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ERATA,
On page 15, first line, read A, 0, instead of “ H O.”’
On page 23, under cut, read .Stevens, instead of ““ Stephens,” and below, Jokn Cox Stevens,
instead of ““John Cox Stephens.”’
On page 51, second line, read, Calorie, instead of ““ Caloric,” |
On page 6o, fill blank in second column, eighteenth line from bottom, with the number
« 62 »
On page g5, fourth paragraph, read, Lowisville, instead of Lexington,”
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Babcock & Wilcox Boiler at Glasgow Exhibition, 1888, “W.L.F." Style, with Wrou
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Drege of the «fimerican Art printer,”
22 College epl:.\ce, New yorl'\,
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Babcock & Wilcox Boilers in Senate Wing; United States Capitol, Washington, D. C., 312 H, P.
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PREFACE.:

(7o First Edition, 1879.)

WaiLE making known the character and quality of our manufactures, we have endeavored
at the same time to present to our friends and customers a variety of useful information, not
readily accessible to them in other ways. The facts and figures herein given are derived
largely from practical experience, and can be depended upon as correct. Very few of them
were ever published before, whilesthose derived from the researches of others have been
simplified and adapted to the wants of manufacturers. It is with the intention, at some future

time, to collect them with others into a more permanent form, that they have been copyrighted.

(7o Eleventh Edition, 1883.)

In preparing a new edition of ‘“SteAM,” we have revised the whole, and added much new

and valuable matter, which we trust our customers will find useful and interesting.

(70 Thirteenth FEdition, 1885.)

Having again revised “SteaMm,” and enlarged it by the addition of new and useful inform-
ation, not published heretofore, we shall feel repaid for the labor, if it shall prove of value to our

customers.
(Zo Twentieth Edition, 1889.)

Over 75,000 copies of “ STEAM ™ have been issued in the long form, in which it was formerly
published. But many having expressed a desire to have it in a shape suitable for a library, and
it becoming necessary to make new plates, the work has been again carefully revised, much
new matter added, and the form changed to large octavo. It is hoped that in its new form,

and with its additional matter, it will prove even more useful to the public.
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Babcock & Wilcox Boilers, 125 H. P. at the Seth Thomas Clock Co.,, Thomaston, Conn. Erected 1880.
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ECONOMY AND SAFETY

l:(,f()f\'()\l\' IN THE USE T COAE 1sha
< matter of great and growing importance.
It is estimated that the annual production of coal
in the world at the present time is not far from
400,000,000 tons. The report of the Royal Com-
mission in England in 1870, shows the distribu-
tion at that time to have been as follows :

Metallurgy and Mines, - - ~ - - 44 per cent.

Domestic purposes, including gas and water, - 26 *
General Manufacturing, - - - - o i
Locomotion by sea and land, - % Ay

As a considerable part of the coal used in met-
allurgy and that for
water supply, is used for power, we shall not be
far wrong in estimating that one-half of all the
coal mined,

mines, as also domestic

is used
A low estimate of the value
of this coal at the place of use would be an aver-
age of $2.50 per ton, which gives
annual expenditure for steam,

or 200,000,000 tons annually,
for making steam.

as the present
a sum equal to
from which it will be seen how
largely even a small per cent. of saving would
add to the wealth of the world.

It is estimated that of the steam-power at pres-
ent in use in the world, 8o per cent. has been
added in the last twenty-five years, so that these
figures are none too large for the present time.

5 Y
$500,000,000 ;

While manufacturers and engineers have given

much care to the improvement of the steam
engine, whereby they might reduce the con-

sumption of steam for a given amount of power,
but little attention, comparatively, has been given

In fact,
are sub-

to securing economy in its generation.
the boilers in use at the present day,
stantially the same as were in common use at the
close of the last century, and but slight advance
has been made in their economy. Of late years,
however, steam users have begun to realize that
there are principles and aims of equal promi-
nence, and greater importance, to be considered
in choosing a boiler, to the selection of a steam
engine.

Engineering and scientific investi
gation have established the following as the

experience

IN STEAM GENERATION.

Requirements of a Perfect Steam Boiler.
1st. - The best materials use,
simple in construction, perfect in workmanship,
durable

sanctioned by

in use, and not liable to require early
repairs.

2d. A mud-drum to receive all impurities de-
posited from the water in a place removed from
the action of the fire.

3d. A steam and water capacity sufficient to
prevent any fluctuation in pressure or water level.

4th. A large water surface for the disengage-
ment of the steam from the water in order to pre-
vent foaming.

sth. A constant
water

and thorough circulation of
throughout the
all parts at one temperature.

6th. The water space divided into sections,
so arranged that should any section give out, no
general explosion can occur, and the destructive
effects will be confined to the simple escape of the
contents; with large

boiler, so as to maintain

and free passages between
the different sections to equalize the water line
and pressure in all.

7th. A great excess of strength over any Ye-
gitimate strain ;
to be

possible,

so constructed as not to be liable
strained by unequal expansion, and, if
no joints exposed to the direct action
of the fire.

Sth. A combustion chamber,

the combustion of the

so arranged that
gases commenced in the
furnace may be completed before the escape to
the chimney.

gth. The heating surface as nearly as possible
at right angles to the currents of heated gases,
and so as to break up the currents and extract
the entire available heat therefrom.

toth. All parts readily accessible for cleaning
and repairs.  This is a point of the greatest im-
portance as regards safety and economy.

rith. Proportioned for the work to be done,
and capable of working to its full rated capacity
with the highest economys.

12th. The very best gauges, safety valves, and
other fixtures.
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Perspective View of the Fire Room of Harrison, Havemeyer & Co Philadelphia, Pa.
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5040 H. P., Babcock & Wilcox Boilers.
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Importance of Providing Against Explosion.

That the ordinary forms of boilers are liable to
explode with disastrous effect, is conceded. That
they do so explode is witnessed by the sad list of
casualties from this cause every year, and almost
every day. In the year 1880, there were 170 ex-
plosions reported in the United States, with a
loss of 259 lives, and 555 persons injured. In 1887
the number of explosions recorded were 198,
with 652 persons either killed or badly wounded.
The average reported for ten years past has
been about the same as the two years given, while
doubtless many occur which are not recorded.

There is no need to resort to mysterious causes
for the destructive energy displayed in a boiler
explosion, for there is ample force confined
within it to account for all the phenomena. Prof.
Thurston* estimates that there is sufficient stored
energy in a plain cylinder boiler with 100 Ibs.
pressure of steam to project it to a height of over
three and one-half miles ; a “two-flue”’ boiler
about two and one-half miles; a “locomotive’
at 125 Ibs. from one-half to two-thirds of a
mile ; and a 60 H. P. return “‘tubular’’ at 75 Ibs.
somewhat over a mile high. He says, ‘‘a cubic
foot of heated water under a pressure of 6o to 70
Ibs. per square inch, has about the same energy
as one pound of gunpowder. At a low, red heat,
it has about forty times this amount of energy in
a form to be so expended.” Speaking of water-
tube boilers he says: ““ The stored available en-
ergy is usually less than that of any of the other
stationary boilers,and not very far from theamount
stored, pound for pound, in the plain tubular
boiler. It is evident that their admitted safety
from destructive explosion does not come from
this relation, however, but from the division of
the contents into small portions, and especially
from those details of construction which make it
tolerably certain that any rupture shall be local.
A violent explosion can only come of the general
disruption of a boiler and the liberation at once
of large masses of steam and water.”’

The Hartford Steam Boiler Inspection and In-
surance Company report that up to January 1,
1888, they had inspected in all, 799,582 boilers,
and had discovered 522,873 defects, of which
93,022 were consideved dangerous. If now the
above were a fair average of the boilers in ordin-
ary use—and who shall say they are not?—we
have the startling fact that more than one boiler
in nine in common
condition.”
bably due less to intelligent watchcare than to the
fortunate lack of all the necessary conditions
existing at one time.

“ransactions Am, Soc. Mec. Eng., Vol. 6, page 199.

use, is in a ‘‘dangerous

That more do not explode, is pro-

Causes of Explosion.

It is now fully established by the experience
of Boiler Insurance Associations in this country
and England, that all the mystery of boiler ex-
plosions consists in a want of sufficient strength
to withstand the pressure. This lack of strength
nal construction, but
is most frequently the effect of weakening of

may be inherent in the or

the iron by strains due to unequal expansion
caused by unequal heating of different portions
of the boiler ; or it may be due to corrosion from
long use or improper setting.

If steam boilers are properly proportioned and
constructed, they will, when new, be safe against
considerably more pressure than the safety valve
is set to; and the hydrostatic test, properly ap-
or the
weakening effects of corrosion ; but, against the

plied, may discover faults in material,

danger resulting from unequal expansion, ordin-
ary boilers have no protection; a fact not prop-
erly appreciated by engineers or the public.

In getting up steam many boilers will be very
hot in some parts, while other parts will be actu-
ally cold; of course, under these conditions,
enormous strains must occur in some portions of
the boiler, which are thereby weakened; and
these strains being repeated every time steam is
raised, if at no other time, will eventually so far
destroy the strength of the line or point of great-
est strain that rupture must result; generally the
rupture is small and gradual, but sometimes
large and productive of disastrous explosions.
In the boilers examined by the Hartford Boiler
Insurance Company, up to 1888, 24,944 fractures
in plates were found in, at, or near the seams or
through the line of rivets, 11,259 of which, or
nearly one-half, had arrived at a dangerous state
before discovery.

Want of circulation of the water in boilers is
a frequent and prolific cause of unequal expan-
sion, and deteriorating strains, and little, if any,
provision is made for cifculation in all ordinary
construction of boilers. Another source of dan-
ger in all ordinary boilers is low water; and con-
stant vigilance is required to keep the water at a
proper height. In many boilers the fall of only
a few inches in the water-line will cause the
crown-sheet or some other portion to be exposed
to the direct action of the fire, whence it becomes
quickly over-heated, and weakened to such an
extent that an explosion is likely to occur.

Another frequent cause of unequal expansions,
and also of weakening by burning and blistering
the iron, is the presence of deposit or scale on
the heating surface. This is liable to occur in
any boiler, but in very many there is no adequate

provision for removing it when formed. This is

s




Showing insecurity of stayed surfaces.
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Wreck of 30 H. P. Boiler.
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particularly the case with ““tubular” and *‘loco-
motive " boilers.

There is good reason for believing that most
of the mysterious explosions of boilers which
stand the Inspector’s test, and then explode at a
much less pressure, are due to the weakening
effects of unequal expansions, for a boiler that
will stand a hundred pounds test this week can-
not explode the next week at fifty pounds press-
ure, unless it has suddenly become wonderfully
reduced in strength, and no corrosion or other
natural cause, with which we are acquainted,
save expansion, can produce this result. When
we consider that strains from difference of ex-
pansion are generally greatest when firing up,
and when there is no pressure in the boiler, we
can see that the time may arrive when a crack is
started or the parts weakened, so as to give way
under a moderate pressure just after the test has
been made ; and this is the probable reason why
so many boilers explode in getting up steam, or
so soon after, or upon pumping in cold water,
or, even, as in a recent case in England, while
cooling off.

How to Provide Against Explosions.

Very much thought and experiment have been
expended on this problem, but though many
forms of boilers have been produced, which have
attained practical safety from explosion, yet in
nearly all of them there have been ignored cer-
tain elements necessary at the same time to make
them valuable as generators of steam for practi-
cal work. Hence, the very name of ‘‘safety
boiler ”* has unfortunately become, to some per-
sons, prima facie evidence of undesirability.
But safety is not incompatible with any of the
other essentials of a perfect steam generator, and
may be secured without detracting from any
other desirable feature.

The first element of safety is ample strength
This can be best attained in connection with thin
heating surface, by small diameters of parts ; but
this must not be carried so far as to antagonize
the equally important features of large capacity
and disengaging surface.

The second and most important element of

safety, is such a structure that the original
strength cannot be destroyed by deteriorating
strains, from expansion or otherwise. This can
be attained in two ways — by rendering unequal
expansion impossible, or by providing such elas-
ticity that, should it occur, it can produce no
deteriorating strain.

The third element of safety is such an arrange-
ment of parts that when, through gross careless-
ness or design, the water becomes low and the

boiler overheated, a rupture, if it occur, can pro-
duce no serious disaster.

No surface which requires to be “‘stayed”
should be permitted in a boiler. It is scarcely
possible, and altogether improbable, that such
stays are, or can be, so adjusted as to bear equal
strains. The one sustaining the heaviest strain
gives way, the others follow, as a matter of
course, and a disastrous explosion ensues. The
photographic view of the boiler which ex-
ploded at Washington, January 9, 1888, shows
how stay bolts act, and the disastrous explosion
at West Chester, Pa., about the same time, was
clearly due to the giving way of the stays which
were intended to support the head.

Water-tubes an Element of Safety.

[ From the Manufacturer and Builder, Feb., 1880.]

Some recent actual occurrences have a very
suggestive bearing upon the relative degree of
immunity from violent and disastrous explosions
possessed by the water-tube and fire-tube sys-
tems of boiler construction respectively.

The first case is that of an accident resulting
through gross carelessness to a steam boiler on
the water-tube system as constructed by Messrs.
Babcock & Wilcox. The circumstances of the
case were such as to make the test to which the
boiler was put a most severe one, and the fact
that the result was zof a disastrous explosion,
scores several points in favor of the water-tube
system.

The boiler here referred to is located in the
Brooklyn Sugar Refinery, and is rated at 3co
horse-power, being one of a set of 1500 H. P.
Recently, by one of those oversights that now
and then cost scores of lives under the same cir-
cumstances, the feed-water was cut off, and not
noticed until the water level became so low that

the boiler was nearly empty and the tubes were
overheated. The result is shown above. One
of the tubes burst, and this was the extent of the
damage, which was speedily repaired at a cost of
$15, and the works were running the next day.
The second case is very analogous, but is even
more instructive, as the boiler was subjected to
a severer ordeal than the other. This boiler is
in the Elizabeth (N. J.) jail, and was one of the
same kind as that in the foregoing case. It was
in charge of one of the convicts, who, after start-
ing the fire as usual in the morning, was sur-
prised not to observe, after an hour or so of
waiting, any signs of activity in his steam gauge.

A
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This fact was disclosed to some of the officials of
the prison, and an investigation was instituted to
ascertain the cause, disclosing a fact that at once
relieved the boiler from any responsibility for the
absence of steam —for there was no water in it.
It also showed that the blow-cock was wide
open, and had been since the night before.
What followed, we give in Mr. Watson’s own
words :

 After the syndicate had opened the furnace
door and seen the white hot tubes, it was thought
a good idea to get some water in the boiler as
quickly as possible ; so they shut the blow-cock
and turned on the city water. The result justi-
fied their expectations; steam was made very
quickly ; for a moment it roared through the
safety valve with a fearsome sound; and that is
all that happened, beyond the renewal of a few
of the tubes, and one steel casting.”

What might have happened had either of these
boilers been fire-tube instead of water-tube boil-
ers, we do not pretend to say, but think Mr.
Watson is not far out of the way in venturing the
statement that ‘‘it is not contrary to precedent
to say that, in all probability, there would have
been an opportunity for a coroner’s inquest and
a new jail.”

Caution Necessary.

It must not be assumed, however, that the
mere presence of water tubes in a boiler will
make it safe. On the contrary they may be com-
bined with other features exceedingly dangerous,
such as flat surfaces, stayed or unstayed, as in
the ‘‘Phleger” boiler, which exploded in Phila-
delphia some years ago, and the “Firminich”
boiler which exploded in St. Louis, Oct. 3d, 1887.
A number of porcupine boilers have also been
put forth as “‘safe’’ because of their water tubes,
though the large central shell is made like per-
forated card-board, by the numerous holes. To
make the matter worse, expanding the tubes

into these holes seriously strains the metal, mak-
ing a weak construction weaker still.

That a boiler can be made so as to be practi-
cally safe from explosion is a demonstrated fact
of which no one at all acquainted with modern
engineering has any doubt. Of this class of boil-
ers the Babcock & Wilcox is a preéminent ex-
ample, from the length of time which it has been
upon the market, the large number which have
been for years in use under all sorts of circum-
stances and conditions and under all kinds of
management, without a single instance of disas-
trous explosion.

THE BaBCcoCK & WILCOX WATER-TUBE BOILER
has all the elements of safety, in connection with
its other characteristics of economy, durability,
accessibility, etc. Being composed of wrought
iron tubes, and a drum of comparatively small
diameter, it has a great excess of strength over
any pressure which it is desirable to use. As the
rapid circulation of the water insures equal tem-
perature in all parts, the strains due to un-
equal expansion cannot occur to deteriorate its
strength. The construction of the boiler, more-
over, is such that, should unequal expansion
occur under extraordinary circumstances, no
objectionable strain can be caused thereby, ample
elasticity being provided for that purpose in the
method of construction.

In this boiler, so powerful is the circulation
that as long as there is sufficient water to about
half fill the tubes, a rapid current flows through
the whole boiler; but if the tubes should
finally get almost empty, the circulation then
ceases and the boiler might burn and give out;
by that time, however, it is so nearly empty as to
be incapable of harm if ruptured.

[ts successful record of over twenty years
proves that by the application of correct princi-
ples, the use of proper care and good material in
construction, a boiler can be made so as to be
in fact as well as in name a “‘safety boiler.”

Return Tubular Boiler at the Edison Electric Light Co's Works, West Chester, Pa.
Exploded December 17, 1887, killing seven and wounding eight people.
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Babcock & Wilcox Boilors, 1,200 H. P, at Cardenas Sugar Refinery, Cuba. 2,200 H.P. in all
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THE THEORY OF STEAM MAKING.

[Extracts from a Lecture delivered by Geo. H. Babcock, at
Cornell University, 1887.%)

the specific heat of the water and ice remain nor-
mal, or the same as they respectively are at the
freezing point. I

The chemical compound known as HO exists
in three states or conditions —ice, water, and
steam; the only difference between these states
or conditions is in the presence or absence of a
quantity of energy exhibited partly in the form of
heat and partly in molecular activity, which, for
want of a better name, we are accustomed to call
““latent heat ;”’ and to transform it from one state
to another we have only to supply or extract
heat.  For instance, if we take a quantity of ice,
say one pound, at absolute zerof and supply
heat, the first effect is to raise its temperature
until it arrives at a point 492 Fahrenheit degrees
above the starting point. Here it stops growing
warmer, though -we keep on adding heat. It,
however, changes from ice to water, and when
we have added sufficient heat to have made it,

After steam has been formed, a further addi-
tion of heat increases the temperature again at a
much faster ratio to the quantity of head added,
which ratio also varies according as we maintain
a constant pressure or a constant volume ; and
I am not aware that any other critical point ex-
ists where this will cease to be the fact until we
arrive at that very high temperature, known as
the point of dissociation, at which it becomes re-
solved into its original gases.

The heat which has been absorbed by one
pound of water to convert it into a pound of
steam at atmospneric pressure is sufficient to

‘have melted three pounds of steel or thirteen

This has been transformed
into something besides heat ; stored up to reap-
pear as heat when'the process is reversed. That

pounds of gold.

condition is what we are pleased to call latent
heat, and in it resides mainly the ability of the |
steam to do work. i

had it remained ice, 283° hotter, or a tempera-
ture of 315° by Fahrenheit’s thermometer, it has
all become water, at the same temperature at

the temperature which would have been obtained

approximation in whole degrees to the latest determinations & e " 3
if the conditions had not changed. The lines

of the absolute zero of temperature,

Y

g%

which it commenced to change, namely, 492° | e [ ] 7 \
~ oy g 4 I
above absolute zero, or 32° by Fahrenheit's 2800 [ meLTs '/ | | 2340 1l
scale. Let us still continue to add heat, and it ”—’ ! *,[ = Al
3 p 26001t L | | 2140
will now grow warmer again, though at a slower ——fMEL —1— r [ \
rate —that is, it now takes about double the 2400 /i e TS 1
quantity of heat to raise the pound one degree g ! T / |
2 ' S B 7 i T = o
that it did before — until it reaches a temperature 22]’“ | 7 0 S| 5 ‘
~ - . . = (i
of 212° Fahrenheit, or 672° absolute (assuming 3 {—- —l~ SR T . i“‘
5 O 12000 1 »
that we are at the level of the sea). Here we g | o o O O I 4 |
9 s : At IE il A SH L TR R i
find another critical point. However much more 2 l1s00) | _|I[ 4 1310 | & "‘;‘
b [  CR TGN T T T & [
heat we may apply, the water, as water, at that E E,’ il ¥ L E ‘ i
pressure, cannot be heated any hotter, but i @25 AL ‘ o B LY 1l
i . a { I
changes on the addition of heat to steam ; and it & j;g o e 7 I
. . M / H
is not until we have added heat enough to have § | ; % = i
. I B T B D T I = i \
raised the temperature of the water 966°, or to & f1200 R ] & 1
~ ey . 2 it
1,178 by Fahrenheit’s thermometer (presuming z l’ /] L L 3 ‘ ‘
- . . 1000] 1 Il
for the moment that its specific heat has not =z ! v g |
. . . w Vi / i w I
changed since it became water), that it has all & = 7 7 = Hie
. . = et |
become steam, which steam, nevertheless, is at % t / B ‘ i
5 u 4 ——— - i1
the temperature of 212°, at which the water began 2 lso / g(“L 0 P 0 O ‘ l
= w il
to change. Thus over four-fifths of the heat * A O W ‘ i
b ' 8 00 | ‘ |
which has been added to the water has disap- ol 1 T wn I
peared or become insensible in the steam to any ol V1 EEE T |
of our instruments. | | ‘ 1
1 )
It follows that if we could reduce steam at at- ‘I_L;‘ |40 ‘
mospheric pressure to water, without loss of QEA‘LT]T“V‘;F :EiT ”fs"mn‘:“ ‘;”“l':‘” 1600 | 1800 |
. . H THERMAL UNITS, 1
heat, the heat stored within it would cause the . : : ;
Bk : 5 The diagram shows graphically the relation of
water to be red hot; and if we could further e ST b B it el Yo
| R 4k sata ks 1 Slout Jota. of 1eat to temperature, the horizontal scale emng
change it to a s e ice, w ; ; 43 A
g A : o quantity of heat in British thermal units, and the
heat, the solid would be white hot, or hotterthan . e IR etttk deirocs, | ‘ 1
It shesl -2k Being: assamed: of cotirse. ‘Hhat vertical temperature in Fahrenheit degrees, both W
melted steel — :ing assumed, of cours 2 ‘
et el ? : reckoned from absolute zero and by the usual § I
*See Scientific American Supplement, 624, 625, Dec. 1887.  scale. The dotted lines for jce and water show |
+460° below the zero of Fahrenheit. This is the nearest \
!




il
i
L

. I
L HIIIHIWIHII
il

s

t g

= == =————=————— NG BRSNS NSEN
Babcock & Wilcox Boilers, 488 H. P, in the New York Mutual Life Insurance Co/'s Building, New York City, Erected 1884, beneath Court Yard.
‘W
i




>

T ———— ki

-

marked “gold’ and ‘“‘steel’ show the relation
to heat and temperature and the melting points
of these metals.  All the inclined lines would be
slightly curved if attention had been paid to the
changing specific heat, but the curvature would
be small. It is worth noting that, with one or
two exceptions, the curves of all substances lie
between the vertical and that for water. That is
to say, that water has a greater capacity for heat
than all other substances except two, hydrogen
and bromine.

In order to generate steam, then, only two
steps are required : First, procure the heat, and,
second, transfer it to the water. Now, you have
it laid down as an axiom that when a body has
been transferred or transformed from one place or
state into another, the same work has been done
and the same energy expended, whatever may
have been the intermediate steps or conditions,
or whatever the apparatus. Therefore, when a
given quantity of water at a given temperature
has been made into steam at a given temperature,
a certain definite work has been done, and a cer-
tain amount of energy expended, from whatever
the heat may have been obtained, or whatever
boiler may have been employed for the purpose.

A pound of coal or any other fuel has a defi-
nite heat-producing capacity, and is capable of
evaporating a definite quantity of water under
given conditions. That is the limit beyond which
even perfection cannot go, and yet I have known,
and doubtless you have heard of, cases where in-
ventors have claimed, and so-called engineers
have certified to, much higher results.

The first step in generating steam is in burning:
the fuel to the best advantage. A pound of car-
bon will generate 14,500 British thermal units
during combustion into carbonic dioxide, and
this will be the same, whatever the temperature
or the rapidity at which the combustion may take
place. If possible, we might oxidize it at as slow
a rate as that with which iron rusts or wood rots
in the open air, or we might burn it with the ra-
pidity of gunpowder, a ton in a second, yet the
total heat generated would be precisely the same.
Again, we may keep the temperature down to
the lowest point at which combustion can take
place, by bringing large bodies of air in contact
with it, or otherwise, or we may supply it with
just the right quantity of pure oxygen, and burn
it at a temperature approaching that of dissocia-
tion, and still the heat units given off will be
neither more nor less. It follows, therefore, that
great latitude in the manner or rapidity of com-
bustion may be taken without affecting the quan-
tity of heat generated.

But in practice it is found that other considera-

tions limit this latitude, and that there are certain
conditions necessary in order to get the most
available heat from a pound of coal. There are
three ways, and only three, in which the heat de-
veloped by the combustion of coal in a steam
boiler furnace may be expended.

First, and principally, it should be conveyed
to the water in the boiler, and be utilized in the
production of steam. To be perféct, a boiler
should so utilize all the heat of combustion, but
there are no perfect boilers.

Second.-— A portion of the heat of combustion
is conveyed up the chimney in the waste gases.
This is in proportion to the weight of the g
and the difference between their temperature and
that of the air and coal before they entered the
fire.

Zhird.—Another portion is dissipated by radi-
ation from the sides of the furnace. In a stove
the heat is all used in these latter two ways,
either it goes off through the chimney or is radi-
ated into the surrounding space. It is one of
the principal problems of boiler engineering to
render the amount of heat thus lost as small as
possible.

The loss from radiation is in proportion to the
amount of surface, its nature, its temperature, and
the time it is exposed. This loss can be almost
entirely eliminated by thick walls and a smooth
white or polished surface, but its amount is ordin-
arily so small that these extraordinary precau-
tions do not pay in practice.

It is evident that the temperature of the escap-
ing gases cannot be brought below that of the
absorbing surfaces, while it may be much greater
even to that of the fire. This is supposing that
all of the escaping gases have passed through the
fire. In case airis allowed to leak into the flues,
and mingle with the gases after they have left
the heating surfaces, the temperature may be
brought down to almost any point above that of
the atmosphere, but without any reduction in the
amount of heat wasted. It is in this way that
those low chimney temperatures are sometimes
attained which pass for proof of economy with
the unobserving.  All surplus air admitted to the
fire, or to the gases before they leave the heat-
ing surfaces, increases the losses.

We are now prepared to see why and how
the temperature and the rapidity of combustion
in the boiler furnace affect the economy, and that
though the amount of heat developed may be the

same, the heat available for the generation of

steam may be much less with one rate or tem-
perature of combustion than another.

Assuming that there is no air passing up the
chimney other than that which has passed through
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the fire, the higher the temperature of the fire
and the lower that of the escaping gases the bet-
ter the economy, for the losses by the chimney
gases will bear the same proportion to the heat
generated by the combustion as the temperature
of those gases bears to the temperature of the
the fire. That is to say, if the temperature of the
fire is 2,500° and that of the chimney gases 500°
above that of the atmosphere, the loss by the chim-
ney will be %% = 20 percent. Therefore, as the
escaping gases cannot be brought below the
temperature of the absorbing surface, which is
practically a fixed quantity, the temperature of
the fire must be high in order to secure good
economy.

The losses by radiation being practically pro-

bears the same relation lo the total heat expended
(expressed in foot pounds or as unity) tat the
range of tempervalure bears to the absolute temn-
perature at which heat is received.

2d. I any heat engine the minimum loss of
heat bears the same velation to the total heal ea-
pended as the temperature at which the heat is
rejected bears to the temperature at which it is
received, both being reckoned from absolute Z€r10,
460° 1 below the zero of Fahrenheit's scale.

These two propositions, expressed in algebraic
formulee, are :

(@)= =2 which, if' AT

b |
the well-known equation &/

1, becomes
ety o
———2; and,

3

A

portioned to the time occupied, the more coal (Bl

S : :
- 4 — in which also, if /7 o W }i
burned in a given furnace in a given time, the less 1 e |
i : Ty ) - il
will be the proportionate loss from that cause. Butas L 4 U=z, .. U=1——2, which is i

It therefore follows that we should burn our
coal rapidly and at a high temperature, to secure
the best available economy.

1

identical with (1) differently written, ‘

At this point we need to divest ourselves of an b
idea which is common, and which naturally }
comes from the terms used, that ““latent’’ heat it
is necessarily wasted heat— or, in other words,
that if all the heat received was expended in ¢le-
vating the temperature, instead of a large share
of itgoing into the ““latent’’ condition, we should !
be able to turn a larger percentage of it into “ I

THEORY OF HEAT ENGINES.*

In any heat engine it is essential that there
should be, rst, a working fluid; 2d, a source of
heat; and 3d, a receptacle for unexpended heat,
both of which latter must be external to the
working fluid. In its operation there must be a

reception of heat by the working fluid, at a cer-
tain temperature, a conversion of heat into work,
and a discharge of unconverted heat at a lower
temperature than that at which it was received.
The difference between such higher and lowe
temperatures is called the ‘“‘range of tempera-
tures,” and the engine is called a “perfect en-
” when the whole heat corresponding to its
range of temperature is converted into work.
Sadi Carnot, in 1824, seems to have been the
first to enunciate the principle, now universally
recognized, that the ratio of the maximum me-
chanical effect in a perfect heat engine to the
total heat expended upon it, is a function solely
of the two constant temperatures, at which re-
spectively heat is received and rejected, and is
independent of the nature of the intermediate
agent or working fluid, though at that day the
dynamic theory of heat was not known,and Carnot
supposed that all the heat received in the boiler,
or its equivalent, was transferred to the conden-
ser.  Subsequent researches of Joule, Rankine
and others, have established the following prop-
ositions :

gine

1st. [nany heat engine the maximum useful
effect (expressed in foot pounds or in percentage)

* From ** Substitutes jfor Steam,” by Geo. H. Babcock,
read before the American Society of Mechanical Engineers,
May, 1886. 7ransactions, Vol. VIL., p. 710,

power. It has been upon this erroneous supposi-
tion that most of the searches for substitutes for
steam have been based. To show its fallacy,
practically, it is only necessary to consider the
action of an engine using steam as a gas without
expenditure of latent heat, and compare it with
the results attained in engines in which the latent
heat is expended in the boiler and discharged in
the condenser. We will assume that steam be
supplied at 100° temperature — 1 pound pressure,
or 28 inches vacuum nearly —that it be worked
through Carnot’s cycle between that temperature
and 320°— the temperature of saturated steam at
75 pounds gauge pressure.

The efficiency of

e
this cycle would be, by above formula, — A i
780
=.28. The heat expended per pound of steam
would be 220 X .475 X 772 — 80,674 foot pounds
of energy, of which the engine would utilize 28
per cent., or 22,588 foot pounds. There would,
1,980,000

therefore, be required = 87.6 pounds

22, 588*
steam per hourly horse-power, and that in a per-
fect engine ; but, working within the same limits,
ina very imperfect engine, using water with its
large latent heat, in actual practice, a horse-
power is obtained for from 16 to 18 pounds, or
about one-fifth the quantity of fluid. Latent

t See note, p. 13.
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heat must, therefore, be an efficient source of
energy as well as sensible heat. That itis just
as much so when working between the same
limits of temperature, was demonstrated by Ran-
kine in a series of articles published in the Zngin-
cer in 1857. And, in fact, it may be said there
would be no available energy if there was no
latent or specific heat.

We may, perhaps, understand this point a little
better by means of an illustration suggested by
Carnot, which, though based upon the theory of
the materiality of heat, is still just as true under
the correct theory. In fact, the second law of
thermo-dynamics is equally applicable to a pon-
derable body asto heat,
and may be summed
up in the well-known
adage, *“ Water will
not run up hill.”  The
ficure represents a sec-
tion of a building in
which is situated a tank
of water, or any other
fluid, which is used to
drive a water - motor
upon a floor
after which the fluid
is discharged, whence

below,

it may or may not find \
its way to the sea-level
—the line of absolute
zero. Now it is evident
the greatest
effect obtainable in the

possible

motor-engine is repre-
sented by the weight |
of fluid, Q, multiplied
by its fall to
the point of =
discharge.
The height of the surface of the tank above
sea-level is 7,, and the height of its discharge
from same datum-line is 7,, while its fall is
r, — T4, and the greatest efficiency of the motor
is expressed by U = Q (7,— 7). But the
total energy of the fluid is represented by O Ty
and the efficiency of the motor expressed in

terms of total energy is:
U (_)lrl—.—._,\r ity o

()Tl Ty

It is evident that the same law holds good what-
ever be the character of the fluid in the tank.
Now, the quantity Q, — which may represent
the latent heat, while the height, ,, represents
temperature — may be greater or less with the

same height. If Q = 0, then there would be no

available energy, for there would have been none

expended. It will also be seen that if in the sup-
posed steam-engine above calculated, 0 be sub-
stituted for .475, the specific heat of the steam,
there would be no energy in the engine.

From the mere inspection of the above form-
ulze, in view of this illustration, it is readily seen :

1st. That the useful effect can only equal the
total heat expended when the temperature at
which it is rejected is absolute zero, in which
case it matters not at what temperature the heat
may be received.

2d. That with a given minimum temperature,
the higher the maximum temperature the greater
will be the proportion of total heat converted into
useful work.

3. That it is of greater importance to lower the
temperature at which heat is rejected than to
raise that at which it is received.

There are, however, practical limits to these
several values :

1st. The temperature of rejection cannot be
carried below that of the substance into which it
is rejected —in practice it must be scveral de-
grees above it —and is independent of the fluid
employed. As there is, in practice, nothing
available colder than air or water, 7, cannot
easily be less than 100° Fahr., 560° absolute.

2d. The temperature of reception cannot be
greater than the highest temperature of combus-
tion, nor greater than the surfaces’ of the piston
and cylinder will stand; nor greater than will
produce in the given fluid the highest allowable
pressure.

3d. The highest pressure is limited by the
strength of the mechanism and safety of its oper-
ation, and is also independent of the fluid. As
all fluids, except mercury and turpentine, attain
this limit of pressure before the limit of tempera-
ture, the pressure is the practical limiting condi-
tion in this direction.

Obviously, then, as the limits of lowest avail-
able temperature and of highest practical pres-
sure are the same for all vapors, it becomes evi-
dent that the fluid having the highest tempera-
ture at the limit of pressure, other things being
equal, has the advantage, theoretically, in possi-
ble economy. Of all available liquids, water
fulfils this condition best, and therefore it is use-
less to search for another vapor as a substitute
for steam, unless it can be shown that the losses
incidental to the use of the latter are necessarily
enough greater than those incidental to some
other fluid, to more than counterbalance this ad-
vantage. That there are such compensating ad-
vantages is not probable, and they would, indeed,
need to be very great to offset the cost of fluid,
water being free of costin nearly all situations,
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Babcock & Wilcox Boilers“at Boston Sugar Refinery, East Boston, Mass. 1000 H. P. Erected 1880.

Showing Style of Fronts for continuous batteries of boilers.
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BRIEF HISTORY OF WATER-TUBE BOILERS.* About the same time, Wolf, the inventor of

Water-tube boilers are not new. From the compound engines, made a boiler of large hori-
earliest days of the steam engine, there have zontal tubes, laid across the furnace and con-
been those who recognized
their advantages. The first
water-tube boiler recorded
was made by a contempo-
rary of Watt, William Blakey,
in 1766. He arranged sev-
eral tubes in a furnace,
alternately inclined at oppo-
site angles, and connected at
their contiguous ends by
smaller pipes. But the first
successful user of such boil-
ers was James Rumsay, an
American inventor, celebra-
ted for his early experiments
in steam navigation, and who
may be truly classed as the
originator of the water-tube
boiler, as now known. In
1788 he patented, in England,
several forms of boilers,

among them, one having a fire-box with flat Joseph Eve, 1825,
water-sides and top, across which were hor- nected at the ends to a longitudinal drum above.
izontal water-tubes connecting The first purely sectional water-tube boiler was

made by Julius Griffith, in 1821, who used a num-
ber of horizontal water-tubes connected to ver-
tical side pipes, which were in turn connected to
horizontal gathering pipes, and these to a steam
drum. The first sectional water-tube boiler,
with a well-defined circulation, was

with the water spaces. Another
was a coiled tube within a cylin-
drical fire-box, connecting at its
two ends with the annular sur-
rounding waterspace. This was

f— made by Joseph Eve, in 1825. His

sections were composed of small
i . . = tubes slightly double curved but
3 : practically vertical, fixed in horizon-
s

tal headers, which were in turn con-

Stephen, 1805, nected to a steam space above and

the first of the “coil boilers." water space below formed of larger pipes, and
Another form in the same patent connected by outside pipes so as to secure a cir-

culation of the water up through the sections and

1

was the vertical tubular boiler, as
at present made.

The first boiler made of a combi-
nation of small tubes, connected at
one end to a reservoir, was the in-
vention of another American, John
Cox Stephens, in 1805.

This boiler was actually employed
to drive a steamboat on the Hudson
River, but like all the *“ porcupine
boilers of which it was the first, it
did not have the elements of a con-

tinued success.

* See discussion by Gm H. Babcock, of
Sterling’s pa er on * ‘ Water-tube and
Shell Boilers,” in 7rans. Am. Society of
Mechanical /:';lgl'm'z'm‘ A% ul VI., p. 6or.
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Babcock & Wilcox Boilers at Pennsylvania Steel Co.'s Works, Sparrows Point, Md. 4,000 H. P. in Process of erection, 1888.
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down the external pipes. The same year John
M’Curdy, of New York, made a “Duplex Steam
Generator,” of “tubes of wrought or cast-iron
or other material”” arranged in several horizon-
tal rows, connected together alternately front and
rear by return bends. In 1826, Goldsworthy
Gurney made a number of boilers which he used
on his steam carriages, consist- [
ing of a series of small tubes

Time would fail to tell of Clark, and Perkins,
and Moore (English), and McDowell, and Alban,
and Craddock, and the host of others who have
tried to make water-tube boilers, and have not
made practical successes, because of the difficul-
ties of the problem.

Why are not water-tube boilers in more gen-

bent into the shape of a U laid
edgewise, which connected top
and bottom with large horizon-
tal pipes. These latter were

united by vertical pipes to per-

mit of circulation, and also

connected to a ver-
tical cylinder form-

7
_

ing the steam and

water reservoirs. In

N,

1828, Paul Steen- ¢ b 4
strup made the first ‘

shell boiler with ver-
tical water-tubes in
0 5

10 15 FEET
i ALy

the large flues, sim- ‘“2;";5""‘ e
v " SCALE
ilar to what is known
as the “Martin,”’ and suggesting the “Galloway.”

The first water-tube boiler having fire-tubes
within water-tubes was made in 1830, by Sum-
mers & Ogle.. Horizontal connections at top
and bottom, had a series of vertical water-tubes
connecting them, through which were fire tubes
extending through the horizontal connections,
with nuts upon them to bind the parts together
and make the joints, suggesting some recent
patents.

The first person to use inclined water-tubes
connecting water spaces front and rear with a

Wilcox, 1856,

steam space above, was Stephen Wilcox in 1856,
and the first to make such inclined tubes into a
sectional form was one Twibill in 1865. He
used wrought-iron tubes connected front and
rear by intermediate connections with stand
pipes, which carried the steam to a horizontal
cross-drum at the top, the entrained water being
carried back to the rear.

Twibill, 1865,

eral use, compared with shell boilers ? is asked.
Because they require a high class of engineering
to make them successful. The plain cylinder is
an easy thing to make. It requires little skill to
rivet sheets into a cylinder, build a fire under it
and call it a boiler ; and because it is easy and
any one can make such a boiler — because it re-
quires no special engineering —they have been
made, and are still made, to a very large extent.
The water-tube boiler, on the other hand, re-
quires much more skill in order to make it suc-
cessful. This is proven by the great number of
failures in attempts to make water-tube
boilers, some of which are referred to in
the paper under discussion.

The Bapcock & WiLcox WATEK-
TUBE BoILER has grown out of that of
Stephen Wilcox, of 1856, so that it may
be said to date back to that year, though
a the first joint patent was eleven years
= later. Dr. Alban had stated the axiom
< that “‘all boilers should be so constructed
7 that their explosion should not be dan-

gerous,”” and Harrison had put such boil-
ers into use, made of cast-iron globes, but the
Babcock & Wilcox boiler of 1867 was the first to
combine the sectional construction with a free cir-
culation of the water in one continuous round.
This construction, known all over the world as
the Babcock & Wilcox type, is now almost uni-
versally acknowledged to be the best possible
for safety, economy, and durability.
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Metropolitan Street Railway Co., Kansas City; Mo,

Babcock & Wilcox Boilers, in connection with Murphy Furnaces, at 5th St. Station,
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EVOLUTION OF THE BABCOCK & WILCOX
WATER-TUBE BOILER.

We learn quite as much from the record of
failures as through the results of success. When
a thing has been once fairly tried and found to
be impracticable, or imperfect, the knowlege of
that trial forms a beacon light to warn those who
come after not to run upon the same rock. Still
it is an almost every day occurrence that a de-
vice or construction which has been tried and
found wanting if not worthless, is again brought
up as a great improvement upon other things
which have proven by their survival to have been
the ““fittest.”” This is particularly the case when
a person or firm, have, by long and expensive
experience, succeeded in supplying a felt want,
and developed a business which promises to pay
them in the end for their trouble and outlay ;
immediately a class of persons, who desire to
reap where they have not sown, rush into the
market with some-
thing similar, and, (
generally, with some
idea which the suc-
cessful party had tried
and discarded, claim-

Miller “Internal Tube,”” Miller “Inclined Tube,”’
Phleger, Weigand, the Lady Verner, the Allen,
the Kelly, the Anderson, the Rogers & Black,
the Eclipse or Kilgore ; the Moore, the Baker
& Smith, the Renshaw, the Shackleton, the
““Duplex,” the Pond & Bradford, the Whitting-
ham, the Bee, the Hazleton or ““Common
Sense,” the Reynolds, the Suplee or Luder, the
Babbitt, the Reed, the Smith, the Standard, &c.
It is with the object of protecting our custom-
ers and friends from disappointment and loss
through purchasing such discarded ideas, that
we publish the following illustrations of experi-
ments made by us in the development of our
present boiler, the value and success of which is
evidenced by the fact that the largest and most
discriminate buyers continue to purchase them
after years of practical experience with their
workings. All the constructions herein shown,
and very many others, are covered by patents
belonging to the
Babcock & Wilcox
Company.

ingitasan “improve-
ment,’’ seek to entice
customers, who in the
end find they have
spent their money for
that- which satisfieth
not. And not infre-
quently steam users,

A

P

No. 1.—The origi-
nal Babcock & Wilcox
boiler, patented in
1867. The mainidea
was safety ; to it all
other elements were
sacrificed wherever
they conflicted. The
boiler consisted of a

having been inadver-
tently induced to experiment on the ill-diges-
ted plans of some unfledged inventor, unjustly
condemn the whole class, and resolve hence-
forth to stick to the things their fathers approved.

The success of the Babcock & Wilcox boiler
is due to twenty-three years constant adherence
to one line of research, experimenting and practi-
cal working. In that time they have tried many
plans which have not proven to be practicable,
and ' were in fact in whole or in part, failures.
During these twenty-three years they have seen
more than thirty water-tube, or sectional boilers
put upon the market, by other parties, some of
which attained to some distinction and sale, but
all of which have completely disappeared, leaving
scarce a trace behind, save in the memories of
their victims. The following list—not com-
plete — will serve to bring the names of some to
memories which can recall twenty years or less :
Dimpfel, Howard, Griffith & Wundrum, Dins-
more, Miller ““Fire-box,” Miller ““ American,”

nest of horizontal
tubes serving as steam and water reservoir,
placed above and connected at each end by
bolted joints, to a nest of inclined heating
tubes filled with water. Internal tubes were
placed in these latter to assist circulation. The
tubes were placed in vertical rows above each
other, each vertical row and its connecting end
forming a single casting. Hand holes were
placed at the end of each tube for cleaning.

No. 2.—The internal circulation tubes were
found to hinder, rather than help, circulation
and were left out.

Nos. 1 and 2 were found to be faulty in both
material and design, cast metal proving itself
unfit for heating surfaces placed directly over
the fire, cracking as soon as they became coated
with scale.

No. 3.—Wrought-iron tubes were substituted
for the cast-iron heating tubes, the ends being
brightened and laid in the mould, the headers
cast on,

5, &
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Babcock & Wilcox Boilers, at DeCastro & Donner's Sugar Refining“Co.'s Refinery, foot of South 9th St, Brooklyn, E. D,y N. Y. Erected 1871,

Facing these have been added 150 H. P., 1877; 300 H. P., 1881; 385 H. P., 1888. Total, 1785 H ¢ Ps

Ist and 2d Orders. 900 H. P,
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The steam and water capacity was in-
sufficient to secure regularity of action, i/’ ‘:r e . J{;l
having no reserve to draw upon when '
irreguarly fed or fired. The attempt to 11— WATER LK. ...
dry the wet steam, produced by super- —
heating in the nest of tubes which 7
formed the steam space, was found to be ;7 e
impracticable ; the steam delivered was =
either wet, dry or superheated, accord- /
ing to the demands upon the boiler. //3 ) /
Sediment was found to lodge in the Tk 207 NN R
lowest point of the boiler at the rear No. 5.
end, and the exposed portion of the castings lost the important element of safety, the sec-
cracked off when subjected to the furnace heat. tional construction, and a very objectionable
No. 4.-—A plain cylinder carrying the water feature, that of flat stayed surfaces, had been
line at the center, leaving the upper half for introduced. The large doors for access to the
steam space, was substituted for the nest of tubes were also a cause of weakness. A large
tubes. The sections were made as in No. 3, plant of these boilers was placed in the Calvert
Sugar Refinery, Baltimore, and did good
work, but they were never duplicated.
No. 6.—A modification of No. 5, in
which longer tubes were used with three
passages of the gases across them, to
obtain better economy. Also some of
the stayed surfaces were omitted and
hand holes were substituted for the
large doors. A number of this type
were built, but their excessive first cost,
lack of adjustability of the structure
under varying temperatures, and the
and a mud-drum added to the rear end of the jnconvenience of transporting the last two styles
sections at the lowest point farthest removed together with the difficulty of erecting large plants
from the fire; the gases passed off to the stack without enormous cost for brick-work, as well
at one side without coming in contact with it. 55 the *commerical engineering”’ of several
Dry steam was secured by the great increase competing firms then in the market, who made ¢
of separating surface and steam space, and the selling point of their ability to add power to any
added water capacity furnished a storage for given boiler after it had once been erected, led to :
heat to tide over the irregularities of feeding
and firing. By the addition of the
drum it lost a little in safety, but, on
the other hand, it became a serviceable R
and practical design, retaining all the —jf———
elements of safety except small diame-
ter of steam reservoir, which was never
large, and was removed from the direct
action of the fire, but difficulties were
encountered in securing reliable joints
between the wrought-iron tubes and #7f =
the cast-iron headers, ey No. 6. «L
No. 5.—Wrought-iron water legs were
substituted for the cast-iron headers ; the tubes No. 7.—In this separate T heads were screwed
were expanded into the inside sheets, and a large  on to the end of each inclined tube ; their faces
cover placed opposite the front end of the tubes milled off] the tubes placed on top of each other,
for cleaning. The staggered position of tubes, metal to metal, and bolted together by long bolts
one above the other, was introduced and found passed through each vertical section of tube
to be more efficient and economical than where heads, and the connecting boxes on the heads of
the tubes were placed in vertical rows. In other the drum. A large number of these boilers
respects it was similar to No. 4, butit had further were put into use, some of which are still at
T ’
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work after sixteen to twenty years, but most of
them have been altered to the later type.

Nos. 8 and g are what were known as the
Griffith & Wundrum boilers, afterwards merged

WATER LINE

AR
\(@:=
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into the Babcock & Wilcox. In these, ex-
periments were made on four passages of
the gases across the tubes, and the down-
ward circulation of the water at the rear end
of the boiler was carried to the bottom
row of tubes. In No. g, an attempt
was made to reduce the amount of
steam and water capacity, increase the
safety and reduce the cost. A drum
at right angle to the line of tubes was
tried, but found to be insufficient to
secure dry steam or regularity of action.
The changes were not found to possess
any advantages.

improvement in action over No. g. The four
passages of the gases did not add to the economy
in either Nos. 8, g or 10.

No. 11.—A trial of a box
coil system in which the
water was made to trav-
erse several times through

the furnace before being delivered into the drum
above. The tendency was as in all similar
boilers, to form steam in the middle of the coil
and blow the water out from each end, leaving

No. 10.—A move in the same direc-
tion. A nest of small horizontal drums, 15 in. in
diameter were used instead of the single drums
of larger diameter; and a set of circulation tubes
were placed at an intermediate angle, between
the main bank of heating tubes and the horizontal

Fii

the tubes practically dry until the steam found an
outlet and the water returned. This boiler not
only had a defective circulation but a decidedly
geyser-like action, and produced wet steam.

All the above types, with the exception of

-
WATER| LINE ™
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tubes which formed the steam reservoir, to return
the water carried up by the circulation to the
rear end of the heating tubes, allowing the steam
only to be delivered into the small drums above.
The result was exceedingly wet steam, with no

Nos. 5 and 6, had a large number of bolted
joints between their several parts and many of
them leaked seriously, from unequal expansion,
as soon as the heating surfaces became scaled ;
enough boilers having been placed at work

v
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to demonstrate their unreliability in this e e - =L k
particular.

No. 12.—An attempt to avoid this diffi-
culty and increase the heating surface in
a given space. The tubes were expanded " ; | | |
into both sides of wrought-iron boxes, = A ‘ i l

i
i
i I
: L

.WATER LINE

openings being made in them for the
admission of water and the exit of steam.
Fire-tubes were placed inside these tubes

IS
(S

and were found, as is always the I
case, to be an element to be avoided ‘
wherever possible. It was, how-

ever, an improvement on No. 6.
A slanting bridge wall underneath
the drum was introduced to throw
a larger portion of its surface into
the first combustion chamber above
the bank of tubes. This was found
to be of no special benefit, and
difficult to keep in good order.

