CHAPTER V.

PROPORTION OF BOILERS.

HEATING AND FIRE GRATE SURFACE.

252. @.—What are the considerations which must chiefly be
attended to in settling the proportions of boilers ?

A.—Inthefirst place there must be sufficient grate surface to
enable the quantity of coal requisite for the production of the
steam to be conveniently burnt, taking into account the inten-
sity of the draught; and in the next place there must be a
sufficient flue surface readily to absorb the heat thus produced,
50 that there may be no needless waste of heat by the chimney.
The flues, morcover, must have such an area, and the chimney
must be of such dimensions, as will enable a suitable draught
through the fire to be maintained ; and finally the boiler must
be made capable of containing such supplies of water and steam
as will obviate inconvenient fluctuations in the water level, and
abate the risk of water being carried over into the engine with
the steam. With all these conditions the boiler must be as
light and compact as possible, and must be so contrived as to
be capable of being cleaned and repaired with facility.

253. @ —Supposing, then, that you had to proportion a
boiler, which should be capable of supplying steam sufficient
to propel a steam vessel or railway train at a given speed, or to
perform any other given work, how would you proceed ?

6



122 MODE OF PROPORTIONING BOILERS.

A.—TI would first ascertain the resistance which had to be
overcome, and the velocity with which it was necessary to
overcome it. T should then be in a position to know what
pressure and volume of steam were required to overcome the re-
sistance at the prescribed rate of motion ; and, finally, I should
allow a sufficient heating and fire grate surface in the b(l)i%er
according to the kind of boiler it was, to furnish the requ}s%te
quantity of steam, or, in other words, to evaporate the requisite
quantity of water.

254, Q.—Will you state the amount of heating surface and
grate surface necessary to evaporate a given quantity of water?

A.—The number of square fect of heating or flue surface,
required to evaporate a cubic foot of water per hour, ig about
70 square feet in Cornish boilers, 8 to 11 square feet in land
and marine boilers, and 5 or 6 square feet in locomotive boilers.
The number of square feet of heating surface per square foot of
fire grate, is from 13 to 15 square feet in wagon boilers; about
40 square feet in Cornish boilers ; and from 50 to 80 square feet
in locomotive boilers. About 80 square feet in locomotives is a
very good proportion.

255. (Q.—What is the heating surface of boilers per horse
posver ?

A.—About 9 square feet of flue and furnace surface per horse
power is the usual proportion in wagon boilers, reckoning the
total surface as effective surface, if the boilers be of a considera-
ble size; but in the case of small boilers the proportion is
larger. The total heating surface of a two horse power wagon
boiler is, according to Boulton and Watt's proportiors, 30
square feet, or 15 ft. per horse power; whereas, in the case of
a 45 horse power hoiler the total heating surface is 438 square
feet, or 96 ft. per horse power. In marine boilers nearly the
same proportions obtain. The original boilers of the Great
Western steamer, by Messrs. Maudslay, were proportioned with
about 10 square feet of flue and furnace surface per horse power,
reckoning the total amount as effective ; but in the boilers of
the Retribution, by the same makers, but of larger size, a some-
what smaller proportion of heating surface was adopted. Boul-
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ton and Watt have found that in their marine flue boilers, 9
square feet of flue and furnace surface are requisite to boil off a
cubic foot of water per hour, which is the proportion of heating
surface that is allowed in their land boilers per horse power;
but inasmuch as in most modern engines, and especially in
marine engines, the nominal considerably exceeds the actual
power, they allow 11 or 12 square feet of heating surface per
nominal horse power in their marine boilers, and they reckon
as effective heating surface the tops of the flues, and the whole
of the sides of the flues, but ot the bottoms. For their land
engines they still retain Mr. Watt’s standard of power, which
makes the actual and the nominal power identical; and an
actual horse power is the equivalent of a cubic foot of water
raised into stcam every hour.

956. Q.—What is the proper proportion of fire grate per
horse power ?

A.—Boulton and Watt allow 0:64 of a square foot area of
grate bars per nominal horse power in their marine boilers, and
a good effect arises from this proportion; but sometimes so
large an area of fire grate cannot be conveniently got, and the
proportion of half a square foot per horse power, which is the
proportion adopted in the original boiler of the Great Western,
seems to answer very well in engines working with a moderate
pressure, and with some expansion; and this proportion is now
very widely adopted. With this allowance, there will be 22 to
94 square feet of heating surface per square foot of fire grate;
and if the consumption of fuel be taken at 6 lbs. per nominal
horse power per hour, there will be about 12 1bs. of coal con-
sumed per hour on each squarc foot of grate. The furnaces
should not be more than 6 ft. long, as, if much longer than this,
it will be impossible to work them properly for any considera-
ble length of time, as they will become choked with clinker at
the back ends.

257. Q.—What quantity of fuel is usually consumed per
hour on each square foot of fire grate?

A.—The quantity of fuel burned on each square foot of fire
grate per hour, varies very much in different boilers; in wagon
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boilers it is from 10 to 13 Ibs. ; in Cornish boilers from 34 to 4
Ibs.; and in locomotive boilefs from 80 to 150 1bs. ; but about
1 cwt. per hour isa good proportion in locomotives, as has been

already explained.

CALORIMETER AND VENT.

258. Q.—In what manner arc the proper sectional arca and
the proper capacity of the flue of a boiler determined ¢

A.—The proper collective ared for the escape of the smoke
and flame over the furnace bridges in marine boilers is 19
square inches per nominal horse POWer, according to Boulton
and Watt's practice, and for the sectional area of the flue they
allow 18 square inches per horse power. The sectional area of
the flue in square inches is what is termed the calorimeter of the
boiler, and the calorimeter divided by the length of the flue in
feet is what is termed the vent. In marine flue boilers of good
construction the vent varies between the limits of 20 and 25,
according to the size of the boiler and other circumstances—the
largest boilers having generally the largest vents ; and the calo-
rimeter divided by the vent will give the length of the flue in
fect. The flues of all flue Doilers diminish in their calorimeter
as they approach the chimuey, as the smoke contracts in its
volume in proportion as it parts with its heat.

259. Q.—1Is the method of determining the dimensions of a

soiler flue, by a reference to its vent and calorimeter, the
method generally pursued ?

A.—Tt is Boulton and Watt's method; but some very satis-
factory boilers have been made by allowing a proportion of 06
of a square foot of fire grate per nominal horse power, and
making the sectional area of the flue at the largest part Jth of
the area of fire grate, and at the smallest part, where it enters
the chimney, 7;th of the arca of the fire grate. These propor-
tions are retained whether the boiler is flue or tubular, and
from 14 to 16 square feet of tube surface is allowed per nominal
horse power.

260. Q.—Are the proportions of vent and calorimeter, taken
by Boulton and Watt for marine flue boilers, applicable also to
wagon and tubular hoilers ? '
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A.—No. 1In wagon and tubular boilers very different pro-
portlons prevail, yet the proportions of every kind of boiler are
determinable on the same general principle. In wagon boilers
the proportion of the perimeter of the flue which is effective as
heating surface, is to the total perimeter as 1 to 3, or, in some
cases as 1 to 2-5; and with any given area of flue, therefore, the
length of the flue must be from 3 to 25 times greater than
would be necessary if the total surface were effective, else the
requisite quantity of heating surface will not be obtained. If,
then, the vent be the calorimeter, divided by the length, and
the length be made 8 or 2-5 times greater, the vent must become
3 or 2-5 times less; and in wagon boilers accordingly, the vent
varies from 8 to 11 instead of from 21 to 25, as in the case of
marine flue boilers. In tubular marine boilers the calorimeter
is usually made only about half the amount allowed by Boulton
and Watt for marine flue boilers, or, in other words, the collect-
ive sectignal area of the tubes, for the transmission of the
smoke, is from 8 to 9 square inches per nominal horse power.
It is better, however, to make the sectional area larger than
this, and to work the boiler with the damper sufficiently closed
to prevent the smoke and flame from rushing exclusively
through a few of the tubes.

