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ECONOMICAL
BOILER-FEEDING

There is no phase of Locomotive Man-
agement more worthy of careful study
than proper methods of Boiler-Feeding.
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This Chart shows a fire of small Anthracite coal burning in a wide fire-box. See the short flame. This coal, having but little gaseous matter in its composition (only about 5 per cent.),
and being nearly all “fixed” carbon burns with little flame and no smoke.
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LESSON 14.
THE LOCOMOTIVE BOILER.

( The actions of the fire and flame, the construction of the
boiler—and the DANGER of “burning” the boiler and of {
( boiler explosions—are shown in this important Lesson. )
The Fire Box. The Tubes. Flame and the Arch. Safety of
the Boiler. Danger to the Boiler. Limits of Variation

of Water-Level,

The BOILER is the most important part of a locomotive.
It is the engine’s generator and reservoir of POWER, and its
proper care and management is vitally important for the eco-
nomical and successful operating of the engine.

71—The Fire Box.

The furnace or “firebox” in the boiler consists of two side
sheets, the back sheet, the “tube sheet” at the front, and the
“crown sheet” at the top. Several sections of grates at the
bottom support the fuel. An opening is made in the back of
the boiler, or “boiler-head” for a doorway through which the
fire may be attended to and supplied with fuel. Wide fire
boxes sometimes have two doorways.

The fire box is built in the back of the boiler in such a way
that WATER SURROUNDS IT—on top, on both sides, and
at the front and back. See in the views of the inside of a
boiler and fire box—on the colored chart herewith—how the
great quantity of WATER in the boiler, shown in green,
covers and surrounds the fire box, and also the tubes which
pass through the boiler lengthwise.

72—The Tubes.

Locomotive boilers usually have from 200 to 300 hollow
tubes, each about 2 inches in diameter and 15 to 20 feet long,
according to the length of the boiler. They pass through the
boiler and connect the fire box at the back to the “smoke
box” at the front—so the hot gases from the fire may be drawn

81
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by the draft through their hollow interiors from the fire box
to the smoke box, and. thence hurled up through the smoke
stack to the open air.

See in the back END view of the boiler on the colored chart
—the dark round openings of the tubes just above the flame.

These tube openings occupy the whole upper portion of the
tube sheet.

See also in the LONG view of the boiler how the tubes
pass through it—beneath and SUBMERGED in the water.

So many small tubes are used in a locomotive boiler to pro-

- vide sufficient AREA for the draft to act on the fire and draw

away its burnt gases; and also to get the benefit of the great
HEATING SURFACE obtained with many small tubes.

When the fire is burning actively, its temperature is about
2,500 to 3,000 degrees, and the flame and fire gases are about
so hot when they leave the fire-box.

But the temperature of the steam and water in the boiler is
usually LESS than 400 degrees—or about 2,000 degrees
COLDER than the temperature of the stimulated fire and its
flaming gases passing into and through the tubes. This vast
difference in temperature compels the swiftly moving hot
gases to quickly give up their heat to the 2,000 degrees
COLDER water surrounding the tubes—and the gases escape
into the smoke box COOLED to less than 1,000 degrees.

73—Flame and the Arch.

Bituminous or “soft” coal softens when it is put on a fire,
and nearly half of its substance melts into gases—which es-
cape from the coal and burn above the fire as FLAME. Flame
is always BURNING GAS.

Before this gaseous part of the coal can burn—it must
“catch fire” or be IGNITED—and this requires a certain
HIGH TEMPERATURE called the “igniting temperature”
or “temperature of ignition.”

If you try to set fire to gas escaping from coal on a smould-
ering fire with an iron poker only DULL red-hot—you will
fail because the iron is only about 1,200 degrees hot. You
must heat it tc at least BRIGHT red-het—or to 1,800 degrees

-
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—before you can ignite the gas.

This then—1,800 degrees—is the IGNITING TEMPERA-
TURE of coal gas. When the gas ignites and bursts into
flame—the FLAME is about 3,000 degrees hot, or hotter
than WHITE-HOT iron. This is why flame so quickly “sets
fire” to any combustible thing it touches.

