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PREFACE.

This Catechism, like its companions, the
‘‘Pump Catechism,” and the two volumes of
the ‘‘Steam Engine Catechism,” is not in-
tended as a means of greatly instructing
those who are expert in constructing, or ef-
ficient in running the appliances of which it
treats. It may, however, serve the well-
posted as a handy reminder at times when,
from haste, or lapse of time, or mental pres-
sure, the memory is not wholly reliable; and
to the learner and the inexperienced it should
serve as a useful reference and a convenient

source of information. It aims to be, while -

r8 nearly completeas its size admits, abso
lutely accurate, and unmistakably direct,
simple and clear. Where good usages or
expert opinions differ, both sides of a ques-
tion are generally presented.

I offer no apology for mentioning some
patented boilers and appliances, and not
others. Nearly every maker of whom I had
the address was offered opportunity of repre-
sentation in the body of the work without
charge, direct or indirect,



PREFACE.

The examination questions of the Cana-
dian, New York and Philadelphia licensing
boards are distributed throughout the work
under their proper headings, all except those
personal questions which refer to candidate’s
names, time of service, etc., and a few of the
purely arithmetical matters.

I do not claim any originality in this
book. A man's knowledge in steam engi-
neering is not invented; it is like geography,
the sum of the personal knowledge of thous-
ands of others.

Tt is not to be supposed or expected that

- it will answer every question which might be
asked, concerning a steam boiler. It Jdoes
answer all that have occurred to me, or of
which I havearecord ashaving been asked me.

As with my other Practical Cutechisms, I
shall take great pleasure in answering by mail,
where poasible, and when stamp is enclosed,
questions not answered in this book ; and shall
add such questions and their answers, (omit-
ting of course, correspondent’s names,) to
future volumes or editions should they be
called for. Thereader is especially requested
to consult the index.

June, 1888.

RoBERT GRIMSHAW.



THE STEAM-BOILER CATECHIS.

DEFINITIONS AND PRINCIPLES.

Q What is steam ?-

A. A thin vapor, or fluid, condensible
by cold, and elastic under compression ;
and which is one of the three states (ice,
water and steam) in which water exists,
according to temperature.

Q. What is a vapor?

A. Correctly speaking, a temporary
gaseous or air-like state of some sub-
stance, the ordinary coudition of which
is that of a liquid or solid.

Q. What is a fluid ?

A. “ A substance whose parts change
their relative positions on the slightest
pressure, and therefore retain no definite
form.”— Webster.

Q. What is the difference between a
liquid and a fluid ?

“*Portlons of these definitions, common to the study of
both the steam engine and the steain boller, are, alinost of
uoted, nearly verbatiin from the two volumes

necessity, q
of the author's Steam Engine Catechismn. This parallelism,
however, extends over but a very few pages.
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A. Every liquidis a fluid; every gas or
vapor is a fluid; in fact, therefore, every-
thing which is not solid is fluid; but
every fluid is not a liquid. This is on
the same principle that “all beef is meat,
but all meat is not beef.” Water isa
liquid and also a fluid ; steam is a vapor
and also a fluid.

PROPERTIES OF STEAM.

Q. What is one of the most marked
ancl useful characteristics of steam?

A. Its tendency to expand, decreasing
its pressure in about the same ratio as it
increases its volume.

Q. How is this characteristic useful
to us?

A. By its pressure it may be made to
traverse long lines of pipe, and at a dis-
tance from where it is generated, elther
do what is known as * mechamcal wor
or act as a heating medium.

Q. What is the color of steam ?

A. It has no color preceptible to .ae
eye. When it escapes into the atmos-
phere and is partly condensed, it assumes
at first a bluish tinge and then a whitish
color due to the reflection of the light
from the varticles of water.



THE STEAM-BOILER CATECHISM. 11

Q. Whatis the temperature of steam?

A. Thetemperatureor “sensibleheat”
of steam varies with the conditions.
Steam formed from water under the or-
dinary atmospheric pressure (14.7 lbs.
per square inch at sea level) has a tem-
perature of 212° Fahrenheit = 100°
Centigrade. Confined so that expansion
is impossible, it is generated at a tem-
perature corresponding to the pressure
or tension; that is, the greater the ten-
sion the greater the temperature; or
putting it the other way, as the tempera-
ture is increased the pressure rises, so
long as there is more water, in contact
with the steam, from which to make
- more steam and thus increase the pres-
sure. It may be maintained at a con-
stant temperature under constant pres-
sure 8o long as the generation contin-
ues.

I give a table showing the tempera-
ture in degrees Fahrenheit, correspond-
ing to various tensions; the tensions
being expressed in pounds per square
inch, but above vacuum, not above at-
mosphere, or “by the gauge.”
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PRESSURE AND TEMPERATURE OF SATURATED
STEAM—REGNAULY.
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PRESSURE AND TEMPERATURE OF SATURATED
STEAM—REGNAULT.
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PRESSURE AND TEMPERATURE OF BATURATEL
STEAM—REGNAULT.
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Q. Should the quantity of steam be
estimated by weight or by volume; and
why ?

A. Steam should always be estimated
by weight because the volume of a vessel-
ful of steam is no indication of what it
is capable of doing in the way of heating
or producing mechanical work; and the
same quantity of steam may change its
volume; while of course it cannot change
its weight.

Q. What is the weight of a cubic foot
of dry steam?

A. That depends upon its pressure.
The greater the pressure, the greater
the weight of steam comprersed into a
cubic foot. The following table gives
the weight of one cubic foot of dry steam
at various pressures per square inch,
above vacuum ; not above atmosphere or
“by the gauge” It also gives the vol-
ume in cubic feet, of one pound of steam
at these pressures; and the correspond-
ing temperatures. (At high tempera-
tures “dry” or “saturated” steam is
denser than “ gaseous” or “superheat-
ed,” which latter is 0.622 that of air.)
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Q. What is saturated steam?

A. Saturated steam is that which is
generated at the maximum density and
pressure corresponding to its tempera-
ture.

Q. Is saturated steam capable of vap-
orizing more water into the same space
unless the temperature be raized ?

A. No.

Q. What then is “saturation” as ap
plied to steam?

A. Saturation is “the normal con-
dition of steam generated in contact
with a store of water.”

Q. In saturated steam, are the same
density and the same pressure always
to be found in conjunction with the
same temperature?

A. Yes.

Q. What is the effect of a change of
temperature, in saturated steam, in con-
tact with water?

A. It is condensed if the temperature
falls, and more water is evaporated if
the temperature rises.

Q. Is dry steam any hotter than
saturated?

A. No.
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HEAT AND TeMPERATURE.

Q. When have two bodies the same
lemperature?

A. When neither one gives out heat
lo the other

Q. Does not this imply that they
have the same amount of heat in them ?

A. No. Their capacities for storing
heat may be different. Starting at the
same temperature, one may take twice
as much heat to bring it te a given tem-
perature, ag the other.

- Q. What is the usual effect-of increase
of temperature on a bady !

A. To expard it

Q. Any exgeption?

A. Yes; water in going from 32 de-
grees and 39 degrees F., contracts in
volume; above 39 degrees it expands.

Q. Inagiven increase of temperature,
which expands themost, liquids or solids?

A. Liquids.

Q. Do liquids expand regularly, with
regular increments of temperature?

A. No; they expand more rapidly at a
high than at a low temperature.

Q. What is evaporation ?

A. The conversion of a liquid into a
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gas or vapor, quietly and without bub-
bling.

Q. What is ebullition or boiling?

A. Conversion of a liquid into a gas
or vapor in a violent manner, with
bubbles.

Q. What facilitates evaporation and
ebullition ?

A. Removal of the whole or part of
the air pressure. (“Facilities” is a bet-
ter word than “ increases.”)

Q. What is the spheroidal state?

A. That condition of water or other
liquid, in which, when put on a very hot
surface, it does not wet the latter but
rests on a cushion of steam.

Q. What has this to do with steam
boilers and practical engineering ?

A. This:—that when the steam cush-
ion breaks, the whole mass of water
may suddenly be turned into steam; this
might happen in a steam boiler with
low water and cause an explosion.

Q. At what temperature does water
take on the “ spheroidal state?”

A. At 340 degrees F.

Q. At what temperature does it again
touch the surface and commence boiling ?
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A. 288 degrees F.

Q. What is latent heat ?

A. The heat which a body will absorb
without showing any increase of tem-
perature; as the heat taken up, and
stowed away by water at 212 degrees
before it becomes steam at 212 degrees.

Q. Has steam much latent heat?

A. More than any other gas or vapor;
that is, it takes more heat to vaporize
1 Ib. of water, than 11b. of ary other
liquid.

Q. How can you get work into water
or steam ?

A. Only by heating it.

Q. Howcan you get work out of steam ?

A. Only by cooling it

Q. Then the engine which cools the
steam the most is the best?

A. Yes, if that cooling is by doing
work. The engine which expands stean
from 100 to 20 1bs., is doing more work
than the one which expands only from
100 to 50 lbs.

Q. How is heat transferred or com-
municated ?

A. In three ways; radiation, conduc-
tion, convection.
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Q. What is radiation ?

A. The passage of heat from a body,
in diverging straight lines through air
or vacuum ; as from the surface of the
coals in a furnace to the shell, or to your
face when you open the door and look
in.

Q. What is conduction ?

A. The passage of heat through a
substance, by being passed along from
one atom to another, without any mo-
tion among the atoms; as, when one end
of ashort bar of iron is red hot, the
other end tends to get hot too; as the
heat is passed from one side of a boiler
sheet to the other.

Q. What is convection?

A. Carrying heat from one place to
another by currents of liquid or of gas or
vapor ; as where the water at the sur-
face in a boiler .is heated by currents
from the bottom.

Q. Do all substances conduct heat
alike ?

A. Noj; some pass it along very slowly
and imperfectly and are said to be poor
conductors or non-conductors.

Q. Name some poor conductors.
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A. Glass, wool, feathers, mr, water.

Q. Name some good ones in the order
of their excellence.

A. Among the metals:

Relative
conducting power.

Silver 100.0
Copper 74.8
Goll)(ll)e 54.8
Brass 24.
Tin . 15.4
Steel 10.3
Iron 10.1
Lead 7.9

Q. What is the latent heat of steam
at 212 degrees F' ?

A. From 996 degrees to 998 degrees
F.

Q. How many feet above the sea lev-
el must you go in order to have water
boil at 211 degrees F'¢

A. 550.

Q. At what temperature will water
boil i1 a vacuum ?

A. 67 degrees F.

Q. Is it possible for steam at say 10
pounds to be so highly superheated as
to char the wooden lagging of a boiler?
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A. It has been known to be so super-
heated.

Q. Can steam which is not superheat-
ed lose any part of its heat without be-
ing condensed ?

No.
PRESSURES. .

Q. In what direction is the steam
pressure in a boiler exerted?

A. In all directions.

Q. In what direction is the pressure
due to the weight of the water in a boil-
er exerted ?

A. Towards the shell.

Q. Is there most pressure at the top
or at the bottom of a boiler?

A. From the top down to the water-
level, the pressure is the same at every
height. From the water-level down to
the bottom, the pressure increases as
you go downwards, the radial pressure
being increased by the * head” of the
water.

Q. How is boiler pressure estimated ?

A. In pounds avoirdupois per square
inch of boiler surface, or else in atmos-
pheres.

Q. How much is an atmosphere?
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A. Under ordinary conditions, at the
sea level, 14.7 lbs. per square inch.

Q. From what point is boiler pres-
sure reckoned?

A. From the pressure of the atmos-
phere, upwards; the base being 14.7
Ibs. per square inch above vacuum.

Q. Howmany times 15 lbs. per square
inch by the gauge is 60 lbs. per square
inch?

A. About 2}; as 151bs. per square
inch by the gauge, is really 29.7 1bs.; and
60 lbs. is really 74.7 1bs. ab:ve vacuum.

Q. Then in reckoning boiler pressure,
would a boiler to stand 30 lbs. by the
gauge be more than half as strong as
one to have tostand 60 lbs. ?

A. Most decidedly not!/ When it
comes to bursting strength, the pres-
sure of the atmosphere is counted off
both sides of the shell, inside and out.

Q. Asyou go up from the sea level, is
the air-pressure outside of a boiler in-
creased or diminished ?

A. Diminished.

Q. Just before a rain is the atmos-
pheric pressure greater or less than in
clear weather ?
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A. Less. The barometer is said to fal)
before a rain; that means that in one
which has a mercurial column, the pres-
sure of the air, holding the mercury uyp.
in the tube, lessens.

Q. How much volume of steam will
one cubic inch of water make ?

A. Nearly one cubic foot at 212 de-
grees, or just atmospheric pressure.

Q. When steam boilers were first
used, how did the pressures run?

A. Under 10 lbs. per square inch
above atmosphere, up to 50 or 60 years

0.
agQ. ‘What pressures are now most
usually carried?

A. 60 to 80 lbs.

Q. What is the maximum wused ?

A. About 180 Ibs. for locomotives is
the highest frequently met with.

Q. What objections to pressures over
200 or 250 lbs?

A. Difficulty of keeping joints tight;
destruction of most lubricants used in
the engine.

Q. What lubricant is absolutely un-
changeable by heat ?

A. Graphite (plumbago, blacklead).
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Q. What are the advantages of high
pressure steam ?

A. It requires smaller engines and
smaller boilers for a given horse power ;
besides which it utilizes a greater pro-
portion of the heat put into it than low
pressures do.

MATERIALS.

Q. What materials are used in the
construction of boilers ?

A. Cast iron, wrought iron, steels of
various sorts ; copper, brass and other
copper alloys.

Q. What is the one most frequently
used ?

A. Wrought iron; although mild steel
appears to be coming in rapidly.

Q. Where is copper used ?

A. Inmarine boilers and in locomotive
fire boxes. In this country the copper
warine boilers are mostly in government
vessels. Copper fire boxes arenot known
in the U. 8.

A. What are the advantages of copper?

A. Homogeneity; high conducting
power for heat; durability; resistance
to corrosion; value as scrap.

Q. What are the disadvantages?
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A. High first cost; softness; low ten-
sile strength.

Q. What are the advantages of cast
iron for boiler construction ?

A. Cheapness; resistance to corroeion ;
freedom from blistering ; immunity from
strains on account of changes of tem-
perature; high conducting power as
compared with wrought iron; parts
made of it need no bracing; ease of re-
placing defective sections.

Q. What are the objections to cast
iron for boilers?

A. It is treacherous; gives no warn-
ing before lefting go, parts are not
uniformly strong; the necessarily small
parts cause priming.

Q. What is the tensile strength of
ordinary iron castings?

A. Varies both sides of 15,000 lbs.
per square inch.

Q. What is its elastic limit?

A. About oune-third its bursting
strength.

Q. What are the advantages of
wrought iron for boilers ?

A. High tenacity and elasticity; easc
of flanging; familiarity in working it
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on the part of workmen all over the
world.

Q. What are its disadvantages ? ?

A. Liability to blister.

Q. What should be the minimum ten-
sile strength of wrought iron for boiler
making ?

A. 45,000 Ibs. per square inch.

QW hat are the advantages of mild
steel in boiler work ?

A. Homogeneity; high tensile
strength; malleability; ductility; free-
dom from blisters.

Q. What objections to steel? |

A. Requires a better grade of work-
men on it than iron, especially in mak-
ing the rivet holes and in flanging

Q. What should be the minimum
tensile strength of steel for boiler
work ?

A. There is properly no minimum
There should be comparatively low ten-
sile strength; it is homogeneity and
toughness that are desired.

Q. Is steel injured by drilling ?

A. No.

Q. Is it injured by punching?

A. Yes, about one-third.
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Q. How can its nature be restored
after punching ?

A. By annealing, or by reaming out
the borders of the punched hole.

Q. Will good/material all through a
boiler insure long life ?

A. No, because it may be improperly
designed, and there may be from this
cause unequsl expansion and contrac-
tion, etc., which will tend to make it
last but a short time.

KINDS OF BOILERS

Q. 'What is a steam boiler ?

A. Properly a water boiler. A suppo-
sedly strong and safe closed vessel, con-
taining water, and in which heat is
applied by a furnace or otherwise, for
the purpose of generating steam under
pressure, from the water to which the
heat is applied.

Q How many kinds of boilers are
there?

A. That depends onhow you wish to
classify them as regards their shape,
their use, or what.

Q. As regards their shape, can you
name some of the types?
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A. Spherical, cylindrical, egg-shaped,
wagon top, haystack, etc.

Q. Whatwas one of the earliest form
of boilers?

A. Spherical, of cast iron, with fire
underneath.

Q. What followed this ?

A. A vertical cylinder with flat bot-
tom and curved top, and having mason-
ry flues about it.

Q. How was this improved ?

A. By arching in the bottom.

Q. What followed this?

A. The horizontal cylindrical type.

Q. What followed this ?

A. The “wagon ” boiler of Watt.

Q. What objection to this?

A. Tendency to change its shape in
spite of elaborate staying.

Q. Describe the wagon boiler.

A. Tt has its upper portion nearly
cylindrical in shape, but having a box-
like projection running its whole length
below it.

Q. What supplanted the “wagon?”

A. The “haystack,” or “balloon,” hav-
ing well lined sides and hemispherical
top ; sometimes made 20 feet in diameter.
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Q. What objections to this ?
A. Want of heating surface ; hapbility
to give way in the bottom.

Fig. 1.—TWO-FLUv1: BOILER.

‘F1a. 2.—*‘ ER1= CITY ” TEN-FLUE TYPE.

Q. What is the simplest type of
cylindrcal boilew ?
_ A. Plain horizontal cylinder, with
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Fic. 3—LoNG SHEET MULPITUBULAR FLUE
ryee. (Erie City Iron Works.)

T'16. 4. —MULTITUBULAR (SHORT SHEET) TYPE.
(Erie City Iron Works.)

flat, cambered, or hemispherical ends.

Q. What was another advance on the
single large flue boiler, other than plac-
ing the furnace in the flue?
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A. Passing the gases of combustion
through two large parallel flues, instead
of one. (See Fig. 1)

Q. Into what did the two-flue boiler
develop?

FiG. 5.—CORNISH BOILER.

A. Into types having from five large
flues to ten as shown in Fig. 2.

Q. The natural development of the
ten flue boiler was what?

A. The *multitubular” type, having
a great many tubes or flues comparative-
ly small diameter in place of a smaller
number of large flues. (Figs. 3 and 4.)
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Q. How was this developed ?

A. By passing the hot gases of com-
bustion through a lengthwise flue, pass-
ing through the water the entire length
of the boiler.

Q. What did this develop into?

A. The “ Cornish” boiler,in which

-

Fia. T.—LANCASHIRE BOILER.

the fire was put in this large flue.

Q. What is one special advantage of
the Cornish boiler ? (Fig. 5.)

A. It may be set up without brick
work if necessary.

Q. In the Cornish boiler, which ex-
pands the most, the shell or the flue ?
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A. The flue.

Q. Howis this remedied?

A. By having in the circumferential
joints, rings of V section; or by hav-
ing. flues corrugated circumferentially.

F16. 9.—ELEPHANT BOILER.

Q. Whatdid the Cornish
develop and enter into ?

A. Into the ‘Lanca-
shire,” having two flues in
the side, because on large
sizes the single internal
flue was too weak. (Fig.7.)

Fie. 10. Q. Whatis the “breeches
flue” boiler ?
A. Tt has two furnace tubes combined
with one long one behind the bridge.
Q. What objection to this?
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A. Difficult to make and to keep tight
in the crotch.

Q. What is the “ Galloway” boiler ¢

A. There is an internally fired ellipti-
tical flue, strengthened by conical cross-
tubes acting as stays.*

I'1¢. 11.—FRENCH TYPE HORIZONTAL BOILER.

Q. What is the “French” or “ele-
phant ” boiler?

A. There are two horizontal cylinders
below a third and larger, with which
they are connected by water tube:.

*See detailed descriptio n pages 50 to 53 inclusive.
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Sometimes there are three below and
one above.

Q. What is the Fairbairn type?

A. 1. is shown in Figs. 12 and 13,
and is practically an internaily fired

Fi6. 12.—THE FAIRBAIRN BOILER.

“French ” or “elephant ” boiler, having
two water boilers proper, below, each
with one large flue containing the fur-
nace. These connect with a common

drum above.
Q. What is the Rastrick boiler?
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A. A vertical cylinder with one cen-
tral lengthwise flue, communicating with
two or more horizontal flues through
which the gases from the furnaces pass
on their way through the central flue to
the stack.

Q. What is a coil boiler ?

A. One in which there is a continuous
coil in one end of which the feed is
pumped or otherwiseintroduced, the cir-
culation thus being positive, and the
quantity of water in the boiler at any
one time very slight.

Q. Are coil boilers now in general
use?

A. No, not as yet, although they are
coming. more and more into use for
launches and other small boilers afloat ;
also for steam fire engine work; and
there seems to be a tendency that way
on small sizes and quick work; also for
amateur service.

Q. What are the advantages of the
coil boiler?

" A. Compactness, safety, capacity, and
early steaming power; the fact that it

will not let sediment or scale collect in
the tubes.
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Fia. 14. —WESTINGHOUSE CROSS-TUBE BOILER.
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Q. What are its disadvantages?

A. Liability to be quickly burned out
if the feed stops for even a very short
time, or to have the pressure rise very
quickly if the call for steam is lessened
or stopped.

Q. Describe and show a cross-tube
boiler ?

A. There are two parts of the shell;
the lower forming the fire box and con-
taining water tubes, and the upper one
a shell surrounding the tubes and com-
posing the water and steam space. The
two are joined by strongly bolted rings.
in connection with the vertical smoke
tube at the top, and can be taken apart
to clean the boiler or repair the tubes.
The circulation is across the combustion
chamber, through the horizontal water
tubes, and is determined in one direc-
tion by a little cast iron hood at one end
of each tube. Sparks are deadened and
held by deflecting hoods. See Fig. 14.

Q. What is the Latta boiler?

A. There is an inner and an outer
shell with en annular space C between;
and in the central fire box area, over the
grate, is a compound coil consisting of



Fia. 15.—IATTA COIL BOILER IN VERTICAL
SECTION
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four sets of pipes fed by the pump from
the bottom and in which the steam is
generated. These coils are formed of
straight lengths and return bends; they

Fia. 16.—ToP VIEW, LATTA BOILER.

are hung to the straps B, and discharge
into the steam room at A.

Q. What is a sectional boiler ?

A. One in which the principal por-
tions are composed of a large number



Fi6. 17.—UPRIGHT TUBULAR BOILEM
(LIDGERWOOD.)
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of similar pieces (as tubes or hollow
spheres) of small diameter, joined into
- sections and these again united with a
common steam and water drum.

F1a. 18.—BOTTOM VIEW, LATTA BOILER.

Q. What is a tubular boiler?

A. One having a number of compara-
tively small tubes or flues for the pas-
sage of the gases of combustion; these
tubes or flues being surrounded by water.
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Q. What is a tubulous boiler?

A. One having a number of compara-
tively small tubes containing water and
surrounded by the gases of combustion.

Q. Whit is a flue boiler? ‘

A. One in which the products of
combustion pass through comparatively
large tubes surrounded with water.

Q. What type of boiler is the most
common ?

A. The tubular.

Q. What is a drop flue boiler?

A. One in which the flames or pro-
ducts of combustion pass up and over a
bridge, along tubes to the back of the
boiler ; then down, through tubes to the
front of the boiler; then again through
still lower ranks of tubes to the front,
and then to the up take.

Q. What is the disadvantage of the
drop flue type?

A. They are apt to crack and get
leaky, by reason of the unequal expan-
gion and contraction of the sheets where
the various ranks of flues enter them.

Q. Are drop flue boilers generally in-
ternally or externally fired?

A. Internally.
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Q. Which takes up less space, a tub-
ular or a doubled decked boiler ?

A. The double deck takes up less
floor space.

Q. What is the objection to a vertical
boiler having a convex bottom directly
over the fire?

A. The pot bottom tends to collect
deposit right over the hottest part of
the fire.

Q. Show how horizontal flues are
choked up by ashes, and how Lorizon-
tal water tubes are covered with the
same?

A. The water tube is covered over
less of its surface than the flue is, and
besides is covered over that portion which

O @

F1e. 20.—FLUES AND WATER TUBES.

has the least value for heating, while
the flue is covered over its best portion.
Q. Describe the Galloway boiler.
A. The boiler presents a plain cylin-
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drical shell, within which are placed two
cylindrical furnaces, which unite into one
back flue, oval in form; the top and bot-
tom of this flue are curves struck from a
comraon centrelocated below the flue; its
sides are semi-circular excepting where
bulged pockets or bafflers are formed,
which assist in staying and strength-
ning the flue.

The Galloway tubes are conical in
shape, both ends being flanged; the
larger end is riveted to the top plate
and the smaller end to the bottom plate
of the oval flue. The tubes are ar-
ranged radial to the same centre used
for the top and bottom plates of the
oval flue, and are therefore of same
length and interchangeable. They
tend to support the bottom and top
sheets of this flue against collapse.

The peculiar form of the oval flue,
together with the arrangement of the
conical tubes, is the distinctive feature
of the Galloway boiler.

Q. Describe the “ downward tubular ”
boiler?

A. In the “Miles” boiler there are
two shells, one above the other, the up-
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per being horizontal and the lower one
inclined about 20 degrees or so from

the horizontal, the rear end being the
lower and having a mud drum which
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Fia. 24.—END VIEW, BABCOOK & WILCOX
BOILER.
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also supports the back end. The lower
shell is tubular. The two are united in

F16. 25.—BABCOCK & WILCOX TUBULOUS SECTIONAL BOILER.

front by a large neck, and at the rear
by a number of vertical tubes. The
gases of combustion pass backwards
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and slightly downwards under the lower
shell, then upward and forward through

Fi6. 26.—BABCOCK & WILCOX BOILER SETTING.

its tubes (a suitable apron wall prevent-
ing them from going up the stack more



F1c. 27.—BABCOCK & WILCOX BOILER.
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directly, then around and under the up-
per shell or drum, to the stack.
Q. What is the ““ Harrison ” boiler ?
A. It consists of a number of hollow
spheres of Bessemer steel, each eight

F16. 28.—HARRISON BOILER AND SETTING.

inches in diameter and five sixteenths
inches thick, connected by curved necks
three and one-quarter inches in diam-
eter. They are cast in sections of two
or of four “units ” or spheres, with op-
posite lateral openings to each sphere.
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These units have ground rabbeted faces
and are made into slabs by heavy
through bolts, requiring no packing
at the joints. A given number of
slabs are suspended in an inclined
position, side by side, from an iron
frame work, and are joined at the top
and bottom by suitable connections,
forming steam and water couplings or
passages. The whole structure is then
surrounded by brickwork, forming the
fire place and combustion chamber.

Q. What is the construction of the
Shapley vertical portable boiler ?

A. Tt is practically a two story boiler,
the upper section projecting downward
a little distance into the lower. In the
lower section there is a tall, truncated,
conical fire box having around its upper
end short horizontal flues, extending
outward through the downward projec-
tion of the upper shell, into a smoke
tain ground the top of the lower sec-
tion. The gases of combustion pass
through these horizontal tubes into the
smoke ring, then down through long
vertical flues which pass through the an-
nular leg of the 1 wer shell, entering and
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F1a. 29,—SHAPLEY VERTICAL PORTABLE
BOILER.
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annular water basc or smoke passage in
the base. The upper section has in it
water to a sufficient height to cover the
flat crown sheet of the fire box. This
crown sheet and the head of the upper
shell are stayed together.

Q. How do you get at the horizontal
and vertical flues ?

A. The smoke ring into which they
open has its outer wall made of remova-
ble sections.

Q. Sketch and describe a vertical tu-
bular portable boiler?

A. That of the N. Y. Safety Steam
Power Co. has an upper crown sheet
which extends across the full diameter
of the shell; the lower sheet covering
only the fire box. The two are connect-
ed by vertical tubes discharging into a
conical smoke box. Baffle plates tend
to diminish the tendency to lifting,
caused by the escape of the steam from
the surface of the water.

Q. Sketch and describe the Baxter
two-horse boiler?

A. The combustion chamber has an
open top and ig surrounded by an annu-
lar passage between it and the inner
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shell. The gases of combustion pass
downwards through thisannular passage
and passing below the leg turn outward
and then ascend in an annular passage

Fia. 30.—BAXTER 2 H. P. BOILER.

between the outer boiler shell and the
smoke jacket. Thus there is flume un-
der the crown-sheet and hot gases of
combustion both within and without the
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water-leg. The feed is slightly heated
in a flat “safety chamber” below the
ash box.

Q. Describe a boiler having both drop
tubes and vertical flues?

A. The “Silsby ” boiler has an inner
and an outer shell, with water leg be-
tween; the vertical flues D extend from
the upper head to the crown sheet, from
which depend coucentric circles of drop
flues C; thouse of the outer circles being
the longest. In each of these water
tubes, which are closed at tlLeir lower
ends, there is an inner ¢ circulation
tube ” down which the water passes, the
lower ends of these tubes being cut
away to allow it to pass up between the
two cuncentric tubes. Thus the steam
is generated in the drop tubes C, from
water which has been heated by the
crown sheet and smoke flues D; and the
steam is further heated by the smoke
flues and by the smoke box above it
The drop is of course urged, when in
service, II))y the exhaust from the (rotary)
engine.

Q. What is the Clapp & Jones mnew
style of steam fire engine boiler ?



Fi16. 31.—SILSBY STEAM FIRE ENGINE BOILER
AND DROP TUBE.



Fi6. 32 —crAPP & JONES’ NEW STEAM FIRE
ENGINE BOILER,
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A. Clapp & Jones’ new stcam fire
engine boilers have about 4" of their
lower ends in the water, the rest being
surrounded by steam.

The special featureis the substitution
for the old straight drop tubes with low-

F16. 33.—cLAPP & JONES' BOILER.

er end closed and with eirculation plates
therein, of sectional coil tubes, extend-
ing from the water leg to the crown
sheet, there being six of these in each
of three concentric circles in the size
shown. Each coil is connected with the
crown sheet (also with the fire-box sheet)
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by a right-hand screw joint on an angle
elbow requiring no fibrous nor elastic
packing, and each coil section is remov-
able.

@ is the dome or covering, g the
smoke bonnet and pipes for concentrat-
ing the escaping products of combustion ;
I, grate bars; I, fire door; JJ, water
line.

When steaming, the circulation is
from the water leg up through the spir-
al drop tubes, as shown by the arrows
K. M shows the pipe from thesheater,
and its valve, which is a combined stop
and check; the arrows I the direction
of circulation when attached to the heat-
er; NN the valve and pipe from boiler to
heater, the valve being a trip which is
automatic or hand-mansged as desired.

Q. What is a stationary boiler?

A. Properly, any boiler that is not
moved from place to place; butin prac-
tice, a permanently set boiler, not adapt-
ed in form for use in locomotives, ves-
sels, or portable engines

Q. What is meant by a portable
boiler ?

A. A portable boiler is properly any
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one which can be taken from place to
place while entire; but in America the
term generally refers to a modification

Fic. 34.—PORTABLE WATER-BOTTOM LOCO-
MoTIVE BoILER. (Lidgerwood.)

of the loccmotive type, having generally
a straight top and a water bottom.

Q. As regards their uses, can you
name some kinds ?
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A. Stationary, portable, marine,loco-
motives, agricultural, fire engines, etc.
Q. What is a marine boiler?

F1a. 36.—HORIZONTAL RETURN TUBULAR.
Stationary, with dome and brackets. (Lidgerwood.)

A. One specially adapted for use on
board ship.

Q. Describe the marine boiler?

A. It has at one end a fire box sur-
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rounded with water, and from this fluee
extend to a combustion chamber or
“back connection” at the other end:

FRONT VIEW, DOMED MARINE BOILER.
(Lidgerwood.)

this being surrounded by water spaces
also, and running up nearly to the wa-
ter line. From the front part of this
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chamber, above the flues, there extend
horizontal return tubes to the front of
the shell. The gases having passed for-

SIDE VIEW, DOMED MARINE BOILER.
(Lidgerwood.)

ward through the flues into the chamber
at the back, return through the small
flues to the front and enter the uptake.
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Q. What ure the good points of this
kind of boiler?

A. There being water all around the
fire (even the bottom of the fire box be-
ing a water space), there is a maximum
amount of heating surface, and a mini-
mum amount of danger from fire in the
adjoining woodwork; the builer is com-
pact for a given capacity, and is self
contained.

Q. What are the disadvantages?

A. It must be large in order to be
entered for inspection and repairs; and
is expensive in first cost.

Q. What is a necessity in making ma-
rine boiiers?

A, That the flame must be within the
shell.

Q. How large are marine boilers made?

A. Up to 10 feet and more in diame-
ter (for low pressure engines using
only 25 pounds steam pressure).

Q. What is meant by a locomotive
boiler ?

A. A locomotive boiler is generally
understood, in this country, to have an
outside fire-box with flat sides and a
round top, and open bottom; a thin
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water space between that and the inside
fire-box, which latter has a flat or nearly
flat crown sheet. The fire-box is con-
nected with a horizontal cylindrical bar-
rel, at top parallel or nearly so with
that of the outer fire-box. There is
often a tapered waist piece between the
fire-box and the cylindrical barrel. The
barrel is supplied with a great number
of long tubes of small diameter. There
i8 sometimes an extension front to catch
the sparks and cinders lifted from the
grate by the great force of the blast and
swept through the tubes without being
consumed. The crown sheet is stayed
by cross-bars or by sling stays; the
water legs or spaces between inner and
outer fire-boxes are stayed with short
straight stays about four inches apart.
There is generally a dome over the fire-
box, or on the eylinder part just in front
of the fire-box. The draft is forced by
the exhaust of the engine.

