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INTRODUCTION

The young man who starts on his business career by
looking for an easy job is not likely to ever have, or at
least to hold, any position of great responsibility for
arvery long period of time. To many unthinking per-
sons the job of a locomotiv.. engineer appears to be a
soft snap. They do not realize the tremendous re-
sponsibility resting upon ‘he shoulders ot tmis mar,
who, by years of hard work and study combined, has
finally succeeded in gaining the knowledge and experi-
ence required to enable him to guide his powerful
machine safely over its route. It is universally con-
ceded that there is no one machine that has done more
towards the civilization and advancement of mankind
generally, than has the locomotive, and it is a worthy
ambition of any young man to aspire to be a locomo-
tive engineer, But if he desires to make a success of
it he should remember that there is work to do—lots
of it—brain work as well as hand work. In the follow-
ing pages the author has adopted a style somewhat
different from the majority of books intended for the
use of locomotive engineers and firemen.

The primary or elementary features pertaining to
the operation of locomotives will be first taken up, and
the discussion will gradually progress through all the
various stages in the making of a first-class engineer.
A large number of books for engine men are gotten up
in the form of a catechism, the answers immediately
following the questions. The author believes that the
catechetical form is not so helpful as that of having a
list of questions, but no answers, arranged at the close
- 9



10 INTRODUCTION

of each chapter. The student is thus constrained to
search for the answers, which will always be found in
the preceding chapter, and he will thus have the mat-
ter more firmly fixed in his mind than he would if he
has the answers ready made for him.

And now with the earnest and sincere hope that the
book may prove to be of great benefit to all into whose
hands it may come, the author respectfully dedicates i!
to the locomotive engineers and firemen of America

C.ES

s

AMERICAN LOCOMOTIVE COMPANY

ENGINEERING DEPARTMENT

CLASSIFICATION OF LOCOMOTIVES
(weirres svaTem)

040 400 4 WHEEL SWITCHER
060 4 OO0 . = “ i
06604 QOO QOO anmicurares %
Ow A OOOO B8 WHEEL !__w‘lwﬂ‘n
240 Ao OO 4 COUPLED
260 40 OO0 MoGUL

- 280 40 OOO0O0 1oaTION

200 40 OOOO () ovecaron

440 40000 “& whikL

460 40 OO0 W .

480 40 0000 =

042 _d OO(’} 4 COUPLED & TRAILING
062 4000 s

082 400000 s -

044 A 00 o0 FORNEY 4 COUPLED
064 4 O000aq oAt T

046 4 OO0 ann “ 4 s
066 4 O0Qoan o Al
242 40000 COLUMBIA

262 40 OO0 PRAIRIE

282 4o (O ) o  ecourep cousLe enoen
2102 400000000~ = i
244 40 OQo0 i, - “
264 4000000 e - -

284 40 Q000 gge - “ “
246 40 OQ0o00ag o = " -
266 40 000 o0gg ¢ = 4 v
442 AO_OOOO ATLANTIC

462 Ao OO0 PACIFIC

444 Ao ocOQ oo 4 COUPLED LOUBLE ENDER
484 40 0000 g0 o - ' &
446 M40 000000 - .

§ 466 A0 OO0 0O o0onns

1 The locomotive elassification adopted by the American Locomotive Compdny is based on
the representation by numerals of the number and arrangement of the wheels commeneing at
the front. Thus 260 mesns a Mogul and 450 a ten wheel engine, the cipber denoting that no
ttmhii: lrurlnt] is used, o s I

The total weight is ex 1 in 1,000 of § Thus an Atlantic locomotive nuhma
176,000 pounds would be classified as & 442-176 type. If the engine is Compound the letter
should be substituted for the dash thus 442 C 176, If tanks are used in plaee of a separate
fender the letter T should be used in place of the dash. Thus a double end suburban locomo-
tive with two wheeled leading truck, six drivers and six wheeled rear truck, weighing 214,000
pounds, would be a 266 T 2i4 type.




