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PREFACE

THiS is a book for students who have time to work many exercises.
Almost every table of numbers is supposed to be worked out by the
reader himself, or if he is supposed to verify only some of the
numbers he must use the table in working other exercises.
As an example of what I mean, consider Chap. IIL, in which a
student is supposed to work out every number. If he is a beginner
who knows but little mathematics he will work on squared paper,
and he is led gradually through his own work to see, not only the
value of expansion but the limit to its value because of back pressure
and condensation ; he sees for himself also the nature of the Willans
Law. But the very same work ought to be done by an advanced
student, only he will probably use formule which he can prove to be
correct, instead of squared paper. Now the knowledge conveyed in
this simple manner is of the very greatest importance, but it is
usually assumed that no beginner can take it in. Indeed I may say
that advanced students have usually only a very vague comprehen-
sion of this kind of knowledge. There is all the difference in the
world between an attempt to study by mere reading and a real study
through the actual doing of work.

Readers have great faith. Tell them that some philosopher
obtained a certain law of adiabatic expansion of steam and they use
that law, never testing it for themselves, although the test may only
need half an hour’s work. Tell them that there is a method used by
everybody for showing the wetness of the steam in a cylinder, on the
indicator diagram, and they use that method, although the exercise of
a little common-sense would show them that the method is based on
a fallacious assumption. There has been far too much of this
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~ taking things for granted; there may have been some excuse for
doing it in the past, but there is no excuse now, for through Mr.
McFarlane Gray and others we have very easy means of testing
things for ourselves. I am sorry to say that since Rankine’s time,
no man with a good knowledge of physics and mathematics seems to
have devoted himself to a study of the steam engine. There are
men who have done very useful work ; the text books are filled with
the names of men who have done useful small things, but unfortu-
nately the text books give as great weight to some of the results
arrived at logically from wrong data as if Rankine himself had worked
them out. There is a man better equipped than even Rankine was
for the solution of steam engine problems, but unfortunately he
devotes himself to isolated problems having only an indirect bearing
upon steam-engine practice.

If T am looked upon as a person who wishes to give results to be
used in faith by my pupils. it will be very easy to find many faults in
this book. But I beg to say that I occupy a very different position.
I aim, throughout, at showing a student how he, himself, may attack
problems which are, as yet, only partially solved, and if I give some
of my own speculations, it is only when they are suggestive and
likely to incite a student to go on with the study through experiment
and calculation along lines which seem to me good ones.

JOHN PERRY.

RovAL COLLEGE OF SCIENCE,
22nd  February, 1899.



CHAP.

II.
111
Iv.
V.
VI.
VII
VIIIL
CIX.
X.
XL
XII.
XIII.
XIV.

XV.

CONTENTS

INTRODUCTORY

THE ComMmoNEST ForM oOF STEAM ENGINE
THE VALUE oF ExpaNsIioN

THE INDICATOR

THE INDICATOR (CONTINUED)—A SET OF EXERCISES
THE REciprocaTING MoTION e
How THE VALVE Acts .

VaALvE GEARs

THE ExHAUST AND FEED

FLY-WHEEL AND GOVERNOR .

THE BoILER

STRENGTH OF BOILERs

HEATING ARRANGEMENTS OF BOILERS .

BOILERS (CONTINUED)

NUMERICAL CALCULATION

X\/;T.\‘Exnnc;\' AccouNTt

XVIL
XVIIIL.
XIX.

XXI.
XXII.
XXIII.

- THE HYPOTHETICAL DIAGRAM

TEMPERATURE AND HEAT
PROPERTIES OF STRAM
PROPERTIES OF Gaspous FLUIDs |
Work AND HEar

Work AND HeaTr—ENTROPY .

WATER—STEAM

118
124
139
153
165

196
209
217



viii

CHAP.

XXIV.
XXYV.
XXVI.
XXVII.
XXVIIIL
XXIX.

XXX.
XXXT.
XXXII.
XXXIII.
XXXIV.
XXXV.

INDEX

CONTENTS

CYLINDER CONDENSATION
ComBusTION AND FUEL .

Tre ErrFiciENCY oF A BOILER
Gas AND O1L ENGINES .
VaALVE MotioN CALCULATION

INERTIA OF MovVING PARTS

KINETIC THEORY OF GASES .
THERMODYNAMICS

SUPERHEATED STEAM

How FLuips Give tp HEAT AND MOMENTUM .

JETs oF Fruip

CYLINDER CONDENSATION

PAGE
376

- 401

423

481
632

673
585
598
618



¥

THE STEAM ENGINE.

CHAPTER L
INTRODUCTORY.

1. EvErRYRODY thinks that the books he read in his boyhood were
far more interesting than boys’ books now. In one of my school
books there was a story about people cast away on a desert island,
who discovered and made friends with three delightful giants, who
actually loved to do work, and only wanted to be superintended.
Their names wcre “Flowing Water,” “ Wind,” and “ Vapour.”
Nature’s stores of energy are indeed like helpful giants to us,
but they need superintendence, and we need to study their ways.

-In that old story the men who discovered and utilized the services
of the giants were men who had reverence and wonder and an eye
for beauty of all kinds, for without these can no man invent; and
because they had these fine qualities they also had that uncommon
gift called common sense, and so they knew that two and three make
five, and not six or merely four. That is, these men could calculate ;
they had a quantitative experimental knowledge of mechanics and
physics. Without these kinds of knowledge you cannot understand
the steam engine, although it is possible that you may get to be
called engineers, for there are many children of Gibeon who can get
people to call them engineers.

That a student may be aware of the kind of knowledge which
ought to be familiar to engineers, I give many numerical exercises,
and these ought to be worked. I must assume then that my
readers know something of applied mechanics, and how to calculate
the work necessary to be done in many common operations, and also
how to make calculations concerning stores of mechanical energy.

Mechanical energy is convertible into heat by friction, and everybody
B
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knows this, but I assume that my readers have a quantitative
knowledge of the fact, based upon their own experience; in fact
that they have measured Joule’s equivalent for themselves, and
worked many numerical exercises on the conversion of one form of
energy into another. Again, they are supposed to know something
of chemistry, sufficient to let them grasp the idea that by letting
certain chemical substances combine we can obtain energy: in the
case of coal and the oxygen of the air, we usually get the energy in
the form of heat, but in the case of some other substances, we get
the energy in the much more manageable form of electrical energy.
Mere reading and numerical work and listening to lectures are of
themselves of no use ; laboratory work of itself is of no use; a wide
and exact knowledge of this great subject comes to us only gradually,
and it never comes to a man who does not combine these various
methods of study.

We have first to recognize Nature’s great stores of energy, and to
estimate their magnitude ; in the second place we must learn how
to make them available for our purposes. In the following
pages I shall sometimes assume that my readers already know a
great deal about the subject, and at other places I shall assume that
they do not yet really know some of the most elementary facts of
heat and mechanics. It is easy to make use of water-power, and my
readers know how to make all sorts of calculations about it. It is
heat from the sun which causes evaporation from seas to form rain
and waterfalls. Wind power was utilized by our ancestors before
they knew the use of metals. When we utilize this gift of Nature
we steal not from the encrgy of rotation of the earth on its axis,
but from the sun’s heat. When we use fuel we utilize the energy
radiated in past times to the earth, as heat and light from the sun,
and perhaps it is only when we convert the mechanical energy given
out by our bodies into heat by friction that we learn how intense is
the storage of energy in a pound of fuel.

2. Nature's stores of energy are enormous when we compare them
with, say, the work that a strong labourer will do in a day. When
a labourer lifts 50 lbs., 60 feet high, he does 3,000 foot pounds of work.
When I carelessly run off a bath full of hot water, say 20 cubic feet
or 1,250 Ibs. of water at 38° C. (or 100° F.), on a winter day, when
the supply water is, say at 2° C. (or 35° F.), the energy that escapes
is equivalent very closely to the work done by the labourer in 20,000
of his journeys, or 62} millions of foot pounds. The energy obtain-
able fromn the burning of a pound of coal is about 12 million foot
pounds, and from a pound of kerosene 17 millions. Now consider
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that we may take the sun to have a surface as great as 12,000 times
that of the earth, and we may imagine that more than half a ton
(1,200 1bs.) of coal is burnt completely on every square foot of that
surface every hour (about 60 times the intensity of firing in the best
factory boiler furnace) [this is really about 7,250 horse-power de-
veloped as heat on every square foot]; this will give us a fair idea of
the rate at which the sun is losing heat ; now imagine that this enor-
mous waste has been going on for 1,000 million years, and you have
some idea of the waste of energy that has gone on in our corner of the
universe. Or rather, you begin to see how hopeless it is to imagine
the greatness of Nature’s waste of energy. It is probable that the
store of energy in any small portion of the universe in another form
than that known to mechanical, or heat, or chemical engineers, might
lead us to figures very much greater still; but it is not necessary
here to refer to this quite different matter. Nature’s greatest stores
of energy are not available, possibly through our present want of
knowledge ; but I am inclined to think that they are really not avail-
able at all. Of the available stores the most important is that of
coal, and it is necessary at once for us to become possessed of a
definite knowledge of the value of coal. '

When a pound of average coal is carefully burnt and all the
available heat is measured, we find that it gives out about 8,500
centigrade or 11,700 Fahrenheit heat units, and this is equivalent
to 12 million foot pounds. This 12 million foot pounds is a good
figure to keep in one’s memory as the calorific value of one pound of
average coal (see Art. 256). Other good numbers to remember are
17 million for a pound of kerosene and 530,000 foot pounds as the
calorific value of one cubic foot of average coal gas at atmospheric
pressure and 0° C. Now if it is remembered that the engineer’s unit -
of power is

1 horse-power = 33,000 foot pounds per minute,

it is quite easy to make certain calculations which engineers require
to do nearly every day of their lives. Thus a supply of 1 Ib. of coal

r hour means a supply of 12 million foot pounds of energy per
hour, or 200,000 foot pounds per minute, or 6 horse-power.

It is only a large and good steam engine which gives out
actually one useful horse-power for every 2 lbs. of coal per hour burnt
in the furnace; hence a very good steam engine takes 12 horse-
power as heat and gives out only 1 horse-power usefully mechanic-
ally. Even a very good engine (including the boiler) therefore takes
a shilling, returns a penny usefully, and wastes elevenpence: In any

B 2
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machine we usually mean by efficiency the useful power given out
divided by the total power supplied ; we see that even a very good
steam engine and boiler has an efficiency of only ,. It will be found
later that bad efficiency is incidental to all engines which take energy
as heat and give out mechanical energy.

Steam engines are approaching perfection, and for reasons to be
given in Chap. XVI. we cannot expect much better results than the
above. There is much better promise in gas engines. Well-made
large engines are always more efficient than small ones. It is only
a large steam engine of 200 horse-power or more that will give the
above result. Even a large engine, if it works on a varying load like:
the engines of an electric or hydraulic company, will give results only
one-third as good as the above ; whereas many small common engines
give out on the average only 1 per cent. of the whole energy supplied
to them, wasting the other 99 per cent.

Now even a small gas engine using Dowson gas, made from:
anthracite, has been known to give out one useful horse-power for
1 Ib. of coal. This means an efficiency which is twice as great as
that of many large factory steam engines, of whose performance their
makers are proud.

If coal could be burnt as zinc is burnt in an electric battery, and
used in an electric engine instead of a heat engine, we might expect
to convert more than 90 per cent. of the total energy into mechanical
work instead of less than 8 per cent. The fuel consumed by
animals is converted so largely into useful work that we are perfectly
certain that the engine of animals is not a heat engine, but rather an
clectric engine. We are gradually getting some knowledge of the
animal mechanisin, and when we are able to imitate Nature’s.
methods our steam and other heat engines will be looked upon as
barbarous. In the meantime we are improving the steam engine..
It is inherently wasteful, but it gives us great power with compara-
tively small weight and size. Every traveller by land or water
knows how easily the power of many hundreds or thousands of
horses is given out by a compact machine under easy control, and
how the civilization of the world rests mainly upon the much
maligned steam engine.

8. If a student can easily put his hand upon a few price lists of the-
best engineering firms, let him make out a table of the weight and
cost and horse-power of engines and boilers of various sizes. Some-
times he can help himself by drawing curves. Also he ought to
know something of the prices paid for energy. The price paid for
work done by a labourer is excessive, compared with the price paid
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for the same amount of work done by an engine. When intelligence
enters largely we can understand why the price should be high. At
page 2521 have gathered together a few facts on the price of energy,
such as every practical man ought to keep in his head.

Work done by a steam engine where coal is cheap is almost
cheaper than by any other agent. We can hardly compare this with
the cost of energy from a turbine unless we assume the waterfall as
given for nothing, so that the cost of energy will only depend upon
interest and depreciation on the cost of the machinery and wages
for attendance. A good modern engine of about 1,000 horse-power,
working under a constant load night and day, gives one horse-power
for about a farthing per hour, or about £9 per year, in a country
district where land, coal, and wages are cheap. This price is greatly
increased as the engine is smaller and as the load is less constant, so
that small steam engines in towns are more expensive than small
gas engines, whose power including all charges may be put at 1d. per
hour per horse-power, being only half this when the engines are of
about 100 horse-power. For small powers, gas engines or oil engines
are particularly to be recommended, principally because they may be
so readily started and stopped and require so little attention.

A horse-power is equivalent to 746 watts.

A not unusual charge of an electric company is 5d. per Board
of Trade unit. A Board of Trade unit is 1,000 watts for one hour,
or %% horse-power for one hour; that is, the cost is 3§d. per electrical
horse-power hour. This great charge is mainly due to the fact that
the output of an electric station fluctuates very greatly. The plant is
there all the time, sufficient in size for the maximum demand, and
yet for twenty hours out of the twenty-four there is a demand for
very little power. It is for the same reason that the cost of a horse-
power hour from an hydraulic company is 2d. to 4d. It is the great
comparative cheapness of power from well-designed steam engines
which is most prominent in all calculations that we make; power
from coal is 500 times as cheap as power from the best manual
labour, and it is in consequence of this fact that there has been
such an enormous development of manufactures in-the last 150
years.

4. When did man begin to utilize the energies of Nature, other
than his food, in the production of mechanical power? The earliest
dwellers in mountains must surely have used the potential energy of
lifted rocks when their foes were conveniently placed underneath them.
Did even the early Egyptians usc either wind or water power ? They
probably let the wind propel small boats. The military engines and



6 THE STEAM ENGINE CHAP.

ships of the Greeks and Romans, wonderful contrivances, were actuated
by men and animals. It is true that Hero of Alexandria, 120 B.C.,
used steam to turn a re-action wheel, and the Egyptian priests used
the pressure of vapours in performing their mysteries, and there was
some knowledge of the pressure and heat properties of fluids, but it
was not till the fifteenth century that we began to use Nature’s
stores of energy. The yew bow of England stored sufficient energy
to cause an arrow to penetrate light armour. The cross bow stored
much more energy, and knights could no longer safely attack the
rank and file of an army. But the first heat engine, a gas engine
using gunpowder, a gun, may be said to begin the history of our
subject. Here the useful energy produced from heat is the kinetic
energy of a projectile. We have
no more efficient heat engine for
obtaining ordinary mechanical
power than were even the first
forms of guns. If we could
only convert kinetic energy easily
into the other mechanical forms
of energy, we should probably
return to the gun form.

6. But for a student of our
subject who is a beginner,its mere
history is probably one of the very
worst of studies. The student
of history fails to notice that
traffic has always steadily in-

Fio. 1. —HERow EXoINE. . creased on common roads, and

ey "il’i’;m.?.}‘“bfff”ioﬁ?é?n?;‘pé’&'m"&"312 that although ilwayv ’ H
. hollow sphere. * g rallway  trafhc
may steadily increase it may

beconic less important again than the road traffic, and he does
not notice how the value of a thing depends on many other
things. Hero (120 B.c.) described a stcam turbine, Fig. 1; Branca
(1629 a.p.), led steam by a pipe from a boiler to impinge on the
vanes of a wheel to drive it, Fig. 2. These inventions are looked
upon with good-natured contempt by the man who speaks of the
gradual improvements of the steam engine through Solomon de Caus,
and that unfortunate victim of a worthless king, the Marquis of
Worcester, as well as through the pumping engines of Savery, New-
comen and Watt. Great improvement there certainly has been, but
as to its exact nature I should prefer the judgment of the man who
studies carefully the latest form of the steam engine,and gets to know
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its defects before he indulges in the luxury of a study of history.
As he reads the history he will note that the nature of what was
called improvement depended upon the environments of engineers, and
that thesc used to be very different from what they -are now. He
will note, for example, that the most complete drawings of the best
modern steam engine would have been worthless one hundred and
fifty years ago. Why, some of the oldest steam boilers had shells of
stone with metal plates between the fire and water; then through
copper and cast-iron they gradually became of riveted wrought iron
or steel, the improvement not being in our conception of a boiler, but
in tools and methods of manufacture. Let us remember that even

F1a. 2.—Braxca’s ENGINE.

Watt was jubilant if his cylinder was not more than § of an inch
untrue in its bore! It is for the understanding engineer one
of his most instructive lessons to go through the historical collection
of models in the S8outh Kensington Museum ; for the young student
it may not by any means be a good lesson. The instructed man will
notice that the modern type of engine may be the result of gradual
improvement on the old Watt pumping engine, but it is just possible
that it has retained certain characteristics of the old pumping engine
which are unnecessary and hurtful,and which would certainly not be

1 In boring a cylinder the limits of error now allowed by Messrs. Willans and
Robinson are + 005 of a millimetre, and there is less error allowed in other
parts of an engine. The metric system of measurement is in use in these excellent
shops ; its introduction has given no trouble whatsoever.
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visible if it had developed from another primitive form. In the
seventeenth century there was one work to be done of enormous
importance, requiring much power. There was a great evil, a new
evil. Had it been an old evil it would have been let alone. Mines
were being sunk deeper than ever they had been before; thousands
of horses had constantly to be employed to keep them free from
water. Here was the new evil: everybody saw the need for great
power, nobody wanted power for anything else. Hence the pumping
engine was developed, and it was only when it showed its power to
do other thiugs as well as pump, that men ventured to prophesy

¢ Soon shall thy arm, unconquered steam, afar
Drag the slow barge, or drive the rapid car.”

It is useless to consider what would have happened if it had been
absolutely necessary to drive great factories in the time of Branca.
Why ! the very engine of Branca, almost without improvement, has
lately been brought into use, and already competes in economy with
the very best steam engines of equal power. There is a great
deal of virtue in a revolving wheel. It may go at great speed, and
yet not shake the framework whieh supports it, even when this
framework is light. The very earliest engine, that of Hero, was
really a revolving wheel, a reaction turbine, and as I write this
[April, 1897] I have received a letter from a friend in Newecastle
to say he had just been out on the new Parsons’ turbine steam boat,
and that it proves to be the very fastest boat that has ever gone
through the water, although only 100 feet long. And furthermore,
at much smaller speeds, the very best other boats vibrate so much
that & man in the stern can hardly keep himself upright, even when
holding on hard, whereas at its highest speed the Turbinia has no
vibration. See Fig. 56.

6. The English railway carriage was a developed stage-coach, and
consequently even at the present day many of these carriages have
shapes, ornamentation and uncomfortable arrangements of their
space, which look ridiculous to a person ignorant of the history
of their gradual development. Use and wont have made us fond
of them, and in argument we defend their every defect as if it were
really a virtue. The original steam boiler was shaped like a domestic
copper or kettle, and remained so even when flues were used ; when
fitted to steamers it took the shape of the steamer, but it was still
merely a superior sort of kettle, and although the value of high pressure
was known, high pressures were not used, because they would require
boilers radically different in shape. Even now the locomotive boiler
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is as nearly of the shape used in Stephenson’s Rocket, as it can be
kept it is quite absurd to think that this shape would be chosen by
an unprejudiced engineer (if such a person could be found) if he were
asked to design the most suitable form of boiler for its purpose. I
have, perhaps, no right in such a book as this to ask how long it will
be before the locomotive boiler is made so that it will not contain
more steam and water than are sufficient for a few minutes’ work of
the engine, but it seems to me that at present one half of all the
valuable properties of an engine are sacrificed to a dislike for radical
change.

Throughout applied physics we find this conservative tendency.
In so far as it makes us cautious and afraid to adopt new-fangled and
untried notions, it is useful and good ; there issafety and certainty in
a well-known thing, whose defects are well-known, and have already
been guarded against. It is only excessive and persistent shrinking from
all alteration that I condemn. When I was an apprentice I was
taught that there was something almost sacred in the necessity for
beams and parallel motions in the best steam engines ; they were
merely the lineal descendants of the beams of Newcomen’s engines,
and had no more to do with the real efficiency or good working of the
engines than the two hind buttons are to the fit or fastening or
beauty of a frock coat. These buttons are the lineal descendants
of the buttons that used to fasten back the coat flaps of our ancestors.

7. When Aladdin first discovered the power at his command it is
remarkable how conservative he was in his notions. He made the
genius bring him silver dishes, because he started in the silver dish
line, and there is one of the most interesting of lessons in the fact
that although each of his silver dishes was worth sixty pieces of gold,
he sold each of them for one piece of gold over and over agaim
Aladdin’s imagination had to be stirred by a violent emotion before
he could make the genius work in other ways for him. Even at his
best I believe that Aladdin never took full advantage of the power
of the wonderful lamp. His finest palace was probably just an
ordinary house, made very large and stuck over with precious stones,
as vulgar as Milan Cathedral. The engineer, far more than Aladdin,
needs to have his imagination developed, because Aladdin’s power
was unlimited, whereas, great as the stores of Nature are, they are
not all for the engineer to develop. It is possible that future scien-
tific men may discover some way of developing them, but so far as
we can see there is no great store of energy available for man which
is in any way comparable with coal.

For the last twenty years I have lifted up my voice occasionally
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in the hearing of a not unbelieving but a half-hearted generation,
to warn men of the time to come, when their great stores of energy
will be exhausted. The chancery law of England is destroying
invention in all but small details; but if I am right in my beliefs,
it would be worth while for our government to hand over a few
millions of money to its best scientific men, telling them to squander
it in all sorts of experiments, in an intense search for some method
by which instead of only from one-twelfth to one-hundredth of the
cnergy of coal being utilised, nine-tenths of it might be utilised. If I
am right, almost all the social and political questions which excite us.
now will be of small importance on the future of the human race, for
the wild competition of nations and people for luxuries must gradually
during the next four hundred years become a struggle for mere
existence.

8. Eighteen hundred years ago Rome had numerous well-to-do
citizens, and was surrounded with comfortable villas; but throughout
the Roman Empire the well-to-do citizens were very few in com-
parison with their poor dependants or slaves. To-day, every town in
England is becoming surrounded with comfortable villas; millions
of people live in comfort, hundreds of thousands lead luxurious lives.
But this is not only the case in England : throughout France, Ger-
many, Italy, America, indced all over the world, we find signs of
enormous increase in numbers of a class of people who are well
beyond the necessity of working for their living—people who are,
we hope, developing art and literature, and the moral instincts of
the nations, because they are beyond sordid cares. The phenomenon
is peculiar to our own time. It was never known before in the
history of the world. We also see the general populaiion of the
tvorld increasing at an astonishing rate, and the proportion of people
who may be called poor is not only less than it ever was before, but
is exceedingly less. All the waste places of the earth are beginning
to blossom. Irrigation has changed the yellow sand of North Texas
and New Mexico and Arizona, of New South Wales and South
Australia and Queensland, to green verdure, and they are filling up
with people. Much of this is, we may hope, permanent; but in so
far as it depends upon outside demand for agricultural produce, it
will die. It would not be fair to say that the whole phenomenon is
due to the steam engine. T take it that when a nation or group of
nations is let alone from outside influence, the growth of its wealth
increases by what we call the compound interest law, or rolling snow-
ball law—increascd wealth produces love for settled government, and
settled government leads to increased wealth. But this sudden
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development is surely greatly due to the steam engine. The poorest
woman can easily buy clothing material and other goods that used
to come on camels’ backs in small quantities from the looms of
India for the ornamentation and delectation of emperors and their
nobles only. Quite common men live now in houses furnished with
luxuries of which no potentate of the Middle Ages could dream.

I think it to be evident that very much the greater part of all
that goes to make up our civilisation is directly or indirectly to be
traced to our utilisation of coal, and it is just as evident that
when our stores of coal get exhausted the greater part of all this
wealth and evidence of civilisation must disappear. The world will
not be left in its old state. The old state was like that of an earnest
poor young man with great hopes, the new state will be that of the
spendthrift, whose fortune has gone but whose expensive habits re-
main. Then will come the time of great struggle for Niagara by all
the civilised nations of the earth; the water power of the West of
Ireland will form a new centre of civilisation, as will the hills of
Switzerland and all places of high tide round the coasts of the world.
Then will be the time when men will try to utilise the stores of
energy which now seem to be insignificant or hopelessly out of our
reach : the direct radiation from the sun or the internal heat of the
earth.

I am sure that the mind of no engineer ought ever to be quite free
from this incubus—that we are wasting our coal with enormous
rapidity : that a heat engine is essentially uneconomical. But this
book is altogether about heat engines, and when in future I shall
speak of the economy of a steam engine, I shall compare it—not with
that of the perfect engine about which we know so much, but of
which not one cheap specimen has yet been made, and not even with
the most perfect heat engine imaginable—but with the perfect steam
engine.

I am about to speak of the steam engine as it is—not even as I
hope and imagine that it may become before it finally disappears.
I shall speak of our best engines which act by reciprocating motion
with cylindersand pistons, and in much the same sort of way whether
we see them of many thousands of horse-power, driving our largest
and fleetest ships, or whether they are of the smallest size, driving
a few printing presses.

9. There is one part of my subject which must be left out: I
shall speak in Chap. XXIX. of the balancing of engines, but I
shall not be able to say much about the effects of want of balance.
The study of the steamn engine is really a branch of applied mechanics
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and of heat. The study of vibration is also a branch of applied
mechanics, but it is such a different branch that it goes usually
under another name—sound or acoustics; its special study in
regard to steam engine effects is so little advanced that I shall do
my best to avoid mentioning it in the body of my book. In fact, I
must content myself with the following general observations on the
subject.

In Great Britain an annoying defect may remain unreformed for
a century, but let it be called a nuisance by a chancery court and
reform is very rapid. Large steam engines are now working in
towns—not merely in the slums, but in the districts inhabited by
rich people. We are first told that really we must produce no
smoke, and instantly we use mechanical stokers or better grates
and flues, and we refrain from forcing the fires, and get rid of smoke,
although for a hundred years every engineer has declared the thing
impossible. There is a vast difference between being asked to
try to get rid of a nuisance and being told by the policeman that we
must stop working if we create a nuisance. We find it necessary to
use non-condensing engines in towns because condensation water is
expensive; and of course our blast pipe becomes an organ-pipe
nuisance; we find that all window frames within half a mile are
really microphones—we have remedied this defect of our engines
because the only alternative was to stop working.

There is a defect that is put up with in locomotives and in ships
which is ever so much worse in a large town, and it has been declared
to be a nuisance. Consequently every young station engineer has
already acquired an astonishing amount of cunning in diagnosing it
and mitigating its effects. It is the vibration produced by recipro-
cating engines. Of course the only real remedy is the use of a steam
or gas turbine, sure to be applied in the long run; but capital has
given momentum in the direction of reciprocating engine manu-
facture, and a complete change towards turbine manufacture must be
slow.

Now, in the old days of slow moving engines, the vibrations due to
masses moving with accelerations were not important. The vibratory
forces are quadrupled when the speeds are doubled, and compact
engines must run at high speeds: hence our troubles.

We notice that rotating masses may be perfectly balanced
quite casily. But it is a very different thing with reciprocating
masses: to balance them needs careful study, and in many cases it
scems almost impossible. I have stood on the frames, or rested my
teeth against a pencil touching the frames of the best balanced
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engines now in the market, and could not detect any vibration; and
yet when two, three, or more such engincs are working in one station,
their slight effects coalesce and there may be very considerable
vibration of the ground. Indeed, it may be considerable in one part
of the station and hardly noticeable in another part. Again, I have
examined sets of flats in a large mansion near a central station, using
my “ tromometer,” which is very sensitive ; I have gone from room
to room, getting small indications of motion, and I have found that
one room was in considerable vibration when its surrounding neigh-
bours were quite quiet.

The student of acoustics does not need to be told that this room
was really accidentally tuned to the vibration, and just as one string
of a pianoforte will respond to a suitable faint note, just as a ship
will roll dangerously if the waves are in tune with it, so this room
responds to the faint impulses produced by distant engines.

A householder lays his complaint : the flowers on his dining-table
‘are quivering always; the glass and metal ornaments are always
rattling. The cunning young station engineer comes to inspect the
quivering room ; he says nothing at first; he goes about observing,
touching, listening, and he finds some opportunity of slyly moving
the heavy piano. No, he declares, he feels no vibration. Curiously
enough, the complainer also feels none, nor perhaps is he likely to do
so until he moves that piano exactly into the same spot again.!

