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Foreword

HE rapid advances made in recent years in all lines of

I engineering, as seen in the evolution of improved types

of machinery, new mechanical processes and methods,

and even new materials of workmanship, have created a dis-

tinet necessity for an authoritative work of general reference

embodying the accumulated results of modern experience and

the latest approved practice. The Cyclopedia of Engineering
is designed to fill this acknowledged need.

€ The aim of the publishers has been to create a work which,
while adequate to meet all demands of the technically trained
expert, will appeal equally to the self-taught practical man,
who may have been denied the advantages of training at a resi-
dent technical school. The Cyclopedia not only covers the
fundamentals that underlie all engineering, but places the
reader in direct contact with the experience of teachers fresh
from practical work, thus putting him abreast of the latest
progress and furnishing him that adjustment to advanced
modern needs and conditions which is a necessity even to the
technical graduate.

@ The Cyclopedia of Engineering is based upon the method
which the American School of Correspondence has developed
and successfully used for many years in teaching the principles
and practice of Engineering in its different branches.

@ The success which the American School of Correspondence
has attained as a factor in the machinery of modern technical
and scientific education is in itself the best possible guarantee
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CONSTRUCTION OF BOILERS.

A steam boiler, or steam generator, consists of a vessel to
contain the water and the steam after it is formed; a fire-box to
contain the fire ; tubes, flues and uptake to transmit heat and con-
duct the hot gases from the fire to the chimney, and various fittings
to facilitate the safe and economical operation. Boilers are often
classified according to their uses and conditions; thus we have
stationary, marine and locomotive boilers. Boilers having a shell
partially filled with tubes, through which the hot gases pass, are
called tubular, fire-tube or shell boilers; and those having a large
flue in which is placed the fire, are called flue hoilers. If the tubes
are filled with water and the hot gases are outside, the boiler is
called a water-tube boiler.

Steam boilers are made in a variety of shapes, according to
the type, uses and conditions. Let us first consider boiler con-
struction in general, leaving out the peculiarities of marine, loco-
motive and water-tube boilers.

MATERIALS.

The materials of which boilers are constructed are exposed
to conditions which weaken them and shorten the life of the boiler.
Among these conditions are corrosion, both external and internal,
high pressure, and expansion and contraction, due to varying tem-
perature and pressure.

Cast tron was the material of which the earliest forms of
boilers were made, but on account of its low tensile strength andits
unreliable nature, it is now but little used, except for parts of water-
tube boilers, and sometimes for the ends of low-pressure cylin-
drical boilers and for fittings. It is cheap and resists corrosion
but on account of its unreliability and brittleness, the parts must
be made thick and therefore heavy.

il



4 CONSTRUCTION OF BOILERS.

Wrought iron, up to about 1870, was the principal material
used for boiler plates. It is a pure iron prepared from pig iron
by a process called puddling, described in * Metallurgy.” Wrought
iron is well adapted for use in boiler construction, as it is strong,
tough and fibrous, and combines high tensile strength with ductil-
ity and freedom from brittleness. When the properties mentioned
are well combined, wrought iron will resist strains due to unequal
expansion. Boiler fastenings, stays and other parts made by
welding are sometimes made of wrought iron. It is customary to
consider that a bar loses about one-quarter of its strength by weld-
ing, although it is often stronger in the weld, owing to the working
of the metal during the welding process.

Steel has entirely displaced iron for boiler-shell work. Boiler
steel is made by the open-hearth process, and contains for ordinary
thickness of 1 or 11 inches 0.25 per cent carbon, while thinner plates
of } inch should not contain over 0.15 per cent carbon. Larger
percentages of carbon, while accompanied by an increase in tensile
strength, lessen the ductility.  The following properties show
steel to be the best boiler material at present: great tensile
strength, ductility, homogeneity, toughness, freedom from blisters
and internal unsoundness. Blisters and unsoundness are faults
sometimes met with in wrought-iron plates.

Copper in many respects is superior to wrought iron for boiler
construction. It is homogeneous, resists oxidation (the corrosive
action of most feed waters) and incrustation. It is more ductile
and malleable and a better conductor of heat, which not only gives
it a higher evaporative power, but also enables it to last longer
under the intense heat of the furnace. Its disadvantages are its
low tensile strength, about 30,000 pounds per square inch, and its
decrease of stiength with an increase of temperature.” In heating
from the freezing point to the boiling point it loses 5 per cent of
its strength, and at 550° F. it loses about one-quarter of its strength.
For these reasons and on account of its high price, it is now seldom
used in boiler work.

Brass is an alloy of copper and zinc in which the proportions
of each vary considerably. The red color comes from a larger per
cent of copper. Red brass is better and more expensive than yel-
low brass. Brass is used for valves, gauges and other fittings.

12



,CONSTRUCTION OF BOILERS. 5

Bronze is an alloy of copper and tin, and is advantageously used
for valves and seats of safety valves where the wear is great.

TESTING MATERIALS,

In order to determine the strength and the other qualities of
the materials, specimens are tested. Tle results of these tests
show the nltimate tensile strength, elastic limit, contraction of area
and elongation,

13



6 CONSTRUCTION OF BOILERS.

The simplest way to test a piece of iron bar or plate would
be to fix it firmly at the upper end and hang weights on the other
end, adding other weights until the bar is broken. This is but a
erude method, and in order that the elastic limit and elougation
may be determined at the same time, testing machines are used.
There is a large variety of testing machines, adapted for various
materials, but the general principles are the same.

Testing Machines. The testing machine consists of a frame
and two heads, to which the ends of the test piece are fastened by
wedges or other devices. By means of steam or hydraulic power
one head is drawn away from the other for tensile tests. The pull
is transmitted to some weighing device, usually levers and knife
edges like the beam of ordinary platform scales. In small machines
the pull may be applied by a lever.

N i 1 |
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Fig. 2.

Testing machines are made for all varieties of testing : tensile,
compressive and shearing stresses. Also for deflection of beams
and for strength of wood, cement, brick and stone. Fig. 1 shows
an Olsen testing machine designed for tensile and compressive
tests of iron and steel.

Tn ovder to test materials, test pieces or specimens are pre-
pared.  For testing iron plate the test piece should be at least 1
inch wide, about 2 feet long and planed on both edges. Many
engineers recommend these dimensions. Aeccording to the Board
of Supervising Inspectors of Steam Vessels, the test piece should
be 10 inches long, 2 inches wide and cut out at the center.

To ascertain the tensile strength and other qualities of steel,
a test picce should be taken from each plate. These test pieces
are made in the form as shown in Fig. 2. The straight part in

14



CONSTRUCTION OF BOILERS. 7

the center-is 9 inches long and 1 inch wide; and to determine
elongation i$ is marked with light prickpunch marks at distances
1 inch apart, the marked space being 8 inches in length. The
ends are 13 inches to 2 inches broad and 3 inches to 6 inches long.

As has been explained in ¢ Mechanics,” the force necessary to
break the piece is the proportionate part of the tensile strength
per square in h. Thus if the test piece having a reduced section
of 4 square i ch is broken at 19,200 pounds, the tensile strength
19,200

B

of the plate is = 48,000 poutnds per square inch.

EXAMPLES FOR PRACTICE.

1. If a piece of boiler plate breaks at 33,500 pounds and the
reduced section is 1} inches by } inch, what is the ultimate ten-
sile strength?

Ans. 593,555 pounds.

2. A boiler plate is claimed to be of 64,000 pounds tensile
strength. If the section is 1 inch wide and .63 inch thick, what
shouid be the reading of the testing machine when the specimen
breaks ?

‘Ans. 40,320 pounds.

3. A test piece of the form shown in Fig. 2 measured 8
inches between the prickpunch marks before testing and 9.56
inches after testing. What was the per cent of elongation ?

Ans. 191 per cent.

4. 1If the area of section before breaking is .4825 square inch
and after breaking is .236 square inch, what is the per cent of
reduced area ?

Ans. 51 per cent.

STRENGTH OF BOILER TMATERIALS.

The crushing strength of cast iron is high, varying from
50,000 to 75,000 pounds per square inch; its tensile strength is
low, varying with the chemical and physical properties of the iron
from about 15,000 to 22,000 pounds per square inch.

‘Wrought-iron plates having a tensile strength of from 50,000
to 60,000 pounds, with an elongation or duectility of from 20 per
cent to 30 per cent, are suitable for boiler work. Boiler iron may be

15



8 CONSTRUCTION OF BOILERS.

tested in the following ways if testing machines are not available :
Cut from the plate a strip about 2 inches wide and bend it cold,
down upon itself; if it shows no fracture on the outside curve, it is
satisfactory. This is, however, a severe test, and only the best
flange iron will stand it; on the other hand, any iron which, when
heated to a cherry red and bent, shows cracks or fracture on the
outer curve, is unfit for use in boiler construction. When wrought
iron was used for boiler plates it was customary to give the plate
what is called the hammer test. The plate was suspended clear
of the ground and struck with a hammer at intervals of three or
four inches over its surface; a clear, ringing tone indicating a sound
plate, while a dull sound indicated with fair certainty a defect such
as internal unsoundness.

Mild steel has a tensile strength of from 55,000 to 65,000
pounds per square inch, with an elongation of 25 per cent. A test
piece cut from a plate § inch thick or less should stand bend-
ing double, when hot or coid, and not show any cracks; thicker
plates should be capable of being bent at a small radius to a large
angle without showing any cracks. Steel should never be worked
at a blue heat, as in this state it is very brittle. It is also mechan-
ically tested by being heated to a cherry red, quenched in water at
82° F. then bent in a curve of smail radius; if it cracks, it lias
become tempered, and it is therefore unsuitable for this work. If
the tensile strength of the steel is under 70,000 pounds per
square inch, it is sufficiently tough and ductile and can be easily
worked.

In general, boiler materials are carefully tested for the
following qualities:

Tensile strength, to resist ruptaring strains. Also in order
that the plates may be thin.

Toughness and elasticity, to resist corrosion ard the wear and
tear of manufacture.

Ductility, so that the boiler may change its shape slightly
without rupture. This is a more important quality. ‘

’

BOILER CONSTRUCTION IN DETAIL.

The drawing or design of the boiler is worked out in the
draughting room, as explained later under the head of Boiler Design.

16



CONSTRUCTION OF BOILERS. 9

The draught shows the general arrangement of the boiler, together
with complete detail drawings, from which the materials are
ordered. These materials are plates, rods for stays, rivets, stay
bolts, tubes, steel bars, angles and channel bars for stiffening, ete.

In some boiler shops it is customary to lay the boiler out on
a large blackboard full size, thereby checking the drawing. In
ordering plates the blank forms are filled out in the following
manner:

Messrs. John Blank & Co:
Please furnish us with the following Steel Plates, Ultimate
Tensile Strength, 60,000 ; Elongation, 25 per cent :

Number

Tl Thickness Dimensions. Marks. Remarks.

6 17 907/ 70" S 14 Shell

The dimension which runs in the direction the plate is to be
bent is given first. The plates are marked as per order blauk, and
this serves to identify the plate when the occasion arises. When
ordering any odd shape, a sketch with dimensions must be placed
in the column headed ¢ Remarks.”

In ordering plates, allow for trimming, particularly in the case
of irregular shapes. Rivets are sold by the pound, regardless of
their shape or size. Round and flat iron may be ordered by the
running foot. Manufacturers publish tables showing weight of
rivets, round iron, ete., with which they furnish boiler makers.

Boiler shops are equipped with the following tools: plate rolls,
plate planers, shears, drill presses, punches, countersinking ma-
chines, flanging machines, hydraulic and steam riveters, and a
compressed-air system for operating pneumatic machines, such as
calkers and chippers. They also have machine shops for doing

17



10 CONSTRUCTION OF BOILERS.

such machine work as is required for fittings, furnace fronts, ete.,
and a system of cranes for handling and transporting material.
In connection with the above is a storeroom of sufficient size, a
forge shop, and an engine and boiler for supplying the shop with
the power necessary to operate it.

In boiler-shell work drilling has entirely displaced punching,
and to-day all holes are drilled. Punching is cheaper than drill-
ing, but it is more injurious to the plates and not as accurate. It
is easy to see that drilling rivet holes, even if twenty are being
drilled at once, is done with less strain on the plates than when
done by a multiple punch forcing several holes at once. The force
required to punch a plate gives the Dbest idea of the harm done
te che plate.  Experiment shows that the resistance of a plate to
punching is about the same as its resistance to tensile tearing.
Suppose this to be 50,000 pounds per square inch ; then the force
required to punch the plate is the area cut out times the shearing
strength, or d X 7 X ¢t X 50,000.

In which formula

d = Jiameter in inches and
t = thickness in inches.

For a lole § inch in diameter in a J-inch plate, the force

will be
3 X 3.1416 X 1 X 50,000 = 58,900 pounds.

If the force required to punch one hole is 58,900 pounds, the
force required in punching several holes by means of a multiple
punch is enormous.

A good, ductile plate is but llttle injured by punching ; buv
if of a hard, steely nature, it is likely to be seriously injured. For
this reason wrought-iron plates are usually punched and steel
plates are drilled. On the whole, a drilled plate is somewhat
stronger than a punched plate for any kind of joint.

Some boiler makers punch the rivet holes slightly smaller
than the desired size and then ream them out. By this process
the injured metal around the holes is cut away. Another method
to overcome the injurious effects is to anneal the plate after
punching.

The ordinary process of annealing consists of heating the
plate to red heat, and then allowing it to cool slowly. By this



.CONSTRUCTION OF BOILERS. 11

means, hard and brittle iron or steel is made soft and tough.
While the metal is hot, the surface becomes oxidized. For most
purposes this scale of oxide in not harmful, but in some cases it
must be removed. As this is expensive, a process of annealing
in illuminating gas has been devised. The action of the gas is to
reduce the oxide without altering the properties of the piece. The
results obtained from annealing depend upon the kind of iron or
steel, the temperature to which it is raised, and the rate of cool-
ing. It is a great advantage to all steel of over 64,000 pounds per
squarc inch in tensile strength, but softer steels are little better
for the process.

Nl 223
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After the shell plates are planed to correct shape and the
holes drilled or punched, they are put through the bending rolls
and bent into a cylindrical shape, the amount of eurvature being
determined by a template made for the purpose. Plates arc
usually sheared to size, and then the edges planed with a slight
bevel to facilitate calking. In the meantime the heads are being
flanged by a hydraulic flanging machine; when the flange is com-
pleted, the head is put on the platen of a boring mill ‘and turned so
as to exactly fit into the shell. In some shops it is eustomary to
punch or drill only a few holes in the shell and flange of the head,
these holes serving to take bolts for holding the parts together.
The back head plate is bolted into the rear coursc of plating, and

1o



12 CONSTRUCTION OF BOILERS.

the parts thus assembled are hoisted up to drill if the plates, etc.,
have not been previously drilled or punched, otherwise to the
hydraulic riveter.

RIVETS AND RIVETING.

Rivets are formed by forging, from round iron bar or mild
steel, with a cup or pan shaped head. The cylindrical part, called
the shank, is a little smaller than the hole and has a slight taper.
Fig. 3 shows common forms of rivets. As rivets are not as reli-
able in tension as in shear, they are used mainly at right angles to
the straining force. If the stress is parallel to the axis, bolts are
used, since they are strong in tension. The shearing strength of
steel rivets is about 45,000 pounds per square inch, and of iron
rivets about 40,000 pounds per square inch. Steel rivets are often
used with steel plates, but many boiler makers prefer to use iron
rivets in all cases. _

Three types of rivets in use are shown in Fig. 4, the follow-
ing table giving the dimensions:

Diameter Cone Head. Countersunk. Button Head.
of Rivet. | A B (o]
D B G E G E G
5 1 19 , 9
& 15 3% % | I £ 17, T
11 39 £ I
I 13 3t 3% 1% 15 13 5
3 1 23 21 1 E 9
3 1} | 3% 3% 13 3 1} Te
7 | 13 3 3 7 7 3
£ g | 12 k3 13 T6 17 S
5 1! 4 1 £ 3
1 1% 17 3% 13 ¥ 13 bd

Formerly all joints of boilers were riveted by hand, but now
all riveting is done by machines, except those joints to which a
machine cannot be applied. If done by hand, the red-hot rivet is
inserted in the hole, and the second head formed Dby two riveters
working with hammers. This head is either made conical by the
hammers alone or finished with a cup-shaped die called a «snap.”
This Jatter is the more usual method. The disadvantages of hand
riveting are slowness and a tendency toform a shoulder before the
rivet fills the hole.

20



CONSTRUCTION OF BOILERS. 13

Machine riveting is preferable, as the work is done better,
faster and more accurately ; the pressure coming gradually on the
entire rivet, compresses it completely into the hole before the head
is formed. Before riveting, care should be taken that the plates
are close together, so that a shoulder will not be formed between
the plates and prevent a good joint. Rivets should always be put
in while red hot, for in this condition they are more easily worked,
and when they cool they contract, nipping the plates together in a
tight joint.

Hydraulic riveting is more gradual and is generally preferred
to steam riveting. The pressure from the steam riveter often
comes as a sudden blow and does not allow time for the rivet to
completely fill the hole.

e F ——>

- ///////
B : (o
Fig. 4.

It is sometimes desirable to rivet with a countersunk head;
that is, the rivet does not project above the plate. The counter-
sunk head is formed by hammering down the end of the rivet into
the countersink in the plate. This form is shown at D, Fig. 3.
This joint is often used in shipbuilding and in boiler making when
it is necessary to attach mountings. It should always be avoided,
if possible, on account of its weakness, and especially when the
straining force acts in the direction of the length of the rivet, as
the head has a very insecure hold and is likely to be pulled through
the hole.

Rivets may be tested in a boiler shop as follows: the rivet to
be bent cold in the form of a hook around another rivet of the
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14 CONSTRUCTION OF BOILERS.

same diameter, and show no flaws or cracks; to be bent hot
down upon itself and show no eracks, head to be flattened while
hot until its diameter is 21 times the diameter of the shank, and
show no flaws.

The uniform heating of
steel rivets is of more im-
portance than in the case of
iron rivets, where it is suffi-
cient to heat the points only.
Steel rivets also should not
be heated to a white heat, as
iron rivets are, but to a
bright cherry red, for if
heated beyond this point they
will burn. The fire in which
steel rivets are heated should
be kept thick, and the draught
moderate. This should also be observed in heating steel plates
for flanging.

There are various forms and strengths of riveted joints. It
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is obvious that in punching or drilling, a plate is weakened to the
extent of the sectional area cut out, and that if the holes are
punched, the metal between the holes is weakened. In treating
the strength of a joint it is customary to speak of it ‘as a percent-
age of the strength of an unpunched plate.

If one plate overlaps another and is riveted to it by a single
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CONSTRUCTION OF BOILERS. 6

row of rivets, as shown in Fig. 5, it is called a single-riveted iap
joint. This joint has about 56 per cent of the strength of a solid
plate. If another row of rivets is added, it is called a double-
riveted lap joint; Fig. 6 shows the double-riveted lap joint chain
riveted, and Fig. T the double-riveted lap joint zigzag riveted.

Double riveting is done in two ways: zigzag, or staggered,
and chain. When rivets are put in so that the rivets of one row
are opposite the spaces of another row, it is called zigrag riveting
or staggered riveting. If the rivets are placed immediately oppo-
site each other, it is called chain riveting.

Sy Y7
.

7

N\

Fig. 8.

If the two plates are kept in the same plane and a cover or
butt strap riveted on, it is called butt riveting (Fig. 8, in which A
and B are the boiler plates, and C is the butt strap). If an inside
butt strap is added, it is called a double butt joint (Fig. 9). Fig.
10 shows a treble-riveted butt joint. A single butt joint is about
equal in strength to a lap joint having but one row of rivets, but
a double butt joint is considerably stronger.

In this latter form of joint the rivets have double shearing
surfaces, since they tend to shear off in two planes. This either
makes a stronger joint or allows the use of smaller rivets. In the
single butt joint the butt strap is usually about 1} the thickness
of the plate, and if the inside butt strap is added, each butt strap

23






CONSTRUCTION OF BOILERS. 17

FLANGING IRON AND STEEL PLATES.

Iron plates are more severely tested by flanging than by any
other work done upon them. This is due to their fibrous nature,
and great care is necessary to prevent breaking in the bend, if
the corner is sharp.

M

RN
A

RN

Fig. 10.

As has been stated, steel requires uniform heating and
moderate curves. Flanging is almost entirely done to-day by
machines. After flanging, the steel should be annealed by heat-
ing the whole plate uniformly to a dull red heat, and allowing it
to cool slowly. '

WELDED JOINTS.

Welded joints for boiler shells are desirable. By their use
deposits which accumulate on and around rivet heads and joints,
corrosion caused by leakage, and loose rivets, are done away with,
and calking also. Moreover, a perfectly welded joint is stronger
than the best riveted joint, and approximates nearly to the érigi-
nal strength of the plate. Welded steam drums are used now
quite extensively for water-tube boilers of the marine type.

The soundness of such a joint is a matter of uncertainty, and
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18 CONSTRUCTION OF BOILERS.

depends upon the skill and care of the workmen. It is impos-
_sible, from external appearances, to judge the soundness of a
welded joint. The principal use of welded joints is for furnace
tubes and steam domes, but they have not been used much for
boiler shells.  The
lack of tests on
welded joints and
the small amount of
information on the
subject, render the re-
sults of experiments
of little value. The
weld is best made
|  when the edges of
Fig. 11. the plates are upset,
at red heat, to nearly
double the plate thickness, and beveled to an angle of about 45
degrees. The edges are then heated together, and the weld made
by hammering down the joint to the original thickness of th-
plate.

ARRANGETENTS OF PLATES AND JOINTS.

When we take up the design of boilers we shall see that a
boiler tends to rupture longitudinally. The reason for this is
that the resistance of a thin eylinder to circumferential rupture is
double the resistance to longitudinal. Since this is the case, lap
joints are used for transverse seams, and a stronger form (the
double butt joint) is used for the longitudinal.

At the junction of three or more plates, where the circumfer-
ential and longitudinal joints meet, ordinary riveted joints would
be too thick. To overcome this diffieulty, two or more plates are
forged thin at the joint, as shown in Fig. 12.

Wlhenever longitudinal and girth seams meet, the plates
should be arranged to ¢“break joints”; that is, one longitudinal
seam should not be a continuation of another. The proper ar-
rangement is shown in Fig. 13.

In both vertical and liorizontal boilers the inside lap is made
to face downward, so that it will not form a ledge for the collec-
tion of sediment
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22 CONSTRUCTION OF BOILERS.

the two plates being riveted to the cast-iron ring. This form i:
better shown in Fig. 20. It makes this part of the boiler too
rigid, but it has the advantage of not having rivet heads to wear
off. In these methods of riveting, those which have the flanged
ring are preferable to those using the cast-iron ring, because of
more freedom for expansion; but the flanged ring forms an
undesirable corner. A
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Fig. 19. Fig. 20,

In almost every boiler, plates must be connected at right
angles. An example of this is seen where the end plates are
jointed to the shell plates of cylindrical boilers. There are three
principal methods: riveting both plates to an angle iron, riveting
to a flanged ring and flanging the end plate. In Fig. 21 the two
plates are riveted to an angle iron, which is made of wrought or
cast iron. This construction is too rigid; the constant variations
of temperature cause repeated changes of form, which tend to crack
the angle iron on the inside of the plate at the joint. Corrosion
increases the evil, as it rapidly attacks iron whiech has once been
cracked or broken. There is no definite rule for the dimensions
of these angle irons, but it is safe to make the mean thickness a
little greater than that of the plates.

The forms shown in Figs. 22 and 28 are better. The head
is flanged and riveted to the shell plates. The flanging makes a
more flexible joint. The radius of the curve of the flange should
be about four times the thickness of the plate. The head and
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24 CONSTRUCTION OF BOILERS.