Q. What definition of locomotive
boiler can you give that will cover the
type whether applied to stationary, loco-
motive or marine service ¢

A. One having a horizontal cylindri-
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cal shell or waist, connected at one end
to a casting surrounding an internal
fire-box, and a series of fire tubes pass-
ing from end to end of the shell and
serving to conduect the products of com-
bustion from the fire-box at the farther
end of the shell.

Q. Name some of the advantages of
the locomotive boiler ?

A. It is selfcontained; can be set
without brick work if necessary ; has an
immense amount of heating surface for
a given amount of grate, the fire is en-
tirely surrounded by water; there is
more space between the grate bars and
the crown sheet than almostin any other.

Q. What are the distinctive features
of the Wootten locomotive boiler ?

A. A comparatively shallow fire-box
which is extended laterally to any limit
desired, within the width prescribed by
that of the roadway, and which is loca-
ted usually somewhat above or only to
a slight degree below the lower line of
the waist; a combustion chamber inter-
posed between the fire-box and the flue
sheet, and a fire bridge extending across
the fire-box end of the combustion
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chamber for a portion of its height suf-
ficient to permit a fire of proper thick-
ness to be carried on the grate without
allowing fuel to enter the combustion
chamber or tubes; the fire bridge obvi-
ating the necessity which would other-
wise exist, of placing the bottom of the
waist at a materially higher level than
the surface of the grate. The crown
sheet is stayed directly to the shell by
bolts, in the manner of the side sheets ;
crown bars not being employed.

Q. What are the various types of
boilers as regards their construction ?

A. The same question practically oc-
curs under another head ; there may be
mentioned plain cylinder, flue, internal
fired flue, tubular, return tubular, tubu-
lous, sectional, drop tube, coil, ¢ porcu-
pine,” ete.

Q. What do you mean by a fire-box
boiler ?

A. One in which the fire is burned in
a metal fire-box, not in a brick set furnace.

Q. What classes of boilers are includ-
ed in the fire-box type?

A. All locomotive, nearly all marine,
and many stationary boilers.
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Q. What is one great disadvantage
of sectional boilers ?

A. That they have but small quantity
of water in them and hence are liable to
fluctations of water level.

Q. What are the disadvantages of the
double deck boiler ?

A. It is very heavy, costs high, and is
difficult to clean or repair.

ELEMENTS OF STRENGTH.

Q. On what does the strength of a
boiler depend ?

A. On the form, material, dimensions,
joints, stays, domes, nozzles, man-holes,
hand holes, etc.

Q. What is the factor of safety ?

A. The proportion between the load
recommended or used and the possible
load.

Q. What is the usual factor of safety
of boilers in America ?

A. Six.

STRENGTH OF FLAT,

CYLINDRICAL AND SPHERICAL SURFACES.

Q. What figure in construction is the
stiffest ?

A. The triangle; it cannot be de-
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formed without bending, or altering the
length of one or more sides.

Q. What two properties does the
sphere alone possess ?

A. Tt is the best of all forms for resist-
ing internal pressure, and it contains
the greatest volume for a given surface.

Q. By what should we measure the
force tending to burst a hollow sphere ?

A. By the area of the circular cross
section through its centre, and not by
that of its hemisperical surface.

Q. What is the advantage of & spheri-
cal boiler?

A. Simplicity; strength for a given
weight of material; it expands easily on
the application of heat to one portion
of the surface, and does not readily
cause leaks or fractures of adjacent parts.

Q. What are the disadvantuges ?

A. Expense of making from wrought
iron or steel; small amount of heating
surface compares with its volume.

Q. What is the advantage of having
spherical boiler heads ?

A. They require no bracing.

Q. What is the most usual form of
boiler ?
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A. Cylindrical.

Q. What are the advantages of the
cylindrical type? .

A. Simplicity, cheapness of construc-
tion, inspection, and repair; wide range
and different means of making, arrang-
ing and setting.

Q. By what is the force tending to
rupture a cylindrical boiler lengthwise
represented?

A. By the product of the diameter by
the pressure on each unit of the surface.

Q. How is the force tending to rup-
ture a cylindrical boiler lengthwme, cal-
culated?

A. By multiplying thediameter by the
pressure on each unit of the surface and
by the length of the cylinder.

Q. What influence has length on the
strength of a boiler to resist burst-
ing?

A. None.

Q. What influence has length on the
general strength of a cylindrical boiler ?

A. The longer the boiler the greater
the weakness caused by expansion and
contraction in its setting.

Q. What is the tendency of the steam
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pressure in a cylindrical boiler as re-
gards its cross section ?

A. To make it truly circular if not al-
ready so; to keep it truly circular if al-
ready so.

Q. Under what circumstances may
the steam pressure tend to make a boil-
er of circular cross section elliptical or
oval in places ?

A. Where one ring of sheets or one
section of length is weakened by a
dome-hole or man hole, and not suitably
re-inforced nor stayed.

Q In a wrought iron shell, can per-
fect circularity of cross section be ob-
tained with lap-riveted seams?

A. No.

Q. How then?

A. By butt-riveting with a welt, or
by welding the seams.

Q. What is the principal cause of the
weakness caused by a lap-riveted seam ?

A. The oblique strain caused on the
plates and rivets.

Q. What is the tendency, under pres-
sure, of a cylindrical shell having flat
ends, and why ?

A. To get barrel-shaped ; because the
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Jat ends stay those portions of the con-
vex shell nearest them.

Q. Where is a boiler of “ oval” or el-
liptical cross section most likely to
change its form ?

A. At mid length, on account of the
support given by ends being least there.

Q. Is there any rule for the strength
of boilers of elliptical section ?

A. No; because with every change of
shape the resistance varies.

Q. What is the amount of force tend-
ing to burst a cylindrical boiler in a
plane perpendicular to its axis (that is,
to pull it apart endwise, or tear it apart
crosswise) ? :

A. The amount of pressure on the
two ends, represented by the cross area
of the cylinder multiplied by the pressure
per square unit of surface, that is P rep-
resenting thesquare unit of surface, and
D the diameter in corresponding lineal
units, to P times D? times 0.7854.

That is, if the boiler is 60 inches in di-
ameter and has 100 lbs. per square inch
upon it, the pressure tending to burst
it by pulling it apart endwise would be

100 x 60 x 60 x 0.7854=282,744 lbs.
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Q. By what should we measure the
force tending to burst a cylinarical shell
lengthwise ?

A. By the area of its lengthwise sec-
tion, and not by that of its semi-cylin-
drical convex surface.

Q. What measures the resistance of a
cylindrical boiler to \he force tending to
pullit apart endwise?

A. The tenacity of the material and
the amount brought into play to resist
the pressure—that is, the whole circu-
lar (or rather annular) cross section of
the boiler and the whole tensile strength
of the material, under ordinary circum-
stances.

Q. With the same internal pressure,
diameter, and thickness of shell, which
way is a cylindrical boiler the stronger,
lengthwise or crosswise ?

A. It is twice as strong crosswise as
lengthwise.

Q. Then is a cylindrical boiler more
liable to burst from lengthwise than
from crosswise strains ? .

A. Noj; there are other influences at
work modifying this rule.

Q. In what does material strained in
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a boiler differ from that strained in a
testing machine?

A. Tt is strained both lengthwise and
crosswise at once in the boiler.

Q. Has this any influence upon the
strength of the material ?

A. Napier has shown that it has not.

Q. What might be said of hemispheri-
cal ends for cylindrical boilers and having
the same thickness as the sides?

A. They would be unnecessarily
strong. .

Q. How may the ends of a cylindrical
boiler be brought to the same strength
as the sides?

A. By cambering the ends to a radius
equal to the diameter of the shell, sv
that they will be parts of a a sphere
having a diameter double that of the
barrel.

Q. What is the effect of diminishing
the camber, or amount of dish, of con-
vex boiler ends ? )

A. The tensile strength is increased,
and the resistance to bulging reduced,
and they will be of more use in strength-
ning the cylindrical part.

Q. Could the unstayed flat end of a



86 THE STEAM-BOILER CATECHISM.

cylindrical boiler be readily given only
equal thickness with the convex shell ?

A. Not without giving it monstrous
thickness. For instance, a single rivet-
ed boiler, 36 inches in diameter and #
inches thick, would require a solid end-
plate 2 inches thick to have equal
strength in the ends and in the sides.

Q. Pleass give me the rule for safe
working pressure of any cylindrical
boiler shell ?

A. Divide the thickness of the boiler
plate in inches by the diameter of the
boiler in inches, and multipty by the
proper constant number quoted below :
Steel double riveted, 18,000 down to 10,000

‘“ single ‘ 14,500 ‘¢ ¢ 7,500
Iron double “ 15,500 ‘¢ ¢ 7,600

* gingle ‘¢ 12,500 ¢ ‘¢ 7,000

Thus double riveted shell 56" diame-
ter, 3" thick; then safe working pres-
sure is—

0.5
— times 15,500 = 138 lbs.
56

Q. Theoretically speaking, at what
steam pressure would a boiler of the fol-
lowing dimensions burst: 9 fect long,
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90 inches in circumference, } inch thick,
single riveted, charcoal iron; boiler
heads well braced; containing sixty 2-
inch flues?

A. The following is a standard formu-
la for calculating the working pressure
of steam in a boiler, supposing the work-
ing pressure to be one-eighth of the ul-
timate strength or theoretical bursting
pressure: Divide the thickness of the
boiler-plate in inches by the diameter of
the shell in inches, and (for a siugle
riveted wrought-iron shell) multiply the
quotient by 7,600; the product will be
the working pressure in pounds per
square inch. In the case just put,
therefore: divide 0.25 (the thickness of
the plate in inches) by 30 (the approxi-
mate diameter, in inches) and the quo-
tient is 0.00834. Multiply this quotient
by 7,600, and the product is 634, which
would be the working pressure; and if
this is one eighth the ultimate strength,
the latter would be 506§ pounds per
square inch.

Q. Which is the stronger, a cast iron
head which is arched inward, or one
which is arched outward?
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A. One in which the arch is turned in.

Q. What is the objection to turning a
cast iron head in ? '

A. That there is an acute angular
space left between the head and the
shell, and this is liable to retain deposit.

Q. In resisting external pressure, how
may a cylinder or a tube be considered ?

A. As an arch.

Q. What is the tendency of any exter-
nal pressure on a tube or flue?

A. To aggravate any local flattening
that may exist, or to flatten it where
weakest.

Q. In a cylinder subjected to external
pressure, is its strength affected by its
length ?

A. Yes.

Q. In what are internal and external
pressure diametrically opposite in their
effects on a cylindrical boiler?

A. Internal pressure tends to rectify
any departure from circularity of cross
section ; external pressure tends to in-
crease any such departure.

Q. What rule is generally given for
the strength of cylindrical tubes sub-
jected to external pressure?
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A. Fairbuirn’s. Letting P represent
the collapsing pressure per square inch,
K the thickness of the tube in inches, L
its length in feet, and D its diameter in
inches, we have as a formula

33.61 x 100K 2

LD
Log P = 1.5265 plus 2.19 log 100K
minus log LD.

A more common rule is that the col-
lapsing pressure per square inch equals
83.61 times the square of 100 times the
thickness in inches, divided by the pro-
duct of the length in feet by the diame-
terininches. Thus, a tube 12 feet long,
3 inch external diameter, 1 inch thick
should stand

100 x 100 x 1-16
33.61 x =
12 x 3

625
33.61 x —— = 33.61 x 1736 =
36
583.47 pounds per square inch.

Q. Will using the square instead of
the 2.19th power in this formula give
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& higher or a lower collapsing pressure ?

A. Higher.

Q. Should lap joints be used for tubes
under external pressure?

A. No; asthey causea deviation from
circular cross section, and this tends to
be increased by the external pressure.

Q. Which is the stronger arrange-
ment of built up flues, under collapsing
pressure, with the length of the sections
short or long?

A. Short.

Q. Which is the stronger arrange-
ment of built up flues, under collapsing
pressure, with the lengthwise seams
breaking joint or not?

A. Breaking joint.

Q. With what does the difficulty of
maintaining the cylindrical form of
tubes under external pressure increase?

A. With the diminution of the ratio
between the diameter and thickness, but
the influence of this ratio is very slight
up to tubes having a diameter of 150
times the thickness.

Q. What is the thinnest plate which
should be used in a boiler, and why?

A. Onefourth inch—on account of
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the difficulty of calking the seams of
thinner plates.

Q. What puts a limit to the thickness
of plates?

A. The liability to burn on the out-
side, and the great contraction which
a very hot rivet of the necessary length
would have in cooling.

Q. Wtat is the limit?

A. One inch, or perhaps much less.

Q. How does the collapsing pressure
of flues or tubes vary?

A. Inversely asthe length and diame-
ter, and about as the square of the
thickness.

Q. Wuat should be the cross section
of the main flue of an internally fired
boiler ?

A. Truly circular.

Q. What is the next best thing to a
truly cylindrical form, for the main flue
of an internally fired boiler?

A. A butt joint with a welt under-
neath.

Q. What are the disadvantages of
this?

A Ttis impossible to calk the seam
when in place, and the line of riveis
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prevents the removal of ashes and dust;
also if the joint leaks, there will be an
accumulation of hard baked ashes and
cinders its whole length, and if there is
sulphur in the fuel it will cause external
corrosion.

Q. What is the only cross section
which tends to maintain its shape under
steam pressure?

A. Circular.

Q. What tendency has either an ellip-
tical or an oval section when under in-
ternal pressure?

A. To get circular.

Q. What tendency has a flat surface
under internal pressure?

A. To become externally convex or
bulged.

Q. How is this tendency resisted ?

A. By “stays” or tension members,
preferably connecting and holding to-
gether two flat surfaces which tend to
separate from each uther.

Q. Of what are stays made?

A. Of rods, tubes, and plates; the
latter generally called * gussets.”
Crown sheets are in part stayed by the
tubes therein.
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Q. How are flat crown sheets stayed?

A. Usually by crown bars and bolts;
sometimes, and preferably, by round
screwed stays, riveted over or fitted
with nuts.

Q. What special treatment do screwed
steel stay-bolts require in working ?

A. In hammering down a screwed
steel siay-bolt with the thread left on,
there is danger of foliation and causing
the head to snap off. This may be ob-
viated by turning the thread off the
end.

Q. When longitudinal tie rods are
used as stays, how are the L or T irons
securing them arranged?

A. Horizontally.

Q. How are gusset stays usually ar-
ranged ?

A. In planes radiating from the axis
of the boiler.

Q. What is the best arrangement for
T iron stiffening ribs?

A. That depends on the design of the
boiler.

Q. If the form of a boiler head was
hemispherical, would it stand a greater
pressure than the other sheets of the



04  THE STEAM-BOILER CATECHISM.

boiler, all being made of the same ma-
terial and the same thickness?

A. A spherical head would not need
to be braced, but it would not be any
stronger than the other parts of the
boiler, because the shell would be as
strong as that part of the head which
was riveted to the shell.

Q. What is the strain allowable by
the United States Steamboat Inspection
Regulations on a boiler brace (or stay)
of one square inch of cross section ?

A. Six thousand (6000) 1bs.

Q. What “ factor of safety ” does this
allow for?

A. From eight to ten, according to the
* actual breaking strength of the stay.

Q. What is generally the weakest
point of a tubular boiler—the flue sheet
or the crown shect?

A. In boilers which were correctly .
constructed one part would be as strong
a8 another, but the crown sheet being
exposed to the greater heat, would rc-
quire more care and attention.

Q. Why are not sheets thicker than
one-half inch much used in making
boilers?
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A. Because they are more difficult to

rivek.
Q. Is apry metal thinner than 3-16
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Fie. 37.-—WEAK CONSTRUCTION.

inch used for boiler making ?
A. It cannot be calked well if thinner
than that, hence is not used.
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Q. What would be the tendency un-
der steam in a boiler constructed as here
shown ?

A. The tendency of the main shell
would be to assume a circular cross sec-
tion; so would be that of the upper
shell ; hence there would be a disposi-
tion to tear the shells apart, commenc-
ing at the outer edges of the flat lapped
joint.

FLANGING.

Q. How should iron or steel plates be
managed ?

A. With wooden mauls over a cast-iron
former and with light blows distributed
overlarge surfaces. Short bendsshould
be avoided.

Q. In flanging steel, what precautlon
should be taken?

A. To heat a larger portion at a time
than with iron.

Q. What is a good way of annealing
steel boiler plates?

A. Immersion in fire ashes or sand
while hot.

WELDED JOINTS.

Q. What are the advantages of weld-

ing joints?
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A. Welding comes more nearly to the
effects of a solid plate than riveting does,
aud needs no calking; besides welded
seams may be re-rolled so as to make a
perfectly cylindrical shell, which is im-
possible with ordinary lap joints.

Q. Whatis the mainadvantageof weld-
ed seams over riveted ones in external
fire boilers ?

A. There is no double thickness of
plates in the fire.

RIVETED JOINTS.

Q. What is the strength of a single
riveted joint as compared with the solid™:. «
plate?

A. That depends on how the holes are
made and the riveting is done; on the
thickness of the plate,the opening, etc.
1t will run from 40 to 60 per cent. of
that of the plate.

Q. How about riveted joints?

A. They run from 50 to 70 per cent. as
strong as the solid plate.

RIVETING.

Q. How are rivets best fastened up?

A. Rivets are best fastened up by pow-
er; particularly where long in proportion
to their diameter, and where holes are
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punched with considerable flare. S‘ea'r,
pneumatic, and hydraulic riveters are iv
use, and do good, tight, sightly work.

Q. Which is the stronger ; chain rivet-
ing or zigzag riveting?

A. Chain riveting has been proved
(by Mr. Boyd). to be 24 per cent. strong-
er than zigzag; from 16 to 19 per cent
stronger than single riveting.

Q. Aresteel rivets desirable to use!

A. Steel rivets have been but little
used and in but slight favor, owing te
their high tensile strength andlow duct-
ility.

Q. What precaution must be used with
steel rivets ?

A. They should be uniformly heated
throughout; should never be heated
above a bright cherry-red, and never
heated in a thin fire nor in one having a
forced blast.

Q. What precaution should be taken
with riveted joints?

A. Not to get the holes too near the
edge of the plate.

Q. What is the best rule for riveted
joints?

A. To make the strength of the plate
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just equal to the resistance of the rivet to
shearing.

Q. Isthere economy in doubleriveting,
if so, why ?

A. There is economy in double rivet-
ing, because it gives increased strength
without corresponding increase in cost.

Q. What should be done to the edges
of the plates before riveting together?

A. They should be planed or sheared
to a bevel, of about 70 degrees.

Q. What is the objection to chipping
seams after riveting?

A. It weakens the plate underneath
by scoring with the chisel.

Q. What is the best form of punch
for making rivet holes ?

A. One having a gradually acting
cutting edge so as not to consume power
by cutting all around the periphery of
the hole at once; this at the same time
gives a neat shearing cut.

Q. What is the advantage of having
butt-wielded lengthwise joints instead
of single or double lap joints ?

A. Does away with furrowing at
seams.

Q. How can the mud ring of locomo-
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tive boilers be made so that it will not
leak ?
A. By giving it two rows of rivets.

F1a. 38.—KENNEDY'S SPIRAL PUNCH.

Q. Which needs the most rows of
rivets ; lengthwise or circumferential
seams ?
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A. The lengthwise seams.

Q. What care should be taken with
regard to riveted seams ?

A. They should not be placed where
they will be exposed to the direct action
of the fire, if it is possible to put them
elsewhere. _

TCBE CUTTING.

Q. Describe and sketch some one of
the forms of tube cutters which are up-
on the market ?

A. One consists of a cylinder having
a slot through its entire length, also a
transverse slot, which holds a tool
This cutting tool is forced up by a
wedge into a tube and when the cylin-
der is revolved by means of a ratchet
wrench, the tool cuts the tube. An ad-
justable guide gauges all the cuts a like
distance from the tube sheet.

P

F16. 39.—TUBE BEADING TOOL.

Q. How should tubes be made to
hold well and be tight in the heads?
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F16. 40.—TUBE CUPTER.

A. By a roller expander.

Q Is “beading over ” beneficial ?

A. T think not ; it destroys the mate-
rial of the end.
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F1es. 41 AND 42.—ROLLER TUBE EXPANDERS.

Q. Describe and draw some one of
the tube expanders upon the market ?
A. One of them consists of 3 rolls, a
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taper rod, and two discs held together
by 2 studs ; upon the inner faces of the

Fia. 43.

discs are 3 grooves radiating from the
centre. The bearings on either end of
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the rolls slide in the grooves and are
guided thereby, and held in position.
These rolls are forced outward by the
taper rod, against the inner side of the
tube, and by rotating the rod, the rolls
also revolve, and these expand the tube.
The machine is provided with an adjus-
table collar guide, which allows it to
enter each tube only the desired dis-
tance.
CALKING.

Q. What is meant by calking in boiler
making ?

A. Upsetting the over-lapping edges
of plates to make the joint steam tight.

Q. What kind of a nose should a
calking tool have ?

A. Tt should have a wide end, round-
ed off so as to leave a concave track.

Q. What is the objection to calking
with a sharp edge tool ?

A. It does not make a very tight
steam joint, and it scores and weakens
the under plate.

SETTING.

(Naturally, most of the matter which
could go under the head of «Setting ” is
distributed under moreappropriate head-
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ings, as Grates, Bridges, Drums, Chim-
neys, Fire Doors, Dampers, Coverings,
Combustion, Fuels, Hot Blast and Smoke
Consumption, ete., which please see.)

Q. What is the most frequent cause
of boilers being. badly set?

A. They are left to ordinary masons
or brick-layers to be set according to
their ideas.

Q. Where should boilers never be

placed?
. A. In dark cellars or any other places
where they cannot be properly seen and
seen 10, nor where the comfort and health
of the fireman will be prejudiced.

Q. How would you lay a brick wall for
a boiler setting?

A. First dig a trench following the
outline of the foundation wall and from
18 to 24 inches wide, according to the
weilht of the boiler when full, then run
in concrete about a foot thick, and tamp
it down well. Then erect the brick wall.

Q. How would you prevent the side
walls of this brick setting from spread-
ing?

A. By binding them together with
wrought iron ties passing through and
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bearing upon, at each end of the ties,
castiron plates (buck-stays) to distribute
the pressure.

Q. What mortar should be used in
setting the brick work of a boiler?

A. Cement; not lime, as this tends to
corrode the plates

Q. Should flame be allowed to strike
any portion of the shell above the water
line?

A. No.

Q. In setting, should a boiler have
much or little of its surface exposed to
the heat?

A. All that is possible.

Q. What is the best way to equahze
the heat upon the various portions of
the boiler and yet not expose the shell
to the direct action of the flame above
the water line?

A. To carry the gases of combustion
over the top of the boiler in a brick flue.

Q. Would not this cool down the
steam? There gases would certainly
not be as hot as they were when passing
through the tubes.

A. They are hotter than the air of the
boiler room would be.
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Q. How many ways are there of hold-
ing up a horizontal boiler?

A. Three principal ones: by wrought
iron slings or hangers, by wrought iron
or cast iron brackets, and by cast iron
stands.

Q. What can be said about hanging
long boilers by loops riveted to their
tops and hung from cross beams?

A. It is a bad way, as the boilers are
. apt to lengthen unequally, top and bot-
tom, and thus throw too much weight
upon the middle hanger.

Q. What is the most permanent way
of supporting boilers?

A. By riveting cast iron brackets to
the ends and centre of the shell and set-
ting these upon rollers,, so that as the
boiler expands and contracts there need
be no resistance to it and no strain upon
the brick setting.

Q. What objection is there against
hanging boilers on brackets at the side?

A. Liability of the walls cracking and
settling. ’

Q. In what case is it necessary to hang
boilers by slings instead of supporting
them upon brackets?
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A. Where there are two or more in a
battery without any division wall.

FURNACE.—Dotted Lines Showing Air Passages.

¥I1G, 48.—8ECTIONAL WATER TUBE BOILER SET ON THE JARVIS

Q. What do you think of central walls
under boilers for supporting them?
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A. They have some disadvantages; as
for instance, they will tend to corrode
the boiler if they touch it underneath;
then again as the boiler expands and
contracts, the brick wall will be worked
loose and will tend to crumble at certain
points, and thus bring too much pressure
upon certain portions of the plates, which
have to bear all the weight of the boiler
and its contents.

Q. Why will not a boiler stand give
trouble from expansion and contraction?

A. Because the back end of the boiler
can be supported upon expansion plates;
and the curve of the top of the boiler
stand can be made exactly that of the
bottom of the boiler shell, so as to dis-
tribute the weight.

Q. How is the front of a horizontal
tubular boiler arranged?

A. There is generally a cast iron fire
front, containing large doors to give ac-
cess to the flues, and smaller ones for
the furnace and the ash pit.

Q. How much of the boiler weight
should this carry ?

A. None.

Q. Does it carry no weight at all?
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A Only the front end of the grate
with its load of fuel.

Q. Does this cast iron front come flush
with the front end of the boiler, or is it
at some little distance from this?

A. It may be arranged either way.
If it is flush, there is a projecting por-
tion of wrought iron, called a breeching,
to carry the gases of combustion.

Q. If the cast iron front is at some
little distance from the front of the boiler
shell, why do not the gases of combustion
go right up in that space, instead of
passing under the boiler and then
through the tubes?

A. Thereis abrick arcn to prevent this.

Q. What is the disadvantage of having
the cast iron front at some distance from
the boiler front, instead of being flush
with it?

A. The fireman has that much farther
to throw his fuel, and can handle it less
to advantage.

Q. What are the advantages?

A. The brick arch which forms the
base of the flue gets hot and slightly
heats the air which is admitted by the
furnace door.
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Q. Howis thecast iron front prevented
from falling forward?

A. By anchor bolts from tne side walls.

Q. What prevents this cast iron front
from being cracked by the heat?

A. Sometimes no precaution is taken.
Sometimes it is lined with fire brick.

Q. Whatisthe “Dutch oven” setting?

A. There is a regular brick furnace
built, with its back end flush with the
front end of the boiler. Under the boiler
there is a brick flue. The fuel is burned
in the brick furnace, and the gases pass
over the rear wall into the lower flue,
then return through the tubes, then up
through the breeching into the stack.

Q. What distance should there be be-
tween grate and shell for wood burning ?

A. Twenty-four inches minimum; thir-
ty will not hurt with large wood.

Q. Shculd grate bars belevel or slant-
ing; and if the ‘atter, which way and
how much ?

A Inclined downwards from the door
say 37 in 4 ft. -

Q. Should the bridge wall be higher
than the grate or not?

A. Yes; 18" higher or more is usual.
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Q. What is the principal use of the
bridge wall ?

Fi16. 50.—1L.OWE BOILER SETTING.

A. Tokeep the fuel from being pushed
back beyond the grate.
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Q. No other use?

A. Tt is sometimes said to drive the
flame or the gases up against the bot-
tom of the shell ; but as these gases are

Fia. 51.—BRICK S8ET RETURN TUBE CYLINDRI-
cAL BoILER. (LineERWOOD.)

hot and strongly tend to rise, the influ-
ence of the bridge wall in this particu-
lar would seem to be very slight with
most settings.

Q. What is the disadvantage of build-
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ing the bridge wall close to the boiler
and leaving holes for the passage of
18es ?
A. If the coals are not kept pushed

F16. 52.—PLAIN FRONT.

away from the front of the grate to let
the air through, it will not work well

Q. How can this be got around ?

A. By setting the grate so as to leave
about 2} inches between the front of
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Fia. 52.—HENNESSY TRIPLE DRAFT BOILER. (Jarvis setting.) 22

the grate and the front of the furnace.
Q. What about the door in the back
wall of the boiler setting ?
A. It should be large enough to make
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it eagy for the fireman to get in. This
will make him more likely to getin there
often.

Q. What is the advantage of having
water in the ash pit ?

A. Tt largely prevents the passages
in the flue, etc., from being clogged up
with dust.

Q. Should the back wall of the boiler
setting be formed by the wall of the
boiler house ?

A. No; the boiler setting should be
formed.entirely independent of all con-
nection in the building.

Q. Should there be openings in the
back walls ?

A. There should be at least one for
access and to lot light be admitted for
inspection.

Q. How would you set an inclined
multitubular boiler ?

A. Set a brick wall in front having
openings for furnace and ash pit doors ;
give these a fire brick lining inside, and
if desired a cast irou front outside.
Back of the grates run up a bridge wall
to the bottom of the inclined water
tubes, to drive the gases of combustion
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among the tubes instead of letting them
pass below them all. Lay a counter
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wall from the top of the tubes to the
back of the drum, this wall being car-
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ried by iron bars or beams, or by per-
forated plates, and faced with fire bricks ¢
and carry the lower and back ends of
the tubes upon brick walls. Back of
all have a back wall with suitable man
doors ; run up side walls and arch them
at the top nearly up to the drum.

Q. Should the top of a horizontal
boiler. be left uncovered ?

A. No; it is well to cover it with a
brick wall having a dead air space be-
tween it and the top of the shell ; leav-
ing openings for the top man hole on
the bottom, if these unnecessary feat-
ures are provided; also for the steam
pipes, safety valve, ete.

Q. What arrangement should be
made in the brick setting to allow for
inspection and cleaning ?

A. There should be convenient open-
ings left.

Q How is the current of gases in the
return tubular boiler sentinto the tubes ?

A. By an arched wall of brick, or by a
curved flue plate, the upper and front
end of which is a little above the top row
of tubes, and the lower and back end
taken by an easy curve to the back wall.



126 THE STEAM-BOILER CATECHISM.

Q. How is a vertical boiler set ?

A. A foundation of stone is made, a
little larger than the space that the base
of the boiler takes up ; then there islaid
a large flat stone slab which distributes
the weight, and at the same time serves
for a safe bottom for the ash pit. Upon
this there is set the base or frame of the
boiler, which is a high cast iron ring
having at the top a flange to receive the
bottom of the poiler shell, and at its bot-
tom another ledge to hold the grate. In
front there is an ash door.

Q. How would youset a vertical boiler
upon a wooden foundation ?

A. Dig down a sufficient distance; lay
one course of 2" plank; then another at
right angles to this, and so on until
there is a stiff enough foundation; put
concrete upon the top of this and then
a sheet iron or boiler plate covering,
upon which the base ring is placed.

Q. How would you set a vertical boil-
er in the top story of a building, or upon
a dock?

A. Provide a cast iron basin in which
to place the base; keeping this basin
filled with water in order to catch all
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the live coals that might drop through
the grate.

Q. Would you not archor down vour
vertical boiler ?

A. Not unless I should expect it to be
liable to be overturned by a very high
wind, or by being knocked by the boom
of the crane, or some such happening.

Q. How would you prevent a vertical
boiler from losing much of its heat by
radiation into the air?

A. By giving it a jacket of some non-
conducting material; a dead air space,
or a crating of asbestos or some other
material which will not jar nor let much
heat pass through. OQutside the asbes-
tos I would use some other material that -
would be & better non-eonductor. There
are plenty of plastic eoverings and also
a great variety of other ways of making
the last cover.

Q. What color should this outer cov-
ering be; and why ¢

A. White in every case, because this
radiates less heat than any other color,
other things being equal.

Q. Where is an ordinary cyandrical
boiler witbovt tubes or flues fired ?
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A. At one end, under the shell.

Q. If two boilers at different distances
from the smoke stack, which one will
ha.vq the ?oorest draft ?

The! one farthest from the stack.

Q Deseribe a bnck {hned fire-box
boiler? i

A. In the eonstruictxon shown, Fig. 55,
the furnace is lined with fire-brick, the
frunt end is cylindrical, and extends
from the furnace. The rear end isoval,
the lower portion extending below the
cylindrical ?1") nt patt far enough to hold
the short tubes leading from the fur-
nace to the back connection. The fur-
nace can be detached from the boiler,
the lining being held in place by iron
rods.

Q. Using sawdust asfuel, what should
be the difference in the setting, etc.,
from furnace arranged for wood? -

A. The best plan for burning saw
dust (in large quantities) is to have the
furnace extend further forward than the
boiler, and have a feed “well hole,”
through which to introduce the saw
dust, above the regular « stoking” doors.
(This does not apply to so-called cedar
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saw dust, which is often not granular
but fibrous, more like * excelsior.”)

Le

{

Fi1a. 56.—SETTING FOR NATURAL GAS.

e

Q. How would you alter an ordinary
setting for a return flue boiler, for nat-
ural gas?
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A. The sketch shows a setting so al-
tered. The gas enters at a through a
8-inch pipe. The pipe is perforated
with 3-in. holes one inch apart; is placed
inside the furnace wall, resting upon the
grate as shown, and extends across the
entire width of the furnace.

Air enters at b, by a number of open-
ings twelve inches high by six in width,
and is regulated by dampers. The air
passes up and through the space between
the grate bars underneath the gas.

Upon the grate a small bridge or wall
(¢) is erected, the front side of which is
“stepped,” which gives the gas and air
a rolling motion, materially aiding their
intimate mixture. The grate at the rear
of bridge-wall (¢) is covered with acourse
of fire-brick, as shown.

Q. How much gas pressure would
you allow?

A. Eight to ten ounces is found suffi-
cient for all needs.

SAFETY APPLIANCES.

Q. What are the safety appliances
usually attached to a boiler?
A. Safety valve, gauge cocks (try
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cocks), glass water gauge, and pressure
gauge.

Q. What other safety appliances are
less generally attached?

A. Fusible plugs, low water alarm,
sounding gauge.

SAFETY VALVES.

Q. What should be the capac..y of the
safety valve?

A. Tt should be able to blow off at the
pressure to which it is set (and which
should be at or below the allowable legal
pressure) all the steam which the boiler
could generate under the most favorable
circumstances, and without any steam
being drawn from the boiler at the time
by the engine.

