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PREFACE.

The International Library of Technology is the outgrowth
of a large and increasing demand that has arisen for the
Reference Libraries of the International Correspondence Schools
on the part of those who are not students of the Schools.
As the volumes composing this Library are all printed from the
same plates used in printing the Reference Libraries above
mentioned, a few words are necessary regarding the scope and
purpose of the instruction imparted to the students of—and
the class of students taught by—these Schools, in order to
afford a clear understanding of their salient and unique features.

The only requirement for admission to any of the courses
offered by the International Correspondence Schools is that the
applicant shall be able to read the English language and to
write it sufficiently well to make his written answers to the
questions asked him intelligible. Each course is complete in
itself, and no textbooks are required other than those prepared
by the Schools for the particular course selected. The students
themselves are from every class, trade, and profession and
from every country; they are, almost without exception, busily
engaged in some vocation, and can spare but little time for
study, and that usually outside of their regular working hours.
The information desired is such as can be immediately applied
in practice, so that the student may be enabled to ex hange his
present vocation for a more congenial one or to rise to a higher
level in the one he now pursues. Furtherinore, they wish to
obtain a good working knowledge of the subjects treated, in the
shortest time and in the most direct manner possible.

In meeting these requirements we have produced a set of
books that in many respects, and particularly in the general
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iv PREFACE.

plan followed, are absolutely unique. In the majority of
subjects treated the knowledge of mathematics required is
limited to the simplest principles of arithmetic and mensuration,
and in no case is any greater knowledge of mathematics needed
than the simplest elementary principles of algebra, geometry,
and trigonometry, -with a thorough, practical acquaintance with
the use of the logarithmic table. To effect this result, deriva-
tions of rules and formulas are omitted, but thorough and
complete instructions are given regarding how, when, and
under what circumstances any particular rule, formula, or
process should be applied; and whenever possible one or more
examples, such as would be likely to arise in actual practice—
together with their solutions—are given to illustrate and explain
its application.

In preparing these textbooks, it has been our constant
endeavor to view the matter from the student’s standpoint,
and to try and anticipate everything that would cause him
trouble. The utmost pains have been taken to avoid and
correct any and all ambiguous expressions—both those due to
faulty rhetoric and those due to insufficiency of statement or
explanation. As the best way to make a statement, explana-
tion, or description clear is to give a picture or a diagram in
connection with it, illustrations have been used almost without
‘limit. The illustrations have in all cases been adapted to
the requirements of the text, and projections, and sections or
outline, partially shaded, or full-shaded perspectives, have been
used, according to which will best produce the desired results.
Half-tones have been used rather sparingly, except in those
cases where the general effect is desired rather than the
actual details. '

It is obvious that books prepared along the lines mentioned
must not only be clear and concise beyond anything heretofore
attempted, but they must also possess unequalled value for
reference purposes. They not only give the maximum of
information in a minimum space, but this information is so
ingeniously arranged and correlated, and the indexes are so full
and complete, that it can at once be made available to the
reader. The numerous examples and explanatory remarks,
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together with the absence of long demonstrations and abstruse
mathematical calculations, are of great assistance in helping one
to select the proper formula, method, or process and in teaching
him how and when it should be used.

The present volume is devoted to the construction, operation,
and operating of locomotives and locomotive appliances, consid-
ered from the standpoint of the men who handle them rather
than from that of the designer. It consists of an exhaustive
treatise on all types and classes of locomotives and locomotive
appliances in regular service, including both the most modern
and the more numerous older types. There is also a very
thorough and complete discussion on the handling, care, and
management of locomotives and of locomotive appliances, with
special reference to breakdowns and running repairs, each sub-
ject being treated in a concise but complete manner. The work
will commend itself to all who are interested in the locomotive
and in locomotive running, and prove of invaluable assistance
to enginemen.

The method of numbering the pages, cuts, articles, etc. is
such that each subject or part, when the subject is divided into
two or more parts, is complete in itself; hence, in order to make
the index intelligible, it was necessary to give each subject or
part a number. This number is placed at the top of each page,
on the headline, opposite the page number; and to distinguish
it from the page number it is preceded by the printer’s section
mark (§). Consequently, a reference such as §16, page 26,
will be readily found by looking along the inside edges of
the headlines until § 16 is found, and then through § 16 until

page 26 is found.
INTERNATIONAL TEXTBOOK COMPANY.
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LOCOMOTIVE BOILERS.

