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130 Hand Rail Brackets.

131 Bell Stand.

132 Bell.

133 Steam Bell Ringer.

134 Sand Box.

135 Pneumatic Sander.

136 Sand Pipe.

137 Driving Wheel Tire.

138 Driving Wheel Centers.
139 Ash Pan.

140 Driver Brakes.

141 Driver Springs.

142 Driver Spring Hanger.
143 Driver Spring Equalizers.
144 Driver Spring Hanger Brace.
145 Lower Rail of Frame.

146 Pedestal Brace.

147 Driving Box Shoe.

148 Driving Box Wedge.

149 Wedge Bolt.

150 Driving Box.

22 Saving Axle,

152 Side or Parallel Rod.

153 Rod Bush.

154 Main Rod Connection.
155 Main Frame.

156 Frame Brace.

157 Frame Splice.

158 Go Ahead Eccentric.

159 Back Up Eccentric.

160 Go Ahead Eccentric Rod.
161 Go Ahead Eccentric Strap.
162 Back Up Eccentric Rod.
163 Back Up Eccentric Strap.
164 Grate Shaking Rig.

165 Rocking Grates.

166 Expansion Pad.

167 Expansion Link.

168 Running Board.

169 Air Cylinder Brake Pump.
170 Steam Cylinder Brake Pump.
171 Air Strainer.

172 Delivery to Drum.

173 Drip Cock.

174 Pump Piston Packing.
175 Pump Exhaust Connection.
176 Pump Steam Connection.
177 Governor.

178 Pump Valve Case.

179 Injector.

180 Injector Overflow.

181 Water Pipe.

182 Steam Pipe.

188 Steam Valve.

184 Primer.

185 Water Valve.

186 Fire Box.

187 Tube Sheet.

1838 Crown Bars.

189 Sling Stays.

190 Stay Bolts.

191 Dry Pipe.

192 Stand Pipe.

193 Dry Pipe Hangers.
194 Throttle Pipe.

195 Trottle Valve.

196 Throttle Bell Crank,
197 Throttle Stem.

198 Dome.

199 Dome Cap.

200 Dome Casing.

201 Safety Valves.

202 Chime Whistles.
203 Whistle Rig.

204 Ventilator.

205 Cab

206 Air Pump Lubricator.
207 Air Gauge.

208 Steam Gauge.

209 Steam Turret.

210 Injector Throttle.
211 Blower Cock.

212 Gauge Lamp.

213 Signal Whistle.

214 Air Pump Throttle,
215 Throttle Lever.

216 Pneumatic Sander.
216a Sand Lever.

217 Reverse Lever.

218 Engineer’s Brake Valve.

219 Gauge Cocks.

220 Quadrant.

221 Cut Out Valve.

222 Fire Door.

223 Cylinder Cock Lever,
224 Cylinder Lubricator.
225 0il Can Shelf.

226 Hand Hold. .

227 8hake Lever Stub.

228 Ash Pan Damper Handle,

220 Whistle Signal Valve.

230 Brake Valve Reservoir.

231 Train Pipe.

232 Train Pipe Hose.
233 Signal Pipe.

234 Signal Pipe Hose.
235 Feed Pipe Hanger.
236 Feed Pipe.

237 Feed Pipe Hose.

238 Tail Piece of Frame.
239 Cab Bracket.

240 Counter Balance Weight.
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VALVE MOTION

Irregularities of cut-off. Laying out link motion. How to set
locomotive slide valves. Piston valves. How to set piston
valves.  Vauclain piston wvalve. Different forms of piston
valves. Indirect motion with rocker. Direct motion. Crossed
rods with rocker arm. American piston valve. Setting piston valves.
Valve lead. Why lead increases. Changing lead. Long and short
eccentric rods. Adjusting eccentrics. Pennsvlvania link motion.
Richardson balanced valves. Allan-Richardson balanced valves. Pres-
sure and vacuum relief valve. Wilson high-pressure slide valve.

FORCES INVOLVED IN TRAIN MOVEMENTS

Energy and power. How to calculate the power of locomotives.
Horse power. Tractive power. Power used to move Empire State
Express. To calculate the power of compound locomotives. Train
resistances. Resistance of grades. Method of computing grade re-
sistance. Cylinder clearance spaces. Size of steam ports. Compres-
sion and back pressure.

INJECTORS

How to use an injector to save steam. How an injector works.
Sellers’ injector. Improved self-acting injector. Nathan injectors.
Simplex injector. The Monitor injector. Non-lifting injector. Little
giant injector. Hancock inspirator. Composite inspirator. Ordi-
nary Hancock inspirator. Rue’s boiler washing and testing appar-
atus.

SIGHT FEED LUBRICATORS

Nathan lubricator. Method of operating. Detroit lubricator.
Directions for operating Chicago lubricator.

ELECTRIC HEADLIGHT

Edwards electric headlight. The steam turbine. The dynamo.
To remove the armature. The commutator. Brushes and brush
holders. The arc lamp. To adjust the lamp. The Pyle national
headlight. Instructions for applying the equipment. To focus
lamp. Directions to roundhouse men.