Q. What area of safety valve is re-
quired for ocean and river service by the
U. 8. regulations ?

A. “Not less than one square inch of
area for each two square feet of grate
surface,” where a common valve is used ;
but where the lips will give an effective
area of half that due to the diameter,
then a half square inch of area is re-
quired for each two square feet of grate,
which is another way of saying ome-
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fourth of a square inch per square foot,
or one square inch to four square feet.
The following table gives the diame-
ter of safety valves by .the U. S. rule:
Diameter

Diameter for Valve
for common with effect .

Grate Area. Square Fee'. - Valve. ivear a=
Inches. % actual
13 m;ea.
2 1
2 1
2 1
1
2$ 1
2 1
38 1
8 1
3 1
3 1
3 1
37[ 2
4 2
4
43 2
4 2
4 2
4 23

Q. What is the maximum desirable
diameter for safety valves; and why?

A. Four inches ; because beyond this,
the area and cost increase much more
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rapidly than the effective discharging
ring around the circumference.

Q. Should two boilers have a safety
valve in common ?

A. Never.

Q. Should there ever be a stop valve
between boiler and safely valve ?

A. No.

Q. What is requisite in safety valves?

A. Safety valves are of little use and
no security unless they can discharge
all the steam the boiler can make, with
low water, best draft, and all other
steam outlets closed. Not one in a hun-
dred will fill this requirement.

Q. What is the velocity at which dry
steam escapes into the air ?

A. McFarland Grey states that dry
steam above 11 1bs. gave pressure escape
at a rate expressed by the formula: W
= P =+ 70, when W = the pounds of
steam per square inch of opening per
second and P = pressure in pounds per
square inch above vacuum. Thus if tlLe
boiler pressure were 70 lbs. above vacu-
um, each square inch of opening would
discharge 1 lb. of steam per second.

Q. Is the opening for the escape of
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steam, with a conical valve, greater or
less than the lift?

A. Less; for a cone of 45° the de-
crease is in the ratio of 7 to 10.

Q. Are rules for safety valve area
based on heating surface of very much
value?

A. No.

Q. What advantage have flat disc
valves over conical?

A. Less likely to stick fast.

Q. What objections to the use of flat
disc valves?

A. They are difficult to maintain at
high pressures, and the fact that the es-
ﬁ?pe of steam is at right angles to their
ift.

Q. What should be the minimum an-
gle for conical valves?

A. 45°.

Q. What objection to conical valves of
less than 45°?

A. Liability to stick.

Q. Which is the best way to guide
safety valve lids; inside wings, or a cen-
tral spindle; and why?

A. Wings, as the spindle is liable to
get bent or stuck.
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Q. What advantage is the use of
spherical safety valves?

A. They need no guides and are in
consequence less likely to stick.

Q. How are safety valves held to their
seats ?

A. By weights or by springs, and
either indirectly by levers, or directly.

Q. Where levers are used, what pre-
cautions should be taken?

A. The stem bearing pin, if there is
one, should be loose under the lever, to
avoid lateral thrust on the valve. Itis
best to have such pin act below the
joint of the valve, in a suitable depres-
sion.

Q. What peculiarity about the lever-
age of a safety valve when the fulcrum
is above the point where the load is
transmitted to the pin? .

A. As the valve rises, the leverage
with which the load acts increases.

Q. How may the liability of the pins
and bolts of a safety-valve, getting rust-
ed or clogged, be lessened ?

A. (1) By making the pins double-
edres, or lever ends of gun metal; or,
better yet, (2) by making the lever turn
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on a case-hardened knife-edge; or, (%)
by making the fulcrum a thin, short,
flexible piece of steel, as in the Emery
t:sting machine fulcrums.

Q. What objection to the lever safety-
valve?

A. Ease of tampering therewith.

Q. How may overloading be in some
measure prevented ?

A. By cutting off the lever at a point.
just beyond where the proper “pee ” or
weight should rest; by permitting but
one weight and having that of a special
shape and painted a peculiar color; by
not having the fork in which the lever
rests bridged over at the top; and by
having a pressure gauge, tested every
three months, placed in the office and
connected to the boiler by a pipe having
no stop-cock within' control of any one
but the proprietor or superintendent.

Q. What facilities should be afforded
for regrinding the valve in place?

A. It should have a square piece cast
on the lid, by which to turn it around.

Q. In ascertaining the weight neces-
sary to add to a safety-valve to balance
a given pressure or the distance at which
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a given weight must be piaced, what
must be taken into consideration ?

A. The load on the valve, due to the
weight of the lever and weight of the
walve and pin.

Q. How may the leverage with which
the lever acts, be measured ?

A. By the distance of its center of
gravity from the fulcrum.

Q. How may the center of gravity of
the lever be found ?

A. By balancing it on a straight-edge
or on the end of alooped cord.

Q. How may the weight of the valve
or pin be ascertained?

A. By direct weighing.

Q. What is the formula for finding
the weight on the end of a safety-valve
lever ?

A.

wXg l
W= 1 (PxA—(V+—) [ —
4 L

where W= weight at the end of the
lever, Li the distance between weight and
fulecrum, w= weight of lever, g= the
distance of the center of gravity of the
lever from fulcrum, P= ihe pressure in
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pounds per square inch by the gauge
(above atmosphere), V= weight of valve,
and /= distance between valve center
and fulerum. -

Thus: Supposing we have a lever, 48
inches between center of fulcrum and
point of suspension of weight, a valve 4”
diameter, and weighing, with its pin, 6
1bs.; the pin-centre 3" from the fulcrum
center, the weight of lever 10 1lbs.; its
center of gravity 20" from fulcrum;
boiler pressure by the gauge 100 lbs.;
then, as the area of the valve is 4 X4 X
0.7854=12.566 square inches, we have
the required weight of * pee :”

10x 20 3
% (100 x 12.566)—(64 —3—- ) } —=

48
200 1
1266.5—(64+—)  —=
3 16
(1256.6—72.671+16="73.99 1bs.

If the weight of the lever and valve
were not taken into consideration, the
“pee” required would be 78.5 lbs., or
6.1 per cent. too much.

Q. How can one find the weight nec-
essary to put on a safety-valve lever,
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when the area of the valve, the boiler,
pressure, etc , are known ?

A. By means of aspring balance, find
the number of pounds pull requisite to
lift the lever, unloaded and disconnected
from the valve stem; the pull being

Fie. 57.—TESTING EFFECT(VE WEIGHT OF
LEVER.

straight upwards and applied where the
valve stem presses the lever.
‘Weigh the valve disk and stem.
Multiply the area of the valve 1n square
inches by the pressure in pounds per
square inch, to get the total upward
pressure on the valve.
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Subtract fram this the weight of valve
and stem and the pull of the lever on
the spring balance. That gives the
amount of downward pressure that must
be put on by the ball (acting under lev-
erage) pressure, the distance from the
lever fulerum to the point where the

valve stem presses; also from the ful
crum to point attachment of ball. Div-
ide the first into the second. Divide the
quotient into the amount of pressure re-
quired to be exerted by the ball under
leverage; that will give the required
weight of ball.

Q. How can one find the pressure per
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square inch upon a safety valve when the
area of valve, weight of ball, valve disk
and stem, and distances between centres
are known ?

A. Find the downward pressure of
lever alone as in the preceding rule.
Add to it the weight of disk and
stem. Multiply weight of ball by the
leverage ratio. Add this product to sum
of weight of disk, stem and pressure
from lever. Divide the area of valve into
this sum.

Q. How can the length of the lever be
found when all the other conditions are
known ?

A. Find the weight of disk and stem ;
and the downward pressure of lever un-
loaded and disconnected. Find pres-
. sure of steam on whole area of valve.
From it take the sum of the weight of
disk and stem, and the downward pres-
sure of lever. Divide the remainder by
the weight of ball; that gives the lever-
age ratio. Multiply the distance d from
fulcrum to point of application of stem,
by this ratio, and that gives distance D,
ball is to be hung, reckoning from ihe
Julerum.
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Q. Should the lever of a safety-valve
be level ?

A. It should be horizontal, if the
pressure calculated for a horizontal lev-
er is to be put on the valve.

Q If the lever were inclined 20 de-
grees from the horizontal would the
valve blow off at a higher or a lower
pressure, with a given weight, than if
the lower were level ?

A. Lower.

Q. Should the centre of the hole in
-the fulecrum by means of which a bolt is
inserted for fastening or holding the
lever, be on a level with the top of the
valve stem, or a little above or below
it?

A. «The hole should be so placed that
the bearing point of the lever at the ful-
crum is level with the point of suspen-
sion of the weight.”

Q. What should be done to the lever
of the safety-valve when the proper
place for the weight is found ?

A. The extra length should be cutoff.

Q. What can be said about the rise of
safety-valves ?

A. It diminishes as the pressure in-
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creases, as the following table will show
(from Burgh’s experiments) :

Table showing the rise of safety-valves in parts of
an inch at differen pressures.

Lbs. |12 20 385 456 50 50 70 80 90

Rise | 11 1 1 1 1 1 1 1
Inches. | 36 48 54 65 86 85 112 168 168

Q. What is the average rise of ordi-
nary safety-valves for pressures from 40
to 90 pounds?

A. From one-eightieth to one one-hun-
dred and twentieth of an inch.

Q. What is liable to happen to the
guide pin of a safety-valve?

A. Tt is liable to get bent.

Q. What about the joints of safety-
valve stems?

A. They never should be rigid, but
chould have a ball joint.

Q. What is the construction and oper-
ation of a pop safety-valve for marine or
stationary boilers ¢

A. In the Crosby, for instance, the
valve proper rests on two flat annular
seats on the same plane, and is held
down by a spiral steel spring, the tension



F16. 59.— CROSBY POP SAFETY-VALVE.
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of which is adjusted by a set screw.
‘While the valve is seated, the annular
area between the two annular seats gets
all the pressure; but when it lifts, the
area within the smaller seat is acted on.
‘When the pressure reaches within about
a pound of the maximum required, the
valve opens slightly, and the steam es-

F16. 60.—AMERICAN POP SAFETY VALVE.

capes under the larger seat into the oyl-
inder surrounding the spring, then into
the air; steam is also forced under the
smaller seat into the well and theme,
through the passages in the arms hold-
ing the inner seat, into the air. When
the pressure reaches the desired maxi-
mum, the steam will be let into the inner
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well faster than the passages therefrom
will discharge it into the air; hence there
will be an extra ‘ differential” pressure

Fi1a. 61.—AMERICAN POP VALVE FOR STEAM
FIRE ENGINES.

under the inner seat, lifting the valve
wide open.

Q. With what can a leaking safety-
valve be ground on its seat?
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A. With powdered glass, or flour of
emery, or the fine grit from the troughs
of grindstones.

F16. 62.—AMERICAN POP SAFETY-VALVE
FOR MARINE BOILERS

Q. Describe a double-headed safety
valve ?

A. There is a second or movable head
on top of the valve proper. There are
two series of holes drilled around the
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outer edge to reduce the amount of in-
- creased area ; the first being around the
head of the valve proper, and drilled at
an angle of 90 degrees with itsseat; the

Fia. 63.—BOARD OF TRADE STEAM AND
MARINE POP VALVE.

second series being around the movable
head, and drilled at an angle of 55 de-
grees to those in the head proper. The
movable head is so placed that there is
a small opening between the two sets of
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holes. When the valve lifts to blow, the
second head is so forced around that the
increased area is decreased.

Q. What peculiarities has the Board
of Trade Standard pop valve ?

A. Bevelled seats at an angle of 45
degreer; the valve proper can be turned
on its seat (by handles shown above the
lock-up cap) while steam pressure is on,
to crush any sediment that might be on
the seat. It can be taken apart and
cleaned without disconnecting from boil-
er or escape pipe. The lower is 8o at-
tached that it can be changed into any
position, or at any angle with the valve.

Q. Howis the Lynde lock safety-valve
made?

A. Referring to the illustration :— A4
is the valve; B guide wings attached
thereto, and connecting with the concave
disc C. D is the rim against which the
guide bears, £ the guide pin to the
valve. K is the nut by which, with the
action of the lever, the valve is lifted
from its seat when under pressure or
otherwise. H isthe pressure stud by
which the valve is set to relieve at any
pressure required. I is acheck nut o
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Fia. 64.—LYNDE SAFETY-VALVE.

151



152 THE STEAM-BOILER CATECHISM.

make tight when the valve is set at the
required working pressure, after which

PN

Fid. 65.—“ATLAS” COMBINED SAFETY AND POP VALVE.

the valve can be locked. The valve will
open when the pressure at -which it is
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set is reached, thus reducing the pres-
sure slightly, and should not allow it to
increase if thetvalve is the proper size
for the work it has to perform.

Fi6. 66.—AMERICAN POP VALVE AND MUF-
FLER COMBINED. .

Q. Describe a combined safety and
stop valve?

A. The casting connecting with the
hoiler has two outlets; one at ‘the top,
closed by the safety-valve, and are at the
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side controlled by an ordinary conical
faced stop valve actuated by a hand
wheel and screw. The safety-valve can-
not be cut off from the connection with
the boiler ; and the arrangement neces-
sitates cutting but one hole in the shell.

Q. How may the noise from blowing
safety-valves be muffled ?

A. By compelling the steam to pass
through a great number of small slits
or orifices, having a combined area
much greater than the discharging area
of the valve. If these slits are formed by
adjacent coils of helical springs, their vi-
brations neutralize one another and the
sound is muffled.

Q. How many square inches are there
in a valve seat four inches in diameter?
(Show the work).

A. 7854
4 x4=16

47124
7854

12.5664 = 12.57 sq. in.
Q. How many square inches of dis-
charge area when that valve (supposing
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it a flat disk) lifts § inch? (Show the
work).
A 3.1416
4

8)12.5664 — circumference

1.5708 sq. in. discharge area.
Q. Give some rule for estimating the
- diameter of the disk of a safety-valve
for a boiler of 100 nominal horse-power.
A. The English Buard of Trade Rules
give } to § square inch per square foot
of grate surface per nominal HP. This
would give 50 square inches of valve, or
%’Pdiameter, for a boiler of 100 nominal
Q. Is the ruleall right ?
A. No; the valve would be too big
for any use.

PRESSURE GAUGES.

Q. Should a steam pressure gauge be
apxlied to a steam pipe?
. No.

Q. Where should the pressure gauge
be applied ?
A. To the top of the drum or boiler.
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Q. How often should a pressure
gauge be tested?

A. Every three months.

Q. Should a steam gauge be attached
to the bailer by a straight tube?

Fic. 67.—HIGH PRESSURE GAUGE.

A. No; but by a coil of one turn, im-
properly called a “siphon,” o catch the
condensed water, and to prevent live
steam from getting at the spring, which
it might “set ” and thus ruin.
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Q. What are the three principal types
of pressure gauges?
. Those having a mercurial column,
those having a tubular metal spring and

F16. 68.—LOW PRESSURE GAUGE. -

ordinarily called “Bourdon” type, and
those having a diaphragm spring. -
Q. What are the principal types of.
mercurial gauges? o
A. Those having a “ direct column”
of mercury, necessitating about 2 inches
of column for every pound pressure per
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uare inch, and those having ‘“mani-
fold” and * differential ” columns.

Q. What is a manifold column?

A. One consisting of a series of U’s
forming a continuous tube, and each one
doubling the pressure put onit or shown
by it, by reason of the pressure put on
it by the one next to it.

Q. Sketch and describe a differential
mercury gauge?

A. The diagram shows a central ver-
tical section. There is a double headed
piston & which has a small head at the
lower end fo receive heavy pressures,
while the larger upper head takes the
lighter upper pressure of mercury in the
reservoir ¢, which communicates with
the tube g. If the upper head is 6”in dp
ameter and the lower one has only w
area (about J; the diameter) then a rise
of & of an inch caused by the pressure
below % causes the mercury in the tube
g torise 3 feet. Suitable diaphragms
prevent leakage past either piston.

Q. How is an ordinary Bourdon pres-
sure gauge constructed?

A. There is a brass tube, generally
flattened, bent into nearly circular form
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and this is fastened at one end, and at
that end receives steam pressure, the

|

F1e. 69.—SHAW'S DIFFERENTIAL MERCURY
: GAUGE.

other end being closed and attached to
a link which actuates a gear quadrant
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reaching to the pinion of an index mov-
ing over a graduated dial. Internal
pressure tends to straighten the tube,
and the index records the amount of

F16. 70.—ORDINARY BOURDON GAUGE.

strightening and consequent pressure
Adjustment is by means of the pivot of
the quadrant sliding in a radial slot
therein.

Q. Do steam gauges generally get so
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that they show too much or too little
pressure?

A. Too much.

Q. What is the effect of letting steam
touch the spring of a Bourdon steam

gauge?

“Fia. T1.—CROSBY-BOURDON GAUGE.

A. Tt expands the tube and gives too
much movement.

Q. What mark should be put upon
the steam gauge ?
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A. Plain mark, showing the highest
pressure allowed.
Q. What sight teat. should be applied

Fi6. 72.-~LANE DOUBLE SrKING GAUGE.

to steam gauges when there is r.o pres-
sure upon the boiler?

A. It should be seen that the index
points to zero.
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Q. What attachment should be made
to an ordinary steam gauge ?

A. A two-way cock between the )
and the boiler, to see that the finger
points to zero when the boiler pressure
is shut off and air let in into the gauge.

Q. Give a ready method for. being al-
ways able to prove the correctness of
your steam gauge.

A. Haveready another gauge (known
to be correct) and a T piece or other-
connection, so that you can have the
pressure on both gauges at once through
a wide range of pressure.

Q. Why “through a wide range of pres-
sure 7”

A. Becaure a gauge may be right at’
one pressure and wrong at others, either
above or below that.

Q. Is there any choice in regard to
the position a gauge may bear io the
boiler it is attached to? If so, state
what it is.

A. The steam gauge should be set
where it will not be affected by heat: nor
indirect pressure, and in some excellent
practice is set on acolumn taken. from
one side of the boiler.
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Q. Where should the gauge-pipe be
taken from ?

A. From the highest point possible,
and without elbows, until its reaches
the gauge.

Q. What pressure per square inch
will & column of water 27 feet high
with a temperature of 40° Fah., exert on
agauge?

A. Multiplying the head in feet by
.434 gives 11.71 %b

Q. If the water was warmer would a
column 27 feet high exert more or less
pressure on the gauge?

- A. Less.

Q. Suppose the 27 feet column of
water at 40 degrees was heated so as to
expand in the tube until it was 30 feet
high; would the pressure on the gauge
be more or less than before?

A. Neither. The weight cannot be
expanded.

Q. Suppose the 27 feet column was
tipped so as to make an angle of 45 de-
grees, what would its pressure be per
square inch? (Show the work.)

A. 27 X 27 = 729; 729 =+ 2 = 864.5;
V364.5 = 19.15; 19.15 x .434 — 8.31 1,
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Q. Show and describe the details of a
recording gauge?

""

T

}

] 8
] ey
J _\

| A ]
i

Fig. 73.—EDSON'S RECORDING AND ALARM
aavee. (Elevation.)

A. There is a diaphragm D, Fig. 4,
so corrugated that its movement under
pressure shall be practically uniform for
equal increases of pressure. From this
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a connecting rod G actuates a small crank
H, the shaft of which bears an open seg-

Fi6. 74.—EDSON'S RECORDING AND ALARM
aavek. (Vertical Central Section.)

ment, which actuates a pinion on the
arbor of an index showing the pressure
on the diaphragm. At the same time,
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by means of levers H,, H,, vertical move-
ment is communicated to a pencil point,
which records gradually ona graduated
paper ribbon the pressure shown by
the index as being on the diaphragm.
The paper strip has given to itl;)y clock
work a regular motion from the drum K
to K? and has marked on it vertical
spaces corresponding to hours. By this
means, not only the index hand shows
the pressure put on the gauge, but the
pencilmakes a continuousrecord showing
all fluctuations and when they occurred.
There is also an electrical alurm attach-
ment by which when the pressure passes
a certain limit, a bell is rung. This
apparatus is kept in the office or where-
ever convenient, and is put in steam com-
munication with the boiler.

Q. What do sudden and frequent
fluctuations on the paper strip show, as
regards safety ?

A. That the boiler is being strained
by unequal expansions.

Q. What do they show as regards
economy?

A. That fuel is being wasted by
irregular combustion and poor control



168 THE STEAM-BOILER CATECHISM)

TRY COCES.

Q. How many gauge cocks (or try
cocks, should a boiler have?

A. At least three.

Q. Where should the try cocks be
placed ?

A. One at the water line, one an inch
above the crown sheet (or flue tops, ac-
cording to the boiler), and one in the
steam space.

Q. What class of try cocks are best
for portable engines and for locomotives ?

A. Compression cocks.

Q. How should the try cocks be
placed ?

A Diagonally above one another.

. WATER GAUGES.

Q. What should be the position of the
glass water gauge ?

A. The lower stuffing box gland
should be centered about an inch above
the crown sheet or flue tops ; the upper
one a foot or so above.

Q. What precautions should be taken
in applying glass gauges?

A. To provide means for shutting off
the steam and water in case of breakage of
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the glass ; to arrange to test and clear
out the connections with a steele rod;
to connect the upper part high up and
the lower part low down.

Q How may gauge glasses be cut ?

A. With a glazier'’s diamond; with
the corner of a file, wet in turpentine;
by applying a red hot thin iron ring at
the desired line, and then chilling with
cold water ; by similarly making a heat-
ed circle around the tube by tying a tur-
pentine thread around it, and setting
this on fire; and by a regular gauge
glass-cutter with small revolving wheel
of chilled iron.

Q. At what height should the water
gauge glass be attached ?

A. At such a height that the proper
water line- will be in the centre of its
length.

Q. How large a drip opening should
there be for a § inch gauge glass ?

A. Not less than } inch; larger would
be better as giving better chance to
clean the glass.

Q. How may the danger from escape
of steam when the glass in the water
gauge breaks, be avoided ?



F16. T6.—LANG’S AUTOMATIC WATER GAUGE.
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A. By having automatic balanced
valves to the fittings, so that when there
is no outflow of steam, both the top, and
the bottom valves remain open; but if
there is a current of steam, both shut
by reason of the unbalanced pressure.

Q. How is a simple automatic water.

gauge attachment made ?

A. There is a ball valve at each open-
ing ; each ball lies quietly away from its
seat, so long as there is pressure in the
gauge glass; but so soon as the glass
breaks, the balls are forced by the cur-
rent against their seats, stopping the
discharge.

Q. What makes good packing rings
for gauge glasses ?

A. For the top, asbestos wicking, _

slightly tallowed ; for the bottom, asbes-
tos wicking and candle wicking.
FUSIBLE PLUGS.

Q. What is a fusible plug?

A. A plug is some alloy which melts
" at a low temperature, screwed or riveted
in the crown sheet or simliar spot.
‘When covered with water it will net
melt; when dry it melts in the steam
and gives the alarm.

p——
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Fia. 77 —CROSBY AUTOMATIC GAUGE ATTACH-
MENT.
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Q. How are fusible plugs often ren-
dered inoperative ?
A. By being wrongly set, or by being

Fio. 78.—ASBESTOS PACKED GLOBE VALVE.

allowed to get coated with scale or
sludge.

Q. What is the disadvantage of fusi-
ble plugs when improperly set?
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A. They give false confidence.
CHECK VALVES.
Q. What is a check valve?
A. A valve which permits the passage
of fluids in but one direction; as for in-
stance, which allows the feed water to

F16. 79.—SWING CHECK VALVE

pass from the pump or injector into the
boiler, but not back again.

Q. What should supplement the check
valve on the feed water pipe? .

A. A globe or plug valve between the
check valve and the boiler, so that if the
check sticks open or for other reason
needs to be taken out, the stop valve
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can beused. It is also prudent to close
this stop at night in order to prevent

Fia. 80.—RENEWABLE SEAT CHECK GLOBE
VALVE.

Fi16. 81.—RENEWABLE SEAT GLOBE STOP
VALVE.

the water from gradually leaking out in
- case the check was not tight.
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Q How may the useful life of stop
valves and check-valves be lengthened ?
A. By having renewable seats.

F16. 82.—CHECK VALVE.

Q. Is there any advantage in having
the check valve inside of the boiler?

A. Yes, in case of accident knocking
off what projects, there is no hot water
nor steam escaping from the boiler.

Q. Where are such inside check
valves put?

A. In the back head, and the water is
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carried forward by a tube, thus over-
coming the necessity of mud and scale
near the pipe.

Q. In putting in a straight way valve,
how should it be faced ?

A. So that the pressure will tend to
keep it to its seat when closed. :

F16. 83.—BACK PRESSURE VALVE.

Q. How about a globe valve ?

A. So that the pressure will tend to
raise it from its seat when closed.

Q. Why this difference?

A, Because the disk of a globe valve
may be forced against its seat and held
there under pressure while the gland is
unscrewed and the stem packed.
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BLOW OFFS.

Q Where should the blow off be at-
tached to the boiler ?

A. There should be, besides one at
the back end, just below the water level,
as a scum blow, another at the back end
as low down as possible, to permit the
water being emptied.

Q. What objection is there to using a
brass cock with an iron plug for a blow-
off cock ?

A. (1) Galvanic action ; (2)leakageby
reason of the brass shell expanding more
than the iron plug.

Q. What is the surface blow-off for,
and how arranged ?

A. A pipe arranged so as to discharge
the water at or near the water level; of
use in discharging gases, or light solid
matter which floats on the top of the
water in the boiler.

TRAPS.

Q. With what should every range of
steam pipes be provided ?

A. With a means of draining the
water of condensation from the end
where the steam enters; also, if it is a
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long run, of taking out the water and, if
possible, returning it to the boiler.
Q. What is such a device called ?

Fi16. 84.—ALBANY STEAM TRAP IN PLACE.

A. A separator, if it is in direct con-
nection with the boiler, and the steam
from the latter strains through it; a
trap, if it is attached to the pipe and
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drains out the water from steam which
has once left the boiler.

Q. What are the principal types of
traps?

A. Expansion and float.

Q. Describe a float trap.

A. There is a vertical cylinder with
flanged joint at the bottom; and at-
tached to the bottom in the inside is a
casting having two valve seats, one on
its upper and one on its lower side;
these being closed by hemispherical
valves borne on spindles attached on
different sides of the fulerum of a
weighted lever actuated by a float in the
trap. The weight tends to close both
valves; the float to open both. The
drip enters at the top, a baffle plate
keeping dirt from lodging on the float,
and hence weighting and corroding it.
When the water rises beyond to a de-
termined point the float opens the valve
and discharges tho excess.

THE WFHISTLE.

Q. How can the infernal nwmsance of
the ordinary steam whistle be mitigated ?
A. By having three whistles tuned
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F16. 86.—KIELEY'S TRAP.

to the first, third and fifth of the musi-
cal scale, so as to give a musical chord
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when all are blown together; or by hav-
ing the ordinary single whistle modified

Fia. 87.—CRNSBY CHIME WHISTLE.

by dividing it vertically into three parts
each with its own lip, and these parts
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tuned to the first, third and fifth of the
scale; as, forinstance, sounding C, E and,
G respectively. ‘

PRESSURE REDUCING VALVE.

Q. How may you use a boiler at very
high pressure to boil water in a double
tank in which the pressure must not ex-
ceed a certain amount, much bclow that
of the boiler ; cr how may you convect
two boilers, one having higher pressure
than the other, without the high pres-
sure of the one being put upon the
other?

A. By means of a pressure reducing
valve. .

Q Give a sketch and description of a
pressura reducing valve ?

A. Ttis placed in the pipe the same
as an ordinary globe valve, and the re-
quired pressure is obtained by means of
the key, as shown in the sectional view.
The high pressure steam enters at
the side marked “inlet,” and passing
through the auxiliary valve K, which is
held open by the tension of the spring
&8, passes down the port marked ¢ from
auxiliary to cylinder,” underneath the
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differential piston C. Raising the pis-
ton D, the valve C is opened against

Fia. 88.—MASON’S PRESSURE REDUCING
VALVE.

the initial pressure, and s.eam is admit-
ted to the low pressure side of the valve,
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whence it goes up the passage X, under-
neath the phosphor-bronze diaphragm
00, upon which the spring S bears.
‘When the low pressure has risen to the
required point, which is determined by
the tension given by the key to the spring
8, the diaphragm 1is forced upward, the
valve K closes, and the valve C is
forced on to its seat by the initial pres-
sure, there being then no steam under
the piston D to hold it up. This action
is repeated as often as the pressure on
the outlet drops below the required
amount. The piston H is fitted in the
dashpot ZE to prevent chattering or
pounding when the pressure suddenly
varies. ®

GRATES.

Q. Should grate bars get their
strength by depth or by width ?

A. By depth.

Q. What is a tubular grate ?

A. One made with circulation tubes
instead of cast iron grate bars.

Q. With what kind of fuel are tubular
grates used ?

A. With anthracite.

Q. What are rocking grate bars for?
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A. To obviate the difficult and exhaust-
ing labor of cleaning fires by slice bars
and hook, and to save some of the coal
lost in hand cleaning. They also tend
to keep the fire level, and do not warp
easily ; and they do not chill the boiler
by opening the fire-door when cleaning.

Q. Describe some form of rocking
grate?

A. The bars in one kind quite well

F16. 89.—VAN DUZEN GRATE BAR.
known have extending cross-wise from
them, fingers which in the ordinary
working of the grate extend horizontally,
on both sides of the bar, helping to
form part of the grate surface. By giv-
ing the bars partial rotation first in one
direction and then in the other, these
fingers are made to lift first on one side
and then on the other, thus cleaning

the fire uniformly.
Q. Describe another form of cleaning

grate?
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A. There is one which is made in two
_sections—one for each door of the fur-

F16. 91.—KIRKWOOD ROCKING GRATE.

nace. It has side frames connected at
each end by a cross frame laid on its flat
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side on lugs attached to the side frames
and secured there by bolts. These side
frames have recesses in which the
wrought iron bars carrying the “fin-
gers” are made to shake or dump as re-
quired. The fingers (16 inches in length)
are made in small pieces of one or iwo
fingers each to avoid uneven expznsion
and contraction. Their length and
shape give a curved opening which, with-
out permitting the small coal to fall
through, enlarges the space. The shaker
piece consists of an arm cast at its upper
end to a finger piece and at the lower
end is attached to the draw bar, which
extends to the front, and by which the
grate is shaken or dumped.

Q. Are rocking grates desirable for
wood ?

A. No; quite the reverse.

Q. Is a shaking grate the same thing
as a rocking grate ?

A. Noj; the rocking grate has a vertical
motion, and the shaking only a hori-
zontal.

Q. What are the proportions of grate
to heating surfaces in the best marine
practice?
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A. From 1 to 25 up to1to 40. TUpon
the Arizona °t is one to 25; Servia, 25.7 ;
Monarch, 31; Oreste, 35. ‘

Q. How wide air spaces may there be
in the grates for lump ccal ?

A. About £ inch.

Q. How wide for dust coal?

A. About 5-16 inch.

Q. Which will allow the wider air
spaces in the grate, anthracite or bitu-
minous coal ?

A. Anthracite.

Q. What causes gra.e wars to fail?

A. Breaking, warping, and burning
out.

Q. What is necessary in a grate ber?

A. That it should have narrow sur-
faces exposed to the fire; that the air
spaces should form a large proportion to
the area, and that they be divided up
and uniformly distributed.

Q. What will save grate bars very
largely from destruction by too high
heat in starting up?

A. Covering them with a very thin
layer of coal before putting on the shav-
ings and wood.

Q. Sketch in proper proportions and
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dimensions part of a grate bar for suc-
cessfully burning anthracite slack?

A. The grate successfully used under
the Wootten locomotive boilers for that
purpose, is of the width shown here ; and

] — 1

| || i

F16. 92.—WOOTTEN GRATE FOR SLACK.

the air openings are of the actual size
here indicated.
Q. How much grate will it take per
horse-power for good marine engines ?
A. The range is from 7.27 to 12.53
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indicated horse-power per square foot of
grate area. .On the Arizona it is 8.08
horse-power per square fuot of grate,
there being 25 square feet of heating
surface per square foot of grate.

DOMES, STEAM DRUMS AND MUD DRUMS.

Q. What is a dome?

A. A cylindrical enlargement or addi-
tion to the main shell of the boiler, gen-
érally having a flat top, though some-
times having a hemispherical or more
nearly dome-shaped top.

Q. What is a dome for?

A. Nominally t. serve as a reservoir
for steam, and to help dry the steam.

Q. Is a dome of any real use as a res-

ervoir for steam ?
. A. Little, if any. A cylindrical dome
24x36 inches on a boiler, serving two
18x24 cylinder, cutting off at 1-6, under
320 crank revolutions per minute, holds
just enough for 16 strokes, or 3 sec-
onds’ supply.

Q. What disadvantages in the use of
a dome?

A. Increased space taken up ; greater
cost; weakening of the shell.
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Q. What is the usual fault in dome
construction ?

A. Too large a hole in the main shell.

Q. What should be the size of the
hole in the main shell, to supply the
dome?

A. Pwice the area of the steam pipe
leading from the dome. That is, about

-10.7 the diameter of that pipe.
. Q. What is a steam drum?
. A. A small cylindrical attachment to
‘the steam space of a boiler, usually hav-
ing flat ends or heads, and connected
by one or more nozzles with the main
shell. 'The steam supply pipe usually
leads from the drum, when there is one.
It may be either parallel with or at right
angles to, the boiler proper.
"Q. What is a mud drum?

A. A supplementary cylinder in
which there 1s very little or no incula-
tion, and in which mud and similar me-
chanical impurities are dropped, instead
of being baked on the boiler sheets. See
Figs. 94 and 95.