No. 15.—Each vertical row ot
tubes was expanded at each end
into a continuous header, cast of
car wheel metal; the headers
having a sinuous form so that

No. 12.

to increase the surface. These were aban-
doned because they quickly stopped up with
scale, and could not be cleaned.

No. 13.—Water boxes formed of cast-iron
of the full width and height of the bank of
tubes were made of a single casting, which
were bolted to the steam water-drum above.

No.14.—A wrought-iron box was substituted
for the cast-iron. In this, stays were necessary

b= o

WATER LINE

staggered position of the tubes in the furnace. |
s This form of header has been found to be the l |
T = 2 best for all purposes, and has not since been 1
~X x materially changed. The drum was supported h

!

by girders resting on the brick-work. Bolted
joints were discarded, with the exception of those |
connecting the headers to the front and rear 1
end of the drum and the bottom of the rear |
header to the mud-drum. But even these ‘ 1

|

|

|

g1y . . |
bolted joints were found objectionable and 1 ‘\
were superseded in subsequent constructions (|

by pieces of tube expanded into bored holes. I
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In No. 16 the headers were made in the form

Nos. 18 and 19 were designed for fire protec-
tion purposes, the chief requirements being

Ah;@ o 1 il

No. 16.

AR

of triangular boxes, having three #&&ZZx

tubes in each. These were alternately reversed
and connected together by short pieces of tube
expanded in place, and to the drum by tubes ab

ility to raise steam quickly and hold the pres-

bent so as to come normal to the shell. The sure; economy of fuel and dryness of steam

joints between the headers introduced an ele- be

ing of secondary consideration. They both

ment of weakness, and connections to the drum  served their special purpose admirably, but were

were insufficient to give the adequate circulation. no
No. 17.—Straight horizontal headers

t found to be either economical or desirable

where steady power is required.

S 7 No, 17.

were tried, alternately shifted right and left, to

V"“‘“’?“ij 7

O o

1
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These experiments, as they may be called,

give a staggered position to the tubes. These although many boilers were built of some of the
headers were connected to each other and to the  styles illustrated, clearly demonstrated that the

drum by expanded nipples. This proved to best construction and efficiency
. required adherence to the following
elements :

be too rigid in construction, and
was defective in circulation.

WATER LINE
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and is known as our “C. I. F.”” (cast-iron
front) style, a fancy cast-iron front being
generally used therewith, as shown in the ‘ \ ‘
perspective view. Recent investigations \
have shown that the average cost of up- 1
keep of the boiler proper is less than five I
cenlts per horse-power per annum. |
No. 21 is a construction more popu-

lar in Europe, perhaps, where most of il
our boilers are made in this style. Itis ‘
|

» ¢ wXg 3 " i
%l TAN |
i

. . ~ . . . "‘

1st. Sinuous headers for each vertical row of mutally deteriorating strains where one was |

tubes. 2d. A separate and independent con- supported by the other, were avoided. ‘ ‘
nection with the drum, both front and rear, for Hundreds of thousands of horse-power of this I

%’O‘—' iy style have been built in the last twelve |

W 0y years, giving excellent satisfaction. In |

M. o . 3 5 . i

i fact, most of the boilers referred to in this ‘ '

R book are of this style. It is still standard, | l‘

T Y I R

| |

No. 20.

known as our “W. I. F.” style, the front
each such vertical row of tubes. 3d. All joints usually supplied with it being largely made of %
between the parts of the boiler proper to be |
made without bolts or screws-threads. 4th. No :
surfaces to be used which require to
bestayed. sth. The boiler supported
independently of the brick-work, so
as to be free to expand and con-
tract as it was heated and cooled.
6th. The drums not less than 3o in-
ches in diameter, except for small
boilers. 7th. Every part accessible
for cleaning and repair.

Having settled upon these points :

No. 20 was designed having all these
features, together with other improve-
ments in the details of contruction, *
The general form of construction of
No. 15 was adhered to, but short

wrought-iron. In this boiler, flanged and
“bumped”’ drum-heads of wrought-steel are

Nos. 21 and 22.

pieces of boiler tube were used as connections
between the sections and drum, and mud-drum ;
their ends being expanded into adjacent parts

used ; the drum is longer, and the sections are
connected to cross-boxes riveted to its bottom.

l
Where hight is to be saved, the steam is taken ‘ \
out through an internal ‘“dry pipe.” In
this style also the drum is suspended ‘ l
from columns and girders, though not ‘ |
shown in the figure. ‘ |
No. 22, the last step in the develop- ' \
ment of the water-tube boiler, beyond i
which it seems almost impossible for !
science and skill to go, consists in mak- l
ing all parts of the boiler of wrought- ‘i
steel, including the sinuous headers, I
the cross-boxes, and the nozzles on the \
drum. This was demanded to answer 1
the laws of some of the Continental !
Nations, and the Babcock & Wilcox w 1
Co., have, at the present time, a plant 1
turning out forgings as a regular business, which |
have been pronounced by the Zondon Engineer w 3;
to be ““‘a perfect triumph of the forgers’ art.” i

No. 20.
with a Dudgeon expander. This boiler was also
suspended entirely independent of the brick-
work by means of columns and girders, and the
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Babcock & Wilcox Boiler, 416 H. P, at Pittsburgh Steel Castings Co,, Pittsburgh, Pa. Erected 1883, Showing Wrought Iron Front and Flanged Drum-heads.
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CONSTRUCTION.
THirs boiler is composed of lap-welded wrought
iron tubes, placed in an inclined position and
connected with each other, and with a horizontal

steam and water drum, by vertical passages =g

-

at each end, while a mud-drum connects the
tubes at the rear and lowest pointin the boiler.

The end connections are in one
piece for each vertical row of tubes, 94
and are of such form that the tubes are
“staggered” (or so placed that each
horizontal row comes over the spaces
in the previous row). The holes are
accurately sized, made tapering, and
the tubes fixed therein by an ex-
pander. The sections thus formed’ are connect-
ed with the drum, and with the mud-drum also
by short tubes expanded into
bored holes, doing away with all
bolts, and leaving a clear passage
way between the several parts.
The openings for cleaning oppo-
site the end of each tube are closed
by hand-hole plates, the joints of
which are made in the most thor-
ough manner, by milling the sur-
faces to accurate metallic contact,
and are held in place by wrought
iron forged clamps and bolts.
They are tested and made tight
under a hydrostatic pressure of
300 pounds per square inch, 77on o
iron, and without rubber-packing,
or other perishable substances.

The steam and water drums
are made of flange iron or steel,
of extra thickness, and double riveted. They can
be made for any desired working pressure, but
are always tested at 150 pounds per square inch
unless other-wise ordered. The mud-drums are
of cast iron, as the best material to withstand
corrosion, and are provided with ample means for
cleaning.

END VIEW OF
HEADER.

ERECTION.
In erecting this boiler, it is suspended entirely
independent of the brick-work, from wrought
iron girders resting on iron columns. This avoids

any straining of the boiler from unequal expan-
sion between it and its enclosing walls, and per-
mits the brick-work to be repaired or removed,
if necessary, without in any way disturbing the

PARTIAL VERTICAL SECTION.

boiler. All the fixtures are extra heavy and of
neat designs.
OPERATION.

The fire is made under the front and higher
end of the tubes, and the products of the com-
bustion pass up between the tubes into a com-
bustion chamber under the steam and water-
drum ; from thence they pass down between the
tubes, then once more up through the spaces
between the tubes, and off to the chimney. The
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Babcock & Wilcox Boiler, 706 H. P, at Raritan Woolen Mills Raritan, N. J.
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water inside the tubes, as it is heated, tends to 2.—Joints Removed from the Fire.
rise towards the higher end, and as it is convert-
ed into steam — the mingled column of steam and
water being of less specific gravity than the solid
water at the back end of the boiler —rises through
the vertical passages into the drum above the
tubes where the steam separates from the water
and the latter flows back to the rear and down
again through the tubes in a continuous circula-
tion. As the passages are all large and free, this
circulation is very rapid, sweeping away the steam
as fast as formed, and supplying its place with
water ; absorbing the heat of the fire
to the best advantage; causing a thor-
ough commingling of the water through-
out the boiler and a consequent equal
temperature, and preventing, to a great
degree, the formation
of deposits or incrus-
tations upon the heat-
ing surfaces, sweep-
ing them away and
depositing them in the
mud drum whence
they are blown out.

The steam is taken
out at the top of the
steam-drum near the
back end of the boiler
after it has thoroughly
separated from the
water.

Z

Riveted joints with their consequent double \I

thickness of metal, in parts exposed to the fire, l‘

give rise to serious difficulties.” Being the weak- !

est parts of the structure, they concentrate upon l

themselves all strains of unequal expansion, giv-
ing rise to frequent leaks, and not rarely to actual
rupture. The joints between tubes and tube
sheets also give much trouble when exposed to

the direct fire, as in locomotive and tubular
boilers. These difficulties are wholly overcome !
by the use of lap-welded water-tubes, with their H

joints removed from the fire.

3.—Large Draught Area.

This, which is limited in fire tubes to the
actual area of the tubes, in this boiler is the i
whole chamber with-

inwhich the tubes are ‘

enclosed, which, with

down draft,

ample time in the

passage of the heat-

gives

ed gases to the chim-
ney for thorough ab-

B

sorption of theirheat.

4.—Complete Com-
bustion.

The perfection of
combustion depends
upon a thorough mixture of the gases
evolved from the burning of fuel with a
proper quantity of atmospheric air; but
this perfect mixture rarely occurs in or- 1
dinary furnacés, as is proven by chemical
analysis, and also by the escape of smoke,
upon the introduction of any smoke-
producing fuel. Even when smoke is not
visible a large percentage of the com-
bustible gases may be escaping into the

. ADVANTAGES.

The following are
the prominent advan-
{ tages which this boil-
er presents over those
of the ordinary con-
struction :

1.—Thin Heating Sur-
face in Furnace.

chimney, in the form of carbonic oxide, or
half-burnt carbon. Numerous attempts have

The thick plates nec-
essarily used in ordi-
nary boilers, in the furnace, or immediately ex-
posed to the fire, not only hinder the transmis-
sion of heat to the water, but admit of overheat-
ing, and even burning the side next the fire, with
consequent strains, resulting in loss of strength,
cracks, and tendency to rupture. This is admit-
tedly the direct cause of most explosions. Wat-
er-tubes, however, admit of thin envelopes for
the water next the fire, with such ready trans-
mission of heat that even the fiercest fire cannot
over-heat or injure the surface, as long as it is
covered ‘with water upon the other side.

been made to cure this evil, by admitting air to
the furnace or flues, to ‘“burn the smoke;” but
though this may allow so much air to mingle
with the smoke as to render it invisible, and at
the same time ignite some of the lighter gases, it
in reality does little to promote combustion, and
the cooling effect of the air more than over-
balances all the advantages resulting from the
burning gas.

The analysis of gases from va-

rious furnaces shows almost uniformly an ex-
cess of free oxygen, proving that sufficient air
is admitted to the furnace, and that a more
thorough and perfect mixing is needed. Every
particle of gas evolved from the fuel should have

<




its equivalent of oxygen, and must find it while hot
enough to combine, in order to be effective. In
this boiler the currents of gases after leaving the
furnace are broken up and thoroughly mingled by
passing between the staggered tubes, and have an
opportunity to complete their combustion in the
triangular chamber between the tubes and drum.

That this does really take place is proved by
an analysis by Dr. Behr of the escaping gases
from a stack of these boilers at Mattheissen &
Weicher’s sugar refinery. He made many sepa-
rate analyses at different times, and in no case
was there more than a trace of carbonic oxide,

tact with all parts of the heating surface, render-
ing it much more efficient than the same area in
ordinary tubular boilers.

The experiments of Doctor Alban and of the
U. S. Navy have proved that a given surface
arranged in that manner is thirty per cent. more
efficacious than when in the form of fire tubes as
usually employed.

6.—Efficient Circulation of Water.

As all the water in the boiler tends to circulate
in one direction, there are no interfering currents,
the steam is carried quickly to the surface, all

l
na

; “mlllmmmuumutiuu1Jun!mml{!ﬂ‘ﬂmu"\H

Babcock & Wilcox Boilers, 120 H. P., at the Vancorlear Apartment House, New York. Erected 1878,
Showing style of Ornamental Cast Iron Front.

even when there was less than one per cent. of
uncombined oxygen.

5.—Thorough Absorption of the Heat.

There are important advantages gained in this
respect in consequence of the course of the gases
being more nearly at right angles to the heating
surface, impinging thereon instead of gliding by
in parallel lines as in fire-tube boilers. The cur-
rents passing three times across and between the
staggered tubes are brought intimately in con-

parts of the boiler are kept at a nearly equal tem-
perature, preventing unequal strains, and by the
rapid sweeping current the tendency to deposit
sediment on the heating surface is materially
lessened.

7.—Quick Steaming.

The water-being divided in many small streams,
in thin envelopes, passing through the hottest
part of the furnace, steam may be rapidly raised
in starting, and-sudden demands upon the boiler
may be met by a quickly increased efficiency.




8.—Dryness of Steam. is so far reduced that if overheating should occur

The large disengaging surface of the water in 1O explosion could result.
the drum, together with the fact that the steam is
i delivered at one end and taken out at the other,
secures a thorough separation of the steam from
the water, even when the boiler is forced to its
utmost. Most tubular, locomotive and sectional
boilers make wet steam, “priming’’ or ‘‘foam-
ing,” as it is called, and in many “‘ super-heating
surface ”” is provided to ““dry the steam;" but
such surface is always a source of trouble, and is
incapable of being graduated to the varying re-
quirements of the steam. No part of a boiler not
exposed to water on the one side should be sub-
jected to the heat of the fire upon the other, as the
unavoidable unequal expansion nec-
essarily weakens the metal, and is a
serious source of danger. Hence a
boiler which makes dry steam is to
be preferred to one that dries steam
which has been made wet.

12.—Capacity.

This is a point of the greatest importance, and
upon it depends, in a large measure, the satisfac-
tory performance of any boiler in several particu-
lars. Unless sufficient steam and water capacity
is provided there will not be regularity of action ;
the steam pressure will suddenly rise and as sud-
denly fall, and the water level will be subject to .
frequent and rapid changes ; and if the steam is ‘ H

1

drawn suddenly from the boiler, or the boiler
crowded, wet steam will result.

Water capacity is of more importance than
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9.—Steadiness of Water Level.
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The large area of surface at the
water line, and the ample passages
for circulation, secure a steadiness
of water level not surpassed by any
boiler.

10.—Freedom of Expansion.

5
:
&

The triangular arrangement of
the parts forming a flexible struc-
ture allows any member to expand
without straining any other, the ex-
panded connections being also am- ‘
ply elastic to meet all necessities of i
this kind. This is of great import- {
ance because the weakening effect of ‘ " I = _oo i s ; L
these strains of unequal expansion, L1 L SR A ‘ i huﬂﬂ]llﬂ b el |

E e i

q

between rigidly connected parts, is
a prolific cause of explosionsin ordi- = E
nary boilers. The rapid circulation - / —T ‘
of the water, however, in this boiler, ; T G 3 R e s ;‘
by keeping all parts at the same tem-
perature, prevents to a large extent
unequal expansion.

Babcock & Wilcox Boiler, 120 H. P., at the H. 1. Kimball House, Atlanta, Ga., “
Erected 1884, Showing style of Wrought Iron Front, 1

11.—Safety from Explosions.

steam space, owing to the small relative weight
of the steam.  Zwenty-three cubic feet of steam,
or one foot of water space, are required to supply
one horse-power for one minute, the pressure |
meantime falling from 8o Ibs. to 70 Ibs. per square

The freedom from unequal expansion avoids
the most frequent cause of explosions, while the
division of the water into small masses prevents
serious destructive effects in case of accidental

rupture. The comparatively small diameter of
the parts secures, even with thinness of surface,
great excess of strength over any pressure which
it is desirable touse. So powerful is the circula-
tion of the water, that no part will be uncovered

inch. The value of large steam room is therefore
generally much overrated, but if it be too small
the steam in passing off will sweep the water with
it in the form of spray. Too much water space
makes slow steaming and waste of fuel in start-

to the fire until the quantity of water in the boiler

ing. Too much steam space adds to the radiating

e
A

o
<

e
F&Y




Babcock & Wilcox Boilers at New Orleans Exposition, 1885, Total, 1500 H. P.
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surface and increases the losses from that cause._ joints, opposite each end of each tube, permit ac- |
The proportions of this boiler have been adopted ~ cess thereto for cleaning, and a man-hole in the

after numerous experiments with boilers of vary-  steam and water drum, and hand-holes in mud- fl

ing capacity ; and experience has established that ~ drum are provided for the same purpose. All ‘\

this boiler can be driven to the utmost, carrying portions of both the exterior and interior surface }

a steady water level, and steam pressure, and are fully accessible for cleaning. The occasional il
always furnishing dry steam. use of steam through a blowing pipe attached to

The cubical capacity of this boiler, per horse- a rubber hose operated through doors in the side ?l:
power, is equal to that of the best practice in  walls, will keep the tubes free from soot and in
tubular boilers of the ordinary construction. The condition to receive the heat to the best ad-

fire surface being of the most effective character, vantage. |
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FRONT VIEW. VERTICAL SECTION, I
|‘ Babcock & Wilcox Boiler, at T. A, Edison's Laboratory, Menlo Park, N. J 79 H, P. Erected 1878, [
- Showing style of Fronts for single boilers. |

|
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these boilers will, with good fuel and a reason- 14.—Least Loss of Effect from Dust. !

ably economical engine, greatly exceed their The ordinary fire tube, ‘i

rated power, though it is seldom economy to or flue, receiving the dust '

work a boiler above its nominal power. The T ey e e |

space occupied by this boiler and setting is cquf\l terior is quickly covered ] ’

to about two-thirds that of the same power n fratn ‘onethisd 16 oho- 1;

tubular boilers S bl half its surface, and in Pt |

‘ e y time is completely filled. |
| 13.—Accessibility for Cleaning. The water-tube, however, will retain but a limited ]
‘ This is of the greatest importance and is secured quantity on its upper side, after which it becomes 1
‘ to the fullest extent. Hand-holes, with metal in a measure self-cleaning. (!
. ]ii
[, & |

L " |
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15 —Durability.

Besides the important increase of durability
due to the absence of deteriorating strains, and
of thick plates and joints in the fire, there is no
portion of the boiler exposed to the abrasive ac-
tion which so rapidly destroys the ends of fire
tubes, or to the blow-pipe action of the flame
upon the crown sheet, bridge walls and tube
sheets, which are so destructive frequently to or-
dinary, particularly locomotive boilers. Neither
is there any portion of the surface above the
water level exposed to the fire. For these reasons
these boilers are durable, and less liable to

ordinary construction. They can be made in parts
small enough for mule transportation, if required.
17.— Repairs.

As now constructed these boilers seldom re-
quire repairs, but should, from any cause, such
be necessary, any good mechanic can make them
with the tools usually found in boiler shops.
Should a tube require to be renewed it can be
removed, and a new one substituted the same as
in a tubular boiler.

18.— Practical Experience.

The above advantages would be worthy of at-

tention if they were only theoretical, but they have

R
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Babcock & Wilcox Boilers, 164 H. P., erected 1884 for Greenfield & Co., Confectioners, Brooklyn, N.Y.

repairs, than other boilers under the same cir-
cumstances, and having the same care.

16.—Ease of Transportation.

Being made in sections, which are readily put
together with a simple expanding tool, these
boilers may be easily and cheaply transported
where it would be impossible to place a boiler of

been, in fact, demonstrated by the experience
of twenty years, under a great variety of circum-
stances and of treatment. Of the total num-
ber sold, less than two-per cent. have, so far as
we are aware, been thrown out of use ; while a
large number of customers have repeated their
orders —some a score of times,—as will be seen
by the list of references hereto appended.

.
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ECONOMY IN STEAM.
Efficiency of the Boiler.

One pound of pure carbon when burned yields
14,500 heat units, each of which is equal to 772
foot pounds of energy. One pound of carbon, if
all its heat was utilized in power, would there-
fore exert 5.65 horse-power for one hour, instead
of from % to 14, as in the best ordinary practice.
The 14,500 heat units would, if all utilized in a
boiler, evaporate 15 pounds of water from 212°
at atmospheric pressure. A boiler which evap-

only two exceptions, on boilers in daily use for
manufacturing purposes, in England, Scotland,
and from Massachusetts to California in the
United States, with various kinds and grades of
coals, and at various rates of combustion, cover-
ing an aggregate of nearly three months’ regular
working, and evaporating over three thousand
tons of water, gave an average evaporation of
11.4217 pounds water per pound of combustible.
This is within four per cent. of Rankine’s stand-
ard, and within seven and one-half per cent. of
the highest theoretical efficiency, under the con-

Babcock & Wilcox Boilers, 272 H.P. at Worombo Mfg. Co., Lisbon Falls, Me,

orates 7% pounds of water for each pound of
combustible, utilizes but 50 per cent. of the total
heat, and this is about the average result of shell
boilers now in use.

The Babcock & Wilcox boilers, in Zhirty tests
extending over the lasttwelve years, undera great
variety of conditions and circumstances, by no
less than twenty different engineers, and, with

ditions in which they were made. It is not prob-
able that any kind of boiler, fairly tested, will ever
beat such a record. As about 15 per cent. is
lost in the chimney gases, and in radiation, it is
evident that all claims to over 12% pounds evap-
oration should be looked upon as unreliable.

A steam generator is composed of two distinct
parts, each with its independent function. The

43
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furnace is for the proper combustion of the fuel,
and its duty is performed to perfection when the
greatest amount, but not necessarily 7nzensity, of
heat is obtained from the given weight of com-
bustible. The boiler proper is for the transfer of
the heat thus generated into useful effect by
evaporating water into steam, and its function is
fulfilled completely when the greatest possible
quantity of heat is thus utilized. To a lack of
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the principles involved, is chargeable much
waste of money and disappointment, both to in-
ventors and steam users,

As a boiler is for making steam, it can only
utilize for that purpose heat of a greater intensity
or higher temperature than the steam itself, there-
fore the gases of combustion cannot be reduced
below that temperature, and the heat thereby

represented is lost. The amount of this loss will

appreciation of this fact, and of a knowledge of

depend upon the amount of air admitted to the
furnace, and the increase of temperature at which
The more air admitted the greater
the loss ; hence the fallacy of all those schemes
which admit air above the fire.

The rate of combustion should not exceed 0.3
pound of coal per hour per square foot of hc‘\tm"
surface, except where guantity of steam is of
greater importance than economy of fuel. Where

it escapes.

VERTICAL SECTION.

Babcock & Wilcox Boiler, at U, S. Centennial Exhibition, 1876,

150 H. P,

a blast is used the grate surface should be pro-
portionately reduced to secure best economy.
“The maximum conductivity or flow of heat
is secured by so designing the boiler as to secure
rapid, steady, and complete circulation of the
water within it . . . and securing opposite di-
rections of flow for the gases on the one side and
the water on the other.”’—27rof. R. H. Thurston.
The accumulation of scale on the interior, and
of soot on the exterior, will seriously affect the
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efficiency and economy of the boiler. Only one-
eighth of an inch deposit of soot renders the heat-
ing surface practically useless. Only one-six-
teenth of an inch of scale or sediment will cause
a loss of 13 per cent. in fuel. A boiler must,
therefore, be kept clean, outside and in, to se-
cure a high efficiency.

It is never economy to force a boiler, and the
best results are always attained with ample boiler
power. It is also necessary to keep the boiler,

Wil
e

always the oxygen in the atmosphere, and the
other is the fuel employed. Every pound of fuel
requires a given quantity of oxygen for its com-
plete combustion, and thus a given quantity of
air. This varies with different fuels, but in every
case less air prevents complete combustion, and
an excess of air causes waste of heat to the
amount required to heat it to the temperature of
the escaping gas.

With chimney draft, the experiments of the

"IIHI!IIIMIHMHMMIH]!HIIIIIIIHIIIllIIIIlllJIlIIHIIl[\l‘\ [

0

FRONT VIEW.

Babcock & Wilcox Boiler, at Us S, Centennial Exhibition, 1876, 150 H. P.

together with its brick work, in good order, and
to have careful firing where economy is desired.

The result of a bad setting for a boiler has
been known to be a loss of 2r per cent. in

economy.

Efficiency of the Furnace.

Combustion may be defined as *‘the union of
two dissimilar substances, evolving light and
beat.” In ordinary practice, one of these is

U. S. Navy show that ordinary furnaces require
about twice the theoretical amount of air to secure
perfect combustion.

Prof. Schwackhoffer, of Vienna, found in the
boilers used in Europe an average excess of 70
per cent. of the total amount passing through
the fire — or that over three times the theoretical
amount was used.

A series of analyses by Dr. Behr of the escaping
gases from a Babcock & Wilcox boiler, with

P




1500 H. P. Babcock & Wilcox Boilers, at DeCastro & Donner's Sugar Refining Co.'s Refinery, foot of North 3d St, Brooklyn, E. D. 1200 H. P. erected 1874, 300 H. P. erected 1876.




chimney draft, showed an average excess of air
equal to 48 per cent. of the whole quantity.

A series of 12 tests made by same with arti-
ficial blast, gave an average excess of only 22 per
cent. of the whole quantity, and in a few cases
none at all, with only traces of carbonic oxide,
showing pcrfu t combustion.

In a summary of experiments made in I“ngl ind,
published in Bourne’s late large work, ““Steam,
Air and Gas Engines,” it is stated that :

«“ A moderately thick and hot fire with rapid
draft uniformly gave the best results.”

«Combustion of black smoke by additional
air was a loss.”

“In all experiments the highest result was
always obtained when all the air was introduced
through the fire bars.”

“Difference in mode of firing only, may pro-
duce a difference of 13 per cent.”” (in economy).

Different fuels require different furnaces, and
no one furnace or grate-bar is equally good for
all fuels. The Babcock & Wilcox Co. provide
with their boilers, a special furnace, adapted to
the particular kind of fuel to be used.

Efficiency of the Engine.

A first-class boiler will deliver to the engine 75
per cent. of all the energy in the combustible, or
say 10,875 out of a total of 14,500 heat units, or,
allowing about 8 per cent. for ashes, 10,000 heat
units for each pound of coal burned. This rep-
resents 7,720,000 foot pounds of energy, which, if
all utilized by the engine, would give 3.90 horse-
power for one hour, or at the rate of 0.26 Ibs.
coal for each hourly horse-power. But, by the
greatest refilnement in engines yet acc omplished,
the cost of a horse-power has not been brought
below 1% lbs. coal per hour, or 17 per cent. of
the energy delivered by the boiler, while the
average engine uses 34 Ibs. coal per horse-
power, and discharges, unutilized, 93 per cent.
of the energy delivered toit! The greater part
of this loss is in the latent heat of the
which is exhausted into the atmosphere, or con-
denser, and is unavoidable so far as now known.
Still, the fact remains that many an ordindry en-
gine uses four times as much steam for the same
power as is required by the best engines.

It is economy, therefore, in most cases, to use
There are instances, how-

steam,

a high-class engine.

ever, where the engine is used for so short a
time in each year, that the saving may not be
sufficient to pay the interest on the additional
cost, and a cheaper engine, even if comparatively
wasteful, may be better economy.

Compound engines, when high pressures can
be obtained, have an advantage in economy over
single cylinders, and even “triple”” and ‘‘quad-
ruple” expansion engines under some conditions
show asaving oversimple “compound.” Butthey
require a pressure of from 100 to 200 Ibs. and a
comparatively steady load to develope their ad-
vantages to a great degree. Such pressures can
be safely carried on Babcock & Wilcox boilers.

A large boiler is generally an advantage, but it
is not economy to use a large engine to dev elop
a small power. Sufficient steam to fill the cylin-
der at the terminal pressure —each stroke
to be furnished whether the engine is doing more
or less work, and this frequently amounts to far
more thdn the steam used to do the work. Thus,
a 24 X 48 engine, making 60 revolutions per
minute, without *‘ cut-off,” uses 30 horse-power
of steam in displacing the atmosphere, without
exerting any available power. For the same
reason back pressure greatly increases the cost
of the power.

“Most of the abuses connected with steam en-
gineering have arisen from two causes —avarice
and ignorance ; avarice on the part of men who
are imbued with the idea that cheap boilers and
engines are economical, and that these can be
operated by a class of men who are willing to
work for the lowest wages; ignorance on the
part of those who claim to be engineers, but who
at the best are mere starters and stoppers.”’—

J. H. Vail, Gen. Supt. Edison E. L. Co., New York.

Efficiency of Pumping Machines.

Many engines, from the small ““donkey " feed
pump to the great water-works engine, are used
exclusively for pumping water, and it is usual to
reckon their “duty” by the water pumped, ex-
pressed in millions of foot pounds for each 100
Ibs. coal burned ; each million of duty represent-
ing about 0.13 of one per cent. of the therm: il
value of the steam. The following table is based
on one given by Chas. E. Emery, Ph. D., in the
“Report and Awards, Group XX, U. S. Cen-
tennial Exposition :”’

TABLE OF EFFlCIENCY OF PUMPING MACHINES.

Duty in Million
Foot Pounds per 110
1bs. Coal.

DESCRIPTION.

Pumping Engines.
Steam pumps, large
Steam pumps, small
Vacuum pumps.... e
Injectors, lifting water only...............

P

, proportione d for work... ‘
e, for ordinary uses.

Per Centage of llu r- | Equivalent in Coal
mal Value of per Hourly Horse-

Steam Used. power.

30 to 110
15 to 30

O  13.25

6.68 to 1.95
2 5 U V1

8 to 15 g
3 to 10 1.30 66.6 ' 25.00
2 to 5 % 008 100 ‘* 66.60

|
Xu. '\ 25.00 ' 13.40

A




PROPERTIES OF SATURATED STEAM.

Ice is liquified and becomes water at 32° F.
Above this point water increases in temperature
up to the steaming point, nearly at the rate of 1°
for each unit of heat added per pound of water.
The steaming point (212° at atmospheric press-
ure), rises as the superimposed pressure in-
creases, but at a decreasing ratio; as, for ex-
ample, at atmospheric pressure it takes 314° to

thermometric temperature),constitutes the ‘“ Total
Heat.” The ‘“‘total heat” being greater as the
pressure increases, it will take more heat, and
consequently more fuel, to make a pound of
steam the higher the pressure.

Saturated steam cannot be cooled except by
lowering its pressure, the abstraction of heat be-
ing compensated by the latent heat of a portion
which is condensed. Neither can steam, in

Babcock & Wilcox Boilers, at The Turner & Seymour Mfg. Co, Torrington, Ct.

add a pound, while at 150 Ibs. 14° gives the same
increase of pressure.

For each unit of heat added above the steam-
ing point, a portion of the water is converted into
steam, having the same temperature and the same
pressure as that at which it is evaporated. The
heat so absorbed is called ‘‘Latent Heat.”” The
amount of heat rendered latent by each pound of
water in becoming steam varies at different press-
ures, decreasing as the pressure increases. This
latent heat added to the sensible heat (or the

Erected 1880-1,

100 H. P.

contact with water, be heated above the tem-
perature normal to its pressure.

The density of saturated steam varies from 3§
that of air of same temperature and pressure,
below that of the atmosphere, to 24 at 100 Ibs.
Its weight per cubic foot varies as the 16 root
of the 17th power, and may be found by the
formula: D-——.003027p *?41, which is correct to
within 4 per cent. up to 250 Ibs. pressure.

The following table gives the properties of
steam at different pressures —from 1 1b. to 400.

48
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SCALE OF PROPERTIES OF SATURATED STEAM.

Relative

Factor of

Total

Total Total Heat| 1 .iant Density
pressure| Tempera- | in heat h‘(‘““ or Volume
per _turein | units from in |weight of of one

square |Fahrenheit| water |y .o¢ units one |pound of

inch. degrees. | at 32° F. 1I0ILS. | cubic ft. | steam.
1 Jiisaop 1113.05 | 1042.964 L0030 330.36
2 126.266 1120.45 1026.010 .0058 172.08
3 141.622 | 5.1 1015.254 .0085 117.52
4 5 | 1128.625 1007 .22Q L0112 89.62
5 1131.449 1000.727 L0137 72.66
6 170.123 ‘ 1133.826 095.219 0163 61.21
7 176.910 1135.896 090. 471 0189 52.94
8 182.910 1137.726 986.245 0214 46.69
9 188.316 1139.375 982.434 L0239 41.79
10 103.240 1140.877 978.958 0204 31.84
15 213.025 1146.912 964.973 0387 25.85
20 227.917 1151.454 054.415 L0511 19.72
25 240.000 1155.130 045.825 0634 15.99
30 250.245 1158.263 938.925 -0755 13.46
35 250.176 1160.987 932.152 .0875 11.65
40 267.120 1163.410 926.472 L0004 10.27
45 274.296 1165.600 021.334 <TTTX 9.18
50 280.854 1167.600 916.631 1227 8.31
55 286.897 1160.442 912.2Q0 1343 7.61
60 202.520 1171.158 go8.247 1457 7.01
65 207777 1172.762 904.462 1569 6.49
70 302.718 1174.269 900.899 L1681 6.07
75 307.388 1175.692 897.526 21792 5.68
8o 311.812 1177.042 804.330 .1g0T 5.35
83 316.021 1178.326 891.286 2010 5.05
9o 320.039 1179.551 } 888.375 2118 4.79
95 323.884 1180.724 885.588 2224 4.55
100 327.571 1181.849 883.914 .2330 4.33
105 35T 1182.929 880.342 2434 4.14
110 334.523 1183.970 877.865 .2537 3.97
115 337.814 1184.974 [ 875.472 .2640 3.80
120 340.995 1185.044 873.155 2742 3.65
125 344.074 1186.883 870.911 2842 .58
130 347.059 1187.794 868.735 .2042 3.38
140 352.757 1189.535 864. 566 .3138 3.16
150 358.161 1191.180 860.621 .3340 2.96
160 363.277 1192.741 856.874 .3520 2.79
170 368.158 1104.228 853.204 .3709 2.63
180 372.822 1195.650 849.869 .3889 2.49
190 377-291 1197.013 846.584 .4072 2.37
200 381.573 1198.319 843.432 4249 2.26
250 401.072 1203.735 831.222 .5464 1.83
300 418.225 1208.737 819.610 .6486 1.54
350 431.956 1212.580 810.6g0 .7498 1.33
400 444.919 1217.004 ‘ 800.193 .8502 1.18

volume, or | equivalent
cub. ft. from| evapora-

one of tion,

water. at 212°.
20620 0.965
10720 0.972
7326 0.977
5600 0.981
4535 0.984
3814 0.986
3300 0.088
2Q10 0.()[)0
2607 0.992
2360 0.904
1612 1.000
1220.3 1.005
984.8 1.008
826.8 1.012
713.4 1.015
628.2 1.017
561.8 1.019
508.5 1.021
464.7 1.023
428.5 1.025
397.7 1.027
371.2 1.028
348.3 1.030
328.3 1.031
310.5 1.033
204.7 1.034
280.6 1.035
267.9 1.036
265.5 1.037
246.0 1.038
236.3 1.039
227.6 1.040
219.7 1.041
212.3 1.042
199.0 1.044
187.5 1.046
177.3 1.047
168.4 1.049
160.4 1.051
153.4 1.052
147.1 1.053
114 1.059
96 1.064
83 1.068
73 1.073

pressure

190
200
250
300
359
400

The gauge pressure is about 15 pounds (14.7) less than the total pressure, so
that in using this table, 15 must be added to the pressure as given by the steam

gauge.

The column of Temperatures gives the thermometric temperature of steam
and boiling point at each pressure.

The ““factor of equivalent evaporation” shows the proportionate cost in heat or
P

fuel, of producing steam at the given pressure, as compared with atmospheric
To ascertain the equivalent evaporation at any pressure, multiply the
given evaporation by the factor of its pressure,
and divide the quotient by the factor of the
desired pressure.

Each degree of difference in temperature of
feed-water, makes a difference of .oo104 in the

pressure.

amount of evaporation.

Hence, to ascer-

tain the equivalent evaporation from

any other temperature of feed than
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212°, add to the factor given as many
times .ooto4 as the temperature of
feed-water is degrees below 212°,

For other pressures than those given &
in the table, it will be practically cor- Yi
rect to take the proportion of the dif /
ference between the nearest pressures

oY
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! riven in the table. , 2
] . Boiler House and Chimney for Babcock & Wilcox Boiler with Economizer, Etce
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WATER AT DIFFERENT TEMPERATURES.

There are four notable temperatures for pure
water, viz :—
1. Freezing point at sea level, 32° F.
2. Point of maximum density, 39.1° F.
3. British standard for spec. gr. 62° F.
4. Boiling point at sea level, 212° F.

3a° ¥ V\’mght p(rcuh ft. 62 418 lh\ ;ur cub.in. .03612 lbs.

39.2° F. e 036125 *
62° F. W b s 62.,,3 e * Lo3608
212° F, b e . sgypb0: .03458

A United States Standard gallon holds 231
cubic inches, and 814 Ibs. water at 62° Fah.

[ime salts are more soluble in cold than in hot
water, and most of them are deposited at 320°
or less. When frozen into ice, or evaporated
into steam, water parts with nearly all substances
held in solution.

Water has a greater specific heat, or heat-ab-
sorbing capacity, than any other known sub-
stance (bromine and hydrogen excepted), and is
the unit of comparison employed for all meas-
urements of the capacities for heat of all sub-
stances whatever. The specific heat of water is
not constant, but rises in an increasing ratio with
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Babcock & Wilcox Patent Fuel Economizer, at Bound Brook Woolen Mills, Bound Brook, Ni Js

A British Imperial gallon holds 277,274 cubic
inches and 10 1bs. water at 62° Fah.

Sea water (average) has a specific gravity of
1.028, boils at 213.2° F., and weighs 64 Ibs. per
cubic foot at 62° F.

In solvent power water has a greater range
than any other liquid. For common salt this is
nearly constant at all temperatures, while it in-
creases with increase of temperature for others,
magnesium and sodium sulphates, for instance.

the temperature, so that it requires more heat,
the higher the temperature, to raise a given
quantity of water from one temperature to an-
other. Thus, the specific heat at 32° being 1, at
212° it is 1.013, and at 320° (the tunpcmturc of
75 Ibs. steam pressure) it is 1.0294. The speci-
fic heat of ice and steam are respectively .504
and .475, or practically about half that of water.

A British Thermal Unit (or heat unit) is that
quantity of heat which will raise one pound of

7
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water at or about the freezing point, 1° Fahren-
heit. A French “Caloric” is the heat required
to raise one kilogramme of water 1° centigrade,
and is equal to 3.96832 British thermal units.

A pressure of 1 1b. per sq. in. is exerted by a col-
umn of water 2.3093 ft., or 27.71 in. high, at 62° F.

The following table gives the number of British
thermal units in a pound of waterat different tem-
peratures. They are reckoned above 32° Fah.,
for, strictly speaking, zafer does not exist below
32°, and ice follows another law.

WATER BETWEEN 32° AND 212° F,

Tem. Heat | Weight, || Tem- Heat |Weight,
|;cr;\— | Units | Ibs. per I;‘urr“: i Units | 1bs. per
ure S | ¢ f e 2 =
Fab perlb. | cub. ft. Fati. | per Ib. | cub. ft.
32° o. 145 |
35 340
4 147
45 143
50 149
52 150
54 | 151
152
58 153
6o 154
62 155
64 | 156
66 157
68 158
70 159
2 100
74 161
76 162
78 163
80 164
82 lhi
84 166
86 167
88 168
9o
92
94
96
08
100
102
104
106
108
110
112
113 |
114
115
116
117
118
110
120
121
122
123 T .
124 61.07 1|
125 61,65
126 61 63 ’
l'._’z 01.01 [
128 O oo
129 61.56 |
130 1
- | 61.54 60.10
132 61.52 | 6o.07
s | oust ||
134 61.49 ‘ | 6o.02
135 61.47 || 60.00
136 61.45 | 59:97
137 61.43 || 59-95
138 61.41 || | 59.02
139 | 61.39 | 56.89
2] | so7
141 61.36 | 4
142 O1.34 |
143 61.32 1
144 61.30 212

HEATING FEED-WATER.

The feed-water furnished to steam boilers has
to be heated from the normal temperature to
that of the steam before evaporation can com-
mence, and this generally at the expense of the
fuel which should be utilized in making steam.
This temperature at 75 Ibs. pressure is 320°, and
if we take 60° as the average temperature of feed,
we have 260 units of heat per pound, which, as
it takes 1151 units to evaporate a pound from
60°, represents a loss of 22.5 per cent. of fuel.  All
of this heat, therefore, which can be imparted to
the feed-water is just so much saved, not only
in cost of fuel, but in capacity of boiler. But it
is essential that it be done by heat which would
otherwise be wasted. All heat imparted to feed-
water by injectors and ‘‘live-steam heaters,”
comes from the fuel and represents no saving.

There are two sources of waste heat available
for this purpose — exhaust steam and chimney
gases, By the former, water may be heated to
200°, or possibly to 210°, in a well proportioned
heater.

The gases going to the chimney carry off on
an average, according to good authority, 51 per
cent. of the fuel, and in the most economical
boiler this cannot be reduced below 12 per cent.
Some proportion of this is always available for
heating the feed-water, by what are known as
“economizers,’’ and frequently it may be carried
nearly to the temperature of high pressure steam,
making a saving in some instances of 20 per cent.
The more wasteful the boiler, the greater the
benefit of the economizer; but for large plants
it is always a valuable adjunct. In many cases
water heated by exhaust steam may be still
further heated in an economizer, to advantage.
SAVING OF FUEL BY HEATING FEED-WATER. (IN PER CENT.

(STEAM AT SIXTY POUNDS.)

Initial | FINAL T TURE OF FEED-WATER,
Tem. of | —— i ot LD -
| 140 | 160 | 180
9.20 | 10.90 | 12.3
8.96 | 10.66 ‘ 12
8.57 | 10.28 | 12
8.17 l .o | 11
7.71 ‘ Q.50 \ 11
7:3 9.06 | 10.85
| 6 8.72 | 10.
6.56 \ 8.32 | 10.
6. 7.91 9.
5. 7.50 Q.
5.32 | 7.09| 8.
490 | 6.63| 8.
| 4.47 | 6.26 8.
‘ 4.0 5.84 | 7.
3.61 | 5. 7.
‘ 4. 3.
1.84 | 3. 5
i &) ré
o | % 3.
| 1
|
o
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Babcock & Wilcox Boilers, at F. 0, Matthiessen & Wiecher's Sugar Refining Co., Jersey City, N. J.  2d Order.

1500 H. P,  Erected 1877,
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AT
FUEL. posed of carbon and hydrogen, and ash, with
The value of any fuel is measured by the num- sometimes small quantities of other substances
ber of heat units which its combustion will gen- not materially affecting its value.
erate, a unit of heat being the amount required “Combustible” is that portion which will
to heat one pound of water one degree Fahren- burn; the ash or residue varying from 2 to 36
heit. The fuel used in generating steam is com-  per cent. in different fuels.
@ ~ TABLE OF COMBUSTIBLES.
F==i I | Highest
] Air Re-| Temperature of Com- Theoretical | Attainable
\qmrcd | bustion, Value. Value un-
l der Boiler.
| s ek g 5% (294 | [5%
! i Kinp oF g |8 . lax - 15-— :g NI gfc
H b R R b @ .. @ |l O [ =e
] COMBUSTIBLE, 2 E-E: gg‘: Q.Eﬁ h.‘_’é E E_’E‘Eé: p ? Ha s
H - = pos Loglos ST R ) Pl
| : 2o | 63 GRTICBEES|28EagEs| B |95
! i £52 -‘=°§=\'°°,38°-=8°'Eo5"°3,'55 & 50
? ’ B8 |Em e O it B EIBENE Oy B2
: | RE8 |2 IEC RS BE BRSNS NE| £ [£5
i 1 | S8% |BA pSAPEAPSA|SFs|S5 40| BA F T8
i Hydrogen ‘ 5750 | 3860 | 2860 | 1940 ‘620;2 64.20
i Petroleum 5050 | 3515 | 2710 | 1850 [|21000 | 21.74 18.55 | 19.90
! ? Charcoal, |
T & Carbon < Coke, -| 12,13 4580 | 3215 | 2440 | 1650 ||14500 | 15.00 | 13.30
i ( Anthracite Coal, )
: (0,114(,‘umbcrld{ld. AR 4900 | 3360 | 2550 | 1730 ||15370 | 15.90 | 14.28
i *  Coking Bituminous .7 5140 | 3520 | 2680 | 1810 115837 | 16.00 | 14.45
! ¢ Cannel 2 4830 | 3330 | 2540 | 1720 [I15080 | 15.60 | 14.01
AL Abgmipe s - 4600 | 3210 | 2490 | 1670 (11745 | 12.15 10.78
i Peat—Kiln dried. .. ...cvvuveeecnaens i 4470 | 3140 | 2420 | 1660 || 9660 | T0.00 8.92
i * Air dried 23 pcr cent. wate 5.76 | 4000 | 2820 | 2240 | 1550 || 7000 | 7.25 6.41
i ; \V()od JEilndrieds et .| 6.00 | 4080 | 2910 | 2260 | 1530 || 7245 | 7-5© 6.64
! Alr dned 20 pu’ cent. water ol 4.80 3700 | 2607 | 2100 | 1490 || 5600 5.80 4.08
i ! ¥ L N h; s T
B A1 There is a laree difference in coals from different localities, and even adjacent
! £ ) J
i mines. The following table of American coals, is compiled from various sources :
H 1
i !
! ! AMERlCAN COALS.
| 1 =5 gt s S5 Nl i g . D oy
| i i o Thcorcuml Value. | S Theoretical Value
[ H e . AN AR e % e
i "OAL. S It “OAL ]
[ ! E EoAL 5({ e | Pounds | COAL. 83 | . E Pounds
i ' o< [inHeat | SO | o& | inHeat | 2 aie
H ! 7 1 Units. water Y« | Units of water
! : :. KIND OF COAL. Ao evap. | STATE. KIND OF COAL. | A& O | il evap.
\ ! | AT B et  FEL i N Eaiay T A Bl
et Penn. Anthracite .... 14.100 14.70 ] Ill. Bureau Co. 5.20 13.48
! i e 13,535 14.01 | *  Mercer Co.. & 13.58
I A & 1472 || '*  Montauk. 55 13.10
i i * Cannel .02 | 13,143 13.60 Ind. Block . .. 2. 14.38
| | 5 Connellsville 6.50 | 13,368 13.84 I ¢ Caking . 5.66 14.04
i ] & Semi-bit’no 10.70 | 13,155 13.62 | % Cannel.........| 6.00 13.56
t | iy Stone's Ga .00 | 144021 14.51 | Md. C umberland. . :.|13.88 12.65
1 ! i \nughloghen) 5.60 14,:63 14.76 | Ak, Lignite .. .. .00 9.54
i.r, ket A‘,i ‘" Brown, : 12.75 || (_()l AT e 14.04
b " l\(mmk) (,.lkmg a 14,391 14.89 [ o . 14.35
{ | C.mnd oy 15,108 16.76 | Texas ** ........ 12,062 13.41
! H o 13,360 13.84 | | Wash. Ter. Lignit 551 | IL 96
: - Ilgnlle | 9,326 9.65) || Penn. ]’Ltrolcum 20,746 21. 47
lhe effective value of all Lm(ls of wood per pound, when dry, is subst: mlmll\
the same. This is usually estimated at 0.4 the value of the same weight of coal.
The following are the weights and compx wative value of
RE different woods by the cord:
Kind of W/ ()()(l :\\"g‘.u. Kind of Wood. ‘Wght.
Huknr) ghcllh.\rk Beech..
Red heart. Hard M: 1; i
White Oak Southern Pine
Red Oak. . Virginia =
Spruce. .. ki : Yellow * .| 1904
——————— i \'cw JLrw\ Pine... White | 1868
\é The first table gives, for the more com-
TEATTNTRR mon combustibles, the air required for
\ 4 complete combustion, the temperature
Boiler House and Chimney for oS i\l with different proportions of air, the.\heo-
Babeock & Wilcox Boilers, 2000 H. P, with Artificial Blast, Economizer, etc. retical value, and the highest attainable
> >«
A A
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400 H. P. Babcock & Wilcox Boilers, at Standard Oil Co.'s Brooklyn Oil Refinery.

Erected in 1878.

With Apparatus for burning Tar or Petroleum.
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value under a steam boiler, assuming that the
gases pass off at 320° the temperature of steam
at 75 Ibs. pressure, and the incoming draft to be
at 60°; also that with chimney draft twice and
with blast only the theoretical amount of air is
required for combustion.

The relative value of different fuels is largely a
question of locality and transportation. For in-
stance, in some parts of Central America they
burn rosewood under their boilers, because it is
cheaper than coal; while a few years ago in the
West it was found, during a coal famine, that In-
dian corn was the cheapest fuel they could burn.
In some places they burn manure only. The
Babcock & Wilcox boilers of Chicago cable rail-
ways are run regularly on the offal from the
stables of the horse roads, a very small propor-
tion of coal being used to keep it alight.

«“Glack’ 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 com-
bustible to coal, but its percentage of refuse is
greater.

A number of firms are using slack with decided
economy, under Babcock & Wilcox boilers, in
which there is ample space below the tubes for
the dust to accumulate without covering heating
surface or impairing the draft.

Much is said nowadays about the wonderful
saving which is to be expected from the use
of petroleum for fuel. This is all a myth, and a
moment’s attention to facts is sufficient to con-
vince any one that no such possibility exists.
Petroleum has a heating capacity, when fully
burned, equal to from 21,000 to 22,000 BT Uk
per pound, or say 50 per cent. more than coal.
But owing to the ability to burn it with less
losses, it has been found through extended ex-
periments by the pipe lines that under the same
boilers, and doing the same work, a pound of
petroleum is equal to 1°8 pounds of coal. The
experiments on locomotives in Russia have
shown practically the same value, or 177. Now,
a gallon of petroleum weighs 67 pounds (though
the standard buying and selling weight is 6'5
pounds), and therefore an actual gallon of petro-
leum is equivalent under a boiler to twelve
pounds of coal, and 190 standard gallons are
equal to a gross ton of coal. Itis very easy with
these data to determine the relative cost. At the
wells, if the oil is worth say two cents a gallon,
the cost is equivalent to $3.80 per ton for coal at
the same place, while at say three cents per gal-
Jon, the lowest price at which it can be delivered
in the vicinity of New York, it costs the same as
coal at $5.70 per ton. The Standard Oil Co.

estimate that 173 gallons are equal to a gross ton
of coal, allowing for incidential savings, as in
grate bars, carting ashes, attendance, &c.