TWENH®ETH CENTURY LOCOMOTIVES. xi

b . n

STEAM ENGINE INDICATOR

Purpose of the indicator. Indicator diagrams. Vacuum line.
Atmospheric line. Scale of springs. Lines of the diagram. Curve
of expanding steam. Tabor improved indicator. The Crosby new
indicator. Star improved indicator.

MACHINE TOOLS AND SHOP APPLIANCES

History of machine tools. Niles-Bement-Pond quartering ma-
chine. Gettting work out of machine tools. Acme bolt cutter. Pond
lathe. Cincinnati shaper. Flue expanding machine. Reynolds’ Cor-
liss engine. Shop turntable. Cylinder boring machine. Sturtevant
electric fan. Sellers’ lathe. Eberhadrt’s shaper. Fay & Egan rip-
ping saw. Watson-Stillman tools. Becker-Brainard milling ma-
chine. Norton grinding machine. Niles-Bement-Pond slotting ma-
chine. Brown & Sharpe’s milling machine. Bullard boring mill.
Bickford multiple drill. Stay bolt drilling apparatus. Saunders’ pipe-
threading machine. Blake & Johnson’s screw-thread rolling ma-
chine. Chapman jack. ILong & Allstatter’s punching and shearing
machine. Sherburne’s wheel rotating apparatus. Starrett’s ma-
chinist’s tools. Lodge & Shipley’s axle lathe. Imperial drills. Byrd's
flue welder. Fay & Egan saw. Cleveland pneumatic tools. Sellers’
planer. Newton rotary planer.

EDUCATIONAL

Definite and indefinite knowledge. Iooking for easy jobs. In
dustrial heroes. Victories of definite knowledge. Executive ability.
Managing men. Training of an artist in the forces of nature. Capi-
tal, stored energy. Education as an art. Education as a science.
Education of an engineer. Progress. Value of knowing common
things. Untidiness and waste. Combining theory with practice.
Useful phases of self help. Power of habit.

MISCELLANEOUS

To detect cracks in axle. Asks fair play for the compound. The
Baldwin Locomotive Works’ unit of production. Lining of shoes
and wedges. Calculating train speed. Internal combustion motors
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for railways. Fitting up driving rod brasses. Improved fire-box
door flange. Tempering steel punches. How to tell if a crown sheet
has been hot. Care of tools.

WORKSHOP RECIPES

To tin brasses. Brazing solder. To solder aluminum. To gal-
vanize castings. To make blue-print paper, etc.

DEFINITION OF ENGINEERING EXPRESSIONS

DIMENSIONS AND APPEARANCE OF
MODERN LOCOMOTIVES

From page 489-667.

SCHMIDT SUPERHEATER
RADIAL SPRING BUFFER

VALVE SETTING MODEL

Twentieth Century
LLocomotives.

ELEMENTARY LESSONS ON FIRST PRINCIPLES.

First LEsson.

It is not the purpose of these articles to instruct old students
of steam engineering, but to present in the plainest possible lan-
guage clear explanations of some of the first principles that are
not understood by the average of young men in our shops or
tupon our locomotives.

Most of the books upon these subjects are too deep for
men not well up in the higher mathematics, or the subjects are
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PLATE 1.

enveloped in a shroud of mysterious motion curves that frighten
off our too timid students.

Engineers and firemen, as well as the average railroad me-
chanic, are familiar with many features of the locomotive as a
whole or in detail, know that they must be so and so, but, asked
to give the reason—the why and the what—and they are lost;
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they are like the savage who knows that for a time the sun has
hid her face, but what caused the eclipse is, to him, a mystery.
Suppose we commence lesson number one with the

ANGULARITY OF THE CONNECTING ROD.

What is known as the angularity of the rod affects the mo-
tion of the piston, and makes it necessary to change the motion
of the valve to correspond to the irregular motion of the piston.

Let us look up the why. On page 1 is an outline sketch of the
crank pin path, main rod and piston. Now it is perfectly plain
that when the crank pin is at 1 or at 4 the piston will be at D
or C, the extreme end of the cylinder. As the piston and cross-
head are keyed solidly together, we will consider only the motion
of one, as in this case their motions are exactly the same. The
angularity of the rod always decreases by increasing the length
of rod; so in this case we show the rod but half the usual length,
as compared to the proportions of other parts; this will serve
to show the effect of angularity more plainly. Now, suppose we
start the pin from 1 in the direction of the arrow; at 2 the crank
has traveled over one-quarter of its path, or go° of the circle,
but the piston has failed to get to the center of the cylinder, and
is at the point marked 4, and not until the pin reaches point
3 does the piston complete half its stroke, and arrive at B—
the pin has made more than half its extreme travel back and
forth, but the piston has got behind.

This is because of the angularity of the rod; if it reached
from the point 2 to the point B, it would have to be longer. Let
us follow it and see what becomes of the uneven motions; from
3 to 4 the crank travels less than a quarter revolution, but the
piston reaches the dead center at C at the very moment the crank
gets to 4—it has caught up.