Q. What are the disadvantages of hav-
ing one mud drum set across between
two or more boilers ?
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A. You must blow off both or all the
boilers at once.
DRY PIPES.

Q. How must dry steam be supplied?

Fia. 94.—CROSSWISE MUD DRUM.
Fi16. 95.—LENGTHWISE MUD DPUM FOR REAR END
oF BorLeR. (Erie City Iron Works.)

A. Tt may be divested of much of its
entrained water by passing it through a
dry pipe which extends along the steam
space and into which the steam must



F1a. 96.—DpRY PIPES.
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enter through fine drill-holes or saw-
kerfs. A long lead of vertical pipe gen-
erally drops a good deal of the water
which would otherwise be driven into
the horizontal reaches.

MAN-HOLES AND HAND-HOLES.

Q. Where should man-holes be cut?

A. Always in the flat head and never
in the circumferential or convex part of
the boiler.

Q. Where should hand-holes be put?

A. At the bottoms of legs, and in such
places as to enable horizontal crown-
sheets to be cleaned through them.

Q. Should man-hole plates and kand-
hole plates be on the inside or the out-

*side of the shell, and why ?

A. Inside, so that the pressure of the
steam tends to hold them tightly to the
shell, and they cannot be blown off.

Q. What disadvantage is there in hav-
ing the man-hole in the flat head ?

A. Tt is less convenient of access than
in the convexed portion, aud it is apt to
interfere with proper bracing, leaving a
large space unprotected.
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Q. What precaution shouid you ovo-
serve in taking out the manhole vlate or
the handhole plate?

A. To mark the plate with a chiser at
the top, to correspond with a similar
mark upon the boiler, so that it will be
put back in the same position as before
being taken off.

Q. How are the man-hole joints made
steam tight and water tight?

- A. By gaskets cut of paper, canvas,
sheet rubber, lead or copper.

Q. What action have “gum” or “ rub.
ber” gaskets upon the metal of the
shell?

A. They tend to corrode it, by reason
of the sulphur which they contain.

Q. How can you prevent soft gaskets ,
from tearing and flaking when the joint
is broken ?

A. By calking or blackleading one or
both faces; then they will not stick to
either metal or surface.

CHIMNEYS.

Q. What is the stack or chimney for?
A. To make n draft, and to carry the
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products of combustion to where they
will be less annoying and injurious than
if liberated at the ground level.

Q. Is the quantity of gas which a
chimney will carry off greater as the
temperature of the gases in the chimney
increases ?

A. No; there is a maximum at about
550° F.; but even at that point, the
quantity is only about 4 per cent. more
than at 300°.

Q. What would you consider the max-
imum draft that could be got in a chim-
ney?

A. That corresponding to about 2’ of
water.

Q. How high a clnmney would that
take?

A About 167 feet.

Q. How do you figure that out?

A. By dividing the required draft in
inches of water by .0075, thus :

1.25 + .0076 = 167 4 feet: (better
allow 175).

Q. How do you get the maximum
draft in inches of water, for any chim-
ney ?

A. Supposing the heated column 612°
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and the external air 62°, multiply the
height above grade in feet by .0075, and
the product will be the draft power in
inches of water. Thus a stack 150 feet
above the grade will have, when the
column of gases is 612° F, and the ex-
ternal air 62° F, a draft of 150 X .0076
= 1.125 inches.

Q. Would that be enough to burn an-
thracite slack?

A. No, because that takes about 1}
inches. ’

Q. How much coal should a chimney
80 feet high, 42 inches diameter. be able
to take care of properly ?

A. About 120 pounds of coal per
hour per square foot of area of chim-
ney.

Q. Can you give a table of sizes of
chimneys with appropriate horse power
of boilers ?

A. The following table is made by
William Kent on the assumption that
there is a layer of 2” of air upon the ine
side surface, that does not move; and
that a commercial horse power takes
five pounds of coal per hour:
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SIZES OF CHIMNEYS WITH APPROPRIATE HORSE-POWER OF BOILERS.

P B, e
HEIGHT OF CHIMNEYS, AND COMMERCIAL HORSE-POWER. emu N r
eI

[l 1 @ o
501t 6026701t 801t. | 901t. [1001¢. :2}:&: _8?_:3? 200 16, 8 <5< g

@

23|25 | or 18 | 0.97| 197
35 | 38 | 41 19 | L4 | 241
24 |49 (54 58| 62 2 | 208| 314
27 165 |72 |78 | 83 21 | 28| 3.98
t4 |92 100 | 107 | 113 % | 88| 491
115 125 | 138 | 141 30 | 448 594
141 |152 | 163 | 178 | 182 32 | b47| 707
183 | 196 | 208 | 219 35 | 657 8.30
216 | 231 | 245 | 28 | 271 38 | 776 | 9.62
311 |80 |48 | 365 | ssn 43 [ 10144 | 1257
427 |49 | 472 | 503 b1 48 [ 1851 | 16.90
536 585 | 593 | a32| €% | % 54 | 16,98 | 19'64
694 | 728 | 776 | 89| 018 | 981 | 59 |20:83|23.76
835 | 876 | 934 | 1028 | 1105 | 1181 | 61 |25.08 | 28.27
1038 | 1107 | 1212 | 1310 | 1100 | 70 |29.73 | 3318
1214 | 1204 | 1418 | 1531 | 1637 | 75 |3476 | 8348
1496 | 1659 | 17:0 | 1898 | 80 |40.19 | 44.18
1876 | 2027 | 2167 | 86 |46.01 | 5027
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Q How does the friction of gases in a
chimney operate?

A If you mean to what degree, its
effect is the same as making the chimney
flue smaller in cross section. There is
assumed to be a layer of gases around
the inside of the chimney bore or flue,
about 2 inches in thickness, no matter
what the size of the chimney ; so that if
you have a chimney with a flue of 24
inches in diameter, you will only have
the effect of one 20 inches in diameter.

Q. What is the best way to arrange
the top of a brick chimney in a quarter
where there are variable winds, and
there are likely to be down draft?

A. There are cast iron caps made
which will make a draught of the chim-
ney, no matter which way the wind
blows—north, south, east, or west, un
or down.

DAMPERS,

Q. What is a damper for?

A. To lessen the drafts by obstruct-
ing the chimney passages.

Q. What is the most common form of
damper ?

A. A “Dbutterlly ” or balanced disk.
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Q. How are dampers made automatic ?

A. By attaching them to a pressure
device (diaphragm or piston) which me-
chanically closes the damper when the
pressure reaches the desired point, fixed
beforehand.

Q. Whatare the advantages of a good
damper regulator ?

A. The steam pressure 18 more regu-
lar, hence also the engine speed is, too;
the strains on the boiler are more uni-
form; and there would be less danger
of explosion with one than without it.

FEED WATER.

Q. Into what classes may feed water
be divided?

A. Fresh and salt.

Q. How may fresh water be classed ?

A. Into ¢“soft” and “hard.”

Q. What is “soft” water?

A. That which contains little or no
mineral substance in solution; practic-
ally, rain water.

Q. What is “hard ” water?

A. That which contains mineral sub-
stances in solution.

Q. What is the test for softness or
purity?
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A. Soft or pure water will not curdle
Castile soap ; hard water will.

Q. Which is the best for boilers, soft
or hard water?

A. Soft.

Q. What are the most common min-
eral ingredients in hard water?

A. Salts of lime, magnesia, and iron.

Q. What are the most common lime
and magnesia salts in feed water?

A. The carbonates, though the sul-
phates are found also.

Q. What other substances are found
in hard water?

A. Silica, alumina, salt, ete.

Q. What is carbonate of lime?

A. It exists as chalk, as limestone, and
as marble.

Q. How does carbonate of lime get
in feed water? -

A. By being dissolved by the springs
which supply the source of the feed
water.

Q. What is sulphate of lime?

A. Commonly known as gypsum, or
plaster of Paris.

Q. What peculiarity is there about
the solubility of sulphate of lime?
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A. Tt is soluble at 95° F., and insol-
uble at 290° F. (being the temperature
of steam at 40 Ibs. per square inch).

Q. What is there in sea-water?

A. It is principally a strong solution
of common salt, but the water of differ-
ent seas varies in strength and ingredi-
ents. It averages about 3} 9% of saline
matter, or about 250 grains per gallon.

Q. What sea has the least salt in it?

A. The Baltic, which has only 6.6
parts in 1000, by weight.

Q. What are the next freshest?

A. The Black, with 21.6 parts per
1000; then the Arctic. with 28.3 and
the Irish with 33.76.

Q. What is the general effect of bad
water upon locomotive boilers ?

A. To crack the fire-boxes.

Q. Do ocean steamships use salt wa-
ter in their boilers, or how is the salt ex-
tracted ?

A. Ocean steamships use surface con-
densers in which the steam used in the
cylinders is condensed, and the water
returned to the boilers.

Q. Is clear water necessarily good for
a boiler ?
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A. No; that which contains carbonic
acid is very often the clearest that can
be found; and the same way with other
substances which tend to corrode a
boiler.

Q. What is the injurious effect of us-
ing Croton water in boilers ?

A. None, if the boilers can be cleaned ;
otherwise it would cause incrustation.

Q. What is the effect of carbonic acid
upon the solvent power of water ?

A. Water containing carbonic acid
will dissolve many mineral substarces
very readily.

Q.What is the effect of heat upon
such water containing mineral sub
stances in solution ?

A. At a boiling temperature, the car-
bonic acid is given off, and the mineral
substances are in very large part depos-
ited as a precipitate.

Q. Where should the feed water be
introduced in a boiler ?

A. The feed water should be intro-
duced at the bottom of the boiler, and
preferably at the back end where the
circulation ir least.

Q. What is the objection to intsoduc-
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ing the feed-water in a spray in the
steam-space?

A. Introducing the feed-water in a
spray in the steam space condenses
some steam, and causes the rest to be
wet.

Q. “ Where is the best place to feed a
tubular boiler that is sometimes fed with
cold water and sometimes with hot ? ”

A. I would advise feeding about one-
third or one-quarter the length of the
boiler from the back end, abovo the
tubes as far as possible and yet keep
well below the water line.

Q. Is the water-level in a boiler really
level ?

A. Tt is apt to be higher over the fur-
nace than elsewhere; particularly if the
firing is hard.

Q. Which keeps the feed line more
regular, a pump or an injector?

A. A pump, particularly if it be driv-
en from the engine direct.

Q. How about firing when feeding ?

A. 1t should not be done; for feeding
is done by fits and starts; but if there
is continuous feed.

Q. “Is it the custom on the Sound
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and river steamers around New York
harbor, when arriving at port, to blow
off steam, and attach a connection with
the Croton or other supply, allowing it
to run for a long time, to change the
water in the boiler ?”

A. Most Sound steamers feed from
the hot well steadily, the later ones hav-
ing surface condensers. They carry
fresh water tanks.

Q. “Is it the practice on boats to
keep a steady feed, or do they pump
when they have plenty of steam, and
shut off when it goes down ?”

A. Steady feed.

FILTERS.

Q. What is the use of a filter ?

A. To withhold from the boiler such
mechanical impurities as would thence
enter it with the feed.

Q. What is a cheap filter to make for
muddy water ?

A. Hay or an equivalent-in a closed
vessel, through which material the feed
passes, the mud being strained out.
The hay is cheaply and easily changed
when too foul.

Q. What other filtering materials are
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good for straining mechanical impurities
from feed water ?

F16. 97. —WAINWRIGHT FILTER.

A. Gravel, coarse sharp sand, broken
charcoal, coarsely crushed bricks, sponge,
ete.

~
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Q. How is the Wainwright filter con-
structed ?

A. As in Figs. 97 and 98. The
-water enters at E, and passes downward

F16. 98.—WAINWRIGHT FILTER.

through a semi-cylindrical division of the
shell, a mass of animal charcoal, then
under the diaphragm and upwards
through another lot of charcoal, leaving
at F. The filtering material is kept
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compact by perforated plates held down
by set screws.

Q. What is the Hyatt filter ?

A. Tt uses as filtering material, sand
and comminuted coke; a trifle of clay is

. first added to the water to entangle the
impurities, which are then removed by
the filtering materials. The water eun-
ters the clay from the vessel T, enters
the filter at A, and leaves at the bottom,
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through outlet cone valves, K, passing
along through X. The filtering material
may be washed by closing the regular
inlet and outlet valves A and C, opening
the valve E at the top, and vpening the
valve L which connects the valves and
outlet pipes. The water then passes up
through valves K, loosens the coke and
sand, and discharges them in the upper
tank, which should be full of water.
The dirtied filtering material dirties and
displaces this water. Then close L, and
open the centre valve F to let the coke
and sand back into the filter.

Q. Can you describe a filter having
mechanical means of refreshing its pow-
er?

A. In one form, the filtering material
is stirred up when desired by two end-
less chains or sprocket wheels driven by
a crank from the outside; and the per-
forated plate at the bottom has its holes
kept free by pine on a plate below it;
the same motion which stirs up the fil-
tering material actuating, by an eccen-
trie, this cleaner-plate.

Q. What is the Wass grease, air and
mud extractor ? '
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Fi1a. 100.—ALBANY FILTER.

A. Tt consists of a cast iron shell hav-
ing traverse partitions extending alter-
nately from the top and the bottom, partly
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F16. 101.—““ wass” GREASE, AIR AND MUD EXTRACTOR.

~

across its whole height. The weater line
is above the tops of the upwardly pro-
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jecting partitions. Grease rises to the
top of the water, and is blown off through
an oil-discharge ; solid matter is precipi-
tated to the bottom ; the air is discharged
intermittently at the top by an air dis-
charge valve worked by a float. There
is generally a “by pass” to cut the
apparatus out when desired to inspect
or clean it.

MECHANICAL BOILER CLEANERS.

Q. What is a ‘“mechanical” boiler
cleaner?

A. One which by mechanical means
only collects and removes from the boiler
impurities which are suspended in the
water.

‘Q. Describe such a device?

A. There is a funnel held in the boiler
with its mouth facing front, and mostly
above the water line but its apex below
low water level. From the apex a tube
rises and leaves the hoiler, entering at
one side of the top of a hollow cast iron
sphere, having a vertical partition extend-
ing downward half way across it. From
the other side of the top of this globe a
tube goes through the boiler, entering
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below the water line. The mechanically
suspended impurities are by the circula-

F16. 1U2.—HOTCHKISS MECHANICAL BOILER CLEANER FOR
HEAVY IMPURITIES.

tion in the boiler swept backward ; carried
up into the globe, and there finding a
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large quieting or setting chamber, are
dropped ; the water going on back into

Fie. 103.—HOTCHKISS MECHANICAL BOILER CLEANER
FOR OILY IMPURITIES.

the boiler. The globe has suitable shut

- offs and blow offs.

Q. How could such an arrangement
be used for oily impurities?
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A. The globe is reversed, so that the
partition projects upward from the bot-
tom, and the blow off is at the top, and
the inlet and outlet pipes at the bottom.

HEATING THE FEED WATER.

Q. Can you refer to a table showing
how much coal may be saved by heating
the feed water—outside of the question
of back pressure on the engine ?

A. The table on opposite page gives
. theamount of saving for various tempera-
tures of feed before and after heating ;
steam being supposed at 60 lbs. For
other steam pressures the proprotion-
ate saving would be greater, the lower
the pressure.

Q. How hot may feed water be heated
by the use of exhaust steam ?

A. That depends on the temperature
of the exhaust and of the feed before
heating ; on the purity of the feed, and
on the efficiency of the heater. A few
heaters will heat the feed to over 212°
F. (an apparent paradox) by exhaust
steam solely, without adding back pres-
sure. Ordinarily, 180° is good work.
The hotter the feed before heating, the
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greater the back pressure; the more im-
pure the feed by reason of salts con-
tained therein—the hotter you can get
the feed.

Q. What is the advantage of using
live steam in the feed water heater? Is
it not just ¢ taking money out of ome
pocket and putting it in the other ?”

A. No; the high temperature in the
heater causes the water therein to drop
some of its impurities—as, for instance,
sulphate of lime—which are not precipi-
tated at any temperature attainable by
exhaust steam. It is better to drop
these substances in the heater than in
the boiler.

Q. Are open feed heaters efficient ?

A. Generally.

Q. Avre they desirable?

A. Not always, because they often
give trouble on account of the grease
carried over from the cylinders.

Q. What are their advantages?

A. Ease of inspection and cleaning;
absence of back pressure on the engine.

Q. Sketch and describe a coil feed
heater ?

A. One make consists of a vertical
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F1a. 104.- - ““NATIONAL” FEED HEATER.

cast iron cylinder with flanged top and
bottom. The exhaust enters at the bot-
tom and leaves at the top. The feed
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runs through a seamless drawn brass
coil, entering at tLe bottom and leaving
at the top of the shell.

Q. Sketch and describe some other
coil feed heater, using exhaust steam?

A. There is a cast iron cylinder with
removable flanged top, and having an
inclined false bottom, as shown. The
feed coil is of corrugated brass tubing,
and commences at the center of this
false bottom, passiug out at the top of
the wall of the shell. The exhaust en-
ters at the side where the false bottom
is the lowest, and passes out at the cen-
ter of the top. The space below the
false bottom is a settling chamber or mud
space, and has suitable blow-off.

Q. Can you describe the Robinson
heater ?

A. The heater proper consists of a
vertical shell, through which a series of
tubes run, the middle one being the
largest. This shell is surrounded by
another shell or jacket, with a small an-
nular space only between the outside of
one and the inside of the other, while at
top and bottom quite large chambers
are enclosed. The exhaust pipe “A”
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Fic. 105.—WAINWRIGHT'S CORRUGATED COIL
HEATER.
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from the engine, enters the bottom of
the jacket and passes up through the
large center tube “ B” to or near its up-
per end. The exhaust steam passes up
pipe “A” into chamber “E,” thence
down through the tubes of the heater,
and also between the heater and jacket
to chamber “K” and into pipe *L?
whence it may be allowed to escape the
atmosphere or he used for other heating.
The water is forced in through pipe
“H” and passes out to the boiler
through pipe “ G.”

The heater should contain water
enough to supply the boiler for twenty
minutes,which is claimed to be more than
sufficient time to allow the water to be
heated to the boiling point,and to permit
the impurities to either rise to the top
or sink to the bottom. A quite larﬁe
space “D” is left without tubes. The
currents of water in the heater are up-
ward along the tubes, und downward in
the space “D.” All impurities should
be carried to this space and can pe blown
out through the pipes “O” and “J.”
The makers claim that the steam from
the pipe “ A,” escaping in a vertical di-
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Fia. 107.—STILWELL’S LIME EXTRACTING
HEATER AND FILTER.

rection into chamber “E,” and leaving it
in the reverse direction, fills thechamber
full; and that all the tubes, and the
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Fia. 108.—LOWE VERTICAL HEATER.
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space surrounding the heater are equal-
ly supplied, so that they are always full
while the engine is in motion.

Q. Can you describe a lime extracting
heater and filter?

A. In the one shown, Fig. 107, the ex-
haust steam enters at the side, about half
way up, and is divided into two currents.
Part of it escapes at the top. The feed
is partly sprayed in just above where the
steam enters; and it trickles along in a
zig zag downward course, over remova-
ble corrugated shelves or depositing
surfaces, occupying nearly the central
third of the height of the filter. Below
this, the cylinder is filled with filtering
material (had or something like that)
which rests on a false bottom, below
which the sediment may be  remcved.
The feed, now heated, filtered, and de-
prived of its lime salts, escapes st the
side of the filtering part of the sppara-
tus. A steam tight door permits of the
withdrawal of the pans when covered
with lime.

Q. If there ig a closed hester, should
there be & puruy petwaen Loe neater and
boler ¢
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A. No; the pressure of the pump
should be upon the water before it gets

F16. 109.—LOWE HORIZONTAL HEATER.

to the heater, because cold water is
easier to pump than hot.
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Q. What is an “economizer? ”

A. The term is generally understood
to mean a device for heating feed water
by the chimney gases.

Q. What is the temperature of the es-
caping gases in chimneys?

A. Generally about 600° F.

Q. What is the difference between
adding an economizer and putting more
heating surface in the boiler ?

A. In the economizer the feed water
may enter, cold as ice, without injury to
the apparatus.

Q. Where should the cold water be
fed into an economizer; and why ?

A. At the point farthest from the
boiler, where it will get the coolest gases,
and so it can get hotter as it goes on
towards the boiler.

Q. Where will sediment deposit most
readily, in an *‘ economizer” or i1 a
boiler ?

A. In an economizer.

Q. How may an economizer be cleaned
without stopping the boiler ¢

A. By having a direct flue from the
boiler to the chimney, independent of
the one around the economizer.
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FEED PUMPS.*

Q. What is the construction of a feed
pump, and the principles on which it
lifts the water?

A. That is a question which should
be broken up into a dozen or more, in
«rder to get a proper answer. Asa gen-
eral reply, it may be said thatin alifting
feed pump there is & cylinder in which
there fits a water-tight piston; there is a
valve which permits the entrance of wa-
ter to the cylinder, but will not let it
pass back again ; and one which will let
the water out of the cylinder, but will
not let it back again (there may be more
than one inlet valve and more than one
discharge valve). When the piston
makes a stroke in one direction, the un-
balanced pressure of the air on the sur-
face of the water to be lifted, forces it
into the space left between the first po-
sition of the piston and its second at the
end of the stroke (this space or volume
being equal to the area of the piston

*The author, having published a Pump Catechism,
uniform in size, siyle and price with this work, does
not deem it desirable to go very deeply into pump
deails in this Boiler Catechism, but refers to the
companion volume,
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times the length of its stroke). When
the piston makes a stroke in the reverse
direction, returning to its first position,
the inlet valve closes and an amount of
water equal to that which was let in
during the first or suction ‘stroke is
driven through the discharge valve.

The unbalanced pressure of the air
on the surface of the feed water causes
the filling of the pump on onestroke, and
whatever force the piston is moved by
on the return stroke, causes the dis-
charge of the water (against the boiler
pressure if there be steam on).

Q. What are the principal kinds of
boiler feed pumps ?

A. Asregards the mode of driving
they may be direct driven from the en-
gine cross-head or other moving part;
or belt driven, or gear driven; or they
may be independent of the engine.
They may be lifting or non-lifting; sin-
gle or double acting; single cylinder or
duplex. In any case the feed pump is
one of the most important adjuncts, and
the one which generally needs the most
knowledge and skill on the part of the
fireman, and geis the least.



234 THE STEAM-BOILER OATECHISM.

ROBINSON’S HEATER IN PART SECTION.



THE STEAM-BOILLER CATECHISM. 235

Q. What is the best way to have a
feed pump arranged, where there is both
lift and force ?

A. To discharge into a tank holding
at least half a day’s supply, so that if
there is any accident to the lift, there
will be time to look at the suction.

Q. What should be put on the foot of
a lifting feed pump?

A. A strainer and a foot valve.

Q. What is the object of a foot valve?

A. To enable the pump to start off
easily and promptly instead of having to
fill the suction pipe each time of starting.

Q. In the ordinary boiler feed pump,
what is the proportion between steam
and water cylinders?

A. About 4 to 1 in area,or 2 to1in
diameter.

Q. What is the effect on the pump, of
the check-valve getting stuck open ?

A. There is not necessarily any effect,
if the pump has proper discharge valves.
There is this disadvantage, that if any-
thing happens to anything connected
with the pump, between the inlet valve
and the check valve, it probably cannot
be attended to while the check is open.
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Q. “Can aboiler feed-pump be worked
without a check valve?

A. «“Tt is possible to work a feed-pump
without a check between pump and boil-
er, but it is not a good plan to try to do
so. There should be both a check and
cock between boiler and pump. In
working a pump without check in pipe,
hot water is likely to back up on pump,
making trouble in starting it.”

Q. How can the size feed-pump re-
quired for a boiler be calculated ? -

A. Allow 1 cubic foot of water per
hour per horse power; then get a pump
of twice that piston displacement at its
ordinary speed; even four times is bet-
ter, to allow for leaky valves, pipes, etc.

Q. How is the piston displacement
calculated ?

A. Multiply the plunger diameter in
inehes by itself and by .7854 to get the
area (or look in a table of area of circles).
Multiply this area by the stroke in inch-
es; then, if it is a double acting pump,
by two. This gives the displacement per
stroke (or per double stroke, if it be a
double acting pump). Then multiply
this by the number of strokes (or double
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strokes, as the case may be) per hour.

The result will be piston displacement

per hour, in cubic inches. Divide this

by 1728 for cubic feet, or by 231 for
ons.

Q. How do you cipher up the number
of strokes per minute of a single acting
pump of a given diameter and stroke, to
give a stated number of cubic feet per
hour?

A. Divide the cubic feet per hour by
‘60 to -reduce to cubic feet per minute.
Multiply the cubic feet per miuute by
1728 to reduce to cubic inches per min-
ute. Square the diameter in inches
and multiply the product by .7854, to
get area of piston in square inches (or
get area froma table). Multiply piston
area by stroke in inches to get piston
displacement per single stroke. Divide
this with the cubic inches per minute to
get single strokes number of strokes per
minute.

Q. In. case it was a double acting
pump?

A. Half as many strokes.

Q. How would you cipher out the re-
quired diameter of a single acting pump
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to have a certain number of cubic feet
displacement per hour, with given length
of strokes and number of strokes per
minute?

A. Divide cubic feet per hour by 60
to get cubicfeet per minute, multiply by
1728 to get cubic inches per minute.
Divide this last by number of single
strokes to get displacement per stroke.
Divide this by stroke in inches to get
plunger area. Divide this plunger area
by .7854, and take the square root of the
product ; or look in a good table of areas
of circles and get the diameter corres-
ponding to the area of plunger.

Q. How could you figure out the re-
quired length of stroke (single acting)
to make a desired piston displacement
in cubic feet per hour, the diameter of
plunger and the number of strokes per
minute being given?

A. Divide cubic feet per hour by 60,
and multiply by 1728. Divide by num-
ber of strokes per minute and by area
of plunger; this last being got either
from a table in areas, or by multiplying
the square of the diameter by .7854.
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F16. 110.—CROSS-SECTION OF STEAM PUMP.
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INJECTORS.

Q. What is an injector ?

A. As the term is ordinarily under-
stood, it applies to a boiler feeding de-
vice in which by the impact of a steam
jet a current of water is forced, together
with the water resulting from the con-
densation of the steam jet into the boiler
which supplied the steam jet.

Q. How many classes of injectors are
there ?

A. There are lifting and nondifting ;
and the former may be divided into
those having a separate lifting apparatus
delivering to the forcing apparatus, and
those in which there is but one set of
tubes for both lifting and forcing. In-
jectors may also be either automatic or
adjustable ; and they may be simple, or
having but one steam jet, one water jet,
and one combining tube ; or compound,
having two or more steam jets or two or
more water jets in line, thus acting by
successive impacts. :

Q. Is it not a sort of paradox for a
jet of steam to leave a boiler and return
to the same boiler, bringing with it a
quantity of water, thus doing the work
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of lifting and forcing the water, as well -
as overcoming the very considerable fric-
tion of steam and water in the jets and
pipes ?

A. Yes, but it can be explained on
scientific principles, according to the
mechanical theory of heat.

‘We must first assume that the liquid
jet is too cold to be transformed into
steam at the atmospheric pressure in its
passage through the mixing chamber,
else it will be interrupted and steam will
escape at the discharge pipe. The water
jet must condense all the steam jet, and
the mixture be lower than the tempera-
ture of corresponding saturation at the
mean pressure in the mixing chamber.
YThis will be 100° C=212° F., if the mix-
ing chamber is open to the air.)

As the steam jet is condensed, water
flows in to fill the difference in columns
between the steam and the water which
it makes. There is then only a jet of
liquid to pass on, through the *choke”
in the apparatus, into the diverging
tube. In this latter water introduced
with a given velocity in feet per second
would be able to overcome a pressure
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due to a height equal to the square of
that velocity, divided by twice the rate
at which gravity increases the velocity
of a falling body at the surface of the
earth. This velocity is 32.17 feet per
second, so that all we have to do is to
properly proportion the jets. Thus, if
we have a velocity of 500 feet per second,
we should be able to feed against a head
of about 500-+-62.34= 80 4 ft., less the
head of 33 feet or so due to one atmos-
pheric pressure. The amount of heat
and work remain practically unchanged ;
we get higher velocity by having lower
temperature.

Q. As the temperature of the water
drafted raises, what is the effect on the
proportion conveyed ?

A. Tt is increased.

Q. What is the effect on the velocity
of the mixture ? '

A. Tt is decreased.

Q. When the temperature of the
mixture diminishes, what is the effect on
the proportion of conveyed water ?

A. Tt is increased.

Q. Atwhat temperature of the mixture
is the proportion of conveyed water least?
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A. At 100° C =212° F.

Q. What is the velocity then ?

A. The maximum possible.

Q. What is the effect on the water
conveyed when the steam is not dry ?

A. It is diminished in amount.

Q. Why will not an injector work up-
on very hot water ? .

A. Because water that is very hot is
more elastic than that which is cold,
and will not receive the impact of the jet
of steam.

Q. Can you give an example to illus-
trate the action of impact and speed in
driving water into a boiler by a jet of
steam from the boiler itself ¢

A. The firing a tallow candle from a
gun through a half open door without
smashing the candle or moving the door.

Q. In giving instructions to parties,
how to determine the required size of an
injector, pump or heater, when the boiler
dimensions are known, what rules of
thumb are often given to arrive at ap-
proximate horse power capacity ?

A. For plain cylinder boilers, multi-
ply the diameter by the length, and di-
vide by 6.
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For flue boilers, multiply the diameter
by the length, and divide by 4.

For multitubular boilers, multiply
the square of the diameter by the length,
and divide by 4.

All dimensions to be taken in feet and
fractions of a foot.

Q. Should an injector be chosen,
which is much too large for the desired
feeding capacity ?

A. No, as these instruments work
best at their rated or full capacity. It
is best to have two ; or an injector and a

pump.

Q. Should the interior of an injector
be meddled with ?

A. No. The importantconnections of
any injector are  Steam,” ¢ Suction”
and “l'eed.” In addition to these is the
« Overflow,” and to the user or operator
these are the only parts requiring atten-
tion. Any attempts by unskilled persons
to interfere with the interior will in nine
cases out of ten result in failure and a
permanent injury to the machine.

Q. Should injectors be oiled ?

A. Injectors should be regularly oiled,
the same as any other device in which
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thereé is motion, friction and wear. The
oil can be introduced by a suitable oil
cup, just asin the cylinder.

Q. Where is the proper place to put
an oil cup upon an injector ?

A. Upon the steam pipe.

Q. Are injectors as sure as pumps?

A. Injectors have become as safe
and sure stationary boiler feeders as
pumps; and have this decided advan-
tage in many cases, that they save the
power consumed by waste friction of
pumps, and also the space required by
the latter.

Q. How can the noise of injectors be
almost entirely stopped ?

A. By the use of a little oil. A small
blind o1l cup is placed on the top of the
injector just back of where the steam
enters.

Q. What kind of oil should be used
for the purpose?

A. Pure petroleum, having a fire test
of 500 or 600 degrees, as crude petrole-
um contains volatile gases which render
the use of it for this purpose dangerous.
Only a very small quantity of high test
oil need be used, and the effect of it in
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the boiler will tend to prevent the de-
posit of scale. '
Q. How much steam pressure needed

%

V%

¥37/08 02

F16. 111.—PENBERTHY AUTOMATIC INJECTOR.

in an ing'ector for lifts of 5, 10, 15, 20,
and 25 feet respectively ?
A. About 15, 20, 25, 35, 45 1bs.
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Q. How is the Penberthy automatic
injector made ?

A. Ais the tail pipe, B B the steam
jet, C the suction tube, D D the com-
bining tube, E the delivery pipe, H the
overflow valve, and K the cap of the
overflow pipe.

Q. How would you work this?

A. Open the suction valve full; also,
the valve in the steam pipe. When wa-
ter appears at the overflow, gradually
close the suction valve. As the steam
rises, open the suction valve until the
injector takes all the water.

Q. What is the difference between a
Hancock Inspirator and an ordinary in-
jector?

A. The inspirator is a double appar-
atus, one-half of which is a lifter, and
the other half a forcer; the lifter draw-
ing the water and delivering it to the
forcer, which delivers it to the boiler, at
any steam pressure, without adjustment.
An ordinary injector is a single appar-
atus, requiring adjustment for the vary-
ing steam pressures.

Q. How high should an inspirator lift
water?
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A. Tt should lift water 25 feet, and
deliver it into tanks, or to the boiler, as
might be desired.

Fia. 112.—HANCOCK INSPIRATOR.

Q. How much steam pressure should
be required to lift water 25 feet?

A. 45 pounds.

Q. How hot should it take the water?

A. It should take water of 140° Fah.
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on a lift of 3 or 4 feet, or under a head ;
and on a lift of 25 feet it should take it
at from 90° to 100° Fah.

Fia. 113.—LENGTHWISE CENTRAL SECTION OF
HANCOCK INSPIRATOR.

Q. How should it deliver the water to
the boiler ?

A. The temperature should be in-
creased nearly 100 degrees.
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Q. In what does the “Unique” 1n-
jector, shown in Fig. 114, differ from
tl.he Hancock inspirator shown in Fig.

13?

A. It is a single tube device with
fewer valves.

Q. What advantage is there with this
apparatus in case it gets glued up with
dirt or chips? _

A. It can be cleaned without disturb-
ing the tubes.

Q. How do you start the non-lifting
“Unique” injector?

A. Have the overflow open, then open
the water valve full, then the steam
full and then close the overflow.

Q. How do you stop it?

A. Shut off the steam and water, then
open the overflow.

Q. How do you start a lifting injector
of the ‘“Unique ” type?

A. Having the overflow open, open
the jet,and when water shows at the
overflow open the steam valve; then
shut the jet and the overflow.

