of selfish attempts to copy Mr. Watt’s inventions,
without coming within the letter of his t.” . .

* Ses The Engineer, January 28, 188/, p. 70, for a letter discussing the

above. 3
f
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LECTURE I11.—HISTORY OF THE STEAM ENGINE.

CHRONOLOGIOAL LisT oF EARLY PATENTS.

For Improvements on the Steam Engine, and for Saving Fuel by the
Construction of the Fire-Place and Boiler.

1698. -
TBoMAS SAVERY, LONDON.

Raising water by the elasticity of
steam—Forming vacuum by con-
densing steam, to raise water by
pressure of atmosphere.

1705.

TaOoMAS NEWCOMEN, JOHN CAWLEY,
DARTMOUTH, AND THOMAS
SAVERY, LoNDoON.

Condensing the steam introduced
under a piston, and producing a
reciprocating motion by attaching
it to a lever.

1769.
JAMES WATT, GLASGOW.

Invention of the condenser—Use of
oil and tallow instead of water—
Enclosing cylinder in steam jacket
—Moving piston by steam against
a vacuum—Steam wheel.

1778.
MaTTHRW W ASHBROUGH, BRISTOL.
Rotative from rectilineal motion.

1781.
JoBN STEED, LANCASHIRE.
Crank movement.

JONATHAN HORNBLOWER, PENRYN.
Two cylinders.
1782,
JAMES WATT, BIRMINGHAM,

Expansive engine—Six contrivances

for regulating motion — Double
impulse engine—Two cylinders—
Toothed rack and sector to piston
rod and beam—Semi-rotative en-
gine—Steam wheel.

1784,
JAMES YWWATT, BIRMINGHAM.

Rotative engine—Three parallel mo-
tions—Portable steam engine, and
machinery for moving wheel car-
riages—Mode of working hammers
an stax:‘fers— Improved hand
gear—Mode of opening valves.

1785.
JAMES WATT, BIRMINGHAM.
Furnace for consuming smoke.

1798.
JoNATHAN HORNBLOWER, PENRYN.
Rotative engine.

1802.

RicHARD TREVITHICK AND ALEX-
ANDER VIVIAN, CORNWALL.

High-pressure engine.

1804.
ARTHUR WOOLFE, LONDON.

Two cylinders and high-pressure
steam boiler.

1805.
Jamzs M‘NAUGETON, LONDON.
Saving fuel,
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Lecture II.—QUESTIONS,
All sketches to be dome free-hand,

1. Make an outline sketch of the cylinder, piston, and valves connected
therewith, in Newcomen’s engine; and by the side of it make a second
drawing of the cylinder, piston, and valves, as altered by Watt. State
briefly the nature of these alterations, and mention the additional parts
necessary for the working of Watt’s engine, but not shown in your drawing.

_2. Explain, with a sketch, Watt's invention of a separate condenser and
air pump, as a%plied to a single-acting steam engine. State the several
improvements effected by Watt on Newcomen’s engine.

3. What is the principle of the single-acting engine? Draw an outline
section through the cylinder and valves, &c. Name the valves and explain
sheir action, also the order of opening and shutting them when starting the

e.

4. In improving the old atmospheric engine, Watt laid down the rule
that the cylinder in which the steam did its work should be kept as hot as
the steam which entered it. What special provisions did he make for
ca.rryini:ut this rule? Explain your answer by referring to such sketches
a8 may uired.

5. Name the three principal valves connected with the steam cylinder of
a single-acting pumping engine. State which are opened and which
closed—(1) when the piston is at the top of the cylinder and begummg
to descend ; (2) when the piston is at the bottom of the cylinder an

beginning to ascend.

. Describe, by a sketch and index of parts, Watt’s double-acting engine,

and point out the distinction between a single-acting and a doulﬁe-acting

engine. What is the object of the equilibrium valve in a single-acting
ine? During what portion of the stroke is this valve open?

g. Enumerate the improvements introduced by Watt into his double-
acting steam‘engine in 1784. Why is this engine so much more economical
in steam than the old atmospheric engine ?

8. Sketch a section through the cylinders of Hornblower’s engine; give
index of parts, and state how it is started. Why was the high-pressure
cylinder of shorter stroke than the low-pressure one? Wherein is it an
improvement on Watt’s single-acting engine?

9. Make a vertical transverse section through the nozzles and valves of a
Cornish pumping engine, showing the positions of the stop or regulating,
steam, equilibrium, and exhaust valves respectively, together with the

rts of the cylinder and the passages for the distribution of steam. (4dv.

. and A. Exam., 1889.)



LECTURE IIL
CoxTENTS.—Temperature, Thermometry, Pyrometers,

It is necessary at the very outset of this section of our subject,
to clearly understand what is meant by the different expressions:

1. The temperature of a body.

2. The quantity of heat in a body, and the unit of keat.

3. The capacity for heat, and the specific heat of a body.

Temperature.—The temperature of a body s its thermal state
considered with reference to its power of communicating heat to
other bodies (MAXWELL).

Two bodies are said to be at the same temperature, if, when
placed in thermal communication, there is no tendency to the
transfer of heat between them; if, however, one of them loses
heat, and the other gains heat, that body which gives out heat, is
said to have a kigher temperature than that which receives heat.

Temperature, therefore, indicates the quality or condition of
the heat in bodies, and is capable of greater or less intensity
according to circumstances. It is measured by Thermometers
and Pyrometers.

Thermometry.—Thermometry is the method of ascertaining
tomperatures, or the intensities of heat. The action of ther-
mometers is based on the change of volume, to which bodies are
subject with a change of temperature. Air, water, spirit, and
mercurial thermometers are severally used under different circum-
stances, but the mercurial thermometer is the one most commonly
cuployed by engineers. The mercurial thermometer consists of
a stem or tube of glass, formed at one end into a bulb, to contain
the mercury which expands into the tube. If the stem be of
uniform bore, the expansion of the mercury being practically
equal for equal increments of temperature, it follows that, if the
scale be uniformly graduated, the divisions will indicate equal
inorements of temperature.*

Lt was early ascertained that the freezing and the boiling points

* For a complete description of the different kinds of thermometers, their
vonstruction, calibration, graduation, and use, see Professor Maxwell on
*“ Heat,” published by Lon, & Co., Text Book of Science Series,
Profeasor Tait on ¢ Heat,” published by Macmillan & Co.

N\
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of water at the normal pressure of the atmosphere (viz., 14:7 lbs.
on the square inch), were constant temperatures, and advan-
tage is taken of this physical property in order to graduate

thermometers. The interval between these two fixed
temperatures is in the case of the Fahrenheit ther-
mometer (the one commonly used by English engineers)
divided into 180 equal parts, termed degrees; in case
of the Centigrade,* or standard French thermometer,
into 100 equal parts, and in the Réaumur, or the
thermometer used in Germany, Russia, &c., into 80
parts. The following comparative scale will render this
quite clear:—

tigrade.
Fabrenheit.
Réaumaur,

Bolling polnt 100 -t s Bolling polut
B =Tl
L wH——H
. 'y‘ ‘ w:—f:—:...
1ft =
T Wi ",
: g1k "=
8 [ R P
g ]E; w2
B e
81 Freesing point. [T |, Freesing potnt
E;L' ST §
nH =i
LY —

tigrade.
Fahrenhelt
Réaumur.

8

SCHAFFER AND BUDEKNBERG'S ENGINEER 1 HBERMOMETERS.
* The Centigrade thermometer is now used as the standard th

by all the best physicists, and students should familiarise
readings taken by it, as well as with constants and tables to that

Thermometer for Screwing into Steam and Water Pipes.
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CoMPARISON OF DIFFRRENT THERMOMETERS.

Fah. Cent. Réau, Fah. Cent. Réan.
392 200 160 320 160 128
390°20 199 159-20 31820 159 12720
38840 198 15840 31640 158 126-40
386°60 197 15760 314:60 167 12560
38480 196 156-80 31280 156 124-80
383 195 156 311 155 124
381-20 194 16520 309-20 154 123-20
37940 193 164°40 307-40 153 122:40
377-60 192 15360 305°60 152 121-60
37580 191 15280 30380 151 120-80
374 190 152 302 - 150 120
372°20 189 15120 300-20 149 11920
37040 188 150°40 298°40 148 118-40
36860 187 149-60 296 60 147 117-60
36680 186 148-80 29480 146 116°80
365 185 148 293 145 116
36320 184 14720 291-20 144 11520
361-40 183 146-40 289-40 143 114-40
35960 182 145-60 28760 142 113-60
35780 181 144-80 28580 141 11280
356 180 144 284 140 112
354-20 179 14320 28220 139 11120
352-40 178 142-40 280°40 138 110-40
35060 177 14160 278-60 137 109-60
34880 176 14080 27680 136 10880
347 175 140 275 135 108
345-20 174 13920 27320 134 107-20
34340 173 13840 271-40 133 106-40
34160 172 137-60 269-60 132 105°60
33980 171 13680 26780 131 104-80
338 170 136 266 130 104
336-20 169 13520 26420 129 10320
33440 168 134-40 26240 128 102°40
332-60 167 13360 26060 127 10160
330°80 166 13280 25880 126 10080
329 165 132 257 125 100
327-20 164 131-20 25520 124 99-20
325-40 163 130-40 25340 123 98°40
32360 162 129-60 25160 122 97-60
321-80 161 128-80 249°80 121 96-80
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Fah Cent. Réau. Fah, Cent. Résu.
248 120 96 192 888 711
24620 119 9520 191 883 706
24440 118 9440 190 877 70°2
24260 117 93-60 189 87-2 697
240°80 116 92-80 188 866 693
239 115 92 187 86°1 688
237-20 114 91-20 186 856 684
23540 113 9040 185 850 6890
23360 112 8960 184 84-4 676
231-80 111 8880 183 838 67°1
230 110 88 182 83-3 666
22820 109 87°20 181 827 66-2
226-40 108 8640 180 822 857
224-60 107 8560 179 816 653
222-80 106 8480 178 811 648
221 105 84 177 805 644
21920 104 8320 176 800 640
217-40 103 8240 175 794 835
21560 102 81-60 174 788 631
21380 101 80-80 173 783 626

172 777 622
212 100-0 800 171 772 617
211 994 796 170 766 613
210 989 791 169 761 608

209 983 7847 168 756 604
208 978 782 167 750 6090
207 972 778 166 744 595
206 967 77-3 165 738 591
205 96°1 769 164 733 586
204 956 764 163 727 582
203 950 760 162 722 577
202 944 756 161 716 57'3
201 939 751 160 711 568
200 933 747 159 70°5 564
199 92-8 742 158 700 560
198 922 738 157 694 555
197 917 733 156 688 551
196 911 729 155 683 546
195 90°6 724 154 677 542
194 900 720 153 672 537
193 894 715 152 666 533

hN
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CoMPARISON OF DIFFERENT THERMOMETERS—Continued.
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CoMPARISON oF DirFERENT THERMOMETERS— Continued.

Fah. Cent. Réau. Fah. Cent. } Réau
71 216 17-3 51 105 84
70 21-1 16-8 50 100 80
69 20°5 164 49 94 75
68 20-0 160 48 88 71
67 194 155 47 83 66
66 188 151 46 77 62
65 18-3 146 45 72 57
64 177 142 44 66 53
63 172 137 43 61 48
62 166 133 42 56 44
61 16°1 12:8 41 50 40
60 156 12-4 40 44 35
59 150 120 39 38 31
58 14-4 115 38 33 26
§7 138 111 37 27 2-2
56 133 106 36 22 17
55 12-7 102 35 18 13
54 122 97 34 11 08
53 116 93 33 05 04
52 111 88 32 00 00

It is certainly a great inconvenience to have to convert readings
taken in one scale to that of another, but students should
thoroughly master the simple proportion that exists between
the different scales, so as to be independent of conversion tables.

Since the temperature of freezing water, or melting ice, is
marked on the different scales as follows—

Fah. Cent. Réan.

32° 0° 0°
and the boiling point of water—

Fah. Cent. Béau.

212° 100° 80°

we obtain the proportion that exists between the scales by
subtracting the freezing from the boiling points, thus—

Fab. ® Cenmt. Réan.
180° 100° 80°
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Now, to convert a reading observed on the one scale to its
corresponding value on either of the others—

Let F = Temperature Fahrenheit.
0 = . Centigrade.
R = ” Réaumur.

Then we observe that we must subtract 32° from the Fah. scale
before applying the above proportion in converting it to the
Cent. or to the Réau., but add 32, after applying the above
proportion, in converting either the Cent. or the Réau. into the
Fah. scale, as follows—

(F-32):C:R::180:100: 80
oras 9 : 5 : 4

.'.DegreesC=—(F—#5-
R (F-32)4
by F=9X9 g
” F=-—B'—:—9+32.

ExampLEs.—Suppose the temperature of the feed water for a
boiler is 102° Fah., find the corresponding temperature on the
Cent. and Réau. scales:

By proportion—  9:5::(F - 32):C

oo (F-3)5  (102-32)5
9

9
70 x 5 350 o,
=—g— =g = 38"8Cent.
Again— 9:4::(F-32):R
“R= ¥ ‘932) 4 _ (102 ‘932) 4 _ “_’.?;_0 = 31°1 Réau.

Suppose the temperature of the hot well is 80° Cent., what is
this on the Fah. and Réau. scales {



PYROMETERS. 29

By proportion— 5:9::C:(F - 32)

cFalX 5 B0x9 4
-T2, 32— 144 + 32 = 176" Fah.
Again— 5:4::0:3
..R=9"_4=.8i’ﬁ=64°Réau.

Note.—We shall treat of the “ absolute zero” of the thermometric scale
when we come to pressure and volume of gases.

Pyrometers* are employed to measure temperatures above the
boiling point of mercury (about 676° Fah.); for example, the
temperature of a furnace, or the waste gases in a chimney. Their
action depends upon the change of form of either solid or gaseous
bodies, liquids being necessarily inadmissible.

Pyrometric estimations are of three classes : —

Furgt. Those of which the indications are based upon the
change of the dimensions of a particular body, solid or gaseous
—the pyrometer proper.

Second. Those based on the quantity of heat imparted to a
known weight of water, by immersing in the water a body of
known weight, that has previously been raised to the tempera-
ture which it is required to determine.

Third. Those which are based on the melting points of metals
and metallic alloys.

1. Of the first class we have Wedgewood’s pyrometer, invented
in 1782, founded on the property possessed by clay, of contracting
at high temperatures. He made a tapered groove of metal, so
arranged, that the clay, when rolled or pressed into the form of a
small cylinder, just fitted, or entered the groove, if raised to &
low redness, but as it was increased in temperature it shrank and
could be slipped further along the tapered groove. He divided
the tapered groove into degrees Fah. Unfortunately, it has been
found that the contraction of the clay is not exactly proportional
to the increase of temperature.

Daniell’s pyrometer depends on the expansion of a metal bar
enclosed in a black-lead case. This case is drilled out 75 i
deep to a diameter say of ‘3 inch. A rod of platinum,

* For these notes on pyrometers we are indebted to D. K.
cellent Rules, Tables, and Data, published by Messrs. Blackie &
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iron, a little less than the bore, and about an inch shorter, is
inserted into the black-lead case, and surmounted by a porcelain
index. When the whole instrument is placed in a furnace, the
greater expansion of the metal as compared with that of the
black-lead, presses forward the index, which remains at the
furthest position, so that, when removed, it registers the highest
temperature to which it was subjected.* None of these methods,
as yet constructed on this principle, are very accurate.

2. Of the second means of ‘estimating higher temperatures, one
of the best is that known as Wilson’s water pyrometer. The
inventor places in the fire or heated chamber, a known weight
of platinum, in the form of a thin cylinder, until it has assumed
the temperature thereof. He then takes it out, and plunges it
quickly into a vessel containing water exactly twice the weight of
the platinum, and observes the rise in temperature of the water,
when the temperature of the chamber or fire is found by the
following simple rule—* Multiply the rise in temperature of the
water by a constant, 62, and add the final temperature of the
water.” The way in which this rule is found will be fully
explained in our next lecture, when we come to treat of specific
heat. In Siemens’ Water Pyrometer copper cylinders are used
instead of platinum; the principle and method of using it are the
same (see Appendix II

3. The third method of estimating high temperatures, viz.,
that based on the melting points of metals or metallic alloys, is
applied by simply suspending in the heated chamber or furnace
a small piece of metal, the melting point of which is known, and,
if necessary, two or more pieces of different melting points, so as
to ascertain the temperature within certain limits, according to
the pieces which are melted, and those which remain unmelted.
This is the rough and ready method inost frequently adopted by
workmen in iron, steel, and other smelting works.t

* For a description of air pyrometers and thermometers, see Professor
Maxwell on ‘“ Heat,” Professor Tait on ¢ Heat,” and also Sir Wm. Thomson’s
article on “ Heat,” Encyclopedia Britannica, 9th edition.

+ Based on the well-known law of the increase in electrical resistance of
metals with an increase of temperature, a tolerably accurate and very in-
teresting pyrometer was devised by the late Sir William Siemens, in 1871.
See Proceedings of The Royal Society, 1871, and Proceedings of the Society of
Telegraph Engineers, vol. i., p. 123, also Appendix I to this Book.
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. Sliding Seale.
& Metal Oylinder.

SIEMENS’
WATER PYROMETER.

Description.—This Pyrometer, which is
shown in the accompanying sketch (in
vertical and horizontal sections), consists
of two cylindrical copper vessels having an
air s , a, between them. The inner
vessel is constructed, with a view to pre-
vent radiation, of a double casing of
copper with an intermediate packing of
felt, and is of sufficient size to hold rather
more than a pint of water.

A mercurial thermometer, b, is fixed
against one side of the imner vessel and
protected by a perforated tube. The
upper half of the thermometer projects
ahove the copper vessel and is graduated
in the ordinary ‘degrees, Fahrenheit or
Centigrade, while by the side of it is a
small brass sliding scale, ¢, graduated and
tigured with degrees of the same denomi-
nation a8 the thermometer.

Cylinders, d, of copper, iron, or platinum
are provided with each Pyrometer, their
size being accurately adjusted so that the
capacity for absorbing heat between 0° and
100° C. is equal to one-fiftieth of that of the
vessel and pint of water which it contains;
as however this capacity (specitic heat) in-
creases with the temperature, the divisions
on the sliding scale expand with rise in
temperature and in a different ratio for the
three metals specified, thus necessitating
a special sliding scale for each metal of
which the cylinders are composed.

Instructions.— The temperature of a
furnace, &c., is ascertained in the following
manner :—

A pint (0°568 litre or 3466 cubic
inches) of clean water is placed in the
Pyrometer vessel, and, r this has
stood for a few minutes, the zero point of
the slidini scale is set at the
indicated by the thermometer. .

One of the metal cy] %
exposed from two to ten
heat to be measured and
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in it until it has acquired its temperature. It is then quickly withdrawn
and dropped into the water, the temperature of which rises gradually until
amaximum isreached. This rise of temperature, as indicated by the sliding
scale, added to the temperature of the water at the end of the experiment,
gives that of the furnace, d:c.

The range of the Pyrometer with copper and iron cylinders extends to
1000° C. or 1800° F., but with platinum cylinders to 1500° C., or 2700° F.

Cylinders of copper are found to be most suitable for general unse in
ascertaining the temperature of ordinary furnaces, while for very high
temperatures those of platinum are alone available. Wrought-iron
cylinders are sometimes employed, as they offer an advantage over those of
copper in having a higher melting point, and being less liable to alteration
in weight through loss by incrustation when plunged at a high temperature
into water ; this advantage may however be considered as counter-balanced
by the fact that copper is much less affected by the corrosive action of the
gaseous products of combustion; for the reasons just given, platinum
cylinders offer still further advantages.

The normal weights of the metal cylinders are as follows: —

Copper, . . . . . 137 grammes.
Wrought-iron, ., . . . 112 '
Platinum, ' . . . 4026 »

As the copper cylinders gradually decrease in weight, depending on the
frequency of use, a table is added below which gives for the diminished
weights the coefficient by which the temperature indicated on the sliding
scale is to be multiplied.

TABLE oF CORRECTIONS FOR THE DECREASE IN WEIGHT OF THE
CorPER CYLINDERS.

‘Weight of | Multiplier for | Weight of | Multiplier for || Weight of | Multiplier for
Coprr the indications Copper | the indications Jopper | the indications

Cylinder in | of the sliding || Cylinder in | of the sliding || Cylinder in | of the sliding

grammes. scale. grammes. scale, grammes, scale.

137 1-000 131 1:046 125 1096
136 1-007 130 1054 124 1-106
135 1:015 129 1-062 123 1114
134 1022 128 1-070 122 1123
133 1-030 127 1:078 121 1132

132 1-038 126 1-087 120 1142
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Sir William Siemens’ Electrical Pyrometer.—The electrical
resistance of metallic conductors depends upon their dimensions,
material, and temperature. An increase of the latter causes a
corresponding increase of resistance, the law of which is known.
Thus the resistance of a conductor having been ascertained at 0°
Centigrade it can be calculated for higher temperatures; and,
vice versd, as the resistance can be found by measurement the
temperature can be calculated. This is the principle upon
which Siemens’ Electrical Pyrometer is based.

A platinum wire, PW, contained in
G’ the tube, T’ (see first Figure), of a
known resistance at 0° Centigrade
is coiled on a cylinder of fire-clay so
that the convolutions do not touch
one another. This coil is protected
by a platinum shield, which is placed
in an iron or platinum tube, XT'.
ing wires, LW, are arranged
to connect the platinum wire coil,
PW, with an instrument suitable
for measuring its varying resistance,
from which the temperature can be
calculated.

The instrument supplied for measur-
ing the resistance is a Differential
Voltameter (see also second Figure),
which consists of two separate glass
tubes, A and B, in each of which a
dilute mixture of sulphuric acid and
water is decomposed by an electrical
current passing between two platinum
electrodes immersed in the liquid.
The efas which is generated is col-
lected in the upper portion of these
carefully calibrated tubes, and its
quantity is read off by means of a
graduated scale fixed behind the
tubes.

Movable reservoirs G and G’ com-
municating with the tubes, A and B,

@ Lw regulate the level of the liquid. The
current from the battery 1s divided
by a commutator B, B’ (see first

DIAGRAM OF CONN‘(;'.I'!ONB FOR SIR Figure)' fixed on the wooden base-

WiLLiam Siemens’ ELECTRICAL  board into two circuits, one of which

PYROMETEE. consists of a constant resistance, X',

in the instrument and the platinum

electrodes in one tube; the other, X, of

the resistance to be measured and the electrodes in the other tube. The
uantities of gas developed in the two tubes are in inverse proportion to

e resistances of their respective circuits, and the resistance in
instrument being known, the other can be calculated.
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Directions for use.—Fill the battery glasses, 1|1, with pure water, or, in
case of the electrical pressure of the battery decreasing, with a solution of
sal-ammoniac in water. Connect the poles to B and B on the commutator.
Expose the small end of the pyrometer-tube at, T’, as far as the cone, to
the heat to be measured, and connect the terminals, X, X', C, to the ends
of the leading cable bearing the corresponding letters. Connect the other
end of the leading cable to the terminars, X, §', C, on the Voltameter.

The Differential Volta-
meter is to be filled with the v
diluted sulphuricacid through
the reservoirs, G and G’, the
india-rubber cushions being
lifted from the top of the
tubes by means of the double
bell-crank lever, K. The
commutator, B, B’, is to be
turned so that the contact
sﬁrin on both sides rest on
the ebonite. The liquid in
both tubes, A and B, 18 to be
regulated to the same level
(0° of scale) by raising or
lowering the movable reser-
voirs, and the india-rubber
cushions are then let down
again. Give the commutator
& guarter of a turn, and the
development of gas will com-
mence almost Immediately.

Turn the commutator half

pound every ten seconds to

veverse the current. Keep

the current ing until the

liquid has fallen in the tubes

to at least 50° of the scale,

then put the commutator in

its first position, so that the

contact springs rest on the

ebonite, lower the reservoirs GENERAL VIEW OF VOLTAMETER AND
until the liquid stands at the CoMMUTATOR FOR SIR WILLIAM SIEMENS’
same level 1n each reservoir ELECTRICAL PYROMETER.

and its corresponding tube ;

read off the level of the .
liquids on the scale marked V, and the scale marked V'; then on the slide
rule supplied with the instrument set the reading on V', opposite the
reading on V, and the temperature in degrees centigrade will be indicated
by the arrow on the slide. For a new experiment adjust the levels to zero
as before,

The slide rule gives temperatures up to 1400° C., if the measurement
of higher temperatures is desired, it is necessary that the tube, T”, should be
of platinum instead of iron, and the temperatures can be calculated by the
subjoined formula—
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. 1
T‘Centigmde:[ 19 _:;1"'0-2_;1'*'5}‘"2—“3] - 218°

B
where a = ‘039369 ; l_ﬁ? = 877,975; -°'—2ﬁ+—7 = + 1907054
B = 00216407 ; i
y = - 24127 ; 10317;? =29434802; [ = 82738226
= = 9:0960553.
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Indructions for the use of the Voltameter.—1. The Voltameter tubes
should be filled with a mixture of fifteen parts of distilled water and
one part of pure sulphuric acid. Ordinary water and impure acid or
acid of too great a strength should be avoided, as they cause deposits
inside the tubes, which produce adherent gas bubbles and thus influence
the correctness of the reading. Should such deposits be formed, the tubes
must be well cleaned before further use.

2. Four cells of the battery, when new, give a suitable current, but
the other two cells should be added when the first are weakened through
use. Currents, if too strong and irregular, form gas bubbles which separate
the li%uid in the tube.

3. The Commutator of the Voltameter, when the current is passing,
should be reversed about every ten seconds.

4. Care should be taken that the corks carrying the platinum points are
80 arrang:;i that the points stand perfectly clear of the narrow ends of the
glass tubes, and that the distance between the wires in each pair is as
neary equal as possible.

5. The india-rubber cushions at the top of the fixed tubes should have a
thin layer of * Resin cerate” or tallow on their lower surfaces in order to
make the joint as gas-tight as possible.

6. Should adherent gas bubbles occur in spite of these precautions, they
can be removed by lowering the sliding reservoirs, squeezing the india-
rubber tubing, or suddenly reversing the commutator.

7. Before taking the final mdmg of the tubes, V and V', each sliding
tube must be lowered until the level of the liquid in it and its corresponding
fixed tuke is at the same height, 80 as to obtain an equal pressure on the
gas in each tube.

Lecrure III.—QUESTIONS.

1. Define the fem;enture of a body. What two natural phenomena have
been employed to determine two points of reference in the scale of ther-
mometers? And why?

2. Compare the Fah., Cent., and Réau. scales. A Cent. thermometer
indicates 15°; show by proportion (in full) how you find what are the

nding readings in the Fah. and Réan. scales. Ans. 59°F.; 12°R.

3. ainc boils at 1204° F., mercury at 676° F.; change these readings to
Cent. (show your work in full). A4ns., 651° C., and 358° C.

4. Suppose you were requested to find the temperatures in the fire box
and chimney of a locomotive, or in the furnace and uptake of a marine
boiler funnel, how would you do it? Give arithmetical examples in each
case. 4
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CoNTENTS.—Quantity of Heat—Unit of Heat—Calorimetry—Capacity for
Heat—Specific Heat—Table of Specific Heats of Substances.

Quantity of Heat.—Calorimetry is the method of measuring
quantities of heat. When heat is applied to a body it produces
various effects. For example, in most instances it raises the
temperature of the body, it generally alters its volume or its
pressure, and in certain cases it changes the state of the body
from solid to liquid, or liquid to gaseous.

To be able to compare different quantities of heat, we must
first fix on a standard or unit of heat. This is done by selecting
a standard hody, and noting the effects of heat upon it. For
example, we might take a pound or other known weight of ice at
its freezing or melting point, 32°F. or 0°C., and apply heat to
it, until it all melts into water at the same temperature. This
would give a definite standard, by which to compare other
quantities of heat applied in the same way. This method was
actually adopted by Lavoisier in his ice calorimeter. Or, we
might take a known weight of water at its boiling point, and
apply heat to it until it all becomes converted into steam at the
same temperature as the boiling water. This method is used in
determining the quantity of heat obtained from different kinds of
coal. We often find it stated in connection with trials of steam
boilers, that so many pounds of water were converted into steam
at a certain pressure per pound of coal of a certain quality.

Unit of Heat.—The standard unit now adopted in this country
is called * The British Thermal Unit, and 8 the quantity of heat
required to raise 1 lb. of water by 1° Fah., when at tts maximum
density, i.e., from 39°1 to 40°'1 Fah.

*The words “British Thermal Unit” are often represented by the
notation, BT U, or, shortly, TU. Mr. William Anderson, M. Inst. C.E.,
in his Howard Lectures *On the Conversion of Heat into Useful Work,”
delivered before the Society of Arts, London, April to June, 1885, simply
uses the small letter, . For example, we find in his lectures the expression
198°6 u, meaning by that 1986 British units of heat. Theee lectures which
are published in the April, Mag, and June numbers of TAe Society of Arts
Journal, 1885, should Ee read by all students going forward to the honours
examination in steam,
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Calorimetry.—The Ice Calorimeter of Laplace and Lavoisier®
consisted of three thin copper vessels of different sizes, so
as to permit one being placed inside another. The outer and
middle one were packed with broken ice, and were furnished
with drain pipes and cocks by which to run off the ice as it
became melted. The third or inner vessel held the body to be
experimented upon. Although this apparatus furnished good
results in the hands of the inventors, it is liable to lead to
erroneous determinations, owing to the water produced in the
middle vessel adhering to the broken ice, instead of draining
completely away.

An improved form of ice calorimeter, designed by Bunsen, is
illustrated in the following figure, and is thoroughly reliable in
the hands of a good experimeter (see Appendix II.)

1w gg ° EIT

INDEX.
B for Body to be experimented on.
T ,, Test tube of thin glass into which,
B, is inserted.
C ,, Calorimeter containing water 0°C.
M ,, Mercury.
G
v

8 ,, Graduated scale or guage stem.
s» Vessel containing snow or ice.

BUNSEN’S ICE CALORIMETER.

The body, B, of known weight, which is to give off the quantity
of heat to be measured, is first heated in a test tube held in a
current of steam of known temperature. It is then dropped
quickly into the very thin, dry, clean test tube, T, which is now
corked with cotton wool. This test tube is surrounded with
solid ice contained in the calorimeter, C. In the botton of the
calorimeter there is a quantity of mercury, M, which extends
up through the thin tube to the graduated scale, G S.

* See Maxwell or Tait on *‘ Heat,” for a full description of Lavoisier's
ice calorimeter and its defects.
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- The vessel, V, is packed either with newly fallen snow, free
from dust particles, or with ice. The ice in the calorimeter
is made of distilled water, from which every trace of air has been
expelled. If there was air in the water, the process of freezing
would expel it, and prcduce bubbles in the top of the calorimeter,
which would vitiate the results, for the accuracy of the test
depends upon observing the diminution of the volume of the
ice in the calorimeter, 0, on a portion of it becoming melted
by the heat passing from the body, B. This diminution of
volume of a portion of the ice is indicated by the free end of
the column of mercury at the graduated scale, GS, moving
inwards. The value of these gradations having been previously
ascertained, the quantity of ice melted, and consequently the
number of units of heat that pass from the body, B, when it
has fallen to the temperature of the ice, are easily ascertained.

The value of the graduations on the scale, GS, may be approxi-
mately ascertained, by placing a known weight of water at a
known temperature in the test tube, T, instead of the body, B,
and noting the number of divisions which the free-end of the
mercury passes inwards, when the water in the test tube has
fallen to the temperature of the ice in the calorimeter.

ExaMpLE.—Suppose 1 lb. of water at 212°F. to have been
placed in the test tube, T, and that, when its temperature had
fallen to the temperature of the ice, 32°F, the free end of the
mercury at the scale had moved inwards from 0 to 32 divisions
on the scale. Now, on placing 1 Ib. of lead at 212° F. in the test
tube, T, and waiting until its temperature fell to 32°F, if we
found that the free end of the mercury only moved inwards by
1 division, we would conclude that the quantity of heat which
had passed from the 1 lb. of lead had only been % part (-031)
of what had previously passed from the water in the test
tube to the ice in the calorimeter, under precisely similar
circumstances (see Appendix II. for a more exact method).

The capacity for- heat of lead, or its thermal capacity, is
therefore 4, or ‘031 that of the standard water.

Method of Mixture.—This method depends on the quantity of
heat which escapes from one body, increasing the temperature of
another body.

To illustrate this method, again take the case of lead. Weigh
out 1 1b. of sheet lead, roll it into an open spiral, and attach it
to a string. Now, dip the lead into a pot of freely boiling water
until it has attained the temperature of the water. While this
is going on weigh out a pound of cold water, and ascertain its
temperature with a thermometer ; say it is 47°F. Then lift the
lead from the boiling water, and, while holding it by the string



)R HEAT. 35

, allow all water to drop from
cold water vessel, keeping it
as to bring it intimately into
water, as shown in the follow-

erature of the water from 47°

‘e micture = the total quantity
b. of water at 47° = 1 Ib. of
1 falling 160° = the heat im-

.ofleed 5 1
of water ~ 160 ~ 32°

1n ouvner woras, wue cupacivy 1r heat of lead is only 4% part

1t of water, or the same quantity of heat would raise 1 Ib. of
ad through 32 times as many degrees as it would 1 lb. of
-ater.

Specific Heat.*—7%e specific heat of a body is the ratio of the
quantity of heat required to raise that body ome degree, to the
quantity required to raise an equal weight of water one degree in
temperature.

Note.—The specific heat of an elementary solid (pure body) is inversely
as its atomic weight, or the specific heat multiplied by the atomic weight
is a constant quantity.

* The specific heat of a body is frequently termed the ¢ capacity for
or the ‘“ thermal capacity ” of that body. d
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We may now apply the knowledge we have gained in this
lecture to proving the rule for using Wilson's Pyrometer, as
given in our last lecture. Observe, Wilson plunges a known
weight of platinum (for the sake of illustration, assume it to be
1 Ib.)’'at an wnknown temperature, t,°, into double its weight of
water (say 2 1bs.), and notes the rise in temperature, t,’ to
t,°, from which he calculates the original temperature, ¢,°, of the
platinum, and, therefore, of the furnace from which it had been
taken. Thus—

The Total Heat before Mixing = the Total Heat after.
1 Ib. platinum at ¢,° + 2 lbs. water at ¢,°= (1 lb. platinum
+ 2 lbs. water) at £’

Now we know that the total heat in the platinum in each case is found
by multiplying its weight by its specific heat (see table next page ‘0324) by
its temperature.

. 11b. x 0324 x ¢° + 21bs. x £,° = 1 Ib. x 0324 x t° +
21bs. x #5°%

Or, 11b. x 0324 (° — &) = 2 Ibs. (t5° — ).

i.e., The weight of platinum x its specific heat x its fall in
temperature = weight of water x its rise in temperature.

o _2(t° - t) °
Or & =—Gaag ~ + b

i.Go, tlo = 62 (tao - tzo) + ts‘o

Or, the temperature of the platinum = 62 times the rise in
temperature of the water + the final temperature of the water.

The general formula, therefore, for the mixture of any two
substances is—

MS (4 — t°) = ms (& — &).

Where—M Stands for the Mass in lbs. of the one substance.
s » Specific heat . »
m »» Mass of the other substance.
8 ” ” SPedﬁo heat ”»” ”»”
:1 w the original temperature of substance M.
] ” ”» ” ” ” m.
ts » ” final temperature of both M and m.

Of course s is taken as unity, or 1 in the case of water.
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SPECIFIC HEAT OF SUBSTANCES,
BY REGNAULT AND OTHERS.

From D. K. Clark’s * Rules, Tables, and Data,” at between
32° and 212° Fah., unless stated.

Water at 39°'1F.,, . . . . . 1-000
9 ey 2 - . . . . . 1-013
Ice at 32°, . . . . . . . 504
Steam at 212°, . . . . . 480
Mercury, . . o e e . 033
Iron, cast, . . . . . . . *130
,»» wrought, . . . . . . ‘113
gobeel, soft, . . e . e . (l”l)g
744 15 A B
Zinc, . . . . . . . . 093
in, . . . . . . e e 057
Silver, . . . . . . . 057
Platinum, sheet, . . . . . . 0324
,»  spongy at 952°F., . o . 035
, . . . e . . . . 240
Coke, . . . . . . . 200
Olive Oil, . . . . . . 310
Air, . . . . . . e e 238
Carbonic oxide, . . . . . . 248
Carbonic acid, . . . . . . 217
Hydrogen, . . . e . . e 3404
Oxygen, . . e . e . . 218
Nitrogen, . . . o e . . 244

For more complete tables see Rankine's Rules and Tables,
6th edition, or D. K. Clark’s Rules, Tables, and Data.

BUNSEN’S CALORIMETER.

UxNDER the heading Oalorimetry, we gave a general idea of the
principle and action of Bunsen’s Oalorimeter, but as the instru-
ment, if properly handled, is capable of great accuracy, we have
thought it advisable to give the following more complete and
detailed information in the Second Edition, which should be of
considerable interest to those desirous of carrying out experiments
on the specific heats of different substances.

To find Constant for the Graduated Scale.—The first thing necessary in
carrying out accurate experiments with this instrument is to ascertain the
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absolute volume of the graduated gauge stem, G S (see next figure). Insert
into this tube, a small t: of mercury, taking care not to touch it with
the hands as that would alter its temperature, and consequently its length.
Bring the inner end of the thread to the zero end of the scale, and place a pocket
microscope over it. Suppose it measures 100 divisions in length on the scale,
G S ; then move it along the tube until its inner extremity stands at division
10, and again read its length by means of the microscope. Repeat this
until the whole length of the gauge tube has thus been tested. If the length
of the mercury thread is at any position appreciably more or less than 100
divisions, then the tube is not of uniform gore, and must be rejected ; for
even a slight variation in the bore would unnecessarily complicate the future
readings and calculations.

Suppose then that a good gauge tube has been obtained, we have now to
find a constant, C, for it by the following formula :—

Weight of mercury thread in grammes x (1 + 0°00018¢)

C » C = Specitic gravity of mercury x Average length of thread

which is the volume of one division, the graduations being in centimetres.
The constant for the graduated stem of the instrument with which the
following experiment was performed, was found from the data—

Weight of mercury thread = 0°5248 gramme.
Temperature of room, ¢ = 16° Centigrade.

Specific %ravity of mercury = 13-596.

Average length of thread = 12-736 divisions on G S.

Consequently the constant —

5248 (1 + 00018 x 16°)
13596 x 12736

C = = '00303.

How to use the C
fill the calorimete:
cold water from wt
has been expelled,
cury until it reache
tube on the left-ha
thescale, GS. Nov
into the vessel, V, «
freezing mixture.
of ether into the t
through this ethe
tube s0 as to eva
thus cause a layer
close to and all rou
free end of the r
travel along the
owing to the
the ice than tﬁ:ea water tfrom which 1t 18
being formed. Readings should be taken, say every minute or so, of the
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position reached by the mercury on the scale, GS, in order to estimate
the rate at which ice is being formed in the calorimeter.

When the free end of the mercury has moved near the outer end of the
scale marked, 1000, drop the body, B (whose specific heat has to be found),
into the test tube, T (which should now be clean and dry), and rapidly
cork up the open end of the test tube by means of a plug of cotton wool,
80 as to prevent as far as possible any loss of radiation of heat from the body
under test, than that directly through the test tube into the ice in the
calorimeter. As stated in Lecture IV., the body, B, has been previously
heated to any desired known temperature by Isl&ciug it in a current of
steam of known temperature, ¢’ (or otherwise). ow read off the respective
positions of the free end of the mercury on the graduated scale, G S, every
minute or so as it travels inwards due to the melting of ice in the calorimeter,
C (owing to the heat passing from the body, B), until it ceases to move
inwards and begins to go outwards again ; for it is not until then that the
body, B, has been reduced to the same temperature as the ice in the
calorimeter. Continue to take a few readings after the rmercury has begun
to move outwards, so as to observe if ice is being formed at the same rate as
before the body, B, was introduced.

Correction of the Readings.—The readings on the scale, GS, when the
mercury is passing inwards, does not give a true direct measure of the
quantity of ice being melted by the heat passing from the body, B, under
test, because at the same time that ice is being melted other ice i8 also being
formed owing to the calorimeter, C, being surrounded by a freezing mixture;
and consequently a correction has to be applied to these readings.* Further,
different substances have different rates of giving up or taking in heat, and
thus the readings observed are more or less affected by the constant
formation of ice due to the presence of the outside freezing mixture, according
as the body in the test tube takes a longer or shorter time to give up its
heat. In order therefore to obtain ¢rue readings, take a sheet of squared

paper like that in the foregoing re, and let the vertical lines or ordinates
represent the actual readings obtained from the scale, GS, while the
horizontal lines or absciss® stand for the intervals of time between the

* This is an important point which the author has not found mentioned in any treatisy
the subject. .
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observed readings. First, plot down the line or curve, R I, I3 (from the first
set of readings and times mentioned above), indicating the rate at which ice
is being formed in the calorimeter. Second, note the reading, I, on the
scale, G S, at the instant the body, B, is introduced into the test tube, T,
and then plot down the curve, |, W, showing the apparent rate at which ice
is being melted. 1t is evident that when the body is put into the test tube
this curve will show a sudden fall shown by length of ordinate, I; Wy, in
dotted lines. By the time that the point, W,, has been reached, the body,
B, has been reduced to the same temperature as that of the water in the
calorimeter, and the curve again begins to rise at the same inclination as,
R, lg, owing to the continuous and unimpeded formation of ice in the
calorimeter.

Now the ordinate, I; W), from the observed readings, does not indicate
the true reading or the full quantity of ice melted, bat the ordinate, 13 W,
does, for during the time that heat was passing from the substance under
test, ice was also being formed at a rate represented by the line, R 1y l5.
Therefore, to get the true reading raise a perpendicular from the point, Wi,
where the curve begins to rise parallel to its }):rmer direction until it meets
the curve, R I3, at tht:dpoint, lg, and note its length, I3 W3, in divisions of
the ordinate or graduated scale, G S. 3 .

Ezample.—The following data are taken from an experiment carried out
by one of the author’s old students, Mr. James M-*Lure, in the P!lyual
Laboratory, Normal School of Science, South Kensington, to determine the
specific heat of Mercury :—

C for Constant of graduated tube as before = 00303 c.c.
n ,, Number of divisions indicated by l3W; in the last figure = 78.
M ,, Weight of substance under test = 4951 ﬁrammes. .
¢t ,, Temperature in degrees Cent. at which substance was put into
the test tube.
8754 ,, Kohlrausch’s constant.*

Then the specific heat of any body is given by the following formula:—

v 8754 _Cx n 8754
M ¢ TTM ¢
. _ 00303 x 78 x 8754 _
A Speclﬁc heat of Mercu.ry = —‘IW = *03195.

Which result differs but slightly from that obtained by Liegnault, see
Table, page 37 of this book.

It is extremely important that engineers should have a simple
and ready method of testing the relative and absolute values of
the different kinds of fuel employed by them. We have,
therefore, thought it advisable to give a short description of
Mr. Lewis Thompson’s Calorimeter or Fuel Tester, as manu-

* See Kohlrausch’s Practical Physics, Article on * Specific Heat,” p. 79, by Measrs. Churchill
& Compeny, London. B says, 1 gramme of ice at 0°C. has a volume = 109032 cuble
1 R.,, also 1l fremm :rl distru:log wste;‘ nﬂ 0°C.has & ni‘::l&zme = } t1)10072 ov::c oﬂelt
metres. Now 794 nch units of heat or calories are to melt 1 grami:
This quantity of heat gives s diminuton in volume =l$01 cubic centimetres, therefore
1 unit of heat gives & inution in volume.

0907 1 . v 8754
=51 = @50 . Specific Hest=nx—‘ 3
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factured by Messrs. Alex. Wright & Co., London. Thisapparatus
has been adopted by several Railway Companies, as well as by
the British and Foreign Governments, &c., to determine the
relative commercial value of the coals which they purchase.
Principles on which the Calorimeter is Based —First, that the
latent heat of steam is equal to 9666 (or in round numbers 967)
British Units of heat ; and secondly, that coal burned in pure
oxygen evolves the same amount of heat as when per/ectly burned
in atmospheric air. Thus it follows, that if we heat or raise
967 parts (by weight) of water 1° Fah., we have employed as
much heat as would have boiled off 1 part (by weight) of water
from 212° Fah. If the same quantity of water had been heated
10° Fah., then we have used heat equivalent to boiling off 10
parts of water, and so on. The thermometer being used to
indicate in this way, the number of parts of water capable of
being boiled off by the heat generated by the perfect combustion
of the fuel. As one pound of coal is an inconveniently large
quantity of fuel to use with such an apparatus, it has been
specially designed for burning 2 grammes of fuel at a time. From
the above it will be observed that, if we contrive to thoroughly
burn 1 gramme of fuel in the midst of 967 grammes of water,
the increased temperature of the water will show us the number
of grammes of water which 1 gramme of the fuel in question is
able to convert into steam at 212° Fah., and we have thus at once
the evaporative value of the fuel. As it has been found
advisable to use a larger quantity of coal or other fuel than
1 gramme, the apparatus is specially designed (as we have just
remarked) for 2 gramme quantities, and of course for a corre-
sponding quantity of water—viz., 967 x 2 or 1934 grammes.
As the weights of fuel burned and of water used are directly
proportional to the latent heat of steam, the indications of the
apparatus are general, and may be expressed in any weights
whatever—e.g., 1n pounds of water boiled off per pound of coal.

Instruction for Taking the Test.—(1.) Select from a mass of the coal
or fuel to be tested several portions which will collectively represent an
average sample, and reduce them to a powder. Mix the samples thoroughly,
and put about 20 grammes of it into the iron mortar, A, and pound it well.
Then sift it through the sieve, B, on to a sheet of white paper. Return
the coarser particles to the mortar, and pound them again, as well as sift
them, and intimately mix the powdered fuel.

(2.) The oxygen mixture for combustion of the fuel is kept in the bottle,
D, and consists of 3 parts of chlorate to 1 part of nitrate of potash, each of
the purest quality, reduced to a powder, 8o that it will pass through a gauze
of 1000 meshes -to the square inch, which powder must be perfectly dry.
Two grammes of the powdered fuel are now intimately mixed with from
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8 tol}li(oLr‘ more) times its weight of this oxygen mixture, by means of the
spatula,

(3.) Carefully introduce the resulting grey powder into one of the copper
furnaces, E, and compress it down in successive small portions, by means of
a rammer or test tube, but without tapping, for if tapping or shaking be
resorted to the rougher portions of the oxygen mixture rise to the surface. -

(4.) The furnace, E, 1s next placed in the socket of the brass plate, F,
and about } inch length of fuse placed on the top of the powder as seen in
the tigure at, F.

(3.) Fill the glass cylinder, H, up to the engraved line with water (i.e,
put in 1934 grammes), and take the exact temperature of the water by
means of the delicate thermometer, J. All thermometer readings must be
read to at least one-tenth of a degree, otherwise the exactness of the
experiment will be impaired. It is important to bring up the temperature
of the water to within a few degrees of that of the room by adding if
necessary a little hot water, and extracting any excess of water above the
1934 gramme mark by means of a pipette. The following relative tem-
peratures are recommended :—

Room at degrees Fah., 80, 72, 67, 60, 55, 50, 42
‘Water should be ,, 70, 64, 60, 54, 50, 46, 40.
Differences » 10, 8, 7 6, 5, 4, 2.

(6.) Having the Condenser Cylinder, G, with its stop-cock closed, ready
at hand, light the fuse of the charge on, F, and at once cover it with the
condenser, pressing the latter firmly down upon the clutch springs of the

and immediately submerge the whole in the water contained in the
glass cylinder, G. This whole operation must be performed before the
Juel and oxygen mixture is ignited, otherwise the whole would be consumed
in the air, and the experiment destroyed. See central figure, ¢ Calorimeter
in Action.”

(7.) When combustion has ceased, open the stop-cock of the condenser,
and if air does not freely issue insert the long wire, K, and move the
condenser several times up and down in the water, to cause the water within
and without the condenser to assume the same temperature. Blow away
the smoke, and note the temperature of the water, losing as little time
as ible. As an average of 10 per cent. of the heat generated by the
fuel is absorbed by the imstrument, add 10 per cent. to the observed
temperature.

(8.) The furnaces must be well cleaned and dried out before being re-used.

Test wiTH A WELSH STEAM CoaL, BY F. W, HARTLEY, A. INst. C.E.

Grammes of oxygen mixture to 2 grammes of coal, . . 2
Time of combustion in seconds, . . . . 65
Water raised in degrees Fah. + 10 per cent. for instrument, 14°4
.*. Weight of water that would be evaporated at 212°F.
r pound of such coal, if the water received all the heat from
1ts perfect combustion, . . . . . .
British heat units generated per pound of the coal = 1934
grammes x 14°-4 < 2 grammes of fuel, . . . . 13,925

* The same “ied by Prof. Sexton of the College of Science

and Arts, G! motive steaming coal used by the North
British Rail 1887.

144 1be.*
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LecTrorRe 1V.—QUESTIONS.

1. What do you mean by the quantity of heat in a body, and how is it
measured ?

2. What is the unit of heat adopted in Great Britain? How many units
" of heat are imparted to a cubic foot of water (62'5 1bs.), on raising it from
60° to 212°F., also to 1 1b. of copper? Ans. 9,500, and 14°44.

3. Define and show the difference between the terms ¢‘capacity for
heat” and ““specific heat”” of a substance. Suppose a substance was given
to you to find its specific heat, how would you conduct the experiment ?
Give an arithmetical example.

4. If 1 1b. of platinum is plunged into 1 1b. of water at 50°F., and the
resultant temperature of the water is 112°F., what was the original
temperature of the platinum? Ans. 3939° F.

5. If 2 lbs. of copper at 500°F. are plunged into 4 lbs, of water at
60°F., what will be the resulting temperature? .4ns, 80°F.



LECTURE V.

CoNTENTS.—Transfer or diffusion of Heat—Radiation—Conduction—
Convection.

Transfer or Diffusion of Heat.—It was explained in the last
lecture, that equality of temperature between two bodies exists,
when there is no tendency to a transfer of heat from either to
the other. We saw also that, when their temperatures differed
in the slightest degree, there is a tendency to an equality of
temperature, by a transfer of heat from the hotter to the colder,
and that this tendency is greater, the greater the difference of
temperature between the bodies.

Rankine states that the rate at which the transfer of heat takes
place between two bodies, at unequal temperatures, depends—

‘“ First. On the tendency to transfer heat, increasing as some
function of the two temperatures and their difference.

¢ Secondly. On the areas of those parts of the surfaces of the
bodies through which the transfer of heat takes place. In most
of the cases which occur in practice, those areas are equal, and
then the rate of transfer of heat is directly proportional to their
common extent.

¢ Thirdly. On the nature of the material of each of the bodies,
and the condition of their surfaces.

¢ Fourthly. On the nature and thickness of the intervening
substances, if any. Increase of that thickness diminishes the
rate of transfer of heat.

“The transfer of heat takes place by three processes, called
respectively, radiation, conduction, and convection.

 Radiation of heat takes place between bodies at all distances
apart, in the same manner and according to the same laws with
the radiation of light.” *

Radiation.—To illustrate the radiation of heat from one body
to another, take a common poker, heat it to redness in the fire,
and hold one hand a few inches from the heated end, as shown
in the figure.

The hand experiences the sensation called heat, owing t
transfer of the same in straight lines from the hot poker,
were by radial vibrating rays of heat energy.

* From Rankine on The Steam Engine, p. 257.
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Another common, but interesting illustration, is that of
making a convex lens of ice, by pressing a heated concave
scale-pan of a balance on a block of ice, and holding this lens
between the sun and your coat at the proper distance, so as to

focus the heat rays on the same. The lens of ice as well as the
air will be scarcely affected by the heat rays passing through
them, while the coat will soon be burned.

An even still more interesting and striking experiment, due
to Professor Tyndall, is that of focussing the heat rays from the
sun or a strong electric arc light on the interior of a block of ice.

The heat rays pass through the mass of ice without apparently
affecting it, except at the point where they meet; here the ice
very soon becomes melted.

The phenomenon of radiation consists, therefore, in the trans-
mission of energy from one body to another by propagation
through the intervening medium, in such a way that the progress
of the radiation may be traced, after it has left the first body
and before it reaches the second, travelling with a certain velocity
and leaving the medium behind it in the condition in which it
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found it. It is only when the radiation is stopped that the
effects of heat are observed.

Radiant heat is propagated with a speed practically the same
as that of light; for example, after a total eclipse of the sun, the
heat rays reappear simultaneously with those of light, travelling
somewhere about 186,000 miles per second. In free space, or
in air of uniform density, light moves in straight lines, so does
radiant heat, whether from the sun or from a terrestrial source;
in fact, radiant heat and light may be regarded as identical and
inseparable.* Speaking generally, the rate of radiation of heat
by the hotter of a pair of bodies, and of its absorption by the
colder, are increased by darkness and roughness of the surfaces
of the bodies, and diminished by smoothness and polish. The
best radiators of heat are likewise the best absorbers of heat, and
the poorest reflectors. For example, it will be seen from the
following table, that the radiating and absorbing power of soot
is a maximum or 100, while its reflecting power is nil—a fact of
considerable importance in connection with the generating of
steam in boilers. Again, cylinder covers are highly polished;
why$—to prevent radiation of heat therefrom.

COMPARATIVE RADIATING, OR ABSORBENT, AND REFLECTING PowERS
OF SUBSTANCES.

Powges.
SUBSTANCE.
MAm:ig,gg Reflecting.
Lampblack or soot, . . . . . . 100 0
‘Water, . . . . . . . . 100 0
Cast iron, polished, . . . . . . 25 76
Wrought ~ ,, e e e e e . 23 77
Steel v . . . . . . 17 83
Brass, cast, dead polish, . . . 11 89
s» 5, bright, . . . . . . 7 93
Copper, hammered or cast, . . . . 7 93
Silver, polished bright, . . . . . 3 97

Conduction.—Conduction s the transfer of heat through sub-
slances, or from ome substance to another when sn contact, due to
~difference of temperature. It may be conveniently ¢ T
snternal and external conduction, according as the
heat takes place, between the parts of one continuc
through the surface in contact of a pair of dist
although to a large extent external conduction or

* Bee Profeesor Tait on Heat, chap. xvi.
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ductivity is an action of the same kind as internal conduction,
for the conduction takes place in the surrounding medium. For
example, take the heated poker (figure on p. 39), the end held
in the left hand becomes gradually heated by the transfer of
heat, from molecule to molecule of iron, along the poker in the
direction of the arrow, while the hand is heated by the transfer
of heat through the surface in contact therewith.

A body which conducts heat quickly, is called a good conduc-
tor of heat; if it conducts heat slowly, it is called a bad conductor,
or, if very slowly, a non-conductor of heat. For example, hold a
copper rod in the hand, and place it in the fire in the same way
as we did the iron poker, the sensation of heat is felt by the
hand much sooner than in the case of the poker, whereas, if we
do the same with a piece of wood, of the same length and cross-
section as the poker, or the bar of copper, it will be entirely
burnt away at the end placed in the fire, before any appreciable
heat is conducted to the hand.

A common class experiment to illustrate the different conduct-
ing powers of bodies is that shown by the following figure, where
small balls are attached by wax at regular intervals to two rods
or bars, e.g., copper and iron, and heat applied to their inner ends
simultaneously, and equally, as shown.

COPPER  ar »a—» IRON

T30 Ty, |

The balls attached to the copper bar fall off, by the melting
of the wax, much sooner than those hanging from the iron one,
thus proving conclusively that copper is a better conductor of heat
than iron, although their capacities for heat are about the same.

Thermal conductivity must be measured (other things being
equal) by the quantity of heat which passes; therefore the rate
at which conduction (whether internal or external) goes on, is
proportional to the cross area of the section, or the surface
through which it takes place. It may be expressed numerically
in 8o many units of heat per square foot, per minute, or per hour.
For example, engineers speak of the evaporating power of a
boiler, as so many pounds of water raised into steam at a certain
pressure per square foot of grate surface per hour, or plus per
square foot of the additional heating surfaces, although in reality
it depends on many things besides mere conduction of the plates.

To compare plates of different materials, we must take them
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all of the same thickness and superficial area, and subject them
all on the one side to a certain temperature, and on the other
side to the same number of degrees more or less.

DEFINITION.—The thermal conductivity of a body at any temper-
ature is the number of units of heat which pass, per unit of time,
per unit of surface, through an infinite plate (or layer) of the
substance, of unst thickness, when its sides are kept at temperatures
respectively half a degree above and half & degres below -that
temperature (TAIT).

Although the above definition is perfect, in as far as it lays
down theoretically a thoroughly systematic way in which the
relative conducting powers of different substances may be
compared, it is found practically impossible to realise experi-
mentally such simple conditions.

The methods chiefly employed for measuring thermal con-
ductivity depend ultimately upon observations of the teniperature
of the body at different parts of its mass.

The temperature effects of a given quantity of heat are
inversely as the capacity for heat of the body; hence, what is
directly deduced from such experiments is not the thermal
conductivity as just defined, but /s ratio to the capacity for heat
of the body.* Thus, these experiments require in addition, the

(b

il

— il ——
’

ForBES’ EXPERIMENT ON CONDUCTIVITY.

1B for Iron bar. ML for Melted lead.
IS ,, Insulating supports. GB ,, Gas burner.(Argand).
Ty,Ts ... Ty ,, Thermometers.

* This is termed Thermometric Conductivity by Maxwell and D1x¥u!
by Sir William Thomson (see tables at end of Conduction).
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determination of the specific gravity and of the specific heat of
the body.

Principal Forbes’ well-known experiments on the conductivity
of iron* are the most trustworthy, and will illustrate what has
been written and show the student how experiments might be
carried out on other metals.

A long bar, IB (in Forbes’ experiment, 8 feet by 1} inch
square), fixed on non-conducting or insulating supports, IS, has
one end inserted into a pot of melted lead, M L, or solder, kept at
a constant temperature by the Argand gas burner, G B. The bar
has small holes drilled in it, into which the bulbs of the various
accurate thermometers, Ty, Tg . . . T);, are introduced, a little
mercury being poured into the holes so as to form good contact
between the bulbs of the thermometers and the bar. The bar is
first brought to a uniform temperature, by being left in the
laboratory all night without the application of heat. The end is
then inserted into the bath of melted lead, and the rise in
temperature noted by each of the thermometers, those nearest
to the bath beginning to rise first, and then the next, and so on
to the last, until finally each of them arrives at a fixed temper-
ature, with a gradual fall between each, graphically represented
in the figure by the length of the thermometer stems. The
quantity of heat which now passes per minute across any
particular transverse section of the bar is constant, and is equal
to the product of the cross area, the conductivity, and the fall of
temperature at that section. Hence, the quantity of heat passing
is expressed by a definite multiple of the unknown conductivity.
But that heat does not raise the temperature of the bar beyond
the section in question, for the temperature has become
stationary, owing to just as much heat passing into the air by
cooling as flows into the bar from the leaden bath. To find this
rate of cooling, a short bar of the same cross-section and material
as the long one, with a thermometer stuck into it, is highly
heated and allowed to cool, the rate of cooling being noted by
taking frequent readings a¢ exactly equal intervals of time—say
every half-minute. The heat lost per minute per unit of length,
at each temperature, within the range employed, is thus ob-
tained, and a calculation made of what the long bar lost at any
particular cross-section.

Principal Forbes found by his experiments that the conduc-
tivity of iron for heat, like its conductivity for electricity,
diminishes with a rise of temperature. This similar effect on
the two forms of energy, heat and electricity, does not appear

*Trans. Roy. Soc., Edin., 1861-2,
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however to be common to the other metals experimented upon
by Professor Tait; but, as he remarks, “the whole subject, as
far as’experimental details are concerned, is still in a very crude
state.”

The value of % in the following expression gives the thermal
conductivity of a substance at a given temperature in accordance
with the definition :—

to—t
Q=kA'ng.T,

Where Q denotes the Quantity of heat that flows in time, T.
A ,» Cross area, or the area of each of the
opposite faces of the plate.
x ” ,»» Thickness of the substance.
tyty » Temperatures on each side of the plate.

From which we see, as has been already remarked, that the
quantity of heat which flows by conduction through any sub-
stance is directly proportional to the area, and to the difference
of temperature between its faces, and inversely proportional to
the thickness.

In most experiments the value of the thermal conductivity
constant, %, is given in accordance with the centimetre, gramme,
second, or C.G.S. system of units, and not in the more familiar
English foot-pound-minute system. The engineering student
will find the following table, taken from the best source—viz.,
Sir William Thomson’s article on ‘“Heat” in the Encyclopedia
Britannica, 1880 (where the values for the constants, £, ¢, and

é, are all in 0.G.8. units), of considerable interest. From these

results, we see that the thermal conductivity of copper is 500
times that of water, and 20,000 times that of air, while iron is 8Q
times that of water, and 3,500 times that of air. These are
important facts to bear in memory, for it shows us that the
transmission of heat from the radiant burning coal or charcoal
in our furnaces or domestic fire-places on one side of a boiler-
plate, kettle,* or frying-pan, to hot water, steam, or melted fat on

* William Foulis, M. Inst. C.E., General Manager of The Glasgow
Corporation Gas Works, has found, in connection with his numerous experi-
ments on water-heating apparatus for houses and railway carriages worked
by gas flames, that thin cast-iron transmits heat more rapidly and e
to water than copper or other smooth metals of the same thicl
area. This is probably due to the numerous small rough poin
surface of the cast-iron next to the water takin%lup the heat vibra
communicating them to the liquid more thoroughly than the much
surface of copper or wrought-iron—A4. J,
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DrrrusiviTies (TEERMAL, MATERIAL, AND ELECTRIC).

the other side, goes on as if the thermal conductivity of the metal
were infinite, or, in other words, the resistance to the transmis-
sion of heat through the metal, is as nothing compared to the
resistance which it meets with from the liquid or gas.

It is important that the engineer should appreciate the relative
conducting powers of the different metals that he has to deal
with. For instance, the fire-box of a locomotive is made of
copper in preference to iron, partly on account of its greater
conductivity and partly on account of its withstanding the de-
structive action of the fire. Mild steel is, however, now being
largely used. Has any one yet tried the relative conductivities
of the two?* Again, the outside of boilers and cylinders are
carefully lagged with some bad conducting substance, so that as
little heat as possible may escape therefrom. The following table
gives roughly the relative conducting powers of a few of the
more common metals :—

Subataace. Relative Conductlvity.
Copper, . . . . 100

and upwards, according
Brass, . . . . . { to l)erecnhn of copper
Zine, . . . . .
Iron, . . . 16
German Sllver, . . . 10
Water, . . . 02

* I am unable to find a %ood and reliable table of the conducting powers
of most of the metals. This subject requires to be taken up experi-
mented upon.—4. J.
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As it is frequently of importance to engineers to know the
relative conducting powers of bad conductors for purposes of
lagging boilers, steam pipes, and cylinders, we extract the
following table, taken from T'he Proceedings of the Philosophical
Soctety of Glasgow for 1884, by J. J. Coleman, F.0.8. (the inven-
tor of the well-known Bell-Coleman freezing machine). The
experiments are the latest, and were carried out with great care
by means of a modification of the Lavoisier Calorimeter :—

RELATIVE CONDUCTING POWERS FOR HEAT.

Silicate cotton, . . . 100 Charcoal, . . . . 140
Hair felt, . . . . 117 Sawdust, . . . . 163
Cotton wool, . . . 122 Gas-works breeze, . . 230
Sheep’s wool, . . . 136 ‘Wood and air space,* . . 280
Infusorial earth, . . . 136

Convection.—When the application of heat to a fluid causes it
to expand or to contract, it is thereby rendered rarer or denser
than the neighbouring parts of the fluid; and if the fluid is at
the same time acted on by gravity, it
tends to form an upward or downward
current of the heated fluid ; this is ac-
companied with a current from the
more remote parts of the fluid in the
opposite direction. This action is
rendered very apparent by the follow-
ing simple experiment :—

ake a flask partially filled with
water, mix a few grains of bran with
it, and apply a lighted spirit-lamp to
the bottom of the flask. In a few
minutes the water will be seen to
circulate in the direction shown by
the arrows in figure. The water nearest
the flame is rendered lighter, and, there-
fore, rises upwards, while the denser
water falls under the action of gravity,
to be in turn heated and raised. The
actual transfer of heat throughout the
water takes place by conduction, but the diffusion is much
assisted by the motion of the fluid, or convection currents, as
they are termed.

* Wood and air space, althoufh the best heat conductor in the

often used as a non-conductor ag{ing for boilers, &c., on accoun®
cheapness and ease of application, but it is not a safe laggm%mfor
boilers, for it has been known to take fire, e.g., in the s.s. **Jo

one of the Eastern Telegr:gh Company’s cable regamng steamers, in

the author frequently sailed as chief electrician. Charcoal, if only 1§
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The following experiment is also very instructive :—Take a
test tube filled with water (left hand, Fig. A), and apply a spirit

lamp near the surface of the water. You may hold it there for
ten minutes or more, and the water at the bottom of the tube is
scarcely perceptibly warmer than at first. Now apply the lamp
to the bottom of the tube (right hand, Fig. B); in a few minutes
the water begins to boil. Why this difference? The convection
currents set up, have assisted the naturally bad conducting
power of the water by bringing, in turn, every portion of it into
close proximity with the source of heat.

It is for the reasons just mentioned, that the fire-place in a boiler
is placed near the bottom instead of near the surface of the water,
and it is of great moment not only to give a free and easy path for
convection currents in boilers, but to stimulate them by such appli-
ances as hydro-kineters. The better the circulation of the water in
a boiler, the more rapidly will it be heated and the steam generated.
In manyboilers (such as those used on board steamers) the internal
construction is so mixed up with tubes and stays, that the water
has great difficulty in passing from out-of-the-way corners to
the more highly heated parts over the flues; and, if circulation
is not assisted, the convection currents “short circuit,” as it were
(to use an electrical termh, and thus leave the more remote por-
tions in comparative chill. For a similar purpose, large boiler
flues are provided with “baflling plates,” to compel the hot gases

is not suitable for boiler lagging, for in the s.8. * Volta,” belonging to the
same Company, a temperature of about 180° F. was observed on the surface
when coated to that depth. This lagging was removed, but it might have
done very well if put on thicker, say 3". Leadbetter & Company’s self-
settin‘f non-conducting composition, which looks very much like soft chalk,
is said to do very well, and has this advantage, that it can be laid on while
the boiler is cold. Silicate cotton although the best non-conductor or heat
‘insulator in the list, is dear and friable.—A4.J.
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to take a circuitous course, in order that eddies may be formed,
and for the further object of promoting a better mixture of air
with the inflammable gases.

The art of promoting a good draught in a furnace, or of
properly ventilating a building or a ship, depends upon pro-
moting and guiding the convection currents in the proper direc-
tion. This subject is, therefore, of considerable importance to

engineers.

Lecrure V.—QUESTIONS.

1. What is meant by capacity for heat or thermal capacity? The specific
heat of mercury being “033, how much, at the temgerature of 240° F., will
be sufficient to raise 12 lbs. of water from 50° to 68° F.? Ans. 15-98.

2. What will be the relative capacities for heat of the same volumes of
air, carbonic oxide, steam, and hydrogen at the same pressures if their
densities are as 14'4, 14, 7, and 1 respectively? (Prove answer by arith-
metic.) Ans. All equal, because the capacity for heat of equal volumes is
inversely as the density.

3. W{at do you mean by conduction and convection, as applied to heat ?

4. Describe an experiment by which you would show that water is an
extremely bad conductor of heat. For what reason should heat be applied
from below when it is required to heat a large mass of water rapidly?



LECTURE VI

CoNTENTS. —Nature of Heat—Heat is not a Substance—Rumford, Davy, and
Joule’s Experiments—Conversion of Work into Heat—First Law of
Thermo-dynamics—Joule’s Mechanical Equivalent of Heat.

UNTIL the end of last century, two rival theories had been en-
tertained regarding the nature of heat. One, that heat consisted
of a subtle elastic fluid, termed caloric, penetrating through the
pores or interstices of matter, like water in a sponge; the other,
that it was an internal commotion among the particles or mole-
cules of matter.

The former of these theories, or hypothesis, that heat is matter,
called the “materialistic doctrine of heat,” tanght by Professor
Black of Glasgow University and others, was most conclusively
overthrown by the celebrated experiments of Count Rumford
and Davy. It is very remarkable, however, that fifty years
elapsed before scientific men generally became converted to the
conclusions to be drawn from them. It wasnot until Joule,during
the period extending from 1840 to 1849, had supplied several
fresh proofs that heat is not a material substance, but one form
of energy, which may be applied to, or taken from bodies in
various ways, and that the amount of energy, in whatever form
applied or removed, may be estimated in mechanical units of
work or foot-pounds, that what is now known as the Kinetic
theory of heat, became generally accepted, and the science of
thermo-dynamics placed on a firm basis.

Count Rumford's experiments on the production of heat by
friction, were carried out in the following manner, and com-
municated to the Royal Society in 1798 :—

In casting guns it was usual toleave a projecting cylindrical
“head ” of metal at the muzzle, so as to insure sound metal in
the gun. The guns were cast in a vertical position with the
muzzle end upwards, very much in the same way as large water
or gas pipes are now made. The effect of adding the “head ” to
the casting, being to add pressure to the fluid metal in the lower
parts, thus expelling air and gases towards the surface, and into
the “head,” which was cut off before boring out the gun.

Rumford obtained a casting for a six-pounder brass gun from
the military arsenal at Munich, and surrounded the *head,”
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H, by a wooden trough, WT, containing about 18 lbs. of
water, W, at 60° Fah. The machinery which rotated the gun, G,
was driven by two powerful horses. A blunt boring tool,
BT, which was made of steel, 3:5 inches diameter, was forced

CouNt RUMFORD’S EXPERIMENT.

G for Gun. W T for Wooden trough.
N ,, Neck. W ,, Water.

H ,, Head. T ,, Thermometer.
BT ,, Boring tool

against the head, H. This boring tool was held firmly in a
rest, and pressed forward by means of a screw with an estimated
pressure of 10,000 lbs. The result of this experiment was that,
the heat generated by the friction between the blunt boring tool
and the metal of the head, was partly conducted through the
neck connecting the head with the gun, and partly absorbed by
the water in the trough, so that the temperature of the water
rose at the end of an hour to 107° F., in an hour and a-half to
142°F., in two hours to 178°F., and, finally, at the end of two
and a-half hours the water boiled. Count Rumford said—¢It
would be difficult to describe the surprise and astonishment
expressed in the countenances of the by-standers on seeing so
large a quantity of water heated, and actually made to boil with-
out any fire!” He adds—* By meditating on the results of these
experiments, we are naturally brought to that great question
which has so often been the subject of speculation, namely—
‘What is heat? Is there any such thing as an igneous fluid? Is
there anything that, with propriety, can be called caloric}”
And, further—*It is hardly necessary to add that anything which
an insulated body or system of bodies can continue to furni
without limitation, cannot possibly be a material substance;
it appears to me to be extremely difficult, if not impossi
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form any distinct idea of anything capable of being excited, and
communicated in the manner heat was excited, and communi-
cated in these experiments except it be motion.”

Davy’s experiment on the melting of ice by friction, announced
by him in 1799, in his first published work, entitled— An Essay on
Heat, Light, and Combinations of Light, was regarded at the time
as a complete refutation of the materialistic doctrine of heat.

- ——>

Sir HcMPHREY DAvY’s EXPERIMENT.

In an atmosphere at a temperature of 29°F., he rubbed
together two small slabs of ice with the result (as shown in the
fig.) that the ice was melted at the surfaces of contact, producing
water at a temperature of 35°F. Now, as we saw in Lecture IV,
a mass of water contains an absolute quantity of heat greater
than an equal mass of ice, and it is, therefore, impossible to
account for the presence of the increased temperature on the
assumption that heat is a material substance. Davy said—‘The
immediate cause of the phenomenon of heat is motion, and the
laws of its communication are precisely the same as the com-
munication of the laws of motion.”

Maxwell, in his Theory of Heat, p. 306, says—* The molecules
of all bodies are in a state of continual agitation. The hotter the
body is, the more violently are its molecules agitated.”

Joule’s experiments, carried out between 1840 and 1849, re-
called the attention of scientists to Rumford and Davy’s doctrine
regarding the nature of heat, and gave us the means of estimating
with exactness the quantity of work required to generate a certain
quantity of heat.

We shall describe only two of Dr. Joule’s famous experiments,
and for a complete list of them we refer the student to Sir
William Thomson’s article on “Heat,” in The Encyclopedia
Britannica, 1880, p. 34.

Dr. Joule filled a copper tube with a fusible metal or alloy,
FM (such as that used by the printers in making stereotype
castings of types), which fuses at a low temperature, and
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revolved the tube rapidly between the poles, N, 8, of a strong
electro-magnet, EM. The result of this was that the temper-
ature of the alloy rose in a few minutes to the melting point,
and the alloy could be poured from the copper tube. What
agency was at work to fuse the metal? There was no friction
between the revolving tube and any other part of the mechanism,
for the tube rotated quite clear of the poles in the space
between them; neither was it due to any friction from the
spindle carrying the copper tube, for, if the battery or dynamo
was disconnected (and thus no magnetism evoked) the tube
might be revolved at the same speed as before, without any
observable rise in temperature in the alloy. One circumstance
was, however, made very apparent, viz., that it required much
less effort to revolve the tube in the latter case than in the
former, and herein lies the key to the whole secret.* A certain
proportion of the power devoted to revolving the tube between
the magnetised poles is expended in creating electric currents
in the copper tube, and in the metal contained therein. These
currents agitate and vibrate the molecules of the metal so very
rapidly amongst themselves, that heat results from the forces at
work overcoming the inter-molecular friction.

To prove that electric currents are so generated, we have only
to cite the case of the now well-known Dynamo, where the copper

-
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wires forming the armature, when revolved between the power-
ful magnetic poles, have strong currents excited in them; and to
show that such currents are capable of producing heat, we have
only to pass them through a thin metal wire or an incandescent
lamp, with the result that the wire is heated to a white heat, or
even fused, and the carbon filament made to glow with a brilliant
incandescence.

We have in this experiment of Dr. Joule’s a beautiful
example of the double conversion of energy, viz., (1) mechanical
energy into electrical energy, and (2) electrical energy into heat
energy.

J ogu)ie’s favourite experiment was the conversion of work into
heat by the stirring of water. He arranged his apparatus in a
manner similar to that shown in the figure. .

A known weight, W, was allowed to fall through a known
height, and in doing so to revolve vanes or paddles, R V, inside

iles
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a copper cylinder, O 0, containing a known weight of water;
thus churning the water against the fixed plates or stationary
screens, F P. The effect of this churning was to raise the
temperature of the water, by imparting to it a certain quantity
of heat, depending on the product of the weight into the space
through which it fell, or the foot-pounds of work expended.
We need not enter into the many details of Dr. Joule’s
carefully conducted experiments, whereby he eliminated from
his results the effect of friction in the guide pulley, G P, as
well as the effects of radiation and conduction of heat to or from .
the apparatus during the time of the experiment, &c. It will
suffice to give his final result and an example.

The British Association in 1870 requested Joule to reinvesti-
gate the subject for the purpose of giving greater accuracy to the
determinations by his fluid friction method, with the final result
of proving that 772-43 foot-pounds (at the latitude of Manchester)
are equal to the quantity of heat required to warm from 60° to 61°
Fah. a pound of water weighed tn vacuum. This has been termed
“Joule’s Mechanical Equivalent of Heat,” or, shortly, “Joule’s
Equivalent,” and is denoted by the letter, J, and in round
numbers we say, 1 British thermal unit = 772 ft.-lbs. Reduced
to the centimetre gramme second or (0.G.8.) system, it is
equivalent to about 42 million ‘“ergs” or units of work for
one gramme of water raised in temperature from 0° to 1° C.

For instance, suppose that, with Joule’s apparatus we had a
weight of 77-2 lbs., and allowed it to fall through a height of
10 feet, and in doing so, the mechanical work (772 ft.-lbs) would
be converted into heat by churning 1 1b. of water at 60°F., we
should find (if all extraneous losses were avoided) that the water
had risen in temperature to 61° F., when the weight passed the
10th foot ; or, if we take 1 lb. of water at 60° F., and raise its
temperature 1° F., by any method whatever, the quantity of heat
imparted to it (viz., 1 thermal unit), if converted into mechanical
energy by a perfect heat engine, would perform 772 ft.-lbs. of
work, or raise 772 lbs. 1 foot.

First Law of Thermo-dynamics.—Heat and work are mutually
convertible, and Joule's equivalent is the rate of exchange.

The importance of this mutual relation between keat and work, cannot be
too strongly impressed on the student at the very outset of his studying
steam and the steam engine. In this lecture it has been shown, +h~+ 4k~
expenditure of so many unils of work produces under the circu
noted, an exact and unvarying equivalent of so many units of heat
shall see in future lectures, how the expenditure of so many uni
produces an e&uivalent in units of work.

A familiar illustration of the foregoing principle of the mutual
bility of heat and work is that of the Locomotive Engine. In th
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we have the production of heat by the combustion of coal. A proportion
of this heat is imparted to the water in the boiler thus raising steam. The
steam on being itted to the cylinders parts with a portion of its heat
in the act of doing the work of propelling the pistons, and thus moving the
train. Again, when the train is nearing a station the steam is shut off,
and the brakes applied. Then the stored work is converted into heat,
which may be observed by sparks issuing at the brakes and by feeling the
increased temperature of the brakes, wheels, and rails.

Example 1.—Suppose a locomotive burns 6 lbs. of coal per horse-power
per hour, and that every pound of coal burned in the furnace gives up to
the water in the boiler 10,000 British units of heat, we have —

6 1bs. x 10,000 » = 60,000 units of heat per H.P. per hour.

But— 1 H.P. = 33,000 ft. lbs. per minute, or

= 33,000 x 60’ = 1; 980,000 ft.-lbs. per hour
And— 772 ft.-1bs. = 1 unit of heat.
_l,_!;%(;,ﬂo = 2567°2 units of heat converted into work every hour.

Consequently— 60,000 u : 25672 % : : 100 : z =427,
Or the locomotive only converts 4:27 per cent. of the total heat generated
in the furnace into its equivalent of work in the cylinder.
Example IT.—Suppose that the energy of the train when the brakes are
put on is equal to 16; 500,000 ft.-1bs.
Then, 16; 500,000 <~ 772 = 21,373 units of heat, or an amount of heat is
enerated at the brakes, wheels, and rails, &c., which would raise 21373
s. of water 100° F.
Note.—We thus see from these two examples that the transformation
from work into heat is more easy and complete than from heat into work.
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LEcTuRE VL -—QUESTIONS.

1. Give free-hand sketches with index of parts, and a description in your
own words of Rumford’s, Davy’s, and Joule’s experiments.

2. State in your own words what you consider heat to be, and give
Joule’s mechanical equivalent for one British thermal unit.

3. How has the work done in raising the temperature of a pound of water
through one degree been ascertained? A pound of coal gives out during
combustion, 12,000 units of heat; how much work in foot-pounds could be
done per pound of coal burned, if there were no waste? Ans. 9,264,000 ft.-1bs.

4. f: is estimated that every pound of avemge steaming coal burned in
the furnace of a boiler gives out 13,000 units of heat. It is found that a

compound engine and boiler re&uireo 2 lbs. of coal per hour per
indicated horse-power. What is the efficiency of the combined boiler and
engine? Ars, 9°86 cent.

. Give another illustration of the first law of thermo-dynamics than that
in the lecture, and work out an arithmetical example, and thus show that
the transformation from mechanical work into heat is much more complete
and efficient than from heat into work.

6. Define a unit of heat. A steam engine indicates 25 H.P., how many

anits of heat does it convert into useful work per minute? (4dv. 8. and 4.
Ezam., 1888.)
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CoNTENTS.—Sensible and Latent Heats of Water and Steam —Temperature
and Pressure of Steam—Regnault’s Experiments and Table of his results.

Sensible and Latent Heats of Water and Steam.—Hitherto we
have dealt with heat when imparted to or abstracted from bodies
as indicated by a rise or fall of temperature in the body. It has
been customary to call this condition sensible heat; but there are
exceptional cases in which temperature does not vary in a mass
of matter when heat is communicated to it, from, or taken from
1it, to, external matter. For instance, when the body is ice at the
melting point, heat communicated to it does not raise its tem-
perature above 32°F., or, if the body be water at the boiling
point in the open air, heat slowly communicated to it, in how-
ever great a quantity, does not raise its temperature above
212° F., at the normal pressure of the atmosphere. This heat is
termed latent heat.

A short account of Professor Black’s well-known experiments
carried out about 1762, will serve to illustrate the difference
between what is termed the “sensible ” and the *latent” heat of
a substance.

50z ICE. 32°F.

6oz WATER 32°F.
BrAck’s EXPERIMENT ON LATENT HEAT oF WATER,

Black procured two glass flasks, in one of which he placed
b ozs. of ice at 32° F.,* and in the other 5 ozs. of water at the same

* The ice was be%'nning to melt, and his estimate of the temperature at
the surface was 33°F.



SBENSIBLE AND LATENT HEATS OF WATER AND STEAM. 57

temperature. He suspended them within a short distance of
each other in a room which remained at a uniform temperature
of about 47°F. He observed that in one half-hour the water
increased in temperature by 7° F., but that it took twenty half-
hours for the whole of the ice in the other flask just to become
melted, and he reasoned thus—that from the time required the
amount of heat which had entered the ice must have been twenty
times as much as that which entered the water. He, therefore,
computed that the latent heat of water must be 7 x 20 (half-
hours) = 140.

Another experiment of Black’s was that of placing & lump of
ice in an equal weight of water at 176° F., with the result that
when the whole of the ice had melted, the temperature was no
greater than that of water just ready to freeze. Therefore,
assuming the final temperature of the mixture to have been
33°F., we have 176 — 33 = 143, as the amount of heat required to
melt the ice, or the latent heat of water.

In this estimate he was very near the truth; for, even at the
present day the mean results of some of the best experimenters
appears to be, that 143 British thermal units of heat are absorbed,
or become latent, in the conversion of 1 lb. of ice into water at
the same temperature; and, consequently 143 B.T.U., are given
out or let free in the conversion of 1 lb. of water at 32° F., into
ice at the same temperature.*

Brack’s EXPERIMENT ON THE LATENT HEAT OF STEAM.

Black’s third experiment consisted in placing a flat tin dish on
a hot plate over a fire; into this plate he put a small quantity of
water at 50° F., and observed that after 4 minutes the water

* The latent heat of water by the Centigrade scale is 794 for

794, say 79 units of heat required to convert 1 1b, of ice at 0°C.,
of water at the same temperature.
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began to boil, and in 20 minutes more it had all evaporated.
Now, since the water increased by (212°-50°)=162° in 4
minutes, he reasoned that it must have been receiving heat at
the same rate throughout the experiment, or that, in 20 minutes
it had absorbed five times as much as in the first 4 minutes
without any apparent rise in temperature as indicated by the
thermometer, or, 5 x 162 =810—Black’s estimate of the latent
heat of steam.

In this last estimate Black was incorrect, as might be expected,
from the rough nature of his experiment. It has since been
found that the latent heat of steam at atmospheric pressure is
9666. In other words, it requires 9666 British thermal units
of heat to convert 1 lb. of water at 212°F., into steam at the
same temperature, or 1 lb. of steam at 212°F., gives out 966-6
B.T.U,, in being condensed into water at the same temperature.*

The following definition of sensible and latent heat will now
be quite clear:—

“ Heat given to a substance, and warming it, is said to be
sensible in the substance. Heat given to a substance, and no¢
warming it, is said to become latent ¥ (Sir Wm. Thomson).

Latent heat is the quantity of heat which must be communicated
to unit mass of + a body in a given state, in order to convert it
dinto another state without changing its temperature (Maxwell).

Temperature and Pressure of Steam.—When water is con-
fined in a closed vessel, and heated, the pressure of the vapour
contained therein continually increases. The precise temperature
which corresponds to any particular pressure, has been made the
subject of very careful inquiry by Regnault and others. Before
quoting Regnault’s results, we shall illustrate these phenomena
by means of a simple apparatus, termed Marcet’s boiler.

On applying heat from the Bunsen burner, B B, steam is
generated from the water, W, and the temperature as it rises is
noted by the thermometer, T. Simultaneously the column of
mercury rises in the tube, and the height from the free surface
of the mercury may be read off (roughly) on the graduated scale,
G 8. When the temperature has arrived at 233° F., the mercury
will be observed to have risen about 15 inches, corresponding to

* The Latent Heat of Steam by the Centigrade scale, is, therefore,
2668 x 8 _ 537 or, 537 times the quantity of heat absorbed in raising 1 Ib
of water by 1°C.

1 I have added the words (unit mass of) to Maxwell’s definition, because it
lfpem deficient without them. When we speak of 143 as the latent heat
of water,and 966 as the latent heat of steam, it is understood that 143 and

966 units of heat are required respectivelv for every 1 Ib. (or unit of mass)
to change the state from solid to Liar liquid to gaseous.—A4. J,
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a pressure of 7-4 lbs. (half an atmosphere), or 22 lba. absolute;
and when the temperature arrives at 250° the mercury will have
risen to about 30 inches, cor-
responding to a pressure of
14-7 1bs. on the square inch (1
atmosphere), or 29-4 lbs. abso-
lute (1.e., from zero pressure,
or what would correspond to
a perfect vacuum).

If our glass tube had been
longer, and the supply of
mercury in the bottom of the
boiler sufficient, we might
have gone on applying heat
and registering still higher
pressures with their corres-

B ,, Marcet'’s boiler,
»» Mercury.

W ,, Water.
S8 ,, Steam space.
T ,, Thermometerin 8 S.
GT ,, Glasstube,about35in.long.
GS ,, Graduated scale.
Cc ,, Cock.

ponding temperatures, but the
limited experiment has been
sufficient to show roughly,
that a rise in temperature
cannot take place without a
corresponding rise in pres-
sure. Mercurial gauges, such
as that in the Marcet’s boiler,
were much used to register
the pressure of steam in steam
boilers, before the introduction
of the Bourdon gauge. (See
our Elementary Manual, Lecture XI.)

Regnault’s Experiments.—Our knowledge of the prope
steam is chiefly derived from experiments made by Re
the Paris observatory for the French Government in 1847,
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were conducted with the greatest care, and involved immense
labour. It isnot necessary here to enter into any minute detail of
the apparatus he used, but, generally speaking, it consisted of a
boiler containing, when half full, about 33 gallons of water, a con-
denser of suitable dimensions to condense the steam as fast as it
was formed, and an air chamber three times the size of the boiler
provided with force pumps by means of which any desired pressure
could be produced at pleasure. Pressures were measured by means
of a column of mercury open to the atmosphere—an arran,
ment admitting of greater accuracy than any other method, but
involving the manipulation of a column of mercury some 50 feet
in height, when registering the very high pressures to which he
went, viz., over 400 lbs. on the square inch. The air chamber
and condenser enabled any desired pressure to be maintained
for any length of time. For his more accurate measurements
of temperature he used an air thermometer.

Numerous' formule have been devised for connecting
algebraically the relation subsisting between the temperature
and the pressure of saturated stcam. Many of them are defective
in as far as they only apply to a limited range,* of which the
following is one of the best of these approximate formule, as it
is nearly correct for absolute pressures between 6 and 60 lbs.,
and it may be also used for pressures between 60 and 120 lbs.,
by adding 1 to the results.

_(t_+40 5
P=\147 )

When p stands for the absolute pressure in lbs. per sq. in.
t . temp. of the boiling point in degrees F.

1
Therefore, ¢ = 147\/p- 40

Which is easily worked out by logarithms for any particular
case, but the following, as given by Prof. Rankine, is best—

B C
log. p = A - =

Where A, B, and O are constants, and r, the absolute temperature
of the boiling point = ¢ + 460 (see Lecture XI.)
The inverse formula for finding, =, when you know p, is

. A -log. p B2 B
(Ao ) 2)

* Rankine'’s formul®, which represents Regnault’s experimental results,
very closely refers to the absolute tmperataree,g:r—ﬁo F. (see Lecture XII.)
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‘Where
B B?
A Log. B Log. C 3C ic
6°1007 343642 559873 0-003441 0-00001184

Students should plot out a curve from the following table, repre-
senting graphically the relation between pressure and temperature.
To do so, set off a scale of temperatures on a horizontal line, and
on a vertical line starting from the same point plot the corres-
ponding pressures to the same scale. Draw vertical lines from
each of the former points, and horizontal lines from each of the

latter.

Connecting the points of intersection. we have a curve,

which shows at a glance how the pressures increase more rapidly
than the temperatures. See Appendix, p. 394.

TABLE I.—PROPERTIES OF SATURATED STEAM FROM 32° TO 212°F.*

PRESSURE. PrEsscrz.
i L
TURR. Lbs. per TURE. Inches of bs.
g | spiniie | S

Fahrenbeit| Inches. Lbs. Fahrenheit| Inches. Lbs.
32° 181 089 120° 3-430 1-685
] 204 100 125 3-933 1-932
40 248 122 130 4-509 2215
45 299 ‘147 135 5174 2-542
50 362 178 140 5860 2-879
56 426 214 145 6-662 3273
60 517 254 150 7548 3708
65 *619 304 156 85636 4-193
70 733 360 160 9630 4-731
76 -869 427 165 10°843 5327
80 1-024 503 170 12-183 5°985
85 1-205 592 176 13654 6708
90 1410 €93 180 15-291 7511
95 1-647 809 185 17044 8376
100 1917 942 190 19°001 9-335
105 2-229 1-095 195 21-139 10-385
110 2579 1267 200 23461 11526
116 2:976 1-462 205 25994 12770
210 28753 14126
212 29922 14-700

* From D, K. Clark’s Rules, T'ables, and Data: Blackie & Son.