Saw dust can be utilized for fuel to good ad-
vantage by a special furnace and automatic feed-
ing devices. Spent tan bark is also used, mixed
with some coal, or it may be burned without the
coal in a proper furnace, Its value’is about one-
fourth that of the same weight of wood, as it comes
from the press, but when dried its value is about
85 per cent. of the same weight of wood in same
state of dryness.

Bagasse, the refuse of sugar cane, after being
dried in the sun, is largely employed in Cuba.
Its value is about equal to the same weight
of pine wood, in the same state of dryness. As
it comes from the mill it contains from 50 to
8o per cent. of water, in which state it may be
burnt in Cook’s Bagasse Furnace, under Babcock
& Wilcox Boilers, with a result nearly or quite
equal to that of the dried bagasse under ordinary
boilers, thus saving the large expense of drying it.

It has been estimated that on an average one
pound of coal is equal, for steam-making pur-
poses, to 21bs. dry peat, 214 to 214 Ibs. dry wood,
214 to 3 Ibs. dried tanbark, 2% to 3 lbs. sun-
dried bagasse, 23{ to 3 lbs. cotton stalks, 314 to
33 Ibs. wheat or barley straw, 5 to 6 Ibs. wet
bagasse, and 6 to 8 pounds wet tan-bark.

Natural gas varies in quality, but is usually
worth 2 to 214 times the same weig/ht of coal, or
about 30,000 cubic feet are equal to a ton of coal.

TEMPERATURE OF FIRE.

By reference to the table of combustibles, it
will be seen that the temperature of the fire is
nearly the same for all kinds of combustibles,
under similar conditions. If the temperature is
known, the conditions of combustion may be in-
ferred. The following table, from M. Pouillet,
will enable the temperature to be judged by the
appearance of the fire :

|Temp. Fah.|| Appearance. "Tvmp. Fah.

Appearance.

Red, just visible A 977° Orange, dccp..‘ 2010
[ NS | 1200 ol cleany
“  Cherry, dull 1470 White heat .. \
& ¢ full..| 1650 i bright <.

clear| 1830 o dzw.zling’l 2

To determine temperature by fusion of met-
als, etc.—

x - I : | TR
Sub- Femp.| Metal.

Temp. Temp

stance. | Fah. l’uh}. ] Metal. ! 1“9:]]1‘
’!‘ullmv ..... q2° 518 |Silver, pure...| 1830
Spermaceti.| 120 630 |Gold Coin ....| 2156
Wax, white.| 154 | 793 Iron Cast, med| 2o10
:S‘glphur ....| 239 | Antimony| 810 |Steel........ .| 2530
lin.........| 455 |Brass... |1650 |[Wrought Iron 2910
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BOILERS IN IRON AND STEEL WORKS.

The requirements of a steam boiler in an iron
or steel works are more severe than in any other
establishment, with possibly the exception of a
sugar plantation. The heat applied to the boiler
is not only intense, but fluctuating. The utmost
possible amount of work may be required from
the boiler for one hour, and scarcely any work
the next, while in many iron works too little
attention is paid to the boiler-house by the man-
agement, it being left to the care or neglect

i

QMU

Section of

of incompetent men. There is, also, frequently
a lack of sufficient boiler capacity, and in conse-
quence the boilers are driven at a rate which is
both wasteful of fuel and destructive to heating
surfaces.

An extended experience with the Babcock &
Wilcox boilers in iron and steel works extending
over ten years, under a variety of conditions, in
connection with heating, puddling and blast
furnaces, utilizing the waste heat, has shown their
adaptability and superiority for such work.

832 Horse Power Babcock & Wilcox Boilers

at Lucy Furnaces, Pittsburgh, Pa, burning waste gas.

This boiler possesses for this purpose the ad-
vantages of safety and economy. The intense
heat of the gases from a puddling furnace is very
destructive of thick plates and riveted joints,
causing frequent violent explosions in boilers so
heated. The thin tubes, and rapid circulation,
in these boilers render them less liable to damage

from the high temperature, and the arrangement
of heating surface secures a fuller absorption of
the waste heat. Should a tube burn out, no se-
rious explosion can occur.

Some establishments place their boilers over
the furnaces, as shown in the cut, while others
place them at the side of the furnace, or in the
rear. One advantage of this boiler, especially
for double puddling and large heating furnaces,
is that a much larger amount of heating surface
can be placéd over a furnace than can be done
with the boilers ordinarily used for this purpose,
thereby giving greater economy of fuel with less
cost of erection. At The Carron Iron Works,
near Glasgow, Scotland, the Lucy Furnaces,

WYe
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Pittsburgh, Pa., and elsewhere, these boilers are WEIGHT AND VOLUME OF AIR.
fired with the waste gases of the blast furnaces A cubic foot of air at 60° and under average
with marked success. The combustion of the atmospheric pressure, at sea level, weighs 536
gas is perfect; the boilers develop much more grains, and 13.06 cubic feet weigh one pound.
than their rated capacity ; and the dust contained  Air expands or contracts an equal amount with
in the gas has given no trouble. The manager of each degree of variation in temperature. Its
the Lucy Furnace says: weight and volume at any temperature under 30
“They are very free steamers, easily cleaned, inches of bardmeter may be found within less
and will do a given amount of work on very much  than one-half of one per cent. by the following
less gas than our cylinder or two-flue boilers. formula, in which W = weight in pounds of one
They have cost nothing for repairs.”’ cubic foot, V= volume in cubic feet, per pound,
A T BT 3 ¥ I I \ 2227 222 LS A A VA A LT “‘ ;
S\ 09900000000 000000000000 H ‘ 7
00070770 0°0°00'0'00°09000000000 H /,
l /)
, /;
- i e = ——— . I
- —— NNt NRRnHntt ittty \
x\v\\\\\\\@@&\%‘&&@& \ ¢
BRI AL AN A A AN NN
\‘\\W\\\Wm AN »
- \\\\\\\\ AR NN
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. “\\\\\\\\\\\\\Wm&
= - S \\\\\\\\\\\\\\\\\\\\\m
N \\\\\\\\\\\\\\\\\\\\ N
> - \\\\ \ g
L
2\ XQéxi\\\\\\ Nk = 7
“\\\\\\\\\\\\\‘\\\\\‘N&N W
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\\\\\\\‘m\\\\\\\m\\\\\\c ey 3
N AN A\ \\\\\\\\\\\\\\ ) = X
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i
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T \“ il ‘!HM 1l t “”Hlm
Babcock & Wilcox Boilers over Puddling Furnace.
In rolling mills doing the heaviest and most and absolute temperature, or 460° added
irregular kind of work, the success of these boil- -+ to that by the thermometer, = £ -1 460.
ers has been equally encouraging, and, in a W 40 v T
number of the Bessemer Steel Works, they are T 40
supplying steam to reversing engines rolling steel For any condition of pressure and temperature
mgots in two high trains, while several large the following formulas are very nearly exact:
plants supply power for rolling rods, bar iron, W » v T
. ) . o BTE 71V p—
rails and beams, and drawing wire. The names = 2.71p © ° t=2.71V p— 460
of many extensive Iron and Steel Works, in which p is pressure above absolute vacuum.
some of which large plants have been in use for  The same formulae answer for any other gas by
years, will be found in the list of references. changing the co-efficient,
L L"‘
. g
L 5 4




ity
byl _”_-_,_,r_ i

2 Y ataty,

i
I
i

Babcock & Wilcox Boilers, 832 H. P., at Lucy Furnace, Pittsburgh, Pa. Erected 1883. Fired with waste gases from blast furnaces.
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HORSE-POWER OF BOILERS. sufficient to allow for the different (:()l}(]ltl()]ls i]n
Strictly speaking, there is no such thing as P ey thougl} & f;u" gf?;lt?r ey B 1’1(,(]1]1(.1'1[?\
I e e R S employed. As, for instance, in torpedo boats,
b 2 < - < - - . . .~ .
ey '1))lliC'1ble only to dynamic ef”fcct Bt s where everything is sacrificed to lightness and
2 ; as - : .
l)oile(rlv.lqre( ncccs‘wu%y to drive steam-engines, the power, the heating surface is sometimes made to
. . absorb 12,000 to 15,000 B. T. U. per square foot
same measure applied to steam-engines has come e £S5 ) s 11 )_)1 s
X : 3 . per hour, while in some mills, where the pro-
to be universally applied to the boiler, and can- p : ; e
: ~ prietor and his advisers have gone on the princi-
not well be discarded. In consequence, how- ! AT SRR T i
ver, of the different quantity of steam necessary PIS RN 100 ey (RSt RN, & B S0
Ve Te! y Stee S5¢ , N .
t )r’ Atk s Bkiss )01\\‘6!‘ \\)ith different engines, 1S only required to absorb 1,000 units or less per
t;)] e 3 3 }t A d’ OF Gt it o md’ hour. Neither extreme is good economy.
here has been great nee S >d stand- g ; : s o
cl ? ) hicl tﬁ (xmount of(bo(iler Lequire‘d - Square feet of heating surface is no criterion as
ard by which the ¢ : ;
; .)1 P, :commerchl i R between different styles of boilers—a square
brovide steam for a ¢ ‘ Se- I may ; : ;
{ ot i d 3 i P Y foot under some circumstances being many times
re determined. g :

: : . as efficient as in others; but when an average
This standard, as fixed by Watt, was one cubic  * R e e 10 foot f A
foot of water evaporated per hour from 212° for i AL i A A0 SRR
Sk hor;c )o\v;r (This Gl o el sl i boiler has been fixed upon by expegiment, there

*aAC! - iy . - s < < . . .
ks ntl el hest engin’e e At’ the I nomore convenient way of rating the power of
requ e se, e ) A
. z . others of the same style. The following table
present time, Prof. Thurston estimates, that the . 2 4 ; & :
o .. i ~ .~ gives an approximate list of square feet of heat-
water required per ouf, per NOrSepower, M o surface per H. P. in different styles of boilers ;
good engines, is equal to the constant 200, divid- 1}51. 1r(iouql other. d -1t1 for c011117;1ri%0;1 . 85
. andve s atz son :
ed by the square root of the pressure, and that in : i ;
the best engines this constant is as low as 150. 3;’ i &Y o loBu
Al . b 7 3 - 0 | © & =
I'his would give for good engines, working with éfnﬁ:ﬁ gf 28 ;zg ‘g’
: i o o S
64 lbs. pressure, 25 Ibs. water, and for the best  Type of Boiler. | o 2877 | @4 | & |395 g
I ) ’ cel8a 2 | e o
$ B 4 TR = % o o
engines working with 100 Ibs., only 15 lbs. water g2 © g; A (Myan <
# 2]
per hourly horse-power. R e
e P . v Water-tube ...... otorz | .3 1.00 | 1.00 | Isherwood.
The extensive series of experiments, made Tubular .........| 14t018 | .25 | .01 | .50 o
s g 2 2 i -
under the direction of C. E. Emery, M. E., at the ~ Elue: Cylinder S it g ) e ; r{,’f"&{”“
Novelty Works, in 1866-8, and published by Locomotive. ....| 12to16 | .275 | .85 | .55
5 - . . Vertical Tubular.| 15 to 20 | .25 .80 .60
Professor Trowbridge, show, that at ordinary : ;
pressures, and with good proportions, non-con- A horse-po.wer in a steam-engine or other
densing engines of from 20 to 300 H. P., required Prime mover, is 550 Ibs. raised 1 foot per se¢ond,
only from 25 to 30 lbs. water per hourly horse- ©r 33,000 Ibs. 1 foot per minute.
o A HORSE-POWER OF DIFFERENT NATIONS.
The standard, therefore, adopted by the judges
at the late Centennial Exhibition, of 30 Ibs. Most nations have a standard for power simi-
P P o X - Toadtd e 56 =
water per hour, evaporated, at 70 Ibs. pressure, lar to, and generally derived from Watt’s ‘‘ horse-
. . ' ” 1 1 =N 3 A -1 -
from 100°, for each horse-power, is a fair one for POWET, but owing to different standards of
both boilers and engines, and has been favor- Weights and measures, these are not identical,
ably received by the Am. Soc. of Mech. Engineers though the greatest differences amount to less
f 1/ ” ) i AL, Se SRy :
and by steam users, but as the same boilermay ~than 124 per cent. The following t“!’k alves the
be made todo more or less work with less orgreat-  Standard horse-power for each nation, in £i/o-
er economy, it should be also required that the &7a@7metres per sf’romi, and in foot-pounds per
rating of a boiler be based on the amount of S(’f(J?.I({, expressed in the foot and pound stand-
water it will evaporate at a high economical rate, ard in each country :
For purposes of economy TABLE OF STANDARD HORSE-POWER FOR DIFFERENT NATIONS.
theamountofheating surface. [~ -~ . 1. 1 .1 = T R AR TR
L e R R 5 &
should never be less than one, E 83 | cBg| s |ao Syl 82g TEs 8¢ | 8%
and generally not more than COUNTRY. 'tclé CIREE I EEy £58y § 84|52 & Wg @ |52 s
~g0 A Bv Ll T ) Y a3 & =k =¥ 8 A
two, square feet, for each v Rt S "’{: AP PR pe &(MsE| <S8
e . e ~ - — =
5,000 British thermal unitsto | — | S ke 3 ety Sinies
be absorbed per hour, though “I‘;"‘(‘lt""“i; 75 [ 500 |520.68 | sor.58 ‘ 47793 | 513.53 | 542.47 | 423.68
this dCl)Cl](lS somewhat on i L 75.045 | 500. ;(() | 530. gé,s&; 478.22 | 513.84 | 542.80 | 423.93
Al s ot ortemberg ..| 75.240 | 501.36 | 53r.12 . | 470.23 | 514.02
theseharacter and location of | pryssia ... ... 75.335 | 5oaity | 33r.07 | sasBs | 480 | srers
such surface. The range ::izmlovcdr 7?.3m 50?.41 532.23 596.;’0 43\).22 SIG.(
A i 5 “nglan - +.| 76.041 | 506.94 | 537.03 | 530.84 | 484.56 | 520.65
given above is believed to be | Austria....... 76.119 | 507.46 | 437.58 | 531,30 | 485.06 | 321.10
|- 4 'A
A ‘i
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CHIMNEYS.

Chimneys are required for two pur-
poses — 1st,to carry off obnoxious gas-
es: 2d, to produce a draught, and so
facilitate combustion. The first re-
quires size, the second height.

Each pound of coal burned yields
from 13 to 30 pounds of gas, the vol-
ume of which varies with the temper-
ature.

The weight of gas to be carried off by a
chimney in a given time depends upon
three things —size of chimney, velocity
of flow, and density of gas. But as
the density decreases directly as the ab-
solute temperature, while the velocity
increases, with a given height, nearly as
the square root of the temperature, it
follows that there is a temperature at
which the weight of gas delivered is
2 maximum. This is about 550° above
the surrounding air. Temperature,
however, makes so little difference,
that at 550° above, the quantity is o7y
Jour per cent. greater than at 300°.
Therefore, height and area are the only
elements necessary to consider in an
ordinary chimney.

The intensity of draught is,
ever, independent of the size, and de-
pends upon the difference in weight of
the outside and inside columns of air,
which varies nearly as the product of
the height into the difference of tem-
perature. This is usually stated in an
equivalent column of water, and may
vary from 0 to possibly 2 inches.

After a height has been reached to
produce draught of sufficient intensity
to burn fine, hard coal, provided the
area of the chimney is large enough,
there seems no good mechanical reason
for adding further to the height, what-
ever the size of the chimney requir-
ed.  Where cost is no consideration
there is no objection to building as
high as one pleases ; but for the

how-

|
e

purely utilitarian purpose of steam
making equally good results, might
be attained with a shorter chimney
at much less cost.

The intensity of draft required va-
ries with the kind and condition of
the fuel, and the thickness of the
fires. Wood requires the least, and
fine. coal or slack the most. To
burn anthracite slack to advantage,

ol
5%
P At
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a draught of 1}{ inch of water is nec-
essary, which can be attained by a well-
proportioned chimney 175 feet high.

Generally a much less height than
100 feet can not be recommended for a
boiler, as the lower grades of fuel can-
not be burned as they should be with
a shorter chimney.

A round chimney is better than
square, and a straight flue better than a
tapering, though it may be either larger
or smaller at top without detriment.

The effective area of a chimney for
a given power, varies inversely as the
square root of the height. The actual
area, in practice, should be greater,
because of retardation of velocity due
to friction against the walls. On the
basis that this is equal to a layer of air
two inches thick over the whole inte-
rior surface, and that a commercial
horse-power requires the consumption
on an average of 5 pounds of coal per
hour, we have the following formulee :

o3 H =
< B —0.60/ A 0L T
| /3
H=3.33 E /i ;o wii . oa 2
S =12 y E+4 3
D =13.54 V E+4 4
e
/] ”‘;, ) : -5

In which H - horse-power ; / —height
of chimney in feet; E —effective area,
and A —actual area in square feet ; S
side of square chimney, and D -=dia.
of round chimney in inches. The table
on page is calculated by means of
these formulee.

7o find the drajt of a given chimney
in inches of water :  Divide 7.6 by the
absolute tempervature of the external
air (ra = ¢ -+ 460); divide 7.9 by the
absolute lemperature of the gases in
the chimney (r. =1 - 460); sublract
the latter from the former, and mulli-
ply the remainder by the height of
the chimney in feet. This rule, ex-
pressed in a formula, would be :

7.6 29
(B,

Ta Te

z To find the height of a chimney, 10
| aive aspecific draft power, express-

o, g ;- B
Tont 24 edin inches of water:  /roc eed as
S above, through the first two steps,

then divide the given draft power

4
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by the remainder, the result is the height in feet.
Or, by formula :

s d

To find the maximum efficient draft for any
given chimney, the heated column being 600 I.,

DIAGRAM OF DRAFT AND CAPACITY OF CHIMNEY.

temperature. It will be seen that practically
nothing can be gained by carrying the temper-
ature of the chimney more than 350° above the
external air at 60°.

7o determine the quantity of air, in pounds,
a given chimney will deliver per hour, multiply
the distance in inches, at given temperature, on
the diagram,
by 1000 times

—— the effective

= DE\_WL’NED
g

area in square
- feet, and by
——| thesquareroot
=2 of the height
. in feet. This
gives a maxi-
mum. Fric-

0 30 100 150 200 250 300 :*.;.u 400 450 500

DMultiply the
height above grale in feet by .0o07,
and the product is the draft power in
inches of waler.

and the external air 62°:

The above diagram shows the draft, in
inches, of water for a chimney 100 feet
high, under different temperatures, from
50° to 800° above external atmosphere, {
which is assumed at 60°. The vertical
scale is full size, and each division is 3%
of an inch. It also shows the relative
quantity, in pounds of air, which would
be delivered, in the same time, by a
chimney under the same differences of

550 600 G50 700 750 800

tion in flues
and furnace may reduce it greatly.

The external diameter of a brick chim-
ney at the base should be one-tenth the
height, unless it be supported by some
or taper of

)

other structure. The ‘“batter’
l"(‘ a chimney should be from ¢ to 14 inch to
R . .
-~ the foot on each side.

Thickness of brick work: one brick (8
or g inches) for 25 ft. from the top, increas-
ing 15 brick (4 or 42 inches) for each 23
ft. from the top downwards.

If the inside diameter exceed 5 ft. the
top length should be 114 bricks, and if un-
der 3 ft. it may be ¥ brick for ten feet.

Chimney for 1260 H. P, of Babcock & Wilcox Boiler, at Bird Coleman Furnace, Cornwall, Pa,
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useful for ready reference :

HeigaT oF CHIMNEYS.

gg -
3% 50 ftj6o ft! 7of1.1l 8o ft.| go ft.|ro0 ft.r10 ft.im_; fL‘xsu ft.|175 ft.

A o (MO o Y SR O AT Sl SO Sl o Wiandaes,
Pt Commercial Horse-Power.
S TR e o R T 7777---*7"”777 B

x8 | [¥agi|-25 187 ‘

21 |35 | 38 | 41 ' |

24 |49 |54 |58 | 62

27 |65|72(78| 83

30 | 84 | 92 |100 | 107 113

33 115 125 | 133 | 141

36 141 |152 | 163 173 | 182

39 183 | 196 208 | 219

42 | 216 | 231 245 | 258 | 271

48 311 330 | 348 | 1365 | 389

54 363 | 427 | 449 | 472 | 503 | 551

6o 505 | 539 | 565 | 593 | 632 | 692 | 748
66 658 | 604 | 728 | 776 | 849 | 018
72 792 | 835 | 876 | 934 | 1023 | 1105
78 | 995 | 1038 | 1107 | 1212 | 1310
84 1163 | 1214 | 1204 | 1418 | 1531
90 1344 | 1415 | 1496 | 1639 | 1770
96 | 1537 | 1616 | 1720 | 1876 | 2027

SIZES OF CHIMNEYS WITH APPROPRIATE HORSE-POWER BOILERS.

The following table has been computed by means of the formulze on page 6o, and will be found

\
¥
|
|
\
\

e
el L e T “S‘Eg g
hoote 588 | 288 | gbuSs
1 fH<€48 | 3<5 | 23848
S R R
= - e
0.97 z.77 | 16
1.47 2.41 19
2. 3.14 22
2.78 | 3.98 24
3.58 | 4.91 27
4-47 | 5-94 30
5.47 | 7.07 32
6.57 8.30 35
7.76 | 9.62 38
10.44 | 12.57 43
13.51 15.90 48
16.98 | 19.64 54
981 | 20.83 23.76 59
1181 | 25.08 | 28.27 64
1400 | 29.73 | 33.18 70
1637 | 34.76 | 38.48 75
1893 | 40.19 | 44.18 8o
2167 | 46.01 50.27 86

IRON CHIMNEY STACKS.

In many places, notably in iron works, iron
stacks are preferred to brick chimneys. Their
efficiency for the same dimensions
is somewhat higher because there
is no infiltration of air as through
brick-work. The cuts on the mar-
gin of this page show the stacks
of the Pennsylvania Steel Co., at
Sparrow’s Point, Md. These are
lined with brick their whole height
and are bolted down to the base
so as to require no stays, though §
in this case they would be suffici-
ently stable from their own weight. 3 O |
A good method of securing such
bolts to the stack is practiced by
the Pencoyd Iron-Works, Pa., and
is shown in detail in the annexed
figures. On page 61 is a cut of a
similar stack, at the Bird Coleman
Furnaces, Cornwall, Pa. Iron
stacks require to be kept well
painted to prevent rust, and
generally, where not bolted
down, as here shown, they Hokding down Bolts and Lugs,
need to be braced by rods Pencoyd Iron Works.
or wires to surrounding objects. With four such
braces attached to an
angle iron ring at 24
the height of stack, and
spreading laterally at
least an equal distance,
each brace should have
anareain square inches
equal to 1-1000 the ex-
posed area of stack
(dia. X height) in feet.

STABILITY, Or power to
withstand the overturning
force of the highest winds
requires a proportionate re-
lation between the weight,
height, breadth of base, and
exposed area of the chimney.
This relation is expressed in

the equation
dn
L —w

in which ¢ = the average
breadth of the shaft, 2 = its
height; 5 = the
breadth of base; allin
feet; W — weight of
chimney in Ibs., and
o| C= a co-efficient of
ol wind pressure per
square foot of @. This
varies with the cross-
section of the chim-

L ;| ney, and = 56 for a

P°] square,3s for an octo-
gon, and 28 for a round chim-
ney. Thus a square chimney
of average breadth of 8 ft., 10
feet wide at base and roo feet
high, would require to weigh
56 X 8 X 100 X 10 = 448,000
Ibs. to withstand any gale
likely to be experienced.
Brick work weighs from 1ooto
130 lbs. per cubic foot,
hence such a chimney
must average 13 inches
thick to be safe. A round
stack could weigh half as
much, or have less base.
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INCRUSTATION AND SCALE.

Nearly all waters contain foreign substances in
greater or less degree, and though this may be a
small amount in each gallon, it becomes of im-
portance where large quantities are evaporated.
For instance, a 100 H. P. boiler evaporates 30,-
ooo lbs. water in ten hours, or 390 Zons per
month ; in the comparatively pure Croton water
there would be 88 lbs. of solid matter in that
quantity, and in many kinds of spring water as
much as 2,000 1bs.

The nature and hardness of the scale formed
of this matter will depend upon the kind of sub-
stances held in solution and suspension. Analy-
ses of a great variety of incrustations show that
carbonate and sulphate of lime form the larger
part of all ordinary scale, that from carbonate
being soft and granular, and that from sulphate
hard and crystalline. Organic substancesin con-
nection with carbonate of lime, will also make a
hard and troublesome scale.

The presence of scale or sediment in a boiler
results in loss of fuel, burning and cracking of
the boiler, predisposes to explosion, and leads to
extensive repairs. It is estimated that the pres-
ence of Y inch of scale causes a loss of 13 per
cent. of fuel, 1 inch 38 per cent., and § inch 6o
per cent. The Railway Master Mechanics’ Asso-
ciation of the U. S. estimates that the loss of fuel,
extra repairs, etc., due to incrustation, amount
to an average of $750 per annum for every loco-
motive in the Middle and Western States, and it
must be nearly the same for the same power in
stationary boilers.

The most common and important minerals in

boiler scale are carbonate of lime, sulphate of

lime, and carbonate of magnesia. Small amounts
of alumina and silica are sometimes found, and an
oxide of iron not infrequently is present as a col-
oring matter.

Means of Prevention.

It is absolutely essential to the successful use
of any boiler, except in pure water, that it be ac-
cessible for the removal of scale, for though a
rapid circulation of water will delay the deposit,
and certain chemicals will change its character,
yet the most certain cure is periodical inspection
and mechanical cleaning. This may, however,
be rendered less frequently necessary, and the
use of very bad water more practical by the em-
ployment of some preventives. The following are
a fair sample of those in use, with their results :

M. Bidard’s observations show that ‘‘anti-
incrustators’’ containing organic matter help
rather than hinder incrustations, and are there-
fore to be avoided.

Oak, hemlock, and other barks and woods,
sumac, catechu, logwood, etc., are effective in
waters containing carbonates of lime or magne-
sia, by reason of their tannic acid, but are injuri-
ous to the iron, and not to be recommended.

Molasses, cane juice, vinegar, fruits, distillery
slops, etc., have been used with success so far as
scale is concerned, by reason of the acetic acid
which they contain, but this is even more injuri-
ous to the iron than tannic acid, while the organic
matter forms a scale with sulphate of lime when
it is present.

Milk of lime and metallic zinc have been used
with success in waters charged with bicarbonate
of lime, reducing the bicarbonate to the insoluble
carbonate. '

Barium chloride and milk of lime are said to be
used with good effect at Krupp’s Works, in
Prussia, for waters impregnated with gypsum.

Soda ash and other alkalies are very useful in
waters containing sulphate of lime, by converting
it into a carbonate, and so forming a soft scale
easily cleaned. But when used in excess they
cause foaming, particularly where there is oil
coming from the engine, with which they form
soap. All soapy substances are objectionable
for the same reason.

Petroleum has been much used of late years.
It acts best in waters in which sulphate of lime
predominates. As crude petroleum, however,
sometimes helps in forming a very injurious
crust, the refined only should be used.

Tannate of soda is a good preparation for|zen-
eral use, but in waters containing much sulphate,
it should be supplemented by a portion of car-
bonate of soda or soda ash.

A decoction from the leaves of the eucalyptus
is found to work well in some waters, in Cali-
fornia.

For muddy water, particularly if it contain salts
of lime, no preventive of incrustation will prevail
except filtration, and in almost every instance
the use of a filter, either alone or in connection
with some means of precipitating the solid matter
from solution, will be found very desirable.

In all cases where impure or hard waters are
used, frequent ‘‘blowing’’ from the mud-drum
is necessary to carry off the accumulated matter,
which if allowed to remain would form scale.

When boilers are coated with a hard scale diffi-
cult to remove, it will be found that the addition
of 14 Ib. caustic soda per horse-power, and steam-
ing for some hours, according to the thickness of
the scale, just before cleaning, will greatly facili-
tate that operation, rendering the scale soft and
loose. This should be done, if possible, when
the boilers are not otherwise in use.
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New York Steam Company's Station B, completed. Containing 16000 H, P. of Babcock & Wilcox Boilers.
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HEATING FROM CENTRAL STATIONS. thus supplied regularly with steam, at reduced
It has been thoroughly demonstrated, by cost to them, and at a profit to the producer.
practice, that a number of buildings may be This company have, at present, three stations in
heated from a single central plant, instead of its operation, one of which is doubtless the largest
being necessary to place a boiler in each. This single plant of stationary boilers in the world,
is a simple problem where the buildings form a — 12,000 H. P., under one roof,—supplying
group, as at Columbia College, in New York steam through seventeen miles of pipe, laid
city, Cornell University, Ithaca, N. Y., Vander- in the streets.
bilt University, Nashville, Tenn., the Indiana In a work of this magnitude it becomes abso-
State Asylums for the Insane, and many other lutely imperative that the boilers which furnish
similar institutions, where a single plant of the steam should be of such a construction as to
BOILERS OF THE NEW YORK STEAM CO.
Side Elevation showing section through boiler and flue,
Babcock & Wilcox Boilers supply heat and power  give the greatest amount of useful effect for the
to a number of detached buildings. It has also coal burnt, and at the same time be able to run
been attempted in a number of places to carry continuously, with a minimum amount of stop-
steam, as gas and water are supplied. Though page for repairs; and, above all, they should be
a number of these attempts have been failures, so constructed as to be safe against destructive
the experience of the New York Steam Co., the explosion. The ability to furnish dry steam is
most extensive of such plants yet constructed, also a very important point, where it is intended
has fully demonstrated that it is possible to thus to carry it through so many miles of pipe before
carry steam for miles, with no serious losses, and it is finally used up. The boiler adopted was the
that private houses and business places may be  Babcock & Wilcox Water-tube Boiler.,
Yo
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NEW YORK STEAM HEATING COMPANY, STATION B. GREENWICH STREET, NEW YORK.
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Front Elevation and partial section of one floor, showing Battery of four Boilers of 250 H. P, each, 12,500 H. P. now in use. Plan contemplates 4,000 H. P. more, or 16,000 H. P. in all,
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HEATING BY STEAM. tity of the air caused to pass through the coil in-
In heating buildings by steam, the amount of creases. Thus one square foot radiating surface,
boiler and heating pipe depends largely on the with steam at 212° has been found to heat 100
kind of building and its location. Wooden build- cubic feet of air per hour from zero to 150° or
ings require more than stone, and stone more 300 cubic feetfrom zero to 100° in the same time.
than brick. Iron fronts require still more, The best results are attained by using indirect
and glass in windows demands twenty times as radiation to supply the necessary ventilation,
much heat as the same surface in brick walls. and direct radiation for the balance of the heat.
Also if the heating be done by indirect radiation ~The best place for a radiator in aroom is beneath
from 50 to 100 per cent. more will be required "a window. Heated air cannot be made to enter
than when direct radiation isused. No rules can a room unless means are provided for permitting
be given which will not require a liberal applica- an equal amount to escape. The best place for
tion of ‘“the coéfficient of common sense.”’ such exit openings is near the floor.
Radiating surface may be calculated by the Small pipes are more effective than large.
rule: Add together the square feet of glass in When the diameter is doubled, 20 per cent. addi-
the windows, the number of cubic feet of air tional surface should be allowed, and for three
Northern Hospital for the Insane, Logansport Ind, with 400 H. P. of Babcock & Wilcox Boilers, Erected 1885,
required fo be changed per minute, and one- times the diameter, 30 per cent. additional is
twentieth the surface of external wall and roof,; required. For indirect radiation that surface is
multiply this sum by the difference between the most efficient which secures the most intimate
requived temperature of the rvoom and that of contact of the current of air with the heated sur-
the external air at ils lowest point, and divide face. Rooms on windward side of house require
the product by the difference in lemperature more radiating surface than those on sheltered
between the steam in the pipes and the required side.
temperature of the room. The quotient is the Where the condensed water is returned to the
required radiating surface in square feet. Each boiler, or where low pressure of steam is used,
square foot of radiating surface may be depended the Diameter of Mains leading from the boiler to
upon in average practice to give out three heat the radiating surface should be equal, in inches,
units per hour for each degree of difference in to one-tenth the square root of the radiating sur-
temperature between the steam inside and the face, mains included, in square feet. Thus a
air outside, the range under different conditions 1-inch pipe will supply 100 square feet of surface,
being about 0 per cent. above or below that itself included. Return pipes should be at least
figure. In #ndirect heating, the efficiency of 3 inches in diameter, and never less than one-
the radiating surface will increase, and the tem  half the diameter of the main—longer returns
perature of the air will diminish, when the quan-  requiring larger pipe. A thorough drainage of
5 r
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steam pipes will effectually prevent all cracking by means of pipes placed overhead, is being
and pounding noises therein. largely adopted, and is recommended by the
The amount of air required for ventilation is  Boston Manufacturers’ Mutual Fire Ins. Co. in
from 4 to 16 cubic feet per minute for each per- preference to radiators near the floor, particular-
son, the larger amount being for prisons and hos- 1y for rooms in which there are shafting and

A J
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A

pitals.  From 1§ to 1 cubic foot per minute belting to circulate the air.
should be allowed for each lamp or gas burner In heating buildings care should be taken to ‘l‘
employed. supply the necessary moisture to keep the air !
< One square foot of Boiler Surface will supply from becoming “dry’’ and uncomfortable. The i!il
from 7 to 10 square feet of radiating surface, de-  capacity of air for moisture rises rapidly as it is I
pending upon the size of boiler and the efficiency heated, it being four times as great at 72° as at 1
of its surface, as well as that of the radiating 32°. For comfort, air \‘luml(l be kept at about H{
surface. Small boilers for house use should be ‘50 per cent. saturated.” This would require !‘!
I
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Babcock & Wilcox Boiler, 35 H. P, Public School Building, Plannheld, N.J. Erected 1883, |
|
I
much larger proportionately than large plants. one pound of vapor to be added to each 2500 'lt;
Each Horse-power of Boiler will supply from 240  cubic feet heated from 32° to 70% [
to 360 feet of 1-inch steam pipe, or 8o to 120 A much needed dttdClllllL‘nt has recently been il
" square feet of radiating surface. introduced, which acts automatically upon the ‘
Cubic feet of space has little to do with amount ~ steam valves of the radiators, or upon the hotair
of steam or surface required, but is a convenient registers and ventilators, and maintains the tem- ]
factor for rough calculations. Under ordinary perature in a room to within one-half a degree i
<*nndilinns one horse-power will heat, approx- ofany standard desire. i
imately, i A “separator’’ acting by centrifugal force has ]
Brick dwellings, in blocks, as in cities 15,000 t0 20,000 cub. ft. been .rcccntl_\‘ tested, and is very c{.ﬁrian in
thﬁﬁnm ki g T & 15000 « « trapping out all the water en'trmncd in steam. l
mills, shops, factories, etc. 7000 * 10,000 " It will be found valuable, particularly where the il
}“Z.’}}‘.ﬁ?r’}ciwl;'é"\‘Ii;,&‘,ﬁ"é?\fﬂ,s 1O e w w steam has to be carried a long distance from the ]
Exhibition buildings, largely glass, etc. 4,000 ** 15000 " hoiler, and for the purpose of preventing ‘“ham-
The system of heating mills and manufactories mering”’ of water in the pipes.
|
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HEATING LIQUIDS AND BOILING BY STEAM. The philosophy of drying or evaporating moist-
(a). Efficiency of surface, where all the airis  Ur¢ by heated air rests upon the fact that the ca-
expelled. For vertical surface, each square pacity of air for moisture is rapidly increased by
foot will transmit 230 heat units per hour, for rise in temperature. If air at 52°is heated to 72°,
each degree of difference in the temperature its capacity for moisture is doubled, and is four
of the two sides. For horizontal and inclined ~times what it was at 32°. The following table
surface, each square foot will transmit 330 heat gives the weight of a saturated mixture of air and
units per hour for each degree of difference in aqueous vapor at different temperatures up to
temperature between the two sides. 160° — the practical limit of heating air by steam,
(). Steam required. Each 966 heat units  together with the weight of vapor, in pounds and
will require the condensation of one pound of per centage, and total heat, the portion contained
steam at 212°, or 1,000 umnits at 75 Ibs. pressure. in the vapor and the quantity of air required
. per pound of water.
By the inspection
of this table it will be
seen why it is more
economical to dry at
the higher tempera-
/ tures. The atmos-
i phere is seldom satu-
i rated with moisture,
! and in practice it will
be found generally
necessary to heat the
air about 30° above
the temperature of
saturation. The best
effect is produced
where there is artifi-
cial ventilation, by
fan or by chimney,
— and the course of the
. ‘ heated air is from
Babcock & Wilcox Boilers in Ponce de Leon Hotel, St Augustine, Fla above downwards.
Each pound of steam condensed will evaporate SATURATED MIXTURES OF AIR AND AQUEOUS VAPOR.
one pound of water (nearly) from the tempera- - 3
ture of evaporation. Each horse-powerof boil- 4|83 |534 % | =% | § R e
er will heat 30,000 lbs. water 1° per hour, or é: wBalESq j\é ;E ¢ :é‘?; iggg
evaporate 30 Ibs. water in the same time. g3 ;:“5-’5; D sH|EcE]| =8 Aa.8°
b Bof | Hed | G827 | 84 ¢
es|Es [SaE|s" |88 | 8 [bs | 9O
DRYING BY STEAM. “FITg (P8R 2 |me e ' ioa
There are three modes of drying by steam. 4‘(5‘ ?g‘}’é 0.034 gﬁ g(z)g 2;2:22 2344 ::j:{:
1st. By bringing wet substances in direct con- 45| 7.834 0.z | 77.1 ?g.?s 158.9 | 2088
tact with steam-heated surfaces, as by passing e ;jggg 2;? ,‘,'g:; 6428 ’,;‘,g‘,‘; ;712‘,
cloth or paper over steam-heated cylinders, or f‘: ;iﬁ‘; ;:Zg gj;;, %i g
clamping veneers between steam-heated plates. 70 | 7.425 1.49 60,21 66.0 | 868
2. By radiated heat from steam pipes, as in I ;3?): e R I s e
some lumber kilns, and laundry drying rooms. ‘15) ;:7)3 - § 17»::«;3 i :S;
3d. By causing steam-heated air to pass over  os| 7.0 3.50| 373. 72.87 | 27.6 ;,:(,é
wet surfaces, as in glue works, etc. tor|NE £ 2 R 4 B o
The second is rarely use(:l exgept in combina- ::"‘ g:g;") 24‘ o ;7)*:? 17’}‘ ;")f
tion with the third. The firstis the m.(_)st eco- :<5) 23:; Tt ‘7Zui il’:; :i; :(;(i
nomical, the second less so, and the third least. 130 | 6.347 26 Dioor] i Ba0. 4| Baixa hirgeTf 118
Under favorable circumstances, it may be esti- :;S 2?:*{3 B e ji 1312:; gz:gg 27 ‘g;
mated that one horse-power of steam will evap- 145 6.015 | 0.909 [r5.11 | 1160.6 | 88.18 | 5.6] 74
orate 24 pounds water by the first method, 20 by e :?2; el FAEY :4821 89.39 | 4'\, b
the second, and 15 by the third. 160 | 5.679 | 1.333 |23.47 | 1638.7 3.3 | 43
1




Batcock & Wilcox Boilers at the New York Produce Exchange, 624 H.P., erected February

1st, 1884,




FLOW OF STEAM THROUGH PIPES. The resistance at an elbow is equal to 24 that
The approximate weight of any fluid which of a globe valve. These equivalents—for open-
will flow in one minute through any given pipe ing, for elbows, and for valves,—must be added
with a given head or pressure may be found by it each instance to the actual length of pipe.
the following formula : Thus a 4-in. pipe, 120 diameters (40 feet) long,
PABIE, oottt with a globe valve and three elbows, would be
ik /D (p j/’_‘:i t:(.llll\'Illcnt to 120 + 60 -+ 60 + (3 X 40) = 360
> ‘/ / (1 - 3 ‘> diameters long ; and 360 + 240 —114. It would
) o d therefore have 114 Ibs. loss of pressure at the
in which W = weight in pounds avoirdupois, flow given in the table, or deliver (1 <+ y/1%5
d — diameter in inches, 2 = density or weight = 816), 81.6 per cent. of the steam with the same
per cubic foot ; p, the initial pressure, p, pressure (1 1b.) loss of pressure.
at end of pipe, and Z = the length in feet. 3
The following table gives, approximately, the FLOW OF STEAM FROM A GIVEN ORIFICE.
weight of steam per minute which will flow from Steam of any pressure flowing through an
various initial pressures, with one pound loss of ~opening into any other pressure, less than three-
pressure through straight smooth pipes, each fifths of the initial, has practically a constant
having a length of 240 times its own diameter. velocity, 888 feet per second, or a little over ten |
For sizes of pipe below 6-inch, the flow is cal- miles per minute ; hence the amount discharged i
culated from the acfwal areas of “‘standard” in pounds is proportionate to the weight or dens- bl
| pipe of such nominal diameters. ity of the steam. To ascertain the pounds, I
;/ TABLE OF FLOW OF STEAM THROUGH PIPES. { |
w: é $7 Diameter of Pipe in inches. Length of each == 240 diameters. }
; L I 7 P P A B W |
B g - N e e — - - I
E, E 2_3 Weight of Steam per minute in pounds, with one pound loss of pressure.
: B ) 2.07| 5.7| 10.27 | 15.45 | 25.38 46.85 | 77.3 | 115.9 LY S o M BEEE 3 502.4 ‘ 8o4 | 1177 |
.l x4 2.871 7.3 | 13.72 | 10.35.] 3%.45 58.05| 958 | 143.6‘ 262.0 | 422.7 (1225] 996 | 1458 I
1.70 | 3.02 | 8.3 | 14.94 22.49 36.94 68.20 | 112.6 168.7 307.8 496.5 73143 1170 | 1713 ]
i I.91 ‘ 3.40| 0.4 ‘ x6.84‘ 25.35 | 41403} 76.84 | 126.9 | 190.1 | 346 8} 559.5 | 824.1 1318 | 1930 1
] 2.10 | 3.74 | 10.3 | 18.51| 27.87 | 45.77 | 84.49 | 139.5-| 209.0 | 381.3 | 615.3 1 gob.o 1450 | 2122
E ][ ot 1. aoier | 3“.13‘ 40-48 | 91.34 | 1§o.8 | 226.0| 412.2 } 665.0 979-5 1567 | 2204
\ i~43 4. n’.? ‘ zx;& l 32.19 | §Z'Sr7| 197<§0 ;ocx).: ‘ zﬂ.g | 432_5 71246 ;?:gy\ :675 1 ffsé
| 257 | 4881 1201 S5 | hy| ior | xobre | 10k | a90| 4907 | zor.7 |ue6x | 1Beb | a7a
‘2_8§ | 5 13{,‘ ’zf()gl 37_52! 61.62 | 113.74 | ISZ.S 281.4 51_;.3 82§.r x:zn;.S‘ 1()5[ } :385(:) ‘
2.95 ‘ 5 14.5 25.96 | 39.07 | 64.18 | 118.47 | 195.6 293.1 534.6 | 862.6 | 1270.1 | 2032 2075 1
' sl g ks Bk | | @il oy | g pR A s R |
3.45 | 6.14 | 17.0 | 30.37 | 45.72 | 75.09 | 138.01 | 228. 343 25.5 | 1009.2 | 1486.5 | 2378 | 3481 ‘
For horse-power, multiply the figures in the avoirdupois, discharged per minute, wmultiply ]
table by 2. For any other loss of pressure, mul- ke area of opening in inches, by 370 times the ‘
i tiply by the square root of the given loss. For weight per cubic foot of the steam. (See p. 49 .) ‘
J any other length of pipe, divide 240 by the given Or the quantity discharged, per minute, may i
length expressed in diameters, and multiply the be approximately found by Rankine’s formula : I
Jfigures in the table by the square root of this W=6ap—+17 in which W= weight in pounds, |
quotient, which will give the flow for 1 b. lossof a—area, insquare inches, and p = absolute press- “
pressure. Conversely dividing the given length ure. The theoretical flow requires to be mul-
o by 240 will give the loss of pressure for the flow ti[?licd by £=0.93, for a short pipe, or 0.63 for a 1
given in the table. thin opening, as in a plate, or a safety valve. ‘
The loss of head due to getting up the velocity, Where the steam flows into a pressure more |
to the friction of the steam entering the pipe, and  than % the PI‘CSSU}‘EiH the boiler : l
passing elbows and valves, will reduce the flow W=19aky (p—35)5; in which § = differ- 1‘
given in the tables. The resistance at the open- ~ €nce in pressure between the two sides, in pounds 1
ing, and that at a globe valve, are each about the ~PEr square inch, and @, p and £ as above. ‘
same as that for a length of pipe equal to 114 To reduce to horse-power, multiply by 2. ,
diameters divided by a number represented by Where a given horse-power is required to flow |
4+ (3.6 diameter). For the sizes of pipes through a given opening, to determine the nec- M
givenin the table, these corresponding lengthsare : ~ ©Ssary difference in pressure : |
.'h'[ 'E | :7‘71%\1.7[‘ | s| 6| 8] ro] }2,‘ 15 | 18 S /) /’: L "H.PF :ll
20 | 2¢ T 41| 47 | 521 601 66 71179 8488 [z | o5 2 N A aa* & ;i
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PRIMING OR WET STEAM.

A fault, frequently m

et with in steam boilers is

the carrying over of water mechanically mixed
with the steam, which water not only carries away

Steam at 95 Ibs. pressure
Superheated 9 degrees.

heat without any useful
effect, but, when present
in any marked quantity
itself becomes a source of
danger and of serious loss
in the engine. This is a
point frequently forgotten
in designing boilers, par-
ticularly sectional boilers.
If steam rises from a sur-
face of water faster than
about 2ft. 6 ins. to 3 ft. per
second, it
with it in the form of spray,
and when a fine spray is
once formed in steam it
not readily settle
against a rising current of
very low velocity, as a cur-
rent of 1 ft. per second will
carry with it a globule of

carries water

does

water 14455 of aninchin dia.

The common method of determining the per-

centage of
in steam is described
inthe report of the test
of Babcock & Wilcox
boilers at the Raritan
Woolen Mill, on a
subsequent page.

moisture

ProrF. J. E. DENTON has demonstrated that
jets of steam escaping from an orifice in a boiler
or steam reservoir show unmistakable change of
appearance to the eye when the steam varies

less than one per cent.
from the condition of sat-
uration either in the direc-
tion of wetness or super-
heating.
a jet of steam flow from a
boiler into the atmosphere
under circumstances such
that very little loss of heat
occurs through radiation,
etc., and the jet be trans-
parent close to the orifice,
or be even a grayish white
color, the steam may be
assumed to be so nearly
dry that no portable con-
densing calorimeter willbe
capable of measuring the
amount of water therein.
If the jet be strongly white,
the amount of water may
be roughly judged up to

Consequently if

Steam at 59 Ibs. pressure with
1.4 per cent. moisture.

about 2 per cent. but beyond this a calorimeter

If experiments of this kind

are not made with great care by experienced

Steam at 55 Ibs. pressure, with
1.94 per cent. moisture,

hands, and with instru-
ments of the utmost ac-
curacy, they are liable to
such errors as will render
them worthless. Fuller
directions for this pur-
pose, together with a
statement of the difficul-
ties in securing accuracy
insuch tests,will be found
in the report of the Com.
on Boiler Tests, in Vol.
VI, of the Transactions
of the Amer. Society of
Mechanical Engineers.
Another method, in
which the heat required
the
trained water, has been
invented, and used with
excellent results, by
Geo. H. Barrus, M. E.

to evaporate (1

Dry Steam at 95 Ibs, pressure.

only can determine
the exact amount of
The

page

moisture. cuts

on this were
made direct by pho-
tography from jets un-

der conditions stated, and show very clearly the
effect of dryness and slight moisture on such jets.

With a little experience
any one may determine by
this method the conditions
of steam within the above
limits. A common brass
pet cock may be used as
an orifice, but it should,
if possible, be set into the
steam drum of the boiler
and never be placed fur-
ther away from the latter
than four feet, and then
only when the intermedi-
ate reservoir or pipe is well
covered, for a very short
travel of drysteam through
a naked pipe, will cause
it to become perceptibly
moist. Steam containing
not more than 3 per cent.
moisture may be termed
commercially “dry.”

Steam at 55 Ibs, pressure.

Boiler Foaming Violently,
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Many boilers show a high apparent evapora-
tion in consequence of furnishing ““ wet steam,”
while practically they are anything but economi-
cal. Parties have been known to claim an evap-
oration of 19 to 20 pounds per pound of coal,
where the highest practically possible is not over
13. Such boilers are dear at any price.

The cause of priming may be either impure
water, too much water, or improper proportions
in the boiler. When a boiler is found to form
wet steam with good water, carried at a proper
height, it is a proof of wrong design.

The amount of priming in different boilers
varies greatly, and as yet there is not sufficient
data to establish any definite ratio for boilers in
ordinary use. The experiments of M. Hirn, at
Mulhouse, showed an average of at least 5 per
cent.; Zeuner sets it down as approximately
from 7% to 15 per cent.; the careful experiments
at the American Institute in 1871 show in cylin-
drical tubulars 7.9 per cent., and in the tests at
the Centennial Exposition one boiler showed as
high as 18.57 per cent. priming.

In sixteen different tests of the dryness of the
steam from Babcock & Wilcox boilers made by
twelve different engineers, the average moisture
in the steam was only 1.116 per cent. The high-
est was 4.16 per cent., which was less than the
same engineer with the same apparatus found in
large two-flue boilers, working very lightly.

SUPERHEATED STEAM.