CHAPTER 1

FIREMAN'S DUTIES

One of the most important duties of a fireman is to
form the habit of being ‘‘on time," if possible. He
should be on his engine at least thirty minutes before
the engine leaves the house. He will then have time
to get everything in good shape.

First see that the water supply is right, then the
coal wet down, cab swept out and windows cleaned,
oil cans all filled and in their places, and lamps
cleaned and filled with oil. He should also be sure
that all needed supplies, such as flags, lanterns, torpe-
does, waste, etc., are on hand, and of the right kind.

Another important point, and one in which he is
particularly interested, is that the engine is supplied
with the proper fire tools—clinker bar, ash pan hoe,
slice bar, and such other tools as are needed for the
proper manipulation of a fire.

It is the duty of the roundhouse men to see that the
sand-box is filled with clean, dry sand, but it is well
enough for the fireman to have an eye to that also.

For the beginner, especially, there are a great many
details to be learned, and he should get in touch with
the engineer as soon as possible and keep in touch
with him. In fact, the engineer and fireman should
always work together, and strive to be of mutual help
to each other in every possible way.

After getting the engine out of the roundhouse and
before starting to take her around to the train, he
should note carefully that all the switches that he will

pass are properly lined up and that the track is clear,
12

—
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The engine bell should always be rung before start-
ing, and be kept ringing while the engine is moving
through the yards. Before starting from a terminal
station the fireman should carefully prepare his fire—
see that it is burning brightly and that it is heavy
enough to prevent the exhaust from pulling it out of
the fire-box when starting out. The depth of fire that
should be carried on the grate bars depends upon the

~xind of fuel to be used. If soft coal is the fuel, a fire

ten to twelve inches deep should be carried. If hard
coal is used, the fire should not be so deep.

Before leaving a terminal the fireman should care-
fully read the train‘orders and be certain that he under-
stands them thoroughly. Out on the road he should
use his eyes in watching the steam gauge and water
glass, also try to familiarize himself with the grades
and hills. Some engines steam better with the fire a
little deeper along the sides and in the corners of the
fire-box, allowing the center of the fire to be more
shallow. If there is a brick arch or a water table in
the fire-box, care should be taken that plenty of space
be maintained between it and the fire. At the begin-
ning of the run the fire is clean, and may be kept a
little deeper without danger of clogging.

While the engineer is pulling out of a station and
working her up to speed, the fireman should watch his
fire closely and keep adding a good supply of coal, as
there is danger of the fire being broken by the sharp,
heavy exhaust. After a good rate of speed has been
attained and the engineer has hooked his reverse lever
back, the coal should be added to the fire often and in
small quantities at a time, two scoopfuls at each fire
being sufficient, always waiting until the black smoke
emitted from the stack disappears or at least changes
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to a light gray color before throwing in a fresh fire,
and then placing the coal in the brightest spots. If
the train is light, one shovelful at a fire is enough.
No set of rules for firing can be laid down that will
apply to all conditions. The best rule, especially for
a man new in the service, is to always be ready to
receive suggestions from the engineer, who has passed
through all the various phases of a fireman’s appren-
ticeship and knows, or at least ought to know, his
engine thoroughly and how to get the best service out
of her. Therefore the fireman should always work
under the instructions of the engineer; in fact, never
do anything while on duty without first knowing that
it would meet with his approval.

Care should be exercised in the regulation of the
ash pan dampers for admitting air under the grates.
The fireman should study ciosely the requirements of
his fire in this respect. If too small a volume of air
is admitted the fire will not burn as lively as it should,
and if too much air enters the fire-box the gases will
be chilled. Keep the ash pan clean and the grates
will last longer.

