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E RATA,

On page 15, first line, read /LO, instead of “ H O.”

On page 23, under cut, read Stevens, instead of “ Stephens,” and below, John Cox Stevens, 

instead of “John Cox Stephens.”

On page 51, second line, read, Calorie, instead of “ Caloric.”

On page 60, fill blank in second column, eighteenth line from bottom, with the number 
“62.”

On page 95, fourth paragraph, read, Louisville, instead of “ Lexington.”



Babcock &  Wilcox Boiler a t Glasgow Exhibition, 1888. “ W. I. F." Style) with  Wrought Headers.





Babcock & Wilcox Boilars in Senate Wing, United States Capitol, Washington, D. C,, 312 H. P,
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pr e f a c e .

(To First Edition, 1879.)

Wh il e  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. \ ery few of them 

were ever published before, while*those 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.

(To Eleventh Edition, 1883.)

In preparing a new edition of “St e a m,” we have revised the whole, and added much new 

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

(To Thirteenth Edition, 18858)

Having again revised “St e a m,” 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.

(To Twentieth Edition, 1889.)

Over 75,000 copies of “ St e a m ” 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.





ÖTEV) LÖCIO

ECONOMY AND SAFETY IN STEAM GENERATION.

ECONOMY IN THE USE OF COAL is a 
1 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, - - - - 25 “ “

Locomotion by sea and land, - - - - 5 “ "

As a considerable part of the coal used in met­
allurgy and mines, as also that for domestic 
water supply, is used for power, we shall not be 
far wrong in estimating that one-half of all the 
coal mined, or 200,000,000 tons annually, is used 
for making steam. 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 as the present 
annual expenditure for steam, a sum equal to 
$500,000,000; 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, 80 per cent, has been 
added in the last twenty-five years, so that these 
figures are none too large for the present time.

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 
to securing economy in its generation. In fact, 
the boilers in use at the present day, are sub­
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 experience and scientific investi­
gation have established the following as the

Requirements of a Perfect Steam Boiler.

i st. The best materials sanctioned by use, 
simple in construction, perfect in workmanship, 
durable 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.

5th. A constant and thorough circulation of 
water throughout the boiler, so as to maintain 
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 and free passages between 
the different sections to equalize the water line 
and pressure in all.

7th. A great excess of strength over any le­
gitimate strain ; so constructed as not to be liable 
to be strained by unequal expansion, and, if 
possible, no joints exposed to the direct action 
of the fire.

Sth. A combustion chamber, so arranged that 
the combustion of the gases commenced in the 
furnace may be completed before the escape to 
the chimney.

9th. 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.

10th. All parts readily accessible for cleaning 
and repairs. This is a point of the greatest im­
portance as regards safety and economy.

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

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



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 lbs. 

pressure of steam to project it to a height of over 

three and one-haff miles; a “two-flue” boiler 

about two and one-half miles ; a “locomotive” 

at 125 lbs. from one-half to two-thirds of a 

mile ; and a 60 H. P. return “tubular” at 75 lbs. 

somewhat over a mile high. He says, “ a cubic 
foot of heated water under a pressure of 60 to 70 

lbs. 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 the amount 

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. ’ ’

* Transactions Am. Soc. Mec. Eng., Vol. 6, page 199.

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 considered 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 use, is in a “dangerous 
condition.” That more do not explode, is pro­

bably due less to intelligent watchcare than to the 

fortunate lack of all the necessary conditions 

existing at one time.

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 
may be inherent in the original construction, but 

is most frequently the effect of weakening of 
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
plied, may discover faults in material, or the 

weakening effects of corrosion ; but, against the 
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 18^8, 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 circulation 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. Tn 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



Wreck of 30 H. P, Boiler. Exploded January 9th, 1888, a t D ripp ’s Boiler Shop, Washington, D. C. Showing insecurity of stayed surfaces.



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 very7 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 clue 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 not a disastrous explosion, 
scores several points in favor of the water-tube 
system.

The boiler here referred to is located in |he 
Brooklyn Sugar Refinery, and is rated at 300 
horse-power, being one of a set of 1500 IL 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.

11
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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 preeminent 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.

Th e  Ba b c o c k  & Wil c o x  w a t e r -t u b e  b o il e r  

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 theil 

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.

Its 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 Decern lier 17, 1887, killing seven and wounding eight people.
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Sabcock &  Wilcox Boibn, 1,200  H. P., at Cardenas Sugar Refinery, Cuba. 2 ,2 0 0  H. P. in a ll

14



THE THEORY OF STEAM MAKING.A
[Extracts from a Lecture delivered by Geo. H. Babcock, at 

Cornell University, 1887.*]

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 heatand 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, 
had it remained ice, 283° hotter, or a tempera­
ture of 3150 by Fahrenheit’s thermometer, it has 
all become water, at the same temperature at 
which it commenced to change, namely, 4920 
above absolute zero, or 32° by Fahrenheit’s 
scale. Let us still continue to add heat, and it 
will now grow warmer again, though at a slower 
rate — that is, it now takes about double the 
quantity of heat to raise the pound one degree 
that it did before — until it reaches a temperature 
of 2120 Fahrenheit, or 672° absolute (assuming 
that we are at the level of the sea). Here we 
find another critical point. However much more 
heat we may apply, the water, as water, at that 
pressure, cannot be heated any hotter, but 
changes on the addition of heat to steam ; and it 
is not until we have added heat enough to have 
raised the temperature of the water 966°, or to 
1,178 by Fahrenheit’s thermometer (presuming 
for the moment that its specific heat has not 
changed since it became water), that it has all 
become steam, which steam, nevertheless, is at 
the temperature of 2120, at which the water began 
to change. Thus over four-fifths of the heat 
which has been added to the water has disap­
peared or become insensible in the steam to any 
of our instruments.

It follows that if we could reduce steam at at­
mospheric pressure to water, without loss of 
heat, the heat stored within it would cause the 
water to be red hot; and if we could further 
change it to a solid, like ice, without loss of 
heat, the solid would be white hot, or hotter than 
melted steel — it being assumed, of course, that 

♦See Scientific American Supplement, 624, 625, Dec. 1887. 
+460° below the zero of Fahrenheit. This is the nearest 

approximation in whole degrees to the latest determinations 
of the absolute zero of temperature. 

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

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.

1 he heat which has been absorbed by one 
pound of water to convert it into a pound of 
steam at atmospheric pressure is sufficient to 
have melted three pounds of steel or thirteen 
pounds of gold. This has been transformed 
into something besides heat; stored up to reap­
pear as heat when’the process is reversed. That 
condition is what w,e are pleased to call latent 
heat, and in it resides mainly the ability of the 

heat to temperature, the horizontal scale being 
quantity of heat in British thermal units, and the 
vertical temperature in Fahrenheit degrees, both 
reckoned from absolute zero and by the usual 
scale. The dotted lines for ice and water show 
the temperature which would have been obtained 
if the conditions had not changed. The lines
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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 clone 

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 
(luring 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 perfect, 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 gases, 
and the difference between their temperature and 

that of the air and coal before they entered the 
fire.

Third.—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 air is 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 per cent. 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.

'I he losses by radiation being practically pro­

portioned to the time occupied, the more coal 

burned in a given furnace in a given time, the less 

will be the proportionate loss from  that cause.

It therefore follows that we should burn our 

coal rapidly and at a high temperature, to secure 

the best available economy.

THEORY OF HEAT ENGINES.*

In any heat engine it is essential that there 

should be, ist, 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. 

1 lie difference between such higher and lower 

temperatures is called the “range of tempera­

tures,” and the engine is called a “perfect en­

gine ’ ’ 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 :

ist. In any heat engine the maximum useful 

ejfect (expressed in foot pounds or in percentage)

* From “ Substitutes for Steam,” by Geo. H. Babcock, 

read before the American Society of Mechanical Engineers, 

May, 1886. Transactions, Vol. VII., p. 710.

bears the same relation to the total heat expended 

(expressed in foot pounds or as unity) that the 

range of temperature bears to the absolute tem­

perature at which heat is received.

2d. In any heat engine the minimum loss of 

heat bears the same relation to the total heat ex­

pended as the temperature at which the heat is 

rejected bears to the temperature at which it is 

received, both  being  reckoned  from  absolute zero, 

460° j- below the zero of Fahrenheit’s scale.

These two propositions, expressed in algebraic 

formulae, are :

(1) U which, if H j, becomes
4 1

the well-known equation LT - - ; and,
ri

(2) L H in which also, if H— 1 Z  =  —  
'1

But as L 4“ U— i, U— i —  -f-, which is 

identical with (1) differently written.

At this point we need to divest ourselves of an 

idea which is common, and which naturally 

comes from the terms used, that “latent” heat 

is necessarily wasted heat — or, in other words, 

that if all the heat received was expended in ele­

vating the temperature, instead of a large share 

of it going into the ‘ ‘ latent ’ ’ condition, we should 

be able to turn a larger percentage of it into 

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. Wc will assume th<it steam be 

supplied at ioo° temperature —  1 pound pressure, 

or 28 inches vacuum nearly  —  that it be worked 

through Carnot’s cycle between that temperature 

and 3200—  the temperature of saturated steam at 

75 pounds gauge pressure. The efficiency of 

this cycle would be, by above formula, —
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, 

.u r I • , 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, 

in a 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

+ See note, p. 13.
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heat must, therefore, be an efficient source of 

energy as well as sensible heat. 1 hat it is 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 Engin­

eer 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 as to heat, 

and may be summed 
up in the well-known 

adage, “ Water will 

not run up hill.” The 
figure 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 below, 

after which the fluid 

is discharged, whence 

it may or may not find 
its way to the sea-level 

— the line of absolute 
zero. Now it is evident 

the greatest possible 

effect obtainable in the 
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 and the height of its discharge 

from same datum-line is ~2, while its fall is 
r, — rs> and the greatest efficiency of the motor 

is expressed by U = Q ( ri Ts)- But the 

total energy of the fluid is represented by Q , 
and the efficiency of the motor expressed in 

terms of total energy is :

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, rb 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
ula, in view of this illustration, it is readily seen : 

ist. 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:

ist. The temperature of rejection cannot be 
carried below that of the substance into which it 

is rejected — in practice it must be several de­
grees above it — and is independent of the fluid 
employed. As there is, in practice, nothing 

available colder than air or water, r3 cannot 

easily be less than ioo° 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 cost in nearly all situations.
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BRIEF HISTORY OF WATER-TUBE BOILERS*

Water-tube boilers are not new. From the 

earliest days of the steam engine, there have 
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 1 

water-sides and top, across 

izontal water-tubes connecting 
with the water spaces. Another 

was a coiled tube within ä cylin­

drical fire-box, connecting at its 

two ends with the annular sur­

roundingwaterspace. This was 

fire-box with flat 

which were hor-

Stephen, 1805. 

the first of the “ coil boilers.” 

Another form in the same patent

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 Geo. H. Babcock, of 
Sterling’s paper on '* Water-tube and 
Shell Boilers, in Trans. Am. Society of 
Mechanical Engineers, Vol., VI., p. 601.

About the same time, Wolf, the inventor of 
compound engines, made a boiler of large hori­

zontal tubes, laid across the furnace and con-

2>uajo 000 JOOOO

Joseph Eve, 1825.

nected at the ends to a longitudinal drum above. 
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 

made by Joseph Eve, in 1825. His 

sections were composed of small 

tubes slightly double curved but 
practically vertical, fixed in horizon­

tal headers, which were in turn con­

nected to a steam space above and 

below formed of larger pipes, andwater space

connected by outside pipes so as to secure a cir-

up through the sections and
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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 

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

ing the steam and 

water reservoirs. In 
1828, Paul Steen- 

strup made the first 

shell boiler with ver- 

the large flues, sim­

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.

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-

Twibill, 1865.

era! 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 Ba b c o c k & Wil c o x Wa t e r ­

t u b e Bo il e r  has grown out of that of 

Stephen Wilcox, of 1856, so that it may 
be said to date back to that year, though 
the first joint patent was eleven years 
later. Dr. Alban had stated the axiom 

that “all boilers should be so constructed 
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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EVOLUTION OF THE BABCOCK & WILCOX 

WAT ER-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

ing it as an “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, 

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 

w hich 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,”

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.

No. i.—The origi­

nal Babcock & Wilcox 

boiler, patented in 

1867. The main idea 

was safety ; to it all 

other elements were 

sacrificed wherever 

they conflicted. The 

boiler consisted of a 

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 encl 

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. i 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.

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.
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The steam and water capacity was in­

sufficient to secure regularity of action, 
having no reserve to draw upon when 
irreguarly fed or fired. The attempt to 

dry the wet steam, produced by super­
heating in the nest of tubes which 

formed the steam space, was found to be 

impracticable; the steam delivered was 
either wet, dry or superheated, accord­

ing to the demands upon the boiler. 

Sediment was found to lodge in the 

lowest point of the boiler at the rear 

end, and the exposed portion of the 
cracked off when subjected to the furnace heat.

No. 4.—A plain cylinder carrying the water 

line at the center, leaving the upper half for 
steam space, was substituted for the nest of 

tubes. The sections were made as in No. 3,

castings

and a mud-drum added to the rear end of the 

sections at the lowest point farthest removed 
from the fire; the gases passed off to the stack 
at one side without coming in contact with it. 

Dry steam was secured by the great increase 
of separating surface and steam space, and the 

added water capacity furnished a storage for 

heat to tide over the irregularities of 

and firing. By the addition of the 

drum it lost a little in safety, but, on 

the other hand, it became a serviceable 

and practical design, retaining all the 

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 
the cast-iron headers.

No. 5,—Wrought-iron water legs were 
substituted for the cast-iron headers; the tubes 

were expanded into the inside sheets, and a large 

cover placed opposite the front end of the tubes 

for cleaning. The staggered position of tubes, 

one above the other, was introduced and found 

to be more efficient and economical than where 

the tubes were placed in vertical rows. In other 

respects it was similar to No. 4, but it had further

lost the important element of safety, the sec­
tional construction, and a very objectionable 
feature, that of flat stayed surfaces, had been 

introduced. The large doors for access to the 

tubes were also a cause of weakness. A large 

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 

_ _L were built, but their excessive first cost, 
lack of adjustability of the structure 
under varying temperatures, and the 

inconvenience of transporting the last two styles 
together with the difficulty of erecting large plants 

without enormous cost for brick-work, as well 

as the “commerical engineering” of several 
competing firms then in the market, who made a 

selling point of their ability to add power to any 

given boiler after it had once been erected, led to :
feeding

No. 6.

No. 7.—In this separate T heads were screwed 

on to the end of each inclined tube ; their faces 

milled off, the tubes placed on top of each other, 

metal to metal, and bolted together by long bolts 

passed through each vertical section of tube 

heads, and the connecting boxes on the heads of 

the drum. A large number of these boilers 

were put into use, some of which are still at



work after sixteen to twenty years, but most of 
them have been altered to the later type.

Nos. 8 and 9 are what were known as the 
Griffith & Wundrum boilers, afterwards merged

improvement in action over No. 9. The four 

passages of the gases did not add to the economy 
in either Nos. 8, 9 or 10.

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 

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

of the boiler was carried to the bottom 
row of tubes. In No. 9, 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.

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 

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

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



to demonstrate their unreliability in this 

particular.

No. i2.—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, 

openings being made in them for the 

admission of water and the exit of steam. 

Fire-tubes were placed inside these tubes

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 

car wheel metal; the headers^ 

having a sinuous form so that

and were found, as is always the 

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 of 

tubes was expanded at each encl 

— into a continuous header, cast of

they would lie close together and admit of a 

staggered position of the tubes in the furnace. 

This form of header has been found to be the 

best for all purposes, and has not since been 

materially changed. The drum was supported 

by girders resting on the brick-work. Bolted 

joints were discarded, with the exception of those 

connecting the headers to the front and rear 

end of the drum and the bottom of the rear 

header to the mud-drum. But even these 

bolted joints were found objectionable and 

were superseded in subsequent constructions

No. 13. by pieces of tube expanded into bored holes.
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Nos. 18 and 19 were designed for fire protec-In No. 16 the headers were made in the form

expanded in place, and to the drum by tubes 

bent so as to come normal to the shell. The 

joints between the headers introduced an ele­

ment of weakness, and connections to the drum 
were insufficient to give the adequate circulation.

ability to raise steam quickly and hold the pres­

sure ; economy of fuel and dryness of steam 

being of secondary consideration. They both 
served their special purpose admirably, but were 

not found to be either economical or desirable

were tried, alternately shifted right and left, to 

give a staggered position to the tubes. These
These experiments, as they may be called, 

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 
be too rigid in construction, and -g, required adherence to the following
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WATER LINE

ist. Sinuous headers for each vertical row of 
tubes. 2(1. A separate and independent con­

nection with the drum, both front and rear, for

mutally deteriorating strains where one was 
supported by the other, were avoided.

Hundreds of thousands of horse-power of this

style have been built in the last twelve 

years, giving excellent satisfaction. In 

fact, most of the boilers referred to in this 

book are of this style. It is still standard, 

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
keep of the boiler proper is less than five 

cents per horse-power per annum.

No. 2i is a construction more popu- 

q lar in Europe, perhaps, where most of 
our boilers are made in this style. It is 

No. 20. known as our “ W. I. F.” style, the front

each such vertical row of tubes. 3d. Ail joints usually supplied with it being largely made of 

between the parts of the boiler proper to be wrought-iron. In this boiler, flanged and 

made without bolts or screws-threads. 

surfaces to be used which require to 

be stayed. 5th. 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 30 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 contraction. 

The general form of construction of 

No. 15 was adhered to, but short 

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. 

Where hight is to be saved, the steam is taken

with a Dudgeon expander. This boiler was also 

suspended entirely independent of the brick­

work by means of columns and girders, and the

out through an internal “dry pipe.” In 

this style also the drum is suspended 
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 

which it seems almost impossible for 

science and skill to go, consists in mak­

ing all parts of the boiler of wrought- 

steel, including the sinuous headers, 

the cross-boxes, and the nozzles on the 

drum. This was demanded to answer 

the laws of some of the Continental 

Nations, and the Babcock & Wilcox 

Co., have, at the present time, a plant

turning out forgings as a regular business, which 

have been pronounced by the London Engineer 

to be “a perfect triumph of the forgers’ art.”



Babcock &  Wilcox Boiler, 416 H. P., a t P ittsburgh Steel Castings Co., P ittsburgh, Pa. Erected 1883. Showing Wrought Iron Front and Flanged Drum-heads.



CONSTRUCTION.

Th is  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 

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

The end connections are in one 

piece for each vertical row of tubes, 
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, iron to 
iron, and without rubber-packing, 

or other perishable substances.

The steam and water drums 

are made of flange iron or steel,
END VIEW Or

HEADER.

of extra thickness, and double riveted. I hey 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.
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 
encl 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 of! to the chimney. The

*
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water inside the tubes, as it is heated, tends to 
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.

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.

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.

2 .—Joints Removed from the Fire.

Riveted joints with their consequent double 
thickness of metal, in parts exposed to the fire, 

give rise to serious difficulties. Being the weak­
est parts of the structure, they concentrate upon 

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 

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 

whole chamber with­
in which the tubes are 
enclosed, which, with 

down draft, gives 

ample time in the 
passage of the heat­

ed gases to the chim­
ney for thorough ab­
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

dinary’ furnaces, 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 
chimney, in the form of carbonic oxide, or 

half-burnt carbon. Numerous attempts have 
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
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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.

fl.—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

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 oti 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.
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8.—Dryness of Steam.

The large disengaging surface of the water in 

the drum, together with the fact that the steam is 

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

is so far reduced that if overheating should occur 

no explosion could result.

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 

drawn suddenly from the boiler, or the boiler 

crowded, wet steam will result.

Water capacity is of more importance than

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.

9.—Steadiness of Water Level.

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.

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 

this kind. This is of great import­

ance because the weakening effect of 

these strains of unequal expansion, 

between rigidly connected parts, is 

a prolific cause of explosions in ordi­

nary boilers. The rapid circulation 

of the water, however, in this boiler, 

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. I. Kimball House, Atlanta, Ga.,

Erected 1884. Showing style of Wrought Iron Front.

11.—Safety from Explosions.

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 to use. So powerful is the circula­

tion of the water, that no part will be uncovered 

to the fire until the quantity of water in the boiler

steam space, owing to the small relative weight 

of the steam. Twenty-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 lbs. to 70 lbs. per square 

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

ing. Too much steam space adds to the radiating
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surface and increases the losses from that cause.< 
The proportions of this boiler have been adopted 
after numerous experiments with boilers of vary­

ing capacity ; and experience has established that 

this boiler can be driven to the utmost, carrying 

a steady water level, and steam pressure, and 

always furnishing dry steam.
The cubical capacity of this boiler, per horse­

power, is equal to that of the best practice in 

tubular boilers of the ordinary construction. The 
fire surface being of the most effective character, 

joints, opposite each end of each tube, permit ac­
cess thereto for cleaning, and a man-hole in the 
steam and water drum, and hand-holes in mud­

drum are provided for the same purpose. All 
portions of both the exterior and interior surface 
are fully accessible for cleaning. The occasional 

use of steam through a blowing pipe attached to 
a rubber hose operated through doors in the side 

walls, will keep the tubes free from soot and in 
condition to receive the heat to the best ad­

vantage.

FRONT VIEW.
VERTICAL SECTION.

Babcock & Wilcox Boiler, at T. A. Edison’s Laboratory, Menlo Park, N. J, 75 H, P. Erected 1878. 

Showing style of Fronts for single boilers.

these boilers will, with good fuel and a reason­
ably economical engine, greatly exceed their 

rated power, though it is seldom economy to 
work a boiler above its nominal power. The 
space occupied by this boiler and setting is equal 

to about two-thirds that of the same power in 

tubular boilers

13 —Accessibility for Cleaning.

This is of the greatest importance and is secured 

to the fullest extent. Hand-holes, with metal

14.—Least Loss of Effect from Dust.

WATER-TUBE.

The ordinary fire tube, 

or flue, receiving the dust 

from the fire on the in­

terior is quickly covered 

from one-third to one- 

half its surface, and in 

time is completely filled.
FIRE-TUBE.

The water-tube, however, will retain but a limited

quantity on its upper side, after which it becomes 
in a measure self-cleaning.
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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
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Babcock & Wilcox Boilers, 164 H. P., erected 1884 for Greenfield & Co., Confectioners, Brooklyn, N.Y.
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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.



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 %, as in the best ordinary practice. 

The 14,500 heat units would, if all utilized in a 

boiler, evaporate 15 pounds of water from 2120 
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, oj 
the highest theoretical efficiency, under the con-

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

orates 7X 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 thirty tests 

extending over the last twelve years, under a 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. 1 he



furnace is for the proper combustion of the fuel, 

and its duty is performed to perfection when the 

greatest amount, but not necessarily intensity, 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 

depend upon the amount of air admitted to the 

furnace, and the increase of temperature at which 

it escapes. 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 heating 

surface, except where quantity of steam is of 

greater importance than economy of fuel. Where

appreciation of this fact, and of a knowledge of 

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 

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.”—Prof. 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, 

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

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 21 per cent, in 

economy.

Efficiency of the Furnace.

Combustion may be defined as “the union of 

two dissimilar substances, evolving light and 

heat.” 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
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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  a  saving  oversimple  ‘ ‘compound. ’ ’ But they  

require a pressure of from 100 to 200 lbs. and a 

comparatively steady load to develope their ad­

vantages to a great degree. Such pressures can 

be safely carried on Babcock & W ilcox boilers.

A  large boiler is generally an advantage, but it 

is not economy to use a large engine to develop 

a small power. Sufficient steam  to fill the cylin­

der at the terminal pressure  —  each stroke  —  has 

to be furnished  whether the engine is doing  more 

or less work, and this frequently amounts to far 

more  than the  steam  used  to do  the work. 1 hus, 

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.
“M ost 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, butXvho 

at the best are mere starters and stoppers.”—  

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

Efficiency of Pumping Machines.

M any 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 

lbs. coal burned  ; each million of duty represent­

ing about 0.13 of one per cent, of the thermal 

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

OF PUMPING MACHINES.

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 perfect combustion.

In  a  summary  of experiments made  in England, 

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 & W ilcox 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 °f a total I4>5°° 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 lbs. 

coal for each hourly horse-power. But, by the 

greatest refinement in engines yet accomplished, 

the cost of a horse-power has not been brought 

below lbs. coal per hour, or 17 per cent, of 

the energy delivered by the boiler, while the 

average engine uses 3^ lbs. coal per horse­

power, and discharges, unutilized, 93 per cent, 

of the energy delivered to it! I he greater p.u  t 

of this loss is in the latent heat of the steam, 

which is exhausted into the atmosphere, or con­

denser, and is unavoidable so far as now  known. 

Still, the fact remains that many an ordinary 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 

a high-class engine. There are instances, how-

TABLE OF EFFICIENCY 

 

 

D e s c r ip t io n .

Duty in M illion  
Foot Pounds per no  

lbs. Coal.

Per Centage of Ther­
mal Value of 

Steam  Used.

Equivalent in Coal 
per Hourly Horse­

power.

30 to  IIO

15 to  3°
8 to  15
3 to  IO
2 to  5

3.89 co 13.25

1.94 “ 3-Sg
1.04 “ 1.94

0-39 “ M o  
0.26 “ 0.65

6.68 to 1.95
13.4 “  6.68
25.00 “ 13.40
66.6 “ 25.00

100 “ 66.60

Pumping Engines. ■. • • • • • • • v 
Steam  pumps, large size, proportioned for work  
Steam  pumps, small size, for ordinary uses  

Vacuum pumps ....................................
Injectors, lifting water only ...................................



PROPERTIES OF SATURATED STEAM.

Ice is liquified and becomes water at 320 F. 
Above this point water increases in temperature 

up to the steaming point, nearly at the rate of i° 

for each unit of heat added per pound of water. 

The steaming point (2120 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 3^° 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. 100 H. P. Erected 1880-1.

add a pound, while at 150 lbs. 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 

contact with water, be heated above the tem­

perature normal to its pressure.
The density of saturated steam varies from 

that of air of same temperature and pressure, 

below that of the atmosphere, to % at 100 lbs. 

Its weight per cubic foot varies as the 16 root 

of the 17th power, and may be found by the 

formula : D — .003027/ -941, which is correct to 

within } per cent, up to 250 lbs. pressure.
The following table gives the properties of 

steam at different pressures — from 1 lb. to 400.

48



Boiler House and Chimney for Babcock & Wilcox Boiler with Economizer, Etc.

SCALE OF PROPERTIES OF SATURATED STEAM.CBA

T o ta l
T e m p e ra ­

tu re  in  

F a h re n h e it  

d e g re e s .

T o ta l H e a tl
L a te n t

D e n s ity  

o r V o lu m e

R e la tiv e  

v o lu m e , o r

F a c to r  o f  

e q u iv a le n t

T o ta l  

p re s s u re

p e r  

s q u a re  

in c h .

u n its  fro m  

w a te r  

a t  3 2 ° F .

h e a t,  

in  

h e a t u n its .

w e ig h t o f  

o n e  

c u b ic  f t .

o f  o n e  

p o u n d  o f  

s te a m .

:u b .  f t . f ro m  

o n e  o f  

w a te r.

e v a p o ra ­

t io n ,  

a t  2 1 2’ .

p e r  

s q u a re  

in c h .

1 0 2 1 1 1 3 .0 5 1 0 4 2 .9 6 4 .0 0 3 0 3 3 o -3 6 2 0 6 2 0 0 -9 6 5 i

1 1 2 0 .4 5 1 0 2 6 .0 1 0 .0 0 5 8 1 7 2 .0 8 1 0 7 2 0 0 .9 7 2

3

4

5
6

1 4 1 .6 2 2

1 5 3 .0 7 0

1 6 2 .3 3 0

1 7 0 .1 2 3

1 1 2 5 .1 3 1  
1 1 2 8 .6 2 5  

1 1 3 1 -4 4 9  
1 1 3 3 .8 2 6

1 0 1 5 .2 5 4

1 0 0 7 .2 2 9  

IO O O .7 2 7  

9 9 5 -2 1 9

.0 0 8 5  

.0 1 1 2  

•0 ’3 7  
•0 1 6 3

1 1 7 -5 2  
8 9 .6 2  

7 2 .6 6  

6 1 .2 1

7 3 2 6  

5 6 0 0

4 5 3 5  

3 8 1 4

0 -9 7 7  
0 .9 8 1  

0 .9 8 4  

0 .9 8 6

3

4

5
6

7 1 7 6 .9 1 0 1 1 3 5 .8 9 6 9 9 ° .4 7 1 .0 1 8 9 5 2 '9 4 3 3 ° ° 0 .9 8 8 7

8 1 8 2 .9 1 0 1 1 3 7 .7 2 6 9 8 6 .2 4 5 .0 2 1 4 4 6 .6 9 2 9 1 0 0 .9 9 0

Q 1 8 8 .3 1 6 1 1 3 9 .3 7 5 9 8 2 .4 3 4 .0 2 3 9 4 t -7 9 2 6 0 7 0 .9 9 2 9

IO

1 5

1 9 3 -2 4 0
2 1 3 .0 2 5

1 1 4 0 .8 7 7

1 1 4 6 .9 1 2

0 7 8 .9 5 8  

P 6 4 .9 7 3

.0 2 6 4

•0 3 8 7

3 1 .8 4

2 5 -8 5

2 3 6 °  

1 6 1 2

0 .9 9 4
1 .0 0 0 IS

2 0

2 5  

3 °

2 2 7 .9 1 7

2 4 0 .0 0 0

2 5 0 .2 4 5

I I5 I -4 5 4

U S S -1 .!« ?
1 1 5 8 .2 6 3

9 5 4 -4 1 5
9 4 5 .8 2 5

9 3 8 .9 2 5

.0 5 1 1  

.0 6 3 4  

■0 7 5 5

1 9 .7 2  

1 5 -9 9  

I3 -4 6

1 2 2 0 .3

9 8 4 .8

8 2 6 .8

1 .0 0 5

1 .0 0 8

1 .0 1 2

2 5

3 0

3 5 2 S O .I7 6 1 1 6 0 .9 8 7 9 3 2 .1 5 2 ■0 8 7 5 n .6 5 7 1 3 -4 1 .0 1 5 3 5

4 ° 2 6 7 .1 2 0 1 1 6 3 .4 1 0 9 2 6 .4 7 2 •0 9 9 4 1 0 .2 7 6 2 8 .2 1 .0 1 7 4 °

4 5

5 °

2 7 4 .2 9 6

2 8 0 .8 5 4

1 1 6 5 .6 0 0

1 1 6 7 .6 0 0

921-334 
9 1 6 .6 3 1

.1 1 1 1

.1 2 2 7

9 .1 8  

8 -3 1

5 6 1 .8  

5 o 8 -5

1 .0 1 9

1 .0 2 1

4 5

5 0

5 5 2 8 6 .8 9 7 1 1 6 9 .4 4 2 9 1 2 .2 9 0 •1 3 4 3 7 .6 1 4 6 4 .7 1 .0 2 3 5 5

6 0 2 9 2 .5 2 0 1 1 7 1 .1 5 8 9 0 8 .2 4 7 •1 4 5 7 7 .0 1 4 2 8 .5 1 .0 2 5

6 5
6 5 2 9 7 .7 7 7 1 1 7 2 .7 6 2 9 0 4 .4 6 2 .1 5 6 9 6 .4 9 3 9 7 -7 1 .0 2 7

7 ° 3 0 2 .7 1 8 1 1 7 4 .2 6 9 9 0 0 .8 9 9 .1 6 8 1 6 .0 7 3 7 1 -2 1 .0 2 8 7 °

7 5 3 0 7 .3 8 8 1 1 7 5 .6 9 2 8 9 7 .5 2 6 .1 7 9 2 5 -6 8 3 4 8 -3 1  « O S 0 7 5

8 0 3 1 1 .8 1 2 1 1 7 7 .0 4 2 8 9 4 -3 3 ° .1 9 0 1 5 -3 S 3 2 8 -3 1 .0 3 1

8 5 3 1 6 .0 2 1 1 1 7 8 .3 2 6 8 9 1 .2 8 6 .2 0 1 0 5 -o S 3  io -5 1 .0 3 3 8 5

9 ° 3 2 0 .0 3 9 I I7 9 -5 S I 8 8 8 .3 7 5 .2 1 1 8 4 -7 9 2 0 4 .7 1 -0 .3 4 9 °

9 5 3 2 3 .8 8 4 1 1 8 0 .7 2 4 8 8 5 .5 8 8 .2 2 2 4 4 -5 5 2 8 0 .6 I -0 3 5 9 5

IQ O 3 2 7 .5 7 1 1 1 8 1 .8 4 9 8 8 3 .9 1 4 .2 3 3 ° 4 -3 3 2 6 7 .9 1 .0 3 6

1 0 5 3 3 1 .1 1 3 1 1 8 2 .9 2 9 8 8 0 .3 4 2 •2 4 3 4 4 .1 4 2 6 5 .5 I -O 3 7 1 0 5

I IO 3 3 4 .5 2 3 1 1 8 3 .9 7 0 8 7 7 .8 6 5 .2 5 3 7 3 -9 7 2 4 6 .0 1 .0 3 8 IIO

1 1 5 3 3 7 -8 1 4 1 1 8 4 .9 7 4 8 7 5 -4 7 2 .2 6 4 0 3 .8 0 2 3 6 -3 1 -0 3 9 i  : 5

1 2 0 3 4 0 .9 9 5 1 1 8 5 .9 4 4 8 7 3 -1 5 5 .2 7 4 2 3 -6 5 2 2 7 .6 1 .0 4 0

1 2 5 3 4 4 .0 7 4 1 1 8 6 .8 8 3 8 7 0 .9 1 1 .2 8 4 2 3 -5 1 2 1 9 .7 1 .0 4 1 I2 5

1 3 0 3 4 7 -°5 9 1 1 8 7 .7 9 4 8 6 8 .7 3 5 .2 9 4 2 3 -3 8 2 1 2 .3 1 .0 4 2 1 3 °

1 4 0

1 5 0

3 5 2 -7 5 7  
3 5 8 .1 6 1

1 1 8 9 .5 3 5

1 1 9 1 .1 8 0

8 6 4 .5 6 6

8 6 0 .6 2 1

•  3 t 3 8

•  3 3 4 °

3 .1 6

2 .9 6

1 9 9 .0  

’8 7 -5

1 .0 4 4

1 .0 4 6 1 5 0

1 6 0 3 6 3 .2 7 7 1 1 9 2 .7 4 1 8 5 6 .8 7 4 .3 5 2 0 2 .7 9 1 7 7 -3 1 .0 4 7

3 6 8 .1 5 8 1 1 9 4 .2 2 8 8 5 3 -2 9 4 •  3 7 ° 9 2 .6 3 1 6 8 .4 1 .0 4 9

1 8 0
1 8 0 3 7 2 .8 2 2 1 1 9 5 .6 5 0 8 4 9 .8 6 9 .3 8 8 9 2 -4 9 1 6 0 .4 1 .0 5 1

1 9 0 3 7 7 .2 Q X 1 1 9 7 -0 1 3 8 4 6 .5 8 4 .4 0 7 2 2 -3 7 I 5 3 -4 I  .° 5 2 1 9 0

2 0 0 3 8 1 -5 7 3 1 1 9 8 .3 1 9 8 4 3 -4 3 2 •4 2 4 9 2 .2 6 1 4 7 .1 i- °5 3

2 5 0

3 0 0

4 0 1 .0 7 2

4 1 8 .2 2 5

1 2 0 3 -7 3 5  
1 2 0 8 .7 3 7

8 3 1 .2 2 2

8 1 9 .6 1 0

■5 4 6 4  
.6 4 8 6

1 .8 3  

i-5 4

1 1 4

9 6

i- °5 9  
i  .0 6 4

2 5 0

3 0 0

3 5 ° 4 3 1 .9 5 6 1 2 1 2 .5 8 0 8 1 0 .6 9 0 .7 4 9 8 i-3 3 8 3 1 .0 6 8 3 5 °

4 0 0 4 4 4 .9 1 9 1 2 1 7 .0 9 4 8 0 0 .1 9 3 .8 5 0 2 1 .1 8 7 3 i  -°7 3 4 0 0

T o  a s c e rta in  th e  e q u iv a le n t e v a p o ra tio n  a t a n y  p re s s u re , m u ltip ly

T h e  g a u g e  p re s s u re  is  a b o u t 1 5  p o u n d s (1 4 .7 ) le s s th a n  th e  to ta l p re s s u re , s o  

th a t  in  u s in g  th is  ta b le , 1 5 m u s t b e  a d d e d  to  th e  p re s s u re  a s  g iv e n  b y  th e  s te a m  

g a u g e .

T h e  c o lu m n o f  T e m p e ra tu re s g iv e s th e  th e rm o m e tr ic  te m p e ra tu re o f  s te a m  

a n d  b o ilin g  p o in t a t e a c h  p re s s u re .

T h e  “ fa c to r  o f  e q u iv a le n t  e v a p o ra tio n ”  s h o w s  th e  p ro p o r tio n a te  c o s t  in  h e a t  o r  

fu e l, o f  p ro d u c in g  s te am  a t th e g iv e n  p re s s u re , a s c o m p are d  w ith  a tm o s p h e r ic  

p re s s u re . T o  a s c e r ta in  th e  e q u iv a le n t e v a p o ra tio n  a t a n y  p re s s u re , m u ltip ly  th e  

g iv e n  e v a p o ra tio n  b y  th e  fa c to r  o f  i ts p re ss u re ,  

a n d d iv id e th e q u o tie n t b y th e  fa c to r o f th e  

d e s ire d  p re s s u re .

E a c h  d e g re e o f d iffe re n c e  in  te m p e ra tu re  o f  

fe e d -w a te r, m a k e s  a  d if fe re n c e  o f  .0 0 1 0 4  in  th e  

a m o u n t o f e v a p o ra tio n . H e n c e , to  a s c e r ­

ta in  th e  e q u iv a le n t e v a p o ra tio n f ro m  

a n y o th e r te m p e ra tu re o f fe e d th a n  

2 1 2 0 , a d d  to  th e  fa c to r g iv e n  a s m a n y  

t im e s .0 0 1 0 4  a s th e te m p e ra tu re o f  
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fe re n c e  b e tw e e n  th e  n e a re s t p re s s u re s  

g iv e n  in  th e  ta b le .
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WATER AT DIFFERENT TEMPERATURES.

There are four notable temperatures for pure 

water, viz:—
1. Freezing point at sea level, 320 F.

2. Point of maximum density, 39-1° F.
3. Britishstandardforspec.gr. 62° F.

4. Boiling point at sealevel, 212° F.

32° F. Weight per cub.ft. 62,418 lbs.; per cub.in. .03612 lbs.

39.10 F. “ “ “ 62,425 “ “ “ .036125 “

62° F. “ “ “ 62,355 “ “ “ .03608

2120 F. “ “ “ 59,76° “ “ “ -03458

A United States Standard gallon holds 231 

cubic inches, and 8^ lbs. water at 62° Fah.

Lime 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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A British Imperial gallon holds 277,274 cubic 

inches and 10 lbs. water at 62° Fah.
Sea water (average) has a specific gravity of 

1.028, boils at 213.20 F., and weighs 64 lbs. 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 320 being 1, at 

2120 it is 1.013, and at 320° (the temperature of 
75 lbs. 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
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water at or about the freezing point, t ° Fahren­

heit. A French “Caloric” is the heat required 

to raise one kilogramme of water i° centigrade, 

and is equal to 3.96832 British thermal units.

A  pressure of 1 lb. 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  water at different tem­

peratures. They are reckoned above 32° Fah., 

for, strictly speaking, water does not exist below  

320 , and ice follows another law.

WATER BETWEEN 32° AND 212ü F.

Tcm. 1 Heat Weight, 1
Tem- Heat Weight,

pera- Units lbs. per Units lbs. per

ture
Fah. 1

per lb. cub. ft. 1
Fah.

per ]b. cub. ft.

32°
35

0.

3.

62.42
62.42

M5 
146

113.28 I
114.28 1

61.28
61.26

8. 62.42 ’47 115.29 61.24

45 J3- 62.42 148 116.29 1 61.22

50
18. 62.41 149 117.30 61.20

52 20. 62.40 ’5° 118.31 61.18

54 22.01 62.40 151 119.31 61.16

56 24.OI 62.39 152 120.32 61.14

58 26.01 62.38 153 121.33 61.12

60 28.01 62.37 J54 122-33 61.10

62 30.01 62.36 ’55 123.34 61.08

64 32.01 62.35 156 ’24-35 61.06

66 34.02 62.34 T57 125-35 61.04

68 36 02 62.33 158 126.36 61.02

7° 38.02 62.31 159 127-37 61.00

40.02 62.30 160 128.37 60.98

74 42-03 62.28 161 129.38 60.96

76 44 °3 62.27 162 130.39 60.94

78 46.03 62.25 163 I3T-4O 60.92

80 48.04 62.23 164 132.41 60.90

82 50. °4 62.21 ’65 I33'4 I 60.87

84 52. °4 62.19 166 1,34 -42 60.85

86 54-°5 62.17 167 135-43 60.83

88 i 56.05 62.15 168 136-44 60.81

QO 58.06 62.13 169 137-45 60.7g

60.06 62.11 170 i38-45 60.77

94 62.06 62.09 171 139.46 60.75

96 64.07 62.07 I72 140.47 60.73

98 66.07 62.05 x73 141.48 60.70

100 68.08 62.02 174 142.49 60.68

102 70.09 62.00 ’75 M3-5O 60.66

104 72.09 61.97 176 '44-51 60.64

I06 74-10 61.95 T77 I45-52 60.62

IO8 76.10 61.92 178 146.52 60.59

78.11 61.89 179 147-53 60.57

80.12 61.86 180 148.54 60.55

113
114

8l. 12 61.84 181 149-55 60.53

82.13

8^.11

61.83
61.82

182

183

150.56 

i5!-57

60.50

60.48
JI5 
116 84.13 61.80 184 152.58 60.46

117
118

85.14 61.78 185 153-59 60.44

86.14 61.77 186 154-6° 60.41

119 87.15 61-75 187 155-6' 60.39

88.15 6i .74 188 156.62 60.37

89.15 61.72 180 157-63 60.34

90.16 61.70 190 158.64 60.32

61.68 191 159-65 60.29
123

124

125

92.17

93-'7
94.17

61.67
61.65

61 63

192

*93
194

160.67
161.68

162.69

60.27
60.25
60.22

127

128

95.18  

q 6. 18

61.61
61.60

195
196

163.70
164.71

60.20

60.17

129 
130 

*3* 
fß2 

133 
134
135

97->9
98. !9

1 99.20

61.58
61.56

61.54

107
198
199

165.72

166.73

167.74

60.15
60.12
60.10

100.20 

IOI.21 
102.21
IO3.22

61.52

61.51

61.49
61.47

200
201

202

203

168.75
169.77
170.78

1 I7I-79

60.07
60.05

60.02
60.00

1 >6 104.22 61.45 204 ; 172.80 59-97

137
138

139
140 

141 
I42

M3
144

105.23

106.23
61.43
61.41

205
206

>73-8t 
174-83

59-95

59-92

107.24

108.25

109.25
110.26

61.39
61.37
61.36

61.34

207

208
2(X) 
210

V5-84 
176.85 
177.86 

178.87

56.89 

59-87 

59-84 
59-82

111.26

112.27

61.32

61.30
2" 
212

179.89

180.90
59-79 
59-76

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 lbs. pressure is 320°, and 

if we take 6o° 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  

6o°, 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 

2oo°, 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 percent. 

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. UN PER CENT.)
(s t e a m  a t  s ix t y  po u n d s .)

Initial 

Tem. of 

Water.

FINAL TEMPERATURE OF FEED-WATER.

120 140 160 180 200 250 300

32° 7-5° 9.20 10.90 12.36 14 -3° 19.03 22.90

35 7.25 8.96 10.66 12.09 14.09 18.34 22.60

4° 6.85 8.57 10.28 12.00 I3-7I 17-99 22.27

45 6-45 8.17 9-9° 11.61 T3-34 17.64 21.94

5° 6.05 7.71 9-5° 11.23 13.00 17.28 21 .61

55 5.64 7-37 9.06 10.85 13.60 16.93 21.27

60 5.23 6-97 8.72 10.46 12.20 16.58 20.92

65 4.82 6.56 8.32 10.07 11.82 16.20 20.58

7° 4-4° 6.15 7.91 9.08 Ji-43 15-83 20.23

75 3.98 5-74 7-5° 9.28 11.04 15-46 19.88

80 3-55 5-32 7-09 8.87 10.65 15-08 19-52

85 3.12 4-9° 6.63 8.46 10-25 14.70 19.17

9° 2.68 4-47 6.26 8.06 9-85 M  • 32 18.81

95 2.24 4.04 5-84 7-65 9-44 13-94 18.44

100 1.80 3.61 5-42 7-23 9-°3 1.3-55 18.07

IIO .90 2-73 4-55 3-38 8.20 12.76 17.28

120 0 T.84 3-67 5-52 7-36 ii-95 16.49

130 .92 2.77 4-64 6-99 II. 14 15-24

140

150
160

170
180

IQO

200

0 1.87

•94
0

3-75 
2.83 
1.91 

.96
0

C
S 

C
M 

0
1 

O
'O 

O 
0

 
0 

t̂
O

O
 0

0 
O 

O 
1 

tn 
m

 o 
m

10.31 

9-46 

8-59
7.71
6.81

5-9°
1 4.8s

14.99 
14.18 

13-37 
12.54 
11.70
10.82

9-93
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T h e  v a lu e  o f  an y  fu e l is m easu red  b y  th e  n u m ­

b e r  o f h eat u n its  w h ich its  co m b u stio n  w ill g en ­

e ra te , a  u n it o f h eat b e in g  th e am ou n t req u ired  

to  h ea t o n e  p o u n d  o f w ate r o n e d eg ree F ah ren ­

h e it. T h e  fu e l u sed  in  g en e ra tin g  s team  is  co m ­

p o sed o f ca rb o n an d h y d ro g en , an d  ash , w ith  

so m e tim es sm a ll q u an titie s  o f o the r su b s tances  

n o t m ate ria lly  a ffec tin g  its  v a lu e .

“ C o m b u stib le” is th a t p o rtio n w h ich w ill 

b u rn  ; th e ash o r re s id u e v a ry in g  fro m  2 to 3 6  

p e r cen t, in  d iffe ren t fu e ls .

Boiler House and Chimney for

Babcock L --------------------- -

TABLE OF COMBUSTIBLES.

K i n d  o f  

C o m b u s t i b l e .

A ir R e ­

q u ired .

T em p era tu re  o f C o m ­

b u stio n .

T h eo re tica l  

V alu e .

H igh es t  

A tta in ab le  

V alu e  u n ­

d e r B o iler.
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"
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2
0
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H y d ro g en ..................................................

P e tro leu m ..................................................

3 6 .0 0

1 5 -4 3

5 7 5 °

5 °5 °

3 8 6 0

3 5 J5

2 8 6 0

2 7 1 0

1 9 4 0

1 8 5 0

6 2 0 3 2

2 1 0 0 0

6 4 .2 0

2 i-7 4 1 8 .5 5 1 9 .9 0

(C h arco al,  )

C arb o n  - C o k e , 1 2 .1 3 4 5 8 0 32 I5 2 4 4 ° 1 6 5 0 1 4 5 0 ° 1 5 .0 0 1 3 -3 ° 1 4 .1 4

( A n th rac ite  C o al,  )

C o al— C u m b erlan d .................................. 1 2 .0 6 4 9 0 0 3 3 6 0 2 5 5 ° 1 7 3 0 1 5 3 7 0 1 5 -9 ° 1 4 .2 8 1 5 .0 6

“ C o k in g  B itu m in o us ..................... ii-7 3 5 '4 ° 3 5 2 ° 2 6 8 0 1 8 1 0 1 5 8 3 7 1 6 .0 0 1 4 -4 5 I5 -J9

“ C an n el ......................................... 1 1 .8 0 4 8 5 0 3 3 3 ° 2 5 4 0 1 7 2 0 1 5 0 8 0 1 5 -6 ° 1 4 .0 1 1 4 -7 6

“ L ig n ite ........................................... 9 -3 ° 4 6 0 0 3 2 1 0 2 4 9 ° 1 6 7 0 1 1 7 4 5 1 2 .1 5 1 0 .7 8 1 1 .4 6

P eat— K iln  d ried ........... .......................... 7 .6 8 4 4 7 ° 3 ’4 ° 2 4 2 0 1 6 6 0 9 6 6 0 1 0 .0 0 8 .9 2 9 .4 2

6 .7 8
“ A ir  d ried 2 5  p e r  cen t, w ate r... 5 -7 6 4 0 0 0 2 8 2 0 2 2 4 0 i5 5 ° 7 0 0 0 7 -2 5 6 .4 1

W o o d — K iln  d ried .................................. 6 .0 0 4 0 8 0 2 9 1 0 2 2 6 0 i5 3 ° 7 2 4 5 7 -5 ° 6 .6 4

“  A ir d ried  2 0  p e r  cen t, w ate r. . 4 .8 0 1 3 7 0 0 2 6 0 7 2 1 0 0 1 1 4 9 0 5 6 0 0 5 .8 0 4 .0 8 4 -3 9

T h ere  is a  la rg e  d ifferen ce in  co a ls fro m  d iffe ren t lo ca litie s , an d ev en  ad jacen t 

m in es . T h e  fo llo w in g  tab le  o f  A m erican  co a ls , is co m p iled  fro m  v a rio u s  so u rces  :

AMERICAN COALS.

C O A L .

S T A T E . K IN D  O F  C O A L .

P
e

r 
c

e
n

t,
 

o
f 

A
s

h
.

T h eo re tica l V alu e .

C O A L .

S T A T E . K IN D  O F  C O A L . P
e

r 
c

e
n

t I 
o

f 
A

s
h

.

T h eo retica l V alu e

in  H ea t 

U n its.

P o u n d s  

o f w ate r  

ev ap .

in  H ea t  

U nits .

P o u n d s  

o f w ater  

ev ap .

-------- r—

P en n . A n th rac ite  ....

“ C an n e l .......
“ C o n n ellsv ille ..

“  S em i-b it’n o u s ..

“ S to n e ’s G as...

“ Y ou g h iog h en y

“ B ro w n  .............

K en tu ck y C ak in g ....

“  C an n e l....

“  L ig n ite ....

3 -4 9  
6 .1 3
2 .Q O

1 5 -0 2

6 .5 O

1 0 .7 0

5 .0 0  

5 .6 0  

9 -5 °  

2 -7 5
2 .0 0

1 4 .8 0

7 .0 0

1 4 .1 9 9  

1 3 .5 3 5
1 4 ,2 2 t  

i3 ,i4 3  

i3 > 3 6 8

i3 ,i5 5  
1 4 ,02 1  

1 4 ,2 6 5  

1 2 ,3 2 4  

1 4 ,3 9 1

1 3 ,3 6 °  

9 .3 2 6

1 4 .7 0

1 4 .0 1

1 4 .7 2

1 3 .6 0

1 3 .8 4

1 3 -6 2

1 4 .5 1

1 4 .7 6

1 2 .7 5
1 4 .8 9

1 6 .7 6

1 3 .8 4

9 -65 !

I ll. B u reau  C o .........
“ M erce r C o .........

“ M o n tau k ...........

In d . B lo ck .................

“ C ak in g ..............

“ C an n e l ..............

M d . C u m b erlan d ..;.

A rk . L ig n ite .............

C o l. “  .............
Ik  u

T ex as “  .............
W ash . T er. L ig n ite ..

P en n . P e tro leu m ....

5 .2 0  

5 -6 °  

5 -5 °
2 .5 0  

5 .6 6

6 .0 0

1 3 .8 8  

5 -o °

9 .2 5  

4 -5 0  

4 -5 °  

3 -4 °

1 3 ,0 2 5

I3 iI2 3  

1 2 ,6 5 9  
1 3 ,5 8 8  
1 4 .1 4 6  

1 3 .0 9 7  
1 2 ,2 2 6

9 .2 I5  
1 3 -5 6 2  
1 3 ,8 6 6  

1 2 ,9 6 2  

1 1 .5 5 1  
2 0 ,7 4 6

1 3 -4 8  

1 3 -5 8
1 3 .1 °  

1 4 .3 8
1 4 .0 4  

1 3 -5 6
1 2 .6 5  

9 -5 4
1 4 .0 4  

M -3 5  

I3 -4 I 
1 1 .9 6  

2 1 -4 7

T h e e ffec tive  v a lu e  o f  a ll k in d s o f w o o d  per pound, w h en  d ry , is su b s tan tia lly  

th e  sam e . T h is  is  u su a lly  es tim ated  a t 0 .4  th e  v a lu e  o f th e  sam e w eig h t o f  co a l.

T h e fo llo w in g a re th e w eig h ts an d co m p ara tiv e v a lu e o f  

d ifferen t w o o d s  b y  th e  co rd :

K in d  o f W o od .

H ick o ry , S h e ll  b a rk .

“ R ed  h ea rt.

W h ite  O ak ...............

R ed  O ak . .................

S p ru ce ........... . ........

N ew  Je rsey  P in e ...

W g h t. K in d  o f W o o d . W g h t.

4 4 6 9 B eech .................. 3 1 2 6

3 7 0 5 H ard  M ap le .... 2 8 7 8

3 8 2 1 S o u th e rn  P in e .. 3 3 7 5

3 2 5 4 V irg in ia “ . 2 6 8 0

2 3 2 5 Y ello w  • ' . 1 9 0 4

2 1 3 7 W h ite  “ . 1 3 6 8

T h e  f irst tab le  g iv es , fo r th e m o re co m ­

m o n co m b u stib les , th e a ir req u ired fo r  

co m p le te co m bu stio n , th e tem p eratu re  

w ith d iffe ren t p ro p o rtio n s  o f  a ir, th e  th eo -

- tic a l v a lu e , an d th e h ig h es t a tta in ab le

5 3
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v a lu e u n d er a s team  b o iler, assu m in g th a t th e < 

g ases p ass o ff a t 3 2 0 °, th e tem p eratu re  o f s team < 

a t 7 5  lb s . p ressu re, an d  th e in co m in g  d raft to b e : 

a t 6 o ° ; a lso th a t w ith ch im n ey  d raft tw ice an d  

w ith b last o n ly  th e  th eo re tica l am o u n t o f a ir is • 

req u ired  fo r co m b u stio n .