(PART 1.)

TYPES OF BOILERS.

1. The locomotive may be regarded as consisting of three
parts: the apparatus for generating the steam (the boiler);
the mechanism for utilizing the steam (the engine proper); and
the wheels, frames, and springs, which constitute a carriage or
vehicle to enable the whole to move from place to place.

For the present, the first of these parts, namely, the boiler,
will be dealt with.

2. Locomotive boilers all belong to the horizontal multi-
tubular class, with internal firebox. At the present time, how-
ever, there are five types of locomotive boilers in general use:
the straight-top, the Belpaire, the wagon-top, the extended wagon-
top, and the wide-firebox. Each type has especial advantages,
depending on the service, character of fuel, and water used.

3. BStralght-Top Boiler.—Fig. 1 shows a boiler of this
type, having a shallow firebox, with its crown sheet stayed by
crown bars, (a) being a longitudinal section through the cen-
ter of the boiler, and () a cross-section and back-end view of
the firebox. The crown bars r support the crown sheet C,
while the diagonal stays ¢ support the back boiler head B and
front tube-sheet F. The tubes F”” extend between the front
and back tube-sheets F and F’, and in this type of boiler, as
shown in Fig. 1, the barrel W containing the tubes is the shape
of a telescope, each ring being inside of the one next back of it.
With a straight boiler the successive rings of the shell are alter-
nately inside and outside, so that the ring next to the smoke

For notice of copyright, sce page immediately following the title page.
25



2 LOCOMOTIVE BOILERS. §5

arch is the same size as the one next to the throat sheet, and is
connected directly to the main shell M of the firebox; the other
end has fastened to it the smokebox S and extension front E.
A is the firebox, which is surrounded with water on the four
sides and on the top. The firebox and the boiler sheets are
riveted at the bottom to the mud-ring m, which forms the bot-
tom of the water legs /, . D is the dome of the boiler; d, the
firebox door. The flat ends of the stays e are riveted to
the outer shell of the boiler; the rivets are not shown here.
The crown bars are connected to the outer shell by means of
the sling stays shown in the figure.

4. Belpaire Boller.—A Belpaire boiler with extension
front E is shown in Fig. 2. This construction was adopted to
have the crown sheet and top of the shell parallel, and thus
have the stay bolts at right angles to the sheets. It also
adds considerable steam space to the boiler. In this type, both
the crown sheet C and the main shell M are made flat, as shown
in (b). These two sheets are stayed by means of the stays r,
which are at right angles to both sheets, while the sides, which
are also flat, are stayed with rods t. Gusset stays g support the
back boiler head B, while the front tube-sheet F is supported
by the stayrods e. In this boiler, as in the straight-top boiler,
D is the dome; d, the firebox door; 4, the firebox; I, I, the
water legs; S, the smokebox; and W, the barrel, or waist, of
the boiler. The same letters will be used to designate these
parts in the various types of boilers, regardless of differences
of construction.

5. Wagon-Top Boller.—This type of boiler, shown in
Fig. 3, has the shell over the crown sheet much higher than the
cylindrical part of the boiler. This larger part tapers off, as
shown, to its junction with the shell ahead of the throat sheet.
The dome is located over the firebox, which requires that the
crown sheet be supported by crown bars.

6. Extended Wagon-Top Boller.— A boiler of this
type is shown in Fig. 4, (a) being a longitudinal section and
(b) a cross-section and back-end view of the firebox. The
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§5 LOCOMOTIVE BOILERS. 3

crown sheet (' is supported by the radial stays r, and the
back boiler head B and the front tube-sheet F by the stayrods e.
The tubes T support the firebrick arch and add to the heating
surface, as well as giving better circulation of water into the
legs of the boiler. As seen in the illustration, this type of
boiler has the main shell M elevated above the waist or cylin-
drical part W, to which it is connected by means of the slope
sheet a b. The object of this construction is to increase the
steam space and provide space ahead of the crown sheet for
the dome.

7. The Wide-Firebox Boliler.—In addition to the fore-
going four types of boilers, there is another, called the wide-
firebox boiler. This is similar to the Wootten boiler, from
which it differs chiefly in having no brick bridge extending
across the front end of the firebox and no combustion chamber.

