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Source of All Power! Fountam of nght and Warmth!!

Adored by the ancient husbandman as the God who blessed his
labors with a harvest of golden grain; revered by the early sage as
the great visible means of the divine creative force; pi'ctured by the
inspired artist as the tireless charioteer who drives his four fiery
steeds daily across the heavens, his head circled by a crown of rays
his chariot wheel the disk of the sun itself.

When primeval man began to think, the sun seemed to him the
cause of all those wonders in nature which ministered to his simple
wants, or taught his soul to hope. His crude feelings of awe and
gratitude blossomed into worship, and we find the sun as central figure
in all early religions. He was the Suraya of the Hindoos, the Baal
of the Pheenicians, the Odin of the Norsemen, and his temples arose
alike in ancient Mexico and Peru. As Mithras of the Parsees, he was
adored as the symbol of the Supreme Deity, his messenger and agent
for all good. - As Osiris he received the worship and offerings of the
Egyptians, whose priests, early adepts in the rudiments of science,
saw in him the cause of the annual fructifying overflow of the Nile.

Modern knowledge, with its vast array of facts and figures, can
but verify and seal the faith of these ancient observers. What they
dimly discerned as probable is.now the central fact of physical science.
From him are derived all the forces of nature which have been yoked
into the service of man. All animal and plant life draws its daily
sustenance from the warmth and light of the sun, and it is but his
transmuted energy we expend, when, with muscle of man or horse, we
load our truck or roll it along the highway. Do we irrigate the soil
from the pumps of a myriad windmills? His rays, on plains far inland,
supply the energy for the breeze which turns their vanes!

Does a lumbering wheel drive a dozen stamps and a primitive
arastra in some Mexican canyon? Do mighty turbines whirl a million
flying spindles and shake thousands of clattering looms on the banks
of some New England stream? From the bosom of the ocean and the
swamps of the tropics, Helios lifted those vapory Titans whose lifeblood
courses in the mountain torrent and the river of the plain!
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Do a hundred cars rattle up the steep streets of the smiling city =
by the Golden Gate? Are massive ingots of steel forged to shape
and size by the giant hammers of Bethlehem? The fuel which
gives them motion was stored for us, ages before man was evolved,
by the rays which flash from his chariot wheels! ¢“The heat now
radiating from"ém“ fire .pl'até;). has at some time previously been trans-
mitted to the earth from the sun.-. If it be wood that we are burning,
then we are- .usmg ‘the Sunb&:a.ms that have shone on the earth within
a few decades. If it be coal, then we are transforming to heat the
solar energy which arrived at the earth millions of years ago.”

Professor Langley remarks that “‘the great coal fields of Pennsyl-
vania contain enough of the precious mineral to supply the wants of
the United States for a thousand years. If all that tremendous
accumulation of fuel were to be extracted and burned in one vast
conflagration, the total quantity of heat that would be produced would,
no doubt, be stupendous, and yet,”” says this authority, who has taught
us so much about the sun, ‘‘all the heat developed by that terrific
coal fire would not be equal to that which the sun pours forth in
the thousandth part of each single second.”

The almost limitless stores of petroleum which are found in
America and in Asia, and the smaller, though still vast supplies of
natural gas which some favored localities are now exploiting, represent
but so much sun-energy transmuted through forests of prehistoric
vegetation.

Another authority tells us that the total amount of living force
“which the sun pours out yearly upon every acre of the earth’s
surface, chiefly in the form of heat is 800,000 horse-power.”” And
he estimates that a flourishing crop utilizes only # of 1 per cent of
this power.

Remernbering, then, that this sun-energy reaches us only one-half
of each day, we may, whenever we learn how, pick up on every acre
an average of 175 horse-power during each hour of daylight, as a
surplus which nature does not require for her work of food production.

Attempts to utilize this daily waste have been made, and future
inventors may fire their boilers directly with the radiant heat of the
sun. But whether we depend on what he garnered for us ages ago,
or quite recently, or on the stores he will lavish on us in the future,
it is clear that man’s continued existence on earth is directly dependent
on Helios.

In olden times the various trades or guilds chose as their patron
saint some prominent person who was thought to have embodied in
his life-work the special means and methods of their craft. By that
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token we claim Helios as our own. He has always carried the record
for evaporative efficiency. He provides both the fuel and the water
for our boilers. He teaches us perfect circulation, upward as mingled
vapor and water by the action of heat, and down again by gravity
as rain and river in solid water. It is therefore fit that the boiler in
which this perfect and unobstructed circulation is made the leading
feature of construction should have HELIOS as its emblem!

In the following pages we give some account of the fuels used
in the practical arts, of the water which becomes the vehicle for
transmitting their energy into mechanical power, and of the limitations
imposed by their varying conditions. These must all be taken into
account in estimating how much we may expect of certain combina-
tions of machinery. Much of the text and many of the tables are
taken from Mr. David Kinnear Clark’s admirable book on the steam
engine, for which his consent and that of his publishers, Messrs,
Blackie & Son, was courteously given. We also, by permission,
quote freely from such authorities as Mr. Emerson McMiliin, Prof. Wm.
B. Potter, Prof. R. H. Thurston, Mr. J. M. Whitham, Prof. D. S.
Jacobus, Prof. Ordway and others. Thanks are also due for valuable
matter to Messrs. Henry R. Worthington, The B. F. Sturtevant Co.,
Mr. Alfred R. Wolff, Mr. C. W. Owston and Messrs. Hunt & Clapp.
In most instances we indicate the scource by initials.

We trust that the tables and data may be found convenient for
ready reference alike by professional men, by manufacturers, and by
that growing class of practical steam engineers who realize that true
theory, consonant with collective experience, is within the reach of
every thoughtful man who pulls the throttle.

E. D. M.
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HEAT.

Heat is the form in which we receive most of the sun-energy.  In the
various fuels it exists in a potential form requiring combustion, 7. e., combi-
nation of the active elements of the fuel with the oxygen of the air, to
reappear in its active form.

““HEAT AS A FORM OF ENERGY is subject to the general laws which gov-
ern every form of energy and control all matter in motion, whether that
motion be molecular or the movement of masses.

““That heat is the motion of the molecules of bodies was first shown by
experiment by Benjamin Thompson, Count Rumford, then in the service of
the Bavarian Government, who in 1798 presented a paper to the Royal
Society of Great Britain, describing his work, and reciting the results and
his conclusion that heat is not substance, but a form of energy.

“This paper is of very great historical interest, as the now accepted
doctrine of the persistence of energy is a generalization which arose out of a
series of investigations, the most important of which are those which resulted
in the determination of the existence of a definite quantivalent relation be-
tween these two forms of energy and a measurement of its value, now known
asthe ‘mechanical equivalent of heat.” The experiment consisted in the de-
termination of the quantity of heat produced by the boring of a cannon at the
arsenal at Munich.”’

Work in the same direction was done by Sir Humphrey Davy, Sadi
Carnot, Dr. Mayer and Mr. Colding. But Dr. Joule, from 1843 to 1849,
made a series of experiments by various methods, the results of which
have been generally accepted as satisfactory.

Quantities of heat are measured, in English units, by what is termed
the British Thermal Unit, or for brevity,.B. T. U. The B. T. U. is the
quantity of heat required to raise 1 Ib. of pure water from a temperature of
62°F. to 63°F., and has an equivalent in mechanical units of power. This s
frequently called simply a Heat Unit or designated by H. U.

The mechanical unit of power is the foos-pound, or the power required
to raise 1 pound, 1 foot high. Joule’s experiments, and those of later investi-
gators, show 772 ft. Ibs. to be equivalent to one B. T. U. This number,
772, is known as Joule’s equivalent or symbolically J. 33000 ft. lbs. per
min. was called a %orse power by Watt, and is used as such to-day, it being
the unit for large powers.

The electrical unit of power is the Wa#¢, which is the product of 1 ampere
%1 volt. 746 Watts are equivalent to 1H. P. or 33000 ft. Ibs. Hence the Watt
has an equivalent in heat units also.

Water power is measured in terms of the height of fall or velocity of flow,
and the quantity or weight of water passing, the result, however, being in
mechanical units. Hence P=HXW XV, where P = ft. Ibs. per sec., H=
height of fall in ft., W = weight per cu. ft. of water, V= cubic feet of
water falling per second.



Since V* =2 gH. we have P =21:>< V X W where P, V, and W, are the
same as before and v the velocity of flow of the water in ft. per sec. and
g =32.2.

Owing to the frictional losses and the inefficiency of all kinds of water
motors, more than 80 per cent. of this theoretical power is rarely ever realized.
The best types of water motors give only 80 to 90 per cent, efficiency.

The following table shows the relation of the various units:

TABLE NO. 1.

Equivalents of Power and Heat.

B. T. U. " Ft. lbs. Watts.
1 — 772 = 17.45.
43,78 = 33000 = 746 = S ETSmRA

In the French or metric system of units, a Heat Unit or Calorie is the
quantity of heat required to raise 1 Kilogram of pure water 1° Cent. at or
about 4° C. 4

The following tabular statement shows the relation of the French and
English units :

TABLE NO. 2.

French and English Units Compared.

1 Calorie- - e 3.968 B. T. U.

0.252 Calorie_ - . INESSE [

French Mechanical Equivalent,

423.55 Kilogram-metres, ~ J T oosmout, Tbs:

10.76 Kilogram-metres______________ __________________ J, or 772 ft. Ibs.
For convenience in translating French or German results in to English

or American we have the following compound units :

TABLE NoO. 3.

Equivalent Compound Units.

1 Calorie per square metre___________________ 0.369 B. T. U. p. square ft.
1B.T.U.or1H.U. p.square ft - ________ 2.713 Cal. p. square metre.
1 Calorie p. Kilogram__ . - ______________ 1.800 H. U. per pound.
1H. U.p.poundeo oo o 0.556 Cal. p. Kilogram.

¢‘HEAT TRANSFORMATIONS may take place, through the action of physi-
cal and chemical forces, into any other known form of energy, and another
form of energy may betransmuted into heat. Nearly all physical pheno-
mena, in fact, involve heat-transformation in one form or another, and in a
greater or less degree, under the laws of energetics.  According to the first
of those laws, such changes must always occur by a definite quantivalence,
and when heat disappears in known quantity it is always certain that
energy of calculable amount will appear as its equivalent ; the reverse is as
invariably the case when heat is produced ; it always represents and meas-
ures an equivalent amount of mechanical, electrical, chemical, or other
energy.

£}
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“‘Heat and Mechanical Energy are thus evidently subject to the general
laws of transformation of energy, and the transmutation of the one into the
other must always be capable of treatment mathematically. The relations
of these two forms of energy are taken as the subject of a division of ener-
getics known as the science of thermodynamics, and a vast amount of
study and research has been given by the ablest mathematical physicists of
modern times to the investigation of its laws and their applications, and to
the building up of that science.

“The conversion of water into steam in the steam boiler and the utiliza-
tion of the heat-energy thus made available, or in heated air and other
gases, in steam or other heat-engines, constitute at once the most familiar
and the most important of known illustrations of thermodynamic phenomena
and their useful application, The process of making steam is one of pro-
duction of heat by transformation from the potential form of energy through
the action of chemical forces, and its storage in sensible form for later use
in the steam-engine, where it is changed into equivalent mechanical energy.
The pure science of the steam-engine is thus the science of thermedynamics,
the first applications of which are made in the operations carried on in the
steam-boiler.

““SENSIBLE AND LATENT HEATS must be carefully distinguished in study-
ing the action of heat on matter. =~ The term ‘Sensible Heat’ scarcely re-
quires definition ; but it may be said that sensible and latent heats represent
latent and sensible work ; that the former is actual, kinetic, heat-energy,
capable of transformation into mechanical energy, or vis viva of masses,
and into mechanical work ; while the latter form is not heat, but is the
equivalent of heat transformed to produce a visible effect in the performance
of molecular, or internal as well as external, work, and visible alteration of
volume and other physical conditions.

¢“It is seen that heat may become ‘latent’ through any transformation
which results in a definite and defined physical change, produced by expan-
sion of any substance in consequence of such transmutation into internal and
external work ; whether it be simple increase of volume or such increase
with change of physical state. ;

““THE LATENT HEAT OF EXPANSION is a name for that heat which is
demanded to produce an increase of volume, as distinguished from that un-
transformed heat which is absorbed by the substance to produce elevation of
temperature. .The latent heat of expansion may, by its absorption and
transformation, and the resulting performance of internal and external work,
cause no other effect than change of volume, as e. g., when air is heated,
or it may at the same time produce an alteration of the solid to the fluid, or
of the liquid to the vaporous state, as in the melting of ice or the boiling of
water, in which latter cases, as it happens, no elevation of temperature
occurs, all heat received being at once transformed. In the expansion of
air, and in other cases in which no such change of state occurs, a part of
the heat absorbed remains unchanged, producing elevation of temperature ;

while another part is transformed into latent heat of expansion.”’
: Re LT



We give below tables of the boiling and melting points of var{ious"i
substances, and the linear expansion of various solids.
TABLE NO. 4.
Boiling Points of Various Substances.

At Atmospheric Pressure at Sea Level.