But although flame is so hot—it is quickly extinguished if
anything CHILLS it or reduces its temperature below 1,800
degrees. Then the combustion of the gases in the flame—
STOPS—and, unburned, they drift away as SMOKE. So
orderly are the processes of Nature!

The views through the fire box on the colored chart show
the bed of burning coals resting on the grates, and the flame
above. A charge of fresh coal, shown by the thin dark layer
on the front surface of the fire, is shown as producing the large
volume of gas that appears burning in the long flame sweep-
ing around the Arch.

The Arch is built across the FRONT half of the fire box,
as shown on the colored chart. It is made up of large “fire
bricks,” and is supported by several ARCH TUBES which
reach from the front to the back of the fire box, as shown.
Their ends penetrate the tube-sheet and the back-sheet of the
fire box so WATER shall circulate through them, to keep
them from being melted by the intense heat of the fire.

The purpose of the arch is to OBSTRUCT the flight of the
burning gases into the tubes, and compel them to travel and
remain longer in the fire box so as to GIVE MORE TIME
for their mixing with the AIR and burning AS FLAME—IN
THE FIRE BOX—before they enter the tubes.

Soon after the flames enter the tubes they are EXTIN.
GUISHED by the colder temperature therein, then their re-
maining unburned gases pass on, and the 2,000 degrees colder
water surrounding the tubes continues to absorb their heat
until they escape into the smoke box, reduced in temperature
to between 700 and 900 degrees. This is why we never see any
flame issuing from a locomotive’s smoke stack—only smoke
and sparks. :
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74—Safety of the Boiler.

In building locomotive boilers—SPECIAL care is taken to
insure their GREAT STRENGTH to withstand the high
steam pressure they must contain, and the strains they must
bear in service caused by varying steam pressure and tem-
perature.

Generally the fine steel plates of which a locomotive boiler
is made must have sufficient “tensil” or tenacious strength to
resist tests to tear them apart with pulls exceeding 55,000
pounds per square inch. The plates and other parts must be
not only STRONG—but ductile also, or able to bend and
stretch considerably without breaking. To insure that boiler
plates are obtained in this high degree of excellence—sepa-
rated “test pieces” of each are subjected to severe pulling and
bending tests to prove their quality before they are used.

Again in riveting the plates of a boiler together—great
care is taken to fit and drill the corresponding rivet holes in
each seam so perfectly that the insides of the holes in each
two joined sheets are like ONE HOLE drilled through ONE
PIECE of metal. Then the superior iron or steel rivets driven
in these smooth holes must fit them exactly and be of great
strength.

Every strain that the boiler must stand in service is accu-
rately calculated in advance—before it is made—and abundant
provision for STRENGTH and SAFETY is provided by
braces, bolts and stays of the most tenacious steel—ALL as
taught by over a century of experience and perfected science
in making steam boilers.

But even with all this care in building—vigilance is not re-
laxed regarding the safety of boilers. Each is inspected ‘in
service with constant zeal to detect the first sign of any weak-
ening part, or flaw, so it may be repaired or renewed in ample
season for safety.

Much also remains to be done by the engineer and fireman
to preserve the boiler from damage, and keep it safe while it
performs its work of supplying the POWER for the engine
to run mile after mile continuously during its trips—for days,
months and years.

—
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The colored chart shows a safe height of water—about SIX
inches—over the crown sheet of the fire box and the tubes.
Usually the “water level” (its top surface) should be kept at
this height—or higher. If it gets any LOWER—the first
opportunity must be improved to put enough more water in
the boiler to raise the level to at least the height shown.

The chart shows the boiler, and the water in it, as when
an engine is on a LEVEL track. When an engine is ascend-
ing a grade the FRONT of the boiler is highest. When de-
scending, the BACK of the boiler is highest. These variations
of grade sometimes make a difference of an inch or more in
the depth of water at the front or back of a boiler—as the
grade is up or down.