-
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TABLE II.—PROPERTIES OF SATURATED STEAM.

5 3 55 | 83 54 | 2% sd | 23
11 B3y || By (ob| By o) B
3 s
S| B% (| 333| mk | 23| x| 358 E
8| &g £% | &a a2 | &g &3 | &1
Lbe. | Fabr. Lbs. | Fahr. Lbs. Fabr. Lbs Fahr.
1 102°1 4 2730 88 3186 132 3483
2 1263 45 274°4 89 3194 133 3489
3 1416 46 2758 90 3202 134 3495
4 153-1 47 277:1 91 3210 135 3501
5 162°3 48 2784 92 321-7 136 3506
6 170-2 49 2797 93 3225 137 3512
7 1769 50 2810 94 3233 138 3518
8 1829 51 282°3 95 324-1 139 3524
9 188-3 52 2835 96 324°8 140 3529
193-3 53 2847 97 3256 141 3535
197°8 54 2859 98 3263 142 3540
2020 55 287°1 99 3271 143 3545
2059 56 2882 100 3279 144 3550
2096 57 2893 101 3285 145 3556
2120 58 2904 102 329°1 146 356°1
213°1 59 2916 103 3299 147 3567
2163 60 292-7 104 3306 148 357-2
2196 61 2938 105 3313 149
222:4 62 2048 106 3319 150
2253 63 2059 107 3326 155
2280 64 2969 108 3333 160
2306 65 2980 109 3340 165
22 2331 66 2990 110 3346 170
23 2355 67 3000 111 3353 175
24 2378 88 300°9 112 3360 180
25 240°1 69 3019 113 3367 185
26 242'3 70 3029 114 3374 190
27 244°4 71 3039 115 3380 195
28 2464 72 3048 116 3386 200
29 2484 73 3057 117 3393 210
30 2504 74 3066 118 3399 220
31 2522 75 307°5 119 3405 230
32 254°1 76 3084 120 Hl-1 240
33 2559 77 3093 121 3418 250
34 2576 78 310-2 122 342-4 260
35 2593 79 3111 123 3430 270
36 2609 80 3120 124 3436 280
37 2626 81 3128 125 3442 290
38 2642 82 3136 126 3448 300
39 2658 83 3145 127 3454 350
40 267-3 84 3153 128 3460 400
41 2687 85 3161 129 346°6
42 2702 86 316-9 130 3472
43 2716 * 3478
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TABLE IIL—PROPERTIES OF SATURATED STEAM.

62a

Bolling | morg) Feat Vopima o

A Font ot Water Volumeof | Welkht Cublo Feet

beolute Water
Promsres. | eatareat Somsitie aad| 2 E=) L6 | oy Foot | fremr
Stoars o | Latent Heat. Cuble Foot
of Water.
Lbe. persq. Faho Unitsof heat | Unitsof heat| Cubic feet Lba. Cabic feet.
inch. per Ib. per b,
1 1021 1112-5 1042-9 330-36 0030 20600
2 1263 11197 10258 172-08 0058 10730
5 1623 11309 10003 72°66 0138 4530
10 1933 11403 9784 3784 0264 2360
[Atmos. prea.

14700 2120 11461 9652 26-36 *0380 1642
20 2280 1150-9 952-8 19-72 0507 1229
25 240°1 1154-6 9453 15-99 ‘0625 996
20 2504 1157-8 937-9 1346 ‘0743 838
35 2593 1160-5 9316 11-85 0858 726
40 267-3 11629 926-0 10-27 ‘0974 640
45 274°4 11651 920-9 918 1089 572
50 2810 1167-1 9163 831 *1202 518
60 2927 11707 9080 7:01 1425 437
70 302-9 11738 9008 6-07 *1648 378
80 3120 11765 894'3 535 *1869 333
90 3202 1179°1 8885 479 2089 208
»

100 32749 1181-4 883:1 433 2307 270
110 3346 11835 8783 397 2521 247
120 341°1 11854 8737 365 2738 227
130 3472 11873 869°4 3-38 2955 211
140 3529 11890 8654 316 3162 197
150 3583 1180-7 8615 296 3377 184
160 3634 1192-2 8579 279 +3590 174
170 368-2 1193-7 8545 263 -3798 164
180 3729 1195°1 8513 2'49 4009 155
190 3775 11985 8480 2:37 4222 148
200 3817 11978 8450 226 4431 141
210 3860 1199°1 8419 2'16 4634 135
220 3899 1200°3 839-2 2-06 4842 129
230 393-8 12015 8364 1-98 5052 123
240 3975 12026 8338 1-80 5248 119
250 4011 12037 8312 1-83 5464 114
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CUORYE OF PRESSURES & TEMPERATURES
( From accompanying tables)

::ﬂ._.N__.m_A..t&_é‘,.l?__é’e-..i@iicaf_..f respectively the /
vise of lemperature vy at the varions

7o\ Zeints for a rise of pressure of 5 Us._
o We see clearly that as the pressure /
rises a smaller increase of teny,
801 ——mt prada2 eI woiE
40}t/ ect-as-befores————rrre=r |
30 =i

6} ~—ee— [
22’05-6 e *odeoyt-E*Fuwa:‘-
2/2 228 240 260 269 267274 28/ 282 302 3/2 320 327
Degrees Fahrenheit

Absolute Preswsures

,'3; 43 CURYE OF VOLUMES & PRESSURES
( From accompanying tables)

o 0} 4ogeed

®

5

a
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©
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S

3

< R

15 6- 96

Volumes in cubic feet per lb.

ReEMARES oX Tasie ITL

Saturated Steam is steam in contact with the water from which it is
generated. Its physical condition is such, that it is ready on the smallest
increase of pressure, or decrease of temperature, to yield some portion of
liquid. For a given pressure there is one temperature and one density.

Absolute Pressures are pressures reckoned from a perfect vacuum as
zero. Ordinary steam pressure, as measured by steam gauges, is converted
into absolute pressure by adding 15 Ibs. N.B.—In all questions relative to
the expansion of steam (Boyle’s law, &c.) absolute pressures are to be used.

Temperature.—The second column gives the temperature at which water
boils under the given pressure, and the temperature of the steam produced.
It also gives (nearly) the units of heat required to raise 1 lb. of water
from 32° to boiling point under this pressure when 32 is subtracted.

Ezample.—1 1b. water at 120° raised to boiling point under 50 lbs.
pressure. The units of heat required = 281 - 120 = 161 unita.

Total Heat, or sum of Sensible and Latent Heat.—This was believed by
Watt to be a constant quantity, but elaborate and careful experiments by
Regnault have shown that it increases along with the temperature,
The formula used in the table for any temperature, ¢, is:

Total Heat, or H = 10824 + 305 ¢°.

Latent Heat gets less at higher temperatures and pressures.

Relative Volume.—The last column gives the volume of steam generated
under a given pressure compared with the volume of the water from which

it is produced.
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Lxcture VII.—QUESTIONS,

1. What is the distinction between sensible and latent heat ?

2. Describe an experiment by which you could show that heat becomes
latent when water is converted into steam.

3. What is meant by saying that the latent heat of steam is 966-6?
Point out the sources of error in Black’s experiment when he tried to find
the latent heat of steam.

4. How would you ascertain the pressure of the vapour of water at a
temperature above 212°F.? Describe some method of conducting the
experiment.

5. When you speak of the *latent heat of steam,” what property of
steam do you refer to? State the numerical value of the latent heat of
steam at 212°F. A pound of water at 212°F. is passed into 20 1bs. of
water at 70°F., what i8 the final temperature? Ans. 76°-7.

6. From the table of Regnault's results, plot out a curve showing the
rise in pressure of steam with increase of temperature.

7. How many pounds of ice at 32°F. will be converted into water at
40° F. by mixing it with 6 lbs. of water at 160° F.?

8 Ibs. of water gives up 6 (160° — 40°) = 720 units.
11b. of ice takes up 143 + (40 - 32) =151 ,,
.. 720 = 151 = 4-768 lbs. _
8. Into 1 cwt. of water at 45° F. is poured 20 lbs. of water at 160°F.,

and then 4 lbs. of ice at 32°F. are added. What is the final temperature
when the ice has just melted ?

Water 112 (45° - 32°) = + 1456 units of heat from 32° F.
Water 20(160° - 32°) = + 2660 ”» ”»
Ice 4 x 143 = - 572 to convert 4 lbs. ice into water.

Total 136 lbs. mirture = 3444 units left.

—

.t 3444 = 136 = 2532 above 32° or 67°°32F.

9. If the heat which just melts 8 lbs. of ice at 32°F. were applied to
30 lbe. water at 60° F., to what temperature would the water rise?
8 x 143 = 1144 units of heat required to melt the ice.
Now, 30 Ibs. of water raised 1° F. = 30 units of heat,
.*. 1144 = 30 = 38°'13 F. of rise from 60° F. or 98™13 F.
10. There are mixed together 200 lbs. of water at 100°F., 3 1bs. steam

at atmospheric pressure, and 15 lbs. of ice at 32°F. What is the resulting
temperature when all the ice is just melted ?

The 200 lbs. water has + 13,600u, more than water at 32°F.
”» 3 ,, steam ,, +

> X y 2 ”» ”»
E3] 16 s MO » = 2,145 less ” ”
.. 218 ,, mixtore,, 14893 more .

And 14,8093 =+ 218 = 68°3F. above 32 = 100°3F.

-~



LECTURE VIIL

CoNTENTS.—The successive effects produced by the continuous application
of Heat to a piece of very cold Ice until Dissociation takes —The
boiling point of a Liquid—Experiment of Water boiling at pressures
{:a;s 3111\!1 one Atmosphere—Use of large Air Pumps in connection with

Jondensers.

‘WE shall best understand the physical properties of steam and
the results arrived at by Regnault, by considering, in the first
place, the several changes which take place in water—from its
solid condition, ice, until it becomes dissociated under the con-
tinuous application of heat.

These figures are purely imaginary and not to scale.

|

W\ o

S8ATURATED DRY S8ATURATED
STEAM 8STEAM

ICE WATER

Referring to the figure, suppose that we put 1 Ib. of very cold
ice in the bottom of an open-mouthed cylinder, and place a piston
on it, which, together with the pressure of the atmosphere, exerts
a pressure of p lbs. on the square inch.

STAGE 1.—On the application of heat to the bottom of tho
cylinder, the ice is gradually heated until it arrives at 32°F.

StaGE 2.—The temperature now remains constant until all the
ice melts and becomes converted into water. The bulk of the
water being less than that of the ie “wyyhich it is formed,
the piston descends a very littl already notieed
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in Lecture V1I., 143 units of heat must be communicated to the
11b. of ice at 32° F. before it is all melted into water at 32° F.

StaGe 3.—S8till applying heat, the water increases in tempera-
ture while the bulk diminishes, until 39° F. is reached (the
maximum density point of water); thereafter, the volume gradu-
ally increases, but in a very slight degree, with the rise in
temperature, until a little above 212°F. is reached, the limiting
temperature of the water depending on the pressure, p, lbs. on
the square inch (see Regnault’s tables). Had the pressure on
the piston been nothing more than that due to the normal pres-
sure of the atmosphere, viz., 14'7 lbs., corresponding to a
barometric height of 299 inches, then the water would have
been converted into steam at a temperature of 212° F.

StaGE 4.—The temperature remains stationary at that limit
value, and the formation of steam commences, the piston rising
as more and more of the water is evaporated. So long as any
water remains at the bottom of the cylinder, we are producing
what is called saturated steam, or wet steam. This is the con-
dition of steam usually supplied to engines from ordinary boilers
having small steam space or no steam dome.

STAGE 5.—When all the water in the bottom of the cylinder
has been evaporated, and just when all the water or aqueous
particles held in suspension with the steam have been converted
into steam, we obtain dry steam, or what is sometimes termed
dry saturated steam ; then 966-6 units of heat must have passed
into the contents of the cylinder, for, as we have already noticed
in Lecture VII, 9666 units of heat must be communicated
to the 1 lb. of water before it is all converted into steam at
212° F. The ratio of the weight of dry steam to that of water
held in suspension is termed the “dryness fraction.” If z be
the weight of dry steam, then (1 — ) is the weight of water held
in suspension. When & of the vapour is steam, then y% is
water, or 10 7/ of water is in suspension.

StAGE 6.—If more heat be added to the dry steam in the
cylinder, the pressure, P, on the piston remaining the same, the
temperature will again begin to increase, and we get what is
termed superheated steam. The more it is heated, the more
nearly do its properties approach to those of a perfect gas. If
the top of the cylinder had been closed from the commencement
of stage 3, the pressure would have risen with the temperature
until the commencement of stage 6, in accordance with Regnault’s
tables, given at the end of last Lecture; but during stage 6 we
communicate more heat to the steam than its pressure would
indicate by the tables. Superheated steam is not now much
used for engines, on account of its destructive action on the
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packing of the glands, and working surfaces of the slide valve
and cylinder. (See Lecture XIV.)

STAGE 7.—Steam cannot be heated indefinitely without a
molecular change taking place, termed dissociation, when it
separates into constituent gases—hydrogen and oxygen. This
actlon is practically carried out in the process of making “ water
gas,” by blowing dry steam over very hot plates before car-
bonising it, ready for illuminating purposes.

Thus the successive effects produced by the continuous appli-
cation of heat to a piece of very cold ice are:—

. Heating ice up to 32°F.
. Meltmg ice, absorption of latent heat, 143 units per 1b.
- Heating water up to boiling point.

. Formation of saturated steam, no increase of temperature.
Formation of dry steam, due to the complete absorption
of the latent heat, or 966-6 units per 1b. of water.

. Superheated steam, increase of temperature above stage 3.
. Dissociation or formation of hydrogen and oxygen.
. Heating, no further alteration of the physical state.

Boﬂmg Point.—Before treating of the total heat of evapora-
tion,” we shall digress a little to consider what is meant by the
boxlmg point, or the temperature of ebullition.

The boiling point of any liquid is that point on the temperature
scale, when the tension throughout its mass just overcomes the sur-
rounding pressure. The temperature of the boiling point, there-
fore, depends directly on the pressure under which the liquid
is evaporated, and the greater the pressure the higher the
temperature at which it boils.

The boiling points of fresh water at different pressures are
approximately as follows (vompare this with Regnault’s table,
end of Lecture VIL.):—

Under a pressure of % atmosphere,

PD G 00N

. 123° Fah.
. 150° ,,
179* ,
212° ..
249° ,,
273 .
291° ,,
’» 306° ,,

” 319° ,,

It is thus clear that water will boil or give off steam far
below, as well as far above, its normal boiling point, 212° F.

To illustrate this take a glass flask half full of water with a
thermometer in it, heat it over a spirit lamp or Bunsen Bg'ner

”
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until the water just begins to boil and the temperature, as
registered by the thermometer, is 212°F. Now attach it, as
shown, to an air-pump, A P, by a flexible india-rubber tube, and
begin extracting the air. The water is observed to boil violently,
although it may have cooled down to as low as 180°F. This
plan of attaching it to the air-pump is much better than that
of placing it under the glass-bell jar of the pump, as it permits
the thermometer being easily seen after the moist steam has
begun to rise.

If an air-pump is not at hand, the following simple experiment
will illustrate the fact equally well to a class:—After heating
the water in the flask to 212°F., and letting it boil freely for a
minute to expel the air, cork it up quickly and tightly, leaving
a thermometer inside. Now pour cold water on the outside of
the flask, the water will at once begin to boil, although the
temperature may be now below 200°F. It ceases to boil,
however, if you stop cooling it. Why? Because the i
the vapour generated equals that of the natural tensi
water; but condense this vapour by a second applicatiod
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water, and again it begins to boil, even with the temperature
below 180°F. A knowledge of these facts is most important to
the engineer, for it shows him that in the condensers of large
engines, he must provide air-pumps of sufficient capacity to carry
off the steam vapour generated at even low temperatures. It
was only last year that an acquaintance of the author’s, over-

looking this point, put in a set of very small air-pumps to a
pair of marine engines which he was constructing, under the
impression (due to miscalculation) that all that was necessary was
to lift the condensed water, and that marine engineers generally,
were putting on air-pumps out of a'' proportion to the work
to be done! He soon discovered his ..stake, for, on the day of
the trial trip, he could not keep up a vacuum above a few inches.
In addition to the steam vapour which is generated at pressures
below the atmospheric pressure, any air which may have come over
with the steam at once expands on a reduction of pressure, and
has to be sucked away at every stroke, otherwise it will spoil
the vacuum. We shall refer to this point again when we come
to treat of condensers and air-pum

The experiment of raising the boiling point by raising the
pressure is easily done. Procure a flask, as in the former
experiment, with a tight-fitting stop cock. Half fill the flask
with water, heat it with the cock open until the water boils
and all the air has been expelled, then shut the stop cock.
The steam now generated rises in pressure and temperature.
The increasing pressure raises the boiling point and thus stops
the violent ebullition, unless heat is applied very rapidly. Allow
the temperature to rise, say to 240° F., then slightly open the
cock, ebullition is at once observed, although the pressure is
equal to two atmospheres above a perfect vacuum.
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LectuRe VIII.—QUESTIONS,

1. Describe in your own words the several effects which take place
in succession on applying heat to a lump of ice enclosed in a cylinder.
Distinguish between saturated steam, dry saturated steam, and super-
heated steam.

2. How much ice at 0°C. will be converted into water at 5° C. by mixing
it with 10 lbs. of water at 80°C.? Ans. about 9 lbs.

3. The latent heats of 1 1b. of water and 1 lb. of steam are respectively
143 and 966°6 according to the Fah. scale; work out in full by proportion
what they are according to the Cent. scale. Ans. 79°4 and 537.

4. How many British units of heat are required to raise 1 cubic foot
of water (62'5 1bs.) from 15°C. to 100°C.? Ans. 9562°5.

5. What is the resulting temperature on mixing 20 cubic feet of water at
212° F. with 100 cubic feet at 10°C.? Adns. 77°F.

6. The diameter of a cylinder is 20 inches, steam is admitted at a pressure
g{ i(i)g }gs on the square inch; what is the total pressure in lbs,? Ans.

K 8.

7. Steam blows off at 60 lbs. pressure from a boiler by gauge, the
barometer stands at 29 inches; what is the temperature of the water in
the boiler? Ans. 307°4 F.

8. Account for the use of larger air-pumps being used with condensing
engines than would merely suffice to lift the weight of water in the
condenser.

9. What is meant by the ‘ dryness fraction,” and how is it estimated ?

10. How many units of heat would be absorbed in raising 18 lbs, of
steam of atmospheric pressure from water at 65° F.? Ans. 20,044.

11. How much water at 55° F. could just be brought to the boiling point
by the latent heat iiven up by 2 lbs. of steam at atmospheric pressure
being condensed? Amns. (966 x 2) == 157 = 123 lbs.

12. What are saturated, sup #"ated, and wet steam respectively? Why
is there a loss of efficiency in uftn, wet steam? Define a thermal unit, and
explain the method of measuring the latent heat of steam. (A4dv. S. and 4.
Ezam., 1887.)

13. If one pound of Newcastle coal develops 12,000 units of heat by its
complete combustion, how much water at 60° F. should be converted into
steam at 212° F. by the consumption of 1 cwt. of such fuel, assuming that
ghsgt;a)ia no loss of heat during the operation? (A4dv. 8. and 4. M.,
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CortexTs,—Total Heat of Evaporation—Quantity of Water required for
Condensation of Steam, with Examples.

Total Heat of Evaporation.—The total heat of evaporation is
the sum of the sensible and the latent heats of evaporation, and
is approximately a constant quantity for pressures near the
atmospheric pressure.

The heat required to elevate the temperature of 1 lb. of water
from the freezing point, 32° F., to the temperature of evaporation,
is called the sensible heat,* and the additional heat required to
evaporate it is termed the latent heat (see Lecture VIL)

The total heat of evaporation for water is, therefore, the
quantity of heat in thermal units necessary to raise 1 lb. of
water from the freezing point, 32°F., to the particular tempera-
ture at which it is being evaporated, and to evaporate it at that
temperature.

Let H stand for the Total heat of evaporation in B.T.U.
s » Sensible heat » »
L , » Latent heat ” »

Then, H = S + L.

Now, since we have defined a unit of heat to be the quantity
of heut necessary to raise 1 lb. of water by 1° Fah., the amount of
heat imparted to 1 lb. of water, in raising its temperature from
32°F. to 212°F.,, must be (212 — 32) = 180 such units.t
Therefore the sensible heat of steam at 212° F., is said to be 180
units per 1b. or 180. Again, we saw, Lecture VIL., that the latent
heat of steam at 212°F. was in round numbers 966 units per 1b.,
or 966.

* The reason for starting from the freezing point of water, and not from
zoro Fah., is that we thus avoid the introduction of the latent heat of water.
Of course, if the water is of higher temperature than 32° F. to start with,
the heat required to be applied to it to bring it up to the point of evapora-
tion is correspondingly less.

+We here neglect, for the sake of simplicity, the addition to our former
definition of this unit (see Lecture IV.)—‘ water at its maximum density

int,” and, therefore, the very slight difference in the sensible heat caused
'l‘y the increase of the specific heat of water as it rises in temperature.

'his difference simply amounts to that between 180 units and 180°9.
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Therefore the fotal heat of steam at that temperature must be-—

H=8S+1L
= 180 + 966
= 1146 Units of Heat.

If steam is generated at a higher temperature than 212° F., the
sensible heat increases, and the latent heat decreases.

The following formula, deduced from Regnault’s experiments,
gives approximately the latent heat of steam produced at other
temperatures Fah.:—

L = 966 — 07 (¢ — 212°).

‘Where L, is the latent heat, and ¢, the temperature of evapora-
tion on Fahrenheit seale. :

Consequently, the total heat of evaporation, at any temperature,
¢, must be— )

H=S+L
(& — 32°) + 966 — 07 (¢ - 212°)

10824 + 0-3¢°.

For example.—Let us find from this equation the total heat
of steam at 212°F. Then ¢ = 212° and 3 x 212 = 636, which,
added to 1082-4 = 1146, the number we got before.

The following table gives approximately the sensible, latent,
and total heats of evaporation of 1 lb. of steam up to a pressure
of 7 atmospheres, 4.e., about 88 1bs. on the square inch above the
atmosphere® :—

8. L. H
At pressure of 1 atmosphere, . . 180 966 1146
”» 2 wooe e e e 217 940 1157
» 3 3w e e 241 923 1164
» 4 e e e e 259 910 1169
» 5 9w e e e . 274 900 1174
» 6 3 e e e s 287 891 1178
» 7 M e e e e 298 883 1181

* From R. Sennett on T'he Marine Steam Engine,
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We see from this table that, notwithstanding the decrease in
the latent heat, the total heat of evaporation slowly increases.
This point will be found to be of great importance in considering
the expansive properties of steam, and one that will explain
some curious phenomena connected therewith.

Quantlty of Water required for Condensation.—We are now
in a position to obtain a formula for determining the minimum
weight of condensing water which must be directly mixed with
1 1b. of steam, in order that the mixture may be reduced to
water at a certain temperature, or the temperature of the hot
well. *

The following is theoretically true :—

The Total Heat before Mixture = the Total Heat after.

Now, let 1 Ib. of steam at a temp. ¢,° be subjected to an injec-
tion of « lbs. of water at a temp. ¢,, and let the result be water
at a temp. 7",

Then—The Total Heat before Mixture = the Total Heat afler.

Total Heat of 1 1b. of + Total Heat of zlbs. Total Heat of (z + 1) 1bs.
team at ()%, of water at {5°. of water at ¢3°.

1(10824 + <3t) + =z(4 — 32) = (z + 1) (¢;3—32).
If ¢, = 212° Fah.—Then—
1146 + (¢, - 32) = (z +1)(t; — 32).
1146 + xt, - 322 = (z + 1)¢3 —-322-32.

Take over the, ~ 32, and cancelling the, ~ 32 z, from each side of the
equation, we get—

1178 + x.t; = (z + 1) 4

1178 — ¢,

or, z .
T T g

N.B.—This 1178 in the above formula must not be taken as the total heat
of steam at 212° F., but only the numerical outcome of the equation.

An example or two will illustrate the above rule and fix the
principle in the memory, as well as clearly show the difference
between the mixing of two quantities of water, and a quantity of
steam and water. These questions are more easily performed on
the Cent. than on the Fah. scale, as we shall see aﬂ;erw

* In doing so we shall lay the foundation for the solution of the
80 frequently put in examination papers,
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owing to the inconvenience of having to always subtract 32 at
every turn on the Fah. scale, to reduce the temperatures to the
starting point of water.

ExampLE.—If 1 1b. of water at 212° F. be mixed with « lbs. of
water at 60° F., what is the value of 2 when the resulting tem-
perature is 100° F.

The Total Heat before Mixture = the Total Heat after.
11b. water at 212° +x 1bs. water at 60° = (x+ 1) Ibs. water at 100°

1(4 - 3242 (ty — 32)  =(z+1) (¢ ~ 32)
1(212 - 32)+2 (60— 32) = (z+1) (100 - 32)
180 + 28 z = 687 + 68
180 - 68 =68z - 282

112 - 40z
U2 _ .g1bs.

.'.w=-4—0— = 2

Again—If 1 lb. of steam at 212° F. be mixed with « lbs. of
water at 60° F., what is the value of # when the resulting
temperature is 100° F.

The Total Heat before Mixture = the Total Heat after.

. of steam at 212° + « lbs. of o
1 lvl:'a.t?e St + s. ot _ (z + 1) 1bs. water at 100
1146 + (¢, — 32) = (= + 1) (¢; — 32)
Or, 1178 + =z ¢, =@+ 1)t
#1178 + 602 = 100 2z + 100

1078 =40z

: 1078
oo B = —E-=26951bs.

We thus see the great effect of the latent heat of steam. It
only requires 28 lbs. of water at 60° to produce the same tem-
perature result on water at 212°, that 26-95 lbs. of water can do
on steam at the same temperature.

* Or we may state it thus—

The steam gives up the same number of units of heat that the water

takes up.
1 1b, steam gives up (1178 — 100) = 1078 units,
1 1b, water takes up (100-60) = 40 units.
1078

o"«  lbs, water = 0= 2695,



QUESTIONS. 73

LecTURE IX.—QUESTIONS.

1. If a pound of water at 212° F. be mixed with & pounds of water at 60°,
what is the value of x when the resuli;m?l temperature is 120°? A if &
pound of steam at 212° F. be mixed with y pounds of water at 60°, find y
when the resulting temperature is 120°. Account for the difference
between zandy. Ans. = 1°53 lbs.; y = 17°6 lbs.

2. What is the latent heat of steam? If a quantity of steam weighing
one pound, and at temperature of 212° F., is conde: in 100 lbs. of water
at 60° F., what is the multingFtemperature ? Ans. 71°:08.

3. If 2 Ibs. of steam at 212° F. are passed into 30 lbs. of water at 70° F.,
;v3l;.§t 21.1: the temperature of the water at the end of the operation? Ans.

4. In a jet condenser the temperature of the condensing water is 60° F.
and that of the entering steam is 193°F. Also the condenser remains at &
temperature of 120°. Under these conditions find the weight of condensing
water per pound of steam which enters the condenser. Ans, 17:53 1bs,

5. How many pounds of water at 50°F. must be mixed with 1 1b, of
steam at atmospheric pressure to give a temperature of 105°F. to the
mixture? Ans. 19°5 lbs.

6. If there pass at the same time into the condenser, and from thence
into the hot-well, 2 tons of water at 565°F. and 16 cwt. of steam at
atmospheric pressure, what will be the resulting temperature? Ass. 95°6 F.

7. Hot- 105°F., injection 53°, and steam at atmospheric pressure,
Required number of pounds of steam condensed by 4 cb. ft. of the injection
water. Ans, 121 lbs,

8. If there pass into the condenser at the same time 2 lbs. steam at
atmospheric pressure and 50 1bs. water at 50° F., find the temperature of
hot-well. Ans. 93°-38 F.

9. Using only 12 lbs. water per Ib. of steam at 212°F., find the tem-
perature of the hot-well when injection water 60°F. 4ns. 146°F.

10. From 1886 Steam Examination. Temperature of injection water 60°F.,
temperature of hot-well 100° F., latent heat of exhaust steam 1016 units,
its temperature being 140° F.; find the pounds of injection water required
per pound of steam condensed. Ans. 264 lbs, .

11. The cylinder of an engine is 74 inches in diameter, and the stroke is
5'5 feet; what is the capacity of the cylinder in cubic feet? How many
pounds of water must be evaporated in order to fill the cylinder with steam
at a pressure of 15 lbs. absolute (atmospheric pressure), 1t being given that
steam of that pressure occupies 1,642 times the volume of the water from
which it is generated? Ans. 16177 cubic feet; 616 1bs.
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CoxTENTS.—Examples of the Quantity of Water required for Condensation
of Steam with a Jet Condenser continued—Also with a Surface Con-
denser—Tube Surface required under different conditions.

Now, let us try the same two questions given in the last Lecture,
but on the Cent. scale, if for no other purpose than to observe
the great advantage of using that scale.

Either referring to our comparative table of thermometer scales,
or by calculation (Lecture II1.), we observe that—

212° F. corresponds to 100° C.
60° F. » 15°5 C.
100° F. ” 37°7 C.
and 1146 units on F. scale = 637 on C. scale.

.*. Taking the first example of 1 Ib. of water at 100° C., mixed
with z lbs. of water at 16°:5 C., the resulting temperature being
37°-7 O, &e.

The Total Heat before Mixture = the Total Leat after.

11 e ab 100°0. + = lbs } = (¢ + 1) Ibs. water at 37°7 C.
Ixt +xt, =(@+1)¢4
100 + 1552 = (& + 1) 377
100 - 377 = 377x - 1554«
AL
S X = ﬁ2 2-8 1bs.

Again, taking the second example of 1 1b. of steam at 100° C.,
mixed with z lbs. of water at 15°*5 C., the resulting temperature
being as before 37°-7 C.

The Total Heat before Mixture = the Total Ileat after.

1 lvl:;:etreamat ;’g,lgo(; C.tz lbs.} = (z + 1) lbs. water at 377 C.
637 + 2t, = (x+ 1)¢
637 + 1652 = 37-Tx + 377
599-3 = 2222

If we had taken round numbers on the Cent. scale, as we did
on the Fah., the advantage would have been still more apparent.



CONDENSATION OF STEAM WITH SURFACE CONDENSER. )

We give another example on the subject of our last lecture
more in accordance with what takes place in actual practice.
The points we have hitherto considered were meant to lead up
to this one. We shall again refer to this question of the
quantity of water required for condensation when we come to
compare the relative efficiences of jet and surface condensers.

ExaupPLE.—A vacuum gauge placed in the exhaust pipe of a
low-pressure cylinder indicates 26 inches, while the mercurial
barometer stands at 30 inches. The temperature of the hot-
well is 100° F., what is the minimum weight of injection water
at 60° F. that will produce this result per pound of steam entering
the condenser %

Let 30 in. by barometer correspond to 15 lbs. absolute ;

Then, 30in. : 26in. : : 15 : y
15 x 26
y=—55— = 13 lbs. vacuum.

Therefore, a 26-inch vacuum corresponds to a back pressure of
(16 — 13) = 2 lbs. absolute. Now, 2 lbs. absolute pressure cor-
responds closely to a temperature of 126° F. = ¢, (see p. 62).
The Total Heat before Mixture = the Total Heat after.
Referring back to our formula in last lecture,

11b. (10824 + ‘38) + z(f, — 32) = (z + 1) (t — 32
1 (1082'(4 +3 x+126‘})+ ;zt(sé - 32; = g N 1))2(500 - :)32)

11202 + 282 = 68 +
402 = 1052-2
.z = 263 lbs,

It will thus be clear on comparing this result with the last
question in Lecture IX., that almost the same weight of water
is required per pound of steam, whether the steam exhausts
at atmospheric pressure or not, for it is the 966 units of latent
heat which the injection water has to contend with, more than
the few units of sensible heat in the steam.

We observe that the hot well was 100°F. This gives off
steam vapour corresponding (see Regnault’s tables, p. 61) to
an absolute pressure of ‘942 lbs. on the square inch, or about
equivalent to & 28-inch vacuum, supposing no air to be let free
from the water. Of course if air is set free, it will red
the vacuum still further without a corresponding rise in,
perature, and thus the advisableness, as we shall see fu

.
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of freeing from air as far as possible all feed-water to a boiler,
especially when working with surface condensers.

In practice the hot-wéll water in sea-going steamers is kept
at between 110° and 120° F. In order to do this, the cubic
capacity of the jet condenser should not be less than one-third
that of the cylinders exhausting into it, and the weight of
injection water (at a velocity of 30 feet per second) in temperate
climates from 25 to 30 times that of the steam, or from 30 to 35
times in the tropics. In the Red Sea the temperature of the sea
water near surface in the summer season often exceeds 85° F.

The jet condenser has now, however, been almost entirely
superseded by the surface condenser, owing to its many im-
portant advantages, which will be fully detailed when we come
to describe marine engines using high-pressure steam. Owing
to the fact that the condensing water does not come into direct
contact with the exhaust steam, the temperature of the former is
not raised quite so much as with the jet condenser, in practice
it is probably never raised much more than 40° F., so that a
slightly larger quantity of it is required. The condensing water
is forced by means of a circulating pump through a double or
treble series of brass tubes about # inch external diameter,
and generally ‘048 inch thick. Usually the water is sent first
through the lower tier of tubes, and then through the upper,
thereafter discharging freely through the ship’s side into the
sea, 80 that the exhaust steam impinges against the sides of the
warmer or upper set of tubes.

Suppose the exhaust steam to enter the condenser at a mean
absolute pressure of 3 lbs., corresponding to a temperature of
142° F. (¢,), and to be condensed into water at 120° F. (Z,) ; also,
that the circulating water enters at 60° F. (¢,), and is discharged
at 100° F. (¢,), how many pounds of circulating water will be
required per pound of steam?

The Total Loss of Heat from Steam = the Total Gain by Waer.
11b. {(1082:4 + -3t) — (ty — 32)} = z1bs. (¢, - t,).

1{(1082-4 + -3 x 142)‘1 (1&6 - 32)} = 2(100 - 60).

. 1037 = 40 z; ...z = 259 Ibs.

So we see that with the least practicable loss in heat of the steam and
the highest desirable gain of heat by the water, not less than 26 lbs. of
water are required with the surface condenser, whereas with the same
temperature loss in steam and rise of water temEeratnre from 60° to 120°,
the theoretical quantity of water required with the jet condenser would
only have been about 17 1bs. It is usual to allow about 40 times the weight
of steam for general traders and 50 times for ships always in the tropica.

Size of Surface Condensers,—The foregoing calculations are simply
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interesting and instructive exercises for the student. They do not tell him
the size of condensers adopted in practice. When ordinary low-pressure
condensing engines were used, it was customary to specify for so man;
8q. ft. of condenser surface per indicated horse-power, exhausting at suc
and such a pressure—e.g., ‘‘ with a terminal pressure of 6 lbs. absolute, use
1°5 8q. ft. per LH.P.” Now, however, since the introduction of compound
and multiple expansion engines, such a ‘‘rule of thumb” does not hold good,
for it is evident that the weight of steam used and to be condensed, varies
considerably for a given horse-power with the initial pressure. For example,
two different engines indicating the same power and having the same
terminal pressure may use the one steam of 60 lbs., and the other of 200 lbs.
initial pressure; consequently, the weight of steam to be condensed is much
less in the second case than in the first, and, therefore, a less condenser
surface would suffice for it. A common rule is that of specifying a certain
condenser surface per 8q. ft. of boiler heating surface, and the author finds
that one eminent firm adopts an average of ‘7 sq. ft. per sq. ft. of boiler
heating surface with natural draught. In order, however, to place this
matter more thoroughly before the stadent a table marked ¢‘Surface
Condensers” has been added to this lecture, from which it will be
seen that from 22 examples the most natural rule seems to be the ratio
subsisti en the cond surface, and the product of the capacity of
low-pressure cylinder with the terminal pressure, which gives a mean of
3-24. It is very seldom that engineers go to the trouble of measuring either
the weight of circulating water or its rise in temperature.

LEcTURE X.—QUESTIONS.

1. What g:‘mntity of water is required to obtain one cubic foot of steam at
212° F.? What quantity of heat exists in such steam without being sensible
to the thermometer? How much water at 60° F. should you allow for the
condensation of each cubic foot of steam at 212° F. during the working of
an engine, hot-well 100° F.? Ans. 1°05 cb. in.; 36°7 units of heat; 102 1b.

2. The temperature of the hot well is maintained at 38° C., the temp. of
the condensing water being 10° C. Find the amount of water for conden-
sation per lb. of steam at atmospheric pressure. Ans. 21°4 lbs,

3. State the easential differences between jet and surface condensation of
steam. How isit that when a steamer enters warmer climates more water
is required to condense the steam ?

4. Suppose that in a jet and in a surface condenser the temperature of
the exhaust steam is the same (say 150° F.), also the temperature of the
hot-well water (say 120° F.), and the condensing water (say 60° F.) If the
circulating water in the latter only rises 30° F., what are the relative amounts
of water required per lb. of steam? Ans. 17-3 1bs. and 34°G, or as 1 to 2.

5. In a surface condenser the tubes are § inch outside diameter, 6 feet
long and 05 inch thick. How many such tubes will be required, and what
vnlf' be the total cooling surface in u&uare feet supposing the terminal
pressure of exhaust to be 6 Ibs., and the I. H.P. 1000? Again, suppose the
engine to require § 1b. of steam per LH.P. per minute, and the conditions
as to temperatures to be the same as in the last question, how many pounds
or cubic feet of circulating water will have to pass through the condenser
per minute? Ans. 1,273 tubes; 1,500 sq. ft.; 17,320 1bs.; 277 cb. ft.

6. In a marine engine fitted with a surface condenser, the steam reaches
the condenser at a mean absolute pressure of 3 lbs, per square inch, and is
condensed to water at 120° F. How many pounds of circulating water,
which enters at 60° F. and is discharged at 100° F., will be required for
every 1 Ib. of steam condensed? (The temperature of steam at 3 lbs.
pressure = 142° F.) (4dv. 8. and A. Exam., 1888.)

,—-‘
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TwcntJ-Two Examples of the Relative Dimensions of Surface Condensers
Indicated Horse- Power, Heating Surface and Capacity of Low-
Prnmrc Cylinder, &ec.



LECTURE XL

CONTENTS.—Pressure and Volume of a Gas— Boyle’s Law — Pressure,
Volume, and Density—Watt’s Diagram of Work, with Examples.

Pressure and Volume.—We saw in Lecture VIL, by the
experiment with Marcet’s boiler and from Regnault’s tables,
that the pressure of steam increased with

the temperature; we now come tc consider [ .
the relation which exists between pressure e 8
and volume. i g

To understand this we here state the
JSirst law in regard to the expansion of
gases, viz., Boyle’s, and then give a class
experiment to prove it.

Boyle’s Law.—The pressure of a por-
tion of a (perfect) gas at a constont tem-
perature varies inversely as the space it
occupies.

Or, let p = pressure.
v = volume.
Then pv = constant.

To illustrate this law the following
simple piece of apparatus may be used :—

It consists of a small metal box, B, to
which are attached two glass tubes, GT, o
one a little more than 35” long, and the
other fully 10”. A stop-cock, SC, is
screwed into the metal box, and the short
tube is provided with a screw plug, S P.
The whole is fixed to a board, on which g
there is a graduated scale of inches.

Mercury is poured into the long tube _
and the screw plug, SP, is taken out L=, c 80
until the mercur'ly; rises in both tubes to
the zero line. he screw plug is then
replaced and encloses a co?umgn of air ng" %})ﬁgbf?ht).
10" high in the short tube. Supposing §¢  Stop-cock."
the barometer to stand at 30", we now SP , Screw plug.
continue pouring mercury into the long
tube until the level of the mercury in it is 30" above

G

AT
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level of the mercury in the short tube. When this point, 35,
is reached, the mercury in the short tube will be found to stand
at 5”. The air in the short tube has thus been subjected to
an additional pressure of 30" of mercury, t.c., to an additional
pressure of one atmosphere; therefore, its pressure has been
doubled. Before applying this pressure it occupied 10” of the
tube; hence we see that its volume has been reduced by
one-half by doubling the pressure on it, in accordance with the
law just stated. It is important that the student should not
overlook the fact, that this law is true, only when the tem-
perature remains constant.

Since the pressure of an enclosed perfect gas kept at a constant
temperature varies inversely as its volume, and since the density
or weight per unit volume of the same, varies inversely as its
volume, it follows that the pressure varies directly as the density.

This law is not perfectly fulfilled by any actual gas, but very
nearly so by those gases which cannot be condensed into liquids,
such as air. When a gas is about to pass by condensation into a
liquid (e.g., steam on the point of being transformed into
water), then the density increases more rapidly than the
Ppressure.

‘Watt, however, assumed that Boyle’s law held good in the case
of steam, and he applied it in & most ingenious manner to prove
the economy of the expansive working of steam in a cylinder,
and to show that he could get a greater amount of work from
the steam by cutting it off early in the stroke, and thus allowing
it to force the piston forward during the remainder of the stroke,
merely by expansion.

Watt's Diagram of Work.—Although, as we shall see later on,
steam does not expand in strict accordance with Boyle’s law
(for the temperature of the steam falls the more it is expanded,
unless external heat is applied to it, to make up for the loss due
to the work got out of it), yet we shall gain a great insight into
the action of steam in an engine cylinder, by first discussing
“Watt's Diagram of Work done during Expansion,” and then
agglying the corrections that have since been found necessary, in
order to truthfully represent the actual state of matters.

The following figure will illustrate to the student the method
adopted by Watt. The horizontal line, or abscissa, A B, indicates
the length of the stroke, and is divided into 10 equal parts; the
vertical line, or ordinate, A C, represents the pressure of steam
used by Watt, say one atmosphere, and is also divided into 10,
or decimal parts of an atmosphere of pressure. When the piston
has travelled the distance, CD, i.e., % or } of the stroke, the
steam is cut off, and the remainder of the stroke is effected by
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the expansive action of the stea.m The gradually falling curve,
D E, marked “curve of pressures,” is found by drawing verticals
from each of the divisions of the stroke, 3,4, . . . . 10, and
marking them off in height correspondmg to the pressures, p,
at these points by the following formula, and joining their upper
ends by a curved line :—

pv = aconstant, or p = (_:gns_tant.

v

Where v = the volume swept out by the piston at the several
points, and is, therefore, represented by the different distances,
3, . . . . 10, from the commencement of the stroke.
For example—

Atmosphere,
Atpointl,p . A |
At point of cut off » 2:p " constant I |
(=t w 3p = ZEEE _ 3o o0
. Constant = pv nw 4Hp = ”» =31 = 05
” =1x2 n Bp = ”» = $ = 04
» = i: ” g,P = ”» - ; = 8;3
p = 2 = =
:: g:? = 2 = 3 = 8352
P = = =
Endof stroke, 5 10,p = , == 02
Dividing by the Number of Parts viz., 10]4'85
We get roughly a Mean Pressure = _ -485*

© This mean pressure is less than the trus mean as explained at pp. 82 and 187.
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By adding the several pressures, and dividing them by the
number of divisions taken—viz, 10—we get the average pressure
throughout the stroke, = ‘485 of an atmosphere, or nearly half an
atmosphere. The economy of cutting off the steam before the
end of the stroke will, therefore, be at once apparent, for we
have obtained an average pressure equal to nearly half that
which would have been obtained by carrying full steam pres-
sure throughout the whole stroke, and have only used } of the
quantity of steam. .

Since work done is measured by force or pressure, multiplied
by the distance through which the force or pressure acts, the
area of the rectangle, A D (see upper part of Fig., p. 81), being
equal to the pressure, A C, if reckoned in lbs., multiplied by the
distance, A 2, or, C D in feet, measures to scale the work done
upon the piston by the steam up to the point of cut-off in foot-
pounds or units of work. In the same way, the area of the rest
of the figure—viz., D E B 2, measures to scale the work done
upon the piston by the steam while expanding in the cylinder,
also in foot-pounds; for this area is equal to the mean pressure
in lbs. between the points, D and E, multiplied by the distance,
2 B, in feet. Consequently, the area of the whole figure,
A OD E B, measures to scale the whole work done by the steam
in one stroke in foot-pounds. This area is equal to the calcu-
lated mean pressure throughout the stroke, multiplied by the
whole stroke, A B, and expresses the result of Watt’s diagram
of work. Watt, in calculating the mean pressure throughout
the stroke, assumed that the pressure at each of the points into
which he divided the stroke commencing with number 1,
remained constant until it arrived at the next in order, by
which method he obtained a less value than the true mean,
because he omitted to take into account the ordinate of pressure
at the point, A, or the very commencement of the stroke. If
we now take into account the first ordinate at A, as well as the
last one at 10, we have the following eleven pressures:—1, 1, 1,
6, *5, *4, -3, -29, -25, ‘2, and 2, giving a total sum of 5-86, which
sum being divided by the number of ordinates, viz., 11, gives us
a mean of 532 of an atmosphere instead of ‘485, or nearly 8 lbs.
pressure on the square inch, which is a nearer approximation to
the true mean.

Let us take another example of Watt’s diagram of work, taking
the first as well as the last pressure ordinate into account, in
order to get a nearer approximation to the true mean. Suppose
we have an engine using steam of 100 lbs. pressure per square
inch, and cutting off at } of the stroke, to find the curve of
expansion by Boyle’s Law and the mean pressure.
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As before— At0,p . . . . . 100 1lbs
At point 1, p . . . . 100 ,,
w 2P . . . 100
constant 25 K
” 3’ p= ) = '.3 = 833 ”»
25
” 4, p= ” = 1 - 625 ,,
Constant = 25
ant = pv 9 5, p= ” = % 5
, = 100 x 25 .
’ i ” 6, p= . =3 = 416 ,,
” =2 25
” ,p= ” = 7 = 37 ,
” 8, p= ” = 2—‘85 3125,
" 9’ p = ” ?—5 -_— 27.7 ”
25
k » 10, p= ” = T 25
Dividing by the Number of Points, viz., 11| 657-2
We get an approximate Mean Pressure = 597 lbs.

There are several rules for obtaining approximately the mean
pressure from a diagram of work such as we have been discussing.
The plan most commonly adopted by engineers (as we shall see
at pp. 127 and 137) in finding the mean pressure from actual
indicator diagrams is, to measure by a suitable scale or rule the
length of each of the ten ordinates, taken at the centre of each of
the ten spaces into which the diagram is divided, add them
together, and divide by their number. For instance, applying
this rule to the last example, we should measure the length of
the vertical lines midway between the points 0 and 1, 1 and 2, 2
and3, . . . . . 9and10,add these ten pressure ordinates

8
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together, and divide the sum by 10, to get the mean pressure ;
and doing so (or calculating these pressures by p v = constant),

we find them to be respectively, 100, 100, 100, 7143, 555,
45-4b, 38-46, 333, 29-41, and 26-31 lbs., giving a mean of 599
1bs., or slightly greater than that found above.

Simpson’s Rule is as follows:—Divide the length of the fi into »
ual parts, n being an even number, and draw ordinates through the pomnts
of division to touch the boundalx' lines. Add together the first and the last
ordinates, call the sum A; add together the even ordinates 2, 4, 6, &c.,
call the sum B; add together the odd ordinates 3, 5, 7, &c., except the

first and the last, and call the sum C; then L:;BH')—C =mean ordinate

or pressure. This quantity multiplied by the length, L, of the figure gives
the area of the figure, or what we would call the area of work in this case.
Another common and simpler rule which is sufficiently exact for most
purposes is this—Divide the figure into an even or an odd number of equal
parts, add together the first and the last ordinates, call the sum A; add
together all the intermediate ordinates and call the sum B. Let, n, be the

number of divisions. Then =mean ordinate or pressure. This

quantity maultiplied by the length, L, of the figure gives the area. Th
atuden?should apply these rules to the exa.mp{;es atg;)p. 81 and 83, lng
compare the results with what we got.
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Lecrure XI,—QUESTIONS.

1. State Boyle's law, and describe an experiment to show that the
pressure of a gas varies inversely as the space 1t occupies.

2. Steam is admitted into a cylinder at atmospheric pressure, and is cut
off at half stroke. Divide the stroke into 10 equal parts, and, supposing that
the pressure at the beginning of each of these portions remains uniform
until the piston reaches the next in order, find the pressure at each point
as well as the mean pressare.

3. The cylinder of an engine is 25 inches long, and steam is admitted at
18 1be. total pressure, the final pressure being 4 lbs. At what point of
the stroke was the steam cut off? Ans. 5°5 inches.

4. Steam is admitted into a cylinder ata Yressnre of 25 Ibs, on the square
inch above the atmospheric pressure of 15 lbs. on the square inch, and is
cut off at such a point that its pressure at the end of the stroke is 5 lbs.
below that of the atmosphere. At what point of stroke was it cut off?
Make a diagram, showing approximately the steam pressure on the piston
throughout the stroke. Ans. ‘25 of the stroke.

5. The cylinder of an engine is 25 inches long: steam is admitted at
18 1bs. actual pressure, and the final pressure is 4 1bs. Divide the stroke
into 10 wual parts; find the steam pressure at each point of division, and
set out Watt’s diagram of work done. Find also the mean pressure of the
steam by Watt’s, by Simpson’s, and by the usual rule. Ans. mean =10 lbs,

6. The stroke of a piston is 4 feet 6 inches, the steam is cut off at 9 inches,
and the pressure at the end of the stroke is 5 lbs. below that of the atmo-
sphere. At what pressure above the atmosphere was steam let in? 45 lbs,

7. Steam is admitted into the cylinder of an engine at a pressure of 45 lbs.
per square inch by gauge, and is cut off at one-third of the stroke. Find the
pressure in pounds at half-stroke, and also at the end of the stroke. Show
roughly, ob? & diagram, that additional work is obtained from a gi
quantity of steam—(1) by cutting off the supply from the boiler before the
end of the stroke; (2) by condensing the steam instead of allowing it to-
escape into the air. .dns. 26 lbs.; 5 lbs. above atmosphere.

8. Explain the advantage of working steam sively and with con-
densation. Steam is admitted into a cylinder at 30 lbs. above the atmo-
sphere, which is taken at 15 lbs. per square inch, and is cut off at a certain
point, and then expands to a pressure of 5 Ibs. below the atmosphere. If
ghfe length of stroke be 4} feet, at what point is the steam cut off? Ans.

oot.

9. The temperature of a condenser is 100°F., and the corresponding
pressure from Regnault’s tables is “942 lbs. The vacuum shows 26 inches by
gm:ge, and the barometer stands at 29-9 inches; what part of the pressure
in the condenser is due to air in the condenser? Ans. = ‘975 lbs.

10. The mean steam pressure on a piston being 26 lbs. to the square inch
above atmospheric pressure, and the mean vacuum pressure 13°5 lbs. to the
anare inch, what is the total force exerted on a piston 63 inches in diameter?

hat would have been the force if the engine had exhausted at atmospherio
pressure? .Adns. 123,131 Jbs.; 81,048 lbs.



LECTURE XII.

CoXTENTS.—Charles’ Law of the Expansion of Gases—Absolute Zero ot
Temperature—E ion of a Gas doing External Work—Adiabatic

Expansion—Heat Engines—Carnot’s Principle.

Second Law of the Expansion of Gases.—This law, which was
discovered by Charles, and is known as Charles’ law, was first
published by Dalton in 18Cl, and independently by Gay Lussac
in 1802. It may be stated as follows :—

A gas, under constant pressure, expands by a definite fraction of
its volume at 32° Fah., for a given increase of temperature. The
amount of this increase of volume has been the subject of careful
investigation by many experimenters, and the value assigned by
Regnault is that the expansion of a gas between 32° Fah. and
‘212° Fah. is 3665 of its volume at 32° Fah. We must also note
the remarkable fact that the amount of expansion is the same
for all gases. The laws of the expansion of gases are onmly
.approximately true for actual gases, but form the essential
characteristics of a perfect gas. The variation from this second
law is very slight in permanent gases (i.e., gases which cannot be
Jliquefied by cold or pressure), but is more considerable in
liquefiable gases. Every gas, however, more nearly fulfils this
‘law the more highly it is heated and rarefied. Air, when
perfectly dry, deviates but slightly in its behaviour from that of
a perfect gas, but when containing moisture, as it almost always
does in practice, the deviation is considerable.

Absolute Temperature.—We have seen that a volume of gas
falling in temperature from 212° Fah. to 32° Fah., contracts in the
ratio of 1:3665 to 1. A curious question now arises, viz., At
what temperature will the volume of the gas diminish to
nothing? The gas in falling the 180° between boiling and
freezing points on the Fahrenheit scale, decreases in volume 3665
of its volume at freezing point, with what fall in temperature
from 32° would it decrease to nothing

Stating by proportion we have—

‘3665:1::180: 2 Or, let x = temperature from
V&= 0 = 491°13 Fahrenheit. | ppasto
z 1

.. 180 o.
..z—,sm—ﬁ)l 13 F.
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That is, when the temperature has fallen 491°13 Fah. below
freezing point, or 459°:13 below the zero of Fahrenheit’s scale,
the gas will occupy no space at all, and all the heat will have
been extracted from it. This number, — 459°-13, or practically
— 460° Fah., is termed the absolute zero of temperature, and
corresponds approximately to, — 273° Cent.

The annexed diagram* will make this clear.
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BZ is a line of temperatures, F, being the freezing point and, B,
the boiling point. We know that the ratio of the volume of the

. 1 .
gas at F to the volume at B is 13665 therefore, if we draw

at right angles to, BZ, two lines, BA, and, FE, to represent
the relative volumes of the gas at these points, then join A E, and
produce it beyond E, we find that it cuts the line of temperatures,
BZ, at a point, Z, 492° below freezing point, showing t:,hat at
that point the volume of the gas has been reduced to nothing.

* From The Howard Lectures—*¢ On the Conversion of Heat into Useful
Work,” by William Anderson, M. Inst. C.E.
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This absolute zero of temperature has been fixed solely by
reasoning, and no temperature so low having ever been obtained,
we can assert nothing as to the state of a gas when deprived of all
its heat. In questions on thermodynamics and the expansion of
gases, it is most convenient to measure temperatures, not from
the arbitrary zero of the Fahrenheit scale, but from the absolute
zero just found, so that, if ¢ = temperature from Fahrenheit zero,
+ = absolute temperature Fah. Then = = ¢ + 460.

‘We now have a means of estimating the amount of expansion
of a gas due to a given rise of temperature, the expansion being
proportional to the absolute temperature. All gases expand
a4z of their volume at 32° Fah. for every increase of tempera-
ture of 1° Fah.* We may, therefore, express the laws of Boyle
and Charles by the formula—ZThe product of the pressure and
volume of any gas is proportional to the absolute temperature, i.e.—

pv=cror Ig =c¢
‘Where ¢ = a constant depending on the gas.

Expansion of a Gas doing External Work.—Hitherto we have
been dealing with the expansion of a gas in accordance with
Boyle’s law, and we have drawn the curve of expansion in
Watt’s diagram of work. The necessary condition for the
fulfilment of Boyle’s law is, that the temperature remains
constant, and the curve representing expansion under this
condition is an hyperbola, and is known in connection with
this subject as an ‘““dsothermal curve,” or curve of equal tem-
perature. Suppose we have an ideal engine, the cylinder of
which is constructed of non-conducting material, so that no heat
can enter or leave the working gas during its action, and that
we introduce a mass of air at a certain pressure, volume, and
temperature, and allow it to do work on the piston by its ex-
pansive power ; although no heat can pass through the cylinder,
yet we find that the temperature of the working gas falls con-
siderably throughout the expansion. The explanation is easy.
The gas in expanding converts a quantity of its heat into actual
mechanical work, and the amount of work done by our ideal
engine must be the exact mechanical equivalent of the heat
lost by the gas in the cylinder. Therefore, when a gas expands
doing external work, its temperature must fall (otherwise no
work could be domne), and the relation between pressure and
volume will not be in accordance with Boyle’s law, unless heat
is supplied to the substance during expansion, in proportion to

*i.e., The coefficient of expansion per degree for a constant pressure
is, = the reciprocal of the absolute temperature of melting ice = 7}y on
Fah, scale, or 335 on Cent. scale,
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the amount of work done by the gas. This is a most important
point, and is one of the claims for a steam jacket, such as that
used by Watt when'working steam expansively; we shall, how-
ever, have occasion to refer to this application of the principle
later on. If a gas expands without doing any external work
its temperature is unaltered.

Adiabatic Expansion.— Expansion doing work without gain or
loss of heat from an external sourcs (as already referred to) is termed
“adiabatic” expansion, and the curve which represents the changes
of pressure and volume throughout is termed an “adiabatic”
curve, to distinguish it from the isothermal curve of expansion
according to Boyle’s law.

|

Pressures

—5 -
ISOTHERMAL AND ADIABATIC CURVES.

Suppose we have a volume, O A, of a gas at a pressure,
Ap,and expand it at & uniform temperature, and let the changes
of pressure and volume be represented by the isothermal curve,
pc. Then, if the gas be expanded adiabatically, the changes
of pressure and volume will be represented by the adiabatic
curve, pd, and it is evident that this curve must fall below
the isothermal since the gas has done work. If, how-
ever, we compress the gas from the volume O A to the volume

B, we are now doing work upon it, and the equivalent of the
work done upon the gas is imparted to it in the form of an addi-
tional quantity of heat. If the compression takes place at uniform
temperature this additional heat must escape, and +h~ ~honcns
of pressure and volume will be represented by th
curve, pe. If, however, the compression takes plac
condition that no heat can escape, then the changes
ad volume will be represented by the adiabatic ct
this curve rises above the isothermal. For, the
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same as if the gas had first been compressed at constant tem-
perature and then a certain quantity of heat had been taken up
by it while its volume was kept constant. Thus, we see that the
adiabatic curves are more inclined to the line of volumes than
the isothermals, and, therefore, to diminish the volume of a gas
by a given amount, requires a greater increase of pressure when
the gas is prevented from losing heat, than when it is kept at a
constant temperature. We infer from this, that even in a
conducting cylinder, if the compression takes place very suddenly,
before the heat has time to escape, a greater pressure will be
required to compress it than if the action were gradual. For a
complete study of this part of the subject we would refer the
student to the larger treatises.* '

Heat Engines.—We propose now to discuss an ideal or
imaginary engine, for the conversion of heat into mechanical
work, and shall calculate the work done by the engine.

2 4
2 218
i
Y bj
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IMAGINARY HEAT ENGINE.

Let AB be the working cylinder of the heat engine, having
a volume of a perfect gas, say air between the cover, A, and the
piston, P. The cylinder must be constructed of non-conducting
material, so as to allow of adiabatic expansion, but yet it must
be capable of transmitting heat to and from the working substance
at certain intervals of the stroke. 'We see, therefore, that these
special conditions of working are contradictory, but, as the engine
is purely imaginary, we shall suppose that this difficulty has been
overcome.

* Such as Rankine on The Steam Engine, Cotterill on The Steam Engine
considered as a Heat Engine, Maxwell on Heat.
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Starting then with the piston in position, 1, we have a volume
of gas, O f (see diagram below cylinder), at a pressure, fa, and
absolute temperature, r,. As the crank moves from position 1
to position 2 (upper diagram), the air is compressed, and, since
no heat can escape, the relation hetween pressure and volume
is represented by the adiabatic curve, « b (lower fig.) When
the piston has reached point 2, the absolute temperature of the
working substauce has risen to r,, During the movement of the
piston from point 1, to point 3, work has been spent upon the
working substance, and this we may call negative work. The
working substance now forces the crank further round and
begins to expand. The effect of this would be to make the
temperature fall, but throughout the expansion from 2 to 3,
heat is supplied to the working substance in sufficient quantity
to maintain the temperature uniform, and the relation between
volume and pressure is represented by the isothermal curve, bec.
During this process the substance is doing work, and this we
reckon as positive. In order to maintain this isothermal curve
a quantity of heat, H, has been taken up by the working sub-
stance. When the piston arrives at point 3,* the supply of heat
to the working substance is stopped, and the expansion continues
without gain of heat, therefore the temperature falls. The relation
between the pressure and volume at this part of the stroke, is
represented by the adiabatic curve, cd. When the temperature
has fallen to =, (the temperature from which we started) the
piston will have arrived at the end of its stroke, and the work
having been done by the substance will be reckoned positive.
The crank is now in position 4, and on passing that point
causes the piston to move back and to compress the air in the
cylinder. This compression would cause a rise of temperature,
but the additional heat imparted to the substance is abstracted
during the compression, and the relation between pressure and
volume is exhibited by the isothermal curve, da. Since, before
beginning the return stroke the working substance had the same
temperature as that from which we started, therefore, when the
piston arrives at point 1, the working substance has returned
exactly to its original state as regards volume, pressure, and
temperature. During this latter portion of the stroke work
has been spent upon the substance, and must, therefore, be
considered negative, and simultaneously a quantity of heat (say 4)
has been abstracted from the working substance.

Such a series of operations as this, by which the

® Point 3 must be so chosen that adiabatic expansion from
cause the temperatare to fall to ,°.
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substance, after undergoing successive states of pressure, volume,
and temperature, is finally brought back in all respects to its
original state, is termed a cycle of operations. When the changes
of state can be passed through in either direction, the cycle is
said to be reversible. In the diagram of the expansion of the gas,
the figure, a b ¢ d, represents the cycle, for, while we started with
a pressure, af, volume, Of, and temperature, r;, we arrived at
the close of our operations with the same pressure, volume, and
temperature. The working substance is performing work on the
piston while it moves from point 2, to point 4, the expansion
curve being bcd, and the work done is represented by the area
of the figure, bcdhe. This is positive work. Work is done
upon the substance while the piston moves from point 4, to
point 2, the expansion curve being da b, and the work done is
represented by the area of the figure, dabeh. This is negative
work. To find the work performed by the substance, we subtract
the area, dab eh, representing negative work, from the area,
bcdhe, representing positive work, and the remainder, abcd,
represents the useful work performed by the substance through-
out the cycle of operations.

Work done by a Heat Engine.—Our operations on this heat engine
consisted in taking in a quantity of heat, H (from positions 2
to 3 of stroke), at a temperature, r,, and rejecting a less quantity
of heat, A (from 4 to 1), at a lower temperature, r;. Since we are
dealing with the same quantity of gas throughout, the quantities
of heat in the gas, before and after expansion, are proportional to
their absolute temperatures, r, and r,.

. H & H -
te., n= or 3= ;f,

Now, let J = Joule’s equivalent (see p. 54).
The heat utilised by the engine = H - &
h

.. The work done by the engine = J (H — ) = J H (1 - a1
= JH( _"1) = JH("A:_";>,
1'2 fg
For example, suppose that the air in our ideal engine is raised
to a temperature of 400°, and, after doing work, its temperature
is 32° Fah.;
Then, r, = 400 + 460 = 860
» r, = 32 + 460 = 492

860 — 492

To — T
Work done = J H (%211 = TH(*555==) = 43T H, nearly.
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Carnot's Principle.—The following important principle was
laid down by Sadi Carnot, the founder of the theory just given,
in 1824:—

The amount of work done by a reversible heat engine depends
only on the constant temperature at which heat is received, and
at which it is rejected, and is independent of the nature of the
intermediary agent (such as steam, air, &c.) Its efficiency is
consequently & maximum.

‘We see, therefore, that the amount of work got out of a heat
engine, depends entirely on the absolute temperatures between
which it is worked. In order to obtain the whole of the work
from a mass of heated air, it would be necessary to cool it down
to the absolute zero—a process beyond the reach of practice;
and, hence, our imaginary engine, which is absolutely perfect
in its action, is only able to yield a portion of the energy
stored in the gas in the form of heat. The example worked out
shows this clearly, for our perfect engine, in working between
the temperatures 400° and 32°, can only convert ‘43 of the heat
energy into actual mechanical work. The efficiency of any heat
engine used in actual practice, such as a steam or an air or a gas
engine, is considerably less than this.

LecTure XIL —QUESTIONS,

1. Havin%nregntd to the theory of heat, will you state some reasons for
concludin, t when steam expands in a cylinder behind a working piston,
the law of ex ion differs from that of Boyle?

2. Define a heat engine. State the conditions under which such an engine
will give out the greatest quantity of work, and establish your statcment
by reuomn‘g

3. A perfect heat engine receives heat at a temperature of 350°F., and
rejects heat at a temperature of 90°F. Find its efficiency. Ans. = -32,

4. A perfect heat engine works between the temperatures 300°F. and
100° F.; prove the formula which gives the work done by consuming a given
quantity of heat.

5. If steam were admitted into a cylinder at a pressure of 15 lbs., and a
temperature 212° F., and were expanded to a temperature of 100° F., what
is the greatest amount of work which could be done according to theory?
Ans. =16 JH. -

6. Find an expression for the efficiency of an elementary heat engine.

7. Investigate a method of ascertaining the absolute temperature whi
co! nds to 100° F. i

8. What is meant by the adiabatic expansion of a gas? If
required to set out approximately the curve of adiabatic
steam, how would you proceed?

See Appendiz at the end for more and later Advanced and Honours

-




LECTURE XIII.

CoxTENTS. —Distribution of Steam in a Cylinder—Lap and Lead of a
Valve, &c., Angle of advance of an Eccentric, Points of admission, Cut-
off, Release, and Compression—Diagram of the relative positions of
Crank and Piston—Zeuner’s Valve Diagrams.

Distribution of Steam in a Cylinder.—Before explaining the
Indicator, and the results obtained by it in the form of Indicator
Diagrams from various types of engines, it will be necessary to
describe generally the action of the eccentric, slide valve, crank,
connecting rod, and piston, with their relative positions, so as to
understand the distribution of steam in the cylinder of an
ordinary engine.

This is most graphically and easily done by aid of a large
skeleton working model, in which the slide valve, piston, &c., are
all shown in section in one plane.

By aid of this model (fitted with a set of slide valves having
different dimensions, the means of fixing the eccentric at
different angles to the crank, and of altering the link motion or
the travel of the slide valve), the distribution of steam in a
cylinder may be studied simultaneously by a large class.

The engine, as seen by the arrow on the crank pin circle, is
going ahead or turning with the hands of a watch. The valve is
moving forward and on the point of cutting off steam from the
cylinder at about half-stroke, while the piston is moving back
towards the after end of the cylinder, and will therefore complete
the rest of the stroke under the expansion of the steam.

It will be seen from the figure that the eccentric, E, consists of
a simple pulley placed eccentrically 2} inches to the crank shaft
centre, i.e., with a throw of 2} in. The to and fro movement of
the slide valve is obtained from this eccentric through the
intermediate mechanism of the eccentric strap, eccentric rod,
E R, and the valve spindle, V 8, while the to and fro movement
of the piston, P, is obtained from the crank keyed to the crank
shaft, through the intermediate mechanism of the connecting
rod, CR, and the piston rod, PR. It is, therefore, clear that,
in order to ascertain the effect of the slide valve in distributing
steam to the cylinder, its position at any point of the piston's
stroke must be studied by observing the relative positions of the
eccentric and the crank.



DISTRIBUTION OF STEAM IN A CYLINDER.

C  for Cylinder. C P for Crank pin. 8 V for Slide valve. S C for Set screw for ad-
P ,, Piston. CS ,, Crank shaft. V8 ,, Valvespindle. justingeccentric
PR ,, Piston rod. S .,, Steam pipe. E R ,, Eccentric rod. toanyanglewith
CH ,, Cross head. S P ,, Steam ports. E ,, Eccentric pulley. respect to the
CR ,, Connecting rod. EP,, Exhaust,, crank,

The above diagram represents a working model belonging to the College of Science and Arts, Glasgow, about 10
feet long, with a cylinder 18 inches diameter and 24 inches stroke, presented by the President, David Rowan,
Esq., M. Inst. C.E., and fitted in the college workshop by one omv the students, Mr., James Welsh, with a
separate set of link motion, double eccentrics, &c., which can be put on in a few minutes,
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Lap and Lead of a Valve, &c.—The slide valve shown in the
following figure is purposely placed at the centre of its stroke,
in order to facilitate an explanation of what is meant by lap.
The valve consists of & hollow box with projecting ends, the
lower face being accurately planed and fitted, so as to be steam
tight on the valve port face. The hollow arch of the valve just
covers the distance between the inner edges of the steam ports,
50 that the moment the valve cuts off the exhaust from one end
of the cylinder it opens the other end of the cylinder to exhaust.
Sometimes, however, slide valves have what is termed inside lap,
that is, an inner projection at each end of the arch of the valve,
marked in dotted lines by, ,in the figure. Thiscauses the exhaust
to take place later on the one side and to be cut off sooner on the
other side of the piston. The effect of this is twofold—(1) a
later release causing a higher back pressure, (2) compression
before the end of the stroke. The latter result is useful, as we
shall see in the next lecture, owing to arresting the momentum of
the moving piston, piston-rod, crosshead and connecting-rod, and
thus lessening what would otherwise be a sudden stress or jerk
on the cross-head and crank-pin bearings, causing undue wear and
tear. This is termed compression or cushioning; frequently how-
ever, part of the cushioning is effected by giving “lead” to the slide
valve, that is, allowing it to open the steam port before the piston
has come to the end of its stroke.

L
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Now, looking at the left-hand figure we see the three dotted
vertical lines drawn above the valve face at each end of the
valve. The distance, O to L, is the amount by which the valve
overlaps the steam port at each end. This is termed the outside
lap of the valve, while the distance between L and M is the
amount the valve (when at the end of its stroke) opens the
steam port for admission of steam into the cylinder. This
distance, L M, is frequently less than the breadth of the steam
port, because the same passage serves both for inlet of the steam
to, and its exit from, the cylinder; and, seeing that the steamr
has expanded in bulk while doing work in the’ cylinder,
freer and the quicker the exhaust, tf = "W will be the ba-
obstructive pressure.

4
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The vertical dotted lines drawn from, N, below the valve face
near the outside edge of each steam port, indicate the lead.

The circle in the right-hand figure is taken to represent the path
of the centre of the eccentric pulley, which works the slide valve.
The radius, O M, is, therefore, equal to the throw of the eccentric,
or half the travel of the valve. Now, supposing the crank to be
in the position, O C, or level at the inner dead centre in a
horizontal engine (i.e., the piston is just at the commencement of
the outgoing stroke), mark off the distance, O N, equal to the
outside lap, O L, plus the lead, L N, draw N E perpendicular
to O M, and join O E; then (neglecting the obliquity of eccentric
rod) we have—

O C for the Centre line of the crank. | L M for the Maximum opening to
(o] . » s eccentric, steam,

OL ,, Lap 0° for the Angle, B O E, or the angle
ON ,, Lap+lead. of advance.

‘We thus see that the centre line of the eccentric must be in
advance of the centre line of the crank, by (90°+ ¢°), where 6°
is called the angle of advance.

If there was neither lap nor lead, then the centre line of the
eccentric would be at right angles to the centre line of the crank,
or the eccentric only 90° ahead of the crank.

In order to impress theso various parts and positions of the
slide valve, we again enumerate them as definitions.

Lap or cover of a slide valve is the amount by which the edge
of the valve overlaps the adjoining edge of the steam port, when
the valve is in the middle of its stroke, and is termed outside or
inside lap, according a3 we refer to the outside or inside of valve.

Lead is the amount of the opening of the steam port at the
beginning of the piston’s stroke.

Angle of advance of eccentric is the angle by which the centre
line of the eccentric stands in advance of that position, which
would bring the valve to its mid-stroke when the crank is on the
dead point; or, in other words, the angle between the crank and
the centre line of the eccentric minus 90°.

* The throw of an eccentric is the distance between the centre
of crank shaft and the centre of eccentric pulley.

The travel of a slide valve is equal to the distance the valve
moves to and fro in one stroke of the piston, or twice (the
lap + opening to steam). It is equal to twice the throw of eccentric,

* Several authors—e.g., Prof. Goodeve—state that the throw of an
is equal to the diameter of the circle described by the centre of the
ulley. The word throw is ambiguous, and might be discard:
iable to lead to confusion. See T'he Practical Engineer, Nov, 18, 18874
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LECTURE XIIL

ReLATIVE PosrtioNs oF CRANK AND SLIDE-VALVE, wiTH CURVE
SHOWING THE DISTRIBUTION OF STEAM IN THE CYLINDER,
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The foregoing diagram illustrates the four principal points in -
the motion of the simple D slide valve of the working model
explained at the beginning of this lecture, p. 95, as well as the
corresponding positions of the crank, and also the probable
distribution of steam in the cylinder or “diagram of work.”

1. The point of admission of steam to the cylinder.

2. The point of cut-off of steam from the cylinder.

3. The point of release, or when exhaust begins.

4. The point of compression, or when exhaust stops.

The diagram is self-explanatory, in as far as it shows how each
of these points marked on the crank pin circle are projected on
to the “diagram of work ” (or piston’s stroke) below, with the
corresponding positions of the slide valve sketched on the lines
of projections. The direction of motion of the crank and of the
slide valve at each point is also made clear by arrows. It will
be observed that the slide valve is at the same position with
respect to the steam ports when beginning to admit steam to the
cylinder and to cut off the supply of steam from the same, and
that its direction of motion is in each case opposite to the direction
of the piston’s motion. It is also evident that the slide valve is
at the middle of its stroke when release and when compression
begins, and that its motion is opposite in each case to that of the
piston’s motion, as indicated by the straight arrows placed
directly above the slide valve.

gt 8troke of Piston ——>}

)y Relative Positions of the Crank and the Piston.—The following
method of determining relative positions of the crank and the
piston is of great importance, because it is the method used in
determining the relative positions of the slide —-'—- --7 **-
eccentric.

In the fig., let O C, represent the crank, then v
and radius (C R) = the connecting-rod, describe an
centre line of the engine's stroke in (C H), which gi-
of the crosshead. With this point (CH) as a ¢
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Jength of (C R) a8 radius, describe the arc, C;D,, The length
O D, will be equal to the distance of the piston from the middle
of its stroke when the crank is in the position O C,. If this
distance, O D,, be set off along the crank, O C,, by drawing with
centre, O, and radius, O D,, the arc, D, d,, and the same operation
be repeated for a series of different positions of the crank, all
these points will be found to lie on the polar curve, 0 d; C,. Any
chord of this curve drawn from the point O will be equaﬁ to the
distance of the piston from the middle of its stroke when the
crank lies along that chord.

The double looped curves in full lines are the curves obtained
by this method.

If the connecting-rod be infinitely long it is evident that
instead of the arc, C, D,, we get the straight line, C; D,, at right
angles to the line of stroke, and that O D, is, in this case, the
distance of the piston from the middle of its stroke. If this
distance be set off along the crank by drawing the are, D, d,, and
the same operation be repeated for a series of different positions
of the crank, it will be found that all these points lie on a pair of
oivcles drawn with O C; and O C; as diameters. These are
shown by the dotted circles in the figure.

‘I'he effect of the obliquity of the connecting-rod is well seen
by comparing the curves in full lines with the circles in dotted
linon,

In valve diagrams it is usual to neglect the effect of the
obliquity of the eccentric-rod, because the ratio of its length to
the throw of the eccentric is generally great, and its effect is
therefore generally not worth taking into account.

Aunothor method of finding the relative position of the crank
and the piston is as follows :—(see next fig.)

Dwaw two lines, P, Py, P,'P,, at right angles to each other.
Kvaun their intersection, O, with radius O C, equal to the length
ot the orank, describe the inner or crank pin circle. With C as
a vontve and C P, as radius equal to the length of the connecting
val, desoribe the circle P, P, P P,, With O as a centre and
Ot as & radius, describe a circle; again, with the centre, O,
aud vadiug, O P,, describe the large outer circle.

Nuw, suppose the crank to be fixed in the position, O C, and
the oylinder to revolve round the centre, O, in the direction of
the hands of a watch, as indicated by the arrows, then the con-
nooting-rod gwhich is supposed for the purposes of explanation to
bo sonnsoted directly to the piston) will cause the piston to move
iuwardu during the first balf, and outwards during the second
halt of the vevolution. The positions P;, P,, Py, and P, represent
tho pistan at 0°, 90°, 180°% and 270° -° volution. Kor any

|
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required angle, O C P, between the crank, O C, and the connect-
ing-rod, C P, the position of the piston is indicated by the
position, P. The radial lines between the large outer circle and
the inner circle of radius, O P, indicate the distance of the piston
from the outer end of the cylinder ; for the path of the piston lies
in the line of the circle P,, P,, Py, P,, Precisely the same

(/4

RELATIVE PosrtioNs oF CRANK AND PrsToN.

reasoning will hold good if we consider the crank to revolve and
the cylinder to be fixed (as is usually the case) say in the pc

at P,. Then the radial lengths between the outer circle ai
circle P;, Py, P;, P, respectively represent the distance ¢
piston from outer end of the stroke for each position of the
during a revolution.
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Cause of the Unequal Distribution of Steam during the Forward
and the Back Stroke of the Piston.—If the connecting-rod of an
engine was infinitely long (and therefore remained always parallel
to the centre line of the piston’s motion), the point of “ cut off,”
and consequently the distribution of steam, would be equal at
both ends of the cylinder ; but when the length of the connecting-
rod (as usually adopted in practice) is only from 2 to 4 times the
length of the crank, the distance to the point of ‘cut off” is
considerably later on the forward stroke than on the return or
back stroke.

An explanation of the following two diagrams will render this
quite evident.

Firstly. Consider a case when the slide valve has ¢ outside
lap ” only, and no ¢lead.”

1. Draw a centre line of the piston’s motion, Cy, to 10.

2. With any convenient position, O, as a centre and radius,
O C}, equal to the length of the crank, describe a circle, C,C,C;C,,
and let the crank revolve in the direction shown by the arrows
on the crank pia circle.

3. With centre C,, and radius equal to the length of connect-
ing-rod (in this case = 3 cranks), describe an arc, cutting the
centre line of engine in the position 10 furthest from, C,. With
centre, C,, and the same radius, describe another arc, cutting the
same centre line in position 10 nearest to C;. Then the distance,
0 to 10, is equal to the piston’s stroke. &?his distance may be
conveniently divided into ten equal parts both above and below
the centre line, so as to indicate percentages of the stroke during
the forward and back strokes of the piston.*

4. With centre, O, and radius equal to the throw (or eccen-
tricity of the eccentric), describe the inner small circle M E, E,.

5. From O plot off a distance, O L, equal to the outside lap of
the slide valve, and draw through, L, the line, E, L E,, at right
angles to the centre line of the engine. From O, draw radial
lines, O E, A, and, O E, B, cutting the crank pin circle in, A,
and, B, and join A B. Then, since the slide valve has no “lead,”
O E, is the centre line of the eccentric when the crank is in the
position O C,, and the eccentric turns round from the position,
O E,, to the position, O E,, in the operation of moving the slide
valve during opening and closing the back steam port ; conse-
quently, the crank must turn through an equal angle during

* Of course the positions 10 and 10 are in reality the centre of the cross-
head at each end of the stroke in ordinary engines having a crank and
connecting-rod. To include the length of the piston-rod would extend the
tigure beyond the limits of the page.
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UNEQUAL DISTRIBUTION OF STEAM.

UNEQUAL DISTRIBUTION OF STEAM DURING THR FORWARD AND BACK STROKES OF THE PISTON, DUE TO THE
LeNoTH OF THE CONNECTING-ROD, WHEN THE SLIDR-VALVE HAS ONLY OUTSIDE LaP.
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this operation, t.e., an angle equal to A OB. The “angle of
advance” of the eccentric is indicated by < 4>,

6. With centre, C,, and radius, A B, describe an arc, cutting
the crank-pin circle in C,, and join, O, and C,, by a thick line.
Then, O C,, is the position of the crank when steam is cut off
from the cylinder, s.e., when the centre of the eccentric pulley is
in the position E,.

7. With C, as a centre and radius equal to the length of the
connecting-rod, describe an arc cutting the centre line of the
engine in C H (cross-head), nearly midway between positions 8
and 9, above the line, thus showing that steam is cut off at about
85 per cent. of the stroke during the forward movement of the
piston and crank.

8. With C; as a centre and radius, A B, describe an arec, cut-
ting the crank-pin circle in C,, and join O, and C,, by a thick
line. Then O C, is the position of the crank when steam is cut
off from the cylinder during the back stroke of the piston.

9. With C, as a centre and radius equal to the length of the
connecting-rod describe an arc cutting the centre line of the
engine in C H, nearly midway between positions 7 and 8, below
the line, thus showing that steam is cut off at about 75 per cent.
of the stroke during the backward or return movement of the
piston and crank.

Secondly. Consider a similar case in every respect to the last,
except with “lead ” as well as “outside lap” given to the slide-
valve.

Perform precisely the same construction as before, with this
addition, viz, that, O N, is equal to the lap O L, plus the lead
L N ; consequently, O E, is the centre line of the eccentric when
the crank is in the position O C,, and O E,, the centre line of the
eccentric when steam is cut off during the forward stroke. The
eccentric therefore turns round through the angle A O B, while
the crank turns from O C, to O C,, and the piston moves from
position O to nearly midway between 7 and 8 above the centre
line of engine, as indicated by the letter C H.

On the return or back stroke the crauk turns from O C; to
O C,, while the piston moves from O to a little beyond figure 6,
below the centre line. Steam is therefore cut off at about 75 per
cent. during the forward stroke, and 62 per cent. during the back
stroke, as against 85 and 75 per cent. when no lead was given to
the slide-valve.

Fixing Forward and Backward Eccentrics.—In large marine,
Jocomotive, and other engines, the “forward ” and back driving
eccentrics are often fixed in their permanent position on the
crank shaft before the crank is fitted into its bearings. The
method by which their proper position is ascertained relatively
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THE PosiTiON oF THE ECOENTRICS BEFORE FITTING AN ENGINE TOGETHER,
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to their own crank will be readily understood from the foregoing
diagrams and explanation, and by also considering the small
figure to the left hand side of the last diagram.

Fix the crank in a vertical position, and place on the crank-
shaft a wooden or sheet-iron template, with the upper edge level,
having previously drawn upon it the centre lines of the * for-
ward ” and “ backing ” eccentrics, by simply drawing radial lines
from the centre to where the “lap plus lead” line cuts the
eccentric circle. Now mark on the crank-shaft with a A box-
square the centre lines of the feathers for fixing each of the
eccentrics, and line off the outline of thesé feathers where they
are to be sunk (parallel to the crank-shaft). Previous to placing
the template on the crank-shaft, a semicircular hole has of course
been cut from it to fit the crank-shaft. This handy method
saves all the time, trouble, and expense of temporarily putting
the crank-shaft in its bearings and fitting together the connect-
ing-rod, piston-rod, piston, eccentric straps, eccentric rods, and
slide-valve, then turning the whole engine and ascertaining by
trial the best position of the eccentrics (which was quite commonly
done until a few years ago), and then disconnecting the whole in
order to get the feathers sunk in the crank-shaft for keying on
the eccentrics in the positions that had been ascertained by trial
and observation.

Zeuner's Diagram of Simple Valve Motion.—Of the problems
relating to the motion of a slide-valve, the case most commonly
recurring in practice, is that in which we have given the position
of the crank at the point of cut-off, the travel of the valve, and
the amount of lead, and have to determine the angular advance
of the eccentric and the amount of outside lap required.

With centre O (see next figure) and radius equal to the throw
of eccentric or half-travel of the valve, describe the circle
A BCDE, and through O, draw X Y, and X, Y, at right angles
to each other. From O, draw O B, to represent the position of
the crank when the steam is to be cut off ; this is determined
by means of the previous diagrams. With X as centre, and
radius X V, equal to the lead of the valve, describe part of a
circle, and from B, draw B F, touching this circle. Through O,
draw A D at right angles to B F.

On OA* and OD, describe the valve circles ALG and HKD.
These are sometimes termed the primary” and ¢ secondary”
valve circles respectively. With O as centre, describe the circle
PMNG, touching the line BF at the point N. This circle is

* The line, O A, would be the centre line of an eccentric for the crank
in the position, O Y, and going backwards or opposite to the direction of
the arrow in the figure, while the angle, AOX,, or, 6, would be the angle of

advance for that eccentric. \
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known as the outside lap circle, O M being equal to the outside
lap, and M L equal to the lead.
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a oircle with centre O to pass through that point. The radius of
this circle gives the amount of the tnside lap. .

Having now completed our diagram, we can see the distance
the valve has moved from its central position for any position of
the crank, and also the opening of the port to steam at that
point. Suppose the crank to be in the position O Q, and moving
in the direction of the arrow, then the distance which the valve
has moved from its central position is given by O R (or that por-
tion of the line which is included within the valve circle AL G);
and since the outside lap of the valve is equal to O S, therefore
the opening of the port to steam is equal to RS. When the
crank reaches the position O A, the port has its maximum open-
ing equal to AN. As it passes position O A, the valve begins
to close the steam port; and when it arrives at O B, the steam
port is closed altogether and the steam cut off. Therefore we
see that, when the crank is in the position O F, the valve is just
beginning to open the steam port; and when it reaches the dead
point O X, the steam port is open an amount = LM = XV = the
lead of the valve, which equality is easily proved by geometry.

‘When the crank reaches the position O C, the valve has
its middle position, and is distant from it on the other side an
amount equal to OK; and as this is equal to the inside lap of
the valve, therefore the exhaust port opens, and release takes
place at this point. As the crank passes the position O C,the valve
continues to open the port to exhaust. Thus, when the crank
arrives at OY, the valve has moved from its central position a
distance equal to O T ; and, since O U is the inside lap, therefore
the port is open to exhaust an amount equal to OT-OU=TUT.
If W Z represents the width of the port, it is evident that, when
the crank reaches the position OD, the valve has travelled
beyond the port a distance equal to ZD, and, therefore, if the arc
ab, be drawn through Z, it is apparent that, during the motion
of the crank from b to a, the port remains full open to exhaust.
‘When the crank comes to the position O E the port is completely
closed to exhaust ; and, since the piston is not yet at the end of
its stroke, compression takes place in the cylinder.

The shaded part of the upper or primary valve circle, represents
the opening of the port to steam for different positions of the
crank ; and when the line representing the position of the crank
cuts the shaded part, it indicates that the port is open to steam,
by an amount equal to that portion of the line included between
the two bounding curves of the shaded part. Simil the
shaded part of the lower or secondary valve circle re -
opening of the port to exhaust, and, as we have
open during the passage of the crank from b,

f™
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usual to open the ports fully fo steam, as explained at the be-
ginning of this Lecture, hence no line corresponding to abd,
appears in the upper valve circle.

The student should work out a few examples, in order to
impress the construction on his memory ; for, if once the principle
of the diagram is fully grasped, no difficulty will be found with
a:ly of the various problems relating to the motion of the slide

ve.

For example, given the travel, the lap, and the angle of advance,
to find the point of cut-off, the lead, etc., draw the circle,
A BCDE, to represent the travel, as before ; also the outside lap
circle, PM N G, and making the angle 4 equal to the given angle
of advance, draw A D, to represent the centre line of the valve
circles. Describe the valve circles as before; then we see that
when the crank is in the position, O X, the valve is open an
amount equal to L M, therefore L M, is the lead of the valve.
Through the point G, where the valve circle cuts the lap circle,
draw O B, then O B is the position of the crank at the point of
cut-off.

Or, suppose we are given the travel, the lap, and the lead, and
are required to construct the diagram and to find the angle of
advance and the point of cut-off. Having drawn the circle,
A BODE, representing the travel, lay off O M equal to the lap,
and ML equal to the lead of the valve. From L, draw LA
perpendicular to XY; then the angle, A OX,, is the angle of
advance, viz., §, required. With centre, O, aml radius, O M, de-
scribe the outside lap circle, and on A O describe the valve circle
a8 before. These circles intersect in G. Through G draw O B,
then O B, is the position of the crank at the point of cut-off.

Under the diagram of the valve motion we have given the
probable indicator diagram, showing the admission, cut-off, release,
and compression, taking place at the proper points of the stroke.

Lecrure XITI.—QUESTIONS.

1. Sketch an eccentric, and describe the several parts. What is the
row of an eccentric? Upon what does the amount of throw dep "~
hat is the angle of advance?
2. What is the lap of a slide valve? Draw a section of a simple
Ive and ports, showing the valve (1) without lap, (2) with lap. For
rnoaa ia ¢“lan” given to a slide valve?

on aslide valve? Thelap o

t on the exhaust side is
or exhaust which the valve
top of its stroke, Ans. 1}
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4. Make a diagram showing a crank going backward, or opposite to the
hands of a watch, and mark on the crank circle the points of admission, cut-
off, release, and compression. Draw the probable curve of pressures under-
neath of a non-condensing engine showing the atmospheric line.

5. In a direct-acting horizontal engine the lengths of the crank and con-
necting rod are 1 and 5 feet respectively. How far is the piston from the
middle of its stroke when the crank is vertical? Ans. 1:23 inch.

6. Taking a direct-acting engine, and disrega.rdinﬁ the effect of obliquity
of the connecting rod, you are required to assign the proportion of lap to
travel of slide valve, in order to cut off steam at § of the stroke. Ans.

7. Given that the travel of a slide valve is 5 inches, outside or steam lap
# inch, and the angle of advance 224°, find graphically the position of the
crank at the point of cut-off. Ans. 140° from dead centre line.

8. In a direct-acting non-condensing engine let the crank be on the back
dead centre. Sketch the slide valve and ports, marking the lap and lead.
What is the object of putting inside lap to valve?