SUBSTANCE. Degrees | SUBSTANCE. Degrees
A coho] SIS S RN, 1735 sSulplhud S SRESRe oo s 1L 570
AmmonjalBL TSR Pl e 140 || Sulphuric Acid, s. g. 1.848__| 590
Benzine SoEESERAEE RS E R & 176 || Sulphuric Acid, s. g. 1.3____| 240
(ChRll Qe ST S o 325 || Sulphuric Ether -___________ 100
Linseed Oil - ___________ 597 || Turpentine —__- ____________ 315
Mercury - 643K AW/ AtE At SR NS &2 212
INapth oS SN AL, 1865 AWater; i1 catisaiiatind S8 S 213.2
Nitric Acid, s. g. 1.42______ 248 || Water, Saturated Brine_____ 226
Nitric Acid, s. g. 1.6 __ 200 \Wead "Spirit - i o= 150
Petroleum Rectified_________ 316
TABLE NO. 5.
Melting Points of Metals. |Melting Points of Various Solids.
From D. K. C. From D. K. C. and H.
METAL. Brcicss SUBSTANCE. Degrees
Alaminm =22 ST & o Fiear® |l Carbonic Acid-____________ —108
Antimony ______ ___________ 151150} (G a'SSIENEESINE SIS 2377
Bismuth - _____. 5017 [[lce NIt S 32
Bronze - __________________ 1690! NEard St L R . Ll 95
Copper-— .. __ 1996 || Nitro-Glycerine ______._____ 45
Gold, Standard - .. ... 2156 || Phosphorus - .- _____ 112
Gold, Pure———____________ 2282} [ Pitch M= S s e e 91
oW EastHi(Gra YL SIS, 2012||(\Saltpetrel=t S Tttt T &E 606
. 1922 || Spermacetti - ... __________ 120
Iron, Cast, White_ ________ { to 109
2012 | Stearine - - - ________ to
Iron, Wrought _____________ 2912 120
[Feadi=SUEN N N R e Gl | ESulphur SR SMesa oo Tae .t 239
Mercury_ . ____________ —39 | Tallow . __________________ 92
ST ool B i b 1873 || Turpentine ... ____________ 14
Steel {2372 Wax, Rough-— . ________ 142
S| S o8 oo oo e o e to
9559 Wax, Bleached - __________ 154
] e 442
Zing————__ _____._____ 1 __ 773
Melting Points of Fusible Plugs.
From D. K. C.
Softens at Melts at lSoftens at| Melts at
2 Tin, 2 Lead-_____ 3656 | 372 (2 Tin, 7 Lead-_____ 377% | 388
2 Tin, 6 Lead-—____ 372 | 383 |2 Tin, 8 Lead-—.-_- 3954 | 408
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3000 H. P. Plant of Heine Boilers in process of erection at the
HARRISON ST. STATION OF THE CHICAGO EDISON CO.
(Completed Boiler Plant will aggregate 20000 H. P.)



TABLE NO. 6.

Expansion of Solids at Ordinary Temperatures.

DEKENE
Coefficient ’Tota] Expansion between 32° Fahr. and 212° Fahr.
SUBSTANCE. for ;

1° Fahr. Decirfz:‘,ffﬂue::a'lction. RO et

Feet. Inches.
Aluminum (Cast) - _________. .00001234 | .002221 Ysgso .02221 .2664
Antimony (Crystallized)----—___ -| .00000627 .001129 1/sss .01129 .1336
Brass (Cast)-ccocaoooooo_o . .00000957 .001723 1/561 .01723 2067
Brass (English Plate) - ___ .00001052 | .001894 /509 .01894 2273
Brass (Sheet) - __ .00001040 | .001872 1/535 01872 .2246
Brick (Best Stock)--_-——_______ .00000306 .000550 11818 00550 .0660
Brick in Cement Mortar (Headers)| .00000494 000830 1n1g3 .00890 .1068

Brick in Cement Mortar(Stretchers,| .00000256 .000460 /2174 .00460 L0552
BTN ZETS S NN LT o= A .00000975 | 001755 1/568 .01755 .2106
Cement (Roman, Dry) ——_______. .00000797 .001435 1694 .01435 722
Cement (Portland, Neat) --______ .00000594 .001070 /935 .01070 .1284
Cement (Portland, with Sand).-.| .00000656 .001180 sy .01180 1416
(S0 ppe =it I o N - .00000887 | .001596 eos .01596 1915

Glass (Flint) - ______ .00000451 .000812 /1284 .00812 0974 .
Glass (White, Free from Lead)--{ .00000492 | .000886 11130 .00886 .1063
Glass (Blown) ———co oo ______. .00000498 .000896 1 .00896 1075
Glass (Thermometer) - ____ .00000499 | .000897 1n .00897 .1076
Glass (Hard) - oo .00000397 | .000714 1400 .00714 .0857
Granite (Gray, Dry) ---.- _____ .00000438 | .000789 | /1266 .00789 0947
Granite (Red, Dry) - ____ .00000498 | .000897 11 - .00897 .1076
Gold (PUre) -eoooeee . .00000786 | .001415 | 1z | .01415 | .1698
Iron (Wrought) - o_______ .00000648 .001166 1/s66 .01166 .1399
Iron (Swedish) - ______ .00000636 | .001145 1/s73 .01145 1374
Iron] (€ 2s t5) po i I atin S .00000556 | .001001 1/1000 .01001 .1201
Irong(Sofl)E-tNail SN R .00000626 .001126 1/s9r .01126 .1351
Lead - ___| .00001571 .002828 /353 .02828 .3394
Marble (Ordinary, Dry) -..______ .00000363 | .000654 /1530 .00654 .0785
Marble (Ordinary, Moist)-———-__. .00000663 | .001193 | /s 01193 | .1432
Mercury (Cubic Expansion) ----. .00009984 .017971 1/56 17971 | 2.1565
Niclkel=2£e smmanaTEIAE LTaE oL .00000695 .001251 1/s00 .01251 .1501
Plaster (White) —-ccoooo_______ .00000922 | .001660 | /g2 01660 | .1992
Platinum - _______ .00000479 .000863 V1139 .00863 .1036
Silver (Pure) - oo _____ .00001079 .001943 1514 .01943 .2334
Slate oo oo ool ool R sl .00000577 .001038 1/967 .01038 .1246
Steel (Cast)- oo .00000636 | .001144 | Vs 01144 | .1373
Steel (Tempered) --ccccomomoo___ .00000689 .001240 1/308 .01240 .1488
Stone (Sand, Dry) -cccceeaoooo_. .00000652 .001174 1/s59 01174 .1409
Binl=2221" SR e e NI e .00001163 | .002094 Yarr .02094 2513
Wood (Pine) -coo o ________ .00000276 .000496 106 | .00496 0595
A e e .00001407 | .002532 1/395 .02532 .3038
Zinch8 Jein i SNt .00001496 | .002692 | Va2 .02692 | 3230
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The Specific Heat of a body signifies its capacity for heat or the quan-
tity of heat required to raise the temperature of the body one degree
Fahrenheit, compared with that required to raise the temperature of an.

equal weight of water one degree.

TABLE NO. 7.
Specific Heats.
D. K. C.
SUBSTANCE. | SPECIFIC HEAT. H SUBSTANCE. SPECIFIC HEAT.

[Ea e i | 0.504 Anthracite -~ 0.2017
Water at 32° F___ 1.000 {Oak Wood_______ 0.570
Gaseous Steam___ 0.475 IRV, 0o dRSe SS9 as 0.650
Saturated Steam.__ 0.305 Oxygen (Equal
Mercury - _______ 0.0333 Weights; Con-
Sulphuric Ether, stant Volume)__ 0.1559

Density .715___ 0.5200 Air (at Constant
Alcohol _________ 0.6588 | Pressure)______ 0.2377
Lead -________.__ 0.0314 ‘Air (Equal Weights
Gold .- ________ 0.0324 Constant Vol.).. 0.1688
10D e At 0.0566 Nitrogen (Equal
Sl e E 0.0570 Wgts ; Constant
B S e e } 0.0939 Volume) _______ 0.1740
Copper - -_______ 0.0951 Hydrogen (Equal
/T R RS | 0.0956 Wgts ; Constant
Nicke | SOEERISE ‘ 0.1086 Volume)______.. 2.4096
Wrought Iron____ 0.1138 to 0.1255 |Carbonic Oxide
Sice ]| ST .. 0.1165 to 0.1185 (Equal Weights;
Cast lron________ | 0.1298 Constant Vol.)_ 0.1768
Brickwork and Ma- Carbonic Acid

SONIy __________ 0.200 (Equal Weights;
(Crmlll o e e | 0.2411 Constant Vol.)- 0.1714

250 H. P. Heine Boiler “‘en route.”
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COMBUSTION.

Combustion or Burning is the chemical combination of the constituents
of the fuel, mostly carbon and hydrogen, with the oxygen of the air. The
nitrogen remains inert and causes loss of useful effect to the extent of the
heat it carries off through the chimney.

The hydrogen combines with enough oxygen to form water which
passes off as steam.

The carbon combines with enough oxygen to form carbonic acid or car-
bon dioxide gas (perfect combustion) or with only enough to form carbonic .
oxide or carbon monoxide gas (imperfect combustion).

The following table gives the quantities of air, the heat evolved and the
resulting temperature from the combustion of constituent parts of fuel, under
the supposition that the chemical requirements are exactly fulfilled :

TABLE NO. 8.

Combustion Data.

@) 55 AL
Wgt. of I UEE% Resulting
Nt Oxygen| Amount of air |€x =%, temperat’e of
COMBUSTIBLE. 9 COMBUSTION PRODUCT. |per Ib of/consumed per Ib.| 5§ & &3 c o m bustion.
Weight. Com- | of combustible. |5 g,@‘g Nosurplus
bustible Vo ¢ |air assumed.
(Hy=1 Lbs. | Lbs. | $3. % |B.T.U.| Deg. Fahr.
Oxygen (O)----- 1 | eI
Hydrogen (H)----{ 1 |Water (H:O)__.____. 8.0 |34.8 | 457 62032i 5898
Larbom; (E)==-2== 12 Carbonic oxide (CO).| 1.33 | 5.8 76 4452 2358
Carbon (C)------ 12 Carbondioxide (CO2).| 2.66 |11.6 | 152 | 14500 4939
Carbonic oxide
(EQ)E=maern 28 |Carbon dioxide -—---__ 0.57 | 2.48| 33 4325, 5508
Marsh gas (Cz Hys)
(lighthydrocar’n)! 28 |CO: and H2O--_____ 3.43 |17.4 | 229 | 23513 9624
Olefiant gas (CH4)'
(heavy hydrocar-
bon) -——=-- -2 ‘ CO2 and H:O.______ 4,00 |15.0 | 196 | 21343| 9775
Sulphur (S)---__. I3 M SHE g e TR =S 1.00 | 4351 b7 4032' 3637

Conditions for the Complete Combustion of Fuel in Furnaces.

For insuring completeness of combustion, the first condition is a sufficient
supply of air ; the next is that the air and the fuel, solid and gaseous, should
be thoroughly mixed; and the third is that the elements—air and combusti-
ble gases—should be brought together and maintained at a sufficiently high
temperature. The hotter the elements the greater is the facility for good
combustion.

RULE 1. 7o find the quantity of air at 62° F., under one atmosphere,
chemically consumed in the complete combustion of one pound of fuel of a given
composition. Let the constituent carbon, hydrogen, and oxygen be expressed
as percentages of the total weight of the fuel. To the carbon add three
times the hydrogen, and from the sum deduct four-tenths of the oxygen.
Multiply the remainder by 1.52. The product is the quantity of air at 62° F.
in cubic feet.

Formula:—A = 1.52(C 4+ 3 H— .40) (1)



To find the weight of the air chemically consumed, divide the volume "
found as above by 13.14 ; the quotient is the weight of the air in pounds.

RULE 2. 70 find the total weight of the gaseous products of the complete
combustion of one pound of a fuel, multiply the percentage of constitutent
carbon in the fuel by 0.126, and that of hydrogen by 0.358. The sum of
these products is the total weight of the gases in pounds.

Formula :—W = 0.126 C + 0.358 H (2)

RULE 8. 70 find the total volume, at 62° F., of the gasecous products of
the complete combustion of one pound of fuel, multiply the constituent percent-
age of carbon in the fuel by 1.52, and that of hydrogen by 5.52. The sum
of these products is the total volume in cubic feet.

Formula:—V = 1.52 C + 5.52 H (3)

The corresponding volume of the gases at other temperatures is given
by the formula— '
V=V5& @

523

In which V is the volume at 62° F., t’' is the other temperature and V' the
corresponding volume. That is to say, the volume at any other temperature
t" is found by multiplying the volume at 62° by (1’ plus 461), and dividing -
by 523. '

RULE 4. 70 find approximaiely the toial heating power of one pound of
a combustible, of which the percentages of the constituent carbon and hydrogen
are given. To the carbon add 4.28 times the hydrogen, and multiply the
sum by 145. The product is the heating power in British units.