Fig. 27p is a good joint, the form of connection being called a
channel iron. Fig. 2Tx, as we have seen, is a good flexible joint,
but it has the undesirable corner where sediment lodges.

We have thus briefly discussed the various methods and
arrangements for putting shells together, and now let us return to
our boiler, which is ready for riveting at the hydraulic riveter. A
few rivets are first driven at equal intervals around the ring seara
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at the back head. The reason for driving only a few rivets is
that any errors in the spacing of the holes are distributed and not
accumulated, as would be the case if they were driven in succes-
sion. From this point on, the riveting is continued until the shell
is completely riveted up.

STAYING.

The shell is now ready to receive the stays. When under
steam, a cylindrical shell is strained by internal pressure in two
directions, namely : transversely, by a circumferential strain due to
the pressure tending to burst the shell by enlarging its circumfer-
ence, and longitudinally, by the pressure on the ends. If a boiler
were spherical it would require no stays, because a sphere sub-
jected to internal pressure tends to enlarge but not to change its
shape. All tlat suifaces in boilers must be stayed, otherwise the
internal pressure wounld bulge them out and tend to make them
spherical in shape. The ends of steam drums on high-pressure
water-tube boilers are often made hemispherical.

The first and most important point in staying is to have a
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sufficient number of stays so that they will entirely support the
plate without regard to its own stiffness. The second is to have
them so placed as to present the least obstruction to a free inspec-
tion, and third, to have them so arranged as to allow a free circu-
lation of water. "Too much care cannot be taken in fitting stays
and braces, as they are out of sight for long periods, and a knowl-
edge of their exact condi-
tion is not always easily =
obtained. In the ordinary — ——
fire-tube boiler the princi- ¢ ‘
pal surfaces stayed are: ‘\"
the flat ends, crown sheets, il i
flat sides of locomotive =
boilers and combustion —
chambers of ecylindrical
marine boilers. In the
case of most marine or
Scotch boilers, the diameter is large compared to the length ; hence
the flat surface is considerable, and needs careful staying. All
the plates that.are not cylindrical or hemispherical must- be
stayed. The details should.be arranged for each boiler; a few
general methods and cautions can, however, be given.

The most common and simple form of stay is a plain rod. It
is used to stay the flat ends of short boilers. This stay is a plain

Pig. 28.

rod passing through the steam space and having the ends fastened
to the heads. The ends are fastened and the length adjusted in
a variety of methods; the simplest being nuts on both sides
of the plate, as shown in Fig. 28. The copper washers @ and &
strengthen the plate and prevent abrasion by the nuts. In place
of the nuts the rod is often bolted to angle irons, which are riveted
to the plates. In this case, turn buckles similar to the one shown
in Fig. 29 are used for adjusting the length.
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In locomotive fire-boxes and in the combustion chamber of
marine boilers, there are two flat or slightly curved surfaces that
mast be stayed together. These are riveted by short screw stay
belts.  The bolts shown in Figs. 34 and 35 are screwed in place,
and the ends riveted over. In marine boilers these stays are
fastened with nuts, as shown in Fig. 36, instead of being riveted.

Fig. 34. Fig. 35.

Sometimes the bolt is threaded the entire length, as in Fig. 34, or
is turned off smooth in the center, as in Fig. 85. The smooth sur-
face resists corrosion, and is less likely to fracture than the threaded
bolt. Sometimes a small hole is drilled in the end, so that if the
bolt breaks, the escaping steam will give warning. This is shown
at a, Fig. 34. These bolts are g- inch or 1 inch in diameter.

The strains which
come on a stay bolt are
not the same as those
on rivets or on ordinary
stay rods; as a matter
of fact, stay bolts fail
by a bending stress, and
generally fracture just
inside the outside sheet,
due to the unequal ex-
pansion between combustion chamber or furnace and the outside
boiler shell. Owing to this difference of expansion, flexible stay
bolts have been designed, but have not come into general use, nor
are they likely to, as they occupy considerable space and are much
more complicated than the simple stay bolt. Stay bolts are made
from the best quality of refined iron, which has been found to
stand the strains of alternate heating and cooling better than
mild steel.  Iron stay bolts are more durable, because of the
fibre:2s nature.

Fig. 36.
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foreing it into close contact with the lower plate, and rendering
the joint steam tight.

The calking tool is similar to a chisel, the end having a va-
riety of shapes. Fig. 49 shows a round-nosed tool which burrs
down the upper plate without cutting the under plate; but it is
hard to start, and in calking with such a tool the edge is first
started with a sharper round-nosed tool, and then finished with
one as indicated in the figure. If a square-end tool is used, as
shown in Fig. 50, the under plate is likely to be cut, and the
plates between the edge and the rivet be separated. The most
common form of calking tool is one similar to the one shown in
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Fig. 49. F)g. 50.

Fig. 49, except that the end is flat, with & slight bevel, and not
round.

A slight bevel given the plates makes both calking and ful-
lering more easily done. When the calking tool is thin it is
sometimes driven by careless workmen into the joint, wedging the
plates open. Severe and careless calking is very injurious to
boilers. On the inside it often causes grooving and fracture, and
the fracture of plates then follows the line of calking rather than
the line of rivet holes. A pneumatic calking machine is often
used in boiler shops, as it does this work about four times as
rapidly as it can be done by hand. It resembles a rock duill in
general principles. Air is supplied through a flexible tube, at a
pressure of about T0 pounds per square inch. It makes about
1,500 strokes a minute.
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CONSTRUCTION OF BOILERS

BOILER DESIGN.

The rules of hoiler design are controlled by praetical consid-
erations and theory, and are learned by the designer by practice
only. The rules vary from place to place, and from time to time,
due to progress in engineering.

The rules, methods and cautions taken up here are general, and
with necessary modifications can be applied to all the more com-
mon types.

In designing a steam boiler there are several considerations
that must be kept in mind. Among the most important are
strength, durability, capacity to furnish the required amount of
steam, convenience for cleaning, repairing and inspection, sim-
plicity in detail, and economy both of running and first cost.

The kind, or type, to be used depends upon the work to be
done, the dryness of the steam, the locality, the available space
and preference of the owner. The work to be done is determined
by the number and kind of engines, the constancy with which
they run and the pressure. In choosing a boiler for any locality,
the purity of the water, the kind of fuel and the laws which
govern inspection and allowable working stress must be consid-
cred.  The available space greatly influences the type and some-
times prevents choice.  For instance, locomotive and marine boil-
ers must be put in a small space. For land boilers if the floor
area is limited, hut there is ample lieight, some type of vertical

boiler must be chosen.

HORSE POWER.

The unit of horse-power as decided by the American Society
of Mechanical Engineers is equal to 83,305 B. T. U. From tle
standard steam tables in treatises on Thermo-dynamics we find
that 966 1. T. U. are required to evaporate one pound of water from
and at 212° F.  Therefore 1 H. P. is equal to the evaporation of
33,305--966=34] pounds of water from and at 212° F. This is
also equal to the evaporation of 30 pounds of water, at 100° F.
into steam at 70 pounds gauge pressure.

The first thing to do is to chose the type of boiler we are to
use. Then we find how many pounds of steam are to be supplied per
hour; this is found by mwultiplying the desired horse-power by
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341 or multiplying the horse-power of the engine or engines by
the steam consumption per horse-power per hour. This 1s known
approximately for every type of engine.

GENERAL REQUIREIENTS.

When we know these facts we design our boiler so as to
have:

1. Saufficient area of grate to burn the required amount of
fuel under the given draft.

2. Enough heating surface to absorb the heat of combustion.

3. Combustion chamber and flue area large enough to com-
pletely burn and carry off the products of combustion.

4. Water space sufficiently large so that a sudden demand
will not cause too great a variation in water level.

5. Swrface of water large compared to volume, in order that
steam may be rapidly disengaged.

6. Steam space large enough to supply an irregular demand
without causing a great change of pressure.

7. Steam outlet farge enough to supply steam to the engine
without wire-drawing.

If the outlet is not sufficiently large to supply plenty of
steam, the demand will be greater than the supply and the steam
will be throttled or wire-drawn, that is, it will lose some pressure.

For all common tvpes of boilers, the proportions between the
above requisites have been determined by experiment and mathe-
matics. These relations, with simple caleulations and good judg-
ment on the part of the designer, are all that are needed for this
work. ’

AREA OF GRATE.

A square foot of grate area will burn different weights of
fuel in a given time, according to the nature of the draft. If the
hoiler can be made of any size, as is the case with many land
boilers, a slow rate of combustion with natural draft is used, as
it is the most economical. The length of the grate is limited by
the distance to which a fireman can throw coal accurately.
Usually 6 or 7 feet is the limit. In locomotive, torpedo boat and
in some vertical land boilers, the size of grate is limited; in order

51909
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38 CONSTRUCTION OF BOILERS.

to get the necessary work from the boiler, forceddraft is used and
the vate of combustion increases to over 100 pounds per square
foot per hour. In Lancashire boilers, with two internal flues, the
breadth is limited. The rate of combustion is stated in pounds
- per square foot of grate area per hour, and varies with the type
of boiler and the draft. The following table gives the rates of
combustion.

CHIMNEY DRAFT.

Cornish boilers, slow rate 4—0G  lbs. per sq. ft. per hour.
Cornish boilers, ordinary rate 10—15 lbs. per sq. ft. per Lour.
Factory boilers, ordinary rate 12—18 lbs. per sq. ft. per hour.
Anthraeite eoal, quick rate 15—20 1bs. per sq. ft. per hour.
Bituminous eoal, quick rate 20—30 Ibs. per sq. ft. per hour.
Marine boilers, ordinary rate, 15—25 Ibs. per sq. ft. per hour.
Water tube boilers 10—25 1bs. per sq. ft. per hour.

FORCED DRAFT.

Marine hoilers, 60—130 1bs. per sq. ft. per hour.
Locomotive boilers, 40—120 1bs. per sq. ft. per hour.

The evaporation per square foot of grate surface depends
upon the type, the rate of combustion, condition of boiler and care
in firing. The highest rate is obtained with slow rate of combus-
tion, eare and skill in firing, and clean plates and tubes. The
table gives the equivalent evaporation per pound of coal for
several types.

Plain eylindrical 5-— 8 pounds.
Vertical 7—10 pounds.
Cornish 6—11 pounds.
Lancashire 61-12 pounds.
Galloway © 9—12] pounds.
Multitubular 8—12 pounds.
Water tube 6 —12 pounds.
Marine return tube 7—12 pounds.
Locomotive 6—12 pounds.

Experiment shows that an increase in the amount of coal
burned per square foot of grate per hour gives an inerease in the
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amount of water evaporated ; but a deerease in amount evaporated
per pound of fuel, or a decrcase in economy.

To find the area of grate for a boiler. Let G = area of
Jrate in square feet, R = rate of combustion in pounds per square
foot per hour, E = evaporation per pound of coal.

Then G — Pounds of water evaporated
EXR

Let us take an example. Suppose we have an externally
fired multitubular boiler; assume the rate of combustion to be 12

pounds, and that our type of boiler will evaporate 9 pounds of
water per pound of coal. Iow large must the grate be, if 2400
pounds of water are evaporated per hour?

__ 2400 _ 2400

E%R 9 x 12 = A square( feet.

Then 22.2 square feet of grate surface are neccessary. In this
case the grate probably would be made 6 feet by 4 feet or 24
square feet.

TUBES.,

On account of the small number of successful experiments
concerning flues and chimneys, it is usual to proportion tubes, flues
and chimneys, by comparison with those that have given good
results. If the tubes are too large the hot gases in the centre pass
up the chimney at high temperature. Now we will find the num-
ber of tubes. Let A = total avea in square feet through
which the smoke passes, that is, the combined internal area of all
the tubes. The total area of the tubes, A, is usually made } to ]
the area of the grate. 1f we design our boiler to have the ratio
1:8 we probably will have enough area. Let us assume our
tubes to be 8 inches in diameter and 16 feet long. From the
table, on page 40, of lap welded boiler tubes we find that the inter-
nal area of a 8 inch tube is 6.08 square inches, the internal.eir-
cumference is 8.74 inches, external circumference is 9.42 inches,
and the external area is 7.07 square inches. As ] of our grate
surface is 2% or 8 square feet, or 432 square inches, the number of
tubes will be 432 + 6.08 = T1.

@
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STEAT1 SPACE.

The steam space is frequently designed as some fraction
of the volume of the shell, usually about 1. A better way is to
design it from the steam consumption of the engine. Suppose the
engine uses 30 pounds of steam at 75 pounds pressure per H. P.
per hour. The absolute pressure then is 90 pounds (nearly) and
the specific volume at that pressure is 4.85 (from steam tables).
As steam is being generated at an approximately constant rate, the
supply kept on hand need not be great. If the surface for the
disengagement of steam is suflicient, the ratio of the steam space to
the volume of the cylinder is from 50 : 1to 150 : 1 depending upon
the speed of the engine. Ixperiment shows that if the steam
space is equal to the volume of steam consumed by the engine in
20 seconds, it is sufticient. If the space is only equal to the steam
used in 12 seconds, there may be a considerable quantity of water
carried over with the steam. If the engine is slow speed, that is
less than 60 revolutions per minute, the steam space should be
larger.

The volume of the steam space per H. P. will be the number of
pounds of steam used per H. P.in 20 seconds, multiplied by its
30 X 4.85 X 20
60 X 60
per H. P.; and if the engine is of 75 H. . our steam space will
be .81 X Tb = 6%.75 cvbic feet.

specific volume, or == .81 cubic feet (nearly)

TUBE SPACE.

The space occupied by the tubes is equal to their volumes.
The volume of one tube is its external area multiplied by the
length in inches. The total volume, in cubic inches, is the above
result multiplied by the number of tubes. This is reduced to
cubic feet by dividing by 1728. The space occupied by the tubes
will be .

71 X 707X 16 X 12

1728 = 55.77 cubie feet.

WATER SPACE.

Then if we assume our steam space to be } the volume of the
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42 CONSTRUCTION OF BOILERS.

available space in the shell, the water space will be twice the
steam space, or 2 X 60.75 = 121.5 cubie feet.

DIMIENSIONS OF BOILER.

The volune of the boiler will be :

Steam space .81 X 75 = 60.75 cubie feet.
7 2
Tube space i X 7'0177?58 iy ¢ 1 55.77 cubic fect.
Water space .81 X 75 X 2 = 121.5 cubic feet.
Total space "238.02 cubie fect.
Since the tubes are 16 feet long the area of the end will be
238.02 1 Q"
= b 14.87 square feet.

This area gives a diameter of about 41 feet or 52 inches. We
will make the boiler 4} feet or 54 inches in diameter. Then
the boiler will be 16 feet long and 54 inches in diameter; with
71 tubes 3 inches in diameter. For moderate power, a common
rule is to make the-length about 31 times the diameter ; by this
rule our boiler is 3.55 times the diameter.

HEATING SURFACE.

The portion of a boiler that is exposed to the flames and hot
gases is called the heating surface. This is made up of the por-
tions of the shell below the brickwork, the exposed ends, and the
internal surface of the tubes. If the boiler is of the water tube
type, the exterior surface of the tubes is taken in place of the
interior surface.

If our boiler is an ordinary multitubular boiler we can as-
sume the heating surface to be the total inside area of the tubes
plusone-half the area of the shell. Then:
8.74 X T1 X 16

12

Heating surface of shell i 4_1'(3#_1_9. = 113.10 square feet.

° 940,18 square feet.

The ratio of heating surface to grate surface will be
040.48

2T = 39.2 or about 39.
24

Heating surface of tubes = 827.38 square fect.
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Plain eylindrical, 6 —10
Multitubular, 14 —18
Vertical, 15 —20
Water tube, 10 —12
Marine return tube, 3.25— 4
Lancashire, 2.75— 4.25
Locomotive, 1 — 2

It is evident that some portions of the heating surface of a
boiler have greater efliciencies than others. For instance, more
heat will pass through the crown sheet as it is nearer the fire than
through the last few feet of the tubes. Taking the efficiency of
the crown sheet as 1, au estimate of the percentage of the other
parts of a boiler is as follows:

Crown of furnace in flue, 95
Plates of eylindrical boiler over furnace, .90
Fire box tube plate of locomotive boiler, .80
Water tube surface facing fire, .70
Vertical side of fire box, 50

If a cylindrical multitubular boiler is divided into equal sec-
tions, the section nearest the fire will evaporate more water than
the one at the other end, as the gases have a higher temperature
at the first section. Suppose we divide the boiler into six sec-
tiors of equal length, and call the fotal evaporation 100 per cent.
Then the per cent of evaporation per section will be approximately
as follows : )

Section 1 2 3 4 5 6
Evaporation 47 23 14 8 5 3

If the length of a boiler is increased another section, the
evaporation will be increased a little but at the same time the radi-
ating surface is increased. In case the addition of a section for
evaporation causes a loss by radiation nearly equal to the gain in
evaporation, it is not economical to add the section on account of
the extra cost of the boiler. If forced draft or an increas» of air
of dilution is used, the hoiler should be made longer to avoid waste.
The air of dilution is the amount of air above that which is neces-
sary to burn the coal.
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WATER LEVEL.

If the steam space in a multitubular boiler is kuown the
water level can be found, for the section of the steam space is a
segment of a circle. In the above boiler the required steam space
is 60.75 cubic feet; hence the segmental area is 60.75+—16 or
3.8 square feet, or 547.2 square inches. The height of this seg-
ment is 15.55 inches. This height is found either by caleulation
or from a table of segments. Then the mean water level is 15.55
inches from the top portion of the shell. The variation of water
level in a boiler of this type and size should not exceed 6 inches.

END PLATE.

The end plate or tube sheet is usually made ji or 1 inch
thicker than the shell plates. This is done for additional stiffness,
and increase of strength; the plate being weakened by drilling
the holes for the ends of the tubes.

The tubes should be arranged in vertical and horizontal rows,
if possible, in order that the rising bubbles of steamn may not be
hindered. To get good circulation the horizontal spaces should
be a little greater than the vertical, and a central circulating
space should be provided, it the necessary munber of tubes can be
put in without using the entire space. The tubes should be from
2 to 1 inch apart, and to prevent burning of the tubes, the
top row at least 3 inches below the water level, and the bottom
tubes 6 inches from the shell. At this point, a drawing of the
end plate should be made, to show the arrangement of tubes, ete.
If it is impossible to put in the required number of tubes, without
raising the water level, the diameter of the boiler must be in-
creased. If we wish to increase the heating surface without in-
creasing the diameter we can use smaller tubes or make the boiler

a little longer.

STRENGTH OF BOILERS.

According to Pascal’s Law, liquids and gases exert pressure
equally in all directions. Steam in a boiler exerts the same pres-
sure on all portions of the shell. As the pressure inside a boiler
is considerably greater than that outside (the atmospheric pres-
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sure), there is a tendeney to burst the shell. This tendency is
resisted by the plates of the boiler.

A sphere is the strongest form to resist pressure, for since
pressure is equal in all direetions, there is a tendency towards en-
larging the spliere and not to rupture. But a sphere has the
smallest area for a given volume and, as a large heating surface is
desirable, and on account of meehanical difhculties, a spherical
boiler is never used. The boiler is made cylindrical to obtain
greater heating surface and the loss in strength is made up by
staying.

In the consideration of the strength of cylinders it is usual to
divide the rupturing strains into two classes; those which tend to
rupture the cylinder longitudinally and those which tend to rupt-
ure it eircumferentially or transversely.

Let us examine them separately. The tendeney tc cause
longitudinal rupture or to rend the cylinder in lines parallel with
the axis, may be considered as the pressure exerted on a semi-
circumference, and tending to rupture the cylinder in a plane
through the diameter. Since pressure acts cqually in all diree-
tions, the whole amount exerted on a semi-circumference is not
exerted directly upwards and downwards. But all these forces
may be resolved into their vertical and horizontal components.
If we take the plane as horizontal, it is evident that the horizontal
components have no tensional effect at the points of rupture. By
taking the vertical components at an infinite number of points it
can be proved that their sum is equal to the full pressure exerted
on a rectangular plane equal to the projection of the eylindrical
surface. In this ease the projection is the plane through the
diameter and has an area equal to the product of the length of
the cylinder multiplied by the diameter of the cylinder. Then
the force tending to rupture would be the pressure per square
inch multiplied by the area. Let p = pressure in pounds per
square inch, D = diameter of boiler, t = thickness of plate, I. =
length of boiler, S = tensile strength, £ = efficiency of joint,
and f = factor of safety. . The force tending to rupture longi-
tudinally will be, pLLD. The strength of the cylinder to resist
this rupturing force is represented by the tensile strength of the
material multiplied by the areas of sections of metal. Or expressed
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algebraically is 2tL.S.  When rupture is about to take place the
rupturing force and the strength are equal, or
pDL = 2tLS or pD = 2tS
t$S

from which p = ED, andt = I;I;

which are the formulas for

pressure and thickness and for longitudinal strength.

The extra pressure due to increased length is balanced by the
increase of metal as is shown by the elimination of the factor L. of
the equation.

The tendency to rupture circnmferentially is evidently repre-

2
sented by the area of the end or Z.? ~ multiplied by the pressure

per square inch. The strength to resist this force is the area of
metal to be ruptured multiplied by the tensile strength or = DtS

%);X p = = DtS

Dp = 48

By comparing these two formulas we see that with the same
internal pressure, diameter and thickness of shell, a cylindrical
boiler is twice as strong transversely as it is longitudinally,
hence the greatest tendency to rupture is along the longitudinal
seams,

Thercfore, in designing the thickness of shell we use the
formula for longitudinal rupture,

pD =2tSort = P_
28
or, inserting the factors for efficiency of joint and factor of safety,
2t
pD == =

2tSE
D
fDp
25K

Now let us find the thickness of the boiler that we are design-
ing. Suppose after testing our material we find that its ultimate
tensile strength is 54,000 pounds per square inch. In this case
6 will be sufficiently large for a factor of safety. This factor can

For allowable pressure p =

For thickness of shell t =

55



48 CONSTRUCTION OF BOILERS.

be reduced if the efficiency of the joint is large. Let us assume
that our joint has an efficiency of 709 .  This is merely a supposi-
tion because we have not yet constructed the joint ; but we assume
a factor in order to find a trial thickness.
fDp _ 6 X 54 X T

Tt = = — LN Ty
=08k T 2 X 54000 X 7

= .32 or about ’; inches.

RIVETED JOINTS.

The best knowledge of the strength and proportions of
riveted joints can be obtained by tests of full sized pieces. Let us
consider the strength and efficiency mathematically.  Riveted
joints may fail in several ways. 1. DBy shearing the rivets.
2. By tearing the plate at the reduced section between the
rivets. 3. By crushing the plate or rivets where they are in
contact. 4. By cracking the plate between the rivet hole and
the edge of the plate. As the lap in practice can always be made
sufficiently wide a joint need never fail in this last way.