9. The stroke of the piston in a direct-acting engine is 4 feet, and the
length of the connecting rod is 9 feet. - How far is the piston from the
middle of its stroke when the crank has made } of a revolution from a dead
point? Ans. 27 inches.

10.  Travel of valve = 8% inches.
Outside lap =2
Inside lap = »

Angle of advance = 35°. .
Find the Yoints of admission, cut-off, release, and compression, and the

amount of lead by a Zeuner’s diagram.,
11. Given—
Outside lap = 1} inch.
Maximum opening for steam = 1} ,,

Cut-off at y; of the stroke.
Determine the lead and the angle of advance.

12, Given.
Travel of the valve = 4} inches. ) Ans. 3°363’; 56°23}'; 23°37}";
Outside lap =1 v 36°22%".
Inside lap =3 , These angles are measured from

b}
Angle of advance = 30° the dead centres line.
Find the positions of the crank at admission, cut-off, release, and compres-
sion, also the lead of the valve.

13. A horizontal engine is constructed with a three-ported or locomotive
slide valve and sinﬁle eccentric for cutting off the steam at half-stroke. In
what respects would you alter the working parts in order to cut off steam
at three-quarters of a stroke? Explain by sketches the alterations which
are necessa:'{.

14. In a direct-acting engine, set out by a diagram the relative positions
of the piston and crank during a stroke, on the supposition that the con-
necting rod is of infinite length or remains parallel to itself. How is this
diagram altered when a definite length is assigned to the counecting rod ?

15. In a direct-acting engine, find the ratio of the velocity of the crank
pin to that of the piston in any given position of the crank.

16. The crank of an engine is 3 feet 6 inches, and the connecting rod
9 feet long. Find the angle which the crank makes with the vertical when
the piston is at half stroke. Ans. 11°12'44", )

17. Explain the effects produced by putting outside and incide lap respec-
tively upon the slide valve of an engine. The outside lap is 1} inches, the
lead is 4 inch, and the greatest opening for steam is 1} inches, what is the
travel of the valve, and how far is the valve from its middle position when
the piston is just beginning its stroke? (Adv. S. and 4., 1887.)

See Appendix at the end for more and later Advanced and Honours Questions,
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CoNTENTS. —Expansion of Steam—Isothermal, Saturation, and Adiabatic
Curvec—Li?uefaction in the Cylinder—Steam Jacketing—Superheating
—Effects of Clearance — Compression or Cushioning — — Wire-
drawing —Release—Theory of Eompound Engines.

Expansion of Steam.—When saturated steam expands in a non-

conducting cylinder, and during its expansion performs mechanical

work, its pressure falls—(1) On account of increase of volume;

(2) because of liquefaction. The performance of work by the

steam causes an equivalent loss of heat, and the amount of heat

transformed into work, is sufficient, not only to lower the
temperature of the steam to that corresponding to its reduced
pressure, but also to cause liquefaction of a portion of it. When

a small portion liquefies, it liberates its latent heat and keeps

the remainder at the temperature of saturation. Professor

Rankine has given the following approximate rule for the

relation between pressure and volume of steam expanding under

the above conditions:—Zke pressure varies nearly as the reciprocal
of the tenth power of the ninth root of the space occupied, that is—

10

If p = pressure pxcy °
» ¥ = volume } orpoc%,
oy

10
or p v? = constant.

This curve, representing the relative pressures and volumes
during the expansion, being nearly an adiabatic curve, falls
considerably below the hyperbolic or isothermal curve.

In steam engines fitted with a steam jacket, in which the
steam enters in a moist condition, a considerable quantity of
heat passes from the steam jacket to the steam in the cylinder.
When this quantity of heat is sufficient, not only to do the
work performed by the steam, but also to convert a portion of
the wet steam into dry saturated steam during the expansion,
the relation between pressure and volume is expressed approxi-
mately by Boyle’s law, viz.:—

pv = constant,

and the curve of expansion is an hyperbola. On account of the
simplicity of this formuls, and its corresponding curve, in
practice it is nsually adopted for rough calculations of expansion.
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‘When dry saturated steam expands, doing external work,
if heat be supplied to it in sufficient quantity just to keep it up
to the point of saturation, its pressure is maintained above that
given by adiabatic expansion curve (since there is no conden-
sation), but falls below the isothermal or hyperbolic curve, since
its temperature does not remain constant, but falls to the tem-
perature corresponding to the reduced pressure. The formula
given by Professor Rankine for the pressure and volume of
steam expanding in this way is

17
2 vi%= constant.

Numerous experiments on this subject were made by Fairbairn
and Tate, and the relation between pressure and volume for
saturated steam expanding as above was stated by them to be
according to the formula—

(v — 41) (p + -35) = constant.
The curve of expansion of steam, according to this formula, is

usually known as the “safuration” curve. It is similar to
17

Rankine’s curve pv3,

It is found in practice that the efficiency of steam expanded
80 as to receive only sufficient heat to prevent liquefaction,
according to the last of these formule, is higher than by the
other methods; and hence, the ‘“saturation” curve is the one
with which the curves of expansion of actual indicator diagrams

10

should be compared, although the ‘adiabatic” curve pv? is
often used.
P

Line of Pressures

Lind o olu
[} 2 3 4 [3 -] 7 8 D 10

ISOTRERMAL, SATURATION, AND ADIABATIO CURVES,
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The above diagram shows the three expansion curves—
P1I, Isothermal or Hyperbolic curve, pv = constant.
17

P 8, Saturation curve, p v, or (v — *41) (p + '35) = constant.
10

P A, Adiabatic curve, p » ¥ = constant.

Liquefaction in the Cylinder and Steam Jacketing.—In simple-
condensing engines steam of nearly the initial pressure and tem-
perature of the boiler enters the cylinder at the beginning of the
stroke immediately after the latter has been in communication
with the condenser. Now the temperature of a condenser
averages 100° to 140° Fah., and the temperature of the cylinder
during exhaust will approximate to this, say about 150° Fah.
The steam on entering the cylinder must, therefore, part with
a considerable quantity of its heat in raising the temperature ot
the cylinder, cylinder cover, and piston, and in the case of dry
saturated steam the effect of a loss of heat is that a portion of
the steam will be liquefied. Throughout the expansion of the
steam further liquefaction takes place, on account of the
conversion of heat into mechanical work, and the steam becomes
moist or wet—a condition which greatly facilitates the absorption
of radiant heat. Therefore, when its temperature has fallen
considerably below the initial temperature to which the cylinder
was heated, the steam begins to absorb heat from the cylinder,
and during the latter part of the stroke a certain amount of
re-evaporation occurs. The re-evaporation, however, takes place
principally during the exhaust, when the pressure in the cylinder
is only a few pounds (absolute), and water boils at a very
low temperature (about 140° F. to 150° F.)

The cylinder, while in communication with the condenser,
becomes reduced in temperature to about 150° F., so that a very
large portion of the heat spent in raising the temperature of the
cylinder to that of the entering steam, is uselessly thrown away
in heating the condenser and creating an opposing back pressure.

Oylinders in which great expansion or liquefaction takes place
should, therefore, be steam jacketed. This consists in heating them
up by passing hot steam from the boiler into an annular space
round the outside of the cylinder barrel, and into t o
covers, which are made hollow. The piston also ha:
been supplied with means of circulating hot steam
but this is not usually done in practice owing to ti
of applying it.

There can be no doubt that the cylinder barrel
which stands most in need of jacketing, since its inte
is always kept bright and clean by the action of the p
steam jacket was invented by Watt (although it is
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he fully understood the principles of its action), and was used
by him in all his engines. It was discarded, however, by other
engineers of his time, and by his immediate successors, who
looked upon it as a needless expense, encumbrance, and com-
plication to the cylinders. The object of the steam jacket is to
prevent the alternate heating and cooling of the cylinder which
we have just shown to take place. The steam enters a cylinder
which is practically as hot as itself, so that there is no initial
condensation, and the condensation during expansion is pre-
vented by the passage of sufficient heat from the jacket to the
expanding steam, to keep the steam in a saturated condition
throughout the stroke. During the expansion of the steam
in the cylinder of a jacketed engine, liquefaction must take place
as much as in an unjacketed engine, in order to convert the
same amount of heat into work, but in the jacketed engine the
liquefaction takes place in the jacket, where it is harmless, instead
of in the cylinder, where the moisture forms the vehicle for the
transference of heat from the cylinder to the condenser.

*A moderate amount of liquefaction of the steam in the high
and in the intermediate cylinders of compound or multiple
expansion engines is, however, considered by the best practical
engineers of the present day rather an advantage than otherwise,
for it helps to automatically lubricate the moving parts, and,
therefore, to dispense with the necessity for using large quan-
tities of oil, which (as will be explained further on) are not
only non-effective at high temperatures, but entail the consider-
able danger of bringing down the furnace crowns, and otherwise
do damage when pumped into the boilers with the feed-water.
The steam which liquefies on entry into the high or into the
intermediate cylinder re-evaporates for the most part on ex-
hausting into the next cylinder, and there does useful work on a
larger piston area, although, of course, at a reduced pressure,
so that, with properly proportioned cylinders and a comparatively
small range of expansion in each, there is very little loss of
energy. It is, therefore, found best in practice simply to
thoroughly well lag the high-pressure cylinders, so as to prevent
radiation of heat from their outer surfaces, without steam
Jacketing them, but to put a steam jacket on the low-pressure
cylinder, and to supply this jacket with steam from the inter-
mediate receiver, so as to dry its working surface, and thus make
the transfer of heat to the exhausting steam more difficult.

Superheating.—Although superheating is not much practised

* See Proc. Inst. Engineers and Shi‘gmilden in_Scotland, discussion on
Mr. Dyer’s paper ‘‘Current Marine Engineering ice, &c.,” January

and February, 1886.



SUPERHEATING STEAM. 109

at the present time, yet it is necessary that a few remarks
should be made with regard to its efficiency in preventing lique-
faction in the cylinders during expansion. We have already
explained (Lecture VIIL.) that superheating steam consists in
imparting to it an additional quantity of heat after it has been
generated and free from contact with the water, so that it
possesses a higher temperature than that corresponding to its
pressure. The effect of this high temperature during expansion
in the steam cylinder of an engine is, that no liquefaction takes
place ; for, although the steam loses heat and falls in temperature,
yet, if sufficiently superheated, its temperature never falls below
the temperature of saturation, and the steam parts only with
some of the additional heat which was supplied to it. Super-
heating, therefore, may effectually prevent liquefaction in the
cylinders, but there are many practical objections to the use of
steam of this kind.

Among the first to test the economy of superheating steam
was the late Mr. Penn, who, in 1857, fitted superheating
apparatus into the s.8. Valetta, the immediate result of
which was a saving of 20 per cent. in the consumption of fuel.
Other engineers at that time adopted the plan of superheating
the steam, and for many years after, the practice was general
in marine engines. With the increased steam pressures which
are now being used, superheating has been entirely given up
for the following reasons : —

The pressure of the steam operated upon by Mr. Penn and
others, when so much economy was obtained by superheating,
was only about 20 lbs. per square inch above the atmosphere, or
35 lbs. absolute. This corresponds to a temperature of 259°
Fah,, as given by the tables in Lecture VII. (p. 62) so that the
steam might have a considerable quantity of heat added to it,
without raising its temperature to any injurious extent. When
the steam is too hot, the lubricants of the cylinder and slide
valves become burnt up, or evaporated, to such an extent, that
abrasion of the valve faces, the sides of the cylinder, and the
piston rod takes place, causing leakage of steam and excessive
wear. The packings in the stuffing boxes are also severely
injured and give a great deal of trouble. A temperature of
about 360° Fah. seems to have been the limit of practical
working, and certainly above 400° Fah. proper lubrication
and packing is a difficult matter with dry steam, but it will
be seen that this afforded a considerable range of temperaturi
for superheating, with the pressure used at the time of Mr. P
Now, however, steam pressures have been increased, until at thef
present time, pressures of 150 lbs. per square iml:l(; are nod «
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uncommon in marine practice, 160 to 180 lbs. having been used
in a few special cases. The temperature corresponding to 150
Ibs. boiler pressure is 366° Fah., so that, even were it desirable
to superheat the steam, that could only be practically carried out
to a very small extent. But the economy effected by super-
heating steam was in a large measure due to the increase of
efficiency of the boiler in two ways, (1) in utilising a portion of
the heat of the waste gases, and (2) in supplying the steam
absolutely dry. The superheating was effected by passing the
steam through a series of tubes placed across the uptake of the
boiler, so that the hot gases, before passing up the chimney, gave
up a portion of their heat to the steam. This heat which
was thus utilised, would otherwise have been wasted, and the
efficiency of the boiler was increased by supplying additional
heat to the steam without increasing the consumption of fuel.
It was also found that the saving of fuel by superheating the
steam was greatest when used with boilers which were liable to
“prime” (i.e., to send over to the cylinders a quantity of water
along with the steam), for then, if the superheating did nothing
else, it thoroughly dried the steam. The effect of wet steam
expanding in the cylinder has already been pointed out.

Effects of Clearance.—In actual practice, the piston does not
come close up to the end of the cylinder at the end of its stroke,
a small space being of necessity left between the piston and the
cover to allow for the wear of the journals and other causes.
Besides this, there is the volume of the steam ports between the
valve face and the cylinder. This combined space between the
piston and the cylinder cover, plus the steam ports, is termed the
clearance of the cylinder, and exercises an important influence
upon the expansion of the steam ; for it must be filled with steam
at the moment of cut-off, and the volume of steam expanding is
equal to the volume of the cylinder to the point of cut-off + the
space at the end of the cylinder + the volume of the steam ports.
The ratio of expansion of steam in a cylinder, as usually under-
stood, is
_ _the volume of cylinder area X length of stroke
"~ volume to point of cutoff " ares x distance to pt. of cut-oft”’

but if clearance be taken into account, the ¢rueé ratio of expansion
is much less than the ratio given above.

Let ¢ = fraction of the cylinder’s capacity representing clearance,
» 7 = ratio of expansion as above,
s»» Tp = true ratio of expansion ;
Then r. = 7ol. of cylinder + clearance l+¢ r(1+c¢)
L= ——

l+cr

%
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The difference between  and 7, is obviously greatest with high
ratios of expansion, or early cut-off, when }may often be equal

to ¢, hence, with high ratios of expansion the clearance space
should be reduced to a minimum. An example may make this
clearer. Let steam be cut off at  of the stroke, thenr = 8,
also let the clearance capacity = § of the capacity of the
cylinder;

Then,r, = 70 £9 3G+ B 9y

1 +e¢r 1 +1

Therefore, the volume of steam admitted to the cylinder is really
only expanded 4} times instead of 8 times; and it is easy to see
that the curve of expansion will be materially affected thereby.
The diagram shows the theoretical curves of expansion,
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ErrecT OF CLEARANCE ON ExpansioN CURVE.

AB is the curve which would be followed by the steam expand-
ing 8 times with a volume, OV (3 OD), and pressure, OP. AC is
the curve of expansion, which is really followed by the steam
when the clearance space is taken into account, the volume being
O,V, the pressure the same as before, and the expansion then
being only 4} times. This shows the importance of taking the
clearance into account in considering indicator diagrams.

In practice it is impossible to avoid clearance altogether,
the losses arising from it may be considerably reduced by ol
pression of a portion of the steam on the exhaust side. {

Compression or Cushioning.—This is effected, as we pointed:

mmll
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in Lecture XIII., by closing the exhaust port before the piston
has completed its stroke, when any steam still remaining in the
cylinder is compressed into the clearance spaces. If the com-
pression were so great as to raise the pressure of the steam in
the clearance spaces to the initial pressure of the steam, loss
from the clearance spaces would be avoided, since they would
already be full of steam at the initial pressure, when the piston
began its return stroke.®* The mean pressure of steam would,
however, be greatly reduced by such excessive cushioning. The
useful extent of cushioning, considered with reference to the
motion of the engine alone, depends chiefly on the speed of the
engine. In very fast-running engines a large amount of
<ushioning is necessary, in order to check the momentum of the
moving parts gradually, and reverse the direction of motion
-without shocks ; but if the piston speed be slow, a less compression
will suffice to keep the motion smooth and free from jerks.t These
considerations limit the amount of compression to be used for any
particular case. In engines having a high ratio of expansion and
great piston velocity, the exhaust steam might with advantage
be compressed up to the initial pressure, but in other cases, a
moderate compression is all that can be recommended. The
offect of compression on the indicator diagram is & sudden rise
in the exhaust or back pressure line just before steam enters,
and is shown on the following diagram by the line m n.

NN Compr eason

L1 LR

]
.\ vout weatoN, WANT OF LEAD, WIRE-DRAWING, AND RELEASE.

.\ up to the initial pressure of the steam has a
"\ 'u unjacketed cylinders, viz., that the cylinder
.. .« up w the initial ‘ wmperature of the steam

. oetucty i R XVIL
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by the work done upon it, and condensation of the entering
steam may, therefore, be greatly reduced.

Lead.—1It is necessary in practice, especially with high-piston
speeds and low-pressure steam, to open the valve to steam before
the piston has reached the end of its stroke, in order to assist
the compression and maintain the full initial pressure as the
piston moves forward. This amount of opening is termed the
“lead” of the valve. If no lead be allowed, the valve is not
sufficiently open when the piston begins to move forward, and
the full pressure of steam does not come upon the piston until it
has travelled over a part of the stroke. The loss is shown by the
rounded corner, ab, of the diagram.

Wire-drawing.—When the steam, through insufficiency of valve
opening, contracted ports, or throttling,is prevented from following
up the piston at full pressure, it is said to be wire-drawn, and its
effect upon the indicator diagram is the fall of pressure shown by
the dotted line,cd. With a common slide valve, a certain amount.
of wire-drawing will always take place at the point of cut-off, due-
to the slowness with which the valve closes the port. This is.
clearly exhibited in the diagrams of all engines fitted with such.
valves, by a rounded corner at the point of *cut-off.” A perfect
valve should open quickly, and remain open until the point of -
cut-off, then close quickly. These conditions are not fulfilled by
any of the valves in ordinary use, unless, perhaps, the Corliss..
valve gear. The opening to steam at any point should be
sufficiently large to allow the steam to pass through at a velocity
of from 6,000 to 8,000 feet per minute.

Release.—Besides admitting steam before the end of the stroke,
it is also necessary to release the steam on the other side of the
piston before the end of the stroke, in order to prevent exces-
sive back pressure. This has the effect of rounding the right-
hand corner of the diagram, as shown by the line, ¢fg, showing
a very small loss, whereas, if steam be carried to the end of the
stroke before exhausting, the diagram will take the form shown
by the line, A%, and excessive and wasteful back pressure will be
the result.

Theory of Compound Engines.—Having now studied the prin-
cipal points in connection with the actual expansion of steam
in a steam cylinder, we are in a position to explain the advan-
tages of the compound engine over the simple expansive engine..

While explaining Watt’s diagram of work, we pointed out the
gain in work done by using steam expansively ; but, while using
low-pressure steam, such as that in use at the time of Watt:
even at a later period, only a limited amount of expansion co
be used. When the advantages of high-pressure steam
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generally recognised and greater pressures were adopted, a higher
ratio of expansion became possible, and it is economically to take
advantage of this increased amount of available expansion, that
engines are now made on the compound principle.

From what has been already stated, the student will see that
the amount of liquefaction which takes place in the cylinder of
an engine, varies with the difference between the initial and final
temperatures, therefore the loss from liquefaction in any cylinder
increases as we increase the ratio of expansion. The principle
of the compound engine, then, consists in dividing the expansion
into two or more stages, and carrying out each stage of expansion
in a separate cylinder, so as to reduce the variation of pressure and
temperature in each cylinder. For some time there was great
diversity of opinion as to the advantages of the compound system,
some maintaining that it was a needless complication; but
actual practice has now proved beyond doubt that, if properly
proportioned, the compound engine is much more economical in
consumption of fuel for a given power, than the simple expansive
engine. Not only is the amount of liquefaction reduced in the
compound system, but any re-evaporation of condensed steam
which may take place in the high-pressure or intermediate
cylinders during exhaust, is not a direct source of loss, for,
although increasing the back pressure in these cylinders, it is not
discharged into the condenser, but passes on to the next cylinder,
and does useful work there. The loss from clearance is also less
in compound engines, for, as we have shown, the loss from this
cause increases with the ratio of expansion. In the simple
engine, with a high ratio of expansion, there is of necessity
a wide variation of pressure on the piston. This causes an
irregularity of rotational effort on the crank-pin, which is objec-
tionable, and the initial stress (which all the working parts
must be strong enough to withstand) is far in excess of the
mean stress. This is another disadvantage which is remedied
by the compound arrangement. Numerous diagrams of compound
engines will be given later on.

Eighs o o 18 SaEk proran Jon i aBgine whord lpcicnor card b nly sour sidon
in fact a Carnot's reversible engine, where the cooling takes place entirely by expansion, and
the heating entirely by compression. The indicator card of & practical steam engine has
Jive sides, and as there is & sudden drop of ature from the point of release to that of

the back pressurc, we actually expondpmore work upon compressing the clearance steam
than it exerts on the power stroke.
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LecTtore XIV.—QUESTIONS.

1. State your reasons concisely for concluding that it is more economical
to usn steam at a pressure of 3 or 4 atmospheres, with expansion and con-
densation, rather than to employ it at the atmospheric pressure with
condensation, but without expansion.

2. Trace what happens in the working of a steam engine when the
cylinder is not provided with a steam jacket.

3. State the law according to which superheated steam expands in volume
when its temgerature is raised under a constant pressure. When steam is
superheated for the supply of an engine in the usual manner, does its
pressure rise above that in the boiler?  Explain fully.

4. Distinguish between superheated steam and saturated steam. Accord-
ing to what law is the pressure of superheated steam affected when it is
compressed into a smaller space? What happens in the case of saturated
steam ?

5. What is the object of a steam jacket? In what way does the absence
of the jacket affect the indicator diagram?

6. Explain the effects of *“lap,” *‘lead,” ¢‘cushioning,” ‘¢ wire-drawing,”
and ‘‘release,” on the indicator diagram, making such sketches as may
be necessary to render your answer clear. Mark also the points of
¢* admission ” and * cut-oft.”

7. Show that no more work is obtained from a given quantity of steam
by passing it through two cylinders, as in a compoum? engine, than by
admitting it into a low-pressure cylinder only with the same degree of
expansion, on the supposition that no heat is conducted away and radiated
by the sides of the cylinders.

8. An engine uses 10 lbs. of steam per minute, the feed temperature is
60° F., the boiler temperature 300° F., and that of the condenser 104° F.,
what is the theoretical maximum efficiency of the engine? State Reg-
naalt’s formula for the total heat of steam at a given temperature, and
deduce the amount of heat which each pound of steam has received in the
boiler. 'What horse-power would be developed if the engine worked as a
perfect engine? Ans. *258; 1144-4; 66 H.P. .

9. Explain the difference between isothermal, saturation, and adiabatic

ion of steam, and draw roughly the curves for each in one di .

10. What is meant by the term ‘‘clearance?” Assuming that the clearance
has been reduced to an equivalent length of the stroke of piston, which is 4
feet, and taking the case where steam is cut off at half stroke, the clearance
being 3 inches, you are required to compare the pressure of the steam, when
3 feet of the stroke are made, with the pressure under the sam- -*--——
stances if there were no clearance. (Adv. S. and A. Exam., 1888.

1). A compound condensing engine, with cranks at right angl
intermediate receiver, has cylinders of 14 and 24 inches diameter res,
each with a stroke of 36 inches. Draw the indicator diagrams w
would expect to obtain from the cylinders supposing steam o
absolute pressure is admitted to the high-pressure cylinder and is

half stroke, the steam in the low-pressure cylinder being cut off at

and the condenser showing a back pressure of 4 Ibs. absolute.
scale of inches and pounds to your diagram. (4dv., 1888.)
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APrPENDIX TO LECTURE XIV.

EmpiricAL FORMULZ FOR THE PRESSURE, DENSITY, VOLUME,
AND WoRK OF StEaM, BY MR. JAMES BROWNLEE,
ENGINEER, GLASGOW.

Let ¢

L 4

temp. Fah. at different pressures in table, page 118.
absolute temperature = ¢ + 460.
p = absolute pressure in lbs. per square inch.
P = absolute pressure in lbs. per square foot, or P = 144 p.
L = latent heat in foot-lbs. of one cubic foot of steam, or
say as much heat as would produce one cubic foot
more in the state of vapour than in the liquid state,
under any constant pressure, P.
D = density or weight of one cubic foot of ordinary steam
under any pressure, P.
V = volume in cubic feet of one 1b. weight of steam at any
pressure, P.
1. To find the pressure, p, at any temperature, t .—

293816
and, conversely, to find the temperature, ¢, the pressure being
given—
293816 ..
¢ = 51993542 — Tog. p) - 37185,

2. The latent heat in foot-lbs. of one cubic foot of steam at any
pressure, P lbs., per square foot .—
_ r x 2938:16 x log. 10
L= I.’[ (¢ + 371:85)2 ] or
Log. L = 3:83029 + log. P + log. = — 2 log. (¢ + 371-85).
3. To find the latent heat in units of heat, divide the above

by 772.
The weight in lbs. of one cubic foot of steam .—

p™ 9
D= 33036 °F log. D = ‘941 log. p — 2'519.

4. The volume, V, in cubic feet of one lb. of steam at any pressure,
p s —
V= :;_ -, orlog. V = 2:519 — 941 log. p;
/

™l

and, therefore, log. PV = 4:55 + 059 x log. P.
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When any volume, V,, cubic feet of steam expands under
pressure to the larger volume, V,, and just sufficient heat being
supplied to prevent any portion from condensing while expanding
to the larger volume, V,, the initial pressure, P,, would fall to
the lower pressure, P,, and

AR Vo \1or
-2 ()% -5 ()

Then, as %622—77 = 1695, let us suppose one lb. of steam to be
admitted against a movable piston at the constant pressure, P;
then expanded down to any lower pressure, P, (sufficient heat
being supplied through the casing to prevent any portion of
the steam within the cylinder from liquefying while expanding),
and finally expelled into the atmosphere or condenser at the
terminal pressure, P,.

5. The maximum work sn foot-lbs. per lb. of steam wunder these
conditions would be—

1-0627
W = 0637 (P, V, - P, V,)=1695(P, V, - P, V,).

If the terminal pressure, P, (down to which the steam expands)
is higher than the atmospheric pressure, or than the pressure
in the condenser, if a condensing engine, the pressure on
opening the exhaust passage will in that case fall to some lower
pressure, P;, and we will then obtain the additional work
= Vy (P, — Py); so that—

6. The maximum work per lb. of steam admitted into the
cylinder 18 given by the expression—

W = 1695(P, V, - P, V,) + V. (P, - P,).

From the above formula the value of, W, was calculated as
entered in the following table.

Note.—1f steam followed Boyle’s law while expanding, the
maximum work per lb. of steam would be strictly proportional
to the logarithm of the number of times which the pressure in
the condenser is contained in the boiler pressure.
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In the first column of the Table are entered the absolute pressures in lbs.
per square inch. In the second, the temperature Fah. corresponding to
these pressures—beginning with a pressure of 1 lb. and temperature of
102°-1, and going up to a pressure of 300 lbs. and temperature of 417°5.
In the third column, the pressure, P, in 1bs. per square foot is simply 144
times the pressure in lbs. per square inch. The figures in the fourth
column denote the volume in cubic feet of 1 1b. weight of steam at the
various pressures—the volume at 1 1b. per square inch, or 144 lbs. per
square foot, being 33036 cubic feet ; whereas, at 300 lbs. pressure, the
volume is only 1:642 cubic feet. The figures in the fifth column are simply
the product of those in the third and fourth.

If, for example, a movable piston were propelled through 33036 cubic
feet of space, under a pressure of 144 1bs. per square foot, the work done
would be 144 x 330'36 = 47,570 foot-1bs.; ﬁxt, since the back pressure of
steam is generally much more than 144 lbs. per square foot, no useful work
can be obtained from steam of that pressure.

In the sixth column is entered the maximum useful or effective work in
foot-Ibs. of 1 1b. weight of steam of the various pressures and temperatures

in the first and second columns, under the following conditions : —
1st, The steam shall be expanded down to a constant pressure of 5 Ibs. and
temperature of 162°-3, and shall be supplied with heat just sufficient to
prevent any portion from liquefying wiile expanding; and 2nd, It is
assumed, in computing these figures, that the back pressure of steam
against the piston is constantly 2 lbs. per square inch, or 288 lbs. per
square foot. It will be observed that the first figures in this sixth column
are 31,390, which is the maximum useful work of 72°66 cubic feet (1 Ib.
weight) of steam (with no expansion) when admitted at a constant pressure
of 720 lbs. per square foot and discharged into the condenser, under a
constant opposing pressure of 288 lbs. per square foot. The difference of
pressure on the opposite sides of the piston being 720 — 288 = 432 lbs. per
square foot. The useful effect obtained while the piston travels 7266 g:at
under an active pressure of 432 lbs. is 432 x 72'66 = 31,390 foot-lbs. as
entered in column six.

The quantity of heat required to produce 1 1b. of steam, at a pressure of
5 lbs., from water supplied from the hot well at a temperature of 100°, is
10134 + 305 x 162'3 = 1062'9 = H, as entered in column eight. When
the exhaust valve opens, the pressure suddenly falls from 5 to 2 Ibs., and
in place of 7266 cubic feet ofp steam at a temperature of 162°-3, we have
left in the cylinder 7266 feet at a temperature of 126°3 and pressure of 2
Ibs., which will weigh 422 1bs.

Now, while this 422 lbs, expands from a pressure of 5 to 2 1bs., and does
work in e?elling from the cylinder *578 1bs., nearly 14 units of heat must
be supplied through the casing, so as to prevent any portion of this ‘422
Ibs, from quuef{l::ng while expanding, and another 7 units, it is roughly
estimated, may be taken up by the grst *578 1bs., which suddenly leaves
the cylinder when the exhaust-valve opens, so that the total heat required
per Ib. of steam under these conditions, is 10629 + 21 = 10839, as entered
in column ten. Then, since 31,390 foot-lbs. is the work ohtained from
10839 units of heat, the work per unit of heat, w = 31,390 =
foot-lbs., as entered in column eleven. The quantity of heat
to the boiler, per 1b. of Scotch coal consumed, seldom exceeds
whereas, one lb. of the best Welsh coal often yields more than
and this is, therefore, the quantity assumed to be transmitted
in computing the coal required per horse-power per hour.
foot-1bs. per minute, or 60 x 33,083 = 1,980,000 foot-lbs, per k
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as one horse-power, the quantity of coal rfq;sia-e((’looper horse-power per hour
in the foregoing example will be C = 00 %2099 = 683 1bs., as
entered in column twelve.

Let us now look down the first colamn of the Table till we come to a

ressure, p, of 15 1bs., or P; = 2,160 lbs., per square foot when the volume,
Q’,, of 11b. of steam is 25:84 cubic feet, and the product, P; V; = 2,160 x
2584 = 55,815, as entered in the fifth column. Now, supposing this 25-84
cubic feet of steam to be admitted at a pressure of 15 lbs., then expanded to
a volume of 72'66 cubic feet—that is, 72°66 = 25'84 = 281 times = %’, as

1

entered in column seven—when the pressure would fall to 5 lbs., and
finally expelled at the latter pressure by the return of the piston, the work
per lg. of steam under these conditions would be 1695 (P, V; — P V,)
= 1695 x (55,816 — 52,316) = 16:95 x 3,499 = 59,302 foot-lbs—to this
add the work formerly shown to be obtained from 1 1b. of steam of 5 Ibs.,
working azainst a back pressure of 2 lbs. per square inch—viz, Vg
(Pg — Pg) = 7266 x (720 — 288) = 31,390 foot-lbs., and 31,390 + 59,302
= 90,692 foot-1bs. = W, as entered in colnmn six—this being the maximum
useful effect of 1 lb. of steam of atmospheric pressure when expanded to
2'81 times the initial volume and finally discharged into the condenser at a
pressure of 2 1ba,

The quantity of heat required to g7enerate this steam from water at 100°
is H = 10134 + '305 x 213'1 = 10784, as entered in column eight, and
the additional quantity requisite to prevent any portion from liquefying
while expanding and falling from the initial temperature, ¢; = 213°1, to
the lower temperature, t; = 162°'3, and pressure of 5 Ibs. is A = 1695
(P V; — Py Va) =772 — 305 (¢, — t5) = 59,302+ 772 — 305 (213°1 — 162:3)
=769 — 15'5 = 61'4 units, as figured in column nine; and, assuming
the cylinder to be robbed of 21 units, as before mentioned, while the steam
is escaping into the condenser, the whole heat required per Ib. of steam
will then be H + 4 + 21 = 10784 + 61'4 + 21 = 1160°8, as entered in the
tenth column, and the work per unit of heat transmitted to the boiler is

eleven. Hence, the coal required per hour per horse-power computed,
as has been shown, is C = -l% = 198 +- 78°1 = 2'54 1bs. nearly, as entered

in column twelve. In looking down this column (twelve) of the Table,
it will be observed that only half this quantity of coal (1-27 lbs. per hour
per horse-power) is required with steam admitted at 100 lbs. pressure,
expanded to 1676 times the initial volume when the pressure would fall
as before to 5 lbs. With steam of 60 lbs. (which corresponds to about
45 1bs., as indicated by the ordinary pressure gauge) expanded to 10-36
times (the pressure again falling to 5 lbs.) the coal consumed per indicated
horse-powe\;lf)er hour, as computed and entered in column twelve of the
Table, is only 1'46 lbs. The work per unit of heat transmitted to the
boiler being 135'3 foot-lbs., which corre?onda to an engine efficiency of
1353 + 772 = *175 0or lwer cent., and this is perhaps a higher ‘fnty

than has yet been real in practice from any heat engine whatever.
It must be observed, however, that no allowance is here made for loss
from clearance space.

The last six columns of the Table refer to a non-condensing engine,
and as the feed-water can be readily heated by the exhaust steam to about
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212°, it is assumed that the boiler is supplied with water at this temper-
ature, 80 that the quantity of heat required to convert one lb. of this
water into steam at any higher temperature, ¢; becomes H = 965°5 + ‘305
(¢) - 212). At a pressure of 100 lbs., for example, when the temperature
is 327'8, we bave H = 96556 + 305 (327'8 - 212) = 10008, as entered
(opposite 100 lbs. pressure) in column fifteen. At this pressure P, V), =
62,430, while at 15 lbs. P3 Vg = 55,815. Hence, by admitting 4°325 cubic
feet of 100 lbs. pressure steam, then expanding to a volume V3 = 25:84

cubic feet, that is 25:84 < 4:335 = 506 times = (l,ﬁ) as entered in

1

column fourteen. When the pressure would fall to 15 lbs., and finally
expelling at the latter pressure, the maximum effective action could not
exceed = 1695 (62,430 - 55,815) = 112,120, as entered in column
thirteen ; and the ?::ntity of heat which must be supplied to this steam
while expanding from 100 down to 15 lbs. is & = 112,120 < 772 - -305
(3278 — 213°1) = 1104, as figured in column sixteen. Then, as the whole
heat taken from the boiler is H + 2 = 1000°5 + 1104 = 1111 units, the
work, w, is 112,120 <+ 1111 = 101 foot-lbs. per unit of heat, which corre-
sponds to an efficiency of 101 <772 = ‘13, or say of 13 Eer cent. of the
heat supplied to the engine being converted into work. The coal required
per horse-power per hour being 198 -:- 1 = 198 - 101 = 196 lbs., as entered
in the last column of the Table.

With 100 1bs. pressure steam expanded to 16-76 times the initial volume,
it will be observed that the condensing engine requires only 1-27 <196 = 65,
or say 65 per cent. of the coal to do the same work as a non-condensin,
engine, when working with steam of the 100 lb. preesure, but expan
to only 5-96 times the initial volume.



LECTURE XV.

ConTeNTS.—Watt's Indicator—Richard’s Indicator—Taking of Indicator
Diagrams—Examples of Indicator Diagrams from Non-condensing, Con-
densing, Two-Cylinder Compound Engines, Triple Expansion Engines.

Watt’s Indicator—Watt was the first who recognised fully
the importance of gaining some knowledge of the action of steam
in the steam cylinder of an engine, and the first form of indicator
was the result of his efforts in that direction. The figure shows
an improved form of Watt’s indicator, by which a complete
diagram could be traced out.

It consists essentially of a steam
cylinder, O, about 1” diameter and
6" long, having a solid piston, P,
accurately fitted intoit. The cylin-
der is open at the top, and is fitted
with a steam cock, S C, at the
bottom, which is screwed into the

Leven
Yoo —y-

“atiON

\

INDEX,
S C for Steam cock,
C ,, Cylinder.
PS ’ Pistol;.
SS ,, Spiral spring.
P Pgncil. pring
F ,, Frame (wood).
SB ,, Sliding board (covered with
aper).
IC ,, Indicator card.
W ,, Weight attached to cord for re-

turn motion of S B.

cylinder cover of the engine, or
into the engine cylinder itself close
to the end. A small rod is fitted
into the piston at one end, and
carries a pencil, p, at the other,
which can operate on a sheet of
-z baard, 8B, in front of it. The sliding
" "¢ in the frame, and receives its motion
. % « fastened to some reciprocating part

|
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of the engine, the period of whose motion is s identical with that of

the pxston of the engine. The return of the board is eﬁ'ccted by

B RV L L s
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the two clips shown in the figure. The drum is rotatzd by
means of the string, S, and the return is effected by a spring
fixed inside the drum, as seen in the figure on last page.

RicHARD'S INDICATOR FOr SLow SrEep ENGINES.
(322 Indx2s to figures on Ia t page.)
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In most engines a small pipe is fixed outside the cylinders and
communicating with both ends.* The indicator is attached to
this pipe. The pipe is fitted with a two-way cock, so that a
diagram may be taken from either end of the cylinder at

J \_ Dpleasure. The dia-

D 3 gram shows the method

s d of attaching the indi-

s.c. cator to an inverted
cylinder marineengine.
2W.C) The string or steel
O wire, 8, is attached to
the air-pump lever, and
its travel must be
rather less than the
circumference of the

— drum, D. Before ad-

mitting steam into the
=\ indicator the ‘“atmo-
spheric line” should
be drawn. This is
done by turning the
1 steam cock, SO, so
that the indicator
T 7\ piston is put into
direct communication
AIR PUMP LEVER. with the atmosphere
through a small hole, and then bringing the arm which carries
the pencil up to the rotating drum when a horizontal line is
drawn. This line is marked A L, for ¢ Atmospheric Line,” on
the diagrams throughout this book.

Indicator Diagrams.—Having studied in the last lecture the
varivus effects produced on the theoretical indicator diagram
by clearance, lead, compression, release, and such other arrange-
ments as are required in practice for the proper expansion of
steam in the cylinder of an engine, we are in a position to
examine and comment upon a few indicator diagrams taken
from actual practice.

The annexed diagram is taken from a horizontal non-condensing
engine (sometimes wrongly termed a high-pressure engine), and,
as will be seen, the diagram is exceptionally good. The steam
pressure rises almost instantaneously, as shown by the vertical
admission line, and is well sustained up to the point of cut-
off, the line P C O being perfectly horizontal. At the point of
cut-off, 0O, a very slight wire-drawing may be seen by the
rounded corner, but it is very inappreciable and testifies to the

. -

Y

* See note
next page.
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INDICATOR DIAGRAMS,

o~ P

Dlal of Cylt = 147
Length of Stroke = 2’
N9 of Revolutions =40
Boller Pressure = 70 [bs.

] !
$
Soale ol 1. .un.
Atmospheric Line L @Mm 1
= a ] ® ® ) 3 3 ' N
u..a_
<
e

InpicaToR DiacraM, Forr Sizs.

This diagram was taken by the author from the Clyde Trust pumping engines working
their Armstrong Hydraulic System at the Queen’s Dock, Glasgow.

Nore.—The plan of attaching the Indicator to both ends of a cylinder, as shown in the
figure on last page, although convenient from a mechanical point of view, is not advisable in
the case of long cylinders, or where the pipes are exposed to the cooling action of draughts. To
obtain accurate diagrams, the Indicator should be attached direotly to each end of the cylinder
by a short large pipe, s0 as not to throttle or condense the steam,

f

The exhausting of the steam is very

efficiency of the valve gear. The release of the exhaust steam
takes place at the point R, but might, with advantage, have been
effectually carried out, as the back pressure falls quite down to

effected a little sooner.
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the atmospheric line, A L. The amount of compression shown
is too little, and a larger compression would no doubt make
the engine work more smoothly at the dead points, for a slight
knocking was observable. 1In this engine, however, the piston
speed is very slow, vie, 160 feet per minute, so that a large
amount of compression is not necessary.

f \

Atmospherlc Line

1 Q 7 Line

Zero Line

boenme

The above is an actual diagram from a condensing engine, and
presents one or two defects which we shall notice briefly. First,
the amount of compression is too small and the valve has not had
sufficient, if any, lead. The absence of proper cushioning is
shown by the very small rounded corner at the point C, and the
sloping away of the admission line from the vertical shows that
the valve has not been sufficiently open when the piston reached
the end of its stroke. Had the valve been set to give more lead,
the admission line would have coincided with the vertical dotted
line, and it is evident that the non-coincidence of these lines
cannot be due to wire-drawing in the steam passages. For,
when once the full pressure comes on the piston, it is fully
sustained (as shown by the horizontal steam line) until the
valve approaches the point of cut-off, when the usual wire-draw-
ing takes place, due to the slow motion of the slide valve, and
is clearly shown by the rounded corner on the diagram. Since
this diagram is taken from a condensing engine the steam exhausts
into a condenser, and the back pressure or vacuum line falls far
below the atmospheric line, AL, but release has been given
rather late as shown at R.

Compound Engine Diagrams.—Diagrams from the cylinders of
a compound engine should all be taken at the same time, so that
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the conditions of boiler pressure, cut-off, &c., under which each
diagram is taken, may be the same. Since the’ pressure of
steam in each cylinder is different, springs of different strengths
are used in each indicator, and hence the diagrams of different
cylinders are all to different scales. From these separate
diagrams, therefore, we cannot get much information, except as
regards the working of the valves and the amount of work
developed by each cylinder. In order to tell accurately the
extent of the loss of pressure between each cylinder, and the loss
from liquefaction in the cylinders during expansion, as well
as any abnormal increase of pressure at any point due to re-
evaporation or steam jacketing, we require to draw all the
diagrams down to the same scale, when the distribution of
steam may be clearly seen.

The saturation expansion curve should be plotted out on the
same sheet of diagrams, so as to show clearly the variation of the
actual expansion from this curve. In combining compound
engine diagrams, it is best to take the volume of steam under-
going expansion, as equal to that of one pound of steam at the
given pressure, so that all diagrams shall be drawn on the same
basis and may be compared with each other. If we do this, we
can readily construct the saturation expansion curve from tables
without any calculation or geometrical construction. A diagram
of the expansion of dry saturated steam has been worked out by
Prof. Rankine,* and greatly facilitates the construction of the
saturation curve. In this diagram the vertical ordinate represents
absolute pressures in lbs. per square inch, while the horizontal
abscissa represents the volume in cubic feet of one pound of
steam. By its aid—if the volume of steam undergoing expansion
is one pound—we can read off the pressure corresponding to any
particular volume; and, if we set off this pressure at several
different points throughout the stroke, we have only to join those
points in order to complete the saturation curve.

To illustrate this important point, we append the diagrams of
the compound engines of H.M.S. Boadicea, and proceed to show
how to reduce them to the same scale and draw the saturation
curve. The engines have one high-pressure and two low-
pressure cylinders, and the ratio of the joint capacity of the two
low-pressure cylinders to the high-pressure cylinder is 3-11 : 1.
The steam is cut off at -46 of the stroke in the high-pressure
cylinder, and the volume of the high-pressure cylinder is 116-:26
cubic feet. The pressure of the steam is 80 lbs. absolute, and the
clearance of each cylinder yy of the volume of the cylinder.

* See The Steam Engine, XProf Rankine, or his Rules and Tables, latest
editivus. Folded page at end of these books.
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CoMBINED INDICATOR DiagraAMs—H.M.S. “BoapICEA.”

Quantity of steam used | = volume of cylr. to pt. of cut-off +
in high-pressure cylr. clearance.
vol. of cylr.
11
" ” ” = 11626 x 46 + %

» ” » = 64-04 cubic feet.

” ” ” vol. of cylr. x *46 +
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The volume of one pound of steam at 80 lbs. pressure may be
found from Rankine’s diagram already referred to, or the table
at page 118, to be 5+4 cubic feet.

.*. Weight of steam used in high- 64-04 .

pressure cylinder in each stroke } =5z — 11-85 Ibs.
.*. Yolume of high-pressure cylr. 116-26
perlb.ofsteam (withoutclearance) f = “11-85

Clearance of high-pressure cylr. 9-81 .
per 1b. of steam used = g = 9 cubicft. nearly.

= 9:81 cubic ft.

Volume of low-pressure cylr. per a. 11 _ an. .
Ib. of steam (without clearance) } =981 x §11 = 30-5 cubie

Clearance of low-pressure cylr. 30'5 .
per 1b. of steam used } = 97 = 2:77 cubic ft.

‘We are now in a position to construct the diagram. Lay off to
scale the line, O V,, equal to the volume of the low-pressure
cylinder per b, of steam + its clearance = 30:5 + 277 = 33-27
cubic feet, and draw the vertical line, O P, to represent to scale
the initial pressure of 80 lbs. per square inch. Measure off
0Oy = ‘9 cubic feet, and draw a vertical line through Og ; this
represents the clearance of the high-pressure cylinder. Now,
make Oy Vg = the volume of the high-pressure cylinder per 1b.
of steam, and divide this space into 10 parts, to correspond
exactly with the divisions on the actual indicator diagram. Lay
off on these divisions the mean pressures shown by the indicator
diagrams, and complete the diagram of the high-pressure cylinder.
The diagram of the low-pressure cylinder is reduced in the same
way. O O, represents the clearance, and O, V,, the volume of
the cylinder per lb. of steam, and in measuring pressures the
mean of the 4 low-pressure cylinder indicator diagrams is taken.

The construction of the saturation curve from Rankine’s
diagram or from the table on page 118, is extremely simple,
since we are dealing with one pound of steam, and the pressure
corresponding to any particular volume may be set down at once.

Having now completed our diagram, we have a clear insight
into the actual working of the steam in the cylinders of the
engine. Evidently a large amount of wire-drawing takes place
in the high-pressure cylinder, as is shown by the great fall of
pressure before the point of cut-off. The rise of pressure above the
saturation curve which takes place during expansion, may partly
be accounted for by the action of the steam jacket in re-evaporati
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moisture in the cylinder, or by the steam which condensed on
admission re-evaporating due to getting heat from the cylinder
liner and the piston, &c.* The loss of pressure between the
two cylinders is from 5 to 8 lbs, and is rather more than we
usually find in well-designed engines. Wire-drawing also takes'
place in the low-pressure cylinder, although not to such a great
extent as in the high-pressure cylinder.

‘Where sufficient data cannot be obtained to reduce the volume
of the saturation curve to that of one pound of steam, the
diagrams may be drawn to the same scale, and the saturation
curve drawn from the point of cut-off, C, by a simple geometrical
construction. This is founded on the formula of Fairbairn and
Tate for the expansion of saturated steam given in the last
lecture, viz. :—

(v - 41) (p + *35) = constant.

ol_AY
X

The diagram shows how this may be done. Lay off O A
on the line of volumes equal to ‘41 cubic foot, and from A
measure A X off below O V = ‘35 of a pound pressure, and
draw new axes of pressure, and volume X P, and X V,, and on
these axes describe an hyperbola. The hyperbola considercd

* Steam when passed through contracted and tortuous passages, so as to
be reduced in pressure or ‘‘ wire-drawn,” becomes more or less superheated.
by the friction of its molecules, heat being the direct result ot the work
spent on friction. This may also account for someof the rise. See Z'Ae

rician, January 7th, 1887, Review of this book.
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relatively to the old axes will be the curve of saturated steam,
and, although, it does not coincide exactly with Rankine’s curve,
it is sufficiently near for all practical purposes. To find points
on the hyperbolic curve the following construction is the
simplest :—Take any point, B, between C and D, and join it
with X. Where B X cuts the vertical line, C E (through the
point of cutoff, C), draw a horizontal line, F G, cutting the
perpendicular let fall from B to G, then G is a point on the
curve. By finding a number of points in this way the whole

saturation curve may be constructed, as in the Fig., p. 130;
17 10

Rankine’s curves (see pp. 106, 107), pv%, or pv?® =a

constant, ¢, may be easily plotted by first multiplying the initial

140
:
: 4
130 H 2
3
u'zorL 0y
s a
o ss "Aberdeen”
no 3
§ Olagrams tares Toesday 21st. Feby.1882.
Jackets e,
100 1 ~—
\'nl Neater 08,
90 \ HP. M
‘ TOP
\ Yo F
80 4tmosphorly Lo
High
T0!| Pressure TOP Atmespherio Line
T ] loLine
80 T$P
4 b ® 10Stroke

In the O'I;Iul. Dlagrams
b, presswreml’, 1” o 17,
mpntluly.“ 2 " 1e

Intermediate

’ .’*T‘.- _..'... - ..‘..--‘
E Low Pressure \
P

O 0 20 30 40 60 60 70 80 B0 100 10 120 130
Line of Volumes
See Index at end for folding page containing combined indicator
diagrams of the triple-expansion engines of S.8. * Arabian.”

-




134 LECTURE XV.

pressure by its volume to point of cut-off taken as = 1, which
gives us the constant, ¢, and then finding by aid of a table of
common logarithms, the pressure corresponding to any other
volume, v, throughout the stroke, thus:— ’

n [}
pvl: =6 Or & = P .. log_ c _(M =log. 2.
oI 9

From which we get the value of p, at any part of the stroke,
and mark it off on the vertical ordinate at the volume, v, for
10

which it was calculated. In this way, the curve pv?® =a
constant,in the Fig. on the last page was calculated and plotted.

We pointed out in a former Lecture, that the principal
advantage of compound over simple expansive engines, is that
the cylinders are not subjected to such great variation of
temperature, and, therefore, the loss from liquefaction in the
cylinders is less. With steam pressure of from 60 to 100 lbs. in
compound engines, the expansion is carried out in two cylinders
only, but when that pressure is exceeded, the difference of the
initial and final temperatures of the steam in each cylinder
becomes so great, that three or more cylinders are required to
expand the steam efficiently. The diagrams from the engines of
the 8.8. “Aberdeen,” designed by Mr. A. C. Kirk, of Messrs.
Robert Napier & Sons (which were among the first triple expan-
sive engines constructed), are shown on the previous page drawn
to tho same scale. These diagrams show that there is very little
loss of pressure between the cylinders, and fit in very well with

10
the expansion curve PV ®° Very little re-evaporation takes
place since the range of temperature in each cylinder is small.*

* The S.8. ‘“ Aberdeen™ is an iron ship, built in 1881 for Messrs. George
Thompson & Coy.’s London-Australian trade, by Messrs. Robert Napier
& Sons, Glasgow, to the highest class at Lloyds—350 ft. by 44 ft. by 33
ft. The engines were supplied with steam at 125 lbs. pressure from two
ordinary double-ended boilers, with no superheater, constracted entirely of
steel, with six of Fox’s corrugated furnaces in each, the total heating
surface being 7,128 square ft. The cylinders were three in number, being
30 in., 45 in., and 70 in. diameter respectively, by 4 ft. 6 in. stroke. The
high-pressure cylinder was not steam jacketed, the second was steam
jacketed, with steam of 50 lbs. pressure ; and the low-pressure one with
steam of 15 lbs. above the atmosphere. On the official trial 2,000 tons of
dead weight were put on board, and a test made for the consumption of coal
on a six hours’ run at 1,800 I.H.P. The result was a consumption of 1-28
1bs. of Penrikyber Welsh coal per indicated horse-power.

See The Proceedings of the Institution of Naval Architects, 1882, for Mr.
Kirk’s paper ‘ On the Triple Expansion Engines of the 8.8. ¢ Aberdeen,’”
and for a paper ‘‘On the Economy of Compound Engines,” by W. Parker
Chief Engineer of Lloyd’s Register, with discussions thereon.

.
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Lzcrore XV.—QUESTIONS.

1. Sketch and describe Richard’s indicator, showing how it is applied
in obtaining the mean pressure in a steam cylinder.

2. Draw the normal indicator diagram of a condensing engine, and trace
the changes in outline produced by the principal causes which may, in
practice, detract from the efficiency of the engine. . .

3. Draw indicator diagrams as commonly given in a double-acting engine,
(1) of the condensing type, (2) when non-condensing.

4. Draw the ordinary indicator diaggrama as obtained (1) from the top,
(2) from the bottom of the cylinder of a single-acting condensing engine,
and account for the difference in form of the respective diagrams.

5. How is the effects of wire-drawing and of clearance shown on an
indicator diagram? .

6. Show by sketches and also explain the effect on an indicator diagram
of—(1) a leaky piston; (2) contracted steam passages; (3) a leaky con-
d ; (4) deficiency of lap in the slide valve; (3) deficiency of lead.
(ddv. 8. and A. Exam., 1889.)

7. What is the object of a steam jacket? In what way does the absence
of the jacket affect the indicator diagram? . .

8. Explain the operation of combining the indicator diagrams of work
done in a compound cylinder engine, the object being to produce the

i which would have been obtained if the steam had performed the
same work by going through the same changes of pressure and volume in
one cylinder.

9. A non-condensing engine is usmi steam at 42 lbs, per square inch
above the atmosphere—the length of the stroke is 3 feet, and s is cub
off at § stroke—draw an approximate diagram (scale ¢;) marking points of
release and compression, and showing the direction of motion of the piston
by arrows. Find, by calculation, the mean pressure. Ans. 24°9 lbs.

10. Describe, with such sketches as iou think necessary, the operation
of taking an indicator diagram from a horizontal engine, saying how you
would connect the apparatus with some moving part keeping time with
piston. Make a diagram, showing the relative positions of the crank pin
and centre of the eccentric pulley at the time, (1) when steam enters the
cylinder, (2) when it is cut off, (3) when con;gression begins. In what
manner are the width of the port, the lap of the valve, and the throw of
the eccentric related together?

11. In taking an indicator figure in a quick running engine, what
modification would you make in the instrument in order to get a clearly
defined and accurate figure ?

12. Explain the difference between a non-condensing engine and a
condensing engine. Show by a diagram that more work is obtained from
a given quantity of steam in the latter class of engines.

13. Explain fully how the net work done in one stroke by steam or any
gas expanding behind a cylinder piston is represented to scale by the area
of the indicator di i %eeloctnmXI.&ndXVL

14. Draw a theoretical indicator diagram for a condensing engine working
expansively, and mark the scale on your diagram for an engine of 30 inches
stroke supplied with steam at 30 1bs. absolute pressure, cut off at two-thirds
of the stroke, and working with & vacuum of 12 lbs. Point out the assump-
tions which are made in drawing the theoretical diagram, and mark in
dotted lines the actual diagram which you would expect to obtain if the
engine were in good working order. (Adv. S. and 4. Exam., 1887.)

P
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CoxTENTS. —Nominal and Indicated Horse-Power—Rule for finding the
Indicated Horse-Power of an Engine—Formula for finding the Mean
Pressure—Brake Horse-Power, and how to find it by Absorption and
Transmission Dynamometers with examples.

Horse-Power.—The unit of power which is universally adopted
by mechanical engineers in this country is that which was
proposed and used by Watt—viz., the korse-power.

The steam engines introduced by Watt, were employed to a
large extent in doing work which had formerly been done by
horses, and hence it became necessary for him to be able to state
the number of horses to which his engine would be equivalent in
power. Watt estimated the power of the strongest London
horses as about equal to that required to raise 33,000 bs. one
foot high in one minute, and he adopted this as his standard of
power. This estimate, however, is too large, the average power
of a horse being only about 22,000 foot-pounds* per minute, but
‘Watt seems to have been desirous that his engines should exceed,
rather than fall short of, their nominal power.

What is, therefore, technically spoken of among engineers as
a horse-power, is the rate of doing work corresponding to 33,000
foot-pounds per minute, and the power of steam engines is
always calculated on this basis. ,

Watt found that in his engines, he usually obtained a mean
pressure of about 7 lbs. per square inch in the cylinder, and he
estimated the power of his engines by assuming that value for
the mean pressure., The horse-power thus estimated, he termed
the nominal horse-power, and in practice that power was actually
obtained. When, however, increased steam pressures came
into general use, the mean pressure of steam in the cylinders
could no longer be correctly taken as 7 lbs., and the nominal
horse-power differed largely from the actual horse-power. In
commerce the term nominal horse-power had been so much used,
that commercial men understood the size, and, therefore the-
value, of an engine much better when its nominal horse-power
was spoken of than its actual power, and, therefore, the term

* The foot-pound is the unit of work, and is the work done by a force of
one pound acting through the space of oue foot.



INDICATED HORSE-POWER. 137

was retained for a long time, and even yet is still used for some
classes of engines, such as those used for agricultural purposes.
However, as unfair competition often takes place between
different manufacturers, owing to the use of this term, it is fast
falling into disuse and should be altogether abandoned.

The actual power exerted in the cylinder of an engine, cannot
be obtained until we know the actual mean pressure of steam
in the cylinder. In order to ascertain this, we must take a
diagram from the cylinder by means of the indicator which was
described in the last Lecture. The horse-power obtained by
this means is termed the indicated horse-power, and when the
horse-power of engines is spoken of, it is the indicated horse-
power (I.H.P.) which is understood unless otherwise stated.

The diagram at p. 127 is taken from a horizontal non-condens-
ing engine, and from it we wish to find the mean pressure of steam
in the cylinder. To do this, divide the diagram into ten equal
parts, by aid of the parallel ruler accompanying the indicator,
then read off the pressures at the centre of each space or division,
as described at p. 84, and shown by the vertical lines in Fig.
p- 127, by means of the scale corresponding to the indicator
spring. The sum of these pressures divided by 10 gives the mean
pressure during one stroke. This is shown worked out on the
diagram, the mean pressure in this case being 43'5 lbs. per
square inch. Now the work in foot-pounds done by an engine
in one minute is = total mean pressure on the piston in lbs.
x distance in feet travelled by piston in one minute. But one
horse-power is equal to 33,000 foot-pounds per minute.

Therefore, the horse-power exerted by an engine is = tolal
mean pressure on the piston in lbs. x distance in feet travelled by
the piston in one minute + 33,000.

Let p denote the mean pressure of steam in lbs. per square inch.

» A, the area of the cylinder in square inches.*

» L, thelength of the stroke in feet. )

» N ,, thenumberofstrokes per minute =revolutions x 2.

» HZP, the horse-power.

Then, total mean pressure on the piston in Ibs. = Ap,
also, distance in feet travelled by piston in one minute =
. ApLN
.*. the horse-power of the engine = 53,000

This formula is easily remembered, since it may be written so as
to_form the word “ PLAN,” thus :—Horse-power = PLAN -+ 33,000.

* In all cases, the area of the piston-rod has to be taken into |
For example, where the piston-rod comes out at the crank end of
cylinder only, then, A, should be total area of cylinder less half the

piston-rod.
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Applying our formula to find the horse-power of the engine from
the diagram and data given in it, we get

HP:APL;\ _ 1539 x 435 x 2x 80 _

33,000 33,000 = 32:45.

The diagram only gives the mean pressure on one side of the
piston ; but in practice it is usual to take the mean of two
diagrams—one taken from each end of the cylinder. If there be
two or more cylinders, the power developed in each has to
be added together, in order to obtain the total horse-power.

If the student refers to questions 16, 17, 18, and 19 at the
end of this Lecture, he will observe that he is given in each case
the pressure of the steam on admission to the cylinder, the
position of cut-off, and the hyperbolic or napierian logarithm of the
ratio of expansion, as well as the diameter or the area of the
cylinder, and the leagth of the stroke; from which, he is expected
to calculate the net or effective work done in one stroke, or else
the indicated horse-power when the number of revolutions per
minute is stated. Now, as this is a very common form of

jion set in examination papers, and as the solution thereof

will aid us in still further explaining (what has already been
referred to at the end of Lecture XI.), that the area of the
alculated or of the actual indicator diagram is a measure of the
surk done in one stroke, we shall first of all show how the
lic logarithm is to be applied, in order to ascertain the

ywss total pressure throughout the stroke, on the assumption that

$u gsam expands according to Boyle's Law, meglecting clearance;

i soondly, we shall take into account the effect of clearance.
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Referring to the last theoretical indicator diagram, ACDEB,
the area of the rectangle, A D, is the product of the pressure
line, A O, and the volume line, O D, or, A 1, to the point of cut-
off, and therefore this area, A D, expresses the whole work done
upon the piston by the steam in entering and in occupying that
part of the cylinder before cut-off takes place ; further, since the
steam is supposed to expand in accordance with Boyle’s Law
(pv=a constant), the curved line, DE, is a hyperbolic or
isothermal curve, and the hyperbolic area, 1 D E B, expresses the
whole work done by the steam during expansion—i.e., after cut-
off takes place. This latter area, 1 D E B, and consequently the
whole work done during expansion, may be calcula.mtzg by taking
advantage of the known relations of hyperbolic curve areas to
their base lines.®

For, if the base lines

Al, A2, A4, AS, &e.,
increase in the following geometrical progression,
as 1, to 2, +to 4, to 8 to &,
then the successive areas,

— 1D, 1D, 1D, &e.,
increase in the following arithmetical progression,
as — to 1, to 2, to 3, to &o

For example:—

Let the area or volume, AD, up to the point of cut-off, be
expressed by, 1, and the areas or volumes due to the expansion
of the steam by the following numbers in geometrical pro-
gression :— )

1, to 2, to 4 to 8, to &e

* On the principle of logarithms, which represent in arithmetical pro-

on natural numbers in geometrical progression, tables of hyperbolic
mthms are compiled to facilitate the calculation of the areas of work

done due to various degrees of eexdpamion. The hyperbolic logarithms are
:e:ciall&indicated or distinguished from common logarithms in formul® by
small Greek letter ¢, thus log.,, and a few of these hyperbolic logarithms
have been selected and printed at p. 145, in order to enable students to
work any of the ordinary questions. Hyperbolic numbers consist of the
multiples of common logarithms by 2:302585, which, thus modified, become

irect expressions of the actual ratio of the whole work done during
sion (due to different degrees of expansion) to the whole work done
steam before expansion takes place.
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The hyperbolic logarithms of these numbers are (see table, p. 145)

-000, 693, 1-386, 2-079, &e.,
beingas 0, to 1, to 2, to 3, to &,

or in arithmetical progression; therefore, the whole work done
by a quantity of steam expanded successively from the initial
volume, 1,

beingas 1, to 2, to 4, to 8, to &e,
will be in the proportions of

1, to 1 + 693 to 1 + 1:386 to 1 + 2:079 to &ec.,
or as 1, to 1693 to 238 to 3079 to &e.

Or generally if, 7, be the ratio of expansion the whole work
done will be as (1 + log.,r), showing that for an expansion of
eight times, the initial work done by the steam before cut-off
takes place, is tripled for that number of expansions by the end
of the stroke. It is necessary, however, to deduct the work
spent against the back pressure (due to an imperfect vacuum
reckoned from the absolute zero or perfect vacuum line), before
we obtain the net or effective work done by the steam in
one stroke.

Another method of reasoning out the foregoing principle
is as follows (see last figure) : —

Let P = the initial pressure of steam in lbs. on the square
inch at the cylinder, reckoned from absolute zero
or perfect vacuum line, or = AC.

Pw = the mean pressure in lbs. on the square inch through-

out the stroke, also reckoned from absolute zero.
A = area of cylinder in square inches.
L = whole stroke, A B, in feet.
{ = distance in feet to point of cut-off, or C D.

L . . .
T=r= ratio of expansion, neglecting clearance.

2 = any distance from commencement of stroke between
the limits, 2 = land z = L

Then the whole work done through distance, ! = AP/, foot-lba

Pressure of steam at any point, « = AxP l.
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' " API!
.*. The work done through any very small space dz = = dz.

The whole work done during expansion—i.e., from point of
cnt—og to the end of the stroke, or from where x = I to where
z = Lis.

By integral calculus,

- Arzfi";‘” = APllog, 7 = APllog,r, footlbs.

.. The whole work done during one stroke,
= APl + APllog,r = API(1 + log., 7).
And the total horse-power, if N = number of strokes per
minute,
_APIN( + log.,7)
- 33-000 ! .
The total forward mean pressure, p,, indicated by the vertical
height, p,, is therefore found by dividing the above whole work

done during one stroke by the area, A, and by the length of
the stroke, L,

or P = AII%I(I + log.,r) = I—I’Tl(l + log.,7) = ;(l + log,, 7).

And if p, = the mean back pressure ‘indicated by the vertical
height, p,, in the last figure, or by the shaded portion above the
line, A B; and p, = the net or effective mean pressure through-
out the stroke, then—

P=P--P»=§ (1+log.,r) - p, lbs. on the square inch.

And the Net or Effective Horse-power

{z;(l+log..r)—p.}

33000 t

These formule take no account of the wiredrawing of the
steam between the boiler and the engine, or in the steam ports,
neither have the effects of clearance, compression, &c., been tak:
into account. They must not therefore be used in gew

1

=ALMN
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the size of any particular engine, because large allowances have
sometimes to be made for these effects in actual practice; but as
they are sufficient to solve most of the ordinary questions set in
examination papers, we shall apply them to three examples in
order to impress them on the student’s memory, and thus lead
up to the final formula.

1st. Take the case of p. 81, Watt's diagram of work. Here
P =1 atmosphere, or say 15 lbs. absolute, for Watt at the time
of his devising his diagram of work only used steam of atmo-
spheric pressure, and thus all work was done in his engines at
" - that time, solely by means of the vacuum. The ratio of expan-
sion, r = 5, since steam was cut off at } of the stroke, and‘he
took no account of back pressure, thus supposing the vacuum to
be perfect—

The mean pressure,

p.=£; (1+log.,r)= 1—5§ (1+1-609). See p. 145 for logs.

=3 x 2609 = 7-827 1bs., or -52 of an atmosphere,

which corresponds with that found by Simpson’s or ordinary
rule (see p. 83).

2nd. Take the case at p. 83, where the pressure of steam may
also be supposed to be that above a perfect vacuum and no back
pressure was mentioned.

P =100 lbs. absolute, =4, as steam was cut off at { stroke ;
. °. Imean pressure,

Pa= 2 (L+log.r) =120 (1.4 1:386)
— 25+ 2:386 = 5965 Ibs,

As against 59-7 lbs. found at p. 83, and 59-9 at p. 84.

3rd. Let us see what we might have expected the mean for-
ward pressure to be in the case of the non-condensing Armstro
" engine, whose indicator diagram is shown at p. 127, and cal-
culated horse-power at pp. 137, 138, supposing the boiler pressure
to be known, as well as the back pressure, and neglecting clear-
ance. The pressure at the boiler is marked 70 lbs.—i.e., above
the atmo%) ere, or adding the pressure of the atmosphere 15 1bs.
we have P=70+15=85 Ibs. The cut-off is at nearly { stroke,
or r=3, and the back pressure is just 15 lbs., as the exhaust
line coincides exactly with the atmospheric line. It is not usual,
however, for the exhaust to be 8o free as this in such engines.
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The mean net or effective pressure is—
P=2 (1+log.)—py="y (1+10986)-15

=283 x 20986 — 15 = 5945 — 15 = 4445 Ibs.

As against 43-5 Ibs. marked on the indicator diagram at p. 127.
We must now take the effect of clearance into account, in
order to get a more perfect estimate of the probable mean
pressure in any case we may have to deal with in practice.
If the student refers back to p. 110, he will see that the ratio -
of expansion, r, as treated above, becomes r, when we tak
clearance into account, and that :

_r(l+0
"N=Tier

Where, ¢, the clearance, is considered as the fraction of the whole
volume of the cylinder to the point of cut-off. It will, however,
be more convenient here to consider, ¢, as an addition to the
length of the cylinder, the area of this su&mosed clearance-
length, ¢, being equal to that of the cylinder, = A, so that
¢ x A = volume of clearance,* and therefore the true ratio of
expansion becomes

L +c¢_ length of stroke + clearance.
{+¢  length to cut-off + clearance.

The clearance is shown in the last figure by the distance, c.

* It is not possible to estimate exactly the volume of the clearance in a
completed or working engine, unless the valve casing cover be taken off,
the piston brought first to one end of the cylinder, and the volume of water

uired to just fill the clearance spaces at the end between the piston and
right up to the valve face be measured, and then the same operation per-
formed for the other end of cylinder. Of course, it may be calculated
approximately from the drawings of the engine, or allowed for in calculations
previous to mak.ing the drawings. This volume of the combined clearance
spaces, at one end or the other, is then considered as a fraction or per-
centage of the whole volume of the piston’s stroke, or it may be regarded
as equivalent to a fraction, ¢, of the stroke, L. For if, A, be the sectional
area of the cylinder in square feet, then A x L = volume of the cylinder’s
strg.kefitzcu jic feet, and A x ¢ = volume of clearance spaces also in
cubic fee

Hence A (L + ¢) = whole volume of cylinder, including clearance, ‘
and A (I +c) = whole volume to point of cut-off, including clearance,
Therefore, the actual ratio of expansion,

_AL+e¢_L+e .
=X0+o = I¥c the expression used above, f-'-
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Now, reasoning as before—

The whole work done to the point of cut-off = A PI.
The whole work done during expansion

— AP { @+ c)(log,,];::)} .

The sum of these two quantities equals the whole work done
during one whole stroke, and is

=AP {l + (¢ + c)(log,.]l:'::) }neglecting back pressure.

The mean forward pressure during the stroke is found, by divid-
ing this expression by the area of cylinder, A, and by the length
of :,)he stroke, L, and subtracting the mean back pressure, p,

r

P L
Pn-P=p= i{l+(l+c)(l°8.-,::)} - P

Applying this formula to the last example (see also pp. 127
and 138), where P = 85 lbs., being 70 Ibs. boiler pressure plus
15 lbs. atmospheric pressure, L = 2 ft., { = § ft. (as steam was
cut off at § stroke), and assuming, ¢, to be equivalent to y; of the
stroke, or ‘2 ft., which is a common allowance, while the back
pressure, p, = 15 lbs. (for as we noticed before the exhaust line
and the atmospheric line agree), we have by substituting these
known values in the last equation—

85 ’ U , 2’ + '2,
p=§{§ +(§ +'2)(log..—§— - .5)} - 15
= 4295 { -6 + 86 (log., 2:54)} - 15
Nots. —The nearest log. to 2:54 in the following table is that of 2°5.
= 42:25 (-6 + ‘86 x '91629) - 15 = 42:25 x 146 - 15
= 6168 — 15 = 46-68 lbs., as against 44:45 lbs.

by our former formula when not taking clearance into account,
and as against 435 1bs. on the indicator card. But, as we men-
tioned before, wire drawing, &c., reduces the pressure between



INDICATED HORSE-POWER. 145

the boiler and the cylinder, and on looking at the indicator card
at p. 127 we observe that the initial pressure on it is marked 65
1bs., ora fall of 5 lbs., or 13-4 per cent., between the boiler and
the piston. If we take 65 as the initial pressure, then the total
pressure, P, becomes 65 + 15 or 80 lbs., and substituting this
value in the last formula for the 85 lbs., we get a mean cylinder
pressure of 43-4 lbs,, which is certainly a very close approxima-
tion to the mean cylinder pressure 43-5 lbs., as found g'om the
actual indicator diagram by measurement. It must be admitted,
however, that this indicator diagram is an exceptionally good
one, and corresponds more closely in form than most engine
diagrams do, to a theoretically perfect diagram.

It is therefore advisable to be cautious in trusting to this
formula. It will well repay time spent to draw out to a large
scale the most probable indicator diagram for any engine that
we may be designing,* bringing to bear any known results for the
reduction of boiler pressure due to wire drawing under similar
conditions, as well as for the effects of clearance, release, and
compression on the area and on the form of the diagram, so as to
ascertain the mean pressure, and thereby the horse-power
graphically, as well as by the formula ; for actual final results as
found by indicator diagrams have been known to vary 25 per
cent. from the previous calculated results, when trusting merely
to the formula and to the supposed boiler pressure. Of course
such a result might be fairly termed a miscalculation !

The following Napierian logarithms will facilitate the calcula-
tion of mean pressures :—

HyperBOLIC OR NAPIERIAN LOGARITHMS o RaTi08 OF EXPANSION.

No. | Logarithm. | No. | Logarittm. | No. | Logarithm. | No | Logarithm.

1 0 35 12527629 || 6 1-7917595 || 85 | 2'1400661
2231435 || 3:75 { 1:3217559 || 625 | 1-8325814 || 875 | 21690536

15 ‘4054652 | 4 1-3862943 || 6°5 | 18718021 | 9 21972245
175 | -5596157 || 4-25 | 14469189 | 675 | 1-9095425 || 9-25 | 2:2246236
2 6931472 || 45 | 1:5040773 || 7 10459100 || 95 | 22512918
225 | 8109303 || 4:75 | 1-5581446 || 7-25 | 1-9810014 || 9-75 | 2-2772673
25 9162907 || 6 1°6094379 || 75 |2:0149030 | 10 2-3025851
275 | 10116009 || 5-25 | 16582280 || 7-75 | 20476928 | 12 2°4849065
3 1-0986124 || 65 |1°7047481 | 8 20794414 | 15 27050502
325 (1°1786549 || 6°75 | 17491998 || 825 | 2°1102128 | 18 | 2:8903847

* The plan of plotting diagrams to one scale as explained at the end of
Lecture XV, should be followed in the case of compound engines,
/
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Brake Horse-power.—It is often advisable, more especially in
the case of competitive trials of Land and Electric Light Engines,
to know the actual power given out by an engine independent
of the power absorbed in friction, &c., in driving the engine
itgelf. In order to ascertain this, it is necessary either to apply
an absorption or a transmission dynamometer to the fly-wheel,
or to a pulley keyed on the crank or first shaft. The power so
obtained, is termed the Brake Horse-Power and indicated by
the letters B.H.P.

It is certainly much more satisfactory to the buyer of an
engine to know definitely the B.H.P. of an engine, than either
the almost obsolete N.H.P., or the now more common I.H.P.,
for thereby he knows exactly what power he can get from the
engine at a certain speed; and it would be well, both for buyers
and sellers, if this system of reckoning the power of smaller
engines was always insisted upon, and a test made before
acceptance.

One of the most common and easily applied Absorption
Dynamometers is that known as the Prony Brake, which we
now illustrate and explain by an actual example of a test made
by the author.

PRONY BRAKE OR ABSORPTION DYNAMOMETER.

Where W l]; represents Wooden blocks to fit.

» Drum or Eulley keyed to
S » Driving shaft.
b; bg »”» Iron bolts with ram’s horn nuts to adjust the
t&ghtness of W B on D.
IB 9 Stiff iron bar with
CSV%' ” galteﬁ"s balance at (l)lne end, and
» mall counter weight to balance extra length of
IBand SBor : ide. )

AN ”» Adjusting nut *
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MEeraOD OF TAKING TesT FOR BRAKE HORSE-POWER.

1. Adjust position of C'W until it balances the weight of I B,
AN, and 8 B, with the wooden blocks slack on pulley.

2. Start machinery and tighten blocks, W B, by ram nuts
until desired speed is attained, at same time adjusting 8B by
nut, A N, until a balance is obtained, keeping I B level.

Note number of revolutions per minute by speed indicator
and stress indicated by spring balance.

HP. = % horse-power developed on brake.
‘Where r = horizontal distance from centre of balance to centre

of shaft S in feet.
n = number of revolutions per minute.
P = Salter’s balance reading.

. 2%
Since 33000 = 0001904 = a constaut.

H.P. = 0001904 x r x n x P.

Ex.—Test recently taken by the author of fast-speed Westing-
house engine (diameter of cylinder 7-inch, stroke 5-inch, pressure
gf steam 55 lbs.), with crank shaft coupled direct to an Edison

ynamo.

The blocks, W B, were fixed to a fly-wheel of 2 teet diameter,
which was 6 inches broad.

r = 25 feet; n = 624; P = 48 lbs.

o HP. =0001904 x r x n x P
. HLP, = 0001904 x 25 x 624 x 48
. H.P, = 14-26.

It is important to note that neither the diameter of the pulley
nor the pressure of the friction blocks on the same (due to the
weight of the apparatus, or the tightening of the ram nuts), nor
the coefficient of friction enter into the formula for obtaini
the horse-power. The only data required being the horizon
length of lever, r, the pull, P, and the number of revolutions.

For, let, p, be the pressure, and, f, the coefficient of friction
between the face of the drum, D, and two brake blocks, W B,
then the twisting moment, T, tending to turn the brake blocks
round with the shaft is

T=2pfxn

Where r, is the radius of the pulley or drum, D, in

o

»,
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But this twisting moment is balanced by the pull on tho

spring balance, P, multiplied by its leverage, ».
, S 2pfry=Pr.

The angle turned by the pulley or drum, D, per minute
= 2an radians, and since the work done by a couple is the
product of its moment into the angle through which the body
acted on turns :—

The work absorbed by friction = The work done per minute
in foot-pounds, i.e.,

2pfryx2an=Pr x 2an

2
and .- the H.P. = Prx 2za = arnP

33000 3300V
It is sometimes advisable to add a dash pot to the lever, I B,
in order to get steady readings of the Salter’s balance or
weight, P. .
Another very useful and practical form of Prony Brake is
that shown in the following figure : —




BRAKE HORSE-POWER. 149

~ Hero the balance weight and ram nuts are done away with,
in favour of a steel hoop or strap, S H, to which are titted wooden
blocks, W B, with spaces, of say 2 inches or so intervemmng
between them, surrounding the fly-wheel, F W, keyed on the
crank shaft, 8. Clips, C, made of iron or steel, keep this brake
strap fair on the fly-wheel, and thus prevent it from sliding to
one side more than another.

The engine is started with the adjusting nut, AN, and the
spiral spring, 8 8, slack until it reaches the normal speed. The
nut, A N, is now gradually tightened, the speed being kept con-
stant and the pointer, P, level; the tension on the Salter’s
balance, S B, is read off and the calculation made for the B.H.P.
exactly as in the former example. This form of brake is now
adopted by several well-known makers; and, as the author has
frequently used it in testing these engines, he can confidently
recommend it in preference to the former method. Messrs.
Alley & Maclellan, the makers of the Westinghouse fast-speed
engine, keep the adjusting nut, A N, and spiral spring, S 8, at the
right-hand side, and do away with the Salter’s balance, S B, sub-
stituting instead an ordinary Pooley weighing balance (of the
same pattern as is to be found at every railway station), placed
on the left-hand side. Then the pressure on the base of the
Pooley balance directly measures P, in lbs.

One of the best known forms of friction-brake dynamometers,
fitted with a compensating device, is that designed by Mr. C. E.
Amos and Mr. Appold, and is the form used for the larger powers
by the Royal Agricultural Society. It is similar to that shown
by the next figure; but, besides a hand-adjusting screw, A S,
similar to that shown in the last figure, it is provided with a
compensating lever, ECD, by means of which the rise or
fall of the load, W, is to be attended with a decrease, or
increase, in tension on the brake-strap, so that a position of
equilibrium is automatically attained without causing inaccuracy
in the indications. With a given tension in the brake-strap,
and with the load, W, carried so that its point of suspension, A,
is opposite the pointer, —, the lever, E C D, takes a vertical
position ; but as soon as the load, W, is lifted, the lever pivoted
at E, moves round to lift with, and virtually increases the length
of, the brake-strap, and thus slackens it, allowing the load again
to descend. If, on the other hand, the total friction decreases
and is insufficient to carry the load in its normal position, the
descent of the load presses round the point of the compensating
lever to the right, thus tightening the belt and increasing the
frictional grip until the conditions are again such as will enable

r’

-~
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the load to reassume the medial position. If the change in
the position of the point of suspension of the load has been due
to a temporary cause, this automatic action may restore the
balance without further adjustment ; but if the departure from
the medial position is not small, then the adjustment by the
hand-screw must be resorted to. It will be seen that the
compensating action cannot come into play except by the rise or
fall of the weight from its proper position, and hence the value
of the device is confined to its power of limiting that rise
and fall.

So long as the Appold brake, like that of the Royal Agricul-
tural Society, is not used for more than 15 H.P., and is sufficiently,
but still sparingly, lubricated with tallow or suet, the friction
between the wooden blocks and iron wheel is such that the

APpPoLD'S COMPENSATION BRAKE, USED BY ROYAL AGRICULTURAL
SociETY.

weight of the brake-strap and blocks with the suspended load, is
sufficient, at the ordinary speeds of the engines tested, to carry
the load without screwing up the belt (by adjusting screw ss
shown in last figure) so that there is more than a few lbs. tension

“ S
r
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at the compensating lever, ECD. TUnder such conditions the
lever does not affect results, and adjustment of the frictional grip
and position at which the load is carried has to be made by the
hand-screw. The conditions are the same as, or very similar to,
those which would obtain if the brake were without compensating
lever, but with a belt so slack that the bottom blocks barely
touch the wheel.®

Let W = load on brake-strap (see foregoing figure) ;

T, Ty = tensions at two ends, O and D, of strap connected
to lower ends of compensating levers ;

P = pull on upper end, at E, of these levers;
7, v = radii of brake-strap and wheel respectively ;
F = total friction of brake-strap.

In the correspondence upon Mr. Beaumont’s paper, Professor
T. Alexander and Mr. A. W. Thomson considered that the
Appold brake gave quite accurate results when it was used
properly. Let the lever, E C D, take some definite fixed position,
say to the left of the vertical when the engine is working
smoothly ; in this position the lever may be supposed to be
fixed to the ground. The tension of the brake-blocks on the
lever, towards the right at G, and left at D, are represented in
the figure by T, and T;. On the other hand the reactions of
the lever on the brake-blocks are T, towards the left at C, and T,
towards the right at D ; then, since there is equilibrium, the sum
of the moments round O, the centre, of ( 12 friction of brake-blocks,
(2) weight, W, and (3) the tensions of lever, T, and T, is zero.
Taking the lever now, not as fixed to the ground, but as pivoted at
E; then R, the resultant of T, and T, must pass through E. T,
and Ty may now be replaced by R ; and the sum of the moments
round O, the centre, of (1) friction of brake blocks, (2) weight, W,
and (3) the force, R, is zero. Resolving R into vertical and hori-
zontal components, V, and, P, acting at the point, E; then, since E
is vertically under O, the line of action of V, passes through
O, and its moment is zero; and therefore the sum of the
moments round O, the centre, of (1) friction of brake-blocks, (2)

* Extract, with following three figures, from 7The Proc. Inst. C.E.,
vol. xcv., session 1888-89, by kind permission of the Council. In Ps?er by
W. W. Beaumont, M.Inst.C.E., on ‘Friction Brake Dynamometers.”
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weight, W, and (3) the horizontal force, P, acting towards the left
at E, is zero ; that is— .

Wr, =P x OE + Fr,

The amount of this horizontal force, P, can be easily measured
by a spring-balance. With a low coefficient of friction, the tension
on the brake-strap has to be increased; and since the ratio
existing between T, and T; is constant, depending on the
proportions of the lever, it follows that, P, may be of con-
siderable amount; and any quantitative results calculated
without taking it into account will be erroneous. With a
high coeflicient of friction the force, P, may be small, and the
results might probably be not far wrong, even if, P, were left out
of account. In every case, however, where accuracy is desired,
the moment of, P, must be considered.

In the same correspondence on friction-brake dynamometers,
Professor A. Jamieson stated that about a year ago he had
occasion to make a series of tests on a Griffin gas-engine. The
brake proposed by the makers of this engine was the same as
that used by the Royal Agricultural Society described and com-
mented upon in the Paper. Owing to the evident defects of the
Agricultural Society’s brake, one of the following form was

adopted instead, which gave fairly good results with the gas-
engine, developing 13:6 brake H.P. The chief objections, how-
ever, to it were:—1. That even for that small power, it was
necessary to have two brakes, one brake upon each fly-wheel
2. That the lubrication of the brakes required considerable

Pl
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attention. 3. That the back pull, indicated by the Salter's
balances, varied considerably, and hunted up and down within
limits which necessitated some guessing and frequent.observa-
‘tions. 4. That the oil or grease for lubricating the fly-wheels
bespattered the floor, the wall opposite, and the observer’s
‘clothes, when reading the Salter’s balances.

He had again, December 14, 1888, had an opportunity of
testing an identically similar gas-engine at Kilmarnock. This
time he employed only one brake fixed on one of the fly-wheels.
The next figure illustrated this form of brake, which he under-
stood was the same as that which had been used by the jurors at

the late gas-engine trials under the auspices of the Society of
Arts. The following Table showed the more important results:—

Mean revolutions of brake fly-wheel per minute, . 205
Maximum deviation from mean speed, per cent., . 5§
Dead load, W, inlbs,, . . . ., 157
Mean back pull on balance, in lbs., . . . . 4
Radius of dead load, W, from centre of brake whecl, } 2552

= rin feet, . . . . .
Size of ea¢™  “two small ropes, diameter in inches, 06

\



149¢ LECTURE XVL

Mean brake HLP. during two hours’rmm, . . . 1598
Gas consumption per brake H.P. in cubic feet per hour, 243
" ,i indicated H.P. » »w . 189

He considered this form of brake preferable to any one of
the numerous forms that he had tried, and believed it could be
adopted for large powers, and for long continuous runs for the
reasons :—

1. It could be constructed on very short notice from materials
always at hand in every factory or workshop, and at very little
expense. 2. It was so self-adjusting that no very accurate fitting
was required. 3. It could be put on and taken off in about one
minute ; being very light and of small bulk it could be hung up
or laid by in a cupboard. 4. It needed little if any attention for
lubrication. 5. The back pull registered by the spring-balance
was steady, and might be made a minimum by properly adjusting
the load, W, before commencing the trial run. 6. The brake-
wheel soon attained such a maximum temperature that the
radiating heat balanced the heat being generated by friction.
7. It might be used for small as well as for large powers, without
any special attendant apparatus except a weight and a spring-
balance. 8. For larger powers only more, or larger, or flatter
ropes, or a larger brake-wheel, were required.

Since the above tests were taken he had been called upon to
test the “ Ajax ” gas engine as made by the Glasgow Gas Engine
Co. at their Bridgeton Works, Glasgow. The brake used on 9th
March, 1889, was of the form shown by Fig. 1, and on March 29
by Fig. 2. They are of the same kind as those employed by the
jurors in the late trials of Gas Engines under the auspices of the
Society of Arts, London, and give much more satisfactory and
uniform results than any other form of brake hitherto devised for
light work. The substitution of the spring balance in Fig. 2, for
the dead weight in Fig. 1, is a decided advantage, since the net
load (or difference between the actual readings on the lower and
that on the upper balance) can be so easily kept constant through-
out the run. The balances, &c., were most carefully tested against
registered weights, after the runs and the proper allowance was
made for the net weight of the part of the lower balance which
aided the positive pull, as well as for the false zeros of each.

The circumference of the circle with radius from centre of
fly-wheel to centre of dead-weight was exactly 17 feet.

Careful observations of the gas meter, speed indicator, and
brake load were taken simultancously every ten minutes through-
out the whole of the three hours’ continuous tests on 9th March,
and every fifteen minutes throughout the siz and a-half hours’
run on 29th March.
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Meax Resurts o A Tureg Hours’ AND A Six Hours’ CoNTINUOUS
B.H.P. Tests AT FuLL NorRMAL WORKING POWER;
ALs0, Havr-aAN-Hour aT FuLL Power orF

THE “AJAX” GLASGOW GAS ENGINE.

Transmission Dynamometer.—There are many forms of trans-
mission dynamometers,* by which the power, being transmitted
from a steam engine, water-wheel, or other prime motor to
shafting or to any particular machine, may be registered without
absorbing more than a small and known amount of power.

One of the simplest and most easily understood is that devised
by Profs. Ayrton and Perry, of the City and Guilds of London
Technical Institute.

t “The instrument, as seen in the figure, consists of a pulley,
F, rigidly fixed to the shaft, O D, a loose pulley, G, and a pulley,
H, joined by the spiral springs, B, to the ribbed plate, E, which
is rigidly fixed to the shaft, C D. If, then, the engine belt is on
F, and the belt to the dynamo or driven machine on H, or vice
versa, the springs, B, will be stretched, depending on the ‘torque’
or twist transmitted. The extension of these springs causes, by
means of a small link-motion seen at the lower right-hand corner of

* For a complete treatise on dynamometers see T'he Elecirician, Nov. and

Dec., 1883; n.[:;o Frof, Goodeve's Principles of Mechanics, 1883 edition,
188-191.

PI; From Prof Ayrton’s Lecture on ‘‘ Measuring-Instruments for Trans-

mission of Power,” Published in The Proceedings o} the Society of Telegraph

Engineers, Vol. xi., pp. 265-267.
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the figure, the bright bead, A, at the end of a long arm to approach
the centre. Hence the smaller the radius of the circle described

Prors, AYRTON & PERRY’S TRANSMISSION DYNAMOMETER.

by this bright bead as it revolves, the greater the torque.* Con-
sequently, the horse-power transmitted is at once obtained from
observing the indicated torque and the speed of rotation. The
arm carrying the bead is slightly flexible, and when no power is
being transmitted the bead is pressed with a certain force against
the rim of the front plate, hence the bead does not commence
moving until a certain prearranged horse-power at a given speed
is being transmitted; its whole radial motion, therefore, is
completed for a certain additional transmitted horse-power, the
necessary addition depending on the power of the springs and
the leverage of the link-motion. Consequently, a large change
in the radius of the circle of light is produced by a small change
in the transmitted horse-power. Further, one of the pins in the
links can be taken out and put into another hole, which has the
effect of greatly altering the leverage of the links, thus increasing
the magnification and causing the motion of the bead to be
completed for another range of power. For example, the spri

* The word torque was first suggested by Prof. James Thomaon.G. ‘
University, and means the turning moment or turning force multi;
its distance from centre of shaft.