Formula :—h — 145 (C -+ 4.28 H) (5)

RULE 5. 7v find the tolal évaporative power, at 212° IF., of one pound
of combustible, of whick the percentages of the constituent carbon and hydro-
gen are given. To the carbon add 4.28 times the hydrogen, and multiply
the sum by 0.13 when the water is supplied at 62° F., or by 0.15 when the
water is supplied at 212° F. The product is the total evaporative power of
one pound of the combustible, in pounds of water evaporated at 212° F,

Formula :—(Water supplied at 212°), E = 0.15 (C 4 4.28 H) (6)

In most cases an additional or surplus quantity of air is required to
facilitate the completion of the combustion of fuel beyond that which is
chemically consumed ; but the proportion of surplus air requived appears to
diminish as the rate of combustion and the general temperature in the furnace
are increased. For instance, for the most perfectly managed furnaces of
boilers in Cornwall, Mr. Hunt found that there was as much free oxygen in
the gaseous products in the chimney as was chemically consumed in combus-
tion. Again, Messrs. Delabeche and Playfair found that the surplus oxygen
varied from a fourth to a half; and from the statements of Mr. Longridge
with regard to experimental trials at Newcastle with Hartley coal, it appears
that the surplus air amounted to only 9 per cent. These proportional surplus.
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quantities, observed under very different circumstances, are found to diminish

as the rates of combustion increase, thus:
Coal Consumed per Square Foot

of Grate per Hour, Surplus Air.
Cornish Boilers—-—---———— 2 Ibs. to 4 Ibs-----_ 100 per cent.
Delabeche and Playfalr--lo Ibs. to 16 lbs -——--- 25 to 50 per cent.
[ZongridgcBrt NamRE=S 08 20 Ibs. and upwards-- 934 per cent.

These results are roughly indicative of the law of the excess of air. In
the instance of Hartley coal, above quoted, on the authority of Mr. Longridge,
the composition of the sample under trial was as follows:

(G a5iD0 N NS N - WS I CHID LY WVRSRPIE = WS 81.5 per cent.

Hydrogen - - el 5.2 per cent.

NItrogen - - - oo el 1.5 per cent.

O XY N oo oo o o e 6.2 per cent.

S cstomcmrmecnocanoomsbito ot crmrcascaomoammoe 1.1 per cent.

S e o == 4.5 per cent.
100.0

The quantity of air chemically consumed in the combustion of one pound
of this fuel by formula (1), is 144 cubic feet at 62°. The actual quantity of
air that was admitted below and about the fire was, according to Mr. Long-
ridge, 158 cubic feet, being 14 cubic feet, or 9% per cent, in excess, when
smoke was entirely prevented. He mentions, at the same time, that with the
ordinary system of stoking, when dense smoke was given off, the quantity
of air that passed through the furnace, exclusively through the grate, was
only at the rate of 100 cubic feet per pound of coal. This was little more
than equal to what was sufficient to burn the fixed portion of the coal.

Below we give a table giving the conditions and results of perfect com-
bustion for the fuels in common use.

As this table is from English sources the heatof combustion and equiva-
lent evaporative power of the coal is much higher than our American coals
warrant, as the tables of American coals, p. 20 will show. In applying the
table to practical cases, the surplus air which reduces the efficiency must
be taken into account. It is good practice to get in actual evaporation 60 per
cent. of the theoretical evaporative power for the poorer, and 70 per cent.

for the better kinds of coal :
TABLE NO. 9.

Total Heat Evolved by Various Fuels and their Equivalent
Evaporative Power, with the Weight of Oxygen and
Volume of Air Chemically Consumed.

D. K. C.
Weight of Quantity of Ai A | o e
an (o) ir ota. eat o
FUEL, Oxygden ColrI;- Co:sumeﬂ per Ib. Combustlon Powve‘-:'p(?fn} I;?of
Su";g FE:{ . of Fuel. of 1 Ib. of Fuel. | Fuelfrom and
s at 212°.
Lbs. | Lbs. Cu. ft. at 62°. B.T. U. Lbs.
Ely A0z e Nt ‘ 8.0 34.8 457 62000 62.40
Carbon-—. { MakingCar- | 3.6 11.6 152 14500 15.0

Sulphur - ______ 1.00 4.35 57 4000 4,17
Coal, average desstcated- 2.45 10.7 140 14700 15.22
Coke, 2.49 10.81 142 13548 14.02
Lignite, perfect--——--—_- 2.04 8.85 116 13108 13.57
Asphalt - ________ 2.74 11.85 156 17040 17.64
Wood, dessicated-._-._- 1.40 6.09 80 10974 11.36
- 2opercent moisture 1.05 4.57 60 7951 8.20
Straw, 1534 per ct. moist. 0.98 4.26 56 8144 8.43
Petroleum - ___________ 3.29 14.33 188 20411 21.13
Petroleum Oils--—-._.__. 4.12 17.93 235 27531 28.50
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For average American coals the following table gives good approximate -
results for the temperature and volume of gases, 7z the furnace, under the
varying conditions of practice. In applying it the actual quantities of air
used should be measured by an anemometer :

TABLE NO. 10.

Temperature of Combustion and Volumes of Products.

J. M. W.
Supply of Airin Ibs. per Ib. of Fuel.
TEMPERATURE OF B
Gas, 12 Ibs. 18 Ibs. 24 Ibs.
FAHRENHEIT.
Volume of Air or Gases in Cubic Feet at Each Temperature.
32 150 225 300
68 161 241 322
104 172 258 344
212 205 307 409
392 259 389 519
572 314 471 628
752 © 369 553 738
1112 479 718 957
1472 588 882 1176
1832 697 1046 1395
2500 906 1359 1812
3275 1136 1704 | -
4640 1551 |

Brown Palace Hotel, Denver, Col.
Heat and Power from 520 H. P. of Heine Boilers.
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COAL.

Coal is by far the most important fuel in use. The cases where wood
is used are exceptional, and becoming more so as population increases and
timber becomes scarce and more in demand for structural purposes. Very
favorable local conditions are necessary before fuel oils or gases can compete
with coal. 1t is interesting to trace the gradual increase in the demand for
coal.

In England coal was first used in the twelfth century, and was then and
long after known as sea-coal to distinguish it from char-coal. This name
was given it from the fact that it was first believed to be a marine product,
being gathered among the seaweed and other wreckage cast up by the waves
on Northumbrian beaches. Later on the name was given to coal brought
from over the sea.

About the year 1200 the English began to dig coal systematically for the
use of their smiths and lime burners. In 1281 the entire coal trade of New-
castle on Tyne amounted to about $500 a year. In 1307 the brewers,
dyers, etc., of London had so generally adopted coal in their works that a
commission to abate the smoke nuisance was instituted. Its powers and
methods were far less restricted than those of similar commissions now being
very generally instituted in American cities.

In dwellings coal was not used till the middle of the fourteenth century,
since chimneys had first to be invented, but early in thefifteenth century we
find Falstaff sitting ‘“at the round table, by a sea-coal fire.”’

In 1577 a writer says in regard to the coal mines, ‘‘Theyr greatest trade
beginneth now to grow from the forge .into the kitchin and hall.”” When
the Stuarts came to the English throne they made the use of coal fashiona-
ble, so that in 1612 a writer states that it had become ‘‘the generale fuell of
this Britaine Island.” ““Coking’’ coal (originally ‘‘cooking’’ it) came in
vogue about 1640, and in 1656 an English knight anticipated the St. Louis
Smoke Committee of 1892 in attempting to introduce coke for domestic pur-
poses. But as late as 1686 sea-coal and pit-coal were considered ‘‘not use-
ful to metals,”” and char-coal still held the field in smelting furnaces. But
during the next fifty vears, lead, tin and finally iron furnaces began to use
coal. Soon after the gradual development of steam power began. In 1800
the total production of coal in Great Britain had reached ten million tons. In
1891 the records show 185,479,126 tons of which about 1-6 was exported,
1-6 was for domestic use, and the other 2-3 was consumed in the arts and
manufactures.

In the United States up to 1860 the use of wood as fuel, for dwellings,
for factories, steamboats and locomotives was quite general, except in the
anthracite coal districts. But since then the use of bituminous coal has in-
creased rapidly and steadily for all purposes.
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The following table gives the amounts of coal produced during the last

twelve years:
TABLE No. 11.

Amount of Coal, in Tons of 2000 Ibs.,Mined in the United States
Since 1880.

YEAR. ANTHRACITE. ALL OTHERS. TOTAL.

1880 26,249,711 47,398,286 73,647,997
1881 31,920,018 56,327,412 88,247,430
1882 32,614,507 65,588,241 98,202,748
1883 35,418,353 72,663,765 108,082,118
1884 36,558,478 73,836,730 110,395,208
1885 38,335,973 74,273,838 112,609,811
1886 39,035,446 75,624,846 114,660,292
1887 42,088,196 88,887,109 130,975,305
1888 46,619,564 98,850,642 145,470,206
1889 39,656,635 98,460,065 138,116,702
1890 46,468,640 109,604,971 156,073,611
1891 50,665,431 . 118,878,517 169,543,948
1892 49,735,744 122,033,611 171,769,355

In the United States a long ton of coal is 2240 Ibs.

In the United States a short ton of coal is 2000 lbs.

In Illinois, Kentucky and Missouri 80 Ibs. of bituminous coal make a
bushel.

In Pennsylvania, 76 Ibs. of bituminous coal make a bushel.

In Indiana 70 Ibs. of bituminous coal make a bushel.

A cubic foot of solid anthracite coal weighs 93.5 Ibs.

Forty-two cubic feet of prepared anthracite coal weigh one long ton.

CoOAL may be arranged in five classes :

1st. Anthracite, or blind coal, consisting almost entirely of free carbon.

2d. Dry bituminous coal, having from 70 to 80 per cent. of carbon.

3d. Bituminous caking coal, having from 50 to 60 per cent. of carbon.
4th. Long flaming or cannel coal, having from 70 to 85 per cent. of
carbon.

oth. Lignite, or brown coal, containing from 56 to 76 per cent. of
carbon.

In the United States the anthracites are found mainly in the eastern
portion of the Allegheny Mountains and the Rocky Mountains of Colorado ;
the dry bituminous coals in Maryland and Virginia ; the caking coals in the
great Mississippi Valley ; the cannel coals in Pennsylvania, Indiana and
Missouri; the lignites in Colorado, Texas and Washington. The second and
third classes furnish the best steam coal.

The following table, compiled from a number of analyses of coals
bought in the open market may prove of value, bearing in mind what we
said of the difference between theoretical and practical heating powers.
(See p. 15.)

We will add what a noted German engineer, Mr. F. Bode, says on this
point: ““ Zhe calculation of the calorific value of a given coal from an elementary
analysis is unreliable, and often gives results greatly at variance with an
actual calorimetric test.”’



TABLE NO. 12.

Table of American Coals.
Constituents in Per Cent of Fuel Value Per Lb.
Total Weight, of Coal.
COAL. 5 - . 5|28 5&'
g | g | o8 . 5 52 | B 3 |2=88
Name or Locality. 2 = ﬁ.g 5 £ =2 e BE 3‘-5“ -'?'é
g | S | &g | < 5 2 [ 8| 858y
= 2 196 |9 §leass
ARKANSAS.
Coal Hill, Johnson Co.-—een-- 1.35|14,93 | 74.06 | 9.66| 3.04 | 13713 14.1
Coal Hill, Johnson Co.----—-- 1.70 | 14.60 | 74,91 | 8.79| 3.04 11812 | 12.22
Huntington Co.mmmmceece oo 1.30(18.95 | 71.51 | 8.24| 0.78 11756 | 12,17
Huntingtonf(So  =sSStacesiaas 1.30 | 18.90 | 78.15| 6.65| 0.75 11907 | 12.32
Huntington Covmceemeceooo 1.27 | 18.89 | 71.74 | 8.10| 0.65 12537 | 12.97
ILETE cocoemmoomoommmansases 9215 9.54
Jenny Lind, Sebastian Co.---- 1.26 | 17.64 | 72.48 | 8.62 | 2.11 || 13964 14.4
Spadra, Johnson Co.--—-—————- 1.47 | 13.27 | 78.63 | 6.63 | 1.60 | 14420 14.9
COLORADO.
[Bjgniteymietisiie SRS VI EE R 13560 14.04
ILHIIES oo e S e 13865 14.35
Lignite, Slack - 14.80 | 32.60 | 42.86 | 10.34 | 0.76 || 8500 8.80
Lignite, Slack, North Colorado| 18.88 | 31.74 { 40.08 | 9.30 | 0.61
Rouse Mine . _______ 3.13 | 87.32 | 30.00 8.25
ILLINOIS. _
Big Muddy, Jackson Co. ----- 7.39 (28.28 | 563.87 | 10.46 | 0.98 11466 | 11.87 -
Big Muddy, Jackson Co. -—-—- 6.12(30.95 | 53.74| 9.19| 1.22 11529} 11.93
Big Muddy, Jackson Co. -——__ 5.85 | 31.84 [ 65.72| 6.59 | 2.92 11781 12.19
Big Muddy, Jackson Co.----- 6.35 | 31.60 | 55,256 | 6.90 | 2.02 || 12567 13.0
Bureau CoO.-c oo 13025 13.48
Colchester - oo oo 11.60 | 25.02 | 44.76 | 18.62 9848 | 10.19
Colchester Slack--——oo——o_____ 5.30|25.45|38.15|31.10| 1.20 9035 9.35
Collinsville, Madison Co.----_ 9.20 | 45.89 | 31.57 | 13.34 | 5.34 10143 | 10.50
Dumferline Slack - oo 9.64 | 28.86 | 39.48 | 22.02 9401 9.78
Duquoin Jupiter, Perry Co.---| 11.30 | 30.31 | 49.91 | 8.48| 0.91 - 110710 11.08
Ellsworth, Macoupin Co.--—-—- 9.26 | 42.22 | 42.17 | 6.35| 2.62| 12175 12.60
Gillespie, Macoupin Co.-caeueo 12.61 | 30.58 | 45.27 | 11.54 | 1.45 9739 | 10.09
Girard, Macoupin Co. ————____ 9.70 [ 34.39 | 45.76 | 10.15 | 8.49 9954 | 10.30
Girard, Macoupin Co. -——_____ 8.90(32.25 (42.89 { 15.96 | 8.10 10269 | 10.63
Heitz Bluff, St. Clair Co.-—--- 8.95|37.81|48.24| 5.00| 3.27 10332 | 10.69
Johnson’s, St. Clair Co. --—-_- 5.50 | 40.14 | 40,53 | 13.83 | 4,80 || 11723 12.10
Loose’s, Sagamon Co. -——_____ 10.71 | 87.62 | 45.07 | 6.60 | 2.39 | 11479 11.9
Mercer Co. oo 13123 18.58
Montauk Co. oo _________ 12659 13.10
Mt. Olive, Macoupin Co 36.68 | 46.10| 6.84 | 8.53 || 11763 12.2
Oakland, St. Clair Co.-—-——__ 34.40 | 43.12 1 14.18 | 4.42 . 10395 | 10.76
Reinecke, St. Clair Co.--—-___ 39.81 [ 42.49 [ 10.14 | 4.02 || 11720 12.1
Riverton, Sagamon Co.-_-____ 37.94(42.98 | 8.02| 38.27| 11406 11.8
St. Clait e L 30.69 | 39.68 | 21.83 | 9.62 9261 | 9.58
St. Clair cccecceee 33.10|41.79 | 14.86 | 6.92 10294 | 10.65
St. Clair - ________ 34.19 | 44.94| 9.72| 4.27 10647 | 11.02
St. Bernard-———-__________ =l 30.86 [ 48.39| 6.39| 1.38 10080 | 10.44
St. John, Perry Co. cccooo____ A 28.35 145,77 | 16.08 | 2.06 9765 | 10.10
St. John, Perry Co. cccoee - 13.60 | 24.46 | 43,54 | 15.40 | 1.83 9828 | 10.18
Streator, LaSalle Co. - ____ 12.01 | 85.32 | 48.78 | 3.89| 2.38 11403 | 11.80
Trenton, Clinton ——co________ 13.34 1 30.39 | 51.96 | 4.31| 0.92 10584 | 10.96
Trenton, Clinton--——_.________ 9,95 | 31.04 1 52.03 | 6.98 | 1.04 11245 | 11.63
Vulcan Nut, St. Clair Co.--__ 7.44|30.86 | 45.09 | 16.61 | 1.32 9450 | 9.78
Vulcan Nut, St. Clair Co.---. 10.30 | 27.91 | 48.99 | 12.80 | 0.71 10626 | 11.00
INDIANA.
Block oo . 3.50 | 82.50 | 63.00 | 1.00| 0.98 || 14020 14.5
Block —coooo o ___ 13588 14.38
Cakingae———— . _____.. 14146 14.64
Cannel - oo _____________ 13097 13.56