As the exhaust is the life breath of the locomotive,
it might be well at this point to explain why it creates
such a tremendous draft. The reason is, because of the
volume and velocity of the steam as it issues from the
exhaust nozzles. The air and gases in the stack are
carried out or forced out of the stack by the exhaust,
and this creates a partial vacuum in the smoke arch,
into which the air and gases pass from the fire-box
through the flues. Fresh air is also being forced into
the fire-box through the grates and other apertures by
the itmospheric pressure. The blower operates upon
% same principle, although on a much smaller scale.

5
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It may be used to urge the fire when the engine is not
working steam. The blower should also be used while
cleaning the fire; it will clear the dust and ashes from
the flues. If the engine is pulling a passenger train
and the engineer is about to make a stop at a station,
the fireman should, as soon as the throttle is closed,
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Ficure 1

put on the blower lightly and open the fire door one-
half inch, just sufficient to allow a small volume of air
to enter the fire-box above the fire. This will prevent
the engine from throwing out a great volume of dense
black smoke while making the stop.

As the grate bars arc a part of the engine with which
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the fireman is particularly interested, a brief descrip-
tion of the various types will be here given. The old-
fashioned grate bars for burning wood are too familiar
to need describing, being simply plain cast iron sta-
tionary bars with narrow slots between them. For
soft coal various styles of rocking grates are used.
Figs. 1 and 2 show plan and sectional views of rocking
grates. The method of shaking is also illustrated in
Fig. 2, together with the dump grate at the front to be

Ficure 2

used when cleaning the fire. For burning hard coal a
larger grate area is required than with soft coal, for
the reason that a hard coal fire must be kept more
shallow than a'soft coal fire. The grate for hard coal
is long, and instead of being made of cast iron it con-
sists of horizontal wrought iron water tubes in connec-
tion with the water space, thus permitting a free
circulation of water through them. This plan not
only prevents the grates from burning out, but it also
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serves to utilize a portion of heat that would otherwise
be wasted.

Fig. 3 shows a plan and Fig. 4 an elevation of a set
of water grates. Provision is made for drawing or
cleaning the fire, by making every fourth or fifth tube
solid and allowing it to project clear through both
walls of the back end of the fire-box through thimbles -
inserted for that purpose. These solid tubes have rings
on their back ends by which they may be withdrawn,
and the front end rests upon a bearing bar.

i

Ficure 3

The tubes of a water grate are made water-tight by
being caulked into the inside sheet at the front and
back ends of the fire-box.

About twenty square feet of grate surface is needed
to burn one ton of soft coal per hour.

As the steam gauge is an instrument that is particu-
larly interesting to the fireman, it is fitting that a short
description of it be inserted here. There are different
types of steam gauges in use, but the one most com-
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monly used, and which no doubt is the most reliable, is
k_nown as the Bourdon spring gauge. This gauge con-
sists of a thin, curved, flattened metallic tube, closed
at both ends and connected to the steam space of the
boiler by a small pipe, bent at some portion of its
'length into a curve or circle that becomes filled with
water of condensation, and thus prevents the hot live
steam from coming directly in contact with the spring,
while at the same time the full pressure of steam in
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Ficure 4

the boiler acts upon the spring, tending to straighten
it. The end or ends of the spring being free to move,
and connected by suitable geared rack and pinion with
the pointer of the gauge, this hand or pointer is caused
to move across the dial, thus indicating the pressure
of steam per square inch in the boiler. When there is
no pressure in the boiler the hand should point to o.

Steam gauges should be tested frequently by com-
paring them with a test gauge that has been tested
against a column of mercury.

R
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The safety valve, or pop valve as it is more familiarly
known, is anotber very important part of a locomotive
with which the fireman has business. The object
aimed at in equipping a locomotive boiler, or any
other boiler, with a safety valve is that the steam
pressure may be kept within a safe limit. There
should always be two pop valves on a locomotive
boiler, so that if one becomes corroded and sticks to
its seat the other one will act, thus insuring safety.