13
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and link-motion may be so arranged that with one of the two
ad)ustments the bead may commence to move when 8 horse-power
is Leing transmitted at a certain speed; the whole motion from
the circumference to the centre may be completed, when the
horse-power transmitted varies from 8 to 12. With the other
ad ustment, the bead may start moving when 4 horse-power is
being transmitted, and the entire travel of the bead from the
cirvumference to centre completed by this transmitted horse-
ﬁ‘w" increasing from 4 to 6. Slipping either the driving or the
driven belt on to the loose pulley, G, causes the transmission
dynamometer and the dynamo machine to stop while the engine
i3 going on.”
ometer Coupling.—“The next figure shows Profs.

Ayrton and Perry’s dynamometer coupling, which differs only
from the preceding in that it is intended to be used with
machinery driven directly by shafting where belting is not
emploved. For instance, this coupling may be used to measure
the horse-power given by a fast-speed
engine to a dynamo or other machine
driven directly by it, or it may be
employed to measure the power given
by a warine engine to the screw or
to the paddles, or generally the horse-
power trunsmitted along any line of
shatting: the spring coupling, in fact,
wplaving the ondinary coupling used
with such shafts.

*One of the halves of the coupling
acen in the figure is keyed to the
driving shaft—tor example, the shaft
o' tast-speed engine ; and the other
to tho driven shaft—for example,
that ot the dvnamo.  The half, C, is
attached to the other halt by means
of the spival springs, and the stretch-
ing of theso 1s therefore a measure pgops Avrrox & PERRY'S
of tho toqua.  The angular motion  Dyxamomerer CoupLiNa.
of thoe one relatively to the other
causes the bright bead, B, to approach the centre, and, as before,
the radius of the cirvle of light measures the horse-power trans-
mitted at any particular speed. The arm, E, carrying the bead,
is also, as betore, slightly flexible, so that when no power is
being transmitted the bead, B, is pressed with a certain force
against the rim of the larger plate. Hence the bead does not
commence to move until a certain prearranged horse-power, at

‘\
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a given speed, is being transmitted, and the whole motion
is completed for any prearranged excess beyond this, thus
enabling delicate measurements to be made at powers a little
more or less than that normally transmitted.

“By a proper arrangement of the link-motions, we have
succeeded in making the radial motion of the bead in both
instruments exactly proportional to the extension of the springs
or twist transmitted.

“The transmission dynamometer and dynamometer coupling
just decribed have the great advantage over any sort of labor-
atory dynamometers, in that the former have not to be put into
position and adjusted for each particular experiment, but are
always ready, and are always indicating the power transmitted
at any given speed. If, for example, a dynamometer coupling
be inserted in the shafting of a factory in place of the ordinary
coupling, a glance at it at any time will show the power that
is being transmitted by it. If two such dynamometer couplings
be inserted at two places in the same set of shafting, the
difference between the transmitted powers indicated by them
is the power utilised by the machinery driven by that portion
of the shafting that is between them. At present, masters
of works, we think, have necessarily but rather a vague idea
of the amount of power expended in different parts of their
works—how much, for example, is used to drive one portion of
the machinery and how much to drive some other. The sub-
stitution of a few dynamometer couplings, at well-chosen places,
for the ordinary couplings, would settle this question.”
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Lecrure XVL—QUESTIONS,

1. Define the horse-power of an engine. Explain the method adopted for
measuring the work actually done in the steam cylinder of an engine.
‘Write down the formula by which the horse-power of an engine is obtained.

2. In a steam engine the diameter of the steam cylinder i8 50 inches, the
length of stroke is 7 feet, the number of revolutions is 25 per minute, and
the mean effective pressure of the steam is 11-3 Ibs. Find the horse-power
of the engine. Ans. 235-3.

3. In a beam engine the mean pressure of the steam on the piston is 20
tons, and the length of the crank is 24 feet, what is the horse-power when
the crank shaft makes 30 revolutions per minute? Ans. 407-2,

4. The cylinder of a steam eugine is 3 feet 6 inches in diameter, the length
of stroke is 5 feet, and the crank makes 30 revolutions per minute, what is
the LH.P. of the engine, the mean effective pressure of the steam in the
cylinder being 10 lbs. on the sq. in. above the atmosphere? Ans. 1259

6. Itisrecorded of one of the earliest steam engines that it raised 18§ cubic
feet of water through a height of 19 feet at each stroke, and made 74 strokes
per minute. The consumption of coal was 32 cwt. in 24 hours. Find the
number of units of work obtained by burning 112 lbs. of coal, or what was
the duty of the engine, also pounds of coal per H.P. per hour. dns.
7; 264,160 and 30 lbs.

6. What diameter of cylinder will develop 50 horse-power with a four-foot
stroke, 40 revolutions per minute, and a mean effective steam pressure of
30 1bs. above the atmosphere, the engine being non-condensing? Ans. 14-78.

7. The diameter of cylinder of non-condensing engine is 18 ins., length of
stroke 2 ft. 6 ins., mean pressure of steam 20 lbs. on sq. in. above the atmos-

here. Find the number of revolutions per minute when the engine

velops 27 H.P. (Adv.S. and A., 1888.)

8. If 200 tons be lifted 5 feet in 5 minutes by a steam engine, wherein the
ares of the piston is 400 sq. ins., the mean pressure of the steam on the
piston is 25 Ibs. on the sq. in., the length of stroke is 4 feet, and the number
of double strokes made in a minute is 15, what proportion of the power
applied to the piston is lost in the working of the machinery? Ans. 62 per
cent

9. Define the horse-power of an engine. If an engine consumes 2 lbs. of
coal per horse-power per hour, how many foot-pounds of work will it per-
forll(l; w]li:n oomtll)min%;m(lhba. of mn&;,m,ooo r mhul:gta

3 ing obtained indicator di m a single cylinder engine,
state pa.rl‘;’ilol:ﬁarly, and with the necessary details and sketches, the method
of obtaining the indicated horse-power. A motion of 1° in the pencil of
the indicator, as due to steam pressure, = 20 lbs. on the sq. in., what is
the H.P. at 90 vevols. per min., if diam. of the piston be 10”, stroke 20",
area of diagram 8 sq. in., and length 5”? Ans. 22°8.

11, If the boiler of an engine gives out every minute 100 cubic feet of
steam which propels the piston with an average pressure of 50 lbs. on the
square inch, what is the horse-power of the engine? Ans. 21°8.
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12. An engine is competent to raise 70 millions of pounds through one foot
by the burning of 112 lbs. of coal, how many pounds of coal does it consume
per horse-power per hour? Ans. 3:17 lbs. i o

13. The cylinder of a single-acting pumping engine is 72 inches in diameter
with a stroke of 10 feet, and it works a pump whose plunger is 23 inches in
diameter with a stroke also of 10 feet. ‘The load is 142 lba. per square inch
of the area of the plunger. Find the mean pressure of the steam per square
inch of the piston and the horse-power when the engine makes 8 strokes
per minute. Ans. 14:49 lbs. H.P. = 143. i

14. The two cylinders of a locomotive engine are each 17 inches in diameter,
and the length of stroke is 24 inches, the driving wheel makes 100
revolutions per minute, and the mean effective pressure of the steam is 80
1bs. Find the horse-power. Ans. 440-3.

15. In a compound cylinder marine engine, the diameter of the high-

ure cylinder is 57 inches, and that of the low-pressure cylinder is 100
inches, the stroke of each piston being 23 feet. The mean pressures of the
steam in the respective cylinders are 26 1bs. and 84 lbs., and I.H.P. is 1,028;
tind the number of revolutions made in one minute. With what view is an
engine constructed in the manner pointed out? Ans. 46°3.

16. The area of the piston of an engine is 3 square feet, the pressure of the
steam is 15 lbs, per square inch above the atmosphere on admission, and the
steam is cut off at § of the stroke; the crank shaft makes 40 revolutions
per minute, and the length of the stroke is 3 feet, find the H.P. (given hyp.
10g. 3 = 10986124). Ans. Exhausting at zero-pressure = 659. See p. 154a.

17. The cylinder of an engine is 3 feet 6 inches in diameter, the stroke is
5 feet, and the steam is cut off at § of the stroke. If steam be admitted into
the cylinder at 45 lbs. pressure, find the work done in ome stroke (log.
3 =1-0986124). Ans. 218,061 ft.-lbs. See p. 154a for working out,

18. Steam enters a cylinder at 80 lbs. absolute, and is cut off at# of the
stroke. The diameter of the piston is 40 inches and the length of stroke
6 feet, the number of revolutions being 50 per minute. Back pressure 3 lbs.
absolute, find the horse-power of the engine. A4ns. 1,009.

19. The stroke of a piston is 5 feet, and its diameter is 4 feet, steam is
admitted at 20 lbs, absolute (no back pressure), and is cut off at § stroke
tind work done in one stroke. If steam be cut off at § stroke, and the final
pressure is required to remain unchanged, what should be the diameter of
the cylinder in order that the work done may also remain unchanged? (log.
2 = 6931472, log. 3 = 1°0986124). Ans. 153,192 ft.-1bs.; 431 ins.

20. In a compound cylinder tandem engine the steam is cut off at § of the
stroke in the high-pressure cylinder, the areas of the pistons are as 1 to 3,
and the diameter of the smaller cylinder is 29 inches; investigate an
expression for the work done in one stroke. Example: Find the horse-
power of the engine when the initial pressure of the steam is 85 lbs. per
square inch above that of the atmosphere—viz., 15 1bs., the back pressure
in the large cylinder is 3 Ibs. per square inch, and the speed of piston
is 300 feet per minute. Ans. 278 taken isothermally.

21. Describe a method of obtaining the brake horse.m~=~= ~f ~= ~n~iva
and state the advantages to buyer and seller of adoptin
that of nominal or indicated horse-power. An en,
revolutions per minute, the diameter of the brake pu
the pull on the brake 50 1bs., what is the B.H.P.? Ans

22. Explain by a sketch and index, using the first L
transmission power dynamometer, and explain the
instrument to an engineer.
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23. The diameter of the cylinder of an engine being 53 inches, the stroke
5 feet, and the number of revolutions 30 per minute, find the mean pressure
of the steam to develop 600 indicated horse-power. A4ns. 299,

24. An engine working without expansion has a piston of 144 square
inches in area with a 12-inch stroke, and the number of double strokes per
minute is 60. Steam is supplied at a temperature of 203° F. (the volume of
1 1b. of steam at 293° F. beingF7 cb. ft.), tind units of heat required per minute
for steam from water at 60° F. (Adv. S. and A. Exam., 1889.) Ana.

Having frequently found that students experience a difficulty in working
out such questions as Nos. 16 and 17, I have thought it advisable to give
their solation in full so that they may the more readily understand how to
do similar questions.

Question 16 of Lecture XV I.
Given, A = Area of piston = 3 8q. ft. = 3 x 144 = 432 sq. ins.
P = abs, press. per sq. in. = 15 + 15 = 30 lbs.
1= point of cut-off = 2troke of engine -E—&-ifh
= pomto ~ ratio of expansion r 3
N = No. strokes per minute = (revolutions) x 2 =40 x2 = 80,
log. r = 1-0986124.

ALN{?—(I + log. 7) — pp. z

By formula, H.P. = 33000
Substituting numerical values—
30 1bs.
82x 3 x80{ %3 (1 +1098) -0}
HP. = 5500
< H.P.=432x 3 x 80 x 10 x 20986___65.9.

33000
XN.B~No value being given, pp, it is assumed as =0 Ibs.
Question 17, Lecture X V1.
Given, & = diameter of cylinder = 3§ ft.= 42 ins.
~'.A=rr’=%2-x2l x 21 = 1386 aq. ins.

P = 45 Iba. (assumed as the total pressure).
L=1 of stroke = 5 ft.
Requs'red—ﬂn: ;3 dm;finmag-zk:&
By formula—
Meanpms.:f;(l+log.r)-pbinlbs.persq.inch.
XNo value being given for, py, it is assumed as =0,
Work done = space passed through x force applied
=L x ;(1+log.r,) x A.
Substituting numerical values—
Work done = 5 x %‘” x (1 + 1+0986) x 1386

=5x 15 x 20986 x 1386
= 218150 ft.-1bs. nearly.
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LECTURE XVIL

CoNTENTS. —Action of the Crank—Tangential and Radial Forces—Diagrams
of Twisting Moments with Uniform and with Variable Steam Pressure
on Piston, and neglecting as well as takiniaAccou.nt of the Obliquity
of Connecting-rod—Effect of Inertia of Moving Parts—Case of a
Horizontal Engine with Connecting-rod. of Infinite Length—Graphic
Re&resentation of the Effect of Inertia—Case of a Horizontal Engine
with Connecting-rod of Finite Length—General Problem of Determining
the Stresses Produced by a heavy Body Moving along a Straight Line
Tllustrated by the Case of an Actual Slide Valve.

Action of the Crank—Tangential and Radial Forces.—In most
steam engines the conversion of the reciprocating motion of the
piston into circular motion is effected by means of the crank
and connecting-rod.

The turning or tangential force exerted by the connecting-rod
on the crank varies with the position of the crank itself. Thus,
when the centre line of the crank coincides with a line drawn
through the centre of the cylinder and the centre of the crank
shaft, the crank is said to be at the ‘“dead points,” and the
connecting-rod exerts no rotational effort on it. The crank
arrives in those positions twice in one revolution, just when on
the point of reversing the direction of motion of the piston.
These positions are O A and O B in the next diagram. Again,
when the crank is at an angle of about 90° to the centre line
through the cylinder and crank shaft, the tangential force is a
maximum. :

Diagram of Twisting Moments—Neglecting Length of Connecting-
—The simplest case is that in which the pressure on the piston 1s
uniform throughout the stroke, and the obliquity of the conuecting-rod
is neglected. Then the pressure or thrust, 3, on the connecting-rod is
equal to the total pressure, P, on the piston (see next figure).

Suppose the crank to be in the position, O C,, then by the parallelogram
of forces the thrust, Q, on the connecting-rod may be resolved into two
components, one, C; R, acting along the line of the crank and representing
a msxoa.l pressure, R, on the crank-shaft bearing; the other, C; T, acting at
right angles to O C,, and representing the tangential pressure, T, acting on
the cmni ’wzim. Of course, the whole thrust on crank-shaft bearing is equal
Yo the whole pressure on piston.

Let the angle AOC; =6, .°. £ QC10=0,°.°C,Qis| 404
Then the radial pressure, R, or C; R = Q. cos 6,
And the tangential pressure, T, or C; T = Q. sin 4.
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These components may be plotted out separately for every position of the
crank by curves in the following manner :—Let O C, represent Q, to any
convenient scale, and lay off to the same scale O ¢, =T=C, T, the tangential
component of Q. Then ¢ is a point on the curve, and O¢; measures to
scale the tangential pressure on the crank pin for the position, 0C), of
the crank. To find other points on this curve, take any other position of
the crank and plot off along that line of the crank the tangential component
of Q for that position. If we find a number of points and join them, they

PoLAR CURVES OF TANGENTIAL ForcE (T) oN CrRANK-PIN, AND RADIAL
TrRUST (R) THROUGH CRANK, WITH UNIFORM PRESSURE ON Pistox
AND NEGLECTING OBLIQUITY OF CONNECTING-RoD.

will be found to lie on the circumference of two circles described with O to 90°
and O to 270° as diameters. Similarly, if we lay off O r; on the position,
0C,, of the crank, equal to the radial component of Q, for that position
of the crank, and do the same for a number of other positions, we have, by
joining the points, two complete circles described with OA and OB as
diameters, representing the radial thrust on the crank-shaft bearing for
::3' position of the crank. In the position of the crank taken (9 = 45°) the
ial and tangential components are equal, and, therefore, r, coincides
with ¢;. These circles are known as ‘ Polar” curves. For any other
position, O C,, of the crank, the tangential or turning force is given by O ¢3,
whilst the radial thrust on the crank shaft is given by O rg.
The TWISTING or '{Iunxmo MOMENT or 'roan;'r: on t,l:f crank s,l::‘ft at any
position is equal to the tangential re on the crank pin in t wion
multiplied by the length of the cranz b i
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Let r = radius of crank-pin circle or the length of the crank.
»» 0 = the angle made by the crank with the line of dead points.
Then the twisting moment = Qr sin 6.

Or, » ”» = Pr sin @ (for in this case P = Q).

Since the polar curves, O to 90° and O to 270°, represent the tangential forces
(P - 8in 6), their values must be multiplied by r, the length of the crank,
in order to find the TwisTING MOMENT at any point; but, seeing that, r,
is constant, the polar curves may be taken to represent the relalive values
of the twisting moments.

The twisting moments may also be represented by the following diagram,
in which the horizontal line represents tﬁe path of the crank, and the height
of each vertical ordinate gives the tangential force or the twisting moment
for that point. To draw the diagram for one stroke of the piston, or one
half revolution of the crank, lay off a horizontal line equal to the semi-
circumference of the crank-pin circle, and divide it into 10 equal parts.
Each division then represents a movement of 180 + 10 = 18° of the crank.

g P o

7 3

o° 18° 38° 64° 72° 90° 108° 126° 144° 182° 1807

D1rarams oF TwisTING MOMENTS FOR ONE HALF REVOLUTION OF CRANK.
Both Curves are Drawn on the Assumption of Uniform Pressure on Piston.

Then calculate by the above formula, or plot out by the previous diagram
of polar curves, tangential pressures for each of the 10 positions of the crank,
and lay them off vertically at each division. Join these points, and we
have the above full line curve which represents the twisting moments for
one half revolution, neglecting the obliquity of the conn
when the pressure on the piston is uniform throughout.
radial thrast through crank could be plotted out in the sam

In the early days of the steam engine, it was imagined th:
crank and connecting-rod involved a considerable loss of the
by the piston. The fallacy of this idea may now be made ¢

The pressure on the crank-pin in the direction of rotatio
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therefore, in order to obtain the mean tancential preesure during a half

e gin 10 173

0 at ”» . K
vide » 400 03
u— % 60 866

11-428 2» 70° ‘939
oo P x s = P x *6349 = (mean pressure). o 80° -986
Hence, if L = length of stroke = 27. » 907 1000

The work done on the crank in one revolution :: }?g: :ggg

= Total mean pressure x space passed through,

=P x 6349 x 2er, I e

= P x *6349 x 3'1416 x L = 19946 PL. » 400 643
Which is smctically the same thing as 2P L. But, * }230 .g
the work done on the piston during one revolution ” 17 173
is also equal to 2 PL. Consequently the employ- ” 180 000
ment of the crank and connecting-rod involves no ”

loss of power if we neglect the power absorbed by .
friction due to bearing surfaces, &c. Total 11423
Notr.—No such binati hani tho orank and connecting-rod can involve

as
a loss of power (neglecting friction), as it would be contrary to the * principle of the con-
servation of energy."

Diagr f Twisting Moments— Taking Account of Length
of Conneac?in%-l_tqd,x_—s—:l‘hg next case is that ingwhich the obliquity of

WIC CTUTIG BIJL UL TV unges L the
piston’s mation,
Diageam o TwistiNG MoMENTS—TAKING ACCOUNT oF LENGTH

oF CoNNEcTING-RoOD.

Norz Yo 1 The p e along ting-rod and on the crosshead guides ey
be found graphically for any position, thus—
Let PO = P, the greunm on piston to any convenient scale.
Then PV = Q, the direction and pressure along connecting-rod to the ssme scale.
And O V=@, the direction and pressurs.on the lower crosshead guide to same ssals.

ButPVeose=PO ov_G
or Qoo-ozPP And = p= tane

.'.Q=°T' +.G=Ptang
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. To e this, let O be the centre of the crank shaft, and O P the centre
line of the engine, passing through, O, and the centre of the cylinder. Let

OC be the Eouition of the crank, and P C the length of the connecting-rod.
Produce PC to cut the vertical through O in the point V, and draw OE

perpendicularto PV. Then 4/ VEO = £ POV; 2 PVOis common:
.« LVOE = £ OPYV = ¢, the inclination of the connecting-rod to
centre line of engine,

Now the twisting moment = Q x OE = xOVecosp=PxOV,

cos ¢
Knowing this, we can readily construct the polar curves. Suppose the
crank in the position, O C, produce the centre line of the connecting-rod to
cut the line OV in V. With centre, O, and radius, OV, describe the arc,
V¢, cutting OCin 4 Then, ¢, is a point on the tangential pressures or twisting
moment’s curve, and the twisting moment for the position, O C, of the crank
is thus P x O¢. A similar construction for all the other positions of the
crank gives all the other points, and the complete curve may then be
described by joining them. We see that the curve is not a circle as in the
last case, but differs therefrom in a marked degree. Now plot off the
twisting moment at each of the 10 different points by this method on
the rectangular diagram (page 157) as before, and we get the dotted line
which shows the new diagram of twisting moments. It will be noticed
that this curve rises more abruptly during the first quarter of a revolution,
and falls flatter during the second quarter than when the obliquity of
the connecting-rod is neglected, thus indicating a greater pressure on the
crank esin during the first half of the stroke; also, the maximum pressure is
reached before half stroke.
We can calculate the several twisting moments in this case without the
aid of a scale diagram, thus—

P
co8 ¢
8ince OCP + OCV == 2right angles, and OCP + 6 + ¢ = 2 right angles.

o tial pressure on crank P . sin (6 + ¢)
“ﬁﬁré’q-ﬁn(uw }’: Qm)sm(0+¢)=PW.

The pressure Q = , also the angle OCV =0 + ¢,

.*. the twisting moment = Pr sin (6 + ¢)
cos ¢

‘Where rsin § = sin ¢; r belng orank radius, and I the length of connecting-rod.

It is, however, more tedious to work out the results by this formula than
by the previous ﬁraphic method.

The effect of shortening the connecting-rod is to increase the effort upon
the crank pin at the beginning of the stroke, and to decrease it towards
the end, thus causing greater irregularity in the tangential pressure on the
crank, and ter stress on the crosshead guides. The pressure on the.
latter is = G = P*tan ¢, as seen from the last figure and the
below it. .

The actual state of things which takes place in practice is, however, a8
80 easily represented, for the pressure on the piston is never uniform,
falls away from the point of cut-off. In order, therefore, to construct
truer diagram of the twisting moments, we must find the positions of t
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piston eorre:lponding to the various positions of the crank by diagram
( 99), and mark these off on the indicator diagram. The steam pressure
or the several positions of the crank can then be read off, and their values
inserted for, P, in the equation P x O V or in Pr sin (0 + ¢) < cos ¢. The
curve of twisting moments on the crank due merely to steam re ou
the piston may then be constructed, as shown by the following di -

AN

\\

N

i

A 81828, B

CuRVE oF TWISTING MOMENTS, TAKING ACCOUNT OF THE VARIATION OF
THE STEAM PRESSURE IN THE CYLINDER, AND WITH A CONNECTING-
Rop or kNowN LENGTH.

On comparing this curve with the other two (page 157), it will be seen
that hetween the points, C and B, it falls much f:v%er; this is due to the
fall of steam pressure during expansion. The rectangle, A M N B, is of the
same area as the figure, ACB, and, therefore, AM represents the mean
twisting moment due to steam pressure on the piston.

When the engine has two cylinders having their pistons working on
separate cranks, the curve of total twisting moments on the crank shaft
can only be obtained by combining the curves of twisting moments for
each crank. This is s{own in the following figure, which represents
the combined twisting moments on the crank shaft of an engine with two
cranks at right angles to each other :—

—_—— P
/// \\C A cl\\ // \\ 4 \

c

/b
4 A ;8 B 8,

CoRVE or CoMBINED TWISTING MOMENTS POR TWO CRANKS AT
RIGHT ANGLES TO EACH OTHER,
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ACB is the curve of twisting moments on one crank, and
A, O, B, the curve of twisting moments on the other crank
during one-half revolution, the remaining curves being for the
other half revolution. To find the total twisting moment at any
point, a, draw the vertical line a d, and make ad = ac + ab
(¢.e.,, the sum of the twisting moments on each crank). By
finding & number of points in this way, the whole curve of total
twisting moments may be plotted out.

Effect of Inertia of Moving Parts.—In finding the twisting
moments by these methods, we have neglected a most important
effect—rviz., the variation of effort on the crank shaft due to the
inertia of the moving parts. Since the piston is brought to rest
at the end of each stroke, the inertia of the piston, piston-rod,
crosshead, and connecting-rod, has to be overcome at the beginning
of each stroke, in order to start the motion, and a portion of the
energy of the steam is absorbed .in doing this; therefore, the
actual effort on the crank in the first half of the stroke is less
than that given by the curves. The energy which is imparted
to the moving parts is, however, given out on the crank during
the latter part of the stroke, when these moving parts are being
brought to rest; therefore, the effort on the crank during the
second half of the stroke is greater than that shown by the curves.
On the principle of the conservation of energy this alternate
acceleration and retardation can neither add to, nor subtract
from, the total power developed during the stroke. In ordinary
cases, therefore, the inertia of the moving parts acts as a fly-wheel
would do, and tends to equalise the effort on the crank. The
effect, however, at different parts of the stroke is very interesting
and instructive, especially when high-initial pressure and a large
range of expansion are adopted, combined with heavy and quickly-
moving parts. Allowance may be made for this inertia, if the
weight of the moving parts and their velocity are known. We
can make an alteration on the indicator diagram, reducing the
effective pressure at the beginning of the stroke and increasing
it at the end. The steam and the inertia stresses can, however,
be combined, only so far as some of the effects are concerned.
They are combined, of course, in their pressure on the crank pin,
&c., but since the dynamical stresses are not taken up altogether
by the engine framing, provision must be made for transmitting
them to the engine foundation. These dynamical stresses, intro-
duced by arresting the momentum of the moving parts, produce
a much more serious effect in fast-running engines than is

usually supposed.
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Effect of Inertia on Moving Parts of a Horizontal Engine with Connecting-
Rod of Infinite Length.

The student should now try to follow the following investigations and
practical examples.
The more %eneral parts of these investigations, although, perhaps, not
quite so simple as might be desired, are, nevertheless, really as simple as
the nature of the subject will admit of.
Any attempt to dispense with concise and exact symbolical reasoning,
with a view to simplifying matters, involves, among other things, certain
assumptions which can only be intelligently appreciated by students who
have an extend owledge of mathematics;

° while to ordinary students, they invariably
lead to erroneous conceptions regarding the
effects dealt with.

It may be as well to state that we shall
not take into account all the effects resulting
from the conversion of reciprocating into

A g circular motion by means of a crank and
o connecting-rod, but only thase effects which
directly influence the propelling force on the
piston of the engine,* and unless otherwise
stated, we shall suppose the engines to be
borizontal.

270 The first case is that in which the motion
of the piston is the same as if the engine
worked with a connecting-rod of infinite length, such as, for example,
in the common donkey engine arrangement where the crank-pin works in

a slotted crosshead at right angles to the direction of the piston’s motion.

In the above figure, the arrow indicates the direction of motion of the
crank-pin, which, we shall suppose, moves with a uniform velocity.

Let, V, denote the velocity of the crank-pin, in feet per second.
’ v, ,, that of the piston, in feet per second at any instant.
ss OC, = r, the radius of crank.
»» AD, =z, or any distance the piston may be from the commencement
of its stroke,

Then, when the crank-pin is at the position, C, the position of the piston
will correspond with the position, D.
Now, it 1s well-known that if a b::lf be constrained to move in a circalar
Eath, it (the body) must be continually subjected to an acceleration in the
irection of the centre of the circle in which it moves.

If, a, denote the magnitude of this centripetal acceleration,
» V, ,, the velocity of the body in feet per second,
ss 7y 4  the radius of the circle in feet,

Then,
a=-—-
* See Paper by the late Prof. Fleeming Jenkin, published in the Transactions of the Royal

Bociety of dinbmgh. vol. xxviii. (1879), p. 703, in which will be found a rigorous analysis

the forces in & reciprocating steam of practioal sccompanied by curves
otcnnk-pinoﬂon.p o8 p a - v

-3
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From this expression we can obtain another for the acceleration of the piston,
as follows :—Since the acceleration of the crank-pin at point, C, of its
revolution is in the direction, C O, and since the acceleration of the piston
at point, D, of its stroke must be in the direction, A O (because change of
its motion can only take place in that direction), if CD be drawn perpen-
dicular to A O, we have,

acceleration of piston _OD_ r -z

acceleration of crank-pin ~ OC~ 7

Or, acceleration of piston = a. ——=,
T

2
Mhﬁuthpvdmlor.a,hhnoqm)=% (r - z).

Let, W, denote the weight of the reciprocating mass in 1bs. v
»s F, ,, the force absorbed or produced by the acceleration or
retardation of the reciprocating parts, also in lbs.
» O » theaccelerative effect of gravity.

Then,

)
F= 97 (r - ).

To exprees this in 1bs. per square inch of the piston,
Let A = area of the piston in square inches, and )
»» Pa = pressure per square inch due to acceleration of parts moving
horizontally.
Then,

F =p, A.

wm=xxv—n S )

‘When the piston is in any position, z, of the stroke,
Let p» be the pressure of the steam per square inch at the point, .
»» Pe be the net or effective pressure per square inch at the point, =

Then,

De =Pz = Pa-
wv?
=P-'Ayr,("‘3)’ . . . . (2)

Now, it admits of easy proof that equation (1) represents a straight
line which is completely determined when we know the positions of any
two points on it.

Thus, when the piston is at the beginning of its stroke,

0. p =YV
T=0.%Pg = Ag"
At the middle of the stroke,,
z2=r.% ps=0;
At the end of the stroke,;.

z=2r." pg=—

wvr
Agr
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The results obtained above are the mathematical expressions of the
remarks already given on page 161 regarding the effects of inertia of moving

Graphic Representation of the Effect of Inertia.
The following figure gives a graphical representation of the results just

deduced.
ABCDE, represents an indicator diagram ; .
M O N, represents the inertia line, the ordinates of which are measured
from the horizontal atmospheric line, ED, as given by
equation (1.)

¢

THEORETICAL INDICATOR DIAGRAM CONVERTED INTO A STKESS
DiacraM oN CRANK-PIN.

MON thus becomes the virtual base line of the diagram, from which
pressures are to be measured instead of from E D, the horizontal atmos-
pheric base line of the indicator diagram. Thus, the effective pressure of
the steam at the beginning of the stroke is given by M A ; and at any other

int before the middle of the stroke by, say Q P ; also, for any other Sbomt

fore the end of the stroke, by Q' P’, and soon. On examining the above
tigure, it is evident that, with a given initial pressure, there is a lu}ut to
‘the speed of the engine which, if reached or , would be productive of
very serious consequences. For instance, if the inertia line was represented
by, A ON’, the result would be a shock at the beginning of each stroke.*

* The dotted line, N’ B’ C’ E, shows the variation of pressures on the crank-vin during the
return stroke. If the engine was running very slowly so that we could neglect inertia
stresses, the pressure at the end of the return stroke, at E, would cht::s: from, EC’, to,
E A, thus causing & knock if the brasses were loose. But, if the ine stresses were
represented by the line, AN’, the pressure would change from, A C’, to zero, and them
increase gradually as the piston began its forward stroke; thus giving & much smoother
working engine. 'As a matter of fact engines have been made in which the intertis curve
rol:w:::bovo the steam curve, and still the working of the engine was satisfactry and
without shock.
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Again, with an early cut-off and a
high velocity, it is quite possible .to
A 8 have shocks occurring at other parts
of the stroke as well a« at the beginning,
as shown by the following diagram :—

DircrAM SrowiNGg Four SHOCKS IN ONE STROKE or PisrtoN.

. Here the inertia line, M ON, cuts the pressure curve, ABC, in three
points, K, L, and R ; the result being that four shocks would occur during
one stroke at these points.

If we wish to find the limits within which it will be advisable to keep
the velocity, so as to avoid shocks at the beginning of the stroke, we have
only to put p. = 0, and z = 0 in equation (2), which thus gives us the
limiting value of the velocity, V; tbat is—

wv?
0= Pz — m.

. V= /A%’z! e e . (3.

Example.—The stroke of an enfne is 4 ft., the diameter of the cylinder
is 20in. Steam is admitted to the cylinder at a pressure of 30 lbs. per
8q. in. above the atmosphere, the back pressure being 3 1bs. per sq. in.
Find the number of revolutions trr minute which would produce a
shock at the beginning of the stroke, the weight of the reciprocating mass

being 1,256 1bs.
Here Pz = 30 + 15 - 3 = 42 ]bs. from zero pressuro. .
A = 31416 x 10 = 314 square inches. f-
r =2 feet. '

14
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Substituting these values in equation (3),

V= \/%

V= ;\/314x32‘2 * 42 X 2 _ 96 feet per second.

1256
If the number of revolutions per minute be denoted by N, then, since
V___2-(;;N'
Ly_60V 60 x 260
N =g =% suie x g — 124 fully.

From this example we learn that, with a speed of 124 revolutions per
minute, the backward force at the beginning of the stroke, due to the
inertia of the moving horizontal parts, is equal in magnitude and opposite
in direction to the pressure of the steam on the piston; consequently, a shock

would be produced at the beginning of each stroke.
‘We now pass on to the more con}plex case wherein account is taken of

the effect of inertia on moving parts of a horizontal engine with connecting-rod
of finite length,

Ratio of Velocities of Piston and Crank.

T6 express v, the velocity of crosshead or piston, P, in terms of V, the
velocity of crank-pin, C. t the direction of the connecting-rod, PC, be
produced to cut the vertical through, O, in the point, V. Then OC V is our
triangle of veloaities. .

v:V::0V:0C,
::8n0CV :8in0OVC,
::8n0CV :cosOPC,
: : 8in (6 + ¢) : cos ¢.
sin (6 + $)_v 8in §.cos ¢ + cos §. 8in ¢
cos ¢ cos ¢ !

(Dividing by cos ¢.) v="V,(8in 0 + cos 6. tan ¢).

o=V,
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Since ¢ is always a small angle, we may write
tan ¢ = sin ¢;

and if, [, be length of the connecting-rod in feet, we may express, J, in terms
of, r, the m(lillg;t of crank, by writing oo v b

l=nr.
Now, from the triangle, O C P, we have
sing:8in0::0C: PG,
P A
. r . 8in 6
.’.am¢=T.sm0—

Making these substitutions, in the last equation for v, we get
v=V (sino+mo.’-"%- =V (sino+ =22%)-

2

Differentiating this equation with respect to the time, ¢, we get the
acceleration of the reciprocating parts—

dv d (. sin 26

'd—z—v.‘ﬁ (nn0+ 20 ),
_ cos26\d0
—V(COSO‘F—'—‘—)’(TE',

d dé
bntV=d—t. (AC)_'.F‘-'
30V,
ttdt r?

Bothat(2’= v—,(oogoq. 0_03.2._0)_
tT 7T n
wv 20
oo F= T (coso-i- ),
LA cos 2 ¢
mdpc—?z—-A?’: (00'9+ "T')
As before, we get for the equation of the inertia curve
w V3 cos 2 6
Pa = I—g—r(coso+ "y ).

which is no longer that of a straight line, but a curve of rather a complex
character, being convex towards the origin and approximately o parabola.
An example of this will be given further on.

In using the above equation to trace the inertia curve, wo shall for
simplicity of illustration merely determine the first and last ordinates, and
the point where the curve cuts the line of abscisse,

Thus, when 6= 0, cos @ = cos 26 = 1, and for first ordinate,

wv 1
p"=7&_g—r(l + -)-»
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when § = 180°, cos 9 = - 1, cos 26 = 1, and last ordinate,
W Vs 1 wv? 1
Pa= A"y'?( -1 +§)" ~ Agr (l-ﬁ)'

'Where the inertia curve cuts the line of abscisse, pg = 0,

ie., (eoc0+mn20)=0,or2cos’0+ncos0= 1,
) -
.1.m0=————vu +8-n,

4
The positive signs only beiﬁg admissible.

Let z, as before, be ahy distance, A Dy, which the:piston has travelled
from beginning of the stroke; then, to express z in terms of 6, we have,
from last tigure, i

< =AD’=AD]+D1D3, ) .
=0A-0D, + PD, —PDI
=r-rcosf +1-Ilcos¢;

Scoxz=r(l-cos8) + (1 - cos ¢),

butsin¢=§;—:—o, and? =nr,

o n? 2T 1 cost 0 —
also cos ¢ = VI - sin’ ¢, =Jl—":,o, = VL*.—‘):LO;L

.'.x=r{n+l ~(co8 8 + Vn¥ + cos? 0 — l)}.
(See p. 99 for the graphic method of finding the distance r).

In using these equations, it must always be borne in mind that the cosine
of an obtuse angle is negative—that is, for all values of 6, between 90° and
270°. To illustrate this, let.us take the case of the engine mentioned in
the last numerical example, but working with a connecting-rod 8 feet long,
and making 84 revolutions - per minute, the steam being cut off at § stroke.
To show the inertia curve:and indicator diagram on the saime bace line and
drawn to same scale, we have—

fn=g=4,
_2»rN _2x 31416 x 2 x 84

T 60 60
‘1256 x (17°6)* ( 1\ -~
1+g)

314 x 22 x 2°

v

= 17°6 f.ct per second.

«*. initial ordinate ps =

=1923 x g = 2403 Ibs.

Final ordinate = - 1923 x 3 = ~ 1442 Ibs,
To find where the inertia curve cuts the base line, we have

“0=VIB+8-4

oo



EFFECT OF INERTIA ON MOVING PARTS. 166

coz=2{0- (0224 + V1503)}, - '
=2 x 0:897 = 1794 feet. e
Or half stroke 2 ft. — 1794 ft. = 2472 inches.

From this it appears that the piston is about 2} inches from the middl
of its stroke when the inertia curve cuts the base line. - .

Notg.—ln the drawing office of Messrs. Robert Napier & Sons, Glasgow, the curve is’
determined for every y;th of the stroke, instead of for three points as we have roughly
determined it here. B; making a scale diagram of & connecting-rod and cravk for a number
of positions, the piston's position corresponding 1o known angles of the crank can be quickly
fouund, and the value, cos § + °°'”? ‘. calcalated (for the other factor is constant). This not
ooly gives the curve more exactly, but avoids the above calculation of finding the point at
which the curve cuts the zero llne. It is worth noting that if the curve is once drawn witn
care for any ratio of connecting-rod to crank per unit weight, and per revolution, then for
the same ratio all other curves with different weiighta and revolutions can at once be obtained
by sumply increasing the ordinates in the proportion, W V2.

The annexed figure shows the indicator and inertia diagrams for the
example just worked out. '
E D is the line of zero pressure of steam.
E F is-the back pressure = 3 lbs.
F G is the line of abscisse.

Scale 1-30 Ibs. \

In plotting out a crank-effort curve, the pressures must be measured
from the curve of inertia, M O N. . .

We are now in a position to obtain a more accurate expression for the
tangential or turning force on the crank-pin. It has already been shown
(page 159) that the tangential force, Ors

gin (8 +

T=P 5
cos ¢
but, when inertia is to be taken into account, we must replace, P, the
total pressure on the piston, by the resultant of, P, and F. Then, :

sin (0 + ¢) _ wvs cos 260\ 8in (6 + ¢)
T=®-F) cos ¢ —{P_ gr (coa0+ " )} “cos ¢

e e e . in (0 + . in
or, climinating ¢, as before, by writing SE?(OI’L)= sin 6 + 2
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e [ e 2] (s 20

To facilitate the drawing of crank-effort or inertia curves, the following
table is appended :—

0= m‘+0£l;2_0= lm‘+#—0=
0o 1,1)oo+,‘-; 000 + 0
. 809 L 294
18 951 +T 309+T
o y *309 . 475
36 809 +_ﬂ— 588+T
54° —T 809 + n
. . ‘809 ‘ 293
72 309 - 20 951 +2)
%0° 'ooo-% 1000 + 0
108° — 309 - 309 951 - 23
n n
126° - 588 - 309 809 - 475
n n
144° - 809 + 309 588 - 378
n n
162° - 51 4399 309 - 24
n n
180° - 1000 + & 000 - 0
¢ By simple trig: trical t 1{ tions this formuls reduces to—

_ sin2gy WVi£ 1 3
T_P(nln0+ 2”) (- sinfd+ 1+ dn20+‘—"uln30)

a8 far as the first power of n. This form of the
8 lar a8 the BT ven abose. expression is probably more suitable for
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In what has preceded regarding the effects of reciprocation, we have
assumed throughout that the engines were horizontal. In the case, how-
ever, of vertical or diagonal engines, the effect due to gravity must not be '
overlooked, especially if the engines are large. '

For vertical engines, the weight, W, of the reciprocating parts must be
added to the effective total pressure on the piston (p. x A), or subtracted
from it, according as the piston is moving downwards or upwards.

If the engines are diagonal, we have to add or subtract, W . sin a, accord-
ing as we are considering the down or the up stroke, where, a, is the
inclination of the centre line of the cylinder to the horizon.

After carefully perusixﬁ the foregoing demonstrations, the student will be

repared to appreciate Mr. Imray’s paper on ‘‘ High Speed Motors,” read

fore the Institution of Civil Engineers (see Proc. Inst. C.E., vol. 1xxxiii.,
1886, and Lecture XVIL in former editions of this text-book), as well as
other similar ﬂ)rapers upon this important subject.

General Problem of Determining the Stresses Produced by a
Heavx) Body Moving along a Straight Line,—Since the stresses pro-
duced by the inertia of the moving parts is of such importance in engine
design, 1t will not be out of place to consider here, briefly, the general

roblem of the stresses produced by a heavy bod%moving ong a straight
ine mtl'ding to any law of motion whatever. We shall treat the subject
graphically.

Ig an engine, or any other machine where the moving parts are connected
by a set of practically rigid links, the position of any one part can be
determined from that of the others. For instance, the position of the valve
is known when we know the position of the crank, and how far the engine
is linked out. Thus, we can tell the position of our moving mass at any
interval of time if we suppose the crank to turn uniformly.

The crank-circle must now be divided into a sufficient number of parts to
determine the motion of the mass with great accuracy.

For simplicity we shall refer to the case of the slide valve, since it is of
most frequent olcurrence, but what is said applies equally to any other
part. (See first the diagram on p. 169a.)

If the engine revolves once in a second, and the crank-circle is divided into
20 equal parts, then each of the intervals is traversed in ; of a second.

Now draw a base line, A B, and divide it also into 20 equal parts. These
divisions will correspond with those into which we have divided the crank-
circle, beginning at A, when the engine is at the end of the stroke. Then,
at each ¢ of a second measure the distance by which the valve is displaced
from any convenient fixed line in the engine, and lay it off, perpendicularly,
at the proper division in A B, as at P. A smooth curve drawn through all
the points so found will give the complete motion of the valve to the time
base-line, A B. (Now refer to fig. next page as a part of fig. 169a to larger scale.)

At, P, draw a tangent, P T, to the curve so found. If the valve motion,
instead of giving the curve, D P D, which we have found, gave the straight
line, P M, we should have the displacement, N P, changing uniformly, or,
in other words, a uniform velocity of valve motion ; then, by drawing P M
parallel to A B, we tind the length, M T, which is the distance the valve
would travel every ;5 of a second, that is the velocity of valve

Just at, P, the curve coincides with the tangent, P T, and
the actual velocity of the valve at that moment per 4y of
drawing tangents at the various points, such as P, and
quantities corresponding to M T, we can find the velocity of ¢
time. Next lay off NQ = M T, and proceed similarly with
velocities thus found. Then draw a smooth curve, VQV,
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points; this curve will be a curve of velocities of the valve. Of course,

at the points where the tangents to the displacement curve are parallel

to AB, the velocity is zero, and the curve, VV, cuts AB. A similar
remark applies to the acceleration curve.

By drawing tangents to the velocity curve in the same fashion as we have
done for the displacement curve, we get the rate at which the velocity of
the valve is changing, that is, the acceleration of the valve. Thus, ifQ¢

a u

% LR Ny

Leratibn Curve

2
\>
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AlR At Zero Line

N \ AN\
i s o
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GQ»&G E *
A = \
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}Q G
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D1AGRAM ILLUSTRATING CONSTRUCTION OF DISPLACEMENT, VELOCITY, AND
ACCELERATION CURVES FOR THE CASE OF AN ACTUAL SLIDE VALVE.

is the tangent at Q, and Q m is drawn parallel to A B, then, m¢, will be the
acceleration of the valve per o second per 4 second. We may complete
the acceleration curve, a a, in the same way as we did the velocity curve.
Having got the acceleration of the valve, we can at once calculate the
stresses due to its inertia. Measure all the ordinates, such as, N R, of the
acceleration curve, according to the scale which gives the actual displace-
ment, N P, of the valve in feet ; this number will be the acceleration of the
valve in feet per gy second per ¢ second, and 400 times this number will

be the acceleration in feet per second per second. Call this, @, and lct the
weight of the valve = W ; then—

The stress due to the inertia of the valve = 8 = Vl:

S being in lbe. if W is in lbs., and in tons if W is in tons. This completely
solves the aY\'oblem.

In actually carrying out the construction on paper, it will bo found of
great importance to choose the scales of the time divisions on A B, and of
the displacements, so that the maximum inclination of the tangents to A B
are neither too near a right-angle, or too small, as in either case a small
error in the determination of any point in one of the curves may give rise
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to a large error in the succeeding curve. Indeed, to make the determination
of the stresses accurate, the time intervals at which the displacements are
measured should be small, and the scales of the curves comparatively large,
and also all measurements taken with the greatest nicety, as errors
introduced at first tend to increase themselves enormously. This does not
show a defect in the graphical method, but points to a fact of the greatest
importance in machine design. For it is a matter of every day experience
that any want of rigidity in the gear actuating a moving part, by giving
rise to a vibration of short period largely increases the stresses which
would otherwise have to be dealt with.

Here, we have a small movement of short period superimposed on the
proper movement of the valve or other working part, and this exactly
corresponds to slight error in the determination of points in our diagram,

If, PM, had been drawn over a distance corresponding to ;l'th part of a

second, and then, M T, measured ; and if, Qm, represented %th part of a

second ; a, the acceleration per second per second, would have bcen = m ¢,
measured in feet, multiplied by m x n. Also, if the engine, instead of
revolving once per second, had revolved N times per second, the accelera-
tions would have been

= N?g,
and the stresses

_WN!a

y .

It is obvious that the above method at once s;;rings out of the ordinary
determination of stress by differentiation. For if z i1s the displacement of

valve in feet at time, ¢, in seconds, “i-ii: is the velocity of the valve in feet

per second, and %:: is the acceleration in feet per second per second,

giving, of course, the stress
: _W dz

T gt de

But 3% = tangent of inclination of the curve, DD, with, A B, at the

point, P,

4

IT_MT _opxMT.

ordz_ T _
TS PN T 4

o]

Thus, the first differentiation gives a curve, all the ordinates of which
are = the ordinates of the velocity curve x 20.

Similarly, %’—; is the tangent of the angle which the geometrical tangent

to the curve given by df: makes with A B, and is thus = 20 x
giving rise to the same value of the acceleration as we found abovey
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Lecrore XVIL —QUESTIONS.

1. In a double-acting engine the mean pressure on the piston is 4 tons
and the length of the stroke 18 inches, what is the mean pressure which
can be taken from the run of the fly-wheel, the estimated diameter of
which is 8 feet? Ans. 1069 lbs. (about).

2, The crank of a steam engine is 2 feet long, and the mean tangential
force acting upon it is 17,000 lbs., what is the mean pressure of the steam
upon the piston of the engine during each stroke? Ans. 267036 lbs.

3. In a direct-acting engine the diameter of the cylinder is 17 inches, and
the mean pressure of the steam 60 1bs., the crank being 12 inches long, what
is the mean pressure on crank in the direction of its motion? Ans. 8670,

4. Explain the manner in which the reciprocating motion of the piston
in a locomotive engine is converted into the rotatory motion of the crank

.  What are the dead points? Show by the principle of work that
there is n:d loss of power by the intervention of the crank, friction being

5. Explain the method of representing in a diagram, the work dome
during one revolution of the crank of an enﬁine by setting off ordinates
representing the tangential efforts on the crank pin.

6. In a direct-acting engine the crank and connecting-rod are as 1 to 6.
Find an expression for the tangential pressure on the crank pin in an

ition. (gonstmot an approximate diagram of work done upon the cran!
nnn.f the stroke, and give a sketch of the same, (1) when there is a sin%}e
cyli:x er, and (2) when there are two cylinders working cranks at right
sugles.

7. In a horizental direct-acting engine you are required to find an
expression for the tangential force upon the crank pin in any given position
of the crank. Example —The lengths of the crank and connecting-rod being
1 and 6 respectively, and the pressure on the steam piston being 2,000 1bs.,
estimate the tangential force on the crank when in a vertical position.
Find also the vertical force acting upon the crank shaft. Ans. 2,000; 338,

8. In a direct-acting horizontal engine the length of the crank 1 foot
and that of the connecting-rod is 5 feet. When the crank is vertical the
pressure of the steam on the piston is 4,000 lbs.; find the thrust along the
connecting-rod, and the pressure on the guide bars at that point of the
stroke. Ans. 4083; 816°5.

9, If the cylinder of a locomotive be 20 inches in diameter with a stroke
of 2 feet, and the diameter of the driving wheel be 6 feet, find the tractive
force exerted by the engine for each pound of pressure per square inch on
the piston, Ans. 66°6.

10. Explain the effects of the inertia of the reciprocating parts in a

iprocating engine, and, taking & particular case, work out a crank-pin
stress diagram.

11, Draw an indicator diagram of a Corliss (or some engine with instan-
taneous cut-off), in which the cut-off took place at § stroke. From this
construct a diagram of crank effort (1) for a single cylinder engine, (2) for
double cylinder engine with cranks at right angles.
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12. The crank of an engine has a radius of 18 inches, the connecting-rod
is 6 feet long, and the number of revolutions made by the engine is 80 per
minute. Find graphically or otherwise the velocity of the piston in feet per
secoud when the crank has passed through an angle of 30° from the dead
centre during the forward stroke. (4do. 8. and A. Ezam., 1587.)

13. In a direct-acting horizontal engine, where the connecting-rod works
between guides, the connecting-rod is five times as long as the crank. the
pressure on the Fiston when the crank is vertical being 1,250 lbs.; find the
thrust on the slide bar, neglecting friction, and indicate the direction in
which it acts. Does the direction of the thrust change during any part of
the revolution? (Adv. S. and A. Eram., 1888.)

14. In a direct acting engine the crank is 2 feet in length, and the con-
necting-rod is 8 feet; find the distance in inches of the piston from the
middle point of its stroke, when the crank is at 90° from a dead centre.
(4dv. S. and A. Exzam., 1889.) Answer this by calculation as well as
graphically. Ans. .

15. A steam engine with a cylinder of D inches in diameter, receives
steam at 80 lbs. absolute pressure per square inch, and the cut-off isat}
of the stroke. Find an expression for the diameter of the cylinder of anotl.er
engine with the same stroke and piston speed which dcvelops the same
horse-power as the first engine, but which cuts off the steam at § stroke.
What would be the relative maximum stresses on the crank pin and crank
shaft of the two engines when both transmit the same power, the inertia of
the reciprocating parts and the obliquity of the connecting-rod being
neglected? (Hons. S. and A. Ezam., 1889.)
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LECTURE XVIIL

CoxrexNTs.—Stationary Land Engines—Horizontal Non-condensing Steam
Engine—Horizontal Condensing Steam Engine—Compound Non-con-
densing Steam Engine with Locomotive Boiler.

HAvVING discussed in the previous seventeen lectures, the early
history of the steam engine up to the beginning of this century,
the nature of heat and how it is measured, the generation of
steam, as well as its action and distribution in non-condensing,
condensing, compound, and multiple expansion engines, we now
enter upon the description of a few selected examples of steam
engines and boilers of recent manufacture, which have been
proved to be of excellent design and workmanship.

Within the last eighty years there has been, and there is at
present in use, & multitude of styles and types of engines, each
more or less specially adapted for different classes of work, such
as pumping water from mines, raising water for the supply of
towns, draining lands, blowing air into smelting furnaces,
driving agricultural machinery, steam cranes, and such like,
all of which it is impracticable to treat of fully in this work;
for it is impossible in the few remaining lectures at our
disposal to do more than indicate the general design with
some of the more important details, of the various examples
which we have selected. In some instances, we shall give the
actual specifications from which the engines were made, as we
know from our own experience, that an apprentice or young
engineer (unless he is particularly fortunate and happens to be
in the drawing office) has little or no chance of perusing and
studying specifications, for these things are, as a rule, carefully
locked past and treated as private by the heads of firms.
‘We shall also have occasion to devote two lectures to the rise
and progress of the Marine Engine, and part of another to that
of the Locomotive Engine.

In the present lecture we shall describe three styles of fixed
or stationary horizontal land engines, designed by Messrs.
Marshall, Sons & Co., Limited, of Gainsborough, which firm
has a high reputation for excellence of workmanship and design,
brought about by many years of experi~~~g_and constant atten-
tion to special requirements and to - :
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NON-CONDENSING STEAM ENGINE.

MarsHALL'S HORIZONTAL NON-CONDENSING STEAM ENGINE.
8V for Stop valve, BP for Bed plate.

C ,, Cylinder. DC ,, Disk crank,
0C ,, Oil'cup. G ,, Governor.
PC ,, Pet cooks, FW ,, Fly-wheel.
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steam from an ordinary Lancashire boiler (see index), or from
a boiler of the multitubular locomotive type (see index), at a
pressure of 40 to 80 lbs., according to circumstances. As
the general construction of this engine is very similar to that
of the non-condensing parts in the next set of illustrations, of
which we shall give a complete descriptive specification, we
need only:refer the student to the figure on the last page and
the index of parts.

Horizontal Condensing Engine.—This style of engine is much
used to drive factories and engine works, where a uniform speed
is necessary, and where it is advisable to economise fuel by con-
densing the steam and returning the feed water warm to the
boiler, but where the condensing water is of good quality admit-
ting of the adoption of the jet condenser. It virtually consists
of the engine previously illustrated with the addition of a con-
denser, an air pump, and feed pump. It is also fitted as in the
case of the previous engine with Hartnell’s Automatic Expansion
Gear, which so regulates the cut-off or expansion valve (working
on the back of the main slide valve), that steam is admitted to
the cylinder in almost direct proportion to the load to be over-
come. This ensures an almost perfect uniformity of speed,
whether many or few of the factory machines are set to work,
or whether few or many of the electric lights are in circuit when
these engines are applied to driving dynamos. The construction
and action of this engine will be best understood by following
the drawings and specification for one of 80 I.H.P.

General Construction.—The engine is erected on a heavy bed-
plate, BP, of hollow girder pattern, truly planed on the
underneath surface. This bed-plate is arranged so as to form at
one end the front cover for the cylinder, C, and at the other end
the main bearing for the crank shaft, C8. Sliding surfaces for
the cross-head, C H, are embodied in the same casting. The
crank shaft is constructed with a disk crank, D C, and a pin for
the attachment of the connecting-rod, CR. The outer bearing
for the crank shaft is on a separate foundation with plummer
block, PB. Sufficient room is afforded on the crank shaft by
the side of the fly-wheel, F' W, for the application of a pulley to
give off the whole or a portion of the power if required. |

The engine in all its parts is of ample strength for working
with steam supplied at 80 lbs. pressure, and of developing 80
indicated horse-power at 70 revolutions per minute, with a cut-
off at § stroke, and a mean pressure of 58 lbs. in the cylinder.
‘When supplied with dry steam, the average consumption of
feed water in the form of steam is 25 lbs. an hour per indicated
horse-power.
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CONDENSING ENGINE.

Cross SkcriON. LONGITUDINAL SECTION,

Cylinder and Slide Valves.—The cylinder, O, is of cold blast iron, with a steam jacket, SJ. The
working cylinder barrel or cylinder liner, O L, is of special hardness, cast separately, and securely
forced into the main casting of the cylinder. This liner is truly bored out to a diameter of 14} inches,
the stroke of the piston, P, being 30 inches. The main slide valves, 8 V,, 8 V,, as well as the expan-
gion valves, E V,, E V,, are all of the same class of iron as the cylinder, in order to insure uniformity of
wear. Both the slide valve spindle, 8 V 8, and the expansion valve u%mb&o. E V 8, are of steel.

Tn tho cross section, the main steam and exbaust pipes are marked respectively, S P, and E P, while
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in the longitudinal section, the two steam and two exhaust ports
close to the main 'slide valves, are marked respectively, S P,,
SP, and EP, EP,.

Automatic ubricators or oil cups, O C (see general elevation
and plan), are fixed into the valve casing, V C, so as to thoroughly
lubricate the working parts of the slide valves, and the oil
being carried forward with the steam, the piston is thereby also
lubricated. An efficient drain cock, J C, for draining the steam
Jjacket, and the valve chest as well as drain or pet cocks, P C,
for the cylinder barrel are provided. The cylinder is lagged
with teak, held in position by brass screws.

Stop-Valve Chest—The steam stop-valve chest containing the
stop valve, 8 V, which admits steam from the boiler to the slide
valve casing, V C, and steam jacket, 8 J, is shown in section in
the cross section of the cylinder. It is bolted to the valve
casing in a convenient position for draining the main steam pipe,
SP. The stop valve is a wing valve with a suitable seat, both of
gun-metal, and is fitted with a brass spindle and screw, kept
steam tight by a stuffing-box with brass gland and studs. On
the outer end of the spindle is fixed the stop valve handle or
wheel, S V H, whereby the attendant can cut off or admit more
or less steam at pleasure from the engine. :

DPiston.—The piston, P, is made of cast-iron, fitted with L,
shaped cast-iron rings, and steel internal spring to compensate
for wear.

Piston-Rod.—The piston-rod, P R, and air-pump rod, AP R,
are of steel, the former being 2} inches diameter. They are
fixed to the piston by a simple cone and nut.

Crosshead.—The crosshead, C H, is of the best malleable iron,
finished bright, and has large adjustable bearing surfaces to
compensate for wear. It is firmly fixed to the piston-rod, and is
provided with a steel gudgeon for attaching it to the connecting-
rod. The crosshead guides are of the circular bored type.

Connecting-Rod. — The connecting-rod is of wrought-iron
turned and polished. It isfitted wil:si adjustable brasses at both
ends as shown. :

Crank Shaft.—The crank shaft is of steel, 5} inches diameter
at the bearings. A polished cast-iron disk properly counter-
weighted and fitted with a steel crank pin, is forced on to one
end of the crank shaft by hydraulic pressure. The crank shaft
is supported by two extra long gun-metal bearings, the crank
bearing being sustained directly by the engine bed plate, B P,
while the outer one is fitted into a plummer block, P B, placed
on a separate foundation outside the fly-wheel. Both bearings
are made adjustable to follow up the wear.
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Fly-wheel. —The fly-wheel is of cast-iron, 11 feet in diameter,
and 14 inches wide on the face, with arms of strength pro-
portionate to the weight of the rim and the stresses brought to
bear on it while working. It is usually turned with the necessary
curvature on the periphery so as to receive a driving belt. The
boss is bored out and key-wayed to suit the crank shaft. The
engine is usually adjusted so that the top part of the fly-wheel
revolves from the cylinder unless otherwise specified for.

Governor and Automatic Expansion Gear.—This arrangement
consists of (see first the general views, pp. 171, 174, 175) the
governor, G, driven from two governor pulleys, G P, keyed to
the crank shaft, with two belts from them, G B, to the two
automatic expansion gear pulleys, A EP, which are keyed to
the same spindle as the driving pinion, D P (see the accom-
panying figure). This pinion, D P, gears with another one

- HARTRELL'S GOVERNOR, WITH AUTOMATIC EXPANSION GEAR.

A
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keyed to a vertical spindle, on the other end of which is an
arrangement for supporting the two governor balls, G B, G B,
fixed to bell crank levers, the whole being rotated along with
the vertical spindle. The inner ends of the two bell crank
levers, bear on a strong spiral spring, contained in or above the
upper extension of the metal tube or sleeve, MS. On the
lower end of this metal sleeve is fixed a double collar freely
engaged by a forked lever, suspended from which is a drag
link, D L, whose lower end is attached to the expansion valve
rod. The end of the expansion valve rod engages a die-block,
D, which may be e({)ulled up or pushed down throughout the
length of the curved link, L, to the centre of which is attached
the expansion eccentric rod, whose other end is strapped to
the expansion eccentric, E E, keyed in position on the crank
ghaft.

Consequently, whenever the speed of the engine exceeds the
normal speed for which it has been set to run at, the two
governor balls fly outwards by the extra centrifugal or tangential
force, compressing the spiral spring, lifting the metal sleeve,
M 8, drag link, DL, and expansion valve rod with the die-
block, D, towards the upper end of the curved link, L, thus
diminishing the travel of the expansion valve, and cutting off
the steam earlier from the cylinder ; which reduces the power and
speed of the engine again to the normal. 'When the speed of the
engine falls below the normal, the reverse action takes place, for
then the tension of the spiral spring overcomes the compressive
pressure of the bell crank levers, and presses down the metal
sleeve, drag link, and expansion valve rod with die-block,
towards the lower end of the curved link, thus increasing the
travel of the expansion valve, and cutting off the steam later
from the cylinder ; which increases the power and speed of the
engine again to the normal. In this way, only sufficient steam
is admitted to the cylinder to develop the power required for
the load in circuit, and to maintain an approximately uniform
speed of from 2 to 5 per cent. above or below the normal speed,
under considerable and frequent variations of load ; and further,
steam is economised by doing so, while the ordinary but less
precise acting throttle valve arrangement is dispensed with.
All the working parts of this gear are case-hardened and the
pins are of steel.

Feed Pump.—The feed force pump, F P, consists of a cast-iron
barrel, truly bored out to a diameter to suit a hollow plunger,
3 inches in outside diameter, with a stroke of 3} inches. It is
supplied with the necessary stuffing box, brass-bushed gland
and studs, suction and .delivery valves with seats, all of gun-
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metal (respectively connected by pipes to the condenser hot well
and to the boiler as required), and a large cast-iron air vessel.
The pump is worked by an eccentric, F P E, keyed to the crank
shaft along side of the expansion eccentric.

Condenser and Air Pump.—The condenser, Co, consists of a
strong cast-iron box of ample size, bolted to and resting upos
a cast-iron sole placed behind the steam cylinder. The cast-
iron exhaust pipe, EP, joins the exhaust port of the cylinder,
and the top of the condenser at its centre. Immediately under-
neath the latter end of the exhaust pipe, and inside the con-
denser, is fixed a perforated pipe or rose, leading from the
injection cock, 10, and injection water pipe, IW P, which is
2} inches internal diameter. An ordinary horizontal double-
acting air pump with brass barrel 4§ inches internal diameter
is fixed in the centre of the condenser. This pump which has
the full stroke of engine, is fitted with a brass plunger and air-
pump rod, A P R, 1} inches diameter, worked direct from the
back end extension of the piston-rod as shown. India-rubber
suction and delivery valves with brass seating are fixed at
each end of the air pump, with a discharge pipe 4} inches
diameter leading from the delivery valves to the hot well.
A vacuum gauge, V G, is fitted to the condenser on the same
side as the injection cock.

The following table gives the general dimensions, speeds, and
horse-powers of such engines :—

Diuzxsioxs or ExGINE. d Powzxz.
B
; g Inpicarzp Homse-Powzr.
FuLr
Cruxpxe. WaesL E [
E g Most economical | 30, 2imum Losd.
E G
1 E Boller | Boller | Boller | Boiler
Diam. |Stroke. | Diam. [ H Pressure | Pressure | Pressure | Pressure
Z 601bs. | 801ba. | 601lbe. | .BOlbs.
Io. In. Ft. In
11 22 7 2 96 12 30 36 42 48
12 24 79 88 14 35 42 49 56
13 27 9 0 78 16 40 48 56 64
144 30 11 0 7 20 50 60 70
16 33 12 0 65 25 62 75 87 1
174 | 36 |13 0 60 30 75 90 |105 |1
19 36 13 0 60 35 87 105 122
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Compound Non-Condensing Engine and Boiler.—This type
of combined engine and boiler is very complete and compact.
It is, therefore, becoming very popular for driving works and
electric light machinery, where want of space or other circum-
stances prevent the use of a separate engine and boiler. Steam
can be raised in this locomotive type of boiler in a very short
time, and, owing to the large steam space and heating surface, it
keeps steam amply supplied when the engine is working at full
power throughout a long and continuous run. The following
descriptive specification is for an engine and boiler developing
under ordinary circumstances about 50 indicated horse-power,
by Messrs. Marshall, Sons & Co., of Gainsborough.

@eneral Construction.—The engine is of an improved com-
struction, mounted on a wrought-iron framing, W I F, under-
neath a Locomotive Multitubular Boiler, L B, of large capacity,
having a steel shell, S8, and a fire-box, F' B, of bowling iron.
The smoke-box, S B, is bolted to the top flanges of the high-
and the low-pressure cylinders, HP O and LP 0. The fire-box
end rests on a neat ash-pan, A P, fitted with a door, D, for
regulating the draught. The cylinders are steam jacketed,
and the whole engine is of extra strength throughout to with-
stand a continuous working steam pressure of 140 lbs. to the
square inch, developing 48 indicated horse-power, at 1556 re-
volutions per minute.

Cylinders.—The cylinders are of cold blast iron, with the
working barrels of special hardness, cast separately, and tightly
forced into the main casting of the steam jacketed cylinders.
The cylinders are covered with hair felt cased over with sheet
iron. The high-pressure cylinder, H P C, is 8 inches diameter,
and the low-pressure cylinder, L P O, is 12§ inches diameter,
each with a stroke of 14 inches. The slide valves are of the
same class of iron as the cylinder to insure uniformity of wear.
The steam chest and jackets are arranged so as to be effectually
drained in a similar manner to that shown and described in the
last style of engine, the condensed steam being led away by
the drain pipe, D P. Steam is admitted to the valve casing,
V O, from the boiler by the steam pipe, S P, on opening the
stop valve handle, S V H, and the steam is emitted by the
exhaust pipe, E P, up the chimney, Ch.

Pistons, Piston-Rods, and Crossheads are of precisely the same
type as described in the last style of engine.

Guides.—The guides, G, are of the circular bored type, bolted
to the cylinders at one end, and to the wrought-iron bridge
plabeoaé the other end. It is fitted with the necessary oil
cup, 0C.
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Connecting-Rods.—The connecting-rods, O R, are of the best
scrap iron, turned and polished, and fitted with large adjustable

ings at each end.

Crank Shaft.—The crank shaft, O 8, is made of steel in one
piece, without weld, and of sufficient length to take on the fly-
wheel, F W, on either end as may be required. It is carried on
long gun-metal bearings, B 1, B 2, firmly bolted to the wrought-
iron framing, WIF. These bearings are made adjustable
horizontally, to follow up the wear.

Fly-wheel.—The fly-wheel, FW, is 5 ft. 6 in. diameter, 9} in.
wide on face. It is constructed exactly in the same way as in
the last style of engine.

Governor and Automatic Expansion Gear are applied precisely
as in the last style of engine, but to the high-pressure cylinder
engine only. It is marked, H G, for Hartnell’s Governor.

Feed Pump.—A. continuous action force pump, F P, with an
air vessel, AV, and worked by an eccentric, E, keyed to the
crank shaft is bolted to the side of the engine frame. This pump
plunger, suction, delivery valves and taps are all of gun-metal,
as well as the check valve, OV, fixed to the side of the boiler,
and connected to the pump by the copper feed water pipe, F W P.

Boiler.—The boiler, L B, is of the locomotive multitubular
type, lagged and cased over with sheet iron the whole length.
It is of ample capacity for generating and maintaining a con-
tinuous supply of steam for the engine when developing full
power. The internal fire-box is of suitable dimensions for
burning either coal or wood as fuel, and strongly stayed at the
ends and sides by screwed stays, and at the top by deep roofin,
stays, R 8. All the boiler plates are planed on their edges, an
riveted together by hydraulic machinery. The longitudinal
seams are double riveted, and the boiler throughout is of
sufficient strength to withstand a continuous working pressure
of 140 lbs. to the square inch. Long gusset stays, G S, are
riveted between the smoke-box end and the main steel shell, SS.
There are 36 high pressure lap-welded iron boiler tubes, 2 inches
external diameter, extending between the fire-box, F B, and the
wrought-iron smoke-box, SB. This smoke-box is fitted with a
suitable smoke-box door, 8 BD, furnished with a strap, hinges
and fasteners. The firing door, F D, furnace bars, and man-
hole, M H, are fitted with external strengthening rings, S R.
Two spring loaded safety valves, 8 V, of ample capacity, water-
gauges, W G, W @G, with gun-metal fittings, two gauge cocks,
steam pressure Bourdon gauge, P O, gun-metal blow-off cock,
B OO, are provided, as well as a fusible plug in the crown of the
fire-box, and a straight chimney, Ch, of wrought-iron 8 feet long.
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Indicator Diagrams.—The following set of diagrams

were

taken from engines made in accordance with the toregoing
specification and the drawings from which those on pp. 180,

181, were reduced, where

Boiler pressure 140 lbs. on square inch.

Diameter of H.P. cyl. = 8 inches.

Cut-off in . = { stroke.
Clearance » = v of its volume.
Diameter of L.P. cyl. = 12% inches.
Cut-off in ” = } stroke.
Clearance = 4% of its volume.

Number of revolutions = 155 per minute.

The back end is the full line diagram, and the front end the

dotted line.
Frox HiGH-PRESSURE CYLINDER.

0
-
Ly o=

!4
VA “
\
\i

v

/

ATMOSPHERIC LINE.

The irregular line on admission is caused by the indicator not being

suited to such a high speed as 153 revolutions per minute.
I'roy Low-PRESSURE CYLINDER.

ScALL 31.445 = Linch.

The cxhaust line closely coincides with the atmospheric line. See
question on next page, which should be done by all advanced students.

The following table gives the general dimensions of cylinders,

fly-wheels, and the speeds of these engines for different
~ powers :—

horse-
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CYLINDERS.
P Revoluti Dia Bhdlcl"“d
Nk?:nr::- High Prossurc|Low evo ur ons :lour ?i-:: I g;e.
Powsx. Stroke Mf:uto. Fly-wheel. with
in Economy.
Diameter in | Diameter in | Inches.
Iaches. Inches.
Ft. In
8 54 9 12 180 4 0 26
10 64 104 14 155 5 0 33
12 7 11 14 155 5 0 40
16 8 12 14 155 5 6 52
20 9 14 16 135 6 0 65
25 10 16 18 120 7 0 80
30 11 17§ 18 120 7 0 95
40 13 21 24 90 8 0 130

Coupled Compound Horizontal Fixed Condensing Engine, de-
signed and constructed by Messrs. Robey & Co., of Lincoln, and
fitted with the Richardson & Rowland Patent Automatic Trip
Expansion Gear.

Adapted for, &c.—This type of engine, as illustrated, is
specially designed and adapted for driving electric lighting
machinery, large factories, mills, &c., where regularity of speed
with varying loads, as well as high efficiency in the economy of
fuel, is necessary.

Illustrations.—The illustrations are taken from the engine
which was employed in the Electric Light Department of the
International Exhibition, Glasgow (1888), for driving the
dynamos on the north side. It did its work without a single
hitch. This engine is now fitted at Messrs. J. & G. Thomson’s,
of Clydebank, golr driving their ship-yard machinery and saw
mill, &e.

Fig. 1 (4), shows a front elevation, (B), plan, and (C),
end elevation ; Fig. 2, longitudinal and cross sections through
high-pressure cylinder; Fig. 3, enlarged cross section through
high-pressure cylinder at steam admission and exhaust valves;
and Fig. 4, an improved form of crosshead and gudgeon pin.

Cylinders and Cut-off.—The cylinders, which are both steam-
jacketed, are respectively 184" and 30” in diameter, with a stroke
of 40". Each cylinder is fitted with the trip valve gear, the cut-
off on the high-pressure cylinder being capable of being varied
by the governor from =il to three-quarters of the stroke, whilst
the cut-off on the low-pressure cylinder is variable by hand, and
when the engine is running.
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Fig. 1 (C)

in order to efficiently drain the interior, and enable the pistons
to work safely with the least possible amount of clearance. They
are worked by exhaust eccentrics, E.E., upon the horizontal shaft,
H.S., driving the admission valve gear.

Action of Admission Valves and Governor.—Following the action
of the steam inlet valves from Figs. 2 and 3, it will be noticed
that the admission valves, A.V., are lifted and released by trip
levers, T.L., actuated by the admission eccentrics, A.E., driven
by the horizontal shaft, H.S., rotating at the same speed as the
disc shaft, D.S., and running parallel with the engine-bed. The
length of time the trip levers are in contact and consequent
duration of the admission of steam into the cylinder is regulated
by the governor, G, thus automatically varying the grade ot
expansion to the work being done. The upper portion of the
va{ve spindle, V.S, is attached to an air buffer, A.B., which,
assisted by a spiral spring, suddenly closes the valves when
relieved from the trip lever.

A very precise action of the valve is obtained by this arrange-
ment, and a very sharp cut-off is consequently insured. To
prevent the admission valves, A.V., being forced down too
suddenly upon their seats, S, the usual air cushion is formed
and regulated by valves in the air buffer, A.B., which are s
constructed that, while the admission valves close sbem—ﬁ#,
they yet come upon their seats with checked velocity. '

~

4
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Fig. 4.
RoBeY & Co.’s IMPROVED CROSSHEAD AND GUDGEON PIN.

when such adjustments exist it is more easy to put a crosshead
wrong than right. Many crosshead guides have been ruined by
screws or wedges being improperly tightened by a careless
driver. Should the crosshead shown by Fig. 4 ever get slack, the
rubbing surfaces can be packed out by strips of metal, and the
exterior again fitted into its place with very little trouble. The
surfaces are, however, made so large that there is practically no
wear ; for guides of this proportion have been known to be in
perfect working order at the end of twenty-five years' work.
The gudgeon pin, G.P., is a part that has often given trouble,
for these pins have to be made to fit so that they can be taken
out when required. They are therefore liable to get easily loose.
Many methods have been employed to prevent this, but Messrs.
Robey & Co. find that shown by Fig. 4 to be the best. The cross-
head is bored out taper on its two cheeks, thc tapers being in
opposite directions. Into one of these the tapered head of the
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steel pin, G.P., fits, the other end being turned parallel and is
surrounded by a taper steel cotter, C. The cotter is split
longitudinally, and is forced by the nuts, N. N., tightly into
the coned hole, and at the same time is equally forced to fit
tightly upon the pin. It is thus so firmly fixed that it is
practically solid with the crosshead when the nuts are screwed
up, whilst, when required to be removed, it comes out with the
greatest ease. The piston-rod is secured by a cotter into the
taper neck of the crosshead in the usual way. For the purpose
of removing it (when the cotter is driven out) the piston-rod is
provided with a fine thread and a hardened nut, P.N., just
behind the crosshead. When this nut is screwed up to the cross-
head the rod is drawn without any difficulty. Without such
a provision as this, much loss of time and temper is often
occasioned.

Lecture XVIII. —QUESTIONS.

1. Explain in general terms, the difference between (1) a simple non-conden-
sing engine; (2) a condensing engine; (3) a compound non-condensing engine.

2. Give free-hand sketches (outside elevation and plan) of a horizontal
condensing engine, with a complete index of parts, and the uses as well
as materials of which each part is composed,

3. Describe with a sketch the construction of a piston, piston-rod,
crosshead, and connecting-rod for a horizontal land engine, and show how
the several parts are fitted together, and of what materials each part is
composed, and why.

4. Sketch a longitudinal section and cross-section through the cylinder
of a horizontal condensing engine with expansion valve. Give a complete
index of the various parts with the materials of which they are composed.
Show how the steam passes into and out of the cylinder, and explain how
the piston, piston-rod, and valve spindles are kept steam tight.

5. Describe with sketches and index of parts a compound non-condensing
stationary land engine, as usually fitted underneath a locomotive multi-
tubular boiler.

6. What is meant by *‘ Automatic Expansion Gear?” Give the necessary
sketches with index of parts and concise explanation to enable a person
to understand its complete action, and point out the advantages usually
claimed for it over an ordinary governor and throttle valve.

7. Construct scales to suit the indicator diagrams given at the end of
this lecture, and divide the diagrams, as well as plot them down to one
scale by the method explained and illustrated in the case of H.M.S.
Boadicea, with the three steam e ion curves. Find also, the mean
horse-power developed by each cylinder, and the weight of steam used by
the engine per horse-kower-hour on the assumption that the steam is
¢ dry saturated steam.

8. Describe a horizontal factory m{ne which is to work expansively
and with condensation. Enumerate the principal parts, and make the
sketches necessary for showing the internal construction.

9. Sketch a section through a co.npound cylinder horizontal factory

ine. Show the valves for the distribution of steam, and explain gene-
the advantages of this form of construction.



LECTURE XIX.

ConTERTS.—Early History of Marine Engines up to 1815—Side Lever
Engine—~American Beam Engine—S Engine—Double Cylinder
Engine—Oscillating Engine with Valve Gear.

ALTHOUGH the successful commercial application of steam-power
to the propulsion of ships was not effected until after Watt in-
vented and perfected his double-acting engine, it will be inter-
esting to briefly refer to a few of the more prominent attempts
at steam navigation previous to and at the beginning of the
present century.*

The earliest record that we can find of an actual attempt to

ropel a boat by a steam engine, is given in a correspondence
getween Papin and Leibnitz, wherein the former records having
been present in 1698 at a trial of a boat driven by a Savery
engine. The engine kept up a supply of water sufficient to work

a water-wheel, which in turn drove the paddle-wheels. Papin,

who was professor of mathematics at Marburg, had a vessel fitted

with an engine of his own in 1707, wherein he employed the
same device, viz.,, a pumping engine to force up water to turn

a water-wheel attached to the propelling paddle-wheels. This

veasel, however, before it had been put to regular use, was

destroyed by a mob of boatmen who thought it would ruin their
business. Papin himself narrowly escaped with his life and
fled to England.

In 1736, Jonathan Hulls took out an English patent for a
steam tug, in which the paddle-wheels were to be driven by a
Newcomen’s atmospheric engine, to which a system of ropes
and grooved wheels, &c., was to be applied, so as to give a
continuous rotary motion to the paddle-wheels placed at the stern
of the tow-boat.

In 1783, the Marquis de Jouffroy, who was one of the earliest
savants in France to recognise Watt's improvements, after
several previous unsuccessful attempts, had a boat 150 feet long,

® For a complete history of the application of the steam engine to the
propulsion of ships, the student is referred to Mr. Woodcroft’s abridgements
of patents, for marine propulsion, which will be found in most Engineers’ and
Philosophical Societies’ Libraries, as as to Prof. Thurston's History
of the Steam Engine, .
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16 feet wide, fitted with a horizontal engine and paddle-wheels
14 feet diameter, 6 feet broad, and successfully tried it at Lyons,
but owing to want of funds and discouragement from the French
Government he did not put it to regular use.

In 1787, John Fitch made and tried a boat at Philadelphia,
which was driven by side paddles worked by a steam engine,
which attained a speed of 3 or 4 miles an hour; and in 1796 he
experimented with a screw propelled boat at New York. This
is the first actual trial of a screw propeller, although Daniel
Bernouilli had in 1752 invented a form of screw propeller which
he proposed to drive by a steam engine.

In 1788, Miller, Taylor & Symington, at Dalswinton, Dumfries-
shire, Scotland, built and engined a small boat (25 feet long, 7 feet
beam, with a double cylinder engine, the cylinders being only 4
inches diameter), which is reported to have attained a speed of
5 miles an hour. All these early attempts up to the beginning
of the present century failed, chiefly on account of the imperfect
means employed to transmit motion from the piston to the pro-
peller. It was not until Watt's improved rotative engine began
to be generally understood and appreciated that anything like

ractical success can be said to have been attained.

In 1801, Symington, encouraged by the previous partial success
with Miller’s boat, and availing himself of Watt’s improvements,
built and engined for Lord Dundas a small boat called the
Charlotte Dundas, which plied as a tug-boat in 1802 on the Forth
and Clyde Canal with complete success, and was only laid aside
owing to the fear on the part of the canal directors that the
wash from her propeller would injure the banks of their canal.

A.
DY

N

TrE * CHARLOTTE DUNDAs,” 1801.

As may be seen from the above figure, the vessel was fitted with
a stern wheel, driven by a direct-acting horizontal engine with
connecting-rod and crank. A condenser and air-pump were

-
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fired below the cylinder, while the boiler extended above the
deck. Altogether the arrangement was most creditable, and she
has justly been styled ¢the first practical steamboat.”

In 1807, Robert Fulton, an American, had a steamer called the
Clermont launched for him on the East River, New York, 133
feet long, 18 feet wide, and 9 feet deep, which he fitted with an
engine having a cylinder 2 feet diameter, and 4 feet stroke,
made for him by Boulton & Watt in England. This paddle
boat made a trip to Albany, running the distance of 150 miles in
32 hours and returning in 30 without using the sails on either
occasion. Old drawings, made by Fulton’s own hand, of the
Clermont's engine, are in the possession of Professor Thurston at
the Stevens’ Institute of Technology. The success of the Clermont
on the trial trip was such, that Fulton soon afterwards ad vertised
the vessel as a regular passenger boat between New York and
Albany, and he has therefore the credit of first making steam
navigation an every-day commercial success.

In 1812, Henry Bell constructed the Comet on the Clyde, a
craft of 30 tons burden, 40 feet long, and 104 feet beam, which
ran for several years between Glasgow and Greenock as a regular
passenger steamer.

et

Tue *‘ CoMer,” 1812.

As may be seen from the above figure, there were two paddle-
wheels on each side, driven by an engine rated at three horse

wer, of which the following diagram taken from Professor
%an.kine’s Steam and Steam Engine gives an idea of its style
and proportion.

This engine, as shown by the drawing, is what might be
expected to have been used at the date of its construction for
a small land engine. since it is fitted. not onlv with a fly-wheel
but also with a Ws
of side-lever engin
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piston-rod crosshead engage with one end of a side lever,
having a fulerum or wyper shaft at its other end. With
several important additions and improvements, such as jet or sur-
face condensers, variable hand-regulated expansion gear, foot-trip
and hand reversing gear, and omitting the fly-wheel and governor,
this style of engine, termed a ¢ grasshopper” engine, is to

Toe ENGINE oF THE *‘CoMET.”

be found at the present day doing good work in many tugs on
the Thames, Clyde, Forth, and other ports. Several advantages
are claimed for it, such as cheapness of construction, long stroke
even in shallow water boats (where the cylinder is placed near
the keel instead of on a raised platform asin the Comet’'s engine),
less chance of sticking on the dead points than most other single
cylinder forms of engines (owing to the position occupied by the
crank shaft,the connecting-rod being placed between the cylinder
side rods and the side-lever fulcrum), and also the fr-+ +-~+ 34 —M
work with less attention and in a greater state of
many other more finely adjusted forms of engines.
of the Comet is preserved as an interesting relic i
-Corporation Kelvingrove Museum.
From this date the advancement and success of
- tion was very rapid, for we find that Bell soor
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other steamboats. In 1814, there were 5 steamers in' Great
Britain (all Scotch) regularly at work in British waters; in 1820
there were 34, one-half in England, 14 in Scotland, and the rest
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THE ¢ GRASSHOPPER ”’ ENGINE.

in Ireland. In 1840 there were 1,325 steam ships in Great
Britain, of which 1,000 were English, and 250 Scotch. At
present, in 1886, there are about 7,750*registered steamers
belonging to all nationalities, and in 1884 on the Clyde alone,
about 300 steamers of 290,000 tons burden were launched and
fitted out.

Side-Lever Engines.—In the earlier forms of engines for
steamships, the propeller almost invariably used was the paddle-
wheel, driven by what was known as the side-lever engine.
This form of engine may be regarded as the marine counterpart
of the land beam engine, so much in vogue in the early part of
this century. This type of marine engine, although now entirely
superseded in this country, was brought to great perfection by
the Messrs. Napier of Glasgow, who fitted them to many of the
most famous passenger ocean-going steamers prior to 1850.

* 8,930 registered steamers belonging to Great Britain in 1888,

+ The author remembers as late as 1866. beino sent as an annrentice tn
assist at the repair of t.

; engined by Mesars. Rob
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The foregoing diagrams show the general arrangement of these
engines :—The figure on the left hand is a side view of the port
engine, while that on the right hand is an end view of the
cylinders, &e., of both engines.

Each engine had a pair of side levers, b, fixed to one central
rocking shaft, but on opposite sides of the steam cylinder, a
The piston-rod of the cylinder carried a crosshead like a large
T (clearly seen in the end view), from which were suspended a
pair of side rods, and those rods engaged with the after ends of the
side levers. The other or forward ends of these side levers were
connected to a single cross-tailed connecting-rod like an inverted
T, thus 1, the upper end of which engaged the crank pin,e. The
air-pump was also worked from the main side levers as shown at, d,
while the jet condenser was situated between it and the cylinder.
The eccentric with its counterpoise weight is seen at, f, and the
paddle-wheel at, A The whole engine rested on a heavy
cast-iron girder sole plate, c. Such engines rarely used steam
above 20 lbs. pressure on the square inch, and made about 18
revolutions per minute, or & piston speed of not more than 200

feet per minute, with a consumption of coal rarely less than 7
1bs. per indicated horse-power-hour; whereas now-a-days, a steam
pressure of 150 lbs. with a piston speed of 600 feet, and a coal
consumption of less than 2 lbs. are quite common. They were
very heavy, occupied great space, and were often difficult to
start, requiring in the larger boats sometimes two or more men
at the starting wheel, for steam hydraulic starting gear, and
balanced slide valves, had not been devised in those days, and
only one eccentric was used, so that the slide valves had to be
worked by hand until sufficient speed was attained to keep it in
position for steaming either ahead or astern.

American Beam Engine.—This form of engine, which is peculiar
Yo American river steamers, owes its characteristic design chiefly
to Robert L. Stevens, the son of Colonel John Stevens, a con-
temporary and strong rival of Robert Fulton in shipbuilding
and marine engineering at the beginning of this century. The
“gkeleton or walking beam ” was first designed by Robert
Stevens in 1822 for the Hoboken, and in 1827 he built the North
America, one of the largest and most successful river steamers at
that time. It attained the then extraordinary speed of between
15 and 16 miles an hour. This vessel had a pair of engines with
single cylinders, each 44} inches diameter, and 8 feet stroke,

many years between London and Aberdeen. The repair was necessitated by
the breaking of one of the large side levers, 4, a circumstance of not
unfrequent occurrence with such engines. The diagrams on the last page

give a good idea of her engines. \
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which made 24 revolutions per minute. In the vessel, he in-
troduced for the first time, what is known in America as the
“ hog frame,” a simple and efficient form of stiffening truss, for
keeping long, light, and shallow vessels in shape when irregularly
laden,and when steaming fast under the action of powerful engines.

The following figure, taken by permission from Professor
Thurston’s History of the Steam Engine, clearly illustrates the
common type of American beam engine, which has been even to
the present day but slightly altered in general style since it was
first introduced by Stevens, except that iron and steel take the
place of wood in the “gallows frame,” and a higher steam pres-
sure, sometimes as high as 60 1bs. is now used :(—
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«This class of engine is usually adopted in vessels of great
length, light draught, and high speed. But one cylinder is
commonly used. The piston-rod crosshead is coupled to one
end of the beam by means of a pair of links, and the motion of
the opposite end of the beam is transmitted to the crank by a
long connecting-rod. The beam has a cast-iron centre, sur-
rounded by a wrought-iron strap of lozenge shape, in which are
forged the bosses for the end centres, or for the pins to which
the connecting-rod and the links are attached. The main centre
of the beam is supported by a ‘“gallows frame” of timber, so
arranged as to receive all stresses longitudinally. The crank
and crank shaft are of wrought-iron. The valve gear is usually
of Stevens’ form, the combined invention of Robert L. and
Francis B. Stevens ; the steam valves being of the disk or poppet
variety, rising and falling vertically, and are four in number,
two steam and two exhaust valves being placed at each end of
the cylinder. - The condenser is placed immediately underneath
the steam cylinder. The air-pump is placed close beside the
former, and worked by a rod attached to the beam. Steam
vessels on the Hudson River have been driven by such engines
at the rate of 20 wmiles an hour. This form of engine is
remarkable for its smoothness of working, its economy and
durability, its compactness, and the latitude which it permits
n the change of shape of the long flexible vessels in which
it is generally used without injury by * getting out of line.”

© —— —— ——— — —— — ——
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STEEPLE AND DOUBLE CYLINDER ENGINES.

It has, however, never found favour in this country, although saveral have of late been built on
by Messrs. A. & J. Inglis, of Pointhouse, for the River Plate South-American traffic. These
“gallows frames” of steel, but in their general features, they were similar to that shown in the ill

p. 193. o
J l
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Smx Vizw.—*‘ DouBLE CYLINDER” ENGINE.

Exp View.—*DouBLe CYLINDFR® ENGINE.

The 8teeple Engine was one of the earliest forms of marine engine, and a great favourite on the Clyde for
tug-boats and river steamers. It may still be seen in some of these older boats on the Clyde and elsewhere.

It possesses certain advantages over the side-lever engine, for it occupies less space, and is cheaper to
make, having fewer working parts; but, on the other hand, the length of the stroke is limited by the
depth of the ship, and considerable vibration takes place in the overhead guides, which rear high above
the cylinder in a manner which renders them not so easily stayed. )

Double Cylinder Engines.—One of the first of the direct acting type of marine engines, was that known
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as Maudslay’s (of London) double cylinder engine, a cross section
and side view of which is shown in the preceding figure.