T h e  relativ e  v a lu e  o f  d iffe ren t fu e ls is larg e ly  a  

q u estio n  o f lo cality an d tran sp o rtatio n . F o r in ­

s tan ce, in so m e p arts o f C en tral A m erica th ey  

b u rn  ro sew o o d  u n d er th eir b o ile rs , b ecau se  it is  

ch eap er th an  co a l ; w h ile a few  y ears  ag o  in  th e  

W est it w as fo u n d , d u rin g  a  co a l fam in e , th a t In ­

d ian  co rn  w as th e  ch eap est fu e l th ey  co u ld  b u rn . 

In so m e p laces th ey b u rn m an ure o n ly . T h e  

B ab co ck  &  W ilco x  b o ilers  o f C h icag o  cab le  ra il­

w ay s are ru n reg u la rly 0 1 1 th e o ffal fro m  th e  

s tab les o f th e h o rse ro ad s, a v ery  sm all p ro p o r­

tio n  o f  co al b e in g  u sed  to  k eep  it a lig h t.

“ S lack ” o r th e sc reen in gs fro m  co al, w h en  

p ro p erly m ix ed  —  an th racite an d b itum ino u s,—  

an d b u rn ed b y m ean s o f a b lo w er o n a g rate  

ad ap ted to it, is n early eq u a l in v a lu e o f co m ­

b u stib le to co al, b u t its p ercen tage o f re fu se is  

g reate r.

A  n u m b er  o f  firm s  are  u sin g  s lack  w ith  d ec id ed  

eco n o m y , u n d er B ab co ck &  W ilco x b o ile rs , in  

w h ich  th e re  is am p le sp ace b e lo w  th e tu bes  fo r 

th e  d u st to  accu m u la te  w ith o u t co v erin g  h ea tin g  

su rface  o r im p airin g  th e  d raft.

M u ch is sa id n o w ad ay s ab o u t th e w o n d erfu l 

sav in g w h ich is to b e ex p ec ted fro m  th e u se  

o f  petroleum for fuel. T h is  is a ll a  m y th , an d  a  

m o m en t’s  a tten tio n to fac ts is su ffic ien t to  co n ­

v in ce an y o n e th a t n o su ch p o ssib ility ex is ts . 

P etro leu m  h as a h ea tin g cap acity , w h en fu lly  

b u rn ed , eq u a l to fro m  2 1 ,0 0 0  to  2 2 ,0 0 0  B . T . U . 

p er p o u n d , o r say 5 0 p er cen t, m o re th an  co al. 

B u t o w in g to th e ab ility to b u rn it w ith le ss  

lo sses, it h as b een fo un d  th ro u g h ex ten d ed ex ­

p erim en ts  b y  th e  p ip e lin es th at u n d er th e  sam e  

b o ile rs , an d d o in g th e sam e w o rk , a p o u n d o f  

p e tro leu m  is eq u a l to 1  ‘8  p o u n d s  o f co a l. T h e  

ex perim ents o n lo co m o tiv es in R u ssia h av e  

sh o w n  p ractically  th e  sam e  v a lu e , o r 1 7 7 . N o w , 

a  g a llo n  o f  p e tro leu m  w eig h s 6 7  p o u n d s  (th o u g h  

th e s tan d ard b u y in g an d se llin g w eig h t is 6 ’5  

p o u n d s), an d  th erefo re  an  ac tu a l g a llo n  o f  p e tro ­

leu m  is eq u iv alen t u n d er a b o iler to tw e lv e 

p o u n d s o f co al, an d 1 9 0 s tan d ard g a llo n s are  

eq u al to  a  g ro ss  to n  o f  co al. It is v ery  easy  w ith  

th ese  d a ta  to  d e term in e  th e  relativ e  co st. A t th e  

w ells , if th e  o il is w o rth say tw o cen ts a  g a llo n , 

th e  co st is eq u iv alen t to  $ 3 .8 0  p er to n  fo r co al a t 

th e  sam e  p lace , w h ile  a t say th ree  cen ts  p er g d l 

Io n , th e  lo w est p rice  a t w h ich  it can  b e d e liv ered  

in  th e  v icin ity  o f N ew  Y o rk , it co sts th e  sam e  as  

co a l a t |5 -7 o  p er to n . T h e S tan d ard O il C o .

estim ate  th a t 1 7 3  g a llo n s are eq u a l to  a  g ro ss  to n  

o f co al, a llo w in g fo r in c id en tia l sav in g s, as in  

g ra te  b ars , cartin g  ashes , a tten d an ce, & c.
& S aw  d u st can  b e u tilized fo r fu e l to  g o o d  ad ­

v an tag e  b y  a  sp ec ia l fu rn ace  an d  au to m atic  feed ­

in g  d ev ices .' S p en t tan  b ark  is a lso  u sed , m ixed  

w ith  so m e  co al, o r it m ay  b e  b u rn ed  w ith o u t th e  

co a l in  a  p ro p er  fu rn ace. Its  v a lu e 'is  ab o u t o n e ­

fo u rth  th a t  o f  th e  sam e  w eig h t  o f  w o o d , as  it co m es 

fro m  th e  p ress , b u t w h en  d ried  its  v a lu e  is ab o u t 

8 5  p er cen t, o f  th e  sam e  w eig h t o f  w o o d  in sam e  

s tate  o f  d ry n ess .

B agasse , th e re fu se o f su g ar can e , after b e in g  

d ried in th e su n , is larg ely em p lo y ed in C u b a. 

Its v a lu e is ab o u t eq u al to th e sam e w eig h t 

o f p in e  w o o d , in th e  sam e  s tate  o f d ry n ess . A s  

it co n ies fro m  th e m ill it co n ta ins fro m  5 0 to  

8 0 p er cen t, o f w ater, in w h ich s ta te it m ay b e  

b u rn t  in  C o o k ’s  B ag asse  F u rn ace , u n d er B ab co ck  

&  W ilco x B o ile rs , w ith a resu lt n early o r q u ite  

eq u al to  th at o f  th e  d ried  b ag asse  u n d er  o rd in ary  

b o ilers , th u s  sav in g  th e  larg e  ex p ense  o f  d ry in g  it.

It h as b een  estim ated  th at o n an av erag e  o n e  

p o u n d o f co a l is eq u a l, fo r s team -m ak in g p u r­

p o ses , to  2  lb s. d ry  p ea t, 2 (4 to  2 %  lb s. d ry  w o o d , 

2 ^4 to 3 lb s . d ried tanb ark , 2 ^ to 3 lb s . su n -  

d ried  b agasse , 2 %  to  3 lb s . co tto n s talk s , 3  '- i 

3 ^  lb s . w h eat o r b arley s traw , 5 to 6 lb s . w et 

b ag asse , an d  6  to  8  p o u n ds  w et tan -b ark .

N atu ra l g as v aries in q u a lity , b u t is u su a lly  

w o rth  2 to  2 ^  tim es  th e  sam e weight o f  co a l, o r  

ab o u t 3 0 ,0 0 0  cu b ic  feet are  eq u a l to  a  to n  o f  co al.

TEMPERATURE OF FIRE.

B y referen ce to th e tab le o f co m b u stib les , it 

w ill b e seen  th at th e tem p era tu re o f th e fire is  

n early th e sam e fo r a ll k in ds o f co m b u stib les , 

u n d er s im ila r co n ditio ns . If th e tem p eratu re  is  

k n o w n , th e  co n d itio n s o f co m b u stio n  m ay  b e  in ­

fe rred . T h e fo llo w in g tab le , fro m  M . P o u ille t, 

w ill en ab le  th e tem p era tu re to b e  ju d g ed  b y  th e  

ap p earan ce  o f  th e  fire  :

T em p . F ah .jj A p p earan ce .A p p earan ce .

R ed , ju s t v is ib le  .
“ d u ll .............
“ C h erry , d u ll
“  “  fu ll..
“  “  c lea r

T em p . F all.

9 7 7  
1 2 9 0  

1 4 7 °  
1 6 5 0  

1 8 3 °

O ran g e , d eep ..
“ c lear.

W h ite  h ea t ..
“ b rig h t ..
“ d azz lin g

2 0 1 0

2 1 9 0

2 3 7 0

2 5 5 0

2 7 3 0

T o d e te rm in e tem p eratu re b y fu sio n o f m et­

a ls , e tc .—

T allo w . .... 
S p erm ace ti . 
W ax , w h ite . 
S u lp h u r .... 

T in ..............

S u b ­
s tan ce.

T em p .  
F ah .

M etal.
T em p . 

F ah .
M eta l.

T em p . 
F ah .

Q 2 ° B ism u th . . 5 1 8 S ilv er, p u re ... 1 8 3 0

1 2 0 L ead ........ 6 3 0 G old  C o in  .... 2 1 5 6

T 5 4 Z in c ....... 7 9 3 Iro n  C ast, m ed 2 0 1 0

2 3 9 A n tim o n y 8 1 0 S teel ................. 2 5 5 0

4 5 5 B rass ... 1 6 5 0 W ro u g h t Iro n 2 9 1 0

5 5



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

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.
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Section of

832 Horse Power Babcock & Wilcox Boilers 

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

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.

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 placed 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,
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Pittsburgh, Pa., and elsewhere, these boilers are 

fired with the waste gases of the blast furnaces 
with marked success. The combustion of the 

gas is perfect; the boilers develop mach more 
than their rated capacity ; and the dust contained 
in the gas has given no trouble. The manager of 

the Lucy Furnace says :

‘They are very free steamers, easily cleaned, 

and will do a given amount of work on very much 
less gas than our cylinder or two-flue boilers. 

They have cost nothing for repairs.”

WEIGHT AND VOLUME OF AIR.

A cubic foot of air at 6o° and under average 
atmospheric pressure, at sea level, weighs 536 

grains, and 13.06 cubic feet weigh one pound. 
Air expands or contracts an equal amount with 
each degree of variation in temperature. Its 

weight and volume at any temperature under 30 

inches of barcfmeter may be found within less 

than one-half of one per cent, by the following 
formula, in which W = weight in pounds of one 

cubic foot, V — volume in cubic feet, per pound,

Babcock & Wilcox Boilers over Puddling Furnace.

In rolling mills doing the heaviest and most 

irregular kind of work, the success of these boil­
ers has been equally encouraging, and, in a 
number of the Bessemer Steel Works, they are 
supplying steam to reversing engines rolling steel 
ingots in two high trains, while several large 
plants supply power for rolling rods, bar iron, 

rails and beams, and drawing wire. The names 

of many extensive Iron and Steel Works, in 

some of which large plants have been in use for 

years, will be found in the list of references. 

and t absolute temperature, or 460° added 
to that by the thermometer, — t + 460.

w-^°- v=-T-
r 40

For any condition of pressure and temperature 
the following formulas are very nearly exact:

W 2.71^. . V--T- ' . .t 2.71 V/> — 460
7 2.71/ 1

in which p is pressure above absolute vacuum. 

The same formulæ answer for any other gas by 
( hanging the co-efficient.



Babcock &  Wilcox Boilers, 832 H. P., a t Lucy Furnace, Pittsburgh, Pa. Erected 1883. Fired with  waste gases from  blast furnaces.
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HORSE-POWER OF BOILERS.

S trictly speak ing , there is no such th ing as  

“  horse-pow er  ” to  a steam  bo iler ; it is a  m eas ­

ure app licab le on ly  to dynam ic effect. B ut as  

bo ilers are  necessary  to  drive  steam -eng ines, the  

sam e  m easure  app lied  to  steam -eng ines has  com e  

to  be un iversally  app lied  to  the bo iler, and  can ­

no t w ell be d iscarded . In consequence, how ­

ever, of  the  d ifferen t quan tity  of  steam  necessary  

to  produce  a  horse-pow er, w ith  d ifferen t eng ines, 

there  has been  great need of an  accep ted stand ­

ard  by w hich the am oun t of bo iler requ ired to  

prov ide  steam  fo r a  com m ercia l horse-pow er m ay  

be determ ined .

T his standard , as fixed  by  W att, w as one  cub ic  

foo t of w ater evaporated  per hour from  212 0 fo r 

each horse-pow er. T his w as, at tha t tim e, the  

requ irem en t of the  best eng ine in use . A t the  

presen t tim e, P rof. T hurston estim ates, tha t the  

w ater requ ired per hour, per horse-pow er, in  

good  eng ines, is equal to  the  constan t 200 , d iv id ­

ed  by  the  square  roo t of  the  pressu re, and  tha t in  

the best eng ines th is constan t is as low  as 150 . 

T his w ould  g ive  fo r good  eng ines, w ork ing w ith  

64 lb s. pressu re, 25 lb s. w ater, and fo r the best 

eng ines w ork ing  w ith 100  lb s., on ly 15 lb s. w ater 

per hourly  horse-pow er.

T he ex tensive series of experim en ts, m ade  

under the  d irection  of  C . E . E m ery , M . E ., at the  

N ovelty W orks, in 1866-8 , and pub lished by  

P rofesso r T row bridge, show , tha t at ord inary  

pressu res, and w ith good  proportions, non-con ­

densing  eng ines of  from  20  to  300 H . P ., requ ired  

on ly  from  25 to 30 lb s. w ater per hourly horse ­

pow er, in  regu lar practice .

T he  standard , therefo re , adop ted  by  the  judges  

at the la te C entenn ial E xhib ition , of 30 lb s. 

w ater per hour, evaporated , at 70 lb s. pressure , 

from  ioo°, fo r each  horse-pow er, is a  fa ir one  fo r 

bo th bo ilers and eng ines, and has been favor­

ab ly  received  by  the  A m . S oc. of  M eeh . E ngineers  

and  by  steam  users, bu t as the  sam e  bo iler  m ay  

be  m ade  to  do  m ore  or  less  w ork  w ith  less  or  great­

er  econom y, it shou ld be also  requ ired tha t the  

ra ting of a bo iler be based on the am oun t of  

w ater it w ill evaporate at a  h igh  econom ical ra te .

F or purposes of econom y  

the  am oun t  of  heating  su rface  

shou ld  never  be  less  than  one, 

and  genera lly  no t m ore than  

tw o , square fee t, fo r each  

5 ,000  B ritish  therm al un its  to  

be  abso rbed  per  hour, though  

th is depends som ew hat on  

thoeharacter and location of  

. such su rface . T he range  

g iven  above  is believed  to  be

su ffic ien t to  allow  fo r the d ifferen t cond itions in  

practice , though  a  far greater range is frequen tly  

em ployed . A s, fo r in stance , in to rpedo boats, 

w here every th ing is sacrificed to ligh tness and  

pow er, the  heating  su rface is som etim es m ade  to  

abso rb  12 ,000  to 15 ,000  B . T . U . per square foo t 

per hour, w hile in som e m ills , w here the pro ­

prie to r  and  h is adv isers have  gone  on the princi­

p le  tha t ‘ ‘ too  m uch  is  ju st  enough ,  ’ ’ a  square  foo t 

is on ly  requ ired  to abso rb  1 ,000  un its or less per  

hour. N either ex trem e  is  good  econom y.

S quare  fee t of  heating  su rface  is no  criterion  as  

betw een d ifferen t sty les of bo ilers  —  a square  

foo t under som e  circum stances being  m any  tim es  

as effic ien t as in o thers  ; bu t w hen an  average  

ra te  of evaporation  per square  foo t fo r  any  g iven  

bo iler has been  fixed  upon by  experim en t, there  

is no  m ore  conven ien t w ay  of  ra ting  the  pow er of  

o thers  of the sam e sty le . T he fo llow ing tab le  

g ives an  approx im ate  lis t of square  fee t of heat­

ing  su rface  per H . P . in  d ifferen t  sty les of  bo ilers  ; 

and  various  o ther data  fo r com parison  :

W ater-tube ..........
T ubu lar ...............

F lue .......................

P lain C ylinder .. 

L ocom otive .........

V ertical T ubu lar.

T ype of B oiler.
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xo  to  12 •3 1 .00 1 .00

14  to  18 •25 •91 •50
8 to  12 •4 •79 •25
6  to  10 •5 .69 .20

12 to  16 •275 ■85 •55
15 to  20 •25 .80 .60

Isherw ood .

P rof. T row ­

bridge.

A  horse-pow er in a steam -eng ine or o ther  

prim e  m over, is 550  lb s. ra ised  1 foo t per second , 

or 33 ,000  lb s. i foo t per m inu te .

HORSE-POWER OF DIFFERENT NATIONS.

M ost nations have a  standard  fo r pow er sim i­

la r to , and  genera lly  derived  from  W att’s “ horse ­

pow er,” bu t ow ing to d ifferen t standards of  

w eigh ts and  m easures, these are no t iden tica l, 

though the greatest d ifferences am oun t to less  

than per cen t. T he  fo llow ing  tab le  g ives the  

standard horse-pow er fo r each nation , in kilo­

grammetres per second, and  in  foot-pounds per 

second, expressed in the foo t and pound stand ­

ard in each coun try :

TABLE OF STANDARD HORSE-POWER FOR DIFFERENT NATIONS.

C o u n t r y .
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m JO. 

fa

F rance  and  I

B aden ... j

S axony .............

W ortem berg  ., 

P russia ...........

H anover .........

E ngland .. ..

I A ustria ...........

75

75-045

75-2 4°

75-32 5  
75-36 i  
76 .041  

76 .119

500

500 .30  

501-36  
502 ,17

502 .41  

506 .94  

507-46

529 .68

530.

531 .12  
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52I-5 8 477-93 513-53 542 -47

523-89 478 .22 5 ’3-84 542 -8 o

525 . 470 .23 5I4 -92 543-05
525.85 480 . 5I5 -75 544-8 2
526 .10 480 .23 516 . 545 '°S
530 .84 484-56 520 .65 550 .

531-39 485 .06 521 .19 550-57
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423 .68

423-93  

424-83  

425-5 I 

425-7 2  

429-56
430.
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CHIMNEYS.A

C h im n e y s  a r e  r e q u i r e d  f o r  tw o  p u r ­

p o s e s —  i s t , t o  c a r r y  o f f  o b n o x io u s  g a s ­

e s ; 2 d , t o  p r o d u c e  a  d r a u g h t , a n d  s o  

f a c i l i t a te c o m b u s t io n . T h e f i r s t r e ­

q u i r e s  s i z e , t h e  s e c o n d  h e ig h t .

E a c h  p o u n d  o f c o a l b u r n e d  y ie ld s  

f r o m  1 3  t o  3 0  p o u n d s  o f  g a s , t h e  v o l ­

u m e  o f  w h ic h  v a r i e s  w i th  t h e  t e m p e r ­

a tu r e .

c h im n e y  i n  a  g iv e n  t im e  d e p e n d s  u p o n  

t h r e e  t h in g s  — s i z e  o f  c h im n e y ,  v e lo c i ty  

o f  f l o w , a n d  d e n s i ty  o f  g a s . B u t a s  

t h e  d e n s i ty  d e c r e a s e s  d i r e c t ly  a s  t h e  a b ­

s o lu t e  t e m p e r a tu r e , w h i l e  t h e  v e lo c i ty  

i n c r e a s e s , w i th  a  g iv e n  h e ig h t ,  n e a r ly  a s  

t h e  s q u a r e  r o o t o f  t h e  t e m p e r a tu r e , i t  

f o l l o w s  t h a t t h e r e  i s  a  t e m p e r a tu r e  a t  

w h ic h  t h e  w e ig h t o f  g a s  d e l iv e r e d  i s  

a  m a x im u m . T h i s  i s  a b o u t  5 5 0 °  a b o v e  

t h e s u r r o u n d in g  a i r . T e m p e r a tu r e ,  

h o w e v e r , m a k e s s o l i t t l e d i f f e r e n c e ,  

t h a t  a t  5 5 0 °  a b o v e , t h e  q u a n t i t y  i s  only 

four per cent, g r e a t e r t h a n  a t 3 O O ° -  

T h e r e f o r e , h e ig h t  a n d  a r e a  a r e  t h e  o n ly  

e l e m e n t s  n e c e s s a r y  t o  c o n s id e r i n  a n  

o r d in a r y  c h im n e y .

T h e  i n t e n s i t y  o f d r a u g h t i s , h o w ­

e v e r , i n d e p e n d e n t  o f  t h e  s i z e , a n d  d e ­

p e n d s  u p o n  t h e  d i f f e r e n c e  i n  w e ig h t o f  

t h e  o u t s id e  a n d  i n s id e  c o lu m n s  o f  a i r ,  

w h ic h  v a r i e s  n e a r ly  a s  t h e  p r o d u c t  o f  

t h e  h e ig h t i n to  t h e  d i f f e r e n c e  o f  t e m ­

p e r a tu r e . T h i s  i s  u s u a l ly  s t a t e d  i n  a n  

e q u iv a l e n t c o lu m n  o f  w a te r , a n d  m a y  

v a r y  f r o m  0  t o  p o s s ib ly  2  i n c h e s .

A f te r  a  h e ig h t h a s  b e e n  r e a c h e d  t o  

p r o d u c e  d r a u g h t  o f  s u f f i c i e n t i n t e n s i t y  

t o  b u r n  f i n e , h a r d  c o a l , p r o v id e d  t h e  

a r e a  o f  t h e  c h im n e y  i s  l a r g e  e n o u g h ,  

t h e r e  s e e m s  n o  g o o d  m e c h a n ic a l  r e a s o n  

f o r  a d d in g  f u r th e r  t o  t h e  h e ig h t , w h a t ­

e v e r  t h e  s i z e  o f  t h e  c h im n e y  r e q u i r ­

e d . W h e r e  c o s t  i s  n o  c o n s id e r a t i o n  

t h e r e  i s  n o  o b je c t io n  t o  b u i ld in g  a s  

h ig h a s o n e  p le a s e s  ; b u t f o r t h e  

p u r e ly  u t i l i t a r i a n  p u r p o s e  o f  s t e a m  

m a k in g  e q u a l ly  g o o d  r e s u l t s , m ig h t  

b e  a t t a in e d  w i th  a  s h o r t e r  c h im n e y  

a t  m u c h  l e s s  c o s t .

T h e  i n t e n s i t y  o f  d r a f t  r e q u i r e d  v a ­

r i e s  w i th  t h e  k in d  a n d  c o n d i t i o n  o f  

t h e  f u e l , a n d  t h e  t h i c k n e s s  o f  t h e  

f i r e s . W o o d  r e q u i r e s  t h e  l e a s t , a n d  

f i n e , c o a l o r s l a c k  t h e  m o s t . T o  

b u r n  a n th r a c i te  s l a c k  t o  a d v a n ta g e ,  

a  d r a u g h t  o f  1  %  i n c h  o f  w a te r  i s  n e c ­

e s s a r y ,  w h ic h  c a n  b e  a t t a in e d  b y  a  w e l l -  

p r o p o r t io n e d  c h im n e y  1 7 5  f e e t  h ig h .

G e n e r a l ly  a  m u c h  l e s s  h e ig h t t h a n  

1 0 0  f e e t c a n  n o t  b e  r e c o m m e n d e d  f o r  a  

b o i l e r , a s  t h e  l o w e r  g r a d e s  o f  f u e l  c a n ­

n o t  b e  b u r n e d  a s  t h e y  s h o u ld  b e  w i th  

a  s h o r t e r  c h im n e y .

A  r o u n d c h im n e y i s b e t t e r t h a n  

s q u a r e ,  a n d  a  s t r a ig h t  f l u e  b e t t e r  t h a n  a  

t a p e r in g ,  t h o u g h  i t  m a y  b e  e i th e r  l a r g e r  

o r  s m a l l e r  a t  t o p  w i th o u t  d e t r im e n t .

T h e  e f f e c t iv e  a r e a  o f  a  c h im n e y  f o r  

a  g iv e n  p o w e r , v a r i e s  i n v e r s e ly  a s  t h e  

s q u a r e  r o o t  o f  t h e  h e ig h t . T h e  a c tu a l  

a r e a , i n p r a c t i c e , s h o u ld  b e  g r e a t e r ,  

b e c a u s e  o f  r e t a r d a t io n  o f  v e lo c i ty  d u e  

t o  f r i c t i o n  a g a in s t t h e  w a l ls . O n  t h e  

b a s i s  t h a t  t h i s  i s  e q u a l  t o  a  l a y e r  o f  a i r  

tw o  i n c h e s  t h i c k  o v e r  t h e  w h o le  i n t e ­

r i o r s u r f a c e , a n d t h a t a c o m m e r c i a l  

h o r s e - p o w e r  r e q u i r e s  t h e  c o n s u m p t io n  

o n  a n  a v e r a g e  o f  5  p o u n d s  o f  c o a l  p e r  

h o u r , w e  h a v e  t h e  f o l l o w in g  f o r m u la e  :

( U  H  . ,  - r -
°  A    A  . A  1

i8

3 3  E  ; /  h .

S  = 1 2  p  E ~ r 4  • 

D 1 3 .5 4  1 /E 4 - 4  

/  0 .3  H z 2

ÖÜ N 0AT I <DN 
jkuane.—TZ,_x. -K;

2

3

4

• 5

I n  w h ic h  H h o r s e - p o w e r  ; h h e ig h t  

o f  c h im n e y  i n  f e e t ; E e f f e c t iv e  a r e a ,  

a n d  A a c tu a l  a r e a  i n  s q u a r e  f e e t ; S  

s id e  o f  s q u a r e  c h im n e y , a n ß  D  —  d ia .  

o f  r o u n d  c h im n e y  i n  i n c h e s . T h e  t a b l e  

0 1 1  p a g e i s  c a l c u l a t e d  b y  m e a n s  o f  

t h e s e  f o r m u la e .

To find the draft o f  a  g iv e n  c h im n e y  

i n  i n c h e s  o f  w a te r  : Divide 7.6 by the 

absolute temperature of the external 

air ( r a —  /  +  460}; divide 7.9 by the 

absolute temperature of the gases in 

the chimney ( " e  — t' r 460); subtract 

the latter from the former, and multi­

ply the remainder by the height of 

the chimney in feet. I  h i s r u l e , e x ­

p r e s s e d  i n  a  f o r m u la , w o u ld  b e  :

7 - 6 _

To find the height of a chimney, t o  

g iv e  a  s p e c i f i c  d r a f t  p o w e r ,e x p r e s s ­

e d  i n  i n c h e s  o f  w a te r  : Proceed as 

above, through the first tzvo steps,
r1—STONÉ-

p': . c o n c r et e ■ . (hen divide the given draft pozuer



by the remainder, the result is the height in feet. 

Or, by formula :

a6-'.9)

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 6o°.
To 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

II 50 100 150 200 250 300 3Ö0 400

and the external air 62°: Multiply the 

height above grate in feet by .007, 

and the product is the draft power in 

inches of water.

The above diagram shows the draft, in 

inches, of water for a chimney 100 feet 

high, under different temperatures, from 

50° to 8oo° above external atmosphere, 

which is assumed at 6o°. The vertical 

scale is full size, and each division is 

of an inch. It also shows the relative 
quantity, in pounds of air, which would 

he delivered, in the same time, by a 

chimney under the same differences of

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

area in square 

feet, and by 
the square root 

of the height 

in feet. This 
gives a maxi­

mum. Fric­
tion in flues000 050 700 750 800

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 
other structure. The “batter” or taper of 

a chimney should be from fg to inch to 

the foot on each side.

Thickness of brick work: one brick (8 

or 9 inches) for 25 ft. from the top, increas­

ing brick (4 or 4^ inches) for each 25 

ft. from the top downwards.

If the inside diameter exceed 5 ft. the 

top length should be 1 bricks, and if un­

der 3 ft. it may be % brick for ten feet.
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SIZES OF CHIMNEYS WITH APPROPRIATE HORSE-POWER BOILERS.UTSRQPONMLKJIHGFEDCBA

The following table has been computed by means of the formulæ on page 60, and will be found 

useful for ready reference

He ig h t  o f  Ch im n e y s .

5° ft
:|öoftjyoft| 80 ft.J 90 ft.I :TOO

Commercial Horse-Power.

18
21

24
27 

3°
33 
36

39
42

48
54 
60
66
72 

78 
84 
9° 
96

35
49
65
84

25
38
54
72
92

141

27

41
58
78

t25 
152 
183 
216

62 

83
107 

133 
163 
196
231 

3”  
363 
5°5

”3

208

245 
33°
427
539 
658

792

182
219
258

348
449
565
694
835
995

1163

’344
’537

36S
472
593
728
876

1038

1415 
i6 t 6

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. 

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. 

stacks require to be kept 

painted to prevent rust, and 

generally, where not bolted 

down, as here shown, they 

need to be braced by rods 

or wires to surrounding objects. With four such 

braces attached to an 

angle iron ring at %  

the height of stack, and 

spreading laterally at 

least an equal distance, 

each brace should have 

an  area  in square inches 

equal to 1-1000 the ex­

posed area of stack 

(dia. X height) in feet.

389
503
632
776

934
1107

1294
1496
X720

444 8-ins de-dia.^t-

3

gon, and 28 for a round chim­

ney. Thus a square chimney

748 
918

1105 
1310

1531 
i77o 
2027

551
692

849
1023
1212
1418
1639
1876
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o-97 z.77 16

i-47 2.41
2.08 3-M 22
2.78 3-98 24
3-58 4.91 27

447 5-94 30
5-47 7.07 32

6-57 8.30 35
7.76 9.62 38

io-44 12.57 43

I.3-5I >5-9° 48
16.98 19.64 54
20.83 23-76 59
25.08 28.27 64

29-73 33 18 7°
34-76 38.48 75
40.19 44-18 80
46.01 50-27 86

Iron 

well

St a b il i t y , 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

C^- = IV, 
b

in which d — the average 

breadth of the shaft, h = its

height; b = the 

breadth of base; all in 

feet; W — weight of 

chimney in lbs., and 

C= a co-efficient of 

wind pressure per 

square foot of  a. This 

varies with the cross­

section of the chim­

ney, and = 56 for a 

square,35 for an octo­

Holding down Bolts and Lugs, of average breadth of <8 ft., 10

Pencoyd Iron Works. ’----- -------- 1------ —-feet wide at base and 100 feet 

high, would require to weigh 

56 X 8 X 100 X 10 —  448,000 

lbs. to withstand any gale 

likely to be experienced. 

Brick work weighs from 100  to 

130 lbs. per cubic foot, 

hence such a chimney 

must average 13 inches 

thick to be safe. Around 

stack could weigh half as 

much, or have less base.

170 i lide dia.f
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INCRUSTATION AND SCALE.A

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,- 
000 lbs. water in ten hours, or 390 tons 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 lbs.

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 substances in 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 i’g- inch of scale causes a loss of 13 per 
cent, of fuel, | inch 38 per cent., and | inch 60 
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 gen­
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 X lb. 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.



New York Steam Company’s Station B, completed. Containing 16000 H. P. of Babcock d Wilcox Boilers.



HEATING FROM CENTRAL STATIONS.

It has been thoroughly demonstrated, by 

practice, that a number of buildings may be 
heated from a single central plant, instead of its 

being necessary to place a boiler in each. This 

is a simple problem where the buildings form a 

group, as at Columbia College, in New York 

city, Cornell University, Ithaca, N. ¥., Vander­
bilt University, Nashville, Tenn., the Indiana 
State Asylums for the Insane, and many other 

similar institutions, where a single plant of 

thus supplied regularly with steam, at reduced 
cost to them, and at a profit to the producer. 

This company have, at present, three stations in 
operation, one of which is doubtless the largest 
single plant of stationary boilers in the world, 
—12,000 II. P., under one roof,— supplying 

steam through seventeen miles of pipe, laid 

in the streets.

In a work of this magnitude it becomes abso­
lutely imperative that the boilers which furnish 
the steam should be of such a construction as to

Babcock & Wilcox Boilers supply heat and power 
to a number of detached buildings. It has also 

been attempted in a number of places to carry 

steam, as gas and water are supplied. Though 

a number of these attempts have been failures, 

the experience of the New York Steam Co., the 
most extensive of such plants yet constructed, 

has fully demonstrated that it is possible to thus 

carry steam for miles, with no serious losses, and 

that private houses and business places may be 

give the greatest amount of useful effect for the 

coal burnt, and at the same time be able to run 

continuously, with a minimum amount of stop­

page for repairs; and, above all, they should be 

so constructed as to be safe against destructive 

explosion. The ability to furnish dry steam is 

also a very important point, where it is intended 

to carry it through so many miles of pipe before 

it is finally used up. The boiler adopted was the 

Babcock & Wilcox Water-tube Boiler.



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.



HEATING BY STEAM.

In heating buildings by steam, the amount of 
boiler and heating pipe depends largely on the 
kind of building and its location. Wooden build­

ings require more than stone, and stone more 

than brick. Iron fronts require still more, 
and glass in windows demands twenty times as 
much heat as the same surface in brick walls. 
Also if the heating be done by indirect radiation 

from 50 to 100 per cent, more will be required 
than when direct radiation is used. No rules can 

be given which will not require a liberal applica­

tion of “the coefficient of common sense.”

Radiating surface may be calculated by the 

rule: Add together the square feet of glass in 
the windows, the number of cubic feet of air 

tity of the air caused to pass through the coil in­

creases. Thus one square foot radiating surface, 
with steam at 2120, has been found to heat 100 
cubic feet of air per hour from zero to 150°, or 

300 cubic feet from zero to ioo° in the same time.

The best results are attained by using indirect 
radiation to supply the necessary ventilation, 

and direct radiation for the balance of the heat. 

The best place for a radiator in a room is beneath 

a window. Heated air cannot be made to enter 
a room unless means are provided for permitting 

an equal amount to escape. The best place for 

such exit openings is near the floor.

Small pipes are more effective than large. 
When the diameter is doubled, 20 per cent, addi­

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 to be changed per minute, and one­

twentieth the surface of external wall and roof; 

multiply this sum by the difference between the 

required temperature of the room and that of 

the external air at its lowest point, and divide 

the product by the difference in temperature 
between the steam in the pipes and the required 

temperature of the room. The quotient is the 
required radiating surface in square feet. Each 
square foot of radiating surface may be depended 
upon in average practice to give out three heat 
units per hour for each degree of difference in 

temperature between the steam inside and the 
air outside, the range under different conditions 

being about 50 per cent, above or below that 
figure. In indirect heating, the efficiency of 

the radiating surface will increase, and the tern 

perature of the air will diminish, when the quqn- 

times the diameter, 30 per cent, additional is 
required. For indirect radiation that surface is 

most efficient which secures the most intimate 
contact of the current of air with the heated sur­

face. Rooms on windward side of house require 
more radiating surface than those on sheltered 

side.
Where the condensed water is returned to the 

boiler, or where low pressure of steam is used, 
the Diameter of Mains leading from the boiler to 
the radiating surface should be equal, in inches, 

to one-tenth the square root of the radiating sur­

face, mains included, in square feet. Thus a 

i-inch pipe will supply 100 square feet of surface, 

itself included. Return pipes should be at least 

% inches in diameter, and never less than one- 

half the diameter of the main — longer returns 

requiring larger pipe. A thorough drainage of
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steam pipes will effectually prevent all cracking 

and pounding noises therein.
The amount of air required for ventilation is 

from 4 to 16 cubic feet per minute for each per­
son, the larger amount being for prisons and hos­

pitals. From to i cubic foot per minute 
should be allowed for each lamp or gas burner 

employed.
One square foot of Boiler Surface will supply 

from 7 to io square feet of radiating surface, de­
pending upon the size of boiler and the efficiency 
of its surface, as well as that of the radiating 
surface. Small boilers for house use should be 

by means of pipes placed overhead, is being 

largely adopted, and is recommended by the 

Boston Manufacturers’ Mutual Fire Ins. Co. in 
preference to radiators near the floor, particular­

ly for rooms in which there are shafting and 

belting to circulate the air.
In heating buildings care should be taken to 

supply the necessary moisture to keep the air 
from becoming “ dry ” and uncomfortable. The 
capacity of air for moisture rises rapidly as it is 

heated, it being four times as great at 720 as at 
320. For comfort, air should be kept at about 

“50 per cent, saturated.” This would require

Babcock & Wilcox Boiler, 35 H. P., Public School Building, Plainfield, N.J. Erected 1883.

much larger proportionately than large plants. 
Each Horse-power of Boiler will supply from 240 

to 360 feet of i-inch steam pipe, or 80 to 120 

square feet of radiating surface.

Cubic feet of space has little to do with amount 
of steam or surface required, but is a convenient 

factor for rough calculations. Under ordinary 
conditions one horse-power will heat, approx­

imately, in

Brick dwellings, in blocks, as in cities
“ stores “ “
“ dwellings, exposed all round
" mills, shops, factories, etc.

Wooden dwellings, exposed,
Foundries and wooden shops, , . ( u
Exhibition buildings, largely glass, etc. 4,000 “ 15,000

The system of heating mills and manufactories 

15,000 to 20,000 cub. ft.

one pound of vapor to be added to each 2500 

cubic feet heated from 320 to 70°.
A much needed attachment has recently been 

introduced, which acts automatically upon the 
steam valves of the radiators, or upon the hotair 

registers and ventilators, and maintains the tem­
perature in a room to within one-half a degree 

of any standard desire.
A “separator” acting by centrifugal force has 

been recently tested, and is very efficient, in 

trapping out all the water entrained in steam. 

It will be found valuable, particularly where the 

steam has to be carried a long distance from the 

boiler, and for the purpose of preventing “ham­

mering” of water in the pipes.





HEATING LIQUIDS AND BOILING BY STEAM.

(<?). Efficiency of surface, where all the air is 

expelled. For vertical surface, each square 

foot will transmit 230 heat units per hour, for 
each degree of difference in the temperature 

of the two sides. For horizontal and inclined 

surface, each square foot will transmit 330 heat 
units per hour for each degree of difference in 

temperature between the two sides.
(&'). Steam required. Each 966 heat units 

will require the condensation of one pound of 

steam at 2120, or 1,000 units at 75 lbs. pressure.

Babcock <S> Wilcox Boilers in Ponce de Leon Hotel, St. Augustine, Fla.

The philosophy of drying or evaporating moist­

ure by heated air rests upon the fact that the ca­

pacity of air for moisture is rapidly increased by 

rise in temperature. If air at 520 is heated to 720, 

its capacity for moisture is doubled, and is four 

times what it was at 320. The following table 

gives the weight of a saturated mixture of air and 

aqueous vapor at different temperatures up to 

1600 —the practical limit of heating air by steam, 

together with the weight of vapor, in pounds and 
per centage, and total heat, the portion contained 

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
phere is seldom satu­
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
above downwards.

Each pound of steam condensed will evaporate 

one pound of water (nearly) from the tempera­
ture of evaporation. Each horse-power of boil­

er will heat 30,000 lbs. water i° per hour, or 

evaporate 30 lbs. water in the same time.

1
SATURATED MIXTURES OF AIR AND AQUEOUS VAPOR.

DRYING BY STEAM.

There are three modes of drying by steam, 

ist. By bringing wet substances in direct con­

tact with steam-heated surfaces, as by passing 

cloth or paper over steam-heated cylinders, or 

clamping veneers between steam-heated plates. 

2. By radiated heat from steam pipes, as in 
some lumber kilns, and laundry drying rooms. 
3d. By causing steam-heated air to pass over 

wet surfaces, as in glue works, etc.
The second is rarely used except in combina­

tion with the third. The first is the most eco­

nomical, the second less so, and the third least. 
Under favorable circumstances, it may be esti­

mated that one horse-power of steam will evap­

orate 24 pounds water by the first method, 20 by 

the second, and 15 by the third.
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6.41 
7-46 
8-55
9.90

11.44 

I3-I4

’7-33
19.88
23.47

42.8

59-8
77-7
97-6

118.3
140.1 

164-9
189.7
221.6 

253-6
289.7 

33° •2 
373-4
422.0

474-7
533-9 
599-1
672.4

750-5
839-4 
936-7

1042.7 
ii60.6
1288.4
1427.4
1638.7

86.69 

76-59
68.98
66.29
64.58 

64-31
64-76
66.21
66.74
68.02
69.66
71.19
72.87 

74-58 
76.22
77.88

79-52
81.14
82.62
84.13

85.57
86.89
88.18 

89-39 
90-53 
91-93

234-4 
192.2 
158.9 

i3°-4
108.5
91.6 
76.4 
66.0

55-o 
45-6 
38-4 
32-5 
27.6 

23-5
2C.O
17.I 
14.6 
12.6

9.1

7-7 
6.6 

5-6 
4-8

3-3

723
599
505
427
363
308
263
224
192

163
140 
118
102

87
74
63
53
43



Batcock & Wilcox Boilers at the New York Produce Exchange, 624 H.P., erected February 1st, 1884.
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FLOW OF STEAM THROUGH PIPES.PONMLKJIHGFEDCBA

T he app rox im ate w eigh t of any flu id w hich  

w ill flow  in one m inu te th rough any  g iven p ipe  

w ith  a g iven  head or pressu re  m ay  be found  by  

the  fo llow ing  fo rm u la : 

W —  300 /i

/^  (A  -  A ) d’-

in w hich //z=  w eigh t in pounds avo irdupo is , 

d — d iam eter in inches, D — density or w eigh t 

per  cub ic  foo t ; pr the  in itial  pressure , p.> pressu re  

at end  of p ipe , and  L — the  leng th  in  fee t.

T he fo llow ing tab le g ives, app rox im ate ly , the  

w eigh t of  steam  per m inu te w hich  w ill flow  from  

various in itia l pressu res, w ith  one  pound  lo ss of  

pressu re th rough stra igh t sm oo th p ipes, each  

hav ing  a  leng th  of 240  tim es its ow n  d iam eter.

F or sizes of  p ipe  below  6-inch , the flow  is cal­

cu la ted from the actual areas of “ standard ”  

p ipe  of  such  nom inal d iam eters .

T he  resistance at an elbow  is equal to %  tha t 

of a g lobe valve . T hese  equ iva len ts— fo r open ­

ing , fo r elbow s, and  fo r valves,—  m ust be  added  

in each in stance to the actua l leng th of p ipe . 

T hus a 4-in . p ipe , 120 d iam eters (40 fee t) long , 

w ith  a g lobe  valve and th ree elbow s, w ould  be  

equ iva len t to 120 +  60 +  60  +  (3 X  40) =  360  

d iam eters  long  ; and  360  -s- 240  = It w ould  

therefo re have lb s . lo ss of pressu re at the  

flow g iven in the tab le , or deliver (1 -s- -j/ i^  

=  .816 ), 81 .6  per cen t, of  the  steam  w ith  the  sam e  

(1 lb .) lo ss of  pressu re .

FLOW OF STEAM FROM A GIVEN ORIFICE.

S team  of any pressu re flow ing th rough an  

open ing  in to  any  o ther pressu re, less than th ree - 

fifth s of the in itia l, has prac tica lly a constan t 

veloc ity , 888 fee t per second , or a  little over ten  

m iles per m inu te ; hence  the  am oun t d ischarged  

in  pounds is proportionate  to  the  w eigh t or dens ­

ity of the steam . T o ascerta in the pounds,

c D iam eter of P ipe  in  inches. L eng th  of each 240  d iam eters .

TABLE OF FLOW OF STEAM THROUGH PIPES.

tue cr
□  V )

u . % 2 3 4 . 5 6 8
’°

12
'5 ■8

In
it

i

b
y

 

lb
s

. 
p

W eigh t of S team  per m inu te  in  pound s, w ith  one  pound  lo ss  of pressu re .

1 1 .16 2 .07 5-7 10 .27 T5-45 25-38 46-85 77-3 115-9 211 .4 341 -i 502 .4 804 1177

10 1  -44 2 -57 7-1 12 .72 19 .15 3 T -45 58-05 95 8 143 .6 262 .0 422-7 622 .5 996 1458

20 1 .70 3-02 8 .3 14 .94 22 .49 36 -94 68 .20 112 .6 168.7 307 .8 496-5 731-3 117 0 1713

30 i.91 3-4° 9-4 16 .84 25-35 41-63 76 .84 126 .9 190 .1 30  8 559 -5 824 . i 1318 193 0

40 2 .10 3-74 i" . > 18 .51 27 .87 45-77 84-49 139-5 209 .0 38i -3 615-3 906.0 ’45° 2122

50 2 .27 4-°4 11 .2 2O .O I 30 .13 49 .48 9I -34 150 .8 226.0 412 .2 665 .0 979-5 1567 229 4

60 2-43 4-3 2 II.9 21 .38 32 .19 52-87 97 .60 t 6 i  . i 24I -5 440-5 710.6 1046 .7 1675 245 1

70 2 .57 4-58 12 .6 22 .65 34-1° 56 .0 0 103.37 170 .7 255-8 466 .5 752 -7 1108 .5 1774 259 6

80 2 .71 4 .82 *3-3 23-82 35 .87 58 .91 108.74 179-5 269 .0 490 -7 791 .7 ii66 .i 186 6 273 1

90 2 .83 5 '°4 J3-9 24 .92 37  -5 2 61 .6 2 113-74 187.8 281 .4 513 -3 828 . i 1219 .8 1951 285 6

100 z-95 5-25 14-5 25 .96 39-07 64 .18 118 .47 195-6 293 .1 534-6 862.6 1270 .I 203 2 2975

170 3 .16 5-63 15 .5 27 .85 4I*93 68 .87 I27 .12 209 .9 3 J4 '5 573-7 925 .6 J3^3-3 2181 319 3

150 ........ 3-45 6 .14 17 .0 3°  -37 45 .72 75-°9 138 .61 228 .8 343 -° 625 .5 1009 .2 1486 .5 237 8 3481

F or horse-pow er, m ultip ly the figu res in the  

tab le  by  2 . F or any  o ther lo ss of  pressure , m ul­

tip ly  by  the square roo t of the  g iven lo ss . F or  

any  o ther leng th  of p ipe , divide 240 by the given 

length expressed in diameters, and multiply the 

figures in the table by the square root of this 

quotient, w hich  w ill g ive  the  flow  fo r 1 lb . lo ss  of  

pressu re . C onverse ly  d iv id ing the  g iven  leng th  

by  240  w ill g ive the  lo ss of pressu re fo r the  H ow  

g iven  in the  tab le .

T he lo ss of  head  due  to  getting  up  the  veloc ity , 

to  the  fric tion  of  the  steam  en tering  the  p ipe , and  

passing  elbow s and  valves, w ill reduce the flow  

g iven  in  the  tab les. T he  resistance  at the  open ­

ing , and  tha t at a  g lobe  valve , are  each  abou t the  

sam e as tha t fo ra leng th of p ipe equal to 114  

d iam eters d iv ided  by  a num ber rep resen ted by  

t (3 .6 -i- d iam eter). F or the sizes of p ipes  

g iven  in  the  tab le , these  co rrespond ing  leng ths  are  :

I 1 I I 2 l 2^  I 3 I 4 I 5 I 6 I 8 I 10  I X 2 I 15 I i! 

20  I 25 I 34 I 41 I 47 I 52 I 60  I 66  I 71 I 79 I 84  I 88 i 9 2 I 9^  

avo irdupo is , d ischarged per m inu te , multiply 

the area of opening in inches, by 370 times the 

weight per cubic foot of the steam. (S ee  p . 49 . )

O r the quan tity d ischarged , per m inu te , m ay  

be app rox im ate ly  found by  R ank ine ’s fo rm u la  : 

W — 6  a p -r- 7 in  w hich W— w eigh t  in  pounds,  

a= area , in  square  inches, and  p — abso lu te  press­

ure . T he theo retica l flow  requ ires to be m ul­

tip lied by  > {1 =  0 .93 , fo r a  sho rt p ipe , or 0 .63  fo r a  

th in  open ing , as in  a  p la te , or a  safe ty  valve .

W here the steam  flow s in to  a pressu re m ore  

than the  pressu re  in the  bo iler :

IF —  1 .9  a k 3 / (/>  —  8) b ; in  w hich 8  =  d iffer­

ence  in  pressu re  betw een  the  tw o  sides, in  pounds  

per square  inch , and  a, p and  k as  above .

T o  reduce  to  horse-pow er, m ultip ly  by 2 .

W here  a  g iven  horse-pow er is requ ired  to  flow  

th rough  a  g iven open ing , to  determ ine the nec ­

essary  d ifference  in  pressu re  :

8 =
2

H .P .2 

i4« a k
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Steam at 95 lbs. pressure 
Superheated 9 degrees.

PRIMING OR WET STEAM.

A fault, frequently met with in steam boilers is 

the carrying over of water mechanically mixed 

with the steam, which water not only carries away 

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 2 ft. 6 ins. to 3 ft. per 

second, it carries water 

with it in the form of spray, 

and when a fine spray is 

once formed in steam it 

does not readily settle 

against a rising current of 

very low velocity, as a cur­

rent of i ft. per second will 

carry with it a globule of 

water of an inch in dia.

The common method of determining the per­

centage of moisture 

in steam is described 

in the report of the test 

of Babcock & Wilcox 

boilers at the Raritan 

Woolen Mill, on a

subsequent page. If experiments of this kind 

are not made with great care by experienced 
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 

in such 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 

to evaporate the en­

trained water, has been 

invented, and used with 

excellent results, by 

Geo. H. Barras, M. E.
Steam at 55 lbs. pressure, with 

1.94 per cent, moisture.

Steam at 55 lbs. pressure. 

Boiler Foaming Violently.

Steam at 55 lbs. pressure with 
1.4 per cent, moisture.

Pr o f . J. E. De n t o n  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. Consequently if 

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 will be 

capable of measuring the 

amount of water therein. 

If the jet be strongly white, 

the amount of water may 

be roughly judged up to
about 2 per cent, but beyond this a calorimeter 

only can determine 

the exact amount of 

moisture. The cuts 

on this page were 

made direct by pho- 

Dry Steam at 95 lbs. pressure. 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 dry steam 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.”

*
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M a n y  b o i l e r s  s h o w  a  h i g h  a p p a r e n t e v a p o r a ­

t i o n  i n  c o n s e q u e n c e  o f  f u r n i s h i n g  “ w e t  s t e a m , ”  

w h i l e  p r a c t i c a l l y  t h e y  a r e  a n y th i n g  b u t  e c o n o m i ­

c a l . P a r t i e s  h a v e  b e e n  k n o w n  t o  c l a i m  a n  e v a p ­

o r a t i o n  o f  1 9  t o  2 0  p o u n d s  p e r  p o u n d  o f  c o a l ,  

w h e r e  t h e  h i g h e s t  p r a c t i c a l l y  p o s s i b l e  i s  n o t  o v e r  

1 3 . S u c h  b o i l e r s  a r e  d e a r  a t  a n y  p r i c e .

T h e  c a u s e  o f  p r i m i n g  m a y  b e  e i t h e r  i m p u r e  

w a te r ,  t o o  m u c h  w a t e r ,  o r  i m p r o p e r  p r o p o r t i o n s  

i n  t h e  b o i l e r . W h e n  a  b o i l e r  i s  f o u n d  t o  f o r m  

w e t  s t e a m  w i t h  g o o d  w a te r , c a r r i e d  a t  a  p r o p e r  

h e i g h t ,  i t  i s  a  p r o o f  o f  w r o n g  d e s i g n .

T h e  a m o u n t o f  p r i m i n g  i n  d i f f e r e n t b o i l e r s  

v a r i e s  g r e a t l y ,  a n d  a s  y e t  t h e r e  i s  n o t  s u f f i c i e n t  

d a t a  t o  e s t a b l i s h  a n y  d e f i n i t e  r a t i o  f o r  b o i l e r s  i n  

o r d i n a r y  u s e . T h e  e x p e r i m e n t s  o f  M . H i r n ,  a t  

M u l h o u s e , s h o w e d  a n  a v e r a g e  o f  a t  l e a s t  5  p e r  

c e n t .  ; Z e u n e r s e t s  i t d o w n  a s  a p p r o x i m a te ly  

f r o m  7 %  t o  1 5  p e r  c e n t . ; t h e  c a r e f u l  e x p e r i m e n t s  

a t  t h e  A m e r i c a n  I n s t i t u t e  i n  1 8 7 1  s h o w  i n  c y l i n ­

d r i c a l  t u b u l a r s  7 . 9  p e r  c e n t . , a n d  i n  t h e  t e s t s  a t  

t h e  C e n te n n i a l  E x p o s i t i o n  o n e  b o i l e r  s h o w e d  a s  

h i g h  a s  1 8 . 5 7  p e r  c e n t ,  p r i m i n g .

I n  s i x t e e n  d i f f e r e n t  t e s t s  o f  t h e  d r y n e s s  o f  t h e  

s t e a m  f r o m  B a b c o c k  &  W i lc o x  b o i l e r s  m a d e  b y  

t w e l v e  d i f f e r e n t  e n g i n e e r s ,  t h e  a v e r a g e  m o i s t u r e  

i n  t h e  s t e a m  w a s  o n l y  1 . 1 1 6  p e r  c e n t . T h e  h i g h ­

e s t  w a s  4 . 1 6  p e r  c e n t . , w h i c h  w a s  l e s s  t h a n  t h e  

s a m e  e n g i n e e r  w i t h  t h e  s a m e  a p p a r a t u s  f o u n d  i n  

l a r g e  t w o - f lu e  b o i l e r s , w o r k i n g  v e r y  l i g h t l y .

SUPERHEATED STEAM.