—90 —






As foreign results in the work of both boilers and engines are frequently

brought to our notice by the professional press, it will be convenient to have

‘some tables of English, French and other foreign coals, for purposes of com-

parison, and they are here given
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TABLE NO. 14.
Composition and Heating Power of French Coals.

DK EE:
4 || HEATING 5
COMPOSITION. £ ||POWER OF 1| &
& E ||lb-OFCoaL.| Wi
[=3 U

g . £ | =@ 3|55

COAL. . 5 5’; a . 8 E -§ g '@S

£ 18| B |E15 || 3|2 | 8]|32]|§s8

§|2|8 (2|8 2| & |8 |83 |&°
Per | Per | Per | Per | Per Per Per | Per Pounds

RONCHAMP. Cent. |Cent.| Cent. |Cent.| Cent. | Cent. | | Cent. | Cent. | |B.T. U.|B.T. U. “;)ft
ater.
No. 1o _____. 76544 3.0(1.1_____ 15.0 || 61.7 | 23.3 ||14357(13820] 14.86
No.2 .. 68.6 |1 4.0 4.7|1.1| 0.8]|20.8| 55.6 | 23.6 ||13743|12430| 14.23
NOw 8 ___ 76.24.1] 59|1.0 |- 12.8 || 62.3 | 24.9 | 14085(13590| 14.59
No.4- o ___ 73.1/3.8 49|1.0|..-__ 16.2 || 62.4 | 21.4 |[1399512960| 14.49
Average______ ________ 7364.1| 46|15 | ____ 16.2 |1 60.5 | 23.3 |14045/13220| 14.54

SARREBRUCK.*
Dudweiler - _______ 71.3 4.1 9.2/0.5] 1.8|13.1||53.5 | 33.4 ||13833/12880; 14.32
Altenwald - - _____. 69.314.3| 9.9(0.5| 2.5|13.5| 52.9 | 33.6 |113320/12720; 13.79
Heinitz- - _______ 70.34.3|11.56|0.5| 1.8|11.6 | 53.7 | 34.7 | |113548/12860] 14.03
Friedrichsthal .- _______ 67.8(4.21138|0.5| 1.0[12.7 | 50.2 | 37.1 |13647|12440| 14.13
Louisenthal - ______ 64.7 13.9|15.0 (0.5 | 3.6|12.3| 47.3|40.4 |12665/11800| 13.11
Sulzbach ccceeoo____ 73346 96(05| 16104 || _|-———- 1360813480 14.09
Von der Heyt-—_______ 706 [4.511.2 0.5 | 2.7|10.5 }|ccceo|—oaee 13865(13030; 14.36
BLANZY.

Montceau- .. ______ 66.14.4(13.210.5/10.83| 5.0 ||ceec|-ccev 12720(12390| 13.17
Anthracitic - _____ 67.0/3.6| 5.9[05[21.0| 2.0 {|ccccc|oacec 12825/11950| 13.28
Creuzot, Anthracite--. 87.4(3.5| 3.2/05| 3.6| 1.8/ _____|____. 116108/14850! 16.68

Combustion of Coal.

““When coal is exposed to heat in a furnace, a portion of the carbon and
hydrogen, associated in various chemical unions, as hydro-carbons, are vol-
atilized and passed off. At the lowest temperature, naphthaline, resins, and
fluids with high boiling points are disengaged; next, at a higher tempera-
ture, volatile fluids are disengaged; and still higher, olefiant gas, followed by
common gas, light carburetted hydrogen, which continues to be given off
after the coal has reached a low red heat. What remains after the distilla-
tory process is over, is coke, which is the fixed or solid carbon of coal, with
earthy matter, the ash of the coal.

Taking the fixed carbon, or coke remaining in the furnace after the vol-
atile elements are distilled off, for round numbers at 60 per cent., the follow-
ing is an approximate summary of the condition of the elements of average
coal, after having been decomposed, and prior to entering into combustion :

100 POUNDS OF AVERAGE COAL IN THE FURNACE.

COMPOSITION. LBs. DECOMPOSITION. LBs.

Fixed Fixed Carbon--——— oo __
Carbon Hydrocarbons - -
Hydrogen Sulphur--cccc oo
Sulphur Water or Steam
Oxygen_-- Nitrogen —- - oo oo oo
Nitrogen NS P e U et SO
Ash

showing a total useful combustible of 86} per cent. of which 261 per cent.
is volatilized. While the decomposition proceeds, combustion proceeds, and
the 261 per cent. of volatilized portions, and the 60 per cent. of fixed car-
bon, successively, are burned.

* These are now German Coals.
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The sulphur and a portion of the nitrogen are disengaged in combina-
tion with hydrogen, as sulphuretted hydrogen and ammonia. But these com-
pounds are small in quantity, and, for the sake of simplicity, they have not
been indicated in the above synopsis.

There are three modes of supplying coal to ordinary furnaces by hand
firing, namely : spreading, alternate, and coking firing. In spreading firing
the charge of coal is scattered evenly over the whole surface of the grate,
commencing generally at the bridge, and working forward to the door. In
alternate firing the charge of coal is laid evenly along half the width of the
grate at a time, from back to front, each side alternately. In coking firing
the charge of coal is thrown on to the dead plate and the front part of the
bars and left there for a time, in order that the mass may become coked
through, and when that is done the mass is pushed back towards the bridge,
and another charge is thrown on to the front of the fire in its place. In this
way the gases are gradually evolved from the coal at the front, while a bright
fire is maintained at the back.

It is thought advantageous, in slowly burning furnaces having long flues,
that the fuel should be slightly moist, and that the ash pits should be sup-
plied with water, from which steam may be generated by the heat radiated
downwards from the fire, and passed through the firegrate. The access of
water to the fuel lessens the ‘‘glow fire’” or flameless incandescence of the
fixed carbon on the grate, and increases the quantity of flame by forming
carbonic oxide and hydrogen gases in its decomposition into its elements,
oxygen and hydrogen, and the reduction, by the oxygen, of the carbonic
acid already formed in the furnace. The newly made gases are afterwards
burned in the flues. The presence of moisture, even in coke, gives rise to
flame in the flues, and reduces the intensity of the heat in the glow fire.
The combustion, in fact, is deferred, or distributed ; and it is on this princi-
ple that moist bituminous coals are most effective in furnaces having long
flues, as in Cornish boilers.

That two coals of identical composition may possess very different heat-
ing powers is evidenced by comparing the bituminous coals of Creuzot and
Ronchamp, which have the following nearly identical compositions, reckon-
ing the coal as dry and pure, or free from ash :

Carbon, Hydrogen, Oxygen, Heating

Per cent. Fer cent. Per cent. Power.
Creuzot —ccecmocmoccee 88.48 4.41 7.11 17320
Ronchamp . - ccce oo 88.32 4.78 6.89 16339

while there is a difference of six per cent. in the actual heating powers.
Correspondingly, the Creuzot coal had only 19.6 per cent. of volatile matters,
while the Ronchamp coal yielded 27 per cent.

Lignite and Asphalt.

Brown lignite is sometimes of a woody texture, sometimes earthy.
Black lignite is either of a woody texture, or it is homogeneous, with a
resinous fracture.  Some lignites, more fully developed, are of a schistose
character, with pyrites in their composition. The coke produced from
various lignites is either pulverulent, like that of anthracite, or it retains the
forms of the original fibres. Lignite is less dense than coal.
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Asphalt, like lignite, has a large proportion of hydrogen. It has less--
than 9 per cent. of oxygen and nitrogen, and thus leaves 8} per cent. of
free hydrogen, and it accordingly yields a porous coke.

The average composition of perfect lignite and of asphalt may be taken
in whole numbers as follows :

Lignite. Asphalt.
Carbon-----_____-______'_ --------- 69 per cent. 79 per cent.
Hydrogen - E = By, g o«
Oxygen and Nitrogen---.._._____ 20 ¢ 9 o«
Ash « oo ____ 6 T 3 T
100 100
Coke, by laboratory analysis------ 47 e 9 “

The lignites are distinguished from coal by the large proportion of oxygen
in their composition—f{rom 13 to 29 per cent.

The heating powers of lignite and asphalt are respectively measured
by 13,108 units, and 17,040 units.

WOOD.:

Wood, as a combustible, is divisible into two classes: 1st. The hard,
compact, and comparatively heavy woods, as oak, beech, elm, ash’; 2d. The
light-colored, soft, and comparatively light woods, as pine, birch, poplar.

In the forests of Central Europe, wood cut down in winter holds, at the
end of the following summer, more than 40 per cent. of water. Wood kept’
for several years in a dry place retains from 15 to 20 per cent. of water.
Wood which has been thoroughly desiccated will, when exposed to air under
ordinary circumstances, absorb 5 per cent of water in the first three days;
and will continue to absorb it until it reaches from 14 to 16 per cent., as a
normal standard. The amount fluctuates above and below this standard,
according to the state of the atmosphere. Ordinary firewood contains, by
analysis, from 27 to 80 per cent. of hygrometric moisture.

The woods of various trees are nearly identical in chemical composition,
which is practically as follows, showing the composition of perfectly dry
wood, and of ordinary firewood holding hygroscopic moisture :

TABLE NO. 15.
Desiccated Wood. Ordinary Firewood.
Carbon oo S0 percent-—— - ______=_5____ 37.5 per cent.
Hydrogen - _________ 6l perdCen (SIS DN 4.5 per cent.
@3y ge NN 41sperfcentEesentaacORRE IS 30.75 per cent.
Nitrogen -~ ———- —____ lpercentommmo oo 0.75 per cent.
AT cocoonoommno Zper centommme o 1.5 per cent.
100 per cent. 75.0 per cent.
Hygrometric water- <o ______25.0 per cent.

100.0

The quantity of intersticial space in a closely packed pile of wood, con-
sisting of round uncloven stems, is 30 per cent. of the gross bulk; for cloven
stems, the intersticial space amounts to from 40 to 50 per cent.

English oak—a hard wood—weighs 58 Ibs. per solid cubic foot; its
specific gravity is .93. Yellow pine—a soft wood—weighs 41 Ibs. per solid
cubic foot ; its specific gravity is .66.
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A cord of pine wood—that is, of pine wood cut up and piled—in the -
United States, measures 4 feet by 4 feet by 8 feet, and has a volume of 128
cubic feet. Its weight in ordinary condition averages 2700 lbs.; or 21 Ibs.
per cubic foot.