When vibratory impulses act upon a thing, we speak of its forced
vibration and also of the natural vibration which it has of its own.
Its forced vibration will be small or great, depending upon whether
the frequency of the forced vibration is far different from or is nearly
equal to the natural frequency.

Young engineers, spurred by necessity—the mother of all reform
—know a great deal : they would know ever so much more if they
studied acoustics a little, and more particularly if they studied the
simpler parts of the mathematics of vibration. The engineer who
is a good mathematician will study Lord Rayleigh's Theory of Sound.
I believe that a study of my own books The Calculus for Engineers
and Applied Mechanics will give to the observant young engineer the
sort of mathematical knowledge that he wants, and he will be fairly
well fitted to fight the new nuisance if he adds a knowledge of some
such book as Tyndall’s Sound.

11t is interesting to study the vibrations induced in a rough model of a ship sus-
pended by springs by model engines placed on it in various positions. We ought to
be able to balance the engines more or less, and to change their sequence. The

effect of synchronism of the engine periods and the natural vibration of the ship, the
positions of the nodal points, &c., can only be studied in this way.
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When the pitching, rocking, and tugging vibrations of a locomo-
tive pass along a train, nobody complains; everybody feels that dis-
comfort is part of what he has paid for. The railway shareholders
pay a larger coal bill, and find it impossible to exceed certain speeds,
that is all. When for every instant during the twenty-four hours,
one’s state room on a passenger steamer is shaking, not merely on
account of the racing of the screw, but on account of the badly
balanced engines, as no chancery court has declared the thing a
nuisance, we expect to find this vibration on every ship that floats.
Before the time of Charles the Second people did not know how
miserable they ought to feel with unlighted streets; and folk who
live with pigs in mud cabins are proverbially oblivious of their
misery.

10. Having ncw vented all my anger upon the defects of the
steam engine, it becomes my business to incite students to the study
of it.

It is my intention to make this elementary account of our subject
one which will be really useful to the practical engineer. But I warn
my reader that he must do some work; he must try to get exact
ideas. It is all very well for men and women who trifle with a
subject and call it study, to frankly skip the dry part (or worse, to
pretend to understand it), but the practical engineer knows that his
ideas must become exact, he must be able to make calculations.
His life is a war with Nature; he wants to coerce Nature in all
sorts of ways. The careful training in calculation, what is it but a
" sharpening of one’s weapons ? I suppose that in the old days it was
rather a nuisance to have to mend one’s armour, to sharpen one’s
sword, to mend the spring of one’s cross-bow. Preparatory work of
this kind must always have been a bore; but the man who neg-
lected it got knocked on the head. I must therefore ask the student
to work steadily through the examples in arithmetical and graphical
computation on mechanical and heat energy and to begin these at
once. The more difficult exercises are in smaller type.



CHAPTER II
THE COMMONEST FORM OF STEAM ENGINE.

11. It is difficult at first to take in the idea that fluids act on
the solid bodies which they touch, with great force. The atmosphere
through which we move so easily, presses with a force of 15 1b.! on
every square inch of our bodies; but there is a balancing pressure
from the inside of our bodies, and so we do not feel the pressure as a
load. A boy who experiments with a sucker, and who uses more
scientific methods of exhausting the air from a space, so that the
pressure due to the outside atmosphere becomes more evident in
various ways, will gradually get to know something about the
pressure of fluids. Lectures and reading teach almost nothing,
unless we also see and make experiments.

I have sometimes closed a very small strong vessel with water in
it, put it over a gas flame, and stood at a distance to watch, or rather,
to hear it explode, when the pressure of the steam became great
enough. It is said that the great force which steain may exert
became known to Watt through the behaviour of his mother’s kettle.
I doubt this. Steam escapes too easily from a kettle. Even neglected
boilers fail to explode in ninety-five cases out of one hundred, because
even carefully riveted joints give way and leak rapidly.

When water is boiled in a kettle, its temperature is always
about 100° C. (or 212° F.), because it is under atmospheric pressure.
Giving more heat to the water does not raise its temperature, it
only causes some more water to boil away. Up a mountain its
temperature is less, because the atmospheric pressure is less; and

! Really 14°7 1b. per square inch, or 2,116 Ib. per square foot, is what we take to be

the standard pressure of our atmosphere. The real pressure of the atmosphere varies
from day to day.
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the lowered temperature of boiling water is often noted by
travellers as indicating the height of a mountain.

When we use a strong kettle or boiler which is closed up, we may
get very much higher temperatures and pressures. When we know
the temperature we know the pressure. Students will do well to
try this for themselves in the way described in Art. 179. Boilers
(see Chap. XI.) are so constructed that (1) they may be able to with-
stand the very great pressures usually employed;! (2) large quan-
tities of coal may be rapidly and completely burnt in them, its heat
being, to as great an extent as possible, given to the water. We par-
ticularly want from a boiler steam which is dry; it must contain
as little water as possible (a cloud consists of drops of water, so does
the visible stuff which has come from the spout of a kettle ; we want
our steam to be transparent, to have no condensed steam present).
There are drops of water in the steam of the boiler, because of the
spray due to the violent ebullition which is always going on ;? this we
call “ priming,” and by careful ways of taking the steam into the steam-
pipe, we greatly get rid of it. Again, unless the steam-pipe from
the boiler to the engine is well covered with a non-conducting
covering, some steam will condense. The electric ‘companies by
better clothing their steam-pipes have greatly diminished their coal
consumption. We often give the condensed steam a chance of
settling by passing it through a separator (Figs.3and 4) ; but do what
we will, we find that the steam reaching the engine contains some
water. The steam supply to the engine is controlled by the stop or
regulation valve, the hand wheel of which may be turned by the
engine driver. There is also in many engines a throttle valve, which
is kept closing or opening more or less by the governor of the engine.
The governor admits more steam if the engine is going too slowly,
and closes off the steam a little if the engine is going too quickly.

Many of the small engines on board ship are supplied with steam
from the main boiler through reducing valves. Steam from the
Belleville boiler is always supplied to engines after a reduction of
about 60 lbs. per square inch in pressure by a reducing valve to dry it.

! Pressures of 2501bs. to the square inch are not yet common, but pressures of 200
in compound and triple expansion engines are quite common. Even pressures so
great as 165 have long been common in locomotives, and yet in these there is usually
no compounding. Single expansion engines seldom use a higher pressure than 110 1bs.
per square inch.

2 A pound of low-pressure steam is of very great voluine compared with a pound of
high-pressure steam ; hence violent ebullition and priming are more usually found
in low-pressure boilers. But it is for this very reason that artificial help to the
circulation is more needed in high-pressure boilers.
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In passing through valves, steam loses pressure, because of friction,
but it has a tendency to become drier. This tendency to super-
heat is not very great, however, under ordinary circumstances. In-
stead of relying upon throttling, it
is far better to let a part of the
steam-pipe be kept heated, either
by the hot furnace gases or by a
special furnace. In non-condensing

Fi1a. 3.—SEPARATOR. F10. 4.—SEPARATOR.
Wet steam enters at A and dry steam Wot steam enters at A and travels round
leaves at C. Centrifugal force assists the central pipe E, the water leaving
in the separation, and the water by contrifugnl force, and the 3
collects in lower part, and is let out at steam escaping from D through the
D. The gauge glass shows how much central pipe E. The water collects in
water {8 present. the lower part B.

Separators are sometimes provided with floats which rise when the accumulation of water is too
great, and open a valve which lets the water escape. Ordinary steam traps act in much the same
way.
engines where we do not mind if air and other gases get mixed
with the steam, it is better to have a gas jet burning inside
the steam-pipe, being supplied with air and gas under pressure.
When by any means we not only remove all water from the steam,
but raise the steam to a higher temperature still, we say that it is
superheated.

Many men have the notion that if one part in ten of the stuff
entering a steam engine is water, it only means a lost effect of

c
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10 per cent. This is very wrong. He might as well say that if one
man among ten sailors entering a ship has cholera, it only means a’
loss of the labour of pne man in ten. The fact is, the condensation
and consequent waste going on in a steam engine cylinder would hardly .
have a chance of beginning if the entering steam were dry. The -
formation of a skin of water on the metal inside the cylinder is of
enormous importance in causing more steam to condense there, and
so destroying the efficiency of the steam engine (see Chap. XXXV.).
Anyhow, it is very important that the supply of steam to an engine
should be dry, and even that it should be more than just dry, that is,
superheated. It will be noticed also in all the figures of the best
cylinders in this book that not only are they well covered with non-
conducting felt and wood, but there is also a well-drained steam
jacket. This jacket communicates freely with the boiler, and it
gives so much heat to the outside of the cylinder that no skin of
water is likely to form itself on the inside surface. In three-cylinder
engines all the cylinders and receivers are jacketed ; the student will -
see that if all the jacket steam comes from the boiler, the low
pressure cylinders have a better chance of keeping dry than the
high pressure.

I feel sure that it is very important to show a beginner by direct
experiment how great may be the forcc exerted by steam. Various
experiments may be suggested. If there is an experimental boiler in
the laboratory with a large safety valve, loaded with a dead weight,
(as in Fig. 181), or even by a weight acting through a lever (as in
Fig. 182), the student may get to know of these great forces by
noting the force required to kecp a valve closed. I have sometimes
used a piece of apparatus like a small Bull engine (Fig. 21), lifting
a weight.

12. Ordinary Steam Engine.—Steam engines have been of
many forms, but the simplest, the direct-acting form, has survived the
others. Forty years ago this sort of engine was thought unsuitable
where economy of energy was important. It was used in locomotives
because it was simple in construction, and not liable to get out of
order. It was getting to be used in ships, partly for the same
reason, but mainly because it occupied less space than the then
preferable beam engines, with their parallel motions and other com-
plicated contrivances for lessening frictional and other losses. But
when a large factory engine was required, nobody dreamt of using a
direct-acting engine. Later when, at length, it was recognised that
there were far more scrious losses in engines than those saved by
parallel motions, direct-acting engines were used even in factories,
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but valve motions worked by tappets or corliss or other complicated
gears were used with them, and the locomotive type of engine was
still scornfully thought to be suited only for very small powers.
Now-a-days it is recognised that the simple construction of the loco-
motive engine and the simple locomotive slide valve motion may be
employed in the very largest engines, where we aim at the very
highest economy, and hence it is that the old despised type of
engine is not only the easiest to describe, but the most important for
students to understand.

13. Fig. 5 shows a small stationary engine, whose cast-iron
cylinder A B is closed at the ends by castings E and F bolted on.
It has no steam jacket, and the lagging of felt and wood which
is used for clothing it and-keeping it warm is not shown. This
cylinder is very carefully bored out to be exactly circular in section.
We are so particular about this that if a large cylinder is to lie
horizontally, we bore it in the horizontal position, and if it is to be
vertical, we bore it in the vertical position. The boring of a large
cylinder in the shops ought to be observed by a student, who must
note not only the mechanical arrangement of cylinder and boring
bar, but also the speed of cut and the rates of feed both in roughing
and finishing. ‘

The shapes of some cylinders are shown in other figures.

There are two flat openings or ports at the ends, hardly visible
in the figure, through which steam may be admitted or exhausted.
In our engine the steam exhausts or rushes off when released,
to the atmosphere, because Figs. 5 or 15 is evidently what is called
a non-condensing engine. In a condensing engine the exhaust
is to a condenser, a vessel kept in a cold and nearly vacuous
condition. In many cylinders there is only one port for each end,
see C and C in Fig. 5, whereas in others, such as .Fig. 22, the
steam is admitted and exhausted from each end by separate ports,
called the admission and the exhaust ports. This is much better,
because the exhaust steam is much lower in temperature than the
entering steam, and the entering steam tends to condense on the
surface metal of these passages, a much more serious matter than
it may seem to be. What we call the valve motion is simply the
contrivance which automatically admits steam into the cylinder
on one or the other side of the piston at proper times, allowing
it to escape at proper times. In Fig. 5 no valve motion is shown.
The student must assume that there is a boiler which generates
high pressure steam as fast as it is needed, and that this steam
is brought through a supply pipe to the stcam chest or valve chest,

c2



20 THE STEAM ENGINE CHAP.

being admitted to cither end of the cylinder through some kind
of valve.

14. The piston shown in Fig. 51 is much thicker and more
clumsy than is usual in larger specimens of engine. Other forms are

Fro. 5, —HoR1zONTAL StEAM ENGINE.

shown in our figures, and there also we see how the piston is made
steam-tight. What is wanted is that if there is high pressure steam,
say in A, Fig. 5, and mere exhaust pressure in B, the steam from A
shall not pass the piston into B. The cast-iron block, which is the
main portion of the piston, is a very slack fit for the cylinder; three
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cast-iron packing rings are shown upon it. These split rings are
sprung into grooves in the block, and are always trying to get larger
and press gently outwards all round against the cylinder’s surface so
as to create as little friction as possible, and yet to remain steam-
tight. In Fig. 23 there are only two rings, and it will be seen that,
what with their nice fitting in the grooves, and the places of split
being far apart, steam has difficulty in getting past the piston. In
large pistons like Fig. 6, the springiness of the rings is not alone
relied upon. . Notice the various ways that are taken by different
makers to produce the necessary steam-tightness without too much
friction.! In spite of all efforts even in the most elaborate construc-
tion of pistons, such as are shown in Figs. 6, 30, 31, &c., there can
be no doubt that considerable leakage takes place. If the engine is
held fast in a particular position, and if high-pressure steam is ad-
mitted to one end and the other is open to the exhaust, there is such
good packing of the piston in good engines that the leakage is so
small as to be very difficult to measure ; but unfortunately there can
be no doubt of a pretty considerable leakage past the piston when it
is in motion. It seems that the leak is a leak of water; the steam
condenses, comes past the piston as water, and evaporates on the
other side, and this state of things is mainly due to the piston in its
motion passing over parts of the cylinder metal which are sometimes
hot, sometimes cold.

The student will notice that there are many shapes of piston.
The conical shape of body of Fig. 6 is adopted for large pistons as
being thought better for strength and lightness. Later on it will be
seen that lightness is a very necessary quality in the moving parts
of engines. As to the strength, let the student think of the great
forces due to steam acting on a piston. Even a locomotive piston
such as Fig. 59 is often 18 inches in diameter. Consider one only
12 inches in diameter. Let the pressure on the side to which steam
is admitted be only 100 lbs. per square inch in excess of what is on
the exhaust side. The total resultant force in the direction of
motion of the piston is 100 lbs. x the area of a circle 12 inches
diameter, or 100 x 112, or 11,200 lbs. A total force of 5 tons!
A student who has experimented with a model of the Bull enginc
shown in Fig. 21, may perhaps understand how great such a force
is and the significance of its greatness, and yet our piston is small

1 1 have proved in my book on Applied Mechanics, that the usual method of con-
struction of piston rings is quite wrong. The ring ought to be cut, clamped smaller,
and in this condition turned to the size of the cylinder, and if so made it will press
uniformly all round, not otherwise.
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and the steam pressure moderate. I have known men who could lift
400 lbs. with two hands. I can readily lift a man (with both
hands) whose weight is 1501bs. Think of a force which is 75 times
as great as this. And notice that the steam will exert it even
when the piston moves very rapidly, if the boiler will only generate
steam fast enough and if the pipes and opening into the cylinder
are large enough. The piston rod R is very firmly fastened to
the piston. The nature of this fastening will be gathered from
Figs. 6 and 36. Every one knows how apt some part of one’s
bicycle used to get loose in spite of the great experience of manu-
facturers. Have you ever been troubled with a shoe-tie getting loose ?
I have been tormented with the tying of the load of a packhorse
getting loose. All kinds of lock-nuts, and locking arrangements
have been invented because a fastening is so apt to get loose, even
when the.load on it is not great, if the load keeps altering. Now
the fastening of the piston and its rod has to stand pushes and pulls
each of 5 tons, altering twice or many more times every second,
sometimes as in marine engines for months, and it must not get
loose. Therefore you must treat with great respect the style of
fastening which has been found to stand such trials. Figs. 6 and
36 show some kinds of fastening which are found to last well.!

In most cases before the piston has travelled over the whole
stroke the admission of stcam is stopped; the steam already admitted
must expand and its pressure gets less than it was originally ; but
there is nothing very wrohg just now in supposing that the steam is
admitted freely at 100 Ibs. pressure to the end of the stroke. At or
a little before the end of the stroke it is allowed to escape to the
exhaust, and high pressure steam is admitted on the B side of the
piston, and consequently there is a force of 5 tons (leaving the small
area of the piston rod out of the calculation) forcing the piston back
again.

! British engineers deserve their great succees. Their work is tested not merely
by an appearance of goodness such as a fraudulent plumber is quite able to give to
the worst of jobs. Good work is the result of honest earnest effort, such as has
never before heen exercised in any profession in the whole history of the world.
Users of the Willans engines tell me that they will run for many months continu-
ously with no other care than proper lubrication. Mr. Crompton told me this
morning (July, 1898), that an engine had just been opened at Kensington for the first
time after a 21 months’ run (during lighting hours), and it was found not only to need
no renewal of any part, but no sign of wear could be detected anywhere, and the
engine was started without anything being done to it. Surely this reputation of
English engineering is worth maintaining. It may be in the power of foreigners to
obtain more orders for ships and engines, but it is our boast that when work is
ordered it is well done.
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F16. 6.—P1sTON.

Marino piston, of conical cast stecl
body P.B., with single packing ring
P.R, which {8 pressed outwards by
coach springs 8 between junk ring
J.R. and flange F. The surfaces be-
tween ring and junk ring and flange
are steam tight. Spiral springs are
often used instead of coach springs.

The ring C sccured by small nuts
and split pins locks all the nuts.

The gun metal tongue piece P.T.
has a sct screw A fastening it on one
side. G.P. locks the great nut, and is
itself secured by studs with square
necks and split Fins. All the studs B
are in gun metal.

In horizontal engines solid *‘ cod
pleces” are substituted for springs for
a Tmrter of the circumference, at the
bottom of the piston. Marine pistons
are often treated similarly on account
of the vessel rolling.
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15. Consider then this force of 5 tons alternately pushing and
pulling the piston rod, changing 100 or possibly 400 times per minute.
the whole mass of piston and rod starting, getting up speed, stopping,

and coming back again in the same
fashion with great rapidity, and you will
see why it is that we have a very power-
ful agent to deal with. The piston must
be strong, its fastening to the piston
rod must be strong, and the rod itself must
be strong. The rod passes steam tight
through the cylinder end F, because of
the steam tight packing of the stuffing
box and gland @. In small engines the
Fao A e bor” ©“4**  gtuffing box as Fig. 7 is filled with rope
yarn, or asbestos rope, which the studs
and nuts of the gland G keep squeezing so that it presses gently
out against the rod. Sometimes in such a case a very thin sheet
of brass or copper is between the packing and the rod, and this
keeps the rod polished.

In the figures we see in how many different ways different
manufacturers pack their stuffing boxes. Thus, for example, in Fig. 9
we have one form of metallic packing used in very large marine
engines. HH are half rings of white metal squeezed between
bronze rings J, a number of springs in the frame X at the end main-
taining the pressure. The white metal is squeezed against the rod
A keeping it steam tight. The gland Fis forced by four studs and
nuts CC to compress ordinary packing of asbestos in the stuffing box
FG, and that these may never be tightened up unequally, each nut
has a spur pinion as part of it, gearing on a central spur ring; turn-
ing one nut means turning all four. F, @, and the bush at the inside
are bronze. Ordinary stuffing boxes have merely a brass neck bush
at one end and the gland is either of brass or cast-iron, faced with
brass (see Fig. 7). Packing for pump rods, &c., is of gasket (inter-
woven strands of hemp and cotton) or an elastic core of india-rubber
surrounded by canvas or asbestos. For steam rods asbestos rope is
generally used.

16. We see then that the piston rod is pushed and pulled alter-
nately with great forces, and that by means of the connecting rod L
and the crank MN the crank shaft is kept rotating. The fly-wheel B
keyed upon the crank shaft keeps the motion steady. If any student
has difficulty in seeing how the reciprocating motion of the piston rod
and cross head H arc converted into rotatory motion by a connecting
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rod and crank, let
him examine any
sewing machine, or
foot lathe, or an ordi-
nary cycle. He will
also learn from these
things the steadying
etfect of the fly-
wheel.
The piston and
its rod move with a
motion of mere trans-
lation. That is, every
point has a path of
the same length as
and parallel to that
of any other point.
This is what we
mean by our rough
and ready statement,
““the piston moves in
a straight line.” It
is very important
that the end of the ls
rod should be guided IE
S0 as to move in a '
straight line and so
it terminates in H
the cross head. The
nature of the guid-
ance is evident in
Figs. 5,15,43,47, &c.,
which show many
forms of slides and
slippers fastened to
ends of piston rods,
also of their guides.
The arrangement dif-
fers in different forms
of engine and must be studied in connection with the shape of the
frame. Notice in this example, Fig. 5, how the cylinder is fastened
to the frame P, and the shape of the guides AZ. The cross head is

ting rod,—is suitable for open guides. It shows detachable slippers carrying

F10. 8.—SLIDE AND PI1sTON RoD.

A closed slide has its akcad bearing surface only important. The two stoppers are shown by mistake.

This slide with gudgeon pin,—to work on small forked end of

white metal for both surfaces.
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a strong pin connecting H and the end of the connecting rod HM,
at the other end being the crank pin M, the crank M being fixed
on the revolving crank shaft on which the fly-wheel R is keyed.

17. The nature of the reciprocating motion of H and the piston

F16. 9.—MARINE ENGINE. GLAND AND STUFFING Box.

when M revolves uniforinly
is well known. It is evi-
dently necessary for HM to
keep as nearly constant in
length as possible, and the
student must ask himself
these questions: 1. The
ends of the connecting
rod must fit the pins at A
and M always nicely, but
there must be wear; how
are the end fittings adjusted
so that the distance be-
tween the pins keeps con-
stant ? 2. The forces at
these pins alter quickly in
high speed engines; in
fact, blows may be said to
take place; how are the
keys, cotters, and other
fittings of the ends pre-
vented from shaking loose ?

The figures tell this
story themselves. Thus
Fig. 10 shows half in
section and half in eleva-
tion the end of a rod, fit-
ting the steel crank pin A.
The gun-metal “brasses”
or steps BC, are kept tight
on the pin by the key H
and cotter G, which fasten
the strap SF to the butt

E. This kind of rod used to be common; it is not suited to with-
stand the looscning action which occurs in modern high speed

engines.

Now look at Fig. 42 or the rod of Fig. 11, whose “big end ” fits
the crank pin and whose small forked or “gudgeon ” end, with two
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brasses of gun-metal, fits the cross head with its slipper blocks shown
mm Fig. 8 upon the piston rod end. Notice how the crank pin
brasses, cylindric out and in, are lined with white metal because of
the excessive friction, and how they may be adjusted by filing the
distance pieces. Notice how the cap and jaw are fastened together.
Bolts are thinned down to have a less section than at the screw
thread, except where the bearing surfaces are; they stretch there-
fore instead of fracturing at the thread. Spare brasses are usually
carried on ships, so that if heating has occurred and the white metal
has “run” it may be replaced. It is as common to shrink the end of
the rod upon the pin or gudgeon, and the head of the piston rod
is forged, part of the piston rod becoming a slipper slide whose base

Pia. 10.—CoxxectiNe Rop Exp. For slow -p«;etﬂa,ﬂwith steel loose strap F'8, held by gib G and
cotter H.

carries a gun-metal slipper faced with white metal. A slide often
has a guide only on one side of it. The hollow space in the guide
has cold water circulating in it for coolness in many large marine
engines.

18. In small engines we have all sorts of frames and guides.
The frame, all one casting, of which four views are shown in Fig. 43,
has bored guides BG. There are two bearings, BB, on the frame, for
the crank shaft, and the fly-wheel would be overhung, as shown in
Fig. 15. This form may be used vertically as a wall engine. Fig. 47
shows the “girder-frame” of a larger engine (up to pistons of 12”
diameter) also with bored guides. Fig. 47 shows the cast iron frame
of a large vertical engine with two flat guides.

The careful student will notice if he examines old types of engines
that an important change has been going on in the arrangement of
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metal in the frames of engines, so that by its mere inertia it shall
tend better to prevent vibration of the ground, and also that the
whole frame shall act rather as a tie rod or a strut than as a bracket.

19. The crank shaft V and crank with the crank pin M, are
shown in Fig. 5. The pedestals (or pillow blocks) are very much like
pedestals of ordinary shafting, except in this—the loads on ordinary
shafting are usually merely vertical loads. On a crank shaft there
are horizontal forces, due to the pushing and pulling forces of
the connecting rod, and consequently the cap is not always placed
vertically above the journal.

In the figure I show an over-hung crank, one bearing of the shaft
is on the frame, the other detached from the frame would be sup-
ported beyond the fly-wheel. Fig. 15 shows a crank between the
two bearings, the fly-wHeel being over-hung. The reason why the
part away from the crank pin is often made massive is because a lop-
sided rotating thing is out of balance. Let a student illustrate
this for himself with the following piece of apparatus. Arrange a
disc of wood which may be revolved at a high speed, and let there be
a piece of lead fastened to it somewhere, so that the centre of gravity
of the rotating part is not in the axis of rotation. It will be found
that the frame and indeed the table on which it rests, gets into a
state of vibration, and it is evident that this is due to the un-
balanced centrifugal force of the lead. Now place an equal piece of
lead exactly opposite to the first, and just as far away from the axis,
and we find on rotating the disc that there is balance. Such experi-
ments as this are very instructive. We can make a small body
balance a much larger one by placing it further away from the axis.
There is much more than this to be said about the subject of bal-
ancing. A rotating mass is not in balance unless its centre of
gravity is in the axis of rotation, but this is not always the sufficient
condition for balance, and students must refer to Chap. XXIX. They
will there find that rotating masses may be perfectly balanced ;
that is, there need be no vibratory forces acting in the framework
of the machine. Again, it is found that an engine like those shown
in Figs. 5 or 15, sets the engine-bed and foundations and the
ground in vibration because of the reciprocating motion of some of
its parts. It is found that we get a fair approximation to the actual
state of things if we suppose the piston, piston rod, cross head, and
half connecting rod to move with a reciprocating motion in the
centre line of the engine ; these I shall call the reciprocating part:
the forces on the framework due to this can only be balanced by
another reciprocating part moving exactly in the opposite way. Itis
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F16. 11.—STRONGEST FORM OF MARINE ENGINE CONNECTING Rob.
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very seldom indeed that we find the reciprocating parts of an engine
balanced, and this is why in certain parts of London the electric
light companies have been compelled to replace reciprocating engines
by steam turbines. A rotating part may be made to balance a
reciprocating part, but this introduces reciprocating forces in a
direction at right angles to the first. This is how the endlong
forces are balanced in a locomotive. There are up and down or
pitching forces unbalanced in the best locomotives, but the endlong
forces are balanced, and these are more important than the others,
because when they are not balanced the locomotive tugs at the train
instead of drawing it steadily. A very badly-balanced locomotive
burns so much more coal per train mile that even the ordinary poor
sort of balancing is of considerable importance. The bad balancing
of the engines on a torpedo catcher or any other modern swift vessel
greatly aggravates the annoyance due to vibrations produced in
other ways, as for example, from the propeller (because it has not
many blades) or from the action of the sea upon the hull of the vessel.
"™ 20. Knocking or Backlash.—It will be noticed that however
good may be the fit of a brass to a pin, when the forces between them
are suddenly reversed, there is a blow ; this is of course greatly in-
creased by bad fitting, as when brasses get worn. Hence it is worth
while sacrificing other advantages if by so doing we can be certain
that the forces, however they may vary, never change in direction;
that is, if it is invariably one side of a brass which is always acting on
its pin or journal. It will be seen-in Art. 65, that when steam is
only allowed to act on one side of a piston, and if there is plenty of
cushioning, the piston rod may never be required to exert a pull; it
may always be kept exerting a pushing force at every part of the
revolution of the engine, and it is mainly for this reason that single-
acting engines are in use. When a single-acting engine is vertical
as the Willans engine (Art. 236) for example, the mere weight of
the moving part is important in preventing backlash. In this
engine, however, the reciprocating forces are so great that ordinary
cushioning has to be supplemented by an air-cushion.

21. It is to be noticed that we cannot be absolutely certain of the
length of the connecting rod; also, other parts of the engine alter
slightly in length, because of unequal expansion by heat, and hence
it is necessary to allow of a little clearance at both ends of the
cyvlinder. The actual volume of the clearance, that is, the volume
which must be filled by fresh steam at the very end of the stroke,
may sometimes be approximated to if we have the working drawings
of the engine; but I prefer to measure it by placing the engine in
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the dead point position, to fill up the clearance space with water,
and then to run off this water and measure it.