It is MOST IMPORTANT to consider this when an engine
is approaching the top of a hill, and is to continue on down
the other side with steam shut off. The incline of the down
grade may LOWER the water over the crown sheet an inch
or more.

75—Danger to the Boiler.

Always when a fire is in an engine it is VITALLY IM-
PORTANT that a sufficient quantity of water shall be kept in
the boiler to ENTIRELY COVER all its heating surfaces—
those interior parts which are exposed to the heat of the fire—
especially the CROWN SHEET.

DANGER to the engine becomes IMMINENT whenever
the water in the boiler fails to ENTIRELY COVER this very
important part. The metal plates with which the boiler is
constructed—WEAKEN RAPIDLY when heated much over
400 degrees. :

It is known that there is no weakening of the strength of
the boiler plates up to this temperature. The weakening be-
gins AFTER the sheet is heated considerably OVER 400 de-
grees. WEAKNESS in steel or iron develops then, and rap-
idly INCREASES with the temperature until the metal
SOFTENS and loses its sustaining power. When 1,000 de-
grees hot the strength of the metal is reduced 80 per cent.,
or FOUR-FIFTHS. In other words, a boiler plate heated to
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1,000 degrees possesses but—A FIFTH of the strength it
had at 400 degrees—and yet the sheet would not be even
DULL red-hot at 1,000 degrees.

With water completely covering the heating surface of a
boiler there is no danger of overheating. But DISASTER
threatens AS SOON as a portion of the heating surface of a
boiler under high steam pressure is BARED to the heat of
the fire. With a hot fire and a bare crown-sheet—probably in
HALF A MINUTE the fire might heat the sheet to a temper-
ature at which its strength would be weakened enough to let
it GIVE WAY beneath the heavy pressure upon it—for with
200 pounds pressure per square inch—there is a pressure of
over FOURTEEN TONS on each SQUARE FOOT of the
crown-sheet!

Then the engine would be “burned”—damaged by low
water, and at least disabled for service indefinitely, with ex-
pensive repairs required. But also the boiler might EX-
PLODE—with possible fatal results to every person near it.

Locomotive boilers are so well built, and so carefully in-
spected and repaired that—of the 70,000 locomotives used on
all the railroads in North America—there are usually only
about TWO boiler explosions a year which result from
OTHER CAUSES than LOW WATER.

From official records gathered from all North American
railroads for a period of five years, by a committee of the
American Railway Master Mechanics’ Association, it was
found that the AVERAGE annual locoinotive boiler explo-
sions DUE TO LOW WATER were over FIFTY—in which
over thirty engineers and firemen were killed, and over thirty
more were injured.

There were also over 500 locomotive boilers DAMAGED
annually through LOW WATER, by which three more men
were killed, and fifty-seven were injured.

During these five years there were 260 explosions, killing
147 men and injuring 144; also 2,499 cases of damaged boilers,
“burned” by low water—a yearly average of 517—annually
killing 15 men and injuring 57 others.

Nearly all these “burnings” and explosions were due to
FAILURES of the MEN in charge of the engines to supply
SUFFICIENT WATER to the boilers to keep their heating
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surfaces COVERED—thus exposing them to quick destruc-
tion by the fire, and exposing themselves to injury and death.

This shows how important it is for EVERY MAN engaged
on a locomotive to ALWAYS keep in mind the absolute NE-
CESSITY of keeping sufficient WATER in the boiler to

.SURELY COVER the crown-sheet and the tubes—EVERY

MOMENT while there is a hot fire in the fire-box.

It is the engineer’s duty to keep sufficient water in the boiler
while the engine is in his charge, and to continually supply it
with as much water as is being used as steam. This is not
a fireman's duty except in the engineer’s absence, or unless
it is delegated to him by the engineer—and then it is to be
done according to the engineer’s orders, as he is responsible.

NOTICE the height of water in the boiler as indicated
in the water glass AS SOON as you arrive on an engine.
Do this BEFORE you do ANYTHING else. Unless water
appears IN MOTION in the water glass, or can surely be
drawn from the bottom gauge-cock—take action IMME-
DIATELY to correct or report this dangerous condition.