The principle of a pop valve's action is this: Itis
held to its seat by a coil spring that has previously
been adjusted to the required amount of resistance.
When the pressure under the valve exceeds the resist-
ance of the spring, the valve will rise from its seat
and allow the steam to escape until the pressure is
lower than the resistance of the spring. The valve
will then close at once.

When the fire becomes dull and heavy, caused by
ashes accumulating on the grate bars, the grates should
be shaken up, which is best done while the engine is
working at a moderate speed, or at least when the
blower is on. The ash pan should be kept clean and
free from ashes. This will allow a free draft of air
and prevent the burning out of the grate bars.

The fireman should endeavor while out on the run to
keep as even a temperature as possible in the fire-box,
and this can only be done by firing light and often,
keeping the grates free by shaking and by watching the
water level closely. He should have and keep his
mind constantly upon his work, always striving to do
better to-day than he did yesterday, and his reward is’
sure to come.

Upon arriving at the end of the run he should take
in his flags, or blow out his lamps, and see that the
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engine has sufficient fire and water to last until the
nostler gets around.

One of the duties that a fireman owes to himself, as
well as to his employers, is that he utilize his spare
moments in the study of the theory of combustion, the
composition of coal, the nature of heat, and various
other problems connected with the generation of
steam. He will be called upon to undergo an exam-
ination as to his knowledge of these questions at some
stage of his apprenticeship, and the more intelligence
he displays and the more thorough his answers, the
taster will be his promotion. Therefore the author
considers it fitting and proper that a space be given
over at this point for the discussion of these impor-
tant subjects.

Combustion. One of the main factors in the combus-
tion of coal is the proper supply of air. Airis com-
posed of two gases, oxygen and nitrogen, in the
proportion, by volume, of 21 per cent of oxygen and
79 per cent of nitrogen, or by weight, 23 per cent of
oxygen and 77 per cent of nitrogen.

The composition of pure dry air is as follows:

By volume, 20.91 parts O. and 79.09 parts N.

By weight, 23.15 parts O. and 76.85 parts N.

Air is a mixture and not a chemical combination of
these two elements. The principal constituent of coal
and most other fuels, whether solid, liquid or gaseous,
is carbon. Hydrogen is a light combustible gas and,
combined either with carbon or with carbon and
oxygen, in various proportions, is also a valuable con-
stituent of fuels, notably of bituminous coal. The
heating value of one pound of pure carbon is rated at
14,500 heat units, while one pound of hydrogen gas
contains 62,000 heat units.
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Analysis of coal shows that it contains moisture,
fixed carbon, volatile matter, ash and sulphur in
various proportions according to the quality of the
coal. The following table will show the composition
of the principal bituminous coals in use in this country
for steam purposes. Two samples are selected from
gach of the great coal producing states, with the
exception of Illinois, from which four were taken.

TABLE 1

: Vola-| =
Moist- ¥ Fixed Sul-
State Kind of Coal s Mta]!'t:r Carbon| Asb SHive

Pennsylvania |Youghiogheny | 1.03|36.49 [ 50.05 | 2.61| 0.8x

Connellsville 1.26 | 30.10 | 59.61 | 8.23| .78

West Virginia |Quinimont 0.76 | 18.65 | 39.26 | 1.11| 0.23

12 ire Creek 0.61 | 22.34 | 75.02 | 1.47 | 0.56

E. Kentucky |Peach Orchard| 4.60|35.70|53.28| 6.42| 1.08

2 Pike County 1.80 | 26.80 | 67.60| 3.80| o.97

Alabama Cahaba 1.66 | 33.28 | 63.04 | 2.02| 0.53

i Pratt Co.’s 1.47 | 32.29 | 59.50 | 6.73 | I.22

Ohio Hocking Valley| 6.59|35.77|49.64 | 8.00( 1.59

. Muskingum * 3.47 | 37.88 | 83.30 | 5.35 | 2.24
Indiana Block 8.50 | 31.00 | 57.50 | 3.00
4 $ 2.50 | 44.75 | 51.25 | 1.50