As all stresses may be resolved into the three kinds, tensile,
compressive and shearing, we will investigate for these stresses.
Let P = the tensile stress transmitted from one plate to the other
by a single rivet, t = the thickness of the plate, d = the diameter
of the rivet, p = the piteh, and S;, S; and S, the unit stresses in
tension, shear and compression respectively produced by I’ on the
plates and rivets. Therefore the tension on the plate, P will be
equal to the area of the metal between the rivets multiplied by its
unit tensile stress, or

P=t(p—d) 8,

For shear, P will equal the area of the rivet multiplied by

che unit shearing stress, or
P = 1w d2s,

For eompression, the stress is supposed to be equivalent to a
stress uniformly distributed over the projection of the eylindrical
surface on a plane through the axis of the rivet. Then P> will be
equal to the area of the projection multiplied by the unit compres-
sive stress, or

P = S,
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To find the pitch we make the first equation equal to the
third, or the formula for tension equal that of compression, and
solve for p

ezl ol _a( +1)
PSt
substituting the value for d, obtained wbove,
4 aS ot (§ & +1)
T c

To get the formula for efﬁmency we insert these values for d
and p, in any of the formulas for efficiency already obtained. For
instance :

4aSt e 4aSt
E_p—d T €S, ot ¢S,
P 4aSt
R4+
E=_1Lt 1
14+ 2

A good joint can be designed thhout these fmmula.s (in
fact they serve as a guide only), if attention is paid to the
rules deduced from tests and conforming to good practice by
experienced engineers and boiler makers. In designing a riveted
joint, good practice favors the following :

The pitch of rivets, for single riveting, should be about 2}
times the diameter of the rivets and for double riveting about 33
times the diameter.

The pitch near a calked edge must not be too great for
proper calking.

Rivets must not be too near together.

The lap, or the distance from the centre of the rivet to the
edge of the over-lapping plate should be at least 1} times the
diameter of the rivet.

The diameter of the rivet is usually nearly twice the thick-
ness of the plate and should never be less than the thickness of
the plate.

The riveted seam must contain a whole number of rivets.
and similar seams should have the same pitch.
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1'The distance between rows, for double riveting, is aboud
twice the diameter of the rivets.

In double butt riveting the rivets in double shear have 1§
times the single section instead of 2.

The thickness of double butt straps sliould not be less than
5 the thickness of the plate (each); single butt straps not less
than §

No one set of rules can be laid down for the best pitch of
rivets for all circumstances of pressure, quality of plates, ete.
The following table of proportions of riveted joints gives results
for average practice in boilers of up to about 150 pounds
pressure. :

TABLE OF LAP JOINTS.

P1tch lnches Efficiency.
i Di 1 Di t
ot Pate: | of Wivet. | of Hole. | Single | Double | Siugle Double
Inches. Inches. Inches. Riveted. | Riveted. Riveted. Riveted.
1 8 H 2 3 6 | a7
A 1 3 2% 31 64 76
g )
3 3 12 21 21 .62 75
3 ¢ : .
75 12 § 21% 33 .60 74
} i 12 21 3L 58 NE]

As the stress on the transverse section is one-helf that on a
longitidinal section, a single or double lap joint is suflicient for
any ring seam. For externally fired multitubular boilers with
shell plates less than } inch thick, single riveted ring seams are
used. For our boiler, the plates being  inch thick, we will use
rivets 1} inch in diameter, as this agrees with good practice.
From the table, the pitch for a 1} inch rivet for single riveted lap
joint is 2. Then as our ring seam is 8.1416 X 54 = 169.65
inches and piteh 2 inches we will have 82 - rivets. But as
we must have a whole number of rivets we will alter the pitch
slightly and use 82 rivets with a pitch of 2.069 inches. The re-
sult depends, in each case, upon the kind of joint used in longi-
tudinal seams. This merely shows the general method. The lap
will be 13 X 3 = 1 inch.
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52 CONSTRUCTION Of BOILERS.

For the longitudinal seams we will use double butt joints
with single riveting. The thickness of the butt straps will be
‘156X'53‘:'20 (nearly). To be on the safe side we will make the
butt straps } inch thick. The pitch for double butt joints is
usually about 4 times the diameter of rivets, so in this case it will
be 4 11=2% inches. We will use the same amount of lap for

this joint as for the lap joint, that is 14 inches.
SECTIONS.

The boiler is made up of rings or sections. The length of
sections is often made equal, for convenience in ordering and
cutting plates. The length is limited by the width of plate ob-
tainable and the size of the riveting machine. This boiler being
16 feet long would probably be made in three sections, but the
lengths should be so adjusted as not to bring the ring seam over
the hottest part of the fire.

FLUES.

The internal pressure at which the boiler shell will rupture
can be calculated ; but the external pressure which will collapse
a flue can be determined only by experiment. Ixternal pressure
tends to increase any imperfection of shape. For instance, if a
flue is slightly oval, the external pressure tends to make it more
flat.  The strongest form to resist external pressure is evidently
the circle. When considering the strength of flues length is very
important.

If a lap joint is used the flue will not be a true cylinder, for
this reason welded or hutt joints are preferable.
806,000 219

1d

ing the collapsing pressure of flues, 1 == length of flue in feet,
d = diameter in inches, t = the thickness in inches, I’ = press-
ure per square inch. The exponent of t is often taken as 2
instead of 2.19 for convenience. This formula is empirical and
was prepared from his experiments.
Hutton gives, P =

utton gives, P aVE
is 600 for wrought iron and 660 for mild steel, I, = length iw

Fairbain gives the formula, P = for calculat-

In which C is a constant, which
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+  CONSTRUCTION OF BOILERS. 53

inches, d — external diameter in inches, and t — thickness in
thirty-seconds of an inch. Results by Hutton’s formula agree
more nearly to those by experiment than do Fairbain’s.

If the flues are oval, d in the above formula = the major
axis.

Flues are strengthened by putting in hoops at stated dis-
tances. These hoops are made of T iron or angle iron.

TUBES.

The materials for tubes are iron and steel. The tubes must
be tough to resist cutting by cinders. If iron is used it should
have a tensile strength of at least 45,000 pounds per square inch,
with an elongation of 15 to 20 per cent. If steel, thé elongation
should not be less than 26 per cent, when tested before being rolled.
If the steel welds well there need not be any limit to its tensile
strength. The ends of tubes should be annealed after mann-
facture. The thickness of tubes is always greater than that
required to prevent collapsing, in order to weld and expand in
the tube sheet. It is often desirable to use part of the tubes as
stays; for this purpose the tubes are made thick enough to
take a shallow nut outside the tube plate.

STAYING.

As large a portion as possible of the shell of a boiler is made
cylindrical, for in this form plates can be made sufficiently strong
without the aid of stays or braces. But all flat surfaces must be
stayed ; not only to prevent rupture, but also to provide against
distortion and grooving. The theoretical investigation of the
strength of flat surfaces, can be worked out only with higher mathe-
matics. From the formula deduced, the solid end plate would
have to be about 2 inches thick for a boiler only 8 feet in
diameter with plates § inch thick. Tt is evident that the flat ends
if of ordinary thickness must be strengthened by stays or braces.
The calculation of stresses in a flat plate, supported by stays, can
be calculated only when the supported points are in rows thus
dividing the surface into equal squares. Even when the stays are
not to be placed in rows forming squares, it is well to make the
calculation for a standard.
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The equation for finding the area supported by a stay rod

is,
& = gtis
2p

in which a? = the area supported, t = the thickness of the end
plate, S = the allowable stress on the area of the rod, and p =
the working steam pressure. Let us find the area supported in
our multitubular boiler. In order to provide for future corrosion
we will use a factor of safety of 12 and assume, in the absence ot
exact knowledge, the ultimate breaking strength of the rod to be
60,000 pounds per square inch. It is usual to make the diameter
of the rods one to two inches, so we will make ours 1} inches in
diameter with an area of 1.767 square inches. Then the stress
per rod is 5,000 X 1.767 = 8,835 pounds.
. 928 9 X 1 X 8,835

O = 132.5 square inches.
2p 2 X 75

@

Then as the rod supports 132.5 square inches and the segment of
the steam space is 547.2 square inches,the number of rods will be
5472 — 4,

1325

The same formula will apply in finding the number of short
serew stay bolts of the fire hox.

Suppose we wish to use a diagonal or crow foot stay, making
an angle of 20° with the shell. If the rod is 1 inch in diameter
and the stress is limited to 7,000 pounds, then it will carry a pull
of .7854 X T,0.0ﬂ = 5497.8 pounds, and since it makes an angle
of 20°, the pull perpendicular to the head will be 5497.8 X cos.
20° = 5497.8 X .9397* = 5,166 pounds. If the end is fastened
by two rivets or bolts each will carry 2,583 pounds. If eachrivet
or bolt supports a square with a side equal to a, then 5,166 = 75 a2

a? = 2166 = 68.9 square inches (nearly).

* Nore. Taken from a table of cosines. -

UPTAKE.

The area of the uptake, like the area of the tubes, is made
about ! to ! of the area of the grate. We find that | of the grate
surface is 432 square inches. If we make the uptake 12 inches
deep measured with the length of the boiler, it will be 432 + 12
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= 36 inches wide. The opening of the shell at the front end will
be 12 inches deep and the plate cut down until it is 86 inches
wide.

MANHOLES.

The manhole and handhole should be strong enough and stiff
enough to sustain the stresses due to the direct steam pressure
and from the stresses of the plates. The calculation of the
strength of the manhole ring is difficult and the results obtained
very uncertain, so they are made of forms and dimensions that
have been used in good practice and given good results. These
fittings are bought in steel forgings. Boiler makers design the
forged rings which lie close to the shell, of a section at least equal
to the section of the plate that is cut out. The bearing surfaces
of the manhole cover and that of the lip against which the cover
bears, should be machined to make a good smooth joint. The
joints are made tight by gaskets about § of aninch wide.

Hand holes are constructed similarly to manholes, and often
have a taper key in place of a bolt and nut, because the nut is
exposed {o fire and after it has been in place snme time, is often
difficult to remove with a wrench. ‘

BRACKETS.

Boilers of the multitubular types are supported by brackets
usually made of cast iron. DBoilers up to 16 feet long have four
brackets and those more than 16 feet long have six brackets. The
brackets for this boiler should be about 10 inches long, measured
with the length of the boiler, and about 15 inches wide. They are
riveted to the boiler with nine or ten rivets % to 1 inch in diame-
ter. The rivets can be made large, as a large rivet makes a strong
joint, and in this case the pitch is not governed by calking.

The load on the brackets can be estimated by caleulating the
weight of the boiler full of water and adding the weight of all the
parts supported by the boiler. These parts include pipes, vatves,
zauges, brickwork covering, ete. This load should be divided as
nearly equal as possible among the four brackets, so that the
tendency of the boiler toward bending shall be small.
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56 CONSTRUCTION OF BOILERS.

Brackets are set above the middle line of the boiler in order
that the flanges may be protected by the brickwork setting. They
are usually 8 or 4 inches above the middle.

CHITINEYS.

At the present time, the knowledge of chimneys and chimney
draft is slight. The theories given are worth but little as they
are based upon data which is entirely insufficient. As to the
design and proportions of chimneys, there are no systematuc
statements and rules that can be used.

Chimneys are usually designed from empirical formulas and
from tables, compiled from proportions of chimneys that have fur-
nished sufficient draft, ete.

The draft produced in a chimney is due to the difference in
temperature, and consequently difference in pressure, between the
gases inside the chinmey, and the air outside. The gases in the
chimney being lighter rise toward the top and air rushes in at
the bottom to fill the space left by the hot gases. This air as it
becomes heated grows lighter and rises, thus a continuous circula-
tion is kept up. The temperature of the gases in the chimney is
considered to be about 600° F. for chimney calculation, as practice
shows this to give good draft under economical conditions.

After making several assumptions, based on experiments, the
following formnla has been deduced :

ILP. =833 (A—.6yA)Vh
in which H. P. = horse-power, A = area of the chimney, and h
= the height above the grate.

The following table on page 46 has been calculated from this
formula. This table is used to a considerable extent with satis-
factory results.

The part of the table which is used for ordinary proportions
is filled in. If proportions are taken from the table rather than
from the formula, the results will give better proportions.

To find the arvea of the top of the chimney for a given coal
consumption, the following empirical formula has been stated.

___H.]’.XBX12

A Ui
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in which A = area, H. P. = horse-power of boiler, B = number
of pounds consumed per H. P. per hour and h = height of
chimney in feet.

This area A is the area in square inches at the top.

. 4 :
,;’3 HEIGHT OF CHIMNEYS AND COMMERCIAL HORSE-POWER. 5.,; e; e
I SHETR R
52 , | 58 | 838 3%
35| 50| 6070|8090 [100]110]125|150 (175 200 3'5 md= | 53
A% | fo | fo. | fo | fo | f6 | fe. | foo | £ fo | fr | £o | 2885 BE
18 | 23 25| 27 16 0.97 1.77
21 35| 38 41 19 147 2.41
24 | 49 | b4 58| 62 22 208) 3.14
27 | 65| 72 Ts| 83 24 2.78 3.98
30 | 84 | 92 100] 107| 113 27 3.58 4.91
33 115 125 133] 141 30 4.48 5.94
36 141 152 161| 173] 182 82 547 7.07
39 183; 196] 208| 219, 35 6.57 8.30
42 216 231} 245| 258| 271 38 7.76 1 9.62
48 311| 330; 348| 365/ 389 43 [ 10.44 | 12,57
54 . 427| 449 472| 503 531 48 [13.51| 15.90
60 536| 565 593 632 692 748 54 116.98| 19.64
66 694| 728 776 849 918| 9811 5Y |20.83 | 23.76
72 835| 876 934 1023|11051181| 64 |25.08 | 28.27

78 103811107 1212/1310,1400; 70 | 29.7 33.18
&4 1214 1294 1418{1531 1637‘ 75 | 34.76 | 38.48
90 1496 1639|1770/1893 80 |40.19 [ 44,18
96 |1876 2027 2167| 86 |46.01} 50.27

Another method which is much more simple is to design the
area of the chimney, as we have designed the total tube area; that
is,about 1 the grate area. This ratio for chimneys is sometimes
about § and decreases to § and for very tall chimneys to {%;.

From the table we find the chimney to have an area at ths
top of about 3.98 square feet, assuming it to be 60 or 70 feet
high. This area gives a diameter of 27 inches if circular, or 24
inches if square.

H.P. x B x 12
| B

We must either assume or calculate B. As the calculation

is very easy it would be better than any assumption. The total

amount of coal burned per hour equals 12 X 24 or 288 pounds.
The amount per H. P. per hour is 288 <+ 75 or 3.84 pounds.

Let us calculate it from the formula A =
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Then assuming the chimney to be 60 feet high,
75 X 3.84 x 12
V60

inches in diameter if circular and 21 inches if square.

A= = 446 square inches, or about 24

By the last method the area of the chimney will be 24 - 8
or 3 square feet, or 432 square inches, giving practically the same
reselt as with the formuia.

As the table is reliable and gives us the larger area, we
will use it and be on the safe side; also as the amount of ‘coal
burned per heur Ly the draft in a chimney can be found by mul-
tiplying the horse-power in the above table by 5, the chimney
with an area of 3.98 square feet and 60 feet high will bum
T2 X 5 == 360 pounds of coal per hour. The boiler in question
burns only 288 pounds, so the chimney is sufficiently large.

Chimneys are usnally of brick or of steel plates. If of steel
they are always circular. When made of brick they are circular,
square or hexagonal.  With a given draft area, a circular chimney
requires the least material, since a circumference has the least
perimeter for a given area; it ulso presents less resistance to wind.

A steel chimney is made up of plates of steel riveted to-
gether. The shell is bolted through a foundation ring of cast iron
to the stone foundation. It has a straight taper to the top, which
is finished, for appearance with light plates. The shell is lined
with fire-brick, with a thickness which varies from 12 to 18 inches
at the bottom to about 2 to 4 inches at the top. This lining is
used to prevent heat being lost from the shell and does not add to
the strength of the chimney.

A Dbrick chimney is built in two parvts; a the outer shell,
which resists wind pressure and b,the lining which is the flue.
This flue is made separate from the external shell in order that it
may expand, when the chimney is full of hot gases, without strain-
ing the outer shell.

The interior of hoth steel and brick chimneys are often eylin-
drical while the exterior tapers. The taper is about .3 inch to
the foot. The brick at the base of the chimney is splayed out to
make a large base.
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TYPES OF BOILERS,

Generally speaking, a steam boiler is a closed metallic vessel
in which steam is generated from water by the application of heat,
As steam is under pressure it is evident that the vessel must be
strong and tight.

To operate the boiler safely and economically there must be
certain fittings and accessories—some of these are used in the care
of the boiler, while others serve to increase the economy. Among
the most important attachments and appurtenances may be men-
tioned the following:

A feed pump or injector, with valves, plplng, ete., to supply
water to the boiler.

Gage cocks and glass water gage to show the attendant the
height of water or the water level, as it is called, in the boiler.

A pressure gage to show the pressure of steam in the boiler,
The pressure is usually measured in pounds per square inch.

A safety valve to allow steam to escape from the boiler when
the pressure exceeds a certain fixed amount. This attachment,
being a safety device, should be automatic and reliable.

A blow-off pipe, with its valves, to blow out sediment from
the boiler, reduce the amount of water in the boiler, or empty it.

A steam pipe, with its valves, to conduct the steam from the
boiler to the place where it is to be used.

Manholes and handholes, with covers, for examination, re-
pairs, and cleaning.

* Fusible plugs to give warning when the water level be.
tomes too low, or melt and allow the water to escape.

* High- and low-water alarms to give warning when the
water level is too high or too low.

* A heater to raise the temperature of the feed water as nearly
as possible to that of the water in the boiler.

*NOTE. Although the last three are desirable, they are not abso-
lutely necessary, as a boiler can be successfully operated without them.
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4 TYFES OF BOILERS

In addition to these there are other attachments such as:

Lugs or brackets for supporting the boiler.

Masonry for setting the boiler and keeping it in position, and
in many cases to keep the hot gases in contact with the shell.

Furnace fittings, including grate bars, bearer bars, dampers,
fire doors, ashpit doors, ete.

The chimney to carry away the waste gases and create draft.

Tools, such as shovels, slice bars, scrapers, tube brushes, ete.

DEFINITIONS.

The following definitions should be remembered in connee-
tion with the terins used in designating the various classes.

A fire-tube boiler is one having the heating surface coinposed
largely of tubes which are surrounded with water, the hot gases
passing through them.

A water-tube boiler is also composed of tubes, but in this
case w«ater flows through the tubes, while the hot gases pass aronnd
and ameng them. .

In a sectional boiler the tubes and corresponding headers
form comparatively small units. FEach unit is complete in itself;
that is, it is in communication with a steam and water drum but
is independent of the other units.

A non-sectional boiler is one having all the tubes 'in com-
munication with one another; in other words, all or nearly all the
tubes are expanded into a common header or drum. The boiler is
not made up of units.

A single-tube boiler is made nup of plain tubes.

A double-tube boiler has a small tube inside of the regular
tube and concentric with it.

A boiler is externally-fired when the furnace is separate from
the shell; in such boilers the fire is usually placed in a brick
furnace:

In the internally-fired boiler the grate is inside of a flue
which is within the shell.

A fire-box boiler is one having the fire within a fire box
which, although external to the shell, is rigidly connected to it.
The fire box is usually made of steel plates instead of brick as in
the case of the externally-fired boiler.
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TYPES OF BOILERS

and horizontal, stationary and non.stationary, or externally-fired
and internally-fired. They may also be classitied according to uses
or according to forms of construction. For illustration, two classi-
fications, of which the following seems better for this discussion,
are given.

CLASSIFICATION.
According to Form of Construction.

Early Forms.

Cornish (single-flue)
F1 Lanecashire (two-flue)
uc Gallowa{r
| Single Flue (externally-fired)

Horizontal (commou form)

. Vertical
Fire-tube Return-tube
(Multitubular) | Through-tube

Fire-box

Peculiar Forms

Sectional

Horizontal % égf:ig}{&%ge % Non-sectional
. { Straight-tube

Vertical } Curved-tube

Peculiar Forins

Water-tube J

Mixed Types.

EARLY FORMS.

The earliest boilers of which we have reliable record were
spherical. They were of cast iron and set in brickwork. It was
customary to set this type of boiler with the fire underneath and
construct flues in the brickwork to conduct the hot gases around
the boiler just below the water level. The hot gases passed entirely
around the boiler before escaping to the chimney.

The Haystack Boiler. The next form to be generally used
was that invented by Newcomen in 1711, On account of its pecul-
iar shape it was called the ¢ Haystack” or « Balloon” boiler. It
was of wrought iron and had a hemispherical top and arched bot-
tom. The fire was placed underneath the arched portion; the hot
gases surrounding the lower part of the boiler. An improved form
of the Ilaystack boiler is shown in Fig. 1. Smeaton placed the
fire inside the shell and arranged internal flues for conducting
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‘ TYPES OF BOILERS 7

the hot gases to the chimney. This arrangement increases the
heating surface and consequently the economy of the boiler.

The Wagon Boiler. To still further increase the heating sur-
face, James Watt introduced his « Wagon ” boiler. This form is
shown in Fig. 2. The top was cylindrical and the sides eurved
inward. The curved plates as-
sisted in the formation of flues
on either side. The hot gases
passed from the grate, under-
neath the boiler to the rear,
through the left-hand flue to the
front, then through the right-
hand flue to the rear and thence
to the chimney. This was called
the wheel draft because the
gases passed entirely around the
boiler. In the large sizes a flue
was placed in the boiler. The
products of combustion returned
through this flue to the front
after passing under the boiler to
the rear, as in the small sizes. bz 7
On issuing from the flue at the %ﬁ'ﬁ:’:’i’::/?’:’::’:’%
front, the gases divided and
passed to the chimney at the
rear by means of the flues in the brickwork. This form of draft
was called the split draft.

Watt used a column of water in the vertical feed pipe asa
pressure gage; the rise and fall of this column also controlled the
damper. The feed was regulated by a float.
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MODERN BOILERS.

Although such boilers as the Ilaystack, Wagon, and others were
fairly satisfactory in the period in which they were invented, they
could not stand the higher pressures that soon became common.

About the beginning of the nineteenth century the cylindrical
boiler was introduced. The earliest forms were the plain eylin-
drical boiler and the «Egg-end” boiler. The difference was in
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3 TYPES OF BOILERS

the form of the ends-— those of the former were tlat and of cast
iron, while the ends of the latter were hemispherical and made of
wrought iron. The egg-end boiler required no staying or bracing
because its form is, with the exception of a sphere, the strongest
to resist internal pressure.

The Cylindrical Boiler consisted of a shell of wrought-iron
boiler plate and ends of the same material or of cast iron. It was
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set in brickwork as shown in Fig. 3. The boiler was about two-
thirds filled with water, the remaining third forming the steam
space. To collect and store the steam as it rose from the water a
steam dome was added. The steam pipe was attached to the dome
to which the safety valve also was connected. The hot gases from
the fire passed under the boiler to the rear and then to the chimney.
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‘ TYPES OF BOILERS ) 9

The heating surface of this type is small with a given diam-
eter unless the boiler is made very long.  As all sediment collects
in the bottom, where the heat is most intense, the plates are liable
to burn. Since sediment and scale are poor conductors of heat,
the heat remains in the plates and overheats them instead of flow-
ing to the water.

The disadvantages (the small heating surface and the collec-
tion of sediment) do not seem so serions when one considers the

SAFETY VALVE
O)STEAM PIPE

STEAM
bDoME

Fig. 3.

simplicity of construction, strength, durability, and ease of repair-
ing and cleaning.

The plain eylindrical boiler was adapted for mining districts,
iron works and other places where fuel is abundant and skilled
boiler makers are not readily found. This boiler was made very
long to get the required heating surface, the length sometimes
exceeding fifty feet.

FLUE BOILERS.