76—Limits of Variation of Water-Level.

On the other hand—the boiler must never be filled TOO
FULL of water. When this is done the inside top space in
the boiler, or STEAM ROOM is lessened. Then when the
throttle is opened—the escape of steam from the boiler is ac-
companied by violent boiling, and this throws water into the
steam which carries it to the cylinders, where it washes the
lubricating oil from the surfaces of the valves and cylinders.

The place for water is NOT in the cylinders, where its
work is altogether evil and dangerous. Water, although a
liquid, is yet as solid and incompressible as IRON when con-
fined where it cannot escape—as many shattered cylinder-
heads have shown.

To avoid the opposite extreme, the water-level should never
be allowed to fall below a good fair margin for safety. The

- best results will follow a medium between extremes.

Usually within three inches of the top and three inches of
the bottom of the gauge-glass will be the proper limits of
variation of the water-level.



g LESSON 15.

INJECTORS—GAUGE COCKS—WATER-
GLASS.

J’ A correct understanding of a locomotive’s “water-works”
—by EVERYONE employed in the care or operation of
l engines—is important for the SAFETY of the boiler.
Escape of Steam and Waste of Water. Operation of Injectors.
The Gauge Cocks. The Water Glass.

77—Escape of Steam and Waste of Water.

All the steam used in operating a locomotive is permitted to
escape into the air after it has done its work of pushing the
pistons in the cylinders—and is thus LOST.

In a locomotive’s ordinary work every time the driving
wheels turn round—from one to two pints of water, and some-
times more, are boiled by the fire and turned into steam—
used in the cylinders and WASTED in the air.

This consumption of steam and water continues while the
engine is working. As the driving wheels revolve about 300
times in running every mile, between 50 and 100 gallons of
water are usually boiled and used per mile run, or between
5,000 and 10,000 gallons in a day’s trip of 100 miles.

To always keep the proper quantity of water in the boiler,
as much fresh water must be supplied to it as is used from it
in steam. This is called “feeding the boiler” or—‘boiler-
feeding.”

78—Operation of Injectors.

The usual method of feeding water to locomotive boilers
according to their needs is by the use of an instrument called
the INJECTOR. Usually each locomotive is equipped with
two injectors—one on each side.

An injector will induce a flow of water from the tender—
impart high velocity to the stream, and hurl it HIGHLY
HEATED into the boiler.

88
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The injector can be regulated to increase or diminish the
stream of water it puts into the boiler. It is independent of
the motion of the engine. It works equally well whether the
engine is'standing or running.

In the injector a jet of steam moving at high velocity
mingles with a stream of flowing water drawn from the ten-
der, and, imparting velocity and heat to the water—HURLS
the stream of HEATED water through a pipe into the boiler
against the interior steam pressure.

The injector’s stream of water CONDENSES the. steam
it uses—ABSORBS all its heat, and is delivered to the boiler
at temperatures ranging between 200 and 250 degrees—nearly
as hot or HOTTER than ordinary boiling water.

Every man connected with the care or operation of loco--
motives should understand the operation of injectors, as at
any time it may become necessary for him to operate an in-
jector on an engine.

Never start an injector while passing a station platform,
or where there is any possibility of scalding anyone with
water from the overflow.

There are several kinds of injectors in general use on loco-
motives, but their principles of operation are nearly alike, as
described and illustrated on the two following pages.
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FIG. 13. A SELLERS’ LOCOMOTIVE INJECTOR.

The principles of the operation of all injectors are similar to those
described in the operation of this injector on the opposite page.

L

FIG. 14. SECTIONAL VIEW OF INJECTOR.

Showing it cut in half lengthwise, and the arrangement of its interior
parts.

. iy HT I,
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J DELIVERY

OVERFLOW

FIG. 15. DIAGRAM SHOWING ACTION OF INJECTOR.