S t e a m  w h i c h  h a s  a  h i g h e r  t e m p e r a tu r e  t h a n  

t h a t  n o r m a l t o  i t s  p r e s s u r e , i s  t e r m e d  “ s u p e r ­

h e a t e d  ”  o r  “ g a s e o u s .” D r .  S e i m e n s  f o u n d  t h a t  

w h e n  s t e a m  a t 2 1 2 0  w a s  h e a t e d  s e p a r a t e  f r o m  

w a t e r  i t  i n c r e a s e d  r a p id l y  i n  v o l u m e  u p  t o  2 3 0 0 , 

a f t e r  w h i c h  i t  e x p a n d e d  u n i f o r m l y  a s  a  p e r m a n e n t  

g a s . I f  t h i s  s u p e r h e a t i n g  c o u l d  b e  c a r r i e d  t o  s u c h  

a n  e x t e n t  a s  t o  a v o i d  t h e  ‘  ‘ i n i t i a l  c o n d e n s a t i o n  

w i t h in  t h e  c y l i n d e r  o f  a n  e n g i n e ,  t h e r e  w o u l d  b e  

a  m a r k e d  e c o n o m y  i n  i t s  u s e , b u t  t h i s  i n v o l v e s  

s o  h i g h  a  t e m p e r a tu r e  a s  t o  b u r n  t h e  l u b r i c a t i n g  

m a te r i a l  a n d  d e s t r o y  t h e  e n g i n e  i n  a  s h o r t t i m e .  

D ix w e l l  f o u n d  s u p e r h e a t i n g  s o  a s  t o  m a in t a i n  i n  

t h e  c y l i n d e r  a  t e m p e r a tu r e  o f  4 0 0 °  w i t h  s t e a m  

a t  a  p r e s s u r e  o f  7 0  l b s . ,  t o  b e  t h e  l im i t  o f  p o s s i b l e  

l u b r i c a t i o n . W it h  a  h i g h e r  p r e s s u r e  t h a t  d e g r e e  

o f s u p e r h e a t i n g  w o u l d  n o t a f f o r d  s u f f i c i e n t  

a d d i t i o n a l h e a t f o r  t h e  p u r p o s e . T h e  p r e s e n t  

t e n d e n c y  t o  h i g h  p r e s s u r e s  s e e m s ,  t h e r e f o r e , t o  

p r e c l u d e  t h e  p o s s ib i l i t y  o f  m u c h  g a i n  t h r o u g h  

s u p e r h e a t i n g , b e c a u s e t h e t e m p e r a tu r e s a r e  

a l r e a d y  c a r r i e d  t o  v e r y  n e a r l y  t h e  l im i t  a t  w h ic h  

l u b r i c a t i o n  c a n  b e  m a in t a in e d . F o r  o t h e r  p u r ­

p o s e s  t h e  u s e  o f  s u p e r h e a t e d  s t e a m  a d d s  l i t t l e  i f  

a n y t h i n g  t o  t h e  e c o n o m y ,  w h i l e  i t  g r e a t ly  i n c r e a s e s  

t h e  c o s t  a n d  t h e  w e a r  a n d  t e a r . W h e r e  s u p e r ­

h e a t i n g  i s  r e q u i r e d  i t  s h o u l d  a l w a y s  b e  d o n e  b y  a  

s e p a r a t e  a p p a r a t u s ,  a n d  p a i n s  m u s t  b e  t a k e n  t o  

s e p a r a t e  t h e  e n t r a i n e d  w a te r f r o m  t h e  s t e a m  

b e f o r e  i t  e n t e r s  t h e  s u p e r h e a t e r . T h e  u s e  i n  a n y  

s t e a m  b o i l e r  o f  s u p e r h e a t i n g  s u r f a c e  e x p o s e d  t o  

t h e  g a s e s  o f  c o m b u s t i o n , i s  h i g h l y  o b j e c t i o n a b l e  

a n d  i s  o f  d o u b t f u l  e f f i c i e n c y . A t t e m p t s  t o  s u p e r ­

h e a t s t e a m  b y  m e a n s  o f  t h e  w a s t e  g a s e s , a r e  

u s u a l ly  f a i l u r e s  b e c a u s e  i n  a  w e l l  p r o p o r t io n e d  

b o i l e r  t h e  l o w  t e m p e r a tu r e  o f  s u c h  g a s e s  n e c e s s i ­

t a t e s  a n  u n r e a s o n a b l y  l a r g e  s u r f a c e  t o  p r o d u c e  

t h e  d e s i r e d  e f f e c t . S t e a m  c a n n o t  b e  s u p e r h e a t e d  

w h e n  i t  i s  i n  c o n t a c t  w i t h  w a te r .

FEEDING BOILERS.

T h e  r e l a t i v e  v a l u e  o f i n j e c t o r s , d i r e c t - a c t i n g  

s t e a m  p u m p s ,  a n d  p u m p s  d r i v e n  f r o m  t h e  e n g i n e ,  

i s  a  q u e s t i o n  o f  i m p o r t a n c e  t o  a l l s t e a m  u s e r s .  

T h e  f o l l o w in g  t a b l e  h a s  b e e n  c a lc u l a t e d  b y  D .  S .  

J a c o b u s , M . E . , f r o m  d a t a  o b t a i n e d  b y  e x p e r i ­

m e n t . I t  w i l l  b e  n o t i c e d  t h a t  w h e n  f e e d i n g  c o l d  

w a te r  d i r e c t  t o  b o i l e r s , t h e  i n j e c t o r  h a s  a  s l i g h t  

e c o n o m y ,  b u t  w h e n  f e e d i n g  t h r o u g h  a  h e a t e r  a  

p u m p  i s  m u c h  t h e  m o s t  e c o n o m i c a l .

M e th o d  o f  S u p p l y i n g  F e e d  W a t e r  

t o  B o i l e r .

T e m p e r a t u r e  o f  f e e d  w a t e r  a s  d e l i v ­

e r e d  t o  t h e  p u m p  o r  t o  t h e  i n j e c t o r ,  b 0 °  

F a h . R a t e  o f  e v a p o r a t i o n  o f  b o i l e r , 1 0  

p o u n d s  o f  w a t e r  p e r  p o u n d  o f  c o a l  f r o m  

a n d  a t  2 1 2 Q  F a h .

D i r e c t a c t i n g  p u m p , f e e d i n g  

w a t e r a t 6 o ° , w i t h o u t a  

h e a t e r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

I n j e c t o r  f e e d i n g  w a t e r  a t  1 5 0 0 , 

w i t h o u t  a  h e a t e r . . . . . . . . . . . . . . .

I n j e c t o r f e e d i n g  t h r o u g h  a  

h e a t e r  i n  w h i c h  t h e  w a t e r  i s  

h e a t e d  f r o m  1 5 0  t o  2 0 0 0 . . . .

D i r e c t a c t i n g  p u m p  f e e d i n g  

w a t e r  t h r o u g h  a  h e a t e r , i n  

w h i c h  i t  i s  h e a t e d  f r o m  6 0  

t O  2 0 0 ° . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

G e a r e d  p u m p , r u n  f r o m  t h e  

t h e  e n g i n e , f e e d i n g  w a t e r  

t h r o u g h  a  h e a t e r ,  i n  w h i c h  

i t  i s  h e a t e d  f r o m  6 0  t o  2 0 0 ° . .

R e la t iv e  a m o u n t  o f  

c o a l  r e q u i r e d  p e r  

u n i t  o f  t i m e ,  t h e  

a m o u n t  f o r  a  d i r e c t  

a c t i n g  p u m p , f e e d ­

i n g  w a t e r  a t  6 0 ° ,  

w i t h o u t  a  h e a t e r ,  

b e i n g  t a k e n  a s  u n i t y .

S a v i n g  o f  f u e l  

o v e r  t h e  

a m o u n t  r e ­

q u i r e d  w h e n  t h e  

b o i l e r  i s  f e d  b y  

a  d i r e c t  

a c t i n g  p u m p  

w i t h o u t  h e a t e r

1 . 0 0 0
. 0 \

• 9 8 5
1 . 5  p e r  c t .

• 9 3 8 6 . 2  “

. 8 7 9 1 2 . 1  “

. 8 6 8 1 3 . 2

ECONOMY OF HIGH PRESSURE STEAM.

H i g h e r  s t e a m  p r e s s u r e  i s  t h e  t e n d e n c y  o t t h e  

t i m e s ,  a n d  w i t h  g o o d  r e a s o n ,  f o r  t h e  h i g h e r t h e  

p r e s s u r e  t h e  g r e a t e r  t h e  o p p o r t u n i t y  f o r  e c o n o m y  

i n  g e n e r a t in g  p o w e r . T h e  c o m p o u n d  a n d  t r i p l e  

e x p a n s i o n  e n g i n e s  o f  t h e  p r e s e n t  d a y ,  w h i c h  h a v e  

r e d u c e d  t h e  c o s t  o f  p o w e r  s o m e  4 0  p e r  c e n t ,  o v e r  

t h e  b e s t  p e r f o r m a n c e  o f  a  f e w  y e a r s  a g o ,  r e q u i r e  

h i g h e r  p r e s s u r e  t h a n  c a n  w i t h  s a f e ty  b e  c a r r i e d  

o n  s h e l l b o i l e r s , b u t t h e r e  i s  n o  d i f f i c u l t y  i n  

c a r r y in g  a n y  d e s i r a b l e  p r e s s u r e  o n  a  s e c t i o n a l  

w a te r - t u b e  b o i l e r  p r o p e r l y  c o n s t r u c t e d . B a b c o c k  

&  W i l c o x  b o i l e r s  i n  s p e c i a l  c a s e s ,  c a r r y  a s  h i g h  

a s  5 0 0  l b s . p r e s s u r e  i n  r e g u la r  w o r k .



Edison Central Station, W. 26th St., New York City.

To contain 3000 Horse-power Babcock & Wilcox Boilers, when in full running order; 

900 H. P. now in use, erected 1888.
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COVERING FOR BOILERS, STEAM PIPES, ETC.

T h e  lo sses b y rad ia tio n  fro m  u n c lo th ed  p ip es  

an d  v esse ls co n ta in in g  s team  is co n sid e rab le , an d  

in  th e  case  o f  p ip es lead in g to  s team  en g in es , is  

m ag n ified  b y  th e actio n o f th e  co nd ensed  w ater  

in  th e  cy lin de r. It  th e re fo re  is  im p o rtan t th a t  su ch  

p ipes sh o u ld  b e w ell p ro tec ted . T h e  fo llo w in g  

tab le g iv es th e lo ss o f h eat fro m  s team  p ip es , 

n ak ed an d c lo th ed w ith w o o l o r h a ir fe lt, o f  

d iffe ren t th ick n ess , th e s team  p ressu re  b e in g  as ­ 

su m ed  a t 7 5  lb s . an d  th e  ex trem e  a ir a t 6 o ° .

T h ere  is  a  w id e  d ifferen ce  in  th e  v a lu e  o f  d iffe r­

en t su b stan ces  fo r p ro tec tio n  fro m  rad ia tio n ,  th e ir  

v a lu e  v ary ing n early  in  th e  in v e rse  ra tio  o f  th en - 

co n d u c tin g  p o w er fo r h ea t, u p  to  th eir  ab ility  to  

tran sm it as  m u ch h eat as  th e  su rface  o f th e  p ip e  

w ill rad ia te , a fte r  w h ich  th ey  b eco m e  d e trim en ta l, 

ra th er th an u se fu l, as co verin g . T h is p o in t is  

reach ed  n early  a t b ak ed  c lay  o r b rick .

ex p erim en ts, m ad e  a t  th e  M ass. In s titu te  o f  T ech ­

n o lo g y in 1 8 7 1 , sh o w ed th e co n d en sa tio n o f  

s team  in  a  p ip e  co v ered  b y  o n e  o f  th em , as  co m ­

p ared  w ith a  n ak ed  p ip e, an d o n e  c lo th ed w ith  

h a ir fe lt, w as 1 0 0 fo r th e n ak ed  p ip e, 6 7 fo r th e  

“ cem en t” co verin g , an d  2 7  fo r th e  h a ir fe lt.

Table of Relative Value of Non-Conductors, 

(FROM CHAS. E. EMERY, PH. D.)

N o n -C o n d u c to r. I V alu e .

W o o d  F e lt ...............
M in era l W o o l N o . 2

D o . w ith  ta r .........

S aw d u st ....................
M in era l W o o d  N o . 1 

C h arco a l  
P in e W o o d , ac ro ss

fib re ..................

i .0 0 0  

.8 3 2  

■7'5 
.6 8 0  

.6 7 6  

.6 3 2

• 5 5 3

N o n-C on d u c to r.

L o am , d ry  an d  o p en  

S lack ed L im e  
G as H o u se  C arb o n . 

A sb esto s ...................

C o al A sh es  
C o k e  in  lu m p s  

A ir sp ace
u n d iv id ed

V alu e .

•5 5 °  
.4 8 0  

.4 7 0  

• 3 6 3
•3 4 5  

• 2 7 7

.1 3 6

“ M in era l w o o l,” a  fib ro u s  m ate ria l m ad e  fro m  

b las t fu rn ace s lag , is a g o o d p ro tectio n , an d is  

in co m b u stib le .

be 
C

O u tsid e  D iam eter  o f P ip e , w ith o u t F e lt.

6

•— 

c

TABLE OF LOSS OF HEAT FROM STEAM PIPES.

2 in . d iam ete r. 4  in . d iam ete r. 6  in . d iam ete r. 8  in . d iam ete r. 1 2  in . d iam eter.
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2 1 9 .0

1 0 0 .7  

6 5 -7  

4 3 -8
2 8 .4  
1 9 .8

1 .0 0  

.4 6

•  3 0  
.2 0

•1 3  
.0 9

1 3 2

2 8 8

4 4 1
6 6 2

1 0 2 0

1 4 6 4

3 9 0 .8

1 8 0 .9
1 1 7 .2  

7 3 -9  
4 4 -7
2 8 .1

2 3 4

1 .0 0  

.4 6  

• 3 0  
.1 8

•0 7  
.0 6

7 5  
1 6 0

2 4 7

3 9 2
6 4 8

1 0 3 1

1 2 3 8

6 2 4 . i

1 8 7 .2  

in  .0

6 6 .2
4 1 .2

3 3 -7

1 .0 0 0

.3 0 0  

. 1 7 8  

. 1 0 6

.0 6 6

.0 5 4

4 6

$  

4 3 8

7 °3  
8 6 0

7 2 9 .8

2 1 9 .6

1 2 8 .3

7 5 -2
4 6 .0

3 4 -3

i  .000

.3 0 1  

. 1 7 6  

.1 0 3  

.0 6 3

•  0 4 7

4 °

1 3 2
2 2 5

3 8 5
6 3 0

8 4 5

IO 7 7 -4

3 0 1 .7

1 8 5 .3
9 8 .0

6 0 .3

4 5 -2

1 .0 0 0

.2 8 0

.1 7 2  

.0 9 1  

•p 5 0  
.0 4 2

2 6

9 2

1 5 7
2 9 4
4 8 6

6 4 2

A  sm o o th  o r  p o lish ed  su rface  is  o f  itse lf  a  g o o d  

p ro tectio n , p o lish ed  tin o r R u ssia iro n  h av in g  a  

ra tio , fo r rad ia tio n , o f 5 3 to 1 0 0 fo r cas t iron . 

M ere  co lo r  m ak es  b u t little  d ifferen ce.

Table of Conducting Power of Various Substances.

( f r o m  PÉCLF.T.)

„ , ' C o n d u c tin g
S u b stan ce . P o w er.

S u b stan ce .
C o n d u ct ’^  

P o w er.

—
B lo ttin g P ap er. . .2 7 4

E id erd o w n ........... j -3 T 4
C o tto n  o r  W oo l ) 1 2 _

an y  d en sity  . . 1 j

H em p, C an v as... -4 l8

M ah o g an y  D u st.. .5 2 3
W o o d A sh es ...................5 3 1

S traw ................... -5 6 3
C h arco al  P o w d er.  . 6 3 6

W o o d , ac ro ss  fib re .8 3
1 .1 5

C o k e, p u lve rized . 

In d ia R u b b er.... 

W o o d , w ith  fib re . 

P las ter  o f P aris .. 

B ak ed C lay .........

1 .2 9  

1 -37
1 .4 0  

3 -86  

4 -8 .3  
6 .6

1 3 -6 8

H air o r w o o l fe lt h as  th e d isad v an tag e o f b t  - 

co m in g  so o n ch arred  fro m  th e h eat o f s team  a t 

h ig h  p ressu re , an d  so m etim es  o f  tak in g  fire  th e re ­

fro m . T h is  h as led  to a  v arie ty  o f “ cem en ts”  

fo r co v erin g  p ip es  — co m p o sed  g en era lly  o f c lay  

m ixed w ith d iffe ren t su b stan ces , as asb esto s , 

p ap er fib re , ch arco a l, e tc . A  se rie s o f ca re fu l

C o rk  ch ip s cem en ted  to g e th e r w ith  w ater-g lass  

m ak e  o n e  o f  th e  b est co v erin gs  k n o w n .

A  ch eap  jack etin g  fo r s team  p ip es , b u t a v ery  

e fficien t o n e , m ay  b e ap p lied as fo llo w s  : F  irs t, 

w rap th e p ip e in asb esto s p ap er  — th o u g h  th is  

m ay  b e d isp en sed  w ith  ; th en lay  s lip s o f w o o d  

leng th w ay s, fro m  6 to 1 2 acco rd in g  to s ize o f  

p ip e— b in d in g th em in p o sitio n w ith w ire o r  

co rd ; an d a ro u n d th e fram ew o rk th u s co n ­

s tru c ted w rap ro o fin g p ap er, fa s ten in g it b y  

p aste  o r  tw in e . F o r flan g ed  p ip e, sp ace  m ay  b e  

le ft fo r access to th e b o lts , w h ich sp ace  sh o u ld  

b e filled  w ith fe lt. If ex p o sed to w eath e r, u se  

tarred p ap er  —  o r p a in t th e ex terio r. A  F ren ch  

p lan  is to co v er th e su rface w ith a  ro u g h flo u r  

p aste  m ix ed  w ith saw d u st u n til it fo rm s  a m o d ­

e ra te ly  s tiff d o u g h . A p p ly  w ith  a tro w e l in  lay ­

e rs  o f  ab o u t (X  in ch  th ick  —  g iv e  4  o r 5  lay ers in  

a ll. If  iro n  su rfaces  a re  w ell c lean ed  fro m  g rease , 

th e  ad h esio n  is  p erfec t. F o r  co p p er, first ap p ly  a  

h o t  so lu tio n  o f  c lay  in  w ate r. A  co atin g  o f  ta r  ren ­

d ers th e co m p o sitio n im p erv io u s  to  th e  w eath er.
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CARE OF BOILERS.

T h e fo llo w in g ru le s  a re  c o m p ile d fro m  th o se  

is su e d b y  v a rio u s B o ile r In su ra n c e C o m p a n ie s  

in th is c o u n try  a n d E u ro p e , su p p le m e n te d b y  

o u r  o w n  e x p e rie n ce . T h e y  a re  a p p lica b le  to  all 

boilers, e x c e p t  a s  o th e rw ise  n o te d .

A T T E N T IO N  N E C E S S A R Y  T O  S E C U R E S A F E T Y .

[T h o u g h  th e B a b c o c k &  W ilc o x  b o ile rs a re  

n o t lia b le  to  d e s tru c tiv e  e x p lo s io n , th e  sa m e  c a re  

sh o u ld  b e  e x e rc ise d  to  a v o id  p o ss ib le  d a m a g e  to  

b o ile r , a n d  e x p e n s iv e  d e la y s .]

1 . S a fe ty  V a lv e s .— G re a t c a re  sh o u ld  b e  e x ­

e rc ise d  to  se e  th a t  th e se  v a lv e s  a re  a m p le  in  s iz e  

a n d  in  w o rk in g  o rd e r . Overloading o r neglect 

fre q u e n tly le a d  to th e m o st d isa s tro u s re su lts . 

S a fe ty  v a lv e s  sh o u ld  b e  tr ie d  a t le a s t o n c e  e v e ry ­

d a y  to  se e  th a t  th e y  w ill a c t fre e ly .

2 . P re ssu re  G a u g e .— T h e  s te am  g a u g e  sh o u ld  

s ta n d a t z e ro w h e n th e p re ssu re is o ff, a n d it  

sh o u ld sh o w  sa m e p re ssu re a s  th e  sa fe ty  v a lv e  

w h e n th a t is b lo w in g o ff . If n o t, th e n o n e is  

w ro n g , a n d  th e  g a u g e  sh o u ld b e te s te d b y  o n e  

k n o w n  to  b e  c o rre c t.

3 . W a te r L e v e l.— T h e  f irs t d u ty  o f a n e n g i­

n e er  b e fo re  s ta r tin g , o r  a t th e b e g in n in g o f h is  

w a tch , is to  se e th a t th e  w a te r is  a t th e  p ro p e r  

h e ig h t. D o  n o t re ly  o n g la ss g a u g e s , f lo a ts o r  

w a te r a la rm s , b u t try  th e  g a u g e  c o c k s . If  th e y  

d o  n o t a g re e  w ith  w a ter g a u g e , le a rn  th e  c a u se  

a n d  c o rre c t it . W a te r le v e l in  B a b c o c k  &  W il­

c o x  b o ile rs sh o u ld  b e a t c e n tre  o f d ru m , w h ic h  

is u su a lly a t m id d le g a u g e . I t sh o u ld  n o t b e  

c a rr ie d  a b o v e t

4 . G a u g e C o c k s  a n d  W a te r G a u g e s  m u st b e  

k e p t c le a n . W a te r  g a u g e  sh o u ld  b e b lo w n o u t  

fre q u e n tly , a n d  th e  g la sse s  a n d  p a ssa g es  to  g a u g e  

k e p t  c le a n . T h e  M a n c h e s te r , E n g ., B o ile r A sso ­

c ia tio n  a ttr ib u te m o re a c c id e n ts to in a tte n tio n  

to  w a te r g a u g es , th a n to a ll o th e r c a u se s p u t  

to g e th er .

5 . F e ed  P u m p  o r In je c to r .— T h e se  sh o u ld  b e  

k e p t in  p e rfe c t o rd e r , a n d  b e  o f  a m p le  s iz e . N o  

m a k e  o f  p u m p  c a n  b e  e x p ec te d  to b e  c o n tin u o u s ly  

re lia b le w ith o u t re g u la r a n d c a re fu l a tte n tio n . 

I t is  a lw a y s  sa fe  to  h a v e  tw o  m e a n s o f  fe e d in g  a  

b o ile r . C h e c k  v a lv e s , a n d  se lf-a c tin g  fe e d  v a lv e s  

sh o u ld b e fre q u e n tly e x a m in e d a n d c le a n e d . 

S a tis fy  y o u rse lf  fre q u en tly  th a t  th e  v a lv e  is  a c tin g  

w h e n  th e  fe e d  p u m p  is  a t w o rk .

6 . L o w  W a te r .— In c a se o f lo w  w a te r, im ­

m e d ia te ly  c o v e r  th e  f ire  w ith  a sh e s (w e t if  p o ss i­

b le ) o r  a n y  e a rth  th a t m a y  b e  a t h a n d . If  n o th ­

in g  e lse is h a n d y u se fre sh  c o a l. D raw  f ire  a s  

so o n a s it c a n b e d o n e w ith o u t in c re a sin g th e  

h e a t. N e ith e r tu rn o n th e fe ed , s ta r t o r s to p  

e n g in e , o r  lif t sa fe ty  v a lv e  u n til  f ire s  a re  o u t, a n d  

th e  b o ile r  c o o le d  d o w n .

7 . B lis te rs a n d C ra c k s .— T h e se  a re  lia b le  to  

o c c u r  in  th e  b e s t p la te  iro n . W h e n  th e f irs t in ­

d ic a tio n  a p p e a rs  th e re  m u st b e  n o  d e la y in h a v ­

in g  it c a re fu lly  e x a m in e d  a n d  p ro p e rly  c a re d  fo r .

8 . F u s ib le P lu g s , w h e n u se d , m u st b e e x ­

a m in e d  w h en  th e  b o ile r  is  c le a n e d , a n d  c a re fu lly  

sc ra p ed  c le a n  o n b o th  th e  w a ter a n d  f ire  s id e s , 

o r  th e y  a re  lia b le  n o t  to  a c t.

A T T E N T IO N  N E C E S S A R Y  T O  S E C U R E  E C O N O M Y .

9 . F irin g .— F ire  e v e n ly a n d  re g u la r ly , a  little  

a t a  tim e . M o d e ra te ly  th ic k  f ire s  a re  m o st e c o ­

n o m ic a l, b u t th in  f irin g  m u st b e  u se d  w h e re  th e  

d ra u g h t  is  p o o r. T a k e  c a re  to  k e e p  g ra te s  e v e n ly  

c o v e re d , a n d  a llo w  n o  a ir-h o le s  in  th e  f ire . D o  

n o t “ c le an ”  f ire s  o fte n e r  th a n  n e c e ssa ry . W ith  

b itu m in o u s  c o a l, a  “ c o k in g  f ire ,” i. e. f ir in g in  

fro n t a n d  sh o v in g  b a c k  w h e n  c o k e d , g iv e s  b e s t  

re su lts , if  p ro p e rly  m a n a g e d .

1 0 . C le a n in g .— A ll h e a tin g  su rfac e s m u st b e  

k e p t c le a n o u ts id e a n d in , o r th e re w ill b e  a  

se rio u s  w a ste  o f  fu e l. T h e  fre q u e n c y  o f  c le a n in g  

w ill d e p en d o n th e n a tu re o f fu e l a n d w a te r . 

A s  a  ru le , n e v er  a llo w  o v e r in c h  sc a le  o r  so o t  

to  c o lle c t  o n  su rfa c es  b e tw e en  c le a n in g s . H a n d ­

h o le s  sh o u ld  b e  fre q u e n tly  re m o v e d  a n d  su rfac e s  

e x a m in e d , p a rtic u la r ly in c a se o f a  n e w  b o ile r , 

u n til p ro p e r in te rv a ls h a v e b e e n e s ta b lish e d  b y  

e x p e rie n c e .

T h e  B a b co c k  &  W ilc o x  b o ile r  is  p ro v id e d  w ith  

e x tra  fa c ilitie s  fo r c le an in g , a n d  w ith  a little  c a re  

c a n  b e  k e p t u p  to  its  m a x im u m  e ffic ie n c y , w h e re  

tu b u la rs  o r lo c o m o tiv e  b o ile rs w o u ld  b e  q u ic k ly  

d e s tro y e d . F o r in sp e c tio n , re m o v e th e h a n d ­

h o le s a t b o th e n d s  o f  th e  tu b e s , a n d  b y  h o ld in g  

a  la m p a t o n e e n d  a n d  lo o k in g  in  a t th e  o th e r,  

th e  c o n d itio n  o f th e su rfa c e c a n b e fu lly se e n . 

P u sh  th e  sc ra p e r  th ro u g h  th e  tu b e  to  re m o v e  se d ­

im e n t, o r if th e sc a le is h a rd u se  th e  c h ip p in g  

sc ra p e r m a d e  fo r  th a t p u rp o se . W a te r  th ro u g h  

a  h o se  w ill fa c ilita te  th e  o p e ra tio n . In  re p lac in g  

h a n d -h o le  c a p s , c le a n  th e  su rfa c es  w ith o u t  sc ra tc h ­

in g o r b ru is in g , sm e a r w ith o il, a n d  sc rew  u p  

tig h t. E x a m in e m u d -d ru m  a n d re m o v e th e  

se d im e n t th e re fro m .

T h e exterior o f tu b e s c a n b e k e p t c le an  b y  

th e  u se o f  b lo w in g  p ip e  a n d  h o se th ro u g h  o p e n ­

in g s  p ro v id e d  fo r  th a t  p u rp o se . In  u s in g  sm o k y  

fu e l, it is  b e s t to  o c c a s io n a lly  b ru sh  th e su rfa c es  

w h e n  s te a m  is  o ff .

1 1 . H o t F e e d W a te r .— C o ld w a te r sh o u ld  

n e v e r  b e  fe d  in to  a n y  b o ile r  w h e n  it  c a n  b e  a v o id ­

e d , b u t w h e n n e c e ssa ry it sh o u ld  b e c a u sed  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. In cases of 

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. 1 his 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 sure no 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

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

while the brick-work is hot. decay.

Babcock & Wilcox Boilers in Chicago City Railway. 1,000 H. P.
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*  T h i s  s u b j e c t  w i l l  b e  f o u n d  v e r y  f u l l y  t r e a t e d  i n  t h e  r e ­

p o r t  o f  a  c o m m i t t e e  t o  t h e  A m e r i c a n  S o c i e t y  o f  M e c h a n i c a l  

E n g i n e e r s ,  a n d  t h e  d i s c u s s i o n s  o n  t h e  s a m e . T r a n s a c t i o n s  

A .  S .  M .  E . ,  V o l .  V I ,  p p .  2 5 6 - 3 5 1 .

T h e  o b j e c t  o f  t e s t i n g  a  s t e a m  b o i l e r  i s  t o  d e ­

t e r m i n e  t h e  q u a n t i t y  a n d  q u a l i t y  o f  s t e a m  i t  w i l l  

s u p p l y  c o n t i n u o u s l y  a n d  r e g u l a r l y , u n d e r  s p e c i ­

f i e d  c o n d i t i o n s ; t h e  a m o u n t  o f  f u e l  r e q u i r e d  t o  

p r o d u c e  t h a t  a m o u n t  o f  s t e a m ,  a n d  s o m e t i m e s  s u n ­

d r y  o t h e r  f a c t s  a n d  v a l u e s . I n  o r d e r  t o  a s c e r t a i n  

t h e s e  t h i n g s  b y  o b s e r v a t i o n  i t  i s  n e c e s s a r y  t o  e x e r ­

c i s e  g r e a t  c a r e  a n d  s k i l l ,  a n d  e m p l o y  t h e  m o s t  p e r ­

f e c t  a p p a r a t u s ,  o r  e r r o r s  w i l l  c r e e p  i n  s u f f i c i e n t  t o  

v i t i a t e  t h e  t e s t  a n d  r e n d e r  i t  o f  n o  v a l u e ,  i f  n o t  

a c t u a l l y  m i s l e a d i n g . T h i s  i s  m o s t  a p p a r e n t  i n  

t e s t i n g  t h e  q u a l i t y  o f  t h e  s t e a m  b y  a  “ b a r r e l  c a l ­

o r i m e t e r , ”  a s  a t  t h e  C e n t e n n i a l  E x p o s i t i o n ,  w h e r e  

a n  e r r o r  o f  %  l b .  i n  e i t h e r  o f  t w o  w e i g h i n g s  o f  a  

m a s s  o f  s o m e  4 0 0  l b s .  m a d e  a  d i f f e r e n c e  o f  3  p e r  

c e n t ,  i n  t h e  f i n a l  r e s u l t .

5 .  P r e s s u r e s  o f  t h e  s t e a m , o f  b a r o m e t e r , a n d  

o f  d r a f t  i n  c h i m n e y .

6 .  W e i g h t s  o f  f e e d - w a t e r ,  o f  f u e l ,  a n d  o f  a s h e s .  

W a t e r  m e t e r s  a r e  n o t  r e l i a b l e  a s  a n  a c c u r a t e  

m e a s u r e  o f  f e e d  w a t e r .

7 .  T i m e  o f  s t a r t i n g  a n d  o f  s t o p p i n g  t e s t ,  t a k i n g  

c a r e  t h a t  t h e  o b s e r v e d  c o n d i t i o n s  a r e  t h e  s a m e  a t  

e a c h  a s  f a r  a s  p o s s i b l e .

8 .  T h e  q u a l i t y  o f  t h e  s t e a m , w h e t h e r  “ w e t , ”  

“ d r y , ”  o r  “ s u p e r h e a t e d . ”

F r o m  t h e s e  d a t a - a l l  t h e  r e s u l t s  c a n  b e  f i g u r e d ,  

g i v i n g  t h e  e c o n o m y  a n d  c a p a c i t y  o f  t h e  b o i l e r ,  

a n d  t h e  s u f f i c i e n c y  o r  i n s u f f i c i e n c y  o f  t h e  c o n d i ­

t i o n s ,  f o r  o b t a i n i n g  t h e  b e s t  r e s u l t s .

T h e  a m o u n t  o f  w a t e r  e v a p o r a t e d  p e r  p o u n d  o f  

c o a l  i s  u n i v e r s a l l y  c o n c e d e d  t o  b e  t h e  p r o p e r  

m e a s u r e  o f  t h e  e f f i c i e n c y  o f  a  b o i l e r ,  b u t  i n  o r d e r

T h e  p r i n c i p a l p o i n t s  t o  b e  a s c e r t a i n e d  a n d  

n o t e d  i n  a  b o i l e r  t e s t  a r e  :

1 .  T h e  t y p e  a n d  d i m e n s i o n s  o f  t h e  b o i l e r ,  i n ­

c l u d i n g  t h e  a r e a  o f  h e a t i n g  s u r f a c e , s t e a m  a n d  

w a t e r  s p a c e ,  a r e a  o f  w a t e r  s u r f a c e ,  a n d  d r a f t  a r e a  

t h r o u g h  o r  b e t w e e n  t u b e s  o r  f l u e s .

2 .  T h e  k i n d  a n d  s i z e  o f  f u r n a c e  ; a r e a  o f  g r a t e  

w i t h  p r o p o r t i o n  o f  a i r  s p a c e s  t h e r e i n ,  h e i g h t  a n d  

s i z e  o f  c h i m n e y ,  l e n g t h  a n d  a r e a  o f  f l u e s .

3 .  K i n d  a n d  q u a l i t y  o f  f u e l  a n d  a m o u n t  o f  a s h  

a n d  w a t e r  t h e r e i n . T h e  l a t t e r  i s  a  m o r e  i m p o r ­

t a n t  i t e m  t h a n  i s  g e n e r a l l y  u n d e r s t o o d ,  a s  i t  n o t  

o n l y  a d d s  t o  t h e  w e i g h t  w i t h o u t  a c i d i n g  t o  t h e  

v a l u e  o f  t h e  f u e l ,  b u t  t h e  h e a t  t a k e n  t o  e v a p o ­

r a t e ,  a n d  s e n d  t h e  s t e a m  u p  c h i m n e y  i n  a  h i g h l y  

s u p e r h e a t e d  c o n d i t i o n , a d d s  t o  t h e  u n o b s e r v e d  

w a s t e .

4 .  T e m p e r a t u r e s ,  o f  e x t e r n a l  a i r ,  o f  f i r e - r o o m ,  

o f  c h i m n e y  g a s e s ,  o f  f u e l , w a t e r  a n d  o f  s t e a m .  

t o  c o m p a r e  o n e  b o i l e r  w i t h  a n o t h e r ,  e a c h  s h o u l d  

h a v e  e q u a l l y  g o o d  c o a l ,  b e  f e d  w i t h  w a t e r  a t  t h e  

s a m e  t e m p e r a t u r e  a n d  f u r n i s h  s t e a m  a t  t h e  s a m e  

p r e s s u r e . A s  t h i s  i s  i m p r a c t i c a l  i n  m a k i n g  t e s t s ,  

a  s t a n d a r d  h a s  b e e n  a c c e p t e d  t o  w h i c h  a l l  t e s t s  

s h o u l d  b e  b r o u g h t  f o r  c o m p a r i s o n . T h i s  i s  c a l l e d  

t h e  “ e q u i v a l e n t  e v a p o r a t i o n  f r o m  a n d  a t  2 1 2 ° ”  

p e r  p o u n d  o f  c o m b u s t i b l e ; t h a t  i s ,  w h a t  t h e  e v a p ­

o r a t i o n  w o u l d  h a v e  b e e n  i f  t h e  c o a l  h a d  b e e n  

w i t h o u t  a s h ,  t h e  f e e d - w a t e r  a t  b o i l i n g  p o i n t  a n d  

t h e  s t e a m  d e l i v e r e d  a t  a t m o s p h e r i c  p r e s s u r e .

I t  m a y  b e  d e t e r m i n e d  b y  t h e  f o l l o w i n g  f o r m u l æ  :  

L e t  W  — ■  t h e  o b s e r v e d  e v a p o r a t i o n  p e r  l b .  o f  c o m b u s t i b l e .

“ t —  t h e  o b s e r v e d  t e m p e r a t u r e  o f  f e e d .

“  T  —  t h e  t e m p e r a t u r e  o f  s t e a m  a t  o b s e r v e d  p r e s s u r e .

“  H  —  t h e  t o t a l  h e a t  o f  s t e a m  a t  t h e  o b s e r v e d  p r e s s u r e .

“  W  =  e q u i v a l e n t  e v a p o r a t i o n  f r o m  a n d  a t  2 1 2 0 .

W /  =  w  +  ° - 3  ( T  — 2 1 2 )  +  ( 2 T 2  —  £ ) \

9 6 6  /

o r , . . . W ' W  —  3 2  “  Z

9 6 6

T h e  v a l u e  o f  T  a n d  H  m a y  b e  f o u n d  b y  r e f e r  ­

e n c e  t o  “ s t e a m  t a b l e  ”  o n  a n o t h e r  p a g e ,  ( 4 9 - )
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E n g i n e e r i n g  O f f i c e  o f  C h a s . E . E m e r y , 

N o . 7  W a r r e n  S t r e e t , N e w  Y o r k , 

M a r c h  2 1 , 1 8 7 9 .

M e s s r s . B a b c o c k  &  W i l c o x ,

N o . 3 0  C o r t la n d t  S tre e t, N e w  Y o rk .

G e n t l e m e n  : O n  th e  4 th  a n d  5 th  o f  F e b ru ­

a ry , 1 8 7 9 , I m a d e  a  t r ia l  o f  th e  B a b c o c k  &  W il­

c o x  B o i le r s  a n d  C o r li s s  e n g in e s  in  th e  R a r i ta n  

W o o le n  M ills , R a r i ta n , N . J . , th e r e s u l t s o f  

w h ic h  a r e  s h o w n  in  th e  f o llo w in g  r e p o r t :

T h e r e  w e re  tw o  b o i le r s  t e s te d  o f  th e  w a te r ­

tu b e  ty p e , m a n u fa c tu r e d  b y  y o u  a n d  k n o w n  b y  

y o u r  n a m e ,  r a te d  jo in t ly  a t  3 6 0  h o r s e -p o w e r , a n d  

r e p o r te d  to  c o n ta in  4 ,0 8 0  s q u a r e  f e e t  o f  h e a tin g  

s u r fa c e , a n d  1 0 3  s q u a r e  f e e t o f g r a te  s u r fa c e .  

T h e s e b o i le r s w e r e  e r e c te d  s id e  b y  s id e  a n d  

c o n n e c te d  s o  th a t  th e y  c o u ld  b e  u s e d  s e p a ra te ly  

o r  c o n jo in tly  in  c o n n e c t io n  w ith  o r  in d e p e n d e n t  

o f  a  n u m b e r  o f L a n c a s h i r e d r o p - f lu e b o i le r s ,  

th r e e  b o i le r s  o f  th e  l a tte r k in d  h a v in g  b e e n  r e ­

m o v e d  to  m a k e  r o o m  f o r  y o u r s . A ll  th e  b o i le r s  

w e re  c o n n e c te d  to  a  s in g le  c h im n e y  th r o u g h  a  

G re e n ’s  e c o n o m iz e r in  th e  f lu e . A  l a rg e  p o r ­

t io n  o f  th e  s te a m  g e n e r a te d a p p e a r e d  to  b e  

u s e d  in  th e  d y e h o u s e  a n d  f o r h e a t in g  p u r ­

p o s e s . A  p o r tio n  o f  th e  b o i le r s  w e r e  e m p lo y e d , 

h o w e v e r , to  s u p p ly  s te a m  to  tw o  p a i r s  o f  e n ­

g in e s , o f  e q u a l s iz e , o p e r a tin g  th e  m ill , o n e  p a i r  

b e in g  o f  th e  W r ig h t p a te n t , p u t  in  m a n y  y e a r s  

s in c e , a n d  th e  o th e r o f  C o r l is s  m a k e , e re c te d  

w ith in  a  y e a r . E a c h  s te a m  c y l in d e r  w a s  2 0  in ­

c h e s  in  d ia m e te r  w ith  4 8  in c h e s  s t ro k e  o f  p is to n .  

T h e  e n g in e s  a r e  p r o v id e d  w ith  B u lk le y  c o n d e n ­

s e rs . I n  th e  o r d in a ry  w o rk in g  o f  th e  m il l  y o u r  

b o i le r s  w e re  u s e d  to  s u p p ly  s te a m  to  b o th  p a ir s  

o f  e n g in e s .

Y o u r  c o n t ra c t c o n ta in e d  a  g u a ra n te e  th a t  th e  

b o i le r s  s h o u ld  f u rn is h  s u f f ic ie n t s te a m  to  d e ­

v e lo p  th e  r a te d  p o w e r  ( 3 6 0  H . P .)  in  a  C o rl is s  

e n g in e , a n d  th a t th e  e v a p o ra t io n  s h o u ld  e q u a l  

a t  l e a s t  9  p o u n d s  o f  w a te r  f ro m  a  t e m p e r a tu re  

o f  1 8 0 0  p e r p o u n d  o f  c o a l c o n ta in in g  n o t  m o re  

th a n  1 2  p e r c e n t , o f  r e f u s e . I n  a  p r e l im in a r y  

t r ia l , p a r t o f  th e  lo a d  o n  th e  W rig h t e n g in e s  

w a s  t r a n s f e r r e d  to  th e  C o r l is s  e n g in e s ; b u t i t  

w a s  s o o n  f o u n d  th a t th e  l a t te r  d id  n o t r e q u i r e  

a l l th e  s te a m  y o u r b o i le r s  w o u ld  g e n e r a te  e c o ­

n o m ic a lly  ; s o  tw o  t r ia ls  w e re  m a d e , o n e  o f  4 J  

h o u r s ’ d u ra tio n ,  u s in g  y o u r  b o i le r s  w ith  r e d u c e d  

d r a f t to  s u p p ly  s te a m  to  th e  C o r l is s e n g in e s  

o n ly , a n d  t a k in g  d a ta  to  a s c e r ta in  th e  e c o n o m y  

o f  th e  e n g in e s  ; th e  o th e r  o f  f u lly  1 2  h o u r s ’ d u ­

r a t io n , u s in g  th e  b o i le r s  a t  maximum power o n  

a  d u l l d a y  w ith o u t  f o rc in g  th e  f i re s , p a r t  o f  th e  

s te a m  b e in g  u s e d  to  o p e r a te  th e  C o r l is s  e n g in e s ,  

th e  r e m a in d e r b lo w n  in to  th e  p ip e  s y s te m  o f  

th e  o th e r b o i le r s , w h ic h w e re w o rk in g  a t a  

m u c h  l e s s  p r e s s u r e .

Trial of the Boilers.

T h e  e x p e r im e n t  c o m m e n c e d  a t  6 .0 1  A . m . , a n d  

c lo s e d  a t 6 .3 8  p . m . I n  s ta r t in g , s te a m  w a s  

r a is e d  b y  s p r e a d in g  th e  b a n k e d  f i re s  l e f t f r o m  

th e  p r e v io u s  d a y . W h e n  th e  p r e s s u r e  r e a c h e d  

8 0  p o u n d s  th e  f i re s  w e re  h a u le d , a l l r e f u s e  r e ­

m o v e d , a n d  f i re s s ta r te d a n e w  w ith  w o o d ,  

w h ic h  in  c a lc u la tio n  h a s  b e e n  c o n s id e re d  e q u a l  

in  c a lo r i f ic  v a lu e  to i t s  w e ig h t  o f  c o a l '. T h e  

f ir e s  w e re  m a in ta in e d  w ith  c o a l d u r in g  th e  d a y ,  

f in a lly  h a u le d , a l lo w e d  to  c o o l , th e  c o m b u s t ib le  

p o r t io n  d e d u c te d  f r o m  th e  c o a l c h a rg e d , a n d  

th e r e fu s e w e ig h e d s e p a r a te ly . T h e e x p e r i­

m e n t w a s c lo s e d w h e n th e b o i le r s s to p p e d  

m a k in g  s te a m  a t  8 0  lb s . p r e s s u r e , w ith  w a te r  in  

th e  g la s s  g a u g e s  a t s a m e  h e ig h t a s  in  s ta r t in g .

D u r in g  th e  t r ia l , a l l th e  c o a l c o n s u m e d  w a s  

w e ig h e d  in a n i r o n w h e e l- b a r r o w , b a la n c e d  

w h e n  e m p ty  b y  a  f ix e d  w e ig h t , a n d  e a c h  b a r ­

r o w  lo a d  w a s a d ju s te d  a t th e  s c a le  to  w e ig h  

2 0 0  p o u n d s  n e t . A ll th e  w a te r e v a p o ra te d  w a s  

m e a s u r e d  in  a  t a n k  p r o v id e d  w ith  a  h e a v y  f lo a t  

c o n n e c te d  th ro u g h  a f in e c h a in  to  a n in d e x  

s h o w in g  a  w a te r l e v e l o n  a n  e x te r io r s c a le ,  

d iv id e d  d e c im a l ly . B y  w e ig h in g  w a te r o u t o f  

th e  t a n k , i ts c a p a c i ty  w a s f o u n d  to  b e  5 ,1 7 2  

p o u n d s  o f  w a te r b e tw e e n  th e  l im its  e m p lo y e d .

A  c o m p le te  r e c o r d  w a s  k e p t  o f  th e  c o a l , w a te r ,  

s te a m  p r e s s u r e  a n d  v a r io u s  t e m p e r a tu re s , a n d  th e  

q u a l i ty  o f  th e  s te a m  w a s  t e s te d  w ith  a  c a lo r im e ­

t e r a t f r e q u e n t in te r v a ls . T h e  p r o p r ie to r s o f  

th e  m il l to o k  th e  p r o p e r  b u s in e s s p r e c a u tio n  o f  

s ta tio n in g  o b s e rv e r s a t e a c h  p o in t , w h o  k e p t

8 1
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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, ....  

Average temperature, 

“ “ of fire room,

“ “  of water in feed tank,

“ “  of water entering boiler

passing through  a  heater  in flue, 110.59

“ “ of up-take boiler No. 1 by py­

rometer (evidently wrong), . 381.87

» “ of flue beyond feed water heater 453.23

W ood  used in starting fires, 730 lbs., equivalent of 

coal (730 x .4) '“s -

Coal put in furnaces during experiment, 

Total of above

Combustible in refuse at close of experiment, . “ 

Total coal consumed, including equivalent of 

wood,............................................... lbs-

Refuse from  coal removed during experiment, 

Refuse from  coal at close of experiment, 

Total,

Actual per centage of refuse, (2,883 -5- 19,299 
x 100 = ) . ....

Combustible consumed, (19,299 —  2,883 =  ) • lbs- 

Coal with 12 per cent, refuse agreed upon, equiv­
alent to that actually consumed, [16,416-7- 
(xoo-i2)=] . . • • lbs->

Total weight of water actually evaporated at 
pressure of 71.63 lbs. from temperature
110.59°, .........................................l b s - i6i ’573-28

Equivalent evaporation at pressure of 70 lbs.
from  temperature  of i8oQ , as  agreed  upon, 172,592.58

Evaporation per lb. of coal, with 12 per cent, 
of refuse, at pressure of 70 lbs. from tem- 
perature of 

Evaporation per lb. of combustible, atmos. press.

from  temp, of 2120, II.0Z

Calorimeter Trials.

The calorimeter consisted of a simple barrel set 

on a platform  scale. The scale beam was grad­

uated 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 an in­

clined position, through the side 

of the barrel, was fixed a ther­

mometer graduated to 54 de­

grees, and readily read to % de­

grees. A small iron propeller 

on a vertical shaft was arranged  

in the barrel. In  operations, the 

barrel was nearly  filled with cold  

water, which was heated with 

steam, when  the  increase  in  weight 

showed  the weight of  steam  taken 

from  the  boiler, and  the  increase 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 X  °f an inc^> an<^ 

again near the outer end by an 

inserted nipple to 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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re jec ted , in w hich the therm om eter sca le w as  

seen to m ove by bring ing  the hose too near  

the in strum en t. T he resu lts w ere ca lcu lated  

from  the  reco rds of  the  rem ain ing  six teen  experi­

m en ts , on  the  fo llow ing  basis :

L et W  =  orig ina l w eigh t of w ater in  ca lo rim eter.

L et w = w eigh t of w ater added  by  heating  w ith  steam .

L et T  =  to ta l heat  in  w ater  due  to  the  tem pera tu re  of steam  

a t observed  pressu re .

L et H  —  to ta l heat of  steam  a t observed  pressu re .

L et I - la ten t heat  of steam  a t observed  pressu re .

L et t ” to ta l heat of w ater co rrespond ing  to tem pera tu re  

of w ater  in  ca lo rim eter.

L et t" ■ to ta l heat in  w ater  co rrespond ing  to  fina l tem pera ­

tu re  of w ater  in  ca lo rim eter.

L et E  —  heating  effic iency  of  the  steam  fu rn ished , com pared  

w ith  sa tu ra ted  steam  betw een  the  sam e lim its of  

tem pera tu re .

L et Q  ■=■ quality  of steam  exp la ined  hereafte r.

T hen  E

W hen  Q  >  i, the num ber of deg rees steam  

is superhea ted  —  2 .0833 ( Q  —  1 )•

In the presen t case Q  =  .98955 . P er cen tage  

of  m oistu re  in  steam  —  1 .045 .

T his is practically dry steam, and equal in  

quality  to tha t fu rn ished  by bo ilers of any type  

no t prov ided  w ith  superhea ting  su rface . T he  ex ­

perim en ts  show , in  a  gratify ing  m anner, tha t you  

have  succeeded  in overcom ing  a great d ifficu lty  

often experienced  w ith bo ilers construc ted of a  

com bination of sm all cham bers to reduce the  

danger  of  exp lo sion . T he  defic iency  of  ord inary  

bo ilers in fu rn ish ing  dry  steam  is little know n , 

though  the  econom y  is m ateria lly  affec ted .

Engine Trials.

T he pre lim inary  tria l of eng ines gave  the  fo l­

low ing  resu lts :
w ( H  —  /')

W  (/' —  /)

Babcock & Wilcox Boilers at Yngenio, Central Ysabel, Manzanillo, Cuba, 1,000 H, P

T he  value  of  E  w as ascerta ined  by  the  fo rm u la 

separa te ly fo r each experim en t. T he average  

value  w as .9916 , show ing that the steam  lacked  

bu t ° f 1 P er cen t-of the  quan tity  of heat re ' 

qu ired fo r producing perfec tly  dry  or sa tu rated  

steam  betw een  the  sam e  lim its of  tem pera tu re .

T he  value  of  Q  m ay  be  found  d irectly  from  the  

fo llow ing  equation  :

Q -f .. ')(T -')) ........... (» )

or, from  the  average of the heating efficiencies , 

by  the  fo llow ing  :

T hen  w hen  Q  <  1 , the  per  cen tage of  m oisture  

in  steam  —  100 (1 —  Q ).

D uration  of experim en t, . . . .4 .1  hours.

A verage  steam  pressu re  in  bo ile rs, . . 93 .94  pou nds.

A verage  vacuum  in  condenser, . . . 21 .5  inches.

A verage  revo lu tion  of  eng ine  per  m inu te . 64 .492

W ater  evapo ra ted  per  hour, . ‘ 8830 .244 poun ds.

A verage  in itia l pressu re  in  steam  cy linders, 84 .425  

M ean  effec tive  pressu re  in  cy linders , . 30 .1275

A verage  po in t of cu t-o ff, ....  .129 stroke .

A verage ind ica ted  H . P . (bo th  eng ines), . 292 .613  

M axim um  H . P . show n by  a com ple te  se t

of  d iag ram s, ....................................315-580
W ater  per ind ica ted  horse-pow er per  hour, 30 .177 pounds.

T he  steam  p ipe  w as 131 feet long and o ther 

cond itions w ere unfavo rab le fo r the econom ical 

developm en t of pow er in the  eng ines. It is , in  

fac t, popularly  supposed  tha t th is  c lass  of  engines  

develops a horse-pow er fo r %  the quan tity of  

steam  requ ired  in  th is  case .

T he  dura tion  of the  bo iler experim en t w as 12  

hou rs and  37  m inu tes, of w hich fu ll} ’ 13 m inu tes
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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 -s- 30 
— 464 horse-power, or 104 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 

of 89.4 pounds from a temperature ioo° per lb. 

of Cumberland coal; yet the engine was so 
economical that there was required but 1.69 lbs. 

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; so if 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

Boilers. Boiler House and Economizers, with Blast Flue and Ash Tunnel, made for Lombard, Ayres & Co., Seaboard Oil Refinery, 

Bayonne, N. J.t 15 orders, 2,246 H. P.

evaporation of 9.252 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 

ordinary7 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. To accomplish 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, Ch a s . E. Eme r y .
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CENTENNIAL BOILER TESTS.

At the U. S. Centennial Exposition held in 

Philadelphia in 1876, a careful test was made of 
the different boilers there exhibited, except the 
Corliss, which was not placed in competition. 

The results of these tests have been condensed 
in the following diagram, which gives graphically 

not only the relative evaporation, but the rate of 

combustion of coal per square foot of grate, the 

ratio of heating to grate surface, the water evap­
orated per square foot of heating surface, and 

the waste heat in the flue. The height of the 
diagram is 105 millimeters, and represents the 

to difference in the construction of the boilers, by 

which the heating surface was rendered more 
effective. The fact that the best economic re­

sults were obtained by a boiler under average 
conditions in other respects, is significant.

In their report, the Judges said : “ 1 he awards 

of the Judges were not based upon the trials ; in 

fact, the latter were not commenced until the 
awards had been made by another committee of 

the same group. This report has been confined 

to a statement of what actually took place during 

the trials, without expressing opinions on the all- 
important question of value, but more particu-

theoretic value of the combustible used in the 

experiments. In the line of economy the 
boilers are arranged in the order of their relative 

economy, as shown in the tabic. I he distance 

of this line from the base, relative to the whole 

height, gives the percentage of useful effect in 

each case. All the lines have scales measured in 

millimeters, from a common base.
By reference to the lines of averages, it will be 

seen that boilers at the extremes of economy, 

had an average of each of the conditions. The 

different results are, therefore, to be attributed 

larly the trustworthiness of the different mechani­
cal details and arrangements employed by the 

various exhibitors. Many of these questions can 

only be settled by long practical use, under dif­

ferent circumstances as to management and the 

kind of fuel and water used.”