This type is used in and around anthracite coal-mining
regions, being adapted for burning fine hard coal, and culm,
the refuse from the mines. It isillustrated in Fig. 5, (a) being
a longitudinal section through the boiler and (b) a cross-
section and back-end view of the firebox.

The firebox is made as long as practicable, its length being
limited by the distance a fireman can shovel coal with accuracy.
It is made comparatively shallow, as it ie placed above the
frames, and must extend over the rear driving axle. It is
made much wider than the ordinary firebox, being from 8 to 9
feet wide. This construction gives a much larger grate area
than usual, so as to permit a slower rate of combustion. It is
especially important that the draft through the fire shall be
light, as otherwise the small fuel used will be drawn into the
tubes without being burned. On account of the great width
of the firebox, it is necessary to have either two fire-doors or
one that opens wide and has two doors.

This type of boiler has been very successful as an anthracite-
culin and fine-coal burner, and a great number are now in use
on different roads. They have not been very successful as
bituminous-coal burners; the grates are so close to the crown
sheet that there is an insufficient volume above the fire for
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proper combustion; also on account of the extensive and fre-
quent firebox repairs necessary when soft coal is used. How-
ever, a mixture of 1 part of soft coal to 4 parts of fine hard coal
is now being used on a number of roads with good results.

CONSTRUCTION OF BOILERS.

8. The principal parts of a locomotive boiler (see Figs. 1to 5)
are: the firebox A; the smokebox S; the tubes F', which
extend through the cylindrical part (the barrel or waist) of the
boiler and connect the firebox with the smokebox; and the
shell of the boiler. The latter consists of the main shell M and
the waist W.

THE FIREBOX,

9. General Description.—The locomotive firebox, as in
Fig. 4, consists of the back sheet b, two side sheets f, the back
tube-sheet F* forming its front, the crown sheet C on top, and
the grates G at the bottom. Thesheets of the firebox are usually
of steel, although copper sheets have occasionally been used.

Between the frames, the firebox is rectangular in form, while,
above them, the side sheets conform more or less to the shape
of the boiler shell. It varies from 32 to 42 inches in width,
and from 70 to 120 inches in length, according to the type and
size of engine. In wide-firebox engines, the box is from 8 to 9
feet wide and 10 to 11 feet long. The sheets of the firebox are
surrounded with water, being separated on all sides from the
main shell by a space /, called the water leg, this space
ranging from 3 to 44 inches. The bottom of the water leg is
formed by a wrought-iron ring m, called the mud-ring, to which
the sheets are riveted, the rivets passing through both sheets
and the ring and being headed over on the outside. Below
the grate bars G, which form the bottom of the firebox, is the
ash-pan P; this is furnished with two dampers, d’ and d” for
regulating the admission of air through the grates to the firebox.

10. Wwater Legs.—These, marked /, [ in Figs. 1 to 5, are
part of the water space of the boiler and, consequently, are
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§5 LOCOMOTIVE BOILERS. 5

subjected to a pressure equal to that of the steam plus that due
to the head of water in the boiler. The legs, therefore, are
subjected to a slightly greater internal pressure than any other
part of the boiler. This pressure tends to force the sides and
end sheets of the firebox inwards and those of the outer shell
outwards, while the tendency of the pressure above the crown
sheet is to bulge it downwards. Sudden expansion and con-
traction of the firebox sheets also subjects them to severe
strains, and, for this reason, the temperature of the firebox
should never be allowed to vary suddenly.

11. Staybolts.—To enable the firebox sheets to withstand
the strains to which they are subjected, they are fastened to the
main shell by means of staybolts s, Fig. 2 (b). These are

Fi6. 6 (a).
generally made of wrought iron, § to 1 inch in diameter, and
spaced from 4 to 4% inches apart. In some cases, they are
threaded their whole length, as in Fig. 6 (a). They are screwed
right through the outer and inner sheets, and the ends cold-
riveted. The rule is to space the staybolts at such distances

F1a. 6 ().