It consisted of two equal cylinders, placed side by side,
of which there were usually two sets, as shown. In order to
get sufficient length of connecting-rod, the piston-rods of each
pair of fore and aft cylinders were connected to one crosshead of
T shape, the lower end of which dipped down between vertical
guides placed betwixt the cylinders, and was there attached to
the lower end of the main connecting-rod. The air-pumps were
worked as shown from this same point by smaller connecting-
rods and levers.

Oscillating Engines.—The oscillating engine was first used as a
land engine, for we find that in 1785 Murdoch, the manager of
Messrs. Boulton & Watts’ engineering works at Soho, Birming-
ham, devised a simple oscillating engine. Trevithick is also
reported to have suggested this form of engine, but it remained
for the well-known firms of Messrs. John Penn & Son, of Green-
wich, and Messrs. Maudslay & Field, of London, to perfect and
adapt it specially to paddle steamers. The general arrangement
is shown by the following figures, of which the left hand one is
a side view, and the right hand one an end view, taken from
Professor Rankine’s Steam and Steam Engine - —

Sipe View.—OsCILLATING ENGINE

In these engines the chief feature is, that the connecting-rod
is altogether dispensed with, the upper end of the piston-rod
being supplied with an ordinary connecting-rod crank pin end,
so as to work directly on the crank. The cylinder is usually
placed vertically under the crank shaft, and is carried on
two truunions near the middle of its length, so that it may
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freely sway to and fro through a small arc, and thus permit the
piston and piston-rod to follow the movements of the crank.
From the following sectional elevation and plan (p. 198) of
an oscillating marine engine cylinder, C, it will be seen, that
the trunnions are hollow, the one next the skin of the ship
being always the steam trunnion, ST, or that one connected
directly to the steam pipe leading from the boiler, while the
inner or central one is the exhaust trunnion, E T, connected
directly to the condenser. Both are kept steam tight with a
stuffing-box and gland. There are usually two valve chests bolted
to the valve faces, VF, V F, placed on opposite sides of the
cylinder, and at equal distances from the centre lines of the
trunnions, so as to balance each other as they oscillate with the
cylinder. A steam belt surrounding the cylinder connects the
steam trunnion with the valve chests, and also the exhaust port
of the valve casing with the exhaust trunnion ; two diaphragms
as shown, are cast in this belt to prevent communication between
the entering and exhausting steam, except through the action of
the slide valve. The top cover, TC, with its gland, G, and
stuffing-box have to be made stronger and deeper than in ordinary
engines with a connecting-rod and piston-rod crosshead guide,
as thev have to withstand the side stress of tnmine and stanning

Exp VIBW.——OSCILLLTINO E~qINE.

the momentum of the cylinder, and the piston-rod has also to

mwade larger for the same reason. A bottom cover, BC, is P

for the purpose of facilitating the casting and boring o

cylinder during manufacture, or getting in to clean

unscrew the piston-rod nut on the bottom of the piston,
17
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slide valves which are generally ordinary D slides, are worked
by an ingenious arrangement from eccentrics on the crank shaft,
as seen by the figure on the opposite page.

i

PLAN OF Face of
S1eam PorTs

Two eccentrics, E;, E;, generally cast and fitted on to the
crank shaft, 08, in two parts, communicate an up and down
motion (when one or other of them is in full or partial gear),
through their eccentric rods, E; R, E, R, the link, L, and die-
block, D, to a curved sector, S, moving between two vertical
guides, G R. In this curved sector, S, are fitted two metal
blocks, B,, B, attached to the inner ends of two rocking levers,
R L, R L, which transmit a simultaneous down and up motion
to the cylinder valve spindles, VS, V8,. The rocking levers
with fulera, F;, F,, are fixed to cylinder and curved round it to
meet the valve spindles. The curvature of the sector is drawn
with a radius from centre of trunnion. When it is required to
reverse the engine, the reversing rod, RR, is moved to the right or
to the left according as the engine is required to go ahead or astern,
by the starting wheel, which is usually fixed on the platform on

AN
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a level with the top framing carrying the crank shaft. Either
one or, if preferred, two air-pumps are worked at an angle from a
central crank (shown in the figure, p. 197), by means of a connect-

VALVE GEAR FOR OSCILLATING ENGINE.

CS for Crank Shaft. S for Sector.

E,, E 4 Eccentrics, GR s Guide Rods.

E; R, E: R ,, Eccentric Rods. RL;,RLs ,, Rocking Levers.

L ” ”» Link. Fy, Fy ” ”» s fulcra,
RR s Reversing Rod. B,, By »s Sector Blocks.

D 4y Link Die-block. V8,, V8; ,, Valve Spindles.

ing-rod attached to a trunked plunger, while the condenser, if of
the jet type, is placed between the cylinders, and if of the surface
kind either before or behind them, but in the centre line of the ship.

Between ten and twenty years ago, oscillating engines were by
far the most popular kind of engines for fast passenger paddle-
wheel steamers in this country. The oscillating engine was
usually worked at a steam pressure of from 30 to 35 lbs. on the
square inch, and produced most economical results at that pres-
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sure, having sometimes as low a consumption as 2} Iba. of coal
per indicated horse-power-hour. Now, however, engines of the
compound type, with an early cut-off and expansion valve, can
be made to work much more economically than this. A general
feeling exists, that the trunnions of oscillating engines will not
keep tight at very high pressures, such as 100 or more lbs,
although some aver that there is no great practical difficulty in
this respect. The oscillating form of engine does not seem to
lend itself readily to compounding, and we do not hear of so
many being ordered as formerly ; direct-acting diagonal engines
being seemingly preferred. However, where the economy of
compound engines does not show to so great advantage, such as
in the case of steamers making quick, rapid, short passages, with
frequent stoppages, the oscillating engine is still a favourite,
for it is the most compact and direct acting type of engine we
have. It is easily started and stopped, the weight of the
machinery is less than in most kinds, and is well down in the
hull of the ship; moreover, the stresses are transmitted to, and
readily taken up by the keelson, and the ship’s frames.

Lecrure XIX.—QUESTIONS.

1. Referring to the early history of steam navigation previous to the begin-
ning of this century, point out the chief causes of failure of early inventors.

2. Give an outline free-hand sketch of a ‘‘side-lever engine,” with
index of parts, using the first letters of the names of the parts, and state
why this type of engine was given up, and when.

3. Give an outline sketch, with index of parts, of the ‘“ American beam
engine,” and state the advantages claimed for it, which will account for its
retention, even to the present date, by the Americans. What is the *‘ hog
frame,” and of what use isit? Have you ever seen it or the beam marine
engine applied in this country ? If so, where?

4. Sketch in outline a ‘‘steeple engine’ and a ‘‘double cylinder

ine,” with indices of the chief parts.

. Sketch in outline a Grasshopper engine, and give an index of the
chief parts. State the advantages claimed for this form of engine, and the
kind of steamer for which it is best adapted. Have you ever seen an
engine of this kind at work, and where ?

. Describe an eccentric and eccentric rod as fitted to marine engines,
and show that they produce the same motion as a crank and connecting-rod.
How i8 the eccentric connected with the elide valve in an oscillating engine?
Give sketches and index of

7. Describe the construction of the cylinder of an oscillating engine.
Make a diagram showing how the slide valves are worked by the ecoentrics
as well as tﬁ: steam and exhaust passages.

8. Describe, with sketches, the construction and arrangement of the
cylinder, steam ports, and Xuaages, together with the slide valve of a
marine oscillating engine, and show the manner in which the valve gearis
adapted to the oscillating cylinder. Sc. & A. Exam., 1886. :

9. Describe, with sketches, the construction of an oscillating engine, and
tho method of distributing the steam. (4dv. S. and 4. Exam., 1889.)
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CoxTexnTs. —Diagonal Direct-Acting Engines, with Joy’s Valve Gear and
Alley’s Flexible Coupling, &c.—Paddle-Wheels—Radial Paddle-
‘Wheel—Feathering Paddle-wheels.

Diagonal Direct-Acting Engines.—This form of engine is very
convenient, and is now the most popular for fast paddle-wheel
river steamers of light draught. As will be seen from the
illustrations which we give, it is neither more nor less than a
horizontal engine set at such an angle, that the forward end is
elevated to suit the necessary height of the paddle shaft, while
the after end rests firmly on the ship’s floor frames. It no doubt
takes up a larger fore and aft space than the oscillating type, but,
on the other hand, it occupies less space athwart-ship, and when
the framing is carefully designed, using wrought-iron and steel
wherever possible (instead of the older style of cast-iron framing),
the weight per horse-power does not in all probability exceed
that of 1its chief rival the oscillating engine. The weight is also
better distributed along the keel of the ship, and the stresses set
up by its action are chiefly in a fore and aft and downward
direction, and therefore easily resisted by the natural structure of
the vessel. Moreover, the chief working parts are in full view
of the engineer while at the starting wheel, the engine is readily
got at for adjustment and repairs, easily compounded, and all the
most modern and efficient devices for quickly starting, stopping,
and reversing, or for economising steam are easily applied to it.
We illustrate one of the latest of these popular diagonal direct-
acting engines, of which eight sets with their boilers, &c., were
made last year (1885) by Messrs. Alley & Maclellan, Sentinel
‘Works, Glasgow, for steamers now trading on some of the large
rivers in India.

By studying the two figures, along with the index of parts, the
student will be able to get a minute idea of the general ;
ment of boilers and engines, but, in order that he may the
grasp the construction of the engines, we illustrate a perspet
view of them as they lay in the workshop before being rema
and fitted into the steamers. It will be observed that they 4
compound condensing engines, and are fitted with all the lat
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GENERAL LONGITULINAL ARRANGEMENT,
Di1acoNAL CoMPOUND ENGINE AND BOILER,

improvements, such as Joy’s valve gear and Alley’s flexible main
shaft coupling. As these two improvements or modifications of
them are fast coming into use, we shall illustrate and describe
them.

Joy's Patent Valve Gear is a clever device, whereby the
necessary motion of the slide valve, and the facility for reversing
the engine, are effected by a series of links and connections between
the connecting-rod and the valve spindle, thus replacing the
ordinary double eccentrics and Stephenson’s link-motion. The
-motion obtained by it is a very perfect one for a slide valve, for
the travel of the valve is made quick on opening and on shutting off
steam to the cylinder, and slow when the steam is expanding and
exhausting. This is effected without any undue lead or com-






ALLEY AND MACLELLAN’S CoMPOUND DIAGONAL ENGINES,
DmuzxsioNs o¥ ComMpouxnpd DiagoNaL ExcInNes, &o.
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L,, the upper ends of these being coupled first to sliding
blocks, 8 B (working in curved guides, U G), and the ex-
treme end to the valve conmnecting-rod, V R, which terminates
at and is fixed to the valve spindle, V 8, with its accompanying

S E
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wherein is shown the piston, P, and piston-rod, P R. Precisely
the same arrangement is carried out with respect to the low-
pressure cylinder and slide valve. The double (curved) guide,
C G, is free to move to the right or to the left in bearings
carried by the main framing brackets, F B (see also the per-
spective and general views of the engine). The reversing or
starting wheel, 8 W, is keyed at the upper end of the reversing
screw, R S, which screw has a nut, N, fixed to the reversing
levers, R L.

It will thus be seen, that the combined to-and-fro, up-and-down
motion of the connecting-rod, is converted and transmitted to
the valve spindle, in the form of a merely to-and-fro motion.
The eccentricity of the connecting-rod’s motion being duly
corrected by the relative positions and lengths of the several
links, L;, Ly, Lg, &c., and that by elevating the nut, N, by the
reversing screw, R S, the curved guides, C G, are turned
backwards or from the cylinder; this action draws forward the
valve rod with valve spindle and slide valve, admitting steam
behind the piston, and causing the engine to move forward, or
in other words putting it in forward gear, while the depressing
of the nut, N, effects precisely the opposite, and causes the
engine to revolve backwards. All the joints are made very sub-
stantial and should be case-hardened, while their pins should
be of steel to prevent wear and obviate rattling.

Alley’s Patent Flexible Coupling.—The engines being described
were fitted with this invention, which allows the paddle shaft to

Facke or CourLING. LONGITUDINAL SECTION,

eccommodate itself to the yielding of the paddle boxes and the
hull of the vessel as it vibrates and changes form when working
in a sea-way. It is equally applicable to the shafting of screw
steamers. The hull of a vessel cannot be made absolutely

rigid, and therefore it is wron- Y shaft rigid. With
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a rigid shaft and a flexible hull the result is an enormous
amount of friction in the bearings, which consumes power, and
often causes the bearings “to fire.” Scarcely a month passes
that we do not hear of some steamer breaking a main shaft,
often to the danger of life and property, and this in many
instances may be traced to a want of trueness in the line of the
bearings, due to the vessel having warped from uneven stowage,
or from having encountered heavy weather.

The coupling consists of a projection formed on the end of the
paddle shaft, P S, which is part of a ball, the centre of this
projection being formed into a blunt point at,p. This point
rests hard against the crank shaft, OS, and transmits any
thrust along the line of shafting. The outside of the projection
is clasped by the coupling ring, O, turned to fit the ball joint.
This ring, O, is made in halves (as may be seen by the end
view), and is secured to the crank shaft by means of the driving
bolts, D B. The concave portion of this ring takes any pull
that may come on the shaft along the line of shafting. The
ends of the driving bolts, D B, project as shown into holes
in the paddle shaft, PS, and thus act as driver&  These
projecting pins are made 2} times the diameter of the bolts
usually employed for main-shaft coupling flanges. These pins
are slightly barrel-shaped in form, and made an easy fit for the
holes in which they work. The holes are lined with hard steel
bushes, S B, while the pins are case-hardened to prevent chafing
and wearing away. It will be observed that there is a small
space left clear between the paddle shaft flange and the coupling
ring, C, to permit of perfect up and down or side play, or
un-linement between the crank and paddle shafts for the reasons
already mentioned.

Relief Valves.—On referring to the perspective view of the
engines, it will be seen that relief valves, R V, are fitted not
only to the front and back of the high- and low-pressure cylinders,
but also to the back of the low-pressure slide valve casing, for
the purpose of preventing damage to these parts through water
gathering in them. These relief valves consist of ordinary mush-
room valves, held down by strong spiral springs, and adjusted to
any desired pressure by hand wheels and screws, as shown.

Drain Cocks, D C, are fitted to the back of the high-pressure
slide valve casing, and to the bottoms of both cylinders. The
pipes leading from them are all connected to the condenser.
These cocks are opened before starting the engines, so as to
away any water that may have resulted from cond i
steam, and also when the engines have to be stopped
length of time.
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Paddle-Wheels. —Having briefly described the different forms
of engines used for driving paddle-wheels, we now naturally
refer to the wheels themselves, leaving a description of the screw
propeller until after we have noticed the styles of engines more
particularly adapted to driving it.

The efficiency of the paddle-wheel falls off when the wheel is
too deeply immersed, consequently for long voyages, where the
draught of the vessel decreases as it proceeds, due to consumption
of coal, &c., if the wheels are to be immersed to the proper
depth at the end of the voyage, they must of necessity be too
deep at the beginning. This variable immersion of paddle-wheels
is the most serious objection to their use for long voyages. Also,
in a heavy sea the rolling of the vessel, besides causing the
engines to race, induces unequal straining of the machinery,"
since one wheel lifts out of the water, while the other sinks
more deeply in it. Neither of these disadvantages is found in
the screw propeller, for the screw is immersed considerably
below the surface of the water, and since it is placed in the
centre line of the ship, the rolling motion has no effect on it.
The heaving of the ship in a fore and aft direction causes racing
of the engines, but no unequal straining is set up. For short
voyages, however, and where the draught is practically un-
changed during the voyage, the paddle-wheel still holds its own
with the screw, and for navigation in shallow rivers it is very
valuable; the screw, in such a case, being quite unsuited, on
account of its nearness to the bottom of the vessel. The vibra-
tion set up by the motion of paddle engines also is not so great
as that from the fast-running engines necessary for the screw
propeller.

Radial Paddle-Wheel.—This form of wheel is the simplest,
strongest, least expensive, and least liable to derangement, but
is also unfortunately the least efficient. It consists of radial arms,
which are attached to a cast-iron boss at the centre, and are
bound at their outer extremities by one or two wrought-iron
rings. Flat boards are fixed rigidly to these radial arms, parallel
to the axis of the wheel, and are known as “floats,” and it is
the thrust or push which these boards or floats exercise upon
the water as the wheel rotates, which propels the vessel. The
floats of a wheel of this kind, of necessity enter and leave the
water in an oblique manner, and are only perpendicular to the
surface of the water when they come immediately below the
centre of the wheel. Therefore, since the pressure which a float
produces is perpendicular to its surface (i.e., perpendicular to
the radius of the wheel), it is or'— the floate are passing
their lowest point, that the w’ ° y exert is utilised -
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in propelling the vessel; in all other positions, it is only the
horizontal component of the pressure which exercises any pro-
pelling effect, and the greater the obliquity of action, the less is
this horizontal component. A large proportion of the power
spent in driving paddle-wheels of this form, is wasted in beating
and churning the water with the floats, when these are in
positions on either side of the vertical line through the centre.
The deeper the immersion of the radial paddle-wheel, and the
smaller its diameter for a given depth of immersion, the greater
is the obliquity of action, and therefore the greater is the loss of
efficiency.

Radial wheels are sometimes made in such a way that the
floats can be quickly detached and fixed in positions nearer the
centre of the wheel. This is advantageous, when from an
increased load, the draught of the vessel becomes greater, thus
causing greater immersion of the paddle-wheels, since then the
diameter of the wheel is reduced, and thus by reducing the
immersion of the floats, diminishes the loss from oblique action.
This operation is known as regfing the paddle-wheels.

Radial wheels, double the diameter of feathering ones, are
about equal in efficiency, but then the engine is quite twice as
heavy. See American Engine.

Feathering Paddle- Wheels.—This form of paddle-wheel, as
illustrated, is designed with the object of getting rid of the dis-
ad;m;tages which arise from the obliquity of action of the radial
wheel.

The floats are not fixed rigidly to the radial arms, but are
hinged to them, and are provided with levers, G L, so that they
may be turned into any position. These levers are connected
by rods to a boss or eccentric strap, E, which rotates on a central
fixed pin on the sponson beam. This central pin is so placed in
relation to the centre of the wheel, that the floats enter the
water edgewise, and when in the water, are kept by the levers
in a position nearly perpendicular to its surface. The radial
arms of the paddle-wheel, F, are forged with small brackets on
them at right angles to their lengths, so as to receive the round
pins about which the floats hinge.

To find the position of the eccentric pin in order that the
floats may enter the water edgewise, and pass **~-~-" * '
perpendicular to its surface, the following simj
necessary :—Suppose the lower edge, P, of ¢

then, in order that the floa
of its own velocity of

f the vessel, must lie in the

the velocity of the vessel,
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the wheel (drawn tangential to a circle which has, C, as centre,
and passes through, P), then, completing the parallelogram, P B

PaooL
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is the resultant, and the plane of the float must contain P R.
Produce, R P, to cut the vertical through the centre, C, at, A,,
and at right angles to the line, R A, (which is the line of the
float) ; lay off, H G, equal to the distance from the face of the
float to the centre of the hinge, and, G L, equal to the length of
the lever. Now set off in outline another float immediately
under the centre of the wheel, with its face perpendicular to the
surface of the water, and having the end of its lever at M.
‘With, M, and, L, as centres, and radius equal to, G O, describe
arcs intersecting at, E, then, E, is the centre of the eccentric
pin. Having thus determined the position of, E, the complete
wheel may be drawn down and the proper pitch given to the
floats. In actual practice the probable slip of the paddle-wheel
has to be taken into account, and, therefore, a smaller circle than
that with radius, C G, will be the rolling circle. The floats must,
therefore, be so adjusted by moving the eccentric, E, that when
entering and leaving the water they shall point to a position
on the vertical centre line, considerably higher than the point,
A,, as shown by the right-hand figure. It is, however, advisable
to make the floats enter the water a little flatter than the
position so calculated for the assumed amount of slips, in order
that the pressure of the water shall not come on the forward
gide of the floats. The speed of the paddle-wheel and of the
ship should be carefully compared on the trial trips, and the
eccentric shifted, if need be, until the best results are obtained.
A considerable increase of speed of certain ships has been
recorded by thus finding the most suitable place for the feather-
ing eccentric.

The feathering paddle-wheel, although much more efficient
than the radial wheel, is more liable to derangement, since any
accident to the feathering apparatus would paralyse the action of
the entire wheel. For this reason it did not find general favour
when first introduced, but now it is almost universally adopted.
It requires to be made specially strong, and all the pins and
wearing parts should be cased with brass to prevent corrosion.
The boss or eccentric, E, which carries all the rods for feathering
the floats, runs loose on the fixed eccentric pin, and is turned
round by one specially strong rod, known as the driving or king
rod, shown at LE. The floats for large paddle-wheels are now
frequently made of steel and curved slightly concave, )—»
towards the direction of meeting the water when steaming
ahead.

~ .
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Lzcrorx XX, —QUESTIONE,

L Bketehlndduuribebymmdexofpuhsndemdmendne'd

the general arrangement of diagonal engines, as fitted into s
river steamer, including the boiler. ot

2. y are eompound-anonnl direct-actin, gines preferred to
o.cxllatmg or other kinds engines for shjlow river paddle-wheel

3. Sketchmd dewnbebymmdex of parts, side views and a plan of 3
compound direct-acting diagonal

4. Sketch and describe by an index of parts, Joy’s vdve gear, mﬂ
out its advantages and disadvantages as compared with eccentrics
link-motion.

5. Steamer main shafts often break, or their bearin gs give trouble by
h:lal.hng, account for this, and describe a plan or plans for alleviating this

6. Sketch and describe a simple radial paddle-wheel. For what reasoms
has this form of wheel been abandoned ?

7. Sketch and describe, by an index of parts, a modern feathering float
pnd;lle-wheel. What advantages has it over the older form of paddle
wheel ?

8. Describe how you would design and construct the arms, floats, and
feathering arrangements for a paddle-wheel.
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LECTURE XXI.

CoxTerrs.—Early Invention of the Screw propeller—Geared Engines—
Penn’s Trunk Engine—Maudslay’s Return Connecting-rod Engine—
Horizontal Direct-Acting Engine—Vertical Direct-Acting Engines.

Early Invention of the Screw Propeller.—As we remarked
before, when reviewing the early history of the marine engine
prior to the beginning of this century, Daniel Bernouilli invented
in 1752 a screw propeller which he proposed to drive by a steam
engine, and John Fitch experimented with a little screw steam-
boat on the “Collect” Pond, New York,in 1796. In 1804,
Colonel John Stevens of Hoboken, America, completed a steam-
boat 68 feet long, and 14 feet beam, which he fitted with a water
tubular boiler, and a direct-acting high-pressure condensing
engine, having a 10-inch cylinder of 2 feet stroke, driving a screw
with 4 blades, and of a form which even at the present day
appears quite good.*

A model of his boiler, engine, and screw, is preserved in the
Mechanical Engineering Lecture Room, at the Stevens’ Institute
of Technology. In 1805, Stevens built another boat, introducing
twin screws. Several other engineers proposed, and some of them
tried, screw propulsion, but it was not brought into general use
until John Ericsson, a Swedish engineer residing in England,
and E. P. Smith, an English farmer, perfected and pushed its
introduction in Great Britain, and in America, in 1836-37.

Geared Engines.—Within a few years from this date, the style
and speed of steamship engines became entirely altered from
what had been used in connection with the paddle-wheel ; yet,
engineers naturally tried at first to adapt the then existing forms
of paddle-wheel engines to drive the screw. The screw has, how-
ever, to be run at many more revolutions per minute than the
paddle-wheel, and since engineers in those days regarded any-
thing over 200 feet per minute of piston speed as dangerous, or
likely to derange their machinery, they preferred to get up the
necessary speed by gearing. Thus, beam, side-lever. oscillating.
and some of the various other forms of engines alread
in Lecture XIX., were made to do duty in drivin
propeller by means of stepped cog-wheels. Short
successful commercial introduction of the screw as a

* See Prof. Thurston's History of the Steam Engi
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merchant ships, the Admiralty were induced to build two ships of’
the same model and size, viz, the Rattler and the Alecto, fitted
with engines of the same power, but the former was provided
with a screw, and the latter with paddle-wheels. A series of
competitive trials were made with these two vessels, and the
great success of the Rattler so satisfied the Admiralty and all
engineers of the advantages possessed by the screw, that it very
soon came to be generally adopted for ocean-going steamers. By
gradual steps and improvements in the arrangement, and con-
struction of the machinery, direct-acting fast-speed engines were
adopted, until nowadays a piston speed of 700 feet per minute
is not uncommon.

‘We now propose to briefly notice a few of the most successful
styles of screw-driving engines before explaining the screw itself,
and in a future lecture we shall describe in full detail a set of
compound inverted cylinder vertical engines. In the navy, where
the machinery has to be placed below the water line, the three
principal types of horizontal engines that have in turn found
favour with the Admiralty, are—(1) Trunk, (2) Return Connect-
ing-rod, and (3) Horizontal direct-acting. In the merchant
service, the vertical inverted-cylinder direct-acting engine has
been generally adopted for the last thirty-five years.

Penn’s Trunk Engine.—The difficulty of obtaining a sufficiently
long stroke from the direct-acting horizontal engine in the case of
a man-of-war, where the engines had to be placed as near the
keel of the ship as possible, was solved by Mr. John Penn of

Exhaust pipe

Condenser

Cylinder
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Greenwich. He hinged the connecting-rod direct to the centre
of the piston by means of a gudgeon, surrounded by a brass
cylindrical case or trunk, concentric with the steam cylinder, as
seen in the following figure. This trunk was fixed to the
piston, and protruded from each end of the cylinder through
stuffing boxes, thereby not only giving additional support to the
piston, but also permitting access for oiling the gudgeon and
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connecting-rod end, and preserving an equal area to the pressure
of the steam on both sides of the piston.

Seaton, in his Manual of Marine Engineering, says—*This
engine is the lightest and most compact of all the forms of
marine screw engines, when constructed of the same materials ;
and for large sizes with the lower steam pressures, has been
unsurpassed by any other type of engine. The length of stroke
is considerably more than that of the ordinary direct-acting
engine, and the connecting-rod much longer than that of any
other form, being from two and a half to three times the length
of the stroke ; the weight of the piston is taken by the trunksin
a great measure, and there are no piston-rod guides. But with
the increase of pressure the defects of this form become more
apparent, and lie with the very part that distinguishes it—viz.,
the trunk.

« The friction of the large stuffing-boxes is very great; in fact,
may be so great by unduly tightening the glands as to stop the
engine. The loss of heat from the large surface of the trunks
being alternately exposed to steam and to the atmosphere, is
very great, as is elso that from their inner surfaces. The
gudgeon brasses are exposed to a very high temperature and
liable to become heated, and when heated cannot easily be
cooled, as from their position they are not readily adjusted.”

Penn arranged his engine so that the direction of motion of its
crank when going ahead caused the thrust of the connecting-rod
to be upward, and thus, as far as possible, to relieve the bottom
of the cylinder from the tear and wear due to the weight of the

iston. Some of the largest and most powerful ships in the

ritish Navy have been engined with this Trunk form, such as—
H.M.S. Neptune, 9000 1. H.P., H.M.S. Sultan, Hercules, Minotaur,
Northumberland, Warrtor, Black Prince, Devastation, &c.

Maudslay’s Return Connecting-Rod Engine.—Another modi-
fication of the horizontal engine, or rather of the old steeple

Condenser Exhaust Pipe
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form, is that known as the return connecting-rod, by which the
same object is attained as in the last type, viz.,, a sufficiently
long stroke and connecting-rod in the narrow cramped space of the
hold of a vessel. The general arrangement will be at once
understood from the preceding figure.

By the above design, the cylinder may be got close up to the
turning range of the crank pin and connecting-rod head, that a
longer stroke is obtainable than by any other plan of horizontal
engine arrangements. The difficulty in small engines of getting
in a small high-pressure cylinder alongside of the larger low-
pressure one (with the object of compounding the engines), owing
to the necessity for two piston-rods from each cylinder clearing
the crank shaft, is overcome in most instances by placing the
high-pressure cylinders immediately behind the low-pressure
ones—tandem fashion—with one piston-rod only, protruding
from behind each of the low-pressure cylinders, and attached to
the high-pressure piston. The chief objections urged against
this form of engine are—(1) The double piston-rods from the front
ends of both cylinders; this entails double the number of
stuffing-boxes, and the keeping of the crank shaft bearings from
being close to the crank arms. (2) The eccentric-rods are also
of necessity very short, unless placed, as is sometimes done, on
the same side as the connecting-rod. The engines of H.M.S.
Monarch and Raleigh are of this type, and have four piston-rods
to each cylinder.

Horizontal Direct-Acting Engine.—This form of engine having
its connecting-rod directly between the piston-rod crosshead
(on the cylinder side) and the crank is certainly the simplest and
most convenient type for a gun-boat or large naval vessel, where
sufficient room can be obtained. Most of the late Admiralty
orders are being constructed on this plan, e.g., the dustralia
and Galatea by Messrs. Robert Napier & Sons, and the six
ships of the Scout and Archer class* by Messrs. J. & G. Thomson
of Clydebank.

They have the same essential parts, and work on the same
principle as the compound inverted-cylinder engines which we
shall describe in the next lecture ; and we only omit explaining
and illustrating their distinctive features and details from want
of time, space, and diagrams at our disposal.

Vertical Direct-Acting Engines.—The simplest form of marine
engine used for small tug-boats and for steam launches at the
present time, is that of the compound inverted-cylinder non-
condensing type. The following illustration shows the general

* For perspective views and a description of the Scout’s engines, see Tke
Engineer, December 18, 1885. P e



VERTICAL DIRECT-ACTING ENGINES. 217

arrangement of one of a pair of these small engines manufactured
by Messrs. Alexr. Shanks & Son, of Arbroath; from which it
will be seen, that the high and low-pressure cylinders are
supported at the back upon two cast-iron columns, and at the
front by two wrought-iron stanchions. All four supports are
fixed to a strong cast-iron sole-plate, which is bolted to the
ship's floors. The back columns form the guides for the cross-
heads of the piston-rods. The valve casings are placed on the

SHANK’S CoMPOUND NoON-CONDENSING T--~=-"=

fore and aft ends of the cylinders, which
valves being readily inspected and adjusted
are worked and reversed by the ordinary do
link-motion. A boiler feed-pump is worked

-



218 LECTURE XXI.

crank shaft, and a bilge-pump from the other end, both being
driven by eccentrics, &c., as shown. The whole of the outside
moving parts are easily got at for oiling and for adjustment, and
all wearing parts are arranged so that the wear and tear may be
readily taken up. It will be observed that the upper ends of
both connecting-rods are provided with projecting pins on
their inner ends. This is for the purpose of working air and
circulating pumps by means of levers, should it be found
desirable to work the engines as condensing engines; in which
case, a surface-condenser is placed separate from them in some
convenient corner of the engine-room. The speed of these
engines varies from 230 to 300 revolutions per  minute. In
Lecture XX VIII. we illustrate and describe the ferm of boiler
considered most suitable for supplying steam to these engines.

The style of engine which has been almost universally adopted
in the Merchant Service for the last fifteen years is that known
as the “ Inverted Cylinder Compound Surface-Condensing Engine.”
In the attached folding page, we give a front perspective view of
a pair of engines of this type, supplied by Messrs. Alex. Shanks
& Son, for the 8.8. Eagle, one of Messrs. Huddart, Parker & Co.’s,
of Melbourne Steam Fleet, from which the student will be able
to gather a good general idea of the arrangement of such engines
before studying in sectional detail the various parts in our next
lecture. It will be observed that the engines are started,
reversed, and stopped by means of Brown's patent hydraulic
starting gear, seen supported vertically at the front centre of
the sole-plate. The stop-valve handle is supported by a small
wrought-iron bracket fixed to the right hand front column,
which column, as well as the corresponding one at the after end,
is made of steel, finished bright. An impulse valve for assisting
the engineer in starting the engines is fitted to the low-pressure
cylinder, and is worked by the aftmost gab-lever opposite the
forward connecting-rod. The two intermediate and similarly
placed and arranged levers work the water-drain. cocks for the
high- and the low-pressure cylinders and valve casings, while the
fourth or most forward of these handles is used for actuating
the throttle valve fixed in the steam pipe between the stop
valve and the entrance to the high-pressure cylinder valve
casing. Steam gau%es communicating with both cylinder valve
casings and with the condenser are shown fixed to the wood
lagging on the low-pressure cylinder valve casing. Two small
wheels are seen just above the stop-valve wheel. One of these
opens and shuts the small steam pipe for supplying steam to warm
1up the whole engine before starting, while the other, or after one,
works the donkey engine or steam-winch stop valve.

N
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LEcTURE XXI.—QUESTIONS.

1. On the introduction of the screw as a ship’s q:‘:peller geared engines
were at first adopted, why? What advantages have direct-acting over
geared engines?

2. Sketch a section, through the cylinder, air-pump, and condenser of
Penn’s trunk engine. Descrﬁ)e generally the arrangement of the engine,
and show the connection of the piston with the screw shaft. Why is this
style of engine being discontinued in the Navy ?

3. Describe, with a sectional sketch, Maudslay’s return connecting-rod
engine, and point out its advantages, and disadvantages. In what classof
ships are Maudslay’s and Penn’s horizontal engines used, and why ?

4. What style and arrangement of engine is now being chiefly ordered by
our Admiralty, and why ?

5. How would you arrange the cylinders for compounding a pair of
simple condensing Maudshygs return connecting-rod engines.

6. Give a general outline freehand sketch with concise description of a
pair of inverted-cylinder compound non-condemin% engines, For what
classes of ships is this style of engine suitable, and why ?

7. Give a general outline freehand sketch with concise description of a
pair of inverted-cylinder compound condensing engines. Indicate and
name all the necessary starting and reversinﬁmdles, and state how they
are manipulated. For what class of ships is this style of engine particularly
suitable, and why ?

8. Sketch and describe an escape valve as fitted to the cylinder of a
marine engine. Why is such a valve required, and where is it placed ?
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LECTURE XXIL
SCREW-PRO.PELLERS.

CoNTENTS. —Generating a Screw Surface—Pitch of a Screw—Length of Screw
Blade—Depth of Thread—Angle of Screw—Circumference of Screw—
Moulding a Screw—How to find the pitch of a finished Propeller—
Early forms—Ordinary form—Griffith’s, Hirtsch’s, Magin's, and
Thornycroft’s Screws—Slip of the Screw—Thrust—Negative Slip—
Best Diameter, Revolutions and Pitch for a Screw-propeller.

Generating a Screw Surface.—Each blade of a screw propeller
may be regarded as a portion of the thread of a screw of great
pitch and depth. The following figure illustrates how the
surface of a screw-propeller blade is swept up and moulded in
the foundry.

Erect a vertical spindle, V S, held in centres or pivots at, V,
and, S, with an arm or loam board, A B, at right angles to the
spindle. This loam board is free to move up and down the
spindle, V'8, as well as to turn round it, owing to its being fitted
with a collar at, A. A counter weight, W, attached to a wire
or rope passing round a pulley, P, and fixed to a hook on the
board or on the collar, A, balances, A B, in any position. Now,
suppose this arm to be moved uniformly down the vertical spindle
from position, A, to position, A,, and at the same time to be
rovolved uniformly around it. 1t is clear, that the outer end of
tho arm will travel from position, B,, to position, B,, and thus
traco out a spiral curve. Every r ~ A B, will trace at
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the same time a spiral curve, e.g., O, to C,; consequently, the
whole surface swept through will-be a spiral or screw surface.

Pitch of Screw.—If the board, A B, had made a complete
revolution around the vertical spindle while it descended from
A, to A, then the height, A; A,, would have been equal to the
pitch of the screw; or the distance between two consecutive
threads measured parallel to the axis of the screw is the pitch.
In other words, it is the forward distance through which the
screw would advance in one revolution, if the nut in which it
turned were solid and fixed.

Diameter of Screw.—The diameter of a screw propeller is the.
diameter of the circle described by the tips of the blades when
revolving, or 2 A| B, in the figure. The area of this circle is
called the disc area of the screw.

Length of Screw Blade or Depth of Thread. —The length of
blade or depth of thread is the distance from the tip to root of
the blade where it enters the boss measured radially.

Angle of Screw.—In screws such as we are now considering,
" viz., with a constant pitch throughout the blade, the angle of the
blade to the vertical axis gradually increases from the tip at, T,
towards the root ; thus, the angle at the tip or radius, A, B,, in
the figure is, B, ByD, and this is less than the angle, él ézE,
at the radius, A, C,. ,

Circumference of Screw.—The circumference is 27 times the
radius of the blade, or 2z x A, B,.

If we plot down a vertical line to scale for the pitch, and a
horizontal line from the same point to the same scale for the
circumference, and join their extremities, then the angle of the
screw is represented by the angle contained between the hypo-
thenuse and the base or circumference line ; or, the tangent of the
angle of the screw = pitch + circumference.

Moulding a Screw.—Referring again to the figure, we now see
that all we have to do in order to form the flat or forward surface
of a screw-propeller blade is, (1) to erect in the foundry the
vertical spindle, V 8, with the loam board, A B, and to set up a
wooden templet, B, B, D, at the extremity of the radius, having
the proper angle to give the desired pitch ; (2) to build up with
bricks a firm solid backing behind the curv:
covering it with moulder’s loam, sweep i
the board, A B, dry it, and wash it do
wash ; (3) to cut away the central part of
as to admit of the propeller boss pattern,
next figure), and mark off on the curved
the blade, A, C, T C, A,; (4) to fix wood
the following shape [ around this curv
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the intervening space with loam and dry it ; (6) to take a negative
impression of this back or curved .————, surface of the
blade ; (7) to remove the thickness pieces and the curved loam
between them ; (8) to wash down with moulder's carbon wash
both the flat and the curved or back surface of the blade mould,
and put the halves together, adjust the central core, dry the whole,
and pour in the metal.*

How to find the Pitch of a finished Propeller.—(1) Plumb the
axis or level points on the blades equidistant from the centre;
(2) describe a circle with the axis as a centre on the upper face of
the boss; (3) draw a radial line on the boss from the centre in
line with the front edge of one blade ; (4) lay a long wooden straight-
edge (such as, A B, in the last ﬁgureg, level and fair along this
radial line, and measure the vertical distance from its under or
straight surface to any desired point, such as, C,, at a radius, A, C,,
from the centre; (5) move this straight edge round yy of the
circumference of the circle on the boss, t.e., through an angle of
30°, level it again, and measure at the same radius as before, the
vertical distance from its under surface to a point on the blade.
Then, since there are 12 inches in a foot, the difference between
these two vertical measurements in inches represents the pitch
of the screw-propeller blade in feet. This is the practical method
adopted in marine engine works.

Early Forms.—The earliest screw propellers were single-
threaded screws, and consisted of part of a true helix cut off
by parallel planes at right angles to the axis. They were made
much longer in the direction of the axis than is general at the
present time, and even after double-threaded screws came into
use, it was supposed by some that a full turn or more of the
thread was necessary in order to form an efficient propeller.
Properly speaking, the single-threaded screw had only one blade
or arm; but this form of screw was not long in use, and the
two-bladed or double-threaded screw was the one which was
employed almost without exception for many years. The length
was made only about one-sixth the pitch. The usual number of
blades in the screw propellers employed at the present time is
two, three, or four ; and, except in large sizes, the blades are cast
along with the boss, which is of a spherical or of an oval shape.
The pitch of the blades is usually uniform, but sometimes the
pitch of the leading half is made less than that of the following
balf, so as to make the effort of the blade on the water more
gradual. The two-bladed screw propeller is very efficient so
long as it is wholly immersed ; but in rough weather when the
ship pitches, its efficiency rapidly falls off, due to a portion of
screw rising out of the water. In war vessels, where the screw

* If the metal is of cast-iron, a crap as icabl
should be melted with it in order gh, * proctiosble
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requires to be raised out of the water while the vessel is under
sail, two-bladed screws are necessary and have been frequently
used. The three-bladed screw is not now so much used as
formerly for large screws, since it is open to the objection that if
one blade is broken, the screw is badly balanced and throws
serious stresses on the engines.

The four-bladed 'screw is the one which is now most generally
adopted, both in the merchant service and in the navy, when it
is not necessary to lift it out of the water.

Ordinary Forms.—The diagram below illustrates the form of
screw propeller which is commonly used in practice.
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The boss, P B, is usually of cast-iron and spherical in form,
and has four recesses in it to receive the blades, B. The hole in
the boss for the reception of the screw shaft is tapered, and the
boss is fixed to the shaft by one or two long keys or feathers
which are sunk into the shaft, and fit a key-way in the boss.
The boss is prevented from being drawn off endwise by a large
nut, which is of opposite screw to the propeller, and usually has
a small tapered pin behind it, which passes through the shaft
and prevents the nut from slacking back. The nut is prevented
from forming a vacuum at after end by a brass or gun-metal
cap, C, which is fixed to the boss, as shown in the drawing. The
boss is usually forced tightly on the screw shaft by hydraulic
pressure or ramming, before the nut is screwed up. The blades of
the screw are formed with flanges on their inner ends, and these
flanges are faced and bolted in to the recesses formed to receive
them in the boss. The holes in the flanges of the blades are not
round, but are elongated as is shown on the drawing, so that each
blade may be turned round a little, and its pitch altered slightly
if required. The spaces between the bolts and the ends of the
holes are filled in with small pieces of brass or lignum-vite, to
prevent the blade from shifting after the pitch has once been
adjusted. Thin wrought-iron plates fixed down by a small
screw pin are fitted between the nuts which hold down the
blades, so as to prevent the nuts from turning. In moderate
sizes of screw propellers, the boss is always cast along with the
blades ; and since there are no nuts or projections on it, it offers

less resistance to the water than when the
blades and the boss are separate. In the draw-
ing of the screw propeller, the flanges of the
blades are shown projccting above the general
outline of the boss; but this need not be
the case, since the flanges may be rounded
on the top (as shown in the Fig.), and recessed
down flush with the boss, with the nuts
also recessed into the base of the blade. In
the best practice large screws are made with a
neat metal cap so fitted and fixed to the flanges
of the blades as to cover in the heads of the
nuts and studs; or, as is sometimes done with
cheaper propellers, the projecting angles of the

DELTA-METAL flanges and nuts are smoothed over with a
Screw For Reasiay Strongly adhering kind of plaster, which resists

CRUISER. the action of sea water and prevents corrosion.
The great advantage of constructing the screw
with the blades separate from the boss is, that if one of the blades

N
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should be damaged it may be replaced without the expense of an
entirely new screw, and without the necessity of taking the ship
into dock in order to have the boss forced off. It has, however,
been adopted for large vessels only,since it is much more expensive.

The blades of screw propellers were until recently made
exclusively of cast-iron; butin modern practice, steel, manganese
or phosphor-bronze, and Dick’s Delta-Metal have been used, and
in most cases with improved results. When the blades are made
of steel they may be much thinner than when of cast-iron, and
steel being a more ductile as well as a stronger material, they are
more reliable. Steel blades are of course more expensive, and
corrode more rapidly than iron blades ; but, since the thickness
of the blades is less, they are more efficient. Blades of phosphor-
bronze and of manganese-bronze have proved very efficient,
but they are much more expensive than steel blades. They
may also be made thinner than cast-iron blades, since the metal
is tougher and stronger, and there is no loss by corrosion. They
are very smooth on the surface, and the frictional resistance is
very small. Messrs. John Elder & Company (The Fairfield
‘Works, Govan) invariably make their propellers of bronze. The
propeller for a Russian Torpedo Cruiser, lately built in Sweden,
was made of Dick’s Delta-Metal, of which the figure at the side
on the last page is a section. The inventor claims for this
material (which is simply an improved kind of brass), that it
resists the action of sea-water, and that the galvanic action is less
between it and the iron or steel of the ship than that from
bronze. He also claims that it can be made as tough as wrought-
iron, and as strong as mild steel, with the further advantages,
that it can be forged, stamped, or rolled hot, or worked, drawn,
and spun when cold.

Griffiths’ Screw.—In the early forms of screw the boss was
made very small in diameter, no larger in fact than was
absolutely necessary for strength. The roots of the blades were
consequently almost close to the shaft, and
therefore in the case of screws with large
pitch, nearly in a fore and aft direction, or
at right angles to the plane of rotation. The
effect of this was to throw off the water at
the roots nearly at right angles to the shaft,
thus adding very little to the propelling
effect. A considerable amount of power was
expended in simply churning the water, besides
seriously disturbing the water upon which the
outer and more effective portion of the blades
hed to act. The ends of the blades were
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square, and thus absorbed a good deal of power by surface
friction. To obviate these defects, Mr. Robert Griffiths
devised his well-known propeller which is very much used
in large firstclass steamers and in the Navy. It has three

important features. The first of these is the very large spherical
boss. Mr. Griffiths originally had the boss made § the diameter
of the whole screw ; but now it is seldom made more than
from } to } of the diameter. The use of such a large boss
will at once be understood from what we have said about
the early forms of screws. It fills up the space that was
formerly occupied by the useless inner portions of the blades,
prevents wasteful agitation of the water at the centre (for the
round boss revolves quietly, and causes little frictional resis-
tance), and reduces the vibration. The second improvement is
in the form of the blades, which are tapered off at the tips, thus
reducing the former loss from friction. In the original Griffiths’
screw the tips of the blades were bent slightly forward ; now
they are generally straight, and are sometimes bent backwards.
The third improvement which resulted directly from the first, is
that the heads of the nuts and studs can easily be covered in by
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a neat metal cap, and that there is plenty of room for admitting
of the adjustment of the pitch to the required amount. This is
an important consideration ; for it is sometimes difficult to hit
upon the best pitch for a vessel until after she has been tried,
and it is extremely convenient to be able to alter the angle of
the screw-blade without having to make a new propeller.

Hirsch’s Screw.—In this propeller there are generally four
blades, which are curved towards the direction of rotation like
the hands of & man in the act of swimming, or like the point of
an oar. Itisadvocated that this curved form of blade diminishes
the vibration of the screw, and arrests the tangential force of
the water, thus throwing the water more directly sternwards
than an ordinary straight blade does. The pitch is not uniform
throughout the blade, but increases towards the point, and
towards the root; whilst the following side of the blade has
a somewhat less pitch than the leading side, so as to let the
water escape more freely sternwards.

Mangin's Screw.—This propeller consists of two sets of blades,
the one being placed immediately behind the other, and fixed to
the same boss. There is consequently a space between the
forward and the after set of blades. It is supposed not to
rotate the water so much as a propeller with one set of blades;
and when a ship is under sail with the propeller fixed, there is
not so much resistance as with an ordinary two-bladed one of
the same power, since the transverse section of the former is
only about one-half that of the latter.

Thornycroft's Screw.—This screw, which has been very suc-
cessful in torpedo boats, for which the inventor’s firm is famous,
was thoroughly described, along with a series of interesting
experiments, by Mr. Sidney W. Barnaby, M.IN.A.,, in a
course of lectures delivered in 1885 at the Royal Naval College,
Greenwich.*

It has broad short blades so as to obtain the necessary blade
surface, and at the same time to keep the propeller completely
immersed below the surface of the water, which is difficult to
attain with the ordinary form of blade, owing to the small
draught of the torpedo boat. So long as a propeller is immersed
sufficiently far below the surface of the water to prevent it
drawing in air, any further immersion within the limits obtain-
able in a ship, has little beneficial effect, for the speed with

* Mr. Barnaby has issued these lectures in book form, published
Messrs. E. & F. Spon, under the heading ¢ Marine Proge lers,”
should be carefully perused by all students interested in the constru
of steamers. We are indebted to him for our brief description and sk
of Thornycroft’s screw, as well as for the Figs. of Gritfiths’ screw.
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which water can follow up the blades of a screw depends upon
the direct vertical pressure on the water; and, since the pressure
of the atmosphere corresponds to a head of 34 feet of water, a
few feet more due to immersion of the blades in the water has
but a corresponding effect. Messrs. Thornycroft and Barnaby,
in their experiments with a model Thornycroft screw, found
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that the efficiency fell from 70 to 50 per cent. when the screw-
blades werc permitted to break the surface of the water.

Thornycroft’s propeller has at the middle of the blades an
increasing pitch, gradually becoming uniform towards the tips
and towards the roots. The reason for adopting this is, that if
the water be accelerated too much, it turns round the points to
the back of the blades, and the rotation of the water being
naturally greatest towards the roots owing to the angle of the
blade there, it is not advisable to increase this evil effect. The
blades are inclined sternwards, and are slightly concave on the
driving side, in order to restrain the centrifugal or tangential
force of the water, and throw it as far as possible fair astern.
Since this centrifugal action is naturally greatest at the root,
owing to the greater angle of the blades, the inclination and
curvature given to the blades is greatest near the roots.

Many other forms of screw propellers have been devised, but
we have given those in general use. Feathering propellers have
often been proposed and tried, but the mechanism required to
enable the screw to be properly feathered, s.e., to turn the
blades in a fore-and-aft direction when the ship is under sail, is
liable to get out of order, and is only adopted under exceptional
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cases, such as yachts or sailing ships requiring auxiliary power.
Twin screws are used where the draught of water of the ship will
not permit of a single screw of sufficient diameter being used for
the required horse-power, and where quick turning and manipu-
lation of the ship’s movements are advisable, as in a man-of-war
or in a telegraph cable ship.

Slip of the Screw.—If the screw worked in a solid unyielding
nut, then the distance travelled by the ship in a given time
would be equal to the number of revolutions made by the screw
in that time, multiplied by the pitch of the screw. But the
water which forms the nut for the screw propeller is not un-
yielding. The result is, that the ship does not progress a
distance equal to the pitch of the screw for each revolution.
The difference between the speed of the ship and the speed of the
screw (i.e., the pitch x the number of revolutions), is termed the
“glip” of the screw. This, however, is only the apparent slip ;
in order to find the real slip of the screw, the velocity of the
stream of water which always follows a ship, and in which the
screw works, must be known. When a common screw works
in a solid nut, it advances for each revolution a distance equal to
the pitch of the screw, and the nut remains stationary; but when
the nut is formed of a yielding medium such as water, then the
screw slips. The water does not remain stationary during the
rotation of the screw, but is projected backward by the screw in
a direction opposite to that in which the ship is travelling. The
actual velocity of this column of water thrown back by the screw
therefore represents the true or real slip of the screw.

Thrust.—When a screw steamer is moving forward at a uniform
speed, the reaction of the mass of water projected backwards by
the propeller is exactly equal to the resistance opposed to the
forward motion of the vessel. It is, therefore, absurd to attempt
to get a screw propeller to work without any slip, for if there
was no real slip, then there would be no resultant propelling
reaction,

If W = weight of water acted on in Ibs.
S = slip of screw in feet per second.
g = acceleration due to gravity = 32-2 feet per second.

Reaction = “—Lg§ in lbs., urging the vessel forward.

Or, this is the thrust of the screw on the ship along
screw shafting in pounds. Professor Rankine in his
Tables, p. 275, Rule V., reduces the above equation to a
venient form for practical use, viz.:—Z0 calculate tlieg
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propelling instrument (jet, paddle, or screw) in pounds; multiply
together the transverse sectional area in square feet, of the stream
dricen astern by the propeller; the speed of the stream relatively to
the ship in knots, the real slip, or part of that speed which is im

on that stream by the propeller also in knots; and the
constant 566 for sea water, or 55 for fresh water.

Thus—

Let A = Area of stream driven back in square feet.
S = Speed of screw in knots per hour.
8 = Speed of ship ” »
. 8 = 8 = Apparent slip.
Then—
The thrust in pounds = A x 8 (8 — ) 5-66.

Example.—Find the thrust of a screw propeller, 16 feet
diameter, having a boss 4 feet diameter, when driving a ship at
15 knots an hour; the slip of the screw being 10 per cent.

A = x(r] - r3) = 31416 (8% — 22) = 1885 square feet.
& = 15 knots.
8 = (90:100::15 knots : 8) = 166 knots.
. A x 8(8 - 4566
= 1885 x 166 (166 — 15) 5-66 = 29,630 Ibs.

Negative Slip.—In every screw propeller, as we have already
gshown, there must be a certain amount of actual or real slip, due
to the yielding nature of the water which forms the nut for
the screw. The curious phenomenon of negative slip, or, in
other words, the speed of the screw being less than that of the
ship, has received a good deal of attention from various writers
on the screw propeller, and has given rise to various theories
on the subject, but in reality there can be no such thing, if we
duly take into account all the circumstances. Some have
attributed the observation of negative slip to a wrong deter-
mination of the effective pitch of the screw, which is rather a
dificult thing to measure accurately in the case of a screw
having & variable pitch; others have tried to explain it by
poimi\m: out that the screw works in the ¢ wake,” or disturbed
stream of water which follows and rushes in to fill up the spaco
left by the ship when moving forward, so that the velocity of
the ship with respect to this following body of water is less than
the real velocity of the ship, with respect to the dead water
some distance away from her. Whatever may be the true cause
of negative or rather apparently negative slip (and which i8
more ‘apparent with some ships and with some forms of pro-
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pellers than others), one thing is certain, that, should it be
observable, it is a sign that the screw is not workmg efficiently ;
and the sooner it is changed for one that will give a moderate
but not an excessive amount of real slip (say from 10 to 15 per
cent.) the better.

Best Diameter Revolutions and Pitch.—Mr. Barnaby, in his
Treatise on Marine Propellers (p. 49), points out, “that in
designing the propelling machinery for a new vessel, the thing
to start with is the size of the propeller, and not the size of
the engines. The engines exist only to drive the propeller, and
should be subordinated to it. Having therefore a given speed
of vessel and a given horse-power to start with, fix upon the
diameter of the propeller, then upon the revolutions suitable for
that propeller. With these things fixed it is then easy to find
the size of the engine. It is an entire reversal of the proper
process to say, ‘I will run my engine at such and such a speed,
and make a propeller to suit.’” He gives the following rules *
for finding the diameter and revolutions :—

Take the data from an actual propeller driving a ship of
certain proportions which is known to give a good performance,
and treat the same as a model for the new vessel having similar
proportions.

The diameter is proportional to the NIH.P., and inversely
proportwnaltothcsquarerootofthecubeqfthcepeed.

Example—

Let & = diameter of model propeller = 50 feet.
D = diameter of required propeller.
p = LH.P. of the model propeller = 670.
P = LH.P. of required propeller = 1800.
‘177 = speed of vessel with model propeller = 18 knots.

» ) reqmred ” = 20 ”»
Then—

D=\/¢i2><£xvs
p

1800
= J 5% x 50 % = 7 feet (if model smaller).

1800 1838
\/p V5= Vw0 * 208~ 1
14d—l4x5—7feet

* The advanced student should also study the rul ton in
his Manual of Marine Engineering, pp. 288-257 e rules given by Ses
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The revolutions per minute are proportional to the speed, and
tnversely proportional to the diameter.
Using the same letters and data as above.

Let » = revolutions per minute of model propeller = 400.

R = . 9 required »
Then— v 4
R =9 X ;— x ﬁ
20 b .
= 400 x w7 = 318 revolutions.
If the model used is larger the ratios are reversed.
18 7 .
o r =318 x %5 " 400 revolutions.

The pitch of the propeller should then be made the same ratio to
the diameter as in the model. The pitch should never exceed 2}
times the diameter.

Lzcrure XXIL —QUESTIONS,

1. Describe briefly and show by a sketch, the method of moulding a
screw-propeller blade.

2. Define the pitch, length, angle, and circumference of a screw prorl.ler,
as well as the depth of thread, and exemgnlify them by means of sketches.

3. How would you find the pitch of a finished screw-propeller blade ?

4. Sketch and describe by an index of parts an ordinary modern four-
bladed screw propeller. How may a blade be replaced by a new one with-
out unshipping the propeller? How can the pitch of a blade be altered
within limits, and of what advantage is this device to the engineer ?

5. Sketch and describe Griffiths’ screw. What important advantages has
it over the older forms of screw propellers ; and whz ?

6. Bescribe the general arrangement of Hirtsch’s and Magin’s screw

ropellers.
P 7. Sketch and describe Thornycroft’s torpedo-boat propeller, and give the
reasons assigned for mdo&ﬁn%lthis form.

8. What is meant by the slip of a screw? Distinguish between apparent
and real slip. Can there be any such effect as negative slip; if so, how;
if not, why not ?

9. How is the thrust from a screw propeller calculated ? Find the thrust
from a screw, whose slip is 10 per cent. and the s of the ship 12 knots ;
ﬁemodiamlbetar of screw is 14 feet; and that of the boss 3 feet. .Ans.

3 s,

10. Show how to find the best diameter, revolutions, and pitch for a screw
Kropeller. Taking as a model the enmple given in the lecture, find the

iameter, revolutions, and pitch for a ship’s propeller of 2000 I. H.P., having
a speed of 15 knots. Ans. 113,

11. When deciﬁmn' ﬁg the machinery for a new vessel, what data should be
given, what should first be determined, and why? A ship attains a speed
of 16 knots per hour, the mean pitch of the screw is 18 feet, and the number
of revolutions per minute 88, what is the slip per cent.? Is it positive or
negative? Ans, 37 feet per minute, and negative.
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LECTURE XXIII
COMPOUND MARINE ENGINES.

CoxTENTS. —Description and complete specification of the engines of the
il?e rg‘t. Rognvald, built and engined by Messra. Hall, Russell & Co.,
een.

As an example of compound marine engines in general use at the
present time, and the arrangement of these with their boilers in
the ship, we give in this chapter a number of diagrams illus-
trating the engines* of the 8.8. St. Rognvald, made by Messrs.
Hall, Russell & Co., of Aberdeen, in 1884. A complete specifi-
cation of these engines will be found at the end of this chapter.
They are of the two-cylinder compound type, and indicate fully
1,500 horse-power. The high-pressure cylinder is 36 inches
diameter, and the low-pressure cylinder 70 inches diameter, both
with a stroke of 4 feet, and the steam pressure is 90 lbs. per
square inch.

The steam enters the valve casing of the high-pressure cylinder
by the stop valve, 8 V, and is admitted to that cylinder by the
slide valve, 8V, Full steam is admitted to the cylinder for a
portion of the stroke, until the expansion valve cuts off the
supply. After this point, the work of moving forward the piston
is performed by the expansive force of the steam, and the steam
falls in pressure and temperature from this point to the end of
the stroke. At the end of the stroke the steam is exhausted
through a belt or passage round the high-pressure cylinder (shown
in the plan and side elevation), into the casing of the low-
pressure cylinder. The casing of the low-pressure cylinder,
along with the exhaust passages from the high-pressure cylinder,
forms the receiver of the engine, and when the steam exhausts
into this receiver its pressure falls by expansion, since the volume
of the receiver is greater than that of the high-pressure cylinder.

* Diagrams of the boilers of this vessel with a complete description will
be found in Lecture XXVIII. We are indebted to Mr, John Scott, manag-
ing partner of the engineering department in the above firm, now head
partner of Messrs. John Scott & Co., shipbuilders and engineers, Kinghorn
and Kirkcaldy, for the diagrams and specification. Advanced students
should refer to T'he Engineer, August 6, 1886, for a complete set of engravings
and description of the Triple-Expansion Engines of the S.8. M by
Messra. Hall, Russell & Co.
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FRONT ELEVATION.
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SIDE ELEVATION. INDEX TO PARTS.
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Prax or S.8. ““St. RogNvaALD’s” ENGINES,

INDEX TO PARTS.—Continued.

SSC for Steamstartingcylinder. H for Hot-well.

WS ,, Wyper shaft. APL ,, Air-pump levers.

EVG ,, Expansion valve gear. RS s Rocking Shaft.

EVE ,, Expansion valve APR ,, Air-pumprod
eccontric. APG ,, ,, , , guide

SH »» Starting handlea, PB ss  »s sy bucket.

S » Sole-plate. FP ,, Feed and bilge pumps.

MC ,, Main columns, G , Gauges, steam, vacuum

EP’ ,, Exhaust pipe. and receiver. .

SC s» Surface condenser. WW ,, Wormwheel forturning

F »» Floorin %n.f gear.

CS y»» Crank shaft. CWP ,, Circulating water pipe.

csB ,, 4»» bearings, CIP ,, Common injection pipe

AP ,, Airpum DP »» Discharge pipe.

ce 4y Circulating pump.
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This fall of pressure is an apparent source of loss to the system ;
but since the steam while expanding into the receiver does no
work, it cannot lose heat except that given off by radiation and
conduction, which is as far as possible prevented by the lagging,
and therefore if it fall in pressure it must become superheated.
‘Whilst expanding in the low-pressure cylinder it will not be so
liable to liquefaction, and will be more efficient than ordinary
saturated steam, so that theoretically there should be no loss due
to this receiver. The steam is admitted to the low-pressure
cylinder by the double-ported slide valve, 8 V,. The expansion
is completed in this cylinder, and the remaining available energy
given up by the steam. From the low-pressure cylinder it 1s
discharged through the exhaust pipe, E P, into the surface
condenser, 8 C, and is there condensed in the manner explained
in Lecture X. When condensed, it falls to the bottom of the
condenser, and is pumped by the air pump, A P, into the hot
well, H, from which it is drawn off by the feed pumps, F P, and
forced back into the main boilers.

The high-pressure cylinder is fitted with variable expansion
gear, so that the point of cut-off of the steam may be changed to
suit circumstances. The variation of the point of cut-off, is
effected by means of the expansion valve gear arrangement shown
at, EV G, in the end elevation, by which the travel of the valve
may be altered. In the low-pressure cylinder the weight of the
slide valve, together with the valve rod, links, and eccentric rods,
is supported by a small balance piston, BP, fitted to the upper
end of the valve rod, so that what would otherwise cause great
pressure and consequent friction between the eccentrics and their
straps and other points, is considerably diminished.

The steam starting gear, S8 @G, is very simple, and is clearly
shown in the side elevation. It consists of a small steam cylinder,
which is bolted to the side of the forward condenser column, and
has a trunk piston fitted to it. One side of the piston is attached
by a small connecting-rod to one end of a bent lever, this lever
being connected at its other extremity, to the centre of reversing
link motion, L M, of the high-pressure cylinder, and another lever
which is attached to the same wyper shaft, W S, being connected
to the link motion of the low-pressure cylinder. The other end
of the piston, which is also of the trunk form, is screwed with a
very fast pitched thread to fit the screw on the round rod to which
the reversing or hand-starting gear wheel, HS G, is attached.
This reversing wheel is loose upon the rod, but may be attached
to it by means of a clutch which is fitted to the rod. The slide
valve of this steam starting cylinder is worked by hand, and by

r

admitting steam to one end of it, the links of the main slide valve .
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INDEX TO GENERAL ARRANGEMENT.
See above and next Three Figures.
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. END ELEVATION

END ELEvaTION OF S.8. “ ST. RoGNVALD'S ” BoILER RooNM.

gear may be moved at pleasure, and the valves thrown into gear
with the ahead or the astern-going eccentrics. In order to reverse
by hand, it is only necessary to throw the clutch into gear with
the reversing wheel, and to revolve the wheel, when the piston
which is prevented from turning, is moved directly by the action
of the screw. In reversing by steam, the piston presses against
thisscrew on the rod, and the pitch of the screw being great, it
causes the rod to revolve, but the reversing wheel does not re-
volve since the clutch is not in gear.

The air pump, circulating pump, feed and bilge pumps are all
worked by the levers, A P L, which are attached to the crossh
O, of the low-pressure cylinder.

An ordinary condenser injection pipe, C I P (see plan),
rose on its end, is fitted to the exhaust pipe, E P, close to
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of the condenser, so that jet condensation may be used if
necessary. A worm wheel, W W, is attached to the after end of
the crank shaft, C S, and a worm, driven by a small engine, gears
with this wheel. This arrangement is necessary for turning the
engines while the vessel is lying in port, and the worm is fitted in
such a way that it may be easily and quickly thrown out of gear
when the main engines are working.

The diagrams on pages 238 to 241, illustrate clearly the general
arrangement of the engines and boilers in the vessel.

There are two single ended main boilers, M B, which are
fully described with complete diagrams in Lecture XXVIIL
The boilers are situated forward of the engines, with the
furnaces, B F, facing each other; and the coal bunkers, C B, are
fitted up the sides of the vessel, as shown in the end elevation.
The uptakes, U, unite immediately below the funnel, F. The
boilers rest upon wrought-iron seats, B S, which are riveted to
the ship’s floor. Two spring safety valves, SV, are fitted to
each boiler, and both sets of valves are connected with the escape
pipe for waste steam atthe back of the funnel. The main
steam pipe, M 8 P, passes from the stop valves, SV,, on the
domes of the boilers, into .the engine-room, and is attached to
the stop valve outside the high-pressure cylinder casing. The
donkey boiler, D B, for supplying the donkey pumps and steam
winches, is fitted on cross beams above the main boilers. Two
ventilators, V, are fitted above the stokehold for the supply of
fresh air. The several pipe connections may be clearly traced
from the diagrams given.

SPECIFICATION OF INVERTED CYLINDER com'om
DIRECT-ACTING SURFACE CONDENSING ENGINES.

Designed and constructed in 1884 by Messrs. HaLL, RUSSELL & CoMPANY,
Aberdeen, for the S.S. St. Rognvald, belonging to the North of Scotland,
« Orkney and Shetland Steam Shipping Company.

1. Cylinders.—To have one high-pressure and one low-pressure cylinder,
the high-pressure cylinder to be 36 in. in diameter, and the low-pressure
cylinder 70 in. diameter, each with a stroke of 4 feet., To be made of hard
close grained cast-iron, strongly ribbed and feathered on sides and on
bottoms, of a minimum thickness of 1} in., with escape valves and stuffing-
boxes fitted at top and bottom of each cylinder. The high-pressure
cylinder to have a cast-iron liner, 14 in. thick, fitted with a space of 1 in.
between it and outside casting, the space thus formed to be used as a steam

Note.—Students should carefully compare this specification with the
drawings, }
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Jacket if required. This jacket to have a water trap fitted below
the level of cylinder bottom with a gauge ﬁ!m at least 18 in. long,
with suitable brass cocks (asbestos packed). The water from trap to be
taken into hot well a copper pipe, § in. diameter, having a brass stop
valve for regulating the flow of water. The cylinders and valve casing sides
to be covered with silicate of cotton, 2 in. thick, and lngsmf with
teakwood in strips 3 in. broad, and secured by brass straps and screws.
The bore of each cylinder to be made so that the })acking rings of pistons
shall work } in. past it at each end, a recess to be formed above and below
the bore } in. deep to allow for the cylinders being bored out. A separate.
valve face to be fitted to hi&h-pressure cylinder, fastened with brass pins.
The bottom piston-rod stuffing-boxes to be 10 in. deep, and fitted with
brass neck rings, 3} in. deep ; glands to be bushed with brass, and fitted
with an srru:fement whereby all the nuts can be tightened up at once.
The escape valves to be fitted with e(foliahed cast-iron covers, with brass
regulating screws, fitted with polished cast-iron hand wheels. A man-hole,
156 in. diameter, to be fitted in bottom of low-pressure cylinder, and a
hand-hole, 8 in. diameter, in bottom of high-pressure cylinder for cleaning
I"12. Cylinder Covers.—To be of strong cast-iron, 1} in. thick, fitted with
strong T feathers on top, covered with wrought-iron chequered plates.

to be polished, and secured to cylinders with studs and polished
steel nuts. S -boxes to be fitted, 7 in. deep, with saucers for catching
the waste oil from the tail rods.

3. Slide Valves.—To be placed on the forward side of their respective
cylinders. The low-pressure cylinder valve to be double grted, the high
pressure cylinder valve to be single ported, and both to be made of hard
close grained cast-iron. These valves to be carefully fitted to valve face by
scraping, and rendered perfectly steam tight.

4. Ezpansion Valve.—To be fitted to the back of the high-pressure
cylinder slide valve, and arranged to cut off at from 12 in. to 36 in. of the
stroke of piston, and so made, that the different grades of expansion can be
adjusted from the starting platform while the engines are at work.

5. Valve Motion.—To have double bar link motion, each bar of which to
be of mild steel, 14 in. thick and 4 in. broad, with studs for upper ends
of eccentric rods, 2§ in. diameter, 2§ in. long. The centre to have
a boss, 3 in. diameter and 2§ in. deep, for receiving drag link pins, all
forged on solid. Eccentric rods, 2} in. diameter at smallest part, tapering
to 3} in. diameter at lower end, to have double jaws at upper ends with
hard brasses and wrought-iron covers, and secured with steel bolts and
double nuts. Lower ends to be T-sha.‘ged and secured to eccentric stra
with steel studs and double nuts. Valve spindles to be of forged mild
steel, 3} in. diameter, with large eye at lower end, lined with hard brass
for valve link block (which is to be of cast steel with hard brass ad{'lusting
slips above and below link). To have adjustable guides attached to
under sides of valve casings, with rectangular hard brasses secured with
wrought-iron covers and studs. Upper end of high-pressure cylinder valve
rod to have brass dome guide. Upper end of low-pressure cylindar valva
rod to have a balance piston and cylinder, 12 in. diameter,
valve casing cover. Eccentric pulleys to be 3} in. broad, of
keyed on crank shaft couplings, by single key with head, and ste
screws, and to have straps to them made of gun-metal
iron parting pieces, and secured with steel bolts and double m
links to be of wrought-iron (double), and made adjustable
working parts with hard brass bearings,
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6. Pistons.—To be of cast-iron, 1} in. thick, turned to size of cylinders,
and made hollow with strong feathers uniting top and bottom metal, fitted
with approved patent packing rings and springs. The pistons to be turned
tapered for inner edge of junk ring so that it can be easily removed. The
junk ring to be secured with square-headed screw pins, screwed into brass
nuts recessed into body of piston; the heads ot the screw pins to be
secured with solid guard rings. No core holes to be made in top or bottom
metal of pistons,

7. Piston- Rods.—To be forged of mild steel, well fitted to the pistons, and
secured to same by & nut (not recessed into piston). Rods to be 6} in.
diameter below pistons, and 4} in. diameter above pistons. The lower ends
(or crossheads) to be forged solid, slotted, and fitted with strong hard
brasses (flat top and bottom) secured with malleable-iron covers and
two steel bolts, 3} in. diameter, with guard rings on the nuts. Steel
pinching pins, also split pins, to be put through the points of these bolts.

8. Connecting-Rods.—To be forged of best selected scrap iron, with solid
double jaw at upper end. Smallest diameter of rods to be 64 in., tapering
to 8 in. at lower end, len between centres 9 ft. Hard brasses to
be secured to lower ends, with two well-fitted steel bolts, 3§ in. diameter,
having guard rings with steel pinching pins, and split pins ugh points
of bolts. The lower end brasses to have four strips, 4 in. thick, of
approved white metal, each 2 in. broad, fitted in each half of brass with
4 1. of brass between them, and finished y in. above surface of brasses.
Parting pieces of cast-iron, 3 in. thick, to be fitted between brasses, so that
they can be removed without taking out the bolts for the purpose of
stripping and taku;g up the wear.

9. Starting and Reversing Gear.—Reversing gear to be arranged so that
it may be worked either by hand or steam, and placed in a convenient
position. All handles, viz., cylinder drain cocks, impulse valve, and throttle
valve handles to work in one brass quadrant bracket, with engraved index
for each, and placed as near as possible to reversing wheel. An im
piston valve to be fitted to low pressure cylinder, supplied with steam from
pipe leading to donkeys, and fitted with a stop valve worked from starting
platform. A atoiv ve to be fitted in main steam pipe on high-pressure
casing, also worked from starting platform, this stop-valve casing to
contain separate throttle and governor valves.

10. Shafting.—Crank shaft to be built of best forged mild steel, made in
two pieces, interchanﬁable and reversible, bolted together with bolts 2§ in.
diameter. Crank webs to be 10 in. thick, and carefully shrunk on shafts
and crank pins, and keyed upon shafts with steel keys 1§ in. deep, 2} in.
broad. Crank pin bearings to be 14 in. long, and 13 in. diameter; and
crank shaft bearings 18 in. long, and 13 in. diameter. The whole of the
bearing parts to be turned perfectly true, after being fitted together, and
the finished shaft to be carefully fitted into its bearings.

Propeller shaft to be of best forged mild steel 124 in. diameter, and
covered with brass liners § in. thick, for stern post and stuffing-box

Intermediate shafts to be forged of best selected scrap iron 12} in.
diameter, turned all over, made with solid couplings, and secured with well-
fitted bolts and double nuts. Thrust shaft to be made of best selected
scrap iron 12} in. diameter, and not more than 12 feet lon%,mwith4 solid
collars 183 in. diameter outside, and 24 in. thick. i ined with l{

ved white metal, to be supplied for shafting in tunnel where req
each fitted with a water cock and tallow box on top, and saucers below
«the fore and after sides of each bearing, Wrought-iron stools to be made for
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the support of each bearing properly secured to ship’s floors. A strong
handrail and platform to be titted all along the tunnel.

11. Thrust Bearing Block.—To be a strong casting of iron, fitted with
4 cast steel horse-shoe pieces, faced with approved white metal, and finished
X. in. above the surface of cast steel. Each horse-shoe piece to be indepen-

ently adjustable in a fore-and-aft direction on two mild steel rods 1% in.
diameter, with brass adjusting nuts. The sole of block to have 4} feet of
beanen;f fore and aft and 3 feet athwart ships, securely fastened with
turned and fitted bolts, and nuts, to a very strong wrought-iron stool,
worked on to ship’s floors and keelson ; the rivet holes of which, are to be all
rimered perfectly fair before riveting. A large box to be formed at bottom
of bearing, with a drain cock and pipe led through water-tight bulkhead.
A large oil box and water cock to be fitted to each collar.

12. Main Columns.—The two columns on l}l)ort; side of engines to be cast
in one piece with condenser, and to take the thrust of connecting-rods when
the engines are going ahead. Separate guide plates to be bolted to these
columns, with a recess between them and the columns for cold water, with
inlet from circulating pump discharge, and outlet to bilges with reguhﬁnﬁ
cock where required. Columns on starboard side to be of cast-iron, roun
section 1{ in. thick, and of ample strength with astern guide faces cast on.
Round flanges, at upier and lower ends, to be firmly secured to cylinders,
and to sole-plate, with turned and fitted bolts and nuts.

13. Sole-Plate.—To be made of sound cast-iron of strong hollow box
section 1% in. thick, and fitted to receive main bearing brasses. These
brasses to be fourin number and rectangular, bearing all over top, bottom, and
sides (no fitting strips), made extra heavy of bestiush brass. The bottom
flanges of brasses to be cut away, so that the whole length of the brass ma;
hear on sole-plate recess. Covers to be of wrought-iron, polished. Eac
bearing to have two iron bolts 3} in. square in lower part, 34 in. round in
upper , secured into sole-plate by mild steel cotters bearing all the wa,
through sole-plate and bolt, and having finished nuts above covers, wit
ﬁuard rings and steel p'mching gm& Sole-plate to be fixed down securely

y 22 bolts 1 in. diameter, and 6 turned and fitted bolts 1} in. diameter, to
a strong wrought-iron platform properly fitted and riveted to ship’s floors.
A space of 1} in. to be left between the sole-plate and platfowked
ul;d with at least 12 cast-iron slips, and between the slips with -wood
Wi .

lfes Condenser.—To be of the horizontal surface-condensing type, placed
in a fore and aft position on port side of sole-plate. The metal to be 1} in.
thick, with strong ribs under columns, and the condenser to be well secured
to sole-plate and cylinders, with turned and fitted bolts and nuts. Tube
slates to be 1} in. thick, of cast-brass, and secured by brass bolts to con-

enser flanges. Tubes to be solid drawn brass  in. external diameter, 18
B.W.G., except the two top rows, which are to be 16 B.W.G. All tubes to
be tinned inside and outside, and to have a total condensing surface of
2,800 square feet. The ends of the tubes to be packed with best red rubbet
rings, and so fitted as to provide for expansion and contraction. Brass
atax plates § in. thick to be fitted inside condenser where reanired.
and secured by brass studs and nuts. Condenser to be fitte
Eiepea, 80 as to be able to work as a jet condenser if necessa

fitted in top and bottom of condenser where required, for
cleansing it. Condenser end doors to be made in two pieces
snugs for lifting shackles, and sight doors 10 in. diameter op}
tubes. A brass supplementary cock 1 in. diameter to
condenser to admit circulating water.

€
4
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15. Air Pump.—To be 21 in. diameter and 28 in. stroke, waorked by
forged wrought-iron levers from the crosshead of after engine. The cham-
ber to be § in. thick, it, as well as the bucket, valves, seats, and p-rod
covering, to be all of cast-brass. The foot valve to be clesr of
bottom of pumps for easy examination. Patent metallic valves, of sgwud
make, to fitted throughout, and a drain cock 2 in. diameter to be fitted
todbottom of pump. A small air valve to be fitted to pump under discharge
valve,

16. Circulating Pump.—The engines to be fitted with one double-acting
circulating pump, 11 in. diameter and 28 in. stroke, placed alongside of air
pump, with cast-brass chamber and solid brass bucket. Valve seats,
guards, and pump-rod liner to be of cast-brass, and valves of best red
rubber. Pump to have a 5} in. suction non-return valve, with pipe from
engine-room bilge fitted with a lead rose box. All the bolts and nuts in
and about these pumps and condenser which are ex to sea water to be
of brass. A small air valve to be fitted to each end of pump.

17. Feed and Bilge Pumps.—To have two feed and tvoﬁn
All plungers to be 3§ in. diameter and 28 in. stroke, and wo air
pump crosshead. To have cast-brass plungers, valves, valve seats, and
valve chests. Each pump to be made to work independently of the others.
The feed pumps to have a strong cast-iron chest containing inds
worked inlet suction valves, escape valves, and discharge valves to boilers.
A large air vessel to be fixed on, or near this valve box in connection with
discharge pipe to boilers. The bilge pumps to draw through a large mud
box from a valve box placed above the engine-room platform, and to be so
arranged as to pump at will, from the well at after end of tunnel, from after
hold, from three Elaces in engine-room, and from the forehold. Each valve
to be marked with the part of the vessel to which its pipe leads, and each
pump to be fitted with a small test cock.

18. Sanitary Pump.—To be fitted on back of condenser, and worked
from a stud on side of air-pump lever. The plunger to be of brass, 3 in.
diameter and 12 in. stroke. To have a suction pipe from sea, and discharge
Eipe leading to distributing tank above the bridge deck. A branch pipe

tween this discharge and donkey pump discharge to deck, to be ﬁttes so
that water can be pumped into this tank by donkey pump, when the veasel
is in port,

19. Donkey Pump.—A double-acting steam donkey pump to be fitted
with 8 in. cylinder, 10 in. stroke, and having connecting-rod, crank shaft,
and fly-wheel. To be arranged with all the necessary valve chests, to
enable it to draw from sea, and from bilge of all compartments, or from the
hot woll, and to discharge into main and donkey boilers, or through con-
denser, or ovorboard, or on deck. The pump-rod liner, valves, valve seats,
stops for valves, glands, and neck rings to be all of cast-brass.

20. Hand I'ump.—A hand pump to be fitted near the donkey pump in
engiue-room, capable of drawing and discharging in the same ways as the
donkey pump, and to be worked with hand lever from the gratings round
cylinders at the level of main deck.

21. Stern Tube.—To be of very strong cast-iron 1§ in. thick, firmly
secured into sternpost and fastened with a strong wrought-iron nut outside
To have a brass bush at outer end 3 ft. 9 in. long, lined with staves of
lignum-vite, and fastened into the tube with an outer flange and 6 brass screw
pins 1} in. diameter. Inner end of tube to have a stuffing-box 12 in. deep,
with brass neck ring 10 in. deep. The gland to be bushed with brass, and
to be secured with 6 brass studs 1} in. diameter, having brass nuts.
Two of these studs to be long enough t~ ~legit of stuffing-box being packed
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withouthkil}ieoﬂ'the nuts. A water cock to be fixed near gland in the
same way as the tunnel bearings.

22. Propeller.—Propeller boss to be of very strong cast-iron, and fitted
with four removable blades of mild cast-steel, each of which is to be
fastened to the boss with flanges 29 in. diameter, 2} in. thick, by 9 mild
steel studs 2§ in. diameter. The studs to be fitted with brass nuts, capped,
and each provided with a brass pinching pin, to prevent slacking gack.
The after end of shaft to be tapered § in. to 1 foot, and boss secured to
it with a key the whole length of boss (24 in. broad by 1} in. thick), and a
strong wrought-iron nut with a steel cotter pin put through point of shaft
to prevent the nut slacking back.

23. Valve Chests and Cocks.—All valve chests of cast-iron to have cast
brass valves, valve seats, spindles, and glands. All valve chests of 3
inches diameter and smaller to be entirely of brass. All cocks e:
£o0 boiler pressure to have jointed covers and packing glands. Blow-oft cock
on ship’s bottom, to have spigot and brass flange outside, secured through
ship’s plating with brass bolts and nuts, and to have four feathers from
bottom flange to sides of cock. The sea suction valve chest for circulating
pump to be a very strong casting of tough iron, enlarged where riveted to
ship's plating to at least three times the area through valve, and fitted with
a cast- rose plate secured with brass studs and nuts.

24, Pipes.—All pipes, except bilge suction pipes, in connection with the
engines and boilers to be of copper.  Main steam pipe to be No. 3 B.W.G.;
main feed and blow-off, No. 6 ; discht};ge pipes from air and circulating
pumps, No. 7; and waste steam pipe, No. 11 B.W.G. All sheets for ont-
side bends to be one number of the W.G. thicker than specified. All copper

ipes above § inch bore to be secured together with flanged joints. Pipes to
all tested with water dpt‘essnre to double their working pressure K:;ore
bel:f fitted on board, and secured where necessary with wrought-iron stra;
lined with sheet lead. Bilge suction l:f“ to be of lead,ug inches imis;
diameter, and fitted together with flanged joints and wrought-iron washer
rings, in lc?.:ﬁths of not more than 12 feet. These pipes to be supported
by hard- resta secured firmly to ship’s floors,

25. Packing Glands.—All glands about the engines and boilers which are
not of brass to be bushed with brass, and to have brass neck rin, The
piston-rod and valve spindle glands to have saucers cast on for
catching ail.

26. Governor.—An approved patent governor to be fitted in a convenient
position in engine-room, and connected to a separate throttle valve in main

steam pipe.

27. g’urmng Gear.—To have small steam engine, say cylinder 5 inches
diameter, and 6 inches stroke, with a fly-wheel onits ¢ shaft, in a suitable
position for working by hand. The turning arrangement to consist of two
sets of worm gearing, both worms wrought-iron or steel, the large one to be
capable of being easily and securely put out and into gear, and to be fitted with
a square on head of spindle, with strong ratchet lever for working by hand.

28, Indicator Gear.—Indicator cocks and pipes 3 inch diameter (inside),
to be fitted to both cylinders with all necessary gear for canveniently taking

diagrams.

29. Gauges.—One steam gauge for each of the main boilers to be fitted in
stoke-hole, one steam gauge for donl:ey boiler, and one steam, one vacu
and one compound gauge to be fitted in engine-room. All gauges
approved makers, and all 7 inches diameter, except the one for 4
boiler, which is to be 4 inches diameter. Gauge pipes to be all
drawn copper, jointed with ground screw-couplings, )
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30. Telegraph. —To be fitted from both upper and lower bridges to engine-
room on the reply principle. The communication between the dials to be
effected by means o, wires and copper chains, with brass guide pulleys at all
angles. th bridge-stands to be of brass, and the dials ﬁt'bet{ with lamps
in the usoal way.

3L. Clock amd Counter.—A neat engine-room clock and revolution
counter combined, to be fitted in a convenient position.

32. Steam Whistle.—A steam whistle 3 inches diameter on the organ
grmcxple, to be fitted on front of fannel at approved height from bridge

eck. The whistle steam pipe to be connected to both main boilers, and
also to donkey boiler.

33. Oil Lubricators.—An approved patent lubricator to be fitted to high-
pressure casing or main steam pi 11 oil boxes on engines to be made of
cast-brass, with hin covers aﬁ of cast-brass where required. Piston-
rods, connecting- and piston-rod and valve-spindle guides to be sup-
plied with oil from central boxes fixed to sides of cylinders, or where found
most convenient, with separate compartments for each syphon. These boxes
to be all finished bright. The crank pins to have each two oil pipes §in
diameter, one on each side of connecting-rods.

34. Water Cooling Pipes and Cocks.—One brass water cock to be fitted in
a convenient position near each of the main bearings, and two brass water
cocks to be fitted for each crank pin, all with § in. diameter brass telescope
Bipes. The water to be mgplied direct from the sea, and a branch pipe to

e led all along tunnel with a brass cock at each bearing for intermediate
shafting. The thrust shaft collars to have each a brass cock and pipe. A
brass cock 2 in. diameter, to be fitted to discharge from circulating pump to
coudenser, suitable for connecting to an india-rubber hose of same diameter,
and of sufficient length for the conductor to reach any of the bearings in
engine-room.

35. Steam Pipe Covering.—All steam pipes in engine-room and holds to
be thickly covered with hair, felt, or other approved non-conducting
material, and neatly covered with canvas.

36. Painting.—The whole of the engines (with the exception of bright
work and copper pipes which are not covered), to be painted with three
coats of best oil paint in any colour that may be required, and to be finished
with two coats of bright varnish.

37. Overhauling Gear.—Strong beam and two sets of screw gear to be
fitted for lifting cylinder and casing covers, also shackles, eye bolts, &c., to
be fitted where required, for convenience in overhauling main bearings,
condenser doors, pump covers, &c.

38. Store-Room.—To be fitted up where required with waste locker,
drawers, shelves, &c., with sufficient accommodation for spare gear and
engine and boiler working tools and stores.

9. General Finishing.—Gratings, ladders, handrails, &c., to be fitted
where required for the convenient working, overhauling, and cleaning of
the engines and boilers. Engine-room and stoke-hold to be well lighted
with strong copper or brass lamps, fitted with plate glass and fixed where
most convenient. The engine room and stoke-hold floors to be of cast-iron
foothold plates, fitted upon wood or iron sleepers as may be required, the
wing plates in stoke-hold to be bolted down.
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2 S & = y an index of parts a front and a side elevation

L - T - , crosshead, connecting-rod, and crank shaft

S 2% £ — . der of a compound inverted-cylinder marine

d 2 =5 - cification in your own words for these various

2 22 . < -t in your sketch by the index letters.

3 2= =2 & 2 the expansion and ordinary slide valve, with
z: ' "2 T : high-pressure cylinder of a_compound inverted- ,

§ S = = . Also include the valve spindles, link motion,

? :: =z == 2 rics, and write out a complete specification of

X = s = 1 to them by the letters on your drawing and

} > = 7. sure cylinder double-ported slide valve, with :

§ e 2‘5 L e . balanced piston, link motion, eccentric-rod, and

i o g2 0% tted to a compound inverted-cylinder marine
t: x 2 . . . .

% 3 -, == = ler engine, sketch a sectional side elevation only,

S E == e 2 cylinders, and describe some mode of construc-

é =—= 2 & . orking may be carried out in the high-pressure
Zs =T =T . :

5 =2 1t elevation only, and describe by an index of

f 8§ T der covers, slide valves, valve spindles, valve

NS X T -ods, witwlands complete, of a modern compound

D T ‘ngine. rite out in your own words a specifica-

shown in your sketches, referring to each part by

, by index of parts, the general arrangement of an
invertea-cy.... ind marine engine, showing by a front and side
section and plan the sicum cylinder, the air pump, and the condenser, &c.
‘What advantages and disadvantages has this form over the simple con-
densing engine of the same type ?

7. Ygou are required to describe the complete general arrangement by a
sketch and index of parts of some form of compound-cylinder marine engine
of the condensing type, with boilers and principal pipe connections. Show
clearly the manner in which steam is conveyed from the boilers to the engines,
and distributed between the cylinders, and how it finally passes into the
condenser, also how the condensed water is returned to the boilers.

8. Explain the principle of the compound or double-cylinder engine.
State all the advantages and disadvantages of the compound engine as
compared with the simple condensing engine, and clearly point out the
action of the steam in each case.

9. Sketch any arrangement with index of parts, and describe thoroughly
how it is worked for starting, stopping, and reversing a marine engine by
steam starting gear.

10. Sketch a section through the cylinders and valve of a compound
engine where one valve placed between the cylinders is used for the distribution
of the steam. Explain the action of the valve by any sketches which may
be necessary. (Adv. S. and A. Exam., 1889.) Thisis an obsolete arrangement

consisting of two long D or Mardock’s slide valves placed hack to back, and moualded into
s single hollow but closed pipe, with ports at each und. Ses Prof. Goodeve's Text-Look on

the Steam Engine, p. 236,

|
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LECTURE XXIV. .
TRIPLE- AND QUADRUPLE-EXPANSION ENGINES.

Caozermrers. — Th of Triple- i ines *—Tri ion

ExEnmn' o8 of;:hz 8.8. E?;HWEEWWR&M E«:glmckmonl Expn-l&
pansion Disconnective Engines—Brock’s Patent Quadruple- :

Engines for the S.S. Bumagjinimo. N ple-fixpansion

Theory of Triple-Expansion Engines.—Economy of coal is one of
the chief things to be kept in view by engineers in designing
most kinds of steam engines, but more especially in the engines
for steamers intended for long voyages. Not only does every
ton of coal saved mean a ton of freight earned, but it also means
a saving of expense in firing, and in many trades of time in
stopping to coal at outlying ports, where the fuel is expensive.