261. Q.—What are the ordinary dimensions of the flue in
wagon boilers ?

A.—In Boulton and Watt’s 45 horse wagon boiler the area
of flue is 18 square inches per horse power, but the area per
horse power increases very rapidly as the size of the boiler
becomes less, and amounts to about 80 square inches per horse
power in a boiler of 2 horse power. Some such increase is ob-
viously inevitable, if a similar form of flue be retained in the
larger and smaller powers, and at the same time the elongation
of tlie flue in the same proportion as the increase of any other
dimension is prevented; but in the smaller class of wagon
boilers the consideration of facility of cleaning the flues is also
operative in inducing a large proportion of sectional area.
Boulton and Watt’s 2 horse power wagon boiler has 30 square
feet of surface, and the flue is 18 inches high above the level of
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9 inches wide; while their 12 horse .
wagon hoiler has 118 square feet of heating surface, and the
dimensions of the flue similarly measured are 36 inches by 13
inches. The width of the smaller fiue, if similarly proportioned
to the larger one, would be 64 inches, instead of 9 inches, and,
by assuming this dimension, we should have the same propor-
tion of sectional area per square foot of heating surface in both
boilers. The length of flue in the 2 horse boiler is 19'5 ft., and
in the 12 horse boiler 39 ft., so that the length and height of
the flue arc increased in the same proportion.

262. Q.—Will you give an example of the proportions of a
flue, in the case of a marine boiler ¢

A.—The Nile steamer, with engines of 110 horse power by
Boulton and Watt, is supplied with steam by two boilers, which.
are, therefore, of 55 horses power each. The height of the flue
winding within the boiler is 60 inches, and its mean width 163
inches, making a sectional arca or calorimeter of 990 square
inches, or 18 square inches per horse power of the boiler. The
length of the flue is 39 ft., making the vent 25, which is the
vent proper for large boilers.  In the Dce and Solway steamers,
by Scott and Sinclair, the calorimeter is only 9-72 square inches
per horse power ; in the Lagle, by Caird, 1195 in the Thames
and Medway, by Maudslay, 11-34, and in a great number of
other cases it does not risc above 12 square inches per horse
power; but the engines of most of these vessels are intended to
operate to a certain extent expansively, and the boilers are less
powerful in evaporating efficacy on that account.

963. Q.—Then the chief difference in the proportions estab-
lished by Boulton and Watt, and those followed by the other
manufacturers you have mentioned is, that Boulton and Watt
set a more powerful boiler to do the same work ?

A.—~That is the main difference. The proportion which one
part of the boiler bears to another part is very similar in the
cases cited, but the proportion of boiler relatively to the size of
the engine varies very materially.  Thus the calorimeter of each
boiler of the Dec and Solway is 1296 square inches; of the
Eagle, 1548 square inches; and of the Thames and Medway,

the boiler bottom, by
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1134 square inches; and the length of flue is 57, 60, and 52 ft,
in the boilers respectively, which makes the respective vents
221, 25, and 21. Taking then the boiler of the Eagle for com-
parison with the boiler of the Nile, as it has the same vent, it
will be seen that the proportions of the two are almost identi-
cal, for 990 is to 1548 as 39 is to 60, nearly ; but Messrs. Boul-
ton and Watt would not have set a boiler like that of the Eagle
to do so much work.

264. Q.—Then tbe evaporating power of the boiler varies
as the sectional area of the flue ¢ }

A.—The evaporating power varies as the square root of the
area of the flue, if the length of the flue remain the same; but
it varies as the area simply, if the length of the flue be increased
in the same proportion as its other dimensions. The evaporat-
ing power of a boiler is referable to the amount of its heating
surface, and the amount of heating surface in any flue or tule
is proportional to the product of the length of the tube and the
square root of its sectional area, multiplied by a certain quantity
that is constant for each particular form. But in similar tubes
the length is proportional to the square root of the sectional
area ; therefore, in similar tubes, the amount of heating surface
is proportional to the sectional area. On this area also depends
the quantity of hot air passing through the flue, supposing the
intensity of the draught to remain unaffected, and the quantity
of hot air or smoke passing through the flue should vary in the
same ratio as the quantity of surface.

265. Q.—A boiler, therefore, to exert four times the power,
should have four times the extent of heating surface, and four
times the sectional area of flue for the transmission of the
smoke ?

A.—Yes; and if the same form of flue is to be retained, it
should be of twice the diameter and twice the length ; or twice
the height and width if rectangular, and twice the length. As
then the diameter or square root of the area increases in the
same ratio as the length, the square root of the area divided by
the length ought to be a constant quantity in each type of
boiler, in order that the same proportions of flue may be re-
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tained; and in wagon boilers without an inte.rn.al flue, the
height in inches of the flue encircling the boiler divided by the
length of the flue in feet will be 1 very nearly. Instead of the
square root of the arca, the effective perlme.ter, or outh.ne ?f
that part of the cross section of the flue which is eﬁ'ect.n're in
generating steam, may be taken; and the effective perimeter
divided by the length ought to be a constant quantity in simi-
lar forms of flues and with the same velocity of draught, what-

ever the size of the flue may be.
266, Q.—Will this proportion alter if the form of the flue

be changed ?

A.—Tt is clear, that with any given arca of flue, to increase
the perimeter by adopting a different shape is tantamount to a
diminution of the length of the flue; and, if the perimeter be
diminished, the length of the flue must at the same time be in-
creased, else it will be impossible to obtain the necessary
amount of heating surface. In Boulton and Watt’s wagon
boilers, the sectional area of the flue in square inches per square
foot of hicating surfice is 54 in the two horse boiler; in the
three horse it is 474 ; in the four horse, 4-35; six horse, 375 ;
eight horse, 4'33 ; ten horse, 8'96 ; twelve horse, 3-63 ; eighteen
lorse, 317 ; thirty horse, 2:52 ; and in the forty-five horse boiler,
203 square inches. Taking the amount of heating surface in
the 45 horse boéiler at 9 square feet per horse power, we obtain
18 square inches of sectional area of flue per horse power, which
is also Boulton and Watt’s proportion of sectional area for
marine boilers with internal flues.

267. Q.—If to increase the perimeter of a flue is virtually to
diminish the length, then a tubular boiler where the perimeter
is in effect greatly extended ought to have but a short length
of tube ?

A.—The flue of the Nile steamer if reduced to the cylindri-
cal form would be 83} inches in diameter to have the same
area; but it would then require to be made 473 feet long, to
have the same amount of heating surface, exciuding the bottom
as non-effective. Supposing that with these proportions the
heat is sufficiently extracted from the smoke, then every tube
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of a tubular boiler in which the same draught existed ought to
have very nearly the same proportions.