22. It is to be noticed that the steam acts not only on the
piston, but also on the end of the cylinder. The cylinder is bolted
to the engine-bed, and this is- held down to concrete or brick-work
or masonry foundations. Great stiffness is needed in these parts to
withstand the effects of such rapidly reversed great forces. In
marine engines the power is transmitted by the crank shaft to the
propeller. In locomotives it is transmitted by the crank shaft, and
through the driving wheels to the places where these touch the rails.
The friction must exceed the pulling force, else there will be slipping.
In factory engines the fly-wheel is often a great spur wheel, driving
a smaller mortise spur wheel. In this case the fly-wheel is always

- built up of many parts, keyed and bolted together, because a
single casting so large would not be true enough. In the smaller
factory engines the fly-wheel is used as a drum, from whose rim the
power is taken off by a belt or by ropes, as shown in Figs. 15 or 144.

Many special machines, such as dynamo electric machines, are
driven direct; the engine and dynamo are on the same bed-plate,
and the four sets of brasses for the four bearings (two for the engine
and two for the dynamo) are bored out at one operation, great care
being taken to get them exactly in line.

23. Fig. 12 shows a skeleton drawing of Figs. 5 or 15. If a
student thinks for himself he will see that if P is pushed in the
direction of the arrows, the cylinder is pushed back. This is why
the cylinder and the crank shaft must be firmly held on one frame-
work or engine-bed. Of course if the bed were to yield in its length
quite readily, there would be no turning of the shaft. ThHe skeleton
drawing brings home to us also the fact that the end of the piston
rod or cross head H ought to be guided; for the pushing force
of five tons in P is resisted by the push in C, and it is obvious that
guides for H are needed to exercise an upward guiding force, such
as is shown by the arrow head. The slide is pushed downward
on the guide. Now let the student make another skeleton drawing
like Fig. 13, which is merely what Fig. 12 becomes when the crank
has made half a revolution further. The piston rod is now pulling
the slide, and the connecting rod pulls the slide also in its resistance
to motion, so that again the force of the guides on the sliding
block is upward. Hence if we are sure that the direction of motion
shall always be the same, a closed slide with one slipper rubbing on
one stout guide may take the place of the two or four guide bars
which we see in Figs. 5, 47 or 62. Just as C pushes H, so it
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pushes the crank pin K'; the push in € multiplied by the perpen-
dicular distance from £ to HK is what we call the turning moment
on the crank shaft.

24. It is of very great importance for a student to study (not so
much with mathematical exactitude as to have working notions) this
turning moment for every position of the piston. It may be done,
perhaps, by making many skeleton drawings; but it is far better to
have a working sectional model such as is shown in Fig. 101. If
there is a workshop available, a student will very readily make a
sufficiently good model for himself with a few laths of wood and wood
screws. I myself have used with students a large model in which the
distance from A to K is 6 feet. It has a connecting rod which

I ol
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Fias. 12 axp 13.

may be lengthened, the distance from K to A also being altered ;
the distance of the piston P from the end of its stroke may be
measured with great accuracy, and also the angle turned through
by the crank from O 0, its dead point position. First, we study the
mechanism, noting how travel of piston and angle of crank are related
to one another (see Art. 67). Second, we study the forces acting
in the several parts, and particularly the turning moment on the
crank shaft. Third, we notice that the weight of the conducting rod
must modify our calculations a little, but not much. Fourth, we
notice that the forces must be rather different at one speed of rotation
of the shaft from what they are at another, because it requires force
to set a body in motion, and to stop it an opposite kind of force..
Notice the great difference between this and the previous effect due
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to mere weight of connecting rod. It may be said that all this is a
mere matter of calculation. Now it is true that we can learn a great
deal by mere mathematics, but what we often learn is merely how to
pass examinations ; it is a student’s business to learn to think,and he
may be quite sure that he will never really think about or understand
the steam engine till he has experimented, observed, and handled
either real parts of engines or such a model as I have described.

& 25. However great the pushing or pulling force on the piston or
connecting rod may be, there are two positions, the two ends of the
stroke, in which there is no turning moment on the crank shaft.
These are the dead points, well known to all ladies who work sewing-
machines, and to men who work foot lathes or bicycles. And the turn-
ing moment varies greatly during a revolution. Hence, to equalise
this and also to make sure that we can start an engine from any
position whatsoever, it is usual to duplicate everything, there being
two engines working the same shaft, their cranks being at right angles,
so that when one is at its dead point the other cannot be so. When
three cylinders work the same crank shaft their cranks usually make
angles of 120° with one another.

Fig. 62 is an example of the coupled engines of a locomotive,
the cranks being at right angles. Donkey engines used for crane
work on board ship have two cranks at right angles and no fly-wheel,
so that they may be easily stopped and started from any position.
Any person who watches such an engine working must see how
important is the steadying function of the fly-wheel of an ordinary
engine. Engines in hydraulic power stations are often stopped and
started automatically by the rising and falling of the accumulator
weight acting on a throttle valve, and this needs coupled engines.
Some of our figures show three cranks on the same shaft. Not only
do we in these ways get a more uniform turning moment on our
shaft, but we find it easier to balance the forces which act on our
framing and foundations. This is one reason why triple cylinder
engines are now so largely used, but it is not the most important
reason.

26. We see that if steam is in 4, Fig. 5,at great pressure coming
from the boiler, and if the steam has escaped from B to the atmo-
sphere or to a condenser so that the pressure in Bis small, the piston
is being pushed from left to right and the crank turns in the direction
of the hands of a watch. The fly-wheel has great inertia, and so the
crank moves beyond the “dead point” position. If now steam is
admitted to the B side of the piston and exhausts from the 4 side,
the piston is moved from right to left. We see then that a great

D
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force acts on the piston in the direction of its motion if steam is
properly admitted and exhausted to and from the 4 and B sides
alternately, the crank moving uniformly if the fly-wheel is large
enough.

I have said that the pressure is calculated on the cross section of
the cylinder, and does not depend upon the mere shape of the surface
exposed to the steam. The
student ought to be quite
sure that this is so. Neg-
lecting friction,' due to
motion of the fluid (quite

\\\\\\\\\\ VA negligable here), a fluid
\\ presses at right angles
N\

cverywhere to any surface
as shown in Fig. 14. But
it will be found that all
the lateral pressures balance
Fic. 14.—PRESSURE ON A PIsTON. one another, and the result-

ant force on the piston

is just the same as if it were quite flat. Perhaps this will be the
more evident if we imagine the piston, say that of Fig. 14, to be
weightless and frictionless, and that steam of the same pressure is
admitted on both sides of it. Although one of these is flat and the
other is not, we cannot imagine that the piston will tend to move.

The proof is given in books on applied mechanics. See also
Art. 113. :

27. We have not spoken yet of the effect of the piston rod., Let the
student work these exercises.

ExgRcisE 1. The absolute pressure (pressure above that of a jerfect vacuum
is said to be absolute) in the space 4, Fig. 5, is 167 1bs. per square inch, and the
absolute pressure in B is 17 Ibs. per square inch ; the cylinder 12 inches in
diameter (112 square inches in cross section), and the piston rod is 2} inches
in diameter (2} x 2} x -7854, or 4 square inches in cross section). What is the
resultant force on the piston ?

Answer, The force on the A side is 112 x 167, or 18704 1bs. The force from
the B side is (112 — 4) x 17, or 1836 lbs. on the piston itself, and if we take the
atmospheric pressure outside to be 14'7 lbs. per square inch, as this acts on
the piston rod, there is also a force resisting the motion of 4 x 14°7, or 59 Ibs.,
so that the resultant force is 18704 — 1836 — 59, or 16809. Ourrough and ready
calculation when we neglected the area of the piston rod, gave us 16800 lbs.. and
so was in error to only a very small extent.

EXERcISE 2. Steam in B is at 167 lbs. per square inch, and there is exhaust
in 4 at 17 lbs. per square inch, take the same sizes as before. Here the resisting
force on the A side is 17 x 112, or 1904 1bs. Steam in B acts on the annular area
112 - 4, or 108 square inches, the force being 108 x 167, or 18036 lbs., together
with the atmospheric pressure on the piston rod of 14:7 x 4, or 591bs. Thus the
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Fia. 16.

8ide view of eccentric and valve of Fig. 15, showing how the valve uncovers the ports.

The edges A and B are shown also in Fig. 20.

resultant force from right to left is 16191 lbs.
Notice that it is the area of the piston rod
which has caused the above rough and ready
answer to be too great by nearly 4 per cent.
It is usual to neglect the area of the piston
rod in such calculations.

28. Itis the function of a valve gear
to admit and exhaust steam to and from
the spaces 4 and B at the proper. instants.
We might imagine four valves—one
admitting steam from the boiler to A,
another exhausting it, and a similar pair
to and from B. Thus in Fig. 22 there
are the two steam valves 4 and B which
admit steam from the space F to which
it comes from the boiler and another two,
C and D, which release steam to the ex-
haust space Z, which communicates with
the atmosphere or a condenser. The valves
are cylindric, filling cylindric seats, and
it is the very effective but complicated
Corliss gear which gives them their proper
motions.

29. In a very great many engines a
slide valve is used like SV, Figs. 15 and
16, the face of the valve and its seat
being plane. The eccentric disc £ is
keyed on the crank shaft so that the
straps and rod ER cause the valve to
get a reciprocating motion, a thing easy
enough to understand when seen, and not
to be easily understood without being
seen. Fig. 20 shows in 13 views the
motions of the piston and valve. Steam
is admitted to the steam chest SC all
round the back of the valve, which slides
steam tight on the seat. In Fig. 15
steam is rushing from SC through the
left-hand port to the space to the left
of the piston, whereas any steam which

may exist in Cy is free to escape by the right-hand port to the
exhaust passage, which is cast as part of the cylinder. Another
view, a cross section of the cylinder and valve through this exhaust
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passage, is shown in Fig. 18. Let the student examine and sketch
and draw a real valve. I have attempted to give an idea of its
shape in Fig. 19. On the valve seat there are three openings or

=
|

P

F1u. 17.—SLIDE VALVE AND SEAT.

In the position shown, steam is entering from the steam space S through A to the ;
P steam in R is exhausting through B to E. 18 space Q; any

the ends of passages. The narrow P, leads to one end of the cylinder,
the narrow P, to the other end, and the broader middle one Z to the
exhaust. Looking down on the back of the valve, Fig. 16, when it
lies on its seat, we see how as it moves it uncovers and covers up
again the ports P, and P, so that steam may get into them or get

Fic. 19.

Fra. 18. Showing slide valve lifted abovo the -ports P!
Perspective of section of cylinder through exhaust and P2 and exhaust space E which it usually
passage R. Valve not shown. covers.

cut off, and underneath the valve we see by the section, Fig. 18,
how steam reaches Z from P, or P, when it is necessary to exhaust.
It will be found by Fig. 20,1 and 2, if we keep our eye on what
occurs in the space to the left of the piston P, that steam is admitted
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freely as the piston travels from left to right until in 3 we sce that it
is cut off. As the piston travels on and no more steam is admitted,
as the volume of the steam gets larger, its pressure gets less, and it
continues to get less till we have the position shown in 6 or 7.
Here the steam is released and begins to rush away to the exhaust;
in 8 we may imagine that even if the time is short, so much steam has
got away that the pressure is practically the same as in the exhaust.
Now the piston begins to turn back, to move from right to left, and
as it moves, the left-hand space is freely open to the exhaust,and the
pressure in it is low and remains so till we get to 11. The exhaust
now closes, and what is called cushioning begins. As the piston
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F16. 20.—RELATIVE PosiTioNs OF ECCENTRIC SLIDE VALVE AND PisTON.
As the crank M turns clockwise, through one revolution, the valve and piston take these positions.

The position of the crank M is shown for each, and X shows the position of the eccentric, which, as in
Fig. 15, works the valve directly. X is ahead of M by an augle, which is 90" + the angle of advance.
In this case the angle of advance is 30°.

makes the space smaller, any steam in this space gets to have a
higher and higher pressure until, in the position of 12, fresh steam
is admitted just before the beginning of the new stroke. This
cushioning and admission before the end of the stroke are just as
important in high-speed engines in bringing the massive recipro-
cating piston, &c., to rest, as a thick feather bed would be in
preventing one getting hurt in jumping from a window.

30. To ensure the study of the diagrams of Fig. 20 let the
student draw upon paper a curve showing his notion of how the
pressure alters in the left-hand space. If he will measure the
distance of the piston (any point of it) from the end of its stroke and
call it z at any instant, and at the corresponding time try to get a
notion of the steam pressure in the space, he will see that the follow-
ing numbers are about right. I take the cntering steam to be at
the absolute pressure of 100 lbs. per squarc inch, and the exhaust
steam at 17 lbs. per square inch (as if it were a non-condensing
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engine, the exhaust being a little greater in pressure than the atmo-
sphere). If the crank of an actual engine made one turn in about
two minutes, and if we had a pressure gauge to show the pressure in
A, we could observe these pressures. But in truth they were
measured in a very different way on an engine making 100
revolutions per minute.

Students will note for themselves how reasonable it is to assume
that the pressures are fairly correct. I take the length of the crank
to be 0'5 feet.

FORWARD S'moxr:

z! 0 { 01 00 03|04 05 06 07 08 09 m\

pilOOllOO lOUlOO]OOIlOO 97 85 63' 50, 23|

BACK STROKE.

i | i ; | |
z (10! 0'9i08‘07'06l05'04 03'07 01 00]50005

p |23 19I18|” 17 17'17.17 17 19|2s||00-

The student will now plot z and p as the co-ordinates of points on
squared paper to any scales he pleases, and see what sort of figure he
obtains. He will note that the points of admission, cut off, release,
and compression may not seem to be very distinctly marked ; this is
because the pressures were measured on a quick moving engine
whose valves closed comparatively slowly. The best kinds of valve
gear close the valves very quickly. We have an-instrument called
an indicator, which draws such a curve as this for us, showing the
pressure on either side of the piston for all positions of the piston,
even when the engine revolves at 350 revolutions per minute ; it
is easy to understand that it is of great use to the engineer whose
slide valve and piston are out of sight. For one thing, it enables
him to see if his valve is admitting, cutting off, releasing, and
allowing compression to begin just at the right periods.

Notice in the above that the distance 2 does not exactly represent
the volume of the steam to scale, because, even when x is 0 and the
piston is at the end of its stroke, the space has some volume which
we call the clearance. We cannot let the piston come quite up to
the cylinder end, and besides the passages have some volume. We
try to get the volume of the clearance space as small as possible (and
of as little surface as possible because of condensation when fresh
steam is admitted), but in the following approximate calculations I
shall assume no clearance.
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Fia. 21.—BuLL's PusmpiNGg ENGINE.

Heavy pump rods D, attached by piston rod C to piston in cylinder A, lifted up by steam pressure,
vacuum maintained above piston, and produced below it in descent by the pipe condenser P in the
cold-water tank N and air pump L. The lever H enables weighta to be adjusted, and also drives air
pump rod J M, which also is a plug rod regulating the valves.
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FiG. 21a. — WORTHING-
TON STEAM PuMp.

In this, as in the many
copies of it, the steam
and pump pistons are
on one rod. As used
now, it is double, that
is there are two rods,

(e ° two steam cylinders,
and two pumps. The
rod of one moves an

© O, arm F, and this works
O ~ the slide valve E of the
" b other, so that thercisa

pause at the end of each
stroke, nllowing the
pump valves to o
and close gradually.
The Eump has a liner
H, which may be thick -
or thin for high or low

c lifts. Water is pumped
from C to D.

PISTON PATTERN

S «

F1G. 22.—CyLINDER OF ENGUINE WITH CORLISS GEAR.

. Showing the liner, steam jacket, stcam ports A and B, and exhaust ports C and D. Steamn enters at
F, and is exhausted at E. The valves are cylindric slides rotated by rods from a wristplate. The
3-;\1-1'1:91‘ disengnges the admission valves, so that they shut off quickly, carlier or later in the stroke
cpending on the work being done by the engine.
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Fio 28.—PisToN.
Piston with a hollow cast-iron body plugged at A.

F1g. 24.—Cast STEEL PistoN Bobv.

43
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Fics. 25 AND 26.—PistoNs.
Pistons each with one spiral packing ring.

CHAP.
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A o

Fia. 27.

Piston with hollow cast-iron body ; with single packing ring B, pressed out with many springs.
Junk ring R is fastened down by the pins C. D is the tongue. v P

bt WS

F1G. 28.—Pi1sToN RiNGs AND TONGUEs.
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Fia. 29.—P1sToN PACKING.

Two rings A and B are pressed outwards and apart ba' a continuous spiral spring C all round.
This is to prevent the usunl leakage at the top and bottom flat surfaces between the ring and piston
body.

Fi0. 80.—P1sTON PACKING.

The junk ring is screwed down so that the piston rings just fit the grooves, and the nuts fastening
it in position are sccured by split pins.

Fia, 31.
An claborute piston packing for the high-pressure cylinder of a warine engine.
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Fia. 32.—Pistox wiTH Two Rixcs.

(] V4

F16. 38.—CoNNECTION oF PistoN To Pi1sToN Rob.
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CHAP.

F1G. 34.—SMALL CYLINDER AND

. P1sTON.
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F16. 86.—CovER rorR Hian-PRESSURE CYLINDER.

This cover is generally of cast stecl and is not round, but forms one side of the steam port; and
in order not to break this large joint more frequently than can be helped there is a smallor contral
riece D, carrying therelief valve, V, which may he detached when the cylinder requires examination.

n the relfef valve V, the spring is omitted, ay also are the meauns of letting away water and steam.
There should be relief valves, as V, at the top and bottom of all cylinders, but sometimes they are
only placed at the toP of the high-pressure cylinder and the bottom of the other main cylinders.
The cover is cast hollow, steam circulating around A, forming an end, or cover, steam jacket. H 1
shows the packing between the linerand body, or shell, of cylinder, to prevent lenkage and yet allow
of unequal expansion of liner and shell. P.P. is the space for the piston rings or packing.
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Fia. 37.—H1GH-PRESSURE CYLINDER STUFFING Box.

In large cylinders the whole stuffing box is made separate from the cylinder shell on a door which
is fitted from the inside to a circular recess by a number of screws. A and B are gun metal bushes,
one in the stuffing box, the other in the gland, and between: these the asbestos or other packing is

laced. The adjustment is made by screwing down the nuts on the four long studs, and it is essential
it the gland be true to the piston rod after.  To ensure this, around each nut P is cut » number of
tecth 80 as.to form a pinion; the gland is then set truly, and the toothed ring T.R. is put into position,
gearing with all four pinions, and is heldup by the collar C and pins D. Then on turning one nut
each of the others is turned the same amount by the toothed ring, and the adjustment is uniform.
When this is as desired the gland is further secured by bringing down the locknuts L.N. on the other

side wx shown,
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Snowing now tne lner C. L. i8 fastoned by
being screwed firmly to the cylinder base
C.B., while at the top the ring R is screwed
down 80 as to hold some asbestos packing in
the recess, thus forming a stufting hox, and
allowing the liner to expand and contract
within the shell.

Figs. 6, 8, 9, 11, 30, 31, 36-30, 41, 48, 51, 52,
are copied from complete drawings of a four
cylinder triple expansion marine englne of
the largest size, ﬁ;.t me by the Fairfield
Shipbuilding and Engincering Company,
Limited.

I have not shown on the drawings the
awvriliary starting valves which admit steam
direct from the steam pipe to either side of
the intermediate or low-pressure piston at
will.  Paxs-Falces admit steam only to the
receiver spaces ; they are freer from error of
the engineer, but slower in action. Nor have
I shown how water is drained away from the
jackets to the condenser, that the engineer
in charge can see in the glass tube of the
water collector whether steam is blowing
through.

=

51
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Fi1a. 40.—FaSTENING OF LINER
TO CYLINDER SHELL.

Expansion may be allowed for
by using a copper ring having
onc row of screws in the cylinder
shell and the other row in the
cylinder liner.

S

%

Fic 41.—MaARINE ENGINE CYLINDER.

Showing the steam jacket, double ported valve.with balunce piston and relief frame. The shell,
a complicated casting, the liner and the cover are the three important parts of a cylinder. The
cover and shell ure of soft cast iron, and the liner ix of hard cast iron.

Tail rods—continuntions of the piston rods—extending through the cylinder cover are getting to
be thought unnecessary and objectionable in vertical engines.

Drain cocks,—not shown in figure,—from the bottoms of all the cylinders and valve chesta are
worked by levers from the starting platform and discharge into the condensers,—not into the feed
tank. Two manholes are shown one above and one below the piston, the man-hole covers are omitted
in the figure.  Safety valves and pressure gauges are fitted to all receivers.
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Fia. 42.—CoNNEcTING Ron Exp.
The end of this connecting rod is made T-shaped, and the brass is recessed into it. Between the
brasses is a thick liner,—often accompanied by thin shects of brass or tin,—and adjustment for wear

is made by reducing the thickness of the liner. There is a plate or cap at the outer end, and long
bolts hold the whole together as shown.

8

F16. 43,—FRAME FOR SMaALL ENGINE.

With bored guide. Cylinder (not shown) overhung. Fly-wheel overhung.
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F16. 45.-—SMALL BROTHERHOOD STEAM ENGINE.

There are three single-acting cylinders with trunk pistons, driving the same crank. The valve
motion is not shown.
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F1a. 47.—MARINE ENGINE FRAME.

This sh the arrang t of the frame in marine cngines. It rests upon the ship
frame 8.F. It has open slide bearings suitable for the /loubic alippr.i alide S shown in figure, P.R. being
the piston rod, the other end of which is secured to the piston working in the cylinder which rests
upon the top of the frame, but is not shown in figure. Water usually circulates underneath the
guide G which isin use, and also water can be sent to the bcarlngu if y. The bottom b o
the main bearings may be easily removed by taking off the cap P, and top brass, when they will rotatce
and may be lifted off without displacing the shaft.

Three or four dpmnps like A.P. (air, force, circulating, and bilge) are worked from one crosshead
by links as L, and levers as A, B. C. Many engineers prefer an independent engine to drive the centri-
fugal air pumps, which are of gun metal with lignum vitas bearings, and also independent feed and
bilge pumps. e surface condenser is in the space C.
fmmAm)ther common form of frameis like half the above (only one guide) with a steel stay bar in

t.
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Fi16. 4S.—MARINE ENGINE CRANK.

In a large marine cn;;me crank shaft the pins and shaft are hollow. A, the annular lubricator,
—sacuds oil out by centrifugal force through the tube B to the bearing surface through the holes D.
This system of lubrication is adopted in most modern engines.

Balance weights are never now fitted to the eranks of large marine engines to balance the rotating
parts.  In torpedo destroyers and other quick engines, however, the cranks are balanced.

The crank shafts of marine engines are usnally mude in parts, the part for each cylinder being
one solid forging,-and these parts are eonnected by flanged couplings forged on solid.

In smaller engines the crank shaft is forged all in one picee. ax'in a locomotive.

Many engineers
build up each part by shrinking the webs on to the shafts and the pins into the webs, driving or
screwing small pins into the joints.
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F1a6. 50.—CRoss S8ecTioN oF TwiN SCREW STEAMER.

Showing position of shafts and engines in the hull.

In ships of war, coal bunker protection.
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F1a. 52.—Screw.

The figure shows a four-bladed screw, the blades B bein
made of manganese bronze, and secured Ly bolts to a cast stee
hub A, which in its turn is secured to the conieal end of th:
propeller shaft by two keys, a cup nut, end, and keep-plate, and
to protect it from sea water there is a conical tailpiece over all.
The propeller shaft passes through s gun-metal stern tube, which
is fitted into the ship builder's stern tube fixed to ship frume.

There is a stutling box where the shaft leaves the inner end,
the rubbing surfaces being of lignum vite. Each blade is re-
cessed into the boss, and all the bolts are made flush, with
keep-plates to lock them. There are often means of slightly
altering the pitch by changing the angle of the blades by
making the bolt holes a little large. Everything is of gun-
metal or manganese bronze.
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Fia. 53.—DE LavaL's TURBINE.

Specimen in South Kensington Museum, as cut into to show construction.
Steam enters at the top, travelling down through })ipe A. At B the steam is guided through
one or more mouthpieces, to impinge on and pass through the vanes of the wheel to the exliaust C.
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S

Fia. 54.

Section showing mouthpiece and vanes of wheel.

F1c. 55—VERTICAL SECTION OF DE LavaLn's TURBINE.

Steam coming down F finds its way through the chamber S to the mouthpicces J J, where it
impinges on the wheel W, as shown in Fig. 74, and is then exhausted through the chamber E.
60-horse power Laval turbine at 15,000 revs. per minute is said to have used less than 201b_,
of steam per bruke horse power hour,
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F1a. 36.—PaRsoN's AXIAL FrLow Steaw TurpiNE.

The axial flow turbines of *‘ The Turbinia” are of about 2,100 horse-puwer, with a probable consumption
of 143 1bs. of steam Eer horse-power hour.

Steam enters through the valve V, and is led to the turbines flowing axially along the scries and is
exhausted through C. It continually enters moving blades from fixed blades, and fixed blades from
moving blades, each pair being shaped on the well-known principles of construction of an axial fow
turbine. The diameter gets greater as the pressure gets less. There are interesting arrangements for
diminishing friction and taking up end thrust.

F
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F16. 57.—PARsoN'8 TURBINE (RaDIAL FLow).

Steam enters through the valve V, and is led by to the centre of the first turbine;
having passed through outwards, it is led on to the centre of the second one A, and in to a third
one B, until, having passed through a series of these turbines which are fastened to the shaft, it is
at or below atmospheric pressurc and is exhausted. In its radial passage the stcam is guided b
fixed vancs into moving ones, and left behind by these to flow again through fixed ones, so that emi;
radial passage in itself means a passage through many turbines. The shapes of the fixed and
moving vanes are well known to the student of radial flow turbines. Revolving discs on the left
take up the end thrust. Speed 5,000 revolutions per minute.

Concentric sleoves on the left have oil circulating between them pumped in. The governing
is by longer or shorter gusts of steam being supplied. From Prof. Ewing's tests I ﬁng W =430
+177TE if Wis total feed in Ibs. per hour and E is the clectrical horse-power given out by the
driven dynamo; the highest E being 137, and the highest gauge stcam pressure being 108 lbs, por
square inch slightly superheated. The air pump was driven by a scparate engine.
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A e v wvpmmL e vvy smeae som s oo -

Fi:. 6l.
DrivING WHEEL.

The balance on-a
locomotive driving
wheel is a weight
sgmad over a number
of the spokes and cast
with the rest of the
wheel. The coupling
rod pin is carried in
the boss of the wheel.
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CHAPTER IIL
THE VALUE OF EXPANSION.

81. BEFORE studying carefully the various forms of valve gear
which are in use, the student must get to know what it is that we
want the gear to effect. Let him imagine four cocks, 4, and E,
to admit steam, and cxhaust it on the side 4, Fig. 5, 4, and £, to
admit and exhaust on the side B. Imagine changes to occur slowly,
so that we may consider what is occurring at our leisure.

1. E, closed, 4, open, 4, closed, E, open, and let us for simplicity
call the pressure in B zero, as if the exhaust were to a perfect
vacuum. Let there be steam pressure of 100 lbs. per square inch
in 4; cylinder 1 foot in diameter, or area of piston 112 square inches,
so that the total force on D is five tons. If D moves through 2 feet
under this force, the length of the crank being 1 foot, the work done
upon D is 11,200 lbs. x 2 feet or 22,400 foot pounds. If we neglect
friction and loss of energy by concussion, &c., this energy is given
to the crank shaft.

- 2. A, closed, E; open so that all the valuable 100 lb. steam
rushes off, and the pressure in 4 is 0; &, closed 4, open, so
that the pressure in B is 100. As the piston moves over a
distance of 2 feet, the work 11,200 x 2, or 22,400 foot pounds,
is again done on the piston, and communicated to the crank shaft.
Hence in one revolution we have 44,800 foot pounds given to the
crank shaft.

Now, some men who know very little of applied mechanics? seem
to think that somehow the angularity of the crank causes this work

! Muscular exertion and fatigue occur when a man merely supports a load without
doing work in lifting it higher. Any person who confounds such fatigue with what
we call work in our calculations is sure to get misleading notions. An iron column
may support a load and nobody thinks that work is being done.
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to be greatly wasted. In so far as it causes friction and shocks, there
1s some loss, and the loss due to friction and shocks is serious enough,
but this is very different from the imaginary loss of which some men
speak. Except for friction, the work done upon the piston is all commu-
nicated to the crank shaft, and is given out by the crank shaft. The
work done upon the piston per minute, and therefore the horse-power,
may be calculated if we know the pressures of the steam on the two
sides of the piston at every instant during a revolution of the crank.
This power is called the indicated horse-power, from Watt having
invented an instrument called an indicator, to register the pressures.
The power given out by the crank shaft may be measured by a brake
ordynamometer. The brake horse-power is generally about 085 of the
indicated power in a good engine working at its best load, so we see
that the loss due to friction and shock seems large. The loss of energy
by friction is often great at slide valves. Observe that we imagine
our engine to go slowly, the four cocks being turned at the proper
instants by a boy. The indicator would tell whether the boy per-
formed his work properly. If he failed to close two and open
another two exactly at the end of a stroke, the indicator would act
as a tell-tale.