Within the last twenty years the chief direction in which
economy has been sought, has been by a gradual increase of the
steam pressure. Unfortunately, however, as we increase the
pressure, we do not gain proportionately in efficiency (as will
be seen from the following table), and a time must come when it
will not pay to increase the pressure further, from the difficulty
of keeping the cylinders lubricated at high temperatures, as well
as from the untrustworthiness of steel for the furnaces at a blue
heat (about 470° F.), and the necessarily increased thickness of
the boiler plates, &c.

As we pointed out in Lecture XII., the utmost efficiency
possible with a steam engine (supposing no practical difficulties
intervened to prevent its realisation) is represented, by the
difference between the absolute temperatures of the boiler steam and
that of the condenser, divided by the absolule temperature of the
Jormer.

Or by the formula—

2~ N (see page 90).
T2
Where r, = the absolute temperature of the boiler steam,
and 7, = » ” » of the condenser.

* The student, before comrnencing this Lecture, should again review
wb;tx \v;e said in Lecture XII. and the latter parts of Lectures XIV.
an .
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Now, assuming the temperature of the condenser to be 100"
Fah, the efficiency as we increase the pressure from steam of
a.tmosphenc pressure to that of 300 lbs. on the square inch, is
given in the following table:—*

For 0 1lbs. or Atmospheric pressure the efficiency
EH] 10 1] boiler pressure by gauge 3

25
L
:

= 200

=221
”» ” ”» » ”» ”»
”» ”» » ”» ” =237
” ”» ” ”» ” =250
s ” ” 9 ”» =261 ,
» ”» ”» ”» 3 =270 ,,
» » ”» ”» ”» =286 ,,
s 100, ” ” ”» =298 ,,
s 125, ”» ” ” =311
» 150, ” » ” =322 ,,
» 200, ” ” s =339
” ” » ”» ”» =353
s 300, ” ” ” =365

From the above table it will at once be seen that Watt, in
working with low pressure steam, had at his disposal the most
prolific portion of the efficiency curve, and as we gradually raise
the pressure, the rate of increase of efficiency becomes less and
less, until about 300 lbs. the curve becomes very flat.

The actual efficiencies of steam engines must, in practice, for
many reasons, be always much less than the above values; the
chief reason being the condensation of steam in the cylinder or
cylinders. Nevertheless, the ratio of the above figures, or the
curve plotted from them, will be proportional to, or represent to
scale, the relative efficiencies of engines working at different
pressures, if we assume that the sum of all the losses which
contribute to the reduction of the actual below the theoretical
efficiency, is proportional to the work done in the engine cylinder
or cylinders. In advancing from 60 lbs. (the usual pressure
adopted on the introduction of the compound engine and for
several years afterwards) to 150 lbs. (the pressure now being
used in most triple-expansion engines), we see that the efficiency
rises from 270 t0 322 =52, Or,as 27:52::100:2 = 19-25 per
cent. increase of efficiency. But from the actual trials of a mail
steamer, the engines of which were altered from compound to

* The student should verify the accuracy of the above table
by calculation, referring for the temperatures corresponding to
steam pressures (absolute) to table, a) 62 and for the percentag:
to the data given at p. 90; he shoul then plot out an eﬁicxency
the boiler pressures for "abacissee and tge corresponding
ordinates,
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triple-expansion, the decrease in the consumption of coal was 33*
per cent., while the speed remained the same.}

Several other instances of increased economy due to the
adoption of higher pressures and triple-expansion engines, are
given by Mr. Parker, Chief Engineer Surveyor of Lloyd’s Register,
whose position gives him exceptional opportunities for observing
the improvements being effected throughout the world in marine
engines. One other of these instances we shall quote here.
“Two large passenger steamers of over 4500 gross tonnage,
having engines of about 6000 I.H.P., built of the same dimen-
sions, from the same lines, with similar propellers, are exactly
alike in every respect except so far as their machinery is
concerned. One vessel is fitted with triple-expansion engines,
working at a pressure of 145 lbs. per square inch, whilst the
other vessel is fitted with ordinary compound engines, working
at a pressure of 90 lbs. per square inch. Both vessels are
engaged in the same trade, and steam at the same rate of speed,
viz., 12 knots per hour. The latter vessel on a round voyage
of 84 days burns 1200 tons more coal than the former.”

The fact that a greater increase in economy is actually
realised with triple-expansion engines than what we might have
been led to expect, from merely taking the performances of
compound engines and the proportionate increase of pressure into
account, shows, that the triple-expansion engine works under
conditions more nearly approaching to those required for the
maximum efficiency. This may be partly accounted for from the
circumstance, that the range of temperature through which the
steam passes in any one cylinder in the course of one revolution
is less, and consequently the wasteful condensation of steam is
reduced.

For example.—(1.) Take steam of 60 Ibs. boiler pressure, doing
work in a compound engine.

Then 60 lbs. = 75 lbs. absolute = 307° Fah. (See Table, p. 60).

Let this fall in temperature through two cylinders to the
condenser at 100° Fah.

307° — 100°

= 103°5 for the fall in temperature in each
2 cyls.

cylinder, supposing the fall to be equal in each.

* The compound engine was poor, and 25 per cent. sufficient. i

+ See paper * On the Progress and Development of Marine Engineering,”
by W. Parker, Esq.—read before the Institute of Naval Architects, July
29, 1886, and reported in The Engineer and Engineering, Aug. 6, 1886,
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(2.) Take steam of 90 lbs. boiler pressure, doing work in a
compound engine.

Then 90 lbs, = 105 lbs. absolute = 331°:3 Fah.
331°-3 — 100°
2 cyls.

(3.) Take steam of 150 lbs. boiler pressure, doing work in a
triple-expansion engine.

Then 150 lbs. = 165 1bs. absolute = 366° Fah.
. 366° — 100°
" 3cyls.

= 115°6 for the mean fall in each cylinder.

= 88°6 for the mean fall in each cylinder.

(4.) Take steam of 200 lbs. boiler pressure, doing work in a
quadruple-expansion engine.

Then 200 1bs. = 215 1bs. absolute = 388° Fah.

o M = 72° for the mean fall in each cylinder.
cyls.

(5.) 200 lbs., with five expanding cylinders, gives a mean fall
of 57°6 Fah. for each cylinder.

The leakage of heat energy to the condenser is also less, for
the same power developed by the engines on the triple and
quadruple expansion principle. No doubt a great deal of the
greater economy that may be obtained from triple- and quadruple-
expansion engines depends upon properly proportioning the
areas of the several cylinders and receivers, so as to take as full
advantage of the expansion of the steam as possible. In order
to illustrate this point, Mr. Parker of Lloyd’s, in the paper
already referred to, instances two sets of engines made by two
well-known firms. “In engine No. 1, the cylinders are pro-
portioned as 1:2:5:7-11; the boiler pressure is 150 lbs. per
square inch, and the mean pressure of the three cylinders
reduced to the low-pressure cylinder, is 25:61 lbs. In engine
No. 2, the cylinders are proportioned as 1:25:5:28 ; the boiler
pressure is 135 lbs. per square inch, and the mean pressure
reduced to the low-pressure cylinder, is 321 lbs. per square inch.
It will be seen at once that engine No. 2 is not using the steam
8o expansively as engine No. 1, and in proportion to the size of

low-pressure cylinders, it is doing 9:252_611’ or 1:253 times as much
work a8 No. 1. On measuring the amount of steam used per

<
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revolution from the indicator diagrams, it was found, however,
thaz engine No. 2 used 1'494 times as much weight of steam s
engine No. 1; and as it only did 1-253 times as much work, the
ethiciency of No. 1 must be :%9;’ or 1-19 times greater than that
of No. 2; in other words, No. 1 engine would give 19 per cent.
wovre power than No. 2, from the same weight of steam used.

Engineers and the owners of steamships generally are fast
recognising the advantages of the triple-expansion engine over
the ordinary compound form ; so much so is this the case, that
41 sets of triple-expansion engines have been built during the
first half-year of 1886, as compared to 60 pairs of compound
engines, and there are in hand at present (Aug. 1886) no less
than 128 sets of triple-expansion engines, as compared to 71

irs of compound, independent of 23 sets being built for the
E?ish Royal Navy, which are expected to equal 130,000 com-
bined LH.P. The chief stimulus to this rapid change was given
by Mr. A. C. Kirk of Messrs. Robert Napier & Sons, who in
1331 designed and built the engines and boilers of the S.8
Aberdeen (referred to at p. 132); for, previous to that, no one
had had the courage to use steam of 125 lbs. at sea for large
vessels in a boiler of the ordinary marine type.

Seeing that we are so close to what appears to be the limit of
pressure that can be economically and safely used in large marine
engines, engineers will soon have to turn their attention in other
directions than that of still further increasing the steam pressure,
in order to save the coal bill ; such as better methods of com-
bustion, and of transferring heat from the furnace or fuel to the
water,® and to reducing the amount of power absorbed by the
machinery itself. At least 50 per cent. of the power developed
in the cylinders of the very best marine engines of the present
day, is absorbed or lost in overcoming frictional and other re-
gistances, thus leaving only about half the power generated in
them for the main and useful purpose of propelling the ship.

Triple-Expansion Engines, 8.S. «Arabian.”—The following

ive view, and the accompanying folding-page, illustratest
a saccessful form of small power triple-expansion twin-screw

* Qee Industries, Aug. 27, 1886, p. 197, and The Engineer, Sept. 10, 186,
o \tarine Bailers. .
. ¢ wre indebted to Messrs. Rankin & Blackmore for the illustrations,
~iwen foewn what appeared as a large two-page engraving, and full-page
- —evemw - in Engineering, on July 25, 1884,
e~ <toieats should refer to the Sixth Edition of Seaton’s Mamal
T yvwaring for views of the different ways by which Triple and

<ty - Rgwaidon have been carried out in practice.

\
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engines, manufactured by Messrs. Rankin & Blackmore of
G—reenoek for the 8.8. Arabian. This steamer, which is employed
aox the West Coast of Scotland Trade, carries about 240 tons of
a light draught, and is 126 feet long, 22 feet beam, and
9 feet 6 inches depth of hold. On her trial trip, April 26, 1884,
she attained a speed of 10 knots, on a mean draught of 5 feet
7% inches.
The engines are constructed on what is known as the maker’s
ved Patent Triple-Expansion Disconnecting Type (of
which they have several modifications both for screw and paddle
d::mn), suited to an initial pressure of 150 lbs. on the square
iz

TrirLe-ExpansioN TwiN-ScRew ENGINES.
By Messrs. RANKIN & BLACKMORR.
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Arrangement of Cylinders.—Referring to our illustrations andi
to the “Index to parts” on the folding page (which should be!
carefully compared by the student before reading the followingt
description), it will be seen that each screw-shaft has but one
crank-shaft, C 8, above which are mounted two cylinders tandem
fashion. Above the port shaft, are a high-pressure cylinder, C,,
9 inches in diameter, and an intermediate cylinder, C, 18
inches in diameter, while above the starboard shaft are another
high-pressure cylinder, C,, also 9 inches in diameter, and a low:
pressure cylinder, C;, 32 inches in diameter. The stroke in
cases is 22 inches. The intermediate cylinder is surrounded by
receiver, which is divided into two parts, of which the lower i
connected to the exhaust pipes, E P, and E P C,, from the tw
high-pressure cylinders, C,, O;, by the steam pipe, S P C,, to th
intermediate cylinder, O,. The upper part of this receiver is i
communication with the exhaust pipe, EP C,, from the inte
mediate cylinder, and is also connected by a pipe, S P O, wi
the valve chest of the low-pressure cylinder, C;. This pipe i
fitted with a spring-loaded relief-valve, R V, opening to a pi
which can discharge into the atmosphere any steam passing t
relief-valve. There is also a smaller spring-loaded relief-valv
R V1, the casing of which has two branches, the one commu
cating with the upper, and the other with the lower portion
the receiver, surrounding the intermediate cylinder. Thi
arrangement permits steam to pass from the lower to the up
part of the receiver, as soon as the pressure in the lower
exceeds a certain amount.

Courss of Steam Under Different Conditions of Working.
(1.) With both engines at work, steam is admitted from the boil
by the steam pipes, SP O,, S P C,, and stop-valves, 8V, 8V,
thé valve chests of both high-pressure cylinders, C,, C,, whi
the exhaust steam from them passes down through the exhaust
pipes, EP,,and EPC,, and steam pipe, SP O,, to the lower
part of the receiver which surrounds the intermediate cylinder,
C,, and passes from thence to the valve chest of that cylinder.
After having done its work in the intermediate cylinder, it is
exhausted into the upper part of the surrounding receiver, and
is then led through the horizontal pipe, E P 0,—S P C,, to
the valve chest of the low-pressure cylinder, C,, and after doing
its work there, it is finally exhausted into the condenser, Co, by
the exhaust pipe, E P O, in the usual way.

(2.) Suppose the starboard engine to be stopped (by means
of the reversing gear, the two throttle valves remaining open)
and the port engine to be worked alone. Under these circum-
stances the steam from the port high-pressure cylinder will
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exhaust into the lower part of the receiver surrounding the
intermediate cylinder, passing thence into the valve chgst of that
cylinder, doing its work in the intermediate cylinder, and exhaust-
ing into the upper part of the receiver. The starboard engine
being stopped there is no escape for the steam through the low-
pressure cylinder, so it will accumulate in the upper part of the
receiver until the pressure is sufficiently high to raise the large
spring-loaded valve, the steam then escaping into the atmosphere.

(3.) On the other hand, if the port engine be stopped and the
starboard engine be worked alone, the steam from the starboard
high-pressure cylinder exhausts into the lower part of the re-
ceiver around the intermediate cylinder, and, there being no
escape through the intermediate cylinder valve chest, it accumu-
lates there until the pressure is sufliciently high to lift the
smaller spring-loaded valve, R V1, when it escapes into the upper
part of the intermediate receiver, and hence through the connect-
ing exhaust pipe to the valve chest of the low-pressure cylinder,
where it is utilised, and finally exhausted into the condenser in
the ordinary way.

It will thus be seen that when both the engines are running
they are of the triple-expansion condensing type, while the port
engine, when running alone, is of the compound non-condensing
class, and the starboard engine when working alone, of the com-
pound condensing class. These explanations of the courses taken
by the steam under different conditions of working may appear
rather complicated to follow, but there is not in reality any
complication in the matter, and the spring-loaded valves being
automatic in their action the arrangement does not involve any
extra work in handling the engines.

Details—Piston, Cylinders, &c.—The high-pressure pistons are
fitted with Ramsbottom’s rings, and the intermediate and low-
pressure pistons with Buckley’s rings and springs, the latter
being adopted to avoid the necessity for frequent overhauling.
It will be seen from the illustrations, that the high-pressure
cylinders are mounted on standards or distance-pieces which are
cast in one with the top covers of the intermediate and low-
pressure cylinders respectively. All the cylinders have their
lower ends cast solid with them, and there are no loose liners
or steam jackets. The intermediate and low-pressure cylinders
are each supported on one side by projections from the condenser
which stands between them, while on the side next the sides
of the vessel each of these cylinders is carried by an independen’
standard or column as shown. The bed-plates with the crank-
shaft bearings are both bolted to the condenser, so that the two
engines form cne solid structure.

’-d
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Valve Motion.—The link-valve motion, LM, is marked by
some special features, it having been designed to keep clear of
the condenser, which would have been in the way of ordinary
double-plate quadrants when working in full gear ahead. To
avoid this difficulty, there is bolted to the end of each wvalve
spindle a double-head which carries the quadrants within ft, and
which enables them to be made much shorter than would be
possible with the ordinary arrangement with a solid spindle
head between the quadrants. The double-heads on the valve
spindles look somewhat massive, as they have of course to be
made large enough to allow of the eccentric-rod heads passing
between them; but the arrangement seems to answer thoroughly
well. The whole of the working parts of the valve gear are

made adjustable.
High-pressure Slide Valves.—As will be seen from the views

on the folding-page, each valve of the high-pressure cylinders is
driven by its valve spindle from a pin guided in a slot of
a rocking lever; one end of each of these levers being a fixed
fulecrum, while the other is coupled by a connecting-rod to the
corresponding lower valve spindle. The high-pressure valves
are thus given a travel equal to half that of the valves of the
larger cylinders below.

Pumps.—The air, circulating, feed, and bilge pumps (one of
each) are worked from the crank-shaft of the starboard engine
by eccentrics, the port engine driving no pumps. The air and
circulating pumps are each double acting, and are 10 inches in
diameter by 10 inches stroke. They are of the pattern in which
a plunger works to and fro through a central partition, as shown
by Fig. 1, on the folding-page, from which their arrangement
will be readily seen. The pumps with these valve chambers
form part of the condenser casting. The only packing used for
the plungers is water, which is admitted round the plunger
where it works through the partition by the apertures shown
This arrangement is found to give excellent results; the pumps
work with exceedingly small friction, and the vacuum obtained
s quite as good as with pumps having packed buckets. In fact,
Mesrs. Rankin & Blackmore state that they have repeatedly

iped from 28 to 29 inches vacuum in engines working with
sdmitted for three-fourths of the stroke. The section,

e L. just referred to, is taken through the circulating pump

ST & « fitted with india-rubber valves. The air pump is fi

wmaE rn's metallic valves for both suction and delivery.
wnw and bilge pumps are plunger pumps, and are worked by
b ; e rods of the circulating and air pump as shown.

o= T " The condenser contains 555 solid-drawn brass
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tubes, 5 feet long between tube-plates, § inches in diameter and
No. 18 W.G. thick. The condensing surface exposed being 545
square feet. The tubes are packed with cotton cord and screwed
brass glands. The condensing water is forced through the tubes,
making three runs of the length of the condenser.

General.—The engines above described have, as we have
already stated, been designed for a working pressure of 150 lbs.
per square inch, and the boiler provided in connection with
them is illustrated and described in Lecture XXVIIL The
slide valves of the two high-pressure cylinders are set to cut off
at threefourths of the stroke, while those of the intermediate
and low-pressure cylinders cut off at five-eighths of the stroke.

The total indicated horse-power was 336, and the consumption
of coal was but 175 lbs. per horse-power-hour with ordinary
Scotch coal. )

The student should study the several indicator diagrams, with
all the data attached, on the folding-page, and as a useful exercise
he should plot out an enlarged combined-indicator-diagram-
curve, in order to check the one furnished by the makers, and
thus revive his acquaintance with the information given at the
end of Lecture X V.

Quadruple-Expansion Engines.—Quadruple-expansion engines
have not been much used as yet, but there can be little doubt,
that as surely as the compound engine replaced the simple
condensing engine ten to fifteen years ago, and the present form
of tripleexpansion engine (only some five years of age), is fast
supplanting the compound engine, so the quadruple-expansion
engine will in a very few years be the common type for the
propulsion of steam vessels. What we shall come to next.
remains to be seen, but it seems most unlikely that we can go on
much further in the direction of increasing the pressure, the
number of cylinders, and the number of expansions, owing to the
several causes enumerated at the beginning of this Lecture.

‘We here illustrate one of the few forms of quadruple-expansion
engines that have been put into practice—viz., that by Messrs.
Rankin & Blackmore of Greenock. The general arrangement of
this engine will be at once understood from the figures and the
accompanying index of parts. The object aimed at by this design,
besides taking advantage of higher pressures from 180 to 200 lbs.
on the square inch, is to so arrange the cylinders and other parts,
and especially the connecting pipes and their valves in i
manner, that should one cylinder in any way become di
or require to be examined or repaired at sea, it and the
tandem to it, may be disconnected from the other pair of cyli

by simply uncoupling the connecting-rod of the disabled sid
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M- (] s 2 2 < -6 ,
PLAN oF RANKIN’S PATENT FoUur CYLINDER
DIScONNECTIVE QUADRUPLE-ExPANsSION CoMPOUND ENGINE.

INDEX TO PARTS.

Cy for Cylinder High-Pres. SPC;, SPCq, SPC3, and SPC,,
Cs, s ,,  First Inter- for Steam Pi leading to
mediate. Cylinders, C,, C,, Cs, C,.

Cs, s» Cylinder Second ,, EPC,, EPC, EPC; EPC,, for
Cy, ” Cylinder Low-Pres. Exhaust Pipes from Cylinders,
PV,;, PV, ,, Piston Valves, Cy, Cs, Cs, Cy.

BP, »» Boiler Pipe. RVC,, for Reducing Valve to
SV(,, »» Stop Valve to C;. . Cylinder Cs.

SV Co, +» Stop Valve to Co. i Co, for Condenser.

its crank-shaft end, and the ship kept going by the sound pair of
cylinders. The facilities thus provided for working one-half
of the engines should the other half become disabled, may be of
great practical value at times, for it may be the means of bring-
ing a steamer to port, when otherwise she would be helpless.

As seen from the side elevation and plan, and the index to
parts below the plan, there are four cylinders, C,, C,, tandem and
Cy O,, tandém, proportioned and arranged for four stages of
expansion.

Ordinary Working.—Under ordinary circumstances, steam
enters from the boiler by the boiler pipe, BP, and stop valve,
8V Oo, to the valve casing of the high-pressure cylinder, C,.
After doing its work in this cylinder, the steam exhausts by the
pipe, EPC,, and steam pipe, 8P C,, to cylinder, O,, whence it «

21
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exhausts by the diagonal pipe, EP C,, and steam pipe, SPC,,
to cylinder, O (the stop valve, SV Co %eing closed), from which
it exhausts by the pipe, EPC; and steam pipe, SPC,, to cylinder,
O,, and after doing work there, it finally exhausts by the pipe,
EPC,, to the condenser, Co.

Working with the After Cylinders Idle.—The stop valve,
8 V Oo, is opened, this permits the steam exhausting from
cylinder, C,, to go direct by the horizontal pipe, E P C,, into the
large exhaust pipe, E P O,, and from thence into the condenser,
so that only cylinders, C,, and, C,, are in action like an ordinary
tandem compound engine.

Working with the Forward Cylinders Idle.—The stop valves,
8V C,, and, 8V Co, are both closed, while the reducing valve,
RV ds» is brought into action, whereby the steam enters
cylinder, Cg, direct from the boiler, but at a reduced pressure,
owing to the action of the valve, RV C,, and after doing its
work there, it exhausts into cylinder, C,, by EP C,,and SPC,,
and from thence into the condenser, Co, by the exhaust pipe,
EPC,, as before, thus leaving cylinders, C,, O,, idle, and C,, C,,
working like an ordinary tandem compound engine.

Last March (1886), Messrs. Rankin & Blackmore constructed
the engines and boilers* on the above principle for the Steam
Yacht ‘ Rionnag-na-Mara,” carrying out quadruple expansion
by six, instead of four cylinders, or by three pairs of tandem
cylinders, the three top cylinders being all high-pressure and
7 inches in diameter, while the two intermediate cylinders were
respectively 16 in. and 22 in., and the low-pressure one 34 inches
in diameter, all having a stroke of 24 inches. The reasons why
six cylinders were adopted instead of four with the arrangement
just described, were that the engines might be run very slowly
(not more than 15 revolutions per minute), for fishing purposes,
and with the view of distributing the power equally over three
cranks, 80 as to make ‘“as sweet working a job as possible.” By
admitting steam from the boiler simultaneously to the three
high-pressure cylinders prompt handling is ensured without the
use of starting valves, as the three cranks are set at 120 degrees
to each other.

The dimensions of the yacht, which was 311 tons Y.M., were
170 ft. long, 21 ft. beam, and 13 ft. 6 inches depth (moulded),
and she attained a speed of 12 knots per hour; the engines
developing 528 I1.H.P., at 113 revolutions per. minute, the steam
being expanded to twelve times the original volume to the point
of cut-off in the high-pressure cylinders before exhausting into

* These engines and boilers were illustrated and very fully described in
Engineering, on April 9th, 1886,
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the condenser. On a further test tor coal consumption, the
engines developed 412 I.H.P. at 102-2 revolutions, expanding
t‘h“;teen times, the temperature of the feed water being 150° Fah,
% lthe vacuum 25 inches, using only 1125 1b. of Penrikyber
ebsll Coal per LH.P. per hour. This result, which has
Prﬁ ably never been surpassed, was obtained without using any
Oth'elix lubrication for the cylinders than the condensed steam
%}‘;1 Daturally took place to a certain extent inside them.
7ith larger engines, such as would be required for an Atlantic
Liner, the makers believe, that by adopting the quadruple-
expansion principle, a consumption of 1 1b. per LH.P. per hour,
will yet be attained. In a cruise of 3,638 knots, the above-
’?’:‘:‘;’;ﬂd y:ﬁlt’s eln%i;es gave a mean consumption of 1-43 Ibs.
0 e coal, including that us r steeri
and winglasg, > g ed for steam to steering-gear

Brock's Patent Quadruple-Expansion Engines. —It is no-
necessary to go into a description of these engines as a whole,
because, with the exception of the cylinders, valves, and con-
nections, the design and arrangements are very similar to those
of the best known form of inverted cylinder compound marine
engine, such as that described in Lecture XVIIL. In fact, this
quadruple-expansion engine differs only in the substitution of a
pair of tandem cylinders for the single high-pressure cylinder, and
another pair of tandem cylinders for the single low-pressure
cylinder. The main feature, therefore, of this particular design,
is the use of four cylinders ; the steam being expanded successively
in each. By which means increased economy is obtained, due
to higher pressures than can be efficiently used in the ¢ triple-
expansion ” engine.

The use of tandem cylinders enables the four cylinders to be
combined with only two cranks, thus saving the multiplication of
working parts involved in the three-crank triple-expansion engine.

Such cylinders as hitherto constructed have been attended
with considerable drawbacks, notably the double stuffing-boxes
required between the cylinders for the piston-rods, and the difficulty
of obtaining access to the lower cylinders for examination or repair,
without removing the upper ones. This involved disconnecting
valve gear, steam-pipes, and other connections, and consequently
entailed considerable waste of time and expense to the owners.
In the engines under description, it will be observed from the
drawings that—

(1) The upper cylinders have no valves or pipe connections
fixed to them.

(2) The distributing valves for all the cylinders are in casings
attached to the lower cylinders.
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BRoCK’S PATENT QUADRUPLE-EXPANSION ENGINES, A8 FrrTep BY MEsses., Dexxy & Co.,
or DuMBARTON, TO THE S.8. * BUEN0S AIRKS,”
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(3) The number of stuffing-boxes is the same as for an ordinary
compound engine, the usual upper tail rod stuffing boxes of such
engines being, in this case, represented by the metallic packing for
the piston-rods between the two cylinders.

(4) It will also be seen that the upper cylinders, being unen-
cumbered by valve boxes and pipe connections, can be lifted from
their place with almost as much facility as ordinary cylinder covers.
This is seldom necessary, as it will be observed manhole doors,
M H, are fitted in the top or cover of the lower cylinders, by which
access is had to their interior, except when the cylinders are too
small for this to be done, in which case they are unnecessary, the
cylinders themselves being so easily lifted. Two doors opposite
each other are also formed in the bottoms of each of the upper
cylinders, by which easy access is obtained for examining or over-
hauling the metallic packing rings of the piston-rods.

The pistons are of cast-steel, formed conical, and of a single
thickness of metal. The apices of the cones of the pistons of the
upper and lower cylinders are turned towards each other, and the
ends of the cylinders being made to fit, sufficient space is thus got
between the cylinders for the doors described above, without
adding to the total height of the engine. This is clearly shown in
the cross-section through each pair of cylinders. It will be
observed that the upper cylinders have piston valves, and the
lower ones double-ported flat ones of the usual kind, the piston
valve and the slide valve for each pair of cylinders being contained
in the same casing. The high-pressure cylinder, C!, and second
cylinder, C? have one piston valve, V1, and one slide valve, V2,
mounted on the same spindle, while the third, C8, and low-pressure
cylinder, C4, have two piston valves, V3, and two slide valves, V¢
(there being two valve spindles united by a crosshead underneath
the stuffing-boxes). The piston valves, V! and V3, are withdrawn
when required, by removing the covers provided on the top of the
casings.

The lower valves, V2 and V4, are arranged so as to slip off
their spindles without the latter requiring to be disconnected, and
are withdrawn with great facility when required, by doors provided
at one side for the second cylinder, and at both sides for the low-
pressure cylinder, all as clearly shown by the drawings.

The upper piston of each piston valve is made larger in diameter
than the lower, by which means, as the entering steam is between
the pistons, the weight of all the valves and gear is balanced, or
as much so as may be desired.

The course of the steam through this engine is pretty clearly
shown, or can easily be inferred trom the figures, but it may be
briefly described as follows:—



QUADRUPLE-EXPANSION ENGINES. 263d

The steam from the boiler passes to the engine by a steam-pipe,
S P, and stop valve, 8V, and then enters by a passage formed
between the two pistons of the high-pressure cylinder valve, V1,
from whence it is distributed in the usual way to passages leading
to the top and bottom of cylinder, CL. In this way, the ouly
parts of the engine exposed to the full boiler pressure, are the
small part of the valve casing between the pistons of the high-
pressure valve, and the high-pressure cylinder itself.

The steam, on leaving this high-pressure cylinder, exhausts over
the ends and down the centre of the piston valve, V1, direct into
the casing beneath for valve, V2. This casing is made of consider-
able capacity in order to form a receiver between the two cylinders.
The object of this is to enable the steam admission to the second
cylinder to be closed sufficiently early to prevent the exhaust
pressure in the high-pressure cylinder from falling too low. This
was a great defect in the old double cylinder or ¢ Woolf” com-
pound engines, in which the exhaust pressure of the high-pressure
cylinder was nearly as low as the final expansion pressure in the
low-pressure cylinder, involving much larger ranges of temperature
than was necessary.

From this casing the steam is distributed to the second cylinder
in the usual way, and is then exhausted into a receiver cast
round the second cylinder, as is usual in the high-pressure cylinder
of ordinary compound engines. From thence, by suitable passages,
it reaches the space between the pistons of the piston valves, V3,
of the third cylinder, and so on as described, for the first pair of
cylinders, until it is exhausted into the condenser.

The following set of indicator diagrams have been reduced by
photography from tracings of the originals that were taken from
the cylinders of the 8.8. Buenos Aires on the second trial trip run
over the Skelmorlie measured mile on November 23, 1887. The
diameters of the cylinders were C! = 32", C? = 461", C3 = 64}",
and C* = 92", each with a 5-foot stroke. Steam was supplied at
169 lbs. by gauge, the vacuum was 251", and the mean revolutions
68 per minute, which gave a total LH.P. of 4,318, as shown by
the sum of the indicated horse-powers of the four cylinders.
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Lecture XXIV.—QUESTIONS,

1. Explain how ﬁ:o:ter economy of coal may be obtained by the triple-
expansion engine t! by a simple coudensing, or by a simple compound
engine. Give any authentic instances of the exact consumption of coal per
L .I;;vper hour, by the three kinds of engines. '

2. Work out in full and tabulate the maximum theoretical efficiencies
due to using steam of different pressures, from atmospheric pressure to 300
Ibs. pressure per square inch; also draw an efficiency curve from your
wu,to a scale of 1inch = 50 lbs. pressure, and 1 inch = 10 per cent.

ciency.

3. To what causes do you attribute the difference between the maximum
theoretical efficiency from using steam of high-pressure and the efficiency
uctu%lg obtainable in a steam engine even of ghe best known type?

4. What good reasons have you for supposing that the practical limits
of economy and safety have been nearly reached in the direction of high-
pressure steam and multiple expansion in marine and other engines? In
what other directions must engineers now turn their attention in order to
attain greater economy of coal and steam ?

5. Make a section through the cylinders and slide valves of a tandem
engine, where the two pistons are on the same rod, and the steam exhausts
directly from the high- to the low-pressure cylinder.

6. Sketch and describe fully by an index of parts any form of triple-
expansion, marine, or other engine with which you may be acquainted.

. Sketch and explain fully by an index of parts any form of quadruple-
expansion engine with which you may be acc.luamtm{‘.7 What advantages
are claimed for such engines arranged on Rankin’s disconnective uﬁlm’
whereby one portion of the engine may be worked while the other is idle?

8. Give complete freehand sketches through the cylinders and slide valves
of Brock’s patent quadruple-expansion marine engines. Explain in your
own words the complete action and the advantages of this arrangement of
cylinders and valves. i

9. Reduce the indicator diagrams from the four cylinders of the S.S.
Buenos Aires (page 263¢) to one scale as explained in Lecture XV., pp. 129
to 134. Find the percentage difference of work done in one stroke between
the combined area from these four reduced diagrams and the total area

0
inclndedbyacumdmwntotheformulapv%

10. What would be the probable consumption of fuel per LH.P. per hour
in the most approved * simple-condensing ” and * triple-expansion ” engines
respectively ? State succinctly what are the differences, if any, in the
initial or boiler pressures, in the grades of expansion, and in the construc-
tion of the slide valves of each cylinder of the triple engine, as compared
with the single form, in order to obtain hiiher efficiency in the compounded
engine. What reasons do you assign for the better result in the compound
engine? (Honours 8. and A. Exam,, 1889.)
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LECTURE XXV,
CYLINDERS AND SLIDE VALVES,

CoxTENTS. —Details of Engines®—Cylinders—Old D Slide Valve—Ordinary
or Locomotive Slide Valve—Double-Ported Slide Valve—Gridiron
Slide Valve—Thom’s Patent Double-Ported Trick Valve—Piston
Valve—Reversing Link Motion.

Details of Engines—Cylinders.—The necessary size of cylinder
for any engine may be calculated by the formula relating to
horse-power given in Lecture XVI., but in order to impress
the method clearly on the memory of the student, we here
repeat the formula in a more extended form.

Let D = Diameter of the cylinder in inches.
P = Mean pressure of steam in lbs. per square inch.
S = Speed of the piston in feet per minute.
HP = Horse-power which the engine is required to indicate.

Then, since the area of the cylinder = #7* = ;: Dt

P X D' x 8
‘We have— HP__J_
- 33,000
And: D = P x 33,000 _ /HP x 42,016 _ 205 _I_’
- PS8 PS
pxgx S

Cast-iron is the material universally employed for the con-
struction of steam engine cylinders. The inside of the cylinder
barrel is usually fitted with a thin liner, which is made of a
hard close-grained material capable of taking on a high polish
and withstanding the rubbing action of the piston. If the liner
becomes much worn, it may be taken out and replaced by a new
one at a very small expense; or it may be re-bored if only
slightly worn. In small engines it is not usual to fit the
cylinders with liners, but the metal of the cylinder barrel is
made thicker than is necessary, so that when the cylinder
becomes much worn, it may be re-bored, and fitted with a new
piston. When the cylinder is to be steam jacketed, a liner is
now always employed, and steam is circulated round the annular
space between the cylinder barrel and the liner. Liners are

. * Students should compare the details in this Lecture with the specifica-
tion given in Lecture XXIIL
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usually constructed of hard cast-iron ; but recently compressed
steel liners, as manufactured by Sir Joseph Whitworth’s patent
process, have been largely employed, and have given satisfactory
results. The method of fitting in-these liners will be readily
understood by reference to the diagram, p. 269. The interior of
the cylinder barrel has a fitting strip at each end, which
projects from # in. to 4 in. above the interior surface of the
barrel itself ; and these strips are bored out so as to fit exactly
two similar strips on the external surface of the liner. The
annular space between the liner and the cylinder barrel is
therefore from 1 in. to 1} in., and the hot steam from the
Doiler is passed round this space. The liner is usually fixed in
by an internal flange on its lower or inner end, which is some-
times recessed into a space in that end of the cylinder, and is
attached to the cylinder end by screwed pins. To prevent
waste of steam, it is necessary that the joints between the liner
and the cylinder barrel should be steam tight, and at the inner
Jjoint this may be effected by the use of red lead, when the liner
is being fixed in its place. At the back or upper end, however,
a small groove is usually bored out at the joint immediately
above the fitting strip, and this groove is packed with soft rope,
asbestos, or some of the other packings in general use. The
packing is kept in position by a thin wrought-iron ring which
i8 fixed to the top of the liner. A very simple and efficient
plan, is to caulk a thin copper ring into a space bored out for it
above the fitting strip.

One of the ends of a steam engine cylinder, called the cover, is
always bolted on, whilst the other is cast along with the cylinder
barrel. Usually it is the back or upper end which is separate
from the cylinder barrel. In large engines, and all jacketed
engines, this cover is made hollow, and the flat sides are con-
nected by ribs. In small engines, it consists simply of a circular
plate of metal. This cover is held down by studs, which are
screwed into a flange on the cylinder barrel, and are sufficiently
strong to resist the full initial pressure of the steam acting on the
area of the cover. The pitch of these studs must not be too great,
since it then becomes difficult to keep the joint steam tight.

Relief valves are usually fitted to the cylinder cover and
cylinder end, and consist of simple mushroom valves loaded with
springs. (See figs., Lectures XX. and XXTIII.) Their function
is to allow a means of escape for the water which collects in . the
cylinder, either by the ¢ priming * of the boiler, or by condensation
of steam. When the piston approaches the end of its g
forces the water which may have collected in the cy
the clearance spaces; and if there is more than suffi
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to fill the clearance spaces, the pressure put upon it opens the
relief valves, and allows it to escape. P

The steam ports and passages are almost always cast along
with the cylinder barrel, and in small engines, the valve casing
also forms part of the same casting. In large engines, however,
the valve casing is bolted on. The face of the steam and exhaust
ports, against which the slide valve works, is usually planed and
scraped up to a true plane surface, so that
it may form absolutely steam tight contact
with the valve. Sometimes a valve face of s
specially hard cast-iron is fixed on to the face
of the steam ports (as shown in the fige,, pp.
267, 269) so as to prevent excessive wear.
It is generally attached by small screws, the
heads of which are sunk below the flush of
the valve face. In some few cases, bronze
valve faces have been used ; but these,alth
forming a good surface for the valve to work
against, cannot be recommended, because when
so fixed the bronze warps, due to its greater
coefficient of expansion by heat.

Old D Slide Valves.—The action of the
ordinary slide valve and the method of deter
mining its principal dimensions were fully
explained in Lecture XIII. We now purpose
to illustrate a few of the forms of valves
which have been or are in common use at
the present time.

The first form of slide valve was that known
as the D valve, from the resemblance of its
cross section to the letter D, and it is shown
in the annexed diagram.* This valve consists

i of a long semi-circular pipe, the flat side of
Long D Slide Valve. ) ich slides against the face of the ports,
whilst the circular part moves steam tight against packing
at each end. Steam usually enters at the valve casing by
the pipe with the throttle valve, shown in the diagram; and
is prevented from passing to the ends by the steam tight pack-
ing. Both ends of the casing in which the valve works are in
direct communication with the condenser, so that when the valve
moves up sufficiently, the inner edge of the upper steam port is
opened to steam, while the lower steam port is opened to
exhaust; and vice versa when the valve moves in the opposite
direction.
. Locomotive Slide Valve.—The valve which is in general use for
* Compare 19 of our Elementary Manual.
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small engines at the present time, and is generally known as the
¢¢ Jocomotive slide valve” or ordinary three-ported valve, was
illustrated in Lecture XIII. (see also diagram of Joy’s valve gear,
Lecture XX. ; the triple expansion engines, Lecture XXIV.; and
of the locomotive, Lecture XXX.) The great objection to a valve
of this form is the large amount of power which is absorbed in
moving it. The valve is subjected to the full initial pressure of
the steam acting over its whole area, and is therefore pressed
against the face of the ports with very great force, thus offering
very considerable frictional resistance to motion. Many plans
of relieving the valve from back pressure have been devised, and
several are used in practice, but none of them have proved
thoroughly satisfactory. The power required to move a slide
valve depends upon the size or area of the valve, the pressure of the
steam in the valve casing, and the length of travel of the valve.
Double-Ported Slide Valve.—In large engines, therefore,
especially when working with high pressures, the power absorbed

vummuN JOUBLE-FORTED VALVE,

in moving the slide valve becomes a very considerable item ; and
in order to reduce this absorption of power, double-ported valves
have been commonly adopted. This ~
front elevation of the compound engi
applied to the low-pressure cylinder.

* 8ee Seaton on Marine Engineering, pp.

double-ported slide valves and of relief frame
Lecture XXIII., by the same publishers.
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expenditure of power in moving the valve by a reduction of its
travelL It will be seen that there are two steam openings
leading to the one steam port at each end of the cylinder, which
are opened and closed by the slide valve. The upper opening
gets steam from the valve casing direct by its upper edge, and
exhausts round a passage at the back of the valve imto the
exhaust port; the inner opening gets steam from the valve
casing through a transverse opening in the slide valve, and it
exhausts directly into the exhaust port. A valve of this kind
thus gives the same opening to steam as an ordinary locomotive
slide valve with half the travel, and this would entail just half
the expenditure of power in moving it, if the valve was of tke
same size ; but owing to its construction, it is always somewhat
larger than an ordinary valve doing the same work. There is,
however, a considerable saving in power on the whole in the case
of large steam cylinders by using this form of valve instead of
the ordinary one, and hence its adoption in practice.

Gridiron Slide Valve.—Slide valves in which the steam port
opening is divided into a number of narrow slits, in order to still
further reduce the travel of the valve to a minimum, are known
as “ gridiron” valves, and were at one time commonly used as
expansion or “cut-off” valves, being placed between the steam
pipe and the main slide valve.

Thom’s Patent Double-Ported Trick Slide valve.—This slide
valve combines in one casting what is known as the ¢ Trick*
arrangement, applied to a valve having positive and negative
exhaust lap at both ends of cylinder. The negative exhaust lap
forming a communication between the opposite ends of the
cylinder just before the exhaust opens to the condenser, as
shown by the arrows, when the piston is in position, marked
“ communication open between ends of cylinder” so that the
steam at its terminal pressure is transferred from one side of
the piston to the other, compressed nearly up to initial pressure,
and used over again on the return stroke. This valve can be
adapted to suit either single-, double-, or triple-ported steam
cylinders. The illustrations show it as applied to an ordinary
double-ported marine engine cylinder. The port openings
marked, A,, A,, are only used for exhausting, whilst those
marked, B,, B,, are for steam and exhaust. Steam enters at both
ends of the valve simultaneously, as shown by the arrows, similar
to an ordinary “ Trick ” valve, but the ports, B;, B,, being wider
than A,, A, the full advantage of the steam coming through the
passage in the back of the valve is obtained. It may also be
adapted to suit the ports of an ordinary slide valve with equal
width of ports,



THOM’S PATENT DOUBLE-PORTED TRICK SLIDE VALVE. 269

In the first place, an amount of steam is saved in each
revolution of the engine equivalent to the capacity of the steam
ports, and clearance between the ends of the cylinder and piston,
which in many cases is fully 5 per cent. of the total steam used,
in addition to transferring the steam necessary to heat the
cylinder after being cooled by communication with the condenser.

Enssor eviinoTa
TroM’S DouBLE-PORTED TRICK VALVE.

In the second place, with the ordinary slide valve, provided
the vacuum is good and steam ports large enough, there is
nothing or very little to compress in the low-pressure cylinder,
and thus severe shocks are imparted to the several joints and
moving parts. But, by the adoption of this arrangement of
valve, the steam is taken from the other end of the cylinder,
after performing all the work possible, and compressed nearly
up to initial pressure, using the work stored in the piston for
this purpose, so that there is a far less shock consequent on
changing the direction of the motion of the piston, and more
revolutions (the inventor asserts) can be got out of the engines
with the same indicated horse-power.

As the change of pressure from the one side of the piston to the
other passes through the stages—(1) release by communication
opening ; (2) compressing steam transferred ; (3) exhaust opens
: N e ** ""ial pressure enters—it is obvious

points with far less shock, than in
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the ordinary arrangement of slide valve, where it is sometimes
necessary to give great lead to the low-pressure valve, especilly
on the bottom centre, to arrest the momentum of the vertically
moving parts. As, however, in the use of this valve, the work
stored in the piston and other moving parts is used to com
steam taken from the opposite end of the cylinder, and is nst
thrown away against the steam admitted by the lead of the
valve, as in the ordinary arrangement, no lead of the valve is
necessary as here used, and the engine turns the centre without
knocking, even if the brasses are rather slack.

A further advantage in the use of this valve lies in its being
lighter than thg ordinary double-ported slide valve, and taking
up less space in depth, which enables it to be more easily
overhauled. By its use, the friction on the cylinder port face is
creatly reduced by the fact, that one port is always exposed to
the pressure in the cylinder, thereby tending to reduce that on
the valve face.

Piston Valve.—As we remarked before, no thoroughly satir
factory plan has yet been devised for relieving the ordinary slide
valve from the pressure of steam upon its back surface; conse
quently, we find that now with the very high steam pressure
carried in marine and other boilers (about 100 1bs. for compound
150 lbs. for triple, and 130 to 200 lbs. on the square inch fo
quadruple-expansion engines), it has become absolutely necessary
in the case of large engines, to adopt another form of valve fc
admitting and exhausting the steam from the high-pressm
cvlinders. ‘This form of valve is known as the piston valve, an
we illustrate one fitted with Thom’s *“trick” arrangement fi
producing sufficient compression on the exhausting side of tl
piston to turn the dead points smoothly, and to economise stea
as explained above. It consists of two pistons, P), P, of ca:
iron, connected together by a cast-iron pipe and fixed to t
valve spindle, VX as shown. These pistons fit and work
liners, L. L. inserted into the ends of a cylindrical chamber, C
tolted to the side, or to the end of the high-pressure ste:
cvlinder. They are suitably packed with expanding rings, !
R~ Ry Ry like locomotive piston rings, which are frequen
wade of bronze. The pistons, P,, P,, open and shut the t
steam puorts, S P, S P, from the steam chest, and the exha
part. E P, in the same way as an ordinary slide valve does ; !
the arve of steam port is much larger than that of an ordin
slide valve of the same size across, and there is no unbalan
Pressure owing to its cylindrical form, hence no frictional w
and tear except that due to the pressure of the expansion ri1
Ry Ry Ry R,. To prevent these expansion rings from spring

>
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in the liners are cast diagonally so—W. With piston valve,

the clearance spaces are naturally rather larger than with the

ordinary slide valve, but this is minimised as much as possible

by keeping the pistons, P, P,, as far apart as practicable. The

trick pipe or passage, for communicating with both ends of the

valve, in order to effect the necessary compression when the piston

comes near the ends of the cylinder, is seen at, TP. In large

vertical piston valves, there is a small balance piston with cylinder

(similar to BP, p. 234), fitted to the upper end of the valve

spindle, in order to support the weight of the valve, valve spindle,

eccentric rods, and links. Piston valves can be made lighter

than ordinary slide valves, but they are essentially single-ported

valves, and have therefore as a rule a longer travel than double

ported slides. One would have expected that with piston valves,

much lighter valve spindles, links, and rods could have been

used than with ordinary slide valves doing the same work; but

this does not appear to be the case in practice. Piston valvesare
sometimes fitted with expansion piston valves inside the mawn
valves. Their construction is similar to the latter, but the
arrangement is somewhat complicated and difficult to get at for
adjustment and for repairs. All the latest Transatlantic Liners,
as well as many of the best passenger steamers, have been fitted
with piston valves. The only objection or disadvantage usually
urged against these valves, is their first cost, which naturally
prevents their being commonly fitted to the low-pressure cylinder
of compound, or of multiple expansion engines.

Reversing Link Motion.—The reversing of an engine which
has ordinary slide * or piston valves, is most easily affected by
means of a combination of links and rods, which is known as
“link motion.” In order that an engine may work in both
directions, the eccentric which moves the valve must always
remain at a given fixed angle in advance of the crank; and
evidently with one eccentric fixed on the shaft, the position a
this advance is dependent upon the direction of rotation, and it
not the same when the engine rotates in either way. The
ment by which the desired object is attained with link motio
is as follows :—Two eccentrics are fitted to the crank shaft sid
by side, the one being set in such a position relative to that c
the crank, as to control the valve properly when the engine i
going in one direction, and the other in a position to control th
valve when the engine is rotating in the opposite direction
These eccentrics are connected by separate eccentricrods an

f a link, in which a block connected to tk

lescribed and illustrated the reversing motion f£-
Lecture XIX., and Joy's Valve Gear in re X2



REVERSING LINK MOTION. 273

valve-rod is fixed, and which is capable of sliding from end to
end. When the link is drawn to the one side, the block being
stationary, comes into line with one of the eccentric-rods, and the
valve is worked by that eccentric to which this rod is attached.
If the link be pushed over to the other side, the other eccentric
comes into play with the valve, and the engine rotates in the
opposite direction. If the link be placed in such a position that
the block which is connected to the valve stands in the middle
of the link, then the engine stops, since the valve is thereby
placed in mxd-posmon, and simply travels to and fro over the
valve port face, a distance nearly equal to the lap plus the lead.
The construction of these links is very various. One form is
shown in the following figure.* It is a very simple form, and

TrE Sror LINK.

has been used for small engines for many years. It consists of a
flat piece of iron with a circular slot in it, in which a block
attached to the valve-rod is fitted. This block is able to slide
lengthwise along the link. The link has two snugs formed on
one side for the attachment of the eccentric-rods; and also a

* Other forms are illustrated in Seaton’s Manual of Marine Engmeermy
tary Manual, Lectare XXIII, ’
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snug at one end, by which the link is hung, and may be moved
back and forward so as to bring the valve-rod over one eccentric-
rod or the other. This link gives a more irregular motion to
the valve than some of the other forms, although it works on the
whole fairly well; but it is more difficult to adjust when it
becomes worn.

Another form somewhat similar to the above will be found in
the folding-page illustration of the locomotive, Lecture XXX
In it, the eccentric-rods are connected directly to the ends of
the link, L, with the reversing gear lever, R G L, fixed to the
lower end. The motion is still more irregular than that of the
above form, but owing to its cheapness of manufacture, its
simplicity, and solidity, it has been for a long time and is still
retained in most locomotives; although Joy’s valve gear, which
we illustrated and explained in Lecture XX., is superseding it
on some railway lines. :

One of the best forms of link reversing motion (although also
the most expensive) is shown in the diagrams of the engine,
Lectures XXIII. and XXIV. There, the link is formed of two
bars fixed together at the ends, and with the valve block sliding
between them. The eccentric-rods are forked, and are attached
to the links near the ends by pins, which are forged on to the
links. The link is hung at the ends as before. In this arrange-
ment it will be seen, that the centre of the eccentric-rod end
may be brought to coincide with the centre of the valve-rod
block, which gives a much more regular motion. The plan of
adjustment for wear is all that could be desired.

LecTURE XXV.—QUESTIONS.

1. How would you calculate the necessary diameter of a cylinder in order
to produce a certain horse-power? i
2. Sketch in section, and describe a cylinder cover for a large marine

e.

g.mSketch a section through the cylinder of a powerful marine engiune,
showing & jacket, liner, the ports and passages, and slide valve with casing.
How is the liner attached and fitted? Describe the process of making a
lLiner of compressed steel. .

4. Sketch in section a long D slide valve having lap on the steam side,
together with the steam ports and es. Explain the action of the
vnqve, and show the manner in which the exhaust steam is passed to the
condenser.

a D slide valve without lap. Sketch the valve and ports,
\ve in the middle of its stroke. Then show what you mean
and lead to the valve.

<P
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6. Draw a section of a locomotive slide valve and ports, showing the
valve, (1) without lap, (2) with lap.

7. Describe the tg}e& rted valve. How is the valve prepared and
faced so as to be fitted for use? Sketch the valve and ports in section.
Put the valve at middle of its stroke,

8. Sketch in ucti&: :ll:d describe a slide valve suitlable for a doltlxble- i
engine, together wi e steam ports or passages leading to the top an
bo%g‘!;l off the :ylinder. g!e ca.ref\?lonto t:l;lhow the mannerlin which thepva:;e

rovides for the escape of steam. e engine is single-acting, as in the
gue of a steam hamt}n):r, how should you alter the v:luvlg and the ports?

9, In marine engines with large cylinders it often becomes n to
diminish the travel of the slide valve while keeping a considerable opening
of the ports for the admission of steam. Sketch a section through a valve
and ports, showing how this can be done, and put the valve in its position
at the commencement of the stroke of the piston.

10. Sketch in plan and section any form of double-ported slide valve for a
marine engine, and explain its action.

11. Sketch a donble-ported slide valve, with a relief ring at the back of
the valve. Show also 1n section the ports in the cylinder with the valve in
the position it would have when the piston is at the end of a stroke.
Describe the operation of setting the slide valve of & marine engine.

12. Under what circumstances are balanced slide valves employed?
Sketch and describe & b;lm:;{d slide v‘stlmoz the high-preunire oylinder of
a triple-expansion engine. onours 8. . Exam, X

13. What is an ex ion valve? Sketch such a vafve, and show where
it is placed with reference to the ordinary slide valve, and explain the
manner in which it acts.

14. A marine engine is provided with an ordinary three-ported valve, but
has a back cut-off valve for varymg the grades of expansion. Sketch the
combination in section and e?hin te action.

15. Describe any form of valve suitable for an expansion valve, such as a
gridiron valve in a condensing engine. Show the method of actuating such
s valve, making any neoennr{’sketchea. )

16. 8ketch in section a double-ported slide valve with an expansion valve
working at the back of it.

17. Sketch and describe, by an index of parts, Thom’s double-ported
¢ trick ” slide valve.

18. Sketch and describe a piston valve, What are the reasons for
adopting this form of valve in preference to ordinary slide valves? Explain
its advan: and disadventages.

19. Deacribe, with a sketch, the mode of reversing a marine engine when
fitted with .th single eccentric, and show that the mechanism becomes self-

e Tev

20. Sketch Stephenson’s double eceentric and link motion, name the
several parts, and explain its action upon a slide valve. (4dv. 8. and 4.
Exam., 1889.)

21, Sketch and explain the mechanism for opening and the steam
;;lsy’o)of a single-acting Cornish pumping engine. (4ds. 8, A, Bxam.,

22. Describe the modified form of D slide known as a double- alide
valve, Sketch a section through the valve and ports, showing the position
of the valve when just opening for steam. When is it desirable to adopt &
valve of this construction? (A4dv. 8. and A. Exam., 1887.)
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LECTURE XXVI1
PISTONS, CONDENSERS, PUMPS, &c.

CoNTENTS. —Details of Engines continued *—Pistons and Piston-Rods—
Crossheads—Connecting-Rods—Crank Shafts—Main-Shaft Bearings—
Thrust Bearings—Condensers, Jet and Surface—General Remarks on

Condensers —Air Pumps—Air-Pump Valves — Circulating Pumpe—
Gwynne’s Centrifugal Pumps.

Pistons and Piston-Rods. — A good piston, besides having
sufficient strength to withstand the pressure to which it is sub-
Jjected, should be absolutely steam tight, and should exert a
uniform pressure all round its circumference ; but this pressure
should not be so great as to create excessive friction between
it and the cylinder. The simplest form of piston is that used
in locomotives and small engines (see folding-page of locomotive,
Lecture XXX.) It consists of a simple disc of metal with a
flange round one side, and a small boss in the centre to receive
the piston-rod. The piston is kept steam tight by two or three
metal packing rings, which are known as Ramsbottom’s rings.
These rings are turned rather larger in diameter than the bore
of the cylinder, and are afterwards cut across, so that they may
be compressed into it. They are fitted into recesses turned in
the piston, and the cut joints of the rings are set at opposite
sides of it. This form of piston is one of the very best yet
devised, both for small cylinders and large, where high pressure
steam is used. :

. Engine pistons above 20 inches diameter are wusually
constructed hollow, and the two sides are connected by ribs,
although some very large pistons for fast-running engines have
been made of cast-steel with only one thickness of metal and
cone-shaped to give them sufficient strength, as shown in the
first following diagram. The piston-rods are made of mild steel,
turned and fitted as shown (see also connecting-rods, p. 282).

The old method of packing large pistons is shown on the
opposite page.t One side of the piston is formed with a flange,
-and the other with a recess to receive the “junk ring.”” Between

* Students should compare the details in this Lecture with the specifica-
tion given in Lecture XXEI‘I. and Lecture XXLI. of our Elemen Manual.

+ From Seaton’s Manual of Marine Engineering, p. 133, where the student
will find several other modern forms of pistons illustrated and described.
See also Lecture XXIV. for the pistons of S.S. Buenos Aires.

"t il |
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Kirk's STREL-CONED PIsTONS, AS FITTED
BY Messrs. RoBERT NAPIER & SonNs To Enxcines 2,600 LH.P.

CP for Coned pistons. PR for Piston-rods. CL for Cylinder linérs.
this flange and junk ring, J R, & packing or expansion ring, ER,

of cast-iron is fitted. This ring is pressed out against the sides
of the cylinder by small springs as shown in the plan. The junk

P
JR
ER

OLp ForM or LARGE CYLINDER PisToN,

ring is fixed down by screwed pins, P, which screw into brass
nuts; these brass nuts being recessed into the body of the piston
at suitable intervals round its circumference. The defect of this
form of piston lies in the springs, which can scarcely be adjusted
to give uniform pressure at all parts of the ring ; and since they
press against the body of the piston, the packing ring is not free
to move laterally, and follow out the bore of a cylinder when it
hao wawn o 13441n and af Hnna with the piston-rod.

5y of patent pistons, each having

1res claimed for it by the inventor
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or manufacturer. The student has only to turn to the advertising
pages of the The Engineer, or Engineering, and he will find several
forms. It is impossible in a book of the present dimensions, to
do more than select and describe with an illustration one type,
and to briefly mention a few others.

TaE LANCASTER SPIRAL-SPRING PIsTox.

From the accompanying illustration it will be seen, that the
Lancaster piston consists of a straight spiral spring, bent into a
circle, which forces the two piston rings out against the walls of
the cylinder, and at the same time presses them firmly between
the junk rings or halves, into which the piston is divided. The
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pressure between the piston rings and the cylinder, results from
the natural elasticity of the spiral spring trying to regain its
natural shape, and does not depend upon screwing down of a
junk ring, or bolting together the halves of the piston. There
18, therefore, no danger of excessive friction being set up between
the rings and the sides of the cylinder, or any opportunity for
Oareless adjustment on the part of the engine-fitter, if the whole
has been properly proportioned for the cylinder.
The packing rings in almost all pistons are simply cast-iron
ings, which have been turned to a slightly larger diameter than
that of the bore of the cylinder, and afterwards cut across to
permit of compression, and of inserting them into the cylinder
along with the piston. The slits in the rings are connected by
a thin plate as shown, and they are placed diametrically opposite
each other, in order to prevent the steam passing from one side
of the piston to the other.
Buckley’s patent piston (see illustration of engines, Lecture
XXTIII.) is somewhat similar in general design to the one we
have just described ; but instead of the packing rings being a

couple of right angles Ein section, they are obtuse angles on

the inside thnr—‘( and the spiral spring is oval in form, or like

the letter O, In Rowan’s piston there are two oval springs
instead of one, each spring acting on a packing ring independent
of the other.

Mather & Platt’s, and Oldham’s pistons, have each the packing
rings arranged like the ¢ Lancaster,” but the rings are pressed
outwards against the sides of the cylinder, and upward and down-
ward against the junk ring and the piston, by a sgxml hoop
having three or four turns, in its endeavour to unwind itself.

Crossheads.—The part which connects the end of the piston-
rod to the connecting-rod, is termed the crosshead. In direct-
acting engines, the crosshead requires to be supported by guides,
in order to bear the side pressure thrown on it by the oblique
action of the conmmecting-rod. If the crosshead were not
supported, and the piston-rod not guided in any manner, then
this side pressure (or pressure at right angles to the direction of
motion of the pisbong would cause injurious bending of the
mfod, and very excessive wear of the glands and stuffing-

. In the case of a beam engine, the intervention of the
parallel motion obviates the necessity for guides, since the
aight line, and the side pressure is

ion bars, ,
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There is a large variety of forms of crossheads in general use
at the present time. In some engines, the crosshead is separate
from the piston-rod, and is attached to it by means of a cotter
which passes through both ; in others, it is forged to the end of
the piston-rod. The guide or slide blocks gvhich slide against
a planed surface on the engine framing which supports the side
pressure) are sometimes formed in the same piece as the cross-
head, but more-usually are separate and are fixed to it in a
simple manner. In many horizontal land engines the slide
blocks are attached to the ends of a horizontal bar fixed at
right angles to the piston-rod, and with a square piece in the
centre which forms the crosshead of the engine, and the blocks
move over planed surfaces on each side of the engine framing.
This plan is'not, however, so good as that of supporting the
crosshead immediately underneath it, and with the slide bed
immediately below (or above, as the case may be) the line of the
piston-rod (refer back to the figures in Lecture XVIIL) If
the wear at the joint of the crosshead and connecting-rod is
intended to take place in the connecting-rod, the pin which
passes through both is fized in the crosshead or forms part of
it ; and the connecting-rod rotates through a certain angle about
the pin, and is fitted with bushes in order to provide for the
wear. If, however, as is more generally the case, the wear
is imposed upon the crosshead, the pin is then fixed in the
connecting-rod end, and the crosshead is provided with bushes
where the pin passes through it. The pin therefore oscillates
with the connecting-rod.

The end elevation diagrams (Lectures XXIII. and XXTV.)
show a form of crosshead very generally employed in marine
practice. It is forged to the eng of the piston-rod, and has a
square hole cut out of it, to receive the bush which is formed in
halves. The connecting-rod end is forked, and passes over the
ends of the bush. The Ein is prevented from turning in the
connecting-rod, and all the wear takes place in the crosshead
bush. The halves of this bush are held together by a wrought-
iron cover with bolts passing through it. These bolts must be
of sufficient section at the bottom of the thread to withstand a
tension equal to the initial effective pressure of the steam
multiplied by the area of the cylinder. The crosshead is carried
out at the sides to receive two flat cast-iron slide plates or
slippers, which bear against the planed columns, and resist
the side pressure of the connecting-rod. These plates fit round
the crosshead with three flanges only, so that they may be
pushed into position, or taken out without disconnecting any
of the larger parts; and they are prevented from slipping out
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&t the one side by small screwed pins which are fitted in all
round.

For engines which require to rotate in one direction only, a
slide block on one side of the piston-rod (that side against which
the connecting-rod thrusts) is all that is necessary, and fre-
quently marine engines which are but seldom required to be
driven backwards, are thus fitted (see folding page, Lecture
XX1.), but there, as in every case, two guide faces are required.

Connecting-Rods.—If an engine connecting-rod were of infinite
length (i.e.,, s0 long as to remain always parallel to the piston
rod), there would be no side pressure on the guides of the
engine, and the motion of the piston and crank would be a
simple harmonic motion. ' But in practice, a certain definite
length must be assigned to the connecting rod, therefore a
certain amount of pressure is always thrown on the engine
slides, and a certain amount of irregularity must take place in the
motion. The shorter the connecting-rod the greater is the
pressure on the guides, and the greater the irregularity in
the motion. In practice, the length of the connecting-rod
varies from two to three times the length of the stroke of the
engine. Connecting-rods as short as the former proportion
are found in marine practice, whilst those of the latter length
are common in land engines. In some inverted-cylinder marine
engines, especially those of the Royal Navy, which must be kept
low down in the vessel, there is not sufficient head room for
connecting-rods equal to two strokes in length, and, as a matter
of necessity, shorter rods require to be put in; but they do not
work satisfactorily, and create excessive pressure between the
slides and blocks. .

Connecting-rods require to stand alternately a tensile and
& compressive stress, and to resist the latter without bending.
They are usually made larger in diameter at the middle than at
the ends, or gradually tapered from crosshead to the crank-
shaft end. The ends of connecting-rods are formed in a variety
of ways, but, as a rule, the crosshead end is forked, and has
simply two solid eyes which receive the pin on each side of the
crosshead. This is shown by the illustrations in Lectures XXI.,
XXIIL and XXIV. For land engines, the crank-pin end is
often constructed as follows (see Lecture X VIIL):—The end of
the rod proper is made rectangular, and the bushes which fit
the crank-pin are made in halves; one-half being semi-circular
on the back and the other half square. The rectangular end
of the connecting-rod butts against the back of the inner square-
If of the bush, and fits between its end flanges, whilst the
of the bush is held by a wrought-iron strap which
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passes round it, and is secured to the end of the connectingrod
by gibs and cotter. This is known as the ¢ strap ” end, and is
found to work very satisfactorily, since the gib and cotter
arrangement admits of adjustment when the bushes have vom
slack. It is, however, a little more expensive to manufactare
than some of the other equally good forms. The diagramsin
Lectures XXIII. and XXIV. represent connecting-rods for
marine engines, but rods of a similar construction are nov
in common use for land engines. The crank-pin end is of 3
T shape, and has a semi-circular hole cut in it to receive ene
half of the crank-pin bush. The cover which is formed to
receive the other half bush, is fixed to the T end by means of
bolts. The crosshead end of the rod is forked, and fits exactly
over the bushes of the crosshead. The crosshead pin is fised

into the forked end of the connecting-rod, and turns in the
bushes of the crosshead.

StrEL CONNECTING-ROD AS FITTED BY Mrssrs. Roxzer Narzem & 8
10 ExeIngs 2,500 LH P.

As an example of connecting-rods, we lmro
trate those designed by KJrk for the same

-rods described at p. 277. & dn
shafts for land
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‘'only a single crank, which is fixed to the end of the shaft, and
overhung on one side of the main bearing. In marine practice,
however, a double crank is almost invariably used. For engines
having crank shafts up to 12 ins. or 15 ins. diameter these
cranks are always forged with the shaft, but when the crank
shaft is of larger dimensions, the cranks are usually built in
separate pieces (see specification Lecture XXIII.)

‘We take the liberty of reproducing the following remarks from
a very practical article which appeared in ¢ Industries,” July
16th, 1886, on the * Building of Crank Shafts,” and refer the
student to the same for the complete description of how the
C'ity of Rome’s crank shafts were set and fixed.

¢ With the rapid increase which has of late years taken place
in the dimensions of marine engines, a change has also come
about in the methods of making crank shafts. The old-fashioned
wrought-iron shafts have been partly replaced by those of steel,
in order to get rid of the uncertainty which is always felt about
the soundness and continuity of the metal in heavy built-up
masses of wrought iron, also to reduce the size of crank journals
and pins and connecting-rod ends, and thus reduce the friction
of the engines ; the decreased weight of these parts when made
in steel also helps slightly to increase the carrying power of the
ship, by keeping down the weight of the propelling machinery
to its lowest limits.

¢ The solid steel cranks which have replaced those of wrought
iron have not in every case been successful, as several of them
have failed after a comparatively short life, by breaking at the
junction of either the crank-pin or shaft with the web. This
trouble has been partly overcome by the use of softer steels, and
by the careful annealing of the forgings before being sent into
the machine shops, and also by increasing the radius of the
corners of the necks and pins, and lastly by paying better
attention to the rigidity of the engine seats, and adjustment of
the bearings, so that the cranks may be only subjected to the
stress necessary to drive the propeller, and not to any strains set
up by bad workmanship.

“To reduce this evil still further, built shafts were proposed,
and scheme after scheme has been patented with the object of
allowing the different parts of the crank-shaft to be so in-
dependent of each other that no strain would be set up in them

ag of the bearings, or distortion
Iso that if one part should fail the
med to the scrap heap.

is to simply fasten the shafts and
. the webs, and, given good steel
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and workmanship, this method is probably as good as any. The
usual arrangement of manufacture is to rough-machine the parts,
fasten them together, and then turn the crank all over just as a
solid forging would be finished ; but a great deal of the cost of
this operation may be avoided by the use of proper appliances in
building up.”

The following figure illustrates one of the three cranks of the
S.8. City of Rome, which were made at Sir Joseph Whitworth’s
works, Manchester. The whole crank-shaft is one of the heaviest
and largest yet made, for when finished and bolted together its
weight amounted to 63 tons.

¥ a’t’ l

ONE CrANK oF 8.8, “Crry or RoMer.”

“The crank was made throughout of fluid compressed steel,
and was forged entirely under Sir J. Whitworth’s patent
hydraulic forging presses. The pins were forged hollow, turned
to size and rough-bored, oil hardened, and ground up true in
the lathe by emery wheels, and polished on the bearings; they
were thus completely finished before being shrunk in the webs.
The webs were forged from very heavy ingots into slabs, the ends
then punched and forged all round the eye on a mandril. They
were then planed, bored together in pairs, slotted round the ends,
filed, and polished. The shafts were forged hollow, and the
collars afterwards forged out to the proper diameter. They were
then finish-turned on the parts fitting into the crank webs,
rough-bored, and rough-turned all over, one-twentieth of an inch
in diameter being allowed for turning and polishing, after the
parts had been shrunk together. The webs were keyed as well
as shrunk on to the shafts, and so the real operation was to cut
the keyways.”

The allowance for shrinkage was ygsth of the diameter, which
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amount was determined as most suitable by trial with specimen
pieces, after observing what force was required to push the one
part from the other.

In order to estimate the correct diameter of crank-shaft for a
given engine it is necessary to construct the diagram of twisting
moments by the method shown in Lecture XVII. The
maximum twisting moment on the shaft is then obtained, and
when equated to the resistance of the shaft to torsion gives the
diameter required.* A certain amount of bending is also
produced by the pressure on the crank-pin and must also be
taken into account by reducing it along with the twisting
moment to one equivalent twisting moment.t+ The bending action
is greatest when the crank is at the dead points.

Main Shaft Bearings.—The main shaft bearings of most forms
of engine present no special feature, unless it be that they are, as
a rule, more substantial in construction than ordinary bearings.
They are subjected to severe jerks and shocks, due to the
irregularities in the motion of the piston, and for this reason
should be specially well fitted to, or cast along with, the sole-plate
or engine framing. The brasses are sometimes made adjustable so
that the wear may be taken up periodically, but when the attain-
ment of adjustment is obtained at the expense of the rigidity
of the bearing (as is sometimes the case) it is more a disadvantage
than otherwise. Large engines have rarely any special means of
adjustment, but the bushes are usually lined with white metal,

1 it may be easily renewed. The
arings is a matter of great impor-
ful attention.

1e screw engines it is necessary to
3 up the longitudinal thrust of the
gines this is often done by a simple
s against the flange of the aft main
ten the thrust is great, this plan is
lock” is fitted. The form of thrust
vas chiefly in use is shown in the
d portion of the screw shaft has a
. these rings fit into corresponding

put on a crank-shaft is pretty much a
there are various constants adopted by

ring, p. 157, and Rankine’s Rules and
combined action of these two stresses.
he most important element to be taken
diameter of the crank-pin, and the

1 Seaton's Marine Engineering, to which
ind dimensions of crank-shafts and thrust
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recesses in a large brass bush. These recesses are formed either
by having rectangular grooves bored out of the brass or by the
insertion of brass rings into checks bored out to receive them, as
shown in the above figure. This arrangement has been found to
work very well when kept within limits as to size, and when

CommoN Smarr TERUST BLOCK.

effectually prevented from heating. When it heats it gives great
trouble, and adjustment cannot well be effected at sea.

A much better form of thrust block is shown in the next fig.
In this block, the thrust is supported by independent horse-shoe
shaped pieces of cast iron, which are faced with white metal
These thrust pieces fit between rings turned on the screw shaft.
They are secured on each side of the shaft to the thrust block,
but are capable of independent adjustment by means of the nuts
and set screws on each side, or, of adjustment as a whole, by the
nuts at each end of the rods which support them at the sides.
This block has some advantages over the old form, the principal
of which are—(1) The thrust pieces are separate and independent
of each other, and they may be adjusted, or taken out separately
for examination, without stopping the engines. (2) The lubnri-
cation is more easily effected, since the hollow casing of the
thrust block may be filled with oil and soapy water. The rings
on the shaft revolve in this mixture and thus every part of the
bearing is kept continuously lubricated with little attention and
trouble.

A thrust bearing of course affords no lateral or vertical support
to the shaft, its office is simply that of taking the end thrust, and
consequently the shaft should always be supported close to the
thrust bearing by an ordinary pillow block.*

Condensers.—Condensers are of two kinds, jet condensers and
surface condensers. In the jet condenser the steam is condensed
by being brought into actual contact with cold water, while in

* For diagrams and description of Thomson’s Coupling for Broken Shafts,
see Industries, 20th August, 1886.
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HAL¥-SECTION AND SIDE VIEW.,—LARGE IMPROVED THRUST BLOCK. Harr Cross-SeorioN AND END View.

the surface condenser the steam condenses upon thin metallic surfaces, which are kept cold by cold
water circulating on the other side.

Jet Condensers.*—Jet condensers may be of almost any form which is suitable for the engines to
which they are to be fitted. They consist essentially of a cast-iron chamber, into which the exhaust
steam from the cylinder of the engine passes, and comes in contact with a jet or spray of cold water
also issuing into it. The bottom of this chamber is connected to a pump known as the air-pump,
the function of which is to draw off the water and any air or vapour which may be in the chamber.
The condensing chamber or condenser must be of sufficient capacity to prevent flooding, t.e., becomi
filled with water, but should not be larger than is nccessary, since then the air-pump takes longer
form a vacuum after the engines start. The Lottom of the condenser should be inclined towards
side to which the air-pump is connected, so that all the water may run into tho suction end of

.mms Figures of Watt’s Engines, Lecture IL., also Lectures XIX., XX, and XXI. for positions and forms
condensers,
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pump. The inlet for the steam should be high up in the co-
denser, and is usually a plain pipe. The water injection inlet
should be formed with a perforated pipe or rose carried well
into the middle of the condenser, or opposite the end of the
steam pipe, so that the water may be fairly distributed, and the
condensation of the steam be almost instantaneous. If the
condenser is very large, or of a long shape, two rose injection
pipes may be fitted with advantage. The calculations as to the
amount of water required for condensation have been fully gone
into in Lectures IX. and X.

Surface Condenser.*—The surface condenser as usually made,
consists of a cast-iron chamber, having a large number of thin
brass tubes passing from one side or end to the other
These tubes are kept cold by forcing cold water through them
by means of the pump known as the circulating pump. Th
exhaust steam, which is admitted into the condensing chamber
comes into contact with the exterior surface of the tubes, and i
condensed by the cooling effect of the water they contain. I
some few cases this order of things has been reversed, and th
steam passed through the tubes while the cold water is circulat»
outside. ¢ Baffle ” plates are usually fitted immediately opposi
the steam entrance, in order to distribute the steam evenly ov
the tubes. The condenser tubes are usually divided into grou;
or tiers. The cold water is forced through one tier of tubes, a:
then returned back across or along the condenser by anoth
tier. The number of tiers is usually from two to four. T
best method of working is to cause the hottest water to me
the hottest steam. Thus, if the steam enters at the top of t
condenser, and the tubes are horizontal (as in most mari
engines), the cold water should be forced in at the bottom, a
passed first through the lowest group of tubes, returning alo
the group next above the lowest. The water is thereby c«
siderably raised in temperature, and just previous to its bei
discharged from the condenser it passes through the high
group of tubes, which group is first acted upon by the stea
The condenser tubes are usually about # inch outside diamet
and are of brass. They are fitted into brass tube plates, a
packed to prevent leakage. The methods of packing them :
very various, but one of the best which is in general use
worthy of notice, and is shown in the figure.} The brass tt

* See Figures in Lectures XXI., XXIII, and XXIV., for position
forms of surface condensers; also our Elementary Manual, Lecture X X1

+ See Seaton on Marine Engineeri 201, for six different me
of packing condenser tubes. 0 P e -
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plate is from 1 to 1} inch thick,

and has holes bored in it to receive

the tubes. These holes are bored

% inch or thereby larger in diameter

than the tubes, for about § inch into

the thickness of the plate, and are

screwed 80 as to receive small brass

stuffing glands. The diameter of

I,he hﬁle‘f)e for the remainder of their

engt| ing only slightly larger

than that of t:hey tubgs yto allow

freedom for packing. Hemp or

other suitable packing is wound

round the tubes in the annular Coxpexser Tuse Packing.
spaces between the tubes and the

plate, and this packing is held firmly in position by the screwed
glands. The glands are simply brass ferrules (screwed in long
lengths from ordinary brass tubing, cut off with a circular saw,
and notched), which fit loosely on the tubes, and are screwed
externally to fit the screwed hole in the tube plate. They have
a slit on one end, 8o that they may be screwed home by means
of a brace fitted with a screw-driver bit. It will be observed
from the figure, that there is a small internal shoulder. This
should always be adopted whether the condenser tubes are to
be vertical or horizontal for the purpose of preventing any end
movement. Even with horizontal tubes a little creeping might
take place due to expansion and contraction.

General Remarks on Condensers.—Jet condensers are largely
used for land engines, and as far as mere efficiency goes they are
quite as good as surface condensers. The great objection to the
jet condenser is, that the water formed by condensing the steam
mixes with the water used for condensation ; and, since the feed
water for the boiler is drawn from the hot well, if the water used
for condensation be dirty, or otherwise impure, the boiler

and the plates encrusted with other
tes a constant cleaning out of the
d the greater tendency to overheat-
fe. In land practice, where good
or condensation, jet condensers are
iter to be used for this purpose be
should be adopted. Although they
. condensers, they will soon repay the
aving the boiler from deterioration.
» surface condensers are invariably
iction marked a new era in marine
'ender high-pressure steam available
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for practical use. High-pressure steam cannot be adopted in
conjunction with the jet condenser, for the following reasons:—
In old marine engines with jet condensers, the highest steam
pressure that could be conveniently carried was from 30 to
35 1bs,, not from the mere mechanical difficulty of making
the boilers strong enough to carry a higher pressure, but
from the fact that they got quickly *salted-up” whenever the
pressure exceeded that figure. The boilers were practically
fod with salt water, for the water employed to condense the
steam was drawn direct from the sea, and after mixing with
the condensed steam, the major portion of it was thrown
back into the sea by the air-pump, while a comparatively
small quantity of it was pumped into the boiler by the feed-
pump. The consequence of thus feeding boilers with sl
water was, that deposits of sulphate and carbonate of lime.
&c., took place, but by frequently blowing out the scum ané
the loose sediment by surface and bottom blow-off cocks, !
careful engineer could keep his boilers fairly clean and fre
from these incrustations.* When, however, the pressure wa
raised adove 35 lbs. by gauge, or 50 1bs. absolute (correspondin
to a temperature of 281° Fah., see table, Lecture VI1L.), the lin
and other impurities (which, to a great extent, had been held i
solution by the water at that and at other lower temperature
corresponding to lower pressures), so quickly precipitated, th
no economical amount of “blowing off” could cope with it, ar
bonlex:s not only became unmanageable, but actually dangerou
Blowing off the hot water was in any case, however sparing
and carefully done, a costly procedure, and when it had to
resorted to frequently, it meant a very great waste of co
The danger arose from the tops of the furnace flues getti
red-hot and coming down into the fires, due to the thick crust
lime on the water side preventing the water coming into n¢
contact with them ; besides which, this crust or scale when
became highly heated, sometimes cracked, and permitted f{
water to come into direct contact with the red-hot plates, t1
suddenly generating a large quantity of steam of a press:
beyond what the area of the safety valves could freely =
quickly let away. With the surface condenser, the conden:
steam, and consequently the feed water, are kept entirely separ

* The quantity of chemical salts held in solution by the water, or, in of
words, the density of the water is ascertained by simply running off a li
of it (by a special cock fitted to the front of the {oiler) to a deep can,
inserting in it a hydrometer or salinometer graduated in 32nds.
example, suppose the hydrometer sinks in the water to the mark 3, then
water is said to have ¥ of saltness. It would certainly be better if i
ments were so marked as to be read off in percentages of the density
or of salt water. .
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from the circulating water, and only a very little salt water (or
better fresh water from a separate condenser or fresh-water
tank) has to be added by an auxiliary feed pipe, in order to
make up for any leakage that may take place. A careful en-
gineer has therefore little or no necessity for blowing off, and he
can run his boilers for two months at a time without changing the
water in them, or allowing more deposit to accumulate than a
thin skin about the thickness of a sixpence, which is considered
beneficial if evenly deposited, as it prevents pitting of the boiler
lates.

pAir-Pumps.*—As we have remarked before, the duty of the air-
pump in the case of a jet condenser is to discharge the whole
of the condensing and condensed water as well as the air
into the hot-well, and in the case of a surface condenser to free
the same of the condensed water as well as the air and the
vapour which has been set free. Water contains a large pro-
portion of air mixed with it, unless it has been expelled by one
or other of the special methods now adopted in connection with
high-pressure engines, such as Weir's patent feed-water heater
and air extractor. This air expands in the condenser, and would
considerably diminish the vacuum if it was not taken out at
every stroke of the air-pump. Besides this air, there would, of
course, be an accumulation of vapour or low-pressure steam in
the condenser, from the condensed water under the action of a
partial vacuum or low pressure, and this vapour would soon fill
the condenser and also spoil the vacuum if it were not extracted
by the air-pump. Consequently, we see that the chief work that
the air-pump has to perform is to free the surface condenser of
air and vapour, for a very small pump would suffice to extract
the condensed steam. Care must, therefore, be taken not only
to have a thoroughly efficient, but also a sufficiently large air-
pump, in order to maintain & good vacuum—say equivalent to
from 26 to 27 inches on the barometric column.

In Lecture XXIII,, in the side elevation of the compound
engines, a vertical single-acting air-pump is shown in section and
described in the specification. In Lecture XXI., a double-acti
one is shown in the small section of Penn’s trunk engine ; ::5
the circulating pump shown in section in the folding page of the
triple-expansion engines, Lecture XXIV.,is the same as the air-
pump. Horizontal air-pumps are from necessity almost always
double-acting, and vertical ones generally single-acting. = The
chief difference between the two kinds lies in this, that in the
case of the double-acting air-pump the bucket is closed or solid,
is a complete set of suction and delivery valves at each
: p; whereas, in the single-acting one, the bucket

ry M?:lmal for detail drawings of the Air and Circulating
vald.
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is fitted with valves of the same size and often of the same shape
as the foot valves at the base and the delivery valves at the top
of the pump. The efficiency or volume of water and air which
can be extracted for a certain expenditure of power is much
greater, as a rule, in the single-acting vertical air-pump, than in
the double-acting horizontal one, from the fact that the flow of
water, &c., being always in one direction, its momentum is not
checked, the valves from their natural position fall down on
their seats, and as there is always some water on them, they are
more easily kept tight, and less clearance can be allowed between
the bucket and the foot and delivery valves. .

Air and Circulating Pump Valves.—The importance as well as
the difficulty of getting thoroughly reliable and lasting valves
for air and circulating pumps, is shown by the large variety of
devices that have been proposed and tried. One of the latest of
these patent plans is shown in the following figure.

It was devised by
Mr. Beldam, a practi-
cal marine engineer,
who now acts as con-
sulting engineer to
the Eastern Tele-
graph Company, &c.,
and he claims the
following advantages
for it over the com-
mon india-rubber
valve—viz.,, that it

BeLpaM’s CORRUGATED METaLLIc VaLve. holds the vacuum

better, lasts longer,
is not affected by oils or temperatures, and does not deteriorate
by being kept in stock ; further, that it is not liable to crack like
some other metallic valves. These advantages seem to have been
realised in a number of steamers in which it has been fitted, as
they have been certified by several of the chief engineers of
these vessels, who seem to have given it a fair trial.

Its construction will be easily understood from the figure and
the following description:—The upper part or *check” for the
valve is screwed on and fixed to the central stud by a nut and
split pin. Its under surface is corrugated as shown. The lower
part or the valve seat is made open ribbed to permit the water
to pass through it easily, and it is fixed into the orifice whero
the valve is intended to act, either in the foot valve chamber, or
the air-pump bucket, or the delivery valve chamber. The cen-
tral thin corrugated sheet or valve proper,is fixed at its centre to a
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loose ferrule which fits the parallel portion of the central stud.
This admits of the valve and central ferrule freely rising and
falling down to its seat as a whole. The chief object of using
the corrugated plate being that, for a very thin and compara-
tively light plate, you get a much stiffer and stronger valve
than you would from a plain plate.

Circulating Pumps.—Circulating pumps are employed only in
connection with surface condensers. They are of three kinds—
single, or double-acting reciprocating, or rotary pumps. The
single- or the double-acting reciprocating pumps are almost pre-
cisely similar in form and construction to the single- or double-
acting air-pumps just described (see Lecture XXIV., folding
page for a section of a double-acting circulating pump). The
single-acting pump should, however, be provided with a good-
sized air vessel, about double the capacity of the pump, in order
to cause a steady flow of water through the condenser tubes, and
both it and the double-acting one should have a small inlet
air-valve or pet valve, so placed as to automatically admit a
sufficient quantity of air to act as a cushion, and thus prevent
the natural vibration and noise due to the momentum of the
water, as well as a pipe and cock, or bye pass connecting the
suction and delivery chambers, to regulate the supply of water
without putting any over-stress on the pump.

Centrifugal Pump.—In large steamers where there is plenty of
room, it is now usual to employ either a double set of rota
or centrifugal pumps, or one centrifugal pump in addition to the
ordinary circulating pump worked by the main engines. One
of these pumps, as manufactured by Messrs. J. & H. Gwynne,
is illustrated in the following fizures. The pump itself consists

AND B Cock ror CircuLATING Pume,
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GWYNNE'S CENTRIFUGAL-CIRCULATING Pump.

of a wheel with vanes (curved backwards from the direction !
rotation) moving inside a closed snail-like chamber. The wau
enters at the centre of the vanes from a suction pipe commur
cating with the sea or the bilges, through the special form of co
(p. 293). The suction pipe is attached to the lower central flan
of the Gwynne pump, and the water having a rapid circul
motion imparted to it by the rotating vanes, it escapes wi
considerable tangential force by the upper flange at the ba
side; thence it passes through the tiers of condenser tut
back to the sea by the discharge pipe, in a continuous strea
The pump or pumps are secured to the bed plate of a pair
small vertical fast-speed Gwynne engines, so that the spindle
spindles may be coupled direct to the engine crank shaft. ']
general arrangement will be easily understood and follov
from the figures.

This form of pump has several important advantages over
single or double-acting reciprocating pumps.

1. There are no valves in it to throttle the flow of the ws
or to get out of order.
- 2. The stream of water being continuous and uniform
volume, all intermittent shocks and arrangements for prevent
these are avoided.
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3. A supply of cooling water may be sent through the con-
denser while “blowing through” and before starting the main
engines, thus preventing over-heating the condenser, and en-
suring a good vacuum at the very first start.

4. The amount of circulating water may be varied at pleasure,
according to circimstances, by simply running the circulating
pump fast or slow.

5. Its efficiency is greater than that of reciprocating pumps for
the purpose in view.

6. If there are two sets, the one can be taken to pieces and
cleaned or repaired while the other is at work, without stopping
the engines, which cannot be done with reciprocating pumps, as
usually fitted to and worked by the main engines.

The first cost may be greater, and the attention required to be
given to them quite a8 much as in the case of the reciprocating
pump, but owing to the combination of advantages stated above,
they are being now almost universally adopted in large steamers,
nndy even small ones often carry them.
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Lecrure XX VL —QUESTIONS.

1. Sketch in section the piston of a steam cylinder for a land beam
engine, showing the attachment of the piston-rod and the mode of packing
the piston.

2.PDescribe, with a sketch, the construction of a piston-rod and piston,
with metallic packing, suitable for a horizontal land engine, and show how
the several parts are titted together.

3. Sketch and describe some method of packing a high-pressure marine-
engine piston so as to make it steam-tight. Describe also the gland and
mode of packing for the piston-rod, stating the kind of packing which you
Y for a large 1 lind

4. Sketch the piston for a ow-pressure cylinder marine engine,
showing the metallic packing ring, and the manneyr in which the joint in
this ring is made, as well as the contrivance for holding the same in its
plml:‘e. How was a piston formerly packed with hemp? What is the
Junk ring?

5. Sketch and describe Kirk’s solid cone-shaped steel piston and corre-
sgfsnding piston-rod. Mention any advantages and disadvantages which
this form of piston has in your opinion over the ordinary hollow form for
large fast-s engines.

. Sketch the most common and serviceable form of crosshead and guide
for a vertical marine engine. How are the rubbing surfaces kept oiled?
Sketch the form of crosshead and guide employed in a horizontal marine
or land engine. Indicate how the rubbing surfaces are lubricated.

7. Give complete free-hand sketches (side view and plan) of a marine
engine connecting-rod, and explain how the various parts are machined and
fitted together, as well as how the bearings are kept lubricated when the
engine is working.

8. Describe, with sketch, some mode of constructing the end of a marine
engine connecting-rod, pointing out the provisions made to allow for wear
and to reduce friction.

9. Sketch the crank shaft end of the connecting-rod of a marine engine, and
describe the means employed for lubricating the rubbing surfaces. Sk
and describe the crani shaft for a large marine engine. Why are large
fciml:ik shafts made in different pieces, and how are these put together and

xed ?

10. Sketch and describe, by an index of parts, a complete line of screw
propeller shafting, with the stern tube and screw complete. Be particular
in showing the position, ﬁmlf' and form of the various ings, and explain
how the tirust of the propeller is imparted to the ship.

11. In what way is the thrust of a propeller shaft communicated to the
vessel? Explain your answer by sketches.

12. Sketch a section through the thrust block of a screw propeller, and
state the materials employed for the different . Explain clearly the
principle of construction and the difficulties to be overcome, (A4dv. 8. and
A. Eram., 1889.)

13. In a jet condenser the temperature of the injection water is 60° F.,
that of the water after condensation is 100° F., and the latent heat of the
steam which enters the condenser is 1,016 thermal units, the tem
of the steam being then 140° F., find the number of pounds of injection
water.

14. In a marine engine, working with a jet condenser, describe the method
of testing the saltness of the water in the boiler, as well as the instrument
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employed for this purpose. Determine also the amount of fuel lost by

blowing out.

15. %Vlnt is surface condensation? How is it carried out in marine
engines?

16. Distinguish between a surface condenser and a jet condenser.
Describe the method of carrying out each system of condensation, making
any sketch you think necessary.