268, Q.—But what are the best proportions of the parts of
tubular boilers relatively with one another ¢

A.—The proper relative proportions of the parts of tubular
boilers may easily be ascertained by a reference to the settled
proportions of flue boilers; for the same general principles are
operative in both cases. In the Nile steamer each boiler of 55
horse power has about 497 square feet of flue surface or 9 square
feet per horse power, reckoning the total surface as effective.
The area of the flue, which is rectangular is 990 square inches,
therefore the arca is equal to that of a tube 354 inches in
diameter; and such a tube, to have a heating surface of 497
square feet, must be 534 feet or 640-8 inches in length. The
length, therefore, of the tube, will be about 18 times its diameter,
and with the same velocity of draught these proportious must
obtain, whatever the absolute dimensions of the tube may be.
With a calorimeter, therefore, of 18 square inches per horse
power, the length of a tube 3 inches diameter must not exceed
4 feet 6 inches, since the heat will be sufficiently extracted from
the smoke in this length, if the smoke only travels at the velo-
city due to a calorimeter of 18 square inches per horse power.

269, Q.—Is this, then, the maximum length of flue which
can be used in tubular boilers with advantage ?

A.—By no means. The tubes of tubular boilers are almost
always more than 4 feet 6 inches long, but then the calorimeter
is almost always less than 18 square inches per horse power—
generally about two thirds of this. Indeed, tubular boilers
with a large calorimeter are not found to be so satisfactory as
where the calorimeter is small, partly from the propensity of the
smoke in such cases to pass through a few of the tubes instead
of the whole of them, and partly from the deposit of soot which
takes place when the draught is sluggish. It is a very con-
tusing practice, however, to speak of nominal horse power in
. connection with boilers, since that is a quantity quite indeter-
minate, )

6*
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EVAPORATIVE POWER OF BOILERS.

270. Q.—The main thing after all in boilers is their evapora-
tive powers ?

A—The proportions of tubular boilers, as of all boilers,
should obviously have reference to the evaporation required,
whereas the demand upon the boiler for steam is very often
reckoned contingent upon the nominal horse power of the
engine; and as the nominal power of an engine is a convention-
al quantity by no means in uniform proportion to the actual
quantity of stcam consumed, perplexing complications as to
the proper proportionsof boilers havein consequence sprung up,
to which most of the failures in that department of engineering
may be imputed. It is highly expedient, therefore, in planning
boilers for any particular engine, to consider exclusively the
actual power required to be preduced, and to apportion the
capabilities of the boiler accordingly.

271, Q.—In other words you would recommend the inquiry
to be restricted to the mode of cvaporating a given number of
cubie feet of water in the hour, instead of embracing the prob-
lem how an engine of a given nominal power was to be supplied
with steam ¢ '

A.—I would first, as I have already stated, consider the ac-
tual power required to be produced, and then fix the amount
of expansion to be adopted. If the engine had to werk up to
three times its nominal power, as is now common in marine
engines, I should either increase correspondingly the quantity
of evaporating surfuce in the boiler, or adopt such an amount
of expansion as would increase threefold the eflicacy of the
steam, or combine in a modified manner both of these arrange-
ments. Reckoning the evaporation of a cubic foot of water in
the hour as equivalent to an actual horse power, and allowing a
square yard or 9 square feet as the proper proportion of flue
surface to evaporate a cubic foot of water in the hour, it is clear
that I must either give 27 square feet of heating surface in the
boiler to have a trebled power without expansion, or I must
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cut off the steam at one seventh of the stroke to obtain a three-
fold power without increasing the quantity of heating surface.
By cutting off the steam, however, at one third of the stroke, a
heating surface of 134 square fect will give a threefold power,
and it will usually be the most judicious course to carry the
expansion as far as possible, and then to add the proportion of
heating surface necessary to make good the deﬁclency still
found to exist.

272. Q.—But is it certain that a cubic foot of water evapo-
rated in the hour is equivalent to an actual horse power ¢

* A.—An actual horse power as fixed by Watt is 83,000 Ibs.
raised one foot high in the minute; and in Watt’s 40 horse
power engine, with a 314 inch cylinder, 7 feet stroke, and making
17} strokes a minute, the effective pressure is 692 lbs. on the
square inch clear of all deductions. Now, as a horse power is
83,000 1bs. raised one foot high, and as therc are 692 Ibs, on
the square inch, it is clear that 32,900 divided by 6-92, or 4768
square inches with 6-92 1bs. on each if lifted 1 foot or 12 inches
high, will also be equal to a horse power. But 4768 square
inches muiltiplied by 12 inches in height is 572244 cubic inches,
or 331 cubic feet, and this is the quantity of steam which must
be expended per minute to produce an actual horse power.

273. Q.—But are 33 cubic feet “of stcam expended per
minute equivalent to a cubic foot of water expended in the
hour?

A.—Not precisely, but ncarly so. A cubic foot of water
produces 1689 cubic feet of steam of the atmospheric density of
15 1bs. per square inch, whereas a consumption of 33 cubic feet
of steam in the minute is 1980 cubic feet in the hour. In
Watt’s engines about one tenth was reckoned as loss in filling
the waste spaces at the top and bottom of the cylinder, making
1872 cubic feet as the quantity consumed per hour without this
waste; and in modern engines the waste at the ends of the
cylinder is inconsiderable,

274. Q—What power was generated by a cubic foot of
water in the case of the Albion Mill engines when working
without expansion ?
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A.—In the Albion Mill engines when working without ex-
pansion, it was found that 1 1b. of water in the shape of steam
raised 28,489 Ibs. 1 foot high. A cubic foot of water, therefore,
or 62} 1bs., if consumed in the hour, would raise 17805625 lbs.
one foot high in the hour, or would raise 29,676 1bs. one foot
high in a minute; and if to this we add one tenth for waste at
the ends of the cylinder, a waste which hardly exists in modern
engines, we have 82,643 1bs. raised one foot high in the minute,
or a horse power very nearly. In some cases the approximation
appears still nearer. Thus, in a 40 horse engine working with-
out expansion, Watt found that -674 feet of water were evapo-
rated from the boiler per minute, which is just a cubic foot per
horse power per hour; but it is not certain in this case that the
nominal and actual power were precisely identical. It will be
quite safe, however, to reckon an actual horse power as produ-
cible by the evaporation of a cubic foot of water in the hour in
the case of engines working without expansion ; and for boiling
off this quantity in fluc or wagon boilers, about 8 lbs. of coal
will be required and 9 square feet of flue surface.

MODERN MARINE AND LOCOMOTIVE BOILERS.

275. Q.—These proportions appear chiefly to refer to old
boilers. I wish you to state what are the proportions of modern
flue and tubular marine boilers.

A.—In modern marine boilers the area of fire grate is less
than in Mr. Watt’s original boilers, where it was one square foot
to nine square feet of heating surface. The heat in the furnace
is consequently more intense, and a somewhat less amount of
surface suffices to evaporate a cubic foot of water. In Boulton
and Watt’s modern flue boilers they allow for the evaporation
of a cubic foot of water 8 square feet of heating surface, 70
square inches of fire grate, 13 square inches sectional area of
flues, 6 square inches scctional area of chimney, 14 square
inches area over furnace bridges, ratio of arca of flue to arca of
fire grate 1 to 5'4. To evaporate a cubic foot of water per hour
in tubular boilers, the proportions are—heating surface 9 square
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feet, fire grate 70 square inches, sectional area of tubes 10 square
inches, sectional area of back uptake 12 square inches, sectional
area of front uptake 10 square inches, sectional area of chimney
7 square inches, ratio of diameter of tube to length of tube .';th
to 4 th, cubical content of boiler exclusive of steam chest 65
cubic feet, cubical content of steam chest 15 cubic feet.