82. Let us suppose now that the boy cuts off steam before the
piston gets to the end of its stroke. There will be less work done on
the piston. But let us see exactly what will happen. Suppose he
cuts off steam at half stroke, only allowing half the quantity of
steam to be used. Notice that this steam at 100 lbs. per square inch
is not all thrown away when cut off takes place, it continues to act
on the piston, although with less force. Its pressure per square
inch will vary in some such way as this:—

. ) | | ;
Travel of piston infeet , . 0 5 ‘ 1 125 15 175/ 20|

Pressure . . . . . . .. 100 100’100 80 67 | 537 50

The steam thrown away then is only 50 lbs. steam, and we have
evidently had far more work out of our steam per cubic foot.

Suppose the boy cuts off at one-third of the stroke, we shall
find that the pressure falls in some such way as this:—

- |
15! 2

Travel of piston in feet . . | 0 '033 ,0'67 1

' Pressure . . . . . . .. 100 lOOi 100] 67 | 4 33
| | | ' |
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Here we have only admitted one-third of the quantity of steam,
and yet a fairly good force has been acting on the piston during the
whole stroke, for the steam thrown away at the end still has a
pressure of 33 lbs. a square inch. Surely a student must see already
what it was that Watt discovered in his use of expansion. The thing
to study is cvidently “how much work is done per cubic foot of
steam ?” We know that it is greater as we cut off earlier; but how
much greater is it ?

88. If we could only tell in all such cases as the above what
is the avcrage pressure during the stroke, we should quickly
know what we want. But the student, who has worked exercises
like those of Chap. XV, already knows how to find the average
pressure in the above cases. Let him take them as exer-
cises, drawing curves to show p the pressure for each point of
the travel. Now, the average represents the work done in a stroke,
because it has only to be multiplied by 112 square inches, and
by 2 feet for the answer to be in foot pounds. I have done the
exercise myself, and I find the following results :—The student must
do it himself. The volume of the cylinder is 2 x 112 + 144 or 1'56
cubic feet.

1. No expansion. 1'56 cubic feet of steam used in one stroke.
Average pressure 100 lbs. per square inch. Work done in one stroke
100 x 112 x 2 = 22400 foot pounds, or 14,400 foot pounds per
cubic foot of steam. . ‘

2. Cut off at half stroke. 078 cubic foot of steam used. Average
pressure 85 lbs. per square inch. Werk done 85 x 112 x 2 =19,040
foot pounds, or 24,400 foot pounds per cubic foot of steam.

3. Cut off at one-third stroke. 052 cubic feet of steam used
Average pressure 70 Ibs. persquare inch. Work done 70 x 112 x 2
= 15,680 foot pounds, or 30,200 foot pounds per cubic foot.

The three answers you have obtained show then that by cutting
off steam at half stroke we get 70 per cent. more effect ; by cutting
off steam at one third stroke we get 110 per cent. additional effect
to what we get with no expansion.

34. Now, the figures 1 have given only llustrate the good effects
of expansion. There are several reasons why they are to be looked upon
with suspicion. In the first place the fall of pressure after cut off is
assumed to be according to this law j—when steam has double the
volume it has half the pressure, or pressurc X volume, keeps constant.

What right have I to assume any such law of fall of pressure !
My right will be discussed later. It is sufficient to say that when a
steamn engine cylinder has a steam jacket the pressure does not
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diminish so quickly; when a cylinder is only partially protected from
cooling, we may find that the pressure diminishes more rapidly, but
this is often not the case, and the above law gives a fairly good average
rate of fall during expansion. As a matter of fact I use it because it is
easy to remember, and gives results which are not very different from
those which we obtain when we try to get laws which are more
suitable for particular classes of engines.

Again, I took no back pressure. This means that I took an
engine whose exhaust was a perfect vacuum. Now, if the engine was a
good condensing engine, the back pressure would probably be 3 Ibs.
per square inch; subtract this therefore, and instead of the average
pressures, 100, 85, 70, we ought to take 97, 82, and 67. It is evident
that this will make no great difference in our notions of the value
of expansion ; but a student ought to work out the actual figures.

Again, if the enginc is non-condensing, it exhausts into the
atmosphere, whose pressure is 14'7. Inasmuch as the passages are not
large enough to allow infinitely rapid escape of the exhaust steam,
we must take a back pressure greater than 14-7. In practice we find
that 165 in slow moving engines and 18 in very high speed engines
are common ; let us therefore take 17 Ibs. per square inch as the usual
back pressure in non-condensing engines. The average pressures in
the above three cases now become 100 — 17, or 83, 85 — 17, or 68,

and 70 — 17, or 53 lbs. per square inch. Let therefore a student
- work out the figures in the following table.

If he will work out exactly in the same way what occurs when
we cut off at one-fifth and one-tenth of the stroke, he can complete
the table as I give it. Also I have a reason for giving the fourth
column of numbers; it is this;—

35. Engineers are much too apt to speak only of indicated
power and work. We shall see presently that it is very easy to
measure with more or less accuracy the true pressure of steam on
the piston of an engine by means of the indicator, and from this
to calculate the indicated power. But the power actually given
out by the engine is less than this; hence a man who sells engines
is not so anxious to talk of their brake power, the power actually
given out which might be measured by a brake or any other form
of dynamometer. Also, it is much more troublesome to mecasure
the power actually given out, especially in large engines. But the
student cannot keep too well before his eyes the fact that it is energy
actually given out by the engine, which it is of most importance to
increase. Now, the friction of the engine may -be said (see Chap.
XVI.) to act exactly in the same way as a back pressure, and as a first
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approximation we may take the friction to be represented by a back
pressure of 10 1b. per square inch on the piston, in addition to the
real back pressure as shown on an indicator diagram. This is what
I have done in column 4,subtracting 27 lbs. per square inch from 100,
85, 70, 52, and 33, which are the average pressures as computed on
the assumption of no back pressure.

1 ‘1 Work DoNE PER Cusic Foor orF STEAM.

¢

C Pm | Back pres- ' Back pres- ! Back pres-

Noback  sure3 1bs. ! sure 17 1bs, 'sure 27 lbs,
. arc T
prossure i P neh, | Pincn | " inch.
Nocutoff. . . . . . .. ... 100 14400 ' 13900 11900 ° 10500
Cut off at half stroke . . . . . . 85 . 24400 | 23600 19500 16700

Cut off at one-third of the stroke =~ 70 30200 28900 22800 18500
" Cut off at one-fifth of the stroke . 52 | 37300 35200 25100 | 18000
Cut off at one-tenth of the stroke 33 47400 ' 43100 23000 | 8600

Column p,, gives the mean pressure during the stroke, assum-
ing no back pressure. From this each back pressure must be sub-
tracted, to get the true average pressure which must be multiplied
by the area of the piston (112 square inches) and the length of the
stroke (2 feet). This is the work done by the steam admitted.
When we cut off at one-fifth of the stroke, the volume of steam
admitted is one-fifth of the whole volume of the cylinder. The
volume of the cylinder is 2 x 112 + 144 cubic feet.

86. It is often assumed that sn elementary student can under-
stand quite easily all sorts of abstruse principles of thermodynamics
and other parts of physics, whereas the simplest calculations of the
above kind are looked upon as belonging to the higher study of the
steam engine.

But this book is written to guide a teacher who wishes to make
his students really think about the fundamental facts, and I wish
it to. be understood that the average student has no difficulty
whatsoever in making the above simple calculations if he knows
about force and work; that is, if he has studied a little applied
mechanics.  When there are a number of students, let them be
divided into sets of three or four. One set of men takes the initial
pressure of the steam as 50, the next as 100, the next as 150, the
next as 200 lbs. per square inch, and instead of cutting off merely at
one-half, one-third, &c., there ought to be cutting off at all sorts
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of other periods of the stroke, so that all the students may help in
producing a table of numbers giving valuable information. I have
found this exercise one of enormous value. The drill-sergeant kind
of teacher will get possession of some such very complete table, and
show it to students who have not calculated it. If my system takes
root I can imagine text books written, by the mere reading of which a
man will be supposed to study the subject. He will look at some
such elaborate table; he will even think that he understands it
perfectly, and unfortunately it will be difficult to prevent his passing
written examinations. It is truly wonderful what difficult looking
questions men may answer, and get full marks for in examinations,
when, all the time, they have no real knowledge of the most elemen-
tary facts about the subject.

87. The student will now examine his results. He will see
that in :

I. Condensing engines. The indicated energy per cubic foot
of steam is greater and greater with more expansion, as far as the
above table goes. He will notice also that in every case the con-
densing engine has an advantage over a non-condensing engine.

II. Non-condensing engines. The indicated energy per cubic
foot of steam is greater when we cut off at } than when we cut off at
o5 of the stroke, and indeed there is no great difference between
cutting off at §, , or 5 of the stroke. _

ITI. Non-condensing engines. The brake energy per cubie foot
of steam is not very different for cutting off at 34, or , or 1 of the
stroke, but is decidedly less when we cut off at {4 of the stroke; in
fact, less than if we had no expansion.

IV. Notice that what I say about indicated energy in nomn-con-
densing must be pretty much the same as for brake energy in con-
densing engines. Indeed, taking 14 lbs. as the extra or frictional
back pressure in a small condensing engine is probably taking too
little, because the driving of the air and feed and circulating pumps
in such an engine is a large addition to the resistance.

When thercfore the student hears some foolish unpractical
man talking of the virtues of unlimited expansion, let him cite some
such figures as we have given above. Don’t let any one talk of the
discrepance of theory and practice when what he calls his theory ix
based on no natural facts. The old Cornish pumping engine, which
is still found to work satisfactorily, scems not to have ever cut off
earlier than } of the stroke, and Watt himself usually cut off at from
} to % of the stroke.

88. But it will be found in Chapter XVII. that there are three
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other drawbacks upon the numbers (like those given in the second
column of our table), often cited as exhibiting the virtues of great
cxpansion, and these are :—

First. By greater expansion it may be that we do get greater
work per cubic foot of steam ; but we are using a large cylinder (and
therefore a large engine) for comparatively little total power. Surely
mere economy of steam is not the whole of the economy which ought
to be studied. Interest and depreciation on cost of an engine
are important.

Second. The actual quantity of fresh steam entering the cylinder
is greater than what we stated above, because of the clearance
space.

Third. When we cut off at } or } of the stroke, the quantities
of steam used are really not represented by % and } of the cylinder
volume. When we have greater expansion our cylinder is colder
before steam is admitted, and a good deal of the newly admitted
stean 1s condensed in heating up the cold cylinder. When therefore
we indicate less steam we are actually wasting more, and thus there
are two reasons for the percentage loss being greater. As Watt knew
very well, this condensation of steam entering the cylinder is the
most serious trouble before the maker of steam engines. It depends
upon the range of temperature or the difference in temperature
between admission and exhaust steam and upon the time that
clapses before cut off, and its effect is less at higher speeds; engines
going at 400 revolutions per minute have only about half the relative
condensation of engines going at 100 revolutions per minute. To
diminish the range of temperature it is thought well to let the
steam expand in two or three cylinders. Thus in Fig. 65 we
have a triple cylinder engine. The steam admitted to A, the high
pressure cylinder i1s at 200 lbs. per square inch, and the exhaust
is about 75.  This exhaust steam enters a receiver, 4, a mere space
kept warm, as indeed the cylinders also are, by steam jackets. In
the most recent engines the volumes of the connecting pipes are
thought to be sufficient rcceiver volumes as shown in the figure. In
cach receiver the pressure varies somewhat, depending upon the
size of the space. Steam leaves 4 and is admitted to a second or
intermediate cylinder 7 at 70 and exhausts from 7 at about 27 lbs.
per square inch into another receiver, B. Steam leaves B and is
admitted to a third or low pressure cylinder L, at 25 1bs. and exhausts
to the condenser. One cubic foot of steam admitted to H becomes
16 cubic feet before it is released from Z. Expansions of 1 to 20
are common and the volumes of the three cylinders are usually as
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1:27:7. If this great expansion occurred in only one cylinder
it would mean a very great range of temperature of the cylinder,
and therefore much condensation of fresh steam every time of
admission.

Any student who wishes at this early stage to get a rough
approximation to the effect of condensation in a well-arranged
cylinder, that is, a steam jacketed cylinder working under very good
conditions, at 100 revolutions per minute, will find that if he assumes
that condensation produces pretty much the same effect as if we had
a back pressure of 10 lbs. per square inch, in addition to the above-
mentioned back pressures, he will arrive at numerical results which
do not badly represent the results of experiments. I need hardly say
that this is given as only a very vague direction to students, because
the conditions of even well-arranged jacketed cylinders vary very

r\ ‘
m 5
Fig. 65.
Plan of modern three cylinder vertical engine, working three cranks, 120° apart. The pistons,
&c., arc of the same mass.
Steam comes from the boiler by 8, and is admitted by a piston valve HV to the ‘ high" cylinder
H, exhausting by the pipe A. This steam from A is admitted by a double ported slide valve IV to

the ** intermediate " cylinder I, exlmnating by the pipe B. This steam from B is admitted by the
double ported slide valve L V to the ‘“‘low " cylinder L, exhausting by the pipe C to the condenser.

greatly. It will be worth while for students to complete the above
table by adding a new column of numbers labelled “ Back pressure
37 lbs. per square inch,” as giving a fairly good general notion of the
brake energy per cubic foot of steam, when condensation in well-
arranged cylinders is taken into account in non-condensing engines.

39. Now let a student imagine himself to be the boy who is in
charge of the four cocks. Unless the engine moves slowly he will be
quite unable to open and close the cocks exactly at the right times.
But let us consider what are these right times.

He is told, let us suppose, to cut off steam exactly at one-third of
the stroke. Notice that he ought to cut off with great quickness
when the proper time arrives. Why ?  Because it may be shown by
calculation that he ought to be admitting steam either at its full
steam chest or boiler pressure, or not at all, and if he closes the cock
slowly the steam will be wire-drawn as it is called. It is for the
same reason that the steam pipe and passages must be wide.
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Again, a boy of judgment would admit steam just a little before
the end of the stroke, because his passages are not infinitely large ;
he would release steam also before the hypothetical time, because at
the very end of the stroke the back pressure ought to be as small as
possible, and the exhaust passages are not infinitely large. It is
exactly for this reason that if a theatrical performance is to occur
exactly at 7 o'clock the doors must be opened well before 7, and if
everybody is to be out of the theatre at 11 o’clock they must begin
to go well before 11 o'clock. And the quicker the speed of the
engine the earlier must the admission and release take place and the
more. sharply must the boy cut off his steam. There is much judg-
ment required also in regard to the closing of the exhaust. At
a certain period in the back stroke the steam is no longer allowed to
escape, the exhaust valve is closed; what steam remains in the
cylinder is squeezed smaller and smaller, and it therefore increases in
pressure and acts as a sort of cushion, which helps very materially
in bringing the massive piston and other moving parts to rest, for it
is to be noticed that the piston is at rest at the ends of its stroke
and is moving very quickly in other positions, and in Chapter XXIX.
it'will be found that the bringing of these parts to rest so quicklyisa
serious tax upon the strength of the fastenings, &c. Now a cushion
of steam at the end of the back stroke is a wonderful help. Besides,
if the cushion of steam could only be squeezed up to the pressure of
the entering steam, it is to be noticed that the clcarance space would
not cause the loss that it usually causes in needing to be filled with
fresh high pressure steam.

If he thinks of one side of the piston only it is quite enough for
_one boy. He must think of doing four things exactly at the proper
instants, and these four things may be called : Admission just before
the beginning of the stroke. Cut off to be very quick and at the
right instant. Release well before the end of the stroke. Compression
or cushioning to begin well before the end of the back stroke.

About 160 years ago, when the oldest Newcomen pumping engine
moved very slowly, boys did perform the proper operations, and there
is a story told (it is probably untrue, but this is of no consequence to
my present purpose) about a boy named Humphrey Potter, who,
when in charge of the engine-room, much desired to play marbles
upon the engine-room floor, which was well suited to that interesting
game. A friend used to‘come and jeer at him, playing marbles in
his sight. Thereupon he inventcd the first valve motion. His
master one day entered the engine-room and saw the guileful
Humphrey piaying marbles. His first duty, that of punishing
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Humphrey, was strenuously performed, and only then did he observe
that the engine was faithfully performing its duty and that the
ingenious Humphrey had so arranged certain sticks and strings that
the valves were opened and closed at the proper periods by the
automatic action of the engine. Ask not how the inventor was re-
warded. ||{Had he not already had all the reward that a true inventor
ever gets, the swelling emotion of seeing his invention a success ?|

40. Four cocks or valves were employed in the old engines,
and they are employed still in the best stationary engines for this’
reason ; the steam passage and valve ought not to be the same as
the exhaust passage and valve, because the surfaces are pretty
large, and they are greatly heated by the incoming steam, and
greatly cooled by the exhaust steam. There ought therefore to be a
steam passage and steam valve for each end of the cylinder, and also
an exhaust passage and an exhaust valve for each end of the cylinder,
if we aim at greatly reducing cylinder condensation, and if we
do not mind extra expense, and when we use expensive Tappet
motions, and Corliss and other trip gears we can perform the four
operations, admission, cut off, release, cushioning, with great ac-
curacy in the ways most desired.

One of the most important things to notice about a four (mush-
room) valve arrangement is this, that the leakage of steam past
the valves must be exceedingly small compared with what it is past
a moving slide valve. It is almost certain that much of what is
called the missing water in a cylinder using a slide valve is really
direct leakage past the valve as well as past the piston, and not
condensed water as is usually supposed.

41. I have said that it is sufficient for many purposes to say
that the friction of the steam engine and also the effect of con-
densation and leakage may be represented by a back pressure.
My justification for this is given in Chap. XVII. If the student is
stisfied later, with the correctness of these assumptions, let him
wte the great simplicity which they introduce in considering
what is the most economical ratio of cut off. They are sufficiently
correct for us to say in general, that, considering them as part
of the total back pressure, the best value of », the total ratio of
expansion 18

Initial pressure of steam

Total back pressure

and this is true for single or double or triple expansion engines, if 7
18 the total ratio of expansion.
G
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The more usual ways of dealing with friction and the missing -
quantitzf will be described in Chap. XVIIL

42, Important exercise. The student knows how, by
actually drawing a hypothetical diagram of pressure, to find the
average or effective pressure p, during the stroke. Thus when cut
off is at one-third of the stroke he found that p,, is 70 per cent. of
the initial pressure! and he subtracts the back pressure from this
to get the average pressure. Let him work the following exercise
very carefully.

An engine whose piston is 12 inches diameter or 112 square
inches in area, has a crank 1 foot long. The steam is always cut off
at one-third of the stroke. The back pressure is 17 lbs. per square
inch. Sometimes the boiler pressure is low, sometimes it is high ;
take the following as the initial pressures of steam in the cylinder,
140, 120, 100, 80, 60, 40 lbs. per square inch. The engine goes at
100 revolutions per minute. Find in every case the hypothetical
horse-power I and the weight W of indicated steam per hour.

The student is still neglecting cushioning and clearance, but he
is about to obtain results which are of great practical use when
we compare them with one another, although they differ in obvious
ways from the results of actual trials. The volume of the cylinder at
cut off is }—;j X 2 + 3 or 052 cubic feet. I have taken from the
table, Art. 180, the volume u in cubic feet of 1 1b. of each of the kinds
of steam we here deal with, so that we calculate easily the weight of
steam used per stroke, as there are 100 x 2 x 60 strokes per hour,
and so we calculate W the weight of steam per hour. The average
pressure multiplied by 112 x 2 is the work done in one stroke.
Multiply by 200 and divide by 33,000, and we find the horse-power
done on the piston.

Now plot 7 and I on squared paper, and see if you obtain such
a law as

W = 142 I + 400.

Our hypothetical conditions are different in many ways from actual
conditions. The most important is that there is great leakage past
a slide valve or a piston when it is in motion; also there is much
condensation going on before cut off in a cylinder, also there is loss
due to the clearance. It is then quite a wonderful thing that when we
regulate in the above way, letting the initial steam pressure alter,
but not altering the cut off, the weight of stecam per hour and the

! He took an initial pressure of 100 ; he must prove that this is so for any initial
pressure,
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indicated horse-power when plotted on squared paper give points
lying in a straight line. This is the Willans’ law, which is found to
hold in single cylinder, and in compound and in triple cylinder
engines, condensing and non-condensing, single or double acting,
with and without steam jackets. It is a law of great practical value
to us in our calculations.

This calculation is one which ought to be made by the very
beginner, and he ought to repeat it for a back pressure of 3 Ibs. per
square inch, so as to be able to compare condensing and non-con-
densing engines. See Arts. 158 and 161.

i |

! Peor pm - 17, 1, the | u, the volume Weight |, w?‘ght4

| pytheinitial  pmor  PSATRMO . icated e el of steam | g |

+ pressure. 07 P pressure during horse of one pound lope gtroke.)  hour
the stroke. power. | of steam. b. ' b

1

140 98 81 110 32 0162 1,960 ‘
| 120 84 67 91 37 0-140 | 1,69)

! 100 70 53 . 72 44 0118 1,400 |
) 5% | 39 53 55 0095 | 1,130
| 60 42 | 25 34 ' 70 0075 | 880
40 28 | 11 15 ' 10-3 0°051 ' 610

i

If the student will add to this table another column showing
W + I, he will see why it is that such an engine is less efficient
when its load is light. '



CHAPTER IV.
THE INDICATOR.

43. IN Art. 30 we showed how we imagined that the pressure of
steam might alter during the motion of a piston. We desire to know
how the pressure of the steam does alter in an actual engine and
so we use the indicator, which is just as important in giving us
information about what goes on inside a cylinder as the physician’s
stethoscope about the inside of a patient’s body. Before Watt in-
vented it (keeping it secret for a long time) he had already used a
pressure gauge on the cylinder, and his engines moved slowly enough
for him to observe with his eyes how the pressure altered as the
piston moved ; but modern engines revolve so fast that a self-record-
ing instrument is absolutely necessary. The indicator has a little
barrel or cylinder like Cy of Fig. 73, which communicates with the
main engine cylinder through a short pipe from B. The pressure of
the steam causes the piston P to rise by an amount which is
determined by the stiffness of a spiral spring because there is always
atmospheric pressure above it. The piston rod acts on the lever . P P,
and hence the rise of the pencil P P indicates the pressure of the
steam to scale. It is interesting to watch the jerky up and down
motion of the pencil P P when it is indicating the pressure in an
ordinary steam cylinder. The barrel D, on which a piece of paper
has been wrapped, rotates for about § of a revolution and back again,
as the cord or cat-gut, which is wound round it near the bottom, is
pulled and let go again, and so we see that if the end of such a cord
gets a miniature motion of the piston of the steam engine, a pencil
line is drawn upon the paper like that which we see in Figs. 66 and 70,
up and down position indicating pressure at any instant, horizontal
position indicating position of the piston of the stcam c¢ngine at that
instant. A diagram is usually from 2} to 34 inches long and about
14 inches high. Before one little sheet of paper is replaced by a
fresh one, the indicator cylinder at B is made to communicate with
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the atmosphere so that the pencil may draw a straight line like 44
of Fig. 66. This line is called the atmospheric line. It tells us
the position of the pencil when the

pressure was atmospheric, and we
know that pressure is to be measured
at right angles to it.

Figs. 67 and 68 show two ways

—

F10. 68. —1xD1cATOR DiaGRAM, CONDENSING ENGINE. F10. 67.—METIIODS oF CONNECTING THE

INDICATOR.

in which the indicator is usually connected to the cylinder: unless
we are sure that the load is very steady, two indicators must be
employed. Places too close to steam ports are to be avoided.

FiG. 68.

Plugs are screwed in the holes when
the indicator is not being used. In
Fig. 69 one indicator, £ P D, is placed
so that by means of the three-way
cock C (shown also at C and D Fig.
73) it may communicate by the pipe
C @ to one end of the cylinder, or by
the pipe C H to the other end, or else
with the atmosphere. These pipes must
not be less than 4 inch internal
diameter.

Now inasmuch as the pipes C' G and
C H are of some length, and as condensed
water sometimes gets entangled in them,
we do not altogether like this arrange-
ment because of the greater chance of
error. It is, however, very convenient,
because we get diagrams from the two

ends of the cylinder on one sheet of paper, as shown in Fig. 70

or 78 for example.!

! Let a student think this matter out for himself. Suppose there is a long tube,
part of which is filled with water. Say the length A is steam whose pressure is
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A (Fig. 73) shows the outside appearance of a Crosby| Indicator,
and B shows it in section; D also scen in Fig. A is a hollow brass
cylinder on which a shect of paper may be quickly placed or taken
away, and students ought to practise doing this. It will be noticed

Fia. 60.—Tne TAKING OF INDICATOR DIAGRAMS.

that by pulling the cord B 4, Fig. 69, and letting it go again, the paper
revolves under the pencil. Now B is pulled by some part of the
engine which gives to the paper an exact representation of the motion
of the piston of the engine. Thus in Fig. 69, B is a point in a lever,

rapidly altering ; the length B is water; the length c is, say air. Note that the
rapidly altering pressure of A is not at any instant the same as the pressure of ¢ at
the same instant,and hence if it is ¢ that communicates with the indicator the record
must be wrong. There is less likelihood of this happening if the pipes have sufficient
slope to let all water drain back easily from them into the cylinder. It is eusy for
a teacher to arrange an apparatus to illustrate this source of error.
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the lower end of which # gets the horizontal motion of the cross

head K, while it moves up and down a little in a slot, the end J

being fixed. Again by the method of Fig. 71, 4 is pulled by a

point B of the lever D B F,

D moving about a fixed cen-

tre, and F getting motion

from the crosshead E by

means of the rigid rod Z F,

or as in Fig. 72 E is the

trunk end of the piston of a

A A gas engine moving F in the

F16. 70.—SPECINEN CARD, NON-CONDENSING ENGINE. direction E F. The point B

pulls the cord BA4. Other

ways of giving to the paper barrel a motion which is very nearly a

miniature of the motion of the piston of the engine will strike the

thoughtful student, and he will find it an excellent exercise to test

by skeleton drawing what is the amount of inaccuracy in each
method.

If the student will reflect a little he will see that the effect of the
spring D S, which causes the paper cylinder to come back when the
string allows it, together with the inertia of the cylinder, causes
the pull in the string to
vary a good deal, and
therefore the string alters
in length; consequently
the paper does not get a
true imitation of the
motion of the piston.
This is one of many
defects of the indicator,
and students will find it
instructive to try a rather
yielding kind of string
so as to exaggerate the
evil. In practice some
people now use steel wire i T :
or steel strip instead of
string or catgut.

44. The student ought to make a study of any indicator which he
may have opportunity to examine. If he has a choice, let him choose
one of the very latest forms suitable for use with engines running at .
high speeds. If such an instrument is capable of showing pressure

my 4

Fia. 71.—How THE CoRD 18 CONNECTED.
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to a good scale, at high speeds, the very greatest care must have been
given to its design, and it is worthy of study as a specimen of good
instrumental construction. The Crosby Indicator of 4, B, E, F 1g. 73,
is of good design.

Cy is the outside cylinder. Cy. P. the cylinder proper in which
the piston P moves steam tight and yet without friction. Cy. P is

2]

F1a. 72.—How THE CORD 18 CONNECTED TO A GAs ENaINE.

free below to expand and contract. The space between Cy. P and Cy.
is a sort of steam jacket.

Like all the other moving parts of this indicator the piston P
is made as light as possible. It is of thin solid stecl hardened and
ground to a slack fit for Cy.P., with shallow channels on its outside for
gathering condensed water which forms an excellent packing, with
very little friction and practical steam tightness. Its central socket
in one picce with the rest extends upwards more than downwards.
The lower part receives the piston screw P.S; the upper part is slotted



THE INDICATOR 89

v

*YOLVOIAN] AASOM) IRL—"G. ‘D14



90 THE STEAM ENGINE CHAP.

to receive the bottom of the spring with its central ball; the hollow
steel piston rod is screwed in at the top making a firm job. The
swivel head S H is screwed into the top of the piston rod more or less
depending on the required level of the atmospheric line of the
diagram. '

The cap C bushed with steel, screws into the cylinder and into
the head of the spring and holds the sleeve S, &c., in place. The
sleeve turns freely on the cylinder and carries by the arm A4 the fixed
end of the link J I, which, with the links £ and G and the lever
F.PT. PP form the parallel motion, which causes the pencil point
P P on the lever F. P P to have a vertical motion, which is six times
that of S/ In fact the horizontal motion of F destroys the
horizontal motion of P P. There is atmospheric pressure abové the
piston, and the pressure below it is that which we wish to indicate.