Let us see why. Remember that when the pin is at 1 and
4, the rod is in line with the center line of the cylinders, and
not at an angle to them, and that its angularity is constantly
changing in degree, becoming more as it goes away from the
dead points at 1 and 4, and less as it approaches them.

Let us follow the piston back from C to the center of the
cylinder at B. You will see that the pin has only got to 5;
the constantly increasing angularity has made the piston travel
a full half stroke before the pin has got to the quarter; the piston
reaches 4 again when the pin gets to 6, the quarter, but the
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moment the pin gets past 6 the angularity of the rod commences
to decrease till it reaches 1 again, which it does by the time
the piston is at the end of the cylinder at D.

Now, you see, the pin has to travel from 35 clear around to
3, in order to make the piston go from the center of the cylinder
to the back head and to the center again, while it only has to
go from 3 to 5—a considerably shorter distance—to make the
piston go from the center of the cylinder to the front at C, and
back to the center. Something is working unevenly. What is it?

The fly-wheel, in a stationary, and the moving weight of
engine and train in a locomotive, act as governors that prevent
uneven impulses given to the pistons from affecting the regular
rotary motion of the crank pin, and, as that is coupled to the
piston by the main rod, the result is that the pistons travel un-
evenly; not only do they stop and start at each end of the stroke,
but they make one-half their journey quicker than they do the
other half. In a full revolution of the crank the piston will
always travel the least while the crank is making the half revolu-
tion farthest from the piston, and travel the most while making
the half revolution nearest the piston.

In locomotive practice it is customary to place the center
line of cylinders slightly above the center line of the wheels, and
this increases the angularity on the lower half of the crank pin’s
path, and decreases it in the upper half; but this change is so
slight that locomotive builders, as a rule, ignore it.

The motion of the valves of a locomotive are derived from
eccentrics fixed upon the axle, and coincide more nearly with the
motion of the main pin than the_ piston, so that something must
be done with the valves to equalize the point of cut off for the
uneven motion of the pistons. In the ordinary link motion this
is done by changing the point of suspension, or saddle pin, of
the links, upon which we will now treat.

Let us just go a little out of our way to say that where the
link motion is used on a locomotive without a rocker it is called a

DIRECT-MOTION ENGINE,

and the eccentric that is in gear, for instance the forward eccen-
tric, when engine is running ahead, leads, or is ahead of the
crank pin, while the forward motion eccentric on an indirect en-
gine, or one employing a rocker, follows the crank pin, or is
behind it, when engine is running ahead. Most locomotives run-
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ning in America have rockers, and are therefore indirect motion
engines.

Returning to the subject of the
SUSPENSION OF THE LINK,

you must remember that the angularity of the rod makes the
piston travel unevenly, and that the angulatity of the eccentric
rods makes them move their ends of the link unevenly, and that
these motions are tied together by the link, and the combined mo-
tion between the two points used to move the valves.

There are a great many other things to take into considera-
tion in designing a link motion, any of which would distort the
motion; but we will not go into these now, as the object is to
explain why the link hanger ‘stud is located behind the center
of link, not to teach you how to lay it out.

Lessons ox FIest PrixcipLEs.
PLATE =.

The ordinary link motion is not the best expansion gear, but
it is the simplest and cheapest reversing gear known, and has
almost superseded all other forms of motion for locomotive work.

It is impractical to set the link motion to cut off exactly
square for all points of cut off in both backward and forward
gear, but it can be set to cut off pretty nearly square where
it is liable to be used the most; and, to enable it to do this, other
points of cut off are often left a little out.

We have seen that in practice the wheel moved in a steady
and uniform motion, but that the piston moved further during
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one-half the stroke than during the other half, and consequently
must move faster during one-half the revolution of the wheel than
during the other half.

The eccentrics are set nearly quartering to the pin, so that
when the pistons are moving the fastest, when sweeping through
the center of the cylinders, the valves are moving the slowest;
while, on the other hand, when the pistons are at the ends of
their travel, and are therefore moving slowest, the eccentrics
are at or near the quarters, and are moving the valves the fastest
and the most, thus giving a quick opening at the beginning of
the stroke. Now we have seen that the piston moves faster when
on the forward half of the stroke, when the pin is nearest the
cylinder, than on the back half, when the pin is away from the
cylinder, and this difference in piston movement is made while
the valve is doing the most work.

In designing valve motion, the position of the link is laid
out as it would stand when cutting steam off at half stroke of
the pistons, regardless of the position of the pins, as in Fig. 2, Plate
2, where the link numbered 1 shows the position when cutting off
at half stroke for one end, and the link numbered 2, the position
of same link when cutting off at half stroke for the return stroke
of piston. The line D E is the center line of the engine, and
the line B C the center line of the link motion.

If the link hanger was fixed at A, and reached to the center
of the link in either position, as at the points 3 or 4, the cut-
off could not be even, as the hanger would not allow the link
to move from 3 to 4.