W. Kentucky |Nolin River 4.70 | 33.24 | 54.04 | I1.70 | 2.54

L Ohio County 3.70 | 30.70 | 45.00 | 3.16| I1.24

Illinois Big Muddy 6.40 | 30.60 | 54.60 | 8.30| I.50

Wilmington 15.50 | 32.80 | 39.90 | 11.80
iz ‘“ screenings| 14.00 | 26.00 | 34.20 | 23.80
Duquoin 8.90 | 23.50 | 6bo.60 | 7.00

The process of combustion consists in the union of
the carbon and hydrogen of the fuel with the oxygen
of the air. Each atom of carbon combines with two
atoms of oxygen, and the energetic vibration set up
by their combination is heat. Bituminous coa! con-
tains a large percentage of volatile matter which is
released and flashes into flame when the coal is thrown
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into the furnace, and unless air is supplied in large
amounts at this stage of the combustion there will be
an excess of smoke and consequent loss of carbon.
On the other hand, there is a loss in admitting too
much air, because the surplus is heated to the tempera-
ture of the furnace without aiding the combustion and
will carry off to the stack just as many heat units'as
were required to raise it from the temperature at which
it entered the fire-box to that at which it leaves the
flues. Some kinds of coal need more air for their
combustion than do others, and good judgment and
close observation are needed on the part of the fireman
to properly regulate the supply.

The quantity of air required for the combustion of
one pound ot coal is, by volume, about 150 cu. ft.; by
weight, about 12 lbs.

The temperature of the fire-box is usually about
2800°, in some cases reaching as high as 3000°. The
temperature of the escaping gases should not be much
above nor below 400° F. for bituminous coal.

In order to attain the highest economy in the burning
of coal in boiler furnaces two factors are indispensable,
viz., a constant high furnace temperature and quick
combustion, and these factors can only be secured by
supplying the fresh coal constantly just as fast as it is
burned, and also by preventing as much as possible the
admission of cold air at the furnace. The nitrogen in
the atmosphere does not promote combustion, but it
enters the fire-box along with the oxygen, and the heat
requlred to raise its temperature to that of the other
gases is practically wasted, and as has already been
explained, if a surplus of cold air is allowed to pass
into the fire-box the waste of heat becomes still

greater.
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Heat. All matter, whether solid, liquid, or gaseous,
consists of molecules or atoms, which are in a state of
continual vibration, and the result of this vibration is
neat. The intensity of the nzat evolved depends upon
the degree of agitation to which the molecules are sub-
ject. Until as late as the beginning of the nineteenth
century two rival theories in regard to the nature of
heat had been advocated by scientists. The older of
these theories was that heat was a material substance,
a subtle elastic fluid termed caloric, and that this fluid
penetrated matter as water penetrates a sponge.
But this theory was shown to be false by the wonder-
ful researches and experiments of Count Rumford at
Munich, Bavaria, in 1798.

Fiss By means of the friction between two heavy metallic
bodies placed in a wooden trough filled with water,
one of the pieces of metal being rotated by machinery
driven by horses, Count Rumford succeeded in raising

F, the temperature of the water in two and one-half
hours from its original temperature of 60° to 212° F.,

‘the boiling point, thus demonstrating that heat is not

a material substance, but that it is due to vibration or

i ~ motion, an internal commotion among the molecules
of matter. This theory, known as the Kinetic theory

of heat, has since been generally accepted, aIthough

it was nearly fifty years after Rumford advocated it in

4 a paper read before the Roval Society of Great Britain

F ~in 1708, before scientists generally became converted

|

‘to this idea of the nature of heat, and the science of
‘Thermo Dynamics was placed on a firm basis.

 During the period from 1840 to 1849 Dr. Joule made
~ ‘aseries of experiments which not only confirmed the
uth of Count Rumford’s theory that heat was not a
imaterial substance but a form of energy which may be
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applied to or taken away from bodies, but Joule’s
experiments also established a method of estimating
in mechanical units or foot pounds the amount of that
energy, This latter was a most important discovery,
because by means of it the exact relation between heat
and work can be accurately measured.