The piston rises throngh a distance which is proportional to the
pressurc in excess of the atmospheric pressure, or it falls if the
pressure underneath is less than atmospheric. It is very important
to test with a good pressure gauge if the motion of the pencil really
indicates pressure to the proper scale: the student will readily see
how this may be done. If the spring is altogether removed it is easy
to move the pencil up and down on the paper, and in this way test
if its motion is truly at right angles to the direction of the atmospheric
line.

The springs, made each of one picce of steel wire as shown at &,
are supplied of such stiffnesses that 1-inch motion of the pencil
represents either 4, 8, 12, 16, 20, 30, 40, 50, 60, 80, 100, 120,.150, or
180 lbs. per square inch, and a student ought to become expert in
altering from one spring to another. Notice that the Crosby spring
is right and left-handed, and it therefore has no tendency to press
the piston laterally against the cylinder when it is compressed.
Boxwood scales of pressure to measure diagrams with are supplied,
to correspond with the springs, and the box usually contains also
screwdrivers and other tools which are likely to be needed.

The student ought also to examine a drawing of the Richards
Indicator, which he can now have no difficulty in understanding.
It dates from 1862, and is still in use for engines which make not
more than 130 revolutions per minute. Observe in this as in all
other good indicators that the cylinder in which the piston moves is
scparated by a steam space from the outside case, and so is not likely
to condense steam inside it.

45. The errors of indicators are due to:—

1. The stiffness of the spring alters with temperature, and
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the average temperature of the spring is not known, and is
different in different cases. The error due to this cause may be
as much as 2 per cent., but a carcful man may reduce it to almost
nothing.

2. Through defects in the parallel motion and in the spring itself,
the vertical motion of the pencil may not be exactly proportional to
the pressure in all positions. This may be tested at one or two
steady pressures, marks on the paper being tested by the scale, and
compared with readings of a good pressure gauge.

3. Bad fitting of the parts through bad workmanship or much use.

4. The inertia of the paper barrel and weakness or strength of its
spring, and also friction, combined with the yielding of the cord
sometimes causing the travel of the paper to be too great, sometimnes
too little: in both cases the motion of the paper being no miniature
of that of the crosshead of the engine.

5. Friction, whether at joints of the parts moved by the piston or
between the pencil and paper.

46. By means of P H, which is on the easily fitting sleeve PH A §,
we cause the pencil to touch the paper or we can withdraw it. Ina
modern engine going at from 150 to 300 revolutions per minute, it
is hardly possible to make the pencil touch the paper and to remove
it without tracing out several diagrams. If the contact is continued
and if there is a steady load on the engine, the pencil will trace out
the same diagram many times, and when the indication (sometimes
called *“ a card ”) is removed, the paper seems to have only the one
line wpon it. After allowing the indicator to be warmed up, and
seeing that the paper barrel is not clicking against its stops, putting
knots in the cord if necessary to get it to the proper length, the
usual operations as in Fig. 69 are:—1. Unhook cord 4 B or use
the disengaging device supplied on some indicators; take off old card ;
put on a new blank paper (you will become expert in this by prac-
tice). 2. Turn the cock C so that there is atmospheric pressure under-
neath the indicator piston ; touch paper with pencil and draw it back.
3. Turn cock C so as to communicate with one end of the cylinder,
touch paper with pencil and draw it back. 4. Repeat for other end
of cylinder. Now disengage cord and remove the paper or card. It
will perhaps look like Fig. 78 if the engine is a condensing one, 4 A
being the atmospheric line. It will perhaps look like Fig. 70 if the
engine is non-condensing, 4 4 being the atmospheric line. It is
usual at once to write on a diagram the time (date, hour, and minute)
at which it was taken, and such other information as may be known,
such as the number of revolutions of the engine per minute, the
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description of the cylinder, &c. Sooner or later these ought to be
written on the diagram: 1. The boiler pressure at the time.
2. The condenser pressure or vacuum. 3. The scale to which pressure
is represented. 4. The diameter and area of the piston and piston-rod.
5. The length of the stroke or twice the length of the crank. 6. Re-
volutions per minute. 7. All information as to the machines being
driven by the engine which may be necessary. It is evident that
the information on the card from a locomotive or marine engine, and
especially from any particular end of a particular cylinder of an
engine, must be very varied to be complete. It is very seldom made
sufficiently complete, and hence come doubts and misrepresentation.
It is well for the young engineer to learn at once that there is hardly
any little scrap of information bearing on the test being made that
ought not to be noted at the time.

47. If the spring is not stiff, it will represent pressure to a

sufficiently large scale, but at a high speed of engine there will be

ripples due to the natural

vibration of the indicator

itself. If these ripples get to

be too great, as in Fig. 74, a

stiffer spring must be substi-

tuted. Some men press the

pencil firmly on the paper;

this kills the ripples, but the

friction destroys the accu-

racy of the diagram. Can

A A the student suggest why it is

Fio. 74.—Snowixa Errect Propucep At Hion Spexo,  that solid friction like this

' always makes the diagram

too large? On admission the pencil rushes up too high, and it

stays too high because of the solid friction; it rushes too low and

it stays too low during the exhaust for the same reason. Some of

the most interesting experiments for students who have a small
steam engine to work with are these :—

1. Without changing the valve motion, let an engine run first
slowly, then faster and faster, and take a diagram at each speed.
Note how the wire drawing increases as the speed increases, and how
important it is to release and admit well before the end of the stroke
at the higher speeds.

2. Note how ripples begin at high speed, and how they become
great enough to upset the diagram altogether, so that a stiffer spring
must be used.
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3. At some slow speed, alter the valve gear in various ways, in
each case noting the character of the diagram.

48. Vertical distances represent pressure to a scale which depends
upon the spring that is used. Let a line O O be drawn parallel to
the atmospheric line 4 4, and below it at a distance which repre-
sents 147 lbs. per square inch; then distances measured vertically
from O O will represent absolute pressures.

The information given us by an indicator diagram, if it
accurately represents pressure at every part of the stroke on one
side of the cylinder, is very varied and valuable.

1. It tells us if our valve motion is doing its duty, admitting
steam just before the beginning of the stroke at B, cutting off without
too much wire drawing at D,
releasing at E well before c
the end of stroke, and
cushioning at H.

2. If the pressure of the
initial steam at C' D is very
much less than that of the
boiler, there is a loss due to
the smallness of the supply- - 4 A
pipe or its length. 0

3. If the pressure in the Fia. 75.—SpEciNEN DiaoraM Nox-CoxpensiNG ENGINE.
back stroke # H is not nearly
atmospheric in Fig. 75, or nearly the same as that of the condenser
in Fig. 78, the exhaust passage is not large enough, or else
there was much steam condensed during admission, which is now
boiling away during exhaust, and so maintains a high exhaust
pressure.

4. The shape of the expansion curve D E gives us very valuable
information which I do not care here to enter upon.

5. It enables us to calculate the indicated horse-power.

These are only a few of the things about which the indicator
diagram gives us information. The indicator may be applied also to
the valve chest or the condenser.

Questions.—1. If you notice that the admission pressure at C is
mnuch less than the boiler pressure, what do you infer? 2. If you
notice that the pressure at 1 is considerably less than at C, is this
more likely to occur at high speeds, and why? A gradual fall from
C to D is very different from what is shown in our figure. 3. If the
pressure at F is much greater than H, what may we infer ?

In the diagram Fig. 75, the admission begins somewhere

)]
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about B, the cut off about D, the release at E, and the cushioning
begins at H.

Sometimes from B to D is called the steam line or line of admis-
sion, D E the expansion part of the diagram, £ F H the exhaust line,
and H B the cushioning or compression.

49. To calculate the indicated horse-power, that is the
mechanical power exerted by the stcam on the piston, we had better
neglect here the area of the piston rod. Let A be the cross sectional
area of the cylinder in square inches. Consider the space on the left-
hand side of the piston (Fig. 5). If Fig. 76 is the diagram, we see that
we must find the average value of all such absolute pressures as are
represented to scale by B € (€' € is the zero line of pressure drawn
to scale 14°7 lbs. per square inch below the atmospheric line 4 A4)
during the forward or ingoing stroke. We must find the average

/-]
A— A b A
i Az
0
H r
c I3 (4
Fia. 76. Fia. 77,

value of all such absolute back pressures as D €.  We must subtract
the second from the first, and call the answer the effective pressure P.
In fact, the steam does work on the piston in the forward stroke;
the piston does work on the steam in the back stroke, and hence we
must subtract. Now very little thought will show that instead of
taking the averages of the B C forward pressures, and subtracting the
averages of the 1) € back pressures, we can at once take the average
of the B D or ditference pressures.  Hence, all that we have to do 1s
to-find the average breadth of the diagram FBG HDI (breadth being
considered to be at right angles to the atmospheric line); and the
scale tells us the effective pressure p,.

To get the average we often use a planimeter as described in
Art. 131. But a very common plan is the following :—We draw
the two bounding lines of the (h.lgmm lines at right angles to 4 A,
to cut the atmospheric line in A4, A, then -, 4, is the length of the
diagram.
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I notice that in my figures of diagrams I sometimes show the
atmospheric line prolonged as from 4 to 4, Fig. 81. Now in truth
the indicator will show it ending at 4, and 4, The ends 4, and
A, being faint, perhaps it is always wise to draw the bounding lines
of the diagram as I have described.

A,4, is divided into ten equal parts, and in the middle of each
part a breadth is drawn. The lengths of the ten breadths Ko/, M Z,
NV P, Q R, &c., are measured, (usually they are measured at once by the
boxwood scale supplied, in pounds per square inch ; but they may be
measured in inches, and only the average reduced to pounds per square
inch,) and written at the side, added up and divided by ten to get
the average value. Notice that if the diagram has a loop the
breadths of this part are negative. When the average pressure
P is known, it must be multiplied by the area A4 to get the
total effective force on the piston; this multiplied by the length of
the stroke (twice the length of the crank) in feet, gives the work
done in every stroke ; multiplied by the number N of strokes per
minute (or really revolutions of the crank), and divided by 33,000 we
have the horse-power indicated on the left-hand side of the piston.
The rule is easily remembered in the form

PrLax = 33,000

If we know the average effective pressure on the other side of the
piston, we may calculate the horse-power developed there also, or we
may take P to be the average
of the two, and take N to be
the total number of effective
strokes per minute, there being
two in every revolution. In
many modern, high-speed, single-
acting engines the steam acts
only on one side of the piston.

The two diagrams are often
on the same card as in Fig. 78. .

80. A student ought not to &
pass too easily over this subject ; F1a. 78,
it is very simple, but let him be
sure that he really does understand it, and is not merely taking a
thing for granted because everybody says that it is so. Now we
may look at the thing from another point of view. Find the
actual forces from left to right, acting on the piston of Fig. 5,
in its forward or ingoing stroke, that is when going from left to

R

>

-
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right. At a certain instant the pressure is B C on one side and C'F
on the other side, so that B F represents the real pressure which,
if multiplied by the area of the piston, gives the total force from
left to right. Similarly in the back stroke when the piston gets
to that place, the force jrom right to left is represented by EC — D C
or ED per square inch. An
enquiring student ought to
make a diagram which shows
these values for every position

\ and it ought to be in pounds

\ per square inch, to the same
\ scale as the indicator diagrams.

From the diagrams of Fig. 78

o I have found the result shown

in Fig. 79. This diagram

shows to scale what is the

force from left to right acting

on the piston at every part of

its stroke. The length of the

stroke being 0 O at the place

- C in the forward stroke, HC

Fio. 70. - is the force from left to right,

and in the back stroke the

force is really from right to left, and is of the amount shown in

CJ. A student who wants to make a thorough study of the elemen-

tary facts concerning stcam engines will not fail to make a diagram

of this kind. Note that the average total breadth of this diagram

at right angles to 00 is the sum of what we called the effective

pressures on the two sides, and its area is the sum of the areas of
the two diagrams of Fig. 78.

R R 3

[»)




CHAPTER V.
THE INDICATOR, CONTINUED.

A SET OF EXERCISES.

81. I do not see how any student can work carefully through a
set of exercises like the following without acquiring a fairly
good knowledge of the theory of the steam engine. He will ever
afterwards be glad to have done such work.

Fig. 80 shows the diagrams from the two ends of a cylinder of
18 inches diameter, crank 15 inches long, 120 revolutions per minute ;
a steady load was maintained for four hours. Boiler pressure 38 lbs.
per square inch by gauge, 52:7 lbs. per square inch absolute. The
area of piston is 182 x ‘7854, or 254 square inches. The working
volume of the cylinder is 254 x 30 = 7620 cubic inches, or 4'41
cubic feet.

The clearance space for left-hand diagram (for the side of the
piston remote from the crank) was just filled by 13-2 pints of water,
or 457 cubic inches; this is 6 per cent. of the working stroke. The
clearance space for right-hand diagram was found to be 533 cubic
inches, or 7 per cent. of the working stroke.

I show a scale of pressure because I do not know to what scale
the engraver will bring the diagram. The scale for volume is of no
consequence.

1. What is the average pressure from each diagram ? Work by
taking ten equidistant ordinates and test your answers by plani-
meter.

Answer. 31'2 and 303 lbs. per square inch.

2. What is the indicated horse-power of the engine ?

Neglecting the cross sectional area of the piston rod. The
cross sectional area of the cylinder is 92 X 7 or 182 x ‘7854, or 254
square inches. The average of the two average pressures (312 +

H
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* 303), or 3075 lbs. per square inch, and hence the average total
pressure on the piston in the direction of its motion is 254 x 3075
= 7800 lbs. As the stroke is 2 x 15 < 12, or 25 feet long, the work _
in one stroke is 7800 x 24, or 19,500 foot-pounds. As there are 2 x 120

Scale of Ibs per sq. inch.
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Tocal 31076 |&—"oom 8034 Total
Mean 3118 < 3032 Mean.
Fia. 80.

strokes per minute, the answer is 19,500 x 240 + 33,000, or 142
horse-povwer.

3. The load on the engine having been kept nearly constant for
four hours, the following measurements were also made, beginning
and ending with approximately the same kind of fire and the same
amount of water and same pressure, &c., in the boiler, it was found
that 2176 Ibs. of coal had been used during the four hours, or 544 lbs.
of coal per hour. Hence the consumption is 3-8 lbs. of coal per
hour per indicated horse-power.

A water meter was employed to measure the quantity of feed
water supplied to the boiler, it was found to be 242 cubic feet in the
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four hours. Although the feed water was tested and found to be at
118° F. we may take it that its weight is nearly the same as if cold
or 623 lbs. per cubic foot, hence 242 X 62:3-+4, or 3770 Ibs. of steam
was supplied to the engine per hour (except for leakage), and hence
we get one indicated horse-power for 3770 + 142, or 266 1bs. of
steam per hour. It is to be noticed that of steam of 52°7 1bs. pressure
the consumption by a perfect condensing engine using the Rankine
Cycle (see Art. 214) is 102 lbs. per horse-power hour, so that our
efficiency Ratio is 102266 or 038. Also from the next
exercise we see that in our engine there is am expenditure of 288
units (F.) of heat per minute per horse-power.

4. How much water is evaporated per pound of coal, assuming
that the steam contains no water as it leaves the boiler ?

Answer. 6°93 lbs.

Note that 1 1b. of feed water at 118° F. converted into steam at
527 lbs. per square inch
(or 284° F. as may be P
seen by the table Art.
180) needs 1114 - 118
+ 305 x 284, or 1083
units of heat.! Our usual
standard of evaporation is
the conversion of 1 Ib. of " fE-fep--------
water at 212° F. into
steam at 212° F., or 966
heat units, and hence
as for every pound of Fic. 81.
coal we have 693 lbs. of
steam, we have 693 x 1083 + 966, or 7-77 standard evaporation
pounds of steam.

5. Draw the zero line of pressure O H Fig. 81. Draw the
perpendiculars B 4, C and 4; G H touching the ends of the diagrams.
Make O C the same fraction of C' H that the clearance space, 457 cubic
inches, is of the working volume, 7620 cubic inches. Now draw O P

—demmm—-

S

11 1b. of water at 32° F. raised in temperature to 6° F. and then converted into
steam, receives @ - 32 units of heat as water, and the latent heat 1114 - 0695 6, or
altogether

I = 1082 + 0305 6°.

1 1b. of feed water at 6,° F. converted into steam at 6,° F..receives the heat
1114 -6, + 305 6,.

These are Fahrenhelb heat units suiting Regnault's resultf: \Iultiply by 774 to
convert into foot-pounds. (See Art. 177.)

H 2
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so that we can measure our pressure and volume to scale vertically
from O H and horizontally from O P. Note that O H represents the
volume (7620 + 457) = 1728, or 4673 cubic feet.

6. I have marked the points E, @, F, and J, Fig. 82; what are the
true volumes and pressures at these points? My answers are
the numbers in the first two columns of this table.

Weight of |, Percentage of

vV ' Fressure in ateam water stuff
' ull)ll;llﬂ"x? Ib. pt:lrcx;lquun. present which is |
in 1b. really steam.
| — - — — —
AtE ... 1715 477 | 0185 778
AtQ . . .| 2865 29-62 0-209 878
AtF . . . 4323 21-69 0235 98-8
AtJ ... 03905 13:05 0020 | |
|

7. Look up the volume of 1 lb. of steam at each of the above
pressures and state the actual weights of steam present. Thus
at E, steam of 44-77 lbs. per square inch measures 928 cubic feet
to the pound ; we have 1'715 cubic feet, therefore we have 0185 lbs. of
steam present at E. Make out the rest of the above table in the
same way.

8. At J we see that 002 Ib. of steam is in the cylinder before
admission of fresh steam; at Z we have 0185 lb. present, how much
is indicated as having entered ?

Answer. 0165 1b.

9. Find at E” and J" of the right-hand diagram, Fig. 82, what
weight of steam is indicated as having entered on that side of the
piston.

Answer. The volume at E” is 197 cubic feet at 4538 lbs. per
square inch and its weight is 02153 lbs., at J” ‘019 Ib. of steam is in
cylinder before admission.

Volume Pressure Weights
AtE” . . . l 197 | 45-38 ’ 2153
At J” . .. 5423 13:45 ‘0190

10. We see then that 0:165 + ‘196, or 0:361 lbs. of steam are in-
dicated per revolution of the engine ; is not this 0:361 x 120 x 60,
or 2599 lbs. per hour of indicated steam P

But we saw’that 3770 Ibs. of steam per hour really left the boiler,
and hence 1171 Bs. per hour, or 31'1 per cent. of all the steam leaving
the boiler, is mibmg or not indicated just after cut-off.
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11. 500 Ibs. of water per hour is measured as coming from the
steam jacket, and it is estimated (no matter how it is estimated
Just now) that 130 Ibs. of steam leaks away per hour from joints in
pipes, &ec.; this leaves 3140 lbs. of water as entering the cylinder
every hour, and so we have (3140 —2599) + 3140, or 17°2 per cent. of
the steam is condensed either in the cylinder or on its way to the
cylinder.

Why should the cylinder itself condense so much steam as we
find that it condenses? Thisis now the most important practical
question for the engineer.

12. We have assumed that 3140 lbs. of water stuff enter the
cylinder per hour, or 3140 <+ (60 x 120), or ‘436 lb. in one revolu-

Fia. 82,

tion. Assume that this is equally divided between the two sides of
the piston as the average pressures are nearly equal, so that ‘218 lb.
of water stuff corresponds to the left-hand diagram shown again in
Fig. 82. The steam in the clearance space before fresh admission
was 002 Ib. Assume that there was no water present in the clear-
ance space. Then at E, or @, or F the total amount of water stuff
present is 0238 1b. Question. If it were all steam what would be
its volumes at the three pressures 44-77, 29:62, and 2169 ?

Answer. 2,268, 3:268, and 4-386 cubic feet.

Let the points £, @', and F” represent these to the volume scale
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of the figure. We can now complete the table of Exercise 6. We
see that 'R would be the volume of the water stuff corresponding
to the point £ if it were all steam, but only the volume ER is steam,
and hence £ R is to £’R as the amount of actual steam is to the whole
water stuff present. Similarly @ T'is to ¢ 7" as the actual steam is to
the whole water stuff av @. Similarly # W is to #” W as the actual
steam to the whole water stuff present at F.

I have an easy rule for drawing such a curve as E' @' F (see
Art. 185) when any point, say E’ in it is given. I will not give it
here, but surely a thoughtful student can have no great difficulty
in inventing such a rule when he sees that one is needed. Hint; at
any point ¢, the distance Q¢ represents the volume, and Q@ W
represents the pressure of the same weight of steam as is shown in
the same way at £. Hence (see (9) Art. 180)

ES x E'e 19848 = QW x g 195,

is the law showing the relations of these quantities to one another.

Does condensation or evaporisation occur from £ to F? _Answer,
Evaporation.

13. Students may be interested to know that during the above
four hours’ test the average power leaving the crank shaft was
measured as a torque of 5033 pound feet at an angular velocity of
120 revolutions per minute, or 754 radians per minute; that is the
useful power given out by the crank shaft was 5033 x 754, or
3,795,000 foot pounds per minute, or 3,795,000 = 33,000, or 115
horse-power. '

The power given by the steam to the piston was 142. The useful
power is 115, and hence the efficiency of the mechanism of the
engine is 0'81, or 81 per cent.

14. During the above four hours the average power leaving
the dynamo machine which was driven by the steam engine was
measured as a current of 730 ampéres at an electrical pressure
or voltage of 100 volts. This is 730 x 100, or 73,000 watts (called
by the electrical people 73 units sometimes), and as we know that
746 watts are equivalent to 1 horse-power, the power electrically
given out was 73,000 <+ 746, or 98 horse-power. The efficiency
of the shafting and dynamo is 98 + 115, or ‘852, or 85}
per cent.

15. During the test the electric power was sent through wires
to incandescent lamps ; 44 per cent. of the power leaving the dynamo
was converted into heat in the wires, that is, the drop in voltage
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was from 100 to 955, so that 936 horse-power was given out as
heat and light. When electric motors instead of lamps received the
electric power in some similar tests, they gave out 85 mechanical
horse-power to drive machinery.

16. A pound of the coal when carefully burnt was found to give
out 15300 (Fahr.) units of heat; each heat unit is equivalent to
774 foot-pounds, and hence each pound of coal means a supply of
energy of 15300 x 774, or say 12 x 10°® foot pounds. For each-
pound of coal there was a supply of 693 pounds of water, and each
pound of water had received 1083 heat units, so that the steam per
pound of coal has 7505 heat units, or 5,809,000 foot-pounds. One
indicated horse-power for one hour is 33,000 x 60, or 1,980,000 foot
pounds. This work is done by 3'8 pounds of coal, and hence the
indicated work for 1 pound of coal is 1,980,000 <+ 38, or 521,000 foot
pounds.

The useful work transmitted from the crank shaft per pound of
<coal is 81 per cent. of this, or 422,000 foot-pounds. The electrical
energy leaving the dynamo machine per pound of coal is 85} per
cent. of this, or 422,000 x ‘852, or 359,500 foot-pounds. The heat and
light energy given out by the lamps is 95} per cent. of this, or
343,000 foot pounds.

We may therefore make some such statement as the following :—-
The total energy obtainable from a pound of coal is disposed of in
the following way :—

5,809,000 foot-pounds to steam, 6,191,000 foot-pounds wasted in chimney and by
radiation.

521,000 foot-pounds to piston, 5,288,000 foot-pounds to condenser and by.con-
duction and radiation.

422,000 foot-pounds from crank shaft, 99,000 foot-pounds wasted in friction of
engine.

339,500 foot-pounds to electric light leads, 62,500 foot-pounds wasted in shafting
and dynamo.

343,000 foot-pounds given out as light and heat by lamps, 16,500 foot-pounds
wasted in leads.

89. In the above table we note the great waste in converting the
steam energy into indicated work. Part of this loss occurs in the
steam jacket; most of the waste will be accounted for if we
measure the heat given to the condensing water. Measuring the
number of pounds of condensing water used per hour, and its rise of
temperature, it is easy to calculate the heat received by it from the
exhaust steam. See Art. 138.

Students may be interested in some” of the results of four other
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four-hour tests made on the same engine, without altering its cut-off
or speed, but with different steady loads.

Indicated | POwertrans- | grootreq  Waterinlb.  Coalin b,
home-lpower. ggsm{lm:" hurne-l?ower.» por"}.wur. per (t:nour.
pomer | emkshate, | BeR . !
190 f 163 143 4805 1
142 ' 115 96 3770 544
108 ‘ 86 69 3080 387
65 43 ‘ 29 L2156 218

‘ 19 0 ‘ - S0 — ’
!

Although this was a single cylinder engine, and therefore not very
economical, the results are well worthy of study, because there are
relationships among the numbers which are the same as those we
find in any engine which is governed, as this one was, by throttling
the steam, or in some other way lowering the initial pressure of the
steam.

Thus for example let the student plot the values of W and P, or
W and E,or B and I on squared paper. Let him also find the coal or
water per hour per indicated or transmitted or electrical horse-power,
and let him meditatc on his answers. He is gathering material
for a very thorough practical comprehension of the steam engine.

And now I should like to think that the average student has a
chance of making all the measurements which I have described. Even
if only a small steam engine isavailable, an earnest teacher will find
that he can let students make tests of great value to his students.

83. At Finsbury it was a regular part of the Session’s work
for two students to attend to the machinery every Wednesday, from
the lighting of the fire at 7 A.M. to 9.30 p.M.  Whatever part of the
stoker’s or engineer’s work they could be entrusted with, they did.
They regularly took all the measurements necessary for calculating
indicated horse-power, actual horse-power given out by engine, feed
water, coals, &c. They made elaborate reports of all that was done
during the day. Few people seem to know how much roughly cor-
rect information may be obtained casily from the study of an ordinary
working engine, for I want it to be understood that this was no
specially arranged laboratory steam engine.

An exercise of considerable interest may here be mentioned.
A batch of twenty students (who had already had the above kind of
experience) would have a day’s measurements. They knew exactly
what each of their duties was beforehand. Their watches agreed.
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When any observation was made, the time was noted, and each
student stayed twenty minutes at each kind of observation, and then
went on to another. 'When he went to another job he found two or
more men there to instruct him if he needed instruction. He reduced
all his own observations. At any instant there would be—Two men
checking the speed indicator by counting, and also taking tempera-
ture of hot well ; two men measuring feed water; three men taking
indicator diagrams; two men observing pressure gauges, onc on
boiler, one on exhaust in engine room, one on vaporising condenser
on roof of building ; two men weighing coals, &c. ; two men observing
actual power given out by engine, and transmitted through dynamo-
meter coupling; two men measuring electrical horse-power given out
by dynamo machine, which was the only thing driven by the engine
through a long shaft. The engine was run for four hours at a time
under a steady load.

All the observations were entered in a great table as soon as they
had been reduced. Students who took diagrams had to make sepa-
rate reports on the nature of the expansion curve, the missing water,
the state of the valve motion, and many other things. Such a field
day as this was, I found, worth many lectures in bringing home to
students what actually occurs in machinery. It is to be remembered
that these students had previously obtained the calorific power of the
fuel ; some years they took samples of the furnace gases, and analysed
them in the chemical laboratory ; every year they tested the instru-
ments used for measuring feed water, the transmission dynamo-
meter &c., before the field day.

Imagine a student to go through this easy work and arrive at
the above results; take into account the impossibility of his doing
the work without understanding it. Surely any one can see
how very different must be the notions of a student after this kind
of experimenting from those of a man who merely reads a book or
listens to lectures. I affirm that simple experimental work of
this kind is absolutely necessary for the elementary student if he
is to get sound notions not merely concerning steam engines, but
about energy questions in general.

84. More Exercises.

17. Try if there is a law of expansion of the simple form pv* =
constant. At a point like @ (Fig. 82), @ W represents the pressure,
and @ ¢ the actual volume of the expanding steam to some scales.
If there is such a law as the above, it is easy for the student to prove
that the actual scales of measurement are of no importance. I there-
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fore measure the distance @ Win inches, and call it p, and I measure
Qg in inches and call it ». Measurements like the following ought
to be made at many points from £ to F. My measurements are
made, not upon the diagram as engraved, but upon my own copy of
this diagram. When the table has been made out let the student
take the common logarithms of all the measurements.

|

P ¢ log. p. log. r.