apart that the greatest stress to which they will be subjected is
not more than 6,000 pounds per square inch of cross-section.
Staybolts very frequently break, owing to unequal expansion
and contraction of the plates, and bulged or crooked sheets are
liable to result if the broken staybolts are not discovered and
replaced. Broken staybolts are generally detected by the
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hammer teot (i. e., sounding with a hammer), but it is some-
times very difficult to discover the partially broken ones by
this means, and, as they are usually in excess of the broken
ones, they form a constant and unsuspected source of danger.
If a small hole, say } inch in diameter, is drilled about 1 inch
into the outer end of the staybolts, any broken or partially
broken ones will be indicated at once by water escaping
through the hole; staybolts, as a rule, break pretty close
to the outer sheet. Such a staybolt is shown in Fig. 6 (b),
which, besides being drilled at a, has the threads turned off
the central portion, this procedure being found to increase its
durability. Sometimes hollow staybolts are used to supply
air direct to the firebox, a couple of rows being placed just
above the fire.

METHODS OF STAYING CROWN SHEETS.

12. Crown-Bar Method.—The crown sheet is supported
in one of two ways: (1) by crown bars, or (2) by radial stays.

Crown bars are iron girders, the ends ¢ of which are shaped
so as to form feet; they are placed across the firebox with the

Fa. 7.

feet resting upon the edges of the side sheets, as shown in Fig. 7
(a). The bar is so designed as to clear the crown sheet a
couple of inches or so.
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Crown bars are generally made up of two pieces of plate
bolted together, as shown in the cross-sectional view, Fig. 7 (b),
with sufficient space between them to allow the crown bolts
to pass through. Washers w for holding the crown sheet
in position are placed between the crown bar and the crown
sheet, and the whole is then tightened up and held together by
the crown bolts ¢, which pass up through the crown sheet,
washer, and crown bar, and are fastened on top of the latter by
nuts. The crown sheet is thus supported by the bars, which
in turn are connected to the shell of the boiler and the inside of
the dome by means of sling stays, as shown in Fig. 1. The bars
are placed about 44 inches from center to center. The bolts
are generally § or 1 inch in diameter, and are spaced about
4} inches between centers,

The objections to the crown-bar method of staying are:
(1) increased difficulty of cleaning the crown sheet; (2) great
weight and cost; and (3) loss of water space taken up by them.
When the water is bad, scale forms around the washers w, and
keeps the water away from these spots, thus tending to overheat
the crown sheet beneath the washers. These washers are made
tapering, as shown, so as to allow the water to reach a greater
portion of the sheet.

13. Radlal-Stay Method.—In this method of staying,
the crown sheet is supported from the main shell by means of
staybolts screwed through both shell and crown sheet and
riveted cold. A staybolt to be most effective must be placed at
right angles to the surface it is to support; the staybolts
supporting the outer shell and the crown sheet, therefore,
should be at right angles to both sheets, but, as the shell
is circular, while the crown sheet is more or less flat, this is
impossible. The best that can be done is to give the crown
sheet a considerable curvature, and place the staybolts as nearly
at right angles to both sheets as possible; they are thus set more
or less radial to the outer shell—hence the term radial.

Curving the crown sheet has another advantage: As the
impurities in the water are precipitated on the crown sheet, they
are washed off by the strong circulation and swash of the water
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in the boiler, thus keeping the crown sheet comparatively
clean. This construction, therefore, is well adapted for use
with muddy water; it is cheaper than the crown-har method,
and provides a much better chance to wash out the mud and
scale, and to inspect the boiler.

The radial staybolts are spaced about 4} inches between
centers on the crown sheet, which, of course, makes the space
greater in the outer shell. When radial stays are used, it is
necessary to set the dome forwards on the cylindrical portion
of the boiler, as otherwise the stays would have to go up in
the dome. :

GRATES.

14. Rocking Grate.—Fig. 8 shows the fire-grate and
ash-pan of an ordinary rocking grate used in soft-coal
engines. The upper view is a cross-section through the firebox,

Fia. 8.

showing a top view of the grates; the lower view is a longi-
tudinal section through the firebox, grate, and ash-pan.

The grate consists of cast-iron cross-bars A, I} supported on
trunnions ¢, on which they can rotate. Each bar is provided
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with fingers that fit in between the fingers of the adjacent
bars, and they are further provided at one end with an arm b
(on the under side) that connects with the bar ¢. This bar can
be moved to and fro by means of a lever (not shown in the
figure), the handle of which is in the cab. This movement
gives the grate bars a rocking motion on their trunnions that
tends to break up clinkers and shake them and the ashes into
the ash-pan C. The doors d, d’ of the ash-pan not only pro-
vide means for removing the ashes, but act also as dampers for
regulating the draft. They are operated from the cab. It will
be noticed that there is considerable space (about 35 per cent.
of the grate area) between the fingers of the grate bars. This is
to allow the easy entrance of air into the firebox. Another type
of grate, which consists of a flat wide bar with air holes through
it, is used considerably. It can be rocked or shaken the same
as finger grates.