The quantity of air chemically consumed in the complete combustion of
one pound of perfectly dry wood, by rule 1, page 13, is 80 cubic feet at 62°
F., or 6.09 Ibs. of air. The quantity of burnt gases for 1 Ib. of perfectly
dry wood are

TABLE No. 16.
By Weight. By Volume.
Lbs. Per cent. Cu. ft. at 62°F. Per cent.
@arbonic acid TSSO | 1.83 217 15.75 14.4
Steam - oo 0.54 6.4 11.40 10.4
N i{50 g € 1 . 6.08 GIED 82.01 75.2
Totals- o L 8.45 100.0 109.16 100.0

showing that there are 8% 1bs., or 109 cubic feet, at 62° F., of burnt gases
per pound of wood, 13 cubic feet to the pound.

The total heat of combustion of perfectly dry wood, by rule 4, page 14,
is 10974 units, which is 75 per cent. of that of coal, and is equivalent, by
rule 5, to the evaporation of 11.36 Ibs. of water from and at 212°.F.

When the wood holds 25 per cent. of water, there is only 75 per cent.
or three-quarter pound of wood substance in one pound ; and the total heat -
of combustion is 75 per cent. of 10974 units, or 8230 units, which is only
563 per cent. of thatof average coal. Similarly, the equivalent evaporative
power is reduced to 8.52 Ibs. of water from and at 212°, of which the equiva-
lent of a quarter of a pound is appropriated to the vaporizing of the con-
tained moisture—that is to say, for evaporating one-quarter pound of water,
supplied at 62° F., the quantity of heat is 1116°+-4=279 units, and the net
available heat for service is 8230—279=7951 units per pound of fuel holding
25 per cent of water.*

In order to obtain the maximum heating power from wood as fuel, it is
the practice, in some works on the continent of Europe,—as glass works and
porcelain works,—where intensity of heat is required, to dry the wood fuel
thoroughly, even using stoves for the purpose, before using it.”’

D. K. C.

The American Society of Mechanical Engineers in their Rules for Boiler
Tests allow 1 1b, of wood = 0.4 Ib. of coal; or 2% Ibs. of wood =1 Ib. of
coal. Other authorities estimate 2% Ibs. of dry wood = 1 Ib. of good coal.
One pound of wood is practically equivalent to one pound of any other kind
of wood equally dry.

TABLE NO. 17.

1 cord of hickory or hard maple weighs--—--——-__ 4500 lbs. and = 2000 Ibs. coal.
1 cord of white oak weighs - __________ 3850 Ibs. and = 1711 Ibs. coal.
1 cord of beech, red oak, or black oak weighs----3250 Ibs. and = 1445 Ibs. coal.
1 cord of poplar, chestnut, or elm weighs-——-——-_- 2350 Ibs. and = 1044 Ibs. coal.
1 cord of average pine weighS-ccecccocaoaooao. 2000 Ibs. and = 890 lbs. coal.

* This figure may be used for a close approximation in comparing a certain kind of
wood to a known coal. Suppose the calculated heat in a pound of the coal to be 13025
B. T. U.,and an actual boiler test showed an evaporation of seven pounds of water per pound
of coal.  Then 13025:7951::7:4.28, 7. e., you may expect to evaporate about 4.28 Ibs. of
water per pound of the wood in the same boiler.



In substituting any kind of wood for coal under a boiler, the dimensions
of the furnace must be increased, preferably mainly in the height, so that
by carrying a greater depth of fuel nearly as much by weight may be present
in the furnace as was usual or necessary with the coal.

TAN AND STRAW.

Tan.

““Tan, or oak bark, after having been used in the process of tanning, is
burned as fuel. The spent tan consists of the fibrous portion of the bark.
According to M. Peclet, five parts of oak bark produce four parts of dry tan;
and the heating power of perfectly dry tan, containing 15 per cent of ash, is
6100 English units, while that of tan in an ordinary state of dryness, con-
taining 80 per cent of water, is only 4284 English units. The weight of
water evaporated at 212° by one pound of tan, equivalent to these heating
powers, is as follows:

With 30% of
Perfectly Dry. Moisture.
Water supplied at 62°._____._._____ 5.46 Ibs. 3.84 Ibs.
Water supplied at 212°_____________ 6.31 lbs. 4.44 Ibs.

(See rote under Wood.)

Straw.

The composition of straw, in its ordinary air-dried condition, is given by
Mr. John Head, as follows:
TABLE NO. 18.

Wheat Straw, Barley Straw, Meaﬁ,
per cent. per cent. per cent.
Carbon - cccmmom 35.86 36.27 36.
Hydrogenp-==o sl sooo i oot 5.01 5.07 5.
Oxygen - 37.68 38.26 38.
Nitrogen - - 45 40 425
AShS== N 5.00 4.50 4.75
Water - 16.00 15.50 15.75
100.00 100.00 100.00

The weight of pressed straw is from 6 lbs. to 8 Ibs. per cubic foot.

Heat of Combustion of Straw.

For straw of mean composition, the total heat generated is, by rule 4,
equal to 145 [36 4 (4.28X5)] = 8323 units of heat, or the evaporation of
7.46 Ibs. of water from and at 212° F, Deducting the heat absorbed in
evaporating the constituent water,15% per cent,or.16 Ib.,equal to 1116 X .16=
179 units, the available heat is 8323—179 = 8144 units, equivalent to the
evaporation of 7.30 Ibs. of water from and at 212°,

(See note under Wood.)

LIQUID FUELS.

Petroleum is a hydrocarbon liquid which is found in abundance in
America and Europe. According to the analysis of M. Sainte-Claire Deville,
the composition of fifteen petroleums from different sources was found to be
practically the same. The average specific gravity was .870. The extreme
and the average elementary compositions were as follows:

A560,



TABLE NoO. 19.
Chemical Composition of Petroleum.

Carbon-—————_- 82.0 to 87.1 per cent. Average, 84.7 per cent.

Hydrogen------ 11.2 to 14.8 per cent. Average, 13.1 per cent.

Oxygen ————___ 0.5 to 5.7 per cent. Average, 2.2 per cent.
100.0

The total llea’ting and evaporative powers of one pound of petroleum
having this average composition are, by rules 4 and 5, as follows :

Total heating power----.____ = 145 [84.7 -} (4.28X13.1)] = 20411 units.
Evaporative power : evaporating at 212°, water supplied at 62° = 18.29 |bs.
Evaporative power : evaporating at 212°, water supplied at 212° = 21.13 Ibs.
Petroleum oils are obtained in great variety by distillation from petroleum.
They are compounds of carbon and hydrogen, ranging from Cio Ha to
Cs2 Hes; or, in weight;
TABLE NO. 20.

Chemical Composition of Petroleum Oils.

. Mean.

From{71'42 Carbon }to 73.77 Carbon - _________ 72.60
28.58 Hydrogen 26.23 Hydrogen--_-____ 27.40.

100.00 100.00 100.00

The specific gravity ranges from .628 to .792. The boiling point ranges -
from 86° to 495° F. The total heating power ranges from 28087 to 26975
units of heat; equivalent to the evaporation, at 212°, of from 25.17 to 24.17
1bs. of water supplied at 62°, or from 29.08 Ibs. to 27.92 Ibs. of water supplied
at 212°,

ID)s 1% '(Ck

Oil as a Fuel.

“Inasmuch as the use of oil as a fuel is now engaging the serious atten-
tion of many of our principal engineers and manufacturers, we beg leave to
submit for your consideration the following advantages which are claimed
for oil as against coke, coal or wood as a fuel.

1st. A petroleum fire can be held in perfect control by one man of
ordinary intelligence, by the mere turning of a valve. He can increase or
decrease the fire at will, and can maintain steam or heat at any desired
point. When the fire is properly regulated to produce the heat required, it
can be kept at that point with but slight attention, so slight, indeed, that one
man can fire and care for a battery of from eight to ten 100-horse-power
boilers without difficulty. By turning a valve you can instantly extinguish
the fire, if occasion does not require its continuous use, and it can be again
started with almost the same rapidity with a few shavings or sticks of wood.
There is no waste, as with coal, when the work is done.

2d. The heat generated with petroleum fire is much more uniform than
that produced with coal or wood. The fire is not as sensitive to the fluctua-
tion of the weather as other fires. A great advantage is gained in running
machinery where regularity of speed is desirable. A constant supply of
steam may be furnished, and there is no reduction of steam pressure in con-
sequence of the replenishing of fires.
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3d. Economy of Boiler Capacity.— It has been demonstrated that one
pound of oil will evaporate the water of more than two pounds of coal. The
heat units of crude petroleum have been erroneously stated to be 27531.
The fact is, that the correct figure, 20240 heat units, has been repeatedly
arrived at of late, after many tests with the best instruments to be obtained
for that purpose. In comparing the calorific properties of petroleum it must
be borne in mind that with coal there is an enormous waste of matter, such
as sulphur, slate and earthy substances which are practically incombustible,
and which do not add in the generation of heat. While coal theoreti-
cally contains about 14300 heat units, that figure is, by reason of these
impurities, reduced to about 8000.  Pure carbon — charcoal, for instance —
contains 14500 heat units.  Considering, therefore, the imperceptible waste
in the burning of oil, and the excessive waste in the burning of coal, the
conclusion is reached that while theoretically the relative proportion of heat
evolved in the combustion of oil compared with coal is as 20.2 is to 14.8, the
proportion practically considered, is in favor of oil as 19 is to 8, or 8.5 at the
furthest. We may quite safely assume, then, that the heating capacity of
oil is considerably more than twice that of coal as far as now shown. With
a clean boiler, properly attended, and with the best of coal fuel, well stoked
night and day — with every care to insure combustion and to avoid waste,
the evaporation obtained in some isolated cases specially recorded has been
as high as 9% pounds. Inour every day experience, however, we find .
that eighty out of a hundred boilers will not vaporize more than from 7 ts
74 pounds of water per pound of fuel. On the other hand, oil tests, which,
while sufficiently conclusive for the present, have not, by any means, been
carried to the furthest limit, show the evaporation from 17.56 to 18.5 pounds
of water per pound of oil consumed, from and at 212° Fahrenheit.

4th. Economy in Ilabor, cleanliness and safety are secured, as in
burning oil complete combustion may be obtained. There is no shoveling of
ashes, and consequently there is a great saving in labor. The absence of
sparks and cinders and the ability to extinguish the fire instantly in case of
danger, makes it very desirable when considered with a view to safety.

5th. There being no necessity for opening doors for the introduction of
fuel, there is no fluctuation of heat, and no sudden chilling of the flues and
boiler. The absence of sulphur in the fuel makes its action on the metal of
the boiler and the flues much less destructive than coal, and the flues remain
cleaner and in better condition to absorb the heat.

6th. Oil or Residuum, is without doubt, the coming fuel on locomotives
and ocean steamers, and by its use a great annoyance to passengers in the
emission of cinders and smoke will not only be entirely avoided, but less
than one-half the room formerly used for coal will be required to store the
oil for fuel, and only one-third the weight will be carried, thus saving a great
deal of room in storage, which will enable ship owners to carry an additional
quantity of freight, or to increase speed to the same amount of power. Be-
sides this, where 70 stokers are now required to unload coal on ocean
steamers, at least 60 could be dispensed with, and the work be done without
the labor of shoveling coal and the great discomfort from heat and dust.

7th. Regarding the proper construction of furnaces for the consumption
of oil, it may be said that there is no occasion for having the combustion
chamber as large as when burning coal. The latter article, being solid
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matter, requires more time for decomposition, and the elimination of the
products and supporters of combustion. Coal fuel requires a large fire chamber
and the means for the introduction of air beneath the grate-bars to aid com-
bustion. Compared withoil, the combustion of coal is tardy and requires
some aid by way of a strongdraft. Oil having no ash or refuse, when prop-
erly burned, requires much less space for combustion for the reason that,
being a liquid, and the compound of gases that are highly inflammable when
united in proper proportions, it gives off heat with the utmost rapidity, and
at the point of ignition is all ready for consumption. The changes required
to burn oil in a coal furnace may be made at a nominal cost, so that even in
this respect no additional expense is necessary for a change for the better.
8th. Three barrels of oil, each of 42 gallons, equal and slightly exceed
the heating capacity of one ton of coal. The oil weighs 913.5 pounds, and
may be purchased and delivered in tank cars at any point in the United
States at a very low figure. It should be remembered that oil need not be
shoveled from the cars to the furnace, it needs no stoking nor poking, it
leaves neither cinders nor ashes to be carted away, and it makes no smoke.
With an oil furnace, one man may attend to a dozen boilers without any
further assistance.
9th. The fact of being able to produce with oil a perfectly clear, white fire,
free from ashes, smoke, dust and soot, which can be kept under control and
regulated to any degree of heat required, makes its use invaluable in electric
plants, in the manufacture of glass, steel, crockery, stoneware, sewer pipe,
brick, lime, and in fact almost any business where such a fire is required.”’
C. W.O.

At the brick manufactory of Messrs. May, Purington & Co., Chicago,
the process of burning brick has been accomplished with oil, at a cost of 36
cents per thousand, as against from 90 cts. to $1.10 per thousand, with wood,
coke or coal. A better quality of brick is made, and a large percentage of
the usual loss from imperfectly burned brick avoided.

The following test was made at the Cleveland Water Works with oil as
a fuel under two 200 H. P. boilers. Test-commenced on October 20th, 2:25
p. m., and ended October 22d at 11:40 a. m.