!
! 446 3-34 ‘6493 5237
411 373 ‘6138 ‘ 5717
378 412 3775 ‘ 6149
3:44 46 *3366 | 6628
319 508 *5038 | 7059
296 558 4713 *7466
2467 . 63 4265 7993

He will now plot '6493 and 5237 as the co-ordinates of a point
on squared paper, and get a point for each pair of numbers. It is
evident that if there is such a law as

pv* = const., or log. p + Lk log. v = C

then the plotted points must lie in a straight line, and so the test is
quite easy. In the present case I find that a straight line seems to
lie evenly among the points. We may reasonably say therefore that
the law is true. Assuming it to be true I see from my own squared
paper that if log. p were 065, log. v would be 525,

sothat 65 + 5254k =C . . . . ()
again if log. p were 04, log. v would be 0833,
or40+833k=0C. . . . . . (2

Subtracting (1) from (2) we find — 025 + ‘308 £ = 0, or
k = 081, and so the law of expansion is very satisfactorily shown
to be -

p v %8 = constant

65. In the next Exercise we are going to study what goes on in
the water and steam in the cylinder during the expansion from £ to ¥
(Fig. 82). It is assumed that at every point such as @, we know
that there is the volume @ ¢ of steam, and @ ¢ represents the extra
volume that there -would be of steam if the water were all steam.
We shall consider what would take place if the whole amount were
1 Ib. (we know that we have only ‘209 1b. + ‘878, or 0238 Ib. present,
or 0:209 1b. of steam and 0029 1b. of water). We assume that all
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the steam and water is at the same temperature, and a student
must decide for himself what value he may place upon results based
on this assumption, which is certainly wrong, but which seems to be
the only one on which we can base calculations.

Assuming (as is usual, but in my opinion, wrong) that there is
no water present at the beginning of the admission, we see
that, during admission there is 0:222 lbs. of steam condensed; we
may take it that the latent heat of this condensed steam is given
up to the cylinder during the admission, but at what rate this is
done at every instant of the admission we do not know, although
we may speculate about it. Again, during the release the stuff is
partly in the cylinder and partly in the condenser; in the condenser,
heat is being rapidly given out by the condensing steam; in the
cylinder whatever water remains is probably boiling away, receiving
heat from the metal of the cylinder. It seems when we consider the
evaporation going on from E to F (Fig. 82), that there is no great
likelihood of much water being present during the exhaust.

Use of MacFarlane Gray's Diagram.

EXERCISE 18. Let Fig. 83 be a t¢ diagram (see Art. 203).

Points on the curve 4 B are plotted to the figures headed ¢,
in the table, Art. 180. Points on the curve C D are plotted to the
figures headed ¢, in the same table.

The curve £ Q F on the t¢ diagram, Fig. 83, corresponds with the
curve K QF on the indicator diagram, Fig. 82. It is drawn in the
following way. To find the point €. Find the temperature corre-
sponding to the pressure at @ and draw g ¢’ to correspond ; divide
¢ @ in @, Fig. 83, in the same proportion as that in which @ divides
the distance ¢ ¢, Fig. 82. Find the other points in the curve £ Q¥
in the same way.

The t¢ diagram tells us

1. If the expansion from Z had been adiabatic ¢ @" : ¢'¢" in the
t$ diagram would have been the ratio of the amounts of steam and
water present at §. Hence, in the indicator diagram make ¢ @": ¢ ¢,
a8 ¢Q”:¢ @ in the ¢¢ diagram, and so get the curve £ @"F", Fig. 82.
This is what the real adiabatic expansion indicator diagram curve
from E would be when we deal with the proportion of steam and
water which we know to be present at E.

2. The line O¢, Fig. 83, is really supposed to be drawn at
— 428° F.,or — 274° C, so the student must imagine the dotted
lines in the diagram to be very much longer than they are shown.
Indeed, on the temperature scale the point O marked — 428° F.
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ought really to be looked upon as a zero of temperature, and instead
of 200° F. we ought to read the absolute temperature 661. On the
complete diagram, areas measured right down to the line O ¢ represent
heat received.

Thus each pound of water stuff from E to @ receives heat from
the metal of the cylinder of an amount represented by the area
ELMQE, and the total amount of heat reccived during expansion
from E to ¥ is the area ELNFQUE. The scale to which heat is re-
presented is always easy to find because the rectangular area emn E’c

Fic. 83,

represents to scale the latent heat of a pound of steam, which has
the pressure shown by £ on the indicator diagram.

Suppose it happened that the curve £ @ F when constructed turned
out to be like the dotted curve Ed s, notc what it means. At the
beginning of the expansion from Z to d heat is being given to the
metal of the cylinder by the water stuff. From d to s heat is being
recetved by the water stuff from the metal of the cylinder. Such
curves carefully studied show us how heat is exchanged between
metal of cylinder and the water stuff. Students must work many
exercises in this way in spite of the fact that we cannot prove that
there is no water present before admission.

86. My students sometimes draw the complete ¢¢p diagram cor-
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responding to our indicator diagram. The assumption throughout
is that a pound of water-steam is present in a vessel of changing
volume, and the amount of it in the state of water is exactly known
at cach point. The volume of the water is neglected. If the in-
dicator diagram were really correct, and if we could be sure that the
temperature is always the same in any part of the water and steam,
such a diagram might be very interesting. I am sorry to think that

F1G6. 84.—D1AaRAM OF FORCE AT CRross HEAD.

some philosophers are apt to forget that this consideration renders
most of their speculations useless. But the much more important
assumption that we do actually know how much water is present at
any point is really untenable.

87. Exercise 19. In many of the above exercises upon our indicator diagrams
we have gone on the assumption that all the stuff inside the cylinder is at the
same temperature. This is, of course, untrue, like many other assumptions
which we make in our desire to calculate something; but reasoning on even
wrong assumptions may give rise to useful suggestions. It is a more absurd
assumption still that the material of the cylinder is non-conducting, and yet
if we imagine some water in a non-conducting cylinder to represent the metal
of a real cylinder which is heated and cooled, although the assumption is
wrong, it leads to suggestions that may be of use.

Using the numbers given us by the above diagram, and assuming that we
have no knowledge of the actual amount of water present, I have worked out
(Art. 216) what must have been the amount of water present before admission,
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and also the amount condensed during admission. In fact, the shape of a small
portion of the expansion curve tells us the value of these things if the cylinder
is non-conducting,.

88. Exercise 20. Following the method of Art. 50, make a diagram
showing for every point of the stroke the force (divided by the piston area for
convenience) acting on the cross head end of the connecting rod, if the
weight of piston, piston rod and crosshead is 430 lbs., and if the connecting
rod is 6} feet long.

First let us find the forces which the cross head must exert to maintain the
motion of these parts, if there was no steam pressure on either side of the piston
and if the crank shaft were driven by an outside agent.

The crank pin velocity is v = 2x x 1} x 2 = 1571 ft. per second. The
accelerations at the ends of the stroke are, numerically—

2 1 1 maT12 ___l__ > 1 )_. o =
¢ (;:1:7) or 1571 (1-&si@3 = 2368 and 157-9.

The moving mass is ;T)% in engineers’ units, or 14. Hence the forces at the

ends of the stroke are 3315 and 22111bs. Reducing these to the scale of pounds
per square inch on piston we have 13 and 8-7.

We see by Art.' 339 that when the crank is at 90° with the line of centres, the
piston is 0'125 feet to the right of its mid stroke, and its acceleration is 39-5,
395 x 14,

254

The engine is horizontal, so that the mere weights of the parts (neglecting
the connecting rod) do not enter into the calculation. I have made C A4 repre-
sent 13 Ibs. per square inch, / £ 87, and I found the point B 0°125 feet to the
right of the mid stroke, and made B D represent 2°18 lbs. per square inch. I
drew the curve A D E through the three points, and take its vertical distance
anywhere from C H to represent the force which at the crosshead would give to
the moving mass the acceleration which it possesses. To the same scale it is
now evident that the total force from left to right (that is towards the crank
shaft) on the crosshead is shown by distances of points on the diagram
CFPGIJTLC abore C H. To find such a point as P I take the distance S R
(from S on one diagram to the back pressure point R on the other diagram),
subtract from it X Z, and let X P represent the answer. This is very easy to
do with the edge of a strip of paper ; it is easier to do than to describe. Again,
make Z T = Q K, and we find 7'

In Art. 65 I have shown the nature of this diagram for a single acting
engine.

89. Exercise 21. The weight of the connecting rod of our engine is
276 1bs., its centre of gravity is 40 inches from the crosshead and 35 inches from
the crank pin ; imagine that its mass is distributed in the following way—24th of
it, or 128°8 lbs., at the crosshead ; $3th of it, or 1472 lbs., at the crank pin. It
can be proved (see Chap. XXIX) that if we replace the real connecting
rod by two masses like these at its ends, some exceedingly tedious and difficult
problems on balancing, &c., may be solved quite quickly, and the error is small.
Note that the centrifugal force of the part on the crank pin never alters in
direction, and is radial, and when we are calculating turning moment on the
crank it may be neglected. In the present case use this method to find the
turning moment on the crank shaft.

Aunswer. The old diagram (Fig. 84) A D E HC of forces, due to acceleration,

4 .
must have its ordinates increased in the proportion of 450 1'5:)28 8 This

giving to the scale of pressure a force of or 2°18 1bs. per square inch.
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combined with the old steam force diagram gives a diagram not very unlike
CFPQ@IJTLC. At any instant let the force (the diagram ordinate multiplied
by the area of the piston) be called F pounds, in the position shown in Fig. 86,
A4 0 being the line of centres, and O H a line at right angles to 4 0. It is easy
to show that the turning moment on the crank shaft due to Fis F x OH if
we neglect the weight of the rod and friction. It is therefore necessary for the
student to draw such a figure for many points in the piston stroke, and to
multiply each value of F in pounds by each distance, such as O H in actual feet.
It is well to make a diagram in which the abscisse represent angles passed
through by the crank.

If the crank shaft gives out power uniformly during the revolution, the
height of this diagram above its average height represents the acceleration of
its velocity to scale. It is useless to pursue the matter further, when the con-
nection of the shaft with driven machinery is by belting or elastic mechanism.

60. ExErcIsE 22. The engine is on the same shaft as the armature of a
dynamo machine ; the whole mass moved is like a fly-wheel, weighing 3 tons,
with an average radius of 5 feet. What is its fluctuation of speed ?

Answer. The mass of the wheel is 3 x 2240 - 32'2 = 209. Its moment
of inertia is this multiplied by 52, or it is I = 5225 in engineers’ units. Each
of the excess moments in the diagram, divided by I, gives the acceleration. I
know that the speed is very nearly uniform, and it will save trouble and produce
almost no error to assume that equal angles passed through by the crank repre-
sent equal times. Hence the area of the acceleration diagram from 6 = 0
represents the gain of velocity. The graphical method of proceeding is easily
understood ; the tabular method described in my Applied Mechanics ought also
sometimes to be employed.

‘ |
K, or excess of ' Gain in turns
] ‘ Turning l ! bov f -86. inute,
moment, M. ‘ mb'le:age ;l. i E;::czlo =l 0.
| 0 0 - 6212 0 0
| 5 630 -5585  -29500 - 0344 ‘
10 1400 | 4815 -55500 - 140
15 ! 2380 -3934¢ | -83700 - 215
20 ' 3300 | -2911 -101000 ' --258
25 | 4740 - 1475 -112000 | --20%
30 | 5350 —862 118000 | - |
‘ 35 . 6360 +145 -- 119000 -310 |
40 | 7350 1141 - 116000 --302
4% 8210 1998 --108000 -5 .
50 | 9060 2846 - 96200 -249
55 9900 | 3688 - 79900 l ~206 |
. 60 10580 4368 -59700 -153

It will be seen that I have not divided all the values of E by I to get
angular acceleration ; again, instead of totting up / acceleration x 3, the gain

in radians per second, I have totted up / E-d g, taking 50 in degrees, as it

saves unnecessary labour. This represents the gain of angular velocity to some
scale; I want it in revolutions per minute. Now the gain in revolutions per

60 [oEdt de. As 0 is in

. . . 60 E .. . .
minute is evndently2—' —I(It if ¢ is in seconds= 5r | “Tue
0 - 0
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it ti f rolution i

degrees, « _ lime ol arev ol'u lon in neconda, sufficiently nearly constant for our
e 36v *

purposes ; this isg&)’ or '7"]’—0' We have therefore to multiply the numbers in

60 de

column (4) by ol de’ which is 2:38 x 107%, to get the numbers in the fifth

column.

ExErcise 23. State the maximum and minimum and average turning
moments on the crank shaft.

Of course as we have neglected friction, the actual turning moments are less
than these. In fact, Exercise 13 tells us that they are 81 per cent. of these.

81. ExERcISE 24. For eight positions of the crank show to scale (1) the
actual force on the crankpin, (2) that component of it which acts at right
angles to the crank, (3) that component of it which acts radially.

(2) Is already drawn to scale, for it is the turning moment on the crank
shaft in pound feet divided ty 1-25 feet, the length of the crank. Let BS
drawn at right angles to the crank O B, represent it, make the connecting rod
(produced as shown) direction BR be the diagonal of the rectangle BS R, then
BQ is the component towards O of the push of the connecting rod on the pin.
But we have also the centrifugal force (only to be calculated once) of 1472 lbs.,
I::;_ j»r (4x)?, or 903 lbs., and @ W represents it in amount and direction,
hence B represents (3), and completing the rectangle BW T'S, BT repre-
sents (1).

this is

62. I have now described some of the exercises which I usually
ask a student to work for me. After such a course of study he may
feel that he really has thought a little about the stcam engine. I
know a great deal about the average student; he has read books
and looked at the figures in the books, and he has heard descrip-
tions of how calculations are made ; he has that sort of knowledge
of his subject which is possessed by a newspaper writer.

How often must we say these things before teachers and students
get to believe us.  When I was very young I used to think that the
views I imbibed from magazine articles were my own, although they
changed with the moon. After a popular lecture I thought I knew
a subject nearly as well as the lecturer. No man learns to think by
mere reading or listening to lectures: he only learns priggishness,
and his method of study is exactly like Mark Twain’s telescopic
method of climbing Mont Blanc. It is very weak in me to publish
in this book such figures as Fig. 83. A student ought not to see
any such figure unless he has drawn it himself, and then his know-
ledge would have the exquisite flavour given by discovery.

@83. There are fifty other useful exercises which might be described. For
advanced students I may suggest the following.

Exgrcise 23. The indicator diagram (Fig. 82) gives the pressure of the steam
for every position of the piston. By means of the table (Art. 180) write out the
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temperatures of the steam. Find the angle made by the crank with its dead
point for each of these positions, and draw a curve showing temperature of the
steam on the left-hand side of our piston for every position of the crank.

This curve is interesting in itself. But now let the student take the values
of twenty-four or thirty-six or more equidistant ordinates, and by any of the
well-known methods express the temperature as a function of the time in Pourier
series (see Art. 316). They will give greater interest to the considerations of
Art. 229,

ExercisE 26. In a position 4B (Fig. 85), if the connecting rod is at
right angles to the crank, the push in it is great, and the centrifugal force upon

Fia. 85.

it is great, and presumably this is its position of greatest weakness; consider
now its strength.

It will be noticed that in a horizontal engine the figure shows the best
direction of motion, because the weight of the rod opposes centrifugal force when
the rod is a strut. In an engine which must work at full power in either
direction of rotation, the weight of the rod ought to be considered as well as the
centrifugal force. In vertical engines the weight of the rod may be neglected.
This exercise ir one that ought to be worked out on the principle described in
books on applied mechanics.

EXERCISE 27. At any instant what are the stresses in every,part of the
frame of the engine? If the engine runs at very high speed we must take elastic

M

.
|
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]
'
'
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|
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'
\
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vibratory effects into account ; but at speeds up to 400 revolutions per minute
in such engines as are in the market, we may neglect such effects.

The indicator diagram enables the forces on the cylinder to be calculated,
the above diagrams enable all the other loads on the frame to be calculated. It
- is usual to consider these at only one or two positions, when their effects are
likely to have the greatest stress-producing effects. The calculation belongs to
that part of applied mechanics which is called machine design, and no general
rules may be given concerning it. The frames of modern engines differ from
older engines greatly in the regard paid to considerations of this nature, but
also greatly to ease of manufacture and fitting.

1
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64. EXERCISE 28. At any instant find the forces with which the frame of
the engine acts upon its supports. If we may neglect the fluctuations in flow of
steam from boiler and to exhaust, the forces are easily calculated by neglecting all
the steam pressures, because they balance one another, and the general principle
is this—

If m is any small portion of the engine which is moving, and it has an
acceleration in a direction which I shall call z of the amount %, then m# is to
be regarded as a force in the direction z. If the resultant of all such forces he
found, this is the resultant of all the forces acting on the ground or other sup-
port. The general theory is given in Chap. XXIX. A triple expansion engine
has often two low-pressure cylinders, and in this and in uadruple expansion
engines there is always a good opportunity of effecting a partial balance by
properly spacing the cranks and adding to the masses of the smaller pistons,
small models being relied upon rather than calculation.

@85. Single-Acting Engine. In Art. 58 we found the diagram showing the
force acting towards the crank at the crosshead of our double-acting engine.

X £
I\ \5
A ﬂ\\ N 4
0 AN {o

\
D

Fia. 87.

The nost important reason for using single-acting engines is that this force may
be always in one direction, so that ‘‘knocking” is not possible. This is illus-
trated in Fig. 87, where we have J K E L M FJ, the diagram. In thiscase 4 4
is the atmosphericline, and the other side of the piston is exposed to atmospheric
pressure always ; hence the force due to the steam itself is E H in the forward
and F H in the back stroke, always in the same direction. Let us suppose the
cylinder vertically above the crank and the steam as acting on the upper side of
the piston. Let all forces be reckoned per square inch of piston. Let .4 0
represent the weights of piston, piston rod and crosshead. In most ordinary
engines A O represents from 2 to 6 Ibs. per square inch of piston. Let OBC DO
be the acceleration force diagram, which must be subtructed from the downward
forces. We thus see that K¢/ and F( are the downward forces at the cross
head, and they do not change sign,
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But if the speeds were greater, so that B C'D were to cut J F M, we should
be compelled to give more cushioning. When the speeds are much greater we
prolong the piston rod and let the cushioning effect of air behind an auxiliary
piston supplement the ordinary cushioning cffect of the steam. It is well
worth while for a student to work out an example in which O B is three times
as great as what is shown, noting exactly how much air cushioning effect is
necessary to prevent reversal of force.

If we desire also to prevent knocking at the crank pin, we take care that a
proper proportion of the mass of the connecting rod is supposed to exist at the
crosshead, thus increasing the ordinates of the B C D diagram, calling the result
a crank pin diagram. All knocking may then be prevented in a single-acting
engine, but this is impossible in double-acting engines; which are never, there-
fore, run at a high speed ; but in double-acting engines we can often utilise the
inertia forces to alter the point in the crank pin path at which the knock occurs,
so that it shall not produce such serious effects. It will be noticed that in all

(]
Fio. 88.

cases the inertia effects tend to equalise the turning moments on the crank
shaft, but I am not disposed to think this a very important matter.

88. Double and Triple Expansion Engines.—It is a good exercise for a
beginner to take a particular case, say that the cut off is at two-fifths of the
stroke in each cylinder; to assume volumes for the spaces which rececive the
steam exhausting from one and admitted to the next; for each position of the
crank, to note what the steam in each cylinder is doing, and to draw the hypo-
thetical indicator diagrams on the assumption that pv remains constant. 1
need not give examples of the answers as they are very easily arrived at.

Such exercises as these are easily worked out. Inacompound engine, cutting
off at half stroke in both cylinders; prove that by cutting off earlier in the
stroke in the low pressure cylinder, more work is done in this cylinder and less
in the high pressure cylinder ; also it tends to remove the ‘““drop™ of pressure
in the high pressure cylinder at r:lease (absence of ** drop” is not desirable).

12
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The actual diagrams from each cylinder may be treated separately, as in
Arts. 51-56, and this is the best way, because in the expansion part which is
what is most to be studied, we really deal with different quantities of steam in
the three cylinders, the steam in each clearance space being different in each.
For some purposes, however, it is thought well to show them all on one dia-
gram, to the same scale of pressure and volume. Now the total volume of water-
steam being known for each, it is easy to make them equal to scale.

Figs. 88 and 89 are examples of diagrams which have been so reduced ; they

Fio. 89.

are copied from a paper by Prof. Osborne Reynolds. Fig. 88 when there was
no steam in the jackets ;! Fig. 89 when all the jackets had steam of 190 lbs. from
the boiler. The shaded parts represent condensed steam.

As in Art. 51 the saturation curve is drawn on the assumption that there
is no water present in the cylinder at the end of the exhaust. If we once allow
that there may be water present, all our calculations are comparatively useless.
I believe that there is almost always some water present, an unknown amount.

1 Great care seems to be taken in existing triple cylinder engines to kecp the
jacket pressure of the I and L.P. cylinders low ; the steam entering by reducing
valves and there being relief safety valves. It is interesting to see so much trouble
taken to produce evil effects,
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CHAPTER VI

THE REGIPROCATING
MOTION.

67. ALTHOUGH
the student is already
supposed to know the
motion of a slider
driving or driven by
a crank by means of
a connecting rod, we
shall here study the
mechanism a little.

In the study of all
kinds of link work
mechanism, I think
that much is to be
gained by making
simple models of
laths fastened by
pins. I now supposc
the student to have
made such a model.
Figs. 91 and 101 show
the kind of model, a
somewhat more clabo-
rate model than -per-
haps the student may
make for himself. The
end A of the connect-
ing rod 4 B is guided

Fia. 01,
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to move in the straight line direction D 4 ; the motion of 4 repre-
sents the motion of any point in the crosshead or piston or piston
rod. The other end B of the connecting rod moves in a circular
path, whose radius is the length of the crank. The student will
find that the straight scales for 4, and the circular scale G F, enable
the relative positions of 4 and D C to be studied. The following
problems ought to be worked in other ways, and the answers tested
by means of the model.

The next best method of study is by skeleton drawing.

ProBLEM.—When any position of the crank is given us, to find
the position of the piston, or vice versi. Notice that any point in
the piston or piston rod or crosshead has exactly the same motion,
the whole mass having a motion of mere translation. Let 4, Fig. 92,

RY

Fia. 92.

be the centre of the crosshead, B the centre of the crank pin. 0 Bis
the crank, O being the centre of the crank shaft. Let OB be drawn
in any position, that is, making any angle such as 4 0 B with
the centre line of the engine. Set off the distance B 4 equal to the
connecting rod and we have the proper position of 4.

If B, and B, are the dead points of the crank pin, let B4, and -
B,A4, be each equal to the length of the connecting rod, and these
are evidently the ends of the stroke of 4. The distance of 4 from
the end of its stroke is evidently the same as the distance of any
point on the piston or piston rod from the end of its stroke.

If we want to find A’s position pretty often we need not always
make the above straggling drawing. Once for all, cut a template
out of zinc plate or thin sycamore of the shape shown in Fig. 93.
The edge C D is straight. The cdge £ D is anarc of a circle drawn to
a radius equal to the length of the connecting rod, coming down
at D at right angles to ¢ D. The cdge C E is of any shape we
please.
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Now, if this is used as a set square is used, the edge C D fitting
along the diameter or line of centres 4, 0 4,, and if we use it to
project from any position B of the crank pin down to 4, as shown in

the figure, then 4 will represent
the position of the piston in its
stroke, the ends of the stroke
being represented by A4, and 4,,
A, being the end most remote
from the crank. The student
ought to practise this method in
working exercises.

Note.—The student will see
that instead of using a tem-
plate (I much prefer the tem-
plate because it keeps facts
before us well) we may draw

once for all the arc £0 F, Fig. 94, with a radius equal to the length

of the connecting rod.

. When the crank is in the position O B, draw B D parallel to the
line of centres A 04, and the length of B D is the distance of
the piston from the middle of the stroke.

68. ExERCISE. Either by skeleton drawing method or the use of

£ G

Fia.

the template (the latter preferred),

Find the distance of the piston

94.

the crank being one foot long,
from A, and from 4,.

1. When the connecting rod is 5 feet long ; if 4, 0 B=30°
5

2' » ”»

5, 4,0 B'=30°
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Answers. A, A=0158 or 4 4, 1892, A'4,=0108 or A'd, =
1-842.

Note that 4!, is less than 4,4.

EXErcisE 2. For angles 4,0B=0, 15°, 30°, 45°, &c., find the
distances 4, 4 and 4 4,.

Find what these would be if the connecting rod were so long that
we might regard the arc D E of the template as a straight line;
In fact, as if the template were a set square.

Your answers must be carefully checked by the following table :—

0B . . . 0 15° : 30° | 45° | 60° | 75° 90° ,105° | 120°']30°' 150° | 185° | 180°

A4 L 0 | 041! (158 343 575| 8341100]%215.)‘1 754‘1 8921973"'000 \\

44, . . . 2 51’9591842]60"'14‘.5]1 1660900 648 425 243 1081

RN PP

¢ 1

-
The following table gives the answer in case the connecting rod !
were inﬁnitely long :— J

AngleA‘OB 15° 30° | 45° . 60° 75 90° | 105° 120°1135° 1.»0“'16.,°

‘4,4 . ... 034 133 293 500 "41‘10012591500‘ 170711 867|1966
Py 196618671707I15<X)l259100 741 oool 293 131 034|

/-/ //“ﬂ':‘ r'(/-— J.

Examine and compare the numbers in these Tables.

EXERCISE 3. Steam is cut off in both in-going and out-going
stroke when the crank has travelled 80° from the beginning of the -
stroke. Through what fraction of the whole stroke has the piston ©
travelled in each case ?

What would these fractions be if the connecting rod were
infinitely long ? v \

, Infinite
5’ Conn. rod. Conn. rod. -

In-going . . . . . . . 037 } )
Out-going . . . . . . . 046 0415 '

‘ A

In a very great number of rough calculations it is sufficiently
correct for our purposes to drop a perpendicular B 4 from B, the
position of the crank pin, upon the line of centres, and to regard 4
as the position of the piston in its stroke, the ends of the stroke
being 4, and 4, It is cvident that in this construction the
assumption is that the connecting rod is infinitely long. -

If OB is an eccentric crank (sce Art. 71), it will be found that =~
this construction gives the position of the valve with very great

< .
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accuracy indeed, because the eccentric rod is very long compared
with the eccentricity of its disc.

The student will notice that if in Fig. 96 B is a crank pin going
in a circle round 4, and if the block B moves in the straight slot
C B in the slide, the motion of any point
in the slide is like that of a crosshead
with an infinitely long connecting rod.
This mechanism is sometimes used in
small engines.

Again, if the slot is curved to the
arc of a circle, the motion of the slide
is exactly the same as that of a cross-
head worked by a connecting rod whose

Fio. 05, length is the radius of the slot.

69. It is easy to show that when
the piston is at A4, Fig. 95, the distance 4 B represents its velocity
to scale if the connecting rod is infinitely long. The velocity at
the middle of the path O is equal to the velocity of the crank pin in
its path, and this gives us the scale, because at the centre the
velocity is represented to scale by the radius of the circle. It is
easy to show also that the acceleration, when the piston is at 4,
is represented to scale by the distance 0 4. The acceleration at
4, orat 4,is 0011 n% or +¥/r if the crank is 7 feet long, making

4:..[."
-—— -t — —

B

Fia. 96,

n revolutions per minute, or if v is the velocity of the crank pin.
The student must remember that if the weight of a body is
IV 1b. at London, W + 322 isits mass in engincers’ units, and mass
multiplied by acceleration is force. It is obvious that the accele-
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rating force at the ends of the stroke is of the same value as the
centrifugal force on the same mass if it existed on the crank pin.

70. There are many ways of proving the above statements.
Here is the easiest, if I may assume that the calculus will in future
be taught to elementary students. The fundamental idea of the
calculus is that of a rate such as a velocity or an acceleration,
and even the beginner must have this idea.

If then O A4, Fig. 95, is called z, the distance of the piston to the left of
its mid stroke, r the length of the crank, and if the angle 4,0B iscalled 6, then

x=rcosb . . . . . . . . .. (D

If the crank moves with the angular velocity g radians per second
(2¥n/60 = q, if n is in revolutions per minute, or 2xf = g, if f is what scientific
people call the frequency, or the number of complete oscillations per second, or
2x/r = q if 7 is the periodic time in seconds), then 8 = q¢ if we count time ¢
in seconds from the position where 8 = 0.

Hence x = r cos qt = r cos 8 . . . . . . . (2)

Velocity v = Z—f =-rgsingt=-rgsin® . . . . (3)
. a2 2

Acceleration a = wn=" rg*cos qt = - rq*cos 0 = - q%x. (4)

Evidently the velocity is greatest at mid stroke, and is v, the same as
the linear velocity of the crank pin. The acceleration is greatest at the ends of
the stroke, and is then equal to the centripetal acceleration of the crank pin,
rq? or 4=°f*r or 4%2n’r/3600 or v¥/r.

Notice that the acceleration is numerically equal to ¢? times the displace-
ment . This is the characteristic of simple harmonic motion](called S. H. M.),
that the acceleration is proportional to the displacement. The subject, like
that of periodic functions in general, is very fascinating, and its study is one of
the most important for all engineers.