An Injector must be “PRIMED” or préepared for action by caus-
ing a FLOW OF WATER through it. To do this, the STARTING
LEVER—33—is drawn backward slightly. This permits a little steam
to enter the small diagonal holes shown just above and below the
STEAM NOZZLE—3. The steam flows AROUND this nozzle
and enters the COMBINING TUBE—2—where it meets and min-
gles with the water there—GIVES MOTION to the water, which
moves forward as shown by the arrows in —2.

At first the water does not move with enough force to enter the
delivery tube—l—but digresses upward, lifts the OVER-FLOW
VALVE—30—and escapes to the ground through the WASTE
PIPE—29.

The Injector is now “PRIMED” and ready for effective action.
The STARTING LEVER—33—is drawn back its full movement
This withdraws the plug from the mouth of the steam nozzle—3—
and permits a full head of steam to leap through it and plunge into
the water flowing through the combining tube—2.

The steam imparts some of its high VELOCITY of movement and
all its HEAT to the water, is CONDENSED by the water, and the
resulting solid stream of heated water is SWIFTLY HURLED
through the delivery pipe and into the boiler.

The handle extending downward—41—is used to regulate the flow
of water to the injector to suit the needs of the boiler.
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FIG. 16. LOCATION OF INJECTORS ON A LOCOMOTIVE.

The injector shown and described on pages 90 and 91 is called a
“LIFTING” injector because it LIFTS its water above the level in
the tender. It is always placed on an engine within the convenient
reach of the enginemen, either in the cab or about as shown at—B—
in the engraving above.

Another type of injector is shown at—C—in the engraving. It
is called a “NON-LIFTING” injector because it does not lift its
water. It is always placed on an engine lower than the bottom of
the tender, so its water will run to and through it by gravity.

Steam is taken to operate either injector from some place at the
top of the boiler, about as indicated at—A A.

To prevent cinders and other obstructions from being drawn into
the injector—a STRAINER is located at—F—in the hose connec-
tion through which water passes from the tender to the engine.

The strainer is the first thing to examine if the injector fails to
“go to work” properly. In that case the strainer will usually be
found clogged with cinders, waste or other material.

The injector delivers its water into the boiler through a ‘“check
valve” at the termination of the delivery pipe. This valve opens
only to ADMIT water to the boiler. It closes to CHECK or stop
any escape of water from the boiler,

WATER GAUGES 93

79—The Gauge-Cocks.

As the engineer and fireman of a locomotive must always
know the steam pressure and the height of the water in the
boiler—proper GAUGES to indicate these conditions are pro-
vided. A “steam gauge” and ‘“‘gauge cocks” and, in addition,
a glass water-gauge or “water-glass” are placed on the boiler
within easy view to show the PRESSURE of steam and the
HEIGHT of the water.

The gauge cocks are the oldest and most reliable means of
ascertaining the height of the water in the boiler. They are
usually three in number, placed on the right of the boiler-
head—within the engineer’s easy reach and are for his special
use. They penetrate the boiler and reach into the steam and
water spaces within. See Fig. 17—page 95.

They are set one above the other, slanting, about two inches
apart. When a gauge cock is opened, the escape of steam or
water from it will declare by sight and sound whether the
water in the boiler is above or below, or just even with it.

If only steam escapes—this shows that the top surface of
the water or “water-level” is BELOW that cock. If steam
and some water escape together—this shows that the water-
level barely reaches the cock. But if a SOLID stream of
water escapes—this shows that the water-level is well ABOVE
the cock.

80—The Water-Glass.

The “water-glass” is placed on the left of the boiler-head
to SHOW the varying water-level. See Fig. 18. It is placed
within the unobstructed view of the engineer and fireman, and
at night is illuminated by a lamp so that the constantly chang-
ing column of water inside the glass may always be seen.

This gauge consists of a thick glass tube that connects with
two cocks—one above the other—which penetrate the boiler
and reach into the steam and water spaces inside, just as the
gauge-cocks do.

The bottom cock enters the boiler at about the LOWEST
safe point that the water-level should ever reach; and the top
cock enters the boiler in the steam space—ABOVE the level
the water should usually reach.