Q. How do you stop it?

A. Shut off the steam and open the
overflow.






252 THE STEAM-BOILER CATECHISM.

NON CONDUCTING COVERINGS.

Q. What is the object of  boiler
coverings ? "’ |

A. To prevent or lessen loss of heat,
and consequently loss of tempera.ture
and pressure of steam.,

Q. Name some of the non-conducting
materials used to prevent radiation from
exposed boiler surfaces ?

F16. 114.—GILMOUR’S NON-CONDUCTING
BOILER COVERING.

A. Wool, hair, wool felt, hair felt,
wood, cork, wood saw dust, paper pulp,
and wool shoddy pulp, mineral wool and
rock wool, ¢ fossil meal” or infusorial
earth, ashes, plaster of Paris, asbestos
fiber, and dead air spaces. -

Q. Which are the best ?

A. Those which have the greatest
proportion of air space in them.

Q. What else is required of a non:
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conducting covering, besides poor heat
conducting qualities ?

A. That it shall be uninjured by high
temperatures ; shall not crack and fall
off ; shall not be too heavy for pipes;
shall not be affected by leaks from with-
in or without; shall not corrode the
metal, and shall be easily applied and
removed for inspections of the surfaces
below it. It is of course desirable that
it be sightly, and cheap in first cost
and in application.

Q. Do you consider a non-conducting
covering indispensable ?

A. By-all means; even on locomotive
fire-boxes.

COMBUSTION.

Q. What is combustion ?

A. Familiarly defined, ¢ burning.”
Chemically speaking, the union of two
unlike substances to forw a third, and
attended with the production of heat
and light. This last definition is ordi-
narily limited so as to make oxygen al-
ways one of the substances.

Q. What is oxygen ?

A. One of the two gases which in
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mechanical mixture constitute the air
we breathe.

Q. Of what is oxygen composed ?

A. It is not composed of anything
but just oxygen. It is asimple sub-
stance; a chemical element.

Q. With what is oxygen mixed in the
air ; in what proportion ?

A. With another simple element, ni-
trogen gas, in the proportion of 79 vol-
umes of nitrogen to 21 of oxygen.

Q. Anything else in air besides oxy-
gen and nitrogen ?

A. A trifle of vapor of water, and an
almost imperceptible trace of carbonic
acid gas.

Q How much does a cubic foot of air
weigh ?

A. At 32° Fahr., 0.080728 1b. advoir-
dupois, or 565.1 grains; at 62° F.,
076097 1b. or 532.7 grains. The warmer
the lighter.

Q. What is the volume of one Ib. of
air?

A. At 32° F., and at ordinary atmos-
pheric pressure of 14.7 lbs. per square
inch, 12.4 cubic ft

Q. Does nitrogen support combus-
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tion ; I!;Ihal; is, can anything burn in it?
o.

Q. What are its properties ?

A. Mostly negative. It will not burn
nor let anything burnin it; nor support
life ; has no smell, taste, nor color ; does
not dissolve in water ; is neither acid
nor alkali.

Q. What is the use of the nitrogen in
the air ?

A. To keep combustible things from
burning up at once, and animals from
living out their lives at once at a light-
ning rate of speed, as would be the case
if the air was pure oxygen.

Q. Where do we find oxygen besides
mixed with nitrogen in the air ?

A. 1t is chemically combined so as to
form about 8-9 of water, and about one-
half of silicia, chalk and alumina, which
three last named are the most plentiful
components of the earth’s crust.

Q. What is the “law of definite pro-
portions ” in chemical combination ?

A. “In any chemical compound the
nature and the proportions of its constit-
uents are fixed, definite and measurable.”
Thus in 100 lbs. of water, there are 88.9
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Ibs. of oxygen and 11.1 of hydrogen : no
more nor no less of either.

Q. How many compounds of carbon
and oxygen are there?

A. Two; carbonic oxide orimperfectly
burned carbon (CO), and carbonic acid or
perfectly burned carbon (CO,)

Parts by Weight.

fymbol. Carbon. Oxygen.
Carbonic Oxide, CO 12 16

Carbonic Acid, CO, 12 32

Q. Can not these proportions be rep-
resented more conveniently ?
A. Yes; as follows :

Percentages.

Carbon. Oxygen.

Carbonic Oxide, 4286 57.14
Carbonic Acid, 27.27 T72.73

Q. What conditions are necessary to
the combustion of carbon and hydrogen ?

A. That the carbon and oxygen must
be in contact, and at a temperature suf-
ficiently high to start the combustion.

Q. What is ordinary flame ?

A. Gas or vapor the surface of which
is burning or emitting light.

Q. What color has the flame of hydro-
gen?
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A. It is very pale blue; almost color-
less.

Q. What is the color of carbonic oxide
flame?

A. Bluish, as seen when anthracite or
coke is burning.

Q. What is the specific heat of a sub-
stance ?

A. The quantity of heat required to
raise 11b. of it 1° F., as some substances
have more capacity for heat than
others.

Q. What is the unit of measurement
of specific heat ?

A. The amount of heat required to
raise 1 1b. of water 1° F., under certain
conditions not necessary to specify
here.

Q. What is thespecific heat of carbonic
acid ?

A. 0.2164.

Q. And of nitrogen ?

A. 0244,

Q. With these data, how can you ci-
pher out the quantity of heat required
to raise 1° F. the products of complete
combustion of 1 1b. of carbon?

A. The following is the calculation :—
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sﬁocmc Heat
Products. Lbs. eat. Units.
Carbonic acid, 3.67 x .2164 794
Nitrogen, 894 x .244 2181

Total, 2.975

Q. How many heat units in the com-
plete combustion of 1 Ib. of carbon ?

A. 14,544,

Q. Then what is the highest theoreti-
ical temperature you can get by com-
pletely burning 1 Ib. of carbon? -

A. 14544 divided by 2975—=4889°
Fahr.

Q. Suppose we allowed 18 lbs. of air to
burn 1 lb. of carbon instead of 1161, as
we have just been figuring on, how
would you cipher out the temperature of
the gaseous products?

A. The gases would then contain
as before )

Carbon 1. 1b.
Oxygen 2.67
Nitrogen 8.94
plus unconsumed air. 6.39
Total

19.
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And the heat units would be got thus:—

Carbonic acid 3.67 x .2164 = .794
Nitrogen 894 x .244 = 2181
Air 6.39 x .2377* = 1.519

19.00 4.494

14.544 < 4.494 — 3236°F.

Q. What should this teach us?

A. The uneconomical effect of intro-
ducing too great a quantity air in the
furnace.

Q. On what does the temperature of
combustion depend ?

A. On the kind of coal and the kind
and the quantity of products of combus-
tion, including the air required to burn
the fuel.

Q. When coal is burned, what are the
principal gaseous products ?

A. Carbonic oxide, carbonic acid, ni-
trogen, unconsumed air, and gaseous
steam.

Q. How much carbonic acid (CO,)
ought 1 1b. of carbon to make?

A. It should take 2.67 lbs. of oxygen,

*Specific heat of air.

Awﬁ
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and make 3.67 1lbs. of carbonic acid
(COy).

Q. How much nitrogen would that
set free from the air ?

A. 8.94 1bs.

Q. When coal is shovelled upon the
grate bars and ignited, what happens
first ?

A. The two constituents of the coal,
the carbon and hydrogen are separated,
and as a matter of fact, a gas works is
made.

Q. Will carbon burn by itself ?

A. No; no more than a stone will.

Q. What is necessary in order to have
perfect combustion ?

A. Time, space, air and heat.

Q. What is smoke ?

A. “The exhalation, visible vapor, or
substance that escapes or is expelled
from a burning body ; applied especial-
ly to the volatile matter expelled from
vegetable matter, or wood, coal, peat
and the like ; the matter expelled from
metallic substances being more gener-
ally called fume or fumes.”— Webster.

Q. Can smoke Le burned ?

A. Yes, by giving it oxygen enough
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to cause it fo futher oxydize; that is,
for the unburned carbon to burn, and
for the partly burned carbon to com-
plete its oxidization.

Q. What is the disadvantage of ad-
mitting air back of the bridge wall in
burning soft coal ?

A. Impedes the draft.

Q. How high a temperature may be
got by burning pure hydrogen gas, in
pure air?

A. When one pound of hydrogen
burns in air, we get as product gaseous
steam (which has a specific heat of .475),
and nitrogen (which has a specific heat
of .244). It takes 34.8 lbs of air, con-
taining 8 1bs. of oxygen and 26.8 lbs. of
nitrogen. Then the heat units absorbed
per degree of rise of temperature by the
gases from 1 1b. of burned hydrogen
are as follows:

Heat units

Gaseous steam 9 x.475 = 4.275
Nitrogen 26.8 x .244 = 6.539
35.8 10.814

As the total heat of combustion of
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one pound of hydrogen is 62,032 units
the temperature of combustion would
be 62.032 = 10.814 = 5,744° F.

Q. How can you find out how many
cubic feet of gases of combustion go out
of your furnace, supposing that youm

have an analysis of the coal ?

A. To find the volume at 62° F. of
the gaseous ‘products of combustion of
one pound of combustible completely
burned :

Multiply the weight of each gaseous
product (carbonic acid, steam, sulphur-
ous acid and nitrogen) by the volume
of one pound in cubic feet at 62° F., as’
per proper tables, as follows:

1 1b. carbonic acid equals 8.594 cub. feet.

1 Ib. steam 21125 ¢« ¢«
1 1b. sulphurous acid 5.848 « «
11b. nitrogen = = 13.501 « «

As the relative weights of the various
gaseous products are as follows:

Carbonic acid 3.C6 times carbon.
Steam 9 ¢  hydrogen.
sulphurous acid 2 ¢ sulphur.
8.06 ‘ carbon.
Nitrogen % 26.8 ¢“  hydrogen.
935 ‘¢ sulphur.

we get the following :
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.0866x8.59 .315 times the volume of carbon, equal
volume of carbonic acid.

.09x190=1.9 times the volume of the hydrogen, equal
volame of the steam.

.02x5.85=.117 times the volume of the sulphur, equal
volume of the sulphurous acid.

The
.0892x13.5=1.206 t.lmes tho volume of the carbon.
.268x18.5=3 618 ‘“  hydrogen.
.038.x13.5=0.45 ¢ . “ . sulphar.
.01x13.5=.185 woou . ‘*  nitrogen.

is equal to the volume of the nitrogen.
Then,

l 52 x the wtal weight of carbon or) equals total

5.52 x hydrogen, >volume of
B6Tx ¢ “ “ sulphur, ases of com-
Jibx - “ nitrogen, J u:tion.

Thus : Suppose we have a combusti
ble having the following analysis :

Carbon......ccciiviiienitiniinteacniies. 86

Hydrogen tevscecnns .

Nitrogen... ceeaess
Sulphur.... “es

T 1.00

(Ash and oxygen are not considered, the
percentages being those of the combus-
tible part).

With such a combustible the volume
at 62° F. of the gaseous products will be
as follows :
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.86x1.52=1.8072 b‘y renson of .the carbon.

08x5.52=4.416 hydrogen.
01x.5"7= (57 o ‘“  sulphur.
.05x 1.5—= .0068 ** ¢ **  nitrogen.

Total volume 5.78:7 per pound of combustible.

. Knowing the quantity of ash and of
oxygen in the fuel, the quantity of com-
bustible can readily be got.

The volume at any other temperature
may be got by dividing 623.2 into the
absolute temperature* and using that
as a multiplier for the volume at 62° F.

Q. Can you give anyidea of the quan-
tity of air actuaily used to effect com-
bustion, as compared with the theoreti-
cal amount ?

A. “ With chimney draft, the experi-
ment.s of the U. 8. Navy show that ordi-

furnaces require about twice the
theoret.lca.l amount of air to secure per-
fect combustion.

“Prof. Schwackhoffer, of Vienna, found
in the boilers used in Europe an aver-
age excess of 70 per cent. of the total
amount passing through the fire—or
that over three times the theoretical
amount was used.

*Themometer reading, plus 461.2 degrees.
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*“A series of 12 tests made by same with
artificial blast, gave an average excess
of only 22 per cent. of the whole quan-
tity, and in a few cases none at all, with
only traces of carbonic oxide, showing
perfect combustion.”— Babcock & Wil-
cozx.

“ A series of analyses by Dr. Behr of
the escaping gases from a Babcock &
Wilcox boiler, with chimney draft,
showed an average excess of air equal
to 48 per cent. of the whole quantity.

Q. How would you determine the
temperature of a fire from its color?

A. The following table, from M.
Pouillet, will enable the temperature to
be judged by the appearance of the fire:

Appearance. Tet:p. Appearance. [Pemp.
Fahr.

Fahr.

Red jnt visible .. !77" Onnge,deep 2010
clear. 21€0

" Cherry, ‘dull. 140 thto heat .| 2870 -
. tull..| 1650 bright...... 250
“ “ cleur 18.0 ¢ dazzling... | 2730

Q. How would you tell it from the
melting points of various metals, alloys,
and other substances ?
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A. By rcference to this table:

Substance: Temp Fah
Tallow...... . . covviivncnneniannns
Spermaceti
Wax whne

Bulpfmr

Tin

Antlmon'y o
Brass .. [PV

Silver puru ..... ..11830
Gold Coin. . ...2156
Iron Cast, medium. ... P 20;3
Wroni{;i;t'i}b'i':'.'.ilfi'.........IT'.'.' 2910

Q. What is fuel ?

A. Anything that can be economi-
cally burned in air to produce heat.

Q. On what does the economrc value
of a fuel depend ?

A. On its heating power.

Q. What gives fuel its heating power?

A. Carbon and hydrogen.

Q. What is carbon ?

A. An elementary substance, which
exists in these forms, like charcoal, gra-
phite (black lead, plumbago), and the
diamond.

Q. What is hydrogen?




268 THE STEAM-BOILER CATECHISM.

A. A colorless, odorless, tasteless gas,
the light test of the elementary sub-
stances in chemistry. It will not sup-
port lifeor ordinary combustion ; burns
with oxygen, forming water.

Q. What are the principal fuels used
under steam boilers ?

A. Wood, charcoal, peat, hard coal,
soft coal, coke and gas.

Q. How may fuels be classified ?

A. As follows:

I. Wood.
IL Deat.

( a. Lignite, Non caking, rich in
oxygen.

III. Coal,{ b. Bituminous, g

| ¢. Anthracite, | Non caking, rich in

L carbon.

; Wood-charcoal,

IV. Froducts of {a. Solid, Peat-charcoal.

carbonisation {
orincomplete®

Coke.
Carbonic oxide.
burning. Ld. Volatile, g

Hydrogen.
Hydro-carbons.
Q. How much moisture in freshly
cut green wood ?
A. About 45 per cent.
Q. How much is left when it is as dry
- a8 it generally gets ?
A. 18 to 20 per cent.
Q. What is peat?
A. It is made of various plants which
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are gradually uniting with oxygen, un-
der moist influences. It contains about
75 per cent. of water. o

Q. What is lignite ? ‘

A. Half formed coal; between peat
and bituminous coal.

Q. Is it the same as brown coal ?

A. Not quite.

Q. How much water ia lignite?

A. 10 to 20 per cent.

Q. How much bitumen in American
bituminous coals ?

A. None.

Q. Then what is meant by a bitumi-
nous coal ?

A. Those which have a large propor-
tion of organic (that is, in this case veg-
etably formed) matter in addition to
carbon.

Q. About what is the composition of
bituminous coals ?

A. They will range about as follows:

Carbon 75 to 80 per cent.
Hydrogen 65 to 6 «
Nitrogen 1 io 2 « «
Oxygen 4 to 10 «
Sulphur 04to 8 « ¢

Ash 3 to 10 ¢« «
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Q. What is the distinguishing feature
of bituminous coal ?

A. 18 to 50 per cent. of volatile com-
bustible matter.

Q. What is a caking coal ?

A. One which melts down and swells
up, getting pasty in the fire, and caking
together on the grate.

Q. What is a non-caking coal ?

A. One which does not get pasty and
cake together in the grate, but burns
more like charcoal. Block coal is of this
type.
%e. ‘What is free burning coal ?

A. The same as non-caking coal.

Q. What is coke ? -

A. What is left when gas coal has the
gas distilled out of it; a hard, gray,
steely, lustrous substance; burning well
under a strong draft

Q. What is semi-bituminous coal ?

A. Softer and with less volatile mat-
ter than bituminous; kindling readily,
free from smoke and soot, and easily
regulated.

Q. What is semi-anthracite?

A. It has 7 to 8 per cent. of volatile
matter, part of which is in cells or clefts;
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kindles freely. The Wilkesbarre coal is
of this kind.

Q. What are the characteristics of
true anthracite ¢

A. Tt is a hard, slow kindling, poor
heat conductor, burns at a high tem-
perature, radiates very strongly, is hard
to quench, and gives off no water in
burning.

Q. What are its advantages ?

A. Great heating power, density, free-
dom from swelling in the furnace, and
exemption from deterioration when ex-
posed to the weather.

Q. What can you say about the value
of “slack ” as a fuel under steam boil-
ers?

A. “Slack” or the screenings from
coal, when properly mixed—anthracite
and bituminous,—and burned by means
of a blower on a grate adapted to it, is
nearly equal in value of combustible to
coal, but its percentage of refuse is
greater.

Q. What is the best kind of wood for
fuel ? '

A. The effective value of all kinds of
wood per pound, when dry, is substan-
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tially the sume. The following are the
weights and comparative value of differ-
ent woods by the cord:

Kind of Wood. |Wght| Kind of Wood. |Wght

hickory, shell bark| 4469 |Southern Pine ... .| 8375
“ red heart.| 8:05 |Virginia ¢ ... | 2680
|Spruce......c.c..... 2325

New Jersey Pine | 2137

Yellow Pine....... | 1974

White $ eiiee. .| 1868

Q. What is the action upon the boiler
sheets, of coal containing sulphur?

A. Very detrimental.

Q. What about storing bituminous
coals in a dry climate ?

A. They should be kept from the sun,
or they will lose their hardness and val-
ue ; will get softer.

Q. Does anthracite coal spoil by being
left in the sun in a dry climate ?

A. No. There has been hard coal
piled upon the beach at St. Paul de Lon-
da for twenty years without losing its
worth.

Q. Does welting coal improve it or
not for the purpose of making steam ?
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A. Recent experiments tend to show
that it causes a loss.

Q. How many pounds of dry ashes
should there be remaining after the
burning of one gross ton (2240 pounds)
of good hard coal ?

A. As gonod anthracite runs about 7
per cent., of ash that would make a mini
mum of 2240 X .07=156.8 lbs.

Q. How many cubic feet of 'space
should you have in your coal-bunker for
each gross ton of hard coal to be stored ?

A. Asanthracite runs about 94 Ibs. to
the cubic foot, that would make about
2240-+-94—=23.83 cubic feet.

Q. How big a cube would that make?

A. 2.88 ft. —34.56 inches on a side.

Q. Show how the relative value of
various coals is estimated from the money
point of view?

A. The Philadelphia Water-Works
made tests of therelative values pea, egg,
and soft coal for steam purposes. The
tests which were made at Belmont
pumping-station extended over 48 hours,
and were remarkably uniform in the
conditions. Hard pea coal did 35.8 per
cent., more work than the egg for a dol-
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lar, soft coal 26.6 per cent., and dasty
pea coal 49.4 per cent. more. Soft coal
showed the highest “duty” and the
‘“egg” coal came next; but the price
told the story. For clean pea $2.30, egg
$4.38, soft coal $3.58, dusty pea $2.65,
were the relative costs in that case of the
different kinds, for a unit of work.

Q. Can you give some figures showing
the results of tests made with different
kinds of coal in standard locomotive
boilers ?

A. Dr. Cresson found for aunthracite
50 per cent. of the total heat obtainable ;
bituminous 54 ; semi-bituminous, 55.2.

Q. Are there any figures showing the
results of tests with coal slack or waste?

A. Dr. Cresson found for anthracite
waste, 69.4 per cent.; marketable an-
thracite, 65.5 ; bituminous waste, 64.3;
bituminous lump, 68.3. These tests
were with the Wootten boiler.

Q. Can you quote a table giving the
qualitics of American coals as regards
ash and heating power?

A. The following table of American
coals has been compiled from various
sources by Babcock & Wilcox :
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AMERICAN COALS.

Theoretical Value.
COAL. a. in
3'§ In Heat | Pounds
% Unats. of water
STATE. KIND OF COAL.| A5 evap.
Penn ....Anthracite| 8.49 14,199 14.70
o “ 6.13 17,535 14.01
o “ 2.90 14,721 1490
¢ ... Cannell 15.02 13,143 13.60
¢ ..Connellsville] 650 13,368 13.84
“  Semi-bit'inous| 10.77 13,156 13.62
‘¢ . .Stone’s Gas| 5.00 14,021 14.51
o Yoummo‘gheny 5.00 14,265 14,76
O rown| 9.50 12,34 .75
Kentucky ...Caking| 2.75 14,301 14.80
. Cannel 2.00 15,193 16.76
“ . 14 80 13,760 13.84
“ cee .ngnlte 7.00 9,326
Il. . ....Bureau (‘o] 5.20 13,025 13.48
. Mercer Co| 5.60 13,123 13.58
..Montauk| 5.50 12,6569 13.10
...Block| 250 13,583 14 38
. ..Cakin, 5.66 14,146 14.64
“o .Cannel| 6.00 3,097 18 56
Md . .Cumberlund 13.98 12,226 12.65
k . ngmte 5.00 9215 9.54
9.25 13,562 14.04
¢ 4.50 s 14 85
o 4.50 13,062 13.41
“ 8.40 11,551 196
..Petroleum 20,746 21.47
FIRING.

Q. What should be required of a fire-
man ?
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A. That he should know his dutiee
and be watchful, reliable, neat, sober,
careful, and desirous of learning each
day something new.

Q. What about rapidity of combus-
tion in starting up a fire?

A. TLe fire should not be allowed to
be too brisk in starting up, when the
boiler is cold.

Q. In getting up steam for the first
time, what fuel is best, and why ?

A. Wood, because it is more easily
regulated than coal or coke.

Q. How long should you take to get
up steam for the first time upon the
ordinary return tubular boiler 5'x16'?

A. About 3 to 4 hours.

Q. What should the fireman be doing
in the mean time?

A. Inspecting every joint and seam
that is visible.

Q. After steam is got up for the first
time what should be done?

A. The boiler should be allowed to
stand for about an hour under full pres-
sure; then the surface blow should be
opened to blow out any oil or light dirt
that might have been present.
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Q. In kindling a fire, where should
most of the shavings be put?

A. In front (speaking of a stationary
or a marine boiler).

Q. How should a shavings fire be
started ?

A. Throw a few shovels full into the
furnace, upon part of the grate only;
then light this, close the dampers and
check the draught, until the boiler be-
gins to send off air from the water; dis-
charge this air through the upper gauge
cock which should be left open for that

purpose.

Q. What should be seen to after the
fire is started?

A. When the steam pressure com-
mences to rise it should be seen that
there are no leaks, and that all the cocks
and valves move easily.

Q. Is it best to fire slowly or quickly
in starting up?

A. “Little and often” is the best
motto.

Q. What is the sign of proper com-
bustion ?

A. A bright flame all over the grate
alike.
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Q. What are signs of bad combus-
tion ?

A. Blue flame, dark spots and visible
smoke.

Q. Is it possible to avoid the emission
of dark visible smoke just after firiny?

A. With some fuels it can be avoided.

Q. What about the thickness of the
fire?

A. Evenness is of more importance
than its actual thickness; for the draft
is regulated to the actual thickness.

Q. What about bare spots?

A. They should never be allowed to
remain uncovered, as they let cold air
in.

Q. Is a red flame a sign of good or
bad combustion?

A. Of bad; the darker the red the
more incomplete the combustion.

Q. Should a boiler be fired with a
perfectly level surface of fuel?

A. No, it is better to have it saucer
shaped, more particularly for the pur-
pose of preventing cold air frcm coming
up at the edges, right upon the hot
sheets.

Q. What difference in the way of cover-
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ing the fire with anthracite and with
‘bituminous coal?

A. In firing anthracite, you must
scatter the coal over very thinly and
evenly ; with bituminous you must cover
small local portions at each shovel full
Anthracite should be of uriform size,
fired often and in small quantities and
carried as light as possible. The farn-
ace door should be kept open as little as
possible. With bituminous these items
are not necessary.

Q. In firing with wood, what should
be observed?

A. The wood should be laid in an
orderly manner, and not just piled up
helter-skelter.” (This is especially the
case with four-foot cord wood).

Q Should wet wood be burned?

A. Not if dry can be had. '

Q. What kind of wood especially r -
quire to be dry in burning?

A. The light woods like cedar, white
pine, spruce, hemlock, etc.

Q. Is black oak a good fuel ?

A. No; takes too much draught.

Q. Does it hurt a good fire to disturb
it?
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A. No.

Q. Why does it hurt a fire of anthracite
coal to disturb it?

A. Because the ashes and clinkers be-
ing brought up to the top, act as a
damper.

Q. In firing with shavings should the
fire box be kept full, or not?

A. It should.

Q. Whatis the danger in firing heavily
with shavings?

A. Blowing back, by reason of the
grates getting clogged.

Q. What is the best kind of wood fuel
to use in connection with coal to force
things?

A. Barrel staves, especially if of whis-
key, resin, or oil barrels.

Q. Suppose you have to use wood with
coal, to help it along, is it better to put
it upon the coal or under it?

A. Tt is better to force it under.

Q. What about firing with two fur-
naces?

A. They should be alternately fired.

Q. What about entirely closing the
chimpey damper?

A. It should never be entirely closed
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when there is fire upon the grate, lest
explosions take place in the flues.

Q. What precaution should be taken
with regard to the furnace door in clean-
ing or firing?

A. It should be kept open as little as
possible, as when open, the cold air
chills the inside of the boiler.

Q. Should the draft be changed while
firing ?

A. It may be lessencd, by closing the
lower door ; not by touching the chimney
damper.

Q. What is the effect of stirring the

e?

A. Bad, as it causes the fuel to drop
through the grate without being burned.
(This of course does not mean that a soft
coal fire should not be broken up).

Q. Is it desirable to have the fuel wet?

A. Soft coal should be dry.

Q. What is the effect of wetting soft
coal ?

A. To stick up the sides of the flues
with pitchy soot, which will catch dry
particles and ciog up the flues.

Q. How about hard coal being dry or
damp?
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A. It is sometimes better to dampen
it, in order to make it burn more freely
ard not crowd.

Q. Does coke require any different.
ratio between heating and grate surf. ces
than coal?

A. It pneeds more grate, and lence
less proportionate heating surface.

Q. Does coke require thick or thin bed?

A. Thick.

Q. Should you burn more or less
weight of coke per hour per square foot
of grate, than of coal?

ﬁ. Less, by about one-third.

Q. Should coke fired boilers have tne
fire in front of the boiler or underneath ?

A. Underneath.

Q. Does coke require as long flues as
coal?

A. No.

Q. Which takes a thicker fire, hard or
soft coal ?

A. Soft. .

Q. How about the thickness of a peat
fire? .

A. It should be very thick.
ﬁrQ. How about the thickness of a coke

e?
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A. It should be thicker than that of
any other fuel.

Q. How about wood?

A. It should be burned in avery heavy
fire.

Q. Which needs moreair, coke or coal ?

A. Coke, by about one-third.

Q. In firing with coal is there gener-
ally too much or too little air at first?

A. Too little.

Q. How is it with coke?

A. Too little.

Q. How could the demand for more
air at the time of coaling be met?

A. By having an automatic valve in
the face of the door, which should open
when the door is opened for coaling, and
close gradually in a given time, as the
coal required less and less air.

Q. Will a dumping ash pan for a
locomotive boiler furnace save coal?

A. Only by keeping the fires clean.

Q. What is probably the principal ad-
vantage of the brick arch in locomotive
fire boxes?

A. It compels the fireman to fire right.

Q. Should you put fuel on while the
feed is on? )
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A. No; unless you feed all the time,
in which case it makes little or no differ-
ence.

Q. What can be done to cure down
drnught in a stack?

A. Put at its top a deflector composed
of a number of conical rings so that the
stronger the wind blows the more the
gases are drawn up.

CLEANING FIRES.

Q. Before cleaning the fire, what
should be done?

A. The damper shoulu be opened to
let the gases and dust pass into the flue.

Q. What should be done about clean-
ing if there are more than two furnaces?

A. Theyshould be cleaned alternately.

Q. How should a large furnace be
cleaned ?

A. One-half at a time.

Q. What is necessary as regards feed
before the fire is cleaned ?

A. That there be an extra quantity of
water in it, and a full head of steam ?

Q. Should cleaning be done with a
full fire or with a low one? )

A. With a full one, to prevent loss of
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fuel by lowering the temperature of the
furnace. '

Q. Shouldyou clean with a good fire or
a poor one?

A. With a good one ; the furnace door
having been opened for a minute to take
the white glare off it.

Q. What should be done with the live
fire in cleaning ?

A. It should be pushed back to the
bridge without disturbing any of the
ashes or cinders.

Q. When this is done what next?

A. The ashes and cinders in front
should be removed, and then the pro-
ceeding reversed, drawing the live fire
front, and taking out the cinders at the
back.

Q. What next?

A. The fire evenly spread, and what
aches and cinders remain picked out.
and a thin layer of fresh coal puton.

Q. When is the time to clean ?

A. Ouly when there is no white light
shines through the grate into the ash pit.

Q. Is it always necessary to clean
when there is no white light shines
through the grate to the ash pit?
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A. No; it is better sometimes, es-
pecially with anthracite, to clean from be-
low with a thin hooked poker.

Q. How about the necessity of clean-
ing a fire of bituminous coal?

A. It should be broken up often to let
the air get through. It should then be
pushed back towards the bridge, and a
smail amount added in front and allowed
to coke.

Q. Suppose the fire has been let get
low or the grate uncovered, what should
be done ?

A. There should be put upon the
bare places some waste, wood, or other
light substance, then some coal thrown
on, and the damper opened out.

Q. What should 70t be done?

A. The thin part should not be poked,
as that might put it out.

Q. When is the best time to remove
clinkers from the fire-bricks of a fur-
nace, so a8 to do the least damage to
the walls?

A. Just after hauling fires, while the
clinkers are hot and soft.

Q. What will lessen the formation of
clinkers with hard coal ?
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A. Oyster shells mixed in small pro-
portion with the coal.

HOT BLAST AND FORCED DRAFT.

Q. What is the essential feature in
some patent furnaces ?

A. The use of a hollow bridge wall
and back to the furnace, as well as hol-
low side walls, to heat the air which is
admitted at the side of the gratesand at .
the top of the bridge wall.

Q. What is the principal feature in
other patent furnaces?

A. The waste heat from the chimney
is used to furnish a hot blast to the furn-
ace; with a setting that tends to dis-
tribute the heated products of combus-
tion evenly over the surface of the
boiler. Thereis a hollow mid-wall run-
ning lengthwise of the furnace, and ad-
mitting air over the grate. Air is forced
in by an injector.

Q. What is the advantage of lining
the furnace of a locomotive boiler with
fire bricks?

A. In order that it shall be intensely
hot when the air enters, and so cause
instant and complete combustion.
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Q. Where may a forced blast be ap-
plied ?

A. Either above or beyond the grate
as an exhaust, or under it as a pressure.

Q. Which is better, blast above the
grate or below it ?

A. Below.

Q. What is often gained by the use of
forced blast ?

A. The ability to burn poorer fuel
and use a lower chimney.

Q. What is the disadvantage of a fan
blower for a forced blast ?

A. It requires special machinery to
drive it. )

Q. What is the disadvantage of a jet
apparatus for forced blast ?

A. You must have steam up before
you can get your extra draft, and in
many places it makes foo much noise.

Q. Can you describe a boiler setting
in which the air supply is heated before
passing through the grate?

A. In the one shown, Fig. 123, there
is a lining of fire brick upon all sides aud
over the bridge wall, precisely as in the
old style. But the bridge wall is hollow
and contains a flue that is covered with
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a gate at the bottom by which the sup-
ply of air flowing iuto the main flue or
combustion chamber may be regulated.
Back of the regular bridge wall there is
another wall, lined with firebrick, that is
built up close against the boiler, and
which has two arched passages through
it leading to the flue beyond. This wall
is also hollow and contains a flue cov-
ered with a gate similar to the one in
the bridge wall. This flue rises to the
top of the wall and has an opening at
that point into the combustion cham-
ber.

The gases in passing through the
combustion chamber on their way to the
arches in the back wallare supplemented
by two streams of hot air entering
above and below. This tends toward a
perfect mixing of the oxygen with the
combustible gases; and the lining of
firebrick, which should be at all times
very highly heated, should insure their
certain ignition.

The remainder of the setting possesses
no peculiar features. The back flue is
somewhat shorter than where the com-
bustion chamber is not used. The arch



Fig. 118.—McMurraY Brinee WaLL.
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or flue plates may be constructed of any
style and pattern to suit the user. The
boiler may be supported upon a stand
with an expansion plate, as here shown,
or may be held by the side brackets.

Q. What is the nature of the McMur-
ray setiing?

A. There is a corrugated hollow bridge
wall which admits air behind it, having

reviously heated it by the impinging
ames. Its construction is shown in
Fig. 118. :
FLUE CLEANERS.

Q. Are flue cleaners useful?

A. Flue cleaners are now so handy
and inexpensive that there is al.solutely
no excuse for any one letting the heat-
ing surface of his flues and tubes remain
covered with a non-conducting deposit,
which not only lessens the steaming ca-
pacity and the economy of the boiler,
but actually corrodes the metal.