In view of that statement it is an interesting 

fact, that of all the fifteen boilers tested at the 
Centennial, only three can be said to be now 

fairly in the market, and of these, the Babcock 

& Wilcox, which showed the best results there, 

is the only one extensively sold in this country.
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Comparative Test,KJIHGFEDCBA

m a d e  a t  th e  O liv e r  W ir e  W o rk s , P itts b u rg h , P a . ,  

M a r c h , 1 8 8 3 , b y  W m . K e n t , M . E ., b e tw e e n  tw o  

B a b c o c k &  W ilc o x  b o i le r s  o f  4 1 6  H . P ., a n d  

e ig h t “  tw o  f lu e  ”  b o i le r s  —  s ix  o f  th e m  b e in g  2 8  

f t . lo n g , 4 2  in c h e s d ia m e te r , 1 4 - in c h f lu e s , a n d  

tw o  o f th e m  2 6 ^  f e e t lo n g , 4 0 in c h e s d ia m ­

e te r , 1 4 - in c h  f lu e s . T o ta l g r a te - s u r f a c e , 1 6 5  f t .

B . &  W . R e t . F lu e .

D a te  o f  te s t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . M e h .  1 2  to  1 7

1 1 4

9 5

3 7  

i» 5 i2 ,7 6 3 - 2  
1 9 0 ,2 2 8

1 6 9 ,3 0 3

6 9 .1 2

2 4 .1 4

7 - 9 5 2  
8 .8 2 6

9 - 7 ° 9
10.909
4 1 6

5 2 2 .8 4

2 5 .6 8

M e h . ig to z i

4 0 .7 5

9 5
1 8 0  

8 8 0 ,7 7 6  

1 4 7 ,6 6 8

i3 i ,4 2 5
1 6 5

2 1 .9

5 - 9 6 4
6 .7 0

6 - 3 3 4
7.115 

n o t  g iv e n .

7 4 1 - 3 6

C o a l , b i tu m in o u s , lu m p  a n d  n u t .  

D u r a t io n  o f  te s t , h o u r s . . . . . . . . . . . . . . . . . . .

A v e ra g e  s te a m  p r e s s u re . . . . . . . . . . . . . . . . .

A v e r a g e  te m p e ra tu r e  o f  f e e d , d e g .  

W a te r e v a p o r a te d . . . . . . . . . . . . . . . . . . . . . lb s .

C o a l  f i r e d . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  “

P e r  c e n t , o f a s h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

C o m b u s tib le . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

G r a te - s u r f a c e , s q u a r e  f e e t . . . . . . . . . . .

C o a l  c o n s u m e d  p e r  s q u a r e  f o o t , o f  

g r a te  p e r  h o u r . . . . . . . . . . . . . . . . . . . . . . . . . . . .

W a te r  e v a p o r a te d , in  p o u n d s  

p e r  lb . c o a l u n d e r  a c tu a l c o n . .

“ c o m b u s t ib le “  “ . .

“ c o a l  f r o m  a n d  a t  2 1 2 ° . .

“ c o m b u s t ib le .. .  .d o . . . . . . . . . . .

R a te d  h o r s e - p o w e r . . . . . . . . . . . . . . . . . . . . . . . . . .

H o r s e - p o w e r  d e v e lo p e d  f r o m  2 1 2 0  

f e e d  a n d  7 0  lb s . s te a m . . . . . . . . . . . .

P e r  c e n t , a b o v e  r a te d  c a p a c i ty . . .

A p ri l a n d M a y , 1 8 8 4 , o n  r e g u la r w o rk , w ith  

“ B u c k w h e a t” a n th r a c i te c o a l f ro m  d if f e r e n t  

m in e s , a f te r  b o i le r s  h a d  b e e n  in  c o n s ta n t u s e  f o r  

f iv e  y e a rs :

D u r a t io n  o f  te s t , in  h o u r s , . . . .

A v e r a g e  s te a m  p r e s s u r e , in  p o u n d s ,

A v e ra g e  te m p e ra tu r e  o f  f e e d  w a te r  in  ta n k , , 

P o u n d s  o f  c o a l  b u r n e d ,  

P o u n d s  o f  c o m b u s t ib le ,  

P e r  c e n t , o f  a s h ,  

C o a l b u r n e d  p e r  s q u a r e  f o o t g r a te , p e r  h o u r ,  

T o ta l  w a te r  e v a p o r a te d  a t  te m p , o f  f e e d , lb s .  

W a te r  e v a p o ra te d , in  p o u n d s ,  

p e r  lb . c o a l  —  a c tu a l  c o n d i t io n s , .

“  “ — f r o m  a n d  a t 2 1 2 0

“ c o m b u s t ib le , a c tu a l c o n d i t io n s ,  

“  “ f r o m  a n d  a t  2 1 2 ° .

Q u a li ty  o f s te a m  —  1 3  te s ts , m o is tu re , p e r c t .  

R a te d  h o r s e - p o w e r , . . . .

H o r s e - p o w e r  d e v e lo p e d  f r o m  f e e d , a t  2 1 2 0  a n d  

7 0  lb s . p r e s s u r e ,  

P e r  c e n t ,  a b o v e  r a te d  c a p a c i ty ,  

T e m p e r a tu re  o f f lu e  g a s e s , . .

2 8 8

7 3 - 5 2

8 2 .1 9 5

2 1 6 ,9 8 7 .8  

I 7 9 > 2 9 5 - 3

1 4 .6 8 5

1 ,7 6 5 ,9 2 6

8 .1 2 4

9 .4 9

9 - 8 3 3

11.485

1 .2 8

1 8 7

2 3 1 .6 1

2 3 - 7 2

4 5 5 -

Saving in fuel in  f a v o r  o f  B a b c o c k  &  W ilc o x  :

9 .7 0 9  —  6 .3 3 4  =  3 - 3 7 5  ; a n d  3 - 7 5 -  =  34.76 p e r  c e n t .

9 .7 0 9

T e s ts  m a d e  a t th e  G e n e s e e  M ills , S a n  F r a n ­

c is c o , C a l. , b y  A . W o rth in g to n , w ith c o a l f r o m  

B ri t i s h  C o lu m b ia , f r o m  C a rd if f , W a le s , a n d  f ro m  

th e  S o u th  P r a i r ie , W a s h in g to n  T e rr i to r y . T h is  

te s t w a s  m a c le  la r g e ly  to  d e te r m in e  th e  r e la t iv e  

v a lu e s  o f  th e s e  th r e e  c o a ls , a n d  in c id e n ta l ly  th e  

e c o n o m y  o f  th e  b o i le r . T h e  f u rn a c e  w a s p r o ­

v id e d  w ith  a n  a r c h  e x te n d in g  o v e r a b o u t h a lf  

th e  le n g th  o f  th e  g r a te  b a r s , a n d  p r o d u c e d  l i t t le  

o r  n o  s m o k e :

D a te . . . . . . . . . . . . . . 1 8 8 3 . . . . . . . . . . . . . . .

C o a l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

F e b . 2 0 .  

W e ll in g ’n  

B r . C o l .

F e b . 2 7 ,  

C a r d if f ,  

W a le s

F e b . 2 8 ,  

S o .P ra i r ie  

W a s h . T .

D u r a t io n  o f  te s t . . . . . . . . . . . . . . . . . . . . . 6  h r . 1 7  m . 7  h r . 2 3  m .

A v e r a g e  s te a m  p r e s s u r e . . . . 1 1 9 .2 1 1 7 .6 8 1 1 7 .8 7

A v e r a g e  te m p ’tu r e  o f  f e e d . . 5 9 6 1 .8 7 6 1 .9 7

W a te r  e v a p o r a te d . . . . . . . . . . . lb s . 2 8 ,3 2 9 ^ 2 .3 7 6 3 0 ,3 4 5
C o a l f i re d . . . . . . . . . . . . . . . . . . . . . . . .  “ 3 ,7 7 7 4 ,0 3 2 4 - 0 5 9

1 9 .0 7

C o m b u s t ib le . . . . . . . . . . . . . . . . . . . . . . lb s . 3 ,1 5 6 .5 3 ,2 6 3 3 ,4 9 3
G r a te - s u r f a c e . . . . . . . . . . . . . . . s q .  f t . 2 1 .2 5 2 1 .2 5 2 1 .2 5

C o a l c o n s u m e d  p e r  h o u r  p e r

s q . f t . g r a te , lb s . . . . . . . . . . . . . . . 2 8 .2 2 5 .6 2 8 .9

W a te r  e v a p o ra te d , ( in  lb s .)

p e r  lb . c o a l  — a c tu a l c o n . 7 - 5 8 .0 2 7 - 4 7
“  “ — f r o m  a n d  a t

2 1 2 ° . . . . . . . . . . . . . 8 .9 7 9 - 9 5 8 .7 6

“ c o m b u s t ,  a c t .  c o n . 9 - 3 9 - 5 4 8 .8 8

“  “  f r o m  a n d  a t

11.12 11.84 10.42

R a te d  h o r s e - p o w e r . . . . . . . . . . . . . . . 1 3 6 1 3 6

H o rs e - p o w e r  d e v e lo p e d  . . . 1 8 6 I ’ 7 3 - 5 1 8 2 .3

P e r  c t . a b o v e  r a te d  c a p a c i ty 3 6 .8 2 7 - 5 3 4

T e s t m a d e a t H a r r is o n , H a v e m e y e r &  C o .  

( n o w  H a rr is o n , F r a z ie r  &  C o .) , F r a n k l in  S u g a r  

R e f in e r y , P h i la d e lp h ia , P a . , b y  C . A . B rin le y ,  

C h ie f  E n g in e e r , b e in g  th e  r e s u lt  o f  f o u r  s e p a ra te  

r u n s  o f 7 2 h o u rs  e a c h , in  O c to b e r , 1 8 8 3 , a n d

T e s t  m a d e  a t B e n e d ic t &  B u rn h a m  

tu r in g  C o ., W a te rb u r y , C o n n ., M a r c h  1 7  a n d  1 8 , 

1 8 8 3 , b y  W m . E . C ra n e , th e ir  e n g in e e r  : 

C o a l , a n th r a c i te  e g g ,  

D u ra t io n  o f  te s t , h o u r s ,  

A v e ra g e  s te a m  p r e s s u r e , p o u n d s , . 

A v e r a g e  te m p e r a tu r e  o f  f e e d  w a te r ,  

P o u n d s  o f  c o a l  b u r n e d ,  

P o u n d s  o f  c o m b u s t ib le ,  

P e r  c e n t , o f  a s h ,  

C o a l  b u r n e d  p e r  s q . f t . g r a te , p e r  h o u r , lb s .  

T o ta l w a te r  e v a p o r a te d  a t  te m p , o f f e e d , “  

W a te r  e v a p ’d  p e r  lb . c o a l  —  a c tu a l  c o n d i t io n s , 

“  “  “  “ — f r o m  a n d  a t  2 1 2 0 ,

“  “  “  c o m b u s t ib le a c tu a l c o n .

“  “  “  “ f ro m  a n d  a t  2 1 2 0 ,

Q u a l i ty  o f  s te a m  ( m o is tu r e ) ,  p e r  c e n t .

R a te d  h o r s e - p o w e r ,  

H o r s e - p o w e r  d e v e lo p e d , . .

P e r  c e n t , a b o v e  r a te d  c a p a c i ty ,  

M a n u f a c -

2 2

3 6 °  

2 1 ,4 0 0  

1 8 ,6 2 6

1 2 .9

1 6 .2 1

1 7 5 .5 7 9

8 .2 0

9 - 9 3

9 - 4 2

11.41

1 .8 1

2 5 °

3 1 2 .1 2

2 4 .8

T e s t  m a d e  a t M e s s rs . H e p b u r n  &  C o ’s  G ra n t  

M ills , R a m s b o t to m , S c o t la n d , J u ly  2 4 th , 1 8 8 4 , b y  

M e s s r s . H e p b u r n  &  C o . B a b c o c k  &  W ilc o x  

C o ’s  B o ile r , w ith  th e  p a te n t  r e g e n e r a t iv e  f u rn a c e ,  

w ith  d r o s s “ p ic k -u p ”  @  4 /9 C I . a n d  “ C ro s s e s ”  

a t  5 /3 d . ,  m ix e d  to  e q u a l  p a r ts . C o s t  to  e v a p o r a te  

1 0 0 0 lb s . w a te r in to  s te a m  @  7 0  lb s . p r e s s u r e ,  

2 .8 2  p e n c e , s te r lin g  :

D u r a t io n  o f  te s t , in  h o u r s , . . . .

A v e ra g e  s te a m  p r e s s u re , b y  g a u g e ,  

A v e ra g e  te m p e ra tu r e  o f f e e d  w a te r ,  

P o u n d s  o f c o a l b u r n e d ,  

P o u n d s  o f  r e f u s e ,  

P o u n d s  o f  c o m b u s t ib le ,  

P e r  c e n t , o f  a s h ,  

C o a l b u r n e d  p e r  s q . f o o t  g r a te , p e r  h o u r , lb s .  

T o ta l  o f  w a te r  e v a p o r a te d  a t  te m p , o f  f e e d , “  

W a te r e v a p o r a te d ,  

p e r  lb . c o a l  —  a c tu a l c o n d i t io n s , lb s .  

“  “ — f r o m  a n d  a t  2 1 2 0 , “

“  c o m b u s t ib le  a c tu a l c o n d i t io n s , “  

“ f r o m  a n d  a t  2 1 2 0 , “

R a te d  h o r s e - p o w e r ,  

H o r s e - p o w e r  d e v e lo p e d  f r o m  f e e d  a t  2 1 2 "  a n d  

7 0  lb s .  p r e s s u r e ,  

P e r  c e n t , a b o v e  r a te d  c a p a c i ty ,

8

5 °  
2 0 8 °

5 ,8 2 4
6 3 0

5 ,1 9 4

lb s . 2 4 .2 6

5 5 .3 0 0

9 - 4 9 7
1 0 .6 2 7

9 .8 2 6

10,998

1 3 6
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Comparative Test,ONMLKJIHGFEDCBA 

m a d e  a t  th e  s ta t io n  o f  th e  B r u s h  E le c t r ic  L ig h t  

C o ., P h i la d e lp h ia , b e tw e e n  th e B a b c o c k  &  W il­

c o x  a n d  R e tu r n  T u b u la r b o i le r s , b y  J . C . H o a d -  

l e y , o n  th e  p a r t  o f  th e  B a b c o c k  &  W ilc o x  C o .,  

a n d  W . B a rn e t  L e  V a n , o n  th e  p a r t  o f  th e  B r u s h  

E le c t r ic  L ig h t  C o ., O c to b e r , 1 8 8 2 , th e  c o n d i tio n s  

a s to  q u a li ty  o f  c o a l a n d  m a n a g e m e n t o f f ir e s  

b e in g  m u c h  in  f a v o r  o f  th e  r e tu r n  tu b u la r  b o ile r s ,  

a s  w a s  c e r t i f ie d  to  b y  b o th  e x p e r t s . T h is  s ta te ­

m e n t  a n d  f u l l d a ta  a n d  d e ta il s  o f  c a lc u la tio n  w e re  

p u b l is h e d  in Van NostrancPs Magazine, 1 8 8 3 , 

c o p y  o f  w h ic h  w ill h e  f u rn is h e d  o n  a p p l ic a t io n .

1. Test by Evaporation of Water.

P o in ts  O b s e r v e d .
B a b c o c k

&  W ilc o x .

R e tu rn  

T u b u la r .

D a te  o f  t e s t . . . . . . . . . . . . . . . . . . . . . . . . . . . . O c t. 1 8 , I t ) ,  2 0 .

2 1 .5  h o u r s

O c t. 2 3 , 2 4 , 2 5 .

D u ra t io n  o f  t e s t . . . . . . . . . . . . . . . . . . . 1 6  h o u r s .

Q u a l i ty  o f c o a l ( a n th r a c i te

W e t  a n d  d i r ty

S c re e n e d

C h e s tn u t ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . a n d  d r y .

C o ä l th r o w n  o n  g r a te . . . . . . . . .

S u r f a c e  w a te r  in  c o a l . . . . . . . . . . .

lb s . 1 6 ,3 8 8 .5  

“  1 ,2 0 7 .8

“ 1 5 ,1 8 0 .7  

“  4 6 2

is .v j -s
3 7 8

D ry  c o a l  th r o w n  o n  g r a te . . 1 2 ,7 9 3 - 5

W o o d  u s e d  f o r  k in d l in g . . . 3 1 9

C o t to n  w a s te , to  s ta r t  f i r e s . 7 2 - 5 3 4 - 5

A s h e s  a n d  r e s id u e . . . . . . . . . . . . . . . . .

C o m b u s t ib le ( in  c o a l ) c o n -

“  3 ,3 0 5 2 ,6 9 7

s u m e d . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . “ 1 1 ,8 7 5 - 7 1 0 ,0 9 6 .5

C o m b u s t ib le  = w o o d  x o .3 6 . “  1 6 6 .3 “ 5

C o m b u s t ib le  =  c o t to n  w a s te  

T o ta l c o m b u s t ib le c o n -

“  7 3 - S 3 4 - 5

s u m e d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . “ ’ 2 ,1 1 4 .5

1 3 4 ,4 1 0 ,0 1 5

1 0 ,2 4 6

H e a t u n i t s a p p a r e n tly  r e ­

c e iv e d  b y  b o i le r . . . . . . . . . . . . . 1 0 6 ,3 0 0 ,3 9 7

H e a t  u n i t s  a c tu a l ly  r e c e iv e d

—  w a te r  a l lo w e d  f o r . . . . . . . . .

H e a t  u n i t s  r e c e iv e d  p e r  1  lb .

1 3 0 ,1 7 6 ,1 0 0 1 0 4 ,1 1 0 ,6 0 9

o f c o m b u s t ib le . . . . . . . . . . . . . . . . . . .

W a te r  e v a p o r a te d  f r o m  a n d

a t 2 1 2 0 F . p e r 1 lb . c o m -

1 0 ,7 4 5 .4 8 1 0 ,1 6 1 .1

b u s t ib le . . . . . . . . . . . . . . . . . . . . . . . . . . .lb s . 1 1 .1 2 7 1 0 .5 2 2

A p p a r e n t  e f f ic ie n c y , p e r  c t .  

H e a t u n i t s  r e q u i re d  to  d r y

7 4 .1 8 y o - 'S

4 8 2 ,5 5 5th e  c o a l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

W a te r  e v a p o r a te d  f r o m  a n d

1 ,4 9 7 .7 9 3

a t 2 1 2 0  F .  p e r  1  lb .  o f  c o m ­

b u s t ib le  e x p e n d e d  in  d r y  

in g  th e  c o a l , . . . . . . . . . . . . . . . . . .lb s .

W a te r a c tu a l ly  e v a p o r a te d

0 .1 2 8 0 .0 4 9

f r o m  a n d  a t 2 1 2 ° F . p e r  1  

lb . o f  c o m b u s t ib le . . . . . . . . . . . . . 11.255 10.571

A c tu a l e f f ic ie n c y , p e r c e n t .
75.03 7 0 .4 7o f th e o re t ic a l . . . . . . . . . . . . . . . . . . . . .

Comparative Economy by the Evaporative Test:

1 1 .2 5 5 —  I P * S 7 I 0 * 6 8 4  ; a n d  — — ~  0 .0 6 4 7 6 .4 7  p e r  c e n t .

2, Test by Power Developed Through Engines.

P o in ts  O b s e r v e d .
B a b c o c k

&  W ilc o x .

R e tu r n  

T u b u la r .

M e a n  in d ic a te d  h o r s e -p o w e r . . . . . . . . 1 3 0 .4 1 I 3 7 - 7 8

D u ra t io n  o f  e x p e r im e n ts  a s . . . . . . . .

a b o v e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .h o u r s a i -5 1 6

C o m b u s t ib le  c o n s u m e d . . . . . . . . . . . . lb s . 1 2 ,1 1 4 - 5 1 0 ,2 4 6

C o m b u s t ib le  c o n s u m e d p e r  

h o u r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 6 3 .4 6 6 4 o - 3 7 5

C o m b u s t ib le  c o n s u m e d  p e r  

H . P . p e r  h o u r . . . . . . . . . . . . . . . . . . 4.321 4.648

W a te r  e v a p o r a te d . . . . . . . . . . . . . . . . . . . . 1 3 0 ,1 5 6 1 0 4 ,5 6 2

W a te r  e v a p o r a te d  p e r  h o u r . . .

W a te r  e v a p o r a te d  p e r  H . I * , 

p e r h o u r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

6 ,0 5 4 6 ,5 3 5

4 6 .5 7 4 7 - 4 3

D ry  s te a m  p e r  H . I ’ , p e r  h r . . 4 5 1 4 6 - 4 5

L e a k a g e  p e r  H , P . h e r  h o u r . . > o - 4 3 1 2 .3 3

D ry  s te a m  used p e r H . P .  

p e r h o u r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 4 -6 7 3 4 - 1 2

Comparative Economy by the Engine Test:

, 0 .3 2 7  _  _ _
4 .6 4 8  —  4 * 3 2 1 =  0 .3 2 7 ; a n d - - - - -  =  0 .0 7 5 7  =  7 .5 7  p e r  c e n t .

4 .3 2 1

3. Test by Waste Heat in Chimney.

C h a r a c te r  o f W a s te .

B a b c o c k

&  W ilc o x .  

P a r ts in 1 0 0 .

R e tu r n  

T u b u la r .  

P a r ts in 1 0 0 .

L o s s  o f h e a t c a r r ie d  o f f b y  

h e a te d  g a s e s  in  c h im n e y .  

L o s s  b y  im p e r f e c t c o m b u s ­

t io n , a n d  r a d ia t io n . . . . . . . .

A g g r e g a te  lo s s e s . . . . . . . . . . . . . . . . . . .

A c tu a l  e f f ic ie n c y  b y  e v a p o r ­

a t iv e  t e s t . . . . . . . . . . . . . . . . . . . . . . . . . .

T o ta l h e a t in g p o w e r o f  

c o m b u s t ib le . . . . . . . . . . . . . . . . . . . . .

2 0 .5 4

4 - 4 3

2 5 - 4 7

4 .0 6

2 4 .9 7

7 5 .0 3

2 9 - 5 3

7 0 .4 7

1 0 0 .0 0 1 0 0 .0 0

L o s s  c a r r ie d  o f f  b y  h o t  g a s e s ,  R e t . T u b .  b o i le r s .  .2 5 .4 7  P r - c t - 

L o s s  c a r r ie d  o f f  b y  h o t  g a s e s , B . &  W . b o i le r s . . .2 0 .5 4  P r - c t - 

D if f e r e n c e  ; g r e a te r  lo s s  b y  R e t .  T u b . b o i le r s . . . . 4 .9 3  p r . c t .

T h is d i f f e re n c e , o r e x c e s s  o f  h e a t  lo s t b y  th e  

R e tu rn  T u b u la r b o i le r s , d iv id e d b y th e e f f i­

c ie n c y  o f  th e s e  b o i le r s ( 7 0 .4 7  p e r  c e n t . ) , g iv e s  

th e  r a t io  o f  th e  e x c e s s  o f  lo s s  to  a c tu a l e f f ic ie n c y  :

— -  =  0 .0 6 9 9 6  =  7 .0 0  p e r  c e n t .  

7 0 - 4 7

4. Test by Light.

P o in ts  O b s e r v e d .
B a b c o c k  

&  W ilc o x .

R e tu rn  

T u b u la r .

1 . I n d ic a te d h o r s e - p o w e r ,

m e a n  o f  a l l  t e s t s . . . . . . . . . . . 1 3 0 .4 1 1 3 7 .7 8

2 . H o u rs  r u n . . . . . . . . . . . . . . . . . . . . . . . . 2 1 - 5 1 6

3 . N o . o f  a rc  l ig h ts  r u n . . . 1 2 1 1 2 8 .7 5

4 . A v e r a g e  H . P . p e r  l ig h t . 1 - 0 7 0 3 I .0 7 0 1

5 . P o u n d s o f c o m b u s t ib le

p e r  l ig h t  p e r  h o u r . . . . . . . 4 - 6 5 6 7 4 - 0 7 3 8

Comparative Economy by the Light Test:

0 - 3 1 7 1
4 .9 7 3 8  —  4 .6 5 6 7  =  0 .3 1 7 1  ; a n d - - - - - - - - * =  0 .0 6 8 1  =  6 .8 1  p e r  c e n t .

4 6 5 6 7

4. Summary of Results by the Four Methods.

T e s ts .
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E v a p o r a t iv e  te s t . . . . . . . . . . . . . . . ” • 2 5 4 1 0 .5 7 0 .6 8 4 6 - 4 7
P o w e r , e n g in e  t e s t . . . . . . . . . . . 4 - 3 2 1 4 .6 4 8 ■3 2 7 7 - 5 7
L ig h t  t e s t . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 • 6 5 6 7 4 - 9 7 3 8 • 3 I 7 1 6 .8 1

T e s t  b y  lo s s  a t  c h im n e y . . 2 0 .5 4 2 5 - 4 4 4 - 9 7 .0 0

M e a n  o f f o u r  t e s t s . . . . . . . . . . . . . . . . . . . 6 .9 6

Explanation of Table.—T h e  B a b c o c k  &  W il ­

c o x b o i le r s e v a p o r a te d more w a te r f o r e a c h  

p o u n d  o f c o m b u s t ib le c o n s u m e d ; c o n s u m e d  

less c o m b u s t ib le  p e r  h o u r  f o r  e a c h  in d ic a te d  H .P .  

p r o d u c e d , c o n s u m e d /^  c o m b u s t ib le  p e r h o u r  

f o r  e a c h  a r c  l ig h t in  u s e ; a n d  lo s t less h e a t b y  

h o t  g a s e s  e s c a p in g  to  th e  c h im n e y , th a n  th e  R e ­

tu rn  T u b u la r  b o ile r s .

W h ile  d o in g  th is , th e y  w e re  e v a p o r a tin g  6 0 5 4  

p o u n d s  o f  w a te r  p e r  h o u r ,  in to  s te a m , c o n ta in in g

8 7



only 3.15 per cent, of entrained water, leaving 

5863 pounds of dry steam per hour, enough at 

the rate of 30 pounds of dry steam per hour for 
each horse-power to supply 195 horse-power, 

which is 30 per cent, above their rated power.
The general result is a difference of about 7 per 

different engineers, have been condensed for the 

purpose of a more ready comparison. v
Test made at Harrison & Havemeyer’s Sugar 

Refinery, Philadelphia, January, 1879, by their 

engineer and usual fireman, under general work­

ing conditions, for five days of 24 hours each :

The Brooklyn Sugar Refining Co., Brooklyn, N. Y„ 5 orders, 1876 to 1888, 3952 H. P. Babcock & Wilcox Boilers.

cent, in favor of the Babcock & Wilcox boilers, 
arrived at by four independent methods of com­
parison, all free from objection, and, together, 

mutually confirmatory in the highest degree.

This comparison leaves out of view all disparity 

of coal save the ascertained difference in surface 
water; this, if allowed for, would greatly increase 

the difference.

Other Tests

The following tests, showing the evaporative 

efficiency of the Babcock & XVilcox boilers, 

actual and comparative, with different kinds of 

fuel, which have been made at various times, by 

Coal, anthracite, egg size, not screened.

Duration of test, hours, ...••• 12°-
Average steam pressure, in pounds, . . • 62.50

Average temperature of feed,......................................165.8c

Water evaporated,...............................................733,660

Coal fired,  ............................... 79»’47
Per cent, of ash,...................................... x3-7
Combustible,............................................... lbs. 68,297.5

Grate surface,............................................ sq.ft. 5°-75
Coal consumed per sq. foot of grate per hour, 12.99

Water evaporated, in pounds ;
Per lb. coal under actual conditions, . . 9.27

“ combustible, “ “ i°-74
“ coal from and at 212°, . . . 9-7*
“ combustible “ . . . 11.6

Rated horse-power, ............................... ’9°
Horse-power developed,.........................................220
Per cent, above rated capacity............................ 13-63
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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, ....  12

Average steam pressure, .... 85

Average temperature of feed, .... 195

Water evaporated in pounds, . . 28,181

Coal fired, “ ....  2,998

Per cent, of ash,...................................... I2-8

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 lb. coal under actual conditions, lbs., 9.4 

“ combustible “ “ “ 10.78

“ coal from and at 2120 , “ 9-9

“ combustible “ “ 11.36

Rated horse-power,...................................... 75

Horse-power developed, ....  83

Per cent, above rated capacity, . • • Io-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,............................... *3-5
Average steam  pressure, .... 66.66

Average temperature of feed, .... 130

Water evaporated in pounds, . . . 34.800

Coal fired, “ ....  3,360

Per cent, of ash,...................................... 7-5

Combustible in pounds, . . • • • 3,IOS

Grate-surface square feet, .... 39.75

Coal burned per sq . foot of grate, per hour, lbs., 6.261

Water evaporated :
Per lb. coal under actual conditions, lbs., i°-357 

“ combustible “ “ “ 11.196

“ coal from  and at 212°, “ u-527

“ combustible “ “ 12.46

Rated horse-power, 146
Horse-power developed, ....  n9-9

Per cent, below rated capacity, ...  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,............................... 4

Average steam pressure, ....  36

Average temperature of feed, ....  ’S6

Water evaporated in pounds, . ■ ■ 10,426

Coal fired, “ “ .... M44

Per cent, of ash,...................................... 7

Combustible in pounds,.............................. .........

Grate-surface, square feet, ....  25

Coal burned per sq. foot of grate, per hour, lbs. , ’3-44

Water evaporated :

Per lb. coal under actual conditions, lbs., i°-73 

“ combustible “ “ “ IT-53

“ coal from and at 2120, “ xi.52

“ combustible “ “ 12.38

Rated horse-power,...................................... 122

Horse-power developed, ....  129

Per cent, above rated capacity, ...  5-7

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,............................... 7

Average steam pressure, .... 65

Average temperature of feed, . , . . 141

Pounds of coal burned,............................... 2,072

Pounds of refuse, . . . . . . 375

Pounds of combustible,............................... r,697

Per cent, of ash,.............................................. I^-1

Coal burned per sq. foot of grate, per hour, lbs., 18.2 

Total water evaporated, in pounds, ■ • I7,5°°

Water evaporated:
Per lb. coal—actual conditions, lbs,, 8,445

“ “ from and at 212°, lbs., . 9-34°
“ combustible, actual conditions, lbs., 10.312

“ combustible from and at 2120, . 11.404

Rated horse-power,............................... 51

Horse-power developed,.............................. 89.9

Per cent, above rated capacity, ...

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, ....  98

Average temperature of feed, deg. Fah., . 135

Pounds of coal burned,.............................. 12,162

Pounds of refuse, ......  664

Pounds of combustible,............................... ’MOS

Per cent, of ash,...................................... 5-4
Coal burned per sq. foot of grate, per hour, lbs., 18.02 

Water evaporated:

Per sq. ft. heating surface, per hour, . 4-35

“ lb. coal—actual conditions, . 9,5°7

“ “ “ from and at 2120, . . 10.628
“ “ combustible, actual conditions, lbs., 11.056

“ “ combustible from and at 2120, 11.243

Rated horse-power........................................... , 208

Horse-power developed,.............................. 379-2

Per cent, above rated capacity, . • • 82.3

Temperature in flue gases, ....  52°

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,.............................. 24

Average steam pressure by gauge, . . 75-8

Average temperature of feed water, deg. Fah., 153.4 

Pounds of coal burned, . . < . . ^5^97

Pounds of refuse,..............................., ■ 2,101

Pounds of combustible.................................. 13,096

Per cent, of ash,.............................................. i3-2°
Coal burned per sq. foot grate, per hour, lbs., 10.23 

Total water evaporated,................................ 139,°59

Water evaporated:

Per lb. coal—actual conditions, lbs., 8 737

“ “ from  and at 2120, lbs., . 9-576

“ combustible, actual condition, lbs., 10.066 

“ combustible, from and at 2120 , . 11.626

Quality of steam, per cent, moisture, . . 0.61

Draft in inches of water, ....  0.16

Rated horse-power,...................................... 240

Horse-power developed, .... 204.9

Per cent, below  rated capacity, . . . 14.6

Temperature of flue gases, degrees Fah. . 336

89





Test of four Babcock & Wilcox boilers at the 

Arlington Mills Mfg. Co.’s, Wilmington, Del., 

May 9, 1883, by Geo. H. Barrus, M. E.

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

Duration of test, in hours,.................................. 11

Average steam  pressure, ....  106.2

Average temperature of feed, . . . 145.3

Water evaporated in pounds, . . . 161,656

Coal fired in pounds, ............................................ 19,043

Per cent, of ash,............................................ ’7-4

Combustible in pounds,........................................... i5>72(>

Grate-surface, square feet, ....  141.68

Coal burned per sq. ft. of grate, per hour, lbs., 12.22 

Water evaporated :

Per lb. coal under actual conditions, lbs., 8.49

■ combustible “ “ “ 10-28

“ coal from and at 212°, “ 9.13

■ combustible, “ “ 11.44

Rated horse-power, .................................... 488

Horse-power developed, ....  526

Per cent, above rated capacity, ...  7.7

Test of two Babcock & Wilcox boilers, made 

at the Peacedale Mfg. Co., Peacedale, R. I., Dec., 

1882, by Geo. H. Barrus, M. E.

Coal, 94 Powelton bituminous, J4 anthracite screenings.

Duration of test, in hours, ....  10.25

Average steam  pressure, .... 77.5°

Average temperature of feed, ....  38

Water evaporated, in pounds, , . . 133,096

Coal fired, in pounds, ............................................14,287

Per cent, of ash,............................................ 8.8

Combustible, in pounds,............................................13,025

Grate-surface, square feet, ....  70

Coal burned per sq. foot of grate, per hour, lbs., 20 

Water evaporated :

Per lb. coal under actual conditions, lbs., 9.32

■ combustible “ “ “ 10.22

“ coal from  and at 2120, “ 11-32

“ combustible “ “ 12.42

Rated horse-power,................................... 284

Horse-power developed,................................... 447-7°

Per cent, above rated capacity, ...  57

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, ....  11

Average steam pressure, .... 105.4

Average temperature of feed, ....  ’5^-7

Water evaporated, in pounds, . . . i55>707

Coal fired, in pounds,................................... *8,371

Per cent, of ash,............................................ 15-8

Combustible, .   ’5,47°

Grate-surface, square feet, ....  106.26

Coal burned per sq. ft. of grate, per hour, lbs., 15.7a 

Water evaporated :

Per lb. coal under actual conditions, lbs., 8.48 

“ combustible “ “ “ 10.07

■ coal from  and at 212«, “ 9.ox

■ ' combustible “ “ 11.08

Rated horse-power.................................................. 366

Horse-power developed, ....  502-1

Per cent, above rated capacity, . . 37.1

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 slack, burned with force blast.

Duration of test,..................................................... 8

Average steam pressure, ....  51.72

Average temperature of feed, ....  74.016

Water evaporated, lbs.......................................... 51,220.79

Coal fired, “ ................................... 7,365

Per cent, of ash, ......  12.31

Combustible, lbs.,...................................................... 6,460

Grate-surface,..................................................... 49-833

Coal burned per sq. foot of grate, per hour, lbs,, ’4-77 

Water evaporated :

Per lb. coal under actual conditions, . 6.9^4

■ combustible, “ “ . 7,928

■ coal from  and at 2120, . . 8-136

■ combustible “ 9.236

Rated horse-power,................................... 146

Horse-power developed,................................... 249.69

Per cent, above rated capacity, ...  71

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.

Test of two Babcock & Wilcox boilers, made 

at the Mill Creek Distillery, Cincinnati, O., by 

J. W. Hill, M. E., September, 1882.

Bituminous coal, Pittsburgh.

Duration of test in hours, ....  

Average steam pressure by gauge, 

Average temperature of feed water, 

Pounds of coal burned, ....  

Pounds of combustible,...................................

Per cent, of ash, .....

Coal burned per square ft. grate, per hour, lbs., 

Total water evaporated at temp, of feed, “ 

Water evaporated :

Per sq. ft. heating surface, per hour, lbs., 

“ lb, coal—actual conditions, 

“ “ “ — from  and at 2i2°, 

“ combustible actual conditions, lbs., 

“ combustible from and at 2120, lbs., 

Rated horse-power...................................................

Horse-power developed,....................................

Per cent, above rated capacity,

IO

68.97

121.42 

’5.065 

13,700

9.06

15 

’43.683

4. ix

9-53

10.88 

to. 48

11.97

300

529-4

76.4

Coal, Pittsburgh lump, 3d pool.

Duration of test in hours,...................................

Average steam pressure, ....

Average temperature of feed................................

Water evaporated, in pounds, 

Coal fired, in pounds,....................................

Per cent, of ash,............................................

Combustible, in pounds,...................................

Grate-surface, square feet, ....  

Coal burned per sq. foot of grate, per hour, lbs., 

Water evaporated :

Per lb. coal under actual conditions, lbs., 

“ combustible, “ “ “

■ coal from and at 212°, “

■ combustible “ “

Rated horse-power,............................................

Horse-power developed, ....  

Per cent, above rated capacity,

IO

63-975

132 

112,663.455 

12,000

4.81 

” ,421-75

43-5

27.5

9.388

9-863 

10.467

10.997

240

418.7

74-4



Q

Q

• [b o o  ’q iU B  q j iM  [ B a p o B - id  u o q  

s a o d B A a  [ B a i ja jo a q i q u a o  j a j

u ’ P J B P

- u b i s , , s ^ a u t i jU B ^  jo  q u a a  j a j

• a jn s s a jd  - s q [  oL iv. 3 0 0 1  u i o j j  

jn o q  j a d  p a jB jo d e A a  j a jB .w  

• s q [ o £  =  j a A U > d - 9 S J O [ - [ [ B n ia y

■p a iB j

s b  s j9 [ io q  jo  _ i9 A \< > d -a s jo [_ [

T
A

B
L

E
 O

F
 T

H
IR

T
Y

 T
E

S
T

S
 O

F
 B

A
B

C
O

C
K

 &
 W

IL
C

O
X

 W
A

T
E

R
-T

U
B

E
 B

O
IL

E
R

S
.

• U IE 9 1 S  U I a jn i s io iu  J O ’ I U O D  4 9 ( I

•o z iz  

j e  p u n  u i o j j  a iq p s n q tu o a  jo  

p u n o d  j a d  p a ie io d B A a

• a jB J å  jo  " ) j -b s  . t a d  jn o q  a a d  

p a u jn q  a [ q p s n q tu o o  jo  s p u n o j

•  a o p j jn s  jo  '1 J  ’b s  j a d  jn o q  J  a d  

p a u - in q  9 [q p s n q iu o 3  jo  s p u n o j

• J  O Z 1 Z  I B  p u n  

u i o j j  p a iB jo d e A a  j o j b m  [b j o j .

• p a u in s u o D  a f q p s n q iu o o  [ e j o j l

• s jn o q  u i jo  u o i rø n Q

o

o

Q

6

• s i s a x  jo  j a q iu n ^

iu 4! S 2 C d “ 2 2 j s  ■ 
axuu2,

E E £ P.

.2 a

c

Q o 
s z

£5.2
ra _____ _

cqQS< OS ini Ä»3 iZ O vi <

v j  E
. d __ _

S öä < £_o

T
h

is
 i

. 
th

e
 h

ig
h

e
s

t 
p

e
rc

e
n

ta
g

e
 o

f 
m

o
is

tu
re

 r
e

p
o

rt
e

d
 f

ro
m

 »
n

y
 t

e
s

t 
o

f 
th

e
s

e
 b

o
il

e
rs

. T
h

e
 s

a
m

e
 e

n
g

in
e

e
r 

u
s

in
g

 s
a

m
e

 a
p

p
a

ra
tu

s
 r

e
p

o
rt

e
d

 5
.3

3
 p

e
r 

c
e

n
t,

 o
f 

m
o

is
tu

re
 i

n
 s

te
a

m
 f

ro
m

 t
w

o
-f

lu
e

 b
o

il
e

r
s

 w
h

il
e

 e
v

a
p

o
ra

ti
n

g

oQ

° « “ Q

tn

• O) 73
s k s s  

r- fZS 
^aa 
«22.

cucu^E^sgSdai^g:

; 4 >

O  -

• O

• u -C# • 
’ OJ • •

• v : s :

92



AVERAGE COST OF REPAIRSaZYXWVUTSRQPONMLKJIHGFEDCBA

O F BABCO CK  & W ILCO X BO ILERS IN TH E PA ST SEVEN TEEN Y EA RS.

The following facts are gathered from a large number of answers to a circular of inquiry 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 more complete, and made a still better show­
ing but for the fact that a number of our best customers declined to give 

facts pertaining to their business for publication.

D e c a s t r o  & D o n n e r  Su g a r  R e f in in g  Co ., 

2880 H . P. A verage time, 13.6 years, night 

and day. Total repairs, 6c. yearly per H . P.

S in g e r  M a n u f a c t u r in g  C o . (Case Factory), 

* South Bend, Ind., 900 H . P. A verage time, 

12J- years. Total repairs, T40c. yearly  per H . P.

“ V ery  bad feed-w ater carry  heavy  fires and  force 
them  beyond their rated capacity ........ in one instance  w e
had to replace tw o heads and four tubes that w ere  broken  
and blistered by a careless firem an heating an empty 
boiler red hot, and then turning on the feed water! ! 
Instead of a disastrous explosion that w ould have fol­
low ed  w ith  other boilers, w e lost the above parts and  tw o  
days ’ tim e.” L e ig h t o n  P in e , M anager.

A m e r ic a n  G l u c o s e  Co ., Buffalo, N . Y . 3050  

H . P. A verage tim e, 9.8 years. Total re­

pairs, 4c. yearly per ’ H , P.

N e w  Y o r k  S t e a m  Co . 13900 H . P. A verage 

tim e, 3.92  years, night and day. Total repairs, 

yearly per H . P.

R o s a m o n d  W o o l e n  Co ., A lm onte, O nt. 360  

H . P. A verage tim e, 8J years. Total repairs, 

injC. yearly per H . P.

Bo u n d  B r o o k  W o o l e n  M i l l s . 600 H . P. 

A verage tim e, 8.1 years. Total repairs 2c. 

yearly per H . P.

R a r i t a n  W o o l e n  M i l l s . 1060 H . P. A ver­

age tim e, 6.7 years. Total repairs, nothing.

E. C. K n ig h t  & Co., Philadelphia. 2000  

H . P. A verage time, 5% years. Total re­

pairs, ic. yearly per H . P.

Co n g l o m e r a t e  M in in g  Co . 1800 H . P. A ver­

age time, 3 years. Total repairs, nothing.
“The boilers in every w ay com e up to our highest 

expectations.”  H e n r y  C. D a v is , Pres’t.

Bo s t o n  Su g a r  R e f in in g  Co . 1250 H . P. 

A verage time, 8% years. Total repairs, 4/5C. 

yearly per H . P.

“  W ere put in early  in 1880; have been  in  constant use 

night and day ever since.’’

C. G i l b e r t , D es M oines, Iowa. 488 H . P. 

A verage time, 5 years. Total repairs, 3fOc. 

yearly  per H . P.

B r o o k l y n  Su g a r  R e f in in g  Co . 3464 H . P. 

A verage tim e, 7% years, running night and  

day. Total repairs, yearly per H . P.

Jo h n  C r o s s l e y  &  So n s , L im i t e d , Plantation, 

Louisiana, 1260 H . P. A verage tim e, 3% 

years. Total repairs, nothing.

Po r t a g e  S t r a w  Bo a r d  Co ., Circleville, O . 

1472 H . P. A verage time, 3J years. Total 

reparis, 3T?5c. yearly per H . P.

“  These boilers have been  w orked hard  a  great portion  
of tim e and have given  good satisfaction.”

Jn o . L. T a f l in , M anager.

B a y  S t a t e Su g a r  R e f in in g  Co ., Boston. 

798 H . P. A verage time, 7.3 years. Total 

repairs, T 7sc. yearly per H . P.

“ These boilers have been constantly driven at their 
highest capacity ever since their installation, until the 
present w inter, and the cost of repairs to heating  surfaces 
in that tim e has been $82.53.” J- F. S t i l l m a n , Supt.

W h e e l e r , M a d d e n  & C l e m s e n  M ’f ’g . Co . 

M iddletown, N . Y . 244 H . P. A verage tim e, 

5 years. Total repairs, nothing.
“  W e think this a very good record, and are very  

m uch pleased w ith the boilers.”

Jo e l  H . G a t e s , Burlington, V t. 244 H . P. 

A verage  tim e, 5 years. Total repairs, nothing.

R u m f o r d  Ch e m ic a l  W o r k s . 279 H . P. A ver­

age time, 5 years. Total repairs, nothing.
“  N o expense on account of repairs to heating sur­

faces for either of them , since they w ere put in.”

N . D . A r n o l d , Treas.

T v t u s  Pa p e r  Co ., M iddletow n, O . 650 H . P. 

A verage tim e, 6 years, night and day. Total 

repairs, 6^c. yearly per H . P.

So l v a y  P r o c e s s  Co ., Syracuse, N . Y . 3456  

H . P., from 6 to 1% years. A verage tim e, 

2.6  years, night and  day. Total repairs, i^c. 

yearly per H . P.

“ The only repairs w e have had to m ake are for new  
tubes w hen they have been burnt out. A s you  are w ell 
aw are the w ater w hich w e use at Syracuse is very hard  
upon boiler tubes, and w e suppose w e have burnt out 
m ore on this account than if the w ater had been good.”

F. R. H a z a r d , Treas.

“  I believe our repairs w ould have been greater had  
w e used the tubular type of ordinary  design.”

W . B. Co g s w e l l , M anager.

Th e  W a r d l o w  T h o m a s  Pa p e r  Co ., M iddle­

town, O . 600 H . P. A verage time, 6 years. 

Total repairs, nothing.

“  Easily m anaged, econom ical in coal, attendance  
and repairs ; and the element of safety under our hard  
firing is a source of m uch satisfaction to us.”

O . H . W a r d l o w , Pres’t.

W . A . W o o d , M . & . R. M . Co. 360 H . P. 

A verage time, 4/0 - years. Total repairs, i t 20c . 

yearly per H . P.

“  W e consider them  as good as new to-day, and can  
recom mend them  as economical both in  repairs and fuel.’

J. M . R o s e b r o o k s , Sup’t.
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M a r c u s M o x h a m & Co., Sw ansea, W ales. 

104 H . P. A verage tim e, 3%  years.
“  It has not cost us a penny  for repairs.”

L a in g , W h a r t o n & D o w n , Electricians, 

London. 85 H . P. A verage tim e, 2.3 years.
“  A s regards repairs they have got to com e, as they  

have not yet cost anything.”

C a r n e g ie B r o t h e r s & Co., Pittsburgh, 

900 H . P. A verage tim e, 5 years. Total 

repairs, i^c. yearly per H . P.
“  The total repairs to heating surfaces in that tim e 

has been $50.”  C a r n e g ie  B r o s . & Co.

R a n s o m e s , S im s  &  Je f f e r i e s , L ’d., Ipsw ich, 

England. 35 H . P. A verage tim e, 4%  years, 

Total repairs, nothing.
“  The  repairs appear to  have been about for brick­

w ork.”  R a n s o m e s , S im s  & Je f f e r ie s , L ’d .

C r o c k e r  C h a i r  C o ., Sheboygan, W is. 225  

H . P. A verage tim e, 7 years. Total repairs, 

ic. yearly per H . P.
“  The total cost of repairs to heating surfaces in  

that tim e has been not to exceed $15. W e do  not hesitate 
to say that it is the best boiler w e have ever used.”

E a g l e Pa p e r  C o ., Franklin, O . 250 H . P. 

A verage tim e, 4%  years. Total repairs, 22c. 

yearly per H . P.
“  W e are w ell pleased  w ith them .”

D . B. A n d e r s o n , M anager. 

F i e l d h o u s e  &  D u t c h e r  M a n u f a c t u r in g  C o .

Chicago, 75 H . P. A verage tim e, 6 years. 

Total repairs, iij^c. yearly per H . P.
“ Consider your boiler to be the m ost econom ical and  

best m ade.”

Lo u is ia n a  Su g a r  R e f in in g  C o . 960 H . P. 

A verage tim e, 5% years.
“  The cost of repairs is very  m oderate.”

Jo h n  S. W a l l i s , Pres’t.

N o r t h  B e n d  P l a n t a t io n , Louisiana. 400  

H . P. A verage tim e, 10 years. Total re­

pairs, i i^ c . yearly per H . P.

F r a n c is  A x e  C o . 136 H . P. A verage tim e, 

years. Total repairs, nothing.

W e l h a m  E s t a t e , Louisiana. 240 H .P. A ver­

age tim e, 2 years. Total repairs, nothing.
“ I have used the boiler w ith perfect satisfaction.” 

W m . E. B r ic k e l l , A gent.

Jo s e p h Sc h o f ie l d & Co. Littleborough, 

M anchester. 156 H . P. A verage tim e, 2%  

years. Total repairs, i% c. yearly per H . P.

Se t h  T h o m a s  C l o c k  C o . 125 H . P. A ver­

age tim e, 7 years. Total repairs, nothing.
“  The only  cost has been the am ount spent on  account 

of burning up of fire-box  furnace brick.”

W a l l a c e  & So n s . 400 H . P. A verage  tim e, 

7 years. Total repairs, T70c. yearly per H . P.
“  They  are apparently in  perfect condition now .”  

Foos & Ba r n e t t . 125 H . P. A verage tim e, 

7 years. Total repairs, nothing.
“  H ave not cost one dollar for repairs— sim ply new  

grate bars. Think  they are good econom ical boilers.”

C o r t l a n d  W a g o n  Co . 82 H . P. A verage  

tim e, 6 years. Total repairs, nothing.
“  N o  outlay  for repairs. W e consider this rem arkable 

because w e have forced the boiler from  the beginning.”

E a g l e  Sq u a r e  M a n u f a c t u r in g  Co ., South  

Shaftsbury, V t. 200 H . P. A verage tim e, 

5%  years. Total repairs, nothing.
“  H ave purchased a few fire brick to go betw een 

tubes. W e have found no  other repairs necessary.”
F. L. M a t t is o n , Treas.

Pa in e  L u m b e r  C o ., O skosh, W is. 416 H . P. 

A verage tim e, 4 years. Total repairs, nothing.
“  H ave been using the ordinary boilers w ith both  

large and sm all tubes for thirty years past, and regard  
your boilers as m ore econom ical.”

P a in e  L u m b e r  C o .— A . B. Ideson.

P. P. M a s t  & Co., Springfield, O . 85 H . P. 

A verage tim e, 8% years, night and day. 

Total repairs, 3^c. yearly per H . P.
“  W e regard it as the best boiler ever used by our 

Com pany, and think  it has no  equal in the  m arket. A fter 
all this hard usage equal to 14 years, w e find it still in  
good condition,”  P. P. M a s t  & Co.

Ed is o n  E l e c t r ic  Il l u m in a t in g  C o . of Piqua. 

O . 100 H . P. A verage tim e, 5| years. 

Total repairs, 4T^c. yearly per H . P.

H a l l e t  & D a v i s  C o ., Boston. 104 H . P. 

A verage tim e, 6 years. Total repairs, 5c. 

yearly per H . P.
“  O ur repairs to boiler have been for new nipples in  

m ud-drum in A ug., 1887, w hich is certainly a very  
creditable show ing.”  H a l l e t  & D a v i s  C o .

H . D . Sm it h  & Co.,Plantsville, Conn. 75 H . 

P. A verage tim e, 8 years. Total repairs, 

nothing.
“ W e know  of no other boiler that w ould do the w ork  

that this is doing.”  H . D . Sm it h  & Co.

F. A . Po t h  B r e w in g  Co ., Philadelphia. 400  

H . P. A verage tim e, 4 years. Total repairs, 

iT% c. yearly  per H . P.

J. L. C l a r k , O shkosh, W is. 107 H . P. A ver­

age tim e, 6%  years. Total repairs, T 7ffc. yearly  

per H .P.
“D evelop at least one-third m ore w ork  than rated . 

W e cannot speak too highly of your boilers. They are 
sim ply  perfect.” J. L. C l a r k .

So c ie t a  G e n e r a l e  It a l ia n a  d i E l e t t r ic i t a , 

S i s t e m a  Ed is o n , M ilan, Italy. 1476 H . P. 

A verage tim e, 3% 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 firem en  ”).

L ’A m m inistratore D elegato— J. C o l u m b a .

Scotland.

Total re-

U n io n  Ir o n W o r k s , Johnstone, 

104 H . P. A verage tim e, 5 years, 

pairs, 3c. yearly per H . P.

P. &  P. C a m p b e l l , Perth, Scotland.

A verage tim e, 2 years.
“ The boilers have cost nothing for repairs them ­

selves, but the doors and furnace  have cost about ros. 
per annum .”  P. & P. C a m p b e l l .

146 H . P.
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Ch e n e y Br o s ., 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.” Ch e n e y  Br o s .

To l e d o  & Oh io  Ce n t r a l  R. R. 120 H. P. 

Average time, 7^ years. Total repairs, i2T85c. 

yearly per H. P.
“ The boilers have given entire satisfaction in every 

respect.” J. B. Mo r g a n , Master Mechanic.

Mc Av o y Br e w in g  Co ., Chicago. 832 H. P. 

Average time, 6 years. Total repairs, 10c. 

yearly per H. P.
“ Our experience with them has been to our entire 

satisfaction” Ge o . Dic k in s o n . Sec’y.

(No t e .—One-half of total expense was due to broken 
headers caused by low water, because of water combina­
tion becoming shut off.) 

Co r n w a l l  Br o s ., Lexington, Ky. 227 H. P. 

Average time, 8% years. Repairs, nothing.

Ma g in n is Co t t o n  Mil l , New Orleans. 624 

H. P. Average time, 6 years. Total repairs, 

i t 65c . yearly per H. P.

Pio n e e r  Mil l s . 150 H. P. Average time, 9% 

years. Total repairs, “ slight.”
“ Cost of repairs comparatively nothing. No leaking 

of flues or boiler at any time.”
J. A. M. Jo h n s t o n , Agent. 

La w r e n c e  Ro pe  Wo r k s , Brooklyn. 250 H.