Steam which has a higher temperature than
that normal to its pressure, is termed ‘‘super-
heated”’ or ““gaseous.” Dr. Seimens found that
when steam at 212° was heated separate from
water it increased rapidly in volume up to 230°,
after which it expanded uniformly as a permanent
gas. If thissuperheating could be carried to such
an extent as to avoid the “initial condensation”
within the cylinder of an engine, there would be
a marked economy in its use, but this involves
so high a temperature as to burn the lubricating
material and destroy the engine in a short time.
Dixwell found superheating so as to maintain in
the cylinder a temperature of 400° with steam
at a pressure of 70 1bs., to be the limit of possible
lubrication. With a higher pressure that degree
of superheating would not afford sufficient
additional heat for the purpose. The present
tendency to high pressures seems, therefore, to
preclude the possibility of much gain through
superheating, because the temperatures are
already carried to very nearly the limit at which
lubrication can be maintained. For other pur-
poses the use of superheated steam adds little if
anything to the economy, whileitgreatly increases

the cost and the wear and tear. Where super-
heating is required it should always be done by a
separate apparatus, and pains must be taken to
separate the entrained water from the steam
before it enters the superheater. The use in any
steam boiler of superheating surface exposed to
the gases of combustion, is highly objectionable
and is of doubtful efficiency. Attempts to super-
heat steam by means of the waste gases, are
usually failures because in a well proportioned
boiler the low temperature of such gases necessi-
tates an unreasonably large surface to produce
the desired effect. Steam cannot be superheated
when it is in contact with water.

FEEDING BOILERS.

The relative value of injectors, direct-acting
steam pumps, and pumps driven from the engine,
is a question of importance to all steam users.
The following table has been calculated by D. S.
Jacobus, M. E., from data obtained by experi-
ment. It will be noticed that when feeding cold
water direct to boilers, the injector has a slight
economy, but when feeding through a heater a
pump is much the most economical.

R amount of | Saving of fuel
conl required per over the
unit of time, the amount re-

Temperature of feed water as deliv- | amount for a direct |quired when the

ered to the pump or to the injector, 60° | acting pump, feed- | boiler is fed by

Fah. Rate of evaporation of boiler, 10 | ing water at 60°, a direct

pounds of water per pound of coal from without a heater, | acting pump

and at 212° Fah, being taken as unity.| without heater

Method of Supplying Feed Water
to Boiler.

Direct acting pump, feeding
water at 60°, without a

REAET: e ren msst s iods wane 1.000 .0
Injector feeding water at 150°,
without a heater.......... .985 .5 perict.

Injector feeding through a
heater in which the water is
heated from 150 to 200°..... 938 6.2

Direct acting pump feeding |
water through a heater, in |
which it is heated from 6o | |
B0 D00 s iiawisstin b s oy Ceas Hek e [ .879 12,1

Geared pump, run from the
the engine, feeding water
through a heater, in which
it is heated from 6o to 200°.. | .868 13.2

ECONOMY OF HIGH PRESSURE STEAM.

Higher steam pressure is the tendency ot the
times, and with good reason, for the higher the
pressure the greater the opportunity for economy
in generating power. The compound and triple
expansion engines of the present day, which have
reduced the cost of power some 4o per cent. over
the best performance of a few years ago, require
higher pressure than can with safety be carried
on shell boilers, but there is no difficulty in
carrying any desirable pressure on a sectional
water-tube boiler properly constructed. Babcock
& Wilcox boilers in special cases, carry as high
as 500 Ibs. pressure in regular work.
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i Edison Central Station, W, 26th St,, New York City.
! To contain 3000 Horse-power Babcock & Wilcox Boilers, when in full running order ;
‘ oo H. P. now in use, erected 1888.
Il
i
i
%
TE A £2
‘i 76
i
1’\\
g
i
N




77

Y
Y P
A <4
COVERING FOR BOILERS, STEAM PIPES, ETC. experiments, made at the Mass. Institute of Tech-
The losses by radiation from unclothed pipes nology in 1871, showed the condensation of
and vessels containing steam is considerable, and steam in a pipe COVCl’Cfl by one of them, as com-
in the case of pipes leading to steam engines, is P“.r“d with a naked pipe, and e clothed with
magnified by the action of the condensed water hair felt, was 100 for the naked pipe, 67 for the
i Sl €€ ~a 2 M ~avert . o - 3 )
inthecylinder. Ittherefore isimportant thatsuch cement "’ covering, and 27 for the hair felt.
sines should be well protected. The following b
L S. I X g Table of Relative Value of Non-Conductors.
table gives the loss of heat from steam pipes, 1 L )
) X (FROM CHAS. E. EMERY, PH. D.)
naked and clothed with wool or hair felt, of _ S e sl
0 . 3 J 3 stor. | Value J N n T
different thickness, the steam pressure being as- Non-Conductor. | Value. | Non-Conductor. | Value.
sumed at 75 1bs. and the extreme air at 60°. oA Belhs .o oiss r.000 |Loam, dry and open| .ss0
g bt B S emmpe A . e Mineral Wool No. 2| [Slacked Lime... ..| .480
There is a wide difference in the value of differ- Do, with tar......| .715 |Gas House Carbon.| .470
.ubstances for protection from radiation, their Sawdust .. .. ..| .680 |ASDEStOS....... ... -363
ent sub t‘",](( for | 3o o . 3 Mineral Woo .1| .676 |Coal Ashes. SR (E
value varying nearly in the inverse ratio of their  Charcoal. ......... .632 |Cokein lumps..... | .277
. . Bh Pine Wood, across |Air space
conducting power for heat, up to their ability to it a0 | e, s el L ‘ {3
transmit as much heat as the surface of the pipe
will radiate, after which they become detrimental, «“Mineral wool,” a fibrous material made from
rather than useful, as covering. This point is blast furnace slag, is a good protection, and is
reached nearly at baked clay or brick. incombustible.
TABLE OF LOSS OF HEAT FROM STEAM PIPES,
%ﬂ Outside Diameter of Pipe, without Felt.
) 20 et el 2 P SN S I e o
4 . 2 in. diameter. 4 in. diameter. 8 in. diameter. ‘ 12 in. diameter.
o - it stain | it g — - S — | ———r—
81, [ 4 [23|2s.| 4 | sglee | 4 |S8|2s. | § |58
¥o | =5, & |%2|EBu 8s 8o | E8 & | WS -='=-L & ' d
o aee | -4 |l g~ | 88% 3 P I ERN A | 2= 188 3 s
ke R b B D e VIR R O [0 e Rl
detagel 8 laoia g S I A Bk B o
g |ggd| £ 3% L= ST lahE|l & |SE|8n8| 8 |gh
2 i el Tl g 8y (o8& | B 18y |38 § |88
e ’ ¥ |ma | & | [T 4 ‘an'-‘ e
o 21Q.0 \ 1.00 132 300.8 1.00 | 1.000 46 729.8 | 1.000 40 ‘ 1077 .4 & 1.000 | 6
21 100.7 ‘ 46 | 288 | 180.9 46 |
}é 65.7 30 441 | 117.2 30 ‘ 247 | 187.2 .300 .301 | 132 301.7 .280 92
1 43.8 .20 662 73.9 .18 | 392 | 11I.0 .178 .176 | 225 185.3 172 157
2 28.4 | 13 | 1020 447 1T | 648 66.2 .106 .103 | 385 | ¢8.0 091 204
£ 19.8 .09 | 1464 | 28.1 .07 | 1031 | 41.2 .066 .063 6;0} 60.3 os56 | 486
6 i | 23.4] .06 1238 33:7 .054 | .047 845 45.2 .042 642
A smooth or polished surface is of itself a good Cork chips cemented together with water-glass
protection, polished tin or Russia iron having a make one of the best coverings known.
ratio, for radiation, of 53 to 100 for cast iron. A cheap jacketing for steam pipes, but a very
Mere color makes but little difference. efficient one, may be applied as follows : First,
Table of Conducting Power of Various Substances. wrap the pipe in asbestos paper—though this
(FROM PECLET.) may be dispensed with ; then lay slips of wood
SR -~ lenethways, from 6 to 12 according to siz 2
Substance Conducting| Substance Conduct'g g el . s s D n‘? v S.ILC of
Substance. PoWet. Substance. Power. pipe-—binding them in position with wire or
S . L 3 cord; and arc I e rork 5 COn-
Blotting Paper... .274 Wood, across fibre .83 wound the framework t.hll.% .Lon
Riderdomwn .. i 314 ((‘(;{'(ku el 1.15 structed wrap roofing paper, fastening it by
Cotton or Wool | “oke, pulverized. 1.29 ol b oot 3 A Rk .
any density. . | India ‘}){uhb(‘rl. o 137 paste or twine. For flanged pipe, space may be
Hemp, Canvas.. Wood, with fibre. .40 left for access to he R gl
Mahogany Dust.. Plaster of Paris. 3.86 4 o Wk bolts, which space should
Wood Ashes..... . Baked Clay...... 4..;; be filled with felt. If exposed to weather, use
Straw....... ... .563 GIRBE. . o’ csavenst . OO e el W T i 5
Charcoal Powder. _?\;,3 |Stone. .. 13.68 tarred paper -—or paint the exterior. A French
o - plan is to cover the surface with a rough flour
Hair or wool felt has the disadvantage of be- paste mixed with sawdust until it forms a mod-
coming soon charred from the heat of steam at erately stiff dough. Apply with a trowel in lay-
high pressure, and sometimes of taking fire there-  ers of about 14 inch thick —give 4 or 5 layers in
from. This has led to a variety of ‘‘cements " all. Ifiron surfaces are well cleaned from grease,
for covering pipes— composed generally of clay the adhesion is perfect. For copper, first apply a
mixed with different substances, as asbestos, hotsolution of clay in water. A coating of tar ren-
paper fibre, charcoal, etc. A series of careful ders the composition impervious to the weather,
- O
5
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CARE OF BOILERS.

The following rules are compiled from those
issued by various Boiler Insurance Companies
in this country and Europe, supplemented by
our own experience. They are applicable to a//
boilers, except as otherwise noted.

ATTENTION NECESSARY TO SECURE SAFETY.

[Though the Babcock & Wilcox boilers are
not liable to destructive explosion, the same care
should be exercised to avoid possible damage to
boiler, and expensive delays. ]

1. Safety Valves.—Great care should be ex-
ercised to see that these valves are ample in size
and in working order. OQuwerloading or neglect
frequently lead to the most disastrous results.
Safety valves should be tried at least once every
day to see that they will act freely.

2. Pressure Gauge.—The steam gauge should
stand at zero when the pressure is off, and it
should show same pressure as the safety valve
when that is blowing off. If not, then one is
wrong, and the gauge should be tested by one
known to be correct.

3. Water Level.—The first duty of an engi-
neer before starting, or at the beginning of his
watch, is to see that the water is at the proper
height. Do not rely on glass gauges, floats or
water alarms, but try the gauge cocks. If they
do not agree with water gauge, learn the cause
and correct it. Water level in Babcock & Wil-
cox boilers should be at centre of drum, which
is usually at middle gauge. It should not be
carried above ¢

4. Gauge Cocks and Water Gauges must be
kept clean. Water gauge should be blown out
frequently, and the glasses and passages to gauge
kept clean. The Manchester, Eng., Boiler Asso-
ciation attribute more accidents to inattention
to water gauges, than to all other causes put
together.

5. Feed Pump or Injector.—These should be
kept in perfect order, and be of ample size. No
make of pump can be expected to be continuously
reliable” without regular and careful attention.
It is always safe to have two means of feeding a
boiler. Check valves, and self-acting feed valves
should be frequently examined and cleaned.
Satisfy yourself frequently that the valve is acting
when the feed pump is at work.

6. Low Water.—In case of low water, im-
mediately cover the fire with ashes (wet if possi-
ble) or any earth that may be at hand.  If noth-
ing else is handy use fresh coal. Draw fire as
soon as it can be done without increasing the
heat. Neither turn on the feed, start or stop

engine, or lift safety valve until fires are out, and
the boiler cooled down.

7. Blisters and Cracks.—These are liable to
occur in the best plate iron. When the first in-
dication appears there must be no delay in hav-
ing it carefully examined and properly cared for.

8. Fusible Plugs, when used, must be ex-
amined when the boiler is cleaned, and carefully
scraped clean on both the water and fire sides,
or they are liable not to act.

ATTENTION NECESSARY TO SECURE ECONOMY.

9. Firing.—Fire evenly and regularly, a little
at a time. Moderately thick fires are most eco-
nomical, but thin firing must be used where the
draught is poor. Take care to keep grates evenly
covered, and allow no air-holes in the fire. Do
not “clean” fires oftener than necessary. With
bituminous coal, a “‘coking fire,”’ 7. e. firing in
front and shoving back when coked, gives best
results, if properly managed.

10. Cleaning.—All heating surfaces must be
kept clean outside and in, or there will be a
serious waste of fuel. The frequency of cleaning
will depend on the nature of fuel and water.
As a rule, never allow over 4 inch scale or soot
to collect on surfaces between cleanings. Hand-
holes should be frequently removed and surfaces
examined, particularly in case of a new boiler,
until proper intervals have been established by
experience.

The Babcock & Wilcox boiler is provided with
extra facilities for cleaning, and with a little care
can be kept up to its maximum efficiency, where
tubulars or locomotive boilers would be quickly
destroyed. For inspection, remove the hand-
holes at both ends of the tubes, and by holding
a lamp at one end and looking in at the other,
the condition of the surface can be fully seen.
Push the scraper through the tube to remove sed-
iment, or if the scale is hard use the chipping
scraper made for that purpose. Water through
a hose will facilitate the operation. In replacing
hand-hole caps, clean the surfaces without scratch-
ing or bruising, smear with oil, and screw up
ticht.  Examine mud-drum and remove the
sediment therefrom.

The exterior of tubes can be kept clean by
the use of blowing pipe and hose through open-
ings provided for that purpose. In using smoky
fuel, it is best to occasionally brush the surfaces
when steam is off.

11. Hot Feed Water.—Cold water should
never be fed into any boiler when it can be avoid-
ed, but when necessary it should be caused to
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mix with the heated water before coming in con-
tact with any portion of the boiler.

12. Foaming.—When foaming occurs in a
boiler, checking the outflow of steam will usually
stop it. If caused by dirty water, blowing down
and pumping up will generally cure it. Incasesof
violent foaming, check the draft and fires.

Babcock & Wilcox boilers never foam with
good water, unless the water is carried too
high. If found to prime, lower the water-line.
It should not be carried above centre line of
drum.

13. Air Leaks.— Be sure that all openings for
admission of air to boiler or flues, except through
the fire, are carefully stopped. This is frequent-
ly an unsuspected cause of serious waste.

14. Blowing Off.—If feed-water is muddy or
salt, blow off a portion frequently, according to
condition of water. Empty the boiler every week
or two, and fill up afresh. When surface blow-
cocks are used, they should be often opened for
A few minutes at a time. Make sureno water is
escaping from the blow-off cock when it is sup-
posed to be closed. Blow-off cocks and check-
valves should be examined every time the boiler
is cleaned.

Attention Necessary to Secure Durability.
15. Leaks.—When leaks are discovered, they
should be repaired as soon as possible.
16. Blowing Off.—Never empty the boiler
while the brick-work is hot.

Babcock & Wilcox Boilers in Chicago City Railway

17. Filling Up.— Never pump cold water into
a hot boiler. Many times leaks, and in shell
boilers, serious weaknesses, and sometimes ex-
plosions are the result of such an action.

18. Dampness.—Take care that no water
comes in contact with the exterior of the boiler
from any cause, as it tends to corrode and
weaken the boiler. Beware of all dampness in
seatings or coverings.

19. Galvanic Action.— Examine frequently
parts in contact with copper or brass, where
water is present, for signs of corrosion. If water
is salt or -acid, some metallic zinc placed in the
boiler will usually prevent corrosion, but it will
need attention and renewal from time to time.

20. Rapid Firing.—In boilers with thick
plates or seams exposed to the fire, steam should
be raised slowly, and rapid or intense firing
avoided. With thin water tubes, however, and
adequate water circulation, no damage can
come from that cause.

21. Standing Unused.— If a boiler is not re-
quired for some time, empty and dry it thor-
oughly. If this is impracticable, fill it quite
full of water, and put in a quantity of common

washing soda. External parts exposed to
dampness should receive a coating of linseed
oil.

22. General Cleanliness.— All things about
the boiler room should be kept clean and in
good order. Negligence tends to waste and
decay.

1,000 H. P




TESTING STEAM BOILERS.*

The object of testing a steam boiler is to de-
termine the quantity and quality of steam it will
supply continuously and regularly, under speci-
fied conditions ; the amount of fuel required to
produce that amount of steam,and sometimes sun-
dry other facts and values. In order to ascertain
these things by observation it is necessary to exer-
cise great care and skill, and employ the most per-
fect apparatus, or errors will creep in sufficient to
vitiate the test and render it of no value, if not
This is most apparent in

actually misleading.
testing the quality of the steam by a ‘‘barrel cal-
orimeter,”’ as at the Centennial Exposition, where
an error of % Ib. in either of two weighings of a
mass of some 4oo Ibs. made a difference of 3 per
cent. in the final result.

5. Pressures of the steam, of barometer, and
of draft in chimney.

6. Weights of feed-water, of fuel, and of ashes.
Water meters are not reliable as an accurate
measure of feed water.

7. Time of starting and of stopping test, taking
care that the observed conditions are the same at
each as far as possible.

8. The quality of the steam, whether “wet,”
“dry,” or ‘“superheated.”

From these data-all the results can be figured,
giving the economy and capacity of the boiler,
and the sufficiency or insufficiency of the condi-
tions, for obtaining the best results.

The amount of water evaporated per pound of

coal is universally conceded to be the proper
measure of the efficiency of a boiler, but in order

T P

T = e

Boiler House of Pencoyd Iron Works, Pencoyd, Pa. 1248 H. P,

The principal points to be ascertained and
noted in a boiler test are :

1. The type and dimensions of the boiler, in-
cluding the area of heating surface, steam and
water space, area of water surface, and draft area
through or between tubes or flues.

2. The kind and size of furnace ; area of grate
with proportion of air spaces therein, height and
size of chimney, length and area of flues.

3. Kind and quality of fuel and amount of ash
and water therein. The latter is a more impor-
tant item than is generally understood, as it not
only adds to the weight without adding to the
value of the fuel, but the heat taken to evapo-
rate, and send the steam up chimney in a highly
superheated condition, adds to the unobserved
waste.

4. Temperatures, of external air, of fire-room,
of chimney gases, of fuel, water and of steam.

* This subject will be found very fully treated in the re-
port of a committee to the American Society of Mechanical

Engineers, and the discussions on the same.
A.S. M., E., Vol. VI, pp. 256-351.

Transactions

to compare one boiler with another, each should
have equally good coal, be fed with water at the
same temperature and furnish steam at the same
pressure. As this is impractical in making tests,
a standard has been accepted to which all tests
should be brought for comparison. This is called
the ““equivalent evaporation from and at 212° "’
per pound of combustible ; thatis, what the evap-
oration would have been if the coal had been
without ash, the feed-water at boiling point and
the steam delivered at atmospheric pressure.

[t may be determined by the following formulz :

Let W = the observed evaporation per lb. of combustible.

Vit the observea temperature of feed.
g I the temperature of steam at observed pressure.
el the total heat of steam at the observed pressure.
* W' = equivalent evaporation from and at 212°,
. ’ 0.3 (T—212 (212 — ¢ )
w7 —=w (14 ) —)
966
H+32—¢
or, . . . W=W S
966

The value of T' and H may be found by refer
on another page, (49.)

nce to ““‘steam table
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ENGINEERING OFFICE OF CHAS. E. EMERY,
No. 7 WARREN STREET, NEW YORK,
March 21, 1879.
MEessrs. Bascock & WILCOX,
No. 30 Cortlandt Street, New York.

GENTLEMEN : On the 4th and 5th of Febru-
ary, 1879, I made a trial of the Babcock & Wil-
cox Boilers and Corliss engines in the Raritan
Woolen Mills, Raritan, N. J., the results of
which are shown in the following report :

There were two boilers tested of the water-
tube type, manufactured by you and known by
your name, rated jointly at 360 horse-power, and
reported to contain 4,080 square feet of heating
surface, and 103 square feet of grate surface.
These boilers were erected side by side and
connected so that they could be used separately
or conjointly in connection with or independent
of a number of Lancashire drop-flue boilers,
three boilers of the latter kind having been re-
moved to make room for yours. All the boilers
were connected to a single chimney through a
Green’s economizer in the flue. A large por-
tion of the steam generated appeared to be
used in the dye house and for heating pur-
poses. A portion of the boilers were employed,
however, to supply steam to two pairs of en-
gines, of equal size, operating the mill, one pair
being of the Wright patent, put in many years
since, and the other of Corliss make, erected
within a year. Each steam cylinder was 20 in-
ches in diameter with 48 inches stroke of piston.
The engines are provided with Bulkley conden-
sers. In the ordinary working of the mill your
boilers were used to supply steam to both pairs
of engines.

Your contract contained a guarantee that the
boilers should furnish sufficient steam to de-
velop the rated power (360 H. P.)in a C orliss
engine, and that the evaporation should equal
at least g pounds of water from a temperature
of 180° per pound of coal containing not more
than 12 per cent. of refuse. In a preliminary
trial, part of the load on the Wright engines
was transferred to the Corliss engines ; but it
was soon found that the latter did not require

all the steam your boilers would generate eco-
nomically ; so two trials were made, one of 4}
hours’ duration, using your boilers with reduced
draft to supply steam to the Corliss engines
only, and taking data to ascertain the economy

of the engines ; the other of fully 12 hours’ du-
ration, using the boilers at maximum power on
a dull day without forcing the fires, part of the
steam being used to operate the Corliss engines,
the remainder blown into the pipe system of
the other boilers, which were working at a
much less pressure.

Trial of the Boilers.

The experiment commenced at 6.01 A. M., and
closed at 6.38 p. M. In starting, steam was
raised by spreading the banked fires left from
the previous day. When the pressure reached
8o pounds the fires were hauled, all refuse re-
moved, and fires started anew with wood,
which in calculation has been considered equal
in calorific value to % its weight of coall The
fires were maintained with coal during the day,
finally hauled, allowed to cool, the combustible
portion deducted from the coal charged, and
the refuse weighed separately. The experi-
ment was closed when the boilers stopped
making steam at 8o lbs. pressure, with water in
the glass gauges at same height as in starting.

During the trial, all the coal consumed was
weighed in an iron wheel-barrow, balanced
when empty by a fixed weight, and each bar-
row load was adjusted at the scale to weigh
200 pounds net. All the water evaporated was
measured in a tank provided with a heavy float
connected through a fine chain to an index
showing a water level on an exterior scale,
divided decimally. By weighing water out of
the tank, its capacity was found to be 5,172
pounds of water between the limits employed.

A complete record was kept of the coal, water,
steam pressure and various temperatures, and the
quality of the steam was tested with a calorime-
ter at frequent intervals. The proprietors of
the mill took the proper business precaution of

stationing observers at each point, who kept
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entirely independent records, agreeing with those
taken by my assistants. The coal used was clean
nut coal from the Lackawanna region. It had
been exposed to the weather during the winter,
and when first taken from the pile was wet, but
a sufficient quantity for the trial was brought
under shelter a few days in advance, so that the
coal actually used was bright and appeared dry.
The results of the trial are as follows :

Average steam pressure, 71.63
Average temperature,
9 o of fire room, 3 44.00
b ] of water in feed tank, 90.47
L > of water entering boiler after
passing through a heater in flue, 110.59
i i of up-take boiler No. r by py-
rometer (evidently wrong), . 381.87

of flue beyond feed water heater 453.23

Wood used in starting fires, 730 Ibs., equivalent of
. - s 1

coal (730x .4) . . 4 . Ibs. 202
Coal put in furnaces during experiment, ‘19,827
Total of above. 7 ' ¢ % % 20,X39
Combustible in refuse at close of experiment, % 820
Total coal consumed, including equivalent of
wood, ¢ ) $ 8 X : . Ibs. 19,299
Refuse from coal removed during experiment, = 749
Refuse from coal at close of experiment, S aad
Total, ¥ : A " - . L 2,883
Actual per centage of refuse, (2,883 — 19,299
X 100 =) 2 4 o o g d 14.04
Combustible consumed, (19,299 — 2,883 =) . Ibs. 16,416
Coal with 12 per cent. refuse agreed upon, equiv-
alent to that actually consumed, [16,416 =~
(100 — 12) == ] . . . % Sey 18,654.5

Total weight of water actually evaporated at
pressure of 71.63 lbs. from temperature
110.59°, . s 5 v ¢ 3 lbs., 161,573.28

Equivalent evaporation at pressure of 70 Ibs.

from temperature of 180°, as agreed upon, 172,592.58
Evaporation per 1b. of coal, with 12 per cent.

of refuse, at pressure of 7o Ibs. from tem-

perature of 180° : RN R e - -
Evaporation per b, of combustible, atmos. press.

from temp. of 212°, . # e T3 11.221

Calorimeter Trials.

The calorimeter consisted of a simple barrel set
on a platform scale. The scale beam was grad-
vated for half-pounds only; but by applying
thereto an extra movable weight, one-tenth that

of the other, carefully leveling
the platform, and in weighing
bringing the end of the beam
just clear of the guard, it was
possible to read to one-tenth, or
even .05 of a pound. In anin-
clined position, through the side
of the barrel, was fixed a ther-
mometer graduated to !4 de-
grees, and readily read to }§ de-
grees. A small iron propeller
on a vertical shaft was arranged
in the barrel. Inoperations, the
barrel was nearly filled with cold
water, which was heated with
steam, whentheincreasein weight
showed the weight of steam taken
fromthe boiler,and theincrease in
temperature measured the quan-
tity of heat in the steam. The
steam was taken from the boiler
near the issuing current, through
a 2-inch pipe reduced outside of
the boiler to 3 of an inch, and
again near the outer end by an
inserted nipple to 5 of an inch,
substantially on the plan recom-
mended in a previous article on
the subject.* To the end of the
steam-pipe a short piece of hose
was connected through a valve;
the pipe was carefully felted, and
was heated previous to each
experiment by wasting steam
through it before putting the hose
into the calorimeter. The end of
the hose was perforated in sever-
al directions, to avoid the jar due
to condensation.
Seventeen experiments were
made during the day; one was

# Report of Judges, Group XX., Cen-
tennial Exhibition, p. 82.
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Boiler-House and Chimney for Babcock & Wilcox Boilers, at Somersett
Manufacturing Co’s Woolen Mills, Raritan, N, J, 1,080 H.P.
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rejected, in which the thermometer scale we When Q - 1, the number of degrees steam
seen to move by bringing the hose too near is superheated = 2.0833 7 (Q — 1).
the instrument. The 1'esl1']t..s‘ were (‘ul(‘ulzlte'd In the present case Q = .g89s5. Per centage
from the records of the remaining sixteen experi-  ,f moisture in steam = 1.045.
ments, on the following basis : T o ; A
3 Ihis is practically dry steam, and equal in
Let W — original weight of water in calorimeter. quality to that furnished by boilers of any type
Let 7o — weight of water added by heating with steam. et . . T
= : : not provided with superheating surface. The ex-
Let T total heat in water due to the temperature of steam < i SALATE
at observed pressure, periments show, in a gratifying manner, that you
Let H - total heat of steam at observed pressure. have succeeded in overcoming a great difficulty
Let / - latent heat of steam at uhscr\'v(! pressure. often cx])crivn(tc(l with boilers constructed of a
Let 7 == total heat of water corresponding to temperature s .
g g combination of small chambers to reduce the
of water in calorimeter. 4 x b2 4
Let 7° — total heat in water corresponding to final tempera- danger of explosion. The deficiency of ordinary
ture of water in calorimeter, boilers in furnishing dry steam is little known,
Let E — heating efficiency of the steam furnished, mfnpured though the economy is materially affected.
with saturated steam between the same limits of
temperature. . ool
Let Q — quality of steam explained hereafter. Enyme Trials.
W (# — ?) The preliminary trial of engines gave the fol-
Then E = ek Sl lowing results :
w(H—7)
Babcock & Wilcox Boilers at Yngenio, Central Ysabel, Manzanillo, Cuba, 1,000 H. P
The value of E was ascertained by the formula Durationof experiment, . . . . 41 hours.
: ; rerage steam pressure in boilers .04 pounds.
separately for each experiment. The average SLytrags steanm pressure el 9394 T
i b e Average vacuum in condenser, . y ¢ ans inches.
value was '99]6' show mng that the steam lackec Average revolution of engine per minute . 64.402
but Too of 1 per cent. of the quantity of heat re- Water evaporated per hour, 8830.244 pounds.
(|llirc(1 for ])1‘()(]11(?111;’,’ perfectly dry or saturated A\'cm;:c_initiulprcssun- i'n steam cylinders, 84.425 *
1 § i - . limits of temperature Mean effective pressure in cylinders, . H30uTE7E 1 T
steam between the same 4 T » Sy i Average point of cut-off, 3 5 .29 stroke.
The value of Q may be found directly from the Average indicated H. P. (both engines), . 292.613
following ('(llulti()ll : Maximum H. P. shown by a complete set
of diagrams, 7 . . . 315.580
o I ( W (v £ (T —# \ g Water per indicated horse-power per hour, 30.177 pounds,
e 2 ) (2)

1 7 \w / The steam pipe was 131 feet long and other
or, from the average of the heating efficiencies, conditions were unfavorable for the economical
by the following : development of power in the engines. Itis, in

H 7 o fact, popularly supposed that this class of engines
\ ) (1 ) ; 1
(2) develops a horse-power for 24 the quantity of
)  Eps——————— 3 73 1 )
g / steam required in this case.
Then when Q < 1, the per centage of moisture The duration of the boiler experiment was 12
9 {
in steam = 100 (I — Q). hours and 37 minutes, of which fully 13 minutes
W P
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were necessarily lost in starting and hauling fires.
On this basis the water was evaporated in 12.4
hours, or at the equivalent rate of 13,919 pounds
per hour for feed water at 180 degrees. On the
basis that any good engine under fair conditions
will require but 30 pounds of water per horse-
power per hour, your boilers, during this experi-
ment, though not forced to their utmost, devel-
oped under condition agreed upon, 13919
— 464 horse-power, o7 704 horse-power in excess
of the guaranteed power.

The coal required per horse-power per hour is
evidently dependent in any case upon the econ-
omy of the boiler and engine jointly. With an

30

of 89.4 pounds from a temperature 100° per Ib.
of Cumberland coal; yet the engine was so
economical that there was required but 1.69 1bs.
of coal per horse-power per hour. The equiva-
lent evaporation of your boilers from the same
temperature with anthracite nut coal, much in-
ferior to Cumberland, on the basis of the trial
above mentioned, is 8.547 pounds of water per
pound of coal; soif your boilers were used in
connection with that particular pumping engine,
there would be required but 1.64 pounds of the
inferior coal per horse-power per hour.

The economical performance of your boilers
could undoubtedly be rendered still greater by

Scale, 1 in.=13 ft.

Boilers, Boiler House and Economizers, with Blast Flue and Ash Tunnel, made for Lombard, Ayres & Co,, Seaboard Oil Refinery,
Bayonne, N. J., 15 orders, 2,246 H. P.

evaporation of g.252 pounds of water per pound
of coal, and 30 pounds of water per horse-power
in the engine, there would be required per horse-
power per hour 3.24 pounds of coal. This boiler
performance, however, is rarely obtained in
ordinary practice, so generally a low cost of
power in fuel is due to using an excellent engine
with a fair boiler. For instance, during the offi-
cial trial of one of the most prominent pumping
engines in this country, the boilers, which were
specially designed to secure economy, actually
evaporated but 8.31 pounds of water ata pressure

reducing the rate of evaporation. The more fuel
burned per square foot of heating surface in a
given time the greater the quantity of heat lost in
the chimney, so that, within certain limits, using
proper proportion, the economy increases as the
rate of evaporation is diminished, though in a
much less ratio. Toaccomplish this result to the
fullest extent, however, the boiler would probably
need to be so proportioned that it would not
develop a maximum of 464 horse-power, or up-
ward, as in its present form.

Very truly, yours, CHas. E. EMERY.
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CENTENNIAL BOILER TESTS. to difference in the construction of the boilers, by
At the U. S. Centennial Exposition held in which the heating surface was rendered more
Philadelphia in 1876, a careful test was made of effective. The fact that the best economic re-
the different boilers there exhibited, except the sults were obtained by a boiler under average
Corliss, which was not placed in competition. conditions in other respects, is significant.
The results of these tests have been condensed [n their report, the Judges said : *“ The awards
in the following diagram, which gives graphically  of the Judges were not based upon the trials ; in
not only the relative evaporation, but the rate of fact, the latter were not commenced until the
combustion of coal per square foot of grate, the awards had been made by another committee of
ratio of heating to grate surface, the water evap- the same group. This report has been confined
orated per square foot of heating surface, and  to a statement of what actually took place during
the waste heat in the flue. The height of the the trials, without expressing opinions on the all-
diagram is 105 millimeters, and represents the important question of value, but more particu-
= Tinle of thioretical Econamny, 15 Ihs. Water per Ib. of Combustible, ,1\ | i
g | | i i i P
E e W |
2z 4 IR U e
= - 1 A H 2 E4
x'af 5 3| 3 z L’x“\ é: Q’}rz
Q= & = = <l O .
g T Pl W iy ujg 2 2 EE g
2 E ol = & B & 12 8l &)
s =zl ol % z x| <!= Jo z[® o
ECONOMY H iy ! < u | = (i <l
Pounds of Water " l :
from and at 212 [ H
per pound | |
combustible ! i
Tmm.=1.1b, ! 1
| |
| |
i
COAL Line-of-average
burned hour g e
per. sq. ft. grate | ?
Smm= 1.1b. 10.64
RATIO
Heating surface fné of iverhae
to grate surface Line Azl average
Tmm.=1. $I0s
" | 3459 to 1.
WATER i Line of average
per. sq. ft. o '-‘—7—1' evaporation,
heating surface / 2.99.
per. hour. \\/
1em.=1.1b. | Li :
| Line of average
WASTF e T temperature,
heat of flue | | A
Tmm.=20°f. N | 110°.
1 I
b
|
1 |
| |
| ! |
| | |
; i | BASE LINE FOR ALL SCALES!
theorvelic value of the combustible used in the larly the trustworthiness of the different mechani-
experiments.  In the line of “economy’’ the cal details and arrangements employed by the
boilers are arranged in the order of their relative various exhibitors. Many of these questions can
economy, as shown in the table. The distance only be settled by long practical use, under dif-
of this line from the base, relative to the whole ferent circumstances as to management and the
height, gives the percentage of useful effect in  kind of fuel and water used.”
each case. All the lines have scales measured in In view of that statement it is an interesting
millimeters, from a common base. fact, that of all the fiffeen boilers tested at the
By reference to the lines of averages, it will be Centennial, only three can be said to be now
seen that boilers at the extremes of economy, fairly in the market, and of these, the Babcock
had an average of each of the conditions. The & Wilcox, which showed the best results there,
different results are, therefore, to be attributed is the only one extensively sold in this country.
Y
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Comparative Test,

made at the Oliver Wire Works, Pittsburgh, Pa.,
March, 1883, by Wm. Kent, M. E., between two
Babcock & Wilcox boilers of 416 H. P., and
eight ‘““two flue ” boilers —six of them being 28
ft. long, 42 inches diameter, 14-inch flues, and
two of them 2614 feet long, 4o inches diam-
eter, 14-inch flues. Total grate-surface, 165 ft.

B.&W. | Ret. Flue.
Date ot ReBia %o f L ks st 'VIch 12t0 17"\Ich 19t0 21
Coal, bituminous, lump and nut.
Duration of test, hours. .......... 114 40.75
Average steam pressure 95 95
Average temperature of feed, deg 37 180
Water evaporated............ S.|1,512,763.2 {880,776
Coal fired.......... | 190,228 147,668
Per cent. of ash... 11 I
Combustible. . ..| 169,303 | 131,425
Grate-surface, squara feet. .. 69.12 | 165
Coal consumed per square foot, of |
grateper houf............: e 24.14 | 21.9
Water evaporated, in pounds |
per Ib. coal under actual con. 7.952| 5.964
‘“  combustible ** & 8.826) 6.70
‘" coal from and at 212°.. 9.700! 6.334
* < combustible, i ;do.)... .. 10.909 7.15
Rated horse-power........ 416 not given.
Horse-power developed from 212° ;
feed and 70 lbs. steam......... 522.84 | 741.36
Per cent. above rated capacity. 25.68

Saving in fuel in favor of Babcock & Wilcox :

3.375
2 — 6.33¢ = 3.375; and =22
9.709 — 6.334 = 3.375; 5755

— 34.76 per cent.

Tests made at the Genesee Mills, San Fran-
cisco, Cal., by A. Worthington, with coal from
British Columbia, from Cardiff, Wales, and from
the South Prairie, Washington Territory. This
test was made largely to determine the relative
values of these three coals, and incidentally the
economy of the boiler. The furnace was pro-
vided with an arch extending over about half
the length of the grate bars, and produced little
or no smoke :

Date L 540 28HRs e ...| Feb. 20. | Feb. 27, | Feb. 28,
Coal B Wcllir_lg'n Cardiff, |So.Prairie
5 . e i S Gl || Br. Col. | Wales |(Wash, T.
Duration of test. .|6 hr. 17 m.|7 hr. 23 m.|6 hr. 35 m.
Average steam pressu 119.2 117.68 117.87
Average temp’ture of feed. 50 61.87, 61.97
Water evaporated. . ... Ibs. 28,320 32.376 30,345
Coalnpted: 58 ..o\l i 9 3,777 4032 4,059
Per cent. of ash..... bt 13.78] 19.07] 13.04
Combustible. ..Ibs.| 3,156.5 | 3,263 3,493
Grate-surface. ........sq. ft. 21.25| 21.25| 21.25
Coal consumed per hour per| |
sq. ft. grage, 1bs .. ....... 28.2 25.6 28.9
Water evaporated, (in 1bs.)
per Ib. coal — actual con. 75 8.02 7.47
i ‘* —from and at !
DRI S vie 8.97 9.05 8.76
£ combut.t act. con. 9.3 | 9.54 8.88
5 fmm and at ‘
i SO SR 11.12 11.84 10.42
Rated horse-power. ........ 136 136 | 136
Horse-power developed ...| 186 1 173.5 | 182.3
Per ct. above rated capacity| 36.8 | 27.5 34

Test made at Harrison, Havemeyer & Co.
(now Harrison, Frazier & Co.), Franklin Sugar
Refinery, Philadelphia, Pa., by C. A. Brinley,
Chief Engineer, being the result of four separate
runs of 72 hours each, in October, 1883, and

April and May, 1884, on regular work, with
“Buckwheat ’’ anthracite coal from different
mines, after boilers had been in constant use for
five years :

Duration of test, in hours, ’ A . ’ 288
Average steam pressure, in pounds, . ‘ 73.52
Average temperature of feed water in tank, . 82.105

Pounds of coal burned,

Pounds of combustible,

Per cent. of ash,

Coal burned per square foot grdtc per hnur
Total water evaporated at temp. of feed, lbs. 1,765,
Water evaporated, in pounds,

216,087.8
17952053
17.4%
14.685

per 1b. coal — actual conditions, 8.124
= ** —from and at 212° . Q.49
‘“* combustible, actual conditions, 9.833
% A from and at 212° 11.485
Quality of steam — 13 tests, moisture, per ct. 1.28
Rated horse-power, . y 187
Horse-power developed from fud at 212° ‘mrl
70 lbs. pressure, . 231.61
Per cent. above rated capacity, 23,94

Temperature of flue gases, v ’ ’ 5 455.

Test made at Benedict & Burnham Manufac-
turing Co., Waterbury, Conn., March 17 and 18,
1883, by Wm. E. Crane, their engineer :

Coal, anthracite egg,

Duration of test, hours, . . ' : 22
Average steam pressure, pnuuds : . . 60
Average temperature of feed water, : ‘ 36°
Pounds of coal burned, 21,400
Pounds of combustible, 18,626
Per cent. of ash, y 5 . 12.9
Coal burned per sq. ft. grate, per hnur, lhs. 16.21
Total water evaporated at temp. of feed, ** 175,579
VVJ[CI" evap'd per lb. coal —actual conditions, 8.20
s g ** —from and at 212°, 9.93
o i ® combustible actual con. 9.42
i 5 o ‘ from and at 212°, 1.41
Quality of steam (moisture), per cent. . . 1.81
Rated horse-power, . s ’ s . . 250
Horse-power developed, . ¥ 312.12
Per cent. above rated capacity, \ 5 24.8

Test made at Messrs. Hepburn & Co’s Grant
Mills, Ramsbottom, Scotland, July 24th, 1884, by
Messrs. Hepburn & Co. Babcock & Wilcox
Co’s Boiler, with the patent regenerative furnace,
with dross ““pick-up’’ (@ 4/9d. and ‘‘Crosses’
at 5/3d., mixed to equal parts. Cost to evaporate
1000 Ibs. water into steam (@, 70 lbs. pressure,
2.82 pence, sterling :

Duration of test, in hours, . . Y 3 8
Average steam pressure, by gauge, . ; 50
Average temperature of feed water, ‘ 3 208°
Pounds of coal burned, s g 5,824
Pounds of refuse, y . - . ¢ " 630
Pounds of combustible, ; v 5,104
Per cent. of ash, . A 1
Coal burned per sq. foot gml(', er hnur " lbs. 24.26
Total of water evaporated at temp. of teul v 55,300
Water evaporated, y
per lh uml actual conditions, lhs. 9.497

3 : from and at 212°, - 10.627

“ combustible actual conditions, * 9.826

> **  from and at 212°, 10,998

Rated horse-power, z . 136

Horse-power dev L]np(d from feed at 212° and )
70 lbs. pressure, .

Per cent. above rated capacity,

Y
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Comparative Test, Comparative Economy by the Engine Test:
made at the station of the Brush Electric Light 4 0327 5t
| . S A 648 4.321 0.327 ; an 0.075 . er cent,
Co., Philadelphia, between the Babcock & Wil- e 1o 57 YT sl :
cox and Return Tubular boilers, by J. C. Hoad- e o
2 / ,) J = 3. Test by Waste Heat in Chimney.
ley, on the part of the Babcock & Wilcox Co., _____ 3 it
and W. Barnet I.e Van, on the part of the Brush ! e Babcock Return
- . . < T e Character of Waste. & Wilcox. T'ubular.

Electric Light Co., October, 1882, the conditions Parts in 10o. | Parts in 100,
as to (1llilllt).' of coal and management nf.ln‘cs Loss of heat ca ' ] ST = S
being muchin favor of the return tubular boilers, heated gases in chimney. \ 20.54 25.47

o e Loss by imperfect combus- |
as was certified to by both experts. This state- tion, and radiation....... | (.43 4.06
ment and full data and details of(,((l(,111.1}1<>11 WETES i At AP e
published in Van Nostrand’s Magazine, 1883,  Actualefficiency by evapor-

. s - : . . RUVEUBEE:, o 5 s Vs | 75.03 70.47
copy of which will be furnished on application. e

Total heating power of

1. Test by Evaporation of Water. combustible........... . 100.00 100.00

; . Babcock Return Loss carried off by hot gases, Ret. Tub. boilers..25.47 pr. ct.
Points Observed. ¢ W e T & : . ! ¥ :

QLR & & Wilcox. T'ubular. Loss carried off by hot gases, B. & W. boilers.. .20.54 pr. ct. {
l)(n::x’fwtest ............... Oct. 18, 19,20. | Oct. 23, 24 Difference ; greater loss by Ret. Tub. boilers.... 4.93 pr. ct. |
Duration of test... .. | 5 hours 16 hnurs. Y Al |
Quality of coal (anthracite | Screened This difference, or excess of heat lost by the {

Chestnut) . Wet and dirty | and dry. 5 T 5 e Sl 3 % -
Co. hrowh on grits Tbs. e3R8 2 ] pgial {8 Return Tubular boilers, divided by the effi-
Surface water incoal....... | * 1,207.8 378 ciency of these boilers (70.47 per cent.), gives [
Dry coal thrown on grate.. | ““ 15,180.7 12,793.5 o, & . % |
Wood used for kindling... | * 462 319 the ratio of the excess of loss to actual efficiency :
Cotton waste, to start fires. | ** 72.5 34.5 |
Ashes and residue. ... ...... 7 3308 2,697 403 |
Combustible (in coal) con- 72 — 0.06096 — 7.00 per cent. ‘
.................... 11,875.7 10,006. 5 70.47 ‘
wood xo0.36. | ** 166.3 115 i [
Combustible = cotton waste | 72.5 | 34.5 4, Test by Light.
Total combustible con- 5= hetd o i &
SUIEBALL. s covveiaiisaacns ' 12,114.5 10,246 Points Observed. Babcock eturn
Heat units ap[)arcml) re- < . | & Wilcox. Tubular. |
ceived by boiler.......... | 134,410,015 106,300,397 — - L | |
Heat units actually received 1. Indicated hnr:e prm( i | |
— water allowed for...... | 130,176,100 104,110,609 mean of all tests. .| 130.41 137.78 |
Heat units received per 1 Ib. | 2 FROUTE TN b s ald 21.5 16
of combustible........... ‘ 10,745.48 10,161.1 3. No. of arc lights run.... | 121 128.75
Water evaporated from and | 4. Average H. P. per light. | 1.0703 1.0701
at 212° F. per 1 1b. com- 5. Pounds of combustible | |
bustible. .. 5 1r.127 10. 527 per light per hour. [ 4.6567 4.9738 |
Apparent efficie 74.18 70.15 s |
Heat units required to dry | [
fhie aQall.cviovicas dariss 1,497,793 182,555 Comparative Economy by the Light Tesl: ‘
Water (:\Apomted from and P Yy 0) 8 b
at 212° F. per 1 Ib. of com- | 0.3171
bustible e\pcndcd indry | | 4.9738 — 4.6567 — 0.3171 ; and —— 0.0681 — 6.81 per cent.
ing the coal,... . .Ibs. | 0.128 0.049 45567
Water aclually cvapnmtcd
from and at 2122 . per 1 4, Summary of Results by the Fou |
Ib. of combustible. . 11.255 1057 -1 . S e ,t, by our Methods- |
Actual efficiency, per cent 4 T .
of theoretical.. ‘ 75.03 70.47 | o e L e |
,,,,, —_— —— | 88 | E4 |08 |& & }
% y A . Tl el Tests. 22| BB 903 | B33 [
Comparative Economy by the Evaporative Test. | 23 5@ | %3 ‘
0.68 el i ;::5 (R 1
11.285 — 10.571 = 0,684 ; and — 4 — 0.0647 = 6.47 percent. — i
2 d 4 Evaporative test... |
i Power, engine test. {
2. Test by Power Developed Through Engines. Lightrtest . ... ks f
el Test by loss at chimney.. |
. 3abcock Return
Points Observed. &I \l\');l'(:((yx_ T l]hllldl’ Mean of four tests.
i = {
Mean indicated horse-power.. 130.41 137.78 - £ A . ’ L B s
Duration of experiments as. ) /"‘/Mf”“””‘ n of Table.—The Babcock & Wil- ‘
above. ..... . ..hours 21.5 16 cox boilers evaporated more water for each 1
@ nmbusllhle umsumcd ...lbs 12,114.5 10,240 3 ‘b |
Combustible consumed per pound of combustible consumed; consumed ;
HOUL.  J ocn ¥d ey ; 563.46 640.375 Jess combustible per -each indics i
A e per 255 COt stible per hour for each m.(hcated P, |
H. P. per hour.. 4.321 4.648  produced, consumed Zess combustible per hour
Water uupor.md . ' | 130,156 104,562 . AR e TEte 42 i
Water evaporated per hour. 6,054 6,535 for each arc light in use; and lost Zess heat by
Water evaporated per H. B ) hot gases escapine to the chi b 3 1 L |
Pt HONE . 15 esoresn 46.57 | 47.43 R ey RN t e chimney, than the Re
Dry steam per H. P. per h'r.. 45. 1 46.45 turn Tubular boilers.
Leakage per H, P. her hour.. 10.43 12.33 . ST )
Dry steam wused pu H. P. | While doing this, they were evaporating 6054
per hour.. e 3k | 341 pounds of water per hour, into steam, containing |
i
r r
< <
\ 87 A




o 3
only 3.15 per cent. of entrained water, leaving different engineers, have been condensed for the
5863 pounds of dry steam per hour, enough at purpose of a more ready comparison. ¢
the rate of 30 pounds of dry steam per hour for Test made at Harrison & Havemeyer’s Sugar
each horse-power to supply 195 horse-power, Refinery, Philadelphia, January, 1879, by their
which is 30 per cent. above their rated power. engineer and usual fireman, under general work-

The general result is a difference of about 7 per  ing conditions, for five days of 24 hours each:
|
//
7
[ T R
LSS W7
The Brooklyn Sugar Refining Coy Brooklyn, N: Y., 5 orders, 1876 to 1888, 3952 H. P. Babcock & Wilcox Boilers.
cent. in favor of the Babcock & Wilcox boilers, Coal, {mthmcilc, egg size, not screened.
arrived at by four independent methods of com- Duration of test, hours, . . . 120,

: v 3 Average steam pressure, in pounds, 62.50
parison, all free from objection, and, together, A erage temperature of feed, . ) Y65 .50
mutually confirmatory in the highest degree. Water evaporated, 1bs. 733,660

This comparison leaves out of view all disparity i;()?lc:;f(];f.q . L7947
: : o SR e ‘ 13.7
of coal saye.the ascertained difference in surface’; ‘compustible, lbs. 68,2075
water ; this, if allowed for, would greatly increase  Grate surface, Pl sq. ft. 5075
the difference. Coal consumed per sq. foot of grate per hour, 12.99
Water evaporated, in pounds :
Other Tests PL:I" 1b. L:nul un<d‘cr uculxlnl cnnd}ftinns‘ 9.27
combustible, 10.74
The following tests, showing the evaporative coal from and at 212°, 9.71
efficiency of the Babcock & Wilcox boilers, combustible 1.6
4 . P liff kids of Rated horse-power, 190
actual and comparative, with different kinds ol yorse-power developed, o
fuel, which have been made at various times, by  Per cent. aboverated capacity, . 13.63
Y
> -
88 A’




Test of a Babcock & Wilcox boiler, made at
the Laboratory of Thos. A. Edison, Menlo Park,
N. J., Jan., 1881, by Chas. L. Clarke, M. E.

Anthracite coal, egg size.

Duration of test in hours, ¥ ; r > 12
Average steam pressure, L i i - 5
Average temperature of feed, . . ’ : 195
Water ev dporated in pounds i ‘ ; 28,181
Coal fired, ! . 3 § 2,998
Per cent. of ash, ; 4 ; 3 : . 12.8
Combustible in pounds, . : . ¥ . 2,614
Grate-surface, square feet, . . 26.83
Coal burned per sq. foot of grate, per hour lbs 9.3
Water evaporated :
Per Ib. coal under actual condltmns, lhs 9.4
“  combustible 10.78
coal from and at 212°, iy 9.9
** combustible # o 11.36
Rated horse-power, . . - 7 . 2 75
Horse-power developed, : . . 83
Per cent. above rated capacity, 4 ; 1 10.6

Test of a Babcock & Wilcox boiler, made at
the Electric Lighting Station of the Edison Co.,
57 Holborn Viaduct, London, October, 1882, by
T. A. Fleming, R. S. E., actual working con-
ditions with light load.