The first law of thermo dynamics is this: Heat and
mechanical energy or work are mutually convertible.
That is, a certain amount of work will produce a cer-
tain amount of heat, and the heat thus produced is
capable of producing by its disappearance a fixed
amount of mechanical energy if rightly applied. The
mechanical energy in the form of heat which, through
the medium of the steam engine, has revolutionized
the world, was first stored up by the sun’s heat mil.
lions of years ago in the coal, which in turn, by com-
bustion, is made to release it for purposes of mechan-
ical work.

The general principles of Dr. Joule's device fot
measuring the amount of work in heat are illustrated
in Fig. 5. It consisted of a small copper cylinder con-
taining a known quantity of water at a known tempera-
ture. Inside the cylinder and extending through the
top was a vertical shaft to which were fixed paddles
for stirring the water. Stationary vanes were also
placed inside the cylinder. Motion was imparted to
the shaft through the medium of a cord or small rope
coiled around a drum near the top of the shaft and
running over a grooved pulley or sheave. To the free
end of the cord a known weight was attached. This
weight was allowed to fall through a certain distance,
and in falling it turned the shaft with its paddles,
which in turn agitated the water, thus producing a cer-
tain amount of heat. To illustrate, suppose the weight
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to be 77.8 Ibs., and that by means of the crank at the
top end of the shaft it has been raised to the zero mark
at the top of the scale. (See Fig. 5.) One pound of
water at 39.1° F. is poured into the copper cylinder,

thit e
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Fi1GURE 5

"_;-l‘ Which is then closed and the weight released. At the
- Mmoment the wéight passes the 10 ft. mark on the scale
. the thermometer attached to the cylinder will indicate
- that the temperature of the water has been raised one
~egree. Then multiplying the number of pounds in
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the weight by the distance in feet through which it fell
will give the number of foot pounds of work done.
Thus, 77.8 Ibs. x 10 ft. = 778 foot pounds.

The heat unit or British thermal unit (B. T. U.) is
the quantity of heat required to raise the temperature
of one pound of water one degree, or from 39° to 40°
F., and the amount of mechanical work required to
produce a unit of heat is 778 foot pounds. Therefore
the mechanical equivalent of heat is the energy re-
quired to raise 778 lbs. one foot high, or 77.8 lbs. 10 ft.
high, or 1 Ib. 778 feet high. Or again, suppose a one-
pound weight falls through a space of 778 ft. or a
weight of 778 Ibs. falls one foot, enough mechanical
energy would thus be developed to raise a pound of
water one degree in temperature, provided all
the energy so developed could be utilized in churn-
ing or stirring the water, as in Joule's machine.
Hence the mechanical equivalent of heat is 778 foot
pounds.

Specific Heat. The specific heat of any substance is
the ratio of the quantity of heat required to raise a
given weight of that substance one degree in tempera-
ture to the quantity of heat required to raise an equal
weight of water one degree in temperature when the
water is at its maximum density, 39.1° F. To illus-
trate, take the specific heat of lead, for instance,
which is .031, while the specific heat of water is I.
That means that it would require 31 times as much
heat to raise one pound of water one degree in tem-
perature as it would to raise the temperature of a
pound of lead one degree.