In order to get the necessary heating surface in the cylindrical
boiler withont making it excessively long, it was made with an
internal flue through which the hot gases passed to the chimney.
This flue was quite large and extended {rom end to end. In the

.
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10 TYPES OF BOILERS

United States, Oliver Evans used this type in 1500.  In England,
it led to the internally-fired flue boilers which were so extensively
used.
THE CORNISH BOILER.
Horizontal - Single-Flue-Internally=-Fired.
When it was found that about 25 per cent of the total heat of
combustion was lost by radiation from the furnace, a Cornish

N
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Fig. 4.

engineer named Trevithick, conceived the idea of placing the fire
inside the large internal flue. He introduced this type which is
known as the Cornish boiler.
The products of combustion
pass from the fire on the grate
bars C (Fig. 4) through the flue
to the back end where they divide
and return to the front end by
means of the lateral flues L. in the
brickwork. See Fig.4a. Atthe
front the hot gases pass down-
ward, and uniting pass through
the flue Fin contact with the bot-
tom of the boiler. On leaving
the boiler they go to the chim-
ney. This arrangement of flues reduces the temperature of the
gases before they come in contact with the bottom of the boiler
where sediment collects. The grate bars rest on the dead plate D

Fig. 4a.
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TYPES OF BOILERS 11

at one end and on the bridge B at the other; if made in two lengths
(as is often the case) theyare supported at the center by a cross bearer.
The bridge is built of fire brick and the external flues are lined with
fire brick. The heads are stayed to the shell by gusset stays E E.
The large internal flue
is the hottest portion of the
boiler because it contains the
fire. For thisreason the flue
has greater linear expansion —
than the shell and, if the flue E :
is a plain cylinder, the in- ?—%— . ————j
crease in length causes the
ends to bulge. When the
boiler is cold, the flue returns to its normal ]emrth This lengthen-
ing and shortening will soon loosen the flue at the ends. To over-
come this, the flue is sometimes made up of several short rings

Fig 5.

flanged at the ends and joined by being riveted to a plain ring.
This construction is shown iu section in Fig. 4.  Another method

Fig. 6.

is shown in section in Fig. 5. The plain ring is riveted to the
curved ring; this ring takes up the expansion, increases the heat-
ing surface, and strengthens the flue against external pressure.
The same results may be obtained by the use of the corrngated
flue, one form of which is shown in Fig. 6. The corrugated tlue
has many advantages over the devices shown in Figs. 4 and 5; it is
frequently nsed in marine boilers.
LANCASHIRE BOILER.
Horizontal -Two-Flue—Internally-Fired.

It can be proved, both by experiment and caleulation, that

with a given thickness large cylinders cannot stand as much ex-

v



12 TYPES OF BOILERS

ternal pressure as small ones. " For this reason and on acconnt
of the short distance a fireman can throw coal accurately, the
Cornish boiler is suitable for small powers only. If it is made too
large, the flue is liable to collapse, but if, on the other hand, the
flue is of too small a diameter, the grate will be insufficient. TIf
this form of boiler is to be nsed in large size it is moditied by
using two flues instead of one. This Doiler is called the Lanea-

Fig. 7.

shire boiler. Tt is like the Cornish type except that it has two
tlues and, of conrse, two furnaces.

The flues are sometimes continued separately to the end. If
they merge into one large flue, which forms the combustion c¢ham-
ber, it is called the ¢« Breeches-flned” or duplex furnace boiler.
These furnaces are fired alternately; the unburned gases set free
from the freshly-fired coal are burned on meeting the hot gases from
the incandescent coal of the other furnace. This arrangement
prevents the escape of the unbnrned hydrocarbons.

The disadvantage of the Lancashire boiler is the difficulty in
finding room for the two flues without greatly increasing the diam-
eter of the boiler. Also, the small furnace is unfavorable to comn-
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TYPES OF BOILERS 13

plete combustion as the space for the uniting and burning of
the hydrocarbons is restricted. The combustion chamber of the
breeches-flued boiler provides the necessary space, but the construe-
tion at the junction of the two flues is weak and has been the
cause of many explosions.

GALLOWAY BOILER.
Horizontal—Two-Flue—Internally-Fired—Galloway Tubes.
Another boiler of the same gen-

eral form is the Galloway, shown
in Fig. 7. This boiler differs from
the Lancashire in that short tubes
are added to the flues. In the Gallo-
way boiler having two distinct flues,
the tubes were placed as shown in
Fig. 8.

In the later form of Galloway
boiler, the two flues merge into one
large flue of the shape shown in
Fig. 9. This flue has corrugated
sides and the conical tubes are staggered, thus insuring a thor.
ough breaking up of the currents of hot gases. The tubes are

Fig. 8.

made conical to facilitate removal for repairs. The shape of the
tube also permits the water to expand on being heated, and the par-
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development of the multitubular boiler. This type of boiler has
for many years been commonly used for stationary work and
althongh other types possess advantages for certain conditions, it is
still considered economical, reliable, easily handled, and safe if con-
strueted of good material and operated with care and intelligence.

Figs. 11 to 14 are selected to illustrate this boiler. The boiler
without the brick setting is shown in Fig. 11. It consists of a

steel eylindrical shell and numerous small tubes extending from
end to end. These tubes are 3 or 4 inches in diameter and are
fastened to the two ends (called tube -sheets) by expanding the
tubes against the sheet and beading them over on the outside.
The shell is made of steel plates % to $-inch in thickness. At the
front, the shell plates extend beyond the tube sheet and are cut
away to allow the waste gases to enter the uptake. About one-
third the volume of the boiler is oceupied by the steam; the other
two-thirds is filled with water and tubes. The water line isa little
(from 4 to 8 inches) above the top row of tubes.

The flat ends are prevented from bulging by stays which may
be of the form shown in Fig. 12 or they may be diagonal stays.
The through stays are fastened to the tube plates by means of nuts
and washers as shown at S in Fig. 11, and also in Fig. 12.  Below
the water level, the end plate is stayed by the tubes. This type of
boiler nay be supported by brackets B riveted to the shell or by
means of beams and eolumns, as shown in Fig. 14. The front
bracket is often fixed in the side wall, but the rear bracket should
be placed on rollers so that it can move on an iron plate. This
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will prevent the straining of the plates from expansion and con-
traction. A small space must be left between the rear tube sheet
and the brick wall to allow for expansion.

The boiler shown in Fig. 11 has two steam nozzles N. If the
boiler has a dome (D Fig. 13) the steam nozzle is at or near the top
of the dome. The feed pipe may enter either at the front or at
the rear. Tt frequently terminates in a perforated pipe below the
water line. The blow-off pipe is at the rear of the boiler as shown

Fig. 13.

in Fig. 13 A valve, called the blow-off valve, regulates the flow
and may be opened, when there is low pressure in the boiler, to-
blow out sediment and detached scale. The boiler is usually sei
with a slight inclination toward the rear so that mud and detached
scale may colleet near the blow-off pipe.

In order that the boiler may be entered for cleaning or repaiis,
it is provided with manholes and handholes. Fig. 11 shows a
manhole M at the top near the middle and a handhole near the
bottom of the front tube sheet. Handholes may be put in wherever
desired, but manholes can be located only where the arrangement
of stays and tubes will permit the entrance of a man. Manholes
and handholes are elliptical; the former being about 11 inches by
15 inches in size; while the latter are about 4 inches by 6 inches.
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. TYPES OF BOILERS 19

The heating surface is the surface in contzet with the hot
gases. In this type, the heating surface is made up of abont half
the shell, the tubes, and about two-thirds of the rear tube sheet.
In general, all the heating surface is below the water line.

The complete multitubular boiler is shown in its brick setting
in Fig. 14, and a longitudinal section of the setting in Fig. 13.
The brick setting consists of brick
laid in cement or mortar. The
bridge and the portions of the fur-
nace exposed to the fire are lined
with fire brick.  The bridge is built
at the rear of the grate and forms a
support for the grate bars; it also di-
rects the flames upward. Thearrows
show the direction of the flow of hot
gases. The furnace is formed by
the bridge, the side walls, and the
lower part of the boiler front. The
boiler front is usually cf cast iron
with the lower part lined with fire
brick. The front has doors which
lead to the furnace, asﬁpit, and
smoke box. The space below the
grate is called the ashpit, and through
its doors ashes are removed and a
large portion of the air for combus-
tion enters. Both the fire doors and
ashpit doors have draft plates, or
grids, to regulate the supply of air. The doors to the smoke hox
give access to the tubes for cleaning and repairs.

UPRIGHT BOIL™®S,
Vertical -Many Small Fire Tubes—Fire Box.

Upright boilers are used when floor space is valuable and
there is suflicient height. In small sizes, they are used for hoist-
ing engines, pile driving, for supplying steam for pumps, and
similar work; in large sizes when it is necessary to have a powerful
battery in a small space. In general they are not as economical as
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20 TYPES OF BOILERS

the horizontal multitubular boiler unless they are carefully designed
and of considerable height. If the tubes are short, the hot gases
escape before they give up much of their heat.

One of the simplest forms of upright boiler is shown in Fig.
15. Tt has a cylindrical shell with a large fire box at its lower
end. This fire box is formed by the inner cylinder which is fas-
tened to the outer shell by short serew stay bolts as shown. A
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Fig. 16.

flanged ring connects the fire box with a large flue which conducts
the hot gases away. The necessary handholes, gages, safety valves,
etc., are provided. This form is not economical but is used on
account of the little attention required.

More economical forms of the small upright boiler are illus-
trated in Iig. 16 and 17. The boiler shown in Fig. 16 is a com-
mon form; externally it is like the boiler represented by Fig. 15,
but within, it has a somewhat different construction. It resembles
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a multitubular boiler placed on end. The fire box is made of an
inner cylinder stayed to the onter. The top of the fire box, called
the lower tube sheet, is connected to the upper head by tubes,
through which the hot gases pass to the smoke pipe. It will be
readily seen from Fig. 16, that the upper ends of the tubes are
surrounded with steam while the lower portions are covered with
water. As steam is a poor conductor of heat, the ends of these
tubes are liable to injury from_overheating.

In the class of boiler shown in Fig. 17 the upper ends of the
tubes are below the water level, thus avoiding the weakness des-
cribed in connection with Fig. 16. The upper tube sheet is sub-
merged and is flanged and riveted to the frustum of the cone
which forms the smoke box. The chief defect in this boiler is
that the lower part of the cone is often placed too near the shell;
this is done to admit more tubes. This construction restricts the
space so much that there is not sufficient room for the steam to
rise as it is formed on the tubes. The cone, which is subjected to
external steam pressure, is likely to be weak and is usually care-
fully stayed.

These small npright boilers require no brick setting, as the
fire box is within the boiler and the cast-iron foundation forms
the ashpit.

MANNING BOILER.
Vertical -Many Small Fire Tubes—Fire Box.

The Manning boiler is illustrated in Fig. 18. In order to
get a large heating surface, it is made 20 to 30 feet high. It is,
in general, similar to the upright boiler shown in Fig. 16. At
the lower portion, the shell is of greater diameter than at the top
in order to provide a large grate area. The inner fire box is
stayed to the shell by screw stay bolts. . As the fire box is sur-
rounded by water and there are many long tubes there is a large
heating surface. The tubes are arranged in concentric. circles with
a space for circulation in the middle.

The external fire box is joined to the shell by a double flanged
ring as shown in Fig. 19; or, by the cone-shaped section as illus-
trated in Fig. 20. The top edge of the internal fire box is riveted
to the lower tube sheet which is flanged. The bottom of the inner
fire box is connected to the outer shell by a welded ring (shown
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in section in Figs. 19 and
20) called the foundation
ring. The water space be-
tween the inner and outer
fire box plates, called the
water leg, should be large.

This boiler is cleaned by
means of handholes. They
are placed in the shell plates
near the lower tube sheet, in
the external fire box just over
the furnace door, and at the
bottom near the foundation
ring.  As there are no man-
holes for eleaning, the boiler
is suited to good feed water
only.

The feed pipe enters the
shell at the side near the
middle of the water space,
and extends across the boiler;
it is perforated to distribute
the water.

The heating surface con-
sists of the inside of the fire
box and the tubes up to the
water level, and the tube
sheet. That part of the tnbes
above the water line is the
superheating surface; that is,
theheat from the gases passes
through the metal of the
tubes to the steam, thus rais-
ing its temperature without
raising its pressure. Steam
heated under these condi-
tions is called superheated
steam. In small vertical
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boilers this superheating surface is not desirable because the work
of the small boiler does not require superheated steam and the
tubes are likely to be burned by the intense heat. With the long

£=90000 0 0

Fig, 20.

tubes of the Manning, the gases are not as hot when they reach
the top, and as this boiler is built in large powers (200 horse-power
being comnon) the engines supplied are built for economy and
require dry if not superheated steam.

RETURN-TUBE BOILERS.
Horizontal -Many Small Fire Tubes—Internally-Fired.

The boilers hitherto described are used mainly for stationary
work, the éxceptions being so few that they need not be even men-
tioned. Let us now discuss another modification of the fire-tube
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24 TYPES OF BOILERS

boiler—one that has been and is now extensively used in marine
work. The parts of the return-tube boiler are essentially the same
as those of flue boilers (Cornish and Lancashire) and the multi-
tubular boiler. They are, however, arranged differently in order
to be used on board ship.

The earliest forms of marine boilers, working with pressures
of 15 to 30 pounds per square ineh, were square or box-shaped.
They were economical and of convenient form for ships. When
higher steam pressures became necessary, the flat surfaces required
so much staying that they were abandoned and the eylindrica]
type introduced, as this form is the best of the practical shapes to
resist internal pressure. The cylindrieal form may not be as con-
veniently stowed aboard ship, but it will stand much higher pres-
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sures. The cylindrical marine boiler is frequently built for 170
pounds per square inch.

The single-ended, return-tube boiler, shown in Fig. 21, com-
bines the internal furnace flue of the Cornish type and the numer-
ous small fire tubes of the multitubular. The cylindrical shell is
made up of plates riveted together and to the flat ends of the
boiler, which are flanged to fit the shell.

The furnace is cylindrical, three to four feet in diameter and
about seven feet in length. The front end of the furnace flue is
riveted to the front end plate, which is flanged for the purpose.
The back end is riveted to the combustion chawber plates. For-
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TYPES OF BOILERS 25

4

merly, the flue was a plain cylinder, but as a plain cylinder, unless
of small diameter, cannot stand much external pressure, it soon
became necessary to strengthen it. This was done by means of the
curved ring shown in Fig. 5 and other methods; but at present
the corrugated flue is used, one form being shown in Fig. 6.

The grate is placed at about the center of the height of the
furnace flue; the space above this grate is occupied by the fire and
hot gases, below it is the ashpit. As will be seen from the arrows
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in Fig 21, the hot gases fill the space above the fire, the combus-
tion chamber, the tubes and the nptake.

The combustion chamber in which the produets of combus.
tion are completely burned, is formed of flat and curved plates
flanged at the edges and riveted together. The shape of the plates
is shown in IFig. 21, which is a seetional view of a single.ended
marine boiler. The back tube sheet forms the front of the com-
bustion chamber. The space around the tubes, furnace fine, and
combustion chamber is filled with water, the water level being six
to eight inches above the top row of tubes. The space above the
water level is called the steam space.
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26 TYPES OF BOILERS

As the return-tube boiler has several flat surfaces, this type
requires careful staying. The flat ends above the water level are
prevented from bulging by long stay rods which are similar to
those in the multitubular type. DBelow the water level, the furnace
flue and the tubes aid in holding the flat plates together. In addi-
tion, a few of the tubes (shown by the heavier circles in Fig. 21)
are made thicker so that a thread may be cut on the ends which
are screwed into the tube sheets and held by thin nuts. The com-
bustion chamber plates are stayed to the rear end plate and the
shell by short serew stay bolts. The flat top of the combustion
chamber is supported by girders or crown bars.

Number of Furnaces. The boiler shown in Fig. 21 has only
one furnace, but return-tube boilers frequently have two, three, or
fonr furnaces.
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Fig. 22 shows a boiler with three furnaces. ILarge furnaces
are more efficient than small ones because the grate area increases
directly as the diameter, while the air space above the grate in-
creases as the square of the diameter. The greater space aids
combustion. The length of the grate bars is nearly constant for
all sizes of flue because it is limited by the distance a fireman can
throw coal. TFurnace flues are usually from 36 to 54 inches in
diameter. As the size of furnaces is fixed, the number depends
upon the size of the boiler, for a large boiler must have a large
grate area which can be obtained only by nsing several furnaces.
The various arrangements are shown diagrammatically in Fig. 23.

A single-furnace boiler has but one combustion chamber. A
two-furnace boiler may have a combustion chamber for each fur-
nace or it may have a common combustion chamber. If there is
but one boiler on board, it is better to have two combustion cham.
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bers, so that in case a tube bursts, the boiler will not be disabled.
If, however, there are several boilers, it is better to have a common
combustion chamber for the two furnaces, becanse the alternate
stoking keeps up a more nearly constant pressure of steam and
there is less smoke. Three-furnace boilers usually have three
combustion chambers, while four-furnace boilers have two. In
case four furnaces are used with three combustion chambers, the
two center furnaces lead to a common combustion chamber and
each outside furnace has one.

&

’oochﬁncg QOQLOQD
T BgeeeRiee
| 00000000000
| 08008600080
| 99999999000
f 9990600000
| 00000060000
| deesassss
| 5888858
L 000  335see
020 -

Fig. 24.

Double-ended Boilers. This form of marine return-tube
boiler is practically the same as two single-ended boilers placed
back to back, but with the rear plates removed. The weight of
the rear plates is saved and there is less loss from radiation. This
makes the double-ended boiler lighter and cheaper in proportion
to the heating surface. Double-ended boilers are often made 16
feet in diameter and 18 feet long.
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Internal Furnace Return-Tube Boiler. Although the return-
tube boiler is commonly used in marine work, this type, with
some changes in detail, is used in plants ashore. Fig. 25 shows
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the construction and arrangement of parts. The flue is larger in
proportion to the diameter than is the case with the marine form;
the combustion chamber is
partly external to the shell, that
is, the rear tube sheet is also the
rear end plate. This arrange-
ment does away with the neces- )
sity of staying the flat plates 008
of the combustion chamber.
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furnace, return-tube boiler is
shown in Fig.26. This boiler
usually has two flues extending Ué E

from the front to the hack head.

The grate is placed in the cor- /\
rugated portion while conical
water tubes support the flue S
back of a bridge wall. The
large furnaces and the space around the conical tubes provide a

combustion chamber of ample size.

Another form of internal j

N

Fig. 25.
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30 TYPES OF BOILERS

The arrows show the direction of the hot gases. After leav-
ing the internal flue they enter the return tubes which are below
the furnace; before leaving the boiler, they pass underneath the
shell. By this arrangement the hottest gases are near the water
line and the cooler gases in contact with the cold water, thus there
is the greatest difference in temperature at all times. At each
change in the direction of the hot gases, there is an opportunity
for dirt and ash to fall by gravity so that the tubes may remain
clean and efficient.
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Fig. 26.

With the exception of the foundation there is no brickwork.
The shell is covered with a non- conducting material.  This boiler,
like the Galloway, has a large steam and water space, thus insur-
ing dry steam and great reserve power.

THROUGH-TUBE BOILERS.
Horizontal -Many Small Fire Tubes—Internally-Fired.

Vessels of slight draft require a boiler of small diameter.
This is especially true of gunboats as it is desirable to have the
boilers below the water line.  As there is not room for the return-
tube boiler, the through-tube, shown in Fig. 27, is sometimes
used. This boiler is made up of the same parts as the return
tube, the chief differenco being that of arrangement. The rear
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plate of the combustion chamber forms one tube sheet and the end
plate forms the other. The top of the combustion chamber is
stayed to the shell by sling stays which are bars having forked ends
fastened to the shell and to the combustion chamber.

[e]

o

The fire is in a flue, or flues, which leads to the combustion
chamber. The hot gases pass from the combustion chamber
through the tubes to the uptake at the back end. The chief ob-
jection to this form is its length, for the heating surface is small
unless the boiler is made very long.
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35 TYPES OF BOILERS

FIRE-BOX BOILERS.
LOCOMOTIVE TYPE.
Horizontal—Many Small Fire Tubes—Externally-Fired.
Although vertical fire-tube boilers may be classed as fire-box
boilers, yet the name fire-box boiler is nsually applied to the loco-
motive type whether used with a locomotive or as a stationary boiler.
The usual form of horizontal fire-box boiler consists of a cyl-
indrical shell, or barrel, partly filled with tubes, and a rectangular
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Fig. 8.

fire box. The shell is prolonged beyond the rear tube sheet to
form a smoke box. The front ends of the tubes open into the fire-
box, while the rear ends open into the smoke box. The hot gases
from the fire pass through the tubes to the smoke box and from
thenee to the stack or nptake. For locomotive work, there are a
large number of small tubes (usually 2-inch), but for stationary
work the tubes are larger and less numerons. The reason for this
difference is that in the locomotive boiler a greater heating surface
is necessary, and to obtain sufficient draft to burn the large amount
of coal for this heating surface, the exhaust steam is turned inte
the smoke box. The blast of steam carries the heated gases up
the stack and a fresh supply of air passes through the grate.

The cylindrical shell is joined to the fire box by riveting to a
flanged ring or to a cone-shaped portion as in the vertical boiler.
The fire box has a rectangular eross-section and usnally a flat top.
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Like the vertical boiler there is an inner and an outer fire box, the
inner having the same shape as the outer, except that the top is
flat. The external fire box is connected to the inner by short
screw stays. The space between is called the water leg. The flat
top is stayed by girders or crown stays. These are sometimes at-
tached to the shell by sling stays. The lower portions of the tube
sheets are lield in place by the tubes; the upper portions are stayed
by diagonal stays.

The chief differences in the various forms of locomotive hoilers
are the shape of the fire box and the location of the grate. Loco-
motive hoilers are either straight top or wagon top. The wagon
top boiler, see Fig. 28, has a cone-shaped portion by means of
which the boiler is larger at the fire-box end. This construction
is to give a greater steam space. The increase in size of boilers
has raised the top so high above the rails that the wagon top is
not now used extensively; the straight top, see Fig. 29, is more
conimon.
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Belpaire Boiler. The shell and fire tubes of this type of
boiler are practically thie same as in any other fire-box boiler; the
peeuliarity lies in the fire box. The inner and outer fire-box plates
are horizontal at the top, aud the sides of the outer fire-box are
continned so that the space above the crown sheet is rectangular in
section. The advantage of this construction is that the staybolts
holding the crown sheets and side sheets can be placed at right
angles to the sheets.  This reduces the tendency to bending when
under pressure.

Wootten Boiler. In this type also, the fire box is the chief
portion to be considered. The size of the locomotive fire box is
limited.  With older types the width was limited to less than
three feet and the length to less than seven feet.  This was because
of the franies and the distance between the axles. By placing the
fire box above the axles, the width was increased by an amount
equal to the thickness of the frames or abont seven inches, and the
length inereased to ahout eleven feet. DBy raising the fire box still
nore and placing it above the driving wheels, the width can be
still further increased.

A broad, shallow fire lox is required if anthracite coal is
used.  The Wootten fire box, shown in Fig. 30 and 31, is very
wide and is placed on top of the driving wheels. Formerly, a com-
bustion chamber was placed between the end of the grate and the
tubes, but as it was found to he unnecessary, it is not now used.
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PECULIAR FORT1S.
Fire=Tube Boilers, but differing from those described.

Return Tubular as Stationary. DBoilers of tlie form shown
in Fig. 34 resemble the locomotive, fire-box type, but in addition
have return tubes. The hot gases reach the uptake by means of
these tubes instead of passing to the cliimney from the smoke-box
end. Thus they combine the advantages of the fire.-box type and
the return-tube type without the brick furnace. The water sur-
rounds the furnace on all sides except the front. They are built
in sizes from 12 to 70 horse-power. As Fig. 34 shows the con-
struction so clearly, further description is unnecessary.
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Fig. 34.