By selecting a mean point at 5, found at the intersection of
the lines drawn across the center of the link, the motion is so
modified in each case as to cut off steam at exactly half stroke,
regardless of the angularity of the rod. If steam is cut off evenly
at half stroke, it will be cut off very nearly even for other points.
Links are sometimes suspended out of the center, for other rea-
sons, which will be explained.

In Fig. 1, Plate 3, will be found the commonest arrangement of
hanging links on our locomotives. As the raising of the link slightly
affects the position of the pin at top of hanger, forward and back,
the best results would be obtained by making the tumbling shaft
arm as long, at least, as the eccentric blade, but this is imprac-
tical. To prevent the raising and lowering of the link at each
end of its stroke, the hanger should be long. In this form the
arc a b, through which the lower end of the rocker arm and
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work done during the evaporation of one pound of water at at-
mospheric pressure.

WORK REPRESENTED BY THE HEAT EXPENDED.

We are now in a position to account for all the heat ex-
pended and show its equivalent in work or stored energy. In
the first place, 180 heat units were employed in raising the tem-
perature of the water to the boiling point, which amounts tc
180X 778.3—=140,004 foot pounds. The 966 heat units, the so-called
latent heat of steam, were expended before evaporation was com-
pleted, making 751,837.8 foot pounds put into the steam and in-
sensible to the thermometer. We have seen that 53,798 foot
pounds of this aggregation were expended overcoming atmos-
pheric resistance—doing external work—Ileaving 696,139.8 foot
pounds as the mechanical equivalent of the heat used in forcing
the water apart, overcoming the internal forces of attraction, and
holding the atoms of the steam apart. The work done is anal-
agous to the operation of raising the weight of a great hammer
or pile driver, and holding it in position ready for a blow. The
whole of the heat energy put into the water, except what is ex-
pended in overcoming external resistance, viz., 891,931.8 foot
pounds represented by the latent heat in the steam, and the
140,094 foot pounds represented by the heat expended in raising
the temperature of the water are available for passing into a
condenser or to perform mechanical work.

Or, if the pound of steam were returned into water at a
temperature of 32°, it would be capable of raising to the boiling
point nearly 5} pounds of water, the only loss of heat being the
quantity used in overcoming the pressure of the atmosphere.

A striking feature perceived in the operation of turning the
steam back into water, is the small loss of heat that occurs. Of
the 1,146 total heat units expended, 1,074 units are available
for returning into the water and heating it—an efficiency of 94
per cent. It may be interesting to ascertain why the column
of steam falls so far short in efficiency for doing work when
applied to the steam engine.

STEAM UNDER HEAVY PRESSURE.

As the low tension of steam employed in our example would
be useless for any purpose connected with railroad motive power,
we will take up a case of generating steam at a pressure familiar
to those engaged in railroad engineering. Suppose we again
put in our tube a pound of water at a temperature of 32° Fahr.

TWENTIETH CENTURY LOCOMOTIVES. 13

“and apply heat. Instead of leaving the tube open to the atmos-

phere, we will put a piston weighing 130.3 pounds to the square
inch on the surface of the water, and we will further suppose
that the piston will be perfectly steam tight and capable of mov-
ing upward with no friction. As the atmospheric pressure will
rest upon the upper side of the piston, steam cannot be formed
without raising an absolute load of 145 pounds to the square inch.

BOILING POINT RISES WITH INCREASE OF PRESSURE.

On heat being now applied, the temperature of the water
will keep rising until the thermometer registers 355.6° Fahr., at
which point boiling will begin. This fact we may be assured
of, although no thermometer is used, if the pressure be main-
tained. For the knowledge of this and a great many other
interesting and important particulars about heat and steam, the
engineering world is indebted to Regnault, a distinguished French
physicist. Heat continuing to pass into the water, boiling will
go on, steam will be formed and the piston raised till the last
drop of water is evaporated. When this operation is completed,
it will be found that 866.8 heat units beyond that used to raise
the temperature -of the water to the boiling point have been
expended in turning the water into steam. - Reckoned from the
freezing point, the total heat of vaporization would in this case
be 1,190.4 heat units, as compared with 1,146 heat units when
evaporation was performed at atmospheric pressure. The volume
now occupied by the steam is 192 times greater than the space
which held the pound of water, and the piston with its total load,
145 pounds X 144 square inches = 20,880 pounds, has been raised
3.0777 feet, during external work equal to 64,686 foot pounds,
representing 83.24 heat units.

When the quantity of heat expended in overcoming external
resistance is deducted from the total heat of evaporization, it
will be found that 1,106.16 heat units, or 860,924 foot pounds,
have been elevated to an altitude convenient for doing work.

The calculations made in connection with evaporating one
pound of water in a tube, apply to the ordinary process followed
of evaporating water in steam boilers. '

We have taken no account of the loss of heat that occurs
in the furnace.

DOING WORK BY EXPANSION OF STEAM.

In ordinary railroad practice the steam would be raised from
water at about 50° Fahr. temperature, so that only about 1.172
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heat units would be put into the work of raising steam to 145
pounds absolute pressure. Of this quantity 83.23 heat units are
lost, so far as being returned into work is concerned, since the
heat energy has been used up already in doing the work of over-
coming external resistance. The economy of the engine that
is going to use the pound of steam depends upon its capability
to lower the temperature by expansion while doing work against
resistance behind a piston.