Q. What are the principal kinds?

A. Scrapers. brushes, straight steam
jets, revolving or spiral steam jets.

Q. Describe a simple flue scraper?

A. There are three flat steel springs,
each carrying a crescent shaped scrap-
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ing blade, parallel with the length of
the tube, and also one at right angles
therewith, so that the edges . f the scrap-
ing blades act when the tool is revolvedor
twisted as well as when it is pulled
lengthwise through the tubes.

Q. Describe a simple form of steam
auger?

A. In the “Cleveland” steam flue
cleaner there is simply a nozzle, on the

Frr. 121.—““ CRESCENT ”’ FLUE- SCRAPEP.

end of a handle of suitable length, and
supplied with high pressure steam by a
steam hose. The nozzle has a conical
end, to fit and fill the ends of tubes of
various sizes, and the steam is given a
spiral or twirling direction by spiral ribs
within the nozzle.

Q Can you show any other kind?

A. In the “Crescent,” there is also a
handle, a steam hose, and a conical uoz-
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Fic. 122.—MANNER OF USING A STEAM FLUE
CLEANER,
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zle; but the spiral motion is given tc
the steam jet by having it escape through
an S-shaped slit, having suitably in
clined edges in the end of the cone.

CORROSION AND INCRUSTATION

Q. What is corrosion?

A. The eating of tle boiler sheets so
a8 to lessen their strength; generally
similar to ordinary rusting.

Q. What is incrustation ?

A. The deposit of a hard, stony coat-
ing on the bottoms and sides of the
shell and tubes.

Q. What are the evil effects of incrus-
tation ?

A. Reduction of capacity, over-heat-
ing of plates, and yrevention of inspec-
tion.

Q. Does a soft deposit do harm to a
boiler?

A. Yes; it does not settle at once,
and it makes circulation more sluggish.

Q. How may a sludge deposit be de-
tected ?

A “By leakage at the seams, frac-
tures at the edge of the plates and in
the line of rivets, and by over-beating
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and consequent depression of portions
of the plates where it rests.” (J. M.
Allen).

Q. What aggravates the trouble from
sludge in boiling ?

A. Grease.

Q. What is pitting?

A. Eating holes in the sheet, caused
by corrosive action on non-homogeneous
boiler plates.

Q. What is grooving ?

A. A line of corrosion at or near the
edge of a lap jrint or a welt.

Q. What is “ bleeding?”

A. Exudation of reddish water from
the seams of a boiler.

Q. How may pitting be cured ?

A Pitting can, according to the re-
cent report of the Committee on Boilers
to the Railway Master Mechanics’ As-
sociation, be stopped and the plate
brought into a healthy condition by
scraping the affected spots and cleaning
the surface with a sitrong solution of
soda or petroleum, to remove any grease
or acidity, and then coating with a thin
wash of Portland cement. Even so sim-
ple an expedient as filling the cleaned
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pit-holes with red lead has, in marine
practice, proved quite effectual in pre-
venting any further waste.

Q. What is the danger of neglecting
to keep the boiler clean?

A. Burning or blistering the portions
which are covered with scale, and conse-
- quent increased liability to explosion
under working conditions.

Q. Suppose that the feed water con-
tains 20 grains of incrusting material
per gallon ; how much would that make
per month in a locomotive taking 45
gallons per mile and running 2000
miles a month?

A. 20 x 45 % 2000 7000 = 257 Ibs.

Q. What precautions should be taken
with sealing tools?

A. They should not have sharp edges,
and care should be taken not to dent or
cut the plates, rivets, stays, or braces.

Q. How can you scale off horizontal
tubes ?

A. By running a scaling bar between
them ; or by removing some in order to
get at the rest.

Q. What should be the order of doing
as regards braces ?
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A. They should have the loose scale
knocked from them.

Q. How should washing down be
done?

A. Commence in the steam spaces,
and give the steam drnm (if there is
one) and the back connections special
attention. Then take the hose to each
man-hole and wash down the furnace
crowns ; then get into the mud holes at
the bottom. Then hoe out the dirt,
swab all over, and leave the boiler open
until it is dry—which may be facilitated
by paus of burning charcoal.

Q. How may marine boilers which
are placed athwartships be cleaned out
more readily ?

A. By listing the vessel so the slush
and water will run out at the front of
the boilers, and removing some of the
fire room floor plates so the water and
dirt will run into the bilge.

Q. Should “doses” of anti-incrusta-
tors be given “little and often,” or in
large quantities?

A. Little and often.

Q. Should the fire be drawn once a
week and the entire boiler blown off?
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A. No; that bakes on the sludge.

Q. What can you say about the effect
on the plates ?

A. The sudden cooling tends to crack
them.

Q. How should a boiler be blown off
and cleaned out?

A. The fires should be drawn, dam-
per, ash pit d::ors and fire doors closed,
and everything let remain until morn-
ing. Then let the water run out, knock
in the manheads, wash out the shell
wi h a hose, enter the boiler and brush
out the scale.

Q. How can water which is hard by
reason of carbonate of lime or carbonate
of maguesia, held in solution by carbonic
acid, be rendered soft ?

A. By quicklime, slacked in water and
the milk stirred in, letting the sediment
settle.

Q. Is sulphate of lime (plaster rock)
most soluble in hot or in cold water?

A. In cold.

Q. Does incrustation thin a boiler
plate?

A. Yes; when removed a thin layer
of iron oxide (rust) sticks to it.
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Q. What will neutralize the sulphuric
and carbonic acids found in mine
waters ?

A. Caustic baryta for the carbonic
acid and carbonates, and carbonate of
soda to precipitate any dissolved lime or
baryta salts.

Q. How can sulphate of magnesia be
taken out of water?

A. By precipitating it with steam at
250° and filtering while hot. ,

Q. Is carbonate of soda good for
preventing scale in stationary boilers ?

A. Yes; it loosens old scales and
retards the deposit of new; also kills
grease.

Q. Is it good for locomotive boilers ?

A. No; causes water to boil too rapid-
ly and prime.

. Q. What is the mode of action of
gummy matter like starch, Irish wmoss,
etc., in preventing incrustation ?

A. They envelope the lime particles
and prevent their solidifying together
into a stony mass.

Q. What is the objection to their
use?

A. They cause frothing and foaming.
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Q. What else acts in the same way ?

A. Clay.

Q. What objections to its use?

A. TIts gritty particles cut the vaive-
seat, valves, ard cylinder piston.

Q. What fault is there with tannic
acid?

A. It will not act on sulphates and
chlorides; it attacks the iron.

Q. What objection to acetic acid ?

A. Tt does not affect sulphate of lime,
and it eats the plates.

Q. How can tannic and acetic acids
be used ?

A. In tanks, the excess of acid being
killed by carbonate of sodabeforefeeding.

Q. What objection to sal-ammoniac?

A. Tt does not affect sulphate of lime,
and it does corrode brass fittings.

Q. How is crude petroleum best
applied ?

A. Passed through the safety valve
when the boiler is empty; then as the
boiler fills, the water floats the oil and
brings it into contact with the inner
surfaces.

Q. Should oil be used in boilers; if
80, what kind and how?



THE STEAM-BOILER CATECHISM. 303

A. The Engineer says it believes “in
a limited amount of oil, and that is
crude petroleum, first, last, always and
only. The quantity to be used is very,
very small. We would take in every
instance a boiler which had a slight
amount of scales upon it, release every
particle of this scale or sediment, blow
it out, and keep it out, and we are sure
that our readers will profit by following
the directions which have been given so
many times, with increased safety to
themselves and an advantage in econo-
my, and we believe it is just as applica-
ble to a castiron as a wrought iron
boiler, although we have not positively
proved that such is the case from any
actual experiment or test.”

The Scientific American says on this
subject: “The proper way to use the
crude oil is to send it into the hoiler
through the feed water, only once a day,
and only in very small quantities. One-
half an ounce per day will keep an or-
dinary tubular boiler of fifty horse-power
as clean as possible; and after a few
months of regular use the shell will be
found as smooth as a piece of japanned
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work, provided it was not pitted at the
start; and the tubes wi'l be perfectly
clean and smooth. The oil must be
introduced into hot water, and for some
reason it does its work better under
pressure. If any ‘constant feeding’ of
the oil into a boiler takes place, the fire
seams will commence to leak, for this
has been tried; there seems to be a
call for only a small amount of oil, and
the small amount must not be exceed-
ed.,,

. Q. When iron and brass are together
in a boiler, which gets corroded by river
waters ?

A. The iron.

Q. Which do well waters containing
soluble salts attack, the iron or the brass?

A. The brass. '

Q. How may internal corrosion of
marine boilers be largely prevented ?

A. By the use of zine, put in in slabs,
say one square foot for each 20 indicated

P

Q. What becomes of the zinc ?

A. Tt gets corroded to oxide.

Q. How does it prevent the corrosive
action on the iron ?
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A. It gets corroded instead of the
iron by galvanic action, the zinc being
the positive pole.

Q. What is a good protection against
internal corrosion ?

A. A very thin coating of scale or of
Portland cement.

+ Q. What are the objections ?

A. The scale is apt to crack, and the
cement to be washed off by the feed.

Q. What is the principal cause in
promoting explosions ?

A. Corrosion, both inside and out.

Q. What causes external corrosion ?

A. Negligence and ignorance; rust
from the air, dripping from leaky roofs,
cocks and packings; bad brick setting,
letting the water rise, wet ashes touch-
ing the plates, soot in tubes, getting
charged with pyroligneous and from
wood fire; sulphur in the coal; galvanic
action.

Q. How can tube corrosion from soot
and ashes be prevented ?

A. By sweeping and scraping, or
blowing through with steam jets,—
particularly with the so called “steam
auger.” ‘
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Q. How can corrosion take place from
galvanic action ?

A. Where brass fittings are directly
attached to the shell, and the two
metals are acted on by water.

Q. What is salting ?

A. It is a term used in connection
with marine boilers, and implying that
the water gets so saturated with salt as
to cause deposits of salt upon the sheets,
etc., of the boiler.

Q How much salt in one gallon of
sea water?

A. That varies according to the sea;
but ordinarily there is about four ounces
of salt to the gallon or eight pounds of
sea water.

Q. How should the scale be cleaned
out from a boiler ?

A. Depends somewhat upon the kind.
First, the boiler should blown off
cold. Then, as a general thing, if the
scale is very thick and hard, scaling bars
and scaling hammers should be used to
loosen it ; it may then be hoed, raked
or otherwise scraped from the surface,
and removed from the shell by hoes,
stiff brooms, etec.
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Q. Can you give any figures as to the
loss per year with a locomotive by
reason of incrustation ?

A. “The Railway Master Mechanic’s
Association estimates that the loss of
fuel, extra repairs, etec., due to incrusta-
tion amount to an average of $750.00 per
annum for every locomotive in the Mid-
dle and Western States.”

EXPLOSIONS.

Q. What are some of the principal
causes of boiler explosions ?

A. Faulty material, design, construc-
tion; setting, testing, repair, care and
use, bad feed, over pressure, cheap, in-
competent, drunken, and unlicensed
firemen.

Q. Supposing the boiler maker and
setter to do their parts properly, how
can the purchaser be sure that life and
property are safe from damage.

A. By seeing that the safety appli-
ances provided are of the best and are
frequently tested; that the boiler is
kept in good shape aund never allowed
to get incrusted, corroded, fouled with
soot and ashes, or overheated; by get-
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‘ting competent, experienced, sober, l-
censed firemen, and paying them living
wages, and a monthly percentage of pre-
mium if the coal bill is kept down below
a certain limit, and the steam supply is
kept full, dry and regular; by putting
on sutomatic safety appliances as a
check on accident occurring through
sudden illness of the firemen, and not
for the purpose of enabling the hiring
of cheap Jack firemen in place of com-
petent men.

Q. What would be to your mind a
proof that a boiler did not burst from
over pressure ?

A. That it gave way, as is very often
the case, in the strongest parts.

Q. If a boiler burst by hydrostatic
pressure, would the parts be thrown in-
to the air ?

A. No.

Q. Other things being equal, which
is the more dangerous, a boiler having
a large supply of water or one having
but a small supply ?

A. One having a large supply.

Q. Give a sketch of the manner of
rupture of a water tube ?
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A. This one from the Brooklyn sugar
refinery (Fig. 123).

Q. How about the electric theory of
boiler explosions ?

A. It is humbug. The only way in
which steam can be made to generate
electricity is by having the boiler per-
fectly insultated by glass supports, and
having box-wood linings to the nozzles
from which it is discharged. Itisin fact

Fia. 123.—RUPTURE OF A WATER TUBE.

very difficult to get electricity from steam
even when you want it.

Q. Can electricity have anything to do
with boiler explosions ?

A. No, wunless very indirectly by
lightning failing to strike whosoever was
responsible for the explosion, in time to

revent his causing it.

Q. What will account for many of the
mysterious explosicns of boilers which
stand the inspector’s tests of 100 pounds
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one week and go off at 50 pounds the
next?

A. Unequal expansions.

Q. Suppose that it were possible to
decompose the waler in a boiler by con-
tact with over heated plates; what would
be the result?

A. The oxygen would attack the inside
of the plates and cover them with oxide
of irom, so as to stop the process very
soon.

Q. Will pure hydrogen explode?

A. No, not if alone or mixed with
steam : it will extinguish flame just as
water will.

Q. What authority have you for such
a statement as that?

A. None less than that of the great
Faraday. He said in 1859 in his report
to the British Board of Trade, in refer-
erence to the superheating device in
which steam was carried in contact with
hot iron pipes: “I am of opinion that
all is safe; 1. e., that as respects the de-
composition of the steam by the heated
iron of the tube, and the separation of
hydrogen, no new danger is incurred.
Under extreme circumstances the hydro-

—
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gen which could be evolved would be
very small in quantity—would not exert
greater expansive force than the steam
—would not with steam form an explo-
sive mixture—would not be able to burn
with explosion, and probably not at allif
it, with the steam, escaped through an
aperture into the air, or even into the
fireplace.”

Q. Suppose that you had a locomo-
tive boiler with 75 cubic feet of water
space and 75 cubic feet of steam room,
and having steam in it at 140 pounds
pressure; what would be the weight of
the water, and what that of the steam ?

A. About 4650 pounds of water and
about 26 pounds of steam.

Q. What would be the temperature of
the steam ?

A. About 361 degrees.

Q. Then how much higher would the
water be heated in this case, than would
be necessary for it to be heated in order
to give off steam in the open air ?

A. About 15C degrees.

Q. How many pounds of steam at a
total temperature of 1200 degrees would
be required to contain the heat contained
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wonld take about 32 pounds of good
coke or coal.

Q. Are explosions at the moment of
starting common ?

A. Engineer Parker says that of 24
marine boiler explosions, 19 were at the
moment of starting up and 4 when the
piston had reached it stroke.

Q. Do boilers often rupture quietly
without explosion ?

A. Yes, about as often as they burst
with explosion.

Q. How would you tell whether or not
a boiler was burst by reason of the
plates having been overheated?

A. If all the parts could be found,
the burnt iron could be readily distin
guished.

Q. Can an empty boiler heated to -

redness be partly filled with water with-
out danger of explosion ?

A. This has been done many times,
by accident and on purpose.

Q. How much water would the same
amount of heat which would raise 100
pounds of iron one degree, raise to the
same amount ?

A. About 11 pounds.
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Q. About how many pounds of steam
does an ordinary locomotive boiler con-
tain when running ?

A. About 25 to 30.

TESTING AND INSPECTING.

edQ. How should steam boilers be test-
?

A. Testing steam boilers is best done
by filling them with cold water, weight-
ing the safety valve at the point to which
it is desired to test the boiler, and firing
up. Such a test is less of a strain upon
the sheets than the cold hydraulic test,
and less than a steam test.

Q. What preliminary examination
should be made of new boilers, before
filling them ?

A. They should be examined thor-
oughly to see that nothing has been left
in them.

Q. Which style of boiler is the most
readily entered and inspected ?

A. The plain cylindrical without flues,
and having hemispherical ends.

Q. Is a tubular boiler easily inspect-
ed and tested ?

A. No.
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Q. What other class is particularly
hard to get at?

A. Some forms of marine boilers which
have tortuous and complicated passages
and spaces.

Q. How about testing gauge cocks ?

A. They should be frequently exam-
ined and blown off, being opened and
closed gradually; and they should be
ground on their seats whenever they
leak.

Q. What about testing the steam
gauges ?

A. They should be tested every year
at least, by those competent to do this
work and with proper apparatus.

Q. What is the best way of testing a
boiler by pressure ?

A. Fill with cold water and then fire
up, and let the expansion of the water
put on the pressure. .

Q. How about the temperature to
which the water should be raised in this
hot water test?

A. It should not be very high, as that
prevents the inspector getting around
and under the shell. _

Q. When the cold water test is ap-
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plied, what precaution should be taken
about gauges ?

A. There should be two; one on the
shell and the one at the pump.

Q. What is the most rehable test ?

A. The sound test.

Q. Describe it ?

A. Tt cannot be described. A good
part will sound differently when struck
than a defective part will. The shell
should be marked off in squares of one
foot each way and each one struck ; then
every sheet, crown-bar, tube, stay, brace,
angle iroun, ete., should be rung.

b (?,2. How must every stay and brace
e ?
A. Taut and sound.

CAPACITY.

Q ‘What is the “capacity ” of a boiler ?

A. The actual amount of water that
it willevaporate under stated conditions.

Q. Can you tell the evaporative power
of a boiler from its heating surface or
grate surface?

A. No; neither the heating surface
nor the grate surface of a boiler gives
' any indication of its evaporative power,
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as their proportion to ore another, and
the position and angle of the heating
surfaces, make great differences.

Q. About how much coal per hour
per square foot of grate surface can be
burned in evaporating water from and
at 212°?

A. Rankine gives the following:-—

Lbs.

Slowest rate, Cornish boilers (]

in . “ “ lo

“ ¢ factory ‘ 12 to 16

. “ marine 16 to 24
Quickest *“ complete combustion, dry coal

(air through grate only).... ... ......... 20 to 28
Quickest rate, complete combustion, cakin

coal, air holes above fuel to extent. o:

1-36 the grate 8rea ........ccoe-euieevens.24 1027
Locomotives.......... . «iev ceieriinnn.. .. 400 120

Q. That is a- wide range. 'What may
we average it for anthracite under sta-
tionary boilers ? ;

A. 8 to 16 lbs. per hour per square
foot of grate per hour.

Q. And for bituminous?

A. 10 to 20 Ibs.

Q. And for locomotives ?

A. 125 lbs.

Q. About how much water can be
evaporated “from and at 212°” per
hour per square foot of grate surface ?
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A. In ordinary practice, from 6 to
10 Ibs.

Q. What is the theoretical maximum
for good coal or coke?

A. About 14 1bs. .

Q. What makes the wide range?

A. The kind of grates, kind of firing,
quantity, position and condition of heat-
ing surface, kind of chimney and draft,
rate of combustion, etc.

Q. About how much water per hour
per square foot of heating surface can
be evaporated “from and at 212°”?

A. The results of several tests which
are before me run about as follows :—
1.07, 2.86, 3.9, 4.04, 3.3, 2.8, 1.5, 1.2,
3.2,3.3,3.1. These results areso widely
different that it would be hardly right to
average them; they represent different
kinds of coal and different types of
boilers.

S0 CALLED ‘“‘HORSE-POWER” OF A BOILER.

Q. What is the horse-power of a
boiler?

A. There is no such thing. It is the
engine developes the horse-power—sup-
posing that there is an engine, which is
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not always the case. A boiler might be
a 100-horse boiler with one engine, and
only a 75-horse with another.

Q. Cculd you not make an artificial or
nominal rating—say with reference to
the amount of heating surface ?

A. No; because boilers with equal
heating surface and unequal grate recess,
or chimneys, might have different capac-
ities ; and some kinds of heating surface
are worth more than others.

Q. Could not boilers be rated by their
grate surface?

A. No; because the heating surface,
the height of chimney, etc., would in-
fluence the capacity.

Q. Is there no rough rule of practice
as regards this *“ horse-power of boilers,”
by which one can tell about what boiler
to get for a certain engine?

A. It is usual to allow about a cubic
foot of water per hour per horse-power
for a plain slide valve engine; and the
ordinary rule of thumb is this:

Square feet of heating surface per H.-P.

Cylinder boilers, 9
Flue ¢ 12
Tubular  “ 15
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Q. What was Watt’s rule for the so-
called horse-power of wagon boilers ?

A. One square foot of grate surface,
1 square yard of heating surface, } a
square yard of water surface, represent 1
HP,; that is, will evaporate 1 cubic foot
of water per hour.

Q. Is this rule of any present use?

A. Little, if any.

Q. What “rule of thumb ” for so-called
HP. of tubular boilers ?

A. Multiply the number of square
yards of heating surface by the number
of square feet of grate; take the square
root, and multiply by 1.8.

Thus, supposing 40 sq. ft. of grate
and 75 sq. yds. of heating surface—

40x75=3000; v300=54.7T;

54.77 x 1.8=98.586 ; or practically

a “100-horse ” boiler.
(Remember that there are 9 square feet
in a square yard.)

Q. What is the present standard of
go called horse-po wer of a boiler ?

A. That recommended by the Judges
at the Centennial Exposition was the
evaporation of 30 Ibs. of water per hour
from feed water having a temperature
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of 100° F. into steam having a pressure
of T0 lbs. per square inch above the
atmosphere.

That of the American Society of
Mechanical Engineers is the evapora-
tion of 34} lbs. from and at 212°.

These two differ from one another by
only about 1-30 of one per cent.

Q. What “rule of thumb” for the so
called HP. of a Cornish or a Lancashire
boiler?

A. Multiply square yards of heating
surface by square feet of grate, and
take the square root.

Q. What “rule of thumb” for so
called HP. of a cylinder boiler ?

A. “Divide the sectional area of the
boiler by 6.” (This presumably means
the lengthwise sectional area in square
Seet)

Q. What “rule of thumb ” for pro-
portion between grate area and heating

surface ?
. . Heating surface.
A. For cylinder boilers, 11 times grate.

3 ﬂue 113 17 113
« vert. tub. « 24 “
«“ portable ¢ 26 «

“  loco. “ 30 «
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Q. What is Thurston’s rule for quan-
tity of water required per ¢ndicated
horse-power of the best engines ?

A. Divide 150 by the square root of
the pressure.

Thus: Suppose a Corliss engine, 75
indicated HP., to get steam at 81 lbs.
boiler pressure, then it would need
15(())+ V81=150+9=16.44 lbs. per HP.

r
16.44 X 75=1233 lbs. of water per hour.

For good engines (not the best) use
200 instead of 150 ; for plain slide valve
engines, 350, so that, in this latter case,
76 indicated horse-power will need

75 % 350+ 81 ="T5X% 350-:-9=2917
1bs. of water per hour.

DUTY OR ECONOMY.

Q. What is the “duty,” “efficiency” or
“ economy ” of a boiler ?

A. The comparative amount of water
that it will evaporate under stated con-
ditions.

Q. What is the “efficiency” or “duty”
of a furnace for a given sort of fuel ?

A. Theproportion between the amount
of heat which is available (or which can
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be got out of the fuel into the water),
and the theoretical maximum amount
or total heat.

Q. Does the steam boiler utilize all
the heat that is in the fuel ?

A. Not by a great deal. '
Q. What causes limit the utilization
by the boiler, of the entire energy of

combustion ?

A. Imperfect combustion, and imper-
fect transfer of the heat of that imper-
fect combustion to the water and steam
in the boiler.

Q. What are the causes of loss of
heat, more in detail ?

A. Radiation from the furnace wa.lls ;
using cold air supply and too much air;
heat escaping up the chimney in the
draft ; fuel going off half burned in the
smoke, or dropping through the grate.

Q. How may the various losses and
wastes of the boiler and engine together
be apportioned ?

A. Considering all the losses from
the fireman to the engine, inclusive, we
may charge the chimney with 25 per
cent., the fireman or ‘ stoker ” with 10
per cent., and the loss by exhaust steam
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55 per cent., leaving only about 10 per
cent. of the entire energy that should
be got out of the fuel, accounted for by
the steam engine indicator as being con-
verted into mechanical work.  This
means that the boiler wastes 35 perc ent.,
of the entire energy ; and that of the
whole amount wasted by the boiler,
25-35 or T1 per cent. is wasted by the
chimney, and 10-35 or 29 per cent. wast-
ed by the fireman.

Q. How can the number be got by
which to figure out the evaporation
“from and at 212°”?

A. Divide 965.7 into the difference be-
tween the total heat of the steam at the
observed pressure and the total heat of
fced water at the observed temperature.

Q. How many cubic feet of steam will
be required to supply one horse-power
for one minute, supposing it be at 80
pounds, and to fall to 70 pounds ?

~ A. About 23 cubic feet.

Q. Suppose that one pound of carbon
had all its heat utilized in power ; how
many horse-power would it exert in one
hour?

A. 5.65.
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Q. How many for one minute ?

A. 5.65x60=339.

Q. How many for one second ?

A. 339 x60=20340.

Q. How many pounds of water would
it evaporate from and at 212° F. if all
its heat were utilized ?

A. About 15 pounds.

Q. Suppose a man were to come along
and claim that he had a boiler that
would evaporate 18 to 20 pounds of
water per pound of coal; what would

ou say ?

A. That he either lied or did not know
what he was talking about.

Q. Why?

A. Because the highest possible is
only about 13 pnunds.

Q. Suppose that he put a meter on
and showed you the 18 or 20 pound.
fed in per pound of coal barned ?

A. I would know that the meter was
falve, or the blow-off opened, or that the .
stezm was about one-third water.

Q. Suppose a boiler evaporates 10
pounds of water per pound of coal : how
much will that be in cubic feet?

A. If you mean 10 pounds “fromn and
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at 212° F.,” count 60 pounds of water
per cubic foot for that temperature, or
1-6 cubic foot of water for each pound of
coal combustible.

Q. Suppose a boiler makes steam at
70 pounds by the gauge, from feed water
at 125° F. ; what would that be, eounted
from the standard of “fromand at 212°”?

A. 1.1237 times as much duty as ob-
served with the given steam pressure and
feed temperature.

Q. Can you give any figures from
tests, showing the relative efficiency of
fire-box and tube surface ?

A. In a paper before the English Civ-
il Engineers, the fire box was shown to
do 1-5 and the tubes 4-5 of the work:
this would give one square foot of fire-
box about 11 times: as great a value as
one square foot of tube surface.

Q. Are there any experimentsshowing
the comparative efficiency of heating sur-
faces arranged in different manner to
meet the currents of gases of combus-
tion ?

A. The experiments of Dr. Alban and
of the United States Navy have proved
that a given surface arranged with the
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gases at right angles to the heating sur-
face is 30 per cent. more efficacious than
when in the form of fire tubes, as usually
employed.

Q. Can you give an approximate list of
square heating surface per H. P. in dif-
ferent styles of boilers ; tha rate of com-
bustion of coal per hour, per square foot
of fire surface, required for that rating;
the relative economy, and the rapidity of
steaming ?

A. Here is a table giving such data.

=) ; a = 5 =3 §
2 |3 g7 g5 E
Type of Bo!ler. gi = §g -,-f | Authority.
me e ) ] ":“ "; =
=3 255885
Water-tube . |10 to 12’ 3 | 1.00|1.co [Isherwood.
Tubular ... 14 to 18! .25 81| .60 .
Flue...... 8 to12 4 .79 | .25 [Prof.Trow-
Plain Cylinder.| 6 to 10/.5 69| 20| bridge.
Locomotive.... 12 to 16 2"5 85| .b5
Vert. Tubular.. Ila to 20| 80| .80

Q. Is there more economy in a large
or in a small boiler; and why ?

A. In a large one, per unit of power,
it is cheaper in first cost, and takes less
space, less brickworkin setting; has fewer®
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joints, parts, and pieces; eosts less for
repairs ; has less radiating surface.

Q. What may be said on the other
side of the question ?

A. There is this advantage in having
two boilers rather than one, that if one
is crippled it leaves the other ready for
work; and to a certain extent steam
jressure may be carried more uniform
with two boilers than with one, if the
firing is done by hand.

Q. For boiling materials in tanks, ete.
which takes the least fuel, high or low
pressure in the boiler which supplies the
steam ?

A. High.

CARE AND USE. -

Q. What is the first duty of an en-
gineer in the morning when he enters
his boiler room ?

A. To try all the gauge cocks to see
that he has enough water, and just
enough; to test his safety valve by lift-
ing it; to test all try cocks and the
glass water gauge; to see that the
check valves are free, the feed stop
valves open, and the blow oft valves
tight shut, that the dampcr works
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freely, furnace is clean, grate bars
straight, and every thing about the
boiler and its appurtenances is in good
order; in case of inspection and repairs
having been made, that no thing is left
in firebox or flues; and thst the upper
geuge cock is open to let the air out
while steam is forming.

Q. What should be done when filling
the boiler with water ? )

A. The safety valve should be lifted
in order to allow the air to escape—un-
less the man-hole plate was off.

Q. About how much water should
you allow above the top flue for a
tubular boiler of five feet diameter-?

A. About six inches.

Q. How about the water line ?

A. It should be kept at one fixed
place all the time. '

Q. What is the effect, upon the water
line, of suddenly opening the throttle?

A. If the builer has too little steam
room and high pressure is carried, the
water in the glass will show a higher
level than there really is in the boiler.
- Q. Suppose that although you are
feeding in constantly, you find the
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water line gradually going down; what
might be the causes ?

A. Leakage of the suction pipe,
choking in the pipes, leakage of the
valves, pump getting too hot, throwing
on of too great a demand for steam, as
by bursting of some steam pipe, or the
throwing in of steam hammers or some-
thing like that.

Q. How can you see if the pump is
working properly ?

A By having a test cock upon it.

Q. Are boilers generally too large or
too small for their work?

A. Too small ; they are more frequent-
ly over-worked than underworked.

Q. If water will evaporate at 67° F. in
a vacuum, why would not fuel be saved
by evaporating by steam at that tem-
perature?

A. Because the boiling point merely
refers to the giving off of bubbles. At
low temperatures the latent heat is
greater than at high, so the same amount
of heat is taken.

REPAIRS, ETC. -

Q. What tools constitute a complete

outfit for a boiler room?
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A. Set of wrenches, or monkey wreach
es, to take in all the attachments, and of
the parts of a sectional boiler that re-
quire to be taken down or tightened up;
set of shovels, rakes, pokers and slice
bars, scaling bars, pries; shakers if there .
are shaking grates; lamps and torches;
fire hose; watering-down lose; stiff
brooms for sweeping out; steel wire flue
brushes, and steel scrapers ; also a steam
auger.

Q. If a leak s'arts under a lap or seam
around any rivet, staybolt, etc., what
should be done?

A. It should be repaired at the earli-
est chance, to prevent corrosion of the
sheet.

Q. If a flue gets leaky when it isin
the head, how can that be remedied?

A. By calking; or if that will not do,
by driving in a ferrule.

Q. What objection to this last?

A. It reduces the cross area of the
tube that is available for passing out
the gases of combustion.

Q. How about the practice of marking
a leaky place wiile the pressure is on,
and calking under lowered pressure?
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A. Wrong, as the jarring is liable to
start the seams.

Q. What is a good way to hold a
globe valve disk squarely and properly
in place while grinding to its seat ?

L A )

M%

Fia. 124.

A. Turn a piece of wood as shown in
the diagram* at C, then take the valve
to pieces, as all you will need will be

*Cut by courtesy of American Miller.
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the wheel A, stem B, body D, and tho
1-iece of wood with a hole bored through
the center, the same size as the stem

Take the wheel off and put the piecc
of wood on the stem (as shown in the
figure), then replace the wheel, and ycu
are ready for work. 'When you want t»
put on new emery, simply pull the wo.d
and all out of the body of the valve and
replace as before.

Q. In patching a boiler, what precau-
tion about cutting out the sheet ?

A. The hole should be as nearly round
(circnlar) as possible.

Q. How about cutting square holes
in boilers?

A. It should never be done if possible
to avoid it; but if done, the corners
should be left rounded out.

Q In putting in a new sheet should
it be as thick as the old one?

A. No; a trifle thinner.

Q. On which sheet should the calking
be done?

A. On the new one.

Q. Which way should the lap run?

A. From the fire, if near it.
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Q. How can you stop a short crack
from extending ?

A. By drilling a small hole at its end.

Q. What is the best way of removing
flues from locomotive boilers ?

A. Opinions differ ; some split the for-
ward end about one inch inside of sheet.
Some, if flues are not badly scaled, turn
down the bead in the fire box and drive
them out ; if scale has formed upon them
to any extent, they take out the dry-pipe,
cut off the flue end inside of the fire box
sheet, turn down the bead or front end,
and drive the flues into the boiler.

Q. What is the disadvantage of using
a locomotive to pull ﬂuea out of locomo-
tive boilers?

A. Itstrains the flue sheet, and grinds
the holes out of round.

Q. How can you get great flue-pulling
power without the use of a locomotive ?

A. If thereare only a few bottom flues
to be taken out, ream out one hole, about
% inch, and draw the flues with & wind-
lass of 2" round iron, to extend across
the front end and to rest upon two of
the front end studs; in each end of this
bar there should be one inch hole for a
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3 inch lever; in the centre of the bar to
be an eye-bolt, with chain attached. The
bead is cut off both ends of the flue; it
is then driven out about 6 inches and
then drawn out with the windlass.

Q. Which are the harder to get out,
flues expanded with the Prosserexpander,
or those with the roller?

A. Those with the Prosser, because of
the shoulder which is formed inside of
the sheet.

Q. How may old flues be cleaned?

A. By a tumbling barrel; also by a
- special flue cleaning machine.

Q. How do you make and use a tum-
bling barrel ?

A. Take an old boiler and lengthen it
to suit; run about 50 turns a minute,
with a few hard clinkers in with the flues.
The rivet heads in the boiler will be
cleaned.