The Cochrane Vertical Boiler is somewhat like the return-
tube “boiler in point of arrangement of heating surface. This
boiler is shown in seetion in Fig. 35. The hot gases pass from
the furnace to the cambustion chamber, then through the tubes to
the uptake. The heating surface consists of tubes and the plates
of the fire hox which is surrounded by water except the bottom.
The erown of the boiler and of the fire box, being hemispherical,
require no staying. The hemispheriual crown also allows a large
steam space.  The flat plates (the tube plates) are held together
by the tubes. .

The Shapley Boiler, shown in Fig. 36, may be called a
return-flue vertical boiler. The upper portion is a reservoir for
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The Robb-Munmford boiler consists of two cylindrical drums
or shells, connected at each end by a neck. See Fig 37.  The
upper drum is a steam and water drum, the water level being at
about the middle. The lower shell is larger and is inclined about
one inch in twelve to increase the ecirculation, and facilitate wash.-
ing out. In this lower shell is the L01rugated flue containing the
grate. The fire tubes
nearly fill the remaining
portion of the shell as
shown.

The furnace, in which
the coal is burned, is
surrounded by water; the
hot gases pass through
the tubes to the rear, re-
turn between the 10\\ er
and upper shells and es-
cape to the chimney from
the front of the boiler.
The steel casing keeps
the gases in contact with
the drums. The water
circulation is shown by
the arrows. The mix-
ture of water and steam
enters the upper drum;
the steam here separates
from the water which

Fig. 36, flowsdown theneckat the

forward end. A semi-
circular baflle plate directs this water around the furnace to the bot-
tom. The feed water enters at the rear of the steam and water drum.

As compared with the multitubular boiler one can readily see
that the drums can be made much thinner on account of the small
diameter. The tubes are short, straight, and easily cleaned. The
internal furnace does away with muel of the loss from leakage.
As the water is well sn}»divided, steam can be raised rapidly and
there is little danger of a disastrous explosion.
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The Begg’s « Directurn ™ boiler (Iig. 8%) is, in

brief, a horizontal, externally-fired, multitubular boiler in which

Directurn.
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tubes conduct Lot gases through the space behind the bridge.

The

4-inch tubes are ex-

3-inch tubes,

This boiler consists of a shell partly filled with

rear of the furnace is a throat sheet in which

The boiler is encased in

panded. The other ends are expanded into the rear end plate which
107

is made large enough for the purpose.
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steel plates lined with fire brick which is held in place by rods
passing through the notches as shown. The manhole for entering
the boiler is placed in the front head instead of in the shell as ig
frequently done.
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WATER-TUBE BOILERS.

The water-tube boiler differs essentially from the fire-tube.
The names indicate the chief point of difference. In the fire-tube
boiler, the tubes, which are surrounded with water, conduct the
hot gases to the smoke box. In the water-tube, the tubes are filled
with water, and the hot gases pass over and among them on their
way to the chimney.

Although flue boilers and the tubular types were introduced
at an earlier period than the water-tube, yet the last-named type is
not a new form of steam generator. About a century ago, John
Stevens invented a water-tube boiler and fitted it to a steamboat.
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This boiler (Fig. 39) was a combination of small tubes connected.
at oneend to a reservoir. Thus the ¢ porcupine” was one of the
earliest forms. At various times since then, many ideas have been
worked out both for marine and stationary boilers. During the
last fifteen years, however, the water-tube boiler has been steadily
growing in favor, the chief reasons being—the necessity of higher
steam pressures, greater reliability of materials, greater skill in
design and workmanship, and more intelligent management.

It is not within the province of this instruction paper to dis-
cuss the relative merits of fire-tube and water-tube boilers, but a
careful, impartial consideration seems to show that as far as econ-

==

Fig. 39. Stevens Boiler.

omy of running is concerned there is but little difference. The
fire-tube boiler is reliable and can be handled by those possessing
comparatively little knowledge of engineering. Its chief defect
seems to be the disastrous results following an explosion. The
water-tube boiler, on the other hand, is safe, and suited to higher
pressures, but requires greater care in management.

Before discussing these boilers in detail, let us consider
briefly the salient points.

Safety. Probably the greatest advantage claimed for the
water-tube boiler is its safety. The boiler contains much less
water than does the flue or tubular boiler and the water is divided
into small masses, thus minimizing serious results in case of rup-
ture. On account of the shape and arrangement of parts, the
circulation is usually good, and no part exposed to the fire can be
uncovered while there is any water in the boiler. The tubes can-
not become overheated until the boiler is empty and with an empty
boiler there cannot be a serious explosion.
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Rapidity in Raising Steam. The many small streams into
which the water is divided as it passes through thre furnace greatly
facilitate the absorption of heat. Because of the small streams
and the rapid cireulation, the water is converted into steam in a
very short time. Several hours (usually five to seven) are re-
quired to raise steam to working pressure in a tubular boiler,
while in many water-tube boilers, steam can be raised to over 200
pounds pressure in less than half an hour.

Durability. Most water-tube boilers are so designed that no
seams are exposed to the fire or hot gases. The seams are the
weakest part of a boiler, and as strains due to unequal expansion
concentrate at such points, leaks or even ruptures are liable to
occur. In the water-tube boiler, the joints between tubes and
tube sheets are not in the direct path of the hot gases.

Loss of Heat. The loss of heat will evidently be reduced to
a minimum if the heating sur-
faces are such that/the heat read-
ily passes through to the water.
The small diameter of the water
tubes (2 to 4 inches) allows the
use of thin metal which does not
hinder the transmission of heat.
The rapid circulation in the
water-tube boiler prevents the
acenmulation of sediment which
is a poor conductor of heat.
. Still further, dust and dirt does not readily collect on the convex
surface of water tubes, but the <nside of fire tubes soon become
choked with soot unless cleaned frequently. See Fig. 40.

Less Weight. Tt is a well-known fact that a cylinder of large
diameter must be much thicker than one of small diameter when
the internal pressure is the same. The thickness of the shell of a
fire-tube stationary boiler is not excessive, because of the moderate
diameter; but in the return-tube marine boiler, the shell plates for
250 pounds pressure would be about 17 inches thick. The diffi-
culty of working such thick plates and their great weight render
the eylindrical boiler unsuitable for high pressures. The small
tubes and drums of the water-tube boiler may be made quite thin
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even for very high pressures. In general, it may be said that for
the same capacity and pressure, the weight of a water-tube boiler
is only about two-thirds that of a fire-tube.

CLASSIFICATIONS.

Many attempts have been made to classify water-tube hoilers.
By some writers a classification based on circulation, or on the
principle of operation, is claimed to be superior to any division
according to construction. Therefore, they divide them into classes
as follows—Doilers with limited circulation; boilers with free cir-
culation; boilers with accelerated circulation.

In the first part of this Instruction Paper, is given a classifica~
tion according to features of construction. No classification is
altogether satisfactory because boilers overlap into cther divisions;
a water-tube boiler may be sectional, of the double-tube type, have
lLiorizontal tubes, straight tubes, and free circulation. In order to
have some sort of classification, and as no discussion will be entered
into regarding relative merits, the classification given on page 6
will be here adopted and followed as closelyas conditions will permit.

Water-tube boilers are divided into two great classes—hori-
zontal and vertical. Under these heads come sectional and non-
sectional, straight-tube and cnrved-tube, and single-tube and
double-tube. If the tubes are nearly horizontal, such as is the
case of the Babeock and Wileox, Root, ete., the boiler will be
called horizontal. If the tubes are vertical, or nearly so, as in the
Wickes, Stirling, ete., the boiler will be classed as vertical.

Although most bmlels can be classified as outlined on page 6,
there are a few of such peculiar construcivion and arrangement that
they must be placed by themselves under * Peulha.l Forms.’
These are described without any further attempt at classification.

As it is fipossible to discuss all nakes of boilers, a few rep-
resentative forms will be considered as types of thelr respective
classes. No attempt will be made to choose any make as being
the best, becanse many conditions must be considered in selecting
a boiler. The boilers described, except in a few cases, are now
used extensively in either stationary or marine work.
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HORIZONTAL WATER-TUBE BOILERS.
BABCOCK AND WILCOX.
Water Tubes Nearly Horizontal —Steam and Water Drum Horizontal—
Straight-Tube—Single-Tube—Sectional.

Construction. This boiler consists of a large number of lap.
welded, wrought-iron, 4-inch tubes connected to each other and to
a horizontal steam and water drum. The arrangement of the parts
is shown in Fig. 41 which is a side
view of a much-used form of this
boiler. Each tube isexpanded intoa
forging of the form shown in Fig. 42.

The tubes in a vertical row enter
one piece and this vertical row is in-
dependent of the others, as shown in
Fig. 48. Thus itis readily seen that
this is a sectional boiler. Fig. 43
shows also the ¢ staggered ”” arrange-
ment of the tubes. In the back side
of the front header, and in the front
side of the rear header, holes are
drilled into which are expanded the
water tubes. In the front side of
the header a flanged hole opposite
each tube is fitted with a hand-hole
plate. The details of construction
are shown in Fig. 44. The tops of
the headers are connected to the
steam and water drum by short tubes and the same construction is
used for connecting the mud drum to the rear header.

Operation. The grate is at the front end of the boiler under
the higher end of the tubes. The hot gases from the fire are
guided by division plates and bridges, so that after rising from the
grate they pass between the tubes to the combustion chamber,
which is under the steam and water drum; the gases then pass
downward among the tubes, and after rising a second time pass off
to the chimney. In this way, the direction of the currents of hot
gases is-at all times almost at right angles to the tubes, thus im-
pinging upon them instead of passing parallel to the heating sur-
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faces, as in the case of fire tubes.  As the gases iinpinge three times
against the staggered tubes, the heating surface is very etlicient.
Circulation. The feed water enters the steam and water
drum throngh the pipe shown in Fig. 44. It is thus heated be-
fore it mixes with the hot water in’ the boiler. As the water in
the tubes becomes heated, it 1ises to the higher end where it is

partly converted into steam; a column of water and steam rises
through the header to the drmm in which the steam and water
become separated. The cooler water at the rear of the steam and
water drum flows down into the lower end of the tubes and as it
becomes heated rises. Thus there is a continnous circulation.
Steam is taken from the rear end of the steam and water
drum. The solid matter in the water is not deposited on the tubes
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because of the rapid circulation; it falls to the mud drum from
which it is blown out.

The marine form of this boiler has a cross drum, that is, the
drum is at right angles to the tubes instead of parallel to them.
It is similar in form to the cross-drum types used for stationary
work. This form is used in case there is not sufficient head room.

ROOT.

Water Tubes Nearly Horizontal —Steam and Water Drums Horizontal
—Straight-Tube—Single-Tube—Sectional.

The above brief outline indicates that the Root water-tube
boiler is, in its main features, like.the Babcock and Wileox. la
fact the difference is in detail
of construction only. Fig. 46
shows the general appearance
when a part of the brickwork
is removed. It will be seen that
there is a large steam drum
(cross type) at the top in addi-
tion to the small steam and
water drum over each section.

Construction. The Root
water-tube boiler is composed
of 4-inch lap-welded wrought-
iron tubes. These tubes are
expanded into cast iron headers
as shown in A, Fig. 45. A ver-
tical section is formed by plac-
ing one pair upon another as
shown at B, Fig. 45.  One tube
of each pair is connected to one
above it by a flexible bend, by
means of which is obtained an
uninterrupted circulation from
the bottom to the top of the Fig. 45
section. A metallic packing
ring (see C, D, and E, Fig. 45) insures a tight joint between the
bend and the header. F, Fig. 45, shows an enlarged end of a bend.
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To form the boiler several of these vertical sections are placed
side by side. These vertical rows are not rigidly connected because
the lower tubes being nearer the fire expand more than these above.

B S . |

Circulation. FEach section has its overhead drum into which
the water and steam is discharged from the tubes. At the rear
of the boiler and at the end of each steam and water drum, a ver.
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tical pipe leads to a cross drum beneath; this drum is a common
reservoir for all the sections. The feed water enters this drum
and meets the hot water coming from above. The mixing of the
water results in a temperature which prevents any trouble from
unequal expansion. The cross drum (reservoir) is also connected
by vertical pipes to another drum which is below and parallel to
it; this is the mud drum. From the feed reservoir, the mixture
of feed and circulating water descends to the mud drum in which
the solid impurities are left. The circulating water then flows
from the top of the mud drum into the lower end of the tubes.
As these tubes are surrounded by hot gases, the water becomes
heated and rises through the tubes to the steam and water drums,
This heated water contains bubbles of steam which leave the water
and collect in the steam drum. The water flows through the steam
and water drum and descends to meet the entering feed water. The
water level is at about the middle of the steam and water drums.
The hot gases from the fire pass among the tubes three times in
practically the same manner as in the Babcock and Wilcox boiler.

WORTHINGTON.

Water Tubes Nearly Horizontal-Steam and Watet Drum Horizontal
—Straight-Tube—Single-Tube—Sectional.

Construction. This form of boiler is much the same in prin-
ciple and operation as the Babcock & Wilcox boiler, but the parts
are differently proportioned and arranged; see Fig. 47. The fur.
nace extends under the entire boiler, and the tubes are set over it
close together in oppositely inclined series. No flame walls or
baffle plates are used.

Boilers np to 125 H. P. are nusually made to fire at the end as
shown in Fig. 47, in which the tubes extend across the furnace
viewed from the front, and the steam and water drum is at right
angles to the tubes. In the side.fired boilers the tubes extend
from front to back, and the steam and water drum from side
to side; this arrangement is better adapted for large units and for
setting in battery. The tubes of each vertical row are expanded
into straight headers which contain seven or eight tubes. See Fig.
48. Opposite each tube is a hand hole. These headers are ar-
ranged close together, forming the boiler enclosure.
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Circulation. The feed water enters the steamn and water drum
and the circulation carries it down to the mud drums through
large circulating tubes which are outside of the furnace. See Fig.
48. From the mud drum it enters the lower series of headers and
rises through the inclined tubes over the fire into the upper headers,

The water now containing bubbles of steam enters the steam and
water drum by means of short tubes shown in Figs. 47 and 48.

The covering for this boiler is an iron casing, no brick being
used except to enclose or line the furnace.

HEINE. ’

Water Tubes Nearly Horizontal—-Steam and Water Drum Parallel to
Tubes—Straight-Tube—Single-Tube—Non-Sectional.

Construction. The Heine water-tube boiler is not a sectional
boiler. Instead of being expanded into small headers grouped to
form a boiler, all the tubes are expanded into the inside plates of
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a water leg at each end. The construction of this water leg is
shown in Fig. 50. It is composed of two parallel plates flanged
and riveted to a butt strap. The plates are strengthened by short
hollow screw stays similar to those used in the water-leg construe-
tion of fire-box boilers. At the top, the water leg is curved and
joined to the steam and water drum by riveting. Opposite each
tube is a hand hole for cleaning or replacing a defective tube.
Circulation. The feed water enters at the front of the steam
and water drum and flows into the mud drum D, from which it
passes to the rear header with much less velocity. The water is
warmed while passing through the pipe leading to the mud drum,
and as it flows slowly through
the mud drum it deposits its
sediment. The accumulated
sediment is blown off by
means of the blow-off pipe
N. The water, as it becomes
heated in the mnd drum,
rises and passes to the front g =\
of the mud drum, from which (=)
it flows in a thin sheet to =
the rear of the steam and
water drum and to the rear
water leg. From the rear
water leg, it enters the tubes
in which it is partially converted into steam. The mixture of
steam and water enters the higher end of the drum from the
water leg, and as there is but a thin layer of water in the steam and
water drum, the steam readily rises through it. A deflection plate
prevents water from being carried to the perforated steam pipe A.
The flow of hot gases from the fire is directed by light tile
placed on the upper and lower rows of tubes as shown in Fig. 51.
The hot gases flow nearly parallel with the tubes instead of across
them as in the Babcock and Wilcox.

ATLAS.

Water Tubes Nearly Horizontal-Steam and Water Drums (Cross
Type) Horizontal—Straight-Tube—Single-Tube—Non-Sectional.

This make of water-tube Dboiler does not need a full descrip-
tion as Figs. 52 and 53 show both the general arrangement of
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parts and the details of water-leg construction. The general de-
seription of the Ileine boiler is applicable to this type. A few
points of difference, however, should be pointed out.

There are three drums running crosswise the tubes. The
front and rear drums are made of the same plates as the water
legs. This is shown in the illustrations. The reasons for this
method of construction are that it gives a ¢« throat” area of about
80 per cent of the area of the leg and prevents all seams from
coming in contact with the furnace gases. The two drums are
connected on the water ’
line by equalizing tubes.
In the rear drum, a water
purifier receives the feed
water which passes down
the rear leg, then through
the tubes to the front leg.
In the last portion of the
tubes, much of the water is
converted into steam which
flows through the front
drum and the superheating
tubes to the small upper
drum. The water tlows
through the equalizing
tubes to the rear drum and
joins the current of feed
water.

The front drum is
made 36 inches in diameter, the middle drum 24 inches, and the
rear drum 42 inches. The tubes are 4 inches in diameter and the
longest are 18 feet in length.

Fig. 53.

TNOSHER.

Water Tubes Nearly Horizontal—Steam and Water Drums (Cross
Types) Horizontal—Curved-Tube—Single-Tube—Non-Sectional.

The chief differences in appearance between this boiler and
those already described are shorter tubes, making a more compact
boiler, and the curved tubes. This type is more often used in
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marine than in stationary work. The boiler consists of a large
steamn and water drum connected to a smaller water drum by
slightly curved tubes. The steam drum is supported by two large
circulating pipes (one at each end) which are connected by other
pipes to the water drum. Thus the circulation is down these pipes

Fig. 55.

and along the pipe at the bottom (see Fig. 55), up to the water
drum and from thence to the steam drum by the tubes whl(.h are
in contact with the hot gases.

The feed-water heater, shown in Fig. 54, consists of two
small drums connected by tubes. The parallel dotted lines in the
steam drum of Fig. 54 show how
tubes are removed and replaced.
Fig. 55 shows the row of plugs for
this purpose. These plugs are
illustrated in Fig. 56. Kach plug
is a conical-headed bolt, having a
short piece of copper tube, a Fig. 56.
washer, and a nut. The conical
head and the copper tube are inserted in the hole until the washer
is in contact with the outer surface of the drum. The nut is then
serewed up, thereby flaring the end of the copper tubing as shown,
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The steam pressure on the conical head increases the tightness of
the joint.
THORNYCROFT-MARSHALL.
Water Tubes Nearly Horizontal -Steam and Water Drum (Cross
Type) Horizontal -Curved-Tube—Single-Tube—Non-Sectional.

The Thornyeroft-Marshall non-sectional boiler consists of a
large horizontal steam and water drum, a vertical water box or
header, and the generating tubes. Like the Mosher, the tubes are
curved slightly, but the header is a distinct difference.

The general features of construction are shown in Fig. 57.
The steam and water drum, sometimes called the separator barrel,
is simply a cylinder with
dished ends. The water level
is about one-third the dian-
eter of the cylinder. The
tubes, which are 3 inches in
diameter, are connected in
pairs to a junction box at
one end and to a water box
or header at the other end.
Thus each pair forms a unit,
but the two tubes of the unit
are not in the same vertical
plane. The upper tube en-
ters the header as high as Fig. 58.
possible and the lower ones
enter low down, thus giving considerable upward slope. From
near the top of the water box, three rows of tubes lead to the sep-
arator barrel as shown in Fig. 58. The water box is very simple,
the flat plates are stayed by short hollow screw stay-bolts. The
junction boxes are not restrained in any way; this construction,
combined with the slight curve of the tubes, allows free expan-
sion. The slight curve also allows the tubes to enter the separator
barrel and the water box at right angles so that they may be
expanded in place.

Circulation. The feed water enters the steam and water drum
and then passes to the water box through the two lower sets of tubes.
See Fig. 68. The water enters the lower ends of the various pairs
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of tubes, as shown in Fig. 58, and rises in the tubes while in con.
tact with the hot gases from the furnace. The mixture of steam
and hot water then enters the header from which it passes to the
steam and water drum by means of the highest row of tubes. The
difference in height of the two tubes of a unit insures good cireu-
lation. A bafile plate prevents the water from splashing to the
steam pipe.

The hot gases pass upward among the tubes which cross so
frequently that they take almost all the heat from theni.

NICLAUSSE.
Water Tubes Nearly Horizontal Steam Drum Horizontal—Straight-
Tube—Double=Tube——Sect§onal.

This boiler differs essentially from those already described in
that it is of the double-tube type. In general, it consists of a
number of elements which form a vertical header, to which tubes
are connected. The tubes are set at an angle of about 6 degrees
to the horizontal. Above the elements is a transverse steam and
water drum which is in communication with the headers. The
general arrangement of parts is shown in Fig. 59.

Construction. The interesting features of this type of boiler

Fig. 60.

are the desig’n and construction of the tubes and headers. To
increase the circulation the principle of the «Field” tube is em-
ployed. In this construction, the outer, or generating, tubes (3}
inches 1 diameter) are closed at one end. Each generating tube
contains an inner circulating tube which is 1£§ inches in diameter.
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This tube is open at both ends. The closed ends of the generating
tubes are supported by resting in holesin a plate or rack at the rear
of the boiler. The forward end of the circulating tube is attached
to a cap which screws into the outer end of the generating tube. A
recess in this cap provides a bearing for an arch bar which spans two
tubes, keeps them in place, and is itself secured by a nut on a bolt
which is screwed into the header. See Fig. 60.

The front end of the generating
tubes is of peculiar shape. To
allow the water to enter the ciren-
lating tubes, and to fasten the
tubes to the header without ex-

~panding them, each generating
tube is provided at the open end
with two cone-shaped portions;
these are ahout eight inches apart.
The first cone fits into a taper
hole flanged outward in the front
face of the header, and the sec-
ond cone fits a similar hole in the
rear face of the header. Both the
holes and tubes are ground to
the same size and taper. . About
midway between the cones, a
third expanded portion occupies
the tube hole in the diaphragm
or middle plate of the header. See
Fig. 60. The portion of the tube
within the header is called the
“lantern”. At this point the
Fig. 61, tube is cut away so that water may
freely enter the tube, the openings
being above and below. In Fig. 60, the upper tube is in its nor-
mal position, but the lower tube has been turned through 90
degrees to show the construetion.
To stand high steam pressures, the elements of the headers
are made of wrought steel and are sinuous in shape. TFig. 61
shows the shape of the header and the positions of the tubes.
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Each element contains 24 tubes in two vertical rows of 12 each
In the middle of the headers, there is a diaphragm for dividing
the interior. The front passage serves as a « downpomer” for the
water, and the rear is the ¢ upcomer ”, or riser, for the mixturé of
steam and water.

The lower ends of the headers are closed, and the upper ends
flanged to connect with the steam and water drum, which is 42
inches in diameter. )

Circulation. Fig. 60 gives an idea of the direction of cir-
culation. Water from the drum descends in the front compart-
ment of the header, flows into the circulating tubes, which
communicate with the front compartment only, and after flowing
the length of the circulating tubes, enters the generating tubes.
The water then comes back through the annular spaces in the gen-
erating tiibes to the rear compartment of the header, because the
generating tubes cominunicate with the rear compartment only;
while in the annular space it is partially evaporated. The mixture
of steam and water then rises to the drum.

VERTICAL. WATER-TUBE BOILERS.
WICKES.
Water Tubes Vertical—Straight-1Tube—Single-Tube—Non-Sectional.

Let us now consider a water-tube boiler having vertical tubes.
Fig. 62 showe the general arrangement of the parts of the Wickes
vertical water-tube boiler. At the top is a cylindrical steam and
water drum into which the upper ends of the vertical tubes are
expanded. At the bottom is a cylindrical mud drum of the same
diameter as the upper drum. The tubes are straight and plumb
when in position; they are arranged in parallel rows with a clear
space between rows to admit a small hoe to remove any soot that
may accumnulate on the tube sheet of the mud drum.