276. Q.—These proportions do not apply to locomotive
boilers ?

A.—Not at all. Tn locomotive boilers the draught is main-
tained by the projection of the waste steam which escapes from
the cylinders up the chimney, and the draught is much more
powerful and the combustion much more rapid than in cases in
which the combustion is maintained by the natural draught of
a chimney, except indeed the chimney be of very unusual tem-
perature and height. The proportions proper for locomotive
boilers will be scen by the dimensions of a few locomotives of
approved construction, which have been found to give satisfac-
tory results in practice, and which are recorded in the follow-
ing Table:

NAME OF ENGINE, M

reab Pallas. Seske, Sphinz,
Diameter of eylinder....... 18 in. 15 in. 14% in, 18 in.
Length of stroke c..o... ... 24 in, 20 in. 21 in. 24 1n,
Diameter of driving wheel.. 8 ft. 6 ft. G4 ft. b ft.
Inside length of ﬁu, box.... 58 in, 55 in, 41% in, 44 in,
Inside width of fire box. ... €3 in. 42 in. 43%in. 894 .
Height of fire box above bars] €3 in. 52 in. 4381 in. 504 1.
Number of fire bars........ 29 | ceeiieen 32 16
Thickness of fire bars....... $in, 1% in. 3in 1in.
Number of tubes....... R 305 134 181 142
Qutside diameter of tubes... 2in. 2 in. 1§ in, 2% in.
Length of tubes............ 11ft. 8in. | 10ft.6in. | 10 ft. 86 in. | 14 ft. 3% in.
Space between tubes. . 3 in. §in. 4io.
Inside diameter of ferules 12 in. 14 in. 1,% in. 1§ in.
Diameter of chimne, 1in. 15 in. 13in. 154 in.
Diamecter of blast oy fice. 5f in. . 4% in. 44 in. 4% .
Area of fire grate 21 sq. ft. 16:04 sq. ft. 1"4 sq. ft. | 1056 sq_ft.
Aren of air space of grate...| 11'4sq ft. | 403sq. ft. | 5Bisq. ft. 5sq ft. !
Area of tubes.......coona.nn 546 sq. ft. | 240 sq. ft. 2 § sq. ft. | 292 sq. ft. |
Area through ferules 4 sq. 1Y, 164 sq. ft. 2 sq. ft. 204 sq. {t. |
Areca of (lnmnev | 177 sq ft | 123sq. ft. | 921 5q. ft. | 181 sq. £t §
Area of blast orifice. .. .. .1 2376 sq. in. 168 sq. in. | 1418 sq. in. | 177 sq. . |
Heating surface of tubes....| 1627 sq. ft. | 6637 sq. ft.| 823 sq. ft. | S64Ssq ft. }
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THE BLAST IN LOCOMOTIVES.

271, Q.—What is the amount of draught produced in loco-
motive boilers in comparison with that existing in other boilers ¢

A.—A good chimney of a Jand engine will produce a degree
of exhaustion cqual to from 13 to 2% inches of water. In loco-
motive boilers the exhaustion is in some cases equal to 12 or 13
inches of water, but from 3 to 6 inches is a more common pro-
portion.

278. Q.—And what force of blast is necessary to produce
this exhaustioun ?

A.—The amount varies in different engines, depending on
the sectional area of the tubes and other circumstinces. But
on the average, it may be asserted that such a pressure of blast
as will support an inch of mercury, will maintain sufficient ex-
haustion in the smoke box to support an inch of water; and
this ratio holds whether the exhaustion is little or great. To
produce an exhaustion in the smoke box, therefore, of 6 inches
of water, the waste steam would require to be of sufficient
pressure to support a column of 6 inches of mercury, which is
cquivalent to a pressure of 8 1bs. on the square inch.

279. Q.—IHow is the force of the blast determined ?

A.—By the amount of contraction given to the mouth of the
blast pipe, which is a pipe which conducts the waste steam
from the cylinders and debouches at the foot of the chimney.
If a strong blast be required, the mouth of this pipe requires to
be correspondingly contracted, but such contraction throws a
back pressure on the piston, and it is desirable to obtain the
necessary draught with as little contraction of the blast pipe as
possible. The blast pipe is generally a breeches pipe of which
the legs join just before reaching the chimney; but it is better
to join the two cylinders below, and to let a single pipe ascend
to within 12 or 18 inches of the foot of the chimney. If made
with too short a piece of pipe above the joining, the steam will
be projected against each side of the chimney alternately, and
the draught will be damaged and the chimney worn. The blast

-
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pipe should not be regularly tapered, but should be large in the
body and gathered in at the mouth.

280. Q.—Is a large and high chimney conducive to strength
of draught in locomotives ?

A.—Tt has not been found to be so. A chimney of three or
four times its own diameter in height appears to answer fully as
well as a longer one; and it was found that when in an engine
with 17 inch cylinders a chimney of 15} inches was substituted
for a chimney of 174 inches, a superior performance was the
result. The chimney of & locomotive should have half the area
of -the tubes at the ferules, which is the most contracted part,
and the blast orifice should have j;th of the area of the chimney.
The sectional area of the tubes throngh the ferules should be as
large as possible. Tubes without ferules it is found pass one
fourth more air, and tubes with ferules only at the smoke box
end pass one tenth more air than when there are ferules at
both ends.

281. @.—Is the exhaustion produced by the blast as great
in the fire box as in the smoke box ?

A.—Experiments have been made to determine this, and in
few cases has it been found to be more than about half as great
as ordinary speeds ; but much depends on the amount of con-
traction in the tubes. In an experiment made with an engine
having 147 tubes of 1} inches external diameter, and 13 feet 10
inches long, and with a fire grate having an area of 94 square
feet, the exhaustion at all speeds was found to be three times
greater in the smoke box than in the fire box. The exhaustion
in the smoke box was generally equivalent to 12 inches of
water, while in the fire box it was equivalent to only 4 inches
of water; showing that 4 inches were required to draw the
air through the grate and 8 inches through the tubes.

282. Q.—What will be the increase of evaporation in a loco-
motive from a given increase of exhaustion ?

A.—The rate of evaporation in a locomotive or any other
boiler will vary as the quantity of air passing through the fire,
and the quantity of air passing through the fire will vary nearly
as the square root of the exhaustion. With four times the ex-
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haustion, therefore, there will be about twice the evaporation,
and experiment shows that this theoretical law holds with
tolerable accuracy in practice. ’

283. Q. —But the same exhaustion will not be produced by
a given strength of blast in all engines ?

A.—No; engines with contracted fire grates and an inade-
quate sectional area of tubes, will require a stronger blast than
engines of better proportions; but in any given engine the re-
lations between the blast exhaustion and evaporation hold
which have been already defined.

284. @.—Is the intensity of the draught under easy regula-
tion ?

A.—The intensity of the draught may easily be diminished
by partially closing the damper in the chimney, and it may be
increased by contracting the orifice of the blast. A variable
blast pipe, the orifice of which may be enlarged or contracted
at pleasure, has been much used. There are various devices for
this purpose, but the best appears to be that adopted in Ste-
phenson’s engine, where a conical nozzle is moved up or down
within the blast pipe, which is made somewhat larger in diame-
ter than the base of the cone, but with a ring projecting inter-
nally, against which the base of the cone abuts when the nozzle
is pushed up. When the nozzle stands at the top of the pipe
the whole of the steam has to pass through it, and the intensity
of the blast is increased by the increased velocity thus given to
the steam ; whereas when the nozzle is moved downward the
steam escapes through the annular opening left between the
nozzle and the pipe, as well as through the nozzle itself, and the
intensity of the blast is diminished by the enlargement of the
opening for the escape of the steam thus made available.

285. @Q.—What is the best diameter for the tubes of locomo-
tive boilers ?