In ordinary circumstances, the higher the temperature of
steam admitted to the cylinder of a steam engine, and the lower
the point at which it arrives when the exhaust occurs, the greater
will be the amount of steam converted into work, and conse-
quently the greater will be the economy of the steam engine.
This law is modified by various circumstances which will be dwelt
upon further on.

USING STEAM WITHOUT EXPANSION.

Suppose that by the aid of other steam in the boiler pushing
it through the intervening pipes and passages, our pound of steam
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PLATE 4.

of 145 pounds absolute pressure enters a cylinder 16.8 X 24 inches,
and, without loss of heat or pressure, pushes the piston to the
end of the stroke. The whole volume of steam generated from
one pound of water would just be sufficient to completely fill
the cylinder at the pressure named. If our pound of steam were
admitted to the cylinder under the conditions, without clearance
or back pressure, and at the completion of the stroke exhausted
into a perfect vacuum, a diagram of the action of the steam would
be a complete rectangle as 4 B E F, Fig. 1, Plate 4. The height 4
would represent the pressure at the point of admission, which
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would be maintained until the point B, at the end of the stroke
was reached, when the steam would instantaneously fall to the
lowest point F, and follow that level during the return stroka
to E. In this case all the heat employed in raising the tem-
perature of our pound of water and evaporating it into steam
would pass out through the exhaust, except the small portion
of heat energy converted into the work of overcoming internal
resistance in the steam generator.

Although it is impracticable to make a cylinder receive and
exhaust steam in the way described, there are many cases where
steam engines are worked in a manner that appioximates the
case given so far as waste of steam is concerned. All engines
working the steam full stroke, and consequently performing no
work by the expansive power of the steam that passes through
the cylinders, do their work at the expense of enormous waste
of heat, and practically pass all the heat transferred from the
fuel to the water out through the exhaust. The economical
thermal efficiency of an engine worked in this way is about as
low as it can be. The steam does its work in the cylinder by
sheer pressure of the densely compressed volume crowding out
of the boiler. Worked in this way, the action of steam on a
piston resembles the action of water on a hydraulic ram where
the water is forced against the ram by the action of the pump
behind it. Or steam passing from without expansion and pass-
ing to the exhaust by the way of a cylinder, resembles a stream
of water passing through a turbine, with the exception that in
the latter case work is taken out of the water by reduction of
its velocity, while in the case of the stream its full potentiality for
work is present at the moment of its release.

HELFP THAT SCIENCE HAS GIVEN THE STEAM ENGINEER.

Numerous insuperable obstacles stand in the way of admit-
ting steam without loss or diminution of pressure into a cylinder
made of conductive materials, or to exhaust it without back pres-
sure; but to render clear certain calculations respecting the ma-
nipulation of steam, it is convenient to assume that other im-
practicable operations are possible. Many valuable and interest-
ing laws, facts and figures relating to the behavior and action
of steam, which the engineering world accepts as being absolutely
correct, could not be demonstrated with any degree of accuracy
in the ordinary practical working of the steam engine. They are
the discoveries and calculations of accomplished physicists and
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mathematicians, who have devoted laborious and skilful special
investigation to the subject aided by ingeniously designed ap-
paratus. In studying out questions relating to heat and steam,
the engineer often has to accept as implicitly as he believes the
multiplication table, formulas and tables of data given in hand-
books which he has no means of verifying. Facts, figures and
tables about heat and steam that excite but little attention from
the men daily using them, are in themselves monuments of assid-
uvous and accurate scientific labor, built up by eminent men who
have devoted life-long efforts to the investigating of nature's
laws. Among the physicists and mathematicians whose names
are identified with the investigations bearing directly in steam
engineering, are many whose existence is merely an abstraction
to the ordinary engineer, yet their labors have materially light-
ened his work, and supplied him with data for calculations that
enable him to measure heat as accurately as the farmer measures
his corn.
APOSTLES OF ENGINEERING SCIENCE,

More than two centuries ago, Boyle, an Irish nobleman and
chemist, discovered the law that the pressure of a gas varies
inversely as its volume, and directly as its intensity, and which
is yet often spoken of as Boyle’s law. About the same time
Mariotte, a French physicist, was investigating the same subject,
and his discoveries were similar to those of Boyle, but somewhat
fuller, so that the law referred to relating to gases is often called
the Mariotte law. About a century ago Benjamin Thompson,
Count Rumford, an American engineer, discovered and proved
the immateriality of heat, and showed that heat and mechanical
work are mutually convertible. Rumford’s work prepared the
way for the labors of Joule, an English scientist, whose ingenious
experiments and investigations resulted in the determining of the
mechanical equivalent of heat.

His experiments made out 772 foot pounds as being the me-
chanical equivalent of raising the temperature of one pound of
water one degree at its greatest density, but later investigations
have proved the correct equivalent to be 778.3 foot pounds.