P. Average time, 7 years. Total repairs, 

4c. yearly per H. P.

Ja m e s Ma r t in  & Co., Philadelphia. 208 H. P. 

Average time, 7r3ff 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 very 
hard {well) water we are using. We cannot speak too 
highly of them.” Ja s . Ma r t in  & Co.

Fa ir m o u n t  Wo r s t e d Mil l s , Philadelphia.

400 H. P. Average time, 7.5 years. Total 

repairs, 6r8ffc. yearly per H. P.

Wm . Wh it a k e r  & So n s , Philadelphia. 480 H. 

P. Average time, 7 years. Total repairs, 

nothing.

Va n d e r b il t  Un iv e r s it y , 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.”

Ol in  H. La n d r e t h , Dean of Engineering Dep’t. 

Ar l in g t o n  Mil l s  Ma n u f a c t u r in g  Co . 500 

H. P. Average time, 8 years. Total re­

pairs, nothing.

So m e r s e t  Ma n u f a c t u r in g  Co ., Raritan, N. J. 

720 H. P. Average time, 7.5 years. Total 

repairs, nothing.

Ne w  Yo r k  & Br o o k l y n  Br id g e . 600 H. P. 

Average, 2^ years. Total repairs, nothing.
“The boilers have done'excellent service and have 

given entire satisfaction.’“ C. C. M  a r t in , Ch. Eng. & Sup't.

Ch u r c h  & Co., Brooklyn, E. D. 584 H. P.

Average time, 4.2 years. Repairs, nothing.

Ec o n o m is t  Pl o w  Co ., South Bend, Ind. 150 

H. P. Average time, 5 years. Total repairs, 

nothing.
“ We believe it to be the most durable boiler made.” 

Le ig h t o n  Pin e , Pres’t.

Un io n  Me t a l l ic  Ca r t r id g e  Co ., Bridgeport, 

Conn. 276 H. P. Average time, 4^ 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 80 lbs. all the time.” A. C. Ho b b s , Sup’t.

Wa r d e r , Bu s h n e l l  & Gl e s s n e r  Co . 650 

H. P. Average time, 3% years. Total re­

pairs, 4T%c. yearly per H. P.
“ The boilers are giving us the best satisfaction.’ ’ 

Ch a s . A. Ba u e r , Gen’l Manager.

Ch ic a g o Cit y Ra il w a y Co . 1000 H. P. 

Average time, 7 years, night and day. Total 

repairs, 4T8ffc. yearly per H. P.
“The boilers have worked well and proved very 

satisfactory.” C. B. Ho l m e s , Sup’t.

Sh e b o y g a n  Ma n u f a c t u r in g  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. Ho l m e s , Pres’t and Gen’l Manager.

Ja c k s o n  & Sh a r p Co ., Wilmington, Del. 467 

H. P. Average time, 5T7ff years. Total re­

pairs, iT7<yC. 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, but doing no 
other damage. We consider them safe and economical 
steam generators.”

Th e  Ja c k s o n  & Sh a r p Co ., by Chas. S. Robb.

So u t h  Be n d  To y  Ma n u f a c t u r in g  Co . 6i 

H. P. Average time, 4 years. Total repairs, 

2(£c . yearly per H. P.
“We consider these boilers the safest and most 

economical in the market.” F. H. Ba d e t , Sec. &Treas.

Co l u m b u s Bu g g y  Co ., Columbus, O. 800 H. 

P. Average time, 7 years. Total repairs, 

i ^c. yearly per H. P.
“We consider them the best boiler in the market 

and we are now evaporating 9 lbs. of water to one pound 
of poor slack coal.” Fr e d . We a d o n , Sup’t.

Ed is o n  El e c t r ic  Il l u m in a t in g  Co . o f  N. Y. 

900 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 ability to carry a constant pressure under the 
extreme and sudden fluctuations, which are unavoidable 
in an electric light station.” C. E. Ch in n o c k , V. Pres.

Ke n n e s a w  Mil l s  Co ., Marietta, Ga. 200 H. 

P. Average time, 7 years. Total repairs, 

2 t 35c . 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. Bu c h a n a n .
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probably 
We con-

E. Gr e e n f ie l d ’s  So n  & Co., Brooklyn. 160

H. P. Average time, 4 years.
“ They show no signs of wear, therefore 

will not need repairing for some time to come, 
sider them the best boilers we have ever used.”

Bl a c k  & Ge r m e r , Erie, Pa. 92 H. P.

age time, 4 years. Total repairs, nothing.
" Is easily cared for and economical in the consump­

tion of fuel.”

Aver-

P l a n t e r s ’ Su g a r  Re f in in g  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.” Jo h n  Ba r k l e y , Pres’t.

S. S. He pw o r t h , Yonkers, N. Y. 104 H. P. 

Average time, 4TS2 years.
“During all this'time it gave no trouble whatever, 

and did not cost one penny for repairs.”

W i l s o n  & McCa l l a y To b a c c o Co . 300 

H. P. Average time, 5 years. Total repairs, 

4 :1(c. yearly per H. P.

Jo h n  Co l l in s , Denny, North Britain. 425 

H. P. Average time, 3rl0- 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.” Jo h n  Co l l in s .

S in g e r  Ma n u f a c t u r in g  Co . Kilbowie, Scot­

land. 2106 H. P. Average time, 4^ years. 

Total repairs, |c. 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.”

No v a  Sc o t ia  Su g a r  Re f in e r y , Halifax, N. S. 

800 H. P. Average time, 7% years, night 

and day. 600 H. P. since 1880; 200 in 1885. 

Total repairs, i^c. yearly per H. P.
“ We have pleasure in saying we consider them first- 

class boilers in every respect.” J. A. Tu r n b u l l , Man.

Ke n n e d y ’s  Pa t e n t  Wa t e r  Me t e r  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.” Th o s . Ke n n e d y .

Be n t  Co l l ie r y  Co . L’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.” Ja s . S. D ix o n .

Co r po r a t io n  o f Ab e r d e e n  Ga s Wo r k s , 

Scotland. 93 H. P. Average time, 3 years, 

night and clay. Total repairs, nothing.
“ The boiler continues to give great satisfaction.”

A l e x . Sm it h .

Th e  Sq u a r e  Wo r k s , Ramsbottom, England. 

136 H. P. Average time, 4 years, night and 

day. Total repairs, 9T80c. yearly per H. P.
“ Since Feb. 5th, 1884, night and day work, 16/6 ex­

cept the breakdown through being short of water, which 
cost Xai-17-4 to repair.” He pb u r n  & Co.

Wh it m o r e  & So n s , Edenbridge, Kent, Eng­

land. 100 H. P. Average time, 3 years.
“ Have not spent one penny on the boiler.”

M i l l e r  & 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.” M il l e r  & Co.

Ca r t h n e s s  St e a m  Sa w  M i l l , Wick, Glasgow. 

146 H. P. Average time, 2^ 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.” A l e x . Mc Ew e n .

Ge o r g ie M i l l s , Edinburgh, Scotland. 146 

H. P. Average time, 3% years, night and 

day. Total repairs, nothing.
“ Neither boiler has required any repairs to heating 

surfaces.” J. & G. Cox.

J. & T. Bo y d , Iron Works, Glasgow. 208 

H. P. Average time, 2T60 years.
“ One of these has worked nearly 5 years and the 

other about half that time without any repairs what­
ever.”

Du b o is  & Ch a r v e t -Co l o m b ie r , 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.”

A r r o l  Br o t h e r s , 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.” A r r o l  Br o s .

Ja im e s  Ea d ie  & So n s , Tube Works, Glasgow.

64 H. P. Average time, 5 years.
“ Repairs to heating surfaces, none.”

Hu g h e s &

England. 61 H.
“ Has up

pairs. We can only
pleased in every respect with your boiler.”

We s t in g h o u s e  A i r  Br a k e Co ., Pittsburgh.

92 H. P. Average time, 4^ 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. W e s t in g h o u s e , General Manager.

Ca r t h a g e  Wa t e r  Wo r k s . 122 H. P. Aver­

age time, 6% 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. Ba r t l e t t , Manager.

J. Po n g s , Jr ., Newerk, Germany. 120 II. P. 

Average time, 3 years.
“ Has been running 3 years without needing any re­

pairs up to this time.” J. Po n g s , Jr .

Ca r r o n  Co ., Carron, Stirlingshire, N. B. 416 

H. P. Average time, 4 years. Total repairs, 

nothing.

So n . Meole Brace, Shrewsbury, 

P. Average time, 4 years, 
cost us nothing whatever for re­
repeat that we are very much

to now
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R E F E R E N C E S  F O R  B A B C O C K  &  W I L C O X  B O I L E R S .

T h e  f o l lo w i n g  p a r t i e s  a r e  a m o n g  t h o s e  t o  w h o m  w e  h a v e  s o ld  b o i l e r s i n t h e  p a s t f i f te e n  y e a r s . W e w o u ld  c a l l  

p a r t i c u l a r a t t e n t io n  t o  t h e  n u m e r o u s  i n s t a n c e s  i n  w h i c h  r e p e a te d  o r d e r s  h a v e  b e e n  g i v e n  

a f t e r  y e a r s  o f  u s e . T h i s  s in g l e  f a c t  t e l l s  m o r e  t h a n  v o l u m e s  o f c e r t i f i c a t e s .

S T E A M  H E A T I N G  A N D  P O W E R .

1 4  o r d e r s 1 8 8 0 - 1 8 8 7 ,  5 6

. 3 d o 1 8 7 8 - 1 8 8 5 ,  4

. . 2 d o 1 8 8 2 - 1 8 8 6 ,  6

. . . . . . . . . . . . . . S e p t . , 1 8 7 9 ,  1

. . . . . . . . . . . . M a y , 1 8 8 3 ,  2

M a y , 1 8 8 3 ,  2

. 2  o r d e r s ,  1 8 7 9 - 1 8 8 2 ,  5

. . . . . . . . . . . . . . D e c . , 1 8 8 4 ,  1

. . . . . . . . . . . . . . . . F e b . ,  1 8 8 4 ,  3

. . . . . . . . . . . . . . . O c t . , 1 8 8 7 ,  2

. . . . . . . . . . . . . . . M a r . , 1 8 8 4 ,  4

. . . . . . . . . . . . . . J u n e , 1 8 8 2 ,  2

. . . . . . . . . . . . . . . O c t . , 1 8 8 4 ,  2

. . 2  o r d e r s ,  1 8 8 1 - 1 8 8 2 ,  2

. . 2 d o 1 8 7 9 - 1 8 8 2 ,  3

A p r i l , 1 8 7 9 ,  1

.  . 2  o r d e r s .  1 8 8 5 - 1 8 8 6 ,  2

. . 2 d o 1 8 8 3 - 1 8 8 5 ,  2

. . . . . . . . . . . . . . N o v . , 1 8 8 4 ,  1

.  . 2  o r d e r s ,  1 8 8 5 - 1 8 8 8 , 3

. . . . . . . . . . . . . . . . J u ly , 1 8 8 8 ,  2

. . . . . . . . . . . .  J u n e , 1 8 8 8 ,  2

. . . . . . . . . . . . . . . . A u g . ,  1 8 8 8 ,  3

. . . . . . . . . . . . . . . . A u g . , 1 8 8 2 ,  1

. . . . . . . . . . . . . . . . A p r . , 1 8 8 8 ,  1

. . . . . . . . . . . . . . J u ly , 1 8 8 8 ,  1

. . . . . . . . . . . . . . S e p t . , 1 8 8 4 ,  2

.. . . . . . . . . . . . . . . . . O c t . , 1 8 8 8 ,  4

. . . . . . . . . . . . . . . . O c t . , 1 8 8 1 ,  1

. . . . . . . . . . . . . . . . J u ly , 1 8 8 2 ,  2

. . . . . . . . . . . . . . . J u ly , 1 8 8 5 ,  1

. . . . . . . . . . . . . . . . O c t . , 1 8 7 4 ,  1

. . . . . . . . . . . . A p r i l , 1 8 7 9 ,  1

. . . . . . . . . . . . . . M a y , 1 8 8 3 ,  1

. . 2  o r d e r s ,  1 8 7 3 - 1 8 8 2 , 3

. . 2  d o 1 8 7 2 - 1 8 8 1 ,  3

. . . . . . . . . . . . . . . . S e p t . ,  1 8 7 6 , I  1

.  . 5  o r d e r s ,  1 8 8 6 - 1 8 8 8 ,  7

. . . . . . . . . . . . . . . . M a y , 1 8 8 5 ,  2

M a y , 1 8 8 6 ,  1

. . . . . . . . . . . . . .  M a y , 1 8 8 1 ,  1

.  . 2  o r d e r s ,  1 8 7 2 - 1 8 7 7 ,  6

. . . . . . . . . . . . . . . . A u g . , 1 8 8 1 ,  2

. . . 2  o r d e r s , 1 8 8 3 - 1 8 8 7 ,  3

. . . 2 d o 1 8 8 6 - 1 8 8 7 ,  2

. . . 2 d o 1 8 8 3 - 1 8 8 4 ,  2

. . . . . . . . . . . . . . . J u n e , 1 8 8 7 ,  2

. . . . . . . . . . . . . . . . M a r . ,  1 8 8 8 ,  3

. . . . . . . . . . . . . . . . . .M a r . ,  1 8 8 7 ,  2

. . . . . . . . .  . . . J u n e , 1 8 8 8 ,  2

. . . . . . . . . . . . . . . . S e p t . ,  1 8 8 3 ,  2

. . . . . . . . . . . . M a y , 1 8 8 7 ,  1

. . . . . . . . . . . . . . . . . . J u ly ,  1 8 8 8 ,  1

. . . . . . . . . . . . . . . . . . O c t . ,  1 8 8 4 ,  2

. . . . . . . . . . . . . . . . N o v . , 1 8 8 7 ,  1

A p r . , 1 8 8 7 ,  4

. . . . . . . . . . . . . . . . . . A u g . ,  1 8 8 3 ,  6

. .  . 3  o r d e r s ,  1 8 8 0 - 1 8 8 8 ,  4

. . . . . . . . . . . . . . . . S e p t . ,  1 8 8 5 ,  1

. . . . . . . . . . . . . . . . S e p t . ,  1 8 8 7 ,  2

. . . . . . . . . . . . . . . . J u l y , 1 8 8 5 ,  4

. . . . . . . . . . . . . . . . . . J u ly ,  1 8 8 5 ,  4

.. . . . . . . . . . . . . . . . . J u ly ,  1 8 8 5 ,  4

. . . . . . . . . . . . . . . . . S e p t , 1 8 8 5 ,  1

. . . . . . . . . . . . . . . . A u g . , 1 8 8 1 ,  1

. . . . . . . . . . . . . . . . . . A u g . ,  1 8 8 7 ,  1

. . . . . . . . . . . . . . . . . . A u g . ,  1 8 8 8 ,  1

. . . . . . . . . . . . . . . . . . A u g . ,  1 8 8 8 ,  2

. . . . . . . . . . . . . . . . . . S e p t . ,  1 8 8 8 ,  4

. . . . . . . . . . . . . . . . . . S e p t . ,  1 8 8 8 ,  4

. . . . . . . . . . . . . . . . S e p t . , 1 8 8 8 ,  3

N E W  Y O R K  S T E A M  C O M P A N Y , N e w  Y o r k  

“  V A N  C O R L E A .R  ”  ( A p a r t m e n t  H o u s e ) ,  N e w  Y o r k . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  •  ■

“ D A K O T A ”  ( A p a r tm e n t  H o u s e ) ,  N e w  Y o r k . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

“ T H E  A L B A N Y ”  ( A p a r t m e n t  H o u s e ) ,  N e w  Y o r k  

“  M A D R I D  ”  ( .A p a r t m e n t  H o u s e ) ,  N e w  Y o r k  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

“ B A R C E L O N A ”  ( A p a r t m e n t  H o u s e ) ,  N e w  Y o r k  

C O L U M B I A  C O L L E G E ,  S c h o o l  o f  M i n e s ,  N e w  Y o r k ,  

C O L L E G E  O F  T H E  C I T Y  O F  N E W  Y O R K . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

N E W  Y O R K  P R O D U C E  E X C H A N G E ,  N e w  Y o r k ■ . . . . . . . . . . . . . . . . . . . . . . . . . .

C O N S O L I D A T E D  S T O C K  &  P E T R O L E U M  E X C H A N G E ,  N e w  Y o r k  

M U T U A L  L I F E  I N S U R A N C E  C O M P A N Y , N e w  Y o r k  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

A M E R I C A N  I N S T I T U T E ,  N e w  Y o r k  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

N E W  Y O R K  H E R A L D ,  ( B e n n e t t  B u i l d i n g ) ,  N e w  Y o r k  

F .  W .  S T I L L M A N ,  N e w  Y o r k . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   

C O R P O R A T I O N  O F  T R I N I T Y  C H U R C H ,  N e w  Y o r k  

N U R S E R Y  A N D  C H I L D 'S  H O S P I T A L ,  N e w  Y o r k . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

D E P A R T M E N T  O F  D O C K S ,  P ie r  A ,  N .  R . ,N e w  Y o r k . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

P A R E P A  H A L L ,  N e w  Y o r k . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

S T .  P A U L ’ S  S C H O O L  O F  T H E  C A T H E D R A L , G a r d e n  C i ty ,  N .Y  

C O R N E L L  U N I V E R S I T Y ,  I th a c a , N . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

C R O U S E  M E M O R I A L  C O L L E G E ,  S y r a c u s e , N .  Y  

C . J . H A M L I N ,  B u f f a l o ,  N .   

R I C H M O N D  H O T E L ,  B u f f a l o , N .  

E D M U N D  M . W O O D  &  C O . ,  N u r s e r y ,  B o s to n ,  M a s s  

M A S S A C H U S E T T S  I N S T I T U T E  o f  T E C H N O L O G Y ,  B o s to n ,  M a s s  

W O R C E S T E R  P O L Y T E C H N I C  I N S T I T U T E ,  W o r c e s t e r ,  M a s s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

U N I  T E D  S T A T E S  N A V A L  T R A I N I N G  S T A T I O N , N e w p o r t , R .  I  

C E N T R A L  R A I L R O A D  O F  N E W  J E R S E Y  S T A T I O N ,  J e r s e y  C i t y ,  N .J  

T A Y L O R ’ S  H O T E L ,  J e r s e y  C i ty , N .J . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

H A M B U R G - A M E R I C A N  P A C K E T  C O M P A N Y , H o b o k e n ,  N .J  

D R . A  R R .  A M  C O L E S  B U I L D I N G , N e w a r k , N .J . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

C O U N T Y  O F  U N I O N  C O U R T  H O U S E ,  E l iz a b e t h ,  N .  J  

C O L L E G E  O F  N E W  J E R S E Y ,  P r in c e to n ,  N .J . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

P U B L I C  S C H O O L ,  P la i n f i e ld ,  N .J  

G .  W .  C H I L D S  ( P u b l ic  L e d g e r  B u i ld i n g ) ,  P h i l a d e l p h i a ,  P a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

H O T E L  L A F A Y E T T E ,  P h i l a d e l p h i a , P a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

G I R A R D  E S T A T E ,  P e o p l e ’ s  B a n k ,  P h i l a d e l p h ia ,  P a  

d o d o V a r i o u s  s to r e s ,  e t c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

B L X G H A M  H O U S E . P h i l a d e l p h ia ,  P a .

F I D E L I T Y  I N S U R A N C E ,  T R U S T  &  S A F E  D E P O S I T  C O M P A N Y , P h i la d e lp h i a ,  P a  

S H A R P L E S S  B R O S . ,  D r y  G o o d s , P h i l a d e l p h ia ,  P a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

W I L L I A M  W E I G H T M A N , S to r e s ,  P h i l a d e l p h i a , P a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

R .  D .  W O O D  &  S O N S , P h i la d e l p h ia ,  P a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

P E N N S Y L V A N I A  R A . I L R O A .D  C O M P A N Y , G e n e r a l  O f f ic e s ,  P h i l ’ a ,  P a . , . . . . . . . . . . . . . . . . . . . . .

G E O .  S .  H A R R I S ,  P h i l a d e l p h i a , P a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

G L E N  S U M M I T  H O T E L  &  L A .N D  C O M P A N Y ,  G l e n  S u m m it ,  P a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

G E O R G E  W E S T I N G H O U S E ,  J r . ,  P i t t s b u r g h ,  P a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

W E S T I N G H O U S E  B U I L D I N G , P i t t s b u r g h , P a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

U N I T E D  S T A T E S  C A P I T O L ,  S E N A T E  W I N G , W a s h i n g t o n , D .  C

D E P A R T M E N T  O F  T H E  I N T E R I O R , W a s h in g t o n , ! ) .  C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

W E S T E R N  L U N A T I C  A S Y L U M ,  S ta u n to n ,  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

L U R A .Y  C A V E  &  H O T E L  C O M P A N Y , L u r a y ,  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

H A M P T O X  N O R M A L  &  A G R I C U L T U R A L  I N S T I T U T E ,  H a m p t o n ,  V a  

H .  I .  K I M B A L L  H O U S E ,  A t l a n ta ,  G a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

S T A T E  L U N A T I C  A S Y L U M , n e a r  M i l l e d g v i l l e , G a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . :

H O T E L  P O N C E  D E  L E O N ,  S t .  A u g u s t i n e , F la . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

C E N T R A L  K E N T U C K Y  L U N A T I C  A S Y L U M , A n c h o r a g e ,  K y  

T H E  V A N D E R B I L T  U N I V E R S I T Y ,  N a s h v i l le ,  T e n n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

U N I V E R S I T Y  O B ' N O T R E  D A M E ,  S o u th  B e n d ,  I n d     

I N D I A N A  S O L D I E R S ’ &  S A I L O R S ’ O R P H A N S ’ H O M E ,  K n i g h ts t o w n ,  I n d  

N O R T H E R N  I N D I A .N A  H O S P I T A L  F O R  I N S A N E ,  L o g a n s p o r t . ,  I n d . . . . . . . . . . . . . . . . . . . . . . . . . .

E A S T E R N  I N D I A X A  H O S P I T A L  F O R  I N S A N  E ,  R i c h m o n d ,  I n d . . . . . . . . . . . . . . . . . . . . . . . . . . .

S O U T H E R N  I X D I A X A  H O S P I T A L  F O R  I N S A N E , E v a n s v i l l e ,  I n d  

N O R T H E R N  H O S P I T A L  F O R  I N S A N E ,  E l g i n ,  I l l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

G A F F  B U I L D I N G ,  C h i c a g o ,  I l l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

C H I C A G O ,  B U R L I N G T O N  &  Q U I N C Y  R .  R . ,  C h i c a g o ,  I l l  

C I T Y  O F  S A N D W I C H , S a n d w i c h ,  1 1 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

N E W  Y O R K  L I F E  I N S U R A N C E  C O M P A N Y ,  S t .  P a u l ,  M in n  

d o  d o  K a n s a s  C i t y ,  M o

d o  d o  O m a h a ,  N e b . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

d o  d o  M o n t r e a l ,  C a n a d a  

Boilers. H. P.
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Babcock & Wilcox Boilers at the Societa Generale Italiana di Elettricita, Sistima Edison, Milan, Italy, 9 orders, 

from August 1882 to May, 1888. Total, 2082.
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ELECTRIC LIG H TIN G , E t c
Bolters. H. P.

W A LTH A M  G A S LIG H T  CO M PA N Y , Electric Plant, W altham , M ass............................. .............. D ec., 188G ,

.............. N ov., 1888,
1 156

N EW  H A V EN  ELECTRIC  CO M PA N Y , N ew  H aven, Conn ................... 2 208
ELECTRIC CLU B, N ew  Y ork, N . Y ................................................ .............. June, 1887, 1 74
CO N SO LID A TED  ELECTRIC  LIG H T  CO M PA N Y , N ew  Y ork ............ .........2 orders, 1888, 3 750
H A RLEM LIG H TIN G CO M PA N Y . N ew  Y ork, N . Y .......................... .............. Sept., 1887,

...Borders, 1881-1887,
1 300

ED ISO N  ELECTRIC  ILLU M IN A TIN G  CO M PA N Y , N ew  Y ork .............................. 14 2620
do  do  Law rence, M ass................ ..3 do 1882-1884, 3 286
do  do  Brockton, M ass........................... .............. June, 1883, 2 146
do  do  Fall River, M ass ............................ ................ O ct., 1883, 2 146
do  do  N ew burgh, N .Y ............................. .............. N ov., 1883, 2 146
do  do  Paterson, N .J .............. 2  orders, M ay  and O ct.. 1888, 2 490
do  do Sunbury, Pa .................................... .............. M ay, 1883, 1 51
do  do  Sham okin, Pa ................................. .............. June, 1883, 2 146
do  do  H azleton, Pa .................................. .............. N ov., 1883, 1 92
do  do  Bellefonte, Pa ................................. ..2  orders, 1883-1885, 2 184
do  do  M t. Cannel, Pa ............................... ...............N ov., 1883, 1 51
do  do  Tiffin, O hio ..................................... .............. N ov., 1883, 1 92
do  do  M iddletow n, O hio .......................... . .2 orders, 1883-1884, 2 143
do  do  Piqua, O hio ..................................... ............  M ar., 1884, 1 92
do  do  Circleville, O hio .............................. .............. A pril, 1884, 1 92
do  do  N ew  O rleans, La ............................. .............. June, 1888, 2 312

ED ISO N  ELECTRIC  LIG H T  CO M PA N Y , Paris, Fiance .................................................... .............. June, 1881, 1 150
do  do London, Eng .................................................................. .2 orders, 1881-1882, 2 300

ED ISO N LA M P CO M PAN Y , N ew ark, N .J ............................................................................ .3 do 1881-1886, 3 281
TH O S. A . ED ISO N , Fort M yer, Fla ........................................................................................ .............. N ov., 1885, 1 45

do  O range, N .J .............. . ........................................................................... .............. A ug., 1887, 3 219
ED ISO N ELECTRIC  LIG H T  &  POW ER  CO M PA N Y , K ansas City, N o .......................... ..2  orders, 1886-1888, 8 1476
ED ISO N  CO M PA N Y , FO R  ISO LA TED  LIG H TIN G , W ashington, J). C .......................... .............. A pril, 1884, 2 164

do  do  N. Y. Herald, N . Y . City ............................. ...............N ov., 1881, 150
W ESTERN  ED ISO N  ELECTRIC  LIG H T  CO M PA N Y , Chicago, Ill................................... .............. July, 1882. 1 40
W ESTERN  ELECTRIC  CO M PA N Y , Chicago, Ill................................................................. .............. A ug., 1888, 1 208

do  do  N ew  Y ork ................................ .................................. ...............A ug., 1888, 3 448
U N ITED  STA TES ELECTRIC LIG H T  CO M PA N Y , N ew  Y ork ........................................

do  do  Philadelphia, Pa .............................

......... 2  orders, 1880, 3 233

............  M ar., 1885, 1 208
do  do  W eston Factory, N ew ark, N . J... .4 orders, 1880-1887, 5 380

BRU SH ELECTRIC LIG H T  CO M PA N Y , Philadelphia, Pa ................................................ .............. July, 1881, 4 300
BRU SH -SW A N ELECTRIC LIGH T  CO M PA N Y , A uburn, N . Y .......................................

EX CELSIO R  ELECTRIC  CO M PA N Y , Brooklyn, N .Y ........................................................

............. Sept., 1885, 1 60
.............Sept.. 1888, 1 50

W ESTING H OU SE ILLU M IN A TIN G  CO M PAN Y , Schenectady, N . Y ............................ .............. O ct.. 1887,

..............N ov., 1888,
2 292

W ESTIN G H O U SE ELECTRIC CO M PA N Y , Pittsburg, Pa ................................................. 2 328
A LLEG HEN Y  CO U N TY ELECTRIC LIG H T CO M PAN Y , Pittsburg, Pa... 2 orders, .Jan. and Pec., 1888, 6 1325
K A ST EN I) ELECTRIC  LIG H T  CO M PAN Y , Pittsburgh, Pa ............................................. ............  D ec., 1888, 4 960
U N ITED  STA TES CA PITO L, H O U SE O F REPRESEN TA TIV ES, W ashington, I). C. ......................... 1887, 1 82
U N ITED  STA TES IN TERIO R  D EPA RTM EN T  (Patent O ffice), W ashington, I). C... . .............. July, 1888, 2 122
U N ITED  STA TES CA PITO L, SEN A TE W IN G , W ashington, D . C................................. ........... M arch, 1887, 2 312
BU CY RU S ELECTRIC  LIG H T  CO M PAN Y , Bucyrus, O hio .............................................. .............. June, 1887, 1 85
ST. JO SEPH  ELECTRIC  LIG H T  CO M PA N Y , St. Joseph, M o ........................................... .2 orders, 1883-1884, 2 102
K A N SA S CITY  ELECTRIC  LIG H T  CO M PA N Y , K ansas City, K ansas............................ ................O ct., 1888, 3 246

832M ISSO U RI ELECTRIC ’ LIG H T A N D PO W ER  CO M PA N Y , K ansas City, M o .............. ...............Jan. ’ 1889, 4
A . H A Y W A RD . San  M ateo. Cal............................................................................................... .............. July, 1887, 1 51
A N G LO -A M ERICA N  BRU SH ELECTRIC  LIG H T  CO ., LIM ITED , Edinburgh, Scotland ............ Jan., 1887, 1 26

do  do  for Royalty Theatre, Edinburgh, Scotland.. .D ec., 1887, 1 25
do  do  Bosw orth, Scotland ........................... .............. A ug., 1887, 1 20
do  do  London, Eng ............. ............ ............ ......... 3 orders, 1888, 3 176

LO N D O N  ELECTRIC SUPPLY  CO RPO RA TIO N , LIM ITED, London, England .......... ......... 4  do 1888, 25 6093
SIR  CO U TTS, LIN D SA Y  &  CO ., G rosvenor G allery, London, Eng .................................... .............. O ct., 1886, 4 956
CA RD O G A N ELECTRIC  LIGH T  CO M PA N Y , London, England .................................... ...............O ct., 1887, 2 208
ED ISO N-SW A N  ELECTRIC LIG H T CO M PA N Y , London, Eng ...................................... .............. Jan., 1888, 3 468
S. Z. FERRA N TI, Electrician, London, England ........................ . ....................................... ...............Feb., 1888, 1 85
LA IN G , W H A RTON  &  D O W N , Electrical Engineers, London, England .......................... .2 orders, 1885-1888, 2 50
TH E  H O U SE-TO -H O U SE  ELECTRIC LIG H T  SU PPLY  CO ., K ensington. London. England... .M ay, 1888, 3 468
TH E  SCH M ID T-DO U GLA SS ELECTRIC LIGH T  CO . LIM ITED , H uskegate, Bradford, Eng..2  orders, 1887, 2 235
RESID EN CE O F  M R. BRYA N T, D orking, England ............................................................ ............. Sept., 1885, 2 26

  

 

Bolters.

U N IV ERSITY  O F  CA LIFO RN IA , Berkeley, Cal A pril, 1885, 1

PA CIFIC  PO W ER  CO M PA N Y , San Francisco, Cal M ay, 1885, 2

PU BLIC  BA  TH S, City  of M exico, M ex Feb., 1884, 1

CO M PA SIA  D E  A LM  A CEN ES D E  D EPO SITO  D E  LA  H A BA N A , Cuba Sept., 1884, 1

G REEN O CK  PRISO N , G reenock, Scotland Sept., 1885, 2

CA LTO N  PRISO N, Edinburgh, Scotland  2 orders, 1885-1886, 3

D R  U M SH EN GH  BA TH S, Edinburgh, Scotland 3 do 1884-1885, 2

A LEX A N D ER SM ITH , Tow n H ouse, A berdeen, Scotland Feb., 1888, 1

PU TN EY  SW IM M IN G  BA TH S, London, England  O ct., 1885, 1

A . D . D U N N , Laundry, London, England  ... ............................................................. M ay, 1885, 1

LO N D O N  &  TILBU RY  LA U N D RY  CO M PA N Y , Tilbury, England M ar., 1886, 2

CO LLEG E  O F  G RENO BLE, G renoble, France M ay, 1886, 3

N A TIO N A L LIBERA L  CLU B, London, England A u k ., 1886, 2

JA M ES LESLIE W O N K LY N , M ont D ore H otel, Bournem outh, Eng M ay, 1888, 1
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1
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2
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1
1
2
2
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2
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2
2
6
3
2
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Boilers. 

R E S ID E N C E  O F  L O R D  R O T H S C H IL D , T rin g  P ark , H erts . E n g Ju n e > 1 8 8 7 , 
T H E  C H A T H A M . R O C H E S T E R  &  D IS T R IC T  E L E C T R IC  L IG H T IN G  C O ., K o ch este r, E n g . . .Jan ., 1 8 8 8 , 
R . &  E . C R O M P T O N  &  C O ., C h elm sford , E n g lan d ......................................................................................... Jm q ’
M c W H IR T E R , F E R G U S O N  &  C O ., E d in b u rg h . S co tlan d  2  o rd ers, 1 8 8 < -1 K H K . 
S O C IE T Å  G E N E R A L E  IT A L IA N A  D ’E L E T T R IC IT A  S IST IM A  E D IS O N , M ilan , Ita ly . .9 d o 1 8 8 2 -1 8 88 , 

d o  d o  d o  d o  L ivo rno , Ita ly S ep t., 1 8 87 ,
S O C IE T Å  A N G L O -R O M A N A  P E R  L ’IL L U M IN A Z IO N E , R o m e, Ita ly 2  o rd ers , 1 8 8 5 -1 8 8 7 , 
S O C IE T Å  G E N E R A L E  P E R  L ’IL T A T M IN A Z T O N E , P A L A Z Z O  C H IG L  R o m e, Ita ly ................... N o v ., 1 8 8 8 ,
S O C IE T Å  P E R  L ’IL L U M IN A Z IO N E  E L E T T R IC A , P ale rm o , Ita ly  ................................ S ep t., 1 8 8 7 ,
R O Y A L  IT A L IA N  N A V Y  A R S E N A L , S p ez ia , Ita ly M ay , 1 8 8 8 , 

 H O T E L  D E  L IL L E  É T  D ’A L B IO N , P aris , F ran ce ........................................................................................... 1 8 8 b >
B E A N  &  B E R T R A N D  P A IL L E T , P aris , F ran ce ...............................................................................  O ct ->
E . L A M Y  P . R IE U  &  C O ., M en d e , F rance a"n e ’ 1 8 8 7 ’ 
A . G IL L IB E R T  & C O ., M arse ille s , F ran ce O ct - 1 8 8 7 , 
S O C IÉ T É  N A N C IE N N E  D ’É L E C T R IC IT É , N an cy , F ran ce 2  o rd ers , 1 8 8 7-18 8 8 ,  
IM PE R IA L  C O N T IN E N T A L  G A S  A S S ’N  (V IE N N A  O P E R A  H O U S E ), V ien n a ,  A u stria , 2  o rd ers , 1 8 8 7 -1 8 8 8 , 
E L E C T R IC IT E IT S  M A T T S C H A P P Y , S Y S T E M  D E  K H O T IN S K Y , R o tte rd am . H o llan d ............ O ct., 1 8 84 ,

d o  d o  d o  B erlin , G erm an y ............ 2  o rd ers , 1 8 8 7 ,
C A P T . D E  K H O T IN S K Y , B erlin , G erm an y  ■ • Ju * æ , 1 8 8 7 , 
F R A N C IS C O  D E  L A  V IE S C A , C ad iz , S p a in  2  o rd ers 1 S 8 6 -1 8 8 < , 
A L F O N S O  F L A Q U E R , fo r E L E C T R IC  L IG H T  S T A T IO N , V alen c ia , S pa in ............................. 2  o rd ers , 1 8 8 8 ,
S O C IE D A D  M A T R IT E U S E  D E  E L E C T R IC ID A D , M ad rid , S p a in .................................................... A u g ., 1 8 8 8 ,
C A M E L A  G . L A G A N A , P ale rm o , S ic ily 2  o rd ers, 1 8 8 G -1 88 7 , 
E L E C T R IC  L IG H T  &  P O W E R  C O M P A N Y , M elb o u rn e, A u stra lia A u g ., 1 8 8 8 ,

G A S L IG H T IN G .
Boilers. H. P.

.................. D ec ., 1 8 8 6 , 1 1 5 6

S T A N D A R D  G A S  L IG H T  C O M P A N Y , N ew  Y o rk , N . Y .............................................. ..................... A u g ., 1 8 8 7 , 2 5 0 0

W IL L IA M S B U R G H  G A S  L IG H T  C O M P A N Y , B ro ok ly n , N . Y .................................... ...............  ..A u g ., 1 8 8 4 , 1 1 6 4

E A S T  R IV E R  G A S  L IG H T  C O M P A N Y , L o n g  Is lan d  C ity . N . Y ................................ .....  2  o rd ers , 1 8 8 6 -1 8 8 8 , 2 1 0 2

C IN C IN N A T I G A S  L IG H T  A N D  C O K E  C O M P A N Y , C in c inn a ti, O h io ,................... ..................... M ar., 1 8 8 3 , 2 1 8 4

C IT IZ E N S ’ G A S  L IG H T  A N D  H E A T IN G  C O M P A N Y , B lo o m in g to n , Ill................. .................. A p ril, 1 8 8 4 , 1 5 1
C O R P O R A T IO N  o f G L A S G O W , G L A S G O W  G A S  T R U S T , G lasg o w , S co tlan d ........ ..................... Jan ., 1 8 8 8 , 2 2 2 0

A B E R D E E N  C O R P O R A T IO N , A b erd een , S co tlan d ....................................................... ........... Jan ., 1 8 8 6 , 1
...Ju ly , 1 8 8 7 , 2

9 3
1 8 6

D O W S O N  E C O N O M IC  G A S  P O W E R  C O M P A N Y , L o n do n , 8 . W ., E n g lan d ............ ................ 3  o rd ers , 1 8 8 8 , 6 1 1 4

S U G A R R E F IN E R IE S .
Boilers. H. P.

B R O O K L Y N  S U G A R  R E F IN IN G  C O M P A N Y , B ro o k lyn , N . Y .....................................
D E C A S T R O  &  D O N N E R  S U G A R  R E F IN IN G  C O M P A N Y , B ro o k ly n , N . Y ............
H A V E M E Y E R  S U G A R  R E F IN IN G  C O M P A N Y , B ro o k ly n , N . Y .................................
H A V E M E Y E R S  &  E L D E R  S U G A R  R E F IN IN G  C O M P A N Y , B ro o k lyn , N .Y ..........
M A T T H IE S S E N  &  W IE C H E K S  S U G A R  R E F IN IN G  C O .. Je rsey  C ity , N .J ..........

.. .5  o rd ers , 1 8 7 6 -1 8 8 8 , 1 8
. ...8  d o  1 8 7 1 -1 8 8 8 , 2 1
....5  d o  1 8 7 1-18 8 3 ,  1 4
. ..2  d o  1 8 7 1 -1 8 7 2 , 8

...8  d o  1 8 7 1-18 8 6 ,  2 1
d o 1 8 7 1 -1 8 8 G , 3 2

3 9 5 2  
3 2 6 5  
2 4 2 0

6 0 0  
5 1 9 8
6 2 1 8

E . C . K N IG H T  &  C O ., P h ilad e lp h ia , P a .............................................................................
P E N N S Y L V A N IA  S U G A R  R E F IN IN G  C O M P A N Y , P h ilad e lp h ia , P a ........................
G R O C E R S ’ S U G A R  H O U S E , P h ilad e lp h ia , P a ................................................................
C L A U S  S P R E C K E L S  S U G A R  R E F IN E R Y , P h ilad e lp h ia , P a ....................................
B O S T O N  S U G A R  R E F IN E R Y , E ast B o sto n , M ass., .......................................................
B A Y  S T A T E  S U G A R  R E F IN E R Y , B o ston , M ass ............................................................
S T A N D A R D  S U G A R  R E F IN E R Y , B o sto n , M ass ............................................................
F O R E S T  C IT Y  S U G A R  R E F IN IN G  C O M P A N Y , P o rtlan d , M e ..................................
A M E R IC A N  G L U C O S E  C O M P A N Y , B u ffa lo , N . Y ., W o rk s  A ....................................

d o  P eo ria ,  Ill., W o rk s P ..............................................
d o  L eav en w o rth , K an ., W o rk s  L ..............................

C H IC A G O  S U G A R  R E F IN IN G  C O M P A N Y , C h icag o , Ill ..............................................
R O C K F O R D  G R A P E  S U G A R  C O M P A N Y . R o ck fo rd , Ill ..............................................
B E L C H E R  S U G A R  R E F IN IN G  C O M P A N Y , S t. L o u is , M o .........................................
K A N S A S  C IT Y  G R A P E  S U G A R  C O M P A N Y , K an sas C ity , M o ...................................
S T . JO S E P H  S U G A R  R E FIN E R Y , S t. Jo sep h , M o .........................................................
F IR M IN IC H  M A N U F A C T U R IN G  C O M P A N Y , M arsh a llto w n , Io w a ...........................
M IC H IG A N  G R A P E  S U G A R  C O M P A N Y , D etro it, M ich ...............................................
F L O R ID A  S U G A K  R E F IN IN G  C O M P A N Y , S t. C lo u d , F la ........................................
L O U IS IA N A  S U G A R  R E F IN IN G  C O M P A N Y , N ew  O rlean s , L a .................................
P L A N T E R S ’ S U G A R  R E F IN E R Y , N ew  O rlean s , L a ......................................................

. ...3 d o 1 8 8 0 -1 8 87 , 8

................... O ct., 1 { |8 1 , 2  

................... O ct., 1 8 8 1 , 2  
................. S ep t., 1 8 8 8 , 3 0  
... 2 o rd ers , 1 8 8 0 -1 8 81 , 5
...2 d o 1 8 8 0 -1 8 87 , 5
.................. N o v ., 1 8 8 0 , 2

...  .2  o rd ers. 1 8 8 1-18 8 7 ,  5
. ...4 d o 1 8 7 9-18 8 2 ,  1 3
....2 d o 1 8 8 0-18 8 8 ,  8
.................. S ep t.,  1 8 8 2 , 4  
...  .4  o rd ers , 1 8 8 0 -1 8 8 8 , 2 0  
................... M ay , 1 8 8 2 , 2  
... .2 o rd ers , 1 8 7 2 -1 8 8 1 , 9
................... M ay , 1 8 6 3 , 2  
... .2 o rd ers, 1 8 8 0 -1 8 8 1 , 4
....2 d o 1 8 8 0 -1 8 8 2 , 8

.....................M ay , 1 8 8 0 , 4  
...  .2  o rd ers , 1 8 8 7 -1 8 88 , 5
....4 d o 1 8 8 3-18 8 « ,  6
...2 d o 1 8 8 2 -1 8 8 8 , 3
.3 d o 1 8 8 0 -1 8 8 4 . 8

1 9 8 0
2 5 0
2 5 0  

7 5 0 0  
1 2 5 0

7 9 8
5 0 0
7 0 0  

3 0 5 0
1 9 6 0

5 0 0
4 2 0 6

3 0 0  
1 9 2 5

2 9 2
5 3 5  

1 2 5 0  
1 0 0 0

7 3 8
1 4 4 0

5 3 2
8 0 8IN V V 2Y ÖUU 1.121. ö U 11 T j  r ±l?l A , a i c i j  1i nA, X’t.  ..................................................

M O N C T O N  S U G A R  R E F IN IN G  C O M P A N Y , M o n cto n , N . B ......................................
R E F IN E R IA  D E  A Z U C A R  D E  C A R D E N A S , C arden as , C u b a ......................................

.......2 d o
....... 6 d o

1 8 8 0-18 8 5 ,  3
1 8 8 3 -1 8 8 6 , 1 7

.N o v ., 1 8 8 6 , 1

4 5 6
2 1 7 7

1 3 0
.M ay , 1 8 8 7 , 1 2 4 0

....... 2  o rd ers, 1 8 8 7 -1 8 8 8 , 2 2 0 8
L A  R E F IN E R IA  D E  B A R C E L O N A , B arce lo n a , S p a in ....................................................
P L A N A S  E S C U B O S  IIE R M A N O S , B arce lo n a , S pa in ......................................................
S O C IE T Å  A N O N IM A  R A F F IN E R IA  D I Z U C C H E R I, A n co n a , Ita ly ........................
L E E  Y E U N  S U G A R  R E F IN IN G  C O M P A N Y , H o n g  K o n g , C h ina .............................
R E C IP R O C IT Y  S U G A K  C O M P A N Y , H an a , M au i, H aw aiian  Is lan d s ..........................
P U G A  S U G A R  R E F IN E R Y , T ep ic , P u eb la , M ex ico .......................................................

....................F eb ., 1 8 8 8 , 2
..................... Ju ly , 1 8 8 8 , 1
....... 2  o rd ers , 1 8 8 6 -1 8 8 8 , 6
.................... S ep t., 1 8 8 3 , 1
................... N o v ., 1 8 8 3 , 1

..................... N o v ., 1 8 8 3 , 1

2 0 8
7 5  

7 3 2  
1 0 4  
1 2 2  
1 0 4

 
1 0 0



S U G A R  P L A N T A T IO N S .
N O R T H  B E N D  P L A N T A T IO N , n e a r  C e n tre v ille , L a  

D . F . K E N N E R , P la n ta tio n ,  H e rm ita g e ,  L a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

F O O S  &  B A R N E T T , P la n ta tio n , C e n tre v ille , L a  

R . H . Y A L E , A s c e n s io n  P a rish , L a . . . . . . . . . . . . . . . . . . . . . . . . . .

W M . H . B A L L A R D , C h a th a m  P la n ta tio n , A s c e n s io n  P a ris h , L a  

J N O . C R O S S L E Y  &  S O N S , L d ., S o u th w o o d  P la n ta tio n , A s c e n s io n  P a ris h , L a .  

J N O . C R O S S L E Y  &  S O N S , L d .,M t. H o u m a s  P la n ta tio n , A sc e n s io n  P a ris h , L a  

J . H . P U T N A M , R o se  H ill P la n ta tio n , A b b ev ille , L a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

S C H M ID T  &  Z IE G L E R , W ills w o o d  P la n ta tio n , N e w  O rle a n s , L a  

W E L H A M  E S T A T E , S t. J a m e s P a ris h , L a  

Y n g e n io  “  T O L E D O  Y  P IL A R ,”  H a v a n a , C u b a  

Y n g e n io  “ U N IO N ,”  C u e v ita s , C u b a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Y n g e n io  “  S A N  R A M O N ,” M a n z a n illo , C u b a . . . . . . . . . . . .

Y n g e n io  “ C E N T R A L  Y S A B E L ,”  M e d ia  L u n a , M a n z a n illo , C u b a  

Y n g e n io  “ S A N T A  R O S A ,”  G u a n ta n a m o , C u b a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Y n g e n io  “ S A N  A N T O N IO ,”  d o  d o . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Y n g e n io  “ S O L E D A D ,”  d o  d o  

Y n g e n io  “ L O S  C A S O S ,”  d o  d o  

Y n g e n io  “ S A N  J O S É ,”  d o  d o . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Y n g e n io  “ S A N  V IN C E N T E ,”  d o  d o . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Y n g e n io  “ S A N T A  M A R IA ,”  d o  d o . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Y n g e n io  “  S A N T A  F É ,”  d o  d o . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Y n g e n io  “ B E L L E Z A ,”  S a n tia g o , C u b a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Y n g e n io  “  S A N  S E B A S T IA N ,”  S a n tia g o , C u b a

d o d o .

d o d o

d o d o

d o d o ..

d o d o .

d o d o .

d o d o ..

2  o rd e rs , M a r. a n d  N o v ., 1 8 7 9 ,  

1 8 8 1 ,  

1 8 8 1 , 

1 8 8 3 ,  

1 8 8 3 ,  

 4  o rd e rs , 1 8 8 3 — 1 8 8 6 , )
.2 d o  1 8 8 3 — 1 8 8 6 , C

. . . . . . . . . . . . . . . . A p ril , 1 8 8 3 , 

. . . . . . . . . . . . . . . J u n e , 1 8 8 6 , 

2  o rd e rs , 1 8 8 6 -1 8 8 8 ,  

. . . . . . . . . . . . . . . S e p t., 1 8 8 8 ,  

. .4  o rd e rs , 1 8 7 9 -1 8 8 6 , 

. .2 d o 1 8 8 2 -1 8 8 3 , 

. . . . . . . . . . . . . . . A p ril , 1 8 8 6 ,  

. . . . . . . . . . . . . . . . J u ly , 1 8 8 1 , 

. .2  o rd e rs , 1 8 8 1 -1 8 8 3 ,  

d o  

d o

H. P.Boilers.

.  M a y ,  

.J u ly ,  

A p ril ,  

.M a r.,

1 8 8 0 -1 8 8 8 , 

1 8 8 3 -1 8 8 4 ,  

.M a y , 1 8 8 1 ,  

A u g ., 1 8 8 5 ,  

3  o rd e rs , 1 8 8 2 -1 8 8 5 , 

. . . . . . . . . . . . . . . . J u ly , 1 8 8 3 ,  

. . . . . . . . . . . . . . . .M a y , 1 8 8 1 ,  

.2  o rd e rs , 1 8 8 4 -1 8 8 6 ,

3

4
2
1
2
2

8

1
2
3
2
8
3
8
1
3
4
4
4
2
3
1
2
2

4 0 0
2 5 8
1 2 0  
2 4 4
2 0 8

1 5 1 0

1 2 2  
3 2 8
6 3 6
3 0 0

1 1 0 0
3 1 2  
9 7 6
1 5 0  
4 4 2
2 8 1
3 0 5
3 0 0
1 6 4  
2 2 1
1 4 6  
1 5 0
1 6 4

Yngenio Central Ysabel, Media Luna, Manzanillo, Cuba.

Boilers.

Y n g e n io  “  H O R M IG U E R O ,”  P a lm ira , C u b a

Y n g e n io  “  C O N S T A N C IA ,”  C ie n fu e g o s , C u b a

Y n g e n io  “  L E Q U E IT IO ,”  d o . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Y n g e n io  “ S A N  L IN O ,”  d o

Y n g e n io  “  S O L E D A D ,”  d o

Y n g e n io  “  C IE N E G U IT A ,”  A b re u s , C u b a .
Y n g e n io  “ C E N T R A L  R E D E N C IO N ,”  N u e v ita s , C u b a  

Y n g e n io  “ L A  C A R ID A D ,”

Y n g e n io  “  E L  C O N G R E S O ,”  « °  

Y n g e n io  “ S E N A D O ,”  d o  

Y n g e n io  “ G R A T IT Ü D , ’ M a n a c a s , C u b a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Y n g e n io  “ F O R T U N A ,”  A lq u iz a r , C u b a

Y n g e n io  “ S A N  L U C IA N O ,”  M a ca g u a , C u b a

Y n g e n io  “ S A N  C L A U D IO ,”  C a b a f ia s , C u b a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Y n g e n io  “ S A N T A  C A T A L IN A ,”  C o rra l F a lso , C u b a

Y n g e n io  “ S A N T A  F IL O M E N A ,,”  C o rra l F a lso , C u b a

Y n g e n io  “  S A N T A  R IT A ,”  B a ro , C u b a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Y n g e n io  “ S A N  J O A Q U IN ,”  P e d ro s o , C u b a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • •  •
Y n g e n io  “  N U E S T R A  S E ^ O R A  D E L  C A R M E N ,”  M a ta n z a s , C u b a .

Y n g e n io  “ J E S U S  M A R IA  E N  S A N T A  A N A ,” M a ta n z a s , C u b a . . . . . . . .

Y n g e n io  “  T E R E S A ,”  C ru c e s , C u b a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Y n g e n io  “ E M IL IA ,”  G ilin e s , C u b a

Y n g e n io  “ S O C O R R O ,”  C o rra lil lo , C u b a

Y n g e n io  “  S A N T A  IS A B E L ,”  S a g n a , C u b a

Y n g e n io  “ A S U N C IO N ,”  M a rie l, C u b a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Y n g e n io  “ D O S  A M IG O S ,”  C a m p e c h u e la , C u b a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

.2  o rd e rs , 1 8 8 1 -1 8 8 2 ,  

.6 d o 1 8 8 1 -1 8 8 7 , 

.3 d o 1 8 8 7 -1 8 8 8 ,

. . . . . . . . . N o v .,  1 8 8 7 ,  

. . . . . . . . J u n e ,  1 8 8 8 ,

.3  o rd e rs , 1 8 8 2 -1 8 8 8 , 

. . . . . . . . . . . . . .  J a n .,  1 8 8 3 ,  

, . . . . . . . . . . . . J u n e ,  1 8 8 3 ,

.7  o rd e rs , 1 8 8 3 -1 8 8 5 ,  

.3 d o 1 8 8 3 -1 8 8 6 , 

. . . . . . . . . . . . . A u g .,  1 8 8 3 ,  

. . . . . . . . . . . . . . . . J u ly ,  1 8 8 3 ,

. . . . . . . . . . J u ly ,  1 8 8 4 ,  

.2  o rd e rs , 1 8 8 4 -1 8 8 5 , 

.4 d o 1 8 8 5 -1 8 8 8 , 

. . . . . . . . . . . . . . . . J u n e ,  1 8 8 5 , 

. . . . . . . . . . . . . . . J a n .,  1 8 8 6 ,  

. . . . . . . . . . A u g .,  1 8 8 4 ,

J a n ., 1 8 8 6 , 

. . . . . . . . . . . . . . . . . .O c t.,  1 8 8 8 , 

.2  o rd e rs , 1 8 8 4 -1 8 8 5 , 

.2 d o 1 8 8 4 -1 8 8 5 ,  

. M a y ,  1 8 8 5 ,

.. . . . . . . . . . . . . . . S e p t.,  1 8 8 5 , 

. . . . . . . . . . . . . . . . . .J u ly ,  1 8 8 5 , 

. ,2  o rd e rs ,  1 8 8 4 -1 8 8 6 ,

4
1 7

5
2
1
4
2
2
7
4
2
6
2
5
7
4
2
2
1
1
4
3
2
1
2
4

H. P.

3 0 0
2 2 6 4

6 4 9
2 9 2
1 5 6
5 9 6
1 4 6
2 4 0

1 2 2 8
7 9 0
2 0 8
6 2 4
2 0 8
6 1 5
8 2 0
4 1 6
2 0 8
2 0 8
1 4 6
1 5 0
4 1 6
3 8 6
2 9 2
1 0 4
2 0 3
4 1 6



 

Y ngenio  “  C A ^A M A B O ,” T rin idad , C uba.... S ept., 188 5 T 2fl2

Y ngenio  “  S A N T A  G E R T R U D E S,” B anaguises, C uba 2  orders 1885-188? ’ ?  400
Y ngenio “  S A N  A U G U S T IN ,” Q nib ian , C uba. . ..........................   Ä ug. 188 6*  1 140
Y ngenio  “M I R O S A ,”  Q uib ian , C uba. ........................................ O ct ’ 1886 ’ 9  <!(!()
Y ngenio “  S A N  F E R N A N D O ,” S t. S piritus, C uba  ' /  .................................................. øct ’ 188 6  1 104

Y ngenio  “S A N T A  T E R E SA ,”  C eiba  H ueca, W . I  ................................. Jan ’ 1886 ’ 1 20«
Y ngenio  “A N G E L IN A ,” S an D om ingo , W . I   . A ug. ’ 1879 ’ 1 76
H acienda “F O R T U N A ,” P orto R ico .... ♦............................................... jq-ov ’ jaga ’ i in .