A.—Bury’s locomotive with 14 inch cylinders contains 92
tubes of 2jth inches external diameter, and 10 feet 6 inches
long ; whereas Stephenson’s locomotive with 15 inch cylinders
contains 150 tubes of 1iths external diameter, 18 feet 6 inches
long. In Stephenson’s boiler, in order that the part of the



COMPARISON OF MARINE AND LOCOMOTIVE BOILERS. 137

tubes next the chimney may be of any avail for the generation
of steam, the draught has to be very intense, which in its turn
involves a considerable expenditure of power; and it is ques-
tionable whether the increased expenditure of power upon the
blast, in Stephenson’s long tubed Iocomotives, is compensated
by the increased generation of steam consequent upon the ex-
tension of the heating surface. When the tubes are small in
diameter they are apt to become partially choked with pieces
of coke; but an internal diameter of 1{ths may be employed
without inconvenience if the draught be of medium intensity.

288. Q.—Will you illustrate the relation between the length
and diameter of locomotive tubes by a comparison with the
proportion of flues in flue boilers ?

A.—In most locomotives the velocity of the draught is such
that it would require very long tubes to extract the heat from
the products of combustion, if the beat were transmitted
through the metal of the tubes with only the same facility as
through the iron of ordinary flue boilers. The Nile steamer,
with engines of 110 nominal horses power each, and with two
boilers having two independent flues in each, of such dimen-
sions as to make each flue equivalent to 55 mominal horses
power, works at 62 per cent. above the nominal power, so that
the actual evaporative efficacy of each flue would be equivalent
to 89 actual horses power, supposing the engines to operate
without expansion; but as the mean pressure in the cylinder is
somewhat less than the initial pressure, the evaporative cfficacy
of each flue may be reckoned equivalent to 80 actual horses
power. With this evaporative power there is a calorimeter of
990 square inches, or 12-3 square inches per actual horse power;
whereas in Stephenson’s locomotive with 150 tubes, if the eva-
porative power be taken at 200 cubic feet of water in the hour,
which is a large supposition, the engine will be equal to 200
actual horses power. If the internal diameter of the tubes be
taken at thirteen cighths of an inch, the calorimeter per actual
horse power will only be 1:1136 square inches, or in other words
the calorimeter in the locomotive boiler will be 11-11 times less
than in the flue boiler for the same power, so that the draught
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in the locomotive must be 11-11 times stronger, and the ratio
of the length of the tube to its diameter 11-11 times greater
than in the flue boiler, supposing the heat to be transmitted
with only the same facility. The flue of the Nile would requiro
to be 85} inches in diameter if made of the cylindrical form,
and 473 feet long; the tubes of a locomotive if 1fths inch
diameter would only require to be 22-19 inches long with the
same velocity of draught; but as the draught is 11-11 times
faster than in a flue boiler, the tubes ought to be 246558 inches,
or about 20} feet long according to this proportion. In prac-
tice, however, they are one third less than this, which reduces
the heating surface from 9 to 6 square feet per actual horse
power, and this length even is found to be inconvenient. It is
greatly preferable therefore to increase the calorimeter, and
diminish the intensity of the draught.

BOILER CHIMNEYS.

287. Q.—DBy what process do you ascertain the dimensions
of the chimney of a land boiler ?

A.—By a reference to the volume of air it is necessary in a
given time to supply to the burning fuel, and to the velocity
of motion produced by the rarefaction in the chimney ; for the
area of the chimney requires to be such, that with the velocity
due to that rarefaction, the quantity of air requisite for the
combustion of the fuel shall pass through the furnace in the
specified time. Thus if 200 cubic feet of air of the atmospheric
density are required for the combustion of a pound of coal,—
though 250 1bs. is nearer the quantity generally required,—and
10 Ibs. of coal per horse power per hour are consumed by an
engine, then 2000 cubic feet of air must be supplied to the
furnace per horse power per hour, and the area of the chimney
must be such as to deliver this quantity at the increased bulk
due to the high temperature of the chimney when moving with
the velocity the rarefaction within the chimney occasions, and
which, in small chimneys, is usually such asto support a column
of half an inch of water. The velocity with which a denser
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fluid flows into a rarer one is equal to the velocity a heavy body
acquires in falling through a height equal to the difference of
altitude of two columns of the heavier fluid of such heights as
will produce the respective pressures; and, therefore, when the
difference of pressure or amount of rarefaction in the chimney
is known, it is easy to tell the velocity of motion which ought
to be produced by it. In practice, however, these theoretical
results are not to be trusted, until they have received such
modifications as will make them representative of the practice
of the most experienced constructors ?

288, Q.— What then is the rule followed by the most ex-
perienced constructors ?

A.—Boulton and Watt’s rule for the dimensions of the chim-
ney of a land engine is as follows :—multipiy the number of
pounds of coal consumed under the boiler per hour by 12, and
divide the product by the square root of the height of the
chimney in fect; the quotient is the arca of the chimney in
square inches in the smallest part. A factory chimney suitable
for a 20 horse boiler is commonly made about 20 in. square
inside, and 80 ft. high ; and these dimensions are those which
answer to a consumption of 15 Ibs. of coal per horse power per
hour, which is a very common consumption in factory engines.
If 15 Ibs. of coal be consumed per horse power per hour, the
total consumption per hour in a 20 horse boiler will be 300 Ibs.,
and 300 multiplied by 12=38660, and divided by 9 (the square
root of the height) =400, which is the arca of the chimney in
square inches. It will not answer well to increase the height of
a chimney of this area to more than 40 or 50 yards, without also
increasing the area, nor will it be of utility to increase the area
much without also increasing the height. The quantity of coal
consumed per hour in pounds, multiplied by 5, and divided by
the square root of the height of the chimney, is the proper col-
lective area of the openings hetween the bars of the grate for
the adimission of air to the fire.

989. Q.—Is this rule applicable to the chimneys of steam
vessels ?

A.—1In steam vessels Boulton and Watt have heretofore been
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in the habit of allowing 8% square inches of area of chimney per
horse power, but they now allow 6 square inches to 7 square
inches, In some steam vesscls a steam blast like that of a loco-
motive, but of a smaller volume, is used in the chimney, and
many of the evils of a boiler deficient in draught may be reme-
died by this expedient, but a steam blast in a low pressure en-
gine occasions an obvious waste of steam; it also makes an un-
pleasant noise, and in steam vessels it frequently produces the
inconvenience of carrying the smaller parts of the coal up the
chimney, and scattering it over the deck among the passengers.
It is advisable, therefore, to give a sufficient calorimeter in all
low pressure boilers, and a sufficient height of chimney to
enable the chimney to operate without a steam jet; but it is
useful to know that a steam jet is a resource in the case of a de-
fective boiler, or where the boiler has to be urged beyond its
power.

STEAM ROOM AND PRIMING.

290. Q.—What is the capacity of steam room allowed in
boilers per horse power ?

A.—The capacity of steam room allowed by Boulton and
Watt in their land wagon boilers is 8% cubic feet per horse
power in the two horse power boiler, and 53 cubic feet in the
20 horse power boiler; and in the larger class of boilers, such
as those suitable for 30 and 45 horse power engines, the capacity
of the steam room does not fall below this amount, and, indeed,
is nearer 6 than 53 cubic feet per horse power. The content of
water is 18} cubic feet per horse power in the two horse power
boiler, and 15 cubic feet per horse power in the 20 horse power
boiler.

291. @.—Is this the proportion Boulton and Watt allow in
their marine boilers ?