The following table gives the specific heat of differ-
ent substances in which engineers are most generally
interested.
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TaBLE 2

Water at 39.1° F. . R Sl b Gt 1.000
N e e . .504
- T M e R S e S .480
Mereury 530 NN e FRTEeveTb e IR s .033
Chet deon ... b S b S e e R Rt S LT
Wrought iron......, seessinenannss sevecshrases 113
(S:oft e R S e Sl e e ST DL el ¢
e T S SN T SRS IR T 0 Ao
T ity e S T N A Bk i 335
]S e ST s B el AN e TR
{L TR S N P Do R i s .e +338
Hydrogen..... S B i b el o veesanyenas3:404
OXTEBN, io/vie donsiie et datiale i s Aanma veies BI85
Nitrogen..... assmessersness sesvsanusasssnns see 1244

Sensible Heat and Latent Heat. The plainest and
most simple definition of these two terms is that given
by Sir Wm. Thomson. He says: ‘“Heat given to a

_body and warming it is sensible heat. Heat given to

I

“‘o

a body and not warming it is latent heat.” Sensible
heat in a substance is the heat that can be measured in
degrees of a thermometer, while latent heat is the heat
in any substance that is not shown by the thermometer.

To illustrate this more fully, a brief reference to
some experiments made by Professor Black in 1762

. = will no doubt make the matter plain. It will be

" remembered that at that early date comparatively little
was known of the true nature of heat; hence Professor
Black's investigations and discoveries along this line
appear all the more wonderful. IHe procured equal

‘weights of ice at 32° F. and water at the same tempera-

ure, that is, just at the freezing point, and placing
hem in separate glass vessels, suspended the vessels in
room in whizh the uniform temperature was 47° F
e noticed that in one-ha.] hour the water had in-
reased 7° F. in temperature, but that twenty half
lours elapsed before all of the ice was melted. There-
e he reasoned that twenty times more heat had
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entered the ice than had entered the water, because at
the end of the twenty half hours, when the ice was all
melted, the water in both vessels was of the same tem-
perature. The water, having absorbed 7° of heat during
the first half hour, must have continued to absorb heat
at the same rate during the whole of the twenty half
hours, although the thermometer did not indicate it.
From this he calculated that 7° x 20 = 140° of heat had
become latent or hidden in the water."

In another experiment Professor Black placed a
lump of melting ice, which he estimated to be at a
temperature of 33° F. on the surface, in a vessel con-
taining the same weight of water at 176° F., and he
observed that when the whole of the ice had been
melted the temperature of the water was 33° F., thus
proving that 143° of heat (176°—33°) had been
absorbed in melting the ice and was at that moment
latent in the water. By these two experiments Pro-
fessor Black established the theory of the latent heat
of water, and his estimate was very near the truth,
because the results obtained since that time by the
greatest experimenters show that the latent heat of
waler is 142 heat units, or B. T. U.

Black's experiment for ascertaining the latent heat
in steam at atmospheric pressure was made in the fol-
lowing simple manner: He placed a flat, open tin dish
on a hot plate over a fire and into the dish he put a
small quantity of water at 50° F. In four minutes the
water began to boil, and in twenty minutes more it
had all evaporated. In the first four minutes the tem-
perature had increased 212° — 50° = 162°, and the tem-
perature remained at 212° throughout the twenty
minutes that it required to evaporate all the water,
despite the fact that the water had been receiving
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heat during this period at the same rate as during the
first four minutes. He therefore reasoned that in the
twenty minutes the water had absorbed five times as
much heat as it had in the four minutes, or 162° x 5 =
810°, without any sensible rise in temperature. There-
fore the 810° became latent in the steam. Owing to
the crude nature of the experiment Professor Black’s
estimate of the number of degrees of latent® heat in
steam was incorrect, as it has been proven by many
famous experimenters since then that the latent heat
of steam at atmospheric pressure is g65.7 B. T. U.

It will thus be perceived that what is meant by the
term latent heat is that quantity of heat which becomes
hidden or latent when the state of a body is changed
from a solid to a liquid, as in the case of melting ice,
or from a liquid to a gaseous state, as with water
evaporated into steam. But the heat so disappearing
has not been lost; on the contrary it has, while becom-
ing latent, been doing an immense amount of work, as
can easily be ascertained by means of a few simple
figures. It has been seen that a heat unit is the quan-
tity of heat required to raise one pound of water one
degree in temperature and also that the mechanical
equivalent of heat, or, in other words, the mechanical
energy stored in one heat unit, is equal to 778 foot
pounds of work.