The tubes are divided into two compartments by heavy fire-
brick tile. The tubes in the section next the furnace are called
“risers 7; those in the rear are the ¢“downcomers,” because the
heated water rises to the steam drum through the front tubes, and
the cooler water flows down those in the rear. The feed water is
introduced into the upper drum. The direction of flow of hot
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gases is the same as that of the water. A baffle plate in the steam
and water drum directs the water to the downcomers.

The furnace is external and built entirely of brlck The hot
gases from the fire cdme in contact with the tubes without passing
through a combustion chamber.

CAHALL.

Annular Steam and Water Drum—Water Tubes Vertical—Straight-
Tube—Singie-Tube—Non-Sectional.

The Cahall vertical water-tube boiler consists of an annular
steam and water drum, a cylindrical mud drum, and 4-inch vertical
tubes. The generating tubes connect these two drums and are
placed within the brick setting. An external cireulating pipe also
connects the two drums.  As this pipe is filled with comparatively
cool water and the generating tubes with a mixture of hot water
and steam, the circulation is positive and rapid. The feed water
enters the steam and water drum, flows down the external pipe to
the mud drum and then rises in the generating tubes to the steam
and water drum.

The fire is in a brick furnace at one side of the boiler as
shown in Fig. 63. The hot gases rise among the tubes. The an-
nular form of the steam drum makes the central space conical; in
this space several deflecting plates, or baffles, cause the hot gases to
flow out among the tubes. After heating the water in the tubes
the hot gases pass through the opening in the steam and water
drnm coming in contact with the metal containing the steam
This thoroughly dries the steam and in many cases slightly super
heats it.

The steam drum and also the mud drum are equipped with
'swinging manheads. The steam drum also has several handholes
for use in removing and replacing tubes.

STIRLING.

Water Tubes Nearly Vertical—Steam and Water Drums Horizontal—
Curved-Tubes—Single-Tube—Non-Sectional.

The Stirling boiler, shown in Fig. 64, consists of three cylin-
drical steam and water drums at the top, and a mud drum at the
bottom. The lower drum is connected to the upper drums by
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three sets of tubes which are curved slightly at the ends. The
curved tubes allow for expansion and make it possible to have the
tubes enter the drnms radially.

The feed water enters the rear steam and water drum and
coming in contact with the hot gases just before they enter the
uptake, becomes gradually warmed. This heating causes most of
the sediment to fall to the mud drum from which it may be blown
out at intervals. The mud drum is protected from the intense
heat of the furnace by the bridge wall.

Each set of tubes are separated from the others by partition
walls or baffles of fire-brick tile so that the gases from the furnace
pass along the entire length among the first set of tubes; they are
then gnided downward among the second set and after rising again
among the tubes of the third set, escape to the chimney. By thus
having a long passage a large proportion of the heat is taken from
the gases before they go to the ehimney. The fire-brick arch just
above the furnace insures an even distribution of the gases and
promotes combustion; the arch heats the entering air to a high
temperature, thus redncing the liability of chilling the tubes by an
inrush of cold air.

Steam is taken from the middle drum which is set a little
higher than the others in order to obtain more steam space and
drier steam. The boiler is surrounded on the rear and two sides
by the brick setting; the front is of cast iron or of pressed steel.
Numerous openings in the. brickwork allow entrance for cleaning.

This type of boiler is flexible and adapted to eramped places
as it can be made broad with little height or high with small floor
area. All parts are either eylindrical or spherical in shape and of
wrought metal. The curved tubes reduce the strains resulting
from wunequal expansion and contraction.

MILNE,
Water Tubes Vertical -Steam and Water Drum Horizontal—Curved-
Tube—Single-Tube—Non-Sectional.

This boiler (Fig. 65) is in many respects similar to the Stirling
(Fig. 64), but an inspection of the two illustrations will show
several differences. In the Milne boiler there is but one steam
and water drum and the . tubes are vertical with a slight curve at
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the ends. The hot gases are guided by division plates or tile so
that they traverse 65 feet of tube-lieating surface before they enter
the flue. The tubes, being vertical, do not become covered with
fine ash, nor do they become clogged with sediment and scale. k

Circulation. The feed water enters the row of tubes at the
extreme left and flows downward to the mud drum. Tt then rises
as it becomes heated in the hotest generating tubes and enters the
steam drum as steam and water. This method of feeding keeps
the cold feed water out of the steam drum, and as the cold tubes
containing the feed are placed in the path of the escaping gases,
but little heat escapes to the chimney.

PECULIAR FORMS.
HAZELTON OR PORCUPINE.

Water Tubes Horizontal--Steam and Water Drum Vertical -
Straight-Tube—Single=Tube.

The ITazelton water-tube boiler differs in many ways from
the Dboilers thns far deseribed. Like most water-tube boilers it
consists of a steam and water
( ﬂ/\[ 3 drum and water tubes, but
i the central standpipe is ver-
tical and the short horizon-
tal tubes radiate from the
central drum. According to
our classification it is not a

vertical water-tube boiler be-
cause the tubes are horizon-
tal, also, it is not a horizontal
boiler as in general appear-
ance it is vertieal.

The grate is circular and
formed around the central
drum which rests on a cirenlar cast-iron fonndation. Above the
grate, the central drnm forms part of the heating surface and is the
steam reservoir; below the grate it is the mud drum, which may be
entered by means of a manhole just below the grate. As shown
in Fig. 66, the standpipe above the fire is provided with radial
tubes. Theappearance of these tubes gives the name “porcupine”.
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The standpipe is about three feet in diameter for large
boilers. The tubes are abont four inches in diameter, and two
and one-half feet long, the nnmber varying with the eapacity of
the boiler. The outer ends of the tubes are closed and hemis-
pherical, and the inner ends expanded into the standpipe. These
tubes are free to expand and contract without bringing any strain
on the boiler.

Stean is taken from the top of the central drum. To get dry
steam, small pipes are inserted as shown in Fig. 67. The steam
passes up into the small tube at the top of the standpipe and
then through the small pipes to the ends of the generating tubes.
Tt then ﬂo“ s back through the generating tubes to the annular space
and from thenee to the steam pipe. The feed pipe enters the mud

IMig. 68,

drum and extends upward nearly to the water line; it then returns
nearly to the level of the grate, terminating in a spraying nozzle.

This type of hoiler nay be enclosed in a brick setting ag
shown in Fig. 66 or by a sheet steel covering lined with fire brick.

HARRISON.

Sectional -Hollow Cast-Iron Spheres Instead of Tubes.

All boilers thus far deseribed have employed tubes as a means
of dividing the water into small masses in order to make the heat-
ing surfaces more effective. TIn the Iarrison Safety Boiler (Fig.
GY) tubes are not used; instead, the water is contained in hollow
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cast-iron spheres, called units. These units, see Fig. 6%, are
arranged in vertical rows, called slabs, which are suspended side
by side, about one inch apart, from an iron framework. The
brickwork setting is merely a covering to keep the hot gases in
contact with the units; it does not support the boiler, and can be
repaired without disturbing the units.

Fig. 69,

The use of units in place of tubes combines great strength
and a large heating surface. They are strong becanse small and
spherical and on account of the division of the water into small
masses, the heating surface is effective. The units are held to-
gether by long bolts which pass through the centers as shown in
Fig. 68. The machined faces make a steam-tight joint without
packing. This boiler requires the same fittings as other boilers.

The great advantage of this boiler is safety. From the con-
struction, it is apparent that rupture cannot extend beyond the
unit; thus disastrous explosions cannot oceur. They are elaimed
to be durable, economical, rapid steamers, and easily handled.
The capacity can be increased by merely adding more slabs.
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BOILER ACCESSORIES

PART I

BOILER SETTING

The setting for a stationary boiler consists of the foundation and
as much of the furnace and flues as is external to the boiler shell. Some
internally-fired boilers—the ““Lancashire,” for instance—have flues in
the brick setting. The whole furnace and sometimes the flues, as is
the case with the plain eylindrical boiler, are in the setting. Vertical
boilers have simply a foundation; and locomotive boilers have no
setting, since they are supported by the frames of the engines. Marine
boilers are usually placed on saddles, which are built into the framing
of the vessel.

In setting a boiler, there are three principal requisites that should
be keptinmind: 1. A stable support or foundation for the shell, so
arranged as to allow for proper expansion of the boiler. 2. Properly
arranged spaces for both furnace flues and ash-pit. 3. A covering
which will prevent loss of heat by radiation, and which will not allow
moisture to accumulate in contact with the plates.

There are two principal methods for support—by brackets
riveted to the shell plates, and by suspension from overhead girders
by means of hooks, rings, etc. In any case the supports should be
so arranged that each shall bear its proper proportion of the load and
at the same time allow for expansion. If the boiler is short, brackets
are generally used; while for long, plain eylindrical boilers the girder
method is the more common. If a very long, cylindrical boiler is
supported only at each end, the great weight between the two sup-
ports is likely to cause bending and an excessive strain on the middle
plates, tension in the bottom plates, and compression in the top plates.

The first requisite for a setting is a good foundation. If the
ground is firm and favorable to a solid foundation, the excavation
need be only three or four feet below the level. If it is soft, the exca-
vation should be deeper, and the extra depth filled in with broken
stone mixed in with cement, gravel, etc.; or, for very heavy work,
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piles may be driven. The first course of the foundation should be
large stones laid in cement; upon this stonework the walls may be
built, either of stone or brick, to within about six inches of the floor-
level; and above this, brick should be used.

Sometimes the bed is made of concrete about two feet in thick-
ness: If the soil is very firm, a foundation of large stonework about
three feet wide may be built under the side, middle, and end walls only.

In determining the area of the bed, the weight that is to be put
on each square foot should be estimated carefully. With ordinary
condition of the soil, this should not exceed 2,000 pounds. For
greater weights, special construction must be used.

The supporting and enclosing walls are built upon the foundation,
with the outer walls at the sides and rear double, the space between,
usually about two inches, being an air-space insulation to prevent
lossof heat. Projecting bricks, which extend from the outer until they
just touch the inner wall, allow for expansion without decreasing the
strength of the inner wall. The side walls are strengthened by buck-
stays or binders, which are kept in place by long bolts, secured by
nuts on each end. Tig. 1 shows a boiler in the brick setting, sup-
ported by brackets, the front brackets resting on iron plates which
are built into the walls; the rear brackets, being supported by rollers,
are free to move as the shell expands. If designed for anthracite
coal, the distance between the shell and the grate-bars is about two
feet; for softer coal, this distance is increased a few inches.

The furnace is lined with firebrick, both front and sides; and
sometimes portions back of the bridge, as well as the bridge itsclf,
may thus be protected. The space between the bridge and the shell
ix from 6 to § inches, which brings the hot gases into close contact
with the boiler before they enter the combustion chamber beyond,
the rear and side walls being built a little higher than the top row of
tubes. "The fire-line must not be carried above the water-line; if it
is, the intense heat is likely to injure the shell-plates. Never expose
any part of the boiler not covered by water to the flames from the
furnace. The side walls are built about the same height as the rear
walls.  The space at the rear is bridged over and stiffened by T-irons.
In order to increase the neating surface, the top is arched so that the
hot gases will pass over the steam space before they enter the chimney.
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 The smoke box projects over the front end of the boiler and has
a rectangular uptake.

Fig. 3 shows the top view of the same boiler.

The front is usually of cast iron, with doors for firing and cleaning
and for access to the tubes.  Soot, dirt, ete., are removed through the
door in the brickwork at the rear.

The end which contains the handhole should be set about one
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Fig. 2. Frout Elevation of Boiler in Setting, Showing Binders Bolted in
Place, to Strengthen Side Walls.
inch lower than the other end, so that the sediment and detached scale
will tend to accumulate there.
Internally-fired boilers may also be enclosed in brickwork. The
‘sctting is a support and covering, forming the side flues but not the
furnace. Excess of bfickwork surface in contact with the shell,

should be avoided, as brickwork colleets moisture, which causes
external corrosion. B
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8 BOILER ACCESSORIES

ciency of combustion, there should be a uniform and abundant supply
of air to the under side of the grate. This is easily obtained when the
boilers are externally fired, but may be somewhat restricted when they
are internally fired. If smoky fuels are used, a moderate supply of
air is necessary on the surface of the coal, to prevent excessive smoke
formation; but, as the air thus admitted is usually cold, the quantity
should be small, to prevent unnecessary cooling of the furnace. This
air is generally supplied through a draft-plate in the fire-door.

All possible radiation should, of course, be prevented.  In the
case of internally-fired boilers, this radiation is not likely to he exces-
sive, for most of the heat would have to pass through the water in the
boiler before radiating, and it is a comparatively casy matter to encase
such a boiler in some sort of approved lagging which will prevent
most of the heat from escaping. The case is somewhat different with
the externally-fired boiler, where the furnace is built in a mass of
brickwork below the boiler. Insuch a furnace a considerable amount
of heat may radiate directly from the fire without coming in contact
with the boiler or water at all.

To allow for complete combustion, there should be a sufficient
space between the grate and the boiler.  In externally-fired boilers,
this space may be approximately two feet.  If this distance is increased
beyond proper limits, some effect of the heat will be lost; and if the
distance is small, the plates arc likely to be damaged, and complete
combustion impaired. In the internally-fired boiler, the combustion
space is frequently sacrificed in order to obtain a large grate arca. If
the space between the grate-bars and the boiler is too small to allow
complete combustion, a combustion chamber must be provided
immediately back of the bridge, which will permt of the complete
combustion of the gases. The ideal place, of curse, for the combustion
chamber, is immediately over the grate. In locomotive boilers, the
crown sheet is usually four to six feet above the grate; but such a
height is manifestly impossible in marine or other internally-fired
boilers, and the combustion chamber behind the bridge wall, in the
Scotch boiler, partially compensates for the loss of space immediately
over the grate.

The incandescent fuel and unconsumed gases should not come
in contact with the cold surfaces of the boiler if the most efficient com-
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bustion is desired. This condition is violated in internally-fired
boilers, where the fire comes directly against inetal having water on one
side of it. If the flame is ehilled by contaet with cold surfaces before
the gases are completely burned, a considerable amount of smoke is’
likely to result.

The fire-grate should be of such dimensions that the fireman can
work efficiently. A grate more than six feet long cannot be properly
taken care of at the farther end; and if the grate is more than four
feet wide, two fire<doors should be provided. The height of the grate
should be laid out with proper reference to the floor, two feet above
the floor being about right. If the grate is high, it is difficult, if not
impossible, to tend the fire properly. These eonditions are dependent,
not so much upon the boiler, as upon the physical limitations of the
fireman, and of course are eliminated by using the mechanical stoker.

To the above conditions may be added a suitable temperature in
the fire-room. No man can tend a fire properly in excessive heat.
In stationary work it is not difficult to maintain proper conditions in
the fire-room; but at sea, where the supply of air is necessarily limited
to what ean come in through small openings, it is a different problem.
The fire space on board ship is small; and the air coming through the
ventilating duets usually makes an exeeedingly cold spot immediately
under the duet without produeing mueh effeet in other parts of the
room. -

Door. The furnace door is usually made of east iron, and is
supplied with a cireular or siiding draft-plate or grid, which admits
air to the top of the fire as needed. It is usually protected by a per-
forated, wrought-iron baffle-plate bolted to the door easting inside,
with an air-space of two or three inches between. This not only
protects the cast iron of the door from the dircet force of the flame,
but it forms a chamber for the proper distribution of the air-supply,
and also helps to heat it somewhat before reaching the furnace.

In many of the French torpedo-boats, a patent swinging door is
provided, set on horizontal hinges swinging inwards. The door,
of course, must be held open while the stoker is tending the fire; but
in case a tube blows out, it prevents the rapid escape of steam into the
fire-room. This is a matter of much more importance in the restricted
fire-room commonly found on a vessel than it would be on land.

Grate. The size of grate will depend upon the quantity of coal
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10 BOILER ACCESSORIES

likely to be burned.  For ordinary draft, this may be 15 Ibs. or upward
per square foot of grate surface per hour; for forced draft, 40 to GO
Ibs.; and in some cases as much as 100 lbs. per square foot of grate
surface has been burned. If the grates are long, they are usually
inclined slightly downwards, say % inch to the foot, which is a great
assistance in firing and makes it easicr to keep fire on the farther end
of the grate* The grate-bars are usually made of cast iron, as this
material is cheaper than wrought iron and in most instances lasts as
well. The bars are made in various forms, according to the fuel
burned and the shape of the firebox.

For large grates, the bars are made singly or in pairs. For
smaller grates, they are made in larger groups. Grate-bars should
not be more than three fect in length. The length of grate can easily
be a multiple of the length of these bars. The bars have distance
pieces at the ends, and perhaps in the middle, to prevent distortion.
They are usnally 3 inches or more in depth at the middle, tapering to
perhaps an inch or so at the ends; and the cross-section is slightly
tapered from top to bottom, so that the bars can easily be withdrawn
from the sand after casting. They are usually made a trifle shorter
than the place in which they fit, to allow for expansion, 2 per cent of
the length of the bar usually being sufficient for this purpose. The
air-spaces between the bars are usually about } inch in width. TFor
burning pea coal or screenings, a finer grate must be used. For
anthracite coal, the space may be a little larger.  Bituminous coal,
which readily cakes, can have a considerable space between the bars—
and this, indeed, is essential for a proper supply of air.

Tig. 10 shows a circular grate, such as is placed in a vertical
boiler. M shows the style of grate-bar used in burning sawdust or
shavings; N is what is known as the herring bone grate; and O is a
group of bars of the ordinary form. In locomotives, and in boilers
where the grates are subjected to extra hard usage, wrought-iron bars
may be used. The point of fusion of wrought iron being higher than
that of cast iron, the former would possess a considerable advantage
were it not for the fact that wrought iron will bend and twist more
readily than cast iron. Grates have heen made of hollow bars,
through which water is caused to circulate. By this method their

*The grates have an incline of a few inches, so that the bed of coal will be thicker
at the rear than at the front; this allows a more even_consumption of fuel, as the alr
Passes through the fire at the bridge more freely.
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durability is increased, and the water-grate forms a fairly good feed-
water heater. 'This type of grate, however, is expensive.

Fig. 10. Types ot Grates for Boilers. V—Circular Grate for Vertical Boiler; M—Grate for
Burning Sawdust or Shavings; ¥ —Herring-Bone” Grate. 0 -Group
of Grate-Bars of Ordinary Form.

Rocking Grates. The labor of breaking the clinkers is con-
siderable when ordinary fixed grate-bars are used; and to economize
this labor, various forms of rocking-grates have been devised. In

%,

Fig. 11. “Kelley Standard” Rocking Grate.
locomotives, rocking-grates are essential; and since the rate of com-
bustion is high, the fire must always be kept in good condition; and
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the grate, being below the cab floor, cannot easily be reached by hand.
Fig. 11 shows the “Kelley Standard” rocking grate. Each bar is
made up of a number of separate leaves, which can be removed and
replaced without renewing the whole bar.  When the bar is moved
back and forth by means of a lever outside the brickwork, the lcaves
oscillate through a small angle and break up the clinkers.

Another form of bar, shown in Fig. 12, has proved very satis-
factory. A and B are two bars, the ends of which are of different
depths.  These rest at cach end on a crank-shaft C. As this is
oscillated by the lever G, the alternate bars move up and down, and the
clinkers are easily shaken out.

Bridge. The bridge is a large wall or partition at the back of the

Fig.12. Rocking Grate Consisting of Alternate Bars with Ends of Different Depths
Resting on a Crank-Shaft Oscillated by a Lever.

grate, usually built of firebrick or cast iron, or of ordinary brick
covered with firebrick:  The bridge separates the grate from the com-
bustion chamber,.and causes the gases to come in close contact with
the boiler in passing into the combustion chamber. The proper
height of the bridge will depend upon the draft. If the space is nar-
row between the bridge wall and the boiler, more draft will be neces-
sary to carry the gases through. Two or more bridges may sometimes
be built in long boilers to keep the gases in contact with the shell as
long as possible.

Special Furnaces. Almost any furnace is adapted for the use of
anthracite or bituminous coal containing less than 20 per cent of
volatile matter; but if there is more than this amount of volatile
matter, the heat is likely to be so intense that the fire should not be
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brought in direct contact with the boiler. If the fuel should contain
40 per cent of volatile matter, the furnace should be surrounded with
firebrick and should have a high combustion chamber. Coal is the
most common fuel used; but wood, sawdust, and straw are not uncom-
mon fuels. When these are burned, there should be plenty of room
in the furnace, and a sufficient supply of air on top of the fuel. Saw-
dust, shavings, and fine coal may be blown into the furnace by an air-
blast.

in the West, crude petroieum is becoming a common fuel. Ex-
periments have shown that one pound of crude oil is equivalent in
heat units to something less than two pounds of good coal. Oil has
many advantages as a boiler fuel. It is clean, gives a uniform heat,
is economical, and requires much less attention than coal. There are
no ashes to handle, and one man can easily tend two or three times
the number of furnaces that he could if burning coal. The fire can
be started and stopped instantly; and the supply of air can be so regu-
lated that, unless the boiler is forced to the limit, there will be prac-
tically no production of smoke. Whether or not oil is an economical
fuel, will depend upon the local conditions and the market.

Oil fuel is fed into the furnace through a sprayer formed, in
some cases of two concentric conical tubes. Compressed air or
steam entering through the one tube draws the oil through the other,
on the principle of the atomizer, and throws it into the furnace in a
fine spray. For marine work, compressed air should be used, as the
loss of steam for this purpose would be a matter of considerable
consequence. Steam, however, is sometimes used in marine work,
in which case the vessel must be equipped with an evaporator to
make up the steam thus lost. On land, where fresh water is plenty,
steam is usually preferred, and is less expensive in first cost.

Prevention of Smoke. In large cities, where the escape of con-
siderable quantities of smoke is undesirable, several methods have
been devised either to consume the smoke or to prevent its formation.
The cause of smoke, as we have seen, is an insuffici>ncy in the supply
of air, or perhaps a too abundant supply of cold air above the fire;
or, again, smoke may be due to the contact of the flame with cold
surfaces. An exceedingly high temperature is necessary to consume
the finely divided particles of carben, and anything that tends to chill
the flame will cause smoke.
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The actual loss caused by the escape of smoke, even when it
is dense and black, has been found to be slight, and usually the appli-
ance used for prevention costs more than is saved. The alternate
firing of two furnaces which open into a common combustion chamber,
or the alternate firing of two sides of the same furnace, produces a
slight gain if the proper amount of air is admitted. But if, in order
to burn the smoke, the bed in one furnace or on one side of a furnace
is allowed to become thin, there will be no gain in efficiency.

The introduction of steam is an efficient method, but it is likely
to cause a too rapid rate of combustion.

Another arrangement to prevent the escape of smoke is that by
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Fig.13. “Hawley” Dowu-Draft Furnace Attached to Horizontal Multitubular Boiler.
Note Upper Grate Consisting of Water Tubes Connected to Steel Drums.

which the coal is distilled in a small furnace which is sep:irate from the
boiler. The coke and gases thus made are burned in the furnace of
the steam boiler. This device is not altogether satisfactory, on account
of the loss of heat from the detached furnace. Rather than add any
smoke-prevention device, anthracite or coke may be used instead of
bituminous coal.

Many engineers and business men consider a good fireman to be
the best smoke preventer.
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Down-Draft Furnaces. In ordér to increase economy and
capacity, or to prevent -smoke, a down-draft furnace is sometimes
used. In this type of furnace, there are two grates, one a foot or more
above the other. Fresh coal is fed to the upper grate, and, as it
becomes partially consumed, falls through to the grate below, where
the combustion is completed. The draft is downward through the
upper grate, and upward through the lower, because the connection
to the chimney is from the space between the grates. The volatile
gases are carried down through the bed on the upper grate, and are
burned in the
space below it,
where they meet
the hot air drawn
upward from the
lower grate. A
large  proportion
of the air for com-
bustion enters the
door at the upper
grate. Tests on

Fig. 14. Upper Grate of “Hawley” Down-Draft Furnace. The

the II&Wle}’ fur- Grate-Bars are Water Tubes Connected to Steel Drums
nace show that 30 which are Connected to Boiler.

to 45 pounds of coal per square foot per hour can be burned with good
results.