Amount of water used in gallons— oo 56,220
In POUNAS —m oo oot 469,508
Amount of oil used-—-- - oo 31,864
IDUrationOfALeS F N SRS 45 hrs. 40 min
Average temperature feed-- - . ooomoo o 53°
Pounds of water evaporated by a pound of oil at a temperature of §3°--_-__ 14.74
Pounds of water evaporated at 212° Fahrenheit- - - oo 17.56

We, the undersigned, certify that the above is correct.
CLEVELAND WATER WORKS,
CLEVELAND, O., Oct. 24th, 1887. By R. DOTY, Engineer.

MINNEAPOLIS, MINN., Oct. 15, 1887.

We, the officers and engineers in charge at the mechanical department of the Minne-
apolis Industrial Exposition during the season of 1887, certify that the boilers used at the
exposition (3 Heine boilers) were fired with fuel oil from the Fuel Oil Department, Stand-
ard Oil Company; that during the entire run of forty days the steam power furnished was
at all times steady and continuous, and equal to all demands; that the steam pressure
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carried was 80 pounds during the day, and 100 pounds during the run from 6 o’clock p. m: 1
until 10:30 p. m., and was constantly held for all purposes required; and that the entire
run was made without any hitch or break whatever.

(@NANE 112 N S S Sup Superintendent Mechanical Department.
GeongeRVY alls R e e, Engineer in charge of Steam Plant.
N. J. Mershon- - Superintendent of Brush Electric Light Co.

For fuel purposes two kinds of oil are used, crude petroleum, usually
from Lima, O., and residuum after distilling off the lighter oils.

The Lima crude petroleum oil comes to this (St. Louis) market in tank cars
holding 6000 gallons. The priceis 1.8 cents per gallon, to which must be added
$5.00 per car for switching, etc. Even under favorable conditions, there-
fore, as to location of boiler plant, the cost of this oil delivered to the boiler
will be at least 2 cents per gallon. A gallon of this oil weighs 6.9 Ibs. The
theoretical heat value of this oil is about 20,000 heats units, equivalent to a
theoretical evaporation of 20.7 Ibs. of water. Assuming an efficiency of 80
per cent., the evaporation in practice would be 16.56 1bs. of water per pound
of oil. The cost of evaporating 1000 1bs. of water would therefore be 17.54
cents. With a bituminous coal giving an evaporation in practice of 5 Ibs. of
water per pound of coal and costing $1.25 per ton, the same work could be
done for 12.5 cents, a difference in favor of the coal of 40.32 per cent. It
will be observed also that the conditions assumed in this calcilation are
especially favorable to the oil.

The fuel oil or residuum weighs about 7.3 Ibs. per gallon, and has a
calorific power of 16,880, or a theoretical evaporation of 17.47 Ibs. water
per pound of oil. At 3 cents a gallon and under the conditions assumed
above the cost of evaporating 1000 lbs. of water would be 29.28 cents or 134
per cent. more than when using the coal. W. B. P.

From these varying statements it is clear that local conditions must de-
cide when liquid fuel can be used to advantage.—F. i. at the World’s Col-
umbian Exposition at Chicago, more than 25,000 H. P. of boilers are being
run by fuel oil piped there from Lima, O. Aside from the saving in dust,
noise, soot and ashes—made apparent by the white uniforms of the stokers
and the white boiler fronts—it would be an impossibility to bring in coal and
carry off ashes for this huge plant without seriously interfering with the
passenger traffic. It would require eighty carsfor coal and twenty for ashes
daily. E DM

FUEL GAS.

Gaseous [Iuel has so many apparent practical advantages over any other
form of fuel, that it may be properly regarded as the ideal fuel. Near Pitts-
burgh, and in some favored districts of Indiana, Nafural Gas hasbeen found
in such quantities that—for some years at least—immense manufacturing in-
dustries have been based on it. Manufacturers who have once realized its
advantages are loth to surrender them and would gladly welcome some kind
of artificial gas to take its place—-if this can be made cheap enough to com-
pete with the local coal. Inventors have been prolific of processes and de-
vices to fill this demand.

As there are certain fixed and well defined conditions on which the fuel
value of such gases depends, we give below extracts from papers on the
subject by well known experts, which will enable the careful engineer to es-
timate in each particular case pretty closely whether gas may be economi-

cally substituted for coal.
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The Ferris Wheel at the Columbian Exposition,
CHICAGO, ILL.
Power derived from a plant of Heine Boilers, aggregating 750 H. P.



TABLE NO. 23.

Composition of Gases.

WEIGHT.
Natural Gas. Coal Gas. Water Gas. Producer Gas.

Hydrogen_____________ 0.268 8.21 5.431 0.458
Marsh gas____________ 90.383 57.20 1.931 1.831
Carbonic oxide________ 0.857 15.02 76.041 25.095
Olefiant gas._.._.____ 0.531 10.01 0.000 0.000
Carbonic acid----_____ 0.700 1.97 10.622 2.517
Nitrogen.o-—.._ .~ __ 6.178 8.75 3.380 69.413
Oxygen .. ... __ 0.666 1.43 0.965 0.000
Water vapor__________ 0 000 2.41 1.630 0.686

Sulphydric acid--__ ____ 0.417

100.000  100.000 100.000 100.000

¢ Some explanations of these analyses are necessary. The natural gas
is that of Findlay, O. The coal gas is probably an average sample of coal
gas, purified for use as an illuminant. The water gas is that of a sample of
gas made for heating, and consequently not purified, hence the larger per
cent. of CO, that it contains.

““Since calculating the tables used in this paper, I am satisfied that the
sample of water gas is not an average one. The CO is too high, and H is
too low. Were proper corrections made in this respect, it would increase the
value in heat units of a pound, but not materially change the value when
volume is considered, and as that is the way in which gases are sold, the
tables will not be recalculated. i

““The producer gas is that of an average sample of the Pennsylvania
Steel Works, made from anthracite, and is not of so high grade as would be
that made from soft coal.

‘“The natural gas excels, as shown in Table 21, because of the large per
cent. of marsh gas. In no other form, in the gases mentioned, do we get so
much hydrogen in a given volume of gas.

““Itis the large per cent. of hydrogen in the coal gas that makes it so
nearly equivalent to the natural gas in a given weight, but much of the hy-
drogen in coal gas being free, makes it fall far short of natural gas in calorific
value per unit of volume.

‘A further comparison of the value of the several gases named may be
made by showing the quantity of water that would be evaporated by 1000
feet of each kind of gas, allowing an excess of 20 per cent. of air, and
permitting the resultant gases to escape at a temperature of 500 degrees.
This sort of comparison probably has more practical value than either of the
others that have been previously given. We will assume that the air for
combustion is entering at a temperature of 60 degrees.

TABLE NO. 24.

Water Evaporation.

Natural Gas. Coal Gas. Water Gas.  Producer Gas.
Cubic feet gas—-.--- - - .- 1000 1000 1000 1000
Pounds water—— - o ______ 893 591 262 115



““ The theoretical temperature that may be produced by these several
gases does not differ greatly as between the three first-named. The pro-
ducer gas falls about 25 per cent. below the others, giving a temperature of
only 3441° F.

““Water gas leads in this respect, with a temperature of 4850°.

““A comparison of the resultant products of combustion also shows water
gas to possess merit over either natural or coal gas, when the combustion of
equal quantities—say 1000 feet—is considered. An excess of 20 per cent.
of air is calculated in the following table :

TABLE NO. 25.
Resultant Gases of Combustion.
Natural Coal Water Producer
Quantity—1000 ft. Gas. Gas Gas. Gas.
Weight of gas before combustion, Ibs....___ 45.60 32.00 45.60 77.50
SteAM ~ oo oo m oo 94.25 69.718 25.104 6.92
Carbonic acid-—------- o A N A ER | 119.59 68.586 61.754 36.45
Sulphuric acid - ~—- - oo DD conbenn ) Soodat  Bockhes
INIHHE S o st i oy S ot 664.96 427.222 170.958 126.57
Total weight after combustion —.___________ 879.16  565.526 257.816  169.94
Pounds uxygen for combination —._________ 167.46  107.961 43.149 19.87

“You will observe, by the following table, that, with the exception of
producer gas, each kind gives off nearly one pound of waste gases for each

pound of water evaporated. This quantity includes 20 per cent. excess of air:
TABLE NO. 26.
Weights of Water Evaporated and Resultant Gases.

Natural Coal Water Producer

as. Gas. Gas. Gas.
Weight of water evaporated-——__.__. 893.25 591.000 262.000 115.100
Weight of gases after combustion--_879.16 565.526 257.816 169.945

¢ The vitiation of the atmosphere per unit of value in water evaporation
is practically the same in water gas as in natural gas.

‘“ However, the excess of oxygen does no harm, and the steam and
nitrogen can not be regarded as very objectional products. The gas that
robs the air permanently of the most oxygen, and produces the greatest
quantity of carbonic acid per unit of work, must be classed as the most
objectionable from a sanitary standpoint.

TABLE NO. 27.
Oxygen Absorbed and Carbonic Acid Produced.
In Combustion, Natural Coal Water Producer
Gas. Gas. Gas. Gas.
Pounds of oxygen absorbed per 100 Ibs. water
evaporated- - __ 18.75 18.27 16.47 17.96
Pounds of COz produced per 100 Ibs. water J
evaporated--- —— - ___________________ 13.40 11.60 23.57 31.70
Oxygen absorbed plus COz produced------—-—- 32.15  29.87  40.04  49.66

‘“Here, then, it is shown that if pollution by carbonic acid and the
impoverishment by the absorption of oxygen are equally deleterious to the
atmosphere, coal gas stands at the head as being the least objectionable.’’

Mr. McMillin then goes into an elaborate calculation of a mixture of
gases, which would combine the good qualities of the three artificial gases
compared, which he finds to be ‘“in per cent., coal gas 20.85, water gas
32.17, producer gas 47.48.”’

=B






«Experiments were made to verify the ratio between the heats of com- =

bustion of the gas before and after being carbureted, by determining the
time and quantity of gas required to evaporate a given weight of water con-
tained in an open vessel, heating by means of a gas stove. The burner of
the stove used for burning the carbureted gas caused air to be mingled with
the gas before the latter was burned, thus producing a colorless flame. For
the uncarbureted gas, the burner was of the Argand pattern, and the air
was not mingled with the gas before it was burned. The results of the tests
are given in the following table:

TABLE NO. 30.
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o Lbs. |Deg. F. Deg. F.|Inches.| Min. | Min. | Cu.ft.| Lbs. Lbs.
| ‘ e e Ryl
Uncarbureted - - __ 4 56 61 4 12 794 136.1 4.64 | 128.5
Uncarbureted_ ____ 4| 59| 62| 4 | 113 | 794 134.8 |4.64| 133.3
Carbureted-_.___ 4 56 61 54 84| 69 [19.414.64| 239.2
Carbureted_.___ 4 59 62 54| 10 731 118.2 |4.64 | 254.9
Carbureted - _____ 4 68 66 4% 1| 63 I19.8 4.60 | 232.3

““From this table we obtain an average evaporation, per 1000 cubic
feet of uncarbureted gas, of 130.9 Ibs. of water from the temperature of
212° and at atmospheric pressure, and for the carbureted gas an average of
242.1 1bs. That is, the experiments tend to show that the ratio of the
calorific power of the uncarbureted to that of the carbureted gas, by volume,

. 1309
N = e

““The volume of one pound of air at 62° F. is 13.14 cubic feet, hence
the calorific power of the gases per cubic foot should be :

Uncarbureted 7371352 55 _ 983.8 H. U.

Carbureted ’33117;<1';632 —(640.5 H. U.

¢ One pound of good Lackawanna coal has a calorific power of 13000

heat units. The number of cubic feet of gas required to produce the same
heating effect as is produced in burning one ton of coal will therefore be :

Uncarbureted gas 525%° — 91780.

Carbureted gas 13_02:’4%‘“’0 — 40590.

“The efficiency of a boiler will be about the same when burning gas
for fuel as when coal is used. (?) If, therefore, we disregard the difference
in the cost of attendance, in favor of using gaseous fuel, 40590 cubic feet of
carbureted, or 91780 cubic feet of uncarbureted gas, must be sold for the
same price as one (short) ton of coal, in order to successfully compete with
the latter for use under steam boilers.
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““We will estimate the probable excess of cost involved in firing with .
coal above that of gas-firing. In burning natural gas, it has been found that
one man is able to attend to boilers aggregating 1500 horse-power, whereas,
if coal is used, 200 horse-power will be a fair figure. It therefore requires,
in the case of large plants, only about % as much labor to fire with gas as
is involved in firing with coal. If the wages of firemen are $2.50 per day of
twelve hours, the cost of firing one ton of coal in boilers that require four
pounds of coal per boiler horse-power per hour, will be

2D 2080, dollars = 52.1 cents.

12X200x 4
The cost of firing with gas would be % of this amount so that the extra
cost of firing with coal would equal 12 times 52.1 equal 45 cents. To make
a liberal allowance in favor of the gaseous fuel we will assume that the
extra labor of firing each ton of coal costs 50 cents.

““The following table contains the prices at which the gas must be sold
per 1000 cubic feet in order to be as cheap as coal for boiler use; first, dis-
regarding the difference in the cost of attendance, and secondly, assuming
that the extra cost of firing with coal is 50 cents per ton.

TABLE No. 31.
Cost of Burning Water Gas.

' PRICE OF GAS PER 1000 CUBIC FEET.