Early in this century, Dalton, the famous English chemist,
and Gay-Lussac, a noted French chemist, made some very im-
portant discoveries as regards the effects of temperature on steam.
A few years later Messrs. Fairbairn and Tate, celebrated British
engineers and physicists, by calculation and experiment estab-
lished the relative volumes and pressures of steam through a
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range of temperature suitable for the steam engineering prac-
tice of that time. The same department of research was after-
wards taken up by Regnault, the famous French scientist, already
referred to, and he conducted at the expense of the French gov-
ernment and under the auspices of the French Academy of Sci-
ences a most exhaustive series of experiments with heat, water
and steam. They were wonderfully accurate, and extended
through a wide range of temperatures and pressures. That was
fifty years ago, and the results they ascertained still remain
standard, and are regarded as models of precise physical work.
The experimental inductions of Regnault relating to the densi-
ties of, or volumes occupied by, steam under different pressures,
were to a great extent demonstrated mathematically to be cor-
rect by Professor Rankine, the celebrated Scotch mathematician
and engineer, who also formulated numerous equations of thermo-
dynamics. Of late years Daniel Kinnear Clark, the celebrated
investigator of locomotive problems, and Chief Engineer Isher-
wood, of the American Navy, have made many valuable discoveries
respecting the action of steam in the practical operations of the
steam engine, and their demonstrations of the cause and extent of
cylinder condensation entitle them to eminent positions as
physicists.
CUTTING OFF AT QUARTER STROKE.

The cylinders of a locomotive do not provide the facilities
for working steam expansively that the cylinders of some engines
give, but a material saving of heat and fuel can be effected if
the limited - possibilities are properly utilized. We may take a
cylinder of the same dimensions as those given in the previous
example, and work the steam expansively. Suppose we admit
steam for 25 per cent. of the stroke, or 6 ins., an operation very
common with locomotive work. To make the conditions of this
experiment agree with those of the last one, we must ignore the
effects of clearance and other.disturbing elements, and assume
that the steam enters the cylinder at boiler pressure, or 145 Ibs.
absolute, during 6 ins. of the stroke, and that after being cut
off by the closure of the valve it expands according to the Mari-
otte law. The ratio of expansion in this case will be 4. That
is, the steam will be expanded until at the finish of the stroke
it will occupy four times the space it did when admission ended.
The ratio of expansion is found by dividing the whole stroke in
inches by the distance in which steam was admitted, thus 24-+6—4.
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THE CURVE OF EXPANDING STEAM.

As the piston is pushed onward past the point of cut off,
the steam passing into the increased volume will expand accord-
ing to the ordinates of a hyperbolic curve abcd, Fig. 1, Plate 4.
When the piston reaches the point b, the steam occupies twice its
original volume, and the pressure has fallen to 7z.5 lbs. When ¢
is reached, the steam occupies three times its original volume
and the pressure is 48.33 1bs.; and when the end of the stroke d
and point of release is reached, the steam occupies four times
its original volume, and the pressure is 36.25 lbs. The actual
performance would be a little different from this because there
would be a fall of pressure due to the steam performing the
work of pushing the piston along and from other causes, but
this calculation is near enough to show the performance of a good
locomotive doing actual service, and to form the basis for estimat-
ing the work an engine can do, using steam at certain pressures
and ratios of expansion. :

PROPORTION OF HPEAT CONVERTED INTO WORK.

In our example of an engine working with steam full stroke,
the steam escaped through the exhaust practically at boiler pres-
sure, and carried away with it nearly all the heat used by the
fire in raising one pound of water to steam at 145 lbs. pressure.
When the steam is worked expansively, as in the last example,
a portion of the heat is converted into work, and the quantity
thus utilized represents the measure of economy in a steam en-
gine. In the engine working with four volumes of expansion,
the steam while doing work falls from 145 Ibs. to 36.25 Ibs.
absolute pressure, and as a consequence the temperature of the
steam falls from 355.6° to 260.7° Fahr. According to Regnault’s
tables, one pound of steam of 145 lbs. pressure absolute, ex-
panded against resistance down to 32° Fahr, without cylinder
condensation, converts 498 heat units into work. In the case
under consideration, the steam is exhausted at 36.25 lbs., and
according to the same authority still contains 387 heat units that
would be converted into work by expansion to 32° Fahr. This
indicated that 408 — 387 — 111 heat units of the steam have been
converted into work by the act of expansion, and therefore that
that quantity is utilized out of the total measure of heat expended.

There were 1,172 heat units expended in converting the pound
of water into steam, so the economical efficiency of the work
done is 111 /1172 = .093, or a little under 1o per cent. From
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these figures it will be perceived that with an engine working
under exceptionally favorable conditions, an enormous quantity
of heat is necessarily lost by passing out through the exhaust.
Increasing the ratio of expansion increases the direct gain of
heat, but it generally introduces indirect sources oi loss that
neutralize the gain, or in many instances involve loss instead of
preservation of heat energy.