15. Water Grates.—When hard coal is used, such an
intense heat is generated that ordinary grate bars soon burn

FiG. 9.

out; therefore, what are known as water grates are very
generally used. Such a grate is shown in Fig. 9: (a) is a plan
of the grates; (b) is a side view, showing the support FE for !
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golid bars B and the middle support e for the grate; (¢) is an
end view, showing the arrangement of the grate bars. The grate
bars 4 are usually made of 2-inch wrought-iron tubes about
} inch thick, and have water circulating through them. They
are set parallel to the length of the engine, with their front ends
lower than their back ends, which assures a free circulation of
water through them (unless they choke up) that prevents their
being burned.

The tubes are threaded on the end that is screwed into the
back tube-sheet; the other end is fastened into the lack sheet
of the firebox by means of a tapered copper ferrule ); which is -
driven into the hole in this sheet until it makes a tight joint
between the tube and the sheet.

Solid bars B, which are removable, are placed at regular
intervals, to provide for drawing the fire from the firebox.
These solid bars pass through short pieces of tube D, set in
the back end of the firebox, the front ends of the bars resting
upon the support E. They are provided with an eye Cat one
end, for convenience in pulling them out when the fire is to
be drawn.

The area of the grates in a hard-coal burning engine is much
larger than in a soft-coal burner. One pound of hard coal will
produce about the same quantity of heat, in burning, as
1 pound of soft coal; but, as the hard coal burns much more
slowly than the soft coal, it will not generate as high a tempera-
ture, and consequently will not make steam as fast. In order
to make steam at the same rate, a greater quantity of hard coal
must be burning at the same time, and the most practical way
to do this is to increase the size of the firehox and the area
of the grates.

THE FIREBRICK ARCH.

16. It is becoming an almost universal practice to use a
brick arck. in the firebox of all types of engines. Brick
arches are usually, as the name implies, made in the form of
an arch, and are supported by lugs or pins bolted to, or screwed
into, the side sheets. Sometimes the bricks are supported by
arch pipes T, Fig. 4, which are fastened into the tube-sheet and
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back sheet in such a way as to permit of a circulation of water
through them. Usually, a space of from 3 to 6 inches is
left between the bottom row of bricks and the tube-sheet, but in
some cases the brick is up against the sheet. The bottom of
the arch is from 1 to 10 inches below the lower tubes, depend-
ing on the depth of the firebox, and about 20 inches above the
grates. An opening is left at the back end of the arch, below
the crown sheet, to allow the gases to pass through to the tubes.

The advantages of using a brick arch are: (1) By lengthen-
ing the path of the gases to the tubes, they are retained for
a greater interval of time in the firebox, and therefore have
more time in which to mix with the air and burn. (2) The
firebrick become intensely- hot and tend to maintain a more
even temperature, besides helping to prevent the gases being
cooled below their igniting temperature. (3) It maintains a
more even temperature in the tubes, preventing, to a great
extent, unequal expansion and contraction, thereby increasing
the life of the tubes. (4) When an arch is used, it is more
difficult for the exhaust to pull fine coal and cinders through
the tubes unburned and to tear holes in the fire. The brick
arch therefore aids combustion, helps to prevent black smoke,
increases the life of the tubes, and effects a saving in the coal
comsumption. Arches are not used with hard-coal burners.

THE TUBES.

17. The tubes of a locomotive boiler are usually made
from strips of sheet iron, lap-welded together, although some-
times they are solid-drawn from steel. Steel tubes can be made
thinner than iron tubes while giving equal strength, and for this
reason are advantageous, since the thinner the tubes, the more
readily the heat of the gases will be conducted to the water.