CHAPTER VIL
HOW THE VALVE ACTS.

71. FiG. 97 shows an eccentric. I want a student to under-
stand at once that an eccentric disc and rod are simply a crank
pin and connecting rod. O is a shaft to which the eccentric disc or
sheave is keyed so that it rotates with the shaft. The eccentric
strap SE in Fig. 97 consists of the two parts SS and E E bolted
together so that they embrace the disc D D with no fear of their

Fio. 97.

slipping off sideways. In fact S and £ £ and the eccentric rod
E A are all like one rigid piece working the pin 4.

Now, it is evident that B, the centre of the eccentric disc, must
move in a circular path round O, the centre of the shaft which is
fixed, consequently B is exactly like the centre of a pin, a very large
pin D D, and the eccentric straps and rod are simply a connecting rod.
It is the great size of the pin DD which disguises this fact from a
beginner.

Thus, if the points 4 B O of Fig. 98 are in the same positions as
A BO of Fig. 97, or of ABO of Fig. 99, it is evident that their
motions are the same. Or another way of putting it:—We are
asked to work a pump or slider of any kind from the shaft FZ,
Fig. 100, by means of a crank ; how shall we do it ?
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1. We can cut the shaft as in 7, inserting a crank-pin D D.
But notice that as we have cut the shaft, we cannot transmitmuch
power through it for other purposes.

2. Do as in I, but make the pinlarger asin 7 7, larger as in 1117,

Fio. 98,

Fia. 99,

larger still as in 7 V. But if this is made the pin at the end of a

connecting rod we call the arrangement an eccentric disc and
eccentric rod.

Hence we take Fig. 97 to be represented by Fig. 99. We call
7 y/4

Fia. 100.

O B the eccentric crank, 4 B being the eccentric rod which is really
a connecting rod. If we drop the perpendicular B A’ from B upon
O A, the direction of motion of the pin 4, we may say that A4 is at

the distance 0 A4’ to the left of its mid stroke. In fact, the position
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of A’ between 4, and 4, represents the position of 4 between the
ends of its stroke.

72. EXERCISE 1. An eccentric crank is 2 inches long, when the
angle 4 O B is 130°, where is 4 ? That is, say how far 4 is to the
right of its mid position.

Answer. 1:286" to the right of its mid stroke.

2. In the last case, when 4, 0 B is 0°, 45°, 90°, 150°, 220°, 295°,
where is 4 ? The answers are given in this table.

Answers—
Angle. . .. 0 45 w0° 150° 220° ° 295°
—_ . — .
A AV .80 5867 2007 39327 35327 1155”
o :
A4S o5

78. If a teacher wishes to give a thorough understanding of
the simplest valve motion to his students, he will have a model
made something like what is shown in Fig. 101. Let no one
think that he can easily arrange a better model. This is the out-
come of many years’ experience in the teaching of students. It is
meant to enable students to understand clearly how lap and advance
affect the distribution of steam. I have found that if a man gets
a wrong notion about lap and advance at the very beginning of
his studies, it is exceedingly difficult for him to get rid of it,
and, although it seems absurd that a man should pick up a wrong
notion about this simple matter, it will be found not only possible,
but probable.

Let then the student have a large model to work with, like what
is shown in Fig. 101. He ought to be able to walk all round it and
to make the following measurements:— . ,

1. There is a graduated circle which enables us to measure
accuratély the angle R K H which the crank K H makes wi:h\ﬁhe
line of centres of the engine. I always call this angle 6, the angle
pasyed through from the near dead point.

: There is a graduated scale which enables us to measure the
disthmce of the piston €' from the outer end of its stroke.

3. There is a graduated scale which enables us to measure the
distance of the valve VW from the middle of its stroke. I always
call the distance of the valve to the right of the middle of its
stroke, . )

4. There is a graduated circle Z which enables us to measure ac-
curately the angle which the eccentric crank is ahead of the main
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crank. For I am enabled by my model to vary this angle, as if I
could unkey my eccentric disc and key it again in a new position.
I do not use keys, however, but fasten it in any position I please .
by means of a bolt IV and slot S in (3). When I do change the
position of the eccentric disc, I like to know how much ahead of the
main crank it is.

Ahead, what do I mean by akead? I mean ahead if the

/

N

E D
Fio. 102.

arrow, Fig. 102, shows the direction of motion. In the position
of things in Fig. 102, O B is the main crank, O C is the eccentric
crank, and the angle B O C is what I like to measure.(llh(;_qn&le
BOC is always greater than 90°, and the amount by which it
exceeds 90° is called The Advance. /Thisis HOC.

In my model it would be difficilt to take off one eccentric disc
and put on another; I should like to do something like this because it
is important to change the eccentricity of the eccentric, that is, the

4 E

Fia. 108.

length of the eccentric crank. Now, on my model 1 do what comes
very nearly to the same thing. I do not let 4, of Fig. 103, work the
valve directly. 4 is a pin on the lever GE, the pin G being fixed, or
the fulerum, and I am able to change the position s fulerum, to
raise it or lower it, without altering the positions of 4 or E. Now,
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by changing G we cause the motion of E to be greater or less in
amount, but it is always a magnification of 4’s motion. In fact, by
changing G, we alter the half travel of the valve just in the same
way as if we altered the eccentricity of the eccentric. Therefore
on my model I have the power of altering the half travel and the
advance.

It might be said that since the eccentric is really a crank, we
ought to use a crank for it on the model, and then it would be easy
to alter its length and so get a different travel of valve without
using a lever. But in the first place, a student would prefer to see
on the model an actual eccentric; secondly, the lever is a very good
way of altering travel ; thirdly, using the lever enables us to put the
valve above the cylinder and the motions of the parts are all visible
to a class of students.

Now when the model is being used let the student imagine that

.......

NN\

the half travel of the valve is really equal to the eccentricity of an
eccentric working the valve directly without a lever as the valve is
worked in Fig. 15.

I am in the habit of showing the valve motion above the
piston motion, as in Fig. 106, and the student must get to imagine
the main crank C and the eccentric crank £! to be revolving at
the same rate. He ought to make use of such a diagram as
Fig. 107, where the eccentric crank O C is shown in its proper
angular position ahead of O B the main crank.

Let the valve be drawn in its middle position as in Fig. 104.
The distance 4 B or G H is called the outside lap ; the distance C 1)
or E F is called the inside lap. The outside lap is often called the lap.
In my model I can at once alter the amount of the outside by means
of the screw marked 0, or of the inside lap by the screw I, or reduce
them to nothing.

The most important thing for a beginner to understand is that
when we alter the advance and the lap and the half travel,
we alter the distribution of steam in an engine cylinder.

K

F1G. 104.
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I have heard of very few real engines in which an attempt has
been made to vary the lap when the engine is running. Here we
only indicate such a variation so that students may observe the
effect of more or less lap on a mere model.

Ewxerciscs with the Model—(1) Let a student adjust so as to have
no outside or inside lap. Let the eccentric crank be at right angles
to the main crank. This is what we call the normal valve with no
advance. On working the model it will be found that steam is
admitted and cut off at the ends of the stroke so that there is no
expansion.

(2) It is now worth while to see what is the effect of trying some
lap and no advance, or no lap but some advance, and I leave this to
the student himself. He ought to draw the possible indicator
diagrams, and this is an excellent exercise even for the most
advanced students who know the effects of speed.

(3) Give lap to the valve. Advance the eccentric beyond the nor-
mal position; this additional angle, which is the excess beyond 90° by

F1ae. 105,

which the eccentric is ahead of the main crank, is called the advance.
It will now be found that we effect our purpose of cutting off before
the end of the stroke. After a student has watched the effect he
has no difficulty in discovering the reason.

74. In Fig. 104 the full lines show the valve in its mid position.
I shall speak only of what occurs to the left-hand port B C. The
dotted lines show the valve displaced to the »ight of its mid position
by a distance which I call z. That is, 4 4! is z. Now the opening
of the port to steam is B A*, or

Opening to stcam = & — outside lap.

If, therefore, for any position of the piston or crank we want to
know what is the opening of the port to steam, our only difficulty is
in finding a.

Again, look at Fig. 105, where the dotted lines show the valve
displaced to the lef¢ of its mid position. I often call this displace-
ment D D" by the name y, although it is merely a negative z.  The
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opening of the port to exhaust is €' D", and C D being the inside
lap, we see that
Opening to exhaust = y — inside lap . . . . (2)

The problem to be solved is :—For a given position of the piston,
what is the opening of the port to steam or exhaust ?

If we are told the position of the piston, it is easy to find the
position of the main crank (that is, the angle 6, which it makes with
the dead point), and hence our problem really is, “ When we know
where the main crank is, where is the valve ?”

That is, if @ is given, what is z? We have a very easy way of
answering this question, and it must be very clearly understood that
this one simple answer is really the key to all the problems which
come before us. If we know the distance of the valve to the
right of its mid stroke, we need only subtract the lap and we at
once know how much opening there is to steam ; or if we know the

~
‘‘‘‘‘

F1a. 106.

distance of the valve to the left of mid stroke, we subtract the inside
lap and we see the opening to exhaust.

Think of the valve ¥ being worked directly as in Fig. 106 by the
eccentric crank E! on a shaft on the same level as the valve, this
shaft revolving exactly at the same rate as the main crank shaft so
that C'and E! are at the same angle with one another always; for
any position of C' the position of E' may be drawn, and the displace-
ment of the valve is easily found.

Notice that O B (Fig. 107), the main crank position, being given,
we draw O C (to represent by its length the half travel of the valve
or the eccentricity of the eccentric), and we take care that O C shall
be ahead of OB by an angle equal to 90°-+advance. The student
can have no difficulty in seeing that the valve is the distance O C’
to the right of its mid stroke, and this is # which we want to know.
Here then is a rule. We may carry it out as in Fig. 107. 0 B
is given, that is, the angle 4 0 B is given; make B 0 D = 90°, make
D 0 C the advance, let O C be the half travel, drop the perpendicular,
and O C? is the answer.

] K 2
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75. But the rule is thought to be a little too clumsy, at all
cvents there is a much simpler rule invented by Zeuner. Draw
A4 0 @ (Fig. 108) horizontally to represent the dead point position

or centre line of the

engine. Draw F O I at
right angles to 4 0G.

Make the angle FO K

equal to the advance,

and produce £ 0 to H.
- Set ff OF=0H =

the half travel. On

OF and O H as dia-

meters describe circles.

We now have a dia-

gram which gives us
what we want with much less trouble than before. It will be found
that if we draw the direction O B of the main crank from O, the
distance O B,, is the very answer wanted by us; the distance 0 B, is
the distance of the valve to the right of the middle of its stroke
when the main crank is in the position O B. Thus in Fig. 110
I have shown the main crank in a number of positions. The

F

/

Fic. 108.

distances 0 B represent in cvery case the distance of the valve to
the right of its middle position. The distances O B! are distances
to the loft of mid position.
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Even if students see how the rule is arrived at they ought to
work exercises by the method of Fig. 107, and also by this method,

Fic. 109,

and in each case they ought to test the accuracy of their answer

by the model.

.

Thus if Fig. 111 is a Zeuner diagram, the angle # O E being the
advance, the distances O E and O H being each the half travel, 0 M

being the dead point
position. With radius
0 P, equal to the out-
side lap, describe the arc
AQPK With radius
0 T' equal to the inside
lap, describe the arc
R TC. Now note that
each of these arcs will
do your subtraction (of
lap from &, of inside lap
from y) without giving
you any trouble. Thus
if 0 S B is any position
of the main crank; O B
1s z,and as OS is the
lap, SB shows at a
glance the opening of

Fic. 110.

the port to steam. Again, if O B! is the position of the main
crank, O B! is y, the distance of the valve to the left of its new
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position; and as O V is the inside lap, the distance V B! shows at a
glance the opening of the port to exhaust.

76. ExaMpPLE 1. Find the positions of the main crank when the
valve is just opening the port to steam (we call this the admission) ;
when just closing to steam (we call this the cut off); when just
opening to exhaust (we call this release); when just closing to
exhaust (or when compression is beginning).

Answers. Produce 0 4, O K, O R, and O C,and these are the posi-
tions required.

ExaMpPLE 2. Where is the main crank when the port is most open
to steam ? _Answer. In the position O E.

F

Fia. 111

ExaMpLE 3. Where is the main crank when the port is most
open to exhaust ? Answer. In the position 0 H.

EXAMPLE 4. At the beginning of the stroke what is the opening
of the steam port? Answer. B, Q. Observe that B, @ is called the
lead of the valve.

77. Proof of our Graphical Rule. If the student has drawn
Fig. 107 and Fig. 108 for the same half travel, advance and 8, he will
find that the triangle C O C! (Fig. 107) is exactly the same as the
triangle £ O B, of Fig. 108, and of course, if this is so, the rule needs
no further proof.

£ 0 is the diameter of a circle, and as the angle in a semicircle is
always a right angle, the angle £ B, O is a right angle. Also we made
0 £ the same as 0 C, or the half travel. Now, in Fig. 107

6+90°4+a+ COC = 180°
and in Fig. 108, 0 + a + EO0B, =90°
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It is therefore obvious that £0 B, = C0C'. Hence we have two
right-angled triangles, whose hypotenuses are equal, and one other
angle in each, therefore the triangles are the same, and 0 C* = 0 B,.
It is easy in the same way to see
that the intercepts on the lower ¢
Zeuner circle represent displace-
ments of the valve to the left of
its mid position. : q

All that I have stated here £LAMN C R
might have been given in a few
words, and indeed the whole thing
13 exceedingly simple, but I advise /
a student to work exercises like
the above, and make very sure
that he understands the rule and E c
its proof.

78. Having the positions of
the main crank of the engine when
the four events take place, to A4
draw the hypothetical indica- E'
tor diagram. Neglecting the K Fia. 112,
angularity of the connecting rod,
it is obvious that this is the answer ;—With O as centre describe any
convenient circle, £ C B E' K A4, Fig. 112,and project from the points,
4,E,C, &c.,in a direction at right angles to £ 0 E', the line of centres.
Evidently 4,, C,, R, K, show where the piston is relatively to the ends
of the stroke % and E when the four events take place. Draw K E!
and E C parallel to £ E, torepresent the admission and back pressures
to any convenient scale of mea-
surement. It is not necessary to
indicate the zero line of pressure.
Draw the expansion curve C' R,
the compression or cushioning
curve K A, the release curve
R E’ and the admission 4 E. It
is only necessary to draw these

i reasonably like what such curves

Fic. 113. usually are, but it is convenient

to have sharp corners to remind

us that we are studying the times of occurrence of four imnportant
events. When a student has inked-in such a diagram as the above,
in red, he may, if he thinks it worth while, round the corners, to

b S
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show that the events will really occur gradually, with a certain
amount of wire drawing, as shown in Fig. 113 in the dotted lines.
I advise the student not to draw these dotted lines, however. It
is well to know that the inside lap is sometimes a negative quantity
in quick-moving engines, and the points C and R, Fig. 41, now find
themselves on the 0 B E circle.
If a student neglects the angularity of the cannecting rod, and if there is
the same lap for both ends of the cylinder, having drawn the diagram for one
end, he has the diagram for both ends; but if he wishes to take account of the

angularity of the connecting rod, let him project the points in the figure to the
diameter, not by a set square, but by the template of Fig. 93. Thus he will

c 5
®

. E §

Fic. 114, i, 115,

obtain the positions of the piston, 4,, (', R, and K, (Fig. 114), when the
four events occur. If he projects from these points by lines at right angles
to £ O E', and proceeds as before, he will get the more probable indicator diagram.
For the other side of the cylinder, instead of taking a short cut to the answer,
which ought at once to suggest itself to the student, let him draw the actual
positions of the crank when the four events take place; that is, let him set
0 4,,0C, ORand OK of Fig. 114 forward 180°. Thus he will have Fig. 115 ;
projecting on the line of centres £ O E! with a template as before, and then
projecting with siraight lines at right angles to £ O E!, we may draw the
diagram E' C R E K of Fig. 115. The student who carries this out must meditate
on the fact that in the in stroke there is a longer admission than in the ows
stroke. If we want to remedy this, we can do so by diminishing the lap on the
out stroke side, and this is often done in marine engines where the weight of the
piston and other parts must be lifted in the ont or up stroke.
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Instead of drawing two figures like 114 and 115, let the student who has
drawn Fig. 114 merely produce thelines O 4,, O C,, &c., and draw Fig. 115 on the
top of Fig. 114. This will probably bring home to him better the effect of
angularity of the connecting rod in altering the diagram. He will have both
his diagrams on one shect of paper just in the positions in which we usually find
them when taking diagrams as shown in Fig. 78.

79. ExXERCISE. In each of the following cases find the pomtxons
of the main crank at admission, cut off, release, and compression.

Find also the lead. The outside lap is 052 inches, inside lap 015
inches.

v
! I

Ansiwcers in degrees.
. r::r:ll! in Ad\;:nco | POSITIONS OF CRANK. mljeu‘l-
inches. d
. Admission. ' Cut off. Release.  Compression,
! 210 o5 107 | 393 | 209° | 291° | 037 |
[ 168 39 | 210 570 3390 4“1 054
142 51 29°5° 72°5° 44-9° 57:1° 058
1-28 67 43-0° 91-0° 60-3° 73-7° 066
Before Before Before Before |
beginning | end of end of | beginning
‘ of stroke. " stroke. stroke, | of stroke. |

For each of the above cases let the hypothetical indicator diagram
be drawn by beginners. Advanced students will draw diagrams for
the two sides of the piston on the assumption that the connecting
rod is five times the length of the crank.

80. Threc Important Exercises for Beginners.

In each of the following cases find the positions of the main
crank at admission, cut off, release, and compression. Draw the
hypothetical indicator diagrams. Each of them shows the sort of
change that occurs when we shift one of the usual gears employed
to work slide valves. In each case the lap may be taken to be 0-8”
and the inside lap 0'3".

1. A Stephenson or Allan link motion, open rods.

II. A Stephenson or Allan link motion with crossed rods.

III. The Gooch or Stewart Finck motion or any of the numerous
forms of radial valve gear.

lHnlf travel in inches . . .| 250 ' 2:10 170 1:52

' Advance in degrees . . . 30 | 40 509 692
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II.
|

Half travel in inches . . .| 250 2:30 1-55 1-20
Advance in degrees . . } 30 363 460 63-2

III.
Half travel in inches . . 250 ' 205 165 ' 135
- . - |
iAdvance in degrees . . .| 30 38 493 666

—— . R TR —— ——

The advanced student will draw these indicator diagrams for
both sides of the piston, assuming a connecting rod five times the
length of the crank. The lesson to be learnt by the elementary
student is, however, the more interesting. This is one of the
cases in which actual drawing by a student himself is of the
greatest importance. If he uses four different colours of ink for
each set, and meditates on his results, he will get exact notions of
what occurs when we shift from full gear, giving more and more
expansion in each of the above cases” He will note that in I. the
lead increases with more expansion; in I it diminishes, whereas
in all such gears as III. the lead is constant at all grades of ex- .
pansion. It would be easy for me to give these interesting diagrams,
but a student can draw them all in much less than an hour.

I shall now proceed to show how by means of the various gears
we can produce the above-mentioned changes in the distribution
of steam.

A more advanced treatment of the subject will be found in
Chap. XXVIIIL

81. It is worth while to mention that many small steam engines
which we wish easily to reverse (such as steam starting engines, &c.)
have no lap and only one eccentric, with no advance. A simple slide
valve converts the steam space into an exhanst space, and vice versd.



CHAPTER VIIL
VALVE GEARS.

82. WE now know that if O C'(Fig. 116) represents the main crank
of the engine,and if 0 4 is the eccentric crank ; knowing the outside
and inside lap of the valve, if we also know the angle D 0 4 (the
advance) and 04 (the half travel), we know the probable indicator
diagram. Now imagine that we have a means of suddenly increasing
the advance of the eccen- D
tric to DO A' and of "
making the half travel :
less; let O.A! represent i /A
it; it is evident that we l
shall alter the nature of |
the distribution of steam. - - --- —e—onouvu— K
Imagine that we have a ¢ o
method of suddenly alter-

|

I
ing the position of the = &
eccentric 0 4 to the posi :
tion 0 B. A student must E' 8
see that, by doing this we Fro. 116.

have completely altered

the motion of the valve and made it suit a reversed direction of
motion of the engine. But there is no great satisfaction in mere
book study of this; we must have before us an actual model of an
engine, such as my own, in which I am able suddenly to slacken the
fastening of the eccentric disc to the shaft and let it change from
the O 4 to the O B position, and it at once becomes evident that we
have reversed the engine. There is no great satisfaction in putting
this subject before the student without some kind of model. A
bright lad takes in some sort of idea of what occurs, and, mainly by
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faith in his books, believes he sees the whole thing clearly. But
what a pity it is that there should not be a model to show one’s
class exactly how it is that if the valve was going successively through
the positions 6, 7, 8, 9, &c., Fig. 20 ; the shifting of the eccentric alters
it so that it is going through the positions 6, 5, 4, 3, &c.

Now this slackening and refastening of the eccentric is a plan
that has often been carried out, but we effect exactly the same
object in the following way.

88. There are six kinds of link motion and perhaps ten good
kinds of radial valve gear. They are employed in working the
common slide valve, and they enable us to alter the advance and
half travel of the valve, letting the engine go in either direction.

There are two eccentrics 4 and B, one in the position 0 4 of Fig.
116 (see also Figs. 284, &c.), the other in the position O B, being

FI1G. 117.—STEPHENSON ARRANGED FOR LocoMoTive, LINK S8H1FTS, BLocK NoOT ; LINK CONCAVE
TO SHAFT.

symmetrically placed relatively to the main crank. Their rods end
1n pins on a slotted link, which is hung from the reversing link G.
When G is lowered to the position known as full forward gear the
eccentric A alone works the valve because a block on the end of the
valve rod V' B keeps in the slot. When G is raised high, the
eccentric B alone works the valve. Fig. 117 shows the link in what
is called mid gear, and it is cvident that by lifting and lowering
the link we have many conditions of working that are intermediate
between full forward and full back gear. It is quite easy to show,
but it is a little beyond the scope of this very elementary treat-
ment of the subject, that intermediate positions of the gear mean
a less travel and a greater advance than the two extreme positions.

It is only when the main crank is in its outermost posit}on, most remote

from the cylinder, that we look at the crossing or non.crossing of the rods when
we want a name for the valve motion, because any one can easily see that what
.
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we call open eccentric rods will appear crossed in certain’positions of the
engine.

Gooch’s Link, shown in Fig. 119, is not lifted or lowered, it merely
swings nearly horizontally hanging from B. A block E is lifted or lowered in
the slot of the link, and this block is at the end of a radius bar D which gives

F1i:. 118.—ALLAN ARRANGED FOR LOCOMOTIVE : LINK SHIFTs, BLOCK SHIFTS, LINK STRAIGHT
Balanced weigh shaft G causes link to rise and block to fall or vice versd.

the valve its motion. In the Allan Link motion, Fig. 118, the straight link £ is
lowered, and the radius bar block is lifted, or the link is lifted and the radius
bar block is lowered. We may put it in this way—
To change the gear—
Stephenson, link lowered or raised, block not.
Gooch, block raised or lowered, link not.
Allan, link lowered when block raised,or link raised when block lowered.
In any of these we may have either open or crossed eccentric rods, so that
there are really six varieties of link motion. The Stephenson motion with open
rods is much more generally in use than any of the others.
Links are either of the “slotted ” or ‘‘solid bar” or ‘‘double bar” forms.
In the second and third forms the ends of the eccentric rods may bein thearc of

F1G. 119.—GOOCH ARRANGED FOR L0COMOTIVE: BLoCK SHIFTS, LINK NoT, LINK CONVEX To BHAFT.
Balanced weigh shaft F causes D E to rise or fall.

motion of the centre of the block. Only in the double-bar form, now most
general in large marine engines, can the end of either eccentric rod really coin-
cide with the block. But there is no advantage in such coincidence.

84. To Shift the Gear.—In locomotives it is very usual to havea
lever like that of Fig. 63 on the footplate of the engine. By means of
this both engines are shifted in gear at the same time. See Fig. 62.
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Note that as there are two cylinders on a locomotive, and there-
fore two link motions and therefore four eccentrics, the whole gear

F1a. 12).— ARMINGTON AND SiM8 ECCENTRIC.

The Armington and 8ims eccentric disc is really in
two parts, A and B. The governor causcs a relative
motion between them, so that sometimes there is a
large throw and about 30° advance, and som>timos a
smalier throw and a greater advance.

looks very much more diffi-
cult to understand than it
really is.

In a stationary cngine
with link motion, if the
engine is small, a reversing
lever like that of Fig. 63 is
used. But if the engine is
larger, so that the gear is
more massive, even if its
weight is balanced, it is
usual to employ a capstan
wheel and worm gearing if
the gear is to be shifted by
hand, and in the largest
marine engines a special
engine is employed to give
power to shift the valve

gear'quickly. This is one of the things which make a marine engine
complicated looking. Imagine 20,000 horse-power to be given out

var-s.

D
L
v L¥A
Fia. 121,
Ilustrating how we shift the links in small engines.
all the links.

Where the weigh shaft A turns it moves

by two triple cylinder engines which have six link motions with
their twelve eccentrics—all to be shifted simultaneously.
Fig. 121 shows the capstan-wheel W, turning a screw on which
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a nut moves so that the weigh shaft 4 turns on its axis through an
angle, which enables arms 4 B and B (' to shift each link of two or
three cylinder engines at the same time. This isa common reversing
motion for small compound en

For engines of about 2,000 horse -power and upwards we some-
times have a hand wheel or lever which moves a slide valve on a
small steam cylinder ; this admits steam to one side or the other of a
piston, whose motion like that of
the above nut W, causes the weigh
shaft to turn.

In Brown’s gear there is a
“cataract ” piston on the auxiliary
steam piston rod to prevent too
rapid motion. The motion causes the
auxiliary engine valve to come back
to its shut position. There is always
an independent hand gear attached
to the steam gear for use in case of
accident. Brown uses also a simple
governor arrangement which brings
all the links to mid gear if the en-
gine exceeds a certain critical speed.

In some modern locomotives the
pressure of steam or the pressure
of air (in case the Westinghouse
brake is used on the train) is used
to assist in bhlftlng the gear. A is the weigh shaft. BE is the reversing

86. Hackworth Gear. This is oiimaiis ol ke Tt mov
the parent of all the radial gears. dfernt from g uiton, b b soury &
It is shown in Fig. 123, as applied
to a vertical engine. The eccentric disc is placed 180° away from
the main crank. The block B at the end of the eccentric rod can
slide in a slot, which is often straight, but may be curved. The
pin D in the eccentric rod works the valve.

To alter this gear we merely alter the angle of inclination of the
slot to the horizontal. In forward gear, it inclines upwards as shown.
If we wish to reverse the engine, we must turn it round so that
it slopes downwards. The hand wheel C, and worm £, working on
the worm sector F, are used for reversal or alteration of the gear.

F10. 122, —INDEPENDENT LINKING UP GEAR.

Instead of aslot to guide B, we may have a swinging link (.VJ B) of Fig. 124.
It is evident that B will move in the arc of a circle with .V as centre. Toreverse
this form of the gear (called the Marshall gear) we have merely to move .\
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round the dotted path. For convenience in doing this, .V is usually a pin at
the end of an arm (N L), and by moving this-arm about L as a centre, the gear
is shifted. The Angstrom gear also is simply the Hackworth, in which the
guidance of B in a nearly straight path is effected by using a parallel motion.

86. Joy Gear. Fig. 126 shows the Joy gear. C is the crosshead,
C E being the direction of its motion, the centre line of the engine.
K is the crank pin. J is a pin on the connecting rod, one end of the
link J L, the other end L swinging in the arc of a circle, of which the
fixed pin M is the centre.

Notice that the pomt J moves nearly in an elhpsc shown dotted
as JN. The pin 4 in the link J L moves in a curve 4 P which is

ol

F1a. 123.—HACKWORTH.

lopsided in shape. Now the link 4 B D is important. We know the
path of 4. The pin B is in a sliding block which moves in the
curved dovetailed groove or slot @ B. The pin D works the valve.
Fig. 126 shows the position of the groove for full forward gear.
Changes in its inclination cause changes in the gear.

87. Notice that the Hackworth, Joy, and many other gears satisfy this
definition, *‘There is a piece, one point of which (4) moves in a curve more or
less nearly circular (in the Hackworth it is truly circular, because A is the
centre of an eccentric sheave); another point (B) has a reciprocating motion
nearly in a straight line ; another point (D) works the valve.”