Cost of Coal Delivered to >
Boiler Room. Not Including Difference in i Including Difference in
i Cost of Attendance. Cost of Attendance.
Per Ton of 2000 Lbs. | ’) T ; :
Carbureted. Uncarbureted. | Carbureted. Uncarbureted.
|
$6.00 14.8 cts. 6.5 cts. 16.0 cts. 7.1 cts.
5.00 12.3 cts. 5.4 cts. 13.6 cts. 6.0 cts.
4.00 9.9 cts. 4.4 cts. 11.1 cts. 4.9 cts.
3.00 7.4 cts. 3.3 cts. 8.6 cts. 3.8 cts.
2.00 4.9 cts. 2.2 cts. 6.2 cts. 2.7 cts.
1.00 2.5 cts. 1.1 cts. 3.7 cts. 1.6 cts.
' w I

“As the cost of manufacturing the uncarbureted gas, by the present
processes, not including interest on capital invested, is from 10 to 20 cents
per 1000 cubic feet, it does not appear possible to employ it economically
for a boiler fuel, until considerable reduction in cost of production shall have
been made.”’

Professor Wm. B. Potter, March, 1892, says:

“The convenience and economy attending the use of natural gas in a
number of localities in this country have led many people to believe that
fuel gas, made from coal at large central stations, and distributed to factories
and works, is the fuel of the future which will not only clear all chimneys
but reduce all fuel bills as well. While it is unquestionably true that fuel
gas is especially adapted for household use and will play an important part
in the future for such use, it is equally true that as a fuel for raising steam
it can never compete in the matter of economy with coal directly applied.
At several establishments where gas is employed for certain industrial heat
requirements attempts have been made to use the gas under boilers; at
first glowing reports were circulated indicating a saving over coal of 209,
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and even 334 %. A little experience has always shown, however, not only
that such results are not attained, but that the cost of the gaseous fuel is so
much in excess of coal used directly as to make it necessary to return to the
latter system.

““ The following simple calculation will serve to show the uselessness of
all attempts to convert bituminous coal into gas and distribute it to boiler
plants.

“The average quality of fuel gas made from a trial run of several car
loads of Illinois coal in a well-designed fuel gas plant showed a calorific
value of 243,391 heat units per 1000 cubic feet of gas or 10,105,594 heat
units per ton of coal. This is equivalent to 5052.8 heat units per pound of
coal, whereas, by direct calorimeter test an average sample of the coal gave
11,172.6 heat units, or an efficiency of 45.2%.

“One pound of the coal by direct application showed a theoretical
evaporation of 11.56 Ibs. of water.

““The gas from one pound of the coal showed a theoretical evaporation
of 5.23 Ibs. water.

¢¢48.17 pounds of the coal were required to furnish 1000 feet of the gas.

“ Taking the efficiency in the use of the coal direct at 50%,

¢ Taking the efficiency in the use of the gas direct at 909,

“ Taking the cost of the coal at 6 cents per bushel,

¢ Taking the cost of the gas at § cents per 1000 cubic feet,
we have as the cost of evaporating 1000 Ibs. of water by coal directly
applied :

“ Py of 11.56 = 5.78 Ibs. of water to be evaporated in practice by
1 1b. of coal.

€1000 — 173 Ibs. of coal to evaporate 1000 lbs. of water; 173 Ibs. of
coal at 6 cents per bushel = 13 cents, and as the cost of the same coal con-
verted into gas and applied,

‘00 of 5.23 = 4.71 lbs. of water to be evaporated in practice by gas
from 1 1b. of coal.

01000 — 212.3 1bs. of coal required = 4400 cubic feet of gas; 4400
cubic feet of gas at 8 cents per 1000 = 35.2 cents.

‘1t will be observed that the conditions assumed are especially favorable
to the gas, the cost being placed at the remarkably low figure of 8 cents per
1000 cubic feet, which is about the actual cost of manufacture and distribu-
tion upon a large scale, and a very high efficiency is taken. Notwithstanding
all this the coal used directly shows an advantage of over 170%,.”

_ NOTE: Prof. Potter’s remarks are based on conditions found in St. Louis and
adjacent territory.

Natural Gas, is variously constituted, and hence the estimates of its
heating power vary.

Experiments in Pittsburgh show 1000 cubic feet of natural gas in actual
efficiency under boilers equal to from 80 to 133 pounds coal. The coal
varies from 12000 to 13000 B. T. U. per pound; hence say 1,000,000 to
1,200,000 B. T. U. per 1000 feet of natural gas.

A Committee of the Western Society of Engineers of Pittsburgh, report
1 Ib. good coal = 7% cubic feet natural gas.
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When burnt with just enough air its temperature of combustion is
4200° F. The Westinghouse Brake Co. in Pittsburgh found that with the
best grade of Youghiogheny coal they could evaporate 10.38 Ibs. water, and
with the same boiler 1.18 feet natural gas evaporated 1 Ib. water. They con-
clude that 1 1b. Youghiogheny coal == 12} Ib. natural gas, or 1000 cubic
feet natural gas == 81.6 Ib. coal.

The Indiana natural gas gives 1,100,000 B. T. U. for 1000 cubic feet
and weighs 0.045 lbs. per cubic foot.

The analyses compare as follows :

TABLE NO. 32,

Analyses of Natural Gas.

Pittsburgh, Pa., Gas.  Findlay, Ohio, Gas.

Hydrogen- =t - f__ . 22.0 2.18
Marshgas - __________________ 67.0 92.61
Carbonic oxide - __________ 0.6 0.26
Olefiant gas________________.__ 1.0 0.30
Carbonic acid - - __________ 0.6 0.50
Nitrogen_ . _________ 3.0 3.61
Oxygen . ______ 0.8 0.34
Ethylic hydride - __._______ 5.0 A
Sulphuretted hydrogen .—-ooao--- o 0.20

100.0 100.00

o n‘.e“‘
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soo H. P. Heine Boiler ready for transportation.
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WATER.

Pure water at 62° F. weighs 62.355 pounds per cubic foot, or 84 pounds
per U. S. gallon; 7.48 gallons = 1 cubic foot. 1t takes 30 pounds or 3.6
gallons for each horse-power per hour. It would be difficult to get at the
total daily horse-power of steam used in the U. S., but it reaches into the
billions of gallons of feed water per day.

The importance of knowing what impurities exist in most feed waters,
how these act on a boiler, and how they may be removed is, therefore,
patent to every intelligent engineer.

We give, therefore, the thoughts of some prominent investigators on
the subject.

Prof. Thurston says:

““Incrustation and sediment are deposited in boilers, the one by the
precipitation of mineral or other salts previously held in solution in the feed-
water, the other by the deposition of mineral insoluble matters, usually
earths, carried into it in suspension or mechanical admixture. Occasionally
also vegetable matter of a glutinous nature is held in solution in the feed-
water, and, precipitated by heat or concentration, covers the heating-surfaces
with a coating almost impermeable to heat and hence liable to cause an
over-heating that may be very dangerous to the structure. A powdery
mineral deposit sometimes met with is equally dangerous, and for the same
reason. 7he animal and vegetable oils and greases carvied over from the
condenser or feed water healer are also very likely to cause trouble. Only
mineral oils should be permitted to be thus introduced, and that in minimum
quantity. Both the efficiency and the safety of the boiler are endangered
by any of these deposits.

) ““ The amount of the foreign matter brought into the steam-boiler is
often enormously great. A boiler of 100 horse-power uses, as an average,
probably a ton and a half of water per hour, or not far from 400 tons per
month, steaming ten hours per day, and even with water as pure as the
Croton at New York, receives 90 pounds of mineral matter, and from many
spring waters a foz which must be either blown out or deposited. These
impurities are usually either calcium carbonate or calcium sulphate, or a
mixture ; the first is most common on land, the second at sea. Organic
matters often harden these mineral scales, and make them more difficult of
removal.

““The only positive and certain remedy for incrustation and sediment
once deposited is periodical removal by mechanical means, at sufficiently
frequent intervals to insure against injury by too great accumulation.
Between times, some good may be done by special expedients suited to
the individual case. No one process and no one antidote will suffice for all
cases.
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‘“ Where carbonate of lime exists, sal-ammoniac may be used as a pre-
ventive of incrustation, a double decomposition occuring, resulting in the
production of ammonium carbonate and calcium chloride—both of which are
soluble, and the first of which is volatile. The bicarbonate may be in part
precipitated before use by heating to the boiling-point, and thus breaking up
the salt and precipitating the insoluble carbonate. Solutions of caustic lime
and metallic zinc act in the same manner. Waters containing tannic acid
and the acid juices of oak, sumach, logwood, hemlock, and other woods, are
sometimes employed, but are apt to injure the iron of the boiler, as may
acetic or other acid contained in the various saccharine matters often intro-
duced into the boiler to prevent scale, and which also make the lime-sulphate
scale more troublesome than when clean. Organic matters should never be
used.

¢ The sulphate scale is sometimes attacked by the carbonate of soda,
the products being a soluble sodium sulphate and a pulverulent insoluble
calcium carbonate, which settles to the bottom like other sediments and is
easily washed off the heating-surfaces. Barium chloride acts similarly,

producing barium sulphate and calcium chloride. All the alkalies are used at '

times to reduce incrustations of calcium sulphate, as is pure crude -petroleum,
the tannate of soda, and other chemicals.

““The effect of incrustation, and of deposits of various kinds, is to .
enormously reduce the conducting power of heating-surfaces; so much so;
that the power, as well as che economic efficiency of a boiler, may become
very greatly reduced below that for which it is rated, and the supply of
steam furnished by it may become wholly inadequate to the requirements of
the case. ‘

““ It is estimated that a sixteenth of an inch (0.16 cm.) thickness of hard
‘scale’ on the heating-surface of a boiler will cause a waste of nearly one-
2ighth its efficiency, and the waste increases as the square of its thickness.
The boilers of steam vessels are peculiarly liable to injury from this cause
where using salt water, and the introduction of the surface-condenser has
been thus brought about as a remedy. Land boilers are subject to incrusta-
tion by the carbonate and other salts of lime, and by the deposit of sand or
mud mechanically suspended in the feed-water.

““1t has been estimated that the annual cost of operation of locomotives
in limestone districts is increased $750 by deposits of scale.”’

We give below an extract from an interesting paper on the ‘¢ Impurities
of Water,”” contributed by Messrs. Hunt and Clapp, to the transactions of
the American Institute of Mining Engineers, for 1888.

Commercial Analyses.

By far the most common commercial analysis of water is made to deter-
mine its fitness for making steam. Water containing more than five parts
per hundred thousand of free sulphuric or nitric acid is liable to cause serious
corrosion, not only of the metal of the boiler itself, but of the pipes, cylin-
ders, pistons, and valves with which the steam comes in contact. Sulphuric
acid is the only one of these acids liable to be present in the water from
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natural sources; it being often produced in the water of the coal and iron
districts, by the oxidation of iron pyrites to sulphate of iron, which, being
soluble, is lixiviated from the earth strata, and carried into the stream. The
presence of organic matter taken up by the water in its after-course, reduc-
ing the iron and lining the bottom of the stream with red oxide of iron, and
leaving a considerable proportion of the sulphuric acid free in the water.
This is a troublesome feature with the water necessarily used in many of
the iron districts of this country. The sulphuric acid may come from other
natural chemical reactions than the one described above. Muriatic and nitric
acids, as well as often sulphuric acid, may be conveyed into water through
the refuse of various kinds of manufacturing establishments discharged into it.

The large total residue in water used for making steam causes the inte-
rior linings of the boilers to become coated, clogs their action, and often pro-
duces a dangerous hard scale, which prevents the cooling action of the water
from protecting the metal against burning.

Lime and magnesia bicarbonates in water lose their excess of carbonic
acid on boiling, and often, especially when the water contains sulphuric acid,
produce, with the other solid residues constantly being formed by the evap-
oration, a very hard and insoluble scale.

A larger amount than 100 parts per 100,000 of total solid residue will
ordinarily cause troublesome scale, and should condemn the water for use
in steam boilers, unless a better supply cannot be obtained.

The following is a tabulated form of the causesof trouble with water for
steam purposes, and the proposed remedies, given by Prof. L. M. Norton, in
his lecture on ‘“ Industrial Chemistry.”’

Brief Statement of Causes of Incrustation.

1. Deposition of suspended matter.

2. Deposition of dissolved salts from concentration.

3. Deposition of carbonates of lime and magnesia by boiling off car-
bonic acid, which holds them in solution.

4. Deposition of sulphates of lime, because sulphate of lime is but
slightly soluble in cold water, less soluble in hot water, insoluble above 140°
Centigrade. (284 degrees Fahrenheit.)

5. Deposition of magnesia, because magnesium salts decompose at
high temperature.

6. Deposition of lime soap, iron soap, etc., formed by saponification
of grease.

Various Means of Preventing Incrustation.

1. Filtration.

2. Blowing off.

3. Use of internal collecting apparatus or devices for directing the cir-
culation.

4. Heating feed water.

5. Chemical or other treatment of water in boiler.

6. Introduction of zinc into boiler.

7. Chemical treatment of water outside of boiler.
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Tabular View.

Troublesome Substance. Trouble. Remedy or Palliation.

Sediment, mud, clay, etc. Incrustation. { Eillot";gﬂgnéﬁ_

Readily soluble salts. Incrustation. Blowing off.

Bicarbonates of lime, magnesia, Incrustation. IHeiitin%(f)%?,' lirﬁg?it;(rm %22‘53
from. l sia, etc.

Sulphate of lime. Incrustation. Addition of carbonate of soda,

barium chloride.