Qr What is about the best way of
setting old flues?

A. Roll the front end, and roll and
bead the back end (of locomotive flues),
using a copper ferrule expanded to fit the
holes in the flue. The é)ue to be placed
in position and expanded with a voller.
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Q. How much reliance can be placed
upon automatic appliances, such as
gongs, whistles, etc., for regulating the
height of the water ?

A. By the fireman, none whatever.
They are to protect the boiler owner, and
the community generally, from the con-
sequences of the fireman nct attending
to his proper duty, from carelessness,
ignorance, sudden illness or from death,
ete.

Q. Will the glass water-gauge show
the level of the water in the boiler ?

A. Not with absolute reliability.

Q. If the lower fitting of the water-
gauge glass gets stopped up, will the
level shown be too high or too low ?

A. Too high.

Q. How can the amount of water in
the boiler be properly told ?

A. By the gauge cocks iry cocks.

Q. How can you see whether or not
the glass water-gauge shows the true
level ?

A. Shut off the lower gauge cock;
drain the glass by the lower glass cock;
shut the glass cock and open the gauge
cock ; if the water does mnot rise to the
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same height as before, the water gauge
is not in good condition.

Q. If the water commences to fluctuate
in your glass water gauge, how would
you proceed to prove your true water
level without having recourse to your
gauge cocks, not knowing but they may
be influenced with the same cause which
affected the glass gauge?

A. Open the furnace doors to let in
the generation of steam, and partly or
entirely close the throttle.

Q. If a gauge glass breaks, should a
new one be put in at once?

A. No; because it will be likely to
break ; it should be put in when the
steam pressure has lowered.

Q. In case of breakage of the glass
gauge what would you do?

A. If it was one of the ordinary gauges
I should take an old coat or something
like that to protect myself from the steam
und boiling water; close the water valve
first to save water ; then the steam valve;
(if I could not get a chance to lower the
pressure), put in the new glass, open the
steam valve, then the water valve and
then the pet cock at the bottom.
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Q. What will dissolve out the scale
:zom gauge glasses?

A. Muriatic acid and water.

Q. What will very largely prevent the
deposit of scale upon them ?

A. Dipping them in glycerine before
putting them in.

Q. What about the care of glass
cauges?

A. They should be blown out often to
rcmove the stuff that lines the glass
t be and the mud which is apt to get in
the lower connection.

Q. What precaution should be taken
in swabbing out glass water-gauge
tubes ?

A. The swab should be of wood and
covered with cloth, as if metal scratch
the inside of the tube it is liable to
cause it to break.

Q. What is the best way to remove
the discoloration from the inside of the
glass water tube?

A. Dip the swab in strong vinegar
before using it.

Q. What is a good way of blowing
out the water-gauge glass ?

A. Have the bottom connection or
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drip cock connected with a small pipe
which runs under into the ash pit; and
once or twice a day, at least, blow
through. The current of steam cleans
out the glass and the connections.

Q. Any special precaution in handling
the glass water-gauge cocks ?

A. The bottom one should be opened
cautiously.

Q. Should the gauge glass be shut off
at night ?

A. Yes, if there be no watchman
whose duty it is to look after the boiler.

Q. What is the danger in letting a
water-gauge remain in communication
with the boiler all night or over Sunday
if there is no watchman?

A. If the stuffing box is leaky, there
may be outside deposit of scale to pre-
vent the height of water being seen.

Q. Should the gauge cock fitting be
screwed up to stop a leak while the
steam is on ?

A. No, as there is danger of breaking
it off.

Q. If the try cock in the ordinary
fitting breaks, what should be done at
once ?
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A. The furnace door should be opened
(unless it is a wood fire) and the fire
partially banked; the dampers closed,
and the water allowed to blow out at
the lower hole until steam shows.
While this is going on a white pine plug
should be made, about six feet long and
of & size to fit the hole, and the hole
jammed with that. Then the stick may
be cut off and the end driven tight into
the hole, and then tied or braced into
place to keep from being blown out
when the steam pressure rises.

Q. How would you repair finally ?

A. Cut out the old piece, tap again
and put in another pipe, or gauge cock,
or whatever was needed.

Q. Suppose the bottom gauge is
broken off, where should the level be
carried ?

A. Above the second cock.

Q Suppose the steam cock breaks
off, where should the level be carried ?

A. If the fireman knows his boiler,
he should know about how long it takes
to run the level down one gauge; then
he should fill to the upper gauge and
run until he thinks that the level is
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nearly down to the middle one; then
pump it again. Of course the gauge
glass may be used, if thereis one, as a
sort of check upon this, but the gauge
glass is not absolutely reliable.

Q. Suppose the fireman does not
know his boiler and cannot tell how
long it takes to run down one gauge ?

A. Then he should carry the water
about at the third gauge all the time.

Q. Suppose that the third gauge is
broken ?

A. Then the level should be kept just
at the second.

Q. Suppose all three try cocks are
broken and there is no gauge glass ?

A. Then all three holes should be
plugged up, the steam run down, the
feed put well on ; then the top cock fixed,
then the second, then the bottom one,
s0 a8 to keep the water pretty well in
the boiler all the time.

Q. If you tried the gauge cocks and
found no water in sight what would you
do?

A. Put wet ashes upon the fire, then
draw it, then open out the flue caps and
let the boiler cool down.
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Q. Suppose your steam gauge gets
out of order ?

A. If there is only one on the boiler,
there should be an extra one in the boil-
er room for a “spare,” and this should
be put on at once.

Q. Is it safe to run with the safety
valve alone?

A. No; not by any means.

Q. What precaution should be. taken
to prevent the pressure gauge from
freezing ?

A. The drip with which it should be
furnished should be opened.

Q. What may be the causes of low
water ?

A. Insufficient feed, foaming or leak-

age.

Q. Suppose that you know that the
water is too low, but do not know how
low it is; what should be done?

A. The fire should be drawn, or else
choked with ashes or earth; then the
furnace door left open, as well as the ash
pan door and the damper.

Q. What should be done if the water
should be found to be dangerously low ?

A. The fire door should be opened
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and the fire should be drawn as soon as
possible.

Q. What should 70t be done in case
of low water ?

A. The safety valve should not be
touched, nor cold water thrown in.

Q. Whabshould be done if the steam
pressure gets too high?

A. If thereis sudden increase of pres-
sure, tl:e dan'per should be closed and
the feed put on, unless there is low water
as well. If the pressure is dangerous,
the furnace doors should be opened, and
the ash pan doors shut.

Q. What should be done in case the
the engine stops suddenly and lessens
the demand upon the boiler ?

A. The furnace door should be opened,
the fire covered with fresh fucl, and the
damper turned.

Q. What should 7ot be done?

A. The safety valve should not be
touched.

Q. Suppose a fire breaks out in the
building and it is necessary to abandon
the boilers; what should be done?

A. 1f there is time the boiler should
be filled with water, the fire drawn, the
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fire doors closed, the safety valves fas-
tened open, the throttle left open and
the engine valves left open.

Q. After the fire what should be done
if the boiler remain uninjured, even al-
though the fittings were destroyed ?

A. The water should be run out if
if there was any likelihood of its freezing.

Q. Suppose a Hancock inspirator gets
choked up with scale; how.can it be
cleaned out without spoiling the inner
surface?

A. By plugging it up at one end and
filling it with muriatic acid and water,
one-half of each, and letting this eat out
the scale.

Q. Suppose you have an injector that
is too large for the boiler and which
cannot be worked to less than its maxi-
mum capacity ; how should you feed in
order to get the nearest approach to a
continuous feed ?

A. Feed a very little at a time, very
often.

Q. How can you regulate the amount
of water that the feed pump sends to
the boiler ?

A. If it is belt driven, put a churn
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valve in a pipe leading from the dis-
charge back to the suction, or put an air
valve back of the check in the suction.

Q. Suppose your pump will not work ?

A. Keep the water level above the
second gauge, stop the engine, bank the
fire, then go to work about fixing the
pump. (Thisis of course in case there
18 no other pump and no injector )

Q. How can you find out where there
is a stoppage in the suction pipe?

A. Tap it with a hammer all along its
length. The full part of the pipe sounds
differently from the empty portion.

ﬁ’Q. How often ghould a boiler be blown
off?

A. That depends on the kind of water,
the amount of forcing that the boiler
gets, and the uses to whirl it ; to which it
isapplied. Asageneral thing, if the boil-
er rests Sunday it may be blown off from
the bottom once a week, when cool. If
in constant use and scaling very fast, it
may be partially blown off from the bot-
tom, once a day or oftener, to remove
deposit ; and if there be light floating
material it may be blown off at the sur-
face when desirable ; always remember-
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ing that every time a boiler is blown
off, while in service, the heat which it
took to raise the water blown off to the
temperature at which it is blown off, is
lost. More heat may be wusted in blow-
ing off than in letting scale form; but
the safety and durability of the boiler
demand that scale be prevented from
forming.

Q. What can besaid of blowing down
between high and low water ?

A. Sometimes beneficial ; but wastes
a great deal of heat and fuel.

Q. Will blowing off remove scale com-
pletely ?

A. It only helps, even if properly
done. Done while the boiler is hot, it
may tend to burn on the deposit.

Q. What is the disadvantage of feed-
ing in front and blowing off through the
steam pipe ?

A. There is more liability to mud ac-
cumulating in the rear end of the
boiler.

Q. Where the feed water contains
salts, which blow off is the best, the sur-
face or the bottom ?

A. That at the surface.
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Q. What precaution should be taken
in blowing off ?

A. To open the gauge cocks in order
to prevent a vacuum being formed.
(This is not necessary if there is an au-
tomatic air inlet valve.)

Q. How long should the surface blow
off be used at a time upon large boilers ?

A. Not over a minute.

Q. What is a hard patch?

A. Ono regularly put upon the sheet
by cutting away the old material, and
riveting the patch in the regular way,
chipping and caulking as for new
work.

Q, What is a soft patch?

A. One simply put on over the old
material, being held by countersunk
screw bolts, and having a mixture of red
lead and iron borings between the patch
and the main sheet.

Q. What objection to a soft patch?

A. It makes too much thickness of
iron between the fire and the water.

Q. What would you notice in inspect-
ing braces?

A. Whether or not they fit tight as
they should.
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Q. How would you tighten a loose
brace?

A. Take it out, heat it in the middle,
and shorten it by jumping it upon a
block of wood.

Q. What precaution with reference to
the safety valve, in starting up ?

A. Tt should be raised to zee that it
is in proper working order.

Q. Is there danger from raising the
safety valve suddenly? I so, what and
why ?

A. Yes; there is danger that the
whole body of water in the boiler may
suddenly lift up.

Q. Is there danger to the boiler in
suddenly opening the throttle and start-
ing the engine?

A. Yes; many boilershavebeenknown
to explode at the moment of suddenly
starting up.

Q. How would you tell which tubes
got the best draught ?

A. Put two pine plugs in two of them
and see which lasted the longer.

Q. When two or more boilers are con-
nected by feed pipes, what should be
done about the stop valve upon each ?
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A. It should be shut off when not
working, to prevent the water from es-
caping from one to the other.

Q. What about the condltlon of the
ash pan?

A. It should be kept clean to protect
the grate bars and keep the draft free.

Q. What is better than L’s in most
places about the feed pipes?

A. T’s, with plugs which can be taken
out so that the pipes can be cleaned out
by inserting a steel rod.

Q. Can you run a Cornish or a Lan-
cashire boiler without any grates?

A. Yes, just use the bottom of the in-
side flue as though it were a box stove.

Q. With what should every feed heat-
er be provided ?

A. With a pressure gauge, if it be a
closed heater ; and in every case with a
means of ﬁnding out the temperature.

Q. In putting on a man hole plate,
what should be done?

A. Any old pieces of gasket which
may have been burned on to the plate
or to its seat should be scraped off.

Q. Do boilers improve by being left
idle, or not?



THE STEAM-BOILER OATECHISM. 351

A. They deteriorate by oxydizing and
corroding.

Q. If a boiler is to stand idle what
should be done?

A. Tt should be blown off when near-
ly cool, and then wiped dry inside; or
else it should be left quite full of water.

Q. What is the best way to clean a
boiler that has got rusty inside from
standing wet ?

A. ‘Scrub the rust out with a stiff wire
broom ; then with sal-soda and water.

Q. Suppose in going away at night,
you find that your dampers below the
grates leak air; what should you do?

A. Bank up the leaks with ashes.

- Q. Should you leave a wood fire with
the door open or closed ?

A. Closed.

Q. How about the door of a coal fire
in leaving?

A. Tt should be open.

- Q. Should the pressure be kept upon
boilers all night if they are not needed
for steam ?

A. That depends. It certainly lessens
the life of the boiler to have it expand
and contract each 24 hours. But then
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again, this expansion and contraction
tend to crack off scale.

Q. After drawing the fire what should
be done with the dampers and doors ?

A. They should be closed in order to
keep the heat in the boiler, unless it is
desired for some special purpose that it
cool off soon

Q. What precaution should be taken
about ashes?

A. They should not be allowea to ac-
cumulate about the water legs or other
lower portions of the boiler, as they are
corrosive when wet.

MISCELLANEOUS.

Q. What are the desirable qualities
in a boiler ¢

A. Safety, simplicity, compactness,
durability, cheapness, ease of repair,
thorough circulation (but not through
the steam space), light weight, economy
in fuel, facility of examination, cleaning
and repairs.

Q. Which of these is the most desira-
ble ?

A. That depends entirely upon the
circumstances. Aboard ship, compact-
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ness, light weight, and economy of fuel,
count for more than ashore, and so on
all through. .

Q. About how much coal per year is
used in the world for making steam ? .

A. About 150 million tons, worth
about $375,000,000.

Q. How fast will steam at a pressure
of 80 pounds to the square inch escape
into the air?

A. About 1800 feet per second or 1240
miles per hour.

Q. What is the effect of introducing
sal soda into the feed when the water is
foaming because it is greasy ?

A. It will make it foam worse for the
time being, but by forming with the
grease a kind of svap that rises to the
surface and may be blown off, the mat-
ter is soon remedied.

Q. What causes foaming ?

A. Water that is dirty, greasy or
soapy, or that has soda in it ; mixing salt
or fresh water; too much water and too -
little steam room; not having enough
surface at the water level to let the
steam disengage without carrying water
with it.
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Q. Where do the scales generally lie
thickest? and why ?

A. Orver the fireplace, and around the
mud drum or blow off pipe; because
there is more heat there and less circu
lation.

. Q. What are the advantages of smal
flues?

A. They can be made thinner than
large ones for the same pressure, and
conduct heat sooner to the water.

Q. Why not say * more rapidly?

A. Because after the heat has once
passed through, its rate of passage is
practically the same through a thick tube
a8 through a thin one.

Q. What is the best material for loco-
motive flues ?

A. Soft iron.

Q. Why is the central vertical row of
tubes often left out in multi-tubular
boilers ?

A. To make cleaning easier.

Q. What ob;'ection to tubes of less di-
ameter than 27 ?

A. They are liable tc get stopped up
with ashes, cinders and pieces of un-
burned fuel. . o
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Q. How may we increase the velocity
of flow of the gases in the tubes?

A. By increasing the draft or by de-
creasing the area of tubes or their
number.

Q. With great draft should the tubes
be longer than with but slight, or not;
and why?

A. Longer, because there should be
more opportunity given for the gases to
remain in contact with the walls of the
tube, to give out their heat.

Q. What is the life of a steel fire-box
or a locomotive boiler burning bitumin-
ous coal ?

A. About 250,000 miles or 10 years.
(Wootten).

Q. What is the life of a steel fire box
in a locomotive engine burning anthra-
cite ? :

A. Wootten places it about 200,000
miles or 8 years; Ely 6 years.

Q. Where does a locomotive dry pipe
give out first, and why?

A. Near the front flue sheet, by rea-
son of the mechanical action of the water.

Q. Should much reliance be placed
upon self-acting apparatus ?
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A. Not by the fireman. They are to
protect the employer from carelessness
of the fireman.

Q. What is the effect of temperature
upon the tensile strength of wrought
iron boiler plates?

~A. A committee of the Franklin Insti-
tute proved in 1837 that their tenacity
increased up to 550 degrees Fahrenheit;
at that point it began to diminish.

Q. How should ashavings bin be pro-
tected from fire ?

A. It should be of brick, and should
have a steam pipe leading into it.

Q. Should the width of the water leg
increase or diminish upward? -

A. Increase, to give better circulation
and get rid of the steam as fast as
formed.

Q. Is the disengaging space for steam
larger, in a cylindrical boiler, when the
level is high or when it is low?

A. When it is high; because the level
is always above the centre line of the
boiler.

Q. Can you lead steam from one ves-
sel and make it boil water in another?

A. Yes,
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Q. Then is not this making steam
raise steam?

A. Yes, but all the steam formed in
the second vessel will disappear from
the first, and with it as much more as is
required to raise the water in the second
vessel to the boiling point.

Q. How is red lead cement made ?

A. Rub pure red lead with white lead
ground in oil, until you have a thick
putty, and soften it by pounding; keep-
ing on pounding and rolling and adding
more red lead.

Q. What should be done where this
cement is to be used upon any rough
faces? '

A. It should be softer than for faced
joints, and should have some fine iron
filings mixed with it.

Q. What can be said about red lead
joints ?

A. They do not look neat, and are
difficult to start.

Q. With what materials is a rust
joint made ?

A. Sal-ammoniac, iron borings, flowers
of sulphur, and water.

Q. What makes a good joint for
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smooth surfaces, that can be conven-
iently caulked?

A. Sheet copper, annealed by heating
to a cherry red and plunging in cold
water.

Q. What can you say about wire
joints?

A. Lead wire will make a good joint,
copper wire a better; it being best to
have a groove in one of the surfaces that
are to be brought together.

Q. What is a wire cloth joint?

A. It is made by taking wire gauze
and coating it upon both sides with
white lead or red lead paint.

Q. What makes a good joint for
pumps or stand pipes in the holds of
vessels ?

A. Canvas, well covered upon both
sides with white lead or with red lead.

Q. What else can be used for this
purpose ?

A. Pasteboard instead of canvas.

Q. Whatis the best color for the brick-
work of a brickset boiler?

A. White, because it radiates less heat
than any other color, other things being
equal. .
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Q. What is the worst color for boiler
brickwork ?

A. Black, because it radiates the most
heat.

Q. What is a good black paint for the
iron work of a boiler?

A. Blacklead; (plumbago; graphite).
Paint the iron work with blacklead
ground in oil, and then when dry give a
regular coat of stove polish in the ordi-
nary way.

Q. What is a good black paint for
a smoke-stack ?

A. Dissolve asphaltum in turpentine
at a gentle heat.

Q. How many times greater is the area
i8 a three-inch pipe than one-inch?

A. Nine; because surfaces are to each
other as the squares of their diameters.

Q. Suppose we had one pipe one inch
in radius and another of three inches ra-
dius, what would be the proportions of
their areas?

A. One to nine.

Q. Are the carrying powers of pipes
proportionate to their areas ?

A. No; large ones have proportion-
ately greater carrying power, because the
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proportion of friction is less. A three
inch pipe would have more than nine
times t.Ee e carrying power of a one-inch
pipe, because while it has nine times the
cross section it has and only three times
the circumference to eause skin friction.

DEFINITIONS, RULES AND CALCULATIONS.

Q. What is a diameter of a circle?

A. Any straight line passing through
its certre and ending, at each side, in
the perimeter.

Q. What is the radius of a circle?

A. Half the diameter.

Q. What is the circumference of a
circle?

A. Its girth; the length of the line
which bounds it.

Q. What is the periphery of a circle?

A. Tts circumference or girth.

Q. What other name is there for cir-
cumference or periphery ?

A. Perimeter.

Q How do you find the dla.meter of a
circle having double the area of an:
other?

A. Divide the double area by 0.7854
and take the square root of the quotient;
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or multiply the diameter of the smaller
circle by 1.4142. '

Q. How do you find the diameter of a
circle having half the area of another?

A. Multiply the diameter of the large
circle by .7071.

Q. What figure encloses the most area
for a given length of periphery ?.

A. The circle. -

Q. How do you get the circumference
of a circle from its diameter?

A. Multiply the diameter by 3.1416;
or more roughly, multiply by 22 and
divide by 7. :

Q. How do you find the diameter of
a circle from its circamfercnece ?

A. Divide the circumference by 3.1416;
or, divide by 22 and multiply by 7.

Q. How do you get the area of a cir-
cle from its diameter ? .

A. Multiply the square of the dia
meter by .7854.

Q. How do you get the diameter of a
circle from its area?

A. Divide the area by .7854 and take
.the square root of the product.

Q. What is an ellipse?

A. A symmetrical figure with curved
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outline, and having two points or foci,
so placed that the sum of the distances
from any point in the perimeter to
those foct,is the same as the sum of
the distances from any other point in
the perimeter to those foci.

Q. What is an oval ?

A. An eggshaped figure; generally
one end larger than the other; or, if
symmetrical, not having the property
of the ellipse as regards its radii.

Q. How do you find the number of
cubic feet of water which a cylindrical
boiler will hold?
~ A. (1) Multiply the diameter in feet
by itself and by .7854, and by the length
in feet; this gives contents in cubic feet.

Or, (2) Multiply diameter in inches
by itaelf and by .7854 and by length in
feet, and divide by 144 to get contents
in cubic feet.

Or, (3) Multiply diameter in inches
by itself and by .005454, and by length
in feet, to get contents in cubic feet.
(New).

The three foregoing rules give the
same result. Thus: boiler 60 inches
diameter and 12 feet long: —
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(1) 6x5=25.  .7854.
25

39270
15708

19.6350
12

235.6200 cu. ft.

(2) 60 % 60=3600;

7854 33929.2800 [ 144
3600 288 —_
_ —_ 236.62
4712400 612
23562 432
2827.4400 809
12 720
33929.2800 892
864
288

288
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(3) 60x60=3600; .005454
3600

3272400
16362

19.634400
12

235.612800

Q. How do you calculate the amount
of water in a plain cylinder boiler; the
water line being over the centre line of
the boiler?

A. Find the volume of the steam
space, and take it from that 6f the whole
cylinder. In order to get the volume of
the steam space, multiply the length of
the boiler (say in inches), by the area
(say in square inches), of the circular
segment above the water line. The area
of this segment can be got from a table
of areas of segments of circles, in which
the diameter of the circle is assumed as
one, and the comparative height of the
segment is called the versed sine. The
area of this unit segment is multiplied
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by the square of the actual diameter of
the circle.

Thus:—If a plain cylinder boiler, 14
feet long and 60 inches in diameter, was
filled to within 12" of the top; then as 12
i8 .20 of 60, we look for the segmental
area opposite .20 as a versed sine.

It is found to be .11182. Then .11,-
182 60 X 60=4225.62 sq: in., area of
segment. 4225.52-:+-144=293 sq. ft.,
area of segment. 5X 5X.78564=19.636=
8q. ft. area of whole head. 19.635—2.93
=16.70 sq. ft. of head covered by water.
. 16.7x14=233.8 cubic feet of water.

Q. How do you find the safe external
pressure on an iron boiler flue?

A. (1)Multiply the square of its thick-
ness in inches by 806,300. (2) Divide
the product by flue diameter in inches.
(3) Divide the quotient by three times
the flue length in inches. The result
will be safe working pressure in pounds
per square inch.

Q. How do you find the effective heat-
ing surface of a flue boiler ?

A. (1) Multiply the circumference of
the shell in inches by 2 and divide by
3. (2) Multiply the circumference of
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one tube in inches by its length in
inches and by the number of flues. Add
these products. Divide their sum by
144. Quotient is effective heating sur-
face in square feet.

Q. How do you find the effective heat-
ing surface of a horizontal cylinder boiler?

A. (1) Multiply its circumference in
inches by two and divide by three. (2)
Multiply the result by 144 to get
square feet of effective heating surface.

Q How do you find the effective heat-
heating surface of a horizontal tubular
boiler?

A. (1) Multiply the circumference of
the shell in inches by 2 and divide by 3,
and multiply the result by length of
shell in inches. (2) Do the same thing
with dimensions of one tube and multi-
ply by number of tubes. (8) To the sum
of these two products add § the gross
area (in square inches) of both tube
sheets. (4) From the sum subtract the
combined area (in square inches) of all
the tubes. (5) Divideremainder by 144
to get the area in square feet.

Q. How do you figure out the heating
surface of an ordinary locomotive boiler ?



THE STEAM-BOILER CATECHISM. 367

A, (1) Multiply length of furnace
plates in inches by their height, in inches,
above the grate. (2) Multiply widths
of ends in inches by their height in
inches. (3) Multiply length of crownsheet
in inches by its width in inches. (4)
Multiply the circumference of one tube
in inches by its length in inches and by
number of inches. Add these four
products and from their sum take the
area of the fire door and the cross sec-
t.on of all the flues. Divide the remain-
der by 144 and that will give heating
surface in rquare feet.

Q. How do you find the heating sur-
face of vertical tubular boilers such as
are used in fire engines and agricultural
engines?

A. Multiply diameter of fire-box in
inches by 3.1416 and multiply the
product by its height above grate (in
inches).

(2) Multiply tube circumstance in
inches by tube length in inches.

(3) To the sum of these products add
area of lower tube sheet.

(4) From this sum take combined
area of all tubes in square inches.
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(5) Divide remainder by 144 to get
result in square feet.

Q. Figure up the heating surface of a
boiler 54" diameter, 12 feet long, and
having 60 three-inch tubes. )

A. 54" diameter of shell x3.1416=
169.6464" circumference of shell. 169.-
646412 x12-+-144=169.6464 sq. ft. in
crown portion of shell. e )
© 8"x3.1416 X 60 X 2 =+ 3x3.1416 X120
= 376.992" = § circumference of all
tubes. } . .

376.992 x 12 = 144=376.992 + 12=
31.416 sq. ft.=3% heating surface of ali
tubes. . ,

. 8"x8x.7854="17.0686 sq. in.crossarea
of one flue. .

7.0686 % 60 424.116 — 8q. in. cross
area of all flues. : ,

- 54x 54X 7854=2290.2264 sq. in.=
area of one head. ]

2290 2264 —424.116 = 1866.11 =sq.
in. heating surface in one head.

1866.11' X 2 =3732.22 = &q. in. net
heating surface in both heads.

3732.22+-144=25.92=sgq. {'. heating
surface in both heads. _
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In convex shell 169.65 sq. ft.
“In tubes 31.42 « «
In both heads 25.92 « ¢«

Total effective heating sur-
face 226.99 sq. ft.

Q. How do you find the collapsing
pressure of a boiler flue in pounds per
square inch ?

A. (1) Multiply the thickness of the
iron in 32ds of an inch by itself, and by
262.4. (2) Divide quotient by flue length .
in feet. (3) Divide this quotient by one-
third flue diameter in inches.

Q. How can the piston displacement
and maximum discharging capacity of a
feed pump be calculated ?

A. Multiply the area of the piston in
square inches by its stroke in iunches,
and that will give the cubic inches
piston displacement or maximum dis- -
charging capacity per single stroke. )

If it is & double-acting pump, multi-
ply this piston displacement per single
stroke by the number of siugle strokes
(time the number of double strokes). _

If it is & single acting pump multiply
the piston displacement per single
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stroke by the number of its double
strokes.
USEFUL TABLES.

The table on page 371 gives, for the
more commmon combustibles, the air re-
quired for complete combustion, the
temperature with different proportions
of air, the theoretical value, and the
highest attainable value under a steam
boiler, assuming that the gases pass off
at 320°, the temperature of steam at 75
lbs. pressure, and the incoming draft to
be at 60°; also that with chimney draft
twice and with blast only the theoreti-
cal amount of air -is required for com-
bustion.

The table on page 372 is calculatcd
for shells of various internal diameters,
and two or three different thicknesses of
iron for each internal diameter; three
different tensile strengths of iron being
quoted, as also both single riveted and
double riveted seams. It will be found
convenient, and is safe where the actual
tensile strengths come up to the mark on
the iron or onthe bill. Of course if iron
is stamped 50,000 and is really only 40,-
(000, the table will not apply.
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INDEX.

; An asterisk or star (*) denotes one or more illustra-
tions.

In looking for any subject having more than one im-
poriant word, loak flist for what appears to you to be
the principal woid ; and if you do not find it under the
initial letter of that word, try under that of the other,
The only exception is the word ** boiler,”” which is not
in this index as a first word. Where it occurs else-
where it is. designated simply by the letter “b.”
Valve is also abbreviated ** v.”

ACID. ACEHC. .. eviaeieennes e c.ee. 308
carbonic........
suphuric.... ..
tauniC.....co000
Ztna Rocking Grate ....ce..00vues .
icultural b, heatinf surt‘aze of..
Afr, admission back of brick wall...
composition of ......cc.ieenieea
excess of, in furnace...... ..

« ceteenee 37
cectescea.s 262

supply, hotecee, cvvierens o0 .
weightof..... ... ..coeveen. Y 111
volume of one pound...... .. ceses seees 255
Alarm gauge.... ....... eaes veeeses oe.165, 2L6
Alban’s exyerience as to eff>ct of position of heat-
ing surtace.on efficiency........o oo ceel.
Albany filfer.. .. .. .iioievnnin seeenn

Alumina..... ...... cese sosvesesces oo ..
American coal, heating powerof..... .... ... ... 274
muffler.... . ...l

PO e
LY Voevoee coneennnns corsonsees¥146, ¥ 47
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American Society of Mechanical Engineers’ stand-
ardof HP. of b....ovevunnnnnnnn.... 322
Analysis of combustbles.. ....
Anchonng .....c.........
Anchor bolte.......
Angle of conical v..
Annealing, .. . srtstseiies ceieesereeces 30
Aanthracite... .... « treeseeses. 193, 871, 318
ashin............ et eeees veiese sae :g
cleaning..... .....
as affecting life of fire box. ............ 358
BlOTING. cov ittt iiiennieeneeennnens 272
inng with ...oioie L iiiiiiieeeienens 279
slack, draft for ........... ........... 02
slack, grate for  .......cceee ...... %103
weight per cubic foot.. .
Anti-incrustators............... .
Applances, autematic.....
Arches...cees .....
Arc.icsea... ...
Area of circle
of pipes......
of satety v.............
of tubes........ . .......
required for combusiion..... ceee oo 37X
Asbestos ..... ....... eesseet tiiiiiiineriens oo 327
Fckedglobevzlve...........v veeeoo®ryy
Ash and shes...........ooceeienenenn.. 265, 352, 35¢
in hard coal .........c.cec000miennnnencn cuee 273
PROS. ...eeel tiilt ciiiiiiiiiett hel..283, 350
(1 S teetee seeeieeesases. X23
As‘phaltum paint for stacks...... .......coeeuvuee. 350
Atlas combined safety and stop v. ..... ceeener o ta52
Atmosphere.. . . ...l ... i iceieennns cerneons
Atmospheric pressure.........co0uenn...
Attachment of gauge glasses.. .
of steam gauges..
Auger, steam. ............... .... . . gos
Automatic appliances...... ee <+4205, 337
AMPErs.......oev vevenreeiieene . ... 20§
water gau%e attachment......% 71, 172, *173
ABCOCK & WILCOX b ....*ss, *56, *s7, %58, *12¢ .
Back pressurev.......... . ceees 178
wall.. .....
Balloons...,,..,.,..
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Raltic Sea. ...
Bare spots in fi
Barometer..........
Barrel, tumbling, for
Bars, Grate ...... .....
scaling..
Baryta... ....
Batteries . .
Baxterb..........
Beading over ubes.
Beveling ...............
Bin for shavings ..
Bitumfnouscoals..............oo.ven .
coal, Affecting life of fire box.
cleaning ..... .......
. storage of.
. firing with
BlackLead................
as paint for b .
BlackSea.......c.......
Blast, forced..

Blow,surface ......ceeeene
Bourcloftndeg:)fv........
ety v....

23

ereses eeo XX
Bourdon gauge.... o157, *160, *16Z
..... 298, 317, 348

....... 348

..111, *195

27

.z

. fittings... 3(73
Breechesflueb.....co.oooieeiiiiiiiiiiiiiiieni s 37
Brickarch ........ . 118, 125, 283
chimneys.......viviveniieen i, 204

lining. ... 28,



Brick work
work, color for........ .....
‘walls, admission of air back

of...

Built up flues.........
Bunkers, capacity of
Burning..........
hydrogen....
of carbon....

PrESSUTE .covvveecncncresesesceeases..86, 87
Butterfly dRmpers..cc.cceaettecsriiieietiecanecess 204
Butt- joints...... ceveeetete iieccecccessssreseerae g

n\'e"ng ....................... sessssscsssncns

AKINGCOAL ..ovvviiiiiiiiiiiniciiniiincnenns
Calculations ..ooviiiiiiiiiieeiinn ceivunan, ;zg
Cdkxng{o.(;..........................9;,95,xos,gy.”o

Calking, cONCAVE....cvviiencincananes

Canvas joints.... . tesecessaceess 38
CapaCItY .. eoiiiiietietiienes cevencannsonaans 29, 387
of bunkers....
of chimneys...coeeiieeannn
of cylinderb..............
Of INJECtUrS .oeeiivies civneniiee. eese.. 243
Of PUMP...t ittt cieeiiteesoccsese 3 Q
Caps, chimney....ccveeiiiiiiinnenscasssscasssecces 204
Carbon ceveeeveeneinniieiiirenncnnennne .
Carbonate of lime....ee.iveeiniionnes
maagnesm............................ 300
SOAR uveeeeniiiinnnninnnsncanses3Ol
Carbonates....................................f.‘m
( arbon and hydrogen, combustion of.........cee. 257
Carbon, burning Of...ceevessescsccaccccsssearseces 268
compounds with oxygen.....cc.vvveeeeeie 3857
horse power of one pound in various times 6
325, 3
Carbonic acid .ceeeecveiceracaccracereiaes..208, 158.32:

OX1AC.ocecs0ccestsssrserssssesasssvocces 3
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Carbonic oxide flame.......
Carbon, temperature of bu

cestsserttsecetnenas cesseees 370

Cement, Porfland, to yrevent corrosion........... 305
redlead.....ooiieiiiiiniiiieiniiienieniie. 357
Centennial standard ot horse power............... 321
Chain rnveting...cccvvvveeennenannn
Check globe v
Chemical combination ..
Chime whistle.............
Chimney caps.. ..
draft..cceececiinenn...,

gases, temperature of
Chimneys........
Chimneys, brick.