Welsh coal.

Duration of test in hours, . : ‘ ; 3 13.5
Average steam pressure, s ; X . 66.66
Average temperature of feed, . i F - 130
Water evaporated in pounds, 3 3 - 34,800
Coal fired, 5 . 3 ! 3,360
Per cent. of ash, A a . 8 > - 7.5
Combustible in pounds, . . ‘ : : 3,108
Grate-surface square feet, d 4 39.75
Coal burned per sq. foot of grate, per hour 1bs., 6.261
Water evaporated :
Per 1b. coal under actual condmnm Ib< 10.357

‘“  combustible * 11.196

“  coal from and at 212°, g 11.527

*  combustible ¥ B 12.46
Rated horse-power, . : . - : S 146
Horse-power developed, . g 3 3 119.9
Per cent. delow rated capacity, - - 3 23.3

Test of a Babcock & Wilcox boiler, made at
the Sugar Refinery of McEachran, Adam & Co.,
Greenock, Scotland, November, 1882.

Scotch coal.

Duration of test in hours, . 2 3 : v 4
Average steam pressure, - . 5 36
Average temperature of feed, . - ; ; 156
Water evaporated in pound-;, . . + 10,426
Coal fired, iy . é 8 . 1,344
Per cent. of ash, 5 ' . . : . 7
Combustible in pounds, . % - > ’ 1,250
Grate-surface, square feet, . . 25
Coal burned per sq. foot of grate, per huur lhs y 13.44
Water evaporated :
Per 1b. coal under actual conditions, Ibs., 10.73
‘" combustible ** B ¥ 11.53
coal from and at 212°, 4 11.52
combustible -~ g 12.38
Rated horse-power, . . ; . . 3 122
Horse-power developed, : . . 129
Per cent. above rated capacity, ‘ 2 . $:7

Test made at the Singer Mfg. Co.’s shops at
Kilbowie, Scotland, May 26, 1884, by Frederic
Leeders, superintending engineer.

Coal used Anchinraith, bituminous.

Duration of test in hours, . . s ‘ v 7
Average steam pressure, § ; . . 65
Average temperature of feed, . ¥ ¢ . 141
Pounds of coal burned, . : : u 3 2,072
Pounds of refuse, X R : ‘ A : 375
Pounds of combustible, . 8 v d " 1,697
Per cent. of ash, . 4 3 18.1
Coal burned per sq. foot of gratc per hnnr 1bs., 18.2
Total water evaporated, in pounds, . 3 17,500
Water evaporated :
Per 1b. coal—actual conditions, Ibs., 5 8,445

b “ from and at 212°, lbs., . 0.340

** combustible, actual conditions, 1bs., 10.312

‘* combustible from and at 212°, . 11.404
Rated horse-power, 4 1 : ! ; 51
Horse-power developed, . : . . : 89.9
Per cent. above rated capacity, . ‘ S 76

Test of two Babcock & Wilcox boilers, made
at Lehman Abraham & Co.’s New Orleans, La.,
June, 1884, by Frederic Cook, M. E.

Coal used, Pittsburgh bituminous.

Duration of test in hours, . : : ; 11
Average steam pressure, ’ 8 98
Average temperature of feed, deg’ Fah i 135
Pounds of coal burned, . % 3 ; : 12,162
Pounds of refuse, . . % . A ¢ 664
Pounds of combustible, . A 3 ' A 11,498
Per cent. of ash, { 7 3 5.4
Coal burned per sq. foot of grate per hour Ibs., 18.02
Water evaporated :
Per sq. ft. heating surface, per hour, . 435
“ 1b. coal—actual conditions, . 9,507
b ** from and at 212°, . 10.628
“  “ combustible,actual conditions, lbs 11.956
* * combustible from and at 212°, 11.243
Rated horse-power, . . . . 7 g 208
Horse-power developed, . ‘ . : : 3790.2
Per cent. above rated capacity, X 3 . 82.3
Temperature in flue gases, . < . s 520

Test of two Babcock & Wilcox boilers, made
at Rockland Paper Mills, Wilmington, Del., May
14 and 15, 1884, by Wm. Kent, M. E.

Coal, Wm. Penn, Schuylkill, anthracite.

Duration of test, hours, . v . 5 24
Average steam pressure by gauge, . 75.8
Average temperature of feed water, deg. F. nh - 153.4
Pounds of coal burned, . s . . : 15,197
Pounds of refuse, . . . ‘ > ¥ 2,101
Pounds of combustible, . . ! v § 13,096
Per cent. of ash, . 3 . 13.20
Coal burned per sq. foot grate, per hnur Ibs., 10.23
Total water evaporated, . < : , .. 139,059
Water evaporated :
Per 1b, coal—actual conditions, lbs., - 8.737
i ‘  fromand at 212°, lbs., ‘ 9.576
combustible, actual condition, Ibs., 10.066
“  combustible, from and at 212°, . 11.626
Quality of steam, per cent. moisture, ¥ 3 0.61
Draft in inches of water, - % s g 0.16
Rated horse-power, . : ; 4 : é 240
Horse-power developed, 204.9
Per cent. below rated capacity, y : . 14.6

Temperature of flue gases, degrees Fah. . 336




Babcock & Wilcox Boilers at M. Gambrill & Co’s Cotton Mills, Wilmington, Del. 500 H. P. Erected 1880.
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Test of four Babcock & Wilcox boilers at the
Arlington Mills Mfg. Co.’s, Wilmington, Del.,
May g, 1883, by Geo. H. Barrus, M. E.

Coal, anthracite pea, Sterling Mine, Shamokin region, Pa.

Duration of test, in hours, . ’ i s : 194
Average steam pressure, : A : - 106.2
Average temperature of feed, g ! - 145.3
Water evaporated in pounds, 161,656
Coal fired in pounds, X ! : ’ r 10,043
Per cent. of ash, " % ’ ¥ 5 g 17.4
Combustible in pounds, . 2 . h : 15,726
Grate-surface, square feet, . . 141.68
Coal burned per sq. ft. of grate, per hnm, Hn . 12.22
Water evaporated :
Per Ib. coal under actual ¢ nm]nmn\. 1bs., 8.49
‘*  combustible ** b 10.28
coal from and at 212°, - 9.13
‘*  combustible, 2 £ 11.44
Rated horse-power, 3 g - ! - 488
Horse-power developed, ’ n ’ 1 526
Per cent. above rated capacity, : < x 7.7

Test of three Babcock & Wilcox boilers at
the Arlington Mills Mfg. Co.’s, Wilmington, Del.,
May 10, 1883, by Geo., H. Barrus, M. E.

Coal, anthracite pea, Sterling Mine, Shamokin, Pa.
Duration of test, in hours, . ‘ : 5 11
Average steam pressure,

Average temperature of feed, . H 5 . 15
Water evaporated, in pounds, 4 2 : 155,767
Coal fired, in pounds, 18,371
Per cent. of ash, %
Combustible, . 2 . . . s . 15,470
Grate-surface, square feet, . 106.26
Coal burned per sq. ft. of grate, per hnur m\ 15.72
Water evaporated :
Per 1b. coal under actual conditions, lbs., 8.48
‘*  combustible ** ¥ 10.07
coal from and at 2129, o 9.01
combustible i 11.08
Rated horse-power, . i s : - . 366

Horse-power developed,
Per cent. above rated capacity,

Test made at the Am. Grape Sugar Co., Buf-
falo, Jan. 20, 1885, on a Babcock & Wilcox boiler
erected July, 1878, by Edwin Roat, Chief Eng.

Bituminous coal, Pittsburgh.

Duration of test in hours, s & . s 10
Average steam pressure by gauge, ; ’ 68.87
Average temperature of feed water, . ; 121.42
Pounds of coal burned, . 8 ; . 1
Pounds of combustible, 5 - v . 13,700
Per cent. of ash, : A 9.0f
Coal burned per square ft. grate, per huxu. 1bs., 15
Total water evaporated at temp, of feed, o 143,683
Water evaporated :
Per sq. ft. heating surface, per hour, lbs., 4.11
*“ 1b. coal—actual conditions, - 9
ot 8 —from and at 212°, & 10
combustible actual conditions, 1bs., 10.48
“«  combustible from and at 212°, lbs., 11.97
Rated horse-power, . . : » * r 300
Horse-power developed, . ‘ . : : 520.4

Per cent. above rated capacity,

J. W. Hill, M. E,,

Test of two Babcock & Wilcox boilers, made
at the Peacedale Mfg. Co., Peacedale, R. 1., Dec.,
1882, by Geo. H. Barrus, M. E.

Coal Powelton bituminous, 14 anthracite screenings.
Duration of test, in hours, < ‘ - . 10.25
Average steam pressure, . : 5 i 77.50
Average temperature of feed, . ’ . v 38
Water evaporated, in pounds, 2 5 : 133,096
Coal fired, in pounds, 14,287
Per cent. of ash, s . . > . ; 8.8
Combustible, in pounds, . ) . ’ : 13,025
Grate-surface, square feet, . 70
Coal burned per sq. foot of grate, per hnur Iha.. 20
Water evaporated :
Per 1b. coal under actual conditions, 1bs., 9.32
combustible ** L, 1 10.22
coal from and at 212°, $ 11.32
‘' combustible = & 12.42
Rated horse-power, ) . : g ! 284
Horse-power developed, . s 7 i 3 447.70
Per cent. above rated capacity, x : 5 57

Test of two Babcock & Wilcox boilers, made
at Miami Soap and Oil Works, Cincinnati, O.,
August, 1882, by J. W. Hill, M. E.

Coal, Pittsburgh sZac%, burned with force blast.

Duration of test, . F S d 5 . y 8
Average steam pressure, . 5 X . 51.72
Average temperature of feed, . . X 3 74.016
Water evaporated, Ih\ 4 51,220.79
Coal fired, & : : . : ; 7,365
Per cent. of ash, . 3 . : h v 12.31
Combustible, 1bs., . . : : = ; 6,460
Grate-surface, . . 49.833
Coal burned per sq. lunlnf grate, per hmu ”\\ 14.77
Water evaporated :
Per 1b. coal under actual conditions, . 6.954

‘*  combustible, ** [ 7,928

*  coal from and at 212°, . . 8.136

‘" combustible L ! ‘ . 9.236
Rated horse-power, & S y ‘ . 146
Horse-power developed, . . x - n 249.69
Per cent. above rated capacity, . . ’ 7t

Test of two Babcock & Wilcox boilers, made
at the Mill Creek Distillery, Cincinnati, O., by
September, 1882.

Coal, Pittsburgh lump, 3d pool.

Duration of test in hours, . g L g g 10
Average steam pressure,
Average temperature of feed,

3-975

Water evaporated, in pounds, 112,663.455

Coal fired, in pounds, q ‘ 5 A - 12,000
Per cent. of ash, . ’ 2 . ; 4.81
Combustible, in pounds, . - . ) . 11,421.75
Grate-surface, square feet, - 435
Coal burned per sq. foot of grate, per hnnr lh\ 27.5
Water evaporated :
Per 1b. coal under actual conditions, Ibs., 9.388
combustible, * = 9.863
** coal from and at 212°, b 10.467
‘ combustible i M 10.997
Rated horse-power, . 1 . A . 3 240
Horse-power developed, : . R . 418.7

Per cent. above rated capacity,
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AVERAGE COST OF REPAIRS

OF BABCOCK & WILCOX BOILERS IN THE PAST SEVENTEEN YEARS.

The following facts are gathered from a large number of answers to a circular of inguiry sent to all our older
customers. Sufficient replies were received to include over 100,000 horse-power, the repairs to the heating
surface of which, due to all causes, have averaged less than 5 cents per horse-power per year, of 300
days at 12 hours per day; boilers which have run night and day being credited with the extra
running time. The list would have been nore complete, and made a still better show-
ing but for the fact that a number of our best customers declined to give
JSacts pertaining to their business jfor publication.

DEcAsTRO & DONNER SUGAR REFINING Co.,
2880 H. P. Average time, 13.6 years, night
and day. Total repairs, 6¢c. yearly per H. P.

SINGER MANUFACTURING Co. (Case Factory),

# South Bend, Ind., goo H. P. Average time,

12} years. Total repairs, 4c. yearly per H. P.

** Very bad feed-water..... carry heavy fires and force
them beyond their rated capacity...... in one instance we
had to replace two heads and four tubes that were broken
and blistered by a careless fireman keating an empty
boiler red hot, and then turning on the feed water!!
Instead of a disastrous explosion that would have fol-
lowed with other boilers, we lost the above parts and two
days’ time.” Leiaron Pine, Manager.

AMERICAN GLucosk Co., Buffalo, N. Y. 3050
H. P. Average time, 9.8 years. Total re-
pairs, 4c. yearly per H. P.

NEw York Steam Co. 13900 H. P. Average
time, 3.92 years, night and day. Total repairs,
3 c. yearly per H. P.

RosamoND WooLEN Co., Almonte, Ont. 360
H.P. Average time, 8} years. Total repairs,
I7¢c. yearly per H. P.

Bounp Brook WoOLEN MiLLs. 600 H. P.
Average time, 8.1 years. Total repairs 2c.
yearly per H. P.

RARrRITAN WOOLEN MILLS. 1060 H. P. Aver-
age time, 6.7 years. Total repairs, nothing.
E. C. Knigut & Co., Philadelphia. 2000
H. P. Average time, 5% years. Total re-

pairs, 1c. yearly per H. P.

CONGLOMERATE MINING Co. 1800 H. P. Aver-

age time, 3 years. Total repairs, nothing.
““The boilers in every way come up to our highest
expectations.” Hengry C. Davis, Pres't.

BosToN SuGArR REFINING Co. 1250 H. P.
Average time, 814 years. Total repairs, 44c.
yearly per H. P.

““Were put in early in 1880 ; have been in constant use
night and day ever since.”

C. GiuBerT, Des Moines, Iowa. 488 H. P.
Average time, 5 years. Total repairs, 37c.
yearly per H. P.

BROOKLYN SuGAR REFINING Co. 3464 H. P,
Average time, 74 years, running night and
day. Total repairs, 1!4c. yearly per H. P.

JouN CrossLEY & Sons, LimITeD, Plantation,
Louisiana, 1260 H. P. Average time, 3!
years. Total repairs, nothing.

PORTAGE STrRAW BoarD Co., Circleville, O.
1472 H. P. Average time, 3} years. Total
reparis, 3{%c. yearly per H. P.

** These boilers have been worked hard a great portion
of time and have given good satisfaction.”

JNo. L. TarriN, Manager.

BAay STATE SuGArR REFINING Co., Boston.
798 H. P. Average time, 7.3 years. Total
repairs, {;c. yearly per H. P.

*“ These boilers have been constantly driven at their
bighest capacity ever since their installation, until the
present winter, and the cost of repairs to heating surfaces
in that time has been $82.53." J. F. StiLLMAN, Supt.

WHEELER, MADDEN & CLEMSEN M’r’G. Co.
Middletown, N. Y. 244 H.P. Average time,
5 years. Total repairs, nothing.

‘*We think this a very good record, and are very
much pleased with the boilers.”

JoeL H. GartEes, Burlington, Vt. 244 H. P.
Averagetime, 5 years. Total repairs, zothing.

RuMrorD CHEMICAL WORKS. 279 H. P. Aver-
age time, 5 years. Total repairs, nothing.

* No expense on account of repairs to heating sur-
faces for either of them, since they were put in.”
N. D.'Arnorp, Treas.

Tvrus Paper Co., Middletown, O. 650 H. P.
Average time, 6 years, night and day. Total
repairs, 615c. yearly per H, P.

SoLvAy Process Co., Syracuse, N. Y. 3456
H. P., from 6 to 114 years. Average time,
2.6 years, night and day. Total repairs, 1%4c.
yearly per H. P.

** The only repairs we have had to make are for new
tubes when they have been burnt out. As you are well
aware the water which we use at Syracuse is very hard
upon boiler tubes, and we suppose we have burnt out
more on this account than if the water had been good.”

F. R. Hazarp, Treas.

*“ I believe our repairs would have been greater had
we used the tubular type of ordinary design.”

W. B. CocsweLL, Manager.

Tue WarpLow THomas Paper Co., Middle-
town, O. 600 H.P. Average time, 6 years,
Total repairs, nothing.

‘* Easily managed, economical in coal, attendance
and repairs; and the element of safety under our hard
firing is a source of much satisfaction to us.”

O. H. WarpLow, Pres’t.

W. A. Woop, M. & R. M. Co. 360 H. P.
Average time, 4. years. Total repairs, 1c.
yearly per H. P.

**We consider them as good as new to-day, and can
recommend them as economical both in repairs and fuel.”
J. M. RoseBrOOKS, Sup't.
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Marcus Moxuam & Co., Swansea, Wales.
104 H. P. Average time, 334 years.
‘It has not cost us a penny for repairs.”
Laing, WHARrRTON & DowN, ZElectricians,
London. 85 H. P. Average time, 2.3 years.

‘* As regards repairs they have got to come, as they
have not yet cost anything.”

CARNEGIE BroTHErs & Co., Pittsburgh,
goo H. P. Average time, 5 years. Total
repairs, 1{5c. yearly per H. P.

*The total repairs to heating surfaces in that time
has been $30.” CarnNeGlE Bros. & Co.

RansoMEs, Sims & JEFFERIES, L’d., Ipswich,
England. 35 H.P. Average time, 414 years,
Total repairs, nothing.

‘ The repairs appear to have been about £7 for brick-
work.” RansoMes, Sims & JEFFERIES, L'D.

CrROCKER CHAIR Co., Sheboygan, Wis. 225
H. P. Average time, 7 years. Total repairs,
1c. yearly per H. P.

“The total cost of repairs to heating surfaces in
that time has been not to exceed $15. We do not hesitate
to say that it is the best boiler we have ever used.”

EacLE PaPeEr Co., Franklin, O. 250 H. P.
Average time, 4% years. Total repairs, 22c.
yearly per H. P.

“We are well pleased with them.”
D. B. ANpERrsoN, Manager.

F1ELDHOUSE & DUTCHER MANUFACTURING Co.
Chicago, 75 H. P. Average time, 6 years.
Total repairs, 114;c. yearly per H. P.

** Consider your boiler to be the most economical and
best made.”
LouisiaNA SuGAar RErFINING Co. g6o H. P.

Average time, 514 years.
** The cost of repairs is very moderate.”
Joun S. WaLLis, Pres’t.

NorTH BEND PLANTATION, Louisiana. 4o0
H. P. Average time, 10 years. Total re-
pairs, 1124c. yearly per H. P.

Francis AxXe Co. 136 H. P. Average time,
57 years. Total repairs, nothing.

WELHAM EsTATE, Louisiana. 240 H.P. Aver-

age time, 2 years. Total repairs, nothing.

I have used the boiler with perfect satisfaction.”
Wwm. E. BrickeLL, Agent.

JosepH ScHoriELD & Co. Littleborough,
Manchester. 156 H. P. Average time, 2%
years. Total repairs, 114c. yearly per H. P.

SETH THOMAS Crock Co. 125 H. P. Aver-
age time, 7 years. Total repairs, nothing.

** The only cost has been the amount spent on account
of burning up of fire-box furnace brick.”

WaALLACE & Sons. 400 H.P. Average time,
7 years. Total repairs, {;c. yearly per H. P.

*‘ They are apparently in perfect condition now.”

Foos & BarRNETT. 125 H. P. Average time,

7 years. Total repairs, nothing.

“‘Have not cost one dollar for repairs—simply new
grate bars. Think they are good economical boilers.”

CorTLAND WaGON Co. 82 H. P. Average

time, 6 years. Total repairs, zothing.
‘“ No outlay for repairs. We consider this remarkable
because we have forced the boiler from the beginning.”

EAGLE SQUARE MANUFACTURING Co., South
Shaftsbury, Vt. 200 H. P. Average time,
51g years. Total repairs, nothing.

‘* Have purchased a few fire brick to go between

tubes. We have found no other repairs necessary.”
F. L. MarTison, Treas.

Paine LumBer Co., Oskosh, Wis. 416 H. P.
Average time, 4 years. Total repairs, nzothing .
““Have been using the ordinary boilers with both
large and small tubes for thirty years past,and regard
your boilers as more economical.”
Paine Lumser Co.— A. B. 1deson.
P. P. Maist & Co., Springfield;- O: "85 H. P.
Average time, 84 years, night and day.
Total repairs, 3¢;c. yearly per H. P.

“We regard it as the best boiler ever used by our
Company, and think it has no equal in the market. After
all this hard usage equal to 14 years, we find it still in
good condition.” P. P. Mast & Co.

Epison ELEcTrIC ILLUMINATING Co. of Piqua.
O. 100 H. P. Average time, 5} years.
Total repairs, 44;c. yearly per H. P.

HaLLET & Davis Co., Boston. 104 H. P.
Average time, 6 years. Total repairs, sc.
yearly per H. P.

** Our repairs to boiler have been for new nipples in
mud-drum in Aug., 1887, which is certainly a very
creditable showing.” HarLer & Davis Co.

H. D. Smita & Co.,Plantsville, Conn. 75 H.
P. Average time, 8 years. Total repairs,
nothing.

** We know of no other boiler that would do the work
that this is doing.” H. D. Smira & Co.

F. A. Pora BrewING Co., Philadelphia. 400
H. P. Average time, 4 years.‘ Total repairs,
14c. yearly per H. P.

J. L. CLark, Oshkosh, Wis. 107 H. P. Aver-
age time, 614 years. Total repairs, {;c. yearly
perHLP:

** Develop at least one-third more work than rated.
We cannot speak too highly of your boilers. They are
simply perfect.” J. L. CLaArk.
SOCIETA GENERALE ITALIANA DI ELETTRICITA,
SisTEMA Epison, Milan, Italy. 1476 H. P.
Average time, 315 years.

*“The repairs have consisted in the changing of 4
tubes and about 220 rivets (not counting the last accident
due to carelessness of the firemen ).

L’ Amministratore Delegato—]. CoLumea.
Union Iron Works, Johnstone, Scotland.
104 H. P. Average time, 5 years. Total re-
pairs, 3c. yearly per H. P.

P. & P. CamPBELL, Perth, Scotland. 146 H. P.
Average time, 2 years.

*The boilers have cost nothing for repairs them-
selves, but the doors and furnace have cost about £4. 10s.
per annum.”’ P. & P. CAMPBELL.

L5 Ty

i
|

N A=

p—

—_—




CHENEY BRros., So. Manchester, Conn. 350

H. P. Average time, 7 years.
‘““Running steadily for seven years, and during that
time they have not cost us anything for repairs to the
heating surfaces.” Cueney Bros.

ToLeEpo & Onio CeNTRAL R. R. 120 H. P.
Average time, 7% years. Total repairs, 12c¢.
yearly per H. P.

“The boilers have given entire satisfaction in every
: e very
respect.” J. B. MorGan, Master Mechanic.

McAvoy BrewinGg Co., Chicago. 832 H. P.
Average time, 6 years. Total repairs, 1oc.
yearly per H. P.

“ Qur experience with them has been to our entire
satisfaction” Geo. Dickinson, Sec'y.
(Note.—One-half of total expense was due to broken

headers caused by low water, because of water combina-
tion becoming shut off.)

CORNWALL Bros., Lexington, Ky. 227 H. P.
Average time, 8% years. Repairs, nothing.
MaciNNIs CorToN MiLL, New Orleans. 624
H. P. Average time, 6 years. Total repairs,
1{$5¢. yearly per H. P.
PiONEER MiLLs. 150 H. P. Average time, 914

years. Total repairs, ‘‘slight.”

** Cost of repairs comparatively nothing. No leaking
of flues or boiler at any time.”
J. A. M. Jounsron, Agent.

LLAWRENCE RorE WoRrks, Brooklyn. 250 H.
P. Average time, 7 years. Total repairs,
4c. yearly per H. P,

James MarTIN & Co., Philadelphia. 208 H. P.
Average time, 77 years. Total repairs, 16c.
yearly per H. P.

“There has been but little cost for repairs to them:
those we have made being for a few new tubes that be-
came clogged or coated with scale on account of the wery
hard (wel/) water we are using. We cannot speak too
highly of them.” Jas. Martin & Co.

FAIRMOUNT WoRSTED MiLLs, Philadelphia.
400 H. P. Average time, 7.5 years. Total
repairs, 6:c. yearly per H. P.

Wu. WHITAKER & Sons, Philadelphia. 480 H.
P, Average time, 7 years. Total repairs,
nothing.

VANDERBILT UNIVERsITY, Nashville, Tenn.
200 H. P. Average time, 6 years. Total re-
pairs, 4c. yearly per H. P.

“ Cost of repairs to heating surface on all the above
during that time has been $48.25. The boilers during
that time have given entire satisfaction.”

Orin H. LanprerH, Dean of Engineering Dep't.

ARLINGTON MiLLS MANUFACTURING Co. 500
H. P. Average time, 8 years. Total re-
pairs, nothing.

SOMERSET MANUFACTURING Co., Raritan, N. J.
720 H. P. Average time, 7.5 years. Total
repairs, nothing.

New YORK & BROOKLVYN BrIDGE. 600 H. P.
Average, 24 years. Total repairs, nothing.

“The boilers have done’excellent service and have
given entire satisfaction.” C. C. MarTiN, Ch. Eng. & Sup't.

CHurcH & Co., Brooklyn, E. D. 584 H. P.
Average time, 4.2 years. Repairs, nothing.

EconoMmistT PLow Co., South Bend, Ind. 150
H. P. Average time, 5years. Total repairs,
nothing.

““We believe it to be the most durable boiler made.”

LeiGHTON PINE, Pres’t.

UnioN MetaLLic CARTRIDGE Co., Bridgeport,
Conn. 276 H. P. Average time, 414 years.
Total repairs, nothing.

“The cost of repairs to heating surfaces of said
boilers in that time has been nothing. We carry from 75
to 8o lbs. all the time.” A. C. Hosss, Sup’t.

WARDER, BUsHNELL & GLESSNER Co. 650
H. P. Average time, 3% years. Total re-
pairs, 4%c. yearly per H. P.

“ The boilers are giving us the best satisfaction.””

Cuas. A. Baueg, Gen'l Manager.

Cuicaco City Raiwway Co. 1000 H. P.
Average time, 7 years, night and day. Total
repairs, 44;c. yearly per H. P.

“The boilers have worked well and proved very
satisfactory.” C. B. HoLmEs, Sup’t.
SHEBOYGAN MANUFACTURING Co. 333 H. P.
Average time, 8 years. Total repairs, 4c,

yearly per H. P.

“We have found them economical, easily kept in
running order, and in all ways entirely satisfactory, and
should we need additional power would use no other
boilers.” G. L. Horues, Pres’t and Gen'l Manager.

JacksoN & SuArP Co., Wilmington, Del. 467
H. P. Average time, 5{; years. Total re-
pairs, 175c. yearly per H. P.

““ Have cost nothing for repairs to heating surfaces,
except through the carelessness of our fireman, who, soon
after starting the first boilers, allowed the water to get
too low and burst three or four headers, hut doing no
other damage. We consider them safe and economical
steam generators.”

Tue Jackson & Suare Co., by Chas. S. Robb.

SoutH BEND Toy MANUFACTURING CoO. 61
H. P. Average time, 4 years. Total repairs,
214c. yearly per H. P.

“We consider these boilers the safest and most
economical in the market.” F.H. Bapgr, Sec. & Treas.
CorumBus BuGy Co., Columbus, O. 8oo H.
P. Average time, 7 years. Total repairs,

1{;c. yearly per H. P.

“We consider them the best boiler in the market
and we are now evaporating ¢ Ibs. of water to one pound
of poor slack coal.” Frep. WEaDON, Sup’t.

EpisoN ELEcTRIC ILLUMINATING Co. OF N. Y.
goo H. P. Average time, 7 years. Total re-
pairs, nothing.

“They give plenty of dry steam and have been
absolutely tight at all times. The boilers have shown
unusual abillty to carry a constant pressure under the
extreme and sudden fluctuations, which are unavoidable
in an electric light station.” C. E. CHiNNoCK, V. Pres.

KeENNESAW MiLLs Co., Marietta, Ga. 200 H.
P. Average time, 7 years. Total repairs,
285c. yearly per H. P.

“You will see that the repairs on our boilers have not
cost very much for the last 7 years.” J. R. BucHANax,
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E. GREENFIELD’S SoN & Co., Brooklyn. 160

H.P. Average time, 4 years.

“They show no signs of wear, therefore probably
will not need repairing for some time to come. We con-
sider them the best boilers we have ever used.”

Brack & GERMER, Erie, Pa. 92 H. P. Aver-
age time, 4 years. Total repairs, nothing.
**Is easily cared for and economical in the consump-
tion of fuel.”
PLANTERS’ SUGAR REFINING Co., New Orleans.
292 H. P. Average time, 6 years. Total re-
pairs, nothing.

** The only expense attached to them has been new
grate bars and fire brick work.” Joux BARKLEY, Pres’t.

S. S. HEpworTH, Yonkers, N. Y. 104 H. P.

Average time, 45 years.

* During all this time it gave no trouble whatever,
and did not cost one penny for repairs.”

WiLsoNn & McCarray Tomacco Co. 300
H. P. Average time, 5years. Total repairs,
44c. yearly per H. P.

Jou~n CorriNs, Denny, North Britain. 425
H. P. Average time, 34 years.

**The repairs to heating surfaces have been slight,
and caused by an unfortunate admission of grease to feed
water in the case of my 140 H. P. boiler. With this ex-
ception, which of course arose from no fault of yours,
the boilers have done good and heavy work and given
me satisfaction.” Joun CoLrins.,

SINGER MANUFACTURING Co. Kilbowie, Scot-
land. 2106 H. P. Average time, 414 years.
Total repairs, ic. yearly per H. P.

** We have much pleasure in sending you particulars

of boilers as requested......Total repairs, £3.19.3, which
we consider highly satisfactory.”

Nova Scoria SUGAR REFINERY, Halifax, N. S,
800 H. P. Average time, 73{ years, night
and day. 600 H. P. since 1880; 200 in 1885.
Total repairs, 114c. yearly per H. P.

‘' We have pleasure in saying we consider them first-
class boilers in every respect.” J. A. TurnsuLL, Man.
KENNEDY’S PATENT WATER METER Co. L’D.,
Kilmarnock, Scotland. 51 H. P. Average

time, 6 years. Total repairs, nothing.

** Repairs confined to re-expanding one tube. The
cost was trifling.” TrHos. KENNEDY.
BenT CoLLiErRY Co. ’D.  Bothwell, Scotland.

480 H. P. Average time, 4% years.

‘“The cost of repairs during that time has been
trifling. I think two short tubes were renewed. The
boilers have been constantly at work.”” Jas. S. Dixoxn.

CORPORATION OF ABERDEEN GAS WORKS,
Scotland. 93 H. P. Average time, 3 years,
night and day. Total repairs, nothing.

** The boiler continues to give great satisfaction.”
ALEX. SMITH.

Tue SQUARE WoRKS, Ramsbottom, England.
136 H. P. Average time, 4 years, night and
day. Total repairs, 9c. yearly per H. P.

*“Since Feb. sth, 1884, night and day work, 16/6 ex-

cept the breakdown through being short of water, which
cost £21.17.4 to repair.” Heresurn & Co.

WHiTMORE & Sons, Edenbridge, Kent, Eng-
land. 100 H. P. Average time, 3 years.

** Have not spent one penny on the boiler.”

MiLLER & Co., Foundry, Edinburgh, Scotland,
240 H. P. ‘Average time, 3 years. Total re-
pairs, nothing.

*“Only expense has been some repairs to the Brick-
work in connection with the Stoker.” MiLLer & Co.
CARTHNESS STEAM SAw MiLL, Wick, Glasgow.
146 H. P. Average time, 214 years. Total

repairs, nothing.

‘“*We are well pleased with your boilers, and can
with confidence recommend them to any firm wishing to
economize their working expenses.” AvLex. McEwEN.

GEORGIE MiLLs, Edinburgh, Scotland. 146
H. P. Average time, 314 years, night and
day. Total repairs, zothing.

** Neither boiler has required any repairs to heating
surfaces.” J. & G, Cox,
J. & T. Bovp, Iron Works, Glasgow. 208

H. P. Average time, 2 years.

*One of these has worked nearly 5 years and the
other about half that time without any repairs what-
ever.”

DuBors & CHARVET-COLOMBIER, Armentiéres,
France. 476 H.P. Average time, 3 years.

** These boilers have worked to our entire satisfac-
tion since 2d November, 1885, without as yet any repairs
whatever.”

ARrRROL BROTHERS, Bridge Builders, Glasgow.
146 H. P. Average time, 5%; years.

** Cost of repairs to heating surface is as yet nothing.
It gives us pleasure to hand you this information, which
is entirely at your own disposal.” ARroL Bros.

James Eapie & Sons, Tube Works, Glasgow.
64 H. P. Average time, 5 years.

‘** Repairs to heating surfaces, none.”
HucHes & SonN. Meole Brace, Shrewsbury,

England. 61 H. P. Average time, 4 years.

** Has up to now cost us nothing whatever for re-
pairs. We can only repeat that we are very much
pleased in every respect with your boiler.”

WESTINGHOUSE AIR BrAke Co., Pittsburgh.
92 H. P. Average time, 414 years. Total
repairs, 4c¢. yearly per H. P.

‘“The repairs have been merely nominal, being con-
fined to the re-expanding of a few tubes and the re-
placing of two or three hand hole covers, at a total cost
probably not exceeding $15. The boiler has given entire
satisfaction.” H. H. WestiNGHousE, General Manager,

CARTHAGE WATER WoRrks. 122 H. P. Aver-

age time, 614 years. Total repairs, nothing.

“They are practically as good as when we put them
in ; there is not a blister or scale on the tubes. The
fire has not been out since we first started up in January,

1882." C. S. BarTLETT, Manager,

PonGs, Jr., Newerk, Germany. 120 H. P.

Average time, 3 years.

““Has been running 3 years without needing any re-
pairs up to this time.” J. Pongs, Jr.

—

CARRON “Co., Carron, Stirlingshire, N. B. 416
H. P. Average time, 4 years. Total repairs,
nothing.
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The following parties are among those to whom we have sold boilers in the past fifteen years. We would call
particular attention to the numerous instances in which repeated orders have been given
after years of use. This single fact tells more than volumes of certificates.
STEAM HEATING AND POWER.

Boilers. H. P.
NEW YORK STEAM COMPANY, New YOrK..... ..ccuviniiiieannne vonncenneninnnnes 14 orders 1880-1887, 56 13482
“ VAN CORLEAR " (Apartment House), New York Liv 0.3 do 1878-1885, 4 268
“DAKOTA” (Apartment House), New York..... ...... c.oooon vonns do 1882-1886, 6 864
“THE ALBANY » (Apartment House), New York..... ... ..... Sept., 1879, 1 90
“MADRID** (Apartment House), New York....... . cooooovvieiioaeonn. May, 1883, 2 122
“BARCELONA " (Apartment House), New York....... ..... e 9 1256
COLUMBIA COLLEGE, School of Mines, New York,....... 5 400
COLLEGE OF THE CITY OF NEW YORK. ............ : PR TR P g sy ¢ P MR | 36
NEW YORK PRODUCE EXCHANGE,New YOrk............ coocoiieiiiiiiniiinnns voneieniees Feb., 1884, 3 624
CONSOLIDATED STOCK & PETROLEUM EXCHANGE, New York. AP & % ovaaTe o ot Oct., 1887, 2 146
MUTUAL LIFE INSURANCE COMPANY, New YOrk .....coooiiiiiiiiiiiiiniiiniinniaeneens Mar., 1884, 4 488
AMERICAN INSTITUTE, NeW YOIK ... ...cococcecuirncessrrasaaantontoneanaiacne soninneee June, 1882, 2 250
NEW YORK HERALD, (Bennett Building), New York.........coooviiiiiiiiins cnvnnnnernennees Oct., 1884, 2 244
F. W. STILLMAN, NeW YOrK. oo o0 eeeisacenees nnncvonnieee nns .2 orders, 1881-1882, 2 150
CORPORATION OF TRINITY CHURCH, New YOrK ......coccivmineinee corueaniaenns 2 do 1879-1882, 3 160
NURSERY AND CHILD'S HOSPITAL, New York ............... - UL SRS 5 ) 1 (g R | 50
DEPARTMENT OF DOCKS, Pier A, N. R., New York. 2 orders, 1885-1886, 2 36
PAREPA HALL, NeWw YOTK.. ... oooncseacecasonsase sosnrnes .2 do 1883-1835, 2 50
ST. PAUL'S SCHOOL OF THE CATHEDRAL, Garden City, N.Y........ Nov., 1884, 1 104
CORNELL UNIVERSITY, Ithaca, N. Y ...cceoe iactcoscocaisssrmosnessssncnssonsincaes 2 orders, 1885-1888, 3 6561
CROUSE MEMORIAL COLLEGE, Syracuse, N T g T e s O S A B ..July, 1888, 2 208
C. J. HAMLIN, Buffalo, N. Y..... & i .. June, 1888, 2 208
RICHMOND HOTEL, Buffalo, N. Y ; s . ..Aug., 1888, 3 246
EDMUND M. WOOD & CO., Nursery, Boston, Mass e s e e e SESUR Gy ISR L 50
MASSACHUSETTS INSTITUTE of TECHNOLOGY, Boston, Mass. Apr., 1888, 1 208
WORCESTER POLY T'ECHNIC INSTITUTE, Worcester, Mass....... ... .... AR T b e P 651
UNITED STATES NAVAL TRAINING STATION, Newport, B. I............... Sept., 1884, 2 122
CENTRAL RAILROAD OF NEW JERSEY STATION, Jersey City, N. ... ..ooovonnvnnnnes Oct., 1888, 4 368
TAYILOR'S HOTEL, Jorsey CIty, M. ... scs caacsossvonsnsacisarissoresssstieinsghonsssgeeosnes Oct., 1881, 1 50
HAMBURG-AMERICAN PACKET COMPANY, Hoboken, N. J July, 1882, 2 208
DR. ABRAM COLES BUILDING, Newark, N.J.....ccooveviiiiiiiiiinn { . .July, 1885, 1 107
COUNTY OF UNION COURT HOUSE, Elizabeth, N. J.......coiiiiiniiirirreiieinnnns .=sOCt,, 1874, 1 40
COLLEGE OF NEW JERSEY, Princeton, N. J....cvcees voosnrnrnnnnns soreiiiiinanies cnenes April, 1879, 1 30
PUBLIC SOHOOL, Plainfleld, Wi J. . civaercossmmaasisnassssnae sssrsansibes sonl svniiosns sasioees .May, 1883, 1 36
G. W. CHILDS (Public Ledger Building), Philadelphia, Pa............cooeevee 2 orders, 1873-1882, 3 150
HOTEL LAFAYETTE, Philadel phia, Pa............oooveennnn. R o Pt S 2 do 1872-1881, 3 230
GIRARD ESTATE, People’s Bank, Philadelphia, Pa.........oovviiiiiiiiiiiiiis von conennanns Sept., 1876, | 1 50
do do Various stores, e tc =25 5 orders, 1886-1888, 7 638
BINGHAM HOUSE, Philadelphia, Pa.. May, 1885, 2 80
FIDELITY INSURANCE, TRUST & S4 May, 1886, 1 92
SHARPLESS BROS., Dry Goods, Philadelphia, Pa May, 1881, 1 100
WILLIAM WEIGHTMAN, Stores, Philadelphia, Pa... 2 orders, 1872-1877, 6 410
R. D. WOOD & SONS, Philadelphis, Pa......ccieeniiiiiiiiiiinnniees o0 oninuniinniiennneees Aug., 1881, 2 100
PENNSYLVANIA RAILROAD COMPANY, General Offices, Phil’a, Pa.,. 2 orders, 1883-1887, 3 818
GEO. S. HARRIS, Philadelphia, Pa.....ccevieeecaeecaconiiesie coninnienn 2 do 1886-1887, 2 120
GLEN SUMMIT HOTEL & LAND COMPANY, Glen Summit, Pa. 2 do 1883-1884, 2 60
GEORGE WESTINGHOUSE, Jr., Pittsburgh, Pa anis s S s s OUIDE SRR G 170
WESTINGHOUSE BUILDING, Pittsburgh, Pa.........cooiiiiiiiiniiinienns i g4 b g SRR Mar., 1888, 8 162
UNITED STATES CAPITOL, SENATE WING, Washington, D. C... e PR L TR Mar., 1887, 2 312
DEPARTMENT OF THE INTERIOR, Washington, D. C........... June, 1888, 2 122
WESTERN LUNATIC ASYLUM, Staunton, Va.......cocevnieenn covnniinnnes Sept., 1883, 2 122
LURAY CAVE & HOTEL COMPANY, Luray, Va May, 1887, 1 456
HAMPTON NORMAL & AGRICULTURAL INSTITU July, 1888, 1 120
H. I. KIMBALL HOUSE, Atlanta, Ga .Oct., 1884, 2 120
STATE LUNATIC ASYLUM, near Milledgville, Ga......oooveeeeeiiemarannzeenees ..Nov., 1887, 1 136
HOTEL PONCE DE LEON, St. Augustine, Fla.........ccooveeiiiiiiinn vee AL R R JApr., 1887, 4 416
CENTRAL KENTUCKY LUNATIC ASYLUM, Anchorage, EY ooiooe et vn shopsssbsn nares Aug., 1883, 6 450
THE VANDERBILT UNIVERSITY, Nashville, Tenn .....3 orders, 1880-1888, 4 284
UNIVERSITY OF NOTRE DAME, South Bend, Ind Sept., 1885, 1 40
INDIANA SOLDIERS® & SAILORS’ ORPHANS' HOME, Knightstown, Ind..... ..... ........ Sept., 1887, 2 240
NORTHERN INDIANA HOSPITAL FOR INSANE, Logansport, PRI s a5l = .. ......duly, 1885, 4 400
EASTERN INDIANA HOSPITAL FOR INSAN E, Richmond, Ind. ..... o July, 1885, 4 400
SOUTHERN INDIANA HOSPITAL FOR INSANE, Evansville, Ind......... .... July, 1885, 4 400
NORTHERN HOSPITAL FOR INSANE, EIgin, IlL .. ..o coviiiiiiiiiiiinninininiinee oenienen Sept, 1885, 1 76
GAFF BUILDING, Chicago, Tll.....c.oovieeinenvannneinnens e 1 e g U NPT N Aug., 1881, 1 104
CHICAGO, BURLINGTON & QUINCY R. R., Chicago, : 11 PO s b e nens AN 1887 136
CITY OF SANDWICH, Sandwich, Ill.........ccoiniinmnencnniinenes LT e TR | 81
NEW YORK LIFE INSURANCE COMP: , St. Paul, Minn........ Aug., 1888, 2 312
do do Kansas City, Mo AT R SR SRS PP Sept., 1888, 4 488
do do OMALRINOD. o vc isia s s snsie ’ ...Sept., 1888, 4 488
do do Montreal, Canada . ....... ... s s R NSRS Sept., 1883, 3 226
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Babcock & Wilcox Boilers at the Societa Generale Italiana di Elettricita, Sistima Edison, Milan,
from August 1882 to May, 1888, Total; 2082,

ELETTRICA.

Italy, 9 orders,
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Botlers. H. P.
TNDYERRITY OF CATITORNIA; Berkelay; OBl ... civies sovonnaiions vaibas sesnsovamassnes ....April, 1885, 1 16
PACIRIO POWER DOMPANY, S0 F1aBoloD, Cal.i. ... ..oviocinnsiedoneses sosnsmsanis s sosmnnms May, 1885, 2 208
EUBERU BATTHE, Oy Ol EMEIACO IIOT ko s v ¥ v son Sion s bwass's 58 v s S Toicd brv 4 Al o ptaioters el vh s Feb., 1884, 1 15
COMPANIA DE ALMACENES DE DEPOSITO DE LA HABANA, Cuba. . ..Sept., 1884, 1 104
GERENOCI RRIBON, Greonoel] BOOMANG. | .ol e sobu s saninsmisai o snn s st odes s admn s ms Sept., 1885, 2 20
CALTON PRISON, Edinburgh, Scotland... .... 2 orders, 1885-1886, 3 124
DR UMSHENGH BATHS, Edinburgh, Scotland.... ..3 do 1884-1885, 2 28
ALEXANDER SMITH, Town House, Aberdeen, q(‘mlzm(l e azaes et I Feb., 1888, 1 20
PUTHEY SYWIMMING BATHS, Loqton, MUGIANG.... <y e ienirae. dncn s s s bdugevusaiise Oct., 1885, 1 20
A. D. DUNN, Laundry, London, England.............. SO AP S - May, 1885, * T 84
LONDON & TILBURY LAUNDRY COMPANY Tl]hmy, B n«vlund ..Mar., 1886, 2 216
COLLEGE OF GRENOBLE, Grenoble, France........ ............. ..May, 1886, 3 120
NATIONAL LIBERAL CI.UB, LB s T T G A S N B R WL o bt & Aug., 1886, 2 194
JAMES LESLIE WONKLYN, Mont Dore Hotel, Bournemouth, Eng.... .......................May, 1888, 1 66
BELECTRICOHLIGH TING, Exc. S g
Boilers. 874
WALTHAM GAS LIGHT COMPANY, Electric Plant, Waltham, Mass...............ccoeeneevnnns Dec., 1886, 1 156
NEW HAVEN ELECTRIC COMPANY, New Haven, Conn .Nov., 1888, 2 208
REROTRIC: OB N ow N OFIC NI 5 ool UL Tl B0 ol ohteiire e e n dma e P b i aToee o000 sta pelid June, 1887, 1 74
CONSOLIDATED ELECTRIC LIGHT COMPANY, New York........ .. e Ay L e 2 orders, 1888, 3 760
HARLEM LIGHTING COMPANY, NeW NOrK, MY . ooriainmcns sains s onshnsessissssssid Sept., 1887, 1 300
EDISON ELECTRIC ILLUMINATING COMPANY, New York 3 orders, 1881-1887, 14 2620
do do Lawrence, Mas8................ ..., 3 do 1882-1884, 3 286
do do Brockton, Mass.. ..June, 1883, 2 146
do do Fall River, Mass o g | ...Oct,, 1888, 2 146
do do INEWDRBRRT ANV, o ds o4 Bl oo e ik alEsre ey Nov., 1883, 2 146
do do Paterson, N.J...... ... 2orders, May and Oct., 1888, 2 490
do do Sunbary, Pa May, 1883, 1 61
do do Shamokin, Pa .June, 1883, 2 146
do do Hazleton, Pa Nov., 1883, 1 992
do do Bellefonte, Pa 2 orders, 1883 1885, 2 184
do do i R 0T PR o et R e e S Nov., 1883, 1 61
do do SRDIONT0; &L e L I L S b Nov., 1883. 1 992
do do Middletown, Ohio..... ........ ... 2 orders, 1883-1884, 2 143
do do 153 (o VD o) [ SN TER R e PO ST o Mar., 1884, 1 92
do do CIClovalle; OIID £ ia 7o wubdomis as voors ity April, 1884, 1 992
do do New Orleans, La........cc..ooviiionnnannns June, 1888, 2 312
EDISON ELECTRIC LIGHT COMPANY, Parig, France................. ...... of g ..June, 1881, 1 150
do do Eotidon, ot Lulr S0 00e s Er 2l ool ahd L s RS 5l 2 orders, 1881-1882, 2 300
EDISON LAMP COMPANY, Newark, N.J 2 do 1881-1886, 3 281
THOS. A. EDISON, Fort Myer, Fla. i i ..Nov., 1885, 1 45
do OranpaiNG SRS el Lol b IE e Al ool s T AP e TR Aug., 1887, 3 219
EDISON ELECTRIC LIGHT & POWER COMPANY, Kansas City, Mo 2 orders, 1886-1888, 8 1476
EDISON COMPANY, FOR ISOLATED LIGHTING, Washington, D. C Apn] 1884, 2 164
do do N 23 Bl Ay I W BIGNS - e ot ST 55t @an 2 DUOW, , VIBRTS Y 1T 150
WESTERN EDISON ELECTRIC LIGHT COMPANY, Chicago, Ill......... .co.ooviiiiuniinnnn. July, 1882, 1 40
WESTERN ELECTRIC COMPANY, Chicago, 111 Aug., 1888, 1 208
do do New York....... ....Aug., 1888, 3 448
UNITED STATES ELECTRIC LIGHT COMPANY, New York 2 orders, 1880, 3 238
do do {od (0 BV T T e R R N L Mar., 1885, 1 208
do do Weston Factory, Newark, N. J.... ore, 1880-1887, b 380
BRUSH ELECTRIC LIGHT COMPANY, Philadelphift, P...c. «ouceesiioeioimionenions sossns July, 1881, 4 300
BRUSH-SWAN ELECTRIC LIGHT COMPANY, Auburn, N. Y... .Sept., 1885, 1 60
EXCELSIOR ELECTRIC COMPANY, Brooklyn, N. Y.........cu. ouu. .Sept., 1888, 1 50
WESTINGHOUSE ILLUMINATING COMPANY, Schenectad LOot; 1887, . 2 292
WEBTINGHOUSE ELEOTRIC COMPANY:. PIttBDUNE, PA. . oo cicvvs vonnn e wassansssiosssssatsns Nov., 1888, 2 328
ALLEGHENY COUNTY ELECTRIC LIGHT COMPANY, Pittsburg, Pa ... 2 orders, Jan. and Dec., 1888, § 13256
RBAST END ELECTRIC LIGHT COMPAN Y, - PIUtBDUrgh, Pl .. c o oot vis sae s sons sasssannsss Dec., 1888, 4 960
UNITED STATES CAPITOL, HOUSE OF REPRESENTATIVES, Washington, D. C................ 1887, 1 82
UNITED STATES INTERIOR DEPARTMENT (Patent Office), Washington, D. C... .......... July, 1888, 2 122
UNITED STATES CAPITOL, SENATE WING, Washington, D. C.. ok B St ..March, 1887, 2 312
BUCYRUS ELECTRIC LIGHT COMPANY, Bucyrus, Ohio....... ... TSR AR I, S June, 1887, 1 86
ST. JUOSEPH ELECTRIC LIGHT COMPANY, St. Joseph, M0......c.ccovaer cimaecn oun 2 orders, 1883-1884, 2 102
KANSAS CITY ELECTRIC LIGHT COMPANY, Kansas City, Kansas...... ........ccociennns Oct., 1888, 3 246
MISSOURI ELECTRIC LIGHT AND POWER COMPANY, Kansas City, Mo. ............ ... Jan., 1889, 4 832
A. HAYWARD. San Mateo, Cal. ... July, 1887, 1 51
ANGLO-AMERICAN BRUSH ELECTRIC LIGHT CO., LIMITED, Edinburgh, Scotland. ... .. Jan., 1887, 1l 25
do do for Royalty Theatre, Edinburgh, Scotland...Dec., 1887, 1 26
do do BosWwORtH ISOORIRL. « ... 805 am ok s onisis coaig Aug., 1887, 1 20
do do London, Eng...... S 3 orders, 1888, 3 176
LONDON ELECTRIC SUPPLY CORPORATION, LIMITED, L lmdun ] ll"l‘lll(l seavens s4 do . (1888, 25 - B09S
SIR COUTTS, LINDSAY & CO., Grosvenor Gallery, London, Eng........ .. ...ccoovvve. ......0ct., 1886, 4 956
CARDOGAN ELECTRIC LIGHT COMPANY, London, England ................cooovivuienn JO0t., 188G - 9 208
EDISON-SWAN ELECTRIC LIGHT COMPANY, London, Eng........ .. .ceoiiiiininnnnn.n. Jan., 1888, 3 468
8 Z, FERRANTE, Jlectiician, London, BRBIADA .. i vivses e inminmmaniss sodes onssisasntsde cos Feb., 1888, 1 86
LAING, WHARTON & DOWN, Electrical Engineers, London, England.. S iR .2 orders, Ih‘l.x 1888, 2 50
THE HOUSE-TO-HOUSE ELECTRIC LIGHT SUPPLY CO., Kensington, London, E ngland. .. .Mm 1888, 3 468
THE SCHMIDT-DOUGLASS ELECTRIC LIGHT CO. LIMITED, Huskegate, Bradford, Eng..2 orders, 1887, 2 236
RESIDENCE OF MR. BRYANT, Dorking, England. CHPLPE RPN RN R o R ) R L) 26
Q’: \ &
A A
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GAS LIGHTING.