The tubes are generally 2 inches external diameter. Insome
cases, however, they are made as small as 1} inches, and in
others as large as 2} to 2% inches. A 2-inch tube, .11'inch
thick, has an internal diameter of 1.78 inches; a 2}-inch tube,
.125 inch thick, has a 2-inch internal diameter; while a 23-inch
tube, .125 inch thick, has a 2}-inch internal diameter.
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By reducing the outside diameter of the tubes below 2 inches,
more of them can be got in and so increase the total tube
heating surface, but at the same time the tendency of the tubes
to become stopped up is increased. Increasing the diameter of
the tubes decreases the total tube heating surface, and reduces
the steam capacity of the boiler. The smaller tubes have
other advantages over the large tubes, for the hot gases are
broken into smaller columns in passing through the smaller
tubes; thus, less heat is wasted, and the gases pass out at the
stack at a reduced temperature. A small tube has a greater
heating surface in proportion to the volume of gases passing
through it than a large tube.

The total cross-sectional area of the tubes in the larger sizes
of engines is about § the grate area for bituminous coal, and
75 for large anthracite, and still less (sometimes as little as 4%)
for small anthracite and culm.

The tubes are connected to the front tube-sheet in the smoke-
box, and to the back tube-sheet in the firebox. "Their function
is to carry the smoke and gases of combustion
from the firebox to the smokebox, breaking
them into small columns, so that their heat
may be more readily extracted by the water
that surrounds the tubes. The tubes serve
another purpose, also, in acting as stays for
the tube-sheets.

Fig. 10 illustrates one way in which the
tubes are attached to the back tube-sheet;
a is a copper ferrule, tapered on the inside
from % inch thick at one end to almost
nothing at the other end. It is about } inch
longer than the thickness of tube-sheet F*. This ferrule is used
to avoid leakage due to the expansion and contraction of the
tubes and sheet.

The holes in the tube-sheet are drilled {% inch larger than
the diameter of the tubes; the tube is then inserted in the hole
and permitted to extend a little beyond the sheet; the furrule is
next put in place, and the end of the tube expanded and, in
most cases, beaded as shown. The copper ferruleis not used in

Fi6. 10.
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the front tube-sheet; the holes are drilled 4}y inch larger than
the diameter of the tube, which is then inserted and expanded
a8 described.

The tubes should be so arranged that there will be a
space of from § to § inch between each adjacent pair. They
should be so grouped as to permit the freest circulation of

Fi6. 13.

the water and steam. Three methods of grouping are shown
in Figs. 11, 12, and 13, in which the arrows show the course
the steam and water can take in ascending. In Figs. 11
and 13, the steam and water can rise in a straight line, and
either of these constructions will give a better circulation than
will that shown in Fig. 12. As the grouping in Fig. 11 permits
the use of more tubes to a given area of tube-sheet than does
that of Fig. 13, it is the one most commonly used.

HEATING SURFACE.

18. Definition of the Term.—The term heating sur-
face is meant to include all surfaces in the boiler and firebox
that are exposed on the one side to the heat of the fire or of the
generated gases, and that have water on the other side. The
total heating surface in a locomnotive boiler, therefore, comprises
the tubes, crown sheet, back tube-sheet, and side and back
sheets of the firebox. The area of the front tube-sheet is not
taken into consideration in these calculations. Of these sur-
faces, the crown sheet is the most effective; the tube-sheet, sides,
and back of firebox next; after which comes the tube surface.
The tube surface is not equally effective throughout; the back
end of the tube is more effective than the front end, and the
top of the tube is more effective than the sides or bottom, the
bottom, in fact, being considered as of but little value.
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In calculating the heating surface of a locomotive boiler,
however, the efficiency of the different parts is not taken into
account, the whole surface being considered as equally efficient.

The heating surface of the firebox is called the direct heat-
ing surface, since it is subjected to the direct action of the
fire, while that portion comprising the inside surface of the
tubes and the surface of the front tube-sheet is called the
indirect heating surface. The total heating surface is
composed of the sum of the direct and of the indirect heating
surfaces.

19. Amount of Heating Surface.—In designing a
boiler, it is customary to allow a certain amount of total heat-
ing surface for each cubic foot of piston displacement. As the
result of many experiments, it has been ascertained that the
number of square feet of heating surface should be from 360 to
420 times the piston displacement in cubic feet, counting
only one piston.