H acienda “F L O R ID A  Y A N C O ,” P orto  R ico .................................................... Jan .’ 188 4* 1 104
H acienda “R E PA B A D A ,”  P orto  R ico .............................................. F eb . ’188 5 ' 1  104
H acienda “  L O S C A ?IO S,” P orto  R ico . .  S ept ’ 1886 ' 1 104

H acienda “  G U A R A C H A ,” Irapuato , M exico .  A ug., 1884 ' 1  122
H acienda “  S A N  M A R C O S ,” Jalisco , M exico . . . .. . 2  orders 1884-1885 ’ 4  244

G A R C IA  IC A Z B A LC E TA  H E R M A K O S, C ity  of M exico ................................ 2  orders N ov. 1887  9 IM
S efio r S O L E R O  E S C A R Z A , C ienfuegos, C uba.  Ju ly '1888 ' Q  4-60
Y ngenio  “  V IC T O R IA  E N  G R E C IA ,” C osta R ica  i /  M arch 1886 ’ 1  fil

H A W A IIA N  A G R IC U L TU R A L  C O M P A N Y , P ahala , S andw ich  Islands 2  orders, 1886, 3  490

IR O N W O R K S .
Boilers.

T R O Y  IR O N  &  S T E E L C O M P A N Y , T roy , N . Y  3  orders 1885-188« 12
S W E ET ’S  M A N U F A C TU R IN G  C O ., S yracuse, N . Y 4  orders ’ 1881-1883  4
P H C E N IX  H O K S E S H O E C O M P A N Y , P oughkeepsie , N . Y  June 188 8*  1
G L O B E  N A IL  C O M PA N Y , B oston , M ass ................................................................... .’.'.'.'.'.'.'.'.’.'. .’.'.'.'.'.M ay ’ 188 0  2

W . A M E S  &  C O ., Jersey  C ity , N . J  j^ov ’ 1034 ’ 1
T R E N TO N  IK O N  C O M PA N Y , T ren ton , N . J  4  orders 1880 188° ’ 6

N E W  JE R S EY  S T EE L  &  IR O N  C O M P A N Y , T ren ton , N . J  D ec 188 5  1
A M E R IC A N  S H E E T  IR O N  W O R K S , P hillipsburg , N . J  M ar ’ I882 ’ 1
D E L A W A R E  R O L LIN G  M IL L. P hillipsburg , N . J  . . . . June ’ I882 ’ 1

M cD A N IE L  &  H A K V E Y  C O M PA N Y , S heet Irons, P hiladelph ia , P a June 1889 ’ 1
H U G H E S  &  P A T TE R S O N , P hiladelph ia , P a 7 .'.'. .Jan . ’ 1886 ’ 9

G O R D O N , S TR O B E L  &  L A U R E  A U , L ’d , P hiladephia , P a 8  orders 188 6-1888 ’. 35
M ID V A LE  S TE E L C O M P A N Y , N icetow n, P hiladelph ia , P a D ec. 1887 , 2
M A R S H A L L  B R O T H E R S  &  C O ., N ew port, P a, June ’ 1888 ’ 2

C A T A S A U Q U A  M A N U F A C T U R IN G  C O ., C atasauqua, P a 2  orders 188 1-1883 ’ 2
P E N C O Y D  IR O N  W O R K S , P encoyd , P a 4 do 1881-1887 ’ 12  
C H IC K IE S  IR O N  C O M P A N Y , C hickies, P a 2 do 1887-1888 ’ 4

P EN N S Y L V A N IA  S T EE L  C O M P A N Y , S teelton , P a 2 do 1880-1884 , 3
do  S parrow s P oin t, M d  June, 188? ’, 16

L O N G M EA D  IR O N  W O R K S , C onshohocken , P a S  orders 1882-1887  4
R O B E SO N IA  IR O N  C O M P A N Y  (L ’d .), R obesonia , P a  N ov 1885 ’ 2
A M ER IC A N  T U B E &  IR O N  C O M P A N Y , M iddletow n, P a  .........  Jan? 1888 ’ 1
IO W A  B A R B  W IR E  C O M PA N Y , A llentow n, P a S ept. ’ 1886*  4
C O L U M B IA  R O L LIN G  M ILL  C O M P A N Y , V esta  F urnace, W atts, P a F eb. ’ 1887 ’ 1
P O T T SV IL L E  IR O N  &  S TE E L  C O M P A N Y , P ottsv ille , P a 2  orders 188 4-1885 ’ 3
M A H O N IN G  R O L L IN G  M IL L  C O M P A N Y , D anville , P a 2 do 1887*  2

D A N V IL L E S TO V E &  M A N U FA C T U R IN G  C O ., D anville , P a O ct. 1887 , 1
 M cC O R M IC K  &  C O ., P axton  F urnaces, H arrisburg , P a  O ct ’ 188 4* 2

L O C H IE L  R O L LIN G  M IL L  C O M PA N Y , H arrisburg , P a .O ct’’ 1884 ’ 9

B IR D  C O L E M A N  F U R N A C E S, C ornw all, P a. ...  B orders 1R R ß  1R 8s ’ «
L EB A N O N  F U R N A C E S , L ebanon , P a  9 do ' ’ 1H R 5  1R R ß ’ 4
J. & R . M E IL Y , L ebanon , P a  ...............................  ~ F eb ®  .L . ’ n

L IC K D A L E  IR O N  C O M P A N Y , L ickdale , P a F eb . ’ 188 7  3
C A M B R IA  IR O N  C O M PA N Y ., Johnstow n, P a  3  orders 188 3  1885*  fi
P IT T SB U R G H  S T E E L  C A S TIN G  C O M PA N Y , P ittsburgh , P a. .................................... . N ov  ’ I88 .3 ’ 9

L U C Y  F U R N A C E S. P ittsburgh , P a ...........................................\  /  N ov.” 188 3  ’ 4

O L IV E R  &  R O B E R T S  W IR E  C O M P A N Y  (L ’d .), P ittsburgh , P a. 4  orders 1882 188 8 1 0
C A R N E G IE  B R O T H E R S  &  C O . (L ’d), P ittsburgh , P a  .......... A ’pril 1884 ’ o

T H E  H A R T M A N  S TE E L  C O M P A N Y  (L 'd ) B eaver  F alls, P a.... o  orders 188 2 188 3  4

L A T R O B E  S T E E L  W O R K S , L atrobe, P a  2 do ’ 1888-1889 ’ 6
N A T IO N A L  T U B E  W O R K S  C O M P A N Y , M cK eesport, P a M ar., 1887 ’ T
M cC U L LO U G H  IR O N  C O M P A N Y , W ilm ington , D el 4 orders, 1874-1882 , ’ 14  

do  N orth E ast, M d 4 do ’ 1880-1883 , ’ 4

do  C arbon  S tation , M d  A pril, 1884 , 1
O L D  D O M IN IO N  IR O N  &  N A IL  W O R K S C O M PA N Y , R ichm ond, V a 2  orders, 1886-1888 , 3
D . S . C O O K , P rincess  F urnace, G len  W ilton , V a June, 1887 , 2
T E N N E SS E E  C O A L , IR O N  &  R A IL R O A D  C O M P A N Y , S o. P ittsburgh , T enn M ay, 1887 , 4
N A S H V IL L E  IR O N , S TE E L  &  C H A R C O A L  C O M PA N Y , W . N ashville , T enn M ar., 1887 , 4
C H E R O K E E  IR O N  C O M P A N Y , C edartow n, G a F eb ., 1886, 2
W O O D W A R D  IR O N  C O M P A N Y , W oodw ard , A la 3  orders, 1884-1888 ' 8
A L A B A M A  &  T E N N ES SE E  C O A L  &  IR O N  C O M P A N Y , S heffie ld , A la  F eb 188? ’ 12
G A D S D E N  A L A B A M A  F U R N A C E  C O M PA N Y , G adsden , A la  M ar 188? ’ 4
D E C A TU R  L A N D  IM PR O V E M EN T  &  F U R N A C E  C O M PA N Y , D ecatur. A la A pril’ 1887  4
S L O SS  S T E E L  &  IR O N  C O M P A N Y , N orth  B irm ingham , A la  M ar ’ 188? ' R
S H E LB Y  IR O N  C O M PA N Y , S helby , A la ’.Ju ly 1888 ’ 4

C O L U M B U S  S TE E L  C O M PA N Y , C olum bus, O hio June ' 1886 ’ 4

JA S. E . T H O M A S , F ounder, N ew ark , O hio  • A usr ’ 188°' 1
U N IO N  F O U N D R Y  &  C A R  W H E EL  W O R K S, P ullm an , Ill  ................. Ju ly ’ 1881 ’ 1

A R R O L  B R O T H E R S, G lasgow , S cotland  

H. P. 

178 6  
344  
146  
200  
240  
420  
208  

73  
82  

100  
208  

4390  
272  
272  
202  

1824  
512  
540  

3840  
241  
480  

51  
624  
136  
350  
250  
104  
416  
416  

1260  
970  
208  
450  
896  
416  
832  

2080  
416  
544  

1248  
156  
700  
308  

45  
408  
312  
624  
480  
480  
978  

1872  
624  
292  

1248  
292  
480  

50  
60  
60  

146
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Babcock & Wilcox Boilers at Pencoyd Iron Works, in process of Erection. Another tier to go above those shown.

  

Boilers. II. P.CBA
D A V ID  C O L V IL L E  &  S O N S , M o th e rw e ll , S c o t la n d 3  o rd e rs , 1 8 8 3 -1 8 8 8 , 1 7

S T E E L  C O M P A N Y  O F  S C O T L A N D , B lo c h a irn  a n d  N e w to n . S c o tla n d 5 d o 1 8 8 3 -1 8 8 7 , 1 0
W O O D S ID E  S T E E L  &  IR O N  C O M P A N Y ,  C o a tb r id g e ,  S c o tla n d 2 d o 1 8 8 3 -1 8 8 6 .  2

J A M E S  E A D IE  &  S O N S , T u b e  M a k e r s , R u th e rg le n , S c o tla n d M a y , 1 8 8 3 ,  1

J A M E S  M E N Z IE S  &  C O ., T u b e  M a k e r s , G la s g o w , S c o tla n d O c t. , 1 8 8 3 ,  1

T H E  C A K R O N  C O M P A N Y , I ro n  F o u n d e r s . F a lk irk , S c o t la n d D e c ., 1 8 8 3 ,  2

J . &  J . B O Y D E , I ro n  F o u n d e r s , S h e tt le s to n ,  S c o t la n d 2  o rd e r s , 1 8 8 3 -1 8 8 7 ,  2
T I IO S . B O L T O N  &  S O N S , S m e lte r s , B irm in g h a m , E n g la n d i 

d o  d o  O a k m o o r , E n g la n d > 4 d o 1 8 8 4 -1 8 8 7 ,  6
d o  d o  W id n e s s ,  S c o tla n d )

A IK E N  M c N E IL  &  C O ., C o lo n ia l I ro n  W o rk s , G o v a n , S c o tla n d S e p t . , 1 8 8 8 , 1

T H E  S U M M E R L E E  &  M Ü S S E N D  IR O N  &  S T E E L  C O ., M o s s e n d , S c o tla n d S e p t . , 1 8 8 8 ,  5

W M . B E A R D M O R E  &  C O ., P a rk h c iu l. S c o tla n d O c t., 1 8 8 8 ,  1

B R A D L E Y  &  C R A V E N , F o u n d e r s , W a k e f ie ld , E n g la n d D e c . 1 8 8 7 .  1

S O C IÉ T É  IN D U S T R I \  1 .1 : N A P O L E T A N A , N a p le s , I ta ly  J u ly , 1 8 8 5 ,  1

S O C IÉ T É  IN D U S T R IE L L E  E T  C O M M E R C IA L S  D E  M É T A U X , L iv o rn o , I ta ly J u ly , 1 8 8 6  , 7

1 9 9 6
1 3 0 5

1 8 6
6 4

1 0 4
4 1 6
2 0 8

7 4 8

1 1 0
7 0 0
1 4 0
1 0 8
1 4 0
6 4 4
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B R A S S W O R K S , E t c .

T H E  S E T H  T H O M A S C L O C K  C O M P A N Y , T h o m a s to n , C o n n

T H E  S C O V IL L E  M A N U F A C T U R IN G  C O ., W ate rb u ry , C o n n  

B E N E D IC T  &  B U R N H A M  M A N U F A C T U R IN G  C O ., W ate rb u ry , C o n n .

W A L L A C E  &  S O N S , A n so n ia , C o n n . ..........
A S H C R O F T  M A N U F A C T U R IN G  C O ., B rid g e p o rt, C o n n '.

C O N S O L ID A T E D  S A F E T Y  V A L V E  C O M P A N Y , B rid g e p o rt, C o n n

H O O L B  M A N U F A C T U R IN G  C O ., B ra ss  C h e c k s , e tc ., N e w  Y o rk
E . P . G L E A S O N  M A N U F A C T U R IN G  C O ., G as  F ix tu re s N ew  Y o rk  ”  "  

A N S O N IA  C L O C K  C O M P A N Y ,  B ro o k ly n , N . Y  ...  

R O S S  B R O T H E R S  &  W H IS T L E R , W ab a sh , In d  

C H A R L E S ^  B A R W E L L , C o p p er  T u b e  M ill, B irm in g h a m  E n g
M . C L IN , B ra ssw o rk s, P a ris , F ra n ce ......................................................... A 1  a v

C O P P E R  &  B R A S S  W O R K S  M A N U F A C T U R IN G  C O ., K o ltsc h u g in e , n e a r M o sc o w , R u ss ia . . .J an . ’

Ju n e , 1 8 8 0 , 

.2  o rd ers , 1 8 7 9 -1 8 8 2 , 

.2 d o 1 8 8 2 -1 8 8 6 , 

.2  o rd e rs , 1 8 7 8 -1 8 8 1 , 

D ec ., 1 8 8 5 , 

D ec ., 1 8 8 5 , 

F e b ., 1 8 8 2 , 

.......... ..J a n ., 1 8 8 3 , 

2  o rd e rs, 1 8 7 9 ,1 8 8 4 ,  

........... Jan ., 1 8 8 3 , 

Ju n e , 1 8 8 7 , 

...... M a y , 1 8 8 5 , 

’ 1 8 8 5 ,

Boilers.

1

4
2
6
1
1
1
1
4
1
1
2
3

H. P. 

1 2 5  
5 0 0  
4 0 6  
5 2 0

7 3  
3 0  
5 0  

1 2 2  
4 1 4

6 1
8 5  

1 0 2  
2 1 9

M A C H IN E R Y  A N D  E N G IN E E R IN G .

D A L Z E L L  A X L E  C O M P A N Y , S o u th  E g re m o n t, M ass

N IC H O L S O N  F IL E  W O R K S , P ro v id e n c e , R . I

E . JE N C K E S  M A N U F A C T U R IN G  C O ., P a w tu c k e t, R . I

P R O V ID E N C E  S T E A M  &  G A S  P IP E  C O ., P ro v id e n c e , R . I

F .  B . C O T T R E L L  &  S O N S , P rin tin g  P resse s , W esterly , R . I  

S T A N D A R D  M A C H IN E R Y  C O M P A N Y , M y stic  R iv e r , C o n n

U N IO N  M E T A L L IC  C A R T R ID G E  C O M P A N Y , B rid g e p o rt, C o n n  

E X C E L S IO R  N E E D L E  C O M P A N Y , T o rrin g to n , C o n n  

T U R N E R  &  S E Y M O U R  M A N U F A C T U R IN G  C O ., T o rrin g to n , C o n n  

B R O W N  C O T T O N  G IN  C O M P A N Y , N ew  L o n d o n , C o n n

T .  S H R IV E R  &  C O . , F in e , C as tin g s  a n d  C o p y in g  P resse s , N ew  Y o rk

L A L A N C E  &  G R O S JE A N  M A N U F A C T U R IN G  C O ., T in w are , W h ite s to n e L I N Y  
P O R T  C H E S T E R  B O L T  &  N U T  C O M P A N Y , P o rt C h es te r, N Y  ’ ' ’ ’

S . S . H E P W O R T H  &  C O ., Y o n k ers , N . Y ...................................................................................... .

W H E E L E R , M A D D E N  &  C IÆ M S .E N  M A N U F A C T U R IN G  C O ., M id d le to w n N Y  

S C H E N E C T A D Y  L O C O M O T IV E  W O R K S , S c h e n e c tad y , N . Y

E . C . S T E A R N S  &  C O ., H a rd w a re , S y ra c u se , N . Y .

F R A N C IS  A X E  C O M P A N Y , B u ffa lo , N . Y  

E D IS O N  M A C H IN E  W O R K S , S c h en e cta d y , N . Y  . 

E D IS O N  P H O N O G R A P H  W O R K S , O ran g e , N . J .............................................

A . H . M c N E A L , P ip e  F o u n d ry , B u rlin g to n , N .J  

F A Y E T T E  R . P L U M B , C u tle ry , P h ilad e lp h ia , P a  

H . W . B U T T E R W O R T H  &  S O N S , P h ila d e lp h ia , P a  

G E O . V . C R E S S O N , S h a ftin g , P h ilad e lp h ia , P a  

W . H . & C. W. A L L E N , H ard w are , P h ilad e lp h ia , P a  

G O R D O N , S T R O B E L  &  L A U R E A U , L ’d ., P h ila d e lp h ia , P a . 

R E A D IN G  B O L T  &  N U T  W O R K S , R ea d in g , P a  

W E S T IN G H O U S E  A IR  B R A K E  C O M P A N Y , P ittsb u rg h , P a .....................

B L A C K  &  G E R M E R , S to v e s , E rie , P a  

H A R L A N  &  H O L L IN G S W O R T H  C O M P A N Y , Iro n  S h ip s , W ilm in g to n D el  

T H E  JA C K S O N  &  S H A R P  C O M P A N Y , W ilm in g to n , D e l 
T H E  J . M O R T O N  P O O L E  C O M P A N Y , W ilm in g to n , D el  

U N IT E D  S T A T E S  N A V Y  Y A R D , W a sh in g to n , D . C  

d o  N o rfo lk , V a

J . A . F A Y  &  C O ., C in c in n a ti, O  
C IN C IN N A T I C O R R U G A T IN G  C O M P A N Y , C in c in n a ti, O .....................

G O R D O N  &  M A X W E L L  C O M P A N Y , P u m p s. H am ilto n , O h io
N IL E S  T O O L  W O R K S , H am ilto n , O h io  

B L A C K  &  C L A W S O N , H am ilto n , O h io

F L IN T  &  W A L L IN G  M A N U F A C T U R IN G  C O ., W in d  E n g in e s, K e n d a llv ille In d  
M . C . H E N L E Y , S k a tes , R ich m o n d , In d .................................

S O U T H  B E N D  P U M P  C O M P A N Y , S o u th  B en d ., In d  

F IE L D H O U S E  &  D U T C H E R  M F G . C O ., C h ic ag o , I ll ................................................

M . L Ä S S IG , B rid g e  B u ild e r, C h ica g o , I ll

M A S O N  &  D A V IS  C O M P A N Y , B rid g e B u ild ers , C h ica g o , I ll ..

K A N S A S  C IT Y  B R ID G E  &  IR O N  C O M P A N Y , K a n sa s C ity , M o

A M E R IC A N  B R A K E  C O M P A N Y  (W e s tin g h o u se  L e ssee ) , S t. L o u is , M o  

T A T U M  &  B O W E N , S a n  F ran c isco , C a l  

H O L B R O O K , M E R R IL L  &  S T E T S O N , S a n F ra n c isco , C a l....

JU D S O N  M A N U F A C T U R IN G  C O M P A N Y , S an F ran c isco , C a l

K E N N E D Y ’S  P A T E N T E D  W A T E R  M E T E R  C O ., L im ite d , K ilm arn o c k , S co tlan d  

T H E  G L E N F IE L D  C O M P A N Y  L IM IT E D , K ilm a rn o ck , S c o tla n d . 

T H O M A S  S H A N K S  &  C O ., Jo h n s to n e , S c o tla n d .,  

JA M E S  K E IT H , A rb ro a th , S co tla n d  
JA M E S  S IM P S O N  &  C O . L IM IT E D , P im lic o , L o n d o n , E n g la n d ./  

S H A R P  &  K E N T , E le c tr ic a l E n g in ee rs , L o n d o n , E n g la n d .

M a r., 

A u g ., 1 8 8 1 , 

M a r., 1 8 8 7 , 

  S e p t., 1 8 8 8 , 

.2 o rd ers , 1 8 8 2 -1 8 8 8 , 

S e p t., 1 8 8 1 , 

 M a r., 1 8 8 4 , 

 Ju n e , 1 8 8 6 , 

.2  o rd e rs, 1 8 8 0 -1 8 8 1 , 

 O c t.,... 1 8 8 7 , 

 A p ril, .. 1 8 8 2 , 

S e p t., 1 8 8 2 , 

 . 'Ju ly ,... 1 8 8 2 , 

. : .......... Ju n e ,  1 8 8 2 ,

 M a y ,  1 8 8 3 ,

................ F e b .,  1 8 8 8 , 

M a r., 1 8 8 2 , 

.3  o rd e rs, 1 8 8 2 -1 8 8 3 , 

.4  o rd e rs, 1 8 8 1 -1 8 8 8 , 

.............. M a y , 1 8 8 8 , 

..........  S e p t., 1 8 8 4 , 

............A p ril, 1 8 8 1 , 

............... Ju n e , 1 8 8 1 , 

............... F e b ., 1 8 8 0 , 

A p ril, 1 8 8 2 , 

Jan ., 1 8 8 7 , 

............ S e p t., 1 8 8 6 , 

. 3  o rd e rs, 1 8 8 3 -1 8 8 8 , 

.............. O ct., 1 8 8 3 , 

D ec ., 1 8 7 1 ,

 
.5  o rd e rs , 1 8 8 1 -1 8 8 8 , 

................ O ct., 1 8 7 3 , 

.2 d o 1 8 8 5 -1 8 8 8 , 

.............. A p ril, 1 8 8 7 , 

................ O ct., 1 8 8 1 , 

F e b .

............ F e b ., 1 8 8 7 , 

............ A u g ., 1 8 8 8 , 

............... A u g ., 1 8 8 8 , 

F e b .,

............ A p ril,  

................ O c t., 

F e b .,  

3  o rd e rs , 1 8 8 3 -1 8 8 7 ,  

1 8 8 1 , 

1 8 8 6 , 

1 8 8 8 , 

1 8 8 2 , 

1 8 8 6 , 

3  o rd e rs, 1 8 8 3 -1 8 8 7 ,  

M a r., 1 8 8 3 , 

2  o rd e rs , 1 8 8 3 -1 8 8 8 , 

.............. A u g ., 1 8 8 3 , 

.............. D ec ., 1 8 8 5 , 

........ 2  o rd e rs , 1 8 8 8 , 
s iiA K V  <k  k j s j n t , E le c tr ic a l E n g in ee rs , L o n d o n , E n g la n d 2  o rd e rs, S e p t, a n d  N o v . 1 8 8 8  
C H A R L E S  M c N E IL , JR ., M ak e r  o f M a n h o le  D o o rs , & c „  G la sg o w , S c o tlan d .............................O c t ’ i r r r ’

M IL L E R  &  C O ., E d in b u rg h , S co tla n d ..................... 2  o rd e rs 1 8 8 5  1 8 R 6 *

G W Y N N E  &  C O ., H y d rau lic  E n g in e ers  (fo r  S o . A frica ) , L o n d o n , E n g lan d  ........ N o v IR R « ’ 

T . C O U L T H A R D  &  C O ., S p in n in g  M ac h in ery , P res to n , E n g la n d ........................... A n ril ' 1 R K ~ ’

L > . W H IT A K E R  &  S O N S , C ra n e  R a ilro a d  M ill, H as lin g d e n , E n g la n d  M a v ’ 1 R S 7
G E O . R IC H A R D  &  C O ., L IM IT E D , B ro a d h ea th , n e a r M an c h es te r , E n g la n d O c t ’ 1 8 8 ~ '

Boilers. 

1 8 8 7 ,

1 8 8 4 ,

1 8 8 4 , 

1 8 8 4 .

1 8 8 6 , 

1 8 8 2 ,

1
1
2
1
2
1
3
1
2
1
1
1
1
1
2
1
1
3
6
2
1
2
1
1
2
1
1
6
1
2
8
2
7
3
2
1
1
2
1
1
1
1
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• M ay ,  

A p ril,  

.N o v .,  

A p ril, 

A p ril.

4
1
1
1
1
1
3
1
2
1
1
5
3
1
2
1
2
1
1

1 2 2  
1 0 4  
2 4 0

7 1  
1 7 7

6 0  
2 7 6

6 1  
1 0 0  
1 0 4

4 5
7 3
5 0

1 0 4  
2 4 4  
1 2 5

5 0
1 9 7  
7 0 0  
1 4 6  
1 0 4  
1 8 4
1 0 0

5 0  
1 0 0

4 5
8 2

6 6 4
9 2  

1 0 0  
7 1 7  
1 0 0

1 2 4 8  
1 8 3  
1 5 0

7 3
4 5

1 4 6
9 5

1 6 4
7 3
6 1
7 5

6 3 0
7 3
9 2

1 2 5
6 0
2 5

3 5 2
5 1  

2 6 0  
1 0 4

2 0  
5 3 8  
1 6 4  
1 2 6  
2 4 0

2 3  
2 8 0  
1 4 0  
1 2 2



Bollers.QPONMLKJIHGFEDCBA
1

2

2

6 1
1
1
1
3
1
1
6
6

P A R K E R  &  C O . ,  L I M I T E D ,  M f r s ,  o f  F o r k s ,  S p a d e s , & c . ,  B ir m in g h a m ,  E n g l a n d . J u n e  1 8 8 8  
P L A Y E R  B R O T H E R S ,  B i r m in g h a m ,  E n g l a n d  T n n  ’ 1 Q O O ’
C H A V A N N E  B R U N  E T  C I E ,  C h a m o n d , F r a n c e  . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Å ”  ’ J S ? ’

L O U I S  F O N T A I N E , L a  M a d e la i n e  l e s  L i l l e ,  F r a n c e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 4  o r d e r s  1 ^ ’ i r r r ’

M E R M I E R E T  C I E ,  F i r e a r m B ,  S t .  É t i e n n e ,  F r a n c e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . « « «

S . L A M B E R T  E T  F I L S ,  T i n w a r e ,  P a r i s ,  F r a n c e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . M n r « « ? ’

B A U E R  &  S C H A U R T E ,  B o l t  &  N u t  W o r k s ,  N e u s s ,  G e r m a n y  A  . / . T  ”  A n r i i ' 1 8 8 7

r F R P T iT D F R  A C T I E N - G E S E L S C H A F T ,  B e r l in ,  [ G e r m a n y . . . . 3  o r d e r s ,  M a r .  t o  O c t . ’ , 1 8 8 8 ’
( x K B J K U J i . D E l t S U L Z E R ,  W i n te r t h u r ,  G e r m a n y  A n o . l e a f i
C A L V A R T  &  C O . ,  G o t h e n b u r g ,  S w e d e n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
L A  E S P A S t A  I N D U S T R I A L ,  B a r c e l o n a , S p a i n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 ö r d  J r « ’ « « s ’

G O V E R N M E N T  M A C H I N E  W O R K S ,  B o y a c a , U .  S .  C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 d o 8 8 0

H. P.

1 4 0
2 2 0
2 4 8

9 0 6 4
1 2 0

6 9
1 3 6  
3 1 2
1 4 0
1 2 4  
7 4 8
2 2 0

S E W I N G  M A C H I N E S .
T H E  S I N G E R  M A N U F A C T U R I N G  C O M P A N Y ,  N e w  Y o r k  

d o  

d o  

d o  

d o  

d o

W H I T E  S E W I N G

M E L O N E  S E W I N G  M A C H I N E  C O M P A N Y ,  C h i l l i c o t h e ,  O h i o  

W H I T E H I L L  M A N U F A C T U R I N G  C O M P A N Y ,  M il w a u k e e ,  W i e

d o  

d o  

d o  

d o  

d o  

M A C H I N E  C O M P A N Y ,

E l i z a b e t h p o r t ,  N .  J  

S o u th  B e n d ,  I n d . . .

C a i r o ,  I I I

M o n t r e a l , C a n a d a .   

G l a s g o w ,  S c o t l a n d .

C l e v e l a n d , O h i o

. 9  o r d e r s ,  1 8 7 1 - 1 8 8 6 , 1 6

. 9 d o 1 8 7 2 - 1 8 8 7 , 2 0

. 6 d o 1 8 7 1 - 1 8 8 1 ,  8

. . . . . . . . . . . . J u n e ,  1 8 8 1 ,  4

2  o r d e r s ,  1 8 8 5 - 1 8 8 7 , 3

. 8 d o 1 8 8 2 . 1 8 8 8 , 1 6

. . . . . . . . . . . . ’ D e c . ,  1 8 8 0 ,  2

.  . F e b . ,  1 8 8 3 ,  1

J u n e ,  1 8 8 1 ,  2

1 6 7 7
2 1 6 2
1 1 1 0

2 9 2
2 1 7

2 1 0 6
2 0 0

7 3
1 4 6

A G R I C U L T U R A L  M A C H I N E R Y .

W A L T E R  A .  W O O D  M O W I N G  &  R E A P I N G  M A C H I N E  C O M P A N Y ,  H o o s i c k  F a l l s  

T H E  W H I T M A N  &  B A R N E S  M A N U F A C T U R I N G  C O . ,  S y r a c u s e  N  Y

P I T T S  A G R I C U L T U R A L  W O R K S ,  B u f f a lo , N .  Y

S H E B L E  &  F I S H E R ,  F o r k  M f r s . ,  P h i la d e lp h i a ,  P a

W H I T E L E Y ,  F A S S L E R  &  K E L L E Y  C O M P A N Y ,  S p r i n g f i e l d ,  O

C H A M P I O N  K N I F E  &  B A R  C O M P A N Y ,  S p r i n g f i e l d ,  O

P .  P .  M A S T  &  C O . , S p r i n g f i e l d ,  O

T H E  S P R I N G F I E L D  E N G I N E  &  T H R E S H E R  C O M P A N Y , S p r in g f i e l d ' O . . . . . . . . . . . . . . .

W A R D E R ,  B U S H N E L L  &  G L E S S N E R  C O M P A N Y ,  S p r i n g f i e l d ,  O . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

H O O S I E R  D R I L L  C O M P A N Y ,  R i c h m o n d ,  I n d . . . . . . . . . . . . . . . . .

E C O N O M I S T  P L O W  C O M P A N Y ,  S o u th  B e n d ,  I n d  

S O U T H  B E N D  I R O N  W O R K S ,  P lo w s ,  S o . B e n d ,  I n d . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
M c C O R M I C K  H A R V E S T I N G  M A C H I N E  C O M P A N Y , C h i c a g o ,  I l l ' . . . . . . . . . . . . . . . . . . . . . . .

M A D I S O N  P L O W  C O M P A N Y ,  M a d is o n ,  W i s

S O C I É T É  F R A N ^ A I S E  D E  M E T É R I E L  A G R I C O L E ,  V i e r z o n ,  F r a n c e

Boilers.

N . Y . 2  o r d e r s ,  1 8 8 2 - 1 8 8 3 ,  3
M a y , 1 8 8 3 ,  3

. . . . . . . . . . . . . . . . . . . . . O c t . ,  1 8 8 4 ,  2

A p r i l , 1 8 8 1 .  2

M a r . , 1 8 8 1 ,  4

. . . . . . . . . . . . . . . . . . . . N o v . ,  1 8 8 0 ,  2

. . . . . . . . . . . . . . . . . . . . . M a y ,  1 8 8 0 ,  1

S e p t . , 1 8 8 0 ,  1

. . . 3  o r d e r s ,  1 8 8 S - 1 8 8 7 ,  6

. . . . . . . . . . . . . . . . . . . . M a r . ,  1 8 8 2 ,  2
. . . . . . . . . . . . . . . . . . . D e c . ,  1 8 8 2 ,  1

. . .  . 2  o r d e r s ,  1 8 7 5 - 1 8 8 8 ,  4

A u g . , 1 8 8 4 ,  4

. . . . . . . . . . . . . . . . . . . . M a r . ,  1 8 8 2 ,  2
J u n e ,  1 8 8 8 ,  1

H. P

3 6 0  
4 0 8  
1 0 2  
1 2 0  
4 0 0  
3 0 0

8 5
8 5  

6 5 0  
1 5 0  
1 4 6  
6 0 0  
4 8 0  
2 0 8

6 3

C A B L E  T O W A G E .

N E W  Y O R K  &  B R O O K L Y N  B R I D G E ,  B r o o k l y n ,  N e w  Y o r k  2  o r d e r s 1 R R 9
C H I C A G O  C I T Y  R A I L R O A D ,  C h i c a g o ,  I l l  . . . . . . . . . . . . . . . . . ' A n r i i 1 K S 1
S T .  P A U L  C I T Y  R A I L W A Y  C O M P A N Y ,  S t .  P a u l ,  M i n n ’ ’ \ \ \ \ \ \ \ S L ’  

G R A N D  A V E N U E  R A I L W A Y  C O M P A N Y ,  K a n s a s  C i ty ,  M o 2  o r d e r s  1 8 8 6 - 1 8 S s ’  

M E T R O P O L I T A N  S T R E E T  R A I L W A Y  C O M P A N Y ,  K a n s a s  C i ty ,  M o  3 d o  ’ 1 8 8 6 - 1 8 8 « ’

I N T E R S T A T E  C O N S O L I D A T E D  R A P I D  T R A N S I T  R A I L W A Y  C O . ,  K a n s a s  C i ty  M o A u s ? I R R ? ’ 
P E O P L E ’ S  C A B L E  R A I L W A Y  C O M P A N Y , K a n s a s  C i t y ,  M o  . . . .  A 1^7
D E N V E R  C I T Y  C A B L E  R A I L W A Y  C O M P A N Y ,  D e n v e r ,  C o l J a n  ’ 1 8 8 9  

M A R K E T  S T R E E T  C A B L E  R A I L W A Y , S a n  F r a n c i s c o . ,  C a l 2  o r d e r s  1 8 8 2 - 1 8 8 * ' '  

P A T E N T  C A B L E  T R A M W A Y  C O R P O R A T I O N ,  L o n d o n ,  E n g l a n d A u g . , 1 8 8 3 ’ ) 
d o  E d in b u r g h ,  S c o t l a n d  D e c  ’ 1 8 8 6 ’ (

S T E E P  G R A D E  C A B L E  T R A M W A Y  C O M P A N Y ,  H i g h g a t e ,  L o n d o n ,  E n g la n d . . S e p t ’. ’ 1 8 8 4 *  

T H E  M E L B O U R N E  T R A M W A Y S ,  R ic h m o n d  L i n e ,  A u s t r a l i a ,  M e lb o u r n e N o v . ’ 1 8 8 4 , ' |  

d o  F i t z r o y  L i n e ,  d o  J u l y , ’ 1 8 8 5 J

Boilers.

6
4
3
4
9
2
3
3
6

2

1

6

6 2 4  
1 0 0 0

6 2 4
8 0 0

1 8 0 0  
4 0 0
6 0 0  

1 2 0 0  
1 5 0 0

2 4 0

5 1

1 0 4 0

R A I L R O A D S .

P E N N S Y L V A N I A  R A I L R O A D  C A R  S H O P S , H o b o k e n ,  N . J  

C E N T R A L  R A I L R O A D  O F  N E W  J E R S E Y ,  J e r s e y  C i t y ,  N .  J  

S E A B O A R D  &  R O A N O K E  R A I L R O A D ,  P o r t s m o u t h ,  V a  

L A K E  E R I E  &  W E S T E R N  R A I L R O A D ,  L im a ,  O h io  

T O L E D O  &  O H I O  C E N T R A L  R A I L R O A D ,  B u c y r u s , O h i o  
F L I N T  &  P É R E  M A R Q U E T T E  R A I L R O A D ,  C A R  S H O P S ,  E a s t  S a g i n a w ,  M i c h .  

C H I C A G O ,  B U R L I N G T O N  &  Q U I N C Y  R A I L R O A D ,  B u r l i n g t o n  a n d  O t tu m w a ,  I o w a ,  

d o  d o  C h i c a g o , I l l

S T . P A U L  k N O R T H E R N  P A C I F I C  R A I L R O A D ,  C o m o  S h o p s ,  M in n  

M I N N E S O T A  &  N O R T H  W E S T E R N  R A I L R O A D .  S t .  P a u l ,  M in n . .

N O R T H E R N  P A C I F I C  T E R M I N A L  C O M P A N Y ,  A l b in a  S h o p s ,  O r e g o n . . . 

C O M P A G N I E  D E S  T R A M W A Y S  D U  D E P A R T E M E N T  D U  N O R D ,  R o u b a i x ,  F r a n c e .  

C O M P A G N I E  D E S  O M N I B U S  E T  T R A M W A Y , L y o n s ,  F r a n c e . . .

L I M A  &  O R R Y A  R A I L W A Y  C O M P A N Y ,  C a l la o , P e r u ,  S .  A .

C H I M B O T E  R A I L W A Y  C O M P A N Y ,  C h i m b o te ,  P e r u ,  S .  A  

M O S C O W  K U R S K  R A I L R O A D ,  M o s c o w ,  R u s s ia

Boilers.

. . . . . . . . . . . . M a y , 1 8 8 3 ,  2

. . . . . . . . . . . . . . O c t . ,  1 8 8 8 ,  4

. . . . . . . . . . . . . . J a n . , 3 8 8 8 ,  2

. . . . . . . . . . . . S e p t . 1 8 8 0 ,  2

. . . . . . . . . . . . . . O c t , 1 8 8 0 ,  2

A p r i l , 1 8 8 1 ,  2

3  o r d e r s ,  1 8 8 1 - 1 8 8 8 ,  6

. 2 d o 1 8 8 5 - 1 8 8 7 ,  6

. 2 d o 1 8 8 6 - 1 8 8 7 ,  4

. . . . . . . . . . . . . .F e b . , 1 8 8 4 ,  6

J u n e , 1 8 8 6 ,  3

. 2  o r d e r s ,  1 8 8 7 - 1 8 8 8 ,  3

. . . . . . . . . . . . . . J u l y , 1 8 7 1 ,  3

. . . . . . . . . . . . A p r i l , 1 8 7 2 ,  2

. . . . . . . 2  o r d e r s ,  1 8 8 6 ,  2

1 0 2
3 6 8
1 4 6
1 0 0
1 0 0
5 0 0

5 6 4

6 2 4  
4 0 8  
7 2 0
1 3 5
1 5 2
1 1 5

5 0
1 3 4
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  A

O I L S , G L U E , A N D  C H E M I C A L  W O R K S .

S T A N D A R D  O I L  C O M P A N Y ,  B a y o n n e ,  N .  J . , a n d  e l s e w h e r e . . . . . . . . . . . . .

B R O O K L Y N  O I L  R E F I N E R Y ,  B r o o k l y n ,  N .  Y . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

P R A T T  M A N U F A C T U R I N G  C O . ,  B r o o k l y n ,  N .  Y  

S O N E  &  F L E M I N G  M A N U F A C T U R I N G  C O . ,  B r o o k l y n ,  N .  Y  

C H E S E B R O U G H  M A N U F A C T U R I N G  C O . ,  B r o o k l y n ,  N .  Y . . . . . . . . . . . . . . .

H O W E  L A R D  O I L  C O M P A N Y . L o n g  I s l a n d  C i t y ,  N .  Y . . . . . . . . . . . . . . . . . . . . . . . . . .

L O M B A R D ,  A Y R E S  &  C O . ,  O i l  R e f i n e r y ,  B a y o n n e ,  N . J  

N A T I O N A L  T R A N S I T  C O M P A N Y ,  P i p e  L i n e ,  R u t h e r f o r d  P a r k ,  N . J  

A T L A N T I C  R E F I N I N G . , C O M P A N Y ,  P h i l a d e l p h i a ,  P a . . . . . . . . . . . . . . . . . . . . . . . . . .

B E L M O N T  O I L  W O R K S ,  P h i l a d e l p h i a ,  P a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

O R R ,  L E O N A R D  &  C U M M I N G S ,  O i l ,  P h i l a d e l p h i a ,  P a  

B A L T I M O R E  U N I T E D  O I L  C O M P A N Y ,  B a l t i m o r e ,  M d  

M A G I N N I S  O I L  M I L L ,  N e w  O r l e a n s ,  L a  

G E O .  U P T O N ,  G l u e , P e a b o d y ,  M a s s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

P E T E R  C O O P E R ’ S  G L U E  F A C T O R Y ,  B r o o k l y n ,  N .  Y  

B A E D E R ,  A D A M S O N  &  C O . ,  G l u e ,  P h i l a d e l p h i a ,  P a . . . . . . . . . . . . . . . . . . . . . . . . . . .

d o  N e w a r k , N . J

O L I V E R  J O H N S O N  &  C O . ,  P a i n t s ,  D r u g s , , & c . ,  P r o v i d e n c e ,  R . I  

R U M F O R D  C H E M I C A L  W O R K S ,  P r o v i d e n c e ,  R .  I

. , 3 6  o r d e r s ,  1 8 8 0 - 1 8 8 6 ,  

. . . . . . . . . . . 3  d o  1 8 7 9 - 1 8 8 2 ,

. . . . . . . . . . . . . . . . . . 6  d o  1 8 8 1 - 1 8 8 6 .

. . . . . . . . . . . . . . . . . 2 . . . . d o  1 8 8 2 - 1 8 8 7 ,  

. . . . . . 2 . . . . d o  1 8 8 1 - 1 8 8 3 ,  

. . . . . . . . . . . . . . . . . . . . . . . . M a y , 1 8 8 2 .  

1 5  o r d e r s ,  1 8 7 9 - 1 8 8 8 ,

 2  o r d e r s ,  F e b .  a n d  D e c . ,  1 8 8 1 ,

. . . . . . . . . . . . . . . . . 5 d o  1 8 8 1 - 1 8 8 6 ,  

. . . . . . . . . . . . . . . . . 2 d o  1 8 8 1 - 1 8 8 5 ,

M a r . 1 8 8 4 ,  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . D e c . , 1 8 8 6 ,

J u l y ,  1 8 8 2 ,  

. . . . . . . . . . . . . . 2 d o 1 8 8 2 - 1 8 8 4 ,

2 d o 1 8 8 0 - 1 8 8 1 ,  

. . . . . . 5 d o  1 8 7 9 - 1 8 8 3 ,  

M a y , 1 8 8 4 ,  

J u l y ,  1 8 8 4 ,  

2  o r d e r s ,  1 8 8 0 - 1 8 8 5 ,

4 5

6

9

4

2

2

1 5

5

7

2

1

1

2

2

4

7

1

1

4

6 6 3 4

7 2 8

1 4 8 2

4 1 6

2 4 5

1 2 0

2 2 4 6

5 2 0

1 1 1 1

3 3 3

1 0 4

1 2 0

3 6 0

2 8 0

5 0 0

9 7 9

1 3 6

5 1

2 8 3

B a b c o c k  &  W i l c o x  B o i l e r s , s e t  w i t h  I n d e p e n d e n t F e e d  W a t e r  H e a t e r s ,

Boilers.

C H U R C H  &  C O . ,  C h e m i c a l s ,  B r o o k l y n ,  N .  Y  

C H A R L E S  L E N N I G ,  C h e m i c a l s ,  P h i l a d e l p h i a ,  P a  

K E A S B E Y  &  M A T T I S O N , C h e m i c a l s ,  A m b l e r ,  P a  

S O M E R S E T  F I B R E  C O M P A N Y ,  C h e m ic a l  W o o d  P u l p ,  F a i r f i e l d .  M e  

S T A U F F E R  &  C O . ,  C h e m i c a l s ,  S a n  F r a n c i s c o ,  C a l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

G L E N  C O V E  M A N U F A C T U R I N G  C O . ,  S t a r c h ,  G l e n  C o v e ,  L .  I . .  N . Y  

C . G I L B E R T ,  S t a r c h ,  D e s  M o i n e s ,  I o w a  

O R I E N T  G U A N O  M A N U F A C T U R I N G  C O . ,  O r i e n t ,  N .  Y  

C .  M E Y E R ,  B o n e - b l a c k ,  M a s p e t h ,  N .  Y  

W A L T O N  &  W H A N N  C O M P A N Y , P h o s p h a t e s ,  W i lm i n g t o n ,  D e l  

C E L E V E R T  M A N U F A C T U R I N G  C O . ,  W i lm i n g t o n ,  D e l  

P E N D L E T O N  G U A N O  C O M P A N Y ,  A t l a n t a ,  G a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  •  •  ■ •

C O R N W A L L  &  B R O T H E R , S o a p s  a n d  C a n d l e s ,  L o u i s v i l l e ,  K y . . . . . . . . . . . . . . . . . . . . .

M I C H I G A N  C A R B O N  W O R K S ,  D e t r o i t ,  M i c h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

T R U S S I N G  V I N E G A R  C O M P A N Y ,  C h i c a g o ,  I l l  

N .  K .  F A I R B A N K S  &  C O . ,  L a r d .  S t .  L o u i s , M o  

T H E  S O L V A Y  P R O C E S S  C O M P A N Y ,  S o d a ,  S y r a c u s e ,  N .  Y  

S O L V A Y  &  C I E . ,  W h y l e n ,  G r a n d  D u c h é  d e  B a d e n  

d o  D o m b a s l e  s u r  M i i r t h e ,  F r a n c e

d o  C o a i l l e t ,  B e l g i u m

. 4 d o  1 8 8 0 - 1 8 8 7 ,

. 2 d o  1 8 8 0 - 1 8 8 1 ,

. . . . . . . . . . . S e p t . , 1 8 8 3 ,  

2  o r d e r s ,  1 8 8 8 - 1 8 ^ 9 ,  

. . . . . . . . . . . . . J a n . ,  1 8 8 6 ,  

J u n e , 1 8 8 2 ,  

. . . . . . . . . . . . . . . . . . 2  o r d e r s ,  1 8 8 2 - 1 8 8 4 ,

. . . . . . . . . . . . . J u n e , 1 8 8 1 ,  

. . . . . . . . . . . . . O c t . , 1 8 8 4 ,  

. 4  o r d e r s ,  1 8 7 3 - 1 8 8 1 ,  

J a n . , 1 8 7 4 ,

 S e p t . , 1 8 8 1 ,  

. 4  d o . . . . . 1 8 7 4 - 1 8 8 3 ,

. 3  d o  1 8 8 1 - 1 8 8 5 ,

.. . . . . . . . . . . . . . N o v . , 1 8 8 1 ,  

. . . . . . . . . . . . . . O c t . ,  1 8 8 8 ,  

. 7  o r d e r s ,  1 8 8 2 - 1 8 8 8 ,

. 2  d o  1 8 8 1 - 1 8 8 2 ,

. 2  d o  1 8 8 1 - 1 8 8 2 .

. . . . . . . . . . . . . . A u g . , 1 8 8 3 ,

4

2

1

2

1

2

4

1

1

6

1

1

4

4

1

1

2 1

1 2 2 0

5 9 2  

1 6 6

7 5  

2 7 6

7 3  

3 0 0  

4 8 8  

1 0 4

7 3  

5 8 7

5 0

1 0 4

2 2 5  

5 0 0

1 0 4

1 4 0  

4 5 5 6



i*
Boilers. H. P.LKJIHGFEDCBA

YOUNG’S PARAFFINE LIGHT & MINERAL OIL CO., Addiewell, Scotland.............

J. & G. COX, Glue and Gelatine, Edinburgh, Scotland......................................................

................Sept., 1883, 
.. .2 orders, 1882-1886, 
................Sept., 1883,

1
2
1

120
146

82
JAMES ROSS & CO., Falkiik, Scotland.............................................

................ May, 1883, 1 140
BROXBURN OIL COMPANY, Broxburn, Scotland.................................................

... .Mar., 1887, 40
.............. Oct., 1888. 1 105

PRENTICE BROTHERS, Artificial Manures, Stowmarket, Bug..................................
. ..June, 1885, 1 61
...Mar., 3886, 2 240

......... Oct., 1886, 1 35
DAIRE, E. ANSELIN & CO., Soap, Arras, France...............................................

............ Dec., 1886, 240
GILLIARD, MOUNKi KT bAltllBK, vnemicais, JjJu iib , . ............................................

...Mar,, 1887, 1 25
........... April, 1887, 1 120

MALEZIEUX & CO., Chemicals, Bondy, near Palis, France..........................................
...June, 1886, 1 145
. .Sept., 1886, 2 70THE NEWSKY 8  TKAKIJN K (JAIN VLh r AblUKl, musuuw, j a .ii . ........................ .

................... Nov., 1888, 73“LA PALMA” FABRICA Y REFINEKIA DE ACEITA DE COCO, Baracoa, Cuba.... 1

COTTON MILLS.
Boilers. II. P.

. June, 1881, 2 309
....July, 1881, 2 164
March, 1883, 2 244

LOCKWOOD COMPANY, Waterville, Me
COCHECO MANUFACTUKING CO., Dover, N. II. ■
OEL H. GATES & CO., Burlington Cotton Mills, Burlington, Vt

ARLINGTON MILLS, Lawrence. Mass
BARNABY MANUFACTURING CO., Fall River, Mass 
HEBRON MANUFACTURING CO., Attleboro, Mass....................................

MANCHAUG COMPANY, Manchaug, Mass.....................................................
HADLEY COMPANY, Thread, Holyoke, Mass  
B. B. & R. KNIGHT, Providence & Natick, R. I  
NOTTINGHAM MILLS, Providence, R. I........................................................
PEACEDALE MANUFACTURING CO., Peacedale, R. I  *  
CUTLER MANUFACTURING CO., Yarn and Cotton Cordage. V arren, K. 
PALMER BROTHERS, Montville and Oakdale Mills, Montville, Conn.......

FALLS COMPANY, Norwich, Conn.,...............................................................
PONEMAH MILLS, Taftville, Norwich, Conn  
QUINNEBAUG COMPANY, Danielsonville, Conn  
WHITE MANUFACTURING CO., Rockville, Conn  

ONECO MANUFACTURING CO., New London, Conn
IRVING MANUFACTUKING CO., New Brighton, S. I., N. Y

T H SMITH, Jamestown Cotton Mill, Jamestown, N. Y.............................
MILLVILLE MANUFACTURING CO., Millville, N. J.................................

HENRY Mc KEEN & CO., 8. Easton, Pa......................................  • ■ 
ARLINGTON MILLS MANUFACTURING CO., Wilmington, Del

Feb., 1887, 
March, 1882, 

....... March, 1882, 
............June, 1882, 
2 orders, 1883-1886, 
.4 do 1884-1886, 
.2 do 1884-1885, 
........... July, 1882, 

Jan., 1883, 
.2 orders, 1879-1882, 
.3......do... 1881-1882,

.2 do 1882-1883,

.2 do 1882-1883,
........... June, 1887, 
........... June, 1888, 

Sept, 1883, 
........... Sept., ,880, 
.............Oct., 1881, 
..............Mar., 1882, 
..............Aug., 1880,

12
4
4
4
2
8
4
2
1
2
4
4
5
1
2
1
2
1
1
4

2880
448
400
400
197

1710
416
280

92
120 
368
400 
518
136
208

92 
160
104

50
500

   

107



M O U N T  V ER N O N  M ILLS, B altim ore, M d ............................................................................................. M ar., 1882,
W . H . B A LD W IN , JR ., &  C O ., Savage, M d .......................................................................................... A ug., 1881,
R .A .N D ELM A .N  M A N U FA C TU R IN G  C O ., R andelm an, N . C .............................................................. A ug., 1887,
F. &  H . FR IES, Salem , N . C ........................................................................................................ 2  orders, 1880-1881,
C H A R LO TTE  C O TTO N  M ILLS, C harlotte, N . C ..................................................................... 2  do 1881-1886,
G A STO N IA  C O TTO N  M A N U FA C TU RIN G  C O ., G astonia, N . C .,..................................................Feb., 1888,
H U G U EN O T  M ILLS. G reenville, S. C ....................................................................................... 2  orders, 1882-1886,
SU M TER  C O TTO N  M ILLS, Sum ter, S. C ............................................................................................Jan. 1881,
J. J. D A LE & C O ., St. H elena Island, S. C .........................................................................................J |lne . *880,
N EW B ERR Y  C O TTO N  M ILLS, N ew berry, S. C ................................................................... 2  orders, 1883-1887,
R EED Y  R IV ER  M A N U FA C TU RIN G  C O ., R eedy R iver Factory, S. C ........................................... Jan., 1884,
D A R LIN G TO N  M ILLS, D arlington, S. C ..............................................................................................A pril, 1884,
TH E SW IFT  M A N U FA C TU R IN G  C O ., C olum bus, G a ......................................................... 3  orders, 1883-1887,
EX PO SITIO N  C O TTO N  M ILL, A tlanta, G a ..........................................................................................Feb., 188S,
FU LTO N  C O TTO N  SPIN N IN G  C O M PA N Y , A tlanta, G a ...................................................... 3  orders, 1881-1886,
B IB B M A N U FA C TU R IN G  C O M PA N Y , M acon, G a ............................................................................N ov., 1887,
M A D ISO N  C O TTO N  G IN N IN G  C O M PA N Y , M adison, Fla ................................................................. July , 1882,
A D A M S  C O TTO N  M ILLS, M ontgom ery, A la ............................................................................2  orders, 1881-1887,
M A G IN N IS  C O TTO N  M ILLS, N ew  O rleans, La ....................................................................... 5  do 1882-1888,
FLIN T  C O TTO N  &  W O O LEN  M A N U FA C TU RIN G  C O ., Flint, M ich ........................................... A ug., 1881,
C A LIFO R N IA  C O TTO N  M ILLS, O akland, C al.................................................................................... Jan -> 1884,
M O N 'CTO .V  C O TTO N  M A N U FA CTU R IN G  C O ., M oncton, N . B ..................................................... Sept., 1882,
W A LTER  C R U M  &  C O ., Thornliebank, Scotland ......................................................................................... , 1883 >
TH O M SO N  &  R O B ERTSO N , M ilngavie, Scotland .................................................... *.......................... July , 1883,
K . STEW A R T  SA N D EM A N , Stanley, Scotland .....................................................................................A ug,, 1883,
TH E  ED IN B U R G H  R O PER IE  &  SA IL  C LO TH  C O ., LIM ITED , Leith, Scotland ........................ A ng., 1888,

Boilers.