SUGAR REFINERIES.

BROOKLYN SUGAR REFINING COMPANY, Brooklyn, N. Y...........oooovinieionnnld 5 orders, 1876-1888,
DECASTRO & DONNER SUGAR REFINING COMPANY, Brooklyn, N. Y ... do  1871-1888,
HAVEMEYER SUGAR REFINING COMPANY, Brooklyn, N. Y.............. do  1871-1883,
HAVEMEYERS & ELDER SUGAR REFINING COMPANY, Brooklyn, N.Y........ ..2 do 1871-18i2,

MATTHIESSEN & WIECHERS SUGAR REFINING CO., Jersey City, N.J ........... 8 do 1871-1886,
HARRISON, FRAZIER & CO.,.Philadelphia, Pa.........c..cociiiieicooiiiiinn. o ....9 do 1871-1886,
BN RNIGHP & C00:; PRIAACIphia, Ph. .. 0. : s oiavess eosvo s donsoapoybosn s bbaioded 0aiew 3 do 1880-1887,
PENNSYLVANIA SUGAR REFINING COMPANY, Philadelphia, Pa... .............. ........Oct., 1881,
GROCERS' SUGAR HOUSE, Philadelphia, Pa......... ......... ..... A i DR L r e s IO e R00
CLAUS SPRECKELS SUGAR REFINERY, Philadelphia, Pa .............. PSR SRR (o) B L

BOSTON SUGAR REFINERY, East Boston, M
BAY STATE SUGAR REFINERY, Boston, Mass. .
STANDARD SUGAR REFINERY, Boston, Mass............iivivesvsrsdsnision
FOREST CITY SUGAR REFINING COMPANY, Portland, Me

as 2 orders, 1880-1881,
.2 do 1880-1887,

Nov., 1880,

ev.....2orders, 1881-1887,
.............. { do

AMERICAN GLUCOSE COMPANY, Buffalo, N. Y., Works A........ 1879-1882,

do Peoria T, WO, | L Ce a Clo. /s 00, o s s ol 2 do 1880-1888,

do Teavenworth, Ban, WOrKs L. .. .. ... oo v lswemesita Tawe v ins Sept., 1882,
CHICAGO SUGAR REFINING COMPANY, Chicago, Ill............. oiiniiiiiiiiinnes 4 orders, 1880-1888,
ROCKEFORD.GRAPE SUGAR COMPANY, Rockford, I1l.........ccoo.iiieiiiiiiiiiiiniiienininan May, 1882,
BELCHER SUGAR REFINING COMPANY, St. Louis, MO...........c..ciiiiiiniinnns 2 orders, 1872-1881,
KANSAS CITY GRAPE SUGAR COMPANY, Kansas City, Mo............. e s g S May, 1883,
ST. JOSEPH SUGAR REFINERY, St. Joseph, MO.......ccov conniiiiiiniiiiiianinnns 2 orders, 1880-1881,
FIRMINICH MANUFACTURING COMPANY, Marshalltown,Towa............. ....... 2 do 1880-1882,
MICHIGAN GRAPE SUGAR COMPANY, Detroit, Mich............coooiiiiiiiiiiiiiiiieiannn May, 1880,
FLORIDA SUGAR REFINING COMPANY, St. Cloud, Fla......... A 2 orders, 1887-1888,
LOUISIANA SUGAR REFINING COMPANY, New Orleans, La........................4 do  1883-1888,
PLANTERS’ SUGAR REFINERY, New Orleans, La........... g du v peesen e enl @0 18801888,

NOVA SCOTIA SUGAR REFINERY, Halifax, N. S. s R e e e s
MONCTON SUGAR REFINING COMPANY, \I()nct()n N I’

REFINERIA DE AZUCAR DE CARDENAS, Cardenas, C ui)n. ki
SAY WP CLE, Paris, France ........cc.coesvvarssaasassscvsmessss »
BERNARD NEVEUX, Santes, France
SALA PON Y CIA., Barcelona, Spain........... .......... 5 =
LA REFINERIA DE BARCELONA, Barcelona, Spain.......

do  1880-1884,
e X S do  1880-1885,
................... 6 do 1883-1886,
s s OV, 1858,

S v A By AOBT4
T S T R S 2 orders, 1887-1888,
% I FRREN Feb., 1888,
PLANAS ESCUBOS HERMANOS, Barcelona, Spain. .......cc.oimiriuiiueiiirriiiainis cevanns July, 1888,
SOCIETA ANONIMA RAFFINERIA DI ZUCCHERI, Ancona, Italy.....o............. 2 orders, 1886-1888,
LEE YEUN SUGAR REFINING COMPANY, Hong Kong, China..................ooooiiiiii Sept., 1883,
RECIPROCITY SUGAR COMPANY, Hana, Maui, Hawaiian Islands............ ... Nov., 1883,
PUGA SUGAR REFINERY, Tepic, Puebla, MeXico............ «c.cooviiiiicnivnnnnes . +. +....Nov., 1883,

ww

Boilers.

RESIDENCE OF LORD ROTHSCHILD, Tring Park, Herts, Eng..... .......ooooiiiiiiiiiens June, 1887, 1
THE CHATHAM, ROCHESTER & DISTRICT ELECTRIC LIGHTING CO., Rochester, Eng...Jan., 1888, il
R. & E. CROMPTON & (0., Chelmsford, England........ «...oooiuiiiiiiiiiiiiiniiies oo wone Oct., 1888, 1
MoWHIRTER, FERGUSON & CO., Edinburgh, Scotland ... .......... ..o .2 orders, 1887-1888. 2
SOCIETA GENERALE ITALIANA D’ELETTRICITA SISTIMA EDISON, Milan, Italy..9 do 1882-1888, 16

do do do do Livorno, Italy..... .Sept., 1887, 3
SOCIE’I‘;\ ANGLO-ROMANA PER L'ILLUMINAZIONE, Rome, Italy................. 2 Ol'd(‘l“ 188’:-1884, 9
&O('IE'I‘A GENERALE PER L'ILLUMINAZIONE, PALAZZO CHIGI, Rome, Italy ,1888, 2
SOCIETA PER L'ILLUMINAZIONE ELETTRICA, Palermo, Italy.... ... .....ccoooonnnn. . 1884, 2
ROYAL ITALIAN NAVY ARSENAL, Spezia, Ttaly.......coccurieiiiniiiniiiinionnsiaiacancasoes .\hl\, 1888, 3
HOTEL DE LILLE ET D’ALBION, Paris, France..... TEN RN 1 May, 1886, 1
BEAN & BERTRAND FAILLET, Paris, France .. ........... i o el e AR s LIS Oct., 1888, . 1
. LAMY P. BIEU & CO., Mende, TraTCe. cocoe: oo vios avsvnssamisassssssossson sannasin oosaoeds Junv, 1887, 2
. (:ILLIBP, RT & CO., Marseilles, France Oct., 1887, 2
SOCIETE NANCIENNE D’ELECTRICITE, Nancy, Fr: 2 orders, 1887-1888, 3
IMPERIAL CONTINENTAL GAS ASS’N (VIENNA ()I’I‘ R A HOUSE), Vienna, Austria, 2 orders, 1887-1888, 8
ELECTRICITEITS MATTSCHAPPY, SYSTEM DE KHOTINSKY, Rotterdam, Holland........ Oct., 1884, 2

do do do Berlin, Germany........2 ()l(l(,l‘l 1887, 3
CAPT. DE KHOTINSKY,.Berlin, GEeTIANY . ... ccccesesnseiosasscanose soessaissasssionnsssosss June, 1887, 2
ERANCISCO'DE LA VIESCA, Cadiz, BPAM. .. oo casen aabsdeasoasisbs e 2 orders, 1886-1887, 2
ALFONSO FLAQUER, for ELECTRIC LIGHT STATION, Valencia, Spain 2 orders, 1888, 6
SOCIEDAD MATRITEUSE DE ELECTRICIDAD, Madrid, Spain .. ...Aug., 1888, 3
CAMELA G. LAGANA, Palermo, SIellY. ... v oavsnesssiosnssvnson 2 orde; rs, 1886-1887, 2
ELECTRIC LIGHT & POWER COMPANY, Melbourne, Australia......... ......ooooiiiin conid A ug., 1888, 6

Boilers.
WALTHAM GAS LIGHT COMPANY, Waltham, Mass............ e e g A e Dec., 1886, 1
STANDARD GAS LIGHT COMPANY, New York, N. Y. AL - 2 et e AL e R AT e Aug., 1887, 2
WILLIAMSBURGH GAS LIGHT COMPANY, Brooklyn, N. Y.... ......... Moy ..Aug., 1884, 1
EAST RIVER GAS LIGHT COMPANY, Long Island City, N. Y eerr.......2o0rders, 1886-1888, 2
CINCINNATI GAS LIGHT AND COKE COMPANY, Cincinnati, ()luo i v st hmes-s 4 v N - JO0E, " B
CITIZENS' GAS LIGHT AND HEATING COMPANY, Bloomington, I]] e e AT, I8 T
CORPORATION of GLASGOW, GLASGOW GAS TRUST, Glasgow, S ODEIATIO e s, e vaso Uty 1888l <%
ABERDEEN CORPORATION, Aberdeen, Scotland.... ....... ....ceeviiiinaeiiiois TR RO R Jan., 1886, 1
EDINBURGH & LEITH GAS WORKS, Leith, Scotland. ......... LN e Lotk CREN ..July, 1887, 2
DOWSON ECONOMIC GAS POWER COMPANY, London, 8. \\' Englamd b sy m .3 orders, 1888, 6

Boilers.
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292
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SUGAR PLANTATIONS. L b
NORTH BEND PLANTATION, near Centreville, La...................oooeen 9 orders, Mar. and Nov., 1879, 4 400
D. F. KENNER, Plantation, Hermitage, La..........coooiiieiiiieiiiiiiiiiiiiiiicsees soomeeees May, 1881, 2 268
FOOS & BARNETT, Plantation, Centreville, La............c.ooooiiiiiiin v cnnmeeeninaneen. July, 1881, 1 120
R H, YALE, Asconsion PATIBR, L. ... .o rvaecenincinisnsonnsioss i saonssnonsionsasnonsssmissass April, 1883, 2 244
WM. H. BALLARD, Chatham Plantation, Ascension Parigh, La.... .. ...... ..ccooveeeeeee.nn Mar., 1883, 2 208
JNO. CROSSLEY & SONS, Ld., Southwood Plantation, Ascension Parish, La........4 orders, 1883—1886, |
INO. CROSSLEY & SONS, Ld., Mt. Houmas Plantation, Ascension Parish, La........ 2 do 1883—1886,f 8 1610
J. H. PUTNAM, Rose Hill Plantation, Abbeville, La...........cocoivin tiiiiiiiiiiiinnannens April, 1883, 1 122
SCHMIDT & ZIEGLER, Willswood Plantation, New Orleans, La iseeessese.gune, 1888, 2 328
WELHAM ESTATE, St. James Parish, La........... .....ocoooii i ... 2orders, 1886-1888, 3 636
Yngenio “ TOLEDO Y PILAR,” Havana, i34 1 el LR e S AR RS G o N LR L T TR Sept., 1888, 2 300
Yngenio ** UNION,” Cuevitas, CUDA. ... ..c.cuvurutuiiiiiiniitiiiiiiainis et 4 orders, 1879-1886, 8 1100
Yngenio ** SAN RAMON,” MR nII0) OB ok i s saie s s 5o r s, oy S s ..2 do 1882-1883, 3 819
Yngenio “ CENTRAL YSABEL,” Media Luna, Manzanillo, Cuba................. ve......April, 1886, 8 976
Yngenio “SANTA ROSA,’ Guantanamo, (011 S e O RO S SR L S I s PP 7~ 200 July, 1881, 1 150
Yngenio ‘“ SAN ANTONIO,” do O ok s bt e s T <ot o A At AT 2 orders, 1881-1883, 3 449
Yngenio SOLEDAD,” do do . 3 do 1880-1888, 4 281
Yngenio “ LOS CANQS," do do a2 o 1883-1884, 4 306
Yngenio “ SAN JOSE,” do o N = ST S R IR O B o, N P e May, 1881, 4 300
Yngenio “ SAN VINCENTE,” do U3 e £ e i T T F A W T R AR Aug., 1885, 2 164
Yngenio *“ SANTA MARIA,” do do.. 3 orders, 1882-1885, 3 2921
‘ Yngenio “ SANTA FE,” do do o T LR D it st Shet July, 1883, 1 146
! Yngenio “ BELLEZA,” BRI SO e ot iy v eeilo sy s s e i Sl (0 Lo it May, 1881, 2 160
| Yngenio “ SAN SHBASTIAN,” 8antiago; Cuba. ... ecavssiusnainsenensenaniiviivasenaa 2 orders, 1884-1886, 2 164
|
:
]
|
' il (A R
? Yngenio Central Ysabel, Media Luna, Manzanillo, Cuba,
Boilers. IH. P.
Yngenio * HORMIGUERO,"” Palmira, Cuba...........cooooveenenns 2 orders, 1881-1882, 4 300
Yngenio * CONSTANCIA,” Cienfuegos, Cuba.. I S MU OR ot Lo SR (- o B o R A 1 |
Yngenio “ LEQUEITIO,” 005 S svovs ..3 do 1887-1888, § 649 1
Yngenio “SAN LINO,” s 11 B W e gt =S B U e T S e sy IOV 1887, <19 2992 |
Yngenio “ SOLEDAD,” do.. . June, 1888, 1 156 ‘ |
l Yngenio “ CIENEGUITA,” Abreus, Cuba.. 5 L 3 orders, 1882-1888, 4 596 |
Yngenio “ CENTRAL REDENCION,” Nuevitas, Cuba - Jan., 1883, 2 146 | i
\ Yngenio “ LA CARIDAD,” do June, 1883, 2 240 ‘ |
y: Yngenio ¢ EL CONGRESO,” do ..7orders, 1883-1885, 7 1228 {
Yngenio “ SENADO,” do .3 do 18831886, 4 790 \
Yngenio * GRATITOD,” Manacas, CuDB. ....ccuoresnoasagirnitorensssiamsranraresnanesrtnnsee Aug., 1883, 2 208 |
Yngenio FORTUNA,” Alquizar, ODB. L0 o vssnnns, s Phamduedpowes sied s ¥ a5 s s % 559 ...July, 1883, 6 624 1
Yngenio “SAN LUCIANO,” Macagua, (1157 SISO July, 1884, 2 208 ‘
Yngenio “ SAN CLAUDIO,” Cabafias, Cuba.... .. .... i ers, 1884-1885, b 616
Yngenio * SANTA CATALINA,” Corral Falso, Cuba.... vt s 4 do 1885-1888, 4 820 ‘
Yngenio **SANTA FILOMENA,,” Corral Falso, Cuba. .......ccoveeenien one ST sy s aave wY June, 1885, 4 416
Yngenio * SANTA RITA,” Baro, CIRDEL & 5 s tes Sl Doy kA G sie mmevn g pmrawn e Joide woand veeseessine )BTy 1888, @ 208
Yngenio “ SAN JOAQUIN,” Pedroso, CubR.....cooveestacisnscsrostanansons 2’ vves wen e ATRG I88MS B 208
Yngenio NUESTRA SENORA DEL CARMEN,” Matanzas, Cuba.... ...Jan., 1886, 1 146
Yngenio “ JESUS MARIA EN SANTA ANA,” Matanzas, Cubfi.........coviineiiiiiiins sanienn Oct., 1888, 1 150 ;
Yngenio “ TERESA," Cruces, Cuba eveisneeeeess..20rders, 1884-1885, 4 416
Yngenio * EMILIA,” Gilines, Cuba olen B do 1884-1885, 3 386
? Yngenio “ SOCORRO,” COrralillo, CUDA. . ..vvencer ornrisans secrarasnusiassnuraioitoes contuens May, 1885, 2 292
! Yngenio ‘“SANTA ISABEL,” Sagua, Cuba .. ... R, LSO S DSl TR § R e Sept., 1885, 1 104 |
Yngenio ‘“ ASUNCION,” Mariel, CUDA. . .oveeenieivereioeraneessestosiasansans contnne cosnseanes July, 1885, 2 203
Yngenio “DOS AMIGOS,” Campechuela, Cuba 2 orders, 1884-1886, 4 416
P |}
h L‘ o
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- y Boilers. H. P.
Yngenio ** CANAMABO,” Trini@ad, CubB.. .. ve.uee 2erenrnensssens s e oo Sept., 1885, 2 292
Yngenio ““ SANTA GERTRUDES,"” Banaguises, Cuba. 2 orders, 1885-1887, 3 438
Yngenio *“ SAN AUGUSTIN,” Quibian, (‘ubn .............................................. Aug., 1886, 1 140
Yngenio **MI ROSA,” Quibian, Cuba........cc............ ot A SRR RN e B N St 5 [ i o 300
Yngenio “SAN FERNANDO,” St. Spiritus, Cuba ST s S o - S ..Oct., 1886, 1 104
Yngenio “SANTA TERESA,” Ceiba Hueca, W. T...... ............... TR SRR e ) .Jan,, 1886, 1 208
Yngenio ** ANGELINA,” San Domingo, W.. I.. ... .. ............ .Aug., 1879, 1 76
Hacienda ‘“ FORTUNA,” Porto Rico...:........... Nov,, 1883, 1 104
Hacienda **FLORIDA YANCO,” Porto Rico b TR B L s T A DR I Do ol Jan., 1884, 1 104
Hacienda “REPARADA,” Porto Rico £ Feb., 1885, 1 104
Hacienda “LOS CANOS,” Porto Rico.. ..Sept., 1886, 1 104
Hacienda ‘‘ GUARACHA,” Irapuato, Mexico 5 e S Ran T N Tt e (RIS AL A el A .Aug., 1884, 1 122
Hacienda *“ SAN MARCOS,” Jalisco, Mexico... ... R e S M a7 ea vl OTO RS, 188451885 - 244
GARCIA ICAZBALCETA HERMANOS, City of Mexico..........c........ eeovn. .2 orders, Nov., 1887, 9 184
Sefior SOLERO ESCARZA, Cienfuegos, Cuba.......... s TR s A IR July, 1888, 3 450
Yngenio ‘“ VICTORIA EN GRECTIA,” Costa Rica. .. LR e e March, 1886, 1 1
HAWAITAN AGRICULTURAL COMPANY, Pahala, Sandwich Tslands......... ..............2 orders, 1886, 3 490

[IRON WORKS. :

Boilers. H. P.
TROY IRON & STEEL COMPANY, Troy, N. Y.....coeeiiniiinnnnin.n, e s 3 orders, 1885-1888, 192 1786
SWEET'S MANUFACTURING CO., Syracuse, N. Y.....oovvurnnsiiisomo e { orders, 1881-1883, 4 344
PH(ENIX HORSE SHOE COMPANY, Poughkeepsie, N. Y............. June, 1888, 1 146
GLOBE NALL COMPANY, BoBton, THASS. . .. . .50t ohsihiareis s animes e sssdssssss et ......May, 1880, 2 200
WErAMER & Q0L dersey Olty Wods: L one o b b B i 1o (00 W g bt oo 0 S S T Nov., 1884, 1 240
TRENTON IRO\I COMPANY, Tlcnmn \' J .4 orders, 1880-1882, 6 4920
NEW JERSEY STEEL & IRON COMPANY, Trenton, N. J.......ooooieiims o Dec., 1885, 1 208
AMERICAN SHEET IRON WORKS, I’)ll]]l])~])l]r" N.J. SR T e L R TSR 7 - S | 3
DELAWARE ROLLING MILL, Phillipsburg, N. J.................... s R s R June, 1882, 1 82
McDANIEL & HARVEY COMPANY, Sheet Irons, Philadelphia, Pa...................... ..... June, 1882, 1 100
HUGHES & PATTERSON, Philadelphia,Pa......................... L B T A T LA Jan., 1886, 2 208
GORDON, STROBEL & LAUREAU, L’d, Philadephia, Pa S e .8 orders, 1886-1888, 35 4390
MIDVALE STEEL COMPANY, Nicetown, Philadelphia, Pal ey e B Pl ot b A 279
MARSHALL BROTHERS & CO., Newport, Pa,........ ....... ey ot Rl s June, 1888, 9 272
CATASAUQUA )‘I;\NUFA(J'[‘UI\’ING CO., Catasanqua, Pa. .. Senn e UL L i, 2 iR -ord erR: (TSRS BREE 110 202
PENGOYDTRON WORKS, PenCoyd PR, .. roiscene.anriieessnissinse damennast s .4 do 1881-1887, 12 1824
CHICKIES IRON COMPANY, Chickies, Pa e o Pt SR ..2 do 1887-1888, 4 512
PENNSYLVANIA STEEL COMPANY, Steelton, Pa. ...... ......2 do 1880-1884, 3 540
do do Sparrows Point, Md. 7 TeA e e R June, 1887, 16 3840
LONGMEAD IRON WORKS, Conshohocken, Pa............ .. ... s 5a o .2 orders, 1882-1887, 4 241
ROBESONIA TRON COMPANY (L’d.), Robesonia, Pa..........ovveeseeeoe e Nov., 1885, 2 480
AMERICAN TUBE & IRON COMPANY, Middletown, Pa.. o e et S ..Jan,, 1888, 1 51
IOWA BARB WIRE COMPANY, Allentown, Pa................ . T AR et RS T Sept., 1886, 4 624
COLUMBIA ROLLING MILL COMPANY, Vesta Furnace, Watts, Pa. i SRR 3 iR b ) Feb., 1887, 1 136
POTTSVILLE IRON & STEEL COMPANY, Pottsville, Pa.... ...... . " 2 orders, 1884-1885, 3 360
MAHONING ROLLING MILL COMPANY, D anville, Pa........ . o IR A LR Y ¢ IS8Ty 19 260
DANVILLE STOVE & MANUFACTURING CO., l)lll\l”(‘ ety A S A e Y Oct., 1887, 1 104
McCORMICK & CO., Paxton Furnaces, Hauhhnrvr Ps. R P e Rl B LAt R Oct., 1884, 2 416
LOCHIEL ROLLING MILL COMP/ \NY Harrisburg, Pa. e ; R it Mat e e Oct., 1884, 2 416
BIRD COLEMAN FURNACES, Cornwall, Pa. e e o 7 .....3 orders, 1880 1888, 8 1260
LEBANON FURNACES, Lcl)dnon RS i b ) - ; .2 do 18851886, 4 970
J. & R. MEILY, Lebzmon. i VR L R 2 el R Wy S S TR e e e R R Feb., 1887, 2 208
LICKDALE TRON COMPANY, Lickdale,Pa........................... A ..Feb., 1887, 3 450
CAMBRIA TRON COMPANY., Johnstown, Pa................. i) : Feip 3 orders, 1883-1885, 6 896
PITTSBURGH STEEL CASTING COMPANY, Pittsburgh, Pa.. s g3 B it e OV 1888y - 9 416
LUGY FURNACES. PIeburgh, PR, 1% i i ivanmcmnsesoneiPacsssion Y e ey Nov., 1883, 4 832
OLIVER & ROBERTS WIRE COMPANY (L'd.), I’mdmwh Par ; 4 ....4 orders, 1882-1888, 10 2080
CARNEGIE BROTHERS & CO. (L’d), Pittsburgh, Pa . - T by AT TS e s St 2 April, 1884, 2 416
THE HARTMAN STEEL COMPANY (L'd) Beaver ]nlll~ Pa.. y 2 .2 orders, 1882-1883, 4 644
LATROBE STHEIL WORKS, LAETODE, PRote &5 s i catins s o pmms sndebansiessstebnn s 2 do 1888-1889, 6 1248
NATIONAL TUBE WORKS COMPANY, McKeesport, Pa.............oovuinernirniesensnnns Mar., 1887, 1 166
McCULLOUGH IRON COMPANY, Wilmington, Del................ ............... ...4 orders, 1874-1882, 14 700
do ORI R S i 5 e et e A e it o 1 do 1880-1883, 4 308
do Carbon BEatIons Md. .5 .ii it b dew sebesh ok s b g e April, 1884, 1 45
OLD DOMINION IRON & NAIL WORKS COMPANY, Richmond, Va................. 2 orders, 1886-1888, 3 408
D. 8. COOK, Princess Furnace, Glen Wilton, Va......coueuunessmiens oeeeeee s June, 1887, 2 312
TENNESSEE COAL, IRON & RAILROAD COMPAY 0. Pittsburgh, Tenn. .. . e P s AT BT 624
NASHVILLE IRON, STEEL & CHARCOAL COMPANY, W. Nashville, Tenn ., .. e i Mar., 1887, 4 480
CHEROKEE IRON COMPANY, Cedartown, Ga.............c.c..oe veveeeeen... AN S 8 Feb., 1886, 9 480
WOODWARD IRON COMPANY, Woodward, Ala.. . .3 orders, lx‘ﬂ 1888, 8 978
ALABAMA & TENNESSEE COAL & IRON COMPANY, Sheflield, Ala. ... .. 4 ....Feb., 1887, 19 1872
GADSDEN ALABAMA FURNACE C OMPANY, Gadsden, Ala...... SRR B e sk 10 4 2 B 1881 d 624
DECATUR LAND IMPROVEMENT & FURNACE COMPANY, Detatur. Ala. .. ... b oden v DRI PA0OT, . A 292
SLOSS STEEL & IRON COMP/ ANY, North Birmingham, Ala............. ekt ¥ v o MAYY, 88, 8 1248
SHELBY TRON COMPANY, Shelby, Ala................... July, 1888, 4 292
COLUMBUS STEEL COMPANY, ( olnmhm Ohio.. g . " June, 1886, 4 480
JAS. E. THOMAS, Founder, Newark, Ohio. . ey G fa by a1 AR Aug., 1882, 1 50
UNION FOUNDRY & CAR WHEEL WORKS, lullm:m lH July, 1881, 1 60
FREEPORT MALLEABLE TRON COMPANY, Freeport, 111 | e i SR B 1081, ¢ 1L 60
ARROL BROTHERS, Glasgow, Scotland............... ..... PP RSN (- g g L April, 1883, 2 146
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Babcock & Wilcox Boilers at Pencoyd Iron Works, in process of Erection. Another tier to go above those shown.

Boilers. H. P.
DAVID COLVILLE & SONS, Motherwell, Scotland. . SR AV £0's € e s 4 e e s st B ORGET AL 1BREIBRR. * 4 1996
STEEL COMPANY OF SCOTLAND, Blochairn and Newton, Scotland...... ............5 do 1883-1887, 10 1306
WOODSIDE STEEL & IRON COMPANY, Coatbridge, Scotland..... .. Moo ats e vene B KO AR B8l + o 186
JAMES EADIE & SONS, Tube Makers, Rutherglen, Scotland.. . G b s : w5 il 8 S RN NS 1 64
JAMES MENZIES & CO., Tube Makers, Glasgow, Scotland. ................c.covvviiivenne......Oct., 1883, 1 104
THE CARRON COMPANY, Iron Founders, Falkirk, Scotland S8 S s Lk s as s DOk, IS 1 B 416
J. & J. BOYDE, Iron Founders, Shettleston, Scotland.......... oA .. ...2orders, 1883-1887, 2 208

THOS. BOLTON & SONS, Smelters, Birmingham, England. ... .. e e )
do do Oakmoor, England.............. s e e AR O 1884-1887, @ 748

do do W ROTIBEE BOOTIRIILL. . s coin o 50w vasle n aaminmss )
AIKEN McNEIL & CO., Colonial Tron Works, Govan. Scotland......... N S e ...Sept., 1888, 1 110
THE SUMMERLEE & MOSSEND IRON & STEEL CO., Mossend, Scotland........ ... oo Sept., 1888, B 700
WM. BEABRDMORE & 00, PORIRad BOOIADA. . .« oo v asivvsis s st v anig s wsbioson onss oo ke 00t 1888 . ] 140
BRADLEY & CRAVEN, Founders, Wakefield, England.......... . .......o.ciiiiiiiiiniion.., Dec. 1887, 1 108
SO(‘I]iI’l‘}':I INDUSTRIALE NAPOLETANA, Naples, Italy . LS ..July, 1885, 1 140
SOCIETE INDUSTRIELLE ET COMMERCIALE DE METAUX, Livorno, Italy............ .July, 1886, 7 644
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BRASS WORKS, Erc.

Boilers. H. P.
THE SETH THOMAS CLOCK COMPANY, Thomaston, Conn.................................. June, 1880, 1 126
THE SCOVILLE MANUFACTURING CO., Waterbury, Conn......................... . 2 orders, 1879-1882, 6500

BENEDICT & BURNHAM MAVUF&CTURI\G CO., Waterbury, Conn.

..2 do 1882-1886,
WALLACE & SONS, Ansonia, Conn

..2 orders, 1878-1881,

ASHCROFT MANUFACTURING: CO., Bridgeport, COND:............coovure oo Dec., 1885, 73
CONSOLIDATED SAFETY VALVE C()\IPA\Y Bridgeport, Conn . s e s s B e 1 o LN e TIRAN 30
HOOLE MANUFACTURING CO., Brass Checks, etc., New York............ .......... ...Feb., 1882, 50
E. P. GLEASON MANUF ,\("J‘LVRING CO., Gas Fluureﬂ WOW ROTE. ... vs v 5 v ek dsms v Jan., 1883,

ANSONIA CLOCK €OMPANY, Brooklyn, N Y B e ARy L e g o 8 4 .2 orders, 1879,1884, 414
ROSS BROTHERS & WHISTLER Wabuah AL S AN NI PEa RN e e iy Jan., 1883, 61

..June, 1887,
May, 1885,
..Jan., 1885,
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MACHINERY AND ENGINEERING.

Boilers. H. P,

DALZELL AXLE COMPANY, South Egremont, Mass..........................ooo i Mar., 1887, 122
NICHOLSON FILE WORKS, Providence, R. L........... o.oouiuiioiri e, Aug., 1881, 104
E. JENCKES MA\IUFACTURING CO., Pawtucket, R. I.. s oness  MIAT,, 1887, 240

A PROVIDENCE STEAM & GAS PIPE co. Prov1de1.cn Rl Sept., 1888, 71
C. B. COTTRELL & SONS, Printing Presses Westerly, R. T ... 2 orders, 1882-1888, 177
STANDARD MACHINERY COMPANY, Mysnc River, Conn. . .. Sept., 1881, 60
UNION METALLIC CARTRIDGE COMPANY, Budgepmz Conn v Soget WL s ...Mar., 1884, 276
EXCELSIOR NEEDLE COMPANY, Tonlnnton (30 1t TR, S Pt T SR June, 1886, 61
TURNER & SEYMOUR MANUFACTURING CO;, Torringtan, Comm. . . .......vuovnss 2 orders, 1880-1881, 100
BROWN COTTON GIN COMPANY, New Lmldon (o) v T o SO e S E SN S TS et (O Oct., 1887, 104
T. SHRIVER & CO., Fine Castings and Copying Plesses i Foa e T O e NI ...April, 1882, 45
LALANCE & GI{O‘?JI*A\ MANUFACTURING CO., ’I‘mwzue Whitestone, L. 1., N ..Sept., 1882, 73
PORT CHESTER BOLT & NUT COMPANY, Port (hester B AL 13 ok 5 i s b e o ie Ju]y, 1882, 60
8. 8. HEPWORTH & CO., Yonkers, N. Y..........oocv aurans ..June, 1882, 104
WHEELER, MADDEN &. CLE MSFN MANUFACTURING CO. 7 .. May, 1883, 244
SCHENECTADY LOCOMOTIVE WORKS, Schenectady, N. Y : Feb., 1888, 126
E. C. STEARNS & CO., Hardware, Syracuse, N. Y., .. ....... .o cueosnieeenssonononnnsanon s, Mar., 1882, 50

FRANCES AR CONPANY, BUAI0 NN . <o is drosbals e e oo e ot sads s ..3 orders, 188" 1883,

EDISON MACHINE WORKS, Schenectady, N. Y 4 (11'(101‘5, 1881-1888, 700
EDISON PHONOGRAPH WORKS, Orange, N. J. siaied 5 4 e s bt o NN T ROB 146
A. H. McNEAL, Pipe Foundry, Burlington, N. J......... 4 LS e 45 o Lk v PR 1884, 104
FAYETTE R. PLUMB, Cutlery, Philadelphia, Pa........... ... April, 1881, 184
H. W. BUTTERWORTH & SONS, Philadelphia, Pa. ..June, 1881, 100
GEO. V. CRESSON, Shafting, Phllndelphm, Pa.. ... Feb., 1880, 50
W.H. & C. W. ALLEN, IIIr(l\\ are, Philadelphia, I’a .. April, 1882, 100
*ORDON, STROBEL & LAUREAU, L'd. I’lnludelphm Pn ...Jan,, 1887, 45
READING BOLT & NUT WORKS, Readmv P, . o LI e e L Sept., 1886, 82
WESTINGHOUSE ATR BRAKE C O’\IP‘\VY Plttﬂhm"‘h I’z\ ................... 3 mll( rs, 1883-1888, 664
BLACK & GERMER, Stoves, Erie, Pa.. B S P M-S Oct 1883, 92
HARLAN & HOLLINGSWORTH (‘O\IPANY Ilon Mllp B X ..Dec., 1871, 100
THE JACKSON & SHARP COMPANY, Wilmington, Del. orde rs, 1881- 1888,
THE J. MORTON POOLE COMPANY, Wilmington, Del. . . ..Oct., 1873, 100

UNITED STATES NAVY YARD, \Vushington. 1) /] (‘,. e
do Norfolk, Va.....
J. A. FAY & CO., Cincinnati, O

2 do 1885.1888,
........................ April, 1887,
+:OCk, 186815

CINCINNATI CORRUGATING COMPANY, Cincinnati, () ..... B - e s A e L Feh., 1884, 73
GORDON & MAXWELL COMPANY, Pumps, Hamilton, Ohio... ... ... ...... .. s v ..Feb., 1887, 45
NILES TOOL WORKS, Hamilton, Ohio. ............................. E R 146
BLACK & CLAWSON, Hamilton, Ohio...........ccooveiiniiniiniiininiins i 0 Aug., 1888, 95
FLINT & WALLING MANUFACTURING CO., cevererio....Feb., 1884, 164
M. C. HENLEY, Skates, Richmond, Ind.. S O P S NP OR \ ) (.1 73

SOUTH BEND PUMP COMPANY, South Lcnd Im]
FIELDHOUSE & DUTCHER MFG. CO., Chicago, 1.

QOct., 1886,
.Feb., 1882,
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M. LASSIG, Bridge Builder, Chicago, Ill ............................................ ,.; m(l( S, 18\‘-1 1887, 530
B ok . o At e ORS May, 1881, 73 =
KANSAS CITY BRIDGE & TRON COMPANY, Kansas City, Mo.................. April, IRHG, 92
AMERICAN BRAKE COMPANY (Westinghouse Lessee), St. Louis, Mo....... ..... .. ..Nov., 1888, 125
TATUM & BOWEN, San Francisco, Cal R A .April, 1882, 60
HOLBROOK, MERRILL & STETSON, San Francisco, Cal.. A o e e .April. 1886, 25
JUDSON MANUFACTURING COMPANY, San Francisco, o TR i .inuil rs, 1883-1887, 362
KENNEDY'S PATENTED WATER METER CO., Limited, Kilmarnock, Scotland. : .Mar., 1883, 51
THE GLENFIELD COMPANY LIMITED, Kilmarnock, Scotland.. - ol m‘(lt'rs, IRN.‘-HSNSZ 260
THOMAS SHANKS & CO., Johnstone, Scotland B i ST L s ..Aug., 1883, 104
JAMES KEITH, Arbroath, Scotland. . s A St e o5 AR kS Dec., 1885, 20
JAMES SIMPSON & CO. LIMITED, leh(o ] on(lon l< l)“‘l«lll(l ................... 2 orders, 1888, 538
SHARP & KENT, Electrical hnqmoew London, England. . pt. and \'m , 1888, 164
CHARLES McNEIL, JR., Maker of Manhole Doors, &e,, (,I 1SZOW, (ntl;nlfl , 1888, 126
MILLER & CO., Edinburgh, Scotland................cocueueneeninrinesnnnnnin g 2 orders, IN\; 1886, 240
GWYNNE & CO., Hydraulle Engineers (for So. Africa), London, England........ ... .... .Nov., 1888, 23
i COUL’I‘IIARD & CO., Spinning Machinery, Preston, England. ... ... T B e s e .April, 1887, 280
L. WHITAKER & SONS, Crane Railroad Mill, Haslmﬂ‘den England.. e e Fadn b sl i AN RO 140
GEO. RICHARD & CO., LIMITED, ]§r0'1(lhenth near \Ianrhmlm Fn"]zmd P S . Sl R 122
- ’A A"A
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Boilers. H. P.
A. & F. PARKER & CO., LIMITED, Mfrs, of Forks, Spades, &c., Birmingham, England .. ... .. June, 1888, 1 140
PLAYER BROTHERS, Blrmmcrham Enolnnd e .June, 1888, 9 220
CHAVANNE BRUN ET CIE, Chamond, France .. ............... .................~m=" Oct., 1888, 9 248
LOUIS FONTAINE, La Madelaine les Lille, I‘runo(- . ....44 orders, 1883-1888, @1 9064
MERMIER ET CIE, Firearms, 8t. Btienne, France. ............ .. .. .. 007 Dec., 1886, 1 120
S. LAMBERT ET FILS, ’I‘m\mre 120h T T S S e DR SIS Ay (i ETE R Y o R 69
BAUER & SCHAUR’I‘E, Bolt & Nut W0|k~t e CLRIE o e N s ST April, 1887, 1 136
BERLINER MACHINENBAU ACTIEN-GESELSCHAFT, Berlin [fGermany. . rders, Mar. to Oct., 1888, 3 312
GEBRUEDER SULZER, Winterthur, Eon oy I ol et B e R OSSO Aug., 1888, 1 140
CALVART & CO., Gothenburg, Sweden................co.oveviies ol ...Sept., 1888, 1 124
LA ESPANA IN DUS'J RIAL, Burcclond B R R e e oo L S 2 orders,’1888, @ 748
GOVERNMENT MACHINE WORKS, Boynux U ARG S e R 2 do 1880, @ 220
SEWING MACHINES. .
Boilers. H. P.
THE SINGER MANUFACTURING COMPANY, New York............... 9 orders, 1871-1886, 16 1677
do do Elizabethport, N. J ..9 do 1872-1887, 20 2169
do do South Bend, Ind... :.uveeneiiihsunnss 5 do 1871-1881, 8 1110
do do 67515505001 I S P LS T E AR TN R June, 1881, 4 292
do do Montreal, L .2 orders, 1885-1887, 8 217
do do Glasgow, Scotland. . .8 do 18821888, 16 2106
WHITE SEWING MACHINE COMPANY, (‘IeveLmd Ohio ... Dec., 1880, 9 200
MELONE SEWING MACHINE COMPANY, Chillicothe, Ohio .Feb., 1883, 1 73
WHITEHJLL MANUFACTURING COMPANY, I\hl\mukeo VAR e e S e b sy o L June, 1881, 9 146
AGRICULTURAL MACHINERY. i
Boilers. H. P.
WALTER A. WOOD MOWING & REAPING MACHINE COMP! ANY, Hoosick Fallg, N.Y.2 orders, 1882-1883, 3 360
THE WHITMAN & BARNES MANUFACTURING CO., Syracuse, N. Y......................... Mny, 1883, 3 408
PITTS AGRICULTURAL WORKS, Buffalo, N. Y.......oo.o. coueuennn on s 0 , 1884, - 9 102
SHEBLE & FISHER, Fork Mfrs., I’hllud(,lphm 15 T REVE oL Tl R e pnl 1881, 2 120
WHITELEY, FASSLER & KELLEY COMPANY, Springfield, O Mar., 1881, 4 400
CHAMPION KNIFE & BAR COMPANY, Springfield, O ...Nmn, 1880, 2 300
P. P. MAST & CO., Springfield; 0......c.c...oourines.ns ...May, 1880, 1 85
THE SPRINGFIELD ENGINE & THRESHER COMPANY, Springfield, O..................... Sept., 1880, 1 85
WARDER, BUSHNELL & GLESSNER COMPANY, Springfield, O ..3 orders, 1882-1887, @ 650
HQOSIER DRILL COMPANY, Richmond, Ind....... ..cc.cooovve v covvinnnnnnnnnn, ..Mar., 1882, 2 150
ECONOMIST PLOW COMPANY, South Bend, Ind.........ccuvuiiiiinreronnnneassnnsnnnnn Dec., 1882, 1 146
SOUTH BEND IRON WORKS, Plows, So. Bend, Ind.......... ........................ 2 orders, 1875-1888, 4 600
McCORMICK HARVESTING MACHINE COMPANY, Chicago, Tll.. o S e b Aug., 1884, 4 480
MADISON PLOW COMPANY, Madison, Wis..........c.ovuveinnnins cuennn.. sasaimasmg «ass o0 1888,  Q 208
SOCIETE FRANGAISE DE METERIEL AGRICOLE, Vierzon, France..... .... .. ... . ... . June, 1888, 1 63
CABLE TOWAGE.
Boilers. H. P.
NEW YORK & BROOEKLYN BRIDGE, Brooklyn, New York................... ........ 2 orders, 1882-1886, @ 624
CHICAGO CITY RAILROAD, Chicago, TlL.. ..« conzvrurisnnnnnueaninunain sineonmnenssemnns Apri], 1881, 4 1000
ST. PAUL CITY RAILWAY COMPANY, 8t. Paul, Minn..............ooo0 voviinieiniinnnnnnn, Sept., 1888, 3 624
GRAND AVENUE RAILWAY COMPANY, Kansas City, Mo. . o ....2 orders, 1886 1888, 4 800
METROPOLITAN STREET RAILWAY COMPANY, Kansas City, g e S 3 do 1886-1888, 9 1800
INTERSTATE CONSOLIDATED RAPID TRANSIT RAILWAY CO., Kansas City, Mo........ Aug., 1887, 2 400
PEOPLE’S CABLE RAILWAY COMPANY, Kansas City, Mo ....... .................. ... ... Aug., 1887, 3 600
DENVER CITY CABLE RAILWAY COMPANY, Denver, COl................................... Jan., 1889, 3 1200
MARKET STREET CABLE RAILWAY, San Francisco., Cal. o 2 orders, 1882-1887, @ 1500
PATENT CABLE TRAMWAY C ORI’()R ATION, London E n(v]nnd Aug 1883, }
do Edinburgh, Scotland Dec., 1886, f 2 240
STEEP GRADE CABLE TRAMWAY COMPANY, Highgate, London, England L .Sept., 1884, 1 51
THE MELBOURNE TRAMWAYS, Richmond Line, Australia, \Ivlhnurne N lniwe a5 S s INON S 1884,}
do Fitzroy Line, do A e TR At 1 July, 1885, 6 1040
RAILROADS. .
Boilers. H. P,
PENNSYLVANIA RAILROAD CAR SHOPS, Hoboken, N.J................ avssmewnn e MY, 1888, Q 102
CENTRAL RAILROAD OF NEW JERSEY, Jersey City, N.J........... T THREIT, o a L Oct., 1888, 4 368
SEABOARD & ROANOKE RAILROAD, Portsmouth, Va.... ............. e a P A ..Jan,, 1888, 9 146
LAKE ERIE & WESTERN RAILROAD, Lima, Ohio.. o5 Thaod b e W e e e ..Sept. 1880, 9 100
TOLEDO & OHIO CENTRAL RAILROAD, Bucyrus, Ohio.. ; e .Oct., 1880, 9 100
FLINT & PERE MARQUETTE RATLROAD, CAR SIIOP]S East \en]rm)m\ \hchi. ....Alml 1881, 2 6500
H A b & ¢ JROAD, Burlington and Ottumwa, Iowa,
CHICAGO, BURL(Il:\;TGl()\I & QUId\(.)C\ RAILRO Uncnfo B J 3 orders, 18811888, § 564
ST. PAUL & NORTHERN PACIFIC RAILROAD, Como Shops, )limL. St do 1885-1887, @ 624
MINNESOTA & NORTH WESTERN RAILROAD, St. Paul, Minn, . s do 1886-1887, 4 408
NORTHERN PACIFIC TERMINAL COMPANY, Albina Shops, On'won ,,,,, Feb., 1884, 8 720
COMPAGNIE DES TRAMWAYS DU DEPARTEMENT DU NORD, Roubaix, France, .. ........ Juno 1886, 3 136
COMPAGNIE DES OMNIBUS ET TRAMWAY, Lyons, France.. o (e 2 orders, 1887-1888, 3 152
LIMA & ORRYA RATLWAY COMPANY, Callao, Peru, S. A.. TS W DB s s WA July, 1871, 3 115
CHIMBOTE RAILWAY COMPANY, Chimbote, Peru, S.A....... #5 A creseeceeen. . April, 1872, 9 50
MOSCOW KURSK RAILROAD, Moscow, Russia. . cessesieoioen... . 2 orders, 1886, 9 134
LYA
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OILS, GLUE, AND CHEMICAL WORKS. _ . .

STANDARD OIL COMPANY, Bayonne, N. J., and elsewhere. ................ Sanvrinks 36 orders, 1880-1886, 456 6634
BROOKLYN OIL REFINERY, Brooklyn, N. Y.............. A 3 do 1879-1882, 6 728

PRATT MANUFACTURING CO., Brooklyn, N. Y.......... 6 do 1881-1886. 9 1482
SONE & FLEMING MANUFACTURING CO., Brooklyn, N. Y... .2 do 1882-1887, 4 416
CHESEBROUGH MANUFACTURING CO., Brooklyn, N. Y.... .. ..2 do 1881-1883, 2 245
HOWE LARD OIL COMPANY. Long Island City, N. Y............ : e o May, 1882, 2 120
LOMBARD, AYRES & CO., Oil Refinery, Bayonne, N. J.... ..........c..o... l )(mlou 132‘) 1888, 15 2246
NATIONAL TRANSIT C O\ll’ ANY, Pipe Line, Rutherfordl ark, N. J 5 520
ATLANTIC REFINING,COMPANY, Philadelphia, Pa.. s S o (10 m»] 138(;, 7 1111
BELMONT OIL WORKS, Philadelphia, Pa.........coo.oooiiiiiiiinns S e 2 do 1 1881-1885, 9 333
ORR, LEONARD & CUMMINGS, Oil, Philadelphia, Pa........ ........... L do S aa S L et Mar. 1884, 1 104
BALTIMORE UNITED OIL COMPANY, Baltimore, Md.............ccooiiere o nmninneneeies .Dec., 1886, 1 120
MAGINNIS OIL MILL, New Orleans, La........ ... ... <o «.oovens ! IR ..ouly, 1882, 2 360
GEO. UPTON, Glue, Peabody, Mas8........cccovecionerinncnreras snaansnces do  1882-1884, 2 280
PETER COOPER’S GLUE FACTORY, Brooklyn, N. Y .. do 1880-1881, 4 500
BAEDER, ADAMSON & CO., Glue, Philadelphia, Pa...... G Lot 5 e b o ¢ 1879-1883, 7 979

do I Tos £: 3 SR L5 [EOREE Ry SE B R B gt 136
OLIVER JOHNSON & CO., Paints, Drugs, &c., Providence, R. TS R T ..July, 1884, 1 51
RUMFORD CHEMICAL WORKS, Providence, R. I................ ] OHU’!‘ 1380 1885, 4 283

Babcock & Wilcox Boilers, set with Independent Feed Water Heaters,

Boilers. H. P.