A.—Boulton and Watt in their early steam vessels were in
the habit of allowing for the capacity of the steam space in
marine boilers 16 times the content of the cylinder ; but as there
were two cylinders, this was equivalent to 8 times the content
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of both cylinders, which is the proportion commonly followed
in land engines, and which agrees very nearly with the propor-
tion of between 5 and 6 cubic feet of steam room per horse
power already referred to. Taking for example an engine with
23 inches diameter of cylinder and 4 feet stroke, which will be
184 horse power—the area of the cylinder will be 415476
square inches, which, multiplied by 48, the number of inches in
the stroke, will give 19942:848 for the capacity of the cylinder
in cubic inches; 8 times this is 159542784 cubic inches, or 923
cubic feet ; 92:3 divided by 184 is rather more than 5 cubic
féet per horse power.

292. Q.—Is the production of the stcam in the boiler uni-
form throughout the stroke of the engine %

A.—It varies with the slight variations in the pressure with-
in the boiler throughout the stroke. Usually the larger part of
the steam is produced during the first part of the stroke of the
engine, for there is then the largest demand for steam, as the
steam being commonly cut off somewhat before the end of the
stroke, the pressure rises somewhat in the boiler during that
period, and little steam is then produced. There is less neces-
sity that the steam space should be large when the flow of steam
from the boiler is very uniform, as it will be where there are
two engines attached to the boiler at right angles with one an-
other, or where the engines work at a great speed, as in the
case of locomotive engines. A high steam chest too, by ren-
dering boiling over into the steam pipes, or priming as it is
called, more difficult, obviates the necessity for so large a steam
space ; as does also a perforated steam pipe stretching through
the length of the boiler, so as not to take the steam from one
place. The use of steam of a high pressure, worked expansively,
has the same operation; so that in modern marine boilers, of
the tubular construction, where the whole or most of these modi-
fying circumstances exist, there is no necessity for so large a
proportion of steam room as 5 or 6 cubic feet per nominal
horse power, and about one, 1%, or 2 cubic feet of steam room -
per cubic foot of water evaporated, more ncarly represents the
general practice.
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293. Q.—Is this the proportion of steam room adopted in
locomotive boilers ?

A.—No ; in locomotive boilers the proportion of steam room
per cubic foot of water cvaporated is considerably less even
than this. It does not usually exceed } of a cubic foot per cubic
foot of water evaporated ; and with clean water, with a steam
dome a few feet high sct on the barrel of the boiler, or with a
perforated pipe stretching from end to end of the barrel, and
with the steam room divided about equally between the barrel
and the fire box, very little priming is found to occur even with
this small proportion of total steam room. About } the depth
of the barrel is usually filled with water, and 1 with steam.

294, Q.—What is priming ?

A.—Priming is a violent agitation of the water within the
boiler, in consequence of which a large quantity of water passes
off with the steam in the shape of froth or spray. Such a result
is injurious, both as regards the efficacy of the engine, and the
safety of the engine and boiler; for the large volume of hot
water carried by the steam into the condenser impairs the va-
cuum, and throws a great load upon the air pump, which
diminishes the speed and available power of the engine; and
the existence of water within the cylinder, unless there be safe-
ty valves upon the cylinder to permit its escape, will very
probably cause some part of the machinery to break, by sud-
denly arresting the motion of the piston when it meets the sur-
face of the water,—the slide valve being closed to the condenser
before the termination of the stroke, in all engines with lap
upon the valves, so that the water within the cylinder is pre-
vented from escaping in that direction. At the same time the
boiler is emptied of its water too rapidly for the feed pump to
be able to maintain the supply, and the flues are in danger of
being burnt from a deficiency of water above them.

295. Q.—What are the causes of priming ?

A.—The causes of priming are an insufficient amount of
stcam room, an inadequate arca of water level, an insufficient
width between the flues or tubes for the ascent of the steam
and the descent of water to supply the vacuity the steam occa-
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sions, and the use of dirty water in the boiler. New boilers
prime more than old boilers, and steamers entering rivers from
the sea are more addicted to priming than if sca or river water
had alone been used in the boilers—probably from the boiling
point of salt water being higher than that of fresh, whereby the
salt water acts like so much molten metal in raising the fresh wa-
ter into steam. Opening the safety valve suddenly may make a
boiler prime, and if the safety valve be situated near the mouth
of the steam pipe, the spray or foam thus created may be min-
gled with the steam pasing into the engine, and materially
diminish its effective power; but if the safety valve be situated
at a distance from the mouth of the steam pipe, the quantity of
foam or spray passing into the engine may be diminished by
opening the safety valve; and in locomotives, therefore, it is
found beneficial to have a safety valve on the barrel of the
boiler at a point remote from the steam chest, by partially
opening which, any priming in that part of the boiler adjacent
to the steam chest is checked, and a purer stcam than before
passes to the engine.

296. @.—What is the proper remedy for priming ¢

A.—When a boiler primes, the engineer generally closes the
throttle valve partially, turns off the injection water, and opens
the furnace doors, whereby the generation of steam is checked,
and a less violent ebullition in the boiler suffices. - Where the
priming arises from an insufficient amount of stcam room, it
may be mitigated by putting a higher pressure upon the boiler
and working more expansively, or by the interposition of a per-
forated plate between the boiler and the steam chest, which
breaks the ascending water and liberates the steam. In some
cases, however, it may be necessary to set a second steam chest
on the top of the existing one, and it will be preferable to es-
tablish a communication with this new chamber by means of
a number of small holes, bored through the iron plate of the
boiler, rather than by a single large orifice. Where priming
arises from the existence of dirty water in the boiler, the evil
may be remedied by the use of collecting vessels, or by blowing
off largely from the surface; and where it arises from an in-



144 MODE OF PROPORTIONING BOILERS.

sufficient arca of water level, or an insufficient width between
the flues for the free ascent of the steam and the descent of the
superincumbent water, the evil may be abated by the addition
of circulating pipes in some part of the boiler, which will allow
the water to descend freely to the place from whence the steam
rises, the width of the water spaces being virtually increased
by restricting their function to the transmission of a current of
steam and water to the surface. It is desirable to arrange the
heating surface in such a way that the feed water entering the
boiler at its lowest point is heated gradually as it ascends, until
toward the superior part of the flues it is raised gradually into
steam ; but in all cases there will be currents in the boiler for
which it is proper to provide. The steam pipe proceeding to
the engine should obviously be attached to the highest point
of the steam chest, in boilers of every construction.

297. @Q.—Having now stated the proportions proper to ke
adopted for cvaporating any given quantity of water in steam
boilers, will you proceed to show how you would proportion a
boiler to do a given amount of work ? say a locomotive boiler
which will propel a train of 100 tons weight at a speed of 50
miles an hour.

A.—According to experiments on the resistance of railway
trains at various rates of speed, made by Mr. Gooch, of the Great
Western Railway, it appears that a train weighing, with loco-
motive, tender, and carriages, about 100 tons, experiences, at a
speed of 50 miles an hour, a resistance of about 3,000 1bs,, or
about 30 1bs. per ton; which resistance includes the resistance
of the engine as well as that of the train. This, therefore, is
the force which must be imparted at the circumference of the
driving wheels, except that small part intercepted by the en-
gine itself, and the force exerted by the pistons must be greater
than that at the circumference of the driving wheel, in the pro-
portion of their slower motion, or in the proportion of the cir-
cumference of the driving wheel to the length of a double
stroke of the engine. If the diameter of the driving wheel be
5! feet, its circumference will be 17-278 feet, and if the length
of the stroke be 18 inches, the length of a double stroke will be



STRENGTH OF BOILERS. 145

3 feet. The pressure on the pistons must therefore be greater
than the traction at the circumfercnce of the driving wheel, in
the proportion of 17:278 to 3, or, in other words, the mean
pressure on the pistons must be 17,278 Ibs.; and the area of
cylinders, and pressure of steam, must be such as to produce
conjointly this total pressure. It thus becomes easy to tell the
volume and pressure of steam required, which steam in its turn
represents its equivalent of water which is to be evaporated
from the boiler, and the boiler must be so proportioned, by the
rules already given, as to evaporate this water freely. In the
case of g steam vessel, the mode of procedure is the same, and
when the resistance and speed are known, it is easy to tell the
equivalent value of steam.

