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with a small, non condensing, slide-valve engine, may give
four or five times as much power when used in connection
with an engine of more improved design. To get the horse-
power of 2 boiler, by the centeunial rule, or by any other
rule, the first problem is to find the heating surface of the
proposed boiler, which consists of all those parts of the shell
heads and tubes which are exposed to the direct action of the
fire on the hot gases that come from it. We shall proceed
to consider these parts in detail.

‘To obtain the arca we should know the exact length of
the shaded arca and also the height of the side walls of the
furnace; but in practice it is usuaily assumed that the shaded
area is equal to one-half of the shell. The front head of the
boiler is of little or no value as a heating surface, because if
tlie hoiler is well designed the temperature of the ufs-take does
not greatly exceed the temperature of the boiler itself, and
hence there cannot be auy considerable absorption of heat
through the front head; this should therefore be  entirely
omitted in the calculation. The back head is more dircctly
opposed to the heat of the furnace, and allowance is some-
times made for such heating surface as it contains. In prac-
tice, we do not allow for the back liead, liowever, because the
only part of its surface which is available, in any case, con-
sists in the small segments which lic between the tubes, to-
gether with a narrow strip around the flange and just under
the back arch. While there might be some heating value to
these parts when the boiler is new, we do not counsider that
they are worth taking into account after it has been used fora
time, because scale is likely to form upon them. The tubes
are of great importance in computing the heating surface,
because their combined arca i3 very large, as can be seen in
the numerical example given helow. In computing the heat-
ing surface of a tube, we have first to consider whether we
should take the internal or external surface as the effective
one. This question admits of discussion, and could only be
settied definitely by actual measurement of the external and
internal temperatures of the tube when the boiler 5 in oper-
ation. I{ it were found by experiments of this sort that the
tubie, as a whole, is nearly as hot as the gases within it, then
the external surface should be taken; while # the tube were
proved ta be hardly hotter than the water in the boiler, there
can be no doubt that the internal suriace should be taken as
the cffective one. We do not know that any such measure-
ments have been made; and some engineers base the caleulated
heating surface upon the internal diameter, while others use
external diameter and still others the average of the two.
One practice has been to take the external diameter, and this
course is justified by cxperience.

This point being settled, the next step is to find the area
of the tube by multiplying its outside circumference by its
length—the circumicrence being found by muftiplying the out-
side diameter by 3.1416. (The diameter of the tube is usually
given in inches, so that if the surface is required in square
feet, it is nccessary to divide the given diameter or circum-
ference of the tube by 12, so that it may be cxpressed as a
fraction of a foot). The area of one tube being found, we
multiply it by the number of tubes, and thus find the united
surface of all of them. This, when added to the heating
surface afforded by the shell, gives the cntire surface upon
which the rated horse power of the boiler is to be based. A
numerical example will make the rule plainer. Let it be ve-
quired to find the heating surface of a 72-inch boiler, 18 fect
long from head to head. with 92 tubes, 315 inches in diame-
ter. The diamcter of the boiler being 72 Inches, its circum-
ference is 72 X 3.1916 = 226.1952 inches. To express this cir-
cumicrence in feet. we divide the result by 12, thus: 226.1952 =
12= 188496 fcct. The length of the boiler between heads

being 18 feet, the total area of the shell is 18 X 188496 =
339.928 square feet, and 339.2928 -~ 2 == 160.6464 square feet,
which is to be taken as the cffective heating surface afforded
by the shell. Passing now to the tubes, we find that the cir-
cumiference of a 3¥i-inch tube is 3.5 X 3.5416 = 10.9956 inches,
which is equal to 09163 of a fout, since 10,9056 = 12 == 0.9163.
The surface of the tube is then found by multiplying the cir-
cumference by the length, thus: 0.9163 X 16.4934 square feet,
which is the area of a singfe tube. The combined area of the
92 wbes that the boiler contains is 92 X 16.4934 = 1,517.3928
square feet, which is the heating surface afforded by the tubes.
Upon adding this to the heating surface afforded by the shell,
we have heating surface of shell and tubes. Total heating
surface of boiler 160.6464 -+ 1,517.3028 == 1,687.0302. In round
numbers, the effective heating surface of boiler would be
1,687 square feet. It will be scen that the tubes are of far
more importance than the shell.

The heating surface of the boiler being known, the next
step is to find what cvaporative duty may be expected of the
boiler in ordinary good practice. To solve this part of the
problem we have to know from experience what amount of
water can be economically evaporated by cach square foot of
heating surface per hour. In our own practice we find that
when the boiler is well designed and the draft is good, an
evaporation of 2% pounds of water per hour may be had from
cacli squarc foot of heating sutface. In cexceptional cases the
evaporation may run as high as 8 pounds; but under ordinary
circumstances it is found that 214 pounds is all that can be
reasonably cexpected.

If the data by experience be accepted, it follows that ifhe
boiler will have one nominal horse power for every 12 square
icet of heating surface; for if cach square foot evaporates 2%
pounds per hour, the total cvaporation . 12 square fect will
be 12 X 2V4 = 30 pounds per hour. The nominal horse power
of a boiler is thus calculated by dividing the total effective
hieating surface (in square feet) by 12. If it is desired to cal-
culate the actual horse power that a boiler may be expected
to {furnish, we must first know somethirg about the cngine
that is to be used; for the boiler merely produces the steam,
aud it is the engine which transforms the steam into mechan-
ical enecrgy. Now, if the engine is of good design and
cconomical, a good average can be expected; while if it is
wasteful, the boiler will be working just as hard, and the yield
will be much smaller.

A numerical example of this rule may be given, taking
the boiler whose heating surface has already been given. The
heating surface being 1687 square feet, the cvaporative duty of
the boiler per hour will be 1687 X 214 = 4217.5 pounds .°,
4217.5 -~ 30 = 140 horse power, the actual horse power devel
oped under such circumstances and data afforded by experi-
ence.~National Engineer.

PATENTS GRANTED.

Samtvmany >

The following Canadian patents, velating to the textile
trades, have been granted:

Mattress for beds, couches, etc., O. R. Hunt, Minneapolis,
Minn. Combination of frame, springs and mattress fabric.

Clothes dryer, W. M. Barnes, Philadelphia, Pa. Com-
bination of heating coils and air circulating device in drying
room.

Window shade fixture, F. H. Bassctt, Waterbury, Conn.

Paper making machine, J. W. Moore and J. A, White,
Philadelphia, Pa.

Shears, W. G. Henderson, Titusville, and E. P. Cole,
Pittsburg, Pa. Extcension appliance.