CHURCH & CO., Chemicals, Brooklyn, N. Y.. LR LR o S vieiei....4 do 1880-1887, 4 592
CHARLES LB,N’\IIG Chemicals, ]’hlld(lvlphm l’.l ot R O I My L TN P 2 do 1880-1881, 2 166
KEASBEY & MATTISON, Chemicals, Ambler, Pa........ e 3 vve.......Sept., 1883, 1 75
SOMERSET FIBRE COMPANY, Chemical Wood Pulp, Fairfie le \l(- . ...........20rders, 1888-18%9, 2 276
STAUFFER & CO., Chemicals, San Francisco, Cal... ...............ooooioennn R e e S | S 73
GLEN COVE MANUFACTURING CO., Starch, Glen Cove, L. | B o (PR el et e SR June, 1882, 2 300
C. GILBERT, Starch, Des Moines, low n ...................... RN NS I ot 2 orders, 1882-1884, 4 488
ORIENT GUANO MANUFACTURING CO.,Orient, N. Y..... coooineiiiiiiiiinn canvnenanens June, 1881, 1 104
(. MEYER, Bone-black, Maspeth, N. e s b B S Eidlo s 5 W TR S PR 3,03 T v Oct., 1884, 1 73
WALTON & WHANN COMPANY, Pho-plmrou Wilmington, Del........ .....c.oeiues 4 orders, 1873-1881, 6 587
CELEVERT MANUFACTURING CO., Wilmington, Del............... e A AN A G T 50
PENDLETON GUANO COMPANY, Atlanta, Ga.. e R T e | 104
CORNWALL & BROTHER, Soaps and Candles, L muuvnllo l\\ AR B e i 80 18I 226
MICHIGAN CARBON WORKS, Detroit, Mich.. L s b i ¢ 1 v e vl OO AISBTINENL e 500
PRUSSING VINEGAR COMPANY, Chicago, lll ........... e NN T e e AT Nov., 1881, 1 104
N. K. FAIRBANKS & CO., Lard, St. Louis, MO.......c..cvcieiiiennnns SIS Ry PR [ o . . A 1 140
THE SOLVAY PROCESS COMPANY, Soda, Syracuse, N. Y...... 7 orders, 1882-1888, 21 4556
SOLVAY & CIE., Whylen, Grand Duché de Baden.................ooovn i 2 do 1881-1882, )

do Dombasle sur Murthe, France.......... ..2 do 1881-1882 %10 1220

do  Coaillet, BEIGIUM. ... ....c.vosenmesennciscnnsnsrnonnsnsonsanssnsnsassesnsses DU 1883, )

\
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Boilers. H. P.
YOUNG'S PARAFFINE LIGHT & MINERAL OIL CO., Addiewell, Nootland - noev sl P Sept., 1883, 1 120
J. & G. COX, Glue and Gelatine, Edinburgh, Scotland .2 orders, 1882-1886, 2 146
JAMES ROSS & CO., Falkirk, Scotland............ccovieiiiniiienns SRR A ieseeesaSept;, 1888, 1 82
BROXBURN OIL COMPANY, Broxburn, Scotland..........ooooviiin v corriinninennes conee May, 1883, 1 140
FARQUHAR & GILL, Aberdeen, R LT s <575 s obiaiess ns's 8 it by wim o ST T S g & A i ..Mar., 1887, 1 40
PRENTICE BROTHERS, Artificial Manures, Stowmarket, Eng.........oooooooeeeeeenens ..Oct.; 1888. 1 106
M. DUBOIS, Chemicalg, St. Denis, France.............ooovviieeniinnn i el e I June, 1885, il 61
PH. LEYSEN FILS, Starch, Vesuiet, France............ooeemmuiiiiiiiriiiiinsiniennnnenens Mar., 1886, 2 240
DAIRE, E. ANSELIN & CO., Soap, Arras, j 0y L e A e R T st B Y S R Oct., 1886, 1 35
GILLIARD, MOUNET ET CARTIER, Chemicals, Lyons, France.............. ..Dec., 1886, 2 240
A. GERMOT, Chemicalg, Argenteuil, France...........coveeueiiiianaiieieieens - ..Mar., 1887, 1 26
MALEZIEUX & CO., Chemicals, Bondy, near Paris, France............ocooomvenenneee on JApril, 1887, 1 120
MATTEO DUBICH, Oil, Trieste, Austria.......c...o.coviuienenns e L s aeie 2 A3 e RN SBE0 . Sk 145
THE NEWSKY STEARINE CANDLE FACTORY, Moscow, TOUREIE: 0 52 chamon aie o ok o Sept., 1886, 2 70
“L,A PALMA” FABRICA Y REFINERIA DE ACEITA DE COCO, Baracoa, Cuba...... ....... Nov., 1888, 1 78
COTTON MILLS. :
Boilers. H. D.
LOCKWOOD COMPANY, Waterville, Me..................... T S M e B S o R June, 1881, 2 309
COCHECO MANUFACTURING CO., Dover, N. H....... gt Nt Sl e e s eaeduly; 1883 C 00 164
OEL H. GATES & CO., Burlington Cotton Mills, Burlington, Vt.... s / . ....March, 1883, 2 244
7
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Babcock & Wilcox Boilers, 624 H. P., with Independent Feed Water Heaters. !
Boilers. H. P. |
ARLINGTON MILLS, Lawrence, Mass.... .......... ... o L X 8 e ) T s .Feb., 1887, 12 2880 i
BARNABY MANUFACTURING CO., Fall River, Mass. . Es ORI s (Pt o LRSS AR08 4 March, 1882, 4 448 ‘;
A HEBRON MANUFACTURING CO., Attleboro, Mass.... B S N s Mk, 188 A 400 |
MANCHAUG COMPANY, Manchaug, Mass............ : viinisresee....dune, 1882, 4 400
HADLEY COMPANY, Thread, Holyoke, Mass........ : . ! ; ..2 orders, 1883-1886, 2 197
B. B. & R. KNIGHT, Providence & Natick, R. I........ . o ; .4 do 18%4-1886, 8 1710
NOTTINGHAM MILLS, Providence, R.I..........c..oovves b y g ......2 do 1884-1885, 4 416
PEACEDALE MANUFACTURING CO., Peacedale, R.T ............ A et TR S i e A July, 1882, 2 280
CUTLER MANUFACTURING CO., Yarn and Cotton Cordage, Warren, R.I.............. «...ee Jan,, 1883, 1 92
PALMER BROTHERS, Montville and Oakdale Mills, Montville, Conn.......... .......2 orders, 1879-1882, 2 120
FALLS COMPANY, Norwich, CONN.y... ... cove cvnsevevnnn convnennes : .....83 do 1881-1882, 4 368 I
PONEMAH MILLS, Taftville, Norwich, Conn................. ST .....2 do 1882-1883, 4 400 i
QUINNEBAUG COMPANY, Danielsonville, Conn.... : s 2 do 1882-1883, B 518
WHITE MANUFACTURING CO., Rockville, Conn............. T e AR ......June, 1887, 1 136
ONECO MANUFACTURING CO., New London, Conn.... ..... AT ce.ers...June, 1888, 2 208 |
IRVING MANUFACTURING CO., New Brighton, 8. I, 7 [ SRR g 11 X .Sept, 1883, 1 92 |
7. H. SMITH, Jamestown Cotton Mill, Jamestown, Wy AR e w - F S Sept., i880, 2 160
MILLVILLE MANUFACTURING CO., Millville, N. J........ .... AL s e Rt ST 104
HENRY McKEEN & CO., 8. Easton, Pa...........cooooeieniannnns e R 5 ....Mar,, 1882, 1 50
ARLINGTON MILLS MANUFACTURING CO., Wilmington, Del. ..... WETER e (S T 500
L i |
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Boilers. H.P.

MOUNT VERNON MILLS, Baltimore, Md............... Nt et Sy e IR Sl Sl o Mar., 1882, 4 500
W BATDWIN, IE . F 00, Bavage, M., L0 e yab b o bonnedowt vebess o deis bl s sy i v Aug., 1881, 2 600
RANDELMAN MANUFACTURING CO., Randelman, N. C. Aug., 1887, 1 51
S e ER RS SR SIS IO 2 o o h s Sae e birsiasaiary oo s aler e iisinipiba o 2 orders, 1880-1881, 2 250
CHARLOTTE COTTON MILLS, Charlotte, N. C e e e e et et G0 18841886, 14 301
GASTONIA COTTON MANUFACTURING CO., Gastonia, N. C.,. ...oooooiiiiiiennn. ..Feb., 1888, 1 82
HUGUENOT MILLS, Greenville, 8. C.........cccciviiier viinennenn s b e A m(h s, 1882-1886, 2 100
SEMARR GOTTRON -MIELS; Suniter; 8. 10 0.t vaipe s vons s snnoglonios s o sl L A L o SR Jan. 1881, 1 76
J. J. DALE & 00., St. Helena Island, 8. C........... cccoenees e T KA R June, 1880, 1 50
NEWBERRY COTTON MILLS, Newberry, S. GO OO SO BRI, e 2 orders, 1883-1887, 3 480
REEDY RIVER MANUFACTURING CO., Reedy River Factory,S.C..........................Jan., 1884, 1 61
DAREINGEON MELLS, Darlington, 8. €. o, oo, o i ioedorsinssinnos soedssismsssdes s et JApril, 1884, 2 292
THE SWIFT MANUFACTURING CO., Columbus, Ga.. Fichels Skl oy et ,.3 01(1( rs, 1883-1887, § 511
EXPOSITION COTTON MILL, Atlanta, Ga... ........... ST TS e L B TN S R Feb., 1882, 2 208
FULTON COTTON SPINNING COMPANY, Atlanta, Ga I R orders, 1881-1886, 4 602
BIBB MANUFACTURING COMPANY, \[zlcou [ e L S R o S AT SR SRR Nov., 1887, 1 208
MADISON COTTON GINNING COMPANY, Ma(h-mn I<ln ...... ...July, 1882, 1 60
ADAMS COTTON MILLS, Montgomery, Ala............. ... rders, 1881-1887, 2 11%
MAGINNIS COTTON MILLS, New Orleans, La........c.oiviinivenennans onn vivv......b do 1882-1888, 14 2644
FLINT COTTON & WOOLEN MANUFACTURING CO., Flint, Mich ............ .............Aug., 1881, 1 82
CATTEORNTIA COPTON MILLS, OakIand, O8l. L. i s coisuamas s smebnmss d vaoms v odas Jan., 1884, 2 208
MONCTON COTTON MANUFACTURING CO., Moncton, N. B................. Y i e st SoiSppLy; 18820 G 300
WALUTER CRUM & C0., Thornliebank, BeotIBnd. .. ... . occ vians vvsirrnsinasmnsrvisossiessans Feb, 1883, 1 122
THOMSON & ROBERTSON, Milngavie, Scotland. .. ..July, 1883, 1 122
P, STEWART SANDEMAN, Stanley, BeOtIANd. . soccvansssicanvvmmsnrumvaiorssiivsmmnssryessmnsk Aug., 1883, 1 66
THE EDINBURGH ROPERIE & SAIL CLOTH CO., LIMITED, Leith, Scotland ... ...........Aug., 1888, 1 156
JOSEPH SCHOBTELD & 0., Littleborough, Liane.; BIIZ. :.. ..o iiosiaesivsvaviivnsdss ev....Mar,, 1885, 1 136
HARTFORD MILLS COMPANY, Preston, England....... ...Sept., 1885, 1 166
PADIHAM SPINNING COMPANY, Padiham, England a pye .Aug., 1885, 1 166
PENDILEBURY: & SONS, Radcliffe, ENZIan@A.|, . covesie. ovociiiions osvevoionsvdsbuiech osbaesdons Feb., 1886, 1 166
R. & H. HINCHCLIFFE, Mytholanroyd, York, England..........c.coviieniiiiiiiiiiiin Sept., 1886, 1 166
THE OAK MOUNT SPINNING & MANUFACTURING CO.,Burnley, Eng.....................May, 1887, 1 124
BOTTERIL, POTTER & CO., Finishers, Bradford, England............coooiiiiiiiionn nnenn May, 1888, 1 124
THE PLATT LANE MANUFACTURING CO., LIMITED Hindley, England .. ........ .. .. April, 1888, 1 124
FERDINAND BRACQ, Spinner, Ghent, Beltrulm .......................... L TNy, IBBRL. - 106
WILBKIE MOTNEE., Bonbalx, BEMICE . 55t iie st v o s waiie s oo drsba ety e, Sare SR o NI AR AL U 184
ALLART ROUSSEATU. Carder, Roubaix, France. .............c.ccccuee cnosmievesraneanes .....Sept., 1885, 4 744
A. PROUVOST & CO., Carders, Roubaix, France.................. i Oct., 1885, 3 558
WIBAUX FLORIN, Twister, Roubaix, France... ........c..c.oooeun o0 April & Oct., 1885, 4 544
A, DELADALLE, ROUDAIX, FTANCE. ... .cneutmnennmonvanussostsstonsnntessaassseassenas sansases Qet., 1885, 1 186
M. PATTYN, Spinner, Roubaix, FTANCe. ........ccuueemrinriiscernssivanitiieiisiiins ...Dee,, 1885, 1 123
@& POELET, Roubaix, Franee., .. v i vy s b vobon sabad s Lo g Do T L el Feb 1887, 1 186
M. COSSERAT, Weaver, Amiens, France........ ....... - sl (:l'ders,, 1883-1887, 3 2692
VINCENT PONNIER ET CIE, Sonones, Vosges, France i esmmee el 00 INIRY 18851
do G070 NOURBOY,  Branes . 5 s i v antul cbapm s - A s 2 do July, 1885, § 2 169
FLIPO FRERES, Tourcoing, France.................o...o.... bl e 0 MY ol b SR R ] Aug., 1885, 1 166
SCALABRE-DELCOURS FILS, Tourcoing, France.. ... A 0ty 1885, 1 76
AT BERD POLLET, DONTCOMIE, BERTOE. . s s 5w o o5 siorasnie st o nsiste e bd saalh stima S1ats 8 St s o oaro o o0 Aug., 1885, 1 104
TIBERGHIEN FRERES, Carders, Tourcoing, France................... ...... ........3orders, 1885-1887, b 1200
MARTIAL DASSOUVILLE, Tourcoing, France..... O Yl Bl o, S8 T AN April, 1886, 1 61
ED. CALAME, Spinner, Epinal, FTanCe. ........ccvvve coiitniiimeiiiiiiiiiiiniiieiiie e, Dec., 1884, 2 160
SOCIETE POUYER-QUERTIE, Spinning, Rouen, France. .. ..2 orders, 18&.) 1886, 4 6512
ARMAND PEYNAUD, Spinner & Weaver, Charleval, France. 2 mdu\, May & Sept., 1886, 4 480
HELZINGER ET FILS, Weavers, Charleval, France....o...ccouoeoviimenioimiin sivensaninvioe May, 1886, 1 61
¢ ZENTE BI'CIE, Beatvals, FERTICO, .55 o5 p% 3% b aiont bt $5amis s siampdiiy sadosie s bals nos od 0 /g die sle ki8¢ May, 1886, 1 104
BAUDOIN, RISLER ET CIE., Spinners, Luxeuel, France. . JenrseveneAng s 1880, " 11 136
IRENE BRUN ET CIE, Lace, St. Chamond, France P dln T R SR 92
J. PONGS, Jr., Neuwerk, Germany.................. ......May, 1885, 1 120
JULIUS RIPPERT, Forst, Germany... .........coucucevenannns R X o R i 1Tl (- R 136
TORRABADILLA HERMANOS, Spinners, Feb., 1886, 2 90
JOSE SALGOT, W 2aver, Barcelona, Spain = ...May, 1885, 1 16
PABLO SAN SALV’ADOR Weaver, Barcelona, Spain . PR - el O RN e b May, 1886, 2 40
P. MALJUTIN. Rimenskoje, RuSSIA. .. .....uieiiuemeuun it ot ciiieiniaaiiiiieiians July, 1885, 1 92
SAVANA, SOCIETE ANONYME DE FILATURE ET TISSAGE \lh(,A\IQUh I’ond)chuy
Vil e I e R e S b R .....6 orders, 1884-1887, 8 820

WOOL, WORSTED, Erc., MANUFACTURERS.

Boilers. H. P.

WORUMBO MANUFACTURING CO., Lisbon Falls, Me ................ ooon i, May, 1885, 2 279

DAVID R. CAMPBELL, Sangerville, Me................ .. AP E P P | SR Aug., 1887, 2 122
J. W. BUSIEL & CO., Granite Hosiery Mills, Laconia, N. H . Tt e B U s o N Mm, 1882, 1 82
FRANK P. HOLT, Hosiery, Laconia, N. H... ...cooicuiiiiiiiiiiiiniiiiiiiiiiii. Aug., 1886, 1 73
UNION MANUFACTURING CO., Wolcottsville, Conn.............5...... 343 5 ATD60s s ABS1L 18 200
WARREN WOOLEN COMPANY, Stafford Springs, Conn................ hebo b  order: I8, Jan Scpt 1883, 2 228
HALL BROTHERS, Doeskins, Norwich, Conn...................... i s SR BRI o 1 208
SPRINGVILLE COMPANY, Coatings, Rockville, Conn ..June, 1887, 2 244
ROOT MANUFACTURING CO., Hosiery, Cohoes, N. Y. T b e RS R S ..Oct., 1886, 1 651
HARDER ENITTING COMPANY, Hudson, N. Y.............. SR O SR .Jan,, 1882, 2 150
RARITAN WOOLEN MILL, Raritan, N. J.. ....coovviiennnnn AN e st b b TS .3 ordm 1878- 1886, 6 1060
SOMERSET MANUFACTURING CO., Raritan, N. J............ccooiiiiiiiiiiiiina.. 3 do  1879-1881 720
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Boilers. H. P
BOUND BROOK WOOLEN MILLS, Bound Brook, N. J 4 do 1878-1881, b 6956
FAIRMOUNT WORSTED MILLS, Philadelphia, Pa... . .......cco0iiiiiiiiiiiiianns 2 do 1879-1882, 8 416
KEYSTONE MILLS, Philadelphia, Pa.... ........ Dec., 1879, 2 150
M. A. FURBISH & SON, Philadelphia, Pa. .. e e Sept., 1880, 4 500
PENN WORSTED MILLS, Philadelphia, Pa .2 orders, 1883-1886, 2 212
LEWIS 8. COX & CO., Knit Goods and Ladies’ Suits, Philadelphia, Oct., 1888, 2 150
THOMAS JAGGERS, Yarns, Philadelphia, Pa...........cooo0 coiiiiiiiiiiiiiis ciieiieninnens April, 1883, 1 104
JONATHAN RING & SON, Yarns, Philadelphia, Pa. .. 2 orders, 1883-1888, 2 208
J. C. GRAHAM, Dress Trimmings, Philadelphia, Pa 6 Laiciore Tt A N DX ey ] ST T 73
CONSHOHOCKEN WORSTED MILLS, Conshohocken, Pa........... ... e 3 orders, 1881-1883, b 824
THE F. GRAY COMPANY, Piqua, OBlo. . ..o\ oo wavmnonsaaane e DA ¢ et ..Mar,, 1885, 1 104
S. B. WILKINS COMPANY Rockford, Il P T T SR orders, 1881-1887, 2 121
EAGLE KNITTING COMPANY, Elkhart, Ind............ BN ar N do 1882-1887, 2 100
OLD KENTUCKY WOOLEN MILLS, Louisville, Ky et do 1883-1887, 3 312
COOPER, WELLS & CO., St.Joseph, Mich..... ......c.ooiiiiiiiiiiiiiiiaiiiiiiiinnnannees Jan., 1883, 1 83
THE BUELL MANUFACTURING CO., St. Joseph, Mo.............cooivnnns ..Mar., 1883, 1 160
ROSAMOND WOOLEN MILLS, Almont, Ont.,Canada....................... rs, 1878-1883, B 362
MONTREAL WOOLEN MILLS, Montreal, Canada........... .. ...... Mar., 1888, 1 108
CHARTERIES, SPENCE & CO., Tweeds, Dumfries, Scotland.................. coooiiieniiinens Aug., 1886, 1 120
CAULLIEZ PERE, FILS & DELAOUTRE, Tourcoing, France AR SRR AR R . e O June, 1887, 2 488
LEON PEQUIN, Cuygand la Bernardiére, Vendée, France. .. .. July, 1888, 1 40
DEVAUX FRERES ET CIE, Adrimont, Verdiers, Belgium ...................c..o0et ..Sept., 1888, 1 756
JOHN BOUTIKOFF, Weaver & Spinner, Moscow, Russia......... ........ s July, 1885, 2 164
ALBERT HUBNER, Weaver, MoSCOW, Russifl.........c.ccooiiviniiiiiiiiiiiiiiiiiiiiiniieens Feb., 1885. 1 45
EGERTON WOOLEN MILLS, Dharival, Punjab, India........ .......c. ..o Oct., 1886, 1 120

SILK MILLS.

Boilers. H. P.
CHENEY BROTHERS, South Manchester, CODN ..........cocoveee secmeeraniinne covraenanins Oct., 1880, 2 300
LOUIS FRANKE & CO.. Paterson, N. J ... April, 1880, 2 160
S. MEYENBERG, Hoboken, N.J......cc.ceuunn. I e e Sl Nov., 1880, 1 76
ONEIDA COMMUNITY, Limited, Community, N. Y ..... Mar., 1888, 1 61
K. 8. DALE, Whitehall, Na'Y ..o iins it Joiek ale gies siiambiies Sept., 1888, 1 76
CORRIVEAU & CO., Montreal, Canada.............. ...... ..Jan., 1882, 1 100
JAMES MELVILLE & SONS, Hazelden, Mearns, Scotland " .May, 1883, 1 104
LISTER & CO., MANNINGHAM MILLS, Bradford, England. Feb., 1885, 1 136
MOTTE BOSSUT FILS, Velvets, Leers, France............. e e ST BB, i 136
CHRISTOPH ANDREAL, Miilheim-on-Rhine, Germany.............. ....ooiieiiiiiniinn s Aug., 1884, 1 120

HEMP, FLAX, Erc.

Boilers. H. P.
LAWRENCE ROPE WORKS, Brooklyn, N. Y......ocoiiiieeiiiineiinniinieiinn. .2 orders, 1879-1886, 2 260
L. WATERBURY & CO., Rope, Brooklyn, N. Y. ......ocvuvimierioriininnasns sraveais oo ...Jan., 1880, 4 350
W. 0. DAVEY & SONS, Oakum, Jersey City, N.dJ.............. ... orders, 1880-1881, 3 300
R. J. PATRULIO, Hemp, Progreso, MeXiCo. .......c.cuuueuiiimmiiiiiiiiiiiieiiiiieatiinn e Jan., 1879, 1 60
F. STEWART SANDEMAN, Jute Mill, Dundee, Scotland........ ........... .. 5 ....Aug., 1883, 1 136
JAMES R. CAIRD, Flax and Jute, Dundee, Scotland......................... June, 1887, 2 272
THOS. BRIGGS, Salford, England.. ..........0....... e o A e OISR, oL (5], 124
MOREL & VERBEKE, Flax Spinners, Gand, Belgium ...June, 1888, 1 163
JAMES MILLER & CO., Rope Mfg., Melbourne, Australia Sept., 1888, 1 312

CARPETS AND OIL CLOTHS.

Boilers. H. P.
ALEX. SMITH & SONS CARPET COMPANY, Yonkers, N. Y ......... e 6 orders, 1883-1888, 8 1604
CALEDONIA CARPET MILLS, Philadelphia, Pa..........ccooiiiiiiiiiin i coenenns Oct., 1883, 4 416
WM. WHITAKER & SONS, Philadelphia, Pa............. ooiiiiiiiiiiiiiininnn o .2 orders, 1879-1883, 4 500
A. SAMPSON & SONS, Oil-cloths, Newtown, L. Ty B el s oin w5 B Sty Wi e s et SR Aug., 1882, 2 208
JOHN BARRY, OSTLERE & CO., Linoleum, Kirckaldy, Scotland. .. ....4 orders, 1884-1888, b 1040
MITCHELL BROTHERS, Waterfoot, England.............ooiiiiiiiiiiiiiiiiniiiiiiaaanes Oct., 1885, 2 248
THOS. BRIGGS, Oil-cloth, Salford, England............cccoeiiieeiiininieiniinnn, ..2 orders, 1885-1888, 2 248

LEATHER.

Boilers. H. P.
JEWELL BELTING COMPANY, Hartford, CONM. ... ...ooiomirttrriiititrttiiitiieseseees 9 184
HOWELL, HINCHMAN & CO., Middletown, N. Y. corconanernaimminisniass sovaneay 2 -164
. P. HOWELL & CO., Newark, N.J ... ...coooouioinen. 3 " . Ngdh
J. MUNDELL & CO., Shoes, Philadelphia, Pa 1 40
WM. FOREPAUGH & BROTHER, Tannery, Philadelphia,Pa .............. - 2 120
PUSEY & SCOTT COMPANY. Morocco Mfrs., Wilmington, Del....... 1 75
H. S. ROBINSON & BURTENSHAW, Boots and Shoes, Detroit, Mich. .Mar., 1884, 2 120
PINGREE & SMITH, Boots and Shoes, Detroit, ), Lo g e e T, S B PR July, 1884, 1 120
CITY OF KEOKUK, Leather Mfg., KeoKuk, TOWa. .....o..oouriieiriinieiie e July, 1888, 2 90
WM. WHITMORE, Tanner, Bermondsey, London, Boglaadl. ... cocovins v rins Sl i e pe il Dec., 1884, 2 120
W. R. BRAY, Currier, Bermondsey, London, England....... .. . At SRR e 7 il S ...Oct., 1886, 1 89
WHITMORE & SONS, Tanners, Edenbridge, Kent, England . ..............oooo i ..Nov., 1885, 1 100
RYMER & SHEPARD, Tanners, Northampton, England....... F PR gt "= Ry evses 0D, THRB ¥ 1] 84
A. M. DORMAN, Tanner, Maidstone, Kent, BOGIANA v~ ineonis i drhvias e imds vies saoclvg, S8, 2887, T 86
BEARE & SONS, Tanners, Norwich, England..... ......oooeiiiiiiin coiiiniiiaiinnns ....Dec., 1887, 1 65
ULYSSE DEON, Tanner, Sens, France... . ...... St A L LR s s Th s s wv i Ao T 5 MM AU Tk 61
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PAPER AND PRINTING.

110

Boilers. H. P.
CUMBERLAND & PRESUMPSCOT MILLS, Cumberland, Me............. .......... 3 orders, 1883-1888, 9 9562
S. D. WARREN & CO., Copsecook Millg, Gardner, Me................ «oooiieiiiiiiiianinnneens July, 1884, 2 184
FOREST PAPER COMPANY, Yarmouthville, Me........c..ooienn ov vhniiiiiininnannn. 3 orders, 1883-1889, b 1344
MONADNOCK MILLS, Bennington, N. H. ...cuivniniiiiines covciien coiniiiiiaotennuianans Dec., 1883, 1 61
S. Y. BEACH PAPER COMPANY, Seymour, Conn.. (April, 1872, 1 60
AMERICAN BANK NOTE COMPANY, New York .Sept., 1884, 2 240
WAIT & RICHARDS, Sandy Bill, N. Y. .. ...cc0vaan v ..Aug., 1883, 2 164
CHAS. VAN BENTHUYSEN & SONS, Printers, Albany, N. Y........cooco vt Aug., 1883, 1 73
D. A. BULLARD & SONS, Schuylerville, N. Y......coveeeruiinn cune . April, 1884, 1 122
WM. C. HAMILTON & SONS, Lafayette, Pa............ooiuiiiie iiinns cormtniriniiiaiueenncons Oct., 1881, 8 1000
MARTIN & W. H. NIXON, Manayunk, Philadelphia, Pa..................coiiiit 6 orders, 1881-1884, 13 1749
J. K. WRIGHT & CO., Printers’ Inks, Philadelphia, Pa....... .......oooiiien o Sept., 1882, 1 50
GEO. S. HARRIS & SONS, Printers, Philadelphia, Pa............coooiiiiiiiiinaiienn. May, 1881, 1 75
DAGER & COX, Paper, BrAgeport, Pil. .. .ccc.uecareioeassaiiasae camsiore sanus aszaecs 2 orders, 1883-1884, 2 196
PENNSYLVANIA PULP & PAPER COMPANY, Lock Haven, Pa................ooooiiiiennes Dec., 1883, 2 164
WESTMORELAND PAPER COMPANY, West Newton, Pa...............ccoooiieinnn 2 orders, 1884-1888, 4 762
PHILADELPHIA LEDGER PAPER MILLS, Elkton, Md..........coiiniiiin iireinanienneincas Oct., 1872, 2 100
CECIL PAPER COMPANY, Limited, Ellkton, Md......c.ccoeiiimreiiaiiiir siomrorscencioeeness Aug., 1883, 1 60
SUSQUEHANNA WATER POWER & PAPER CO., Conowingo, Md. .. geee obavess 2 orders, 1883-1884, 4 328
FARM & FIRESIDE, Springfleld, O. ... oo ueaedunuinsseesunon s sosesis s st smsbansas s July, 1881, 1 50
WARDLOW THOMAS PAPER COMPANY, Middletown, O orders, 1881-1883, 4 490
TYTUS PAPER COMPANX, Middletown, O...... p 1882-1883, 3 626
GARDNER PAPER COMPANY, Middletown, O o SR Oct., 1886, 2 260
THE W. B. OGLESBY PAPER COMPANY, Middletown, O............ccoiimiiiiiiiiaiien Aug., 1888, i & 146
Paper Mill of Juan M. Benfield, City of Mexico.
Boilers. II. P.
BAGIR PAPER COMPANY, FradRIN, Q. ... ... oavnmersaiaiiboiminees iposips sws Vamniss 2 orders, 1883-1888, 8 376
PORTAGE STRAW BOARD COMPANY, Circleville, O........ e A s Ao 100D, 1B 1472
GLASS EDSELL PAPER COMPANY, Delaware, Ohio......... ....... ... cociiiiins 2 orders, 1883-1887, 3 268
VAN NORTWICK PAPER COMPANY, Batavia, Ill. .. ...... ..., July, 1888, 1 126
KAUKAUNA PAPER COMPANY, Kaukauna, Wis.............ocoiiiiiiiiiiiiiiiiiiiii s July, 1888, 2 260
CEDAR FALLS PAPER COMPANY, Cedar Falls, Ia........................... o .2 orders, 1882-1883, 2 197
KANSAS CITY JOURNAL, Kansas City, Mo........ L e 2 200
LICK PAPER COMPANY, Agnews, Cal.......... Tl LT 3 266
JUAN M. BENFIELD, Paper, City of Mexico, Me e S e ) Wy June, 1887, 1 122
JOHN COLLINS, Denny, Scotland.. 4 ....4 orders, 1885-1888, b 561
do Milton Paper W'ks, Dowling, BEOBBEL 1.3 5 s s e st B I g v A ewtia Nov., 1885, 1 104
MARTIN & CO., LIMITED, Millboard Mfrs., Craiginarlock, Scotland..........c..c.oooviiiiiianin. Oct., 1883, 1 82
BROWN, STEWART & CO., Greenock, Scotland..............cveiiiiiiiiiiins cineiiniinniees Mar., 1886, 1 166
ALEXANDER MARR, Newspaper, Aberdeen, Scotland. ... ..........ccooooien i Feb., 1888, 2 50
GORDON’S MILLS PAPER COMPANY, Aberdeen, Scotland................ooooiiiiiiiiaainns June, 1888, 2 280
S. H. COWELL, Printer, Ipswich, England.......................... e T RS NS T TR 36
J. WESTCOTT & SONS, Paper, Workingham, England. bty S sl e rentis sty BNy s Oct., 1884, 1 64
GRANT & CO., Printers, London, England..............ccoiiiiniiiiiiiiiinas tiniiniiininiann Nov., 1884, 1 81
SPICER BROTHERS, Paper, London, England. . vl a0k, 1888 1 20
W. & A. TREMLET, Paper, Exeter, England..............ccooo. s 2 orders, 1885-1887, 2 291
JOHN DICKINSON & CO., LIMITED, Hemel Hempstead, England............ 2 orders, Jan. & Sept., 1887, 4 720
TAKATA & CO., London, for Paper Mill, JAPAN. .. ......ovunimuiuniiiiiiiiiiianiiiains caeies Dec., 1887, 8 349
EVANS & McEWEN, Cardiff, Wales...............cc.oovieninenen. Dec., 1887, 1 140
CHAS. UNSINGER, Printer, Paris, France................. z Nov., 1886, 1 60
IMPRIMERIE FRANGAISE, Paris, France................ o Jan., 1888, 2 126
CHARLES SCULAEBER, Printer, Paris, France. ... .. 3 Oct, 1883, 3 120
Yo 'Yy
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Boilers. H. P. !
PATL VARIN, Jean d’Heurs, FEANEE, . ¢« cvunsusisinvionas vasbasahuasbanesnosas wakansnns cranesio July, 1887, 2 222
ARRA Y CTA, Paper; Tolosa, SPAIN. .. utuieionnaantoiivstvnarmanmsstiiosstneesteissasensssns ., 1886, 1 61 ’
RICART Y CIA, Paper, Villanueva, Spain............ 1836, 1 61 |
LA VIUDA BORE, Castelfullit, Spain................ 1886, ~ 1 30 |
NEUSSER PAPER WORKS, Neuss, Germany 0 o L 1886, 2 208
ACEDLMANN & C0., Bologna, TEIY. . . o vivevn e onvretivanmie s wamsdasosss dne g awamia i . 1885, 1 82 ‘
LUMBER AND WOOD WORKING bzt da |
EAGLE SQUARE MANUFACTURING CO., So. Shaftsbury, Vit .Sept., 1883, 2 184
WOONSOCKET SPOOL & BOBBIN CO., Woonsocket, R. 1 April, 1885, 2 146
' UNITED STATES VULCANIZING WOOD & LUMBER COM PANY, New Yotk .. va b una s Mar., 1882, 2 150
NEW YORK LUMBER & WOOD WORKING COMPANY, New York Oy Gy B .. April, 1883, 2 1656
HARDY & VOORHEES, Planing Mill, Brooklyn, N. Y........oooeeeeiiiiiiiinnins connnneneees Jan., 1881, 1 100
ANDRESEN BLATT FOLDING BED COMPANY, Brooklyn, N. RO s oy . ....Jan, 1883, 1 82 1
WHITE, POTTER & PAIGE MANUFACTURING CO., Mouldings, Brovllyn, MW e vaa May, 1883, 2 122 |
8. D. KENDRICK, Saw Mill, Glens Falls, N. Y May, 1887, 1 51
HALL & GARRISON, Philadelphia, Pa. ........... April, 1882, 2 1560
ALBERT STOVER, Kintnersville, Pa.... .............. Aug., 1881, 1 40 i
WASHBURN & ZERFASS, Planing Mill, Scranton, Pa........... ... .on : P e s DD B8 I 61 i
J. E. PATTERSON & CO., Planing Mill, etc., Pittston, Pa. ........cooooooiiiieneee.s .Sept., 1885, 2 208 |
KIMBALL, TYLER & CO., Barrel Staves, etc., Baltinrore: Ma. o, v vamoas omea samsangs s ..Mar., 1882, 1 86 i
E. W. HORSTMEIER & SON, Baltimore, Md Feb., 1883, 1 146 i
| BRUMBY & BROTHER, Marietta, Ga.................... A ..Jan., 1882, 1 50 i
| PINNEO & DANIELS, Dayton, O...........cooeee covreniinenns ..Nov., 1881, 2 200
i DELPHI PLANING MILL & HOOP COMPANY, Delphi, Ind...........o.coominiieeinn. .o LJan, 4888, 61 !
SOUTH BEND TOY MANUFACTURING COMPANY, South Bend, Ind........ .2 orders, 1884-1887, 2 197 i
WABASH SCHOOL FURNITURE COMPANY, Wabash, Ind.................. L s Mar., 1884, 1 125 |
| INDIANA FURNITURE MANUFACTURING CO., Connersville, Ind...................oonn .. July, 1885, 2 146 |
DODGE MANUFACTURING CO., Pulleys, etc., Mishawaka, Ind...........coooiiieone e June, 1888, 2 272 |
N BEADE COMPANY, Gobden, JUvi: t o uian se-abWadtloass vinc 0o ot sietliaints so s L 5ESd e oo wiais May., 1883, 1 T I
BAUERLE & STARK, Sewing Machine Furniture, Chicago, Dk ; il R § 136
R. G. PETERS, Saw Mill, Manistee, Mich........ .. c.coooiiinninnnaineineee 55 1881, 2 500
MARINE CITY STAVE COMPANY, Marine City, Mich............o.oooooenns ..June, 1883, 2 200
SAGINAW CHAIR COMPANY, Saginaw, Mich.... ........coooooivniennee L et Do OB CTRRES ° W] 250
CHESBROUGH BROTHERS, Saw Mill, Taquemenaw Riviery Mitehus i 1. o dnis daad R il e o May, 1884, 3 312 1
ST. LOUIS REFRIGERATOR & WOODEN GUTTER CO., StoLonis, Mowat o 2 oo, L AUg 1888 - ] 240 |
FORT MADISON CHAIR COMPA NY, Fort Madison, ToWsh........oooviies coviionoeninneeeess April, 1882, 3 126 i
MANN BROTHERS, Milwaukee, WiB. ... .ccoeorvurer voeeoronsonvrsmaailonanenaiasontiinn e cne Aug., 1882, 1 60 )
SHEBOYGAN MANUFACTURING COMPANY, Sheboygan, L R L o R e O 0 e Mar., 1883, 1 208 |
CROCKER CHAIR COMPANY, Sheboygan, b v IR o o RS W R T A .May, 1882, 1 128 )
FROST PETERSON VENEER SEAT COMPANY, Sheboygan, Wis............coovoennnnn .May, 1883, 2 1256
PAINE LUMBER COMPANY, Oshkosh, WiS......cooiiuiiiiiiiiien i innieiineiiree e ..Feb., 1884, 2 416
\ BROWNLEE & CO., City Saw Mill, Glasgow, Scotland. ..... ..Jan,, 1884, 1 216
ALEXANDER McEWEN, Saw Mill, Wick, Scotland..... .. ..Mar., 1886, 1 146
| MARCUS MOXHAM & CO., Saw Mills, Swansea, So. (e G T St S T e M (R ..Mar., 1885, 1 104 |
RAVERDEAU, ALLAIRE ET CIE., Romilly, France............cccoooconieeans e ...April, 1886, 1 51 i
MONTREUIL SAW MILL, Rouen, FIaNCe. . .oxciueiuanranrconssminamannsnceniinasns sugreesees April, 1886, 1 40 L
| MONTREUIL ET CIE., Saw Mill, Petit-Quevilly, France.............o.c voveermeeeneecocenens May, 1888, 1 82
| !
\ DYE WORKS AND BLEACHERIES. ?
| Boilers. I1. P. |
JAMES MARTIN & CO., Philadelphisl, Pa. ... coossossaassani coias) <t e conss s svas 2 orders, 1880-1881, 2 208 ’
QUAKER CITY DYE WORKS COMPANY, Philadelphia, Pa.........ooooiiiiiiiiiiiiie... Sept., 1881, 2 272 i
| JAMES McLARDIE & SONS, Paisley, Scotland. ........... .. 2 orders, 1883-1886, 2 187 ;
| HEPBURN & CO., Ramsbottom, SCOtIANA. ... .covouriicetiureinrntiniesininnniarrereanecees Jan., 1884, 1 136 ]
| P. &. P. CAMPBELL, Perth, 2Pl L1 (s IR el e Y (VIO PSSP S PR A ) 0 oA ..April, 1886, 1 146 \
{ JAMES SMITH & SONS, Yarn Dyers, Heywood, England.. ... ...ooooiiiiiiins coiiininnins Oct., 1884, 1 120 .‘
| J. & J. M. WORRALL, Manchester, ENg. ............cccceeeeennens orders, 1884-1887, 5§ 636 t
| S. SCHWABE & CO., Bleachers Manchester, England.. .. bt i Dec., 1886, 2 186
) HANNART FRERES, Roubaix Wasquehal, France,...........oooeeeeenenneees A .4 orders, 1885-1886, 5 896 \
' BROWAEYS-DEGEYTER FRERES, Roubaix, France...........cooeee vennenene .2 do 1885-1887, 2 346 :
g ERNOULT BAYART, Dyer, Roubaix, France..... . .......ooocoeeoreeeeees Nov., 1885, 1 186 i
¥ E. ROUSSEL, Dyer, Roubaix, France........... ... .... o & Dec, 1887, 3 558 |
COCHETEUX & CO., Dyers, Roubaix, France.. oL ORI ORI (o S T D R | 1938 }
: DUBOIS & CHARVET-COLUMBIER, Armentiéres 2 orders, Feb. & Aug., 1885, 4 476 ‘
! T TATRIAL, Dyer) PACIS, FIATI0R, .0 2stwt i o kabestbsdasiian fpesa s nfor sesmpaned e 8 70 Aug., 1885, 1 26 ‘
! ELMER FRERES, Lyons, France........... 2 orders, Jan. & June, 1886, 2 208 i
! WALLERAUD, WIART, WATRAMEZ, JACQZ ET CIE., Cambrai, France...........c.c.. «... June, 1886, 2 416 I
1 SUCCESORES DE FRANCISCO ROURA, Farrasa, SPAIN. ... ..o coririiiiiiiins e Jan., 1886, 1 30 !
| PIETRO ANGELO BOGGIO, Dyer, Strona, Biella, THAIY... o sasersmasass somanenssvan & oo Feb., 1887, 1 46 !
‘- BRICK, POTTERY, Erc. ‘ !
j Boilers. H. P. ;
| JOHN MOSES, Pottery, Trenton, N, J......coueencronueraneennsarnesernsonnsrers o b g Aug., 1880, 2 160 ’
1 HENRY MAURER & SON, Fire Brick, Maurers, 1 [ e R o Aseivaeneats sop DR IR88, ol 244 1
1 COPLAY CLEMENT COMPANY, I PR T i coi i s e pip e Sangg v a s darsls Zele Sy fumnay Mar., 1884, 1 104 i
| WOODLAND FIRE BRICK COMPANY (I/d), T OBAIBRNL P s doe o 2 mitcssoialmorebs A st e oo BN 180N o] 992 i
d YOUNG & FARRELL DIAMOND STONE SAWING CO., Chicago, Ill.......... svaene .3 orders, 1882-1886, 3 248 ;
i ANTHONY SHAW, SON & PAMPHILON, Mersey Pottery, Burslem, Staffordshire, England. . ... Oct., 1888, 1 166 I
! SOCTETE DES CIMENTS FRANGAIS ET DES PORTLAND, Boulogne-Sur-Mer, FrOnCe, Al v Dec., 1887, 4 612 |
: \
'
\
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CAR AND WAGON MANUFACTURERS.
Boilers. H. P.
H;, D SMITH /& 00, Carringes, Plantville, GOnI. . .. ..oce. o il cnt i s siodin s sias dinsiisssss od Oct.. 1881, 1 76
CORTLAND WAGON COMPANY, Cortland, N. Y .2 orders, 1881-1888, 2 186
LEBIGH CAR WHEEL & AXLE COMPANY, Catasauqua, Pa...................ccoovuniiinnn. Dec., 1881, 2 268
PRI CARWORES TIMITED, e Pa. o vioiinssods sitaismsos o qmasamas e .Sept., 1882, 1 120
TN RS PEASTE GNP AN Y ColUInbUS, ONI0L. i 5 ool va s inhvore @aess oo dimation sssn i s s vas oa .Sept., 1881, 1 50
COLUMBUS BUGGY COMPANY, Columbus, Ohio .. .. 4 orders, 1882-1887, 7 827
LARAYINE CAR WORES, Tafayette, Ind.... ... ioi ifcomebas s o mnasas s/t avassioasssoss wsissns Jan,, 1883, 2 260
STUDEBAKER BROTHERS MANUFACTURING COMPANY, South Bend., Ind. .. 4 orders, 1872-1884, 10 1080
do do Chicago, I, ot vhis 5 do Oct., 1885, 4 400
PULLMAN PALACE CAR'COMPANY, Pullman, Il Pl R e v e R ) Sept., 1881, 8 1000
RACINE WAGON & CARRIAGE COMPANY, Racine, Wis................coovv ceoneennnean.. Aug, 1882, 1 126
JAS, L. CLATRIREE B S0N, Carfiades, O8BRORh, WIS, . ... ..iinvotnch oo anasronsssss sunnwnsevs o Ty 1881, -1 107
GOVERNMENT RAILWAY SHOPS, Dunedin, New Zealand .Dec., 1878, 4 200
do do (6101l 11075 SO (o TR S G oy Sl il o A e 4 Jan., 1879, 3 176
DISTILLERS AND BREWERS.
Boilers. H. P.
FREDERICK A. POTH BREWING COMPANY, Philadelphia, Pa.... . .. .......... ..... Sept, 1883, 4 416
HANNIS DISTILLING COMPANY, Baltimore, Md veveo.......2o0rders, 1880-1886, 3 420
BARTHOLOMAE & LEICHT BREWING CO., Chicago, Ill.... ................. : ...2 do 1881-1888, 4 324
Boilers. H. P.
McAVOY BREWING COMPANY, Chicago, Ill.................... T S s e June, 1882, 4 832
LIOMBEEWERRY: Detrolt, MICR, ... ... vus caseivavononis, <wvsony iy Peta T T I Nov., 1885, 2 6500
EONRAD SCHREIRR, Brewer, Sheboygamy WIBL .. ¢, w ot sk i dueswainbioh i i i 4ot s wavis s May, 1881, 1 76
PH. ZANG & CO., Brewers, Denver, Col.. June, 1884, 1 160
SR.DON JOSH ARECHABALA, Cardenas, C ceneseseeesanaas. guly, 1885, 1 61
SR. DON JOSE T. GUERRA, Cuautla, Morelog, MeXiCo,...... .......cooeiiiiriiniiiiiieiaiinns June, 1886, 1 30
do Cunernavaca, Morelos, Mexico... ...... o, AT 7.0 00K, 1886, - ] 5l
HARMON & 00 Brewem, Uxbridge, Bopland. ... .... vovieycanranions sosmsumusanosariiaio snd y, 1887, 1 112
W. E. & J. RIGDON, Brewers, Faversham, England,.. ... ... .............2 orders, March and July, 1888, 2 206
REW & CO.; Distillors, Plymonth, England. . ... ou o covscoiiicesss svonnvoinponss viseassivabsabs June, 1888, 1 10
LESAFFRE & BONDUELLA, Mareq en Bartheuil, France .................. .......0 cooo o Nov., 1885, 1 93
DROULLERS-PROUVOST, Distillers, Roubaix, France.......................... ...... 2 orders, 1885-1886, 2 372
SOCIETE ANONYME LA GALLIA, Paris, FIANCE. ........ .cooooiiiriis ceeiiiieaieneinanenas May, 1886, 1 61
A. & B. VAGNIEZ, Distillers, Amiens, France.......... o ¥ B Ty e 2 orders, 1885-1886, 3 417
SCHMERZ-FRITSCH, Brewers, Orleans, France .... .. OF R Tk x T 2 s T ke & T Oct., 1886, 1 40
6. RINCK, Brewer, St. Etlenne, Prance........ ...visevies savsossuns June, 1887, 1 26
M. M. MOSER ET FILS, Brewers, St. Etienne, Loire, France...... ............cc.ooiiiiuieninnn. Oct., 1888, 1 456
MOKT & CHANDON, Champagnes, Epernay, France ...................«... b < s i S e Aug., 1888, 3 240
IS SUEAAIRCHET. RODODEISDIEY, COIIBNY | 0. o0 vo i dse i o 5 g ncas dis abaanoaass Suhabon Mar., 1887, 1 938
WILHELMSTE BREWERY, Stralan, Germany vonnsen so Y 1887, 1 93
. EOSIEE - METDOUTIG, AT TR S 1 ae o <50a 5o v Son s da et o n x s 8 o mos e 2 orders, 1887-1888, 2 [90
L‘ rA
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GRAIN AND FLOUR.
Boilers. H. P.
PIONEER MILLS, Cooperstown, N. Y. ....ciiiiierimmmmaisieiiotiiuiiineisatimuniseestannes Aug., 1878, 2 160
THORNTON & CHESTER, Buffalo, New YOrk..........cooon ciiiiiiiiiciiin viiiieiinneenns Nov., 1881, 1 108
ERIE ELEVATOR, Jersey City, N. d...os ssinssneiosnriinmen sariviionsssssbsninnvieioesosis .Aug., 1879, 4 6500
H. K. CUMMINGS & CO., Philadelphif, P&.......coveeuiaaaaesornnonsesesiasinascessiersonsacaas July, 1880, 1 104
J.C. ELAUDER, PRUBHEIDHIR, PR ... oovt s ivuvennsminaviinn s dhionvaan st bosidiogys roaihh . April, 1882, 1 650
McGREW, PARKISON & CO., Monangahela City, Pa......... ..o e vviiiiiinines ...Jan,, 1883, 1 61
H. JULTUS RLINGLER & CO., Butler, Pa, ... ..cccveivineoeraiiidinesivedioassia vacabivsaosss Aug., 1883, 1 92
WM. LEE & SONS COMPANY, Wilmington, Del. Loty 2 orders, 1881-1883, 3 276
A. H. SIBLEY, Baltimore, Md bl 8 4, 2 do  1882-1887, 2 250
KENNESAW MILLS, Marietta, Ga L R e e s A May, 1881, 2 200
LANIER MILL COMPANY, Nashville, Tenn.........c.cccscessvmsnnss seanvincs coaaronnceces July, 1881, 2 120
MEMPHIS MILL COMPANY, Memphis, Tenn Feb., 1886, 2 164
VALLEY CITY MILLING COMPANY, Grand Rapids, Mic = T B e UL B SB L P s Jan., 1885, 1 122
VOIGT MILLING COMPANY, Grand Rapids, Mich. .. s 2 orders, 1886-1887, 2 280
GEO. P. PLANT MILLING COMPANY, St. Louis, Mo. i e 2 do 1883-1887, 4 708
GENESEE MILL COMPANY, San Francisco, Cal... ..........ooiiiiiiiiiiiiiiiiiriiriins April, 1882, 1 136
DEMING-PALMER MILLING COMPANY, San Francigco, Cal..............cooovviiiiiiaines Dec., 1883, 1l 208
ALBAITERO & ARRACHE, Macaroni, City of Mexico, Mexico........ e e S O R B RG P R 184
BONIFACIO LEYCEGUI, Silao, Mexico... .........ccoovnevnnts L T el A e e Oct., 1880, 1 60
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Babcock & Wilcox Boiler, showing Pressure Parts, suspended.
Boilers. H. P.
MANSON & CO., Aberdeen, Scotland..........coiciieinn tiiiiiiees coiiiinnninretnaee e Jan., 1887, 1 104
W. & P. R. ODLUM, Corn Millers, Port Arlington, Ireland ..June, 1884, 1 104
WM. HUGHES, Shrewsbury, England. ... ......coccoiiiiiiiiiiiieiiiiiiiiinaiieiseieenees Jan., 1885, 1 81
RICHARD SHEPPARD, Newchurch, England.. Jan., 1885, 1 40
MITCHELL BROS., Whitefoot, England......... el Oct., 1885, 2 248
BANQUE DE PARIS ET DES PAYS-BAS, Paris, France Mar., 1886, 1 240
M. FENET, Goussainville, France ..................... S el S RNCAE SR CRCA R | R TR 61
A. REYNAUD, Marseilles, FTAICE. .. .....oocouiiiriiuinmionenainniniunennonens RPN SRRt 1) 1 v P 36
LOUIS CARRIE, Marseilles, France................cocoee. Rk Yt s Sl Oy s BB b1
TOSTISORT, Taridfy BDBMI ... s s vy sineavosissstionhanesssadntanpses (ssss oz s riisineesiiiessis .May, 1885, 1 925
MICH'L VERDERAME, Paste for Macaroni, Licata, Sieily. ..... 2 Fr s vaeeeress Sorders, 1§86—1887, 2 208
AKMET HUSIANOFF, Orenburg, Russia. ...........cconn vee % Ko fly S dws R ok e AR RSB0 -] 78
PACKERS AND CANNERS.
Boilers. H. P.
THE UNION STOCK YARDS COMPANY, BI0UE OIY, JOWB. ..o cccvavas sns cossaivsooasn sus Sept., 1887, 4 548
MARSHALL CANNING COMPANY, Marshalltown, I&... .......coovaneeninnss el PN S Jov., 1880, 2 120
ARMOUR PACKING COMPANY, Kansas REY, WO ooi nnsmve b ioun i direny s seseesRiordens; 1886, - @ 500
SILLITOE & SEARES, Packers & Shippers, Manchester, Bngland. .. coccaei cosnae sniisannvns Aug., 1885, 1 86
W. STEVENSON, Packer, Manchester, BOZIANA. .. .covvveronciotesrunnaios coosnrsinnsinans ke .Oct., 1885, 1 86
THE BRAZILIAN EX'T OF MEAT & HIDES FACTORY,L'M'D, Paredas, Porte Alegre, Brazil.Sept., 1880, 2 124
v b
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WATER WORKS.