STRENGTII OF BOILERS,

268. Q.—What strain should the iron of boilers e subjected
to in working ¢

A.—The iron of boilers, like the iron of machines or struc-
tures, is capable of withstanding a tensile strain of from 50,000
to 60,000 1bs. upon every square inch of section; bLut it will
only bear a third of this strain without permanent derangement
of structure, and it does not appear expedient in any boiler to
let the strain exceed 4,000 1bs. upon the square inch of sectional
area of metal, especially if it is liable to be weakened by cor-
rosion.

299. Q.—Have any experiments been made to determine the
strength of boilers ?

A.—The question of the strength of boilers was investigated
very elaborately a few years ago by a committec of the Franklin
Institute, in America, and it was found that the tenacity of boil-
er plate increased with the temperature up to 550°, at which
point the tenacity began to diminish. At 82°, the cohesive
foree of a square inch of section was 56,000 Ibs. ; at 570°, it was
66,500 1bs.; at 720°, 53,000 1bs.; at 1,050°, 82,600 Ibs.; at
1,240°, 22,000 1bs. ; and at 1,317°, 9,000 bs. Copper follows a
different law, and appears to be diminished in strength by

7
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every addition to the temperature. At 82° the cohesion of-cop-
per was found to be 32,800 1bs. per square inch of section, which
exceeds the cohesive force at any higher temperature, and the
square of the diminution of strength secms to keep pace with
the cube of the increased temperature. Strips of iron cut in the
direction of the fibre were found to be about 6 per cent. stronger
than when cut across the grain. Repeated piling and welding
was found to increase the tenacity of the iron, but the result of
welding together different kinds of iron was not found to be
favorable. The accidental overheating of a boiler was found to
reduce the ultimate or maximum strength of the plates from
65,000 to 45,000 lbs. per square inch of section, and riveting
the plates was found to occasion a diminution in their strength
to the extent of one third. These results, however, are not pre-
cisely the same as those obtained by Mr. Fairbairn.

300. Q.—What were the results obtained by him ?

A.—He found that boiler plate bore a tensile strain of 23
tons per square inch before rupture, which was reduced to 16
tons per square inch when joined together by a double row of
rivets, and 13 tons, or about 30,009, when joined together by a
single row of rivets. A circular boiler, therefore, with the ends
of its plates double riveted, will bear at the utmost about 36,000
Ibs. per square inch of section, or about 12,000 lbs. per square
inch of section without permanent derangement of structure.

301. Q. —What pressure do cylindrical boilers sustain in
practice ? .

A.—In some locomotive boilers, which are worked with a
pressure of 80 1bs. upon the square inch, the thickness of the
plates is only 5ths of an inch, while the barrel of the boiler is
39 inclies in diameter. It will require a length of 8-2 inches of
the boiler when the plates are {iths thick to make up a section-
al area of one square inch, and the separating force will be 39
times 3-2 multiplied by 80, which makes the separating force 9,984
1bs., sustained by two square inches of sectional arca—one on
each side; or the strain is 4,992 Ibs. per squarc inch of sectional
area, which is quite as great strain as is advisable. The acces-
sion of strength derived from the boiler ends is not here taken
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inte account, but neither is the weakening effect counted thatis
caused by the rivet holes. Some locomotives of 4 fect diameter
of barrel and of $ths iron have been worked to as high a press-
ure as 200 Ibs. on the inch; but such feats of daring are neither
to be imitated nor commended.

802. @.—Can you give a rule for the proper thickness of
cylindrical boilers ¢

A.—The thickness proper for cylindrical boilers of wrought
iron, exposed to an internal pressure, may be found by the fol-
lowing rule :—multiply 2:54 times the internal diameter of the
cylinder in inches by the greatest pressure within the cylinder
per circular inch, and divide by 17,800 ; the result is the thick-
ness in inches. If we apply this rule to the example of the
locomotive boiler just given, we have 39x2:54 x62:832 (the
pressure per circular inch corresponding to 80 lbs. per squarc
inch)=6224-1379, and this, divided by 17,800, gives 0:349 as
the thickness in inches, instead of 0-3123, or %ths, the actual
thickness. If we take the pressure per square inch instead of
per circular inch, we obtain the following rule, which is some-
what simpler :—multiply the internal diameter of the cylinder
in inches by the pressure in pounds per square inch, and divide
the product by 8,900; the result is the thickness in inches.
Both these rules give the strain about one fourth of the elastic
force, or 4,450 bs. per square inch of scctionsl area of the iron;
but 8,000 lbs. is cnough when the flame impinges directly on
the iron, as in some of the ordinary cylindrical boilers, and the
rule may be adapted for that strain by taking 6,000 as a divisor
instead of 8,200. :

303. Q.—In marine and wagon boilers, which are not of a
cylindrical form, how do you procure the requisite strength ?

A.—Where the sides of the boiler are flat, instead of being
cylindrical, a sufficient number of stays must be introduced to
withstand the pressure ; and it is expedient not to let the strain
upon these stays be more than 3,000 Ibs. per square inch of sec-
tion, as the strength of internal stays in boilers is generally soon
diminished by corrosion. Indeed, a strain at all approaching
that upon locomotive boilers would be very unsafe in the case
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of marine boilers, on account of the corrosion, both internal and
externa), to which marine boilers are subject. The stays should
be small and numerous rather than large and few in number,
as, when large stays are employed, it is difficult to keep them
tight at the ends, and oxidation of the shell follows from leak-
age at the cnds of the stays. All boilers should be proved, when
new, to twice or three times the pressure they are intended to
bear, and they should be proved occasionally by the hand pump
when in use, to detect any weakness which corrosion may have
occasioned.

304. Q.—Will you describe the disposition of the stays in
a marine boiler ?

A—If the pressure of steam be 20 lbs. on the square inch,
which is a very common pressure in tubular boilers, there will
be a pressure of 2,880 1bs, on every square foot of flat surface; so
that if the strain upon the stays is not to exceed 3,000 lbs. on
the square inch of section, there must be nearly a square inch of
scctional arca of stay for every square foot of flat surface on the
top and bottom, sides, and ends of the boiler. This very much
exceeds the proportion usually adopted ; and in scarcely any in-
stance are boilers staved sufficiently to be safe when the shell is
composed of flat surfaces. The furnaces should be stayed to-
gether with bolts of the best serap iron, 1} inch in diameter,
tapped through both plates of the water space with thin nuts
in each furnace; and it is expedient to make the row of stays,
running horizontally near the level of the bars, sufficiently low
to come beneath the top of the bars, so as to be shielded from
the action of the fire, with which view they should follow the
inclination of the bars. The row of stays between the level of
the bars and the top of the furnace should be as near the top
of the furnace as will consist with the functions they have to
perform, so as to be removed as far as possible from the action
of the heat; and to support the furnace top, cross bars may
cither be adopted, to which the top is sccured with bolts, as in
the case of locomotives, or stays tapped into the furnace top,
with a thin nut beneath, may be carried to the top of the
boiler ; but very little dependence can be put in such stays as
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stays for keeping down the top of the boiler; and the top of
the boiler must, therefore, be stayed nearly as much as if the
stays cotinecting it with the furnace crowns did not exist. The
large rivets passing through thimbles, sometimes used as stays
for water spaces or boiler shells, are objectionable; as, from the
great amount of hammering such rivets have to receive to form
the heads, the iron becomes crystalline, so that the heads are
liable to come off, and, indeed, sometimes fly off in the act of
being formed. If such a fracture occurs between the boilers
after they are seated in their place, or in any position not ac-
cessible from the outside, it will in general be necessary to emp-
ty the faulty boiler, and repair the defect from the inside.