In the furnace made by the Hawley Down-Draft Boiler Com-
pany, the grates are formed of a series of water tubes opening at the
ends into steel drums, shown in Figs. 13 and 14, which are connected
with the boiler. Fig. 13 shows this furnace attached to a horizontal,
multitubular boiler. It may be applied to both tubular and water-
tube boilers with good results, and is advantageous to boilers of insuf-
ficient heating surface, and when inferior fuels are burned. It is
claimed that this attachment insures complete combustion, small
amount of ashes on account of the second grate, good water circula-
tion, and increased economy and capacity.

The Hollow Arch. Among boiler accessories specially adapted
for use on locomotives because of their intense draft, the hollow arch
has fecently come into prominence. Its principle is simply that of a
conduit providing a’ passage for the admission of heated air to the
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firebox above the fire, in addition to the air that comes up through
the grate from below in the ordinary way. Its ebject is to keep the
supply of oxygen at all times sufficient in quantity, and at the proper
temperature, to insure a practically pericet combustion of the uncon-
sumed carbon and hydrocarbon gases which are orlinarily wasted and
lost in the form of black smoke pouring from the stack. It thus
insures an economy of fuel and a proportional reluction in operating
expense.

The problem of securing complete combusiion of fuel on a loco-
motive, is one that presents peculiar difficuities. The quantity of
fuel to be burned is so large, and the firing space relatively so small,
that the conditions usually are unfavorable for eccnomical combustion.
A ton of average bituminous coal contains sbout (,000 pounds of pure
carbon, 700 pounds of hydrocarbon gases, and 300 pounds of non-
combustible matter or ash. The 1,700 pounds o: carbon and hydro-
carbons require about 300,000 cubic feet of air for their complete
combustion. In the ordinary method of burning coal on a loco-
motive, fully 90 per cent of this air—or 270,00 cubic feet per ton of
fuel burned—must be drawn up through the grate-bars and firebed.
This is practieally impossible without forcirg the draft to such an
extent that the fire will be pulled off the grates, and more or less of the
unburned coal carried away through the flues and stack. The result
is that the supply of air actually used is, as a general thing, insufficient
for perfect combustion, and the combustible carbon smoke and gases
pass out of the stack without giving up all of their heat to the water
in the boiler. The energy they contain is simply wasted.

How, then, can this be prevented? In other words, since the
quantity of air that comes through the grate; is insufficient, how can
we get enough air to the fuel without interfering with the fire? It
must be let in above the fire; but it will not do to admit cold air, which,
as every fireman knows, would act as a damper on the fire, retarding
combustion, and increasing rather than preventing smoke and loss
of energy. The air to be admitted to the fire must first be heated to
as near the ignition point as possible.

This is done by means of the hollow arch. One of these arches
of the “Wade-Nicholson” type, installed on a locomotive, is illustrated
in Fig. 15, the method of operation being clearly indicated. The
device may be installed at both back and front ends of the fircbox.
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The hollow passage through the arch leads directly through suitable
openings in the firebox sheets, from the outer air to the combustion
chamber, being deflected downward toward the fire at the inner end.
The walls of the arch, being highly heated, impart their heat to the cur-
rent of air, which, as it
cmerges into the firebox, is
practicallyat the tempera-~
ture of ignition. There
mingling directly with the
combustible gases, an ap-
proximately perfect com-
bustion is established.
The resulting economy in
fuel is estimated to aver-
age a saving of at least 8
per cent.

The Chicago & North-
western Railway, has,

< . Flg.15. Wade-Nlcholson Hollow Arch Installed in
dftel‘ severe test, adopted Locomotive Boiler. The Water-Tube Supports

arches of the above type Here Shown are Sometlmes Omitted.
on over 200 of its locomotives; and its example has been followed on
many of the locomotives of the Santa ¥¢, the Chicago, Milwaukee &
St. Paul, the Pere Marquette, the Duluth & Iron Range, and other
important railroads in this country. In addition to the saving in
fuel, the following advantages are claimed for the hollow arch:

Being air-cooled, its life is two to three times that of the ordinary solid
brick arch.

It does away with the smoke nuisance.

The air, being heated before striking the combustible gases, unites with
them instantly, giving a brighter, cleaner, more intense fire, and resulting
in a better steaming engine.

The back arch acts as a baffle-sheet, protecting the crown sheet and
upper flues, and gives a more uniform_distribution of heat throughout, re-
sulting in less leaky flues and a saving in boiler repairs.

The arch can be used either with or without water-filled circulating
arch tubes as supports.

Arches can readily be removed and reset, in whole or in part, without
damage, to give access to flues when repairs are needed.

Fuel Economizers. Many devices have been employed whereby
a portion of the heat may be extracted from the gases as they pass
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from the boiler to the uptake. Most of these consist of a tubular
arrangement through which the hot gases pass; but, as these are soon
covered with a thick deposit of soot, they quickly become inoperative.
The “Green” economizer (Fig. 16) solves this difficulty by means of
small scrapers which work up and down between the tubes. These
scrapers are operated by asmall engine, and keep the tubes free from
soot. The feed-water is pumped through these tubes on its way to
the boiler, and is thoroughly heated. An economizer of this sort will
extract 40 per cent or more of the heat from the waste gases; but by
reducing the temperature of these gases, the draft is somewhat reduced,
and either the chimney must be built higher, or a blower must. be
used. )

Mechanical Stokers. The mechanical stoker, which feeds coal
and terds fires by machinery, is coming more and more into general use.
With a good mechanical stoker, one man can tend several furnaces
with little labor. There are several different types, and in most of
them the coal is fed into a hopper of such size that it need not be often
filled. Some stokers work continuougly; others, only when thrown

into gear by the
I 7777774 fireman. In the

7 “Roney” stoker
(Fig. 17), the
grate-bars ex-
tend across the
furnace, and
form a series of
steps down
which the fuel
moves. Iach
grate bar is hung
on pivots at ths
ends, and is operated by a rocker-bar. This rocker-bar is driven by a
small steam engine, with a slow, regular reciprocation which causes
the grate-bars to tip so that the coal of its own weight slides from
one grate-bar to the next.  Coal from a hopper falls onto a hori-
zontal plate, and is fed into the top of the grate by a pusher. The
rapidity with which the fuel can be fed, is regulated by changing the
stroke of the pusher and by governing the speed of the engine. Ashes

N

Fig. 17. Detail of “Roney’’ Mechanical Stoker.
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and clinkers collect on the dumping-grate at the end of the grate-bars,
whence they can be dumped into the ash-pit.

This type of grate is well adapted for smoke prevention, for the
fresh fuel fed in at the top is rapidly coked, and the volatile gases are
casily consumed. The rapidity of feed should be so regulated that
no unburned fuel gets past the dump-grate. If the fire becomes too
thin, there will be a loss of efficiency due to the excess of air which
passes through the burning fuel. It is easy to detect the loss from
too much fuel, but not so easy if there is too little fuel.

All mechanieal stokers in which the movable parts are inside the
furnaces, are likely to get out of order because of the heat and dirt.

Fusible Plugs. Fusible plugs are usually inserted: in the top
sheet or crown sheet of boilers, as a safegnard against collapse of the
furnace crown should the water in any way be drawn out of the boiler
while the fire is burning. These plugs consist of a core composed of
an alloy of tin, lead, and bismuth, with a covering of brass or cast
iron. The United States inspection law requires at least one fusible
plug to be put in every marine boiler, with the exception of water-
tube boilers, the plug to be made of a bronze casing filled with good-
quality “Banca” tin from end to end. While this plug is kept at a
comparatively low temperature by water on one side, the fire on the
other side will not melt it; but when the water-level becomes low
enough to leave one end of the plug uncovered, the alloy core of the
plug, having a comparatively low melting point, will fuse, thus running
out of its casing, relieving the pressure in the boiler, and allowing the
excess of steam to extinguish the fire, which otherwise would be likely
to destroy the crown sheet.

Fusible plugs are frequently unreliable. Sometimes they will
blow out when there is no apparent cause, and sometimes remain
intact when the plates have become overheated. If a coating of hard
scale is allowed to accumulate over the plug, it may stand consider-
able pressure, even after the core has become melted. To provide
against this, the plug should be replaced frequently. If allowed to
remain in the hoiler for any length of time, the composition of the
alloy is likely to change, the plug thus becoming more or less unre-
liable.

Figs. 18 and 19 illustrate the ordinary plug. It should be so
made that, when screwed into the crown sheet, it will project 1} or
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effect of brightening the fire and increasing the heat of combustion,
owing to the formation of water gas as the steam mingles with the
burning coal. 'The steam, moreover, might have the effect of inducing
additional draft. If, however, the quantity of escaping steam and
water is considerable, combustion will be retarded, and the fire will
be partially extinguished. It will operate to warn the fireman of
what has happened; and if the escape of steam is not too rapid, he
may throw on wet ashes and deaden the fire.

NATURAL AND FORCED DRAFTS

The draft in a chimney is caused by the difference in weight
between the volume of heated gases inside and_the outside air. This
being so, it is apparent that the taller the chimney, the greater this
difference will be. The foree or intensity of a draft is increased, and
additional draft is induced, by the foree of the wind as it whistles by

Fig. 20. *“Eames Differential” Draft-Gauge.

the chimney top.  The intensity may at any time be measured by a
draft-gauge. "The most satisfactory instrument of this sort is the
“Fames Differential” draft-gauge, shown in Fig. 20. The tube is
filled with a special non-drying, non-evaporating oil of known specific
gravity. The ineline and diameter of the tube are so proportioned
that the readings are equivalent to inches of water, in which terms
the draft is invariably measured.

Other things being equal, the rate of combustion depends upon
the height of the chimney. A chimney 20 to 25 feet in height will
cause a draft sufficient to burn about 8 Ibs. of coal per square foot of
grate area per hour. If the height is increased to about 100 feet,
the rate of combustion will be increased to approximately 15 Ibs. per
square foot; and to burn 25 lbs., the chimney should be about 175
feet high. This is measured above the grate of the boiler. For good
bituminous or anthracite coal, the chimney must be higher than for

164



- BOILER ACCESSORIES 23

wood, if the same rate of combustion is desired. If the boiler has
small or winding passages, the chimney must be higher to produce
the same effective draft. High chimneys are costly; and it is fre-
quently the practice to build two or three small chimneys in place of
the big one, and to supplement them with some form of forced drajt.

By means of forced draft, the rate of fuel combustion can be
increased under favorable conditions to 100 Ibs. of coal per square
foot of grate surface per hour. This, of course, greatly inercases the
power of the plant, but is likely to injure the boiler, and is uneconomi-
cal under most conditions. There are three systems of foreed draft
in common use:

1. The closed stoke-hold, as used in marine work;

2. The closed ash-pit;

3. The induced draft.

Closed Stoke-Hold. One of the most eommon forms of forced
draft, especially as used on warships, is obtained by elosing the stoke-
holds and blowing a fresh supply of air into the fire-room. This gives
an exceedingly good ventilation and keeps the fire-room in good con-
dition; but its chief objection is that when the furnace doors are
opened there is a tremendous indraft of cold air, which tends to lower
the efficiency of the boiler. If this system is employed, the bulk-
heads adjacent to the boiler-room must be provided with double doors,
forming an air-lock between. By opening only onie door at a time, the
pressure in the fire-room is not lost. This system secms to possess
but one distinet advantage, and that is eoolness and therefore comfort
for the firemen; but the disadvantage of the inrush of air to the
furnaces when firing, is sufficient, in some cases, to make the system
questionable.

Closed Ash-Pit. The essential features of forced draft by this
method consist merely in closing the ash-pit tight, and blowing the air
* directly under the grate. When the fires are cleaned, the draft, of
course, must be shut off; otherwise the flames will be blown out into
the fire-room. The fire-room, under this system, is likely to be
hotter than by the other method; but this system would seem to be the
better from a mechanical point of view.

There are several patented devices in connection with the forced
draft, of which the “Howden” and the “Ellis and Eaves” systems
may be specially mentioned. It may be worth while to note that if fuel-
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oil is burned, any one of these systems of forced draft will work better
than with coal, for the fire can be tended without opening the fire-
doors.

Induced Draft. Perhaps the most common example of induced
draft is to be found in the locomotive, where the exhaust steam is
turned into the smokestack. The rush of tais steam up the stack,
by carrying a large volume of air with it, induces a tremendous draft.
Induced draft may also be obtained in stationary and marine plants
by placing a blower in the chimney or stack. In marine work, of
course, induced draft by exhaust steam is out of the question. When
a blower is placed in the smokestack, an economizer should be used,
so that the gases may be cooled before they reach the blower. The
draft obtained on locomotives is frequently equivalent to a column
of five or six inches of water; while a forced draft of two inches is
usually considered large, except for torpedo-boats, which may have
as strong a draft as a locomotive has.

Howden System. The Howden system of forced draft with
closed ash-pit has been used to h considerable extent in both mer-
cantile and naval service. The air supplied to the ash-pit is first
heated by passing through a heater in the uptake. Waste gases pass
through tubes; and the air, passing among them before entering the
furnace, is heated to a high temperature. A consumption of 60 lbs.
of coal per square foot of grate is easily obtained with this system;
and care must be taken that the fire is not forced too hard, as there is
more danger of burning out the grate than if the air-supply is not
heated.

Ellis and Eaves System. Heating the air does not necessitate its
being forced into the closed ash-pit, for it is quite feasible to heat the
air in connection with draft induced by an exhaust fan at the base of
the funnel. Such is the Ellis and Eaves system. This system was
first tried in the boiler shops at the works of the John Brown Company,
in Sheffield, England, and was later adopted on many vessels. The
Ellis and Eaves heater is fixed on top of the boilers, and is divided
into two parts separated at the front by a smoke-box and at the back
by a funnel. The hot gases, therefore—which pass outside the tubes—
have to take a somewhat circuitous course; while the passage of the
air to be heated, on the contrary, takes a direct course. The dis-
tribution of air to the ash-pit is similar to that of the Howden systcm.
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The advantages of this system lie in the general convenience of the
mduced draft and the absence of jets of hot air shooting out into
the boiler-room. The draft need not be shut off when stoking the
fires, unless it is desired to prevent the inrush of air already referred to
under the general discussion of “closed stoke-holds.” The air in the
fire-room being of a relatively higher temperature than would obtain
with closed stoke-holds, and the quantity being much less, this obje(.:-
tion has no great weight. With the Howden system it is necessary
that the doors should be tight; otherwise hot air will be blown out
into the fireroom. With this system a few leaks are of no conse-
quence, and.the fire-room will be somewhat cooler than with the
Howden System. The objections to the Ellis and Eaves system are
these inherent in any system of draft induced by a fan—that is to say,
a poor efficiency of the fan working in heated gases, and lost work in
drawing air through tortuous passages.

Stcam Jets. Steam jets may be used for inducing a draft. They
may be placed either in the smokestack, or below or above the grate;
but in general they are not so economical as a fan used for the same
purpose. In locomotives and fire-engines, where the exhaust steam
is at high pressure, an intense draft may be induced by exhausting
this up the smokestack. In both these cases, the saving of weight
due to the use of a small boiler running at high tension, is of greater
practical importance than the economy of fuel; and for such purposes
this arrangement is entirely satisfactory.

A steam jet may be used directly in the furnace, either above or
below the grate. The stcam enters through a small pipe, and ex-
pands through a nozzle surrounded by an annular, funnel-shaped
tube. The escape of steam from the inner nozzle draws in a large
volume of air through the outer tube, and produces an intense draft.
If,steam is blown into the ash-pit in this manner, it forms a sort of
producer gas by mingling with the incandescent fuel, and materially
aids in the combustion of cheap and apparently worthless fuel. Al-
most as poor fuel can be successfully used with this arrangement as
can be used in the grates of the down-draft furnaces. Such arrange-
ments have given excellent satisfaction, and the production of smoke
is materially lessened.

Some tests made in the French Navy some years ago, showed
that, with the use ~f the steam jet above the grate, the coal con-
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sumption per square foot of grate area could readily be doubled;
but this result would be attained at the expense of fuel economy;
for, while with natural draft one pound of coal produced approxi-
mately eight pounds of steam which could be used by the engine,
with a steam jet less than 6} pounds of steam per pound of coal was
available for like purposes. The total evaporation per pound of fuel
was approximately the same in each case, the difference being the
quantity of steam used in the jet. If a steam jet is used on board
ship, it consumes a considerable amount of fresh water, which must
be replaced by evaporators, or by the use of salt
water, which is decidedly objectionable.

TUBE-CLEANERS

To secure the best results from a boiler, the
tubes should be kept thoroughly clean. The collec-
tion of soot on the tubes is as detrimental to
economy as the formation of hoiler scale. The soot
may be removed by the insertion of brushes when
the boiler is ‘not under steam, or the tubes may
be blown out with a steam jet designed for this
purpose. Fig. 21 illustrates forms of tube-cleaners,
of which there are numerous types on the market.
The type shown at B is de-
signed for use with a steam
jet. In the case of oil-burn-
ing locomotives, the tubes
are usually cleaned with the
aid of a sand-blast.

TUBE-STOPPERS
A B

Fi;r. 21. Types of Tube-Cleaners. Tt frcquently happens,
when tubular boilers are under pressure, that leaks occur in the
tubes through pitting, defective welling, or the development of
cracks. Formerly, when this occurred, the fire was drawn, and the
ends of the tube plugged with hardwood bungs driven hard home or
with iron plugs calked in.  With high pressures, such procedure is
impossible.  Tube-stoppers used for high pressure are joined to-

gether by a tie-bar of some sort.  They are usually wedge-shaped ; and
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form of stuffing glands, press an asbestos packing hard against the
31de of the tube.
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Fig. 23, Another Tvpe of Tube-Stopper Used withont Drawing Fire. As the Partsare
Screwed Up, the Asbestos Packing is Driven Hard against Side ef Tube.

MANHOLES AND HANDHOLES

A manhole allows access to the boiler for cleaning and repairs.
It is usually elliptical in form and large enough to admit a man.
About 16 inches for the major axis, and
12 for the minor axis, isa good size.
The manhole is closed by a plate or
z3 cover made of cast or wrought iron.
This plate is held to the seat by a yoke
or yokes, and bolts.  Fig. 24 shows one
form, Y being the yoke, L the cover,
and N the bolt. The joint between
the cover and the shell is made steam
tight by packing.

The strength of the boiler should
always remain unimpaired; so, when-
ever a large hole is cut in the plate,
the edge should be strengthened, for
the tension is concentrated there, and
the plates are, moreover, likely to become weak by corrosion. The
strain put upon the plate by screwing up the cover, if no packing
is used, is considerable, especially if a piece of sca]e gets between the
faces and the joint 1s then made tight.

Flg. 24. Elevation and Plan of
Manhole Cover.
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Fig. 25 shows the section of a strong and simple manhole. The
edge of the plate is strengthened by a broad ring of steel, which is
flanged and riveted to the shell, its edge forming the seat. The cover
as shown in the figure is shaped for strength. The edge of the ring
which forms the seat, and the cover, are machined to make a tight joint
without packing. The strengthening ring should be at least § inch
thick and 4 inehes wide, that the rivet-holes may not be too near the
edge.

ITandholes and mudholes are more commonly placed in boilers,
which are so constructed that a man cannot enter—in a vertical boiler,
for example. They are used to some extent in other boilers; in
horizontal return-tube boilers there is usually a handhole in each end,

¢
Flg. 25. Sectlonof a Strong but Simple Type of Manhole.

near the bottom. Iandholes are very convenient to admit hose for
washing out the boiler, also for removing scale and sediment. Hand-
holes are similar to manholes in construction, but require only one
yoke and one bolt to keep them in place. Mudholes should be pro-
vided in order that the sediment and detached scale can be removed
without lifting the accumulated mass to the top manhole. Mudholes
and handholes greatly facilitate eleaning the fire-box water-leg of
locomotive and small vertical boilers.

STEAM AND VACUUM GAUGES

The steam pressure in the boiler is measured in pounds per
square inch. When we say the boiler is working or steaming at 80
pounds’ pressure, we mean that the gauge pressure is SO pounds; that
is, the pressure in the boiler is 80 pounds above atmospheric pressure.
It could be measured by a water or mercury column; but, as these
would need to be very high to measure the pressures used at the present
day, they are not practicable, and so a spring-pressure gauge is used
instead.

The dial gauge, now used almost universally, was invented by
M. Bourdon. It is designed in accordance with the principle that a
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flattenad, curved tube closed at one end tends to become straight
when subjeeted to internal pressure.

The tube, which is usually oval in section, is bent into the are
of a eircle as shown in Fig. 26. One end is fixed, and is in com-
munication with the boiler. The other
is closed and free to move. By means
of levers, a curved rack, and a pinion,
the motion of the free end is multiplied
and indicated by a needle, which is
attached to the pinion. The needle
moves over a dial whieh is graduated
to agree with a mercury column, or
with a standard gauge. The back-lash
of the levers is taken up by a hair
spring.  Fig. 27 shows the interior and
Fig. 95, Steam-Filled Curved Tuve 12¢€ 0f a Bourdon steam gauge manu-

e s ALEHIEER factured by the American Steam Gauge

Company.
Tig. 28 shows the exterior and interior of a steam gauge with
a light tube for low pressures; the face of the dial is graduated corre-
sponding to the mercury column. The only difference between this
gauge and the vacuum gauge, is that in the latter the curved tube is

Fig. 27. Interior Mechanism, and Dial, ¢ “Lane” Type of Steam Gauge.

turned in the opposite direction so that the needle will move clockwise
with a decrease of pressure.
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On account of the jarring, the gauge for locomotives must be
very strong. 'To prevent excessive vibration of the needle, two short,
stiffer springs are used, as shown in Fig. 29.

Fig.28. Interior Mechanism, and Dial, of Low-Pressure Steam Gauge.

Sometimes two pressure gauges are fitted to a boiler, one indicating
the working pressure, and the other graduated to about twice the work-
ing pressure. The latter is useful in testing the boiler under water
pressure, and also serves as a check on the other. The pipe which con-
nects the pressure gauge to the boiler should have bends in it near the
gauge. These bends—or, better, a coil pipe, as shown in Fig. 30—

Fig. 29. Steam'Gauge for Use on Locomotives. Excessive Vibration of Needle
Prevented by Use of Two Short, Stiff Springs.

are filled with water, which transmits pressure and keeps the spring at
a nearly constant low temperaturc. Gauges should be placed where
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the water in the coiled pipe will not freeze; also, the gauge should
not be exposed to strong heat. In order that the gauge may be

Fig. 30. Water Filled Coil Pipe for Connection to Steam Gauge. The Water
I'ransmits Pressure and Regulates Temperature.

removed from the boiler for examination, repairs, or calibration,
when the boiler is under pressure, the connection should be provided
with stop-cocks.

In a battery of boilers, each should have its pressure gauge, which ¢
should be connected direetly to the boiler, not to the steam pipe.

WATER GAUGES

It is of great importance that the level of the water in the boiler
can easily be ascertained at all times.  Should the level be too low,
there is danger
of overheating
the furnace plates
or tubes. If itis
too high, there is
likely to be an
undue amount of
priming. The
water-level is
i usually indicated

R Q Hh by gauge-cocks
Z /”W\@@%‘“* R or try-cocks or

water gauge-

glasses.  Some-

1g. 31 (\rdinnryForrﬁgfv’lr:-lyl'-ﬁgirllirt'or Determining Water-  times a float is
provided, which

is connected to a small whistle, and if the water-level falls below a
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certain point, an alarm is sounded. Such a device can readily be
used in conjunction with the ordinary water-gauge.