17. Describe a surface condenser, as applied to a marine engine. Indicate
by arrows the directions taken by the steam and condensing water, and
explain the whole of the and action by an index of parts.

18. Mention some of the advantages of a surface condenser as applied to
marine engines, and draw in section a surface condenser, showing the mode
in which water is caused to circulate through it. How are the tubes fitted
80 as to avoid 1 e?

19. A surface condenser consists of 1000 brass tubes, each 6 feet long and
3 inch outside diameter, what amount of cooling surface does this give?
Supposing that such a surface condenser is to be fitted to an engine, what
pumpe, valves, &c., would be required, and how should you arrange them
in order to put the apparatus in working order? A4ns. 1,178 sq. ft. :

20. A surface condenser has 1,725 tubes, each 64 feet long, and ? inch
outside diameter, what amount of condensing surface do they give? rite
down two numbers which express pretty nearly the relative conductin,
powers of copper and iron. How are the condenser tubes usually fitted an
kept tight? Ans. 2,200 sq. ft. Roughly as 6 to 1, see p. 45.

2]1. In what way is the condenser of a marine engine freed from the air
and water which would impede its action? How is the degree of exhaus-
tion within the condenser ascertained ?

22, Sketch a section through a single-acting vertical air pump, showing
thtla construction of the bucket and also the position and construction of the
valves.

23. The barrel of a single-acting air pump being vertical, sketch a
section through it, showing the bucket or piston with metallic ring packings,
and an india-rubber valve and guard, also show the gland and Tckm of
the pump-rod. Sketch also the foot and delivery valves, and show tieu-

ition and connection with the barrel of the pump.

24. Sketch a section through the air dE)’.nmp of an engine, showing the
position of the valves. Describe an india-rubber disc valve or metallic
valve as fitted to an air-pump bucket.

25. Make a sectional sketch of an air-pump chamber, with the bucket
and valves as adapted for a double-acting pump in a marine engine. Why
is the use of iron avoided in this part of the engine? What packing is
usually employed ?

268. Sketch a section through a double-acting circulating pump for marine

ines, and describe its action by a complete index of parts,

. Sketch and explain the general arrangement of a centrifu
circulating pump with fast-speed engine. What advantages has it over the
ordinary single-acting or double-acting circulating pump? -

28. An engine uses 10 Ibs. of steam per minute, the feed temperature is
60°F., the boiler temperature 300° F., and that of the condenser 104°F,
What is the theoreticafe maximum efficiency of the engine? State R ult’s
formula for the total heat of steam at a given temperature, and deduce the

nmﬁtﬁ' of heat which each pound of steam has received in the boiler.
P. would be developed if the engine worked as a perfect engine?
efficiency 25'8 per cent.; H.P. = 69.
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LECTURE XXVIIL
LAND BOILERS.
ConTexTS.—Waggon Boiler—Egg-Ended Boiler—Cornish Boiler—Lancs

shire Boiler—Breeches-Flued Boiler—Water Tube Boilers—Babcock &
Wilcox Boiler— Vertical Boilers—Manholes.

It is not our intention in this Lecture to enter into the early
history of Steam Boilers so fully as we treated the early
history of the Steam Engine, since the former were not made
with any regard to known mechanical principles, but merely of
the form most convenient to the manufacturer.

Among the earliest types of boilers of any note, the old

spherioal boiler, and the Aaystack boiler of Smeaton, occupied

foremost positions. The latter kind was largely used prior to
the time of Watt, and consisted of a series of flanged cast-iron
rings, which were fixed together by means of bolts passing
through the flanges. The top of the boiler was hemispherical,
and also of cast-iron, and the boiler was fired from beneath
Many of the engines of the Newcomen type, which were
fitted up by Smeaton, were supplied with boilers of this kind
(seo fig., p. 5).

Waggon Boller.—The “waggon” boiler, so called from its
resemblance in shape to a carrier’s waggon, was introduced by
Watt, and supplied by him along with most of his engines. It
is illustrated in longitudinal and cross section in the following
diagram taken from Prof. Rankine’s book on The Steam Engine.

The top of this boiler was circular, and the sides and bottom
concave, as shown by the cross section. The sides were sometimes
made flat, but concave sides seem to have been more general.
The fire-grate was situated underneath the boiler, and is shown
at A. The flame and products of combustion passed from the
fire-grate under the boiler to the end ; here, they entered one of
the lateral flues, N , and traversed along one side of the boiler,
across the front end, and back along the other side to where
they passed into the chimney. This arrangement of conveying
the products of combustion round the boiler was known as the
wheel draught, since the gases circulated from the back end

* round the boiler. In the larger sizes of waggon

ot

!
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made by Boulton & Watt, a flue was formed in the boiler itself.
The heated products of combustion passed from the fire-grate
underneath the boiler to the back end as before, but returned

B for Boiler. M for Man-hole.

A , Fire-grate. V ,, Safety Valve.
Latenl flues. F ,, Float.

S and W, s Steam and Water cocks. X ,, Chimney.

along this central flue to the front. Here the gases divided,

and moved back to the chimney at the other end of the boler

through the lateral or side flues on both sides. This method of

conducting the gases round the boiler was termed a split
draught, since the gases divided at the front end of the boiler.

The column of water in the vertical feed pipe formed the

pressure gauge, and the damper was controlled by the rise and

fall of this column. The water level was regulated by a float

arrangement shown at F. The float rose and fell with the

 falling it opened a valve in the

ritted water, whilst in rising it

wngement is one which is only

ures (from b to 10 lbs. per square
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inch) at which these boilers were worked, since it = evidm
that with high-pressure steam the vertical pipe would bocame
inconveniently high.

The waggon boiler was the style of boiler in most =
in this country for a long time, and it was not until abom
year 1830 that it began to give place to forms more capahle ¢
resisting internal pressure. Its form rendered it suitable oalv
for the very low pressures which Watt used, and even the &
required to be stayed in the manner shown in the cross sectm
in order to prevent deformation.

Egg-Ended Boiler.—When a higher pressure than about 15[is
per square inch became generally adopted, engineers were com-
pelled to resort to cylindrical boilers. One of the first forms &

lindrical boilers tried was that known as the egg-ended boile.

his boiler was cylindrical with hemispherical ends. It was
simple to construct, and required no staying whatever. Tbe
arrangements for firing and conducting the products of combu=
tion round this form of boiler, were the same as those previous'y
in use for waggon boilers, but there was the difficulty of obtaininz
sufficient heating surface. In order to obtain a moderate extent
of heating surface, boilers of this kind required to be made very
long in proportion to their diameter. It also had one serious
defoct, which was not found in the waggon boiler, viz., all
sediment collected in the bottom of the boiler where the heat
was greatest, and the plates were thus liable to get burned. In
the waggon boiler the sediment collected in the two bottom
corners, and these were not exposed to the most intense heat.

A modification of the egg-ended boiler, known as the “French’
boiler (sometimes as the ‘“elephant” boiler) was much used in
France. A full description and illustration of this form will be
found in Professor Rankine's treatise on The Steam Engine,

age 471,

b Cornish Boiler.—In order to increase the heating surface of
ogg-ended boilers, they were latterly constructed with a flue
passing from end to end. The products of combustion from the
fire-grate underneath the hoiler, after moving to the back end,
returned through the flue to the front end, and then passed back
to the chimney along the lateral or side flues as in the improved
waggon boiler. When, however, it was discovered that the
radiation of heat from a boiler furnace amounted to 20 or 30 per
cent. of the total heat of combustion, the furnaces were placed
inside this flue, 50 as to impart to the water surrounding t}!e
flue, more of the heat radiated from the furnace. Boilers of this
d woroe introduced by Trevithick, and since they were first

o work the pumping engines at the Cornish mines, they

~ |
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are known as Cornish boilers. The following diagram shows a

longitudinal and a cross section through a Cornish boiler as now
commonly constructed :—

M
P : 8V8
? v ) =
BS P8P
...... L J " -.-..-..'
FD o» FG FF - — - =
) FF—| — LF
— —> BF — —_—

CorNisH BorLEkr.

B S represents the Boiler shell. BF represents the Bottom flue to

FF » ,» Furnace flue. chimney.

¥FG » ,» Fire-grate. GS ’ ,» Gusset Stays.

DP » »» Dead plate. M » s Manhole.

B ” »» Bridge. SVSs ’ s Safety valve

FD »” 45 Fire door. seat.

LF » ,» Lateral or side PSP » s Perforated
flues. Steam Pipe.

The products of combustion pass from the fire-grate through
the flue to the back end of the boiler, where they divide and
return to the front end along the two lateral or side flues. At
the front, the products of combustion pass down to the bottom
flue, and re-uniting move off to the chimney in contact with the
bottom of the boiler. By this arrangement the gases are reduced
in temperature before coming in contact with the bottom of the
boiler, where all sediment collects, and there is, therefore, no
danger of burning the plates on the under side of the boiler.
Sometimes the gases are discharged direct from the furnace flue
into the lower flue; but, unless in the case of very long boilers,
where the gases may be considerably cooled before leaving the
furnace flue, or where the water is very pure, this plan is
objectionable, since the underneath plates on which sediment
accumulates are liable to get burned.

The flues in the boiler shown are welded at the longitudinal
joints, and the several rings are joined together by Adamson’s
flanged joints. The front end plate is attached by an outside
angle iron ring, and the back end plate by an inside angle
iron ring, and these end plates are stayed to the shell by
gusset plates. The furnace bars are made in two lengths, and
are supported at mid-length by a cross bearer. At the front end
thoea hara reat nnan tha dead P]at,e, and at the back end t,hey
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are supported by the fire-brick bridge. When air is admitted to
the furnace flue at the bridge, a cast-iron stool usually supports
the furnace bars and the fire-brick, and a suitable sliding door is
fitted to the stool, the opening of which for the admission of air
is controlled from the furnace mouth. As a rule, however, the
whole of the bridge is constructed of fire-brick. The external
flues are built of ordinary bricks, but are always lined in the
inside with fire-brick.

Lancashire Boiler.—The Cornish boiler is only suitable for
small powers. When great power is required from any one
boiler, that boiler if made of the Cornish type would require to
have an excessively large furnace flue, in order to give sufficient
grate surface. The length of the grate cannot be increased
beyond that which can be conveniently worked by the fireman,
and in practice it is usually from 5 to 7 feet. A flue of large
diameter is weak to resist collapse, unless made of very thick
plates, which is undesirable; hence, when large horse-power is
required, the construction of the boiler is modified, and two flues
of moderate size are fitted instead of one. This forms what has
been termed the Lancashire boiler. In every other respect it is
cxactly the same as the Cornish boiler. The following diagram
shows a Lancashire boiler eomplete, made by Messrs. A. Shanks
& Sons, Arbroath :—

LANCASHIRE BOILER.

In the Lancashire hoiler the furnaces are usually fired
alternately, so that while the one is giving off smoke and
unburnt hydrocarbon gases, the other is burning briskly, and
with its greatest heating effect. By this arrangement, when the

- R furnaces mix in the external flues, the
I by the green fire (due to want of air and
are burnt by the excess of air which has

|
|
|
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ypassed through the other furnace, being raised to the point of
ignition by the great heat of the gases from the bright fire.

Water tubes.—In order to increase
the effective heating surface and pro-
mote a better circulation of water,
the flues of Cornish and Lancashire
boilers are often fitted with water
tubes. These water tubes are either
parallel or tapered; the tapered
tube, which is the better form, being
known as the “Galloway” tube,
from the name of the inventor.
The annexed diagram shows the
<construction of these tubes and the
method of fitting them into the
flues. The hole in the upper side GaLroway TUBES.
of the flue is sufficiently large
to allow the flange of the small end of the tube to pass
through, and the tubes are riveted to the flue in the manner
shown. When parallel tubes are used, they are riveted to
the flue with both flanges inside. These water tubes are very
often welded into the flues, and this plan entirely prevents
leakage at the joints, but if any tube fitted in this way requires
to be replaced it must be cut out, and the welded part cut out
with it, which leaves a very large hole in the flue.

‘Water tubes of this kind, besides increasing the heating surface
and inducing circulation, increase the strength of the flues in a
very material degree.

Breeches-flued Boiler.— A modification of the Lancashire boiler,
which has been much used in this country within recent years, is
the bdreechesflued or duplex furnace boiler. The annexed folding-
page shows a boiler of this kind as manufactured by Messrs.
Penman & Co. of Glasgow.

As will be seen from the illustrations and “index to parts,”
this boiler has two furnaces the same as the Lancashire boiler,
but the furnace tubes unite into one large cylindrical flue immedi-
ately behind the bridges. This large flue is fitted with tapered
water tubes throughout its length, which permit of the water
circulating freely through them, and one large tube is placed
in the conical portion where the large flue is connected. The
fittings and methods of staying the boiler are clearly shown,
the end plates being supported by gusset stays and also by
longitudinal stays. The front end plate is fitted to the shell
with outside angle irons, and the back end plate with inside
angle irons, according to the usual practice forﬂLaneashire
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boilers. The furnace flues are strengthened with Bowling hoops,
except when Fox’s corrugated furnace flues are fitted.

The arrangement of the furnace flues in this form of boiler
ought to ensure more complete combustion than in the Lanca-
shire arrangement, if the fires are worked alternately, since the
unburnt gases from one fire mix with the hot products of com-
bustion, and heated air (passed through in excess) from the other,
before these have been cooled down by contact with the farnace
flue. The large flue, also, besides presenting a very large and
effective heating surface, nakes an excellent combustion chamber,
for the gases pass into it at a high temperature, and being broken
up byhstriking against the water tubes, become thoroughly mixed
together.

gtnot.her form of breeches-flued boiler is that known as the
¢ Galloway ” boiler. In this boiler the large flue between the
bridges and the back end plate is nearly elliptical in section, and
has its major axis horizontal. It is strengthened, and its heating
surface increased by means of Galloway tubes, which are placed
three abreast, and two abreast alternately throughout its length.
A large flue of this shape, and placed in this manner, gives
greater effective heating surface than the large cylindrical flue in
the last boiler we have described, but, being weaker to resist
collapse, it requires the water tubes to be placed at shorter
intervals, and this increases the difficulty of cleaning out. The
large elliptical flue is contracted in the direction of its major axis
at the back end, so that the junction to the back end plate may
not be close to the boiler shell, and the end plate may have more
freedom to expand and contract.

Water Tube Boilers.—In water tube boilers, sometimes called
tubulous boilers, as distinguished from tubular boilers (of which
the marine boiler is an example), the flame and hot gases from
the furnace act directly on rows of parallel tubes of small
diameter, which contain water and steam. These tubes are
connected to a receiver from which the supply of steam is drawn.
Boilers of this class possess several advantages over the ordinary
cylindrical boiler, but also their disadvantages.

Firstly in regard to the advantages :—

(1.) The heating surface is so large and effective, and the heat
acts on such small quantities of water at any one place, that
steam can be raised very rapidly. Also, the constant rising of
steam from the internal surface of the tubes creates a powerful
circulation throughout the boiler, and prevents to a large extent
the deposition of sediment in the tubes.

(2.L’The tubes being of small diameter (4 inches to 6 inches),
gn_:z\ made very thin and yet have a large factor of safety, so
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that boilers of this form are well adapted for very high pressures.
Should an explosion take place, it is seldom so disastrous as with
ordinary cylindrical boilers, since the boiler is made up of so
many separate parts, that if one of these parts gives way, the
boiler is relieved, and little or no further damage is done.

(3.) The several parts being comparatively small and light,
they are easily transported and fitted up in places where it would
be difficult to send a whole cylindrical boiler.

(4.) Perhaps the most important advantage of this class of
boiler is the facility with which repairs may be made. If any
part of the boiler should fail or be damaged in any manner, it
may be replaced with very little trouble and in a very short
time; whereas, with a Cornish or Lancashire boiler, even a
trifling repair often necessitates the stoppage of the boiler for
several days.

Secondly in regard to the disadvantages : —

(1.) Although steam is raised more rapidly, it is also lowered
more quickly, unless the boiler is of ample capacity for the work
in hand. Consequently, greater and more constant attention
on the part of the fireman is required with the water tube boiler
than with the Breeches, Lancashire, or Cornish boilers.

(2.) The construction being more complicated, they are more
expensive in first cost.

(3.) Although repairs can be effected more easily and with less
loss of time than in the simpler forms of cylindrical boilers
already described, they are liable to occur more frequently, unless
the boilers are most carefully constructed and attended to.

As an illustration of a water tube boiler, we have selected that
manufactured by the Babcock and Wilcox Co., of Glasgow.

Baecock AND WiLcox WATER TuBk BoiLxr,
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HEADER. EXLARGED PARTIAL VERTICAL SECTIOX.

The boiler consists of several rows of water tubes, W T, placed
in an inclined position as shown. Each upright row of these
tubes is connected together by cast-iron end connections, E O,
which are fitted to the water and steam drum, D, at both ends,
by upright connecting tubes, O T. The water tubes, W T, are
not arranged vertically above each other, but are placed zig-zag,
50 as to break up the flame and products of combustion. Two
division plates consisting of iron faced on the front sides with fire
bricks fit between the tubes (see fig., p. 305), in order to guide
the {ame and hot gases which rise from the fire-grate between the
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upper ends of, W T, and being deflected downwards by the first
fire-brick division, rise again behind the second, and finally
pass across between the lower upright connecting tubes, and
down again to the chimney tunnel thus «~\_r~. The water
and connecting tubes (W T and CT), are 4 inches diameter,
made of wrought-iron and lap-welded. The steam and water
drum, D, is made of iron or steel plates, the longitudinal plates
being double riveted, and the cix‘cumferentzi!:fl joints single
riveted, while the end plates, E P, are of steel and are dished out
to the required curvature. Steam is taken from this drum, D, by
the horizontal internal steam pipe, 8 P, perforated with small holes
on the under side to prevent priming. A manhole, M,a glass water
gauge, W G, and a steam pressure gauge are fitted to the front
end of the steam drum, while a safety valve is fixed on the top
centre. Underneath the lower end of the water tubes, W T,
there is a mud drum into which all sediment collects. The mud
drum i8 a cast-iron cylinder with branches cast on the upper side
to receive its end connections. It is fitted with sludge doors,
and blow-out apparatus, by which it may be thoroughly cleaned
out. The sediment should be blown out every twenty-four
hours.

Vertical Boilers.—Vertical boilers are very useful for small
powers, but are never employed for supplying steam to large
engines. They occupy much less space than Lancashire or
COornish boilers, but are not nearly so economical. They are
chiefly used for auxiliary purposes in steamers, or for use
on temporary constructions such as cranes, or in portable
machines. The annexed diagram illustrates an ordinary cross
tube vertical boiler as manufactured by Messrs. Shanks & Son,
of Arbroath.

It is fitted with an internal fire-box, which has & fire-grate at
the bottom. The top of the fire-box is arched to resist collapse,
and is also bound to the crown of the boiler by the uptake,
which is a circular tube flanged at the bottom, and fitted to the
boiler crown by an angle-iron ring. The bottom of the fire-box
is fixed to the shell by rivets passing through & deep iron ring
which fits into the annular space between the fire-box and the
shell. Sometimes this joint is made by flanging or rolling out
the bottom of the fire-box to the internal diameter of the shell,
and uniting the two with rivets. The water tubes shown are
Galloway tubes, but parallel tubes are frequently fitted into
vertical boilers. When such tubes are used, they should be
fitted in with a slight inclination to the horizontal in order to
improve the circulation and facilitate the escape of steam. The
various necessary fittings such as manholes and handholes for
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facilitating inspection and cleaning, as well as a safety valve, water
and steam gauges, try cock, blow-off cock, and feed water check
valve are shown in position.

VERrTICAL DONKEY BOILEE.

The above is the simplest form of vertical boiler, and the one
in most general use, but there are many other plans for the
arrangement of the internal parts which aim at giving increased
efficiency to boilers of the vertical type. A very simple and
efficient method of constructing the interior of a vertical boiler
ig that adoptedarg Messrs. Cochrane, of Birkenhead, which we

\u« on p. 310.

p—
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S1zES oF SBANKS’ VERTICAL BOILERS,
For 60 lbs. Steam Pressure.

Horso-Power. 2HP. | 4HP. 6 H.P. 8HP. | 100HP. | 12HP.

Heightof Boller, . . |5ft.0in.{6ft.6in. | 7ft.6In | 8ft.6fn. | 9fL 6in. |l11¢.61in,
Diameter of Boller, . (2,4, (2,9, |8,3,|3,9, 4,0, |4, 8,
Thickness of Shell Plates | B. v%,, | B. Y5, | B. Y%, [B. ¢, |B. #. (B #,
Height of Fire-Box, . |2ft.6in |3ft.2in. |3ft.10in | 4ft.8in.| 5ft.8in. | 6t 0in,
Diameter of Fire-Box, . |2, 0, (2,56, |2,11, (8,56, /3,8, |8,11,
Thickness ,,  Plates, BBY%, |BBYs., |BB. ¢, |BB. ¢4, |BB¢, |BB ¢,
Number of Cross Tubes, 1 2 2 3 3 4
Disameter of Cross Tubes,| 8in. 8in. 9in 9in, 11 in, 11in.
Thickness ,, Plates| Y5, | Ton | Ton | fou | Yo | Ton

Length of Chimney, . |8ft6in.| 4ft.0in.| 4£t.0in. | 61t Oin.| 8t Oin.[ 9t.0in,
Diameter of Uptake, . 8in. 9in. 9in. 9in. Nin. 1lin,
Thickness ,, Plates| Y5, | Yeu | Y60 | You | Tom | Ton
Weight of Bofler. . . | 1l cwta, | 17 cwis. | 24 cwts. | 81 cwts, | 38 cwts. | 45 cwta.

Cochrane’s boiler is similar in the disposition of its heating
surface to an ordinary marine boiler. The flame and products of
combustion are led up one side of the boiler into the combustion
chamber, then through the horizontal tubes across the boiler
into the uptake. This arrangement gives large heating surface,
as well as large steam space. The tubes are easy of access, and
the boiler may therefore be easily and thoroughly cleaned. The
hemispherical crowns on the boiler shell and on the fire-box
render staying of these parts unnecessary, and the flat tube
plates are bound together by the tubes themselves.

Another form of vertical boiler is that shown in the diagram
on p. 311 # (combined with a small vertical steam engine), which
has been designed and patented by Messrs. Shanks of Arbroath.

The distinctive features of this boiler are the construction of
the furnace crown and the return tubes. As will be seen from
the figure, the fire-box, which is tapered throughout, is largely
increased in diameter at the top ; it is then arched over, and the

* A plan of this form of boiler is shown at the end of the next Lecture.
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centre dished down to the hollow pot-like shape shown, the
hollow dished portion being formed of a separate gfate. Return
tubes are fitted between the upper part of the fire-box and the
bottom of the water space. The annular space underneath this,

COCHRANE'S VERTICAL BOILER.

between the bottom of the fire-box and the outer shell, serves as
a flue, and leads the products of combustion round to the uptake
or chimney, which is situated at one side of the boiler. The
flame and hot gases from the fire-grate rise to the top of the fire-
box, and then entering the tubes, proceed downwards into the
annular flue at the bottom, from which they ascend the upte* r
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SHANKS’ RETURN TUuBE VERTICAL BOILER AND VERTICAL ENGINE.

and chimney. The section of the engine and the boiler mount-

ings will be readily understood by the student from the figure,
without explanation at this stage of our Lectures.

Manholes.—Manholes are usually of an elliptical form, and

in large boilers there is generally a

11 in., through which a boy can pass,

is apparent that the cutting out of
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such a large hole as this in a boiler plate, reduces to a very grest
extent the strength of that plate, and yet, until lately, this does
not seem to have been recognised, since no means were adopted
to compensate for this loss of strength. Wherever such a large
hole as this is cut out of the boiler plates, the edge of the plate
should be strengthened by riveting securely a broad wrought-
iron ring round the edge, or by some other eflicient plan. The
manhole covers also were formerly of a bad form, being simple
flat plates rolled to the curvature of the boiler. They were
fitted to the inside of the shell, and held up by bridge bars, bolts,
and nuts. Owing to their curved form, it was very difficult to
get a good fitting joint, and the bridge bolts, therefore, required
to be screwed up very tightly, which, assisted by the steam
pressure inside, was liable to cause bulging of the cover, and
start a rent in the edge of the manhole.

A very good method of strengthening the manhole and of
forming the cover, is shown in the following figure :—

BoILER MANHOLE.

This arrangement was devised by Mr. Charles M‘Neil, junr,,
of Kinning Park Iron Works, Glasgow, and is a very strong,
yet very simple form of manhole. The edge of the manhole is
generally strengthened by a broad-flanged ring of Siemens’ steel
as shown, and this ring has a flat-faced joint on its under side.
The cover, which is made of the form shown for the sake of
strength, is also flat, and is faced so as to facilitate the making
of a tight joint with the ring.

The form of manhole cover in most general use at the present
time for horizontal land boilers, is that in which there is a short
cast-iron or wrought-iron flanged neck fitted above the hole in
the boiler plate, sometimes with the addition of the usual
strengthening ring round the hole inside the boiler. This neck
is made flat on the top, and is fitted with a flat or slightly curved
cast-iron cover, which is secured by bolts and nuts passing
through the flanges. This method is very efficient, since it gives
ample strength, and the joint of the cover gives mo trouble.
(See figs., pp. 301, 302, and folding-page in this Lecture.)

™~
P
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Lrorcre XXVIi.—Qur.snons.

1. Sketch a section through a singie tube or Cornish boiler, with a fire-
grate inside the tube. Also describe, with a sketch, a safety valve, as
a.pglied to such a boiler.

. Describe, with sketches, the construction of a Lancashire double-flued
boiler. Show the position of the necessary fittings.

3. Sketch a section of a cylindrical land boiler, with two internal furnace
tubes. Describe the mode of constructing the tubes so as to allow for
expansion or contraction, snd to prevent collapse. Show the manner in
which the shell is st: ened by gusset stays.

4. Deacribe, with a sketch, an ordinary cylindrical land boiler with flat
ends and internal flues. Enumerate the principal fittings and their uses.

5. Sketch the front view of a Lancashire bailer, showing all the n
ﬁtﬁn%s. State the uses of the principal parts in giving an index of them.
Also describe any apparatus for indicating the height of the water in land
boilers with sketch and reference table.

6. Sketch and describe any form of breeches-flued boiler, and point out
briefly its distinctive features. In what respect does this boiler possess an
advantage over the Laricashire boiler ?

7. Sketch and describe, with index of parts, any form of water tube
boiler with which you are acquainted, and state what advantages this form
of boiler has over ordinary cylindrical boilers. State also its disadvantages.

8. Describe fully by sketches a vertical cross tube boiler, and describe
the several workshop processes by which such a boiler is constructed.

9. Describe the form of water tubes usually fitted to cylindrical land
boilers, and show how they are fitted in.

10. Sketch and describe the best form of manhole for a boiler with which

ou are acquainted.

11. Sketch and describe two methods by which the internal tubes of a
Lancashire boiler are strengthened against collapse. Nams the advantages
claimed for the plans you select. (Adv. 8. and 4. Exam,, 1888.)
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LECTURE XXVIIL

MARINE BOILERS.

NTENTS.—Rectangular, Oval, and Cylindrical Boilers—Single-ended azd
double-ended Boilers—Boilers of S.S. §¢. Rognvald with specification—
High-pressure Boilers of S.S. Arabian—Double-ended Boilers of 85
Wingsang. Shanks’ Small Vertical Marine Boiler for Steam Tugs, &=

Rectangular Boilers.—The old marine boilers were all made
rectangular ; and they continued to be made of that form so long
a8 steam pressures below 35 or 40 lbs. per square inch werein
use for marine engines. In modern practice, however, owing to
the use of steam at a pressure greatly exceeding the above,
boilers of this form are no longer manufactured, and few of them
are in use except amongst the war-ships of the Royal Navy. As
compared with the modern cylindrical boilers, working at the same
pressure, they occupied less space in the ship for a given power,
but they were heavier, owing to their form and the enormous
number of vertical and horizontal stays required to support the flat
sides ; and being more difficult to construct they were therefore
more expensive. They had, however, owing to the rectangular
form, more steam space for the same amount of grate and heating
surface. Rectangular boilers were constructed with any required
number of furnaces, usually 3 or 4 for large powers, and the
furnaces were arched on the top and bottom, and had flat sides.
Boilers of this form were classified into dry bottom and et
bottom boilers. In dry bottom boilers, there was no water space
underneath the furnace flues;, there was in fact no bottom
to them, simply recesses formed in the bottom of the boiler:
whercas, in wet bottom boilers, the furnace flues were formed
entirely inside the boiler, with a water space underneath.
Rectangular boilers were as a rule tubular boilers, and the
arrangement and position of the tubes were, except in a few special
forms, similar to those in the modern cylindrical marine boiler—
i.e., the flame and products of combustion passed from the furnace
flue into a combustion chamber at the back of the boiler, and
returned through a series of tubes situated above the furnace
flues into the smoke-box, and thence passed up the uptake to
the chimney.

Oval Boilers.—To economise space and obtain some of the
-"{hges of the old rectangular boiler, marine boilers are some-
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times made with flat sides and semi-circular at the top and bottom,
and are known as oval boilers. The flat sides require to be bound
together by transverse stays, which are made to pass between the
rows of tubes. These boilers are simple to construct and work
economically, and the thickness of the shell plates is less than
would be required for a cylindrical boiler of same power and
capacity, since the thickness is determined by the diameter of
the semi-circular part at the top and bottom.

Cylindrical Boilers.—Modern steam boilers which have to
resist very high pressures have their shells made cylindrical,
since that is the only form for which staying is not necessary,
and the flues are also made of this form. Oylindrical marine
boilers are made either single- or double-ended—i.e., the boiler is
fired from one end or from both ends. The former contain from .
two to four furnaces, and the combustion chambers are variously
arranged.

(1.) In single-ended boilers, when there are two furnaces there
may be one combustion chamber common to both, or a separate
combustion chamber for each furnace. The latter is the better
arrangement, since, if any slight fault such as the leaking of a
tube occurs in one combustion chamber, it may be repaired
without the necessity of drawing both fires and blowing off
steam.

‘When the boiler has three furnaces, there are almost invariably
three separate combustion chambers, since, no other equal divi-
sion can be arrived at.

If there are four furnaces in the boiler there are usually
either two or three separate combustion chambers. When two
combustion chambers are fitted, each pair of side furnaces
communicates with the same combustion chamber ; and if three
combustion chambers are fitted, the two central furnaces have a
common combustion chamber, and the side furnaces have
separate combustion chambers.

(2.) In double-ended boilers, the combustion chambers are
arranged independently of the number of furnaces.

A very common and efficient plan is to have opposite furnaces
connected to the same combustion chamber. Another arrange-
ment gives one common combustion chamber for each end set of
furnaces; while in the third, which is the heaviest and most
expensive method of all, each furnace has a separate combustion
chamber.

The arrangements of combustion chambers given above, are
those usually met with in actual practice, although other
plans may sometimes be adopted.

Boilers of 8.8. “8t. Rognvald.”"—The following illustrations
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represent the boilers of the S.8. St. Rognvald, constructed by
Messrs. Hall, Russell & Co., of Aberdeen.

The engines of this steamer were illustrated, and a specification
given in Lecture XXIII.; we now append a complete specification
of the boilers.

SPECIFICATION OF MAIN BOILERS 8.8. «ST. ROGNVALD.”

General. —To be two in number, cylindrical, multitubular, and fired from
one end with four furnaces in each. To be made of mild steel (Siemens’
process), with the exception of the tubes,

Shells.—Each boiler to be 15 feet extreme diameter, and 10 feet 5 inches
long. The plates to be § inch thick, in two lengths fore and aft. The
circumferential seams to be lap-jointed and double-riveted with rivets 1}
inches diameter, and 5} inches pitch; the longitudinal seams to be made
with double butt-straps 12} inches broad, § inch thick, and double-riveted
with rivets ILinches diameter and 5 inches pitch.

The end tes to be 3§ inch thick, flan all round, and double-riveted
to shell. The whole of the rivet holes to be drilled 1 inch diameter before
the plates are bent, and after they are bent they are to be fitted together
and the holes drilled out in place to fit the rivets.

The edges of plates to be Xlnned all round, and the seams of shell to be
carefully caulked inside and outside. A baflle plate to be fitted to the
fronts of each boiler above tubes.

Furnaces.—To be four in number for each boiler, 3 feet 4 inches outside
diameter, and 7 feet long, plates to be % inch thick, and the top plate to be
in one piece and jointed to the bottom plate by double butt-straps § inch thick
and single riveted. The whole of edges of the plates and batt-straps to be
planed and caulked outside and inside.

Combustion Chambers.—The two centre furnaces to have one combustion
chamber common to both. The two side furnaces to have each a
combustion chamber. The back and side plates to be 4 inch thick, aad
stayed with screwed stays 1} inches diameter at bottom of thread, and
pitched 82 inches u]f)m; made of mild steel, and fitted with nuts at both
ends. Tel:)&e of these chambers to be curved to the arc of a circle
of 26 inches radius.

Tubes.—To be of iron, lap-welded, 249 in number (in each boiler), and
3} inches external diameter, and No. 9 B.W.G. in thickness, swelled at front
end to 3§ inches diameter. The stay tubes to be 75 in number (in each boiler)
34 inchesexternal diameter, and % inch thick. These tubes to be screwed into
back tube plate, and fitted with nuts on combustion chamber side, and to
be secured 1nto the front tube plate with nuts on each side.

Stays.—The longitudinal stays in steam space to be 2} inches diameter at
bottom of thread, made of mild steel and pitched 16 inches apart. Washers
74 inches diameter, $ inch thick, to be fitted to each of the stays at both
ends of boiler (outside). The end plates of the boiler to be tap

in, to a good fit, and afterwards caulked. The whole of the
sufficient for a working pressure of 90 lbs. per square inch.
8.—One on each boiler 3 ft. 6 inches diameter, and 7 ft. long,
inch thick. The longitudinal seams to be lap-jointed and
; the circumferential seams to be lap-jointed and single riveted.

-
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The end plates to be § inches thick, and dished to a circle 24 inches radius,
and fitted with one steel stay in the centre, 2§ inches diameter at bottom of
thread. The domes to be connected to the boilers by strong neck pieces
16 inches diameter inside, and 12 inches long, and double riveted to shells
of dome and boiler.

Manholes.—To be cut in the shells of the boilers where required, and to be
fitted with wrought-iron doors, studs, bridges, &c., and compensating rings
of flat plate, or angle-iron fitted round them, and double riveted to shell.

Testing.—The complete boilers and steam domes to be tested with water

ressure to 180 lbs. per square inch, before leaving the works, without any
reaka or signs of weakness.

Boiler Fizings.—The boilers to rest on very strong wrought-iron seats
riveted to the ship’s floors, with double angle irons on the floors. The seats
to be well stayed in a fore and aft direction. The upper part of boilers to
be securely fastened to the ship’s beams, in such a way as to allow for the
boiler expanding without opposition from the stays.

Lagging.— After the boilers have been fixed in the vessel and tested to 90
1bs. steam pressure, their upper parts and the steam domes are to be covered
with an approved non-conducting composition, to extend round as far as the
centre of the wing furnaces, and then to be sheathed with sheet lead or
galvanised iron, bound with strong iron hoops.

Boiler Mountings.—Each boiler to have two ‘spring loaded safety valves
413 inches diameter, with easing gear led to engine-room platform, one steam
stop valve 7 inches diameter, one valve for steam to winches and cranes 2}
inches diameter, one valve for steam to whistle, one surface blow-off valve,
one bottom blow-off valve, one main feed check valve, one donkey feed
check valve, one salinometer cock, two sets of asbestos Hacked gauge cocks;
also an efficient means of circulating the water in boilers while steam is
being got up. The whole of the above valve chests to be of cast-brass,
with the exception of the safety valve and stop-valve chests.

Furnace Mountings.—The furnace fronts, doors, and centre bar-bearer, to
be made of wrought-iron, and the dead plates and bars of cast-iron.
Furnace fronts below dead plate to be fitted with damper doors, with a
rack to keep them open to the desired amount. A wrought-iron door to be
fitted to lower part of bridge bearer in each furnace, so that ashes or coal
thrown over the bridges may be removed.

Uptake and Funnel.—The uptake to be formed of } inch and % inch
wrought-iron plates, with an air space of 2 inches between them. The
smoke-box doors to have shield plates both outside and inside, and ver:
strong hinges with brass pins riveted in. The funnel to be formed of } inc“;
and yy inch plates, 43 feet high from firebars, and 6 feet 6 inches diameter,
with all necessary hoops and shackles for stays, &c.

Boilers of §.8. « Arabian.”—As an illustration of boilers which
work at a very high pressure, we have selected that shown in
the following diagrams, which is the boiler of the 8.8. Arabian
(the engines of which were described in Lecture XX1V.), and
was constructed by Messrs. Rankin & Blackmore, Greenock.
The engines are of the triple-expansion type, and the boiler
pressure is 150 lbs. per square inch.

This boiler is single ended, and is 10 feet 6 inches diameter,
and 9 feet 5% inches long. It has two furnaces, 3 feet diameter
(minimum) constructed of Fox’s corrugated steel plate § inch

25
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thick, and each furnace has a separate combustion chamber.
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<hambers are flat on the top, and deformation is prevented by
girder-plate crown stays, CS, fitted with three 1§ inch steel
bolts for each stay. The screwed stays, 8 8, at the backs ?f the

BoiLER oF 8.8, ¢ ARABIAN.”

for Outside Shell.
»» Corrugated Furnace Flues.
gombustion Chambers.
u
Stay Tubes.
Front Tube Plate.
Back Tube Plate.
Furnace Door.
Furnace Bars.
Croes Bearer for furnace bars,
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B B for Fire Brick Bridge.
M ,, Manhole.

,» Inspection Door.

»» Longitudinal Stays.

s» Crown Stays.

Screwed Stays.

s Smoke-Box.

,»» Guard Plates for L S nuts.
» Uptake to Funnel,
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combustion chambers, are of steel 13 inch diameter, with the
exception of those forming the outside row, which are 1% inch
diameter. All these stays have nuts on both ends. The flat
sides of the combustion chambers are stayed by 1} inch steel

BorLER oF S.S. ¢ WiNgsaNG "—Scale § inch = 1 foot.

D BS for Double Butt Strap Joints. B

LS ,, Longitudinal Stays. D for D R ates.

S - C&“m‘?egtgg;ﬁ MH ’, Manhole, and Mudhols
R ;

8D ,: Steam Dome. Openings.
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stays with nuts on the inner ends only, the outside ends being
riveted over. The boiler contains 122 tubes, T, 34 inches
diameter, of which number 40 are stay tubes, ST, whilst six
others are screwed into the back tube plate, B T P, and beaded
over on the front ends. The stay tubes, S T, are screwed into

BorLEr or 8.S. “ WiNgsaNG "—Scale } inch = 1 foot.

08 for Outside Shell, ST for Stay Tubes.

F ,, Furnaces. FP ,, Front-end Plate.

CF ,, Corrugated-furnace Flues. | TP ,, Tube Plate. .
CC ,, Combustion Chambers. LJ ,, Circumferential Lap Joints,

T ,, Tubes, BSJ,, Butt Strap Joints.
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the back tube plate, BT P, and have double nuts on the front
ends. The stay tubes are 5 inch thick, and the ordinary tubes,
No. 9, W.G. thick, or -148 inch. The upper part of the boiler,
and also the lower part below the furnaces, are stayed by steel
longitudinal stays, L 8, 2§ inches in diameter at the body, with
2% inches screws. A stay tube running through to the front
plate below the smoke-box, is also provided on each side of the
boiler as shown in the end elevation, to support that part of
the combustion chamber into which it enters. The manhole on
the top of the boiler is fitted with a ring, 6 inches broad and
1 inch thick, to compensate for the loss of strength of the plate
in which the hole is cut.

S.S. «Wingsang’s” Boilers.—Double-ended boilers are very
commonly used in marine practice for large powers, since they are
lighter (and therefore cheaper) in proportion to power than single-
ended boilers. The drawings on the previous pages, 322 and
323, to a scale of } inch=1 foot, illustrates the double-ended
boiler of the S.8. Wingsang, constructed by Messrs. Hall, Russel!
& Co., Engineers and Shipbuilders, Aberdeen, for a steamer in
the Chinese Coasting Trade.

The boiler is 13 feet 6 inches diameter, and 17 feet long. The
shell is constructed of 4 rings of plate, which are united together
circumferentially by double-riveted lap joints; the two middle
rings, however, being fastened by a butt joint with a single-cover
plate. The longitudinal joints are all double-riveted butt joints,
and have double-cover plates. Fox’s corrugated furnace flues are
fitted to this boiler, and each furnace flue is connected to a
separate combustion chamber. The combustion chambers are
arched on the top, and bound together by plate and angle-iron
stays. Of the return tubes every alternate one forms a stay
between the two tube plates. As in the other marine boilers
already described, these stay tubes are made thicker than the
.others, and are screwed into the back tube plate with nuts inside
the combustion chambers, and are fitted into the front tube plate
with nuts on each side. A very large dome, 3 feet diameter and
14 feet 3 inches long, is fitted to this boiler, and is attached by
two wrought-iron neck pieces, in order to collect an abundance
of dry steam.

In Lecture XXI., we illustrated and described a small pair of
non-condensing marine engines, by Messrs. Shanks & Son of
Arbroath, for use in steam launches, yachts, and small screw-
tugs. It is of importance in such cases to minimise the
longitudinal space occupied by the boiler as much as possible,
and with this object in view, the above makers have adapted
their vertical multitubular boiler described in the last Lecture.



SIIANKS' VERTICAL MARINE BOILER.

The accompanying illus-
tration will still further
explain the internal con-
struction of this form of
boiler, as a sectional plan
is shown in addition to
the vertical section.
Great heating surface,
easy repair, non-liability
to prime, tubes easily
brushed out, and the
fact, that any sediment
which may collect in the
central fire-box tube can
be quickly removed by
simply opening a blow-
off cock fitted on the
outside shell to which
is attached an external
syphon pipe, are several
of the advantages claim-
ed for this arrangement.
Further, no fire-brick de-
flectorsorinternal linings
are used, neither is the
shell weakened by
cutting it away to admit
the tubes, nor bolted to-
gether by flanges, while
the centre of gravity of
thewhole boileriskept as
low as possible to insure
stability in the small
vessels for which it is
adapted. The whole
boiler is made of Siemens-
Martin steel.

SHANKS’ VERTICAL MARINE BOILER FOR

LAUNCHES, YACHTS, AND SmMaLL Tuas,
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Lecrure XX VIII. —QUESTIONS,

1. Enumerate the different classes of marine boilers at present in
general use, and describe briefly their distinctive features. Give freehand
sketches of each of these types, and state the maximum pressures at which
they are worked. Why has the rectangular boiler been given up, and
what two forms of rectangular boilers were in use 30 years ago?

2. Describe the construction of a marine boiler with four furnaces of
modern type for high pressure steam. Sketch a cross and a longitudinal
section, showing the water spaces, with a complete index of the various
tgmts. How are the flat surfaces stayed? Enumerate all the principal

ttings.

3. geocribe the construction of, and sketch both in transverse and
longitudinal section, a marine boiler. Mention some of the causes to which
a loss of heat may be attributed when the boiler is in operation.

4. Sketch and describe by an index of parts a cylindrical high-pressure
marine boiler with two furnaces, showing the mode of construction and
staying, and describe the several processes employed in its construction
fromu:ﬁe commencement until its completion in the shop.

5. Sketch and describe clearly how the furnace tube of a cylindrical
marine boiler is constructed, and how it is attached to the combustion
chamber and front end plates, and also how expansion is allowed for.

6. Give a freehand sketch of a marine engine boiler, with all the necessary
fittings in their relative gsitions; name them and their respective uses.

7. Sketch and describe by an index of parts Shanks’ small vertical
marine boiler for steam launches or small tugs.

8. Describe, with sketches, the general construction of a boiler for
generating steam at a high pressure, selecting that one of the three (land,
marine, or locomotive) with which you are most familiar. (ddv. S. ard 4
Ezam., 1887.)
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LECTURE XXIX.
BOILER CONSTRUCTION.

CONTENTS.—Materials used in Boiler Construction—¥rought-Iron, Steel,

(I';)tg)ﬁer—Joints of Boiler Plates, Riveted Joints, Punching and

i:)lg; Hand and Machine Riveting, Caulking, Welded Joints—

Methods of Connecting the parts of the Shell, and Flues—Staying of

Boilers—Strength of Boiler Shells—Strength of Flues—Strengthening
Hoops for Flues—Corrugated Furnaces.

Materials used in Boiler Construction.—The earliest forms of
steam boilers were constructed chiefly of cast-iron, but on
account of the low tensile strength of this material and its
unreliable nature when subjected to the variable temperature
and stresses in a steam boiler it has been abandoned for many
years, except for certain parts of water-tube boilers, such as in
those of Babcock and Wilcox, illustrated in Lecture XX V11,

Wrought-Iron.—Until the recent introduction of mild, soft
steel, wrought-iron was the material which was almost exclu-
sively employed for the construction of steam boilers. Wrought-
iron possesses great tenacity, combined with the important
qualities of toughness and ductility. It is therefore well adapted
to resist sudden strains and alterations of temperature, and does
not give way suddenly or without warning. Also, its capability
of being welded, forged, and flanged, adds to its value as a
material for boiler construction; whilst it is a matter of impor-
tance that its strength is not influenced to any appreciable extent
by a moderately large increase in temperature, such as high-
pressure boilers are subjected to under ordinary circumstances.

The average ultimate tensile strength of wrought-iron bars
may be taken at 22 tons (or about 50,000 lbs.) per square inch ;
the tensile strength of the best quality of bar iron being about
25 tons (56,000 lbs.) per square inch. The average tensile
strength of wrought-iron plates as used for boilers, is—

‘With the grain = 21 tons (47,040 1bs.) per square inch.
Across ,, 19 42,560 ,,

The plates used in boilermaking should all be of good quality;
inferior plates give great trouble and are always unsatisfactory.
Mhn =lobnn —onewies 4o ===~ through some of the various processes

ng, punching and rolling cold, and in

n
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dealing with inferior plates the greatest care must be exercised
by the workmen to prevent them from injury before they are
fitted into the boiler.

~

900000V O
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Fractured longitudinal joint in a new boiler from the use of a brittle iron

late. Norwich explosion, 25th September, 1566. The plates were of

glcvela.nd iron, and when tested by gendmg, broke off short. They were
quite wanting in ductility.

Only a very good quality of plate will stand flanging with
impunity; and where joints have to be welded, satisfactory work
cannot be obtained with an inferior plate which is wanting in
ductility. Many inferior plates have a high tensile strength,
but are brittle and do not possess that toughness and ductility
which are essential qualities when much forging has to be done.
The plates of the furnace flues are the most important, since
these are more severely taxed by variations of temperature
(causing sudden expansions and contractions), than any other
plates in the boiler. The plates of the furnace crowns are
alternately in contact with the fierce hot flames from the fire, and
the currents of cold air which rush into the furnace each time the
firing door is opened. The constant straining of the plates which
is thus induced is very trying, and none but plates of very good
quality will stand it for a great length of time. The various
brands put upon plates, such as Best, and Best Best, &c., are very
misleading, the ¢treble Best” plates of one maker beingl no
better in some cases than the “Best” plates of another. Itis
only by the use of efficient testing machines, careful chemical and
microscopical analysis, that a thorough knowledge of the capabili-
ties and nature of a given quality of plate can be ascertained.

Steel.—This material has come into use very largely for boiler
plates within the last few years, owing to the valuable properties
it possesses when manufactured in the mild form. Mild steel
boiler plates containing about 0°1 per cent. of carbon are now
manufactured by the Bessemer, Siemens and basic (Thomas
‘Gilchrist) processes, and have an ultimate tensile strength of from
25 to 30 tons per square inch, with an elongation in test strips
(8 inches long) of from 20 to 25 per cent. Steel plates with a
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higher tensile strength than this, are usually too hard and brittle
for boilermaking purposes. Owing to the greater tensile strength
of steel, boilers made of that material are much lighter than
when made of iron, and the plates being thinner, the joints are
more easily made tight. Good mild boiler steel plates also possess
& duoctility superior to wrought-iron, and are therefore more
suitable where flanging has to be done. They can be treated
whether cold or hot by experienced workmen with the same
freedom and usage as applied to malleable iron plates, except to
a small extent in the case of welding, for the steel plates do not
weld quite so freely as iron ones, and the welds are not so trust-
worthy. Steel scrap, however, welds into blooms quite as freely
as wrought-iron scrap, and the forgings are generally superior.

There have been a few cases of the failure of boilers con-
structed of steel, the plates of which had been tested before
they were used and found to be of a good quality. These failures
have engendered in the minds of some engineers a certain amount
of distrust of this material. Steel plates are undoubtedly more
severely injured by punching than iron plates, and should always
be annealed afterwards. Much of the distrust which has been
felt in the use of steel for boilermaking has been caused by the
use of plates quite unsuitable for that purpose, and their subse-
quent failure. Engineers have in many cases been too anxious
to avail themselves of the high tensile strength of steel, forgetting
that in 8o doing they are sacrificing the all-important quality of
ductility. Steel is undoubtedly superior to iron as a material of
construction for steam boilers, but great attention and care must
be paid to its special properties and the methods of manipulation
most suitable for it. Plates of a very mild nature, possessing
moderately high tensile strength but great ductility, should
invariably be used. Of all the tests applied to steel plates the
bending test is the most valuable.

Copper.—Occasionally, copper has been used for boilermaking,
although chiefly for small boilers. It is a much better conductor
of heat than iron or steel, the ratio of the conductivities of copper
and iron being expressed approximately by the numbers 74 to 12.
It wears better under the intense heat of the furnace, and gives
a higher evaporative efficiency. It has also the advantage

* See paper on “‘Injurious Effects of a Blue heat on Iron and Steel ” by
Mr. Stromeyer, read before the Institution of Civil Engineers. Vol. Ixxxiv.
Remarks on Steel Boilers ” by Thomas

ers, Published by Charles Griffin & Co.,
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of resisting oxidation, or corrosion from the feed water. It is
very ductile and malleable, and can therefore be worked with

t ease, and will stand a considerable amount of straining
action. It has, however, one great disadvantage—viz., its strength
decreases to a large extent with an increase of temperature.
At 32° Fah. its tensile strength is, on the average, 15 tons per
square inch, but at 550° Fah. its tensile strength is reduced to
about 75 per cent., and at 850° Fah. to 50 per cent. of this value.
On account of this inferior strength and the high price of copper,
its use for boiler making has been entirely given up, except for
locomotive fire-boxes and stays.

Joints of Boiler Plates.—The joints in boiler shells and flues
are formed either by riveting or welding.

Riveted Joints.—These are of various forms and strengths, but
they may all be classified into, (1) lap-joints, (2) butt-joints.

The next set of diagrams, Nos. 1 and 2, show a single-riveted
lap joint. This is the simplest but least efficient form of joint,
and is only employed where great strength is not required.

A joint of this kind may be fractured in four different
ways.

(S;.) By the shearing of the rivets between the plates.
2.) By the tearing of the plates along the line of rivet holes.
*(3.) By the crushing of the plate between its edge and th
rivet holes, causing the metal between the edge of the plate an
the rivet, to be forced out.

(4.) By the breaking of the plate between the rivet hole an
the edge, in a line at right angles to the edge.

Another resistance must also be overcome before fractur
takes place, viz., the frictional resistance of the plates.t Th
contraction of the rivets in cooling, compresses the plates s

* The third method of fracture cannot be avoided by giving lap to tt
plates, if the surface of the holes in the plate which taies the pufl of tk
rivet 18 foo small. In this case, the surface will be crushed, however larg

the lap of the plate is. This determines the diameter of the largest riv:
that can be used for a given thickness of plate.

+ The rivet must not be so small that it is unable to draw the plat:
firmly togother, for if it is, the joint is unsatisfactory, and the rivet is und:
such great tension that the head is apt to fly off when it cools, or afte
wards, when the plate is being caulked. The plates should be pressed
tightly together when riveting takes ilace, and even until the rivet a1
the immediately surrounding part of the plate have been cooled, that t!
frictional resistance botween the plates is sufficient to prevent them slif'gil
ovor oach other to the minutest extent due to the maximum stresses like
to ocour, Some makers apply cold water to the plates, close to the rivet
whon thoy are being riveted up, in order to secure this desirable obje
with a saving of time and money.
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tightly together, that a considerable frictional resistance is set
up, which aids in preventing the plates from sliding over one
another. The amount of this friction, however, is entirely
dependent on the temperature at which the rivet is put in, and
the tightness of the joint when the head is formed, and as it
cannot therefore be calculated with any degree of accuracy it
is usually neglected, in estimating the strength of a joint.
To find the best proportions for a riveted joint.

Let ¢t = The thickness of the plates in inches.
d = , diameter of the rivets ,, ,,
a = ,, area of the rivets in square inches = =7 = j—; a
P = , Dpitch of the rivets in inches.
8, = ,, shearing strength of the rivets per square inch.
S, = , tensile » » s Pplates ,, ) »

Consider the strength of a jointed strip of plate of breadth
= p. Then the best proportion will be obtained when the
tearing resistance of the plates = the shearing resistance of the

rivets.
(p—-d)ytx8 =ax8,

The shearing strength of rivet iron is usually about equal to
the tensile strength of plate iron, therefore, we have

(p—d)¢=a;.'.p=a+‘dt=%l+d.

The following relation between the diameter of the rivets and
the thickness of the plates is given by Prof. Unwin,

d = 12 /t, which gives a very good proportion.

The following table and sketches (from Smart on ¢ Steam-boilers,” see foot-
note, page 322), show examples of several of the best types of riveted joints
in use in modern %:'actioe. In calculating the strength of the joints the
tensile strength of the steel plates has been taken at 28 tons per square inch ;
the shearing-stress of the steel rivets at 23 tons per square inch, and that of
the iron rivets at 18 tons per square inch. In all the examples shown the
shearing stress of the rivets is in excess of the tensile strength of the metal
left between the rivet-holes, and it has been found that a considerable
excess in this direction adds to the strength of the joint, and at the same
time renders it more easily made and kept tight. As the steel plates have
all been either drilled, or punched and afterwards annealed, no allowance
) o © 7 "1e metal left between the rivet-holes has

m of strength been allowed for in those

drilled through the solid plates, although
tween the holes, at least in those joints
vets, will be somewhat increased.
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The fracture of the plates by methods (3) and (4) depends
upon the distance between the edge of the hole and the edge of
the plate. If the lap of the plates be made from 3-2 times the
diameter of the rivets when these are less than 1 inch diameter,
to 3 times the diameter of the rivets when these are greater than
1 inch diameter, the joint will be equally strong to resist fracture
in those two ways. If the lap is made more than this, there is
difficulty in caulking since the plate springs.

Lap joints may be single, double, or triple riveted. A
double-riveted lap joint is shown at figure No. 3 in the last
diagram. In this joint there are two rows of rivets, and their
pitch may be found in the same way as before.

Tearing resistance of plates = shearing resistance of rivets.

In this case, a strip of the jointed plate of breadth = p, has
two rivets in it.

c(p-d)tx 8, =2ax 8,
or(p -d)t=2a

. 2a d

p= +d
When two plates which are lap jointed are subjected to a
tensional stress acting at right angles to the joint, the plates
tend to draw into line, and bending takes place at points
opposite the edges of the overlapping plates. In a lap joint
in this position, and subject to varying stress, there is a
constant bending and straining motion going on about these
points. These points, therefore, become particularly vulnerable
to the corrosive action of the water in a boiler, and in the lap
joints of a boiler which has been long at work, the inside of the
plates is often found to be corroded or eaten away in a line
parallel to the joint, and just at the beginning of the lap. This
corrosive action, in time, greatly reduces the strength of the
plate, especially if impure feed water be used, and it is knowr
as grooving, firrowing or guttering, on account of the deeg
groove, furrow or gutter which is eaten out of the plate at thi:
special point. The action is due, partly to the mechanica
motion of the joint, and partly to the chemical action of th
feed water. In lap joints with thick plates, this bending actios
is greatest. Such joints have therefore a less percentage of th
strength of a solid plate when made of thick than of thin plates
Fig. No. 5 in the last diagram shows a double-riveted dw¢¢ joini
In this joint the plates are in line, being placed edge to edge, an
the connection is made with single, or double-cover plates. Thes

Jjoints are variously made—viz., single, double, and triple rive
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They have the same proportions as to pitch and diameter of
rivets as lap joints. When a single-cover plate is used, the
bending action is not altogether avoided, but with double-cover
plates there is no tendency to bend, so that this injurious action
may be entirely prevented by the use of the butt joint. When
double-cover plates are used, the rivets are placed in double
shear, t.c., they must be cut through in two planes before the
joint can give way. The butt joint with double-cover plates is
the most efficient form of riveted joint, but it is also the most
expensive. As compared with a lap joint, double the number of
rivets require to be put in, and more than double the number of
holes have to be punched or drilled.

In practice, double riveting is done in either of two ways. In
the last figure referred to, viz., No. 5, the rivets in one row are
placed opposite the spaces between the rivets of the other row.
This method of riveting is known as zigzag riveting. In the
following figure,
the method known
as chain riveting, %
in which the rivets
are placed imme- -r
diately  opposite
each other, is
shown. Zig-zag
riveting requires
less lap than chain
riveting, and also |
makes a tighter J_
Jjoint, but the plates
are not so strong, HOLES ¥4 DRILLED.
especially if the
holes are punched.
Owing to the
greater strength of the chain-riveted joint, it is coming more
into use than heretofore.

The following table, copied from Sir John Anderson’s
Strength of Materials, gives the relative strengths possessed
by different forms of riveted joints. The strength of the solid
plate is taken as 100, and it will be noticed, as we would
naturally expect, that even the best of these joints falls far short
of the solid plate in strength :— 26
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RIVETED JOINTS.

S?ren 4 go
0l
Description of Joint, Riveting. Rivet Holes. Pouso Pl;,bﬁ.

Jolnt,
Lap, . . e . Single, . gu;ﬁ’:f’d’ gg
Lap,. . « .« | Double, . g“n'if:’;'d’ . gg
Butt, 1cover, . . | Single, . rb‘:,ﬂf:d’ed' . g
Butt,1cover, . . | Double, . };‘:ﬂi’:ded’ . gg
. .

Butt, 2covers, . . | Single, . I?’“rﬁf:fd’ . g;
.

Punched, . 72

Butt, 2 covers, . . Double, . Drilled, . 79

The student will see from this table that the single-riveted
lap joint is the weakest form ; also, that butt joints with single-
cover plates, are not any stronger than lap joints, but, when
double-cover plates are used, the percentage of plate strength is
rather greater than that of lap joints.

Single-riveted lap joints are used for the circumferential joints
of land boilers, up to about 5 ft. diameter, and working witha
steam pressure of not more than 60 lbs. per square inch. Double-
riveted lap joints are used for the circumferential joints of marine
boilers, and for the longitudinal joints of land boilers of small
diameter. Triple riveting, either in the form of lap or of butt
joints, is used for the circumferential seams of marine boilers of
large diameter and working at high pressures.

Punching and Drilling.—The holes in the plates of riveted
joints are either punched or drilled. Each method offers some
advantage which is not to be found in the other. The main
objection to punching the holes is, that damage is done to the
- plate by the process. The extent to which a plate suffers from
punching depends upon its quality. The injury done by punch-
ing to good tough ductile plates is very trifling, but when the
plates are of a hard steely nature, their strength may be seriously
impaired by the process. Mild steel plates stand punching very
well, but, if the plates are at all hard, they may be considerably
injured, even to the extent of a loss of tenacity of 30 per cent.
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For this reason, it is usual to anneal steel plates which have
been punched; after which, they are found to regain their
original strength and properties. If the plates are not punched
very carefully, it is often found, on putting them together, that
the holes do not correspond. In order to admit the rivets, and
bring the holes as nearly fair as possible, drifting is sometimes
resorted to. This reprehensible practice is very injurious to the
plates. It consists in driving a round tapered steel pin (known
a8 a “drift”) into the hole, in order to remove the obstruction.
‘When the holes do not quite coincide, a drill should be run
through them, and, if necessary, a larger rivet used, but drifting
should mever be allowed. In order to obtain perfect agreement
of the rivet holes, some boilermakers punch the holes rather
less in diameter than the size of the rivet, and when the plates
are put together, they are then rimered out to the full size.

‘When the plates are drilled separately, it cannot be said that
the holes correspond much better than when the plates are
punched, and no advantage in this respect can be claimed for
drilled holes. The only way to ensure absolute coincidence of the
holes in the different plates, is to have the plates drilled when
fixed in position. A number of boiler drilling machines are now
in use, which effect thisobject. The shell plates, after they have
been bent, are fixed together by service bolts, and the part of the
shell so formed is placed upon a turning-table or some other
arrangement for moving the shell round in front of the drills.
There are usually two or more drills which operate simul-
taneously, all round the outside of the boiler shell, and these
pierce through two or more thicknesses of plate. When each
set of holes has been bored the turning arrangement moves
the boiler shell through a distance equal to the pitch of the
rivets, and the drills then proceed with the next set of holes.
‘With an efficient machine of this kind the extra expense of drilling
over that of punching the holes, is very trifling.

The holes formed by punching are necessarily tapered, since
the hole in the die-block is always a little larger than the punch,
and when the plates are put together the small ends of the holes
are placed inside the joint, and the larger ends outside. By this

forced into the holes they hold
e & much tighter joint, than
plates ; and, even although the
¥, the rivets would still retain
dges of drilled holes are sharp,
the rivet, and it is found that
iy slightly counter-sinking the
to the expense. This cutting
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. action is not experienced when the holes are punched, for the
outer edge of a punched hole is not so sharply defined as a
drilled hole. It has been found by experiment that when the
plates are punched, the rivets are stronger, but the plates are
weakened to a greater extent. Hence, as will be seen from the
table on page 336, joints made with drilled holes are rather
stronger than those in which the rivet holes have been
punched.

Hand and Machine Riveting.—Formerly, all the joints of boilers
were riveted by hand, but machine riveting is now used for all
the joints to which a machine can be applied. The work done
by good riveting machines is much superior in strength to hand
work, and can be done much more expeditiously. The hydraulic
riveting machine is the one which is most used at the present
time, and seems to be the most suitable for the work. In riveting
by hand, the blows are so sudden, that the part of the rivet struck
by the hammer absorbs nearly the whole energy of the blow, and
the formation of a shoulder commences before the hole is properls
filled. In machine riveting, on the other hand, the pressure
comes gradually on the whole body of rivet, and compresses
it fully into the hole before forming a head at all ; the joint is
therefore much more secure. Before riveting a joint, care should
be taken to have the plates drawn closely together, or the com-
pression of the body of the rivet into the hole may cause a slight
shoulder to be formed between the plates, and this prevents the
closing of the joint.

We have seen from the table on page 336, that riveted joints
are very much weaker than a parallel section of the solid plate,
even a double-riveted butt-joint with doublecover plates only
gives 79 per cent. of the plate strength. This is a very serious
loss of strength, and various attempts have been made to bring
up the strength of the joint to that of the solid plate. With
this object in view, Sir Wm. Fairbairn patented a process of
rolling plates with thickened edges, so that, after the holes were
punched and the plates riveted, the sectional area of the plate
between the rivets, would be equal to that of the solid plate.
This plan, however, has never been adopted in practice, probably
on the ground of expense.

A proposal has also been made to make the rivets of an
elliptical section, so that by keeping the same pitch for the same
sectional area of rivets there would be greater breadth of plate
between the rivet holes, than when round rivets are used. Thus.
if instead of using round rivets
area with flat sides (say 1}inch
in position with the flat sides |
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breadth of the plate between the rivet holes of }inch. There
are many objections, however, to this form of rivet, and it has
not yet come into use.

Caulking.—In order that the riveted joints of boilers may
be absolutely steam and water tight, they usually require to be
caulked. This consists in burring down the edges of the plates
with a tool somewhat like a chisel, but flat on the end (see tig. 2).
Caulking, whilst indenting down
the extreme edge of the lap, is y
liable to open the plates between . -
the extreme edge and the point >
where they are held by the rivet- - .
heads. Fyt’)r this rea.{xon, many Fig. 1. (Scare {) Fig. 2.
engineers have given up the use of the caulking tool, and prefer to
use only the fullering tool.—See fig 1. Caulking or fullering is
greatly facilitated if the plates are planed on the edges with a slight
bevel, and that is now done in the best boiler practice. The caulk-
ing tool recommended by Mr. Webb,
Locomotive Superintendent of the
London & North-Western Railway,
and used in the works of that
Railway Company at Crewe, is
shownintheaccompanyingdiagram,
by which damage to the plates is
prevented and the surfaces driven
into close contact.

Welded Joints.—In recent years welded joints have been
introduced for boiler shells, but have not met with much favour.
All chances of leakage are avoided by welding the joints, and the
external corrosion which results from leakage is therefore pre-
vented. If the joint is sound, it is stronger than any of the
forms of riveted joint, but its soundness is always a matter of
uncertainty. The strength of a riveted joint can be known with
a considerable degree of accuracy, but the strength of a welded
joint depends entirely on the skill and care of the workmen, and
it is not always easy to decide from the external appearance
whether or not the weld is sound. Welded joints, however, are
very serviceable for furnace tubes and locomotive steam domes, &ec.,
and are in general use for those purposes, but they have not been

siler shells.

8 of the Shell and Flues.—The
of plating from three to four

rith the grain running circum-

inected to each other at their
flat end plates are connected to

(ScaLE }).
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the shell in various ways ; the following diagram shows the three
methods that are most common in practice.

Figs. 1 and 2 show the method of attachment by riveting
angle irons to the shell and then riveting the end plate to those
angle irons. In fig. 1, the angle iron is attached outside, and in
fig. 2, inside the shell. These two methods are largely used in
land boilers, notably Lancashire and Cornish boilers. The
attachment by outside angle irons admits of more springing of
the end plates, and gives more room for mountings, &c., on
the front end of the boiler. The outside angle irons are prefer-
able when the space between the flue tubes and the shell plates
does not exceed 5 or 6 inches, owing to the greater freedom
allowed by them for the longitudinal expansion of the flue. A very
common arrangement in land boilers is to attach the front end
plate by outside angle irons, and the back end plate by inside
angle irons.

ig. 3 shows the method of flanging the end plate and then
riveting it to the shell plates by an ordinary lap joint. This is
the form most generally used in marine practice, and now also
to a large extent for land boilers. It forms the best and simplest
form of joint, but of course the end plate must be of thoroughly
good quality in order to stand the flanging. When the end plate
is attached by angle irons to the shell, the constant springing
which goes on, due to the expansion and contraction of the
furnace flues, is liable to cause grooving of the end plates close to
the edge of the angle iron : but when the end plates are flanged,
the bending is spread over the curvature at the root of the flange,
and is not concentrated upon any particular point, consequently
grooving is prevented to a great extent.

There are other methods of attaching the flat end plates to the
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shell, such as flanging the end plates outwards, instead of inwards

as shown, or fitting angle irons outside instead
of inside the end plate, but these are not in
such general use, and the only advantage they
possess is, that the joint may be riveted
wholly by machinery.

Flue Attachment.—The methods of attaching
the flues to the end plates are very similar to
those already described for fixing the shell to
the end plates. Two of those in common use
are shown in the diagram at the side. In one
arrangement, an angle iron is used, and in
the other, the end plate is flanged inwards.
It is also sometimes flanged outwards.

Staying of Boilers.—The tendency of
pressure on a flat surface is to bulge it out to
a circular form, and to prevent this deform-
ation of the flat surfaces in steam boilers, all
such surfaces require to be stayed. In Lanca-
shire and Cornish boilers the only parts
which require staying are the end plates; in
marine boilers the end plates and the flat
sides of the combustion chambers, and in
locomotive boilers all the flat sides of the fire-
box and the end plates.

Stays are made of various forms according
to the position they occupy in the boiler. The

7
2
%tw

fire-box stays of

locomotives, which bind the flat sides of the fire-box to the outer

shell, are shown in the annexed diagram.

The stays of marine boilers which
bind the flat sides of the combustion
chambers together, and to the end
plates are similar in form, but have
often nuts and washers on one or on
both ends instead of riveted heads,
and are generally screwed through-
out their length. In locomotive
boilers these stays are usually made

yoilers

Nuts
ﬁm: SOREW STAYS.
1eir larger bearing surface.

stayed with gusset stays, or with

1 end to end of the boiler, or with
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Gusset stays are usually made of a single plate of iron, which
is fixed to the shell and to the end plate, by means of angle irons on
each side of the plate, as shown at, G S, on the following diagram.
In marine boilers, the gusset stays are often made of a rod of
iron with a flat plate forged on the end. The plate is riveted to
the shell, and the rod passes diagonally across to the end plate,
and is fixed there by nuts and washers on each side.

¢\ - W

) A
= OO0

LS

A - /L
& &)
GUSSET AND LONGITUDINAL STAYS. :

* The Board of Trade insist upon iron stays being used if of
the above shaie where the ends have been ¢ jumped up,” welded,
or worked in the fire. Mr. Thomas W. Trail, Engineer-Surveyor-
in-Chief to the Board of Trade, in his book on Boilers, published
by Chas. Griffin & Co., gives the pressures, greatest surfaces, and sizes for
iron and steel stays. See pp. 126 to 137 and 258 to 263, first edition, 1888.

Longitudinal stays are simply rods of iron or steel* screwed at
the ends, which pass from one end of the boiler to the other, and
are secured to the end plates by nuts and washers on both sides.
One of these, L S, is shown on the above diagram. When these
stays exceed 20 feet or thereby in length they tend to droop in
the centre, and do not take up the full stress on the end plates.
In this case, they should be supported at the centre by small
brackets riveted to the shell.

Although the end plates require this staying, it is not desirable
that they should be absolutely rigid, or the flues will not have
sufficient freedom to expand. The object to be aimed at is to
strengthen the ends, but yet as far as possible to preserve a
certain amount of elasticity

The flat crowns of locomotive fire-boxes, and the combustion
chambers of marine boilers, are usually stayed in the manner
shown on the diagram of multitubular boiler in Lecture XVIIL,
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and the marine boiler, page 320, in Lecture XX VIII. Cast-iron
or preferably wrought-iron girder plates pass across the fire-box
and rest on the vertical back and front plates. These girder plates
support the furnace crown by means of bolts passing up through
them, and are secured by nuts above, in the manner shown on the
diagrams. In marine boilers, the combustion chamber is some-
times curved at the top and supported by stays from the end plate
(p- 316), but it is usually flat on the top and supported in the same
way as the locomotive fire-box just noticed. The top of a loco-
motive fire-box is sometimes also supported by copper or iron
stays from the outer shell of the boiler, in the same way as the
sides (see folding page, Lecture XXX.) In regard to crown stays,
Mr. D. 8. Smart, in his paper on Steam Boilers, read before the
Institution of Civil Engineers,* remarks—
 Girder-stays have, until recently, been universally employed
in the strengthening of fire-box crowns of the locomotive type
of boilers; but direct stays between the crowns of the fire-box
casings and the fire-box crowns are now to a great extent taking
their place. Girder stays are decidedly objectionable in obstruct-
ing the circulation of the water, and in tending to cause over-
heating through the narrow water spaces between them and the
crowns becoming choked with deposit; also on account of the
severe stress thrown upon the plates on which they rest. The
object in refraining from staying the crowns of the fire-box
directly to the crowns of the casings has hitherto been to avoid
undue strain from the greater upward expansion of the fire-box,
but this objection may in a great measure be overcome, by making
the crowns of the casings flat like the fire-box crowns with well
rounded corners. The pressures on the two flat surfaces will
nearly balance, and any unequal expansion will be taken up by
the flat portions outside the stays, or by the rounded corners.
The Author has seen a number of boilers constructed on this
design which he believes will give perfect satisfaction. The two
crowns are stayed directly to each other by bolts screwed into
both, with the heads in the fire-box and nuts on the top of the
outer casing, the part in the water and steam spaces being with-
out threads. Numbers of boilers are also being made with the
crowns of the casings of the usual semi-cylindrical form, and the
flat fire-box crowns stayed directly to them by bolts in the
manner just described, with no provision for expansion other
than the spring of the plates all round. Others, when thus
ire-boxes are of large size, have
sion of the first two rows of stays

ixtract and diagrams taken from it b;
y Inst. of C.E. v
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over the tube plate on getting up steam, as tube plates have been
injured by too rigid a connection.”

In marine and all tubular boilers, that part of the end plate
through which the tubes pass, and which cannot be supported
by gusset stays, is supported by some of the tubes themselves
which are known as stay tubes. These stay tubes are made
stronger than the others, and are usually screwed into the back
and the front tube plates. They are sometimes fitted with nuts
on the outside of the front tube plate and then beaded over at
each end. The tube plates are seldom supported by rod stays
between the tubes, for this plan is objectionable, since the rods
are not exposed to the same temperature as the tubes, and
consequently expand differently.

Strength of Boiler Shells.—T{:e strongest form for any bouler,
or vessel which supports internal pressure, is that of a sphere
but there are many reasons for not adopting this form in practice.
The early steam boilers were designed of the form which would
give most heating surface, and in the opinion of the designer
would give the highest evaporative efficiency, but no attention
was given to the form which would be best adapted to support
pressure. So long as very low pressure steam was used in
those boilers, the question of form was not so important, but as
soon as pressures of 30 lbs. per square inch or thereby were
adopted, it became necessary to give some attention to the form
of the shell which is best suited to withstand internal pressure.
The cylindrical boiler has now been universally adopted as the
nearest practical approach to the sphere.

To estimate the strength of a cylindrical boiler—

Let P = the bursting pressure in lbs. per square inch.
» ¢ = thickness of the plates in inches.
» D = diameter of the boiler in ,, i
Let S, = tensile strength of the material at its weakest part in
lbs. per square inch.

Consider the pressure on any very small surface, A B, (in the
next diagram) which makes an angle, 4, with the horizontal
diameter, 0 D. The normal pressure, P, on the surface, AB,
may be resolved into two components, Oz, acting vertically, and,
Oy, acting horizontally.

Then the angle

” »

Therefore x = P -
=P
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Thus the vertical pressure on the surface, AB = P cos. § x AB.
But cos. §- AB = ab.
.*. The vertical pressure on AB = P x ab.
Hence, the sum of all the vertical components of, P, will be—
PxOD=PxD.

w.e., The force tending to rupture the boiler is equal to the
pressure per square inch, multiplied by the diameter in inches.
X

Also, the resistance of the material is equal to the tensile
strength of the plates in lbs. per square inch, multiplied by the
combined area of the plates on each side of a diameter.

Then at the point of rupture—

The pressure tending to cause rupture = The resistance of the material.
Considering the pressure on any length, L, of the boiler,

‘We have—
PxDxL=2(Lxt¢x8)

o 218,
o _T

PD
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The value of P, given by the previous formula, is the pressure
required to cause longitudinal rupture, i.e., rupture in a line
parallel to the axis of the boiler, but a cylindrical boiler may
also be ruptured transversely, t.c.,, in a line at right angles to the
axis, due to the pressure on the ends.

Let P, = the bursting pressure in this case.
Then the force tending to cause rupture—

= P, x area of cross section of boiler = P, x —: D

Also, resistance of plates =area of metal in cross section x its tensile strength.
t.e., Force tending to cause rupture = Resistance of plates.

|

PIXED’—ﬂDxtXS.

. P = T =D
4
2¢8S,

P D 1

"B, IS, "%
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Hence, the pressure required to cause rupture of a boiler
longitudinally, is only half that required to cause rupture in a
transverse direction. For this reason, the longitudinal joints of
boilers are always made stronger than the circumferential joints.
In Cornish, Lancashire, and marine boilers having internal flues
from end to end, the pressure required to cause transverse
rupture is much greater than twice that required to cause
longitudinal rupture, for then the effective area of the end plates
is not equal to the whole area of cross section of the boiler, but:
is equal to the area of the boiler minus the area of the flues.
Owing to this unequal stress on the joints of boilers, it has been
proposed to plate boilers diagonally, having the joints at such an
angle to the axis as would cause an equal stress on each joint.
This plan, however, has never yet been put into actual practice.

In all actual calculations we must insert for, S, not the tensile
strength of the plate, but the strength of the riveted joint.
This is obtained by taking the percentage of plate strength given
in the table on page 336, for the particular form of riveted joint
with which the boiler is constructed.

ExaupLE.—A Lancashire boiler is 7 feet 6 inches diameter, and
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is required to work at a pressure of 75 lbs. per square inch. The
longitudinal joints are double-riveted and are lap joints.
Find the thickness of wrought-iron plates required for the shell.
The average tensile strength of wrought-iron plates in the
direction of the grain is 21 tons, or 47,040 lbs. per square inch
(see page 327), and since a double-riveted lap joint (punched
holes) gives 69 per cent. of plate strength,

The tensile strength of joint = 47,040 x -69.
” » » = 382,457 lbs. per square inch.

In steam boilers, a factor of safety of 6, is usually allowed, ¢.e.,
the bursting pressure is six times the working pressure.

75 x 6.
450 lbs. per square inch.

.. The bursting pressure

» ”» ”

PD _ 450 x 90
28, ~ 2 x 32457

Then, t

oot =16239" = g— inch nearly.

Strength of Flues.—The strength of cylindrical tubes subjected
to internal pressure is independent of the length of the tube,
since the greater the length of the tube the more material there
is to resist the increased pressure. In proof of this statement
the student will have noticed that in the equation on page 345,
the quantity, L, appeared on both sides, and was therefore
cancelled out. It seems natural also to suppose that when a
cylindrical tube is subjected to external pressure, its strength to
resist collapse should not be dependent upon its length, and
until the year 1858, this was assumed by all engineers.

Sir Wm. Fairbairn carried out a series of experiments in 1858,
to ascertain the strength of cylindrical tubes subjected to exter-
nal pressure, and his experiments threw much light on the
behaviour of such tubes under those conditions.

As the result of his experiments, he deduced the following
formula for the strength of boiler flues of iron : —

Let P = collapsing pressure in lbs. per square inch.
5 t = thickness of the plates of the flue in inches.
» L = length of the flue in feet.

» D = diameter of the flue in inches.

¢ 219
Then, P-= 806,300 _IJ_X D f
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This shows that the collapsing pressure varies directly as the
2-19th power of the thickness, and inversely as the length and
diameter.

‘When a cylindrical tube, which is not perfect in form, is
subjected to internal pressure, the effect of the internal pressure
is to rectify the defect, and to bring the tube to the form of an
exact cylinder. Thus, in a boiler shell made with lap joints, the
form of the cross section necessarily differs from that of a true
circle, but when steam pressure comes upon it, the tension on
the longitudinal joints tends to draw the plates into line, and
causes them to take up an exactly circular form at any section.
The effect of external pressure on an imperfectly circular tube is
not to remedy the imperfection, but to increase the deviation
from the true circular section and to produce greater distortion.
Among Sir Wm. Fairbairn’s experiments, the results may be
noted of a test of two tubes subjected to external pressure,
37 in. long, 9 in. diameter, and ‘14 in. thick, the same in every
respect, except that one tube was lap jointed and the other butt
jointed. The tube with the lap joint collapsed with 262 Ibs.
pressure per square inch, whilst the tube with the butt joint did
not give way till a pressure of 378 lbs. per square inch was
reached. This shows a loss of } in resistance to collapse, by a
departure of merely ‘14 in. from the true circular section, and
clearly indicates the necessity of making boiler flues exactly
cylindrical. This is now very nearly approached in practice,
flues being always made with either welded or butt joints.

Fairbairn’s formula may be readily worked out by the use of
logarithms ; but for ordinary practical purposes, the square of the
thickness may be used instead of the 2:19th power.

From the above, it will be apparent that cylindrical tubes,
subjected to external pressure, require to be strengthened when
long. Boiler flues are usually strengthened at intervals along
their length, and this is effected in several ways, the principal
of which are—

Scale §

T IroN Rixa, Bowrixg Hoop. Amusog’s Fraxcep
EAM.

The T iron ring showr igr in the left-hand figure was
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the first method adopted for strengthening the flues. It is
riveted round the joints of each ring of plates in the manner
shown in the diagram. This plan gives ample strength, but
holds the flue too rigidly, and does not permit of free expansion
and contraction.  The rivet heads also are exposed to the
intense heat of the furnace, and are liable to be burnt.

The form shown in the middle figure is known as the Bowling-
hoop, and has been largely used for strengthening the furnace
flues of boilers. It is weldless, and can be made in iron or steel.
It possesses quite as great strength as the T iron ring, and, from
its shape, allows all necessary freedom for the expansion of the
flue. It has the same disadvantage as the T iron ring, however,
since it exposes a double thickness of plates and two rows of
rivets to the flames from the fire-grate.

The third method shown in the right-hand figure is known as
the Adamson Flanged Seam, and consists in flanging the ends of
the flue plates, and connecting them together by rivets with a ring
between. This joint is very elastic, and permits of free expansion ;
it has sufficient strength without the ring, but the ring is used
in order to give a caulking edge on each side of the lap. This is
the method which is most generally adopted, although a number
of engineers prefer the Bowling-hoop. The plates require to be
of specially good quality to admit of flanging, and the flanging
must be skilfully done, or the joint will give a considerable amount
of trouble. The advantage of this joint is, that all rivets and
double thicknesses of plate are removed from the action of the fire.

There is one other method of strengthening flues which is of
more recent introduction than those already mentioned, and is
shown in the diagram annexed.

The flue tubes are made of welded
rings of iron or steel, and are rolled out
accurately in a machine to the shape PaxMaN's FLUE
shown, and united by a simple lap joint. JoINT.

The strength of the flues is thus greatly increased, and yet free
expansion is allowed. ‘

The arrangement of these flue tubes in a boiler is shown in

the diagram below.
] [ JT
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The rivet heads and double thicknesses of plate, although not
removed entirely from the action of the flames, are out of
immediate contact with them.

When flues are strengthened by any of these methods, their
strength must be taken as that corresponding to the length
between the rings or joints.

Corrugated Furnaces.—The furnaces of boilers are now very
frequently fitted with corrugated flues. A furnace of this kind
is shown in the marine boilers illustrated on pages 320 and 322.
A corrugated furnace flue is stronger than one fitted with any
of the strengthening rings already mentioned, and is of such a
form as to allow every facility for expansion. The process of
corrugating furnace flues was brought out and patented by Mr.
Samson Fox in 1876. The appliances at first used for producing
the corrugations were very severe and trying to the material, but
now by the use of improved rolling mills, corrugated furnaces are
produced in which the plates suffer no apparent injury.

‘Within the last few years corrugated furnace flues have been
largely used, both for land and for marine boilers, with very satis-
factory results. Greatly increased strength, combined with perfect
elasticity, i8 the principal advantage, but a corrugated furnace
also gives greater heating surface, and breaks up the flame and
heated gases. They have, however, certain disadvantages, viz.,
sediment and salt incrustation may more readily gather in the
hollows at the top of the flue than in a plain cylindrical one, and
the dead ashes in the lower inside hollows. The elasticity or
bellows action is somewhat too great in large boilers, and strength-
ening longitudinal stays are sometimes inserted round or near
the outside of the Fox’s tubes between the ends of the boiler.

LectuRE XXIX.—QUESTIONS.

1. Enumerate the chief advantages of wrought-iron as a suitable material
for the construction of steam boilers. Whutiindu of iron plates should be
discarded, and why? Give the average tensile strength of good wrought-
iron with and across the grain.

2. State the chief advantages of mild steel over wrought-iron as a material
for boiler construction, and explain the precautions that are necessary in
selecting the plates and in manipulating them during the manufacture of a
boiler. Give any instances known to you of the failure of steel boiler
plates, and the reasons assigned for their failure. Give the tensile strength
of good mild boiler plate steel.

. In what kinds of boilers, and for what parts of them, is copper used ?
‘What advantages are claimed for cop})er in those cases over wrought-iron
or steel? Why is cast-iron not used for the shell or flues of ordinary land
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or marine boilers ? In what kinds of boilers, and for what parts of them, is
cast-iron still employed ?

4. Sketch clearly in freehand the several chief forms of riveted joints,
and indicate the vantnfes and disadvantages of each. Sketch a single-
riveted joint for §-inch plate, marking the size of the rivets and the pitch
you would emploly;. Show in what way such a joint might yield.

5. Determine the pitch of the rivets for a single-riveted joint of 4-inch

late so that the joint ma{ be equally strong to resist tearing and shearing.
%ismeter of rivets is §-inch. Safe shearing strength is 7,800 lbs. per square
inch ; safe tensile strength is 10,000 1bs. per square inch. Ans. 1°813 inch.

6. What rules are employed for calculating the strength of double-
riveted lap joints in iron and steel plates? Is there any advantage in the
use of elliptical rivets ? :

7. It is required to construct a double-riveted lap joint for §-inch plates.
Give the proportions of the joint, and calculate the percentage of solid plate
strength which it gives. Anas.

8. ribe with sketches any boiler or other piece of riveted work with
which you have had anything todo. Give roughly the dimensions of rivets
or stays, the details of joints; give fuller information about the part you
have had most to do with. What sort of stress occurs in the plates at any
riveted joint? Sketch the various ways in which fracture may occur.

9. What are the relative advantages and disadvantages of different
methods of riveting?

10. How are rivets made, and from what kinds of iron? Sketch, with
dimensions, single- and double-riveted butt joints of §-inch plates. Show
a butt joint in a boiler where cross and longitudinal joints meet. Sketch
the various ways in which the joint may be made at the bottom of a
locomotive fire-box.

11. In & single-riveted lap joint exposed to tension, determine the
diameter and pitch of the rivets in terms of the thickness of plate, and the
three stresses 7, /;, and /b,

where /; = intensity of stress on material of plate.

ﬁ = » ” 1) rivet.
So= s bearing pressure estimated on a diametral section
of rivet.

Find the diameter (d) and pitch (p) for 4-inch plates when 7, = 30, f; = 22,
and /3 = 42 tons per square inch, and estimate the efficiency of the joint.
Ans. p = 288 inches, and d” = 121 inch; 60 per cent.

12, Compare the joints of plates in the end of a Cornish or Lancashire
boiler now with what they were twenty years ago.

13. Which is better, to drill or punch rivet holes? and why?

14. State the chief objections to punching boiler plates. Why should
¢¢ drifting ” the holes not be permitted in order to bring them fairly oppo-
site each other? What is the best method for ensuring that the rivet holes
in boﬂ%;{hm shall be fairly opposite each other ?

15 y is hydraulic machine-riveting better than hand-riveting ?

16. Describe the process of caulking a joint, and sketch the best form of
caulking-tool with which you are best acquainted.

17. In what parts of boilers are welded joints used? Why are welded
joints not more generally adopted ?

18. Sketch and describe the principal plans of connecting the shell to the
end ;htes in a large horizontal boiler, and give their several advantages
and disadvantages, with reasons, 97
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19. Sketch and describe the best plans of connecting the flues to the end
plates of a horizontal land or marine boiler.

20. Mention those of a marine boiler which require to be stayed,
and show clearly by sketches how the staying is done in actual practice.

21. Find the thickness of iron plates in a boiler shell 6 feet 4 inches in
diameter, for a pressure of 40 lbs., the greatest tensile stress permissible in
the material being 5,000 1bs. per square inch. Ans. “304 inch.

22, A cylindrical boiler with flat ends, 30 feet long, 6 feet diameter, has
two internal flues, each 2} feet in diameter. Steam pressure in the boiler
is 40 lbs.; what is the whole pressure on the internal surface in tons?
How is the strength of such a boiler related to its diameter? Anrs. 108 tons.

23. Find the greatest diameter of a cylindrical boiler to resist a
of 100 lbs. per square inch, the plates being 3-inch thick, and the safe stress
upon the metal being 5,500 lbs. per square inch. Ans. 41-25 inches.

24. A cylinder constructed of boiler plate is 7 feet in diameter, and is
subjected to an internal bursting pressure of 50 1be. square inch. Find
the longitudinal stress on the metal per square inch of section, the thickness
of the g te being 4-inch. Ans. 4,200 lbs.

25. Show fully by calculation why a cylindrical boiler is twice as likely
to burst longitudinally as endwise, and give an example.

26. An ordinary cylindrical boiler has flat ends with two internal flues
running from end to end. The boiler is 28 feet long, the shell 7 feet in
diameter, and each of the two flues is 30 inches in diameter, the iron
employeti being 4-inch in thickness throughout. Taking the ultimate
strength for the longitudinal or double-riveted joints at 35,000 lbs. per

uare inch of sectional area, and that for the transverse or single-riveted
Jjoints at 28,000 lbs. per square inch, find the ultimate bursting pressure—
(1) along a longitudinal, (2) along a transverse section. Ans. 417; 1,532 lbs.

In what way are the internal flues strengthened ?

27. Given the breaking tensile strength of wrought-iron, find the thick-
ness of the shell of & %lmdrical boiler which will support a given pressure
of steam. Example—The diameter of the shell is 3} &2:. and the pressure
of the steam is 150 1bs. on the square inch, what should be the thickness of
the boiler plate when the tensile strength of wrought-iron is, for safety,
estimated at three tons on the square inch? Prove that a tube under
internal fluid pressure is twice as strong in a transverse as in a longitudinal
direction. Ans. ‘47 inch,

28. The furnace flue of a marine boiler is 7 ft. long and 3 ft. in diameter.
The plates are §-inch thick, and an Adamson flanged joint is fitted at the
centre. Find the collapsing pressure of the flue. Ans. 374 1bs. per sq. inch.