But in studying any of the twenty forms of radial valve gear, the student
will find the following definition much more helpful—

There is a piece (.4 B) whose average direction is at right angles to the valve
rod ; a pin (D) in the piece (A B) works the valve. Speaking only of motions in
the direction of the valve motion or piston motion; .4 moves cither synchron-
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ously with the piston or half a period ahead of it, in any case reaching the ends
of its stroke as the piston reaches the ends of its stroke ; B is a quarter period
behind or in front of 4, being always at the middle of its stroke when 4 is at

the end of its stroke.

Hackworth gear,and
consequently D is be-
tween 4 and B. A
is synchronous with
the crank in the
Joy gear, and conse-
quently Dis in 4 B
produced.

When a student
takes up the theory
of these gears, he will
find that the above
definition makes one
theory do for all the
gears. (SeeArt.312.)

88. If we try,
using a single eccen-
tric or any form of
link motion or radial
valve gear, to cut off
earlier than at one-
third of the stroke,
we get a poor result ;
there is too much
wire drawing at the
cut off and the re-
lease is earlier than

we desire to have it.
Some of the gears

are better than
othersin this respect,
in intermediate posi-
tionsgivingaquicker
cut off than a single
eccentric would do.

A is a half period ahead of or behind the crank in the

F16. 124, —MARSHALL.

It will be found that in the very largest marine engines we seldom
desire to cut off at even so little as one-third of the stroke, and so
the common slide valve and the above kinds of valve motion are to
be found in these large engines. Cutting off at one third of the
stroke in each cylinder of a triple cylinder engine is like cutting off
at 3% th of the stroke in a single cylinder.

L
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89. When we look at a large triple cylinder engine for the first
time, we are confused at the apparent complexity of its con-

Q

!

F1a. 125, —MARSHALL.

1
!
'
1
'
1

'

Fia. 126.—Joy.
When, however, we consider it carefully, we see that

struction.
it is simple enough. Thus, for example, look at the great valve V,
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Fig. 129, of the low pressure cylinder ; it is very heavy, and to take
its weight off the valve rod, the rod is extended above,so that the
balance piston P may, because of the steam pressure upon it,
support the weight not only of the valve and rod, but some of the
link motion.

Again, the valve V7 is so large that the steam pressure on its
back would press its face so tightly against the seat on which it

F16. 127.—Low PRESSURE CYLINDER. Fi1a. 128.
Showing positions of steam ports P, exhaust port E, and steam Showing valve chest, steel liner for
jackets for double-ported valve. valve seat, balance piston, &c., for u

double-ported valve.

slides, that there would be excessive friction, consequently the relief
frame R is applied, which prevents pressure steam from getting on
a large part of the back of the valve. Fig. 130 will show more clearly
how the ring B of the relief frame slides steam tight on the back of
the valve. The space at the back communicates with the exhaust,
and a pressure gauge is often provided for testing the packing of
the ring.

But again, the large valve V7 is apparently complicated in
another way. In truth it is only complicated by its parts being
doubled. The space marked Z is exhaust, that marked S is steam.
In Fig. 131 the valve- is at its mid position. Let us think of onc

L 2
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end of the cylinder only and the left-hand side of the valve.
Note that the passage P has two openings into it instead of
mercly one, and that whatever is occurring at one of them is
occurring in exactly the same way at the other. If a student
will make a nodel like Fig. 131 of paper, and move it on it<
valve scat, he will
see at once that
this is the ordi-
nary  locomotive
slide valve whose
parts we have
doubled. He can
easily imagine a
treble-ported valve.

It is quite evi-
dent that there
is less travel with
these valves, giving
large openings to

-

bl
: Fic. 130. steam and ex-
Two-ported valve with relief frame . .
N lﬁ, and balance piston P. haust s the fric-

tional work saved

in this way is of some importance, because,

) in spite of relief frames we always must
have much loss by friction. The trick
valve of Fig. 132 serves the same purpose.
The student will notice that when the edge
uncovers the port, there is steam entering
the same port through the hollow part
from the steam space on the other side.
This valve must have a raised seat. It
would be interesting to know what per-
centage of my readers will make working

F1a. 129. models in paper of Figs. 131 and 132.

Fig. 134 shows a piston valve used
when there are highest pressures. This is merely an ordinary slide
valve, only that, instead of having a flat face we have a cylindrical
tace, and pressures are very well balanced. The pistons R and B
are packed with rings as ordinary pistons are packed to make them
steam tight. The port openings extend all round the pistons except
that there arc bars across to prevent the packing rings springing
out. Another is shown in the Willans engine (Fig 233.).
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Sometimes the steam space is at the two ends, the exhaust being
between the pistons, surrounding the connecting tube ; sometimes
the reverse arrangement is adopted, as in Fig. 134. A slight

F1G. 181.—DOUBLE-PORTED VALVE IN MIDp PosiTION.

AB=A B =outside lap; CD = (" D’ =inside lap. The part A’B'C D’ is y
ABCD. The space § is really outside the valve, and is nuﬁ with steam. T?l!; :mﬁ OB?pii :ﬂ{
exhaust. Whatever occurs at the port P, occurs at the same time at the port Py.

difference in size of the two pistons allows us to dispense with a
balance piston.

90. Sometimes momentum cylinders, or cushions, are fitted in quick-
running engines to supply the forces due to mere inertia of the valve gear. In
Joy’s Assistant Cylinder, instead of the ordinary balance piston we have a
piston which is forced by steam in the direction in which the valve is moving,

FiG. 132.—TRICK VALVE.

8o that the eccentric rods are greatly relieved ; there is also the necessary
cushioning action at the end of its stroke. Inexisting marine engines these Joy
Assistants mnay exercise as much as 20 horse-power.

A practical man who understands his engine will not need any hints as to
the setting of valves. Indeed this merely means that when each crank is at
its dead points its valve shall just have the proper amount of lead ; not quite
the same perhaps for both ends; and this is effected by the nuts on the valve
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rods. If the leads at both ends have to be increased or diminished, the advance
of the eccentric must be altered. The position of the valve at mid travel is
exactly midway between its position at the dead points (see 1 and 8, Fig. 20),

F1G. 188.,—~THE FINK SLIDE VALVE GEAR. |

This is the simplest of valve gears. The valve is worked from the block D by the
radius rod F. D may be lifted or lowered in the link slot to reverse or to give
different grades of expansfon. The link is rigidly part of the eccentric ntrar«, the
centre of whose disc B s 180° from the main crank. The point C of the link or
cccentric straps is guided to move nearly horizontally in the arc of a circle.

The result is much the same as is obtained by the use of a Gooch link or by Radial
valve gear, only that the octaves in the motion (Art. 815) are much more pronounced.

In the figure a pin at E works another slider through the rod G.  When this gear
is uscd for reversal, C is a point in the line joining A, and the centre of the slot.

and this ought to be symmetrical over the exhaust port. It is to be remembered
however that, especially in marine engines, there is more lead and more inside
lap at the lower port. There is another reason for greater lead at the lower
port ; it enables the wear of the eccentric straps to be taken up.
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#
F10. 134.—TRIPLE EXPANSION MARINE ENGINE PISTON VALVE, VALVE SEATS, CHEST AND
JACKETED H16H PRESSURE CYLINDER.

Usual position upeide-down. . Exhaust spaces at ends of piston valve ; steam space in middle.
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CHAPTER IX.
THE EXHAUST AND FEED.

91. WHEN steam escapes from a cylinder, it may escape to the
atmosphere, and the engine is said to be non-condensing. Some-
times the steam escapes through a pipe in the chimney, so that
it may create a draught through the flues of the boiler. This is the
case in locomotive engines which are always non-condensing. Some-
times the pipes through which the escaping steam passes are sur-
rounded by the feed-water, which thus gets heated before it enters
the boiler. Sometimes the feed-water supply enters a box in spray,
being pumped off from the lower part of the box. The exhaust steam
passes through this box also on its way to the atmosphere. The
main objection to this plan is that the feed-water is heated before
passing through the pump, and this gives trouble. Also the water
takes up objectionable oil from the steam. Weir heats the feed-
water by mixing with steam from the lowest pressure receiver of a
triple expansion engine. Boiler steam is sometimes used to heat the
feed-water, and the increased efficiency discovered, is really due to the
fact that the method used greatly increases the water circulation.
(See Chap. XXXIIL) There can be no doubt of the great
benefit derived from heating feed-water in feed-water heaters by the
heat in the flues before it enters the boiler, partly because rushes of
cold water produce great local strains in the shell and flues, and this
is thought to be very important ; but as a matter of fact there is
usually found to be a saving of something like 10 per cent. in fuel,
on the whole. Again, the heated feed-water tends to deposit its
sediment in the heater rather than in the boiler itself, and besides,
its air gets greatly driven out of it. The air is, however, only
objectionable in condensing engines.

The name Feed- Water Economiser is more usually given to a
number of tubes surrounded by the waste gases which are about to
escape up the chimney. They have to be constantly kept cleaned
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from soot by means of scrapers. One seldom sees a group of four or
five Lancashire boilers without a feed-water heater, and it is com-
monly said that the feed-water heater is practically equivalent to an
extra boiler in steam produced, without extra fuel being needed,
(see Fig. 196).

92. In a condensing engine the exhaust steam passes into a
cold chamber called a condenser. This chamber, which may be of
any shape, is kept cold sometimes by cold water circulating round it,
and is then called a surface condenser; sometimes by jets of cold
water spraying from a rose-head, inside the condenser on the end of
a pipe, the other end of which dips into a neighbouring pond or
tank ; then it is called a jet condenser. It is to be remembered
that the weight of cold water needed for condensation is usually
taken to be about thirty times the weight of steam to be condensed.
Less will do; but in any case the amount of water needed is so
great that we never dream of using a condensing engine if the water
must be supplied by a water company and has to be paid for.

EXERCISE. 1 Ib. of steam at 3:62 lbs. per square inch or 65° C.
is condensed by water at 15° C., the mixture being 40° C., what weight
of water is used ?

In the table of Art. 180 we see that the latent heat of the steam
is 561, and the steam not only condenses, but falls 25° so that
altogether the pound of steam loses 561 + 25, or 586 units of heat.
The water is raised 25°, and hence its weight is 586 < 25, or 23 lbs.

It is of importance that a student should be able to calculate:
1. How much heat must be given to fecd-water in the boiler to
produce stcam. 2. How much heat goes away from the cylinder in
the steam, whether the engine is condensing or non-condensing.

To raise 1 lb.-of water to any temperature requires (with
enough accuracy for our calculations) 1 unit of heat for cvery
degree. Thus to raise a pound of water from 0° C. to 6° C. needs
6 units of heat. To convert the water into steam at 68° C, without
any further increase of temperature, needs ! = 6065 — 06956 units
of heat. This last is called the latent heat of the steam; it was
measured by Regnault, and he found this formula to represent his
results pretty accurately. A table of values of I is given in Art. 180.
Let a student consider stcam at 101'9 lbs. per square inch. Its
temperature is 165° C.  Suppose that a pound of feed-water was at
40° C., it took 125 units of heat in rising to 165° C.,and it then took
606'5 — 0695 x 165 or 492 units of heat to convert it into steam.
Altogether it was given 125 + 492, or 617 units of heat in the
boiler. Let us supposc that a pound of steam escapes from the
cylinder at 17'53 lbs. per square inch, or (according to the table,
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page 320) at 105° C., its latent heat is 534 units, and if we imagine
it cooled to the temperature of the feed-water, this means 105 — 40,
or 65 more units. It therefore would carry off with it 599 units of’
heat. In a condensing engine if we imagine 1 lb. of steam at say
65° C. converted into water at the temperature of the feed-water
(40° C.), we find that it must have 581 units of heat taken from it.
Now, I do not say that for every pound of steam produced, we have
a pound of steam in the exhaust, because some of the exhaust stuff
is water—but the above figures will teach an important lesson, im-
portant in all heat engine work, namely, that we take away and
waste in the exhaust nearly as much heat as we give to the stuff, so
that only a small portion is utilised and converted into useful
work.

Having to take away by means of cooling water this great amount
of heat from the exhaust steam is a great trouble. It is so great a
trouble that we would fain use non-condensing engines on board
ship. Why do we not, then? Because, if we let all our steam go
off uncondensed to the atmosphere, where shall we get feed-water for
our boilers? From the sea; sea water, which deposits salt inside
the boiler, even if we are continually trying to avoid it by blowing
off. It is, however, the very hard, tight-sticking deposit from
sulphate of lime which we fear most. This is so insoluble in
hot water that it is impossible to use sea water in boilers with
pressures higher than about 55 lbs. per square inch (absolute). And
this also is the reason why we must use surface condensers. But on
land when we can get a sufficient supply of fresh water for the feed,
if there is a steady load on the engine, and we use high pressures,
there is often found to be no great advantage in having a condensing
rather than a non-condensing engine. If, however, the load varies
greatly, there is considerable saving in using a condensing engine if
we do not have to pay for the condensing water.

Calculations like the above have to be made continually in
practical work, and the student ought not only to work numerical
exercises, but he ought to make measurements for himself in a heat
laboratory. Even one actual measurement of the latent heat in a
quantity of steam will give ideas which no practical man ought to be
without. It is quite absurd to think that a man who has only this
kind of knowledge by hearsay, really comprehends what he talks
about. What we continually need to remember is Regnault’s total
heat H, the heat given to a pound of water at 0° C. to convert it into
steam at #° C., and its amount is H = 606'5 4+ 0:3056. @ units
of this is spent in merely heating it as water, and H — 6 or
6065 — 0695 0 is the latent heat. Notice that there is less latent
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heat in high pressure steam than in low pressure, although there is
more total heat.

If students do exercises, they ought to take cases such as that of
say one-quarter of a pound of water, and three-quarters of a pound
of steam—how much heat has produced it ? how much heat will
it give out in the condenser ?

The following method of calculation is very much more suggestive and ac-
curate than the last, and the student ought to work at least one exercise very
carefully.

EXERCISE. An engine uses 17 Ibs. of dry saturated steam at 1019 lbs. per
square inch (absolute) per hour per indicated horse-power. How much heat
enters the condenser with the exhaust steam per hour per horse-power? Assume
no radiated heat, no leakage of steam, no steam jacket.

The total heat in 17 Ibs. of such steam may be calculated, or from the table
Art. 180 we see that the heat supplied is 17 x 6568, or 11,166 Centigrade units.
Now 1 horse-power hour is 1,980,000 foot-pounds, or (dividing by 1393, Joule’s
equivalent) 1422 Centigrade units. Hence 11,166 — 1422 or 9744 units reach
the condenser per indicated horse-power hour.

93. An injection condenser may be of any shape ; the injection
water rushes in as spray, and with the condensed steam and air it is
drawn out through a foot valve ¥ ¥V in Fig. 136, which shows an
air pump. Fig. 47 shows how it is worked in marine engines. In
the down stroke of the bucket the water passes through the bucket
valves B V'; in its up stroke this water is lifted and passes through
the delivery valve D V to the hot well. Notice that many light
valves are often used in air pumps instead of one large one ; this is
for quickness, and also that they may lift under very small pressures.
Valves are often made of thin sheet brass or phosphor bronze
instead of india-rubber. The barrel and bucket are castings, usually
in gun metal. The force pump, Fig. 140, feeds the boiler; when
the plunger 4 is lifted, water is sucked from the hot well through
the valves @ FE to the barrel of the pump; when the plunger is
pushed down, the water in the barrel is forced through other valves
to the boiler. The feed pump is usually so large that it would
supply more feed-water than the boiler needs.

Intermittent feeding is bad for many reasons; the feed-water
ought to be supplied regularly. A good engine-driver will leave
the water at a high level in his boiler Wwhen he stops his engine for
a time. Sometimes, however, when he wants to start, the water
may be too low, and it is important to be able to feed the boiler
without starting the main engine. This gives us also a reason why
a high tank of water is so useful, as we may easily fill the boiler
from it. It is usual to have means of independent feeding in all
large engines, so that it may go on when the engine is stopped. It
injectors (Art. 95) only are used, they ought to be in duplicate. It
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B

Notice the small clearance at tne cnas
of the stroke of the bucket ; this and the
lightnesa of the valves conduce to the !
better exhaustion of air. The presence
of even the slightest trace of air scems
to greatly diminish the efticiency of o
surface condenser. -

Notice the door on the barrel of the |
pump; it allows the valves to he ex-
amined.

.
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an independent steam pump or other separate boiler feeder be
employed, it is usual to order it large enough to supply much more,
say twice or three times the actual feed-water; this is done with
the object of letting it work slowly so that it may wear well and need
little attention. The Worthington steam pump (Fig. 2la) is
usually employed because it gives no trouble and is of easy régula-
tion. In ships there is one main pump in each engine room capable
of supplying all the boilers, and there is one auxiliary pump in
each boiler room delivering only to specified boilers, and with suction
from either the feed tanks or the reserve tank or the sea.

If the injection water is dirty we must be careful to strain it,and
if we have a purer fresh supply it is usual to use it in preference to
the condenscd steam as feed-water. We often use a fresh supply
when we have a surface condenser, as condensed steam is sure to
have oil in it, and the oil does harm to the boiler. Oil sometimes
seems to get on the tubes or flues of the boiler in places, prevent-
ing the water touching the metal which may get extremely hot
at such places. I have sometimes seen places in the crown or just
beyond the crown of the furnace which seemed red hot, and I have
usually attributed them to patches of oil. Oil filters are used in
marine engines to free the feed-water of oil, and almost no oil is
now being admitted to valve chests or cylinders for lubrication.

A surface condenser (sce Fig. 138) is usually formed of a great
number of # or }-inch drawn brass tubes, . inch thick, about 1 inch
apart, of zig-zagged arrangement in a brass casing C , and through
them cold water is kept circulating as shown by the arrows C W T to
C W T through C W (in amount about 70 times that of the feed-water),
by means of what is called the circulating pump, which is usually a
centrifugal pump. In a marine engine it is the sea water which is
kept so circulating, and there is usually an arrangement by which
this circulating pump may draw water from the bilge instead of the
sea. Driven by the main engines there are also usually bilge pumps ;
there are then often four pumps forming part of the main engine—
air, feed, circulating, and bilge. Fig. 139 shows an independent
circulating pump.

The tubes are always kept cold, and the exhaust steam being
admitted at 4 into a closed space outside and all round these
tubes, is condensed and is drawn away through B by the air-
pump. The condensed water is the feed-water, and needs only
an occasional small addition of (fresh, not salt) water, because of
lcakage and blowing off. Thus the same water is used over and
over again, and an engineer need not have more variation of level
than an inch in his boiler. Just at the beginning it is thought well
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FiG. 137.—Showing screwed stuffing box ends of condenser tubes to allow expansion, without
leakage of sca-water into the condenser ; also stays and fastenings for tube plates.

(9]

Brass casing generally cylindric in shape ; 8 to 15 feet long. Tube plates T, 1 inch thick.
Usually water inside the tubes and steam outside. There are two advantages in having the
steam inside the tubes : the deposited grease is more casily removed, und the room keeps
cool. The disadvantage is the greater weight of wuter, more joints to leak ; more tendency
to corrosion.

The tube plates are stayed, and the tubes when long have a mid support as shown.

We have every reason to believe that if condenser tubes were made very much smaller

than at present the whole condenser might be much smaller in size.
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to use salt water for a short time, as this produces a thin scale all
over the inside of the boiler which is thought to protect the plates
against pilting.

EXERCISE. In recent practice one square foot of tube condenses
about 12 lbs. of steam per hour (sometimes a higher figure is
taken). Find the total length of }-inch tube required for an engine -
whose maximum indicated power is 1,000 horse, using 16 lbs. of steam
per hour per indicated horse-power.

The total area is 16,000 + 12 or 1,333 square feet. One foot of
3-inch tube has a surface = x § x 12 square inches or7 x § +12 or
0196 square feet. Hence 1,333+0-196 or 6,800 feet length of piping is
required. If each length of tube is 8 feet, we need 850 lengths.

It is usually thought well to cmploy as large an air pump with a sur-
face condenser as with an injection condenser, although there is much
less water to remove. This is on account of the air which is always
present in water to some extent, and from which the condenser must be
kept free. Not only does such air spoil the vacuum, but the merest
trace of air very materially retards the condensation of the steam.

94. When water is expensive, as in a town, that kind of surface
condenser which is called an evaporative condenser, may be used.
It consists of a number of tubes for the exhaust steam, their outside
surfaces being exposed to the atmosphere ; a small circulating pump
being employed to keep them wet on the outside. It is not often
used for engines indicating more than 100 horse-power, because the
outsides of the pipes give off white clouds of condensed vapour which
may be thought to be a nuisance.

In clectric lighting stations and other places where large power
is needed, and therefore the increased economy due to condensation
is important, and in places where a large supply of condensing water
cannot be cheaply obtained, this kind of condenser becomes import-
ant. Ordinary surface condensers need 70 lbs. of water per pound
of steam. Where there is large space for cooling, the water for
an ordinary surface condenser may be used over and over again, but
such space is expensive in cities. Now, evaporative condensers
giving 24" to 26" of vacuum necd water supply in amount only about
3 of the weight of steam condensed. The surface must obviously
be larger than in an ordinary surface condenser. Care must be taken
that the condensing water trickles from the hotter to the colder
parts. Leakage must be carefully prevented, and so joints must be
good and accessible, and for another reason they must be accessible
because the trickling water deposits from 10 to 40 oz. of solid
matter per square foot per annum and the pipes must be cleaned.
Horizontal tubes are found to be more effective than vertical, but
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they take up more space. Various contrivances have been invented
to cause a fairly even supply of trickling water everywhere. Artificial

F1a. 138¢.—THE INJECTOR.

fan ventilation is found to greatly (50 per cent. or more) increase the
cooling effects. Sometimes the fan is only used when the heavy
loads are on.

M
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A jet condenser is like an injector. A central jet of injection
water is surrounded by a nozzle for exhaust steam, and the receiving
pipe gradually expands towards the hot well. The steam condenses
and passes with the injection water to the hot well, no air pump
being needed. v

95. The Injector.—Steam from a boiler enters the injector at
S, Fig. 138 a , and as it enters a place of low pressure at the end of
the nozzle, it acquires a velocity which may be greater than 1,300
feet per second. There is a partial vacuum at D, and water flows
towards it from a tank through #. Imagine the space D filled with
water ; the steam mingles with this water, condensing and heating
the water, and the mingled stream passes across the place of low
pressure G into 4 with a sufficiently great momentum to overcome
the pressure of the boiler, which it enters past a check valve ¥ and
an ordinary controlled valve as well.

The tank may be below, or on the level of, or above the injector.

As the steam handle is gradually turned first a small quantity of
steam enters from & driving air before it, creating a partial vacuum
at D, filling the spaces with water, and the condensed steam water
and air escape by the overflow to O F. The valve admitting water
through W is now opened. As the steam valve is more opened
a greater rush of steam takes place, and the water has enough
momentum to open the valve and enter the boiler; there is now
a partial vacuum in the chamber @, and hence it is thought good
to have a valve in the overflow pipe to prevent air entering with
water into the boiler; water can always escape through O F. If
the engine is non-condensing I approve of allowing air to enter the
boiler, as it prevents condensation in the engine cylinder, but 1t
produces very bad effects in the condenser of a condensing engine.
It is evident from the figure that we can control the flow of steam
and water; when we diminish the water supply it is fed into the
boiler at a higher temperature, and if this is too high the water may
boil near A and the action be spoilt. As the lift from the tank is
greater, there is more chance of trouble, and it is seldom that the
lift is more than 20 feet. There are various arrangements in use
for automatically adjusting the proportion of the water and steam
areas at the nozzles to suit changing boiler pressures.

We shall see in Art. 381 that, as the velocity with which the
water reaches M is greater, the efficiency is greatly increased. Now,
coming from a tank on the level of or below the injector, it is
not possible for the water to have a great velocity. Hence there
are injectors of double action. The water is first forced into a
chamber, when its pressure is about 20 lbs. per square inch above
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that of the atmosphere, and by a second jet of steam it is then forced

into the boiler. In the injector of the future this principle will

probably be greatly amplified, for it is quite easy to have a central
telescopic system of steam nozzles from which the steam emerges
gradually, at first with the slowly moving and later with the more

quickly moving water.

Fi1a. 189.——MARINE ENGINE CIRCULATING PUMP AND CONDENSER, &cC.

an independent

This shows the gun metal circulating pump C.P. (usually there are two) driven bi
ongine, drawing sea-water through the inlet suction valve I.S., driving it through the tubes of € the
condenser, and by the discharge pipe B, through the main delivery valve M.D. into tho sea again. Both
1.8. and M.D. are screw-down stop valves worked by hand.
the bilge instead of the sea, and discharge directly through D instead of the condenser.
there is actual lift and it is found that twice the speed 18 needed to deliver about half as' much water.
Nevertheless the possible discharge is enormous; in some ships 1,000 to 1,500 tons of water
The independent engine driving the pumps is placed well above the bilge, and takes steam either from
the main boilers or auxiliary boilers, and exhausts either to main or auxiliary condensers, or is non-

condensing.
M 2

In case of nced C.P. will draw water from
In this case

T hour.
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ARINE

um

tank of

enough

(at full

) escupe

1roIn e wator. 1uerv 15 vue of these

in each engine room, usually con-

nected by n pipe to the other. There are two overflow pipes.

One (to the reserve feed tank) is a syphon coming from the

bottom of the tank, arranged so that it cannot act unless tho

surface level is high cnough. The other takes olI{ water from

the surface to the bilge, unless when a grease filter is fitted.

The glasses showing the levels of water in the tanks must

be visible from the starting platform. There are zinc slabs in

the tanks. The double bottoms under engine and boiler

rooms are used as reserve feed tanks (to make up losscs by

leaks, &c.), holding from 50 to 100 tons of water in large ships.

These receive fresh water from distilling apparatus. Of late

it has been the custom to discharge from the air-pump into a

hot-«ell tank, and to pump the water from this through an
oil filter into the feed tank.

Apparatus for distilling fresh from sea-water is to be found
now on all ships. This supplies water for ordinary use, and
also for waste of steam. There are many varieties, but they
all use the principle of passing boiler steam through tubes
to boil sea-water surrounding the tubes ; the resulting steam
is condensed. They differ from one another in the ense with
which the scale may be removed.

F1i. 141.—AIR VESSEL FOoR FEED OF
MARINE ENGINE.

The pump delivers the water
through G, it travels upwards through
the centrul tube and valve B, to the
hoilers through 4. F contains air
which bei under pressure causes
a more uniform flow of the water.
When the connection between the
air vessels -and boilers is closed the
water escapes by way of the valve H,
through J to the hot well.




CHAPTER X.
FLY-WHEEL AND GOVERNOR.

96. It is really on the fly-wheel that we depend for the preven-
tion of sudden changes in speed. The governor is too leisurely.

The mass of a fly-wheel is mainly in its rim, and it is usual
to neglect the mass of the arms and boss in calculations. The weight .
of the fly-wheel in pounds divided by 322 gives the mass in engineers’
units. Half the mass multiplied by the square of what we may call the
average velocity of the rim in feet per second is the kinetic energy
stored up in the wheel. If W is the weight of a fly-wheel in pounds,
if B is the average radius of the rim in feet, when the wheel makes
n revolutions per minute, it is easy to show that the energy stored
up in it is WR*n?/5874 foot-pounds.

The following exercises will bring home to students the value of
the fly-wheel :—

1. The rim of a cast iron fly-wheel has a rectangular section
12" x 10", Its average radius is 5 feet, what is its weight? Its
volume is 12"x10”"x 27w x 60 or 45200 cubic inches; its weight
about 11,760 lbs. and

WR?+ 5874 =50"1.

If this wheel makes 100 revolutions per minute its kinetic energy
is 501,000 foot-pounds. If it makes = revolutions per minute its
kinetic energy is 501 x n2.

Hence, in changing from any speed to another, we can calculate
the energy that it will store or unstore.

2. An engine with the above fly-wheel gives out on the average
120 horse-power at 100 revolutions per minute. Therefore the
energy given out in one revolution is 120 x 33,000+~100 or 39,600
foot-pounds. Now let us suppose that the fly-wheel is called upon
to store the whole of the energy which would be supplied in half a
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revolution, because perhaps the governor is too sluggish, what is
the highest speed ?

The wheel had 50'1 x 1002 or 501,000 foot-pounds already; we
give to it 39,600 x 05 or 19,800 foot-pounds. So that its higher
store is 520,800, and this is 501 times the square of the new
speed. Divide therefore by 50'1 and extract the square root, and
we find 104 revolutions per minute as the highest speed.

A large fly-wheel is usually built up of many pieces carefully
fitted, keyed and bolted together; an example is given in Fig. 144,
its rim arranged with grooves for rope-driving. It only differs in its
rim from a common form, which is a spur-wheel which would drive a
mortise wheel. In America, engineers often use a wrought iron fly-
wheel which may be run at much higher speeds than a cast iron
wheel. Sometimes the power is taken from the fly-wheel by a belt ;
but in England this is never done on large engines. The Americans
are beginning to imitate the much superior English meth