174, *175, *177. 235. 236
teesercissarces 25

.182, %184

Circle........ .
girculmion. cons fy G
isterns, capacity of....
app & Jones b.......
Classification ot fuels. .
Cleaner, Cleveland steam flue.
ue....... cees

steam flue....

Van Duzen flue...
Cleaners, Hotchk:ss mechanical.

Cleaning.............
economizers
res.......
grates.
old flues
rustyb............ .
various kinds of coal
when feeding......... ceseene.. 284

Cleveland steam flue CLeANET, s vevsareersensranessss 293
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CHNKErs.eveaeuirrniiniiuiiniieneescssnenennnnnnans 286
Clos'-d heater..i........
Combination, chemical ........

anthracite ....

caking. ..........
Coal-dus', grate tor..
free burning.

non-caking....... ceeens

per hour per square foot of gra
economy in various..... vees 273
products of its combusti.n.......... 60
semi-aunthracite..........ccvveeeens
semi-bituminous.
SOft.eeeienniniienanns .
space required for.....
storage of bituminous .
wetting ..........oiuee
Wilkesbarr-..

Cocks .....euunennnn

BRAUKE. it ieereresnoccssnacsnans «ssees 329, 337
try..... . ...168, *169, 329, 337, 342
COkef.i“i;a”'" ...... Ceeeieeees270, 83
| $ 1,7 S [N 282

. gratesurface for. .....oooiiiiiiiiiiii i, 282

<-4 "44. *45. g7
.222, *223, 224, *a35
ceeeeens 32
- 315, 3¢
cere 9T
3

{0731 1 - X
feed heaters...
Co'd air supply.....
Cold water test.....
Collapsing of flues..
pressure of fl

Color for brick work

essencenanes

of steam..
of flame. .
Combustion....oeeveuiiieeieniiiannnnnas

imperfect. .. 324
of air...coeeerenne ceee 255
air required for ...... seeses 265
of coal, preducts of. cesses 260
sign of proper....... cscees 277

sign ol bad...eviiiieesecancrecccanes 278
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Combustion,speed of ....iivieeiiececnneccnnenn.., 276
volume of gases ol...
temperature of..... ..
of one } ound of fuel

Concave calking....

Conde. saion......

Condensers, surface ......

Conducting power of meia

Conductors ceeveeenecaannns

Conical Voeeeieennnpenns

Connery’s calking tool

Convection.....ceee..

Co, perl:).

. joints.
Cornish b............
bs, rating of .
Corrosion trom soot. .
washing...

of marine b....
Covering be.oovennn..
Coverings, Gilmour's
non-conducting

Ceeeenieaan, 304
125, 127., 25;.'279

ecee.-252, %253
+*252, *253

Cracks....... cosesecctacaneas 335

Crosby automatic gauge attachment. 173

Crosby-bourbon gauge......... ceeesaeen 161
chime whistle ..

RAURES.......

Cross section of flues...
Crosstube b.......ee..

Crown sheets.........cceeus

strength of . .

Crude petroleum in b.

Cutiing gnl;xge rlasses.

UD. S ...

t
Cylinder b......

ceereee 04
ceses.. 302

tesescescccess 1

70
seese-cecasslOr, *102
-+..31, *32, 41, 328, 356

testing...... .. [ 341
b‘cl?l'pac“ for water.............. , 264
DAMPENI G OF HARD COAL.. eee .22
Dampers ......... ...... .......204, 280, 284, 329

Dampeis, automatic.... . eee-e 205

leaky.......
regulators . ...... ... .......ce.... 205
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Definitions and principlee.
geﬂe;l:tor for stack....
1aphragm gauges
Diﬂerenﬁal ?auggee
iameter........

Discv........

Disc grinding v
Displacement, pi
Domes.....

“ee .;94. *195

Doors, fire #1321, 281, 352
Double acting pumps. cee. 237
Double-decked b..... 50. 7
Double-headed satety Bt
Double lap jonts.... .. . 99
riveting............ 8o
spring steam gauge. ceeeens *162
Draft..... ...coeveeiennnnn 200, 281, 349
increasing.. eeee 355
maximum.......... . .. .. 201
of feed by injectors...... cieevciia s
chimney
down... ... SN
forced.

for anthracite slack..
Drawing fires.. .. .. ... .
Bri.llin e wiasscs.
rip of gauge glasses..
Drop flueb.... ..... .
tubeb. ... ...l
Diums, mud...
Steam.......c.eeen.
Dry pipe, locomotive......
steam ......... ..
Dust coal, grate for.......
Dutics of engineer. .
of fireman
Duty.... «.......
JBULLITION ..............
~ Economic value of fuel..
Economizer....... «ieivvenee o
cleaning.. .
ECONOMY.eeerarecersossre vnnae sasse soseonssecss 323
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Edson’s recording gauge
Efficiency.eesccecsetniens

as affected by position of hea
of fire boxes..
of tube surfar:

Ely on life of fire DOX....c.ooviieiennis cuiiienss 355
English Board of Trade rul. ¢ for safetv v........ 155
ErieCity b.. ... «. ciecciiiencccasi®33, 198, 108, 197
EXCessive Pressurt. e ieceeiiececctcnonniiionces 344
Exhaust steam for feed heating...cccceeeeveniaes 220
EBxpanders..cc.cceiiiececrintiiceaqinenssasss?102, 10:
Exp inder, Prosser’s flue..ccc. coecunniiiiiin cinl 33
Expander, roller flue... cccoeviieieiiicienaaenan.. 336
Exranding...cceec.ee cesesreee102, *103
Bxpansion........... tesesecnssees 10
Expansionof b.shells .....c..cociiieee sinee oot 35
of latent vapor..ceeceeeees  coveeee.. 19
Of WateI..cicvoueeens cocsecennccsnnas X9
Expansions, unsqual..cccceeicceciaeeiecianrines 370
ExXpansion tiaps.iceceseececsisccsces ~aoeseencoioes 182
Explosions....ceeceaaenie teveessecncaeanss 307
at scurting up..... sesesesse.. 314
electrical theory of.......... eeeene. 309
Extractors, Wass’ grease, iir » nd mud. .. 214, *216
Evaporation fromand at212%.......cvevniiinan . 325
Evaporating pOWeT..cc.eet coe ciiirsieccnccnenss 317
Evenness of fires....cc.ceeetcescoccncencs ooenens 278
I_“ACTQ)R OF SAFETY......cciivvieien vunn
Fairbairn’sb ....... .....
Fairbairn's formula..... ... .
Feed, draft of, by injectors....
heater, Robinson’s ...... < ee. 224
he ters,coil ....coiienn... ... 222, 223, 224, *225
FeAters, OPEN. ....cccovee seesccscnee soos-o 2323
heating... c.eeeeceetninn ieiioiiansens.290, 221
heating by exhaust steam....... “ieee. 220
Feedin ........... cecevieiiann il ver e eees - 209
firing when. ......ccooviiit ciiiuiaiees. 283
from hot well............ vee veeess 210
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Feeding in frout.......cccoovvnnuifoeaanencee. oo 347
Feed puwips.........
size of............. .
when cleaning..........
Feed, sal sodain... .. . ..

spraying.... 209
temperature. 249
water........ 208
heating .. ceesarees teeas «+220, 228
IPE.. sereeee ceeeciiecnnens ceseeas 17
?v ere to intioduce.. . 903
Ferrules ......... 332
Filter, Albany... *2.5
Filtering materials Lo 23
rilters............ #*213, %227, 229
mechanical... ..... 214, 215
Wa nwright’s. . *211, *212
Fire-box b...ccovin ciinveannnens . 78
heating surface of. -+ 367
life of Bteel.eeenen eencnnicrnceiecencennns 35S,
Fire-boXes...cc.covtiieiieere-asennsnnnssss 17, 129, 207

effect of various coals upoa life of...... 355

Wootten & Ely upoa hfe of .......ce... 355

Fire doors...ccceveeccenanis vacnannan . «+381, 352

kindling ceeees 377

in bmldmg,uhattodolncaseof ceeesenaeee 344

Fires, bare spotsin...... ; zs-
of peat.....c.aes .. 282

of wood...... . .283, 351

thickness of .eeveenenn.. . cesees 278

Firingi.............

with shavmgs . eeee 280
Fireman, duties of, ..
Fiuings, 'brass ...

cecces .:8.:9‘.
. ...............4.8.6..122, lg:
Flueb..seeesnir.vinnseannnioen .*33, 37, 4, %65, 32!
b., effective heatmg eurfn,ce...'...:...'...'.....' 366
clean*r, Cleveland steam.....ceeeeense .. %293
CleAner . ove sieivrecrerncrsrassrnssssesscces 293
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Fiue cieaner, steam.........
collapsing piessure o!

Fotv...... .
Forced blast..

Foundation. . ...
Franklin Institute report upon

ceeens © see cienis.. 126
effect of heat upon
strength of b, plate.....ceeen.. ..ooveennne o, 356

ree burning coal....
Frenchb. . ..
Friction, skin
Fronts..........

Fuel saving by feed heating. ... .......
wet.
Fuels....
c
Furnace.... ., . RO
excess of airin . .. 2

LOWe’S. ... ueereeiinceraseccennnenennnnnsy 289
B S 4

Ceeeeceesvenee 172,174

Funbl ﬁalent ......
usible plugs..........
ASKETE o ;
J Gas fuel. setting for ...... ...........0e0..%130

Gases, VOIUME Of ..evs.vsuunnonsons
Gauge, ala'm
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Gtuge,doub]eapring. P & <

glass. .......... T PP & ¥ 4
ghms,lmchmentof..... ciesesee seae 170
glasses, breaking .... .. ceseecenesnss 338
glas-es, P 1)

glasses, dr ceeenene 176
gluses.pnckln,:nngstor B ¥ ]
scalein ... ............

mercurial.......... ...187, %159
mphngm ceetiserssniees 157
Shaw's d fleren ial ..........158, ‘159

high pressure.
low pressure. ...... ......

recordiny...

p:osition ot. . eeee

pressure . cheeee. 188, ':56, 350

steam.. teeese.eesse158, *156

testmg.... .xss. x6a 163, 316

water..... ccesecances 68
Gemnguputeun coneee ceseseet Vear v sesses

Gilmour's non- conduoung cove ings....ecne .'ss:, '25
Glasses, breaking .......eee....

scale in veevvencnennns
Glass water gauge....oe.ceeuns ceeeen.es 837
Glubest'\pv............ cerieoes TN 11

Grlphne........ ceveee oon P
as palntfurb .
Grate, air spacesin... ...... cevesacanees. 302
bars ... .....

bars, rocking...
cleanins.......
shakmz
rocking
SUTfACE.......vveiveininecnnes
coal per hour per squnu foot.
marine.

for anthracite slack.
Kirkwood's rockmg.
surface for coke..... [PPOPIRPTIARPE |
surface, rating by............. Ceeerseaseees 380
sur ace, water per hour per square foot.... 318
tubular.. ool o resens. o 187
Van Duzen.. ...*288
WOOEN. e ees easrennnns Creerrerereeniieness s ®193

ceesrsssceccsssace I
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Grates....... S £ 13 .74
Grease.eee e ieennnans veeess 297

extraclors..... ceee.214, ¥216
Green wood ... ...... veee.. 268

Grinding discs. ...
Groovingeeeeeconan..
Guides tor safety v.....
tvuide pinsof safety v.....

cee eee.¥333
ceeeeses 2097

cetsense

HAI\ SCOCK lNSP(RATOR.'

Hand-holes . . teieees 199
Hun}ers and Hangmg ..... cees IIZ
water...... -205, 300
Hariison b.... .. *s59
Haulirg fir+s .e.. 380
Havstack b . 37
Heads ....... . ceens «+...80, 85,87
cast iron, cecevesiieniiann 87
spherical........oociivennen.... tesieseceies O4
Heat and temperature. . .ooeee..ovveeene en venes 19
effect of temperature u on strength of b.
pla'es........ ........................... 355
Heater, clo-ed. .  erieeseeeaanes 22
coil tred.. . 222, %223, 224, "225
hor.zontal. ... " Gecsesscecensateaas aan
lime ex'racting ceesenes '227, 229
Lowe's vertical..... . 228, *230
Robinson’s feed............. .
National feed............. ..
€ed....ccivannones vesses 350
feed, opon......... Ceeeiee aeas 222
Stilwell's,

.. %827, 229

Wainw ugh' s. . *22
Heating, feed ...
feed by exhaust steam. .
power of American coal,.
power of woods.... .......
surface............oooiu .
urtace, effect of position....... 327
sur{ace. effecrive of flueb.... ........... 365
effective..... ceve s seaneansnns ceveen 366, 367
surface for coke .. .... cesses o
surfacep-r HP ....cooovoiiilLLL.
surface, water per hour per sq. ft......71,319

. U
191 23:, 317
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Heat, latent ..
lossof......

sensible...

specific. .... .

transferricg T 1
units..... veeeree -e..350, 260, 313

Hemlock . ..
Hennessy b.....
High pressures.....
High pressure gauges.
steam..
Holes, rivet ....
Horizont 1b..

5
return tubular boiler..... L eeee 71, *1g5
tubular boiler. effective hentmr sur-

!aceotl.....................,.‘ ..o 3
e tesercanen.s ¥50
Horse power, A. S. M. E. standnrd . . eeee 322
Centennial standar.. PR &
of chimneys..... aee .202, 203
ol one pouud of carbon in one ho- r, 325
water required per..... P £
Watt’srule..oo..cocoveen oo venn .. 322
Hot llrsupply ....... R ags
..................... . .. 287
Hot well feed-ngfrom ... 210
Hotchk ss b. « leane . 217. a18, * 19, 220
Hyatt filter.... ..... .. %13
Hy ‘rostatic pressure. ... 308
Hydrogen....... . . .267, 310
combustion of. ... ... . 257
temuvera ureof burnne. ... ..o.... .. 262

NCLINED B.. . iociiiiiinninnn,
Incrustation.. .
Incrustation, loss l»v
Injectors.............
capacity of.....
draught of feed by..
forair..... ......
oiling............. .
Penherthy automatic........oo.ounn "‘246, 347
temperature of Walerin,...ovuevecrcces. 242
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Injectoss, Rue... +-250.%251

unique.. .250 *251
Inspection......euvee 12,.376 296, 315
regulations.... ecose  ceesecenas 94
Inspecting braces..... cesseciecctaes sanees 348
In:pirator, Hancock.......... cesereen.. 247, ¥248, '249

choking with scal *,.ceu.veeecaaian.n.
Internalfired b..cooereenainne.. 38, '39,43
Irish moss. coenvvnnnene .

ceeees27, 29
segree 127
..*110. *113, *121
.......... .26, 9o, 91, 98

e 99
canvas..... . 358
double lap....... .. 99
or pump..... .. 358
for stand pipes. . 358
of safety vstems..cooevecens . 144
paste- boud..........‘. ...... 358
red lead...... Y

Tust.....oo .o
w1re.... .....

wire clo
ENNEDY’SSPIRAL PUN_H..
Kieley’s trap.ceeeeecececceccnnens .
indling fire..cc.cceaenacn. csses 277

KNindsof beeeoeurniiiiene « eeeee. 30

Kirkwood rocking grate...ceee.ccvue & cieecinaen. 100
I ANCASHIRE B..ccoviiannen.inaa®35, 36, 37, 350
4 Lancashire, rating of.......

Lang’s automatic water gauge

¥ l7l
1p joints...... 90
Latent heat........... . .2t

of steam.. ceeees tiesen 23
Latta b ceeevcceennnces . 43, *44. %45, * 47
Leadjomte........... .
Leakage and leaks.......
Leaky safety v..........
Lengthof ab...eaaee....

stroke of pumps. .. 238
Level firing..cceeees-vereesurrsencencsscescnsaess 278

P ) 38:
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Levelwater.ccccccieieestcicnctecscssreess 809, 55
l.everageufsafetvvleven 3’0'3 8
Lever of safety v.....cccoouuee creceneetan.as x36

cesseisessens  sesescsss 137

« 4246, *69, *119, *195

Lignie......ccce0
Lime, carbonates of .
extracting hea
ealts......
sulphate

Liming, brick..... ..c.cececicnnnces
Live steam in the feed h ater........
l.nckatetyv........‘......... ceteressesesse 150, %K

Locomotive b, *6g, 79, 74: 76, 77, 287, 898, 301, 307 3:}5

removing flues from.....307, 311, 315. 335

Locomotive brick arch...cceeeveenees
dry pipe. seeeiee- e ceve.. 585
ULB.coscecsmsccccens 274, 35‘
Locomotives..........

teesscsses 28

8 tting ...
vertic |l heat

Low pressure -auges.
water, causes of...
Tubricants .. ........
Lump coal, grate for.
Lyide safetv v..........
AGNESIA, carbonate of . eesnssr -
t8.cennenteninnanas o

sulphate of...cceoiiiiiniiiiieeeeca 3 8

Man-hole plate....ccoeieneniiiis cieriicienaaenas 350
Man-holes..ce....

e cessssssscassatenenesss 109

T T 1
Mare b, corrosion of....27, *71, .72, *73, 300, 34, 353
Marineb,scaling.....cceeeueeneiniicersirocsnnees. 8°€
Marine grates
Marine safety
Mason's preuure redudng valve
Materials of b....

McMurray setting... cev ese..eses¥BoI, 298
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Mechanical cleaners............... 81, *218, %219, 220
lters . cccciercarnennniinconsnnnnsBly, Y25

Melting temp rature of eubstances............... 267
Metal, conducting powerof..... ...ceeeeeeerceeses @
,‘}eter..i..l..........................
ercurial gauge..
Mild steel.........
Mileg’ be....aeess
Mossture in wood...

seeses sees 32

Monkey wrenches ...... teeeee seseees 332
Mortar in sethng..cocevcen. ceettesssccccecss 109
Muddy water..... eeecsessiesenes.. 210
Mud drums .......... <.196, *197

extractors..... PETTRN

FIDR .eet - eiivniencnncnnns
Muffler, American.......cco0uee ..
combined with safety......

i
.......‘152
Maulti bnllu ber reesseesiesiiieieiteneennss 1
ultitubular b....... ee.sesesancees¥33, 24y 123, 384
ATIONAL FEED HEATER eee.¥223
New Yerk safety b coseseccnaane
Nitrogen...l.......f..... evees285, 958,:20

ue
Over-hcated p! cess
Overloading of safety v..
Oxide, carbonic.. .
Oxygen..ceovveenneernonioences FEPN
con;Pounds with carbon...ocveeeenienoei. 2
PACKIN > RINGS FUR WATER GAUGHE
GLASSES ...ociiiien ven e eenn vees 172
P&ilﬂ, brick. forb......... cececcscssssscscsccccces 359
for b....

.
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Patches and patching....
Patent furnaces
Pea coal..
Peat......
Penbertiry automatic injector. .
Periphery of circle............
Perimeter of circle.........
Petroleum, crude.... ceeesseccsees 3 2
Pine.cocicioriiiiieianees | westiicecnciinienes 279
Pipe, dimensions of wionghtiron.............

feed water...oocveeiecnes
Pipes,area of . ....cc....ee

carrying power of...

FYeseosessenoscennns

ceeeccecss33q, 348
‘287

esese

cesesesecsss 359
o eeseea197, Y193

feed..oo. cevannnnens 35
Pipe, suction. .. 33
stuppage .. 346
Pipes, supply...... . 196
Pision displacemen 36, 369

Pitting..cooeeens
Plain cyhinder b
Planing.....cco0ee
Plaster of Parie .
Plate, Man-hole....
Plates, over-heating.
thickness of..
Plumbago.........eu0.n
a3 pamnt for b,
Plug, fusible..cceeireenninnnennes
Pokers...... ctieereeenne L -
Pop un i safety v combined.......... .......... .. %152
valve and muffler combined ........... ...... %153
VAMErican c.oeiiiiniiiiiiiiiinan ceeee... 153
VAVeS.eeanennn. «X44, *145, *146, *147, *149, 150
Portable b....cce0.t « «...60, *61, 62. 68, *6g, *x2
water bottom b .
Portland cement to prevent corrosion
Posiiion of steam gauges... .. .
Pressure and temperature of saturated steam 12, 13,14
atmospheric ...
bursting......cecouee
€XCeSSiVe.cerrrecanenn

sesecansnanns

Enuges...,....
YArOStALICsveaeeeeisensesosicerisinscrse 307
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Pressure on flues. ...... treisese sereseevaecsecass 88
on tub S.ieeeeeie. caees
reducing Vieeeeeeeeaees

Pressures.......cceeuiieeans

eceecsenes 2
ereree. 365
86

cesens

higheeeiiiiananniane. .

sn?e external upon flue...
safe working.....
temperature,
steam........
upon safety v...
water...... .. .
Priming...... ......
Principles and defini ions. .

Propetties of steam.......
Prosser flue expander.....
Pump, discharge capacity.
double acting....

volume of
... 16, 17

and

Pumps....... . cees
diameter of .
feed.... .. ceeerens
lengt: of s roke......
piston displacement of...
size of feed.

spiral
Punching......

ceesees 22, 127, 324
. 360

Rating by gra e surface... 333
nominal........ 320
of Cornish b.. . 322
of Lancashire b. 322
tubular b . 321
Reaming ...ceevvvevecnnnnnn. 30
Recorditg gauge, Edison's. 65, *166

Red lead cement...ccovuuuieaiinanans cevesnens 357
Regrinding safety Y.u.ueosseessceroeciencnsees13y, 147
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Regul..ions, inspection. .
Regulators for dampers...
Renewable seat v. ..
Return tubularb.71, *1. 6, 110, 'uz, ‘ng. "wz, *128, ‘19 0
Ribs, stiffen ng..........
Rise of safetvv..

Rocking gnte........ .
grate burs ..., .

Roller expander...........

flue expander
Rue injector....
Rule for safety v
Rules......coue..n
Rupture of b......
Rusting of safety v.
Rust OINES.. i eeeeaeeesaneasosncnsncesnnn

LT L R ST &1

Safety, factor of. ceeeseeeans 79,94
Wereseosercansncssccae oo . 732 133 32,3 9
v, American.ce..c.u.e %xiﬁ '?47
VAFCA..cevoieanescaniinnns
v, Board of Trade.....cooeen viiivin .
v, Board of Trade Rules............
v combined with muffler
v combined with pop v..

v, guidesfor....
v, guide pins.
v, leaky.....
v, levers for..
v, leverage of ...
v, Lynde’s....... . .
v, lock...cee.ns ereeetneeaes 'uo, 150, *151
Vy, MATINE ... eeviveveoenr serasennnns 148, *140




THE STFAM-BOILER CATECHISM. 395

Sa'ety v, overloading veeeeen it viviensenrnne.... )37
. V, Pressure upon............... 142
v, regrinding.............. 147
v,rustingot........

v, springs for......... ...
v,stemg. ..... . .
v.tampering with..

17

v, weighted..... . *148 -
vyweightsfor.... ... ... ... 0000 135
v, weight upon.. 137, *140, *141
Safe working pressure cieeienes o 83
Salt . .. tres sesene .ee . 206

Salting......cc.......
Salts of lime ......
of magnesia.
Sal ammoniac ..
eoda in feed..
Sawdust as fuel.....
Saturated steam .......
Scale . ........ ...
in gauge glasses.......... .
insgirator choking wih ........
Scaling bars................
haminers

ceesser.eas. 100
- +45, 79, *113, 332
teesiciiacesss 231

“es ee seeeses 358
“serentisii.., 270

Sediments......coe..ut viiiiaas
Self acting apparatus ........
Semi-anthracite vvvvuennan ..
Semt-bituminous coal......
Sensible heat of stesm................ ..... eeea 1z
Separator. ....iiciiiiieiiiiinrenn ceeeent ... 180
Setting. ..%g, 53, *54, 59, 105, *106, 109, *11a, %113, *r 6
117, *118, %127, *122, *124

brick...... Ceessesitiiiiiiieeis ciieiaiee... Y1Dg
Dutch oven.... T £ 7
arvis...... ... «.*110, *113, %121, *122
AN £ € €]
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Setting, mortar for ..
McMurray's
old flues.....
for natural g

Shaking grate ...

Shapes ofb . .

Shaples b ........ ..

Shavingsbin .. ... .

fire

Shaw's dlﬁereminl g:uge. eee
Shearing ..evvvviviennennn.

She'ls ........
Short sheet b..
Shovels . . ....
Side brackets..... ceeees o
Sign of bad combustion. ... ... een
Silsby b......
Single flue b.

Single riveting

eeeaces .

feed pumps «eeiiiiinieninnnn.,
Skin fncuonp...l::s;... e eees

Slack coal . .......
anthmclle. draft for.
grate for
Slings ....cevviiionnn aann
Sludge .......
Smoke..........
burning...
Soda, carbonate of.... ..
in feed .

Soft water .......cceue.
Soot causing corrosion.......

Soundtest. ........... “ sesesses “ eecessens 317
Space requlredfotcoa.l........ teeees-eete tesasae 27
Specific heat.......... teetsteet tiieieciisecns o os 3§
Speed of steam escaping... 353
combustion..... 276
Spher’cal heads..... . o4
..31,8

Sphrroldal state. . - 20
Spraying feed... .... . ceernienns vese. 209
Springs for safety vo....... .... F . &

Spruce...cce..v veeenn..is T 4]
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StaCK. ... itieiet ittt rernannn.
- deflector for......

. 200
234
284
paint for.............. cee eienenen 359
. ceereses 322
sreesessseees 321
s eeheesces seeseseess 358
3 cessese I, 114
Setetsscsieretiietiesseiee 300
momentof........... .. 34
«+:92, 317

horse power,
joints for

Ary.ccevecnnen... ceretiiiian
escape, speed of. ....o..oiLuy. .......
cxhaust for heating feed....... ... .
reengineb............ .. ....64 %6 *66, *67
flus cleaner Cleveland .... .

ceee 343
eesnees 316
seeee 276

live, in the feed heater-....... ..... ceeen. 222
making, coal per year used in. ... .......... 353
Pressure of.. . ... 0 tueiiieiiiivenenrnnennst6. 17
pump, .. ..., *239
raising steam. 357
temperature of..
velocity of.. .
volume of...
weight of......
work in.......
Steamship b...............
Steel...ovuivinenn. ..

fire-boxes, life of
mild.......

rivets...
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Stiffening ribS.s.cvessecsieriericiiitriiciiccceienes 93
> iwell heater and filter...
suning the fire........
DIOP.ceecraceresesnngsonaracsacisacte
v, combined with safety v......
Storaﬁ:ol CORIS.cevsaserrannns
Straight way valves.
Strainery.cceceeccesssssaccsns
Strength of b.ooocvenen
CastinDES.eeses
crown sheet...
flue sheet....
tubes...coc00e
tensile...
Stroke of pumps.......
Suction pipe..
14

Sulphates. . .
of‘lime...... .
of maguesia..
Sulphur, action upon b.
Sulphuric acid.......
gupe{ heating
up| ipes.
Supgoyn‘l)n% b..
walls.

sesseeas 301

eevessnstiennseocs 272

Brate..ceeserasces
Kntg. rating b
eating......

hentianperH eese 3
"[‘ABLE OF DIMENSIONS OF WROUGHT
IRON PIPE........ .

Tableof strengthof b... .... . EH
Tables. ....ccciecirnnsens .
of area for complete com e ceieece o 371
of capacity of cisterns, tanks in barrels of
31% gallons....cce0 ©
Tampering with safety v..
Tanks.. . ceccececcccee oo
Tannic acid...
Temperature .........ceseeee oo
Temperature as affecting tensile se

Plates,ceecssrcesvrrierrartresaccrsiiissssscenes 356
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Temperature of burning catbon....... ceetgreeenae. 259
. of burning hydrogen..... .. ... .. 282

of chimney gases... .... .......... 23t

of combustion...... .. ....260, 266

of saturated steam. .. cie012, 13, 14

11, 16, 17, 311

. ven seesicee. . 31X
of water in injectors. ... .. .. 242
Ten flueb.............. *33
Tenvile strengih. ................ 28
effect of tem 355
Test, cold water............ «+315, 316
for hardness of w:
Testing...........
cylinder
marine b e
pressure gauges......

see -.. IS5
.262, 163, 316
eesees 315

steam gaugos.....
tubular b..........

Test, Sound....coceennnnernneeneannnomrnns
with Wootten b.

Thickness of fires. .... [N .. 278
of plates.......... 90

Trrottle, suddenly opening.... 330
1€ T0dS.ceeiue iiiionnnnnnnnnnnn.n, 93
Tools 1.eeded in b room.......... .. 34
Transferring of heat........ 21

*183
179, *180, *18;
ees sese. . 182
cecceces 183 #1835
seseesesees ¥1o7

Trap, Kiely’s..............
‘Trap.
expansion.
oat.. ...
Triple draftb, .,
Try cock, Regste:

D RS LT Y TR

- 168, *169, 329, 342, 337

coc|
Tube cutters.....
cutting. ........
beading......
expanding.......
Tubes........ ..
area of. ,
length of.. .
pressureon...........,.....
strength of....... .
Tube surface, efficiency of e
Tubcs, velocity in......,, terereseiaineen . aeas
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Tubes, water.. weeesesncees  "ro, 328

subularb, 46. 47.48. 52, ’54. 7;, ‘106, 110, 112, *119, *128,

’195. 328, 367

b, TRting Of .ceeeeniiniciiiiianiaan e ceen 371

b LESLIUR.ce oee socrteese soesssessccccss 315

TREE ... cevecccsssasce sossesses ovses. IB7

TUDUIOUS Daeevns evvcosessnensonseassasssssnnscees 48

Tumbling barrel.. cesenannaes 336
Two flueb....... cereeanane ..

]NSTAYED Beceeosoaen

Uprlght tubularb. ...

Ub.rulefursafet Lesssesssesasns

ACUUM, BOILING IN..cooeee

Valve............. coee

Valves, back pressure.... Y

low Off . ..cccovecnncane..

check globe.

check......

conical

discs, grindlng. ceeeene

feed stop.......

plobe.. .o ceceeeciaa

tsbcstospacked

checkeveees caeanes

stop...

I:'boal'd oftmde..... .o
pressure reducing, Mason’s
renewable seat.. cosecsne
safety..........
StOP - eeverannnne
Straight Way....ccceseeceeracensooses oooee X7
Van Duzen fluecleaner......... ................‘agg

grate bar.....ooiiiiiiiaiieesennnannees g
VAPOT. ... corennaesseness corsnnnnnesssssssoss soe 9
ls.tentexpa.nllonof........... . ]
Velocity of gasesin tubes  ..ccocniiiiieeseieer 355
BLERAM .. vereeeesveoanannsss soss soasess 133

Vertical b.....coovreeenioocen. one . ..31, 12

cyli .

ﬂueb
poriable
tubular b

5
voee ..185. *186
.o *176,.177

cecesessenes

heaung BULTACE Ofsnovennesaienss 367
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Volume of nitrogen........coevuveeensecennciacee.. 264
BRBEB... . eet caiieeaiatntientarcnnnes
gases of combustion.......c...
SLeAM.. .eeveriernarsnnccnnnns

AGONB.... ..... 3
Wainwright filter......ceevu-uee «*211, *212
Weuinwright heater....... ceeeeat22y
Wall, brick...ccc.ue.e ceeves 123
Walls, bridge.. .....

supporting........
Washing causing corrosion..........
Wass grease, air and mud extractor
Water boitom b......cccevenn..
expnsion of
feed........

sedeces 330
gauye, au omatic.. e ™171,172
ceee¥rgx
..... . 337
. . .. 20§

..... 2+0, 221

252

teesessesracen-. .+ 356
+209. 330, 337, 342, 356
. *211, *213
peer hour per sq. ft. ofEute surlace........ 318

eating surface..
PreSSUTE,.ccotee reennscresrssasssarsnnns
required per horse power ..........c...

. i gec

test for hardnessof ...
beb...ccoviiiecinnnas
tubes...
well.ooeiieeenenien s

- where to introduce........
Watt’s rule for horse-power of b..
Weightofair.....cooveennaan..
of anthracite coal.....

of steam.......... .

on safety v....
Weight for safety v...............
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Welding....coovunnnne R
Well waters.... cesescasae %

Westinghouse b vees -.%42. 43
Wet fuel........ . 281
Wetting coal... cettaeernens 274

softooal.. ... .. 281
Wet wood....coeeeennaccnn.. o ceesiassess 279
Whistle..eevr cevneiiiaiiiienes esseccces 282

chime ....... .. 182

Crosby's chlme . *184
W-Ikesbarreconl

Wooden foundltlon. .
Wootten b, tests with .

§n life of fire-boxes. .
Working pressure, safe [ETTTRTRTaTIN
Work in steam
Wrenches.. .
monkey
Wrought lron....ccee. vuv.uuen

INC TO PREVENT CORROSIO cene . 304
Zigzag TiveliDZ.cceeentieenctasctscssccennees 98