29. Find an expression for the thickness of the shell of a cylintfr(i:cal iler,
the tensile strength of the material, the pressure of steam, and the diameter
of the shell being given. If a cylindrical boiler 5 feet in diameter will

a steam pressure of 20 lbs., what should be the diameter of a boiler
o like material, construction, and thickness of plate, for supporting a steam
nwessure of 100 1bs.?  (Adv. 8. and A. Exam., 1887.)
"0 In & cylindrical steam boiler prove the formula for the forces tendin
« weoduce ru of the material in the circumferential and longitnd.im%
sations.  (Adv. S. and A, Exam., 1889.)
1. Whydo ordinary steam boilers fail to utilise a large proportion of the
wen- #=-gloped in the complete combustion of the fuel employed? Sketch a
wgi=ndinai section through the fire box and tubes of a high-pressure boiler.
e~ the censtruction of the boiler, and show the method of staying the
uema et hely to give way under pressure. (4dv. 8. and A. Ezam.,1889.)
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LECTURE XXX.

LOCOMOTIVES,

CoxTENTS. —Early history of the Locomotive Engine—Caledonian Railway
Passenger Locomotive—Folding-page Illustration of Express Loco-
motive by Messrs. Dubs & Co., with Complete Explanatory Index and
Descriptive Specification, Drawingsof Details and Dimensions—Giflard’s
Injector—Compound Locomotives.

THE present course of Lectures being limited to thirty, and
having occupied 8o much time and space in the previous Lectures,
with the necessary history, theory, and detailed description of
stationary engines, marine engines, and boilers, we find that we
can give but a very cursory glance at the history of the Locomotive
Engine ; reserving the major portion of this, the last Lecture, to
the illustration and explanation of one of the latest and best
Express Passenger Locomotives.*

* Students who are particularly interested in the Locomotive Engine
should refer to—

(1) Professor Thurston’s History of the Steam Engine for a popular
desacription of the many attempts at, and ultimate success of, Steam
Locomotion on Railways.

(2) Locomotive Engineering and the Mechanism of Railways, by Zerah
Colburn, C.E., and Daniel Kinnear Clark, M. Inst. C.E., published by
William Collins & Sons, Glugow (to be found in most Engineering and
Philosophical Societies’ Libraries), for not only a very complete history of
the Locomotive, but also u detailed description of all the best known forms
up to 1871.

l:’(3) Modern Steam Practice and Engineering (divisions 3 and 4) by J. G.
Winton and W, J. Millar, C.E., published by Messrs. Blackie & Son,
Glasgow, &c., for the detailed mechanism of Locomotives.

4) A VVW’ with discussion, on ¢ Compound Locomotive Engines” by
Francis W, Webb, M. Inst. C.E., Loco. Supt. of the London & North-Western
Railway, read before The Institution of Mechanical Engineers, July 1883.
See vol. of Proc. Inst. Mech. Engs. for 1883, pp. 438 to 462,

(5) A paper, with discussion, on ‘‘The Construction of Locomotive Engines,
with some Results of the Working of those on the London, Brighton, and
South Coast Railway,” by William Stroudley, M. Inst. C.E., Loco. Supt.
of the L. B. and S. C. Ry., read before The itution of Civil Engineers,
March 3, 1885. See vol. Ixxxi., p% 76 to 166 of Proc. Inst. C. E.

(6) Papers with discussions, x[Rm'imenting on the Steam Jacketing
and Compounding of Locomotives in Russia,” by Alex. Borodin, of Kief;
¢“On the working of Compound Locomotives in India,” by Mr. Sandiford,
of Lahore. See The Engineer, Aug, 20 and 27, 1886, Copied from
Trans, Inst, Mech, Engs, for 1886,
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Early History of the Locomotive.—In 1680, Sir Isaac Newton
proposed the adoption of a Steam Carriage having a spherical
boiler half filled with water, mounted on a four-wheeled carriage.
A fire was to be placed underneath the boiler for raising steam
in the same, and a nozzle projecting aft from the steam space, so
that by the reaction of the issuing steam on the air (as in Hero's
engine) the carriage should be propelled forward. This was
probably the first suggestion for applying the force of steam to
locomotion on land.

In 1759, Dr. Robinson suggested to Watt the application of
the then known steam engine to land locomotion.

In 1784, Watt patented a locomotive engine, and in the same
year Murdoch, Watt’s assistant, made a working model which
went at a rapid rate along the road. It was fitted with a grass-
hopper engine, and the model is preserved in the Patent Museum
at South Kensington as an interesting relic.

In 1802, Trevithick and Vivian patented a Steam Locomotive
having a high-pressure engine, the model of which is also in the
Patent Museum at South Kensington. In 1803-4, Trevithick
and Vivian built a full-sized locomotive at Camborne, which drove
from there to Plymouth, a distance of 90 miles, before being
shipped there for London, where its powers were publicly
exhibited for some time.

In 1813, Hedley patented a locomotive with smooth wheels
to work on a smooth rail. Hitherto, it had been generally
supposed that rack or toothed rails and wheels were necessary in
order that the locomotive might be able to draw a sufficient load,
but Hedley’s one drew eight loaded coal waggons at a speed of
5 miles an hour, with a steam pressure of 50 lbs. on the square
inch. He it was who first turned the exhaust pipe up the
chimney and contracted its end, in order to intensify the draught
in the fire and flues.

In 1814, George Stephenson (who gave the real practical
start to the locomotive) built his first engine at Killingworth. *
For the next fifteen years, Stephenson, as well as several other
engineers, worked most earnestly at making and perfecting the
locomotive, until, in 1829, the famous competition trial, under
certain stipulated conditions, took place between (1) the “ Novelty,”
constructed by Messrs. Braithwaite & Ericsson (the latter being
the person who first successfully introduced the screw propeller),
(2) the “ Sanspariel,” by Hackworth, (3) the ¢ Perseverance,” by
Burnstall, and (4) the ¢ Rocket,” by Stephenson, when the last
proved the most successful engine, far exceeding even the most
sanguine expectations of its designer.

* See Life of George Stephenson, by Smiles,
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From 1829, until the present date, the history of the
locomotive is a vast series of improvements in details, far too
varied and numerous for us to mention here, until now it is
one of the most perfect and beautiful of all the machines with
which the engineer has to deal, and of which he is justly
proud.

THE ‘‘ RockET,” 1829, *
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Express Passenger Locomotive.—As an example of the mere
outward form of an Express Passenger Locomotive at present
in use on the Caledonian Railway, we insert the preceding
figure in order that the student may compare it with the
“ Rocket.”

It is similar in general design to the engine illustrated in the
following folding page. The student should first thoroughly master
the detailed index of parts, together with the drawings, and then
carefully compare them with the several details in the selected
extracts from the Specification, to which the engine was built
and finished only last year.

INDEX OF PARTS TO THE LOCOMOTIVE.

Note.—As a guide to finding several of the parts on the FOLDING
PLATE, as well as on the separate sketches, the words, side view, end view,
plan or seperate sketches (under specification), have been added in the following
indez, in italics and within brackets.

COMBUSTION AND HEATING ARRANGEMENTS.
(See also separate Detail Sketches of Boiler).

F D, for Fire Door (on side and

end views)ﬁ The a.el;:om- % Oper
in, re shows - %0

fl?:ileghodggf opening A *7
and shutting the same /
by the handle. /

H, ,, Fire-door Handle. \ J

, 3 Fire Bars, on which the [_ AN ]
coals are placed, with —- -—
spaces between them FD.
to allow air to pass u

mnm
wo

through the coals an ) A R - 2 A
cause combustion, and \\ '/ /
to allow ashes to fall 7, \ /
into the ashpan. /, \
AP, ,, Ash Pan (side and end L YA \\\ ]
views). L_g;l
AH, ,, Ash-pan Handle (end [RGB
view near T W S). i
B, 4» Bearers for supporting
F B at both ends. Fire Door AND HANDLE.

DP, ,, Deflector Plate, for de-
flecting the gases as they rise from the coals, and causing
them to mix properly, thus ensuring a more complete con-
sumption of the smoke.

BA, ,, Brick Arch, also for deflecting the gases and preventing them
from rushing along the tubes as they rise from the coals.
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F Bx, for Fire Box, in which the products of combustion should assume the

form of a colourless gas. Its sides are usually made of copper,
28 then they transmit the heat to the water more quickly tﬁn
}zihey would if made of iron, and resist better the action of the

re,
F TP, ,, Fire-box Tube Plate (on side and end views).
T ,» Tubes, along which the heated gases pass on their way to the

chimney, heating the water which surrounds them. They are
fixed at the one end to F Bx, and at the othor to S B.
, Smoke-box Tube Plate (on side view and zlan).

+» Smoke Box, from which the smoke passes on through—

s Spark Arrester. It prevents the sparks falling into the Steam
Exhaust Pipe, and getting outside.

,» Chimney.
, 55 Smoke-box Door, which admits of access to the Boiler Tubes and

Steam Pi

s 2 Smoke-boxmr Handles, for fastening and securing the Smoke-

box Door. The inner one is first screwed up, and then the
outer one, 8o as to act like a jam or lock nut.

SBP, ,, Steam Blower Pipe, for causing a draught when getting up

steam pressure in the boiler. It can be opened at pleasure by
the driver workin,

SBW,,, Steam Blower Wheel, placed in C A B (on end view).

oS,

SD,
wL,

CS,

BOILER.
(See also Detail Sketches).

for Outer Shell, in three lengths, front, middle, and fire-box
shell. The front is secured to the smoke-box tube plate,
T P, by an outside cylindrical angle iron. The middle length
is also cylindrical, and is attached to the front length by a
lap joint. The fire-box shell is cylindrical on the top, but
flat on the side, to allow of its going between the main-
frames, MF. It is secured to the middle length by a lap

Joint.

,» Steam Dome (on side and end views). It i;‘}rlwed on the top of
the outer shell of the boiler, and is used for collecting dry
steam, and for holding the steam regulator.

,» Wood Lagging. The boiler is covered all round the barrel with
wood lagging; sheathed over with sheet iron to prevent
radiation of heat. -

»» Copper Stays (on e ¥
end view), for ; 3
sﬁc\ln-in thl;eouﬁt:: o
shell of the
box to the inside e [ TR il
fire box, and thus avzmms ‘
strengthening
both of them.
(Weillustrated
and e:tplaa'.fzeécd this .
stay in ture » vsioe AUTE
XXIX. p AL ovake e
See also sketch of Locomotiv: Boiler and the above figure).
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F B R S, for Fire-box Roof Stays, for preventing the flat roof of the copper
box from collapsing.

S S, s Sling Stays, which are attached by Pinl to FBRS, and also
to angle irons riveted to the roof of outer shell, thus causing
the weight of the fire box to be carried by the outer shell,
and bracing the two together.

LS, ,» Longitudinal Stays (on side and end views), for staying together,
smoke-box tube plate, and back plate of fire-box shell.

PmS, ,, Palm Stay (on side view, and also on separate sketch of boiler),
to support fire-box tube plate, F T P.

F EB, ., Fire-box Expansion Bracket (on end view and separate sketch of
boiler). ’llhis forms a support for boiler, and at the same time

allows for any expansion caused by heat.

, Fusible Plug, for tire-box Crown (sepirate sketch of boiler).

WP, ,, Washout Plugs (separate sketch of boiler).

STEAM REGULATING GEAR.
(Shown also on Boiler and Detail Sketches under Specification.)

H, for Steam Regulator Handle.
B, ,, Regulator Stuffing Box. °
R, ,, Steam RegulstnrgRod. The end of this rod inside the boiler is
supported by a footstep as shown.
4» Connecting Link between S R R and S RV for actuating—
RV, ,, Steam Regulator Valve, for governing the admission of steam
from the steam dome to the cylinders.
V, , Relieving Valve, for relieving the full pressure of steam from
S RV, and thus rendering it easily opened, as well as to allow
the driver to start the locomotive gently. RV works directly
on the back of S R V. It opens first and shuts last.

-
)
o

SRP, ,, Steam Regulator Pipe made of cast iron.
CISP, ,, Copper Internal Steam Pipe.

SPC, ,, Steam Piie to Cylinder Valve Chests.
SEP, ,, Steam Exhaust Pipe or “Blast Pipe.”

SAFETY VALVE GEAR.
(Shown also on Boiler and Detail Skelches under Specification.)

SV, for Ramsbottom Safety Valves (side and end views).

VS, ,, Safety Valve Seat, which is bolted to a man-hole, formed on
the top of the outer shell of fire box.

vV, ,» Brass Valves,

H, ,, Relieving Handle, which extends into CA B. The driver, by
}mlling or pushing the end of this lever, can let steam escape
rom one or other of the safety valves at pleasure, or ascertain
that they are not sticking in their seata.

CYLINDER GEAR.
(See also Detail Sketches under Specification.)

S P, for Steam Ports of Cylinders (side view and plan).
C, »» Cylinders (on side view and plan).
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E P, for Exhaust Ports of Cylinders (on side view and plan).

SEtP, ,, Steam Exhaust Pipe, by which the steam passes from the
exhaust port, E P, up the chimney to the open air, creating
the characteristic noise of a locomotive, and causing a partial
vacuum below; thus inducing a draught from the fire box
thrtugh the tubes, and maintaining a lively combustion of the

coal

,» Piston (on plan).

, Front Cylinder Cover (on plan).

»» Back Cylinder Cover (on plan).

» Cylinder Stuffing Box (on plan).

s» Valve Chest of Cylinder (on side view and plan).

»» Valve Chest Cover (on side view and plan).

»» Water Cock for blowing off water from cylinders and valve
chests (on side view).

»» Water Cock Rod, so connected as to open or close all the water
or ‘‘pet cocks” of both cylinders and both valve chests at
the same time. It leads to the starting platform,

S P00

£ £<<0wmy
0 000no0
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SLIDE VALVE MOTION GEAR.
(See also Detail Sketches under Specification.)

for Slide Valve.

»» Slide Valve Spindle and Buckle.

»» Slide Valve Spindle Stutﬁ:f Box.

»» Slide Valve Connecting Rod (on side view and plan).

»» Slide Valve Connecting Rod Guide (on side view and plan).

,» Link of Link Motion.

,» Forward Eccentric Rod (side view and plan).

»» Backward Eccentric Rod (side view and plan).

»» Eccentric Straps (side view and plan).

»» Eccentric Pulleys, keyed on to driving axle, D A,
Reversing Lifting Links (on side view and plan).
,» Reversing Lever (on side view and plan).
Reversing Motion Lever, which is fixed to the same shaft as

R L, thus forming a bell-crank lever.
Balance Weight, to act as a counterpoise to the weight of link,
L, eccentric rods, F E R and B E R, &c. (side view and plan).
Reversing Motion Rod, which transmits the motion between
Reversing Motion Handle, Bracket, and Screw and R M L (on
side and end view).
Reversing Shaft (on side view and plan).

Zrryomm o0nn
22 O2W

22 £
" rr
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»

MAIN DRIVING GEAR.
(See also Detail Sketches under Specification).

for Piston Rod.
,» Piston Rod Crosshead.

f™»
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EXTRACTS FROM SPECIFICATION
OF
FOUR-WHEELS COUPLED, BOGIE, EXPRESS ENGIN

ConsTrUCTED BY MEssrs. Duss & Co., GLascow LocomorTive Wo
POR THE LoNDON, CHATHAM, AND DoOVER RaiLwaY CoMPANY.

Principal Dimensions,

Inside diameter of cylinders, . .

Stroke of piston, . . . . . . . . .
Length of boiler barrel, . . . . . . .
Diameter ,, ,, outside,. . . . . .
Length of fire-box shell outside, . . . . . .
Width ,, &t bottom, . . . . . .

oy

Number of tubes, 199.
Diameter - ,, outside, . . .
Height of centre of boiler from rails,. . e e e e
Length of engine, frame, . . . . . o e
Thickness ,, w e . . . . . .
gismnce bett\;een "h l. . ad' . .
iameter of driving wheels on tre
., tr ailinﬁ . N z coupled, . . .

" bogie 1) 13 .
‘Wheel base, total from front to hind wheels,
Centres of bogie wheels, . . . . . .
Centre of bogie to centre of driving wheels, . . . .

v riving v tmilinf » . . . .
Height of centre of buffer from rails, o e e . .
Working steam pressure, . . . . . . 140 Ibs, per sq.
Testing pressure (with warm water), . . . . 200 ,, p

(In reading the following descriptive specification of boiler, &c., refer
JSolding plate and views, pp. 364 to 378).

woosolw o »6540 um»slav-;ﬂ

Boiler.—The barrel, dome, fire-box casing, tube plates, all angle i
rivets, and stays were made of Lowmoor iron. The barrel is telescopic,
made in two plates, the circumferential seams being single riveted, and
longitudinal seams butt jointed with inside and outside strips, do
riveted. The tube plate is attached to barrel by a ring of angle i
bored, faced, turned on edges and shrunk on, and zigzag riveted to
The dome is in one plate, welded at the seam, and flanged at the botto
fit barrel, to which it is double riveted. A strengthening liner pla
placed inside the barrel, round the opening for the dome. The top has
angle iron ring riveted to it, and is fitted with a strong wrought-i
cover, the cover and angle iron being accurately faced so as to mak
perfectly steam-tight joint.

The fire-box shell was made as shown, the sides and top being in
plate. The front or throat plate was flanged forward and single rive
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the barrel, and the back plate to the sides and top as shown. Augle irons
for carrying the sling stays were riveted to the top in the position shown.
The manhole is of wrought-iron, flanged top and bottom, and single
riveted to the casing, the top flange being accurately faced to receive the
safety valves. The boiler is stayed by six longitudinal stazs, screwed into
the back plate of casing, and passing through the smoke-box tube plate,
with nut and washer on either side. The bacl glate is strengthened, where
the stays pass through, by a liner plate riveted to it on the inside. The
longitudinal stays are supported in the middle of their length, in the
manner shown. The fire hole is circular. The ring of the section shown
is of Yorkshire iron, and riveted to the casing and fire-box plates. The
foundation nnf is also of Yorkshire iron, with the corners of the form
shown, carefully riveted so as to be thoroughly tight. Twenty-one brass
taper mud-plugs were fitted in suitable positions for washing out purposes.
gire Box.—The fire-box plates and stays are of copser of the very
best quality. The plates were annealed, both before and after flanging,
and strips were cut off and tested by being doubled cold, without showing
any sign of fracture. They were also analysed, and found to contain less
than ‘5 per cent. of impurities. The sides and crown are in one plate.
The crown is curved as shown, and stayed with eight Yorkshire iron roof
bars of the section shown, each secured by thirteen studs 1 inch diameter,
screwed through the crown plate into the bar, with nut on the underside
of plate. Six of the roof bars are connected to the angle irons on the casinﬁ
plate l:{: twelve sling stays of Yorkshire iron. Great care was taken to be
the ends of the root'g bars accurately on the fire-box plates, and to see that
,tl;:t:ling stays were of the correct length and bearing on the pins, top and
m.

The tube plate is stayed to the barrel by six 1-inch copper stays, screwed
through the plate into palm stays riveted to the barrel. The copper stays
were screwed tightly into the fire box and casing plates, and neatly
riveted over, the thread being turned off the part between the plates (see
Fig., p. 357). A brass plug with fusible centre was inserted in the crown of
the fire box. A brick arch was built in the fire box and supported on studs
in the manner shown. The fire-box back plate was dished at fire hole to
meet the ring and the fire hole fitted with an air deflector scoop, and
sliding doors, in the manner shown on the drawings (see p. 356). .

The fire grate consists of nineteen wrought-iron fire bars, and two cast-iron
fire bars of the section shown, supported on two cast-iron comb-bar bearers
by four wrought-iron brackets, studded to foundation ring. The fire box
is riveted with the best Yorkshire iron rivets. .

All the plates were planed or turned on the edges before be}ng put
together. ‘Ihe holes were drilled and rimmed out perfectly fair with each
other in all plates and angle irons. Before being ﬁgged the boiler was
tested to a pressure of 200 l%s. square inch with warm water, and after-
wards to 160 Ibs. per square inch with steam, and found to be perfectly
tight under these pressures.

Tubes.—The tubes are of copper, solid drawn, No. 9 B. W.G. at the fire-
box end, tapering to 12 B.W.G. at the smoke-box end. They were secured
by a roller tube expander and fixed with ferrules at the fire-box end. The
ferrules were of ferrule steel, and were put into the tubes a tight driving
fit. The tubes project through the smoke-box tube plate about y inch.

Smoke Box and Spark Arrester.—The plates for smoke box and
door are of BB Staffordshire iron, hnvin7 a perfectly smooth surface. The
rivets were countersunk outside and filed smooth. ~Wrought-iron liners
were placed against the tube plate, and the sides, and front of smoke box.

rd
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The door was dished, as shown on drawings, and fitted with baffle plates
and suitable dart, handles, and hinges ; the latter were finished bright.

A wrought-iron grate for arresting sparks is supported in the smoke box
in a horizontal position, just below top of blast pipe.

Dimensions of Smok: Bor, dc.

Ft Ion
Length of smoke box (inside), . . . . . . . 2 S
Width on centre line of boiler (inside), . . . . . 4 11
Thickness of plates, . . . . .. . . . 0 o0}
Section of angle iron (2} in. by 2} in. by } in.)
" ring round door hole (3 in. by § in.)
Diameter of rivets, . . . . . . . . . 0 0}
Pitch of rivets, . about V] 3

Chimney,—The chimney is of BB Staffordshire iron, jointed with a
butt strip, and the rivets countersunk, and filed smooth on the outside.
The bottom was carefully fitted to smoke box. The top is of cast iron, of
the shape shown in the drawing.

Dimensions of Chimney.

t.
Height of top of chimney from rail, . . . . .. 13
Diameter inside at top, . . . . . . . . 1

” s bottom, . . . . . . . . 1
Thickness of plates, . . . e e e . . 0

REGULATOR FOR Duss & Co.’s LocoMorIvR.

eam Pipes,—The regulator is of cast iron, and
yuble valves. The steam pipes are of copper sheets,
in the inside. The flanges and cone are of brass.

-

-t
K
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The steam pipe in the boiler is fixed to the tube plate by a turned ferrale
of the best steel, and to the regulator by mears of three eﬁw bolts. o

Dimensions of Regulator, dc.
Ft.

i Ins,
Diameter of steam pipes (inside), . S
Thickness ,, ~,, (No.7 BW.G.) :

’ ' Exhaust or Blast Pipe.—The blast

,"j/é'*r‘g;‘ pipe to be of cast iron,l:?le top to be

H, turned and bored to the form shown

I" (in side view of folding plate and end
view of boiler smoke box, p. 365).

—

1)

X ‘ Dimensions of Exhaust Pipe,
. Ft Ins,
Rf\l Diameter of blast orifice,. . 0 43
Height of blast pipe above top
row of tubes, . . .02

444

Safety Valves,—These are of the
kind known as “ Ramsbottom’s duplex”
safety valves. They are fixed on the

SECTION. fire-box casing. The columns are of
brass turned bright, fixed on a cast-iron
man-hole cover. The springs were set
80 a8 to blow off at 140 Ibs. per square
inch. All the joints were accurately
faced, and found to be perfectly steam-

ﬁ tlght.
Dimensions Of sq} Cty } ahpe" 1

Diameter of valves, . . 0 3%
Distance aj of columns, . 01
Height of brass columns, . 1
. 0
.1

Diameter of spring steel,
PLAN. Cw nl:an-ﬁole cover,
RAMSBOTTOM’S SAFETY VALVE FOR Thickness of seat, . . . 0 13
Duss & Co.’s LocoMoTIVE. Frames,—Inside frames and front
buffer plate are of Bessemer steel solid
rolled. The plates were planed all over on the inner side, and the outer
side was finished with a good smooth surface. All holes were marked from
one template, and drilled and rhymed out to the exact size given.

The frames are set in, and thoroughly well stayed together by the buffer
plate, and with plates and angle irons at the leading end in the manner
shown on drawings. The front foot-plate is thinned at the edges. A plate
is placed horizontally under the cylinders to carry the bogie pin, and was
firmly bolted to angle irons on the frames. A transverse stay arranged to
carry the back ends of motion bars and the intermediate spindle guides, and

+ fire-box casing is fixed in the position shown,
dzontal flanged stay is securely bolted to the
d of frames is placed a cast-iron foot-plate
dlings. All these stay plates Agnél angle irons

“ESR
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are of BB Staffordshire iron. The casting and the transverse stays are
mrel\- fastened to the frames, the former by turned bolts, and the latter
y cold tarned rivets of Lowmoor iron. The rubbing pieces for tender
buﬁ»n were well case-hardened. When finished, the frames were adjusted
lnrfeuly true and square in all directions. The foot-plate is of steel, of the
e as the es, and the rivets are counter-sunk on the top.

Gw\l bars of the form shown are securely bolted to the frames and baffer

plate.
Dimensions of Frames.

Ft. Ina
Thickness of frames (finished), . . . . . . 0 1
Depth over leading bogie wheel, . .. . 1 3
» between cylinders and dnvmg horns, . . 1 5}
»» between driving and trailing wheels (open), . 1
Greatest depth of plates, . . 2 113
Distance from centre of bogle to front end of frune, . 4 10
”» »» y»» to centre of driving axle, . 9 10
» ,» driving axle to centre of trailing axle, 8 4
» tmlmg axle to hind end of frame, . 4 0
Extreme length of plates, . 27 0
Dlatu\ee from centre of driving axle to front of fire-box o}
ing, . 1 1
Dut;noe between fnmes at leldmg ends, . 3 9
from cylinders to trnhng end 4 0
Helglxt of top of frame from rul, . . 4 13
Depth of butfer plate, . . . . . . 1 3
Length " . . . . . . 7 6
Thickness . e . . 0 14 steel
Thickness of foot-phte . . 0 o} .
Extreme width of foot-plate, 7 8

The ouTsIDE frames are of BB Staffordshire angle iron (the step-plates
being welded on), and stayed to the inside frames as shown on drawings.
All the rivets are countersunk outside.

Section of angle iron for outside frames 3 in. by 2} in. by /% in.

Buffers and Draw Gear.—The buffers have wrought-iron cases and
plungers, with Timmis’ une?l ual section steel springs.

The draw bar is of best chain cable iron, so arranged as to radiate. Itis
fitted with a screw coupling of the same quality of iron, and has an india
rubber spring.

Dimensions for Buffers and Draw Bar.

Ft I
Height of centre line of buffers fromril,. . . . . 3 ?
Distance of centres of buffers apart, . . . . . 5 8
Diameter of draw bar, . . . . . . . o 2

Cylinders.—The cylinders were made of the best close-grained, hard and
strong cold-blast cast iron, twice cast, as hard as could be worked, and are
perfectly free from honeycomb or other defects. They were bored out
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370 LECTURE XXX.

Pistons.—The pistons are of tough cast brass. They were accurately
fitted to cones on ends of the piston rods, and fixed with nuts as shown on
drawings, The piston heads were turned ; in. smaller than bore of
cylinder. The packing rings are of cast iron, turned only on the outside
and on edges, and were muﬁe § in. larger in diameter than cylinder bore,
and then cut and sprung into their places. When finished the whole was
made an easy but accurate fit in the cylinder, so that the piston and rod
could be moved backwards and forwards by hand.

PisToNs, PistoN Rops, CROSSHEADS, SLIDE BARS AND SLIDE BLOCKS FOR
Duss & Co.’s LocoMOTIVE.

Dimensions of Pistons and Piston Rods.
Ft. Ion Ft. Ins
Width of Piston, . . 0 3} | Diameter of rod, . 0 23
, of rings, . . . 0 04| Length, cone to crosshead, 3 (V]
Thickness of rings, . . 0 0} | Taper of cone in piston, 1
. in 3, No. of threads 6 per
inch (at piston end).

Piston Rods and Crossheads.—These are of the best mild cast steel,
with cone and nut for fixing to piston; the crosshead being solid with the rod
as shown by the accompanying figures.

Gudgeon Pins.—These are of the best Yorkshire iron, well case-
hardened, and keyed into the crossheads as shown.

Slide Bars and Slide Blocks.—The slide bars are of cast steel of the
same kind as the piston rods, and are provided with brass oil syphons.
The slide blocks are of the same metal as the cylinders.

Dimensions of Slide Bars and Blocks.

Ins
Width of slide bars, . . . . . . 3
Thickness ,, . . . . . .
Length e e e . 83

, ofslideblock, . . .
Distance between slide bars vertically,
9 ” ” horizontally, . .

e e o e s e

* 9 o e o o

comwooyd
N
-
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Slide Valves and Valve Spindles.—The valves are of phosphor bronze.
The spindle frames and intermediate spindles are of best Yorkshire iron, of
the form shown on drawings, the latter being well case-hardened.

The intermediate spindle guides are of cast iron, bushed with gun-metal
bushes, and have oil-boxes cast to them.

Dimensions of Slide Valves and Spindles.

Ft Ims
Lap of valve, . . . . . . . . 0 1
Lead (infullgear), . . . . . . . . . 0 Of
Centre line of valve above centre line of cylinder, . .. 01
Diameter of valve spindle, . .. . . . . 0 1
’ intermediate spindle, . . . . . . 0
Length of » »» guides, . . . . 1 0

Valve Motion.—The valve motion was made from the best scrap irom,
and the working and rubbing surfaces were thoroughly case-hardened, and
provided with o1l syphons and grooves. The expansion link is ::gporbed
at the top from the forwand ecventric rod pin, the reversing sl being
below the motion and bekind the link. The motion pins are of the best
iron, thoroughly case-bardened and accurately fitted. The eccentric
sheaves are in twv pieces, the smaller piece being of best scrap iron, and
the piece of cylinder metal. The eccentric straps are of wrought
iron, solid wit2 ghe rod. and are fitted mgh white metal liners of the same
quality as the coamntag-rod brasses are fitted with.
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Dimensions of Valve Molion,

Ft. Ios.

Length of expansion link between centres, . . . . 1 4}
' eccentric rods, . . e+« .+ . 4 8

’ lifting links, . . . . . . . 1 10§

Diameter of motion pins, . . . o e o . . 0 li
s eccentric sheaves, . . . . . . . 1 4

Throw » » . . . . . . . 0 3¢

Reversing Gear.—The reversing is performed by means of a screw
arrangement, firmly supported on the right-hand side of foot-plate, as
shown by the drawmg;.

Coupling Rods.—These are of Bessemer steel of the form shown, with
solid ends and syphons, and fitted with phosphor-bronze bushes. Each rod
was forged solid in one length, and then tinished bright.

CourLiNg Rops vor Duss & Co.’s LocoMOTIVE.

Dimensions of Coupling Rods.

Distance of centres, . . .
Section of rod, 44 ins, by 1§ ins.

Coupling Rod Pins.—These are of wrought iron case-hardened, accur-
ately turned to gauge, and exact duplicates of each other. They were
turned to a taper of 1 in 50 and forced into the wheels by hydraulic
pressure, the inner end being afterwards riveted over ; the outside end of
pin is fitted with a screwed washer and taper pin.

Dimensions of Coupling Rod Pins.

Diameter of pin, . . o e e . « 0+« 0 4
Length of bearing, . . . . . . o . 0 4

Bogie.—The bogie has four wheels of the form and dimensions shown
on drawings.

The frames are of steel, raised as shown over the axles, the inner sides
being planed all over, and the outer sides where any attachment is made.

The carrying girders are of the best Yorkshire angle iron bent round and
securely riveted to the frames, and machined on the outer sides, clearances
being made where required. Steel bearing plates planed and scraped toa
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good working surface were riveted to the angle irons. The ends of the
rames were stayed by flanged plates of BB Staffordshire iron placed
vertically, and bolted to the frames by the horn block bolts. hen
finished the frames were adjusted perfectly true and square.

The sliding block bears on the steel plates and works between the angle
irons, the side play being controlled by Timmis’ unequal section steel
springs. The bogie pin is of wrought iron, has a projection on it fitting
into a corresponding hole in the horizontal J)late under cylinders to which
it was securely riveted, and the screwed end has a washer nut secured by
a taper pin. The sliding block is of crucible cast steel, machined on all
working and bea.ringesa.m, scraped to a good working surface on the sliding
portions, and provided with fixed lubricators and oil grooves.

The spring cradles were made of the best Yorkshire iron, with wrought-
iron saddle gieces at each end, shaped to bear on the axle boxes, and fitted
with oil syphons.

The spring shaft is of the best Yorkshire iron passing through cast-iron
lb;nsl&cl:s in the frames, with washer nuts and taper pins outside the spring

uckles.

Dimensions of Bogie.

Ft. Ins.
Bogie wheel base, . . . . . . . . . 5 9
Thickness of frames (finished), . .. . . 0 0f
Depth at centre, . . . . . . 0 10
sy &t horns, . . . . . . . 1 7
Length of frames, . . . . . . 7 6
Distance between frames, . . . 2 7

Section of angle iron for carrying girders, .7 in. b 5}' in. l;y 1in.

” steel bearing plates, 6 in. by 3 in. by 4§ in.

Lanﬂ ’ o+ e+« e« .« . 2 b}
Thickness of end stays, . . .. . . 0 04
Depth " . . . . 0 8
Total side play of bogie, .« . 0 1}
Diameter of bogiepin, . . . . . . . 0 8}

' ' at bottom end, . . . . 0 2%
Section of iron for spring cradles, 5 in. by 1 in.
Diameter of 8 ring’stft, . . . . . e . . 0 2%
Diameter of check springs unloaded,. . . . . . 0 3%
Length » » . . . . . . 0 10

Springs and Connections,—The springs are of the very best spring steel.
Before being put in position each spring was fully tested until the camber
was taken out, and the spring found afterwards to resume its original form.

The bogie springs are inverted, the buckles being connected direct to the
shaft through the bogie frames; the ends of springs are connected to the
spring cradles by hooks.

The driving springs are underhung, and the buckles are connected to the
axle boxes by T-links as shown. The ends of the driving springs are
connected to wronght-iron liners on the frames by adjustable links. The
trailing springs are of Timmis’ unequal section steel spring, two under each
axle box, arranged in the manner shown on the drawings.

All the brackets, links, hooks, buckles, and pins connected with the
:grings are of the best Yorkshire iron, and the working surfaces were

oroughly case-hardened.
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Dimensions of Azles.

BoGIE AXLES.
Ft Ins.
Diameterinmiddle, . . . . . . . . . 0 5
” on wheel seats, . . . . . . . . 0 7
» of journals, . . . . . . 0 6
Len, . . . 0o 9
Distance apa.rt of centres of Jonmls - T
CRANK AXLES.
Diameterinmiddle, . . . . . . | I |
» on middle seats, . . . . . . . . 0o 9
» of journals, .. 0 74
ngth . 0 73
Diameter of crank pm Journals, . 0 7%
Distance apart of centres of cranks, . . i 3
Croeaaect:ons of crankarmsJ, 12 in. by4} m and 12m L, by 4{« in.
Throw of cranks, . . . . . 1 1

TRAILING AXLES.
Diameter in middle, . .
» on wheel seats,
’ of journals,

Distance apart ‘of centres of jom"nn.ls,.

N-X-1-X-)
o0

Wheels,—These are of wronght iron, of the best materials and workman-
ship, with solid rims, ggkes, and balance weights. The spokes were
fo ed with solid T-ends and welded in the centre. The surfaces of rims

spokes were shaped so that the wheels exactly balanced. Each wheel
was bored taper and put on the axle (before the tyres were shrunk on) by
hydraulic pressure of 60 tons, and then properly keyed on. Great care was
taken that the keys fitted accurately.

Dimensions of Wheels.
BogIk.

Diameteronrim, . . . . . . . .
Width of rim, . . . . . . . . . .
Thickness of rim, . . . . . . . .
Number of spokes, 10.
Section of spokes at boss, 4 in. by 14 in.

rim, 3} in. by li in.

cow?
&~of

Dumcter of boss, . . . . . . . 1 4

Width of boss, . . . . . . . . . o 7

Diameter of hole in bon, e e e e .. .03
DRriviNG AND TRAILING.

Diameter on rim, . . . .

e ms . . 6 0
Widthofrim, . . . . . o T 1 1 o 4

-y A .
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Ft.  Ine

Thickness of rim, . . B S § |
Number of spokes, 20.
Section of spokes at boss, 4} in. by 1} in.

» rim, 3} in. by 1} in.
Diameter of boss, . . . . . . . 1 7
Widthofboss, . . . . . . . 0 7
Diameter of hole in boss, . . . . . 0 9
Centre of wheel to centre of eoupling pin, . . 0 1

\WHEEL CENTRES.

Trailing to driving, . . . . . . . . . 8 4
Driving to centre of bogie, . . . . . . . 9 10
Bogic wheel base, . . . . . . . . . 5 9
Total wheel base of engine, . . . . . .21 0}

e8,—These are of crucible cast steel, of Vickers, Sons, & Co.’s
ExTRA manufacture, shrunk on, and fixed to the wheel by lips on the
outside, and by a wrought-iron lip ring, to the L. C. D. R. standard section,
on the inside.
Dimensions of Tyres.

BogcIe. Ft  Iny
Diameter on tread, . . . . . 3 6
Width, . . . + +« .+« « « « . . 0 5%
Thickness (finished), . . . . . . . . . 0 3
Distance between tyres, . . . . . . . . 4 5}

DriviNG AND TRAILING.

Diameter on tread, . . . . . . . . . 6 6
Width, . . . . . . . . . . . 0 54
Thickness (finished), . . . . . . . . . 0 3
Distance between tyres, . . e . . . 4 5

Cab and Splashers.—The cab and splashers are made of best Stafford-
shire plate y% 1n. thick, the former was fitted with two plate glass windows
in brass frames, and made to open.

All rivets were countersunk and filed smooth.

Dimensions of Cab.
Ft.  lns.

Widthofeab, . . . . . . .. . . . 6 6
Height at centre, . . . . . . . . 7 0

Sand Boxes.—These were of cast iron, four in number, and fitted with
valves and substantial gear for working from foot-plate. The leading boxes
are fixed to the splashers of driving wheels, and the valves are coupled
together 8o as to work simultaneously.

ing,—The boiler and fire-box shell are lagged with well-seasoned
pine, and covered with smooth iron sheets (14 B.W.G.), supported on a light
wrought-iron frame, and secured by belts in the usual manner.

Brake.—The engine is fitted with a steam brake, arranged as shown on
the drawings, cylinder 10 inches diameter. The brake shaft, hangers,
brackets, rods, pins, crossbars and adjusting screws, are of the best scrap
iron, the pins and working surfaces being thoroughly case-hardened.
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A cast-iron brake-block was fitted to each wheel. A driver’s brake
valve is placed on the back of the fire box. The exhaust pipe is led into
the ashpan.

Dome and Manhole Casings, &c.—These are of the form shown on
drawings, of charcoal iron 14 B.W.G. thick, thoroughly well-tinished. Brass
moulding pieces are arranged round the back of smoke-box and fire-box
casing.

Hand Rail and Lamp Irons.—A neat hand rail is provided round the
boiler, supported by polished wrought-iron standards.

Lamp irons are fixed on the smoke-box, foot-plate, and fire-box casing.

jectors.—Two brass injectors (Gresham and Craven’s No. 8 pattern)
are fixed on the ashpans in the position shown at, I, (below, B, the forward
fire-bar bearer), on the side view of the folding plate,

Boiler Monntintfs, &c.—A brass seating 1s fitted on to fire-box casing,
to carry two whistles and one pressure-gauge cock. Two injector steam
valves, screwed into brass seatings, are fixed in the position shown on the
fire-box casing, with spindles through the weather plate and brass hand
wheels, inside cab. Tbe injector valves have dry steam pipes led into
manhole seating.

The pressure gauge is of Bourdon’s pattern, with solid drawn tube to
indicate from 1 to 200 lbs. per square inch.

A blower is fixed on right-hand side of smoke box, and worked from
foot-plate, with dry steam pipe led into dome.

Two glass water gauges, with asbestos packed cocks, two clack boxes, a
Furness lubricator to each cylinder, a displacement lubricator, oil boxes for
axle boxes, and syphons for piston rods and spindles, lubricators for bogie
sliding block, two Hacd water cocks and hose connections, an ashpan water
cock, and a coal watering cock are fixed in the positions shown on the
drawings.

Dimensions, d:c., of Pipes.

Diameter Thickne
Inside. B.W.G.

Main steam pipes in boiler and smoke box, . . 4}5 ins, 7

Injector suction pipes, . . . . . . 1% ,, 10
,»  delivery pipes, . . . . . . 14 ,, 10
y»  Vvalve dry steam pipes, . . . . . 1t ,, 10
»»  Steam pipes, . . . . . . . 14 ,, 10
Blower pipe in smoke box ( pEer solid drawn), . ’ 12
Furness lubricator pipes in smoke box (copper solid drawn), » 11
Qil pipes, . . . » 15

Pressure-gauge pipe (c;oppe;- solid dra;vn), . 5 1 15

Giffard’s Injector.—Injectors are chiefly used for locomotives,
these being seldom fitted with feed pumps in modern practice,
but they are also largely used for land boilers. They will draw
water from 2 feet to 12
supply must be continuc
Fah. for low pressures, ar
If these temperatures are
condense the steam that
reduced in driving forwarc
illustrated on the followir
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for all purposes, as made by Messrs. Sharp, Stewart, & Co., Man-

chester, but a num- Steam liegulator Wheel.

ber of patent forms

are also made by dif-

ferent firms, whichare
adapted for special
purposes.

Steam from the
boiler enters the
uppermost  branch
pipe, and is admitted
to the injector
through a conical
nozzle. The admis-
sion of the steam is
regulated by a verti-
cal spindle, the lower
end of which fits
accurately into the
nozzle, and this
spindle may be screw-
ed up and down by
the small hand wheel
shownatthetopof the
diagram. The water
with which the boiler
is to be fed enters
the injector on the
opposite side from the
steam, and through a
branch a little below
thesteam pipebranch.
It passes round the
outside of the conical
nozzle through which
the steam rushes, and
the supply is regu-
lated by a hand wheel
at the side, which
works a small pinion
inside the injector,
and moves a tube up
and down. The

P ch pipe below

ater entrance

the overflow,

GIFFARD’S INJECTOR
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and the bottom of the injector, which is fitted with a back
pressure valve, communicates with the check valve on the
side of the boiler. By admitting steam and water by their

" respective branches, the steam is able to drive the water into the
boiler against a pressure which is equal to, or it may be greater
than itsown. This statement at first sight may seem paradoxical,
but it is nevertheless the case, and the explanation is as follows.
The velocity of an issuing jet of steam is many times greater
than that of a jet of water issuing under the same pressure, and
if steam, while issuing from a boiler, be condensed to water, but
not reduced in velocity to that of water issuing under the same
pressure, it is then capable of overcoming the pressure of the
water in its own boiler. This is exactly what takes place in the
Giffard’s injector. The steam enters the injector, and, passing
down the conical nozzle, is condensed on coming into contact
with the feed water, without losing its velocity, further than
that due to the friction of the passages. The vacuum formed in
the injector by the condensation of the steam causes more water
to rush into the injector, and this feed water is carried on by
the force of the condensed steam jet into the boiler. The
velocity of the steam jet is of course reduced by imparting a high
velocity to this volume of water, but it is not reduced nearly so
low as that of a jet of water issuing under the same pressure, and
hence it is able to overpower and drive back the water in the
boiler.

The injector is lighter, takes up less room, is quite as certain
in its action, and absorbs less power than a feed-pump, for it is
only in action when required; besides which you can always
know when it is working satisfactorily, by watching the over-
flow and the vibration caused by the passing steam and water
through the feed-pipes.

Compound Locomotives.—Previous to 1879 M. Mallet com-
pounded a locomotive for the Bayonne and Biarritz Railway,
and—

In 1881, Mr. Webb constructed the “ Experiment,” a compound
locomotive for the London and North-Western Railway, which
made a daily run of 319 miles for more than a year, with the
Scotch and Irish limited mails between London and Crewe. The
two high-pressure cylinders are 13 inches diameter, while the
low pressure one is 26 inches, and is placed centrally between them,
the stroke in each case being 24 inches. During the time the
engine was working on the above section, Mr. Webb states that
the average consumption per train mile was only 26-6 lbs. of coal
compared with 346 lbs. for the standard four-wheels, coupled
passenger engines having two 17 inch cylinders with 24 inch
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stroke doing precisely the same class of work, and with the
same boiler pressure. Since then, Mr. Webb has built several
compound engines for the London and North-Western Railway.

Joy’s VALVE GEAR AS FrrTep To WEBB'S CoMpoUND LocoMoTIVE.
See Lecture X X. for description of Joy’s Valve Gear.

One of these beautifully finished engines was shown at the
“Inventions” Exhibition, South Kensington, last year, and
attracted considerable attention. Many letters on the subject
appeared during 1885 in ¢ The Engineer” and ¢ Engineering”
on this subject, and widely differing opinions were expressed by
engineers as to whether any real saving, on the whole (first cost,
working, and upkeep), is effected in the case of fast-speed
passenger engines, but generally it was allowed that in the
case of goods engines there might be an advantage on the
whole by using them.

Such radical changes as those proposed by Mr. Webb are slower
in taking general effect (even if they were proved beneficial on
the whole), in the case of locomotives than of steamers, because
Railway Companies find that a considerable saving in working
and in repairs is effected by having their engines as far as possible
of one type, and with the various parts interchangeable, at least
those doing the same class of work, while a Steam-shipping
Company may have every one of its steamers fitted with differ-
ent styles and sizes of engines without any apparent loss;
consequently, the spirit of invention and improvement has of
late been much more rife in connection with the latter than the

~
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former. When we think, however, of the many millions of miles
run each year by locomotives in this country alone, and that the
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Cro8S-SECTION THROUGH SMOKE-Box—WEBB'S COMPOUND LOCOMOTIVE.

general introduction of a well-designed compound locomotive

would enable several pounds of coal to be saved per mile, we are

prone to believe that in time it will become generally adopted.
29
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LecToRE XXX.—QUESTIONS.

1. Sketch a section through the cylinder of a locomotive engine, ahow:f
the piston, ports, slide valve, {zlands, guide bars, piston-rod, and crossh
Describe the whole by a complete index of parts, and specification, in your
own words. .
2. The piston-rod of a locomotive is guided by parallel bars ; which bar is
ressed upon when the engine is going forward and which when reversed?
ﬁiake a sketch and explain by arrows the directions in which the forces

act.

3. Sketch that end of a connecting-rod which is attached to the crank axle
of a locomotive engine. Describe its construction, and show the method of
lubricating the bearing.

4. What is the speaﬁ of the piston of a locomotive with 24 inches stroke,
7 ft. driving wheels, and running at 40 miles per hour? Ans. 640 ft. per min.

5. If the cylinder of a locomotive be 20 inches in diameter, with a stroke
of 2 feet, and the diameter of the driving wheel be 6 feet, find the tractive
force exerted by the engine for each pound of pressure per square inch on
the piston. Ans. 104:72 lbs.

6. Draw a section through the cylinder and valve chest of a locomotive
engine, and show some method of working the engine with varying ¢
of exgansion.

7. When the reversing lever or screw gear of a locomotive is moved
towards the central position, after being pulﬁad over, the power of the engine
is diminished. Why is this?

8. Describe, with sketch and an index of parts, the steam regulator,
valve rod and handle, for a locomotive engine. State the conditions essential
for the successful working of a regulator valve in a locomotive engine.

9. Sketch and describe Ramsbottom’s safety valve. Sketch also an
ordinary safety valve with Salter’s spring balance. Mention the respective
advantages of each.

10. Draw in section a feed pump with its valves, as fitted to a locomotive
engine. What contrivance may be used instead of a feed pump? State
generally the nature of its action.

11, Describe, with a sectional longitudinal sketch, Giffard’s injector, and
explain the manner in which it acts. What are the advantages of this
apparatus as compared with an ordinary feed pump?

12, Sketch a section through the fire-box of a locomotive boiler, showing

rticularly the method of supporting the flat surfaces, and explain your
s:awin by an explanatory index of parts.

13 ngni.ng your answer to a locomotive boiler, you are required to
sketch the necessary valves attached to the same, and to describe their
construction and mode of action.

14. Sketch a section through the entire length of a locomotive boiler,
showing the fire-box and smoke-box. Mark the positions of the safety
valve and regulator valve. Explain Stephenson’s method of obtaining a

draught by the action of the exhaust steam as applied in the Rocket engine.

15. Sketch a transverse vertical section through the smoke-box and
fannel of a locomotive engine with inside cylinders, and show one cylinder,
the steam pipe, valve-box, and blast pipe. Explain the production of the

e discharge of exhaust steam. at do you understand by
current of air?” How may it be set up in an open tube?
puggie,” and for what purpose is it used ?

r
4 W ‘l
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16. Of what use isa “bogie ” to a locomotive? Sketch and explain any
form of bogie with which you may be familiar, showing how it is attached
to the locomotive.

17. Sketch a section through the axle-box of the driving axle of a loco-
motive, and show a method of connecting the box by springs with the
frame. Calling AB and CD the springs for the driving and hind wheels,
examine the eflect of connecting the points B and C with a lever having
equal arms and centred on a pin fixed to the frame.

18. Draw in section the steam passages and ports of a locomotive cylinder
with the slide valve. The length of stroke is given, and also the width of
steam port, together with the points of cut-off and compression, and the
valve is splitting for steam at the beginning of the stroke. Make a diagram
showing the relative positions of the crank-pin and centre of the eccentric
pulley at the times, (1) when steam enters the cylinder, (2) when it is cut
off, (3) when compression begins. In what manner are the width of the port,
the lap of the valve, and the throw of the eccentric, related together.

19. Give a freehand sketch of the longitudinal and cross sections, as well
as front and back outside views, and a half sectional plan of a locomotive
boiler and engine, showing the method of staying the different parts.
Arrange the complete boiler and engine mountin%s in their proper places.
Give a complete index to the various parts in your drawing, with any concise
explanations that may appear necessary.

20. Give a general idea of the difference between an ordinary and a com
pound locomotive engine. Is the latter likely to be soon adopted as the

r working locomotive? If so, why? If not, why not?

1. What are the advantages of making engines for similar purposes
(such as one class Locomotives for the same Railway Company) ofp exactly
the same construction and size?

22. Sketch a section of, and explain the method of fitting, a safety-valve
to a locomotive boiler. The safety-valve is 5 inches in diameter, and the
bearing surfaces are inclined at 45° to the axis of the valve. What should
be the lift, in order that the available opening for the escape of steam may
be 7 of a square inch? Ans. 06 inch.

23. Sketch a longitudinal section through a Giffard’s injector, showing
clearly the manner in which the flow of steam and water is regulated.
Explain the principle of its action, and account for the apparently paradoxi-
cal result. (d4dv. S. and A. Exam., 1888.)

24. Sketch and describe a steam regunlator valve as applied to a locomotive
boiler, and show that by means of it the steam may be admitted gradually
to the cylinders. Sketch roughly the position of the valve in the boiler.
(Adv. S. and A. Exam., 1888.)

25. Make a clear sketch of Joy’s valve iear as applied to a locomotive or
other engine, and explain the manner in which the reversal of the engine is
effected.  Why does the lead remain constant throughout? (Honours S.
and A. Exam., 1889.)

26. Describe, with sketches, the arrangement of cylinders in some form
of compound locomotive engine. Sketch also a section through the Trick
or Allen valve for a high-pressure cylinder, and explain its action. How
are the reversini gears arranged? (Honours S. and A. Exam., 1889.)

21. During the summer holidays make out a eomflete set of working
and finished drawings to a scale of 14 inches to the foot of Messrs. Dubs
& Co.'s locomotive from the specifications and drawings given in this



386

APPENDIX T

MISCELLANEOUS QUESTIONS FROM THE SCIENCE AND ART DEPARTMENT'S
AND THE CrrYy GUILD3 oF LONDON INSTITUTE'S EXAMINATIONS, Nor
INCLUDED AT THE END OF THE LECTURES. (See new questions at end.)

ELEMENTARY STAGE,

1. Make an outline sketch of a section of a steam engine of the beam con-
struction, showing, in their relative positions, the following parts only :—
(1) The steam cylinder, piston, and piston-rod ; (2) the parallel motion; (3)
the beam; (4) the connecting-rod and the crank. See Lecture I/., pp
13and 17.

Valves.

2. Sketch a section through a Cornish double-beat or Crown valve, and
explain the principle of its construction, stating its advantages over an
ordinary disc valve.

3. Point out some method of rendering a steam valve ‘‘ balanced.” Sketch
& balanced as well as an unbalanced valve.

4. Describe a double-beat or equilibrium steam-stop valve. The upper
side of the valve is 11 inches in diameter and the lower side 10} inches,
what force will be required to open it when the steam has a pressure of
100 lbs. above the atmosphere, the pressure between the valves being dis-
regarded? Ans.

5. Supposing that drop valves are substituted for the slide valve in the
double-acting engine, how many would be required? Make a sketch,
showing their position, tozether with the steam and exhaust passages.
How are drop valves worked? Sketch the contrivance.

6. Sketch an ordinary lever safety valve as applied to a land boiler. The
diameter of a valve is 3} inch; the leverage is 11 to 1. Find the pull on
the end of the lever when the steam pressure is 30 lbs. above the atmos-
phere? Ans. 30°1 lbs,

7. Required the weight to be placed on the end of a safety-valve lever
174 inches long, the distance from the fulcrum to the valve being 3} inches,
the upward pressure on the valve required for lifting the valve and lever
being 20 lbs., and the pressure of steam in the boiler being 100 lbs. per
square inch above that of the atmosphere? Ans. (20 A - 4) where A = area
ot valve in square inches.

Governors.

8. Sketch an ordinary Watt’s governor, and explain its action upon the
valve with which it is connected.  Why is it an 1mprovement to shift the
pomlt; ofdslll;pension so that the arms cross each other? See Lecture I1.,
Pp. 15 and 17.

9. What objection is there to regulating the speed of an engine by the

we valve?
¢ /_ }
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Donkey Engine.
10. Sketch a section of a neat form of donkey engine, such as would be
employed for feeding a marine boiler, and describe its action very briefly.

Gauges.

11. Describe a mercurial pressure gauge for indicating the pressure in
a boiler. If the specific gravity of mercury be 135, how much higher
will the mercury stand in one leg than the other when the pressure of
steam is 10 lbs. on the sq. in. above atmoapheric ressure? .Ans. 20°5 ina,
bo'll2. Explain Bourdon’s gauge for ascertaining the pressure of steam in a

iler.

13. Describe, with a sketch, the construction and action of any gauge for
indicating the amount of vacuum in the condenser of a steam engine.

14. Describe ang apsm-atua for indicating the height of the water in a land
boiler, with sketch and reference table.

Feed Pump.

15. Sketch a section through the feed pump of a locomotive engine. Show
its connection with the tender, and state the means by which the driver
ascertains whether or not he is feeding the boiler with water.

ADVANCED STAGE.

1. Make an outline sectional sketch of a condensing double-acting beam
engine. Attach names to each part, or reference letters and explanatory
index of dparts, 8o that the drawing may show that you understand the
action and construction of the machine,

Valves,

2. Explain the mechanism for opening the steam valve in a single-actin
Cormﬁgh engine. Show the contrivance adopted for regulating the point o
cut-off.

3. A double-acting condensing engine is to have four valves connected
with the cylinder—viz., two steam and two exhaust valves. You are
required to show the manner in which the valves, ports, and steam passages
may be disposed, 80 as to pass the steam alternately into the cylinder and
out to the condenser.

4. Sketch a section through the cylinder and valves of a beam engine
fitted with drop valves. How are the valves moved so as to give the effects
of lead, e 1on, and cushioning ?

5. Sketch in section a Cornish gonble-beat or crown valve. Account on
mechanical principles for the balancing of the fluid pressure on the curved
surface of the valve.

6. Describe, with a sketch, a double-beat valve, and explain its action.
The internal edge of the seat of a conical valve is 5 inches in diameter, the
vertical angle of the cone being 90°, what lift of the valve would give 1
square inch area of openi i? Ans,

7. Describe, with sketches, the construction of (1) a throttle valve, (2) a
double-beat valve (3) a gridiron valve, and point out the mechanical purpose
fulfilled by each species of valve.
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8. Sketch in section a steam stop-valve for allowing steam to pass from a
marine boiler to the engine, and mention some details of construction
whereby the due action of the valve is ensured.

Governors.

9. Sketch the ordinary pendulumn or ball governor of a steam engine.
Mark on your drawing some particular line whose length is related to the
number of revolutions of the balls. State the relation as nearly as you
know it. If the line referred to be shortened in proportion of 2 : 3, how
much would the number of revolutions be increased? Ans. 9: 4.

10. What objection is there to wire drawing as a method of regulation in
steam engines?

11. The governor and fly-wheel of an engine have both the purpose of
regulating its speed. Explain how their actions in this respect differ.

Parallel Motion.

12. Explain the %rei:ciple of Watt's parallel motion, and describe the
parallel motion of a beam engine.

13. Explain the method of constructing a parallel motion for a compound
cylinder beam engine.

Engine Details.

14. Sketch a piston-rod, stuffing-box, and gland, saying whether you
intend the arrangement for a vertical or horizontal engine. Assume the
diameter of the rod to be 44 inches, and mark on your sketch the other
leading dimensions.

15. %Vhat are the chief parts of a steam engine which require ¢‘ packing ?”
Describe the most satisfactory method you know of accomplishing this.

16. Explain the method of reversing an engine by a loose eccentric.
Sketch the eccentric as fitted to the shaft.

Gauges.

17. Sketch and describe some form of *‘sight feed” lubricator for the
cylinder of a steam engine.

18. How is a barometer gauge made and fitted to a condenser? If the
mercury in_an ordinary barometer stands at 30 inches when that in the
gauge stands at 26 inches, find the pressure per square inch of the vapour
or air in the condenser. Ans. 196 lbs.

19. Sketch and describe fully, by an index of parts, the construction and
action of Bourdon’s pressure and vacuum gauges.

Steam Engine.

20. A single-cylinder double-acting condensing engine, unjacketed, but
very efficiently lagged with non-conducting material, has a cylinder diameter
of 67§ inches and stroke 81} inches, and runs 40 revolutions per minute.
The 1nitial absolute pressure is 75 lbs. per square inch, and the mean
absolute back pressure 28 lbs. per square inch. The cut off is at } of the
stroke, and the effect of clearance is to be neglected in your calculation.
Draw as accurately as you can the probable indicator diagram, and calculate
the indicated horse-power. Ans. 2,137 H.P.
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21. A steam engine is employed to work two pumps alternately, giving
out its full power in each case. The area of the plunger of the one pump is
A, and it lifts water 50 feet, the travel of the plunger being = feet. Whereas

the plunger of the second pump traverses T feet at each stroke, and lifts

water 150 feet, what should be its area? Ans. *5 of A.

22, If the boiler of an engine gives out every minute 100 cubic feet of
steam which propels the piston with an average pressure of 50 lbe. on the
square inch, what is the horse-power of the engine? Ans. 218

Boilers.

23. Sketch any form of boiler furnace, naming the various parts. State
in what ways fuel is wasted, and what precantions must be taken to effect
its economy.

24. What is combustion? What occurs in the furnace and flues of any
boiler that you are well acquainted with ?

HONOURS STAGE.

Admission Valves, Eccentrics, &c.

1. Explain, with sketches, the method of regulating the opening and
closing of the steam valve of a single-acting pumping engine.

2. fn a slide valve the travel is 4} inches, lap 1 inch, lead £ inch; draw
the suppositious indicator diagram.

3. A slide valve has to cut off steam at  of the stroke, and its openin,
for steam is to be 1} inches. The lead of the valve is to be $ inch. Fin
the stroke of the valve, and the angular advance of the eccentric. (You
may neglect the obli(?uity of the connecting-rod, but state in general terms
what its effect would be.) Ans.

4. Describe the operation of setting the slide valve in any type of engine
with which you are best acquainted.

5. In a single slide valve gear, if the travel of slide is 4'6 inches, and the
angle of advance 30°, and if admission of steam takes place while the piston
travels 0'8 of its stroke, and exhaustion of steam begins when the piston
has still 0:04 of its stroke to travel, it is required to find inside and outside
lap and lead, and maximum opening of ports. Ans.

6. In an engine the stroke is 4 feet, connecting-rod 9 feet; the valves
are 80 arranged as to cut off the steam when the crank has turned through
an angle of 45° from the dead points in both the forward and backward
stroke ; find at what point of the stroke the steam will be cut off in the
two cases. Ans.

7. The faces of the slide valve and seat are frequently machined only and
not scraped, with the idea that they rapidly wear together to a good
steam-tight fit. In what class of engines is this practice most justifiable,
and how is it to be reconciled with the fact that face-plates are never now
finished by grinding one on another? Explain the general effects on the
steam efficiency of leakage ‘Pm the valve faces and past the piston, follow-
ing out your explanation for the different periods of the stroke. Sketch
one style of design for steam piston packing rings, and explain all the points
of exact workmanship required in its construction.

8. Describe a valve motion for reversing an engine where a single

.
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eccentric is keyed to the shaft. This question refers to Hackworth’s valve
gear, or others of the same character.

9. Sketch a link motion, or any form of reversing gear with which you
are familiar (the sketch not to be detailed in any way), and describe its
action on the steam distribution.

10. Describe by sketches the ents of valves by which the

portions, air and gas, are admitted to, and the waste products di
g)m, the cylinder of an Otto silent, or a Clerk’s gas engine.

Governors.

11. Sketch the pendulum governor as Watt made it. From the balls of
a common governor, whose collective weight is, A, there is hung by a pair
of links (olgll)engths equal to the ball-rods) a load, B, capable of sliding up
and down the spindle. Compare the loaded and common governor as
re sensitiveness, the weights of the arms or links being neglected.

2. Explain the principle of Watt’s pendulum governor, and state its
advantages and defects. Various methods have been proposed for improv-
ing this form of governor; discuss the action of any such modern apparatus
with which you are acquainted.

13. What are the principal essentials of a good steam engine governor?
Sketch, in outline, any one form of governor with which you are acquainted,
and explain to what extent it is satisfactory according to the conditions
which you have laid down, or how it might be improv

Parallel and Straight Line Motions.

14. The stroke of a bcam engine is 8 feet, beam 24 feet, connecting.
rod 24 feet, stroke of air anp 4} feet, and length of front and
links of parallel motion 4 feet; tind proper lengths of radius-rods, and
point where air-pump rod should be attached. Find also proper position of
cylinder, and error of the parallel motion when its axis is 12 feet distant
from beam centre. Ans.

15. State the conditions for a straight line motion discovered by Peau-
cellier, and prove that the line obtained is an exact straight line.

16. lain and prove the truth of Peaucellier's method of obtaining a
straight line motion. Arrange the dimensions of an instrument for giving
A straight line path of 12 inches.

Speed and Energy Stored.

17. The stroke of a piston is 4 feet, connecting-rod 9 feet; find posi-
tion of crank when piston has completed first quarter of backward and
forward stroke respectively ; find also velocity of piston in the two cases,
and its maximum s when the engine is making 70 revolutions per
minute. Ans. 730, 810, and 900 feet per minute.

18. The driving wheels of a locomotive are 6 feet diameter; find revolu-
tions per minute, and angular velocity in radians per second when the
locomotive is running at 50 miles an hour, and if the stroke is 2 feet find
mean speed of piston in feet per minute. Describe, with a sketch, Rams-
bottom’s method of supplying the tender of a locomotive with water while
running. In what way can you calculato the speed of the train in order
that water may be lifted into the tender? Ans. 233-5; 24'45; 934.

19. The pressure equivalent to the weight of the reciprocating parts of
an engine is 4 lbs. per square inch, and the stroke 4 feet; find maximum
pressure equivalent to inertia of parts when the engine is making 75 revola-
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tions per minute. Find also the number of revolutions necessary to produce
& shock near commencement of stroke when initial steam-preasure is 30 lbs.,
and show that in this case, if the cut-off is less than &, a shock will also be
exgrienced at other parts of the stroke. Ans. 153 lbs.; 124 revolutions.
. How would you experimentally or by calculation find the capacity of

a fly-wheel for storing energy, so that you could say how many foot-pounds
of work it would doe in altering from one speed to another? How do fly-
wheels made to the same drawing and of the same materials, but to different
scales, differ in their capacity to store energy ?

21. How would you determine the diameter and weight of a fly-wheel
for asteam engine? Take as an example an engine of 50 H.P., the main
shaft making 70 revolutions per minute.

Dimensions and Power of Engines, &c.

22. Given the diameter and stroke of a steam engine, and the maximum

pressure on the piston, how would you find approximately :—

( i) The diameter of the piston-rod ?

(ii.) The diameter of the connecting-rod ?

(iii.) The diameter of the crank-shaft?
(If you prefer to work with figures you may assume the cylinder to have
20 inches diameter and 30 inches stroke, and the steam-pressure to be
60 lbs. per square inch.) Adns.

23. Give a good rule for the thickness of the wall of a steam engine
cylinder, and explain why the rule should be followed. Reduce it
numerically for the average pressures occurring (1) in factory engines,
(2) in marine engines, (3) in locomotives. Explain two reasons why the
piston-rod must be proportioned so as to have a specially low average stress
on its cross-section. hat two considerations should govern the design of
the diameter and spacing of the cylinder cover bolts ?

24. Select any part of any kind of steam engine about which you know
most : describe with sketches all the processes of its manufacture ; give the
theory of its action and how the work succeeds in practice.

25. A single cylinder double-acting condensing engine, unjacketed but
very efficiently lagged, is to exert 2,000 horse-power at 40 revolutions per
minute, and cut off one-fifth of the stroke. The initial absolute pressure is
to be 75 1bs. per square inch, and mean absolute back pressure 28 lbs.
square inch. The stroke is to be one and one-fifth times the cylinder di
meter. The temperature of the feed water is to be 110° Fahr. Calculate the
required diameter of cylinder and stroke, and also the steam efficiency,
i.e., the ratio of work done by steam to heat energy supplied to the water
in the boiler. In the calculation the effects of clearance-space and of loss
of heat bf' radiation and conduction from boiler, steam-pipes and engine,
;nd by blowing off steam from safety-valve, &c., &c., are to be neglected.
ne.

Theory of Heat and Work, Expansion Curves.

26. Explain the meaning of latent heat. State Watt's law as to the
latent heat of steam formed under different pressures, and point out the
correction of this law as established by Reina t.

27. Define a unit of heat, and explain the principle according to which
the efficiency of a heat eniine is measured. ‘I'race what happens in the
working of an engine when the cylinder is not grovided with a steam jacket.

28. Iind an expression for the work done by the steam in one stroke of

rding to Boyle’s law, clearance being takea
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into consideration. Show that the general effect of clearance is to raise the
ex on curve.

. Having regard to the theory of heat, will you state some reasons for
concluding that when steam expands in a cylinder behind a working pisten,
the law of expansion differs from that of Boyle? Find the true expansion
curve of air in a theoretical heat engine.

30. What work is done per cubic foot of steam in an engine, initial
pressure 70 lbs. per square inch, cut off at  of the stroke, back preasure
1} lbs. v8(;1- square inch, the cylinder being steam-jacketed? .Ans.

31. What work is done by 1 1b. of steam, initial pressure 36 lbs. per
square inch, cut off $ of the stroke, back pressure 24 lbs. per square
inch, the cylinder being steam-jacketed. One pound of saturated steam at
36 1bs. fills 11 cubic feet. Ans. 129,000 ft.-1bs,

32. In a compound cylinder engine the steam pressure is maintained at a
uniform pressure, P, in the smaller cylinder A, but exhausts from, A, into
the h‘i§°" cylinder, B, the pistons, A and B, being attached to the same
rod. Find an expression for the work done in one stroke.

33. Explain, by reference to the theory of heat, the reasons for the
diminished consumption of fuel in marine engines by employing steam at a
high-pressure with surface instead of jet condensers.

34. Explain why the whole energy due to the combustion of fuel can
never be transformed into mechanical work by means of a heat engi
and state what conditions limit the efficiency of a so-called perfect

engine.

515. ‘What are the conditions which limit the efficiency of heat engines?
A perfect heat engine receives heat at a temperature of 450° F., and rejects
heat at a temperature of 100° F. Find its efficiency. Prove the formula
which you employ. Ans.

36. A mass of air at atmospheric pressure is compressed by the action of
an engine and is heated thereby. It is afterwards cooled down to its
original temperature before compression, and is then expanded while doing
work. When it again arrives at the pressure of the atmosphere it is
intensely cold and may be used for reﬁ'ijgremting purposes. Explaih these
results according to the principles of Thermodynamics. Why is it an
advantage to cause the air to do work while expanding ?

37. Ina refrigerating engine, atmospheric air is compressed and subse-
quently cooled; it i4 then allowed to expand and do work whereby its
temperature is greatly reduced. Give the theory of the process, and find
how much the temperature of a given mass of air is raised by a given
amount of compression in a vessel impervious to heat.

38. Distinguish between an isothermal and an adiabatic curve. Find
the equation to the adiabatic curve for air.

39. What is meant by the adiabatic expansion of a gas? Find the
equation for the adiabatic expansion of air. If you were required to set
out npproxémately the curve of adiabatic expansion of steam, how woald
you proceed ?

40. Describe experimental methods of ascertaining the vapour tension of
a liquid at high and low temperatures tively. Draw the isothermal
line for steam at a given temperature, and account for this line becoming
horizontal at a particular point.

41. Investigate a method of ascertaining the absolute temperature which
corresponds to 150° C.

42. How does the efficiency of any kind of boiler depend on the relation
between the fuel burnt per square foot of grate and the number of square
feet of heating service per square foot of grate ?

N
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Miscellaneous.—Homours Questions.
‘These numbers are & guide to where the Questions fit into Appendix L

5a. In a steam engine the cut-off takes place at ‘7 of the stroke, the angle
of lead is 6° 9, the width of the steam port is 1§ inches, and the steam port

opens g of its area. Find by Zeuner’s diagram (neglecting obliquity) the

travel of the slide, the antgle of advance, the outside lap and the outside
lead. What would be the amount of inside lap necessary to produce

cushioning after g-ofthe stroke has been performed ? (8.and 4. Hon. Exam.,

1888.) cos 66° 25’ = 4
oos 59° 52’ = ‘502

8a. Describe a form of reversing gear for a slide valve where a single
fixed eccentric replaces the double eccentric and link. Explain the manner
in which the arrangement acts and how it becomes effective in reversing the
engine, (S.and A. Hon. Exam., 1888.)

Oa. It is required to design expansion gear for an engine so as to obtain
various grades of expansion while the engine is at work. What valve or
valves and valve-gear will you employ for this purpose ? Make full sketches
to illustrate your answer. (S. and A. Hon. kxam., 1888.)

19a. A normal indicator diagram of an expansive engine being given,
show the method of plotting out the curve of crank effort. How is the
curve affected by taking into consideration the inertia of the reciprocating
parts? (8. and A. Hon. Exam., 1888.)

27a. Write down Regnault’s formula for the total heat of formation of
steam at a given temperature, adopting Fahrenheit’s scale. It being
observed that in a double-acting engine making 24 revolutions per minute,
and indicating 125 H.P., the temperature of the steam in the boiler is 30S°
F., while that of the feed water is 75° F., the amount of dry steam passing
into the cylinder per stroke is 6 1bs., the amount of priming water ‘025 lbs,,
and the amount of steam condensed in the jacket for each stroke is 09 lbs.,
calculate the efficiency of the engine. Neglect any variation in the specific
heat of water. (8. and 4. Hon. Exam., 1887.)

32a. Point out some of the principal theoretical and practical considerations
which have caused engineers to adopt compound engines in place of employing
expansion in a single cylinder. Account for the economy of fuel resulting
from the use of tnFle-e:Bmaion engines. (S. and A. Hon. Exam., 1888.)

35a. Prove the formula for the efficiency of a perfect heat endgi.ne workin,
between certain fixed limits of temperature. Under what conditions woul
a perfect engine be capable of converting into work the whole of the heat
existing in a substance? (S. and 4. Hon. Ezam., 1888.)

35b. Investigate an expression for the efficiency of a heat engine working
in a reversible cycle. Give an example of a cycle which is not reversible.
(8. and A. Hon. Exam., 1887.)

43. A boiler makes steam containing 10 per cent. of suspended moisture;
100 lbs. of feed water are introduced at 100° F., and are raised into steam
at 320° F. (pressure of 90 Ibs. to the square inch), how much water at 212°
F. could be converted into saturated steam at 212° F. by the same consump-
tion of fuel? (S. and A. Hon. Exam., 1888.)

44. Make a sketch showing the construction of Giffard’s injector, and
explain the action of the injector. If the volume of 1 1b. of steam in &
boiler be 3-6 cubic feet, and the volume of 1 1b. of water be ‘016 cubic feet,
compare the velocities with which steam and water would respectively issue
from the boiler, and infer the kinetic energies of steam and water issuing
under these conditions in the same time from equal orifices in the boiler.
(S. and A. Hon, Exam., 1887.)
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10b. Describe, with sketches, Meyer's variable expansion valve. In an
engine fitted therewith the steam is cut off by the mam or distribution valve
at # of the stroke, the valve having a lead of 4% inch, and the travel of the
valve being 5 inches. Find the angle of advance, travel, and lap of the
main valve. Set out and explain a diagram giving the relative motion of the
main and exmsion valves. (S. and A. Hon. Exam., 1889.)

12a (For ture XIIL.) The travel of a slide valve is 5} inches, the
outside lap 1} inches, the lead % inch, and the exhaust lap § inch, also the
cut-off is at § of the stroke; determine the angle of advance of the eccentric,
and give the maximum openings for steam and exhaust, assuming that the
steam ports are 2} inches wide. (Adv. S. and A. Exam., 1889.)

13a (For Lecture XIII.) Sketch a section through the eccentric, slide
valve, and ports of a horizontal high-pressure steam engine, workiog with &
flat-faced locomotive D valve, without lead, and cutting off steam at ‘5 of
the stroke. What alteration should be effected in order that the steam may
be cut off when the piston has completed 7 of its stroke, there still being
no lead? (Adv. S. and A. Exam., 1869.)

35b (See Cotterill, &c.) Investigate fully the conditions under which a
heat engine working between given temperatures shall perform the
amount of work possible. What are the obstacles met with in the endeavour
to fulfil these conditions in a steam engine? (8. and 4. Hon. Kxam., 1859.)

39a (See Lectures XII. and XIV. and Cotterill, &.) What physzical law
is expressed by the formule pv = Rt. Given R = 53°2 foot pounds in the
case of air; find its value for superheated steam, whose density as compared
with air is '622, and deduce the numerical value of the exponent in the
equation to the curve for the adiabatic expansion of superheated steam.
(8. anid A. Hon. Exam., 1889.)

Gas Engines.

1 Comgare the methods of working adopted in the Lenoir and Otto gas
engines. Sketch and explain the forms of indicator diagram, exhibiting the
successive operations in each type of engine. (Adv. S. and 4. Exam., 1889.)

2. Describe, with sketches, the slide valve of the Otto engine, and give a
clear explanation of the manner in which the charging of the cylinder with
gas and air is provided for. (Adv. S. and A. Exam., 1889.)

3. Describe the pendulum governor of the Otto engine, and point out, by
i‘eét:;e)nce to sketches, the manner in which it acts. (Adv. S. and 4. Exam.,

4. State generally the principle adopted in the cycle of operations of the
Otto gas engine and the reasons why it works so advantageously. Describe
also and sketch the arrangement of valves and passages which serve to
admit gas and air in the proper proportions and to discharge the waste
products from the cylinder. (8. and A. Hon. Ezam., 1889.)

-~ &L
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APPENDIX II.

LIST OF BOOKS AND PAPERS FOR HONOURS STUDENTS.

ApAmSON. Quadruple Engines. Jour. Iron and Steel Inst., 1875.

BARNABY, SIDNEY Vg Marine Propellers. London, 1886.

BraMweLL. On the Progress Effected in Economy of Fuel in Steam
Navigation. Proc. Inst. Mech. Eng., 1872.

Carnor, 8. Réflexions sur la Puissance Motrice du Feu. Paris, 1824 and
1878.

CraRg, D. K. Treatise on Railway Machinery. London, 1854. On the
Behaviour of Steam in the Cylinders of omotives during Expan-
sion. Proc. L. C. E., Vol, 72, p. 275. Consult references to papers
on action of sides of cylinder given by Mr. CLARK.

Cravusius, R. Mechanical Theory of Heat. London, 1879.

CorreriLL, Professor. The Steam Engine considered as a Heat Engine,
London, 1878.

DweLsHAUVERS-DERY. Les Découvertes Récentes concernant 1a Machine &
Vapeur. Paris, 1880.

*DyeRr, HENRY. On the Theory of the Steam Engine. Proc. Institute of
Engineers and Shipbuilders, Scotland, Session 1885-86. :
Also, On the Two Chief Laws of Thermo-dynamics. Industries,
July and August, 1886.

FreminviLLe. Etude sur les Machines Compounds. Paris, 1878.

Gatery and KvrerzscH. Cylinder Condensation in Steam Engines.
Engineer, December, 1885. Reprinted from Jour. Frank. Inst.

GooDEVE, Professor. Text-Book on the Steam Engine. London. 1887.

HrrN. Théorie Mécanique de la Chaleur. Paris, v.n, Sur I'Utilité des
Envelopes & Vapeur. Bull. S8oc. de Mulhouse, 1855. Mémoire sur la
Théorie de la Surchauffe dans les Machines & Vapeur. Bull. Soc. de
Mulhouse, 1856, and the numerous other Papers by HirN, HALLAUER,
and LELOUTRE, mentioned below.

HirN and CaziN. Memoire sur la Detente de 1a Vapeur d’Eau Surchauffée.
Annales de Chimie et de Physique. 4 Serie, Tome x.

HoLmes, GEorgk C. V. The Steam Engine. Longmans, Green & Co.’s
Text Books of Science Series 1887.

Ivray. On Hi%l‘: Speed Motors. Proc. Inst. C. E., Vol. Ixxxiii. 1886.

Isaerwoop, B. F. Engineering Precedents. New York, 1850. Researches
in Engineering. Philadelﬁhin, 1863. On Steam Jacketing. Jour.
Frank. Inst., May, 1881. Reprinted in 7'he Engineer, December, 1881.

Kirg, A. C. Engines of S.8. Aberdeen. Engineering, March 31 and May
26, 1882. Reprinted from Trans. of Inst. Nav. Architects, 1882.

MaIR, J. G. On Independent Testing of Steam Engines. Proc. Inst. C.
E, Vol Ixx., p. 313. '

Marrer. Compound Engines. Van Nostrand's Science Series. Sur
1I'Utilisation de la Vapeur dans les Locomotives et l’AW |
Machines du Functionnement Compound. Société

Civils. Paris, 1877, p. 852,
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Magrgs. Economy of Compound Engtﬁlee. Jour. Frank. Inst., Jan., 1884,
MagsgALL. On the Pr(i‘gtess and Development of the Marine Engine.
Proc. Inst. Mech. Eng., 1881. Reprinted in The Engineer, August,

1881.

Narier. On the Effects of Superheated Steam. Trans. Inst. Eng. Scot.,
Vol. vii., p. 86.

Nursey. On the Superheating of Steam. Traus. Soc. Eng., 1862, pp. 36-59.

PamBour. Théorie des Machines & Vapeur. Paris, 1844.

PARkER. On the Economy of Compound Engines. Engineering, May 12,
1882. Reprinted from Trans. of Inst. Nav. Architects, lg .

Also, On the Progress and Development of Marine Engineering,
The Engincer, Aug. 6, 1886. Reprinted from Transactions of Inst.
Naval Architects, 1886.

PeNN. On the Agglication of Superheated Steam in Marine Engines.
Trans. Inst. Mech. Engineers, 1859, p. 195-210.

RANKINE, Professor. Manual of the Steam Engine. London and G W,
v.D. Miscellaneous Papers. London. Memoir of John er.
Edinburgh, 1871. Papers published in the Engineer, 1865-1872.

RowaN. On the Introduction of the Compound Engine, and the Economi-
c:;l7 :g;antages of High Pressure Steam. Trans. Inst. of Eng. Scot.,
1879-80.

RypEr. On the Application of Superheated Steam. Trans. Inst. Mech.

., 1860.
SEATON. gMam:ml of Marine Engineering. Sixth Edition, London, 1886.
SENNET. On the Marine Steam Engine, London, 1882.
S‘rnon’nu’z:v. On Locomotive Engines. Proc. Inst. C. E., Vol. lxxxi.,
. 76, 1885.
Snperh%abed Steam (LeadinfeArticle), The Engineer, Dec. 26, 1884. Triple
Expansion Engines (Leading Article), The Engineer, June 26, 1885.
Tavror. Triple Expansion Engines. Trans. N. E. Coast Inst. Eng., Vol. i.

TaomsoN, Sir W. Account of Carnot’s Theory. Trans. R:H Society,
Edinburgh, 1849. Republished in Collected Papers, of which
should be studied.

THURSTON, Professor. On the Theory of the Steam Engine. B. A. Reports,
1884. On Curves of Eﬂicien?. Jour. Frank. Inst., 1882, History
of the Steam Engine. New York and London, 1879.

WEeTHERED. On Combined Steam. Proc. Inst. C. E., Vol. xix, p. 462.

ZeuNgr. Théorie Mécanique de la Chaleur. Paris, 1869. Theorie der
Uberhitzen Wasserdampfe. Zeitschrift des Ver Deutscher Ingen.
Bd. xi., 1887. Ueber das Verhalten der Uberhitzen Wasserdampfe.
Civil Iniinieure. Bd. xiii., 1867. Grundzuege der Mechanischen
Daermethsorie, 1866, .

* Most of this liat is taken from Mr. Dyer’s paper on The Theory of the
Steam Engine,
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INDEX.

A
‘“ABERDEEN,” 8.8, indicator dia-
grams, 133.
Absolute zero of temperature, 86.
Adiabatic curve, 89, 106.
. ex ion, 89.
Admission of steam to cylinder, 98.
Air-pumps, 291.
American beam engine, 193.
Appendix I., 386.
’ II., 395.
Areas, simple rule, 83.
» Simpson’s rule, 83.
Atmospheric ensines, 4.
Ayrton & Perry’s dynamometer, 150.
B

BALANCING moving parts, 161.
Beam engines, 13, 15, 17, 193.

Black’s experiments on heat, 57.

“Boadxd_ 'ces,"l%H.M.S., indicator
iagrams, 130.

Boilers, 208-350.

,  breeches fluid, 303.

»»  construction of, 327.

s»  Cornish, 300.

»  donkey, 308.

s  egg-ended, 300,

s»»  Lancashire,

5 land, 298.

s  locomotive, 355.

,»  marine, 314.

»»  multitubular land, 180.

»  Dlates, 330.

»»  shells, strength, 344,

,»  tubulous, 304.

s  vertical, 308, 325.

»  Waggon, 208.

,  water-tube, 304,
Boiling point of liquids, 66.
Boyle’s law, 79.

Brakes for measuring H. P., 146, 152,
Brock’s quadruple-exp. engines, 263a
Bunsen’s ice calorimeter, 33, 37.

c

CALORIMETRY, 33, 37.

Capacity for heat, 35.

Carnot’s principle, 93.

Cataract governor, 12,

Charles’ law, 86.

Clearance in cylinder, 110.
Combining indicator diagrams, 130.
¢ Comet’s ” engine, 189.

Compound engines, Hornblower’s, 18,

” ” lﬂud', 180, 185.

’ . marine, 235.

'y » theory of, 113.
Compound locomotives, 381.

Compression in cylinder, 98, 111.
Comfensation of steam, water re-

quired, 72, 78.
Conduction of heat, 40.
Conductivity table, 45.
Connecting-rod, 158.
Construction of boilers, 327-350.
Convection of heat, 46.
Copper for boilers, 329.
Cornish boiler, 300.
Coupling dynamometer, 151.

s  for marine shafts, 206.

Crank, action of, 155.

,» effort curves, 160.

» relative position to piston, 99.
Curves of crank moments, 160.

,» of expansion, 89, 106.
Cushioning, 111,
Cut-off, 98.
Cylinders, 173, 198, 264.

D
Davy’s, Stk HUMPHREY, experiment
on heat, 51.
Density of gas, 79.
» lot'stesun, 116.
Diagonal engines, 201.
Diagram of work: Watt's, 80.
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Dia, of work, by indicator, 127.
Diffusivities, table of, 45.
Distribution of steam in a cylinder,

94,
Double-acting engine, Watt’s, 15, 17.
Dubs & Co.’s locomotive, 356.
Dynamometers, l«g, 152.

EARrLY forms of land engines, 1-21.
’ locomotives, 353.
” marine engines, 353.
Early patents of engines, 20.
Eccentric, angle of advance, 97.
Engines, American beam, 193.
5  atmospheric, 4.
s ‘‘Comet’s,” 189.
ss  compound marine, 235-248.
non - condensing,
80

180.

theory of, 113,
250.

»  condensing land, 172,

o diagonal, 201.
s  double-acting, Watt's, 15,
17

” ”

,»  heat engines, 90.

»  “Hero’s,” 1, 2.

” horizonal direct-acting, 21G.

» Hornblower's, 18.

” land, 171, 184.

- locomotive, 353, 385.

’ non-condensing land, 17k,

’ oscillating, 196.

”» quadruple-expansion, 259.

s  Savery’s, 3.

,»  single-acting, 11, 13.

" stationary land, 170.

s  triple-expansion, 250.
Evaporation, total heat of, 70.
Expansion gear, 177.

»» of gases doing work, 86,

88.
”» of steam, 105, 250.

F
FLuzs, strength of, 346.
Fuel Testing Apparatus, 38,
Furnaces, corrugated,

(¢4

GALLOWAY tubes, 303.
Gas, expansion of, 86.
,»» pressure of, 79.
,» volume of, 79.

eared engines, 215,

INDEX.

Giffard’s injector, 379
Governor cataract, 12.
”» Hartnell’s, 177.
» Richardson’s, 185f.
» Watt’s, 15, 17.
Gridiron slide valve, 268.
Griffiths’ screw, 225.
Gusset stays in boilers, 342,

H
HzAT, capacity for, 35.
5 conduction, 40.
,s convection, 48.
,» conversion, work into heat, 53.
,» engines, 90,
, latent, 58.
» quantity of, 32,
,» Tadiation, 38.
,» 8ensible, 56.
- sl:eciﬁc, 35.
s» thermo-dynamics, first law,
54,
s total, of evaporation, 70
, transfer of, 38
,» unit of, 32,
Hero's engine, 1.
High-speed engines, 162.
Hirsch’s screw, .
History of land engines, 1-20.
,, locomotive engines, 354.
s marine engines, 186.
Hornblower's engine, 18.
Horse-power by Brake, 146, 1495.
» how to find, 137.
» indicated, 136.
' nominal, 136.
Hyperbolic curve, 89, 106.
» logarithms, 145.

I

INDICATED horse-power, 136.
Indicator diagrams, 126, 130, 184,
»  Richard’s, 123.
" Thomson’s, 125.
»” Watt's, 122.
Inertia of moving parts, 161
Injector for locomotive, 379.
Isothermal curve, 89, 106.

J

JACKETING cylinders, 107.
Joints in boilers, 330.

Joule’s experiments on heat, 51.
Joy’s valve gear, 205.
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L 0
LAncASHTRE boiler, 302, OSCILLATING cylinder, 198.
Land engines, 170, 185. »» engines, 196,
Lap and lead, 96, 113. P

Latent heat, 58.
Law, Boyle’s, 79.
, Carnot’s, 93.
» Charle;’, 36 d ) "
sy first, of thermo-dynamics,
Link motion, 272.
»» foxi éo;cilhting cylinder,

Liquefaction in cylinder, 107.
Locomotives, 353- 385,
Logarithms, Napierian, 145.
Longitudinal stays in boilers, 342,

M
MANGIN'S screw, 227.
Manholes, 311.
Marcet's boiler, 59.
Marine boilers, 314-325.

,» engines, American beam, 193,
compound, 235-248,
dia.%)onal, 201.
double cylinder, 195.
ﬁeared, 213.

istory of, 186.
Maudslay’s return
connecting-rod,
215.
oscillating, 196.
Pem:i’s tru]nk, 214.
uadruple-expan-
1 sion, 2g9. P
side lever, 191.
steePle, 194.
triple-expansion, 250.
vertical coudensing,
218, 233.
s Don-condens-
ing, 217.
Materials for boiler construction, 327.
Mean pressure formule for cylinder,

139.

Moments, twisting of crank, 156,
Multitubular land boiler, 180,

N

NAPIERIAN logarithms, 145,
Nature of heat, 49.

Newcomen's atmospheric engine, 4.
Nominal horse-power, 136,
Non-condensing engine, 180, 217.

”» ”
”» ”»

”» ”

PADDLE-WHEELS, 208.
Parallel motion, 13, 15.
Passenger locomotive, 355,
Patents, list of early, 20.
Penn's trunk engine, 214.
Pistons, 276.

»  Buckley’s, 279.

’ Kirk’s coned, 277.

’ Lancaster, 278.

’ locomotive form, 276.

,»  old form, 277.

v rel&;ivo position to crank,

Pressure, mean, in cylinder formula,
139,

» of a gas, 79.

- of saturated steam, 61, 116.
Prony brake, 146,
Pyrometers, 29, 30a,

QUADRUPLE-EXPANSION engines, 259,

Quantity of heat, 32.

Questions at end of each Lecture
and in Appendix I.

R

RADIATION of heat, 38.

Regnault's experiments, 61.
Release, 98, 113.

Return connecting-rod engine, 215.
Richard’s indicator, 123.

Riveted joints, 330.

Rumford, Count, experiments, 49.

8

SAFETY valve for locomotives, 367.
Saturated steam, tables, 61, 62a.
Saturation curve, 106.

Savery's engine, 3.

Screw propellers, 220-231.

early forms, 222,
earlyinven

#

”» »

»” ”
Sensible heat, 56.
Shell and tlues of
Side-lever engir
Siemeus' Pyrox
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