These figures depend on the class and size of the engine,
the diameter of drivers, etc., but chiefly on the kind of fuel
to be used. The piston displacement in cubic feet is equal
to the area of the piston, in square feet, multiplied by the
length of the stroke, in feet. When the size of the cylinder
is given, the total heating surface may be calculated by the
following rule:

Rule 1.—To find the total heating surface to be allowed an
engine, multiply the diameter of the piston, in inches, by itself, and
by the stroke, in inches. Then multiply this product by .190
1f bituminous coal 18 to be used, by .165 for lump anthracite, or by
.200 for small anthracite, buckwheat or pea.

ExaMpLE.—What total heating surface should be allowed a bitumi-
nous coal-burning locomotive that is to have 18’/ X 24’/ cylinders?

SoLutioN.—From rule 1, heating surface =18 )18 XX 24 < .190 =
1,477% sq. ft. nearly. Ans.

The ability of a locomotive to handle heavy trains or to make
fast time, depends on its steam-making capacity. For this
purpose, a liberal amount of heating surface must be used, and
modern engines have 8o much more heating surface than those
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of older date that the proportion of heating surface to the
cylinder dimensions, shown in rule 1 as .190, is now from .210
for freight, to .240 for passenger service, for bituminous coal,
and other kinds of coal in proportion.

The direct heating surface is generally made from 4% to 6
times the grate area; that is, for every square foot of grate area,
there is from 4} to 6 square feet of direct heating surface.
In culm burners, the proportions are from 2 to 2} times the
grate area.

The indirect heating surface, generally, is about 11 times the
direct; that is, for every square foot of direct heating surface
there is 11 square feet of indirect heating surface.

Striking a rough average for all coals, we may say that for
each square foot ol grate surface there is .about 5} square feet
of direct heating surface and about 60 square feet of indirect
heating surface. In culm burners, the proportions are less.

GRATE AREA.

20. In order to have a continuous supply of steam suffi-
cient for running at high speeds, the evaporation must be
rapid and the direct heating surface should not fall below a
certain amount, depending on the grate surface. The grate
area may be determined with reference to the piston displace-
ment. When the fuel is lump anthracite, allow a grate area
of 9 square feet for every cubic foot of piston displacement;
for small anthracite, allow 19 square feet; and for bituminous,
7 square feet. If the dimensions of the cylinder are known,
the following rule may be used:

Rule 2.—To find the grate area, multiply the diameter of piston,
in inches, by iself and by length of stroke, in inches; then divide
the product by 320 for bituminous-coal burners, by 240 for lump-
anthracite burners, and by 115 for small-anthracite burners.

ExaMpLE.—An engine is to have 18’/ )X 24’/ cylinders, and is to burn
lump anthracite; what grate area should it have ?

BovLuTioN.—According to rule 2,

grate area = ls—lef:?(—% = 32.48q. ft. Ans.
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The proportion of grate area is being increased in modern
locomotive boilers, so that the amount of grate area in relation
to cylinder dimensions, shown as 320 for bituminous-coal
burners, ranges from 340 for freight to 420 for passenger ser-
vice, with other kinds of coal in proportion.

The rate of combustion in a locomotive boiler is higher
than in any other class. At times it is as high as 200 pounds
of coal per square foot of
grate area per hour, while
the rate for stationary boil-
ers only ranges from 15 to
25 pounds per square foot
of grate area per hour. The
rate of combustion should
not exceed 100 pounds of
coal per square foot of grate
area per hour, if fuel econ-
omy is to be considered,
and for this reason the grate
should be as large as possi-
ble, so that a large body of
coal can be burning at one
time.

THE SMOKEBOX.

SHORT SMOKEBOX.

21. In the diamond-
stack engines, so universally
used some years ago, and
which are still used today
on some roads, the boiler
shell has a separate ring
attached at its front end,

Fie. 1. which extends a short dis-
tance beyond the front sheet and forms what is known as the
smokebox.
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The length of the smokebox S, Fig. 14, is such as to provide
sufficient room for the steam pipes s, exhaust pipe n, and petti-
coat pipe p. The exhaust pipe is placed directly above the
exhaust cavities in the cylinder saddles, and is of short length,
as shown. The diamond stack, containing the spark-arresting
devices, is 8o placed that its center is directly above the center
of the exhaust nozzles.