JO SEPH  SC H O FIELD  &  C O ., Littleborough, Lane., Eng .................................................................... M ar., 1885,
H A R TFO R D  M ILLS  C O M PA N Y , Preston, England ............................................................................ Sept., 1885,
PA D TH A M  SPIN N IN G  C O M PA N Y , Padiham , England ...................................................................... A ug., 1885,
PEN D LEB U R Y  &  SO N S, R adcliffe, England ...................................................................................... Feb., 1886,
R . &  H . H IN C H C LIFFE , M ytholanroyd, Y ork, England .................................................................... Sept., 1886,
TH E  O A K  M O U N T SPIN N IN G  &  M A N U FA C TU RIN G  C O ., B urnley, Eng ................................... M ay, 1887,
B O TTER IL , PO TTER  & C O ., Finishers, B radford, England ...............................................................M ay, 1888,
TH E PLA -TT LA N E M A N U FA C TU RIN G  C O ., LIM ITED  H indley, England ............................ A pril, 1888,
FERD IN A N D B R A C Q , Spinner, G hent, B elguim ................................................................................. M ay, 1888 ’
W IB A U X  M O TTE, R oubaix, France ........................................................................................................ M ay, 1885,
A LLA .R T R O U SSEA U . C arder, R oubaix, France ................................................................................ Sept., 1885,
S. PK O U V O ST  & C O ., C arders, R oubaix, France ................................................................................ O ct -> 1885,
W IB A .U K  FLO RIN , Tw ister, R oubaix, France ........................................................ 2  orders, A pril &  O ct., 1885,
T. D ELA .D A LLE, R oubaix, France .......................................................................................................... O ct., 1885,
M . PA TTY N , Spinner, R oubaix, France ................................................................................................. D ec., 1885,
C . &  J. PO LLET, R oubaix, France .......................................................................................................... Feb., 1887,
M . C O SSER A T, W eaver, A m iens, France ................................................................................ 3 orders, 1885-1887,
V IN C EN T  PO N N IER  ET  C IE , Sonones, V osges, France ........................................................ 1 do M ay, 1885.

do, d° M oussey, France ...................................................................... 2 do July , 1885,
FLIPO  FR ÉR ES, Tourcoing, France ...................................................................................................... A ug., 1885,
SC A LA B R E-D ELC O U R S FILS, Tourcoing, France ................................................................................ O ct., 1885,
A LB ERT  PO LLET, Tourcoing, France ................................................................................................... A ug., 1885,
TIB ER G H IEN FR ÉR ES, C arders, Tourcoing, France .......................................................... 3 orders, 1885-1887,
M A R TIA L  D A SSO U V ILLE, Tourcoing, France .................................................................................. A pril, 1886,
ED . C A LA .M E, Spinner, Epinal, France ................................................................................................... D ec., 1884,
SO O IÉTÉ  PO ITY ER -Q Ü ER TIE , Spinning, R ouen, France ..................................................... 2  orders, 1885-1886 ,
A R M A N D  PEY N A .C TD , Spinner &  W eaver, C harleval, France ...............................2  orders, M ay &  Sept., 1886,
H ELZIN G ER  ET  FILS, W eavers, C harleval, France ........................................................................... M ay, 1886,
C . ZEN TZ  ET  C IE , B eauvais, France ....................................................................................................... M ay, 1886,
B A U D O IX , R ISLER  ET  C IE ., Spinners, Luxeuel, France ................................................................... A ug., 1886,
IR ÉN É  B R U N  ET  C IE , Lace, St. C ham ond, France ............................................................................... M ay, 1888,
J. PO N G S, J r ., N euw erk, G erm any ......................................................................................................... M ay, 1885,
JU LIU S  R IPPER T, Forst, G erm any ....................................................................................................... D ec., 1886,
TO R R A B A D ILLA  H ER M A N O S, Spinners, B arcelona, Spain ............................................................. Feb.. 1886,
JO SÉ  SA LG O T, W eaver, B arcelona, Spain .............................................................................................. M ay, 1885,
PA BLO  SA N  SA LV A D O R , W eaver, B arcelona, Spain ..........................................................................M ay, 1886,
P. M A LJU TIN . R im enskoje, R ussia ..................................................... ; ................................................ July, 1885,
SA V A N A , SO CIÉTÉ  A N O N Y M E  D E  FILA TU R E  ET  TISSA G E  M EC A N IQ U E, Pondichery,

jn flja  .................................................................................................. 6 orders, 1884-1887,

4
2
1
2
4
1
2
1
1
3
1
2
5
2
4 .
1
1
2

14
1
2
2
1
1
1
1
1
1
1
1
1
1
1
1
1
2
4
3
4
1
1
1
3

2

1
1
1
5
1
2
4
4
1
1
1
1
1
1
2
1
2
1

8

H. P. 
500  
500

51  
250  
301

82  
100

76
50

480
61  

272  
511  
208  
602  
208

60  
117

2544
82  

208  
300  
122  
122

55  
156  
136
156  
156
156  
156
124  
124
124  
105
184  
744
558  
544  
186  
123
186  
252

159

166
76

104  
1200

61  
150  
512
480

61  
104  
136

92  
120  
136

90  
16
40  
92

820

W O O L, W O R STED , E t c ., M A N U FA CTU R ER S.
Boilers. H. P

W O R U M B O  M A N U FA CTU R IN G  C O ., Lisbon  Falls, M e .................................................................. M ay, 1885,
D A V ID  R . C A M PB ELL, Sangerville, M e ............................................................................................... A ug-> 1887,
J. W . B U SLEL  &  C O ., G ranite  H osiery  M ills, Laconia, N . Il ............................................................ A ug., 1882,
FR A N K  P. H O LT, H osiery , Laconia, N . H ........................................................................................... A ug., 1886,
U N IO N  M A N U FA C TU RIN G  C O ., W olcottsville, C onn ..................... .. .............................................. D ec., 1881,
W A R R EN  W O O LEN  C O M PA N Y , Stafford  Springs, C onn .......................................2  orders, Jan., Sept., 1883,
H A LL B R O TH ER S, D oeskins, N orw ich, C onn ..................................................................................... Jan., 1884,
SPR I5TG V ILLE C O M PA N Y , C oatings, R ockville, C onn ................................................................... June, 1887,
R O O T M A N U FA CTU R IN G  C O ., H osiery , C ohoes, N . Y ............................ ......................................... O ct., 1886,
H A R D ER  K N ITTIN G  C O M PA N Y , H udson, N . Y .................................................................................Jan., 1882,
R A R ITA N W O O LEN  M ILL, R aritan, N . J.............................................................................. 3  orders, 1878-1886 ,
SO M ERSET  M A N U FA CTU RIN G  C O ., R aritan, N .J ............................................................. 3  do 1879-1881

2
2
1
1
2
2
2
2
1
2
6

272
122

82
73

200  
228
208
244

51
160

1060
720

108



Boders.SRQPONMLKJIHGFEDCBA
BOUND  BROOK  W OOLEN  M ILLS, Bound Brook, N.J ...................................................... 4 do 1878-1881,
FAIRM OUNT  W ORSTED  M ILLS, Philadelphia, Pa ............................................................ 2 do 1879-1882,
KEYSTONE  M ILLS, Philadelphia, Pa .................................................................................................  Dec-’ 1879,
M . A. FURBISH  & SON, Philadelphia, Pa ..................................................................................... .  ■ • •SePt-’
PENN  W ORSTED M ILLS, Philadelphia, Pa.......................................................................... 2 orders, 1883-1886,
LEW IS S. COX  &  CO., Knit Goods and  Ladies ’ Suits, Philadelphia, Pa ........................................... Oct., 1883,
THOM AS JAGGERS, Yarns, Philadelphia, Pa ...................................................................... .  • • ■ • • ■ ■ April, 1883,
■TON  A  TH  AN  RING  <& SON, Yarns, Philadelphia, Pa ............................................................ 2 orders,
J. C. GRAHAM , Dress Trimmings, Philadelphia, Pa ............................................................. •■•••• -N^- ’ ^85,
CONSHOHOCKEN W ORSTED  M ILLS, Conshohocken, Pa ................................................. 3 orders, 1881-1S&5,
THE F. GRAY  COM PANY, Piqua, Ohio .................................................................................. .  ■ • • • • • M ar-> ^85,
S. B. W ILKINS COM PANY  Rockford, Ill................................................................................2 orders,
EAGLE KNITTING  COM PANY, Elkhart, Ind ...................................................................... 2 do 1882-1887,
OLD  KENTUCKY  W OOLEN M ILLS, Louisville, Ky ........................................................... 2 do 1883-188/,
COOPER, W ELLS &CO., St. Joseph, M ich ........................................................................................... Jan >
THE  BUELL  M ANUFACTURING  CO., St. Joseph, M o ................................................................ .  • M ar 188Ö,
ROSAM OND  W OOLEN  M ILLS, Almont, Ont., Canada.........................................................2 orders, 18<8-1883,
M ONTREAL W OOLEN  M ILLS, M ontreal, Canada............................................................................. Mar ->
CHARTERIES, SPENCE &  CO., Tweeds, Dumfries, Scotland .......................................................... Aug., 188b,
CAULLIEZ  PÉRÉ, FILS & DELAOÜTRE, Tourcoing, France .........................................................June, 188g

LÉON  PEQUIN, Cnygand  la Bernardiére, Vendée, France ................................................................. '»uly, 188°>
DEVAUX FRÉRES ET  CIE, Adrimont, Verdiers, Belgium ............................................................. Sept., 1888,
JOHN  BOUTIKOFF, W eaver &  Spinner, M oscow, Russia .................................................................July, 1885,
ALBERT  HUBNER, W eaver, M oscow, Russia...................................................................................... Feb., 1885,
EGERTON  W OOLEN M ILLS, Dharival, Punjab, India......................................................................Oct-> 1886 >

5
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2
4
2
2
1
2
1
5
1
2
2
3
1
1
5
1
1
2
1
1
2
1
1

695  
416  
150  
500  
212  
150
104  
208

73  
824  
104  
121  
100  
312

83 
160  
362  
108  
120  
488

40
75 

164
45  

120

SILK M ILLS.
Boilers. H. P.

CHENEY  BROTHERS, South M anchester, Conn ....................................................... ................... Oct., 1880, 2 300

LOUIS FRANKE &  CO.. Paterson, N.J .......................................................................... .................. April, 1880, 2 150
.............. Nov., 1880, 1 75

ONEIDA COM M UNITY, Limited, Community, N. Y .................................................... ................... M ar., 1888, 1 61

F. 8. DALE, W hitehall, N. Y .............................................................................................. ....................Sept., 1888, 1 75

CORRIVEAU &  CO., M ontreal, Canada........................................................................... ..................... Jan., 1882, 1 100

JAM ES M ELVILLE &  SONS, Hazelden, M earns, Scotland. ..................................... ..................... M ay, 1883, 1 104
LISTER  &  CO., M ANNINGHAM  M ILLS, Bradford, England ......................................
M OTTE  BOSSUT  FILS, Velvets, Leers, France ..............................................................

..........Feb., 1885, 1
........ Aug., 1885, 1

136
136

CHRISTOPH  ANDREAL, M iilheim-on-Rhine, Germany ............................................... ..................... Aug., 1884, 1 120

HEM P, FLAX, E t c .
Boilers. H. P.

LAW RENCE  ROPE W ORKS, Brooklyn, N. Y ......................................... ........ 2 orders, 1879-1886, 2 250

L W ATERBURY  & CO., Rope, Brooklyn, N. Y ....................................... .......................Jan., 1880, 4 350

W O. DAVEY  &  SONS, Oakum, Jersey City, N.J .................................. ......... 2 orders, 1880-1881, 3 300

R. J. PATRULIO, Hemp, Progreso, M exico ............................................... .......................Jan., 1879, 1 60

F STEW A.RT  SANDEM AN, Jute M ill, Dundee, Scotland .................... ....................... Aug., 1883, 1 136

JAM ES R. CAIRD, Flax  and Jute, Dundee, Scotland ............................. .......................June, 1887, 2 272
....................... Nov., 1885, u 124

M OREL &  VERBEKE, Flax Spinners, Gand, Belgium ............................ ............ ....................... June, 1888, 1 163

JAM ES M ILLER &  CO., Rope M fg., M elbourne, Australia ................... ............ ....................... Sept., 1888, 1 312

CARPETS AND OIL CLOTHS.
Boilers. H. P.

ALEX SM ITH  & SONS CARPET  COM PANY, Yonkers, N. Y .......... ..... 6 orders, 1883-1888, 8 1604

CALEDONIA  CARPET M ILLS, Philadelphia, Pa.................................... .........................Oct., 1883, 4 416

W M W HITAKER  & SONS, Philadelphia, Pa ......................................... .......2 orders, 1879-1883, 4 500

A SAM PSON  &  SONS, Oil-clothe, Newtown, L. I., N. Y ...................... ....................... Aug., 1882, 2 208

JOHN  BARRY, OSTLERE & CO., Linoleum, Kirckaldy, Scotland ....... ..................... 4 orders, 1884-1888, 5 1040
.........................Oct., 1885, 2 248
........ 2 orders, 1885-1888,THOS. BRIGGS, Oil-cloth, Salford, England ............................................. 2 248

LEATHER.
Boilers. H. P.

JEW ELL  BELTING  COM PANY, Hartford, Conn ..................................................
HOW ELL, HINCHM AN  &  CO., M iddletown, N. Y ...............................................

.............................. July, 1883,
..............................Aug., 1883,
..................3 orders, 1883-1886,

2
2
3

164
■164
244

J. M UNDELL &  CO., Shoes, Philadelphia, Pa .............. ..................................... .............................. Dec., 1877, 1 40

W M FOREPAUGH  &  BROTHER, Tannery, Philadelphia, la ........................ .. . .......................... Jan., 1881, 2 120

PTTSEY  &  SCOTT COM PANY. M orocco M frs., W ilmington, Del........................ ............................. Aug., 1872, 1 75
H S ROBINSON  &BURTEN8HAW , Boots  and Shoes, Detroit, M ich ............... ............................. M ar., 1884, 2 120

PINGREE & SM ITH, Boots and Shoes, Detroit, M ich ........................................... .............................. July, 1884, 1 120

CITY  OF KEOKUK, Leather M fg., Keokuk, Iowa ................................................ ..................  July, 1888, 2 90

W M W HITM ORE, Tanner, Bermondsey, London, England ............................... .............................. Dec., 1884, 2 120

5V R BRAY Currier. Bermondsey, London, England.......................................... .............................. Oct., 1886, 1 82

W HITM ORE & SONS, Tanners, Edenbridge, Kent, England ............................... ............................. Nov., 1885, 1 100

RYM ER  &  SHEPARD, Tanners, Northampton, England ..................................... .................  Feb., 1886, 1 84
A M DORM AN, Tanner, M aidstone, Kent, England ........................................... ...............................Dec., 1887, 1 86

BEARE & SONS, Tanners, Norwich, England ......................................................
ULYSSE  DÉON, Tanner, Sens, France ....................................................................

..............................Dec., 1887,
.............................. Jan., 1887,

1
1

65
61

109



P A P E R  A N D  P R IN T IN G .
Boilers.

C U M B E R L A N D  &  P R E S U M P S C O T  M IL L S , C u m b e rla n d , M e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3  o rd e rs , 1 8 8 3 -1 8 8 8 ,

S . D . W A R R E N  &  C O ., C o p s e c o o k  M ills , G a rd n e r , M e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . J u lF > 1 8 8 4 >

F O R E S T  P A P E R  C O M P A N Y , Y a rm o u th  v ille , M e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3  o rd e rs , 1 8 8 3 -1 8 8 9 ,

M O N A D N O C K  M IL L S , B e n n in g to n ,  N . H . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D e < ? ' ’

S . Y . B E A C H  P A P E R  C O M P A N Y , S e y m o u r , C o n n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A p r il , 1 8 U ,

A M E R IC A N  B A N K  N O T E  C O M P A N Y , N e w  Y o rk . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S e p t. , 1 8 8 4 ,

W A IT  &  R IC H A R D S , S a n d y  H ill, N . Y . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A u g ., 1 8 8 3 ,

C H A S . V A N  B E N T H U Y S E N  &  S O N S , P r in te rs , A lb a n y , N . Y . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A u g ., 1 8 8 3 ,

D . A . B U L L A K D  &  S O N S , S c h u y le rv il le ,  N . Y . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A P r l l >

W M . C . H A M IL T O N  &  S O N S , L a fa y e tte , P a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .O c t >

M A R T IN  &  W . H . N IX O N , M a n a y u n k , P h ila d e lp h ia , P a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6  o rd e rs , 1 8 8 1 -1 8 8 4 ,

J . K . W R IG H T  &  C O ., P r in te rs ’ In k s , P h ila d e lp h ia , P a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S e p t. , 1 8 8 2 ,

G E O . S . H A R R IS  &  S O N S , P r in te r s , P h ila d e lp h ia , P a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .W ,  1 8 8 1 ,

D A G E R  &  C O X . P a p e r , B rid g e p o rt , P a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2  o rd e rs , 1 8 8 8 -1 8 8 4 ,

P E N N S Y L V A N IA  P U L P  &  P A P E R  C O M P A N Y , L o c k  H a v e n , P a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B e c 1 8 8 3 ,

W E S T M O R E L A N D  P A P E R  C O M P A N Y , W e s t  N e w to n , P a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .2  o rd e rs , 1 8 8 4 -1 8 8 8 ,

P H IL A D E L P H IA  L E D G E R  P A P E R  M IL L S , E lk to n , M d . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . O c t ' ’

C E C IL  P A P E R  C O M P A N Y , L im ite d , E lk to n , M d . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A u£ ’

S U S Q U E H A N N A  W A T E R  P O W E R  &  P A P E R  C O ., C o n o w in g o , M d . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2  o rd e rs , 1 8 8 3 -1 8 8 4 ,

F A R M  &  F IR E S ID E , S p rin g f ie ld , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  J “ ’y >

W A R D L O W  T H O M A S  P A P E R  C O M P A N Y , M id d le to w n , 0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3  o rd e rs , 1 8 8 1 -1 8 Ö 3 ,

T Y T U S  P A P E R  C O M P A N X , M id d le to w n , O . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2  d o 1 8 8 2 -1 8 8 3 ,

G A R D N E R  P A P E R  C O M P A N Y , M id d le to w n , O ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . O c t - ’ 1 ° °” ’
T H E  W . B . O G L E S B Y  P A P E R  C O M P A N Y , M id d le to w n , O . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A u g ., 1 8 8 8 ,
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H. P. 

9 5 2  
1 8 4

1 3 4 4

6 1
6 0  

2 4 0  
1 6 4

7 3
1 2 2  

1 0 0 0  
1 7 4 9

5 0
7 5  

1 9 6  
1 6 4  
7 6 2  
1 0 0

6 0  
3 2 8

5 0  
4 9 0  
6 2 5  
2 5 0  

1 4 6

Paper Mill of Juan M. Benfield, City of Mexico.

E A G L E  P A P E R  C O M P A N Y , F ra n k lin , O ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
P O R T A G E  S T R A W  B O A R D  C O M P A N Y , C irc le v il le , O ... . . . . . . . . . . . . . . . . . . .

G L A S S  E D S E L L  P A P E R  C O M P A N Y , D e la w a re , O h io . . . . . . . . . . . . . . . . . . . . . .

V A N  N O R T W IC K  P A P E R  C O M P A N Y , B a ta v ia , I ll . . . . . . . . . . . . . . . . . . . . . . . . . .

K A U K A U N A  P A P E R  C O M P A N Y , K a u k a u n a , W is . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

C E D A R  F A L L S  P A P E R  C O M P A N Y , C e d a r  F a lls , la . . . . . . . . . . . . . . . . . . . . . . . . . . .

K A N S A S  C IT Y  J O U R N A L , K a n s a s  C ity , M o . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

L IC K  P A P E R  C O M P A N Y , A g n e w s , C a l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
J U A N  M . B E N F IE L D , P a p e r , C ity  o f M e x ic o , M e x . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

J O H N  C O L L IN S , D e n n y , S c o tla n d . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
d o M ilto n  P a p e r  W ’k s , D o w lin g , S c o tla n d , . . . . . . . . . . . . . . . . . . .

M A R T IN  &  C O ., L IM IT E D , M illb o a rd  M frs .,  C ra ig in a rlo c k , S c o tla n d  

B R O W N , S T E W A R T  &  C O ., G re e n o c k , S c o tla n d . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

A L E X A N D E R  M A R R , N e w sp a p e r , A b e rd e e n , S c o tla n d . . . . . . . . . . . . . . . . . . . . . .

G O R D O N ’S  M IL L S  P A P E R  C O M P A N Y , A b e rd e e n , S c o tla n d . . . . . . . . . . . .

S . H . C O W E L L , P rin te r , Ip s w ic h , E n g la n d . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

J . W E S T C O T T  &  S O N S , P a p e r , W o rk in g h a m , E n g la n d . . . . . . . . . . . . . . . . . . . . . .

G R A N T  &  C O ., P r in te r s , L o n d o n , E n g la n d . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

S P IC E R  B R O T H E R S , P a p e r , L o n d o n , E n g la n d . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

W . &  A . T R E M L E T , P a p e r , E x e te r , E n g la n d . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
J O H N  D IC K IN S O N  &  C O ., L IM IT E D , H e m e l H e m p s te a d , E n g la n d .  

T A K A T A  &  C O .. L o n d o n , fo r  P a p e r  M ill, J a p a n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

E V A N S  &  M c E W E N , C a rd if f , W a le s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

C H A S . U N S IN G E R , P rin te r , P a r is , F ra n c e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

IM P R IM E R IE  F R A N C H IS E , P a ris , F ra n c e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

C H A R L E S  S C U L A E B E R , P rin te r , P a ris , F ra n c e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . 2  o rd e rs , 1 8 8 3 -1 8 8 8 ,  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . S e p t. ,  1 8 8 3 ,  

. . . . . . . . . . . . . . . . 2  o rd e rs , . 1 8 8 3 -1 8 8 7 ,

. . . . . . . . . . . . . . . . . . . . . . . . . . . . J u ly ,  1 8 8 8 ,

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . J u ly , . . 1 8 8 8 ,  

. . . . . . . . . 2  o rd e rs , 1 8 8 2 -1 8 8 3 , 

. . . . . . . . . . . . . . . . . . . . . . . . . . . M a r .,  1 8 8 7 ,  

. . . . . . . . . . . . . . . . 2  o rd e rs , . 1 8 8 3 -1 8 8 4 ,

. . . . . . . . . . . . . . . . . . . . . . . . . . . . J u n e ,  1 8 8 7 ,

. . . . . . . . . . . . . . . . 4  o rd e rs ,. 1 8 8 5 -1 8 8 8 ,  
. . . . . . . . . . . . . . . . . . . . . . . . . . . N o v .,  1 8 8 5 , 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .O c t., . . 1 8 8 3 ,  

. . . . . . . . . . . . . . . . . . . . . . . . . . . M a r ., . .1 8 8 6 ,

. . . . . . . . . . . . . . . . . . . . . . . . . . . . F e b .,  1 8 8 8 ,

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . J u n e ,  1 8 8 8 ,

. . . . . . . . . . . . . . . . . . . . . . . . . . . . M a r.,  1 8 8 3 ,

. . . . . . . . . . . . . . . . . . . . . . . . . . . . O c t.,  1 8 8 4 ,

. . . . . . . . . . . . . . . . . . . . . . . . . . . . N o v .,  1 8 8 4 ,

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . O c t., . . 1 8 8 5 , 

. . . . . . . . . . . . . . . 2  o rd e rs , 1 8 8 5 -1 8 8 7 , 

2  o rd e rs , J a n . &  S e p t. , 1 8 8 7 ,  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D e c .,  1 8 8 7 ,

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D e c .,  1 8 8 7 ,

. . . . . . . . . . . . . . . . . . . . . . . . . . . . N o v .,  1 8 8 6 ,

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . J a n .,  1 8 8 8 ,

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . O c t , 1 8 8 8 ,

Boilers.

3  
1 6

3
1
2
2
2

3
1
5
1
1
1

2

2

1

1
1

1
2
4

3
1

1
2

3

II. P.

3 7 5  
1 4 7 2

2 5 8  
1 2 5  
2 5 0  
1 9 7  
2 0 0  
2 5 6  
1 2 2  

5 6 1  
1 0 4

8 2  

1 5 6

5 0  

2 8 0
3 6  
6 4  

8 1  
2 0

2 9 1  
7 2 0  
3 4 9  
1 4 0

6 0  
1 2 6  

1 2 0

1 1 0
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..Ju ly , 1 8 8 7 , 

..F e b ., 1 8 8 6 , 
. .Ja n ., 1 8 8 6 ,  

...O c t,, 1 8 8 6 , 
.A p ril, 1 8 8 6 , 
.N o v ., 1 8 8 5 ,

P A U L  V A R IN , Je a n  d ’H e u rs , F ra n c e ,  
A R R A  Y  C IA , P a p e r, T o lo sa , S p a in  
R IC A R T  Y  C IA , P a p e r, V illa n u e v a , S p a in .......
L A  V IÜ D A  B O R E , C a s te lfu llit, S p a in ..............
N E U S S E R  P A P E R  W O R K S , N e u ss , G e rm a n y  

A . E D L M A N N  &  C O ., B o lo g n a ,  I ta ly ...............

L U M B E R  A N D  W O O D  W O R K IN G .

E A G L E  S Q U A R E  M A N U F A C T U R IN G  C O ., S o . S h a ftsb u ry , V t S e p t., 1 8 8 3  

W O O N S O C K E T  S P O O L  &  B O B B IN  C O ., W o o n so c k e t, K .I.. ..  • —  —  .......................... ’ 1 K 8 ‘> ’
U N IT E D  S T A T E S  V U L C A N IZ IN G  W O O D  &  L U M B E R  C O M P A N Y , N e w  Y o rk M a r 1 8 8 2 , 
N E W  Y O R K  L U M B E R  &  W O O D  W O R K IN G  C O M P A N Y , N e w  Y o rk  C ity ..................................  A p ril, « « rf ,

H A R D Y  &  V O O R H E E S , P lan in g  M ill, B ro o k ly n , N . Y •• ............................................. • ’ ’
A N D R E S E N  B L A T T  F O L D IN G  B E D  C O M P A N Y , B ro o k ly n , N . Y . Ja n  
W H IT E , P O T T E R  &  P A IG E  M A N U F A C T U R IN G  C O ., M o u ld in g s , B ro o k ly n , N .Y M a y , l« » d , 

S . D . K E N D R IC K , S a w  M ill, G le n s  F a lls , N . .................................................................................. J"  * ’

H A L L  &  G A R R IS O N , P h ila d e lp h ia , P a ...................................................................................................................... ’
A L B E R T  S T O V E R , K in tn e rsv ille , P a ..................................................................................................... ’
W A S H B U R N  &  Z E R F A S S , P la n in g  M ill, S c ra n to n , P a  f " 2 2 3 ’
J . E . P A T T E R S O N  &  C O ., P lan in g  M ill, e tc ., P itts to n , P a  
K IM B A L L , T Y L E R  &  C O ., B a rre l S tav e s , e tc ., B a ltim o re , M d  
E . W . H O R S T M E IE R  &  S O N , B a ltim o re , M d ....................................................................................... r  “  ° ’
B R U M B Y  &  B R O T H E R , M a rie tta , G a .................................................................................................... "  ‘ ’ ’ ° ’

P IN N E O  &  D A N IE L S , D a y to n , .............................................................................................................................. ’
D E L P H I  P L A N IN G  M IL L  &  H O O P  C O M P A N Y , D e lp h i, In d ..  . irø i 1 S S 7
S O U T H  B E N D  T O Y  M A N U F A C T U R IN G  C O M P A N Y , S o u th  B e n d , In d 2  o rd . rs 1 8 8 4 -1 8 8 7 , 

W A B A S H  S C H O O L  F U R N IT U R E  C O M P A N Y , W a b a sh , In d ............................................. M a r., 1 « 8 4 ,
IN D IA N A  F U R N IT U R E  M A N U F A C T U R IN G  C O ., C o n n e rsv ille , In d O n ly ,  

D O D G E  M A N U F A C T U R IN G  C O ., P u lle y s , e tc ., M ish a w a k a , In d ..................................................... " u n e ’

V . B E A L E  C O M P A N Y , C o b d e n , I ll.............................................  ........................................................ ’
B A U E R L E  &  S T A R K , S e w in g  M a c h in e  F u rn itu re , C h ic a g o , 1 1 1 ' » » » ’

R . G . P E T E R S , S aw  M ill, M a n is te e , M ic h ............................................................................................... • ’ ’
M A R IN E  C IT Y  S T A V E  C O M P A N Y , M a rin e  C ity , M ic h Ju n > »

S A G IN A W  C H A IR  C O M P A N Y , S a g in a w , M ich . .. . ■ • • • ...................................................................... ’
C H E S B R O U G H  B R O T H E R S , S a w  M ill, T a q u e m en a w  R iv e r , M ic h . ■ *  °® ?
S T L O U IS R E F K IC z E R A T O R  &  W O O D E N  G U T T E R  C O ., S t. L o u is , M o A  g ., 8 8 < , 

F O R T  M A D IS O N  C H A IR  C O M P A N Y , F o rt M a d iso n , Io w a ........................................................................ . 1 0 0 4 ,

M A N N  B R O T H E R S , M ilw a u k e e , W is  • ■ ■ •  ...................................................... ” ”
S H E B O Y G A N  M A N U F A C T U R IN G  C O M P A N Y , S h e b o y g a n , W is ry ’ 

C R O C K E R  C H A IR  C O M P A N Y , S h e b o y g a n , W is . ■ ■■.................................................... '
F R O S T  P E T E R S O N  V E N E E R  S E A T  C O M P A N Y , S h e b o y g a n , W 1 8 M a y , 

P A IN E  L U M B E R  C O M P A N Y , O sh k o sh , W is ........................................................................................
B R O W N L E E  & C O ., C ity  S a w  M ill. G la sg o w , S c o tla n d  •>
A L E X A N D E R  M c E W E N , S a w  M ill. W ic k , S c o tla n d ...........................................................................
M A R C U S  M O X H A M  &  C O ., S aw  M ills , S w a n se a , S o . W a le s  
K A V E R D E A U , A L L A IR E  E T C IE ., R o m illy , F ran c e ......................................................................... A p r  ,

M O N T R E U IL  S A W  M IL L , R o u e n , F ran c e ..................................................................................................... >
M O N T R E Ü IL  E T  C IE ., S a w  M ill, P e tit-Q u e v illy , F ra n c e

D Y E W O R K S A N D B L E A C H E R IE S .

JA M E S  M A R T IN  &  C O ., P h ila d e lp h ia , P a ...  . ...........................
Q U A K E R  C IT Y  D Y E  W O R K S  C O M P A N Y , P h ila d e lp h ia , P a  

JA M E S  M c L A R D IE  &  S O N S , P a is le y , S c o tla n d ..................................................
H E P B U R N  &  C O ., R a m sb o tto m , S c o tla n d ............................................................
P . & . P . C A M P B E L L , P e rth , S c o tla n d .......................... .... ................................
JA M E S  S M IT H  &  S O N S , Y a rn  D y e rs , H e y w o o d , E n g la n d  

J , &  J . M . W O R R A L L , M a n c h e s te r , E n g • ......................................
S . S C H W A B E  &  C O ., B le a c h e rs , M a n c h e s te r , E n g la n d  
H A N N A R T  F R E R E S , R o u b a ix  &  W a sq u e h a l, F ra n c e .......................................
B R O W A E Y S -D E G E Y T E R  F R É R E S , R o u b a ix , F ra n c e .....................................

E R N O U L T  B A Y A R T , D y e r, R o u b a ix , F ran c e ....................................................
E . R O U S S E L , D y e r, R o u b a ix , F ran c e ...................................................................
C ’O C H E T E U X  &  C O ., D y e rs , R o u b a ix , F ra n c e . . ...  
D U B O IS  &  C H A R V E T -C O L U M B IE R , A rm e n tie res , 1  ra n c e  

J . L A U R E A U , D y e r, P a ris , F ran c e ........................................................................

W A L L E R A U D , W IA R T , W A T R A M E Z , JA C Q Z  E T  C IE ., C a m b ra i, M a n c e . 

S U C C E S O R E S  D E  F R A N C IS C O  R O  U R A , F a rra sa , S p a in ...............................

P IE T R O  A N G E L O  B O G G IO , D y e r, S tro n a , B ie lla , I ta ly

B R IC K , P O T T E R Y , E t c .

Boilers.

2
1
1
1
2
1

Boilers.

2

2
2
2
1
1
2
1
2

1 8 8 2 , 
1 8 8 3 , 
1 8 8 2 ,  
1 8 8 3 , 
1 8 8 4 , 
1 8 8 4 , 
1 8 8 0 , 
1 8 8 5 ,  
1 8 8 6 ,  
1 8 8 6 ,  
1 8 8 8 ,

1
2
1
1

2
1
2
1
2
2
1

2
2
1
3
1
1
1
1
1
2
2
1
1

1
1
1

Boilers. 
2  o rd e rs , 1 8 8 0 -1 8 8 1 , 

............................ S e p t.,.. 1 8 8 1 ,  
........... 2  o rd e rs , 1 8 8 3 -1 8 8 6 , 
........................... Ja n ., .. 1 8 8 4 , 

............................ A p ril,.. 1 8 8 6 ,  
........................... O c t.,.. 1 8 8 4 , 

................ 3  o rd e rs , 1 8 8 4 -1 8 8 7 , 
........................... D e c .,  1 8 8 6 , 

4  o rd e rs , 1 8 8 5 -1 8 8 6 ,  
2 d o 1 8 8 5 -1 8 8 7 , 

............................ N o v ., ..1 8 8 5 , 
.2  o rd e rs , F e b . &  D e c , 1 8 8 7 , 

.................. A p ril,  1 8 8 7 ,
2  o rd e rs , F e b . &  A u g ., 1 8 8 5 , 
............................ A u g ., ..1 8 8 5 , 
2  o rd e rs , Ja n . &  Ju n e , 1 8 8 6 , 

Ju n e , 1 8 8 6 , 
........................... Ja n .,  1 8 8 6 , 
............................F e b ., .. 1 8 8 7 ,

2
2
2
1
1
1
5
2
5
2
1
3
1
4
1
2
2
1
1

2 2 2
5 1
6 1
3 0

2 0 8
8 2

1 8 4  
1 4 6
1 5 0  
1 6 5
1 0 0

8 2
1 2 2

5 1  
1 5 0

4 0
6 1

2 0 8
8 6  

1 4 6
5 0  

2 0 0
6 1  

1 9 7  
1 2 5  
1 4 6  
2 7 2

7 1  
1 3 6  
5 0 0  
2 0 0  
2 5 0  
3 1 2  
2 4 0  
1 2 5

6 0  
2 0 8  
1 2 8  
1 2 5  
4 1 6  
2 1 6  
1 4 6  
1 0 4

5 1
4 0
8 2

2 0 8  
2 7 2  
1 8 7
1 3 6  
1 4 6
1 2 0  
6 3 6
1 8 6  
8 2 6
3 4 6  
1 8 6
5 5 8  
1 9 3
4 7 6

2 5  
2 0 8  
4 1 6

3 0
4 5

1 8 8 0 ,  
1 8 8 8 , 
1 8 8 4 , 
1 8 8 4 ,

 .3  o rd e rs? , 1 8 8 2 -1 8 8 6 ,
 .O c t., 1 8 8 8 ,
D e c ., 1 8 8 7 ,

JO H N  M O S E S , P o tte ry , T re n to n , N . J • • • • •  
H E N R Y  M A U R E R  &  S O N , F ire  B ric k , M a u re rs , N .J

S ¥ Ä F s“ s O n T pT m D pS  M e rse y  P o tte ry , B u rs le m , S ta ffo rd sh ire E n g la n d
S O C lS  D E S  C IM E N T S  F R A N < ? A IS  E T  D E S  P O R T L A N D , B o u lo g n e -S n r-M e r, F ra n c e ....

A u g ., 
A p r., 

.M a r.,  
A u g .,

Boilers.

2
2
1
1
3
1
4

H. P. 

1 5 0  
2 4 4  
1 0 4

9 2  
2 4 8  
1 5 6  
6 1 2

K
1 1 1
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C A R  A N D  W A G O N  M A N U F A C T U R E R S .
Boilers.

H .  D .  S M I T H  &  C O . ,  C a r r i a g e s ,  P l a n t v i l l e ,  C o n n O c t . ,  1 8 8 1 ,  1

C O R T L A N D  W A G O N  C O M P A N Y ,  C o r t l a n d .  N .  Y 2  o r d e r s ,  1 8 8 1 - 1 8 8 8 ,  2

L E H I G H  C A R  W H E E L  &  A X L E  C O M P A N Y ,  C a t a s a u q u a ,  P a D e c . ,  1 8 8 1 ,  2

E R I E  C A R  W O R K S ,  L I M I T E D ,  E r i e ,  P a S e p t . , 1 8 8 2 , 1

P E T E R S  D A S H  C O M P A N Y ,  C o l u m b u s ,  O h i o S e p t . ,  1 8 8 1 , 1

C O L U M B U S  B U G G Y  C O M P A N Y ,  C o l u m b u s ,  O h i o 4  o r d e r s ,  1 8 8 2 - 1 8 8 7 ,  7

L A F A Y E T T E  C A R  W O R K S ,  L a f a y e t t e ,  I n d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . J a n . ,  1 8 8 3 ,  2

S T U D E B A K E R  B R O T H E R S  M A N U F A C T U R I N G  C O M P A N Y ,  S o u t h  B e n d . ,  I n d 4  o r d e r s ,  1 8 7 2 - 1 8 8 4 , 1 0  

d o  d o  C h i c a g o ,  1 1 1  . . . . . . . 5  d o O c t . ,  1 8 8 5 , 4

P U L L M A N  P A L A C E  C A R C O M P A N Y ,  P u l l m a n ,  I l l S e p t . , 1 8 8 1 ,  8

R A C I N E  W A G O N  &  C A R R I A G E  C O M P A N Y ,  R a c i n e ,  W i s A u g . ,  1 8 8 2 ,  1

J A S .  L .  C L A R K E  &  S O N ,  C a r r i a g e s ,  O s h k o s h ,  W i s M a y , 1 8 8 1 ,  1

G O V E R N M E N T  R A I L W A Y  S H O P S ,  D u n e d i n ,  N e w  Z e a l a n d D e c . ,  1 8 7 8 ,  4

d o  d o C h r i s t c h u r c h , d o J a n . ,  1 8 7 9 ,  3

H. P.

7 5  

1 8 6  

2 5 6  

1 2 0

5 0

8 2 7

2 6 0

1 0 8 0

4 0 0

1 0 0 0

1 2 5

1 0 7

2 0 0

1 7 6

D I S T I L L E R S  A N D  B R E W E R S .
Boilers. H. P.

F R E D E R I C K  A .  P O T H  B R E W I N G  C O M P A N Y ,  P h i l a d e l p h i a ,  P a S e p t . , 1 8 8 3 , 4 4 1  6  

H A N N I S  D I S T I L L I N G  C O M P A N Y ,  B a l t i m o r e ,  M d 2  o r d e r s ,  1 8 8 0 - 1 8 8 6 , 3 4  2 0  

B A R T H O L O M Æ  &  L E I C H T  B R E W I N G  C O . ,  C h i c a g o ,  I I I 2 d o 1 8 8 1 - 1 8 8 8 ,  4  3 2 4

M c A V O Y  B R E W I N G  C O M P A N Y ,  C h i c a g o ,  I l l  

L I O N  B R E W E R Y ,  D e t r o i t ,  M i c h  

K O N R A D  S C H R E I E R ,  B r e w e r ,  S h e b o y g a n ,  W i s  

P H .  Z A N G  &  C O . ,  B r e w e r s ,  D e n v e r ,  C o l  

S R .  D O N  J O S É  A R E C H A B A L A ,  C a r d e n a s .  C u b a  

S R .  D O N  J O S É  T .  G U E R R A ,  C u a n t l a ,  M o r e l o s ,  M e x i c o ,  

d o  C u e r n a v a c a ,  M o r e l o s ,  M e x i c o . .

H A R M O N  &  C O . ,  B r e w e r s ,  U x b r i d g e ,  E n g l a n d  

W .  E .  &  J .  R I G D O N ,  B r e w e r s ,  F a v e r s h a m ,  E n g l a n d ,  

R E W  &  C O . ,  D i s t i l l e r s ,  P l y m o u t h ,  E n g l a n d  

L E S A F F R E  &  B O N D U E L L A ,  M a r e q  e n  B a r t h e u i l ,  F r a n c e  . .  

D R O U L L E R S - P R O U V O S T ,  D i s t i l l e r s ,  R o u b a i x ,  F r a n c e  

S O C I É T É  A N O N Y M E  L A  G A L L I A ,  P a r i s ,  F r a n c e  

A .  &  B .  V A G N I E Z ,  D i s t i l l e r s ,  A m i e n s ,  F r a n c e  

S C H M E R Z - F R I T S C H ,  B r e w e r s ,  O r l e a n s ,  F r a n c e   

G .  R I N C K ,  B r e w e r ,  S t .  E t i e n n e ,  F r a n c e  

M .  M .  M O S E R  E T  F I L S ,  B r e w e r s ,  S t .  E t i e n n e ,  L o i r e ,  F r a n c e  

M O É T  &  C H A N D O N ,  C h a m p a g n e s ,  E p e r n a y ,  F r a n c e   

J .  S C H A A R S C H U H ,  R u m m e l s b u r g ,  G e r m a n y  

W I L H E L M S T E  B R E W E R Y ,  S t r a l a n ,  G e r m a n y  

W .  M .  F O S T E R ,  M e l b o u r n e ,  A u s t r a l i a

 J u n e ,  1 8 8 2 ,  

N o v . ,  1 8 8 5 ,  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . M a y ,  1 8 8 1 ,  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . J u n e ,  1 8 8 4 ,

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . J u l y , . . 1 8 8 5 ,  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . J u n e , . . 1 8 8 6 ,  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . O c t . , . 1 8 8 6 ,  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . M a y , . . 1 8 8 7 ,  

2  o r d e r s ,  M a r c h  a n d  J u l y ,  1 8 8 8 ,  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . J u n e ,  1 8 8 8 ,  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . N o v . , . . 1 8 8 5 ,  

. . . . . . . . . . . . . . . . . . . . 2 . o r d e r s ,  1 8 8 5 - 1 8 8 6 ,  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . M a y , . . 1 8 8 6 ,  

. . . . . . . . . . . . . . . . . . . . 2  o r d e r s ,  1 8 8 5 - 1 8 8 6 ,  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . O c t . , . . 1 8 8 6 ,  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . J u n e , . . 1 8 8 7 ,  

O c t . ,  1 8 8 8 ,  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A u g . ,  1 8 8 8 ,  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . M a r . , . . 1 8 8 7 ,  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . M a y , . . 1 8 8 7 ,  

. . . . . . . . . . . . . . . . . . . . 2  o r d e r s ,  1 8 8 7 - 1 8 8 8 ,

Boilers. H. P.

4

2

1

1

1

1

1

1

2

1

1

2

1

3

1

1

1

3

1  

1

2

8 3 2  

5 0 0

7 6  

1 6 0

6 1

3 0

5 1  

1 1 2  

2 0 5

1 0

9 3

3 7 2

6 1  

4 1 7

4 0

2 5

4 5

2 4 0

9 3

9 3  

[ 9 0

1 1 2



    BA

G R A I N  A N D  F L O U R .

P IO N E E R  M IL L S , C o o p e r s to w n ,  N .  Y  

T H O R N T O N  &  C H E S T E R , B u f f a lo , N e w  Y o r k  

E R I E  E L E V A T O R , J e r s e y  C ity , N . J  

H . K .  C U M M I N G S  &  C O ., P h i la d e lp h ia ,  P a  

J .  C . K L A U D E R , P h ila d e lp h ia ,  P a  
M c G R E W , P A R K IS O N  &  C O ., M o n a n g a h e la  C ity , P a  

H . J U L IU S  K L I N G L E R  &  C O ., B u t le r , P a , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
W M . L E E  &  S O N S  C O M P A N Y , W ilm in g to n ,  D e l  

A . H . S I B L E Y , B a l t im o re , M d  

K E N N E S A W  M I L L S , M a r ie t ta ,  G a  

L A N I E R  M IL L  C O M P A N Y , N a s h v i lle , T e n n  

M E M P H I S  M I L L  C O M P A N Y , M e m p h is ,  T e n n  
V A L L E Y  C I T Y  M I L L I N G  C O M P A N Y , G r a n d  R a p id s , M ic h . . . .  

V O IG T  M I L L IN G  C O M P A N Y , G r a n d  R a p id s ,  M ic h . . . . . . . . . . . . . . . . . . . .

G E O . P . P L A N T  M I L L I N G  C O M P A N Y , S t. L o u is , M o  

G E N E S E E  M I L L  C O M P A N Y , S a n  F ra n c is c o ,  C a l  
D E M IN G - P A L M E R  M I L L I N G  C O M P A N Y , S a n  F ra n c is c o , C a l  

A L B A I T E R O  &  A R R A C H E , M a c a r o n i, C ity  o f M e x ic o , M e x ic o  

B O N IF A C I O  L E Y C E G U I , S ila o , M e x ic o

. . . . . . . . . . . . . . A u g ., 1 8 7 8 ,  2

. . . . . . . . . . . . . .N o v ., 1 8 8 1 ,  1
. . . . . . . . . . . . . . A u g ., 1 8 7 9 ,  4
. . . . . . . . . . . . . . J u ly , 1 8 8 0 ,  1

. . . . . . . . . . . . A p r i l , 1 8 8 2 , 1

. . . . . . . . . . . . . .J a n . , 1 8 8 3 ,  1

. . . . . . . . . . . . . . A u g ., 1 8 8 3 ,  1

2  o r d e rs , 1 8 8 1 - 1 8 8 3 ,  3

2 d o 1 8 8 2 - 1 8 8 7 ,  2

. . . . . . . . . . . . . . M a y , 1 8 8 1 ,  2

. . . . . . . . . . . . . .J u ly , 1 8 8 1 ,  2

. . . . . . . . . . . . . . F e b ., 1 8 8 6 ,  2

. . . . . . . . . . . . . . J a n . , 1 8 8 5 ,  1

. .2  o r d e r s , 1 8 8 6 - 1 8 8 7 ,  2

. .a d o 1 8 8 3 - 1 8 8 7 ,  4

. . . . . . . . . . . . . .A p r i l , 1 8 8 2 ,  1

D e c . , 1 8 8 3 ,  1
A u g ., 1 8 8 6 ,  2

O c t. , 1 8 8 0 ,  1

Boilers. H. P.
1 5 0
1 0 8
6 0 0
1 0 4

5 0
6 1
9 2  

2 7 5  
2 5 0
2 0 0
1 2 0
1 6 4
1 2 2
2 8 0
7 0 8
1 3 6
2 0 8
1 8 4

6 0

B a b c o c k &  W ilc o x B o i le r , s h o w in g  P r e s s u r e P a r ts , s u s p e n d e d .

M A N S O N  &  C O ., A b e r d e e n , S c o tla n d  
W . &  P . R . O D L U M ,  C o rn  M il le r s ,  P o r t  A r lin g to n , I r e la n d . . 

W M . H U G H E S , S h re w s b u r y , E n g la n d . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
R I C H A R D  S H E P P A R D , N e w c h u r c h ,  E n g la n d  

M I T C H E L L  B R O S ., W h ite f o o t,  E n g la n d . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
B A N Q U E  D E  P A R IS  E T  D E S  P A Y S - B A S , P a r is , F r a n c e . .  

M . F E N E T , G o u s s a in v i l le , F ra n c e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

A . R E Y N A U D ,  M a r s e i l le s , F r a n c e  

L O U IS  C A R R IE , M a r s e i l le s , F ra n c e  

J O S É  S O R T , L e r id a ,  S p a in . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   '.".i" 

M I C H ’L  V E R D E R A M E ,  P a s te  f o r  M a c a r o n i , L ic a ta ,  » ic i ly . 

A K M E T H U S I A N O F F ,  O r e n b u r g ,  R u s s ia . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . J a n . , 1 8 8 7 ,  

J u n e , 1 8 8 4 ,  

. . . . . . . . . . . J a n . , 1 8 8 5 ,  

. . . . . . . . . . . . . .J a n . , 1 8 8 5 ,

. . . . . . . . . . . O c t . , 1 8 8 5 ,  

M a r . , 1 8 8 6 ,  

. . . . . . . . . . . J u ly , 1 8 8 6 ,  

. . . . . . . . . . . J u ly , 1 8 8 7 ,  

. . . . . . . . . . . . . .O c t. , 1 8 8 7 ,

. . . . . . . M a y , 1 8 8 5 ,  

2  o r d e r s , 1 8 8 6 - 1 8 8 7 , 

. . . . . . . . . .  A p r i l , 1 8 8 6 ,

Boilers. H. P.

1
1
1
1
2
1
1
1
1
1
2
1

1 0 4
1 0 4

6 1
4 0

2 4 8
2 4 0

6 1
3 5
5 1
2 5

2 0 8
7 3

P A C K E R S  A N D  C A N N E R S .

T H E  U N I O N  S T O C K  Y A R D S  C O M P A N Y , S io u x  C ity , I o w a  S e p t 1 8 8 . ,  

M A R S H A L L  C A N N I N G  C O M P A N Y , M a r s h a ll to w n ,  la . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  o r d e rs ’  1 8 8 6
A R M O U R  P A C K I N G  C O M P A N Y , K a n s a s  C ity , M o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X  ’ S ’
S IL L I T O E  &  S E A R E S , P a c k e rs  &  S h ip p e r s , M a n c h e s te r , E n g la n d A jg - ,

Boilers.

4
2
2
1  
1
2

6 4 8
1 2 0
5 0 0

6 5
8 6

1 2 4
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W A T E R W O R K S .
W E S T E R L Y  W A T E R  W O R K S , W esterly , R . I  Ju lv
P E R T H  Ä M B O Y  W A T E R  C O M PA N Y , P erth  A  m b o y , N . J ............................................A u ff ’ 1 8 8 1 ’

P E N N S Y L V A N IA  R A IL R O A D  C O M P A N Y , P h ilad e lp h ia , P a ’.'. '. '.‘.S ep t. ’ 1 8 8 s ’ 
L A C K A W A N N A  IR O N  &  C O A L  C O M P A N Y , W ater W o rk s, S cran to n , P a 2  o rd ere 1 8 83 -18 8 7  
L A N C A S T E R  W A T E R  W O R K S , L an caste r, P a  .........O ct 1 8 8 ° ’

G R E E N S B O R O  W A T E R  W O R K S , G reen sb o ro , N . C  F eb  ’ 1 8 8 8 *  

E L Y T O N  L A N D  C O M PA N Y , B irm in g h am , A la  2  o rders 1 8 8 1-1 88 2 ’
B E S S E M E R  L A N D  &  IM P R O V E M E N T  C O ., B essem er, A la ................................... ~  jan ]« « « ’
C E N T R A L  K E N T U C K Y  L U N A T IC  A S Y L U M , A n ch orag e, K y .................................................. N o v ’ ’ 1 8 7 o ’
JO L IE T  W A T E R  W O R K S , Jo lie t, Ill  '2  o rd ers 1 8 8 1 -1 8 8 2 ’
C A R T H A G E  W A T E R  W O R K S  C O M P A N Y , C arth ag e , M o . .....................~ « en t 1 8 8 1 ’
R E D  O A K  W A T E R  W O R K S , R ed  O ak , Io w a  ............................A u„" 1 8 8 3 ’
P A S A D E N A  L A N D  &  W A T E R  C O M PA N Y , P asad en a , C al .. . .O ct ’ 1 8 8 2
V IS IT A C IO N  W A T E R  C O M P A N Y , S an  F ran c isco , C al 2  o rd ers , 1 8 83 -1 8 85 ' 
S P R IN G  V A L L E Y  W A T E R  W O R K S , S an  F ran c isco , C al M ar. 1 8 8 6 *  
M E X B R O U G H  W A T E R  W O R K S , Y o rk , E n g lan d M ay ’ 1 8 8 6 ’ 
B O U R N E M O U T H  W A T E R  W O R K S , B o u rnem o u th , E n g lan d 2  o rd ers 1 8 8 6 -1 8 8 7 ’ 
K E N T  W A T E R  W O R K S , W ilm ing to n , E n g lan d  M ar. 1 8 8 6 ’
W E S T  S U R R E Y  W A T E R  W O R K S , W alto n -o n -T h am es, E n g lan d M u r. ’ 1 8 8 ? ' 
E A S T  L O N D O N  W A T E R  W O R K S  C O M P A N Y ,W alth am  A b b ey , E n g lan d . . .2  o rd ers, A p ril an d  A u ejJ 1 8 8 7 ’, 

S O U T H W A R K  &  V A U X H A L L  W A T E R  W O R K S  C O M P A N Y , L o n do n , E n g  M ar 1 8 8 7
P IM L IC O  W A T E R  W O R K S , L o n do n , E n g lan d  N o v ’ ’ 1 8 8 ? ’
IM PR E S A  C O N C E SIO N A R IA  D E  A G U A S  S U B T E R R A N E A S  D E L  L L O B R E G A T , B arce lo n a , S p ain ’ .1 8 88  
P E R N A M B U C O  W A T E R  W O R K S , P ern am b u co , B raz il  Ju n e 1 8 8 5 ’

Boilers.