305. Q.—What should be the pitch or numerical distribution
of the stays?

A.—The stays, where the sides of the boiler are flat, and the
pressure of the steam is from 20 to 30 lbs, should be pitched
about a foot or 18 inches asunder; and in the wake of the
tubes, where stays cannot be carried across to conncct the
boiler sides, angle iron ribs, like the ribs of a ship, should be
riveted to the interior of the boiler, and stays of greater
strength than the rest should pass across, above, and below the
tubes, to which the angle irons would communicate the strain.
The whole of the long stays within a boiler should be firmly
riveted to the shell, as if built with and forming a part of it;
as, by the common method of fixing them in by means of cut-
ters, the decay or accidental detachment of a pin or cutter may
endanger the safety of the boiler. Wherever a large perforation
in the shell of any circular boiler occurs, a sufficient number of
stays should be put across it to maintain the original strength ;
and where stays are intercepted by the root of the funnel, short
stays in continuation of them should be placed inside.

BOILER EXPLOSIONS.

306, Q.—What is the chief cause of £ boiler explosions ?
A.—The chief cause of boiler explosions is, undoubtedly,
too great a pressure of steam, or an insufficient strength of
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boiler; but many explosions have also arisen from the flues having
been sufiered to become red hot. If the safety valve of a boiler
be accidentally jammed, or if the plates or stays be much worn
by corrosion, while a high pressure of steam is nevertheless
maintained, the boiler necessarily bursts; and if; from an in-
sufiiciency of water in the boiler, or from any other cause, the
flues become highly heated, they may be forced down by the
pressure of the steam, and a partial explosion may be the result.
The worst explosion is where the shell of the hoiler bursts ; but
the collapse of a furnace or flue is also very disastrous generally
to the persons in the engine room ; and sometimes the shell
bursts and the flues collapse at the same time; for if the flues
get red hot, and water be thrown upon them either by the feed
pump or otherwise, the generation of steam may be too rapid
for the safety valve to permit its escape with sufficient facility,
and the shell of the boiler may, in consequence, be rent asunder.
Sometimes the iron of the flues becomes highly heated in con-
sequence of the improper configuration of the parts, which, by
retaining the steam in contact with the metal, prevents the ac-
cess of the water: the bottoms of large flues, upon which the
flame beats down, are very liable to injury from this cause ; and
the iron of flues thus acted upon may be so softened that the
flues will collapse upward with the pressure of the steam. The
flues of boilers may also become red hot in some parts from the
attachment of scale, which, from its imperfect conducting power,
will cause the iron to be unduly heated ; and if the scale be acei-
dentally detached, a partial explosion may occur in consequence.

307. Q.—Does the contact of water with heated metal occa-
sion an instantaneous generation of steam ?

A.—Tt is found that a sudden disengagement of steam does
not Immediately follow the contact of water with the hot metal,
for water thrown upon red hot iron is not immediately con-
verted into steam, but assumes the spheroidal form and rolls
about in globules over the surface. These globules, however
high the temperature of the metal may be on which they are
placed, never rise above the temperature of 203° and give off
but very little steam ; but if the temperature of the metal be
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lowered, the water ceases to retain the spheroidal form, and
comes into intimate contact with the etal, whereby a rapid
disengagement of steam takes place. If water be poured into a
very hot copper flask, the flask may be corked up, as there will
be scarce any steam produced so long as the high temperature
is maintained ; but so soon as the temperature is suffered to fall
below 850° or 400°, the spheroidal condition being no longer
maintainable, steam is generated with rapidity, and the cork
will be projected from the mouth of the flask with great force.

808. (.—What precautions can be taken to prevent boiler
explosions ?

A.—One useful precaution against the explosion of boilers
from too great an internal pressure, consists in the application
of a steam gauge to each boiler, which will make the existence
of any undue pressure in any of the boilers immediately visible;
and cvery boiler should have a safety valve of its own, the pass-
age leading to which should have no connection with the pass-
age leading to any of the stop valves used to cut off the con-
nection between the boilers; so that the action of the safety
valve may be made independent of the action of the stop valve.
In some cases stop valves have jammed, or have been carried
from their seats into the mouth of the pipe communicating
between them, and the action of the safety valves should be
rendered independent of all such accidents. Safety valves,
themselves, sometimes stick fast from corrosion, from the spin-
dles becoming bent, from a distortion of the hoiler top with a
high pressure, in consequence of which the spindies become
jammed in the guides, and from various other causes which it
would be tedious to enumerate ; but the inaction of the safety
valves is at once indicated by the steam gauge, and when dis-
covered, the blow through valves of the enginc and blow off
cocks of the boiler should at once be opened, and the fires raked
out. A cone in the ball of the waste steam pipe to send back
the water carried upward by the steam, should never he insert-
ed; as in some cases this conc has become loose, and closed up
the mouth of the waste steam pipe, whereby the safety valves
being rendered inoperative, the boiler was in danger of bursting.
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309. @.—May not danger arise from excessive priming ?

A—If the water be carricd out of the boiler so rapidly by
priming that the level of the water cannot be maintained, and
the flues or furnaces are in danger of becoming red lot, the
best plan is to open every furnace door and throw in a few
buckets full of water upon the fire, taking care to stand suf-
ficiently to the one side to avoid being scalded by the rush of
steam from the furnace. There is no time to begin drawing the
fires in such an emergency, and by this treatment the fires,
though not altogether extinguished, will be rendered incapable
of doing harm. If the flues be already red hot, on no account
must cold water be suffered to enter the boiler, but the heat
should be maintained in the furnaces, and the blow off cocks be
opened, or the mud hole doors loosened, so as to let all the
water escape; but at the same time the pressure must be kept
quite low in the boiler, so that there will be no danger of the
hot flues collapsing with the pressure of the steam.

310. Q.—Are plugs of fusible metal useful in preventing cx-
plosions ¢

A.—Plugs of fusible metal were at one time in much repute
as a precaution against explosion, the metal being so com-
pounded that it melted with the heat of high pressure steam ;
but the device, though ingenious, has not been found of any
utility in practice. The basis of fusible metal is mercury, and
it is found that the compound is not homogeneous, and that
the mercury is forced by the pressure of the steam out of the
interstices of the metal combined with it, leaving a porous
metal which is not easily fusible, and which is, therefore, unable
to perform its intended function. In locomotives, however, and
also in some other boilers, a lead rivet is inserted with advan-
tage in the crown of the fire box, which is melted out if the
water becomes too low, and thus gives notice of the danger.

311. Q—DIay not explosion occur in marine boilers from
the accumuiation of salt on the flues ?

A.—Yes, in marine boilers this is a constant source of danger,
which is oniy to be met by attention on the part of the engi-
neer. If the water in the hoiler be suffered to become too salt,
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an incrustation of salt will take place on the furnaces, which
may cause them to become red hot, and they may theh be col-
lapsed even by their own weight aided by a moderate pressure
of steam. The expedients which should be adopted for pre-
venting such an accumulation of salt from taking place within
the boiler as will be injurious to it, properly fall under the head
of the management of steam boilers, and will be explained in a
subsequent chapter.
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