Above the exhaust pipe is the petticoat pipe p, through
which the exhaust steam and products of combustion pass to
the smokestack. It is held in position by the braces a, one on
each side, which are fastened to the shell of the smokebox.
The braces have a slot ¢ through which pass bolts A of the
petticoat pipe, securing the two together, the slots permitting of
a certain amount of adjustment of the pipe. The pipe is of
smaller diameter than the stuck, and is turned outwardly at the
bottom, as shownat 4. The upper end H is made to telescope,
and is provided with slots in its sides through which bolts ¢
pass; by means of these slots and bolts, the length of the petti-
coat pipe may be altered as necessary to regulate the draft through
the tubes. The door D must be air-tight, for if air were
allowed to enter the smokebox, it would partly destroy the
action of the exhaust in making a vacuum.

EXTENSION FRONT.

22. In the extended front end, Figs. 15 (a) and (b), the
smokebox S is extended much farther than with a diamond
stack, the part E affording room for the netting N. The steam
pipes s, exhaust pipe n, and deflector plate ¢ are placed in the
smokebox proper, while the netting, or screen, N is in the
extension E. There is an opening ¢ in one side of the smoke-
box to afford a means of examination. This opening and also
the door D are made air-tight for reasons alréady stated. Some
extensions are equipped with a cinder trap A4 for removing the
‘cinders from the front. This is generally made of cast iron and
is constructed so as to be air-tight. These cinder traps are
going out of use and the deflector plate is being so arranged
that the cinders do not remain in the front end, but are carried
out of the stack.
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23. A later style of extension front-end arrangement is
shown in Fig. 15 (b). In this the deflector plate ¢ is attached
to the flue sheet F' above the top row of flues and extends down
and forwards at an angle to the level of the top of the exhaust
pipe, where it joins a horizontal piece of netting N. The
netting also is continued at an angle up to the top and front end
of the extension.

The lower end of the deflector, which passes the exhaust pipe
(and steam pipes) at an angle, as shown, has a movable
apron h which can be adjusted to clean the front end. Across
the front end, and a little above the middle, is another
deflector a. Some deflectors are solid, while others are made of
netting, which acts to break up the cinders, so that there is less
‘danger of fire when the cinders reach the atmosphere.

The exhaust nozzle is 6 inches to 8 inches below the center
line of the boiler. A petticoat pipe, similar to those in a
diamond-stack smokebox, comes above the exhaust nozzle and
directs the exhaust steam centrally up the stack. In other par-
ticulars this arrangement is similar to the one previously
described.

DRAFT APPLIANCES.

THE PETTICOAT PIPE.

24. The function of the petticoat pipe, used in the short
smokebox, is to equalize the draft through the tubes, so that it
will be the same in the top and bottom rows as in the center
tubes. This is accomplished by altering the position or length
of the pipe, Fig. 14, until the draft is properly regulated. The
exact position to give the best results can only be determined
by experiment, as it may not be the same for any two engines.
If the fire burns quickest and brightest in the front end of the
firebox, it indicates that the lower tubes have the greater draft,
and consequently the telescope end H of the petticoat pipe
should be lowered sufficiently to adjust the draft. If the fire
burns brightest at the back end of the firebox, it indicates that
the draft is greater through the upper tubes, and the end H
should be raised sufficiently to regulate the draft. When the
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proper adjustment is attained, the fire will burn evenly at all
parts of the firebox, the engine will steam better, and the tubes
will all appear equally clean when examined. A slight altera-
tion from this adjustment may very materially affect the steam-
ing qualities of the engine and the quantity of coal consumed;
consequently, care should be exercised in keeping the petticoat
pipe in proper adjustment and in exact line with the barrel of
the stack.

THE DEFLECTOR PLATE.

25. The deflector plate c, Fig. 15 (a), is connected to
the front tube-sheet F just above the top row of tubes; it extends
downwards at an angle with the tube-sheet, as shown. The
lower part k is made adjustable, elongated bolt holes in A per-
mitting it to be lowered about 6 inches below the bottom of the
stationary plate ¢, if necessary. It is secured in position by
means of bolts 4, view (4). The distance j between the deflector
plate and the tube-sheet at the top is generally about 3 inches;
while the distance k, when the deflector plate is in its lowest
position, is such that it will give an area at least equal to the
total cross-sectional tube area. If less than this, the flow of the
gases will be obstructed and the engine will steam hard.

The deflector plate serves two purposes: (1) it deflects the
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