Try-Cocks. Try-cocks are very generally used. They are of
widely different
forms, and may
be either like the
general type
shown in Fig. 31,
which is the ordi-
nary locomo-
tive form, con-
structed in two
parts so that they can be separated for the purpose of repacking
without detachment from the boiler; or
they may be of the lever type shown in
Fig. 32. There are usually three cocks,
one at the highest desired water-level, one
at the lowest, and one midway.  More
cocks may, of course, be used if desired.
The water-level can be determined by
opening the cocks in succession and ob-
serving whether dry steam or hot water
flows out. If the boiler is encased in
brickwork, as is customary for externally-
fired boilers, the gauge-cocks are placed
outside the brickwork, and are conneected
to the boiler by nipples of the proper
length

Gauge-Glasses. In order that the
fireman may know the water-level without
trying the cocks, a water gauge-glass is
used. It consists of a strong glass tube
about one foot in length, having the ends
connected to the boiler by suitable fittings.

As both ends of the tube are in com-
munication with the boiler, the water-level

Fig. 32. Try-Cock Operated by Means of Lever.

Fig. 33. A‘Good Type of Water
in the glass will be the same as in the CauceGlass.

boiler, and is always in sight. Fig. 33 shows a good form of gauge-

175



34 BOILER ACCESSORIES

giass. The glass is protected by rods which are parallel to it. As
the glass frequently nceds cleaning, repacking, or renewing, cocks
are provided for shutting off communication with the boiler. A
drain-cock is also placed at the lower end to empty the glass when the
attendant wishes to ascertain whether the glass is working properly
or not. The drain-cock is often provided with a drain-pipe. The
steam and water passages should be at least one half-inch in internal
diameter.

The glass is likely to break because of accident or of changes in
temperature. To prevent serious injury to the fireman and loss of
water as a result of the
breaking of the gauge-
glass, automatic valves
may be placed in the
passages. In Fig. 34
the ball-valve is shown
in detail.  If the glass
breaks, the pressure of
the steam drives the
ball outward, filling
the conical passage.
When a new glass is
put in, the balls are
forced back by slowly
screwing in the stems.
This, like other safety
devices, is very likely

Fig. 34, Automatiecally Acting Ball-Valve to Prevent :
Injury to Workmen and Loss of Water on not to work when it
Breaking of Gauge-GGlass.

should.

In Doilers where the steam space is small, as in locomotives, the
allowable variation of water-level is slight; but the greater care with
which the glass is watched makes up for the small margin of safety.
If ctirty water is used, or if the water foams, the level in the glass will
be unsteady and unreliable, since dirt clogs the passages, unless they
are large, and the foaming causes a fluctuation of the water-level. A
small pipe connecting with the steam space where no ebullition oceurs,
will insure a steadier water-level. If the steam and water connections
are long, the pipes should be made large.
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The chief objection to the gauge-glass—namely, its breaking—
may be to some extent overcome by attaching the gauge-glass to a
gauge-column, which is usually made of brass and stands quite clear

a2,

Fig. 35. Ordinary Water Gauge-Glass Supplemented (at right) by “Klinger
Patent” Gauge-Glass.

of the boiler itself. In such an arrangement as this, the temperature
in the gauge-glass cannot vary so widely as if it were attached direetly
to the boiler. The “Klinger Patent” water gauge-glass is not casily
broken, and possesses many advantages over the common glass.
Fig. 35 illustrates both these devices.

The water gauge is not absolutely reliable, for the water in the
gauge, being cooler than that in the boiler, may not indicate the true
level, and the small passages leading to it may become choked with
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sediment.  If the gauge-glass is frequently blown out by the engincer
and kept clean, this difficulty will be reduced to a minimum.

VALVES

Of all boiler accessories, perhaps the most important are the
cocks and valves by means of which the flow of steam or water may
be shut off completely or partially.  The valve operates by moving
a dise across the pipe in a transverse direction, or by bringing a cap

I TTm
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Fig. 36. Ordlnar%' “Competition” Type of Fig. 37. Globe Valve with Detachable
Globe Valve. Cap and Removable Interior Disc

o eure Mighness

tight upon the seat in a fore-and-aft direction. A cock consists of a
block inserted in the passageway, with an opening cut through in one
direction.  When the handle of the cock is in line of the pipe, the
opening allows the steam to pass through; but if turned crosswise. the
opening is closed.

The Globe Valve. The valve shown in Fig. 36 gets its name from
the globular shape of the casing which encloses the valve. Extending
across this whole casing is a substantial diaphragm, the central portion
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of which is in a plane parallel with the length of the pipe. The open-
ing is eut in this portion, horizontal in the figure, through which steam
or other fluid may pass when the valve is opened.  When the valve is
closed, a cap is foreed down to close its opening. The rim around
the opening is known as the valve-seat.  'The valve-cap is operated by
a spindle, which passes through the bonnet of the valve and is mounted
at the upper end by a small wheel or handle. To prevent the escape
of steam around this spindle, a stuffing-box is provided. The valve-
cap may or may not rotate as the spindle turns; usually it does not.
The valve shown in Tig. 36 is the ordi-
nary globe valve known to the trade as
the “Competition” valve. It is the
cheapest valve of the type, and is not
satisfactory where absolutely tight work
is required. If the cap becomes scored,
the valve will leak and is then worthless.

A valve shown in Fig. 37 has a
detachable valve-cap; and instead of
relying for tightness upon the valve
and seat coming together, metal to
metal, a removable disc is provided,
which being softer than the metal valve-
seat, easily takes up the wear, and the
valve not only can be closed tighter,
but if anything happens so that the
tightness of the valve is impaired, the
valve-cap can be replaced by another
at a trifling expense. In the cheaper  Fig 35 Angle Valve of Oraiary
valve, when the cap is scored, the valve Sl e
is worthless. The valve-seat sometimes has a slight bevel, the valve-
cap being shaped like the frustum of a cone.

It is impossible to close a valve tightly if the slightest particle
of scale or grit gets between the disc and the seat. If this happens,
the valve-seat is likely to become scored so that it does not hold tight;
but it may be reground, and if the valve dise itself is damaged, it can
readily be replaced.

Angle Valves. An angle valve, shown in Fig. 38, is constructed
in a similar manner to the ordinary globe valve, and is sometimes
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used in place of the straightway valve and an elbow. Both these
styles of valve should be so placed in the steam pipe that the entering
steam comes beneath the valve-seat. If this is done, the valve-stem
may easily be repacked simply by closing the valve. If the steamn
enters in the opposite direction, a leaky valve-stem cannot be packed,
as loosening the stuffing-box would per-
mit the escape of the steam.

The Gate Valve. The gate or
straightway valve gives a straight pas-
sage through the pipe, and, when open,
offers very little resistanee to flow. The
globe valve, of course, offers much re-
sistanee, because the fluid has to change
its direetion of flow completely.

There are two forms of gate valve—
one with wedge-shaped sides, and the
other having the valve sides parallel.
Fig. 39 shows a “Chapman” valve with
wedge-shaped sides. A collar holds
the valve spindle at a fixed point; and
to open or close, the valve is drawn up
or lowered by turning the spindle. When
the gate reaehes the bottom of the pipe,
a wedge on the lower end of the spindle
causes the sides to move laterally, with

Fig. 30 W(él&;?g%g,pe%ﬂ:fd‘ecm“ sufficient force to bring a strong pres-

sure against the valve-seat. For heavy

work, these valves are made with a rising spindle instead of a

stationary one. This possesses the distinct advantage of indicating

at a glance whether they are opened or closed, while one cannot tell
by looking at the ordinary gate valve whether it is open or not.

Check-Valves. When it is necessary that the flow should always
take place in the same direction, as in the feed-pipe of a boiler, check-
valves are used. There are several forms shown in Fig. 40, one of
which has a similar pattern to a globe valve, with a ball or flat valve,
the seat heing parallel to the direction of flow. T'he valve is held in
place by its own weight, and by the pressure of the fluid in case of a
reverse flow. In the swinging check-valve, the sest is at an angle
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of about 45 degrees to the direction of flow. Tt is fitted somewhat
loosely where it is fastened to the swinging arm, so that it may prop-
erly seat itself. This form is usually preferred, as it offers less
resistance to flow and there is less chince for impurities to lodge on
the valve-scat. When a check-valve is used in the boiler-feed pipe,
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Fig. 40. Types of Check-Valves. A4-Ball-Valve; B-Flat Valve; (-Swinging Check-Valve.

U

there should be a stop-valve between it and the boiler, whieh ean be
shut in case the check-valve should get out of order.

Materials. For pressures under 200 lbs. per square inch, east
iron may be used for the body of the valve; but, for economy, it
should be used only when the pressure is over 130 Ibs. For heavy
work it is frequently necessary to have a massive valve that cannot
easily be broken. In such a case a cast-iron body is the most suit-
able thing. The valve-seat, valves, spindles, stuffing-box, glands,
and nuts are
usually made of
gun-metal or :]——j
brass. Forvery
high pressures,
especially on
steam mains,
cast steel is

gcnerally USC(], Irig. 41, Common Type of Lever Safety-Valve.

with gun-metal

fittings similar to those enumerated for the cast-iron valves.
Safety-Valves. Safety-valves are used for reducing the pressure

in the boiler when it exceeds a certain limit, and to give warning of

high pressure. 'There are several different types, but the essential

features are a valve opening upward, held on its seat by a weight or
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spring.  When the pressure in the boiler exerts a force greater than
that holding down the valve, the valve will open automatically.

The lever safety-valve shown in Fig. 41 is the most common type
for stationary work, especially for small boilers. The valve is held
in place by a weight at the end of a lever.  The force required to lift
the valve is governed by the location of the weight on the lever-arm.

The body of

¥ 46— —— the valve is
— ——20' —
i Fai usually made
:
Q1o of cast iron,
Fulcrum

the seat being
181bs) of brass. An
s q

Fig. 42. Diagram for Safety-Valve Calculations. e n afs @
the side of the
valve may be connected with the feed-water heater or drain, if the
escape of stcam into the air is undesirable. If the valve becomes
leaky, it should be reground; but no attempt should be made to

make it tight by increasing or moving the weight on the lever.
The amount of necessary weight on the lever, and its distance

125 1bs

from the fulcrum, can be determined in the usual manner of com-
puting leverage forces and moments, remembering that weight
times weight-arm is equal to power times power-arm. In such a
valve as this, power is the steam pressure, and the power-arm is the
distance of the center of the valve from the fulerum. There are four
weights acting downward—the ball, the lever-arm, the valve, and the
spindle—and in the process of computation the weight and leverage
of each must be taken into account.

Suppose, for example, that we have a lever safety-valve such as
is illustrated in outline in Fig. 42, and that we know the following con-
ditions: the ball weighs 125 Ibs., and is suspended at the end of the
lever 48 inches from the fulerum; the valve and valve spindle together
weigh 18 1bs., and are 4} inches from the fulerum; the lever-arm
itself weighs 50 hs.  If the valve-scat is 5 inches in diameter, at what
pressure will the valve blow off, ignoring the friction of the stuffing-
box and fulerum pivot?

The center of gravity of the lever-arm must be determined from
the drawing (Fig. 42), and this is found to be 20 inches from the
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fulerum  The leverage of the weights acting downwards is then as
follows:

183500000000 000000 125X 48

= 6,000

Tever.......covn.. 50 X 20 = 1,000

Valve and Stem .... 18X 4} = -8l
Total moment.......... =7,081 inch-pounds.

Now, if the valve-seat diameter is 5 inches, the area of the valve
2 . =4
W4D = sz X 25 = 19.63 sq. in. The total moment to
be overcome is 7,081 inch-pounds, and its distance from the fulerum
is 4} inches. Therefore the neeessary
upward pressure on the valve will be
7,081
4}
the valve is 19.63 sq. in., then the
necessary pressure in pounds per
,573.5
1963 S0 1bs.,
approximately. That is, this safety-
valve would blow off when the boiler
pressure reached 80 Ibs. per squareinch. -
If it is desired to design a valve
that will blow off at known pressure,
the same principles will apply, but the
computations will be figured in the re-
verse order. The area of the valve,
times the boiler pressure, would give
the total lifting force; and this, multi-
plied by its leverage, would give the
lifting moment, which would be re-
sisted by the downward moment of the  pig.43. “Crosby” Pop Safety-valve
combined weights of valve, valve-stem, PRI TR,
lever, and ball. If the moments of the lever, valve, and valve-stem
were known, the rest, of ecourse, would be made up by the ball.
If the length of the lever-arm were known, then the weight of the ball
would be varied to eorrespond; and, conversely, if the weight of the
ball were fixed, the length of the lever must be made to correspond.

will be

= 1,573.5 lbs. If the area of

square inch would be
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The lever safety-valve has several defects. It does not close
promptly when the pressure is reduced; and it is likely to leak after
it is closed, and may readily be overloaded, or even wedged on its
seat. It is essential that a safety-valve should be automatic, certain
in its action, and prompt in opening and closing at the required
pressure. It must be one that can be relied upon under all circum-
stances.

The pop safety-valve fulfils the akove requirements better than
those of the lever type. TPop valves open when the steam pressure
is sufficient to overcome
the tension of the spring.
Fig. 43 shows a “Crosby”
pop safety-valve for sta-
tionary service. The
valve C is connected by
the flange B to the cen-
tral spindle 4, and is held
down on its seat by the
pressure of the spring S.
The valve C is provided
with wing guides and an
annular lip E. The
guides fit smoothly into
the seating D, upon
which the valve rests.

Fig. 4. “Ashton" Valve with Pop Regulator for The seats of the valve
Stationary Boilers.
have an angle of 45 de-
grees. The under face of the lip E, together with the seating,
forms a small chamber through which all the steam must pass
to the open air. A number of small holes drilled vertically through
the flange F, connect with the chamber and allow part of the
steam to escape. The action of the valve is regulated by the screw
ring (7, which allows more or less steam to escape through the holes in
the flange I.  Raising the screw diminishes, and lowering it increases,
the arca of the holes. If the loss of steam is too great when the
valve blows, turn the screw ring down.

Safety-valves should be connected dircetly to the boiler without any

pipe or elbow. They should be tried every day by means of the lever.
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The valve shown in Fig. 44 for stationary boilers, is made by the
Ashton Valve Company. The general principles are those of all pop
safety-valves. The valve-seat is made of composition or nickel, and
with a bevel of 45 degrees, as is the United States Government stand-
ard. The pop chamber is surrounded by a knife-edge lip, which
wears down in proportion with the seat, thus keeping the outlet of the
same relative proportions, giving a constant amount of pop.

The amount of pop—that is, the difference of pressure between
the opening and the closing of the valve—is regulated from the out-
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Fig. 45. “Star Marine” Pop Safety-Valve, Fig. 46. “Ashton” Safety-Valve for
with*Cam Lever. Locomotive Boilers, with Pop Regula-

tors on Each Side, and Top Mutfler.

side by means of the screw-plug pop requlator shown at IT in Fig. 44.
1f more pop is desired, turn the regulator so that S will be more nearly
perpendicular.  To lessen pop, make O more nearly perpendieular.
The springs are made of Jessop’s best steel.

The inlet and outlet are both on the same casting, so that the
valve may be taken apart to be cleaned or repaired, without disturbing
the boiler econnection. It has a lock-up attachment, so that the regu-
lating parts cannot be tampered with, either by accident or by design,
The spring is encased, thus protecting it from the steam.
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The “Star Marine” pop safety-valve is shown in Fig. 45, Tt
has a bevel scat, and is provided with a cam lever by which it may be
raised from its scat when there is no steam pressure. The ontlet of
the valve, if desired, may be piped to the supply tank or to any other
point.

Safety-valves for locomotive boilers must be made of heavy material
to stand the severe usage. 'They should be so constructed that they
will not cock or tilt. The “Ashton” valve shown in Fig. 46 is con-

(15 | 10 5 T O ©

:\.\\

Fig. 47. “Holt” Reducing Valve with Diaphragm Regulating Pressure.

structed so that the amount of pop can be regulated by merely turning
the two posts marked 2 and 3 to the right or left. The noise of the
steam escaping from the ordinary safety-valve is disagreeable, and in
some States the law requires the use of the mufler safety-valve. The
Ashton valve shown in Fig. 46 has a top muffler.

Reducing Valves. Sometimes steam is desired at a lower pres-
sure than that of the boiler.  For instance, a small low-pressure engine
may be run by steam taken from the same boiler that supplies a
higher-pressure engine.  This reduction is accomplished by throttling
the steam by means of reducing valves. These are arranged to be
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operated automatically so that the pressure can be reduced and a
constant pressure in the steam pipes maintained. There are several
forms in general use.

In the “Holt” valve, Iig. 47, the low-pressure steam acts on the
lower side of the diaphragm; and the weight, which may be set so as
to cause the desired pressure, acts on the other. The movement of
this diaphragm causes a balanced valve to move to or from its seat.
The valve opens until the steam pressure equals the weight above.
The pressure in the main steam pipe does not affect the movement
of the valve. It depends only upon the pressure on the two sides of
the diaphragm.

Another form, the “Mason,” is shown in Fig. 4S. A spring, which
may have its tension altered by a key, takes the place of the lever and
weight in the Holt valve. When the pressure in the low-pressure
system has risen to the required point, whieh is determined by the
spring, the valve closes, and no more steam is admitted until the
pressure falls sufficiently to open the valve again.

In another form, a piston acted on by the low-pressure steam
regulates the opening of a balanced valve, and this maintains a con-
stant steam pressure.

In the “Foster” reducing valve, the valve is held open by the
spring and levers, until the steam pressure at exit presses on the dia-
phragm sufficiently to elose the valve. The valve is held open so as
to admit just the proper amount of steam to maintain the required
pressure.

When a reducing valve is used, a stop-valve should be put in to
prevent flow when steam is not in use.

BLOW=OUT APPARATUS

Boiler feed-water, if taken from rivers or ponds, is likely to
contain vegetable matter as well as solid materials. The vegetable
matter will usually float to the surface, while the solids will collect at
the bottom. To keep the boiler clear of such sediment, it is neces-
sary to provide two blow-outs—a surface blow-out, to take care of
what rises to the top; and a bottom blow-out, to take out the sediment
that collects at the bottom of the boiler. The surface blow-out
usually consists of a dish or funnel-shaped receptacle set with its face
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vertical, as shown in Fig. 49. When the water-level is in line with
this blow-out opening, the opening of the valve at the bottom will
skim the impurities from the surface of the water quite readily. Oil
may get into the boiler through the feed-
water, and a considerable portion of it
an be removed in this manner.

The bottom blow-out consists merely
of a pipe leading from the bottom of the
boiler outward. Both these blow-outs
may be connected into one outlet.

In water-tube boilers a  mud-drum
is usually installed, which readily collects
the solid matter, and the bottom blow-
out is then connected with this mud-lrum.
I'ig. 50 shows an arrangement of surface
~ and bottom blow-outs as usually installed
on a Scoteh boiler of the marine type.

If the feed-water contains salt, which

may frequently happen in marine prac-

tice, it is necessary that the boiler should
Fig 18 “Mason” Reducing Valve. frequently be blown out in order to re-
Pressure Regnlated by Means v N
ofa Spring. move the excess of salt. The density of the
boiler water, if salt feed is used, should be carefully determined by a
salimeter. The loss dne to this frequent blowing oiit is considerable,
as a large amount of

heat isnecessarily wasted ,

but it cannot be avoided,
except by the use of
fresh water, which some-
times may be impossible
at sea.

The Dlow-out pipe
leading from the bottom
of an externaily-fired
boiler through the brick
setting, 1f not properly
protected, may be burned off, owing to the heat of the fire. This
pipeis frequently covered with ashestos or other fire-resisting material;

Fig. 19. Surface Blow-Out Installed in Boiler.
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but it can be best protected by the means shown in Fig. 51. A pipe
connected to the boiler slightly below the water-level, runs out through
the brick setting and conneets into the main blow-out pipe. This
causes a circulation of water continually to pass through the system,
and prevents destruction of the blow-out pipe.  When it is necessary
to use the bottom blow-out, the valve A is closed, and the blow-off
valve B is opened; otherwise, B is closed, and A is open while the
water circulates.

The blow-out pipe is usually shut off by a cock, which, although
not so easily operated as a valve, is more trustworthy. Frequently
both a cock and a valve are provided. Should a small particle of
/ sediment lodge on
the valve-seat, it
ﬁﬁﬁﬁﬁ s would be impossi-
- ble to close the
valve tightly, and
a considerable leak-
age would result,
while an inspection
of the valve would
not indicate

2errss,

b2

Valve-B whether it were
Fig. 51._ Method of Protecting Bottom Blow-Out Pipe by completely closed
Means of Circulation Pipe Connected to Boiler,

or not. But a

glance reveals the fact whether or not a cock is tightly closed. The

cock is likely to stick because of corrosion or unequal expansion,

but, if frequently opened, this difficulty is not of great weight.

The plug and casing of the cock should not be made of the same

material, as in that case they will more readily stick if the cock
remains closed any length of time.

FEED APPARATUS

Perhaps the most important of all auxiliaries connected with the
boiler is the feed apparatus. "T'his is vital; for, if the feed is inter-
rupted and the water runs low in the boiler, not only is there danger
of damaging the boiler itself, but a disaster may follow of far greater
concern.  For marine purposes—and the same is true to a consider-
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able extent in stationary work—at least two independent feed systems
should be provided. In marine work, the main feed-pump draws
water from the filter box or feed-water heater, and pumps it into the
boilers under ordinary conditions. There should be a by-pass around
this pump, and the feed line should be conneeted by means of a valve
to what is known as the donkzy pump, which may be used for auxiliary
feed purposes in case the main pump is damaged or needs repairs in
any way.

Both these pumps draw from and discharge into the same feed
line; but, to provide against emergencies, there is usually a cross-
connection to the sea, so that sea water may be had if necessary.
While in port, when the main engines are not running, and conse-
quently when the feed-water cannot be heated economically, an in-
jector is almost invariably used. On land it is usually considered
sufficient to install an injector in addition to the feed pump, although
in large plants an auxiliary feed pump should be installed as well. In
a small plant the fireman usually attends to the water; but on board
ship and in large plants, a water tender is usually provided, whose
business it is to keep the water in the boiler at the proper level. His
task may be materially lessened by some automatic arrangement, so
that if the water discharged into the hot well from the condenser rises

sabove the normal level, a float will open the valve leading to the feed-
pump and inerease the rapidity of its stroke. This will reduce the
level of the hot well or filter box, as the case may be.

Such an arrangement as this will keep a fairly uniform level of
water in the boilers; and if a surface condenser is employed, and all
the condensation is pumped back into the boilers, the water-level will
remain constant except for slight leakages of steam and for the possi-
bility of improper action of the feed-pump. Leakage of steam can
be made up from the supply of fresh water. At sea, salt water may have
to be used for this purpose although its use is objectionable.

There is a considerable difference of opinion as to where the feed-
water should be introduced into the boiler, although the consensus
of opinion seems to be that it should enter not far from the water-line.
In stationary practice, the feed-water is introduced at the rear of the
boiler near the bottom; but this is open to grave objections, for the
feed-water, being comparatively cool and being introduced into the
coldest part of the boiler, naturally tends to become dead water and to
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retard proper circulation which is essential to economical steaming
and often essential to the safety of the boiler itself.

The best place for introducing the feed-water will naturally
depend upon the type of boiler, and the service for which it is intended.
If the entering water is of hig<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>