2
2
1
3
4
1
2
2
1
3
2
1
1
2
1
2
2
4
2
4
4
1
2
3

9 0
1 3 0

6 0
3 1 2
4 1 6

4 5
1 5 2

9 0
1 1 0
1 3 2
1 2 0

6 1
4 3

1 0 1
1 3 6

3 0
1 9 3
3 2 0
1 6 8
3 7 2
3 3 6
1 0 8
1 2 2
2 2 2

C O F F E E , S P IC E S , E t c .

A R B U C K L E  B R O S . C O F FE E  C O M P A N Y , B ro o k ly n , N . Y . 
A R B U C K L E S  &  C O ., S p ices, P ittsb u rg h , P a. .
T W IT C H E L L , C H A M PL IN  &  C O ., G ro cers , P o rtlan d , M e. 
C A D B U R Y  &  C O ., C h o co la te , B o u rn  v ille , E n g lan d

Boilers.

2  o rd ers, 1 8 83 -18 8 6,  4
.............................. M ar., 1 8 8 3 , 2

M ay , 1 8 8 3 , 2
2  o rd ers , M ar. an d  Ju ly , 1 8 8 7 , 2

H. P. 

4 1 6  
1 0 2  
1 0 2  
1 8 6

T O B A C C O A N D S N U F F .

P . L O R IL L A R D  &  C O ., Jersey  C ity , N . J ......................
Boilers. II. P.

G E O . W . H E L M E  C O M P A N Y , H elm etta , N .J ...................... ................... 2 d o 1 8 8 3 -1 8 8 4 , 2
1 4 7 0

1 2 2
W IL S O N  &  M cC A L L A Y  T O B A C C O  C O M PA N Y , M id d le to w n , O . ................... 2  d o 1 8 8 1 1 8 8 5 , 2 2 5 0
O . W . G A IL  &  A X E , B altim o re , M d ..................... •Tnlv 18RR O

W M . C L A R K  &  S O N , L o n do n , E n g lan d ... > ....................................................... ....................3  o rd ers , 1 8 8 4-18 8 7 ,  3 1 8 1

A R T IF IC IA L IC E .

S O U T H E R N  IC E  C O M P A N Y , N ew  O rlean s, L a ...  
T E X A R K A N A  IC E  C O M P A N Y , T ex ark an a , T ex as. 
B A T H  P U R E  IC E  C O ., L IM IT E D , B ath , E n g lan d . 
L . S T E R N E  &  C O ., L IM IT E D , L o n do n , E n g lan d ...

Boilers.

............ S ep t., 1 8 8 2 , 2
M ar., 1 8 8 4 , 1
M ar., 1 8 8 6 , 1

3  o rd ers , 1 8 8 7 -1 8 8 8 , 3

II. P.

2 7 2
3 0
3 0

2 0 5

JE W E L R Y , E t c .

F A H Y S  W A T C H  C A S E  C O M P A N Y , S ag  H arb o r, N . Y  
K E R M E N T Z  &  C O ., Jew elry , N ew ark , N . J  
S O C IÉ T É  G É N É R A L  D E S  M O N T E U R S  D E  B O IT E S  D ’O R , B esan co n , F ran ce

Boilers.

.A p r., 1 8 8 7 , 2

.A u g ., 1 8 8 4 , 1
S ep t., 1 8 8 8 , 1

II. P. 

1 4 6
5 0  
3 5

M IN IN G .

B IG E L O W  B L U E  S T O N E  W O R K S , M aid en L an e , N . Y  
N E W  JE R S E Y  IR O N  M IN IN G  C O M PA N Y , P o rt O ram , N . J  
J . C . H A Y D O N  &  C O ., Jan esv ille , P a  
L E H IG H  C O A L  &  N A V IG A T IO N  C O M P A N Y , L ansford , P a  

d o  d o  N esq u eh o n in g , P a
J . L A N G D O N  &  C O , In co rp o ra ted , S h am o k in , P a  
M IN E R A L  R A IL R O A D  &  M IN IN G  C O M P A N Y , S h am o k in , P a  
N E W  H O O V E R  H IL L  G O L D  M IN IN G  C O M P A N Y , R an d o lp h  C o ., N . C  
N . C . G O L D  M IN IN G  &  R E D U C T IO N  C O M P A N Y , S alisb u ry , N . C  
W M  A . S W E E T , C ataw b a , N . C  
C O N G L O M E R A T E  M IN IN G  C O M P A N Y , E ag le H arb or, M ich  
S IL V E R  C L IF F  M IN IN G  C O M P A N Y , C o lo rado  
G O O D  E N O U G H  M IN IN G  C O M PA N Y , C o lo rado  
P L A T A  V E R D E  S IL V E R  M IN IN G  C O M PA N Y , C o lo rad o  
H . L . B R ID G E M A N , A ssay er, P u eb lo , C o lo rado ...........
R A N D O L P H  &  C O ., C en tra l C ity , C o lo rad o ....  
IR O N  S IL V E R  M IN IN G  C O M PA N Y , L ead v ille , C o lo rado  
M O U L T O N  M IN IN G  C O M P A N Y , B u tte C ity , M o n tan a  
A L T A  M O N T A N A  C O M P A N Y , W y ck s, M o n tan a ........................
L E G A L  T E N D E R  M IN IN G  C O M P A N Y C lan cy , M o n tan a .

Boilers.

Jan ., 1 8 8 3 , 1
....................... S ep t., 1 8 8 6 , 2  
.........................Jan ., 1 8 8 3 , 1
I 1 st o rd er, Ju n e , 1 8 8 6 , )
f  4 th  d o  Ju n e , 1 8 8 8 ,)  1 4

......................... M ar., 1 8 8 7 . 2  
........ 2  o rd ers , 1 8 87 -18 8 8,  6  

A p ril, 1 8 8 1 , 1
............... A u g ., 1 8 8 2 , 2

.. S ep t., 1 8 8 0 , 1  
.......... 5  o rd ers , 1 8 8 1 -1 8 8 3 , 1 2  
.......... 2 d o 1 8 79 -18 8 0,  4

......................... M ar., 1 8 8 0 , 1

.........................N o v ., 1 8 7 9 , 2  
........................ M ay ,.. 1 8 8 0 , 1  
........................ M ay ,..1 8 8 1 , 1
......................... M ay , 1 8 8 2 , 3  
.......... 3  o rd ers , 1 8 8 0 -1 8 8 1 , 6  
..................... A p ril,..1 8 8 1 , 2

....................... A p ril, 1 8 8 1 , 1

1 2 2  
1 5 0

6 1

1 4 5 6

2 0 8  
7 2 0

5 1
1 0 0

7 5
1 9 7 4  

4 0 0
1 0 0  
2 0 0

6 0
5 3  

2 2 6  
3 7 6  
1 6 0

7 5

 

1 1 4



   

 

Boilers. H. P.

  GFEDCBA

N A T I O N A L  M I N I N G  &  E X P L O R I N G  C O M P A N Y , H e le n a , M o n ta n a M a y , 1 8 7 6 ,  

B I G  L O D E  M I N I N G  C O M P A N Y , I d a h o F e b . , 1 8 8 3 ,  

G E R M A N I A  L E A D  W O R K S .  S a lt  L a k e  C i ty , U ta h M a y , 1 8 8 2 ,  

E M P I R E  M I N I N G  C O M P A N Y ,  P a r k  C i ty , U ta h 3  o r d e r s ,  1 8 7 9 - 1 8 8 0 , 

O N T A R I O  S I L V E R  M I N I N G  C O M P A N Y , P a r k  C i ty ,  U ta h 2  o r d e r s ,  J a n .  a n d  A u g . 1 8 8 0 ,  

M I N E R A L  P O I N T  T U N N E L  C O M P A N Y ,  U ta h 2  o r d e r s , 1 8 7 8 - 1 8 7 9 , 

H O R N  S I L V E R  M I N I N G  C O M P A N Y ,  U ta h  N o v . , 1 8 7 9 ,

G . B I L L I N G , S m e l t in g  W o r k s , S o c o r r o . N .  M  A p r i l , 1 8 8 3 ,  

E S T A C A  D E  G U A D A L U P E  D E  L O S  R E Y E S , M e x ic o B o r d e r s , 1 8 7 8 - 1 8 8 0 ,  

N E W  Y O R K  &  C H I H U A H U A  M I N I N G  C O M P A N Y , M e x ic o M a r . , 1 8 8 0 ,  

C O R R A L I T O S  M I N I N G  C O M P A N Y , C h ih u a h a , M e x ic o J a n . , 1 8 8 1 ,  

G U E R R A  G O L D  &  S I L V E R  M I N I N G  C O M P A N Y , M a z a t l a n , M e x ic o  J u n e , 1 8 8 5 ,  

C A N D E L E R I A  P U M P I N G  S Y N D I C A T E  O F  N E W  Y O R K . S o le d a d ,  M e x ic o F e b . , 1 8 8 5 ,  

N E G O C I A C I O N  M l 'N E R A  I N T E R N A C I O N A L ,  C a n i ta s , M e x ic o N o v . , 1 8 8 5 ,  

U N I O N  C A T O R C I N A  M I N I N G  C O M P A N Y , S a n  L u is  d e  P o to s i , M e x ic o S e p t . , 1 8 7 3 ,  

V A L L E C I L L O  M I N I N G  C O M P A N Y ,  M e x ic o S e p t . , 1 8 8 1 ,  

T H E  A C A D I A  C O A L  C O M P A N Y , S te l la r to n ,  N . S 3  o r d e r s , 1 8 8 4 - 1 8 8 8 , 

B E N T  C O L L I E R Y ,  B o th w e l l ,  S c o t l a n d 1 d o M a y , 1 8 8 8 . I 

d o H a m i l to n , d o 3 d o D e c . , 1 8 8 4 , I 

M A R K  H U R L L , C o a l  M a s te r ,  H ig h  B la n ty r e ,  S c o t l a n d  N o v . , 1 8 8 3 ,  

T H E  L A N E M A R K  C O A L  C O M P A N Y ,  N e w  C u n n o c k ,  S c o t l a n d A p r i l , 1 8 8 6 ,  

C O M P A ^ I A  “ L A  C R U Z ,”  L in a r e s , S p a in D e c . , 1 8 8 6 ,  

C H I L E T E  M I N I N G  C O M P A N Y , C a l la o ,  P e r u , S .A D e c . , 1 8 7 4 ,  

G I A N T ’ S  D E N  M I N I N G  C O M P A N Y , A u s tr a l i a O c t . , 1 8 8 3 ,  

M . K E N N E D Y , C o l l i e r y , G r e y m o u th ,  N e w  Z e a la n d O c t . , 1 8 8 7 ,

E X P O R T  A N D  C O M M I S S I O N  H O U S E S .

W A L T O N  W .  E V A N S , C iv i l E n g in e e r ,  N e w  Y o r k . . . . . . . . . . . . . .

J O S E P H  E . S P I N N E Y ,  M e r c h a n t ,  N e w  Y o r k  

C A M A C H O  &  V E N G O E C H E A , M e r c h a n t s ,  N e w  Y o r k  

J .  F O G E R T Y , N e w  Y o r k  

M O S E S  T A Y L O R  &  C O . ,  N e w  Y o r k  

B E C K E T T  &  M c D O W E L L  M A N U F A C T U R I N G  C O . , N e w  Y o r k .

F R E D E R I C K  P R O B S T  &  C O . , M e r c h a n t s ,  N e w  Y o r k  

H E N R Y  J .  D A V I S O N ,  N e w  Y o r k  

R . H . A L L E N ,  M e r c h a n t ,  N e w  Y o r k  

B E H R  &  S T E I N E R ,  M e r c h a n t s ,  N e w  Y o r k  

G . R E Y N A U D ,  N e w  Y o r k , f o r  C u b a  

M O T L E Y  &  S T I K L I N G ,  M e r c h a n ts , N e w  Y o r k  

A .  A R A N G O  &  C O . ,  M e r c h a n t s ,  N e w  Y o r k  

M A I T L A N D , P H E L P S  &  C O . ,  N e w  Y o r k   

J .  C R I C H T O N . V a lp a r a is o ,  C h il i  

C O O M B S , C R O S B Y  &  E D D Y ,  N e w  Y o r k ,  f o r  M e x ic o  

S O R Z A N O  &  C O . , M e r c h a n t s ,  N e w  Y o r k  

F E R N A N D E Z  &  C A S T I L L O , N e w  Y o r k  

H .  A . V A T A B L E  &  S O N ,  N e w  Y o r k  

M O S L E  B R O S . , N e w  Y o r k ,  f o r  C u b a  

R O B E R T  D E E L E Y  &  C O . , N e w  Y o r k  

E . L . B E C E R R A ’ S  N E P H E W  &  C O . , N e w  Y o r k  

B U T L E R , M C D O N A L D  &  C O . ,  N e w  Y o r k  

C O L W E L L  I R O N  W O R K S ,  N e w  Y o r k ,  f o r  L o u is ia n a  

d o  d o  f o r  M e x ic o

J .  L .  M O T T  I R O N  W O R K S , N e w  Y o r k ,  f o r  M e x ic o  

A U G U S T U S  A .  G O U B E R T ,  N e w  Y o r k ,  f o r  C u b a  

C A N D E L E R I A  P U M P I N G  S Y N D I C A T E  o f  N . Y . , f o r  M e x ic o . . .  

M . E C H E V E R R I A  &  C O . ,  N e w  Y o r k ,  f o r  M e x ic o  

T H E O .  H E R R M A N N ,  N e w  Y o r k ,  f o r  M e x ic o  

M . C A M A C H O  R O L D Ä N  &  N E P H E W ,  N e w  Y o r k  f o r  M e x ic o . . 

G E O . B R U C E ’ S  S O N  &  C O . , N e w  Y o r k , f o r  M e x ic o  

J .  &  G . F O W L E R ,  N e w  Y o r k ,  f o r  C u b a  

H U G H  K E L L Y ,  N e w  Y o r k ,  f o r  C e ib a  H u e c a ,  W .  I  

G O M E Z  &  P E A R S A L L , N e w  Y o r k ,  f o r  C u b a  

E . A T K I N S  &  C O . ,  B o s to n ,  M a s s . ,  f o r  C u b a  

R O B T .  M c C U L L O C H ,  Y o n k e r s ,  N .  Y . ,  f o r  C u b a  

D . L .  H O L D E N ,  P h il a d e lp h ia ,  f o r  C h in a  

J .  A R C E  &  C O . , C i ty  o f  M e x ic o  

J A M E S  K E I T H ,  H y d r o g r a p h ic a l  E n g in e e r , E d in b u r g h , S c o t l a n d .  

B L A I R ,  C A M P B E L L  &  M c L E A N ,  G la s g o w , f o r  C o s ta  R ic a . . . . . . . . .

A R T H U R  B U T L E R ,  L o n d o n ,  f o r  I n d ia  

J A M E S  M c E W A N  &  C O . , L o n d o n ,  f o r  A u s tr a l i a . . . . . . . . . . . . . . . . . . . . . . . . . . . .

J A M E S  S I M P S O N  &  C O . , L I M I T E D . E n g in e e r s , L o n d o n ,  E n g . . .  

W A L K E R  B R O S . ,  L o n d o n ,  f o r  C e y lo n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

J .  &  H .  G W Y N N E ,  L o n d o n ,  f o r  C h in a  

A N D E R S O N  B R O T H E R S , L o n d o n ,  f o r  I n d ia  

W . W A L K E R ,  L o n d o n ,  f o r  B a ta v ia  

A . S T U A R T ,  L o n d o n ,  f o r  B a to u m , R u s s ia  

F A R M E R  &  B R A N D O N ,  M e r c h a n t s ,  L o n d o n ,  E n g la n d . . . . . . . . . . . . . . . . . .

N E L S O N  B R O S . , L o n d o n ,  E n g la n d ,  f o r  N e w  Z e a la n d  

T A K A T A  &  C O . , L o n d o n . E n g la n d ,  f o r  J a p a n . . . . . . . . . . . . . . . . . . . . . . . . .
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1
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1
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5

4

2

2

2
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1
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7 5

8 2  

1 6 6  

6 0 0  

2 7 0

6 0  

1 2 0  

1 0 2  

2 4 5  

1 9 5

5 0

5 0

1 0 0

6 1

5 0

7 0 8

4 8 0

2 4 0

2 4 0

9 5

1 5 0

7 3

2 4 8

Boilers.

. . . . . . . . . . . . . . . . . . . 2  o r d e r s , 1 8 7 1 - 1 8 7 8 , 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D e c . , . . 1 8 7 8 ,  

2  o r d e r s ,  J a n .  a n d  A u g . , 1 8 8 0 ,  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A u g . , . . 1 8 7 9 ,  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . M a r . ,  1 8 8 3 ,  

4  o r d e r s ,  1 8 8 0 - 1 8 8 3 , 

. . . . . . . . . . . . . . . . 5 d o 1 8 7 8 - 1 8 8 7 ,  

................ 2 d o 1 8 8 2 - 1 8 8 4 ,  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . J u n e , . . 1 8 8 1 ,  

. . . . . . . . . . . . . . . . . . . . S e p t . , . . 1 8 8 1 ,

. . . . . . . . . . . . . . . . 4  o r d e r s ,  1 8 8 2 - 1 8 8 5 ,  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . M a r . , . . 1 8 8 3 ,  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A u g . ,  1 8 8 2 ,  

. . . . . . . . . . . . . . . . 8  o r d e r s , 1 8 8 1 - 1 8 8 8 ,

J a n . , 1 8 8 2 ,  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . J u ly ,  1 8 8 1 ,  

. . . . . . . . . . . . . . . . 2  o r d e r s , 1 8 8 1 - 1 8 8 3 ,  

F e b . , 1 8 8 3 ,

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . O c t . ,  1 8 8 2 ,  

. . . . . . . . . . . . . . . . . . . 8  o r d e r s , 1 8 8 3 - 1 8 8 6 ,

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . M a y ,  1 8 8 3 ,

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . J a n . ,  1 8 8 4 ,

. . . . . . . . . . . . . . . . . . . 2  o r d e r s , 1 8 8 4 - 1 8 8 5 ,  

. . . . . . . . . . . . . . . . . . . 2 d o M a r . , 1 8 7 9 ,

.. . . . . . . . . . . . . . . . 3 d  d o A u g . , 1 8 8 4 ,

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . F e b . ,  1 8 8 4 ,  

. . . . . . . . . . . . . . . . . . . 2 o r d e r s , 1 8 8 4 - 1 8 8 5 ,

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . F e b . ,  1 8 8 5 ,

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . O c t . ,  1 8 8 5 ,  

O c t . , 1 8 8 5 ,  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . J u n e ,  1 8 8 7 ,  

.2 o r d e r s , O c t . . a n d  D e c . ,  1 8 8 7 ,

.2  d o S e p t .  a n d ^ D e c . ,  1 8 8 7 ,

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . J a n . ,  1 8 8 8 ,  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . N o v . , . . 1 8 8 8 ,

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . N o v . ,  1 8 8 8 ,  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S e p t . , . . 1 8 8 6 ,  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S e p t . , . . 1 8 8 0 ,  

.2  o r d e r s , M a r . . a n d  J u ly ,  1 8 8 8 ,

9  o r d e r s ,  1 8 8 4 - 1 8 8 6 ,  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . F e b . ,  1 8 8 7 ,  

. . . . . . . . . . . . . . . . . 1 4  o r d e r s , 1 8 8 4 - 1 8 8 7 ,  

 2 d o  

. . . . . . . . . . . ' 5 d o  

1 1 d o

1 1
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1
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9

1

1

3

1 1
1

1 4

4

4

4

1

1

3

2

1

1

2

4

1

1

1 8 8 4 - 1 8 8 5 , 

1 8 8 5  1 8 8 8 ,  

1 8 8 6 - 1 8 8 8 ,  

S e p t . , 1 8 8 6 ,  

.N o v . , - 1 8 8 6 ,  

.N o v . , 1 8 8 5 ,  

A p r i l , 1 8 8 6 ,  

•  A u g . ,  1 8 8 8 ,  

2  o r d e r ? , 1 8 8 7 - 1 8 8 8 ,  

2 d o 1 8 8 7 - 1 8 8 8 ,

1

1

2

9

1

1 4

1 0

1 2

1 2

2

1

1

1

1

2

4

H. P. 

5 4 0  

3 6 0  

2 2 0

7 5  

1 4 6  

2 4 6  

5 7 1  

2 4 3

1 5 0

5 0  

3 6 7  

1 0 4  

2 0 8  

8 4 5

5 0

3 0  

4 4 2  

1 0 4  

1 0 4

2 4 4 0  

4 1 6

1 0 4  

4 8 0  

4 0 0

1 2 2

1 5  

2 4 6  

1 4 6

7 5

6 1

1 2 2  

1 8 4

5 8 4  

2 0 8

7 3  

1 5 6  

1 0 4

6 0

9 1

2 9 6  

1 2 2

6 3 4  

1 0 4 0

8 7 1  

2 7 1  

1 4 6

1 2 0

1 3  

1 0 4

2 0  

1 4 0  

3 3 2



Boilers.JIHGFEDCBA
.................................Jan., 1888, 1
.................................Oct, 1887, 1
.................................July, 1886, 1

6 orders, 1886-1888, 7
.2 orders, Feb. and Oct., 1887, 2

................................. Dec., 1887, 2

................................. June, 1887, 1
Sept, 1883, 1

................................. Mar., 1887, 1
................................. Feb., 1888 , 3
................................. Mar., 1888, 1
................................Mar., 1888, 1
................................. Oct., 1888, 1
................. 44 orders, 1883-1888, 61
2 orders, July and Sept., 1887, 2
................. 25 orders, 1883-1888, 29

April, 1887, 2
................................Sept., 1887, 1
................................. May, 1888, 1
................................Mar., 1888, 2

MISCELLANEOUS.
HALLET & DAVIS COMPANY, Pianos, Boston, Mass 

d° do do do Moore Boiler Built over.

HEATON BUTTON FASTENER COMPANY, Providence, R I
UNION INDIA RUBBER COMPANY, New York
E. GREENFIELD’S SON & COMPANY, Confectioners, Brooklyn N Y 
MILLER, HALL & HARTWELL, Shirts, Troy, N. Y .
WRIGHT BROTHERS & COMPANY, Umbrellas, Philadelphia, Pa
NOAH BARLOW, Upholsterers’ Goods, Philadelphia, Pa
WISE BROTHERS, Overalls, &c., Baltimore, Md
VOGLER & GEUDTNER, Trunks, Chicago, Ill
R. & J. SALMOND, Bakers and Confectioners, Aberdeen, Scotland
C. G. ELRICK & COMPANY (L’d), Comb Works, Aberdeen, Scotland
CLOG SOLE FIBRE COMPANY, Liverpool, England
JAMES PATTERSON & COMPANY, Pifeford Mills, Blackley England  
BRITISH PNEUMATIC PULVERIZING COMPANY, London, England.’.'.'.'. 
THOMAS CARLYLE, Buttons, Birmingham, England 
BASTIN & LAWSON, Southampton, England 7
OUTRAM & COMPANY, Preston, England
C. TATTERSALL, Cotton Broker, Manchester, England
FELBUR, JUCKER & COMPANY, Manchester, England
ROBT. CHARLTON & SONS, Calenders, Manchester, England
THE COWLES SYNDICATE COMPANY, Limited, Aluminium, Milton, Eng.
W. E. CAMERON, Macclesfield, England  
LANGWORTHY BROTHERS, Grengate Mills, Salford, England 
CAMBRIAN PATENT FUEL COMPANY, Cardiff, Wales 
F. DE LA ROYÉRE-MASURCEL, Rubber Manufacturers, Brussels, Belgium 
M. BAYART, Tourcoing, France  
BINET, PERE ET FILS, Tourcoing, France  
EDMOND BERTRAND, Cambrai, France  
A. DUPONT ET CIE., Brush Manufacturers, Beauvais, France 
CUVIER, Clog-maker, Neuville, Ferneres, France  
ROUSSEL, Wick-maker, Amiens, France.?...
ANTISSER FILS, Marseilles, France
HARDING COCKER, Lille, France
MARCHAND FRfcRES, Dunkirk, France
LOUIS GLORIEUX, Roubaix, France
CARRAGIO & TRINXET, Barcelona, Spain 7
GARCIA GIRONA Y CIA., Brushmakers, Barcelona, Spain.
PERERA & PORTABELLA, Spain ......
H. GLTTSCHOW, Pianos, Berlin, Germany
C. SCHUBERT, Berlin, Germany
STEINLEIN BROTHERS, Berlin, Germany
KOHLSTEDT & GRAMMBERG, Nordeney, Germany  
PFLAUM & GERLACH, Berlin, Germany  
VOMVILLER & CO., Romagnano, Italy  
TOSI & CO, Legnana, Italy  
GUISEPPE PINSONI, Genoa, Italy  
MELCHOIORRE BELLETIERI, Civita Vecchia, Italy. . 
A. IVANO  WITSCH ALEXAJEFF, Moscow, Russia  
R. & T. ELWORTHY, Elizabethgrad, Russia. ....................................................
S. M. LIANASOFF, Salt Mill, Waldimiroffka, Russia  
S. M. SHIBÆFF & CO., Batoum, Russia  
A. W. MAKAROFF, Wadding Manufacturer, Astrakan. Russia 
LA COMP ASIA NOVA INDUSTRA, Rio de Janeiro, Brazil  
JOAQUIN ARANGO, Rio de Janeiro. Brazil ...............
JUAN LAMAISON, Buenos Ayres, Arg. Rep  
J. P. OWEN, Tea-planter, Maturata, Ceylon

  

H. F. STANES, London, England, for New Zealand ........
HAMMOND & CO., London, England, for Spain  
DU TEMPLE & CO., Liverpool, England, for Asia Minor  
MILLWARD, BRADBURY & CO., Liverpool, England, for Brazil.
E. GRETHER, Manchester, England, for Genoa, Italy  
ZIFFER & WALKER, Manchester, England, for Brazil  
EDGAR ALLAN & CO., Sheffield, England, for Spain  
S. WALKER & CO., Wolverhampton, England, for Hong Kong. 
E. R. & F. TURNER, Ipswich, England, for Ceylon  
ASA LEES & CO.. LIMITED, Oldham, England, for Bombay  
JOHN HENRY STEWART, Withington, England, for Brazil  
FISHER & CO., Huddersfield, England, for Canada  
AGAR, CROSS & CO., Glasgow, for Argentine Republic  
LOUIS FONTAINE, La Madeleine, les Lille, France  
AMELIN & RENAUD, Paris, for Buenos Ayres  
ALEXANDER B. BARY, Moscow, Russia............................................
J. S. BERGHEIM, Vienna, Austria, for Oil Wells at Garlice-Galicia. 
JOHN McDONALD. Townsville, N. Q., Australia  
LEMGRUBER & LEMGRUBER, Rio Janeiro, Brazil ......
WALSH, LOVETT & CO., Birmingham, Eng., for the Himalayas...

  

H. P.

104
104

82
613

34
124

30
104

20
372

62
108

57
9064

50 
1748

186
51
40

107

Boilers.

{• 2 orders, 1881-1888, 2

Apr., 1888, 1
..............Mar., 1882, 2

Feb., 1884, 2
............ Jan., 1883, 1
..............Dec., 1873, 1

May, 1884, 1
Feb., 1887, 2

..............July, 1881, 1
Sept., 1888, 1
June, 1887, 1

............ Nov., 1885, 1
July, 1886, 1

.2 orders, 1886-1887, 2
 Nov., 1886, 1

..............Jan., 1887, 1
............Feb., 1887, 2

Sept., 1888, 1
............ Nov., 1888, 1

May, 1887, 1
Oct., 1887, 2

..............Oct, 1887, 1
Nov., 1887, 1
Dec., 1886, 1
Aug.,'1888, 1

............ Nov., 1884, 1
............ Jan., 1885, 1
............June, 1885, 2

Feb., 1886, 1
............ Nov,, 1886, 1
............Nov., 1886, 1
............ Dec., 1886, 1
............Oct., 1887, 1
............ Oct., 1887, 1
..........  Oct., 1887, 1

.......... Oct., 1885, 2
Dec., 1885, 1

..............Feb., 1888, 1
............Mar., 1887, 1
............April, 1887, 1
............Sept., 1887, 1
..............Jan., 1888. 1
..............July, 1887, 1
..............May, 1885, 1
............ Nov., 1886, 1
............Mar., 1887, 2

June, 1887, 1
2 orders, 1883-1884, 2
............June, 1884, 1
............Feb., 1885, 1

............ Sept., 1885, 1
July, 1886, 1

..............Oct., 1886, 1

..............Oct., 1888, 1

..............Oct., 1886, 1
............ Mar., 1887, 1

218

92 
120 
164 
122

75
30 

102
83
40 

136 
138

73 
80
51
30 

280
75 

104 
156 
280

30 
173

92
46

240 
136 
102 
104

51
20

136
30 

138 
166 
146

30 
127

35
30
51
25
26

208
51 

148
30 

195
23 
73
51 
30
35
36
15
20



T A B L E  O F  C O N T E N T S .  

P A G E .

A c c e s s i b i l i t y  f o r  c l e a n i n g  a n d  r e p a i r s  n e c e s s a r y . . , . 7 ,  3 3 ,  4 1

“ o f  B a b c o c k  &  W i l c o x  b o i l e r s  4 1

A d v a n t a g e s  o f  B a b c o c k  &  W i l c o x  b o i l e r s 3 7 - 4 2  

A i r . A m o u n t  o f , d e l i v e r e d  b y  c h i m n e y  6 1  

“ a n d  V a p o r . M i x t u r e s  o f  7 1  

“ E f f e c t  o f  s u r p l u s ,  i n  f u r n a c e 1 7 ,  4 4 ,  4 5  

“ M o i s t  a n d  d r y . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 9 , 7 1

“ r e q u i r e d  f o r  c o m b u s t i o n 4 5 ,  5 3  

“ W e i g h t  a n d  v o l u m e  o f  5 7  

A m e r i c a n  c o a l s . T a b l e  o f . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 3

A n t i - i n c r u s t a t o r s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 3

A p p e a r a n c e  o f  f i r e  a t  d i f f e r e n t  t e m p e r a t u r e s  5 5

“ o f  s t e a m  f l o w i n g  f r o m  o r i f i c e s  7 4  

A r t i f i c i a l  b l a s t  u n d e r  b o i l e r s 5 3 ,  5 5  

“ I c e  W o r k s . B a b c o c k  &  W i l c o x  b o i l e r s  i n  1 1 4

P A G E .

A s h e s  i n  c o a l s  5 3

“ M e a n s  o f  h a n d l i n g . 5 3 ,  8 4

A t t e n t i o n  n e c e s s a r y  t o  s e c u r e  d u r a b i l i t y  i n  b o i l e r s  7 9

“  “  “  e c o n o m y  “  “   7 8

“  “  “  s a f e t y  “  “   7 8

A v e r a g e  c o s t  o f  r e p a i r s  B a b c o c k  &  W i l c o x  b o i l e r s . 3 3 ,  9 3 — 9 6

A u t o m a t i c  R e g u l a t o r  f o r  s t e a m  h e a t i n g  6 9

B a b c o c k  &  W i l c o x  B o i l e r s .

E a s e  o f  t r a n s p o r t a t i o n  o f  4 2

E a s e  o f  r e p a i r s  t o  4 2

E v o l u t i o n  o f 2 7 — 3 3  

f o r  i r o n  a n d  s t e e l  w o r k s 3 4 ,  3 4 ,  5 6 ,  5 7 ,  5 8 ,  1 0 2 ,  1 0 3

F r e e d o m  f o r  e x p a n s i o n  i n  3 9

F r o n t  v i e w  o f , F r o n t i s p i e c e  8 , 1 2 , 1 8 , 4 5 , 4 6 , 4 8 , 5 2 , 5 4 , 7 1 , 7 2

H e a t i n g  s u r f a c e  i n  3 7

H i s t o r y  o f 2 5 ,  2 7 ,  2 9 ,  3 0 - 3 3

J o i n t s  i n 3 3 ,  3 5 ,  3 7

L o n g i t u d i n a l  s e c t i o n s  o f 3 4 ,  3 6 ,  5 6 ,  5 7 ,  6 5 ,  6 9 ,  8 4

O r i g i n  o f  2 5

O p e r a t i o n  o f . . 3 5

P r e s s u r e  p a r t s ,  e r e c t e d 1 1 2 ,  1 1 3

P r o p o r t i o n s  o f .  4 1

R e c o r d  o f 1 3 ,  3 3

R e f e r e n c e s  f o r  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - 9 7 — 1 1 6

R e p a i r s  t o . A v e r a g e  c o s t  o f 3 3 ,  9 3 — 9 6

S a f e t y  o f 1 3 ,  3 9

S t e a d i n e s s  o f  w a t e r - l i n e  i n  3 9

T e s t s  o f  8 1 — 9 2

B a b c o c k  &  W i l c o x  B o i l e r s . A b s o r p t i o n  o f  h e a t  i n  3 8

A c c e s s i b i l l i t y  f o r  c l e a n i n g  a n d  r e p a i r s  4 1

A d v a n t a g e s  o f 3 7 - 4 2 ,  5 6 ,  5 7

a t  M c A v o y  B r e w i n g  C o . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 2

a t  B o s t o n  S u g a r  R e f i n e r y  3 2

a t  B r o o k l y n  S u g a r  R e f i n e r y , . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 8

a t  C a r d e n a s  S u g a r  R e f i n e r y  1 4

w i t h  c o n t i n u o u s  f r o n t . . .  . . .  S 2  

w i t h  o r n a m e n t a l  f r o n t — F r o n t i s p i e c e . 6 ,  8 ,  1 2 ,  1 6 ,  1 8 ,

3 8 ,  4 0 ,  4 1 ,  4 5 ,  4 6 ,  4 7 ,  5 2 ,  5 3 ,  7 1 ,  7 2 ,  8 3

w i t h  w r o u g h t - i r o n  f r o n t 3 4 ,  3 9 ,  4 2 ,  4 3 ,  5 8

w i t h  i n d e p e n d e n t  f e e d - w a t e r  h e a t e r s . 1 0 6 ,  1 0 7

B a b c o c k  &  W i l c o x  e c o n o m i z e r 4 9 ,  5 0 ,  5 3 ,  8 4 ,  1 0 6 ,  1 0 7

B a g a s s e  f o r  f u e l . V a l u e  o f  . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 5

“  “  “ P ’ u r n a c e  f o r 1 8 , 5 5

a t  C e n t e n n i a l  4 4 , 4 5 , 8 5

a t  C h i c a g o  C i t y  R a i l w a y  7 9

a t  C o l u m b i a  C o l l e g e  6 8

a t  D e c a s t r o  &  D o n n e r  S u g a r  R e f i n e r y .  . 2 8 ,  4 6

a t  E d i s o n  E l e c t r i c  L i g h t  S t a t i o n ,  M i l a n . . . . . . . . . 9 8

a t  E d i s o n  I l l u m i n a t i n g  C o . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 6

a t  E d i s o n ’ s  L a b o r a t o r y   4 1

a t  G a m b r i l l  &  C o . ,  A r l i n g t o n  M i l l s . . . . . . . . . . . . . . . . . . . . . . . . . 9 0

a t  G r e e n f i e l d  &  C o  . . . . . . . . 4 2

a t  H a r r i s o n ,  F r a z i e r  &  C o   8

a t  K i m b a l l  H o u s e ,  A t l a n t a  3 9

a t  L o m b a r d  A y r e s  &  C o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 4

a t  L u c y  F u r n a c e . . . . . . . . . . . . . . . . . . . . .  5 6 ,  5 8

a t  M a t t h i e s s e n  &  W e i c h e r s  S u g a r  R e f i n e r y  5 8

a t  M e t r o p o l i t a n  S t r e e t  R a i l w a y ,  K a n s a s  C i t y  2 6

a t  N e w  O r l e a n s  E x p o s i t i o n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 0

a t  N e w  Y o r k  M u t u a l  L i f e  I n s u r a n c e  C o .  1 6  

a t  N e w  Y o r k  P r o d u c e  E x c h a n g e  7 2  

a t  N e w  Y o r k  S t e a m  C o m p a n y  .  . 6 4 ,  6 5 ,  6 6

a t  N o r t h e r n  I n d i a n a  H o s p i t a l  f o r  t h e  I n s a n e  6 7  

a t  P e n c o y d  I r o n  W o r k s 8 0 ,  1 0 3  

a t  P e n n s y l v a n i a  S t e e l  C o m p a n y  2 4

a t  P i t t s b u r g  S t e e l  C a s t i n g s  C o m p a n y  3 4  

a t  P l a i n f i e l d  P u b l i c  S c h o o l  . . . . . . . . . . . . . . . . .  6 9

B a r r u s ,  G e o .  H . C a l o r i m e t e r  . . . . . . . . . . . . . . . . . . . . . . . .  7 4

“  “ T e s t s  b y . .  9 1

B e n f i e l d ’ s  P a p e r  M i l l ,  M e x i c o  1 1 0

B e s t  f l u i d  f o r  h e a t  e n g i n e s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 1

B l a k e y ’ s  w a t e r - t u b e  b o i l e r  1 7 6 6   2 3

B l e a c h e r i e s  u s i n g  B a b c o c k  &  W i l c o x  b o i l e r s  I l l

B o i l e r  e x p l o s i o n s . A v e r a g e  y e a r l y  9

“  “  a t  W a s h i n g t o n ,  D .  C 1 0 , 1 1

“ a t  W e s t c h e s t e r ,  P a 1 1 ,  1 3

“  “  i n  1 8 8 0  a n d  1 8 8 7 i  9

“  “  M y s t e r y  o f . . . . . . . . . . . . . . 9 , 1 1

“ h o u s e . P l a n s  f o r . . . . . . . . . . . . 4 9 ,  5 3 ,  8 0 ,  8 2 ,  8 4 ,  9 8

“  i n s p e c t i o n . R e s u l t s  o f  9

“  I n s u r a n c e  C o . ’ s  r e p o r t s   9

“  t e s t s . R u l e s  f o r  8 0

B o i l e r s . C o v e r i n g  f o r  7 7

D e f e c t i v e ,  p r o p o r t i o n  o f  i n  u s e  9

E c o n o m y  o f  4 3

“ t o  s e c u r e  7 8

a t  P o n c e  d e  L e o n  H o t e l  7 1

a t  R a r i t a n  W o o l e n  M i l l s   3 6

a t  S e t h  T h o m a s  C l o c k  C o m p a n y . . . . . . . . . . . . . . .

a t  S o m e r s e t !  M a n u f a c t u r i n g  C o m p a n y . . .  

a t  S t a n d a r d  O i l  C o m p a n y . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

a t  T u r n e r  &  S e y m o u r  M a n u f a c t u r i n g  C o  

a t  U n i t e d  S t a t e s  C a p i t o l  

a t  “  V a n c o r l e a r ”  C o m p a r t m e n t  H o u s e . . .  

a t  V i e n n a  O p e r a  H o u s e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

a t  W o r u m b o  M a n u f a c t u r i n g  C o . . . . . . . . . . . . . . . .

a t  Y n g e n i o  C e n t r a l  I s a b e l . . . . . . . . . . . . . . . . . .

a t  Y n g e n i o  F o r t u n a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

b u r n i n g  B a g a s s e . . . . . . . . . . . . . . . . . . . . . . . . . .

“ P e t r o l e u m . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

W a s t e  G a s e s

 6

. . . . . . . . . . . . . . .  8 2

 5 4  

 4 8  

F r o n t i s p i e c e  

. . . . . . . . . . . . . . .  3 8  

 2 0  

. . . . 4 3

. . . . . . . . . . . 8 3 ,  1 0 1  

 1 8

. . . . . . . . . . . . . . .  1 8

 5 4

E f f i c i e n c y  o f  4 3  

F e e d i n g  7 5

H e a t i n g  s u r f a c e  i n . .  5 9

H o r s e - p o w e r  o f  5 9

“  P o r c u p i n e , ”  u n s a f e  1 3

R e q u i r e m e n t s  o f  p e r f e c t  7

R e s u l t  o f  b a d  s e t t i n g  o f  4 5

R u l e s  f o r  c a r e  o f  7 8

R u l e s  f o r  t e s t i n g . .  8 0

S a f e t y  i n . A t t e n t i o n  n e c e s s a r y  t o  s e c u r e  7 8

“ I m p o r t a n c e  o f  7

“ S a f e t y . ”  S o - c a l l e d  1 3

S t a y e d  s u r f a c e s  i n  1 1

T e s t s  o f 8 0 — 9 2

C a p a c i t y  o f . . . . . . . . . . . . . . . . . . . . . .

C i r c u l a t i o n  o f  w a t e r  i n

C l e a n i n g . . .  .

C o m b u s t i o n  i n . . . . . . . . . . . . . . .

C o n s t r u c t i o n  o f

C o s t  o f  r e p a i r s  t o  

C r o s s  s e c t i o n  o f  . 

D r y n e s s  o f  s t e a m  f r o m  

D u r a b i l i t y  o f . . . . . . . . . . . . . . . . . . .

5 6 ,  5 7

 3 9

1 8 ,  3 8

. . . . . . . . . . . . . . . . . . . . . . . 4 1

 3 7

. . . . . . . . . . . . . . . . . . 3 3 ,  3 5

3 3 ,  9 3 - 9 6

. 4 1 ,  4 4 ,  6 6 ,  6 8 ,  8 2

3 9 ,  7 5 ,  8 3

. 1 3 , 3 3 , 4 2 ,  9 3 - 9 6

“ W a t e r - t u b e . B r i e f  H i s t o r y  o f  2 3

“  “  B l a k e y ’ s  1 7 6 6  2 3

“  “  C o i l ,  t h e  f i r s t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 3

“  “  E v e ’ s ,  1 8 2 5  2 3

“  “  G r i f f i t h ’ s ,  1 8 2 1  2 3

“  “  G u r n e y ’ s ,  1 8 2 6 2 3 , 2 5

“  “  M c C u r d y ' s  1 8 2 6  2 5

“  “  R u m s a y ' s ,  1 7 8 8   2 3

“  “  S t e e n s t r u p ’ s ,  1 8 2 8  2 5

“  “  S t e v e n s ’ , 1 8 0 5   2 3

“  “  S u m m e r s  &  O g l e ,  1 8 3 0  2 5

“  “  T w i b i l l ’ s ,  1 8 6 5 .  2 5

“  “  W i l c o x ,  1 8 5 6   2 5

“  “  W o l f ’ s ,  1 7 9 0 - 1 8 0 4  2 3

B o o t  &  S h o e  M a k e r s  u s i n g  B a b c o c k  a n d  W i l c o x  b o i l e r s .  1 0 9

B r a s s  W o r k s  u s i n g  B a b c o c k  &  W i l c o x  b o i l e r s  1 0 4

1 1 7



 

P A G E .

E f f i c i e n c y  o f  f u r n a c e  4 5

“ o f  p u m p in g  m a c h in e r y  4 7

“  “  “ f o r  f e e d in g  b o i l e r s . . . . 7 5

E lb o w s  i n  p ip e s . R e s is t a n c e  o f  7 3

E le c t r i c  l i g h t in g . B a b c o c k  &  W ilc o x  b o i l e r s  u s e d  f o r . . 9 9

“ l i g h t  s t a t io n s . E d is o n ,  N e w  Y o r k  7 6

 “ M ila n  9 8

E m e r y . C h a s . E . E x p e r im e n t s ,  1 8 6 6 - 8  5 9

“  “ F o r m u la  f o r  C a lo r im e te r  8 3

“  “  T a b le  o f  n o n - c o n d u c to r s  7 7

“  “  “ p u m p in g  m a c h in e r y  4 7

“  “  T e s t  a t  R a r i t a n  8 1 — 8 4

E n e r g y  o f  c o n f in e d  s t e a m  9

“ o f  h e a te d  w a te r  

E n g in e s . E f f i c ie n c y  o f . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 7

E n g in e e r in g  W o r k s  u s in g  B a b c o c k  &  W ilc o x  b o i l e r s . . . 1 0 4  

E r e c t io n  o f B a b c o c k  &  W ilc o x  b o i le r s  3 5

E x p lo s io n  a t  W a s h in g to n , D . C . , i l l u s t r a t e d  1 0

“  a t  W e s tc h e s t e r ,  P a 1 1 , 1 3

“ o f “ s a f e ty ”  b o i l e r s  1 3

E x p lo s io n s . A v e r a g e  y e a r ly  9

“  C a u s e s  o f 9 ,1 1

“  d u e  t o  s t a y e d  s u r f a c e s  1 1

“  H o w  t o  p r o v id e  a g a in s t  1 1

“  I m p o r t a n c e  o f  p r o v id in g  a g a in s t  9

“  i n  1 8 8 0  a n d  1 8 8 7  ! »

“  M y s te r y  o f . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 ,1 1

E x p a n s io n  o f  a i r  a t  d i f f e r e n t t e m p e r a tu r e s . . . . . . . . . . . . . . . . . . . . . 5 7

“  “  s t e a m  a t  d i f f e r e n t t e m p e r a tu r e s  4 9

“  “  w a te r  a t  d i f f e r e n t  t e m p e r a tu r e s  5 1

“ U n e q u a l . D a n g e r  f r o m 9 ,3 9

E x p o r t  H o u s e s  &  B a b c o c k  a n d  W ilc o x  b o i le r s 1 1 5  

E u c a ly p tu s  f o r  i n c r u s t a t io n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 3

E v a p o r a t io n . F o r m u la  f o r  8 0

“ R e la t iv e ,  a t  d i f f e r e n t  t e m p e r a tu r e s  4 9

E v a p o r a t iv e  e f f i c i e n c y  o f B . &  W . b o i l e r s  . . . . . . . . . . . . 4 3 ,  8 1 — 9 2

“  “ o f  d i f f e r e n t  f u e l s 5 3 ,5 5

E v e ’s  w a te r - tu b e  b o i l e r , 1 8 2 5  2 3

P A G E .

B r e w e r i e s  u s in g  B a b c o c k  &  W ilc o x  b o i le r s  1 1 2  

B r ic k  Y a r d s  u s in g  B a b c o c k  &  W ilc o x  b o i l e r s  I l l

B r ie f H is to r y  o f  w a te r - tu b e  b o i le r s  3 3

C a b le  R a i lw a y s  u s in g  B a b c o c k  &  W ilc o x  b o i l e r s  1 0 5

C a lo r i e . V a lu e  o f . . . . . . . . . . . . . . . . . . . . . . . . 5 1

C a lo r im e te r  7 4

“  B a r r u s ’s 7 4 , 8 2

“  C o n s tr u c t io n  o f  b a r r e l  8 2

“  F o r m u la  f o r . .  8 3

“  L im i t  t o 7 4 ,8 0

C a p a c i ty  o f  B a b c o c k  &  W ilc o x  b o i le r s 3 9 ,4 1

“ S te a m  a n d  W a te r , i n  b o i le r s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 9

C a r e  o f b o i l e r s  . . . . . . . . . . .   T 8

C a r  M a k e r s  u s in g  B a b c o c k  &  W ilc o x  b o i l e r s  1 1 2

C a r n o t ’ s  c y c le . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 9

“  “ i l l u s t r a te d  . . . . . . . . . . . . . . . . . . . . . . . .

C a r p e t  M il l s  u s in g  B a b c o c k  &  W ilc o x  b o i l e r s  1 0 9

C a u t io n  n e c e s s a r y   1 3

C e m e n t  c o v e r in g  f o r  p ip e s  7 7

C e n te n n ia l a w a r d s .. . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 5

“ B a b c o c k  &  W ilc o x  b o i l e r s  a t 4 4 , 4 5 , 8 5

C e n t r a l s t a t io n s . H e a t in g  f r o m  6 5

C h e m ic a l s  f o r  p r e v e n t in g  s c a le . . . . . . . . . . . . . . . . . . . 6 3

C h e a p  j a c k e t in g  f o r  s t e a m  p ip e s . . . . . . . . . . . . . . . . . . . .  7 7

C h im n e y  a t  B ir d - C o le m a n  F u r n a c e  6 1

“  a t  P e n n s y lv a n ia  S te e l C o m p a n y  6 3

“  a t  S o m e r s e t !  M a n u f a c tu r in g  C o  8 2

“ G a s e s . L o s s  o f  h e a t  t h r o u g h 1 7 , 1 9 , 4 3 ,  5 3

“  S ta c k s . I r o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 1 ,6 2

“  “  “ b r a c in g  6 2

C h im n e y s . . . . . . . . . . . . . . . . .  .4 9 ,  5 3 , 6 0 , 6 1 , 6 2 , 8 2

“  A r e a  o f . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 1

“  C a p a c i ty  o f . . . . . . . . . . . . . . . . . . . . . 6 1

“  D ia g ra m  f o r  d r a f t  a n d  a i r  d e l iv e r e d  6 1

“  D r a f t  o f 6 1 ,6 2

“  E f f e c t o f  t e m p e ra tu r e  o n  d r a f t  o f . . 6 0 , 6 1

“  F o r m u la  f o r  . . . . . . . . . . . . . . .6 0 ,6 1 ,6 2

“  S ta b i l i ty  o f  6 2

“  T a b le  o f  H o r s e  P o w e r  o f . .  6 2

C ir c u la t io n  o f  w a te r  i n  b o i l e r s .. . . . . . . . . . . . . . . . . 9
“  “  “ i n  B a b c o c k  &  W ilc o x  b o i l e r s . . . 3 8 , 3 9

C o a l  u s e d  a n n u a l ly  7

C o a l s . T a b le  o f A m e r ic a n .. . . . . . . . . . . . . .  5 3

C o f f e e  a n d  S p ic e  M ill s  u s in g  B a b c o c k  &  W ilc o x  b o i l e r s . 1 1 4

C o lo r . E f f e c t  o f , o n  r a d ia t io n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7

C o lo r  o f  f i r e  a t  d i f f e r e n t  t e m p e r a tu r e s  5 5

C o lu m b ia  C o l le g e B o i le r s  o f . < 5 8

C o m b u s t ib l e s . T a b le  o f . 5 3

“ V a lu e  o f  d i f f e r e n t 5 3 ,5 5

C o m b u s t io n 1 7 , 4 5

“  A ir  r e q u i r e d  f o r  5 3

“  D is t r ib u t io n  o f  h e a t  o f . . . . . . . . . . . . .   1 7

“  i n  B a b c o c k  &  W ilc o x  b o i le r s . . . . . . . . . . . . . . . . 3 7

“  o f  s m o k e . . . . . . . . . . . . . . . . 4 7

“  R a p id i ty  o f , d o e s  n o t  a f f e c t  t o t a l  h e a t . . . . . .  1 7

“  “ o f ,  l im i t  t o . . 1 7 ,1 9 ,4 4

“  T e m p e r a tu r e  o f 5 3 . 5 5

C o n d u c t in g  p o w e r  o f  v a r io u s  s u b s ta n c e s  7 7

C o n s tr u c t io n  o f B a b c o c k  &  W ilc o x  b o i l e r s  3 5

C o r k  c h ip s  f o r  c o v e r in g  p ip e s . 7 7

C o s t  o f  r e p a i r s  o f  B a b c o c k  &  W ilc .o x  b o i l e r s 3 3 , 9 3 — 9 6

C o t to n  E x p o s i t io n , N . O . B a b c o c k  &  W ilc o x  b o i l e r s  a t 4 0

“ M il l s  u s in g  B a b c o c k  &  W ilc o x  b o i l e r s 1 0 7 , 1 0 8  

“ s t a lk s  f o r  f u e l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

C o v e r in g  f o r  s te a m  p ip e s ,  e tc  'i'~

F e e d in g  b o i le r s

9 , 1 1 , 1 3D a n g e r o u s  b o i l e r s . . . . . . . . . . . . . . . . . . .   . . . . . . . . . . . . . . . . . .

D e f e c t iv e  b o i l e r s . P r o p o r t io n  o f , i n  u s e . . . .  

D e n to n . P r o f .  J . E . , o n  d r y  a n d  w e t  s t e a m .  

D ia g r a m  o f  C e n te n n ia l  b o i l e r  t e s t s . . . . . . . . . . . .
“ o f  d r a f t  a n d  c a p a c i ty  o f  c h im n e y s  

“ o f  h e a t  i n  s t e a m  .. . . . . . . . .

D is t i l l e r s  a n d  B r e w e r s  u s in g  B a b c o c k  &  W ilc o x  b o i l e r s  

D ix w e l l ’s  e x p e r im e n t s  o n  s u p e r h e a te d  s t e a m  
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“ of w ood  per cord  

W et steam  > . ♦  
W ilcox ’s w ater-tube  boiler, 1856 ...........................
W olf’s w ater-tube  boiler, 1799-1806 .....................
W ood  fo r fuel. V alue  of ................ ............

“ w orkers using ; B abcock  &  W ilcox  boilers  
W ool fo r covering  pipes .......................................

“ M ineral  .
W ool &  W orsted M ills using  B abcock  &  W ilcox boilers  
W rought  steel “headers”
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