The steam engine cylinder, especially that of the ordinary
locomotive, will not produce a diagram of pressure equal in area
to that employed in the illustration with similar boiler pressure,
but a good steam-jacketed condensing engine working with steam
of like pressure in cylinders of the same size will do its work with
nearly an equal amount of economy. In the illustration given only
one-quarter of a pound of steam is supposed to have been used,
but the proportion of economy would be nearly the same as if
a whole pound of steam had been used under enlarged conditions.

TO ESTIMATE THE MEAN PRESSURE OF EXPANDING STEAM.

The mean pressure of the steam used throughout the stroke,
in the foregoing example, may be found by dividing the diagram
into a number of equal ordinates, one line of which passes
through the point of cut off, and another borders the end of
expansion, and taking the sum of the average pressure. The
more common way is to make the calculation by the aid of hyper-
bolic logarithms. Find 4, the ratio of expansion on the
number line in a table of hyperbolic logarithms, and take
the number opposite to it, which will be 1.386. Add 1
to this number and multiply the same by the absolute
steam pressure thus, 2.386 X 145 =346. Divide this by
4, the ratio of expansion, and the product will be 86.5, the mean
pressure in pounds per square inch of steam of 145 Ibs. absolute
pressure cut off at 25 per cent. of the stroke.

To obtain a fairly accurate average pressure the proper allow-
ance must be made for clearance.

To make this calculation apply to a locomotive, 18 lbs. at
least must be deducted for back pressure. This would reduce
the mean effective pressure to 68.5 pounds.

ECONOMY OF USING STEAM EXPANSIVELY.

The economy of heat resulting from using steam expansively
has already been noticed. Another advantage in using steam
expansively is that a greater proportion of work can be obtained
from a given weight of steam. The cylinder of the engine, we
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cator. This does not give any account of the loss of steam due to
cylinder condensation.

WORK OF A COMMON LINK MOTION LOCOMOTIVE.

That steam distribution shows the work done by a common link
motion engine cutting off at about 7} ins. and running at a fairly
high speed, the piston speed having been 912 ft. per minute. With
a moderate quantity of coal the engine would appear to do the work
with little more than three pounds of coal per horse power per hour.
The diagram looks inferior compared to those ordinarily taken from
automatic engines, and it is small compared to the theoretical dia-
gram, but the absence of a horizontal steam line, or the want of dis-
tinctly defined points of cut off, release and the beginning of com-
pression do not always render it certain that the engine is making
inferior use of the steam passed through the cylinders.

This is a fairly representative diagram for an American locomo-
tive working with the throttle full open, the reverse lever well hooked
up; and something exceedingly close to its outlines would be got
from the majority of our passenger engines that can do their work in
the first notch ahead of the center. This engine has a high exhaust
pipe of ample proportions, and a single nozzle which gave free afflux
of steam and kept the counter pressure very low.

Through the action of somewhat high compression, the steam
inside the cylinder is almost equal to boiler pressure when the piston
begins its stroke, but as the piston moves away from the cylinder
head, the flow of steam is not sufficient to keep the increasing volume
of cylinder full, and what Hemenway calls initial expansion is pres-
ent from the beginning of the stroke. That is, the passages and
valve opening not being large enough to admit sufficient steam to
maintain the initial pressure, the steam expands and the pressure
falls before cut off takes place. This reduces the power of an engine,
but it is doubtful if it detracts much from the economical use of
steam. The link motion closely hooked up, leaves such a limited
valve travel that the events of the stroke are not sharply defined on
the lines of the diagram, the exact points of cut off, release and be-
ginning of compression being hard to identify. A fault that many
engineers would find in the diagram is the great amount of com-
pression, but those who have investigated the subject of cylinder
condensation most thoroughly are disposed to hold that compression,
while kept within fair limits, is no source of heat waste. While com-
pression is merely sufficient to raise the steam in the cylinder at the
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beginning of the stroke to steam-chest pressure it cannot be called
excessive.
EFFECT OF THROTTLING.

The diagram shown in Fig. 3, Plate 5,was taken from the same
locomotive under what would be regarded among railroad men
as merely slightly different conditions from the other one, yet
the slight change in conditions materially affects the economical
operation of the engine. The boiler pressure was 135 Ibs., the
speed was 132 revolutions per minute or 528 it. per minute of pis-
ton speed, and the reverse lever was in the g-in. notch, which in
reality permitted the steam to follow the piston 101 ins. of the
stroke. The boiler pressure was the same as when diagram No. 2
was taken, but the initial cylinder pressure in this instance was
only 100 Ibs., as compared with 135 in the other case. There was
less compression in the diagram No. 3, but the principal cause
of the reduced cylinder pressure was that the engine was worked
with the throttle partly closed. At the comparatively slow speed of
the piston there was no reason why the cylinder pressure during
admission should not have been within 8 per cent. of boiler pres-
sure, but in reality it was 26 per cent. below boiler pressure. The
man who handled the throttle was alone to blame for this. It
results from engineers not being properly impressed with the
importance of working their engines so that the full ratio of ex-
pansion shall be obtained. The engine is allowed to drag along
with a light throttle and the lever in the g-in. notch, when it
ought to be hooked up to 6 ins. and the throttle opened wide.
With a full throttle, in the 6-in. notch, at the speed reported,
this engine would have developed as much power as she did
in the g-in. notch with the throttle partly closed, and the steam
would have been used to greater advantage. The practice of
marking the quadrants different from what the real points of
cut off are, is responsible for much waste of steam, and was so
in this instance. The first two notches were marked 6. and 9
respectively, and the real points of valve closure were 7} and
10}. An engineer gets to think he is working his engine to
good advantage at 6 ins., and g ins. does not appear to be let-
ting the steam follow too far. If the man at the throttle under-
stood that, instead of being cut off at g ins., the steam was fol-
lowing the piston nearly half stroke when the lever was in the
second notch, he would, in nearly every instance, link up more .
promptly.
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It has always been admitted by those best able to judge,
that the safe and economical operation of American railroads
has depended greatly upon the intelligence and care of train-
men. The engineer is one of the most important factors in this
element, and it is right that his natural care and intelligence
should be developed. This cannot be done by ignoring his needs.
The road that permits the locomotives to run with the quadrant
notches wrongly marked is deceiving the engineer, and the me-
chanical management is to blame for waste of coal that results.