Boilers.
WHSTHRLY WATER WORKS, Westerly, M. . ... v cons ot sianssn vt e o July, 1886, 2
PERTH AMBOY WATER COMPANY, Perth Amboy, N. J.. ¥ ANy 1881, - 9
PENNSYLVANIA RAILROAD COMPANY, Philadelphia, Pa..... ................... ... Sept., 1882,
LACKAWANNA IRON & COAL COMPANY, Water Works, Scranton, Pa................ 2 orders, 1883-1887,
LANCASTER WATER WORKS, Lancaster, Plu.. .. ..ovoe siorsiosssmnssssssnes s Oct., 1887,
GREENSBORO WATER WORKS, Greensboro, N. C.. ............. 2 et sl s R Feb., 1888,
ELYTON LAND COMPANY, Birmingham, Ala....... ... .... T U NN 2 orders, 1881-1882,
BESSEMER LAND & IMPROVEMENT CO., Bessemer, Ala. .. ........... .............. .. Jan., 1888,
CENTRAL KENTUCKY LUNATIC ASYLUM, Anchorage, Ky... .......cooovnvneeonn Nov., 1879,
JOLIRT WATHR WORKS, JoHet, TIL.... : ias oo ionsioin sn vnoindn A Sbon S e 2 orders, 1881-1882,
CARTHAGE WATER WORKS COMPANY, Carthage, MO. .. ..........cooovvvonn oo o Sept., 1881,
RED OAK WATER WORKS, Red Oak, Towa............... .... Aug., 1883,

., 1882,

) 4

3

4

1

2

2

1

3

2

) |

PASADENA LAND & WATER COMPANY, Pasadena, Cal ik
orders, 1883-1885, 2
i
2
2
4
2
4
4
1
2
3

VISITACION WATER COMPANY, San Francisco, Cal. ... ...
SPRING VALLEY WATER WORKS, San Francisco, Cal..............ccovvvveovnn...

....... Mar., 1886,

MEXBROUGH WATER WORKS, York, England..................coveees oeeeoeesieneeon May, 1886,
BOURNEMOUTH WATER WORKS, Bournemouth, 41T E o B L S N L 2 orders, 1886-1887,
KENT WATER WORKS, Wilmington, England. .. ............. o0 coreroeeeebees oo Mar., 1886,
WEST SURREY WATER WORKS, Walton-on-Thames, England........ ... .... ... Mar., 1887,
EAST LONDON WATER WORKS COMPANY,Waltham Abbey, England.. .2 orders, April and Aug., 1887,
SOUTHWARK & VAUXHALL WATER WORKS COMPANY, London, 1o R PR Mar., 1887,
PIMLICO WATER WORKS, London, England. ............... ...oooooinnn e, wr e INOV,; 1887,
IMPRESA CONCESIONARIA DE AGUAS SUBTERRANEAS DEL LLOBREGAT, Barcelona, Spain . . 1888,
PERNAMBUCO WATER WORKS, Pernambuco, Brazil............ .... oovoooooinoons June, 1885,

COFFEE, SPICES, Exc.

Boilers.
ARBUCKLE BROS. COFFEE COMPANY, Brooklyn, N. Y....... .ooooviiin 2 orders, 1883-1886, 4
ARBUCKLES & CO., Spices, Pittsburgh, Pa...................... .... T ey o W Mar., 1883, 2
TWITCHELL, CHAMPLIN & CO., Grocers, Portland, Me.......... ... RS I L L e
CADBURY & CO., Chocolate, Bournville, England.......... ..... ............ 2 orders, Mar. and July, 1887, 9

TOBACCO AND SNUFF.

Boilers.

P. LORILLARD & CO., Jersey City, N. J...... o e cr s 3 orders, 1881-1883, 10

GEO. W. HELME COMPANY, Helmetta, N. J .2 do 1883-1884, 2
WILSON & McCALLAY TOBACCO COMPANY, Middletown, O............ .. .. v 2 do 18811885, 2
G G AT A THAIIOTE, NI s 02 e i« el mels o biats o e B s o = s July, 1888, 2
WM. CLARK & SON, London, England 3 orders, 1884-1887, 3

ARTIFICIAL ICE,

Boilers.
SOUTHERN ICK COMPANY, New Orleans, Lal. .. ... civeevesolisioissmimssithoneanns voriviand Sept., 1882, 9
TEXARKANA ICE COMPANY, Texarkana, Texas.. S TR e Mar., 1884, 1
BATH PURE ICE CO., LIMITED, Bath, England. ....... ............ AT 5 S Mar., 1886, 1
L. STERNE & CO., LIMITED, London, England......................coves oooonn....8 orders, 1887-1888, 3
JEWELRY, Erc.
Boilers.
FAHYS WATCH CASE COMPANY, Sag Harbor, N. Y......coouvumiinneinnnssomansnsennnnnnn o Apr., 1887, 2
RERMENTZ & CO., Jewelry, Newark, N. ... o ot siiobcdnsvuinvessss ronnvs st sisoird donas il Aug., 1884, 1
SOCIETE GENERAL DES MONTEURS DE BOITES D'OR, Besancon, France . .. ... . . Sept., 1888, 1
MINING.
Boilers.
BIGELOW BLUE STONE WORKS, Maiden Lane, N. Y... ...... c.ooooiir coniniiinns e, Jan., 1883, 1
NEW JERSEY TRON MINING COMPANY, Port Oram, N sept., 1886, 2
PR HA N DON & OO, JBNEEVING, PPH .5 .. s ek w0 T ad by bis s ST i Lt b ity v Jan., 1883, 1
LEHIGH COAL & NAVIGATION COMPANY, Lansford, Pa........... ......... | 1=t order,  June, 1886, |
do do Nesquehoning, Pa...... ......... {4th do June, 1888, ) 14
J. LANGDON & CO, Incorporated, Shamokin, Pa..... .................. S o8 e e SRR AN, Mar., 1887, 2
MINERAL RAILROAD & MINING COMPANY, Shamokin, Pa.......... .............. 2 orders, 1887-1888, @
NEW HOOVER HILL GOLD MINING COMPANY, Randolph Co., N. C.. ..........co.ovi. ... April, 1881, 1
N. C. GOLD MINING & REDUCTION COMPANY, Salisbury, N. C......... ...oovv oo Aug., 1882, 9
A AT W VST T 0 S P R e U S R I Rl ) Sept., 1880, 1
CONGLOMERATE MINING COMPANY, Eagle Harbor, Mich........ .............. 5 orders, 1881-1883, 12
SILVER CLIFF MINING COMPANY, COIOTad0. . «.cuvvue vuenninnnans orainannnnnnnn, 2 do 1879-1880, 4
GOOD ENOUGH MINING COMPANY, Colorado... e A et L Mar., 1880, 1
PLATA VERDE SILVER MINING COMPANY, Colorado........ .... ... oovvvrinnnnnnnnnnn., Nov., 1879, 2
H. L. BRIDGEMAN, Assayer, Pueblo, Colorado..................... .......... s T it May, 1880, 1
SEANDOLPH & G0, Contral Oy, C0loTAAD . ..o aisivaise srvsbasoniuns s sosdiss cr o sen e s s May, 1881, 1
IRON SILVER MINING COMPANY, Leadville, Colorado. . ........................cccooonnn. . May, 1882, 3
MOULTON MINING COMPANY, Butte City, Montana.............. « «. .....3 orders, 1880-1881, §
ALTA MONTANA COMPANY, WYCKS, MONANA .. . .vvueranironsiinnsaennsns sensinn suns April, 1881, 9
LEGAL TENDER MINING COMPANY Clancy, Montana ................ ........... . ... April, 1881, 1

P,
90
180
60
312
416
46
162
90
110
132
120
61
43
101
136
30
198
320
168
372
336
108
122
222

HoB
416
102
102
186

B
146

36

>
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oy
NATIONAL MINING & EXPLORING COMPANY, Hele T bl
$16 TODE MINING COM PANY,RI{{M(;O (O\l] A\S , 'l-](‘](ml, Jo ot 4] AR AR SN A L May, IRTfS, 1 76
GERMANIA LEAD WORKS, Salt Lake CIty, UM ... ... .oernrsnorsensrsnnernnerreesnnns il B oe
EMPIRE MINING COMPANY, Park City, Utah. ... .. .. ovvrrrs oo, -';'&}i"iMf;‘K‘ i 28
ONTARIO SILVER MINING COMPANY, Park City, Utah......... St get i ;9'}880’ e
MINERAL POINT TUNNEL COMPANY, Utah.........cccuomromenonn oo, i e S v e R
e L R AN AN il o o 2 orders, ‘N,H 1879, 2 60
G. BILLING, Smelting Works, Socorro, N. M ., .. v e et il ]H"f" . 224
ESTACA DE GUADALUPE DE LOS REYES, Mexico.. 9 -dm\li:}é o i\
NEW YORK & CHIHUAHUA MINING COMPANY, Mexico PRER R s B S
CORRALITOS MINING COMPANY, Chihuaha, Mexico. ... .........oooovr oo 000 o, ]1880’ o
GUERRA GOLD & SILVER MINING COMPANY, Mazatlan, Mexico ............ "'J:I“;' 1::?’ 3 %
CANDELERIA PUMPING SYNDICATE OF NEW YORK, Soledad, Mexico. .. ........ " Peb. ma) 5 .
NEGOCIACION M{NERA INTERNACIONAL, Canitas, Mexico. ...... Nov., 188, S
UNION CATORCINA MINING COMPANY, San Luis de Potosi, Me'\}Ln N g 4
VALLECILLO MINING COMPANY, MEXICO. ... rrvvevvnn vominns eonsns el s R
THE ACADIA COAL COMPANY, Stellarton, N. S...........oon oot 000 3 orde '5‘11&4 it i
BENT COLLIERY, Bothwell, SCOtIANd. . ... .....ovuern vonernonnnns. AL W 1 do M o MR TR
do Hamilton, do i AT A AR 3 (1(: Dl}y, };:2 } 4 480
MARK HURLL, Coal Master, High Blantyre, Scotland ..... g g N(c'.’ 3
THE LANEMARK COAL COMPANY, New Cunnock, Scotland... ... ........cooiir il Apel, A R
COMBARTA TN GRIIZ 7 TATATCH DRI oo s et e oo ts s ns iy g AR I RS
CHILETE MINING COMPANY, Calla0, PEIU, 8. Av. ... vvrrrressennss osoes aeniiiiiis e o
v(\;II}%NT'S DN MINTNG COMPAN Y ATREIRID 52 2o eboat o st ss s m Porase e ottt aats s ]())(c(; 1122443 ? 1‘33
ENNEDY, Colliery, Greymouth, New Zealand................ ceuvinvriens coninenivannsnenns Oct., 1887, 2 248
EXPORT . ANDED COMMISSION HOUSES.
WALTON W. EVANS, Civil Engineer, New York ‘ 71-187 »“ml’lm g
%(AS\EPII E. SPINNEY, Mvrchmﬁ, Ne\;'I;"o‘:k.\.(.”Al """""""""""""""""""""""" Mrd(lrsbﬁd.}::;’ lé gég
7 TEN s PR S R S Ve e S 2C., 1878,
e e pmsrtod 1t S
\IOSI‘S'I‘AYLOR SO0, Waw MOk, | ol anit oy & Al ST \\1“ im‘ : i
BECKETT & McCDOWELL MANUFACTURING CO., New YOrk. ............. { orders, 1680 1222’ A
FREDERICK PROBST & CO., Merchants, New YOrk.......... ... ovvvoooool do  1878-1887 R -
HENRY J. DAVISON, New York. . G oo AR
R. H. ALLEN, Merchant, New York...... ol o - A
BEHR & STEINER, Merchants, New York. . “i‘f““’ o e
G. REYNAUD, New York. for Cuba.. : S 4} «jif(ptl} ]881’ L av
MOTLEY & STIRLING, Merchants, New York . ) 44
A. ARANGO & CO., Merchants, \ILWXmI\ ....... e, i ek LA e L i 188‘.3, 2 i
MAITLAND, PHELPS & CO., New York ... RRARET I P N s é;{fii-‘fx"g" o A B
J. CRICHTON. Valparaiso, Chili........................ o i ek Bl B
COOMBS, CROSBY & EDDY, New York, for Mexico. ... ................ . 3;1;1., 1R o2
SORZANO & CO., Merchants, NeW YOrK ... .. «.uerooresore oeos toian o 2or l‘ I lll Ry 1
FERNANDEZ & CASTILLO, NOW FOTK. « .« v e sessssanteses evsseessaaa i 2 T e
H. A. VATABLE & SON, New York........ e ) e A
MOSLE BROS., New York, forCuba......... ....... o8 8 orders ISéZS 1:&:‘ : 17
ROBERT DEELEY & CO., NeW YOTK. .. vvv e verns crrnnen. S g s e -
E. L. BECERRA'S NEPHEW & CO., NeW YOIK. .. .ooooommis o oo oo oo, T i;;i 1
BUTLER, McDONALD & CO., New York WA A b > orders, 1884-1885. . 104
GOLWELL IRON WORKS, New York, for LOuisiana. . ... ....... w.ooovv. ... e e Mak A i 238
do do T T R S R e e 3 &l :
J. L. MOTT TRON WORKS, New York, for Mexico. F i e v ;‘2% ]1224’ g
AUGUSTUS A. GOUBERT, New York. for Cuba. . AP R S 1883' 5 i
OANDELERIA PUMPING SYNDICATE 0f N, Y. for MOXICor . rrrrr ooreiroior .. Heb., 1885, 8 an
M. ECHEVERRIA & CO., New YOrk, fOr MeXiC0. ... «..ove veeneeeerrennnns AR R e R R -
THEO. HERRMANN, \e\\ York, for Mexico. . SRR et 20T e Oct‘y ]88;)‘ 3 -
M. CAMACHO ROLDAN & NEPHEW, New York for Mexico....... e, ST June, 1887, 2 o
GEO. BRUCE’'S SON & CO., New York, for Mexico..... ....................2 orders, Oct. and Dec., ]88:" ; 1es
J..&'G. FOWLER, New YOk, TOP.UthB. (o o woiowsisnmdoivs s asiah waisle ool 15 /bss55 ¥ie 2 do Sept.and I)oc.’ ]‘%8"7' 4 tos
HUGH KELLY, New York, forCeiba Huecs, W. L....cvovevaiinvioveciiniam wonshounsiasaiiiy ?Jnnu ];88’ 1 284
GOMEZ & PEARSALL, New York, for Cuba....... . s Nov., 1888, 1 o2
A TRANS, 40107, BOREOH, MR TOT GURAN . dt+0 wdre s s bisine bt s b sl W5 S 2 P Nov., 1883, 1 1'573
ROBT. McCULLOCH, Yonkers, N. Y., fOr CUbA. .......oe wovreeerne oo T sept., 1886, 1 106
D. L. HOLDEN, Philadelphia, for China........... Hnay s Sept.: H‘%&Ov i 63
J. ARCE & CO., City of MeXiC0....ocuavinivnaroiininononenannis sooies sunen 2 orders, Mar. and July mxx' 2 91
JAMES KEITH, Hydrographical Engineer, Edinburgh, Scotland........................ 9 orders ]8&;-]88(; 9 2
BLAIR, CAMPBELL & McLEAN, Glasgow, for Costa Rica A 1 Feb., 1887, 1 o
ARTHUR BUTLER, London, £r TNQia. ... ........cvve.nee sie T M orders, 1884-1887, 14 st
JAMES McEWAN & CO., London, for Australia.............c..oooont 2 do E 1884-1}4%' 10 S
JAMES SIMPSON & CO., LIMITED, Engineers, London, Eng...........ccoo0 vviinenn 5 do 1885 18;5.‘%, 12/ pey
WALKER BROS., London, for Ceylon................ R S R e S e N e e e 11 do 1886-18%8, 12 4L
J. & H. GWYNNE, London, for China. ... R A S Sept., 1886, 2 4
ANDERSON BROTHERS, London, for India. S y ”AN()V.’ 1886 i 1t
W. WALKER, London, for Batavia.......... ‘ Nov.’ 18\‘5‘ 1 b1
A. STUART, London, for Batoum, Russia................ .cocooeeiniin e .....A.............Aprii’ lsis‘(;Y i} 1(1)2
FARMER & BRANDON, Merchants, London, ENGIANG.:.. ... ......ovvrereremisaeernnameeienss Ang., 1888, 1 20
NELSON BROS., London, England, for New Zealand...... ...........cooooiiiviiion, 2 orders, 1&;&5’}—]888' 2 140
TAKATA & CO., London, England, for Japan. .. .... ..... .. ..oocoiies ciiinniiens 2 do 1887-1883,, 4 332
b
115 o

|
{




Boilers.
H. F. STANES, London, England, for New Zealand.....................c.ooeinroii Jan., 1888, 1
HAMMOND & CO., London, England, for Spain..... ....... od L o o e e
DU TEMPLE & CO., Liverpool, England, for Asia Minor................. .................. ... July, 1886, 1
MILLWARD, BRADBURY & CO., Liverpool, England, for Brazil. .............. ..6 orders, 1886-1888, 7
E. GRETHER, Manchester, England, for Genoa, Ttaly............ ............ 2 orders, Feb. and Oct., 1887, 9
ZIFFER & WALKER, Manchester, England, for Brazil ................. ... ... ............... Dec., 1887, 2
EDGAR ALLAN & CO., Sheffield, England, for Spain......................ooiiieiii, Juno, 1887, 1
8. WALKER & CO., Wolverhampton, England, for Hong Kong. ... .... ARG et ) o e Rl Sept., 1883, 1
E. R. & F. TURNER, Ipswich, England, for Ceylon...............coooiiiiiis oo Mar., 1887, 1
ASA LEES & CO.. LIMITED, Oldham, Fnrrl:md (o 10 RN D € ST S S Fe h 1888, 3
JOHN HENRY STEWART, Wmnnvton ERSEI, TOr Brazil. . .o.ooivuiits s vanonss voxinnsinesi s \lur 1888, 1
FISHER & CO., Huddersfield, Lnghmd f01 CIANRAA: SR T B R e, LA e oS Mar., 1888, 1
AGAR, CROSS & Cco., Glasaow for Argentine ROPUDHE. < v vt s i simanmntddeens st assstsiss s Ou 1888, 1
LOUIS FONTAINE, La Mndolem(‘ BB LR, WERKICH - ... ik oicinsmi s 30 A S st w2 ot itk 44 orders, 1883-1888, 61
AMELIN & RENAUD, Paris, for Buenns \yles ............. 2 orders, July and Sept., 1887, 92
ALEXANDER B. BARY, Moscow, Russia s 9
J. 8. BERGHEIM, Vienra, Alhtna for Oil Wells at ( arlice- 3 R B wsle A s AL ABRA . 'O
JOHN MCDONALD Townsville, N QL ATSITALR: « 25 5. v/ e sivmto oy TR A S iy SO 188 | )
LEMGRUBER & LE\[(:RUBFR 50 Fo It a1 55 [ R A AR = Sl e o il e May, 1888, 1
WALSH, LOVETT & CO., Birmingham, Eng., for the ”lm(lld\:lb ............................ Mar., 1888, 2
MISCELLANEOQUS.

HA & DAVIS COMPANY, Pianos, B M Al

LLET & DAVIS COMPAN ianos, Boston, Mass.................................

do do do do Moore Boiler BUBILOTOTN | stiis s 3005 bt s ks 2“”1”“ 1881-1888, ; 2
HEATON BUTTON FASTENER COMPANY, 150 (i e - IR S SRR Apr., 1888,
UNION INDIA RUBBER COMPANY, New Y ()I]\ ................. e .Mar., 1882,
E. GREENFIELD’S SON & COMPANY, Confectioners, Brooklyn, N. Y............. ... .. Feb., 1884,
MILLER, HALL & HARTWELL, Shir t~ A ey d e D N M o i sz., 1883,
WRIGHT BROTHERS & COMPANY, [Aml)relhm Philadelphia, Pa. W TR 1, ..Dec., 1873,
NOAH BARLOW, Upholsterers’ Goods, ]’lnlndelplna Pa o aR R NPLE, by May, 1884,
WISE BROTHERS, Overalls, &c., Bn]mnore B o e o ol e L e Feb., 1887,
VOGLER & GF'UDTNER 'I‘rlml\s Chicago, Ill ............................................ July, 1881,
R. & J. SALMOND, Bakers and C onfcz(mnvr« Aberdeen, Scotland s e SRR Sept., 1888,
C. G. ELRICK & COMPANY (L’d), Comb Works, Aberdeen, Scotland......... ... ... June, 1887,
CLOG SOLE FIBRE COMPANY, Liverpool, England......................o. oo Nov., 1885,
JAMES PATTERSON & COMPANY, Pifeford Mills, Blackley, England.. ... S TS L et DTSRI,
BRITISH PNEUMATIC PULVERIZING COMPANY, L()mhm England........ 2 orders, 1886-1887,
THOMAS CARLYLE, Buttons, Birmingham, E ngland. . " I Wiy o S S Nov,, 1886,
BASTIN & LAWSON, Southampton, England..... ....... Lo R BTy 5. Q0 et o, Jan., 1887,
OUTRAM & COMPANY, Preston, England.... ......................o.o..........=" Feb., 1887,

C. TATTERSALL, Cotton Broker, \Ium hester, Bugland. . .......co'nooveiiniesns o «e......Sept., 1888,

FELBUR, JUCKER & COMPANY, \Lllth(‘hT(l ]anvlaml ............. .Nov., 1888,
ROBT. CHARLTON & SONS, Calenders, Manchester, 10 AT AR I S N ) PRSI May, 1887,
THE COWLES SYNDICATE COMPANY, Limited, Aluminium, Milbon, BUG:. ... o v vici' orivn Oct., 1887,
W. E. CAMERON, Macclesfield, England...............o.oooooiuiiion, Oct., 1887,
LANGWORTHY BROTHERS, (.u'nmuc Mills, Salford, England piael Nov., 1887,
CAMBRIAN PATENT FUEL COMPA ANY, Cardiff, W alen .................................... l)oc 1886,
F. DE LA ROYERE-MASURC EL, Rubhar Manufacturers, Brusselg, Belgium,,...... .. Aug. ,‘IRNH,

M, BATYART, Tourcolng, France..... ....cccvedsivivine . 5iassens Sl b g Nov., 1884,
BINEI‘ PERE "l‘ FILS, 'I‘mnwmfr I‘nm('(‘ .Jan., 1885,
June, 1885,
...Feb., 1886,

A DUI’O’\I'I‘ FT CIE., Brlhh M(muf‘lum 's, Beauvais, France.,

CUVIER, Clog-maker, Neuville, Ferriéres, France................................. """ Nov., 1886
ROUSSEL, Wick-maker, Amiens, France........... .. .. ok T otk R s ¢ Nov., 188('1:
ANTISSER FILS, Marseilles, France.. .. ... ...... .....Dec., 1886,
HARDENG COCKER, Tlle, FILANCE. ..o vsc.uoltniintici oo ianiian sashn onnsamssssnnionsn Oct., 1887,

MARCHAND ¥RERES, Dunkirk, France.............................. O B S PR o T i &
LOUIS GLORIEUX, Roubaix, France. C I A L o BT S S o . . Oct., 1887,
CARRAGIO & T RI\'\E T, Barcelona, Spmu Oct.. 1885,

GARCIA GIRONA Y CIA., B ru~hmuk0|ﬁ Barcelona, Spain....................... 5 S S s .Dec., 1885,
PHEBHRA & PORTABELLA, SDAII. .o Luouuuiliinnsiittnnnsonnssiessoressmesnns e ....Feb., 1888
H. GUTSCHOW, Pianos, Berlin, Germany W e T seaernvesies s M8, 1887,
C. SUHUBERT, Borlin, GerMAany.. . ......cc... coviver oninerusnssesomssmnnas : ws 585 et NPT BT
STEINLEIN BROTHERS, Berlin, Germany..............o.ooooiuiiiiiiiinnnnn Sept., 1887,
KOHLSTEDT & GRAMMBERG, Nordeney, Germany. S O 5o SN o T T B ey Jan., 1888,
PFLAUM & GERLACH, Berlin, Germany.......... .......... O s AT e ..July, 1887,
VOMVILLER & CO., Romagnano, Ttaly...........c.oovuuenvumnouninemionn. i SN Ty e NIRY 1885

TOSI & CO, Legnana, Italy
GUISEPPE PINSONI, Genoa, Ttaly.....

..N(n'., 1886,
.Mar,, 1887,

MELCHOIORRE BELLETIERI, Civita Vecchia, Ttaly. . ........ b B AL e e R

A.IVANOWITSCH ALEXAJEFF, Moscow, Russia......... ....... e k% ’nnl« rs, 1883-1884,
R. & T. ELWORTHY, Elizabethgrad, Russia. e ..June, 1884,
S. M. LIANASOFF, Salt Mill, W. d](llmll()ff]ul Russia. SR S o e ey W Y Feb., 1885,
S. M. SHIBEFF & CO., Batoum, Russia. . sesseressianiiaisy tares.....Sept., 1885,
AW, \I»\IQ\I{OF‘F Wadding \Lmnrauur(l, Aktml\un I{'xum e ..Julv, 1886,
LA COMPANIA NOVA INDUSTRA, Rio de Janeiro, Brazil. . o ,()(-,fuY 1886,
JOAQUIN ARANGO, Rio de Janeiro. Brazil.................... ..Oct., 1888
JUAN LAMAISON, Buenos Ayres, Arg. Rep. . L e N A B R G e
J. P. OWEN, Tea- plnnter Maturata, Ceylon.. ... - 2 R o DTN e .....v..Mnr..’ 1887:
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Brief History of water-tube boilers.................... 23
Cable Railways using Babcock & Wilcox boilers....... 105
(003 70) 5 T m V11 o) T R o O < Bl
lem:ltmeter

' Constru

L Formula for......

“

Limit to. y
(,dpauty of Babcock & Wilcox boile
Steam and Water, in boiler:
Care of boilers...... ...
Car Makers using Babcoc
Carnu[‘s‘ oy (o] TSRS R
‘ illustrated..
Carpet Mills using Babcock & Wilcox boilers
Caution NeCessary.......o.cooevvuunss
Cement covering for pipe
Lcntennml awards....... L
Babcock & Wilcox boilers at.
Central Stations. Heating from..
Chemicals for preventing scale.. ..
Chemical works using Babcock & Wilce
Cheap jacketing for steam pipes.. Somss 1l
© mmney at Bird-Coleman Furnace........ . 61
at Pennsylvania Steel Company
at Somersett Manufacturing Co
Gases. Loss of heat thrnugh

o Stucks. Iron.

3 Y hmc ;,.

(,lnmncys ...............
Area of .. til
o Capacity of 61
= Diagram for draft and air delivered. 61
> 155 i et e S o SR el R e A 1, 62
) Effect of temperature on draft of .. 50, 61
= Formula for N Yl 50, 61, 62
It Stability of .. 62
i Table of Horse Power of. ......... 62
Lm.ul(mon of water in boilérs... ..... L)
“" in Babcock & Wilcox boile 38, 39
Coal used annually Sl b
Coals. Table of American.. 53
Coffee and Spice Mills using I > 114
Color. Effect of, on radiation. . . .. L T

Color of fire at different t(.mpcm[urv: 55
Columbia College Boilers of..... . 68
Combustibles. Tableof......... 53
e Value of different. 5
COMDUBLION. .5 <o v s Svaisnas
! Air required for.......

Distribution of heat of ..
o8 in Babcock & Wilcox boiler
o2l v Te L SO M R P
deldlty of, does not affect total heat
AT TR SRR R v
Tcmpcmture @fi e
Conducting power of various substance
Construction of Babcock & Wilcox boile
Cork chips for covering pipes... ........
Cost of repairs of Babcock & Wilcox boilers L 9396
Cotton Exposition, N. O. Babcock & Wilcox boilers at . 40
N Mills using Babcock & Wilcox boilers.......107, 108
stalks for fuel 5
Covering for steam pipes, €tC....... ... covieaiiiins (54

o

Dangerous boilers 3 :
Defective boilers. Proportion of, in use
Denton. Prof. J. E., on dry and wet steam.

Diagram of Lentcnnml boiler tes 5
o of draft and capacity of ¢ nmne)s ............ 61
Ay of heatinsteam................ 15
Distillers and Brewers using Babcock & W iicox boilers 112
Dixwell’s experiments on superheated steam.. ........ ']
TDRAtt Of CHITNOVS, .5 et et s ahs dnninks s2s ey 60, 61
Dripps’ Boiler Works, Washington. E \plnsmn at. 10, 11
Drying by steam |
Dry steam.
Durability. tention necess ure s ¢
= of Babcock & Wilcox hm]us 113, 33, 42, 93—96
Dust in tubes. Effectof........c.cc.caen .41
Evonomizcrs. BRI oo oo piica) o od o aisTs 2 @ ven droals

Babcock & W ilcox .. ...

E conomy and safety in steam generation
Attention necessary to secure....
in steam.
of high p :
l‘dlson (,cntml Stanr)n \I( w \ ork.
Milan..

“

of engmes .............
Theoretical .

“

PAGE,
}athucmy SEIIRAGE . B ol S Faah bestetien Batsior 45
of pumpmg m‘uhmcr) .............. 47

“

for feeding boiler:

Elbows in pipes. Resistance of. .
Electric lighting. Babcock & Wilcox boilers
b light stations. Edison, New York....... 76

R “

2 Milan. 98
Emery. Chas. E. Experiments, 1866- 59
* A% Formula for Calorimeter..... ...... 83

Table of non-conductors ... .... bt Y
i ey 4 pumping machinery.
Test at Raritan ... -
Energy of confined steam
L of heated water
Engines. Efficiency of,
Engineering Work
Erection of Babcock & Wilcox boilers. .. .. Pt a i ae v O
E \pln\mn at Washington, D. C., illustrated....... woak . A0
at W esuhcstcr Pa.
of **safety” boilers
Explosions. Average yearly...
v Causes of
due to stayed surfa

“ “

“

= How to provide against........... . L aae L
¥ Importance of providing against. iy
Ky Aain 0TI B L K SR R S

Mystery of.....
E Xpansion of air atdifferent temperatures
** steam at different temperatur
" ** water at different temperatur
Unequal. Danger from. ..
Export Houses m\ Babcock and Wilcox boiler:
Eucalyptus for incrustation
}",v.’lpnrnlinn. Formpla ol .. .00 ssives
Relative, at (hﬁ(‘rcnl tempe
E v‘lp()mtxvc (‘ﬂl(l(n(v of B. & W. boilers ........ 13, 1=
of different fuels
Eve's water-tube boiler, 1825

Feeding Botlersh, ol ts o otn Dl #ovitoy Vs
Feed-water heaters, Independent
= saving by heating..
Felting for steam pipes, etc 138
Firing. Effect in economy of diffe ent.....
Fire. Temperature of, color, etc
Fire-tubes. C ollection of dust in. ;
Flax Mills using Babcock & W xlux\ bml('ls
Flour Mills ** o
F lm\ of steam from orifices. .
*  through pipe
Fluid. The best, for “heat eng
For mu]us h)r calorimeter.
chimneys.. ... .
density of steam
efficiency of heat engines.
evaporation
flow of steam in pipes. ..
vy ¢ from orifices
stability of dnmnc)s
w (-lzhl And \olumv of
Freedom for expans
15
" American coals, table of .
Bagasse for. Value of
Combustible in
Economizers. e
Evaporative efficiency of
Furnace should suit kind of . .
Natural gas for. Value of
Peat for. Valueof..........
Petroleum for. Value of.
Rate of combustion of .
Saving in, by heating fe (d \\‘u( | A PR
Sawdust for. Value of
‘" Slack for. Value of

e “

“ “

“

Straw for. Value of...
Tan bark for. Value of..

* Wood for. Nalieof, ..t . itasvhoniis
Furnace. Efficiency of....

“

Gallon. » U. B/ Standard .. 0. .o o« Jtvavid oo o fens s D0
iy Imperial.. a 50
L of petroleum. AR e 5
Gases. Chimney. Analysis of... s
£ & Amount of per pnund of coal...... 60
5 At Loss of heat through. . # 13
18 Natural, for fuel. Valueof .................. 55

Waste, forfael. ..7......0. S
Gas-lighting. B. & W. boilers used in pl.uns for ..
Generating steam.
Glue Works using 3abcock & Wilcox boilers. .. ...... . 106
Gold.a Heatio mielted. ... ..., i noamais

Grain and Flour Mills using Babcoc
Griffith's water-tube h()llu, 1821
Gurney's o £ 1828..

118

Y

&




Y £ f
A 0 B |
PAGE. PAGE.
Heat and temperature.. ............ ; . ........ 15 Petroleum for incrustation or scale. 63 |
¢+ Capacity of B RO v s cems oo aswars A0 JPIpes: -Steam, Covering for e 7
“  Diagram r)f T e e R S T 15 Y A& Flow of steam through.. kG
s Lngvmcs Best fluid for. SRS S G i | > ‘s I orse-power of. VG
o 1L o1 ) ey T S R YR i i Loss of heat from. i
N m melted @old. .o viviiiiinpiiiiicsiiiianaiasias 17  Ponce de Icnn Ilntd St. Augustine 70
L steel. 3 e M - e Boiler o & T el |
‘ Loss of, by chimney b 17, 19,48 ™ ]’nn'upmc boiler. The first....... A My i
As « " by radiation from furnace walls......... 17 i unsafe 13 I
g ¢ ¢ from steam pipes. i Potteries using Babcock & Wilcox boi 111 k
¢ Total, of combustion. Power and Heating. B 4\'7(4)(,‘\(\\\ ilcox boilers used for 97 {
o Wi of steam b eedes s Pressure. Economy of high steam..................... 5 b
e I WAL s e e e parts of Babcock ‘& Wilcox boil I
“ Unit. Valueof........ 5 the limiting element in heat Ll]“’lnL\ ......... b L
H(nmn" buildings by Priming, or wet steam................ 39, 74
feed water. Saving h) Printers using Babcock & Wilcox boiler: BT aay 110
- from central stations. Produce Exchange, New York. Boilers in. 72 I
y hquulx by steam...... Properties of saturated steam......... 48 |
& surface in boilers. V alue of . Public School, Plainfield, N. J. Joiler in. 69 i
Hemp and Flax Mills using Babcock & Wilcox boile rs. 1“'! Puddling furnaces with Babcock & Wilcox 57 i
High pressure steam. Economy of el i Pumping machinery. E 47 !
History of water-tube boilers. Briefiu sl X 3 '.’?} Pumps and injectors. Ix(L\uu “economy of . Vb 1
Hoadley, J. C. Test of boilers at Philadelph 87 ‘
Hnl se-power of boilers....... 59 lxadulmn fmm 1m At walls: o, et b e i 7 17, 19
of chimneys............ 62 :am pipes. & " i
X % for drying- PTG £ foc T s e sile 71 l\.nlm 1ds using Babcock & Wilcox boile 105 H
¢ for heating buildings.... ... ........000 Cable. Metropolitan, Kansas Cit ks :
s *  for heating liquids.... ......c.c..ciennnnn $* . using Babcock & Wilcox boilers. .... 105
b ¢ through pipes. Rapidity of combustion g |
L ¢«  Standard, ot diff B T s References for Babcock 3 i 97-
Hospital. Northern Indiana, for Insane............... 67 Regulating steam heating Aulnnmtlm]l) ..... I
Hotel. Kimball House, ~\Ll anta, boilers........c....... 39 l\leU\( \‘1111( of coal and other fuels : |
e Ponce de Leon, Augustine. % 70 of non-conductors %
£ R s R boilers. ... 71 i “  of pumps and injectors for feeding boilers 75 |
o “  of water and steam space in boiler 39 f
| Ice. Artificial, works using Babcock & Wilcox boilers. 114 ch;\irs of Babcock L\ Wilcox lnnl( s. Costof.. H "03- 9 {
Incrustation, or scalg...+ " . vuws £ » i Ease of.. ‘
& effect of, on LLH]\HI“) Reports of Boiler Insurance Companies. N S ‘.)
£ l’n-\'cnung ..... Requirements of a perfect steam boiler. ¢ %
Indiana Hospital for the Insane. Rules for care of boilers. .. i > 8 !
| Injectors. Relative economy of. Rumsay’s water-tube boiler, 1788. . ekl [
Inspection of boilers. Results of |
l‘ Irv\n and \u‘l \\ orks. Boilers for... Safety. Attention necessary to S€CUI€................. i
] Babcock & Wi o boilérs so called. i
i =X in-Doilers. .. c. 2. 0 ’
Jacketing for steam pipes. Cheap S of Bdhm(k & W ilcox boilers. ... ... ; L
Jacobus, D. S. Feeding boilers . 8 Watertubes an elementof................ ]
{ Jewelry Mir's, using Babcock & Wilcox boile Saturated steam. Properties of....
| Joints in Babcock & Wilcox boilers........... ‘Saw: dust for fuel....... ..o |
Saw Mills using Babcock & Wilcox boile rs. \
I,.nunt heat not waste............ Scale. See ‘‘ Incrustation.” :
¢ of steam...«. ! Sea water ’ P
o . of waterh . oo o - SC])AI‘Z\UH" water from steam............ ’ i
Leather Mf'rs using Babcock & Wilcox boile Sewing Machine Works using Babcock & \VllLo hmlcrs 105 I
L 7 uml to accuracy in calorimeter. Silk Mills using Babcock & \VIIC()‘( boilers..... .\ . 109 !
to rapidity of combustion.. Smuous headers in Babcock & Wilcox boilers.. 35 |

*  to superheating in steam eng 5 3 of wrought steel..
“  {orange of temperature in ‘heat cngm
Loss of economy from incrustation or scale..

L L from smp]us air in furnace.

e S

“Slack " for fuel..
Smok G ombustion of....
Soda ash for incrustation.

!
“ of heat from steam pipes. . Somerset Mfg. Co. Boiler house and chunncy GEah a8 :
i “ in chimney gases. . Space heated b) one horse-power of steam............. 069 I
Low water in boilers, effect of 3 Sldmlard horse- po\\ er for boilers......... £ ox 09 ‘
Lumber Mills using Babcock & Wilcox boilers. ... ... 111 of different nations.. ey 59
Stayed surfaces \m%z\h 11 |
Machinery. \vrnulltuml Mf'rs using B. & W. boilers 105 btcam and water 39 14
; Machinery. Sewing, Mf'rs using B. & W. boilers..... 105 boilers. See &
‘Vlddnnlsls using Babcock & Wilcox boilers......... .. 104 ‘“  Boiling by...
b McCurdy’s water-tube boiler, 1825. ... .. A A 25 *  Diagram of heat in
{ Melting point of various substances. . i .. b5 *  Drying by.
MTTeral o0l sl et ot Sk b an e ol g s Eys s~ s & T L e i
Mines using Babcock & Wilcox l)u]]L .. 114 “  Dry, in Babcock & Wilcox boilers. . I
Miscellaneous Mf'rs using Babcock & Wilcox boilers... 116 * Economyin..... . I
A Moisture in steam. Detecting by (th A S el *  engines. Efficiency of. i
| A8 e Formula for.... ; ¥ U & ﬂ()\\m" fmm orifices. 4
“  Flow of, from orifice 73 b
New York Steam Company, Station B....... ... .64, 65, 66 & oy thmm'h pipes SEng A . 78 i
Non-conductors of heat. Table of. TR s 1 ki *  Heating by...... Rt G 65, 67, 69 |
¢  Heatin. s ; 15, 48, 49 ¥
Oilcloth factories using Babcock & Wilcox boilers.. 109 ‘ High pre ssure. Ec onomy Of.........eouies e 5 t
0il works using Babcock & Wilcox boilers. 106 ¢ making. T hem’y of. el ! J
Opera Honse, Vienna. ... .....o..u.oi-seove 20 “  pipes. Covering for.....
“I’U‘m”l\ of the Babcock & W ilcox boiler. . 35 B 2 Flow of steam thrmwh l
Orifices. Appearance of steam flowing fmm 74 = X Loss of heat from..... ! f
5 Flow of steam from. 73  Steam power. Babcock & Wilcox boilers used for..... 3
Overhead pipes in heating. 69 N £ of th« \mrlx] &ty \
& N n\l of. S 4 d s m e b
Packers and Canners using Babcock & Wilcox boilers.. 113 ¢ Properties of.. o Wy ;
Paper mills using Ihbmd\ & Wilcox boilers. . . 110 e \.mu ated, appearance of ........cooiiiiiiis I
“ mill in Mexico..... _ 110 2l ? |
I’L'mu\d Iwn W ()ll\w hullcr-huusc plan... 80 X P I’NP( rties of .. i
and boilers.. .. 103 “  Stored energy of. i
i Perfect boiler. Requirements of .. . SN ** Substitute f('l not prnh\l)lg '
Petroleum. Apparatus for burning 54 ‘ Superheated. .. ; 1
» for fuel. Value of. 55 ¢ Volume of ¢
i
g
¥ Y }
e N & A
- 119 X |
k
X
]
I
§




'A
>4
\
PAGE.
Stenm \Vught of, per cubie foots il e gavaiss Tests of boilers. Table of average resultsof.......... 92
AR e LM G e e Theory of heat engines............cccovueinen coreianns 19
Steel. Heat in melted. ; i of steam ma \knu\r 15
Steenstrup’s water- tube boiler, 1¢ Thermal unit. Value of Britis 50
Stevens water tube boiler, 1805 A% = " of French. - 51
Storgd energy of heated water Thurston, Prof. R. H. Energy of steam. 9
ofsteany......+s e o on boiler de sign. 4
Substitute for steam not probable s w: on water-tube Loilers. ......... 9
Sugar plantations using B. & W. boiler: b s Rulefor water per h power 59
Sugar refineries. B. & W.boilers in.8,14, 22, 2% 16 Tobacco works using Babcock & Wilcox boilers ST
Summers & Ogle’s water-tube boiler, 1830....... 2 Tubes. Collection of dust in or on. 4
Superheated steam i b Water vs. fire.
Superhcatmg steam by waste ga : Al Twibill’s water-tube boiler, 1865. .=
surface Imboilers - .. ol S v ()
Unequal expansion. Effectof.............. Ve
,\blc of Amepiean coals. s e s s S 583 U nnul States Capitol. Boilers in F runu%plu &
average results of tests B. & W. boilers 9 ‘  standard gallon. . Ry 7))
2 chimneys, with appropriate horse-pow! 62
ks COmbBUSEIBIEs " 5. s et vans s Vail, J. H., on abuses in engineering.......... 17
bt conducting powers of various substances..... 7 \ alue of a pound of carbon.. 3 43
b efficiencies of pumping machinery “  of covering for steam plp( s
e flow of steam in pip : ¢ of various combustibles. . : 55
£ fusion of metals, etc. 55 \Hlpoﬁ;. Steam the best of, {or h(':n eng 21
by heating surface in boilers 59 in air. Table of 71
it HOCEEDOWETE i« ooisieivis sasas b sia Spwnis 59  Vienna Opera House..... 20
¢ loss or heat in steam pipes. 77 Volume of air. Weight and. 57
B melting points of metals, etc. 55
“ mitxure of air and vapor 71 Wagon Makers using Babcock & Wilcox hmlus ........ 112
pis non-conductors. ..... Y ater at different tunpcmturgs g o ot e .'>0, 51
- properties of saturated Steam................. 49 capacity in boilers. .. ........0 'i‘
5 relative value of pumps and injec 7 R e TON OF 5ol it -« sehic w7
N7 saving by heating feed water.. 51 ‘  Feed, heating..
steam at differcm pressu 9 Has CHce Bleam. oo -
- steam flowing through pip : “. Latent. hestof: ... .5
L temperature by color. ‘“  Separating from steam. 69
W water at different lcmpcmtur W Speoific gravity of 8. il eat taati S
i (07070 | PR o SR T - i/ 1177 ) Ao ) i 15, 50
Tanbark for fuel. Value of. .. t*  Solvent power of....... 50
Tannate of soda for incrustation * the best fluid for heat engine: .
Tanneries using Babcock & Wilcox boile ST Total Heatha A poaud sesee. < o vas vappeai s 15, 61
Icmper.;turc of escaping gas “  tubes an element of safety...................... 1
of fire : 55 & *  self-cleaning from dust....... 41
- - totell by ‘color. . 5] “  works using Babcock & Wilcox boile 114
Ny ** to tell by fusion ; 55 Water tube boilers. Brief history (o B g - 23
& Of Steatiupat e0s = 1ne st 19 ke N Blakely’s, 21766.......c-ccccarrennes 2
o Highest available i in hedt cngmc 5 5 o Eve's, 182 23
Ly Lowest . 21 L b Evolution of Babcock & Wilcox.2
Temperatures. Water at different.............. 5 5y - Griffith,s, 1821 28
I‘estmg 0 o A i B GUCReY 8 1BabL L e e e 23
‘ Formulas for. 24 L MeCHray sy 282655 L ps svismnaes %
4 est of bmlcrs at Arlington Mills Mfg. Co..... . & = Rums'\y s, 1788. 23
Benedict & Burnham Mfg. Coner o -y Steenstrup’s, 1 25
i “  Brush Electric Light Co., Philadely 2 . Stevens’, 180s. . 23
<y *  Buffalo Grape Sugar Co 5 Summers & Ogle’ 25
B oy Edison Co., Menlo Park... g b Twibill's, 1865. . %
= 5 London, Eng > e Wilcox’s, 1856.. 25
2 ‘" Genesee Mills, San Francisco............ £ w Wolf’s, 1799-1805 23
i ' Greeknock bu;:dr Refinery, Scotland Weight of air at different temperatures....... ........ 57
3 * Harrison Havemeyer & Co ; “"  of steam per cubic foot.............oiiiiiinss 49
A ‘**  Hepburn & Co., Glasgow i “  of water per cubic foot. ; 50—51
s *  Lehman, Abraham & Co., New Orleans. 89 iS of wood per cord 53
4 * Miami Soap Works, Cincinnati.......... 91, Wet'steam . ...cc.rnvin« 7
& “  Mill Creek Dl%ll”el‘) Kentucky 91  Wilcox’s water-tube boiler, 25
- ¢ Oliver Wire Works, l’msburgh 86  Wolf’s water-tube boiler, 17()L)-1b0() 23
s *“  Pedcedale Mfg. Co., IMASSC .. v il 91  Wood for fuel. Value of ; 53
i ¢ Raritan Woolen Mills, N. J......... 81 ‘" workers usmg Babcock & W 1lwx boile 111
e ¢ Rockland Paper Mills, Del ............. 89 Wool for covering pipes.... w
5 ¢ Singer Mfg. Co., Kilbowie, Scotland.... 89 **  Mineral SHN ¢
v S Ccntennldl PhlL\delphu 8% Wool & Worsted Mills usmg Babcock & Wilcox boilers 108
Tests of Babcock & Wilcox boilers. ... . Wrought steel ““headers™............cooocoiviinn. 33
THE END. (OLD STYLE.)
L‘ 'A
A

120




A s L 5 O . s > e

8 S S TS T Y A, S e e

proree e

s

e S 1 S U A S S e ull.\-lllll-.!r.d







e e

i I——

e e S T




-l

& Yike Yho
P, o S
AN ¢ &

<) & W X 7f< ;
N P et £ ’
. » 4\,. é' .
3 ,} ! 25 3&{1 L*/Q"'
O L e o
- ft\‘\fl_;’i Fre p& .:~~:’.‘V<": g

N
o




(

WAL
e, 3
- g & Sy

L5 e RSy g .
o5 ¥ o WA ol 2 ¢
e e Flpe

G g A I
Ay : :\' _' PRy \
o 1 G - Ay
- oy, Y .
e b 4 - 2
1 a i o > )
‘v‘ 1 .
0y b 2
¢ B "
3 ¢ "
5 < D o N, OF <
> ) T I, s
AT i)
e 2O N :
¢ 3 . b .
W 5 s
5 ; £F° o D
3 3 48 = g
G # TR ok Ci /O
e Lt o
: @ ¥ N A £
o R D A v e
;- AR 2, 0"
gy Q e b
N 2 y L% s
R e R
A ) .
R TP PR Y b S
& D EXg A
ST e
& A A - ‘i}/ -
gl RS -
HA g 3 :
NG, & e E 5
N A Fe 3 4
# ' »f2 :
3 -~ . v !
) g e >
Y of 70 o .
o b2 o :
= ey
R £ %
S w
3 | o b .
W . 3 o " NN
% - ~ D ~
3 h ¥ o 3 13
w <o




PR

g

R

P

\ AR o NN
N
N '\'\\