A horse power equals 33,000 ft. Ibs. of energy in
one minute of time, and a heat unit = 778 + 33,000 =
-0236, or about 75 of a horse power. The work done
by the heat which becomes latent in converting one
pound of ice at 32° F. into water at the same tempera-
ture = 142 heat units x 778 ft. Ibs. = 110,476 ft. Ibs.,
which divided by 33,000 equals 3.34 horse power.
Again, by the evaporation of one pound of water from

ad o ke o



30 LOCOMOTIVE ENGINEERING

32° F. into steam at atmospheric pressure, g65.7 units
of heat become latent in the steam and the work done
=065.7 x 778 = 751,314 ft. Ibs. = 22.7 horse power. It
will thus be seen what tremendous energy lies stored
in one pound of coal, which contains from 12,000 to
14,500 heat units, provided all the heat could be
utilized in an engine.

Total Heat of Evaporation. In order to raise the
temperature of one pound of water from the freezing
point, 32° F., to the boiling point, 212° F., there must
be added to the temperature of the water 212° — 32° =

180°. This represents the sensible heat. Then to

make the water boil at atmospheric pressure, or, in
other words, to evaporate it, there must still be added
g65.7 B. T. U., thus 180+ g65.7 = 1,145.7, or in round
numbers 1,146 heat units. This represents what is
termed the total heat of evaporation at atmospheric
pressure and is the sum of the sensible and latent heat
in steam at that pressure, But if a thermometer were
held in steam evaporating into the open air, as, for
instance, in front of the spout of a tea kettle, it would
indicate but 212° F.

When steam is generated at a higher pressure than
212°, the sensible heat increases and the latent heat
decreases slowly, while at the same time the total heat
of evaporation slowly increases as the pressure in-
creases, but not in the same ratio. As, for instance,
the total heat in steam at atmospheric pressure is 1,146
B. T. U., while the total heat in steam at 100 lbs.
gauge pressure is 1,185 B. T. U., and the sensible tem-
perature of steam at atmospheric pressure is 212°,
while at 100 Ibs. gauge pressure the temperature is 338
and the latent heat is 876 B. T. U. See Table 4.

Water. The elements that enter into the composi-
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tion of pure water are the two gases, hydrogen and
oxygen, in the following proportions:

By volume, hydrogen 2, oxygen 1.

] By weight, i X PSR
Perfectly pure water is not attainable, neither is it
desirable nor necessary to the welfare of the human
race, because the presence of certain proportions of air
and ammonia add greatly to its value as an agent for
‘ manufacturing purposes and for genecrating steam.
The nearest approach to pure water is rain water, but
even this contains 2.5 volumes of air to each 100 vol-
j umes of water. Pure distilled water, such for instance

i, as the return water from steam heating systems, is not
e desirable for use alone in a boiler, as it will cause cor-
?"' rosion andepitting of the sheets, but if it is mixed with

other water before going into the boiler its use is
highly beneficial, as it will prevent to a certain degree
the formation of scale and incrustation. Nearly all
water used for the generation of steam in boilers con-
tains more or less scale-forming matter, such as the
carbonates of lime and magnesia,-the sulphates of lime
and magnesia, oxide of iron, silica and organic mat-
ter, which latter tends to cause foaming in boilers.
The carbonates of lime and magnesia are the chief
causes of incrustation. The sulphate of lime forms a
hard ~rystalline scale which is extremely difficult to
remove when once formed on the sheets and tubes of
boilers. Of late years the intelligent application of
. chemistry to the analyzing of feed waters has been of
. great benefit to engineers and steam usdys, in that it
- has enabled them to properly treat tl'u:\[\vﬁr7 with
~ solvents either before it is pumped into the boiler or
- by the introduction into the boiler of certain scale pre-
- venting compounds made especially for treating the