Let us examine the testimony of diagram No. 3 and com-
pare its record with the previous example. The mean effective
pressure is 52.6 Ibs. The terminal steam pressure is 45 Ibs.
above the vacuum line. In the Thompson table, 45 gives 1500.3.
The total length of the diagram is 3.25 ins.; the distance from
t to ¢ is 2.0375. The computation of the steam used is then
1500.3 = 52.6 = 28.52 X 2.9375 = 83.777 = 3.25 = 25.8 pounds of
steam exhausted per horse power per hour. That is using close
to one-fifth more steam to do the work, which could be saved
by merely pulling up the reverse lever one notch. A locomotive
doing the kind of work this one was employved upon, uses about
50 lbs. of coal per train mile. A change which is calculated to
reduce this coal consumption to 40 Ibs. per mile would effect
material reduction in the operating expenses and is worth look-
ing into.

EFFECT OF KEEPING THE THROTTLE WIDE OPEN.

That a fairly high mean effective pressure can be maintained
in the cylinders of a good link motion cutting off short is proven
by Fig. 4, which was taken from another engine while running at
192 revolutions per minute, and a piston speed of 768 ft. The
boiler pressure was 140 lbs., and the initial cylinder pressure is
135 lbs. Working with an average cylinder pressure almost
as high as that maintained by the illustration given in Fig. 3, this
engine had a terminal pressure of 39 Ibs., yet the work was done
with an expenditure of 21.3 Ibs. of steam per horse power per hour.
The axiom of steam engineering, “Get the steam into the cylinder
at high pressure and exhaust it at low pressure,” was followed as
closely as possible with the engine.

While the practice of running with the throttle wide open may
be considered good engineering, there are circumstances where
steam is saved by running with the throttle partly closed. It is
unnecessary to discuss the causes that produce this condition, for
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all intelligent engineers may be depended upon to run the engine
in the way that observation has indicated would give the best
results.

VELOCITY OF STEAM.

The utility of high-pressure steam as a means of transform-
ing heat into mechanical work results in a great measure from
its expansive force, and the velocity and freedom with which
steam passes from one vessel to another or out into the atmos-
phere. The velocity of the flow of steam depends directly upon
its pressure, and is as the velocity of a body falling freely by
gravity from a height equal to a column of steam represented
by the steam pressure, or to the difference of level between the
height of the column of steam and the height represented by
the pressure of air or other vapor into which the steam is pass-
ing. Omne exception to this is that the velocity of steam flowing
into a,vacuum is constant at all pressures. ;

To calculate the velocity with which steam of any given
pressure passes into a medivm having a pressure equal to the
atmosphere, the following process may be followed: The required
height of the column of steam is estimated by its proportion
to a column of water due to a certain pressure. The square
root of the height multiplied by 8, that well known rule regarding
falling bodies, gives the velocity of steam due to the pressure.
Suppose we wish to find out the velocity of steam of 10 Ibs.
pressure above the atmosphere. It is well known that 1 1b. of pres-
sure represents a column of water 2.3 ft. high, and 10 lbs. pres-
sure will represent a column of water 23 ft. high. At that pres-
sure above the atmosphere, 1 Ib. of steam occupies 1,008 times
the volume of a pound of water. So 23 X 1,008 = 23,184 the
height of the column of steam. Then V/ 23,184 X 8 = 1,218, the
velocity in feet per second of steam of the pressure given. A
small fraction is omitted, but the result is nearly correct enough
for practical purposes.

The quantity of steam of any pressure that will pass out
of a safety valve, a whistle slot or other opening can be calcu-
lated by this rule; but it is found that when the opening is made
in a thin slot the escaping jet of steam suffers a contraction,
so that its area is reduced from 30 to 50 per cent.

To calculate the velocity with which steam will pass into
a cylinder or other vessel that is already filled with vapor above
atmospheric pressure, the difference between the two pressures
has to be taken. Suppose we have a steam chest pressure of