Chloride and sulphate of magne- Addition of carbonate of soda,

Corrosion.

sium. etc.
Carbonate of soda in large amounts. Priming. Ad(ilttc'-o“ of barium chloride,
Acid (in mine waters). Corrosion. Alkali.
Dissolved carbonic acid and ox- f Heating feed. Addition of caus-
ygen. Corrosion. ~ tic soda, slacked lime, etc.

bonate of soda. Substitute
mineral oil.

Slacked lime and filtering. Car-
Grease (from condensed water). Corrosion.

Precipitate with alum or ferric
chloride and filter.

Organic matter. Corrosion. Ditto.

Organic matter (sewage). ' Priming.

The mineral matters causing the most troublesome boiler-scales are bi-

carbonates and sulphates of lime and magnesia, oxides of iron and alumina,
and silica. We present here a table showing the amount and nature of im-
purities in feed water in different sections of the United States.

NOTE. The mud drum of the Heine Boiler, surrounded as it is, by water at a
temperature of about 350° F., forms a sort of live steam purifier in which a large part
of the scale forming salts are precipitated. It is largely on this account that the
Heine Boiler is able to work satisfactorily with the most impure waters, where other
boilers, lacking the mud-drum-purifier, fail of success altogether. This has been
practically demonstrated on many occasions. Probably no *‘tougher’ water is
encountered by boiler users anywhere, than in Columbus, Ohio. Heine Boilers sup-
planted flue boilers there, that were struggling in vain against scale. The success of
the Heine Boiler with this water was a most unqualified one. The L. Hoster Brewing
Co. and the Columbus Electric Light and Power Co. both have large plants of
Heine Boilers, and we think will cheerfully testify to the superiority of the Heine
Boiler in this respect. It is not claimed that NO scale will form in the Heine Boiler
when operated with scale producing water. It is only those boilers which have no
particular reputation for good service, those boilers that are guaranteed (?) to do
anything and everything, that run scaleless on bad water. Eternal vigilance is the
price of many things besides liberty and constant watchfulness is necessary if scale
is to be avoided in any boiler. But common, every day experience has shown that
the conditions which aid in the prevention of scale in boilers are more perfectly pro-
vided for in the Heine than in any other type.
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We found 3.6 gallons feed water required for each H. P. per hour.
This makes 6 gallons per minute for a 100 H. P. boiler. In proportioning
pipes, however, it is well to remember that boiler work is seldom perfectly
steady, and that as the engine cuts off just as much steam as the work
demands at each stroke, all the discrepancies of demand and supply have o
be equalized in the boiler. Therefore we may often have to evaporate during
one-half hour 50 to 75 per cent. more than the normal requirements. For
this reason it is sound policy to arrange the feed-pipes so that 10 gallons per
minute may flow through them, without undue speed or friction, for each 100
H. P. of boiler capacity. The following tables will facilitate this work :

TABLE No. 34.
Table Giving Rate of Flow of Water, in Ft. per Min., Through
Pipes of Various Sizes, for Varying Quantities of Flow.

gume [ g Lo D | ue | e | ae | e | e
5 218 | 1224 | 78% | 543 | 304 | 19% | 13% 73
10 436 | 245 | 157 | 109 61 38 27 154
15 653 | 367% | 235% | 163% | 913 | 58% | 404 | 23
20 872 | 490 | 314 | 218 | 122 78 54 303
95 || 1090 | 612% | 892% | 272% | 152% | 978 | 673 | 38%
TN | 7385 | 451 | 827 | 183 | 117 81 46
85 || oo 8574 | 5494 | 3813 | 2133 | 1365 | 943 | 533
40 |- | 980 | 628 | 436 | 244 | 156 | 108 613
45 || _____ 1102% | 706% | 490§ | 2744 | 175% | 121} 69
% | I 785 | 545 | 305 | 195 | 135 763
A T LY 11778 | 8173 | 4573 | 2923 | 2023 | 115
100 || oo 1090 | 610 | 380 | 270 153%
0| e P SR 762% | 4873 | 3873 | 1913
150 || oo e WSE - BN N 915 | 585 | 405 | 230
15 el = 10674 | 682% | 472% | 268%
200 || _______ e = PN 1226 | 780 | 540 | 3063

TABLE NO. 35.

Table Giving Loss in Pressure Due to Friction, in Pounds per
Sq. In., for Pipe 100 Ft. Long.
By G. A. Ellis, C. E.

discharg- || %" 1" 114" 1" ! R 21" ' 3" 4"
edpermin.} | |
5 3.3 084 0381 012 |-_____ il » e el L B
10 | 13.0 816! 1.05| 0.47 | 012 oo |ooo_ o _
15 || 28.7 6.98 | 2.38| 0.97 |ooco__|oo____ [ ______ S O
20 || 50.4 | 12.3 407 | 1.66| 0.42 | | __|_____
25 || 78.0 | 19.0 6.40 | 2.62 |_______ 021 | 0.10 |oo___ u’
80 ||_o_—_ 27.5 9.15| 8.75| 0.91 |_______| e [ i
35 || -coemm- 37.0 | 12.4 | 5.05 || ______ [
(7 | = 48.0 | 16.1 6.52 | 1.60 |- __ L] i
N i 20.2 815 |5 n W el = | R -
BO || oo | 24.9 | 10.0 244 | 0.81| 0.35| 0.09
y ;7 R 56.1 | 22.4 532 | 1.80| 0.74 |_______
160 [ et o [ S | 39.0 946 | 3.20| 1.31| 0.33
195 jj Lo i ol B S 14.9 489 | 1.99 |_______
1050 | R S e e 21.2 7.0 2.85 | 0.69
I {5 | | ey g, . = — R, 28.1 9.46 | 3.85 |-—ooo__
2008 | el oot B LI 7Y ‘l _______ 87.5 | 12.47| 5.02| 1.22




Loss of Head Due to Bends.

Bends produce a loss of head in the flow of water in pipes. Weisbach
gives the following formula for this loss :

Hi= f;;;_? where H = loss of head in feet, f = coefficient of friction, v

= velocity of flow in feet per second, g = 82.2.

As the loss of head or pressure is in most cases more conveniently stated
in pounds per square inch, we may change this formula by multiplying by
0.433, which is the equivalent in pounds per square inch for one foot head.

If P = loss in pressure in pounds per square inch, F = coefficient of
friction.

2 Q .
P—=F -(%{, v being the same as before.

From this formula has been calculated the following table of vclues for
F, corresponding to various exterior angles, A.

TABLE NO. 36.

20°
0.020

40°
0.060

45°
0.079

60° | 80°
0.158,0.320

90°
0.426

100°
0.546

110°
0.674

120°
0.806

130°
0.934

x>
I

This applies to such short bends as are found in ordinary fittings, such
as 90° and 45° Ells, Tees, etc.

A globe valve will produce a loss about equal to two 90° bends, a
straightway valve about equal to one 45° bend. To use the above formula
JSind the speed p. second, being one-sixtieth of that found in Table No. 34,
square this speed, and divide the result by 64.4, multiply the quolient by the
tabular walue of I corresponding to the angle of the turn, A.

For instance a 400 H. P. battery of boilers is to be fed through a 2”
pipe. Allowing for fluctuations we figure 40 gallons per minute, making 244
feet per minute speed, equal to a velocity of 4.06 feet per second. Suppose
our pipe is in all 75 feet long; we have from Table No. 35, for 40 gallons per
minute, 1.60 pounds loss; for 75 feet we have only 75 per cent. of this
= 1.20 pounds. Suppose we have 6 right angled ells, each giving F =
0.426. We have then 4.06x4.06 = 16.48; divide this by 64.4 = 0.256.
Multiply this by F = 0.426 pounds, and as there are six ells, multiply again
by 6, and we have 6<0.4260.256 = 0.654. The total friction in the pipe
is therefore 1.204-0.6564 = 1.854 pounds per square inch. If the boiler
pressure is 100 pounds and the water level in the boiler is 8 feet higher than
the pump suction level, we have first 8 X0.433 — 3.464 pounds. The total
pressure on the pump plunger then is 100+3.464+-1.854 = 105.32 pounds
per square inch. If in place of six right angled ells we had used three 45°
ells, they would have cost us only 3X0.079 = 0.237 pounds; 0.237<0.256
= 0.061. :

The total friction head would have been 1.204-0.061=1.261 and the
total pressure on the plunger 100+43.464+41.261=104.73 pounds per square
inch, a saving over the other plan of nearly 0.6 pounds.

To be accurate, we ought to add a certain head in either case ‘“to pro-
duce the velocity.”” But this is very small, being for velocities of :

Pag 3; 4; 5; 6; 8; 10; 12and 18 feet per sec.
0.027; 0.061; 0.108; 0.168; 0.244; 0.433; 0.672; 0.970and 2.18 Ibs. per sq. in.
Our results should therefore have been increased by about 0.11 Ibs.
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STEAM.

When water is heated in an open vessel its temperature rises until it

reaches 212° (at sea level); if more heat is added a portion of the water
changes from a liquid form to a vapor called sfeam. If the process is carried
on in a closed vessel the pressure within the same rises on account of the
expansive force of the steam. The water then will rise to a higher temper-
ature with each increment of pressure before it begins to boil and form steam.

For the distinction between ‘‘sensible’’ and ‘‘latent’’ heat see p. 7.

The following table No. 40, giving the properties of saturated steam, is
adapted from Prof. Peabody’s well known tables. The first column gives
the actual pressure in pounds per square inch above the atmosphere.

Column two gives the temperature in degrees Fahrenheit for the cor-
responding pressure.

Columns three and four give the heat, in heat units, of steam and water,
respectively, from 32° F.

Column five gives the heat of vaporization for the corresponding pres-
sure, and is the difference between columns three and four.

Columns six and seven give the weight of one cubic foot in pounds and
the volume of one pound in cubic feet, of saturated steam.

Column eight gives the approximate weight of one cubic foot of water

for the corresponding weight and temperature and is calculated from Prof.
Rankin’s approximate formula :

- 2 Do
~ To + 461 T 500
500 To + 461

D where

D = required density. Do = max. density = 62.425 Ibs.
To = given temperature in degrees F.



Column nine gives the factor of equivalent evaporation from and at 212°

F., assuming feed to be 212° in each case.

For the factor of evaporation for

any temperature of feed, add 0.00104 to the given factor for each degree dif-

ference in temperature between feed and 212°.

The horse-power of a boiler is obtained by dividing the equivalent
This is on the basis of feed from

evaporation from and at 212° by 30.978.
On the basis of feed from 100° to steam

212°to steam at 70 pounds pressure.
at 70 Ibs., divide the equivalent evaporation by 34.485.

Table of the

From Peabody’s Tables.

TABLE NO. 40.

Properties of Saturated Steam.

1 2 3 4 5 6 7 8 9
@ ' = o =] £ ) P T
=, & | 23 E 2 £ 3 & -
o | s z 2 B 84 = = e
go) || e e Sl L e 23 £ or E5x
B0k (|4 | B MR S
Qs il T 6 S o~ S ~ 3% S‘i ©8«
<% | 32 | Tezn | S 53 L5 2 5 L BF
o gg SES 59 5 20 39 & £3%
% | ER | E5% §& §s= g 55 s g%
& = = o 52 a > =z [t
I F la
0| 212.00 | 1146.6 | 180.8 | 965.8 | 0.03760 | 26.60 gggg(ﬁmmdi 1.0000
10 | 239.36 | 1154.9 | 208.4 | 9465 | 0.06128 | 16.32 59.04 1.0086
20 | 258.68 | 1160.8 | 227.9 | 9329 | 0.08439 | 11.85 58.50 1.0147
30 | 273.87 | 1165.5 | 213.2 | 922.3 | 0.1070 9.347 58.07 1.0196
40 | 286.54°| 1169.3 | 255.9 | 9134 | 0.1292 7.736 57.69 1.0235
50 | 297.46 | 1172.6 | 266.9 | 905.7 | 0.1512 6.612 57.32 1.0269
55 | 302.42 | 1174.2 | 2719 | 902.3 | 0.1621 6.169 57.22 1.0286
60 | 207.10 | 1175.6 | 276.6 | 899.0 | 0.1729 5.784 57.08 1.0300
65 | 311.54 | 1176.9 | 281.1 | 895.8 | 0.1837 5.443 56.95 1.0314
70 | 315.77 | 1178.2 | 285.6 | 892.7 | 0.1945 5.142 56.82 1.0327
75 | 319.80 | 1179.5 | 289.8 | 889.8 | 0.2052 4.873 56.69 1.0341
80 | 323.66 | 1180.6 | 293.8 | 886.9 | 0.2159 4.633 56.59 1.0352
85 | 327.36 | 1181.8 | 297.7 | 8842 | 0.2265 4.415 56.47 1.0365
90 | 33092 | 1182.8 | 301.5 | 8815 | 0.2871 4218 56.36 1.0375
05 | 334.35 | 1183.9 | 305.0 | 879.0 | 0.2477 4.037 56.25 1.0386
100 | 337.66 11849 | 308.5 | 876.5 | 0.2583 3.872 56.18 1.0397
105 | 340.86 | 1185.9 | 311.8 | 8741 | 0.2689 3.720 56.07 10407
110 | 343.95 | 1186.8 | 315.0 | 871.8 | 0.2794 3,580 55.97 1.0417
115 | 346,94 1187.7 | 318.2 | 869.6 | 0.2898 3.452 55.87 1.0426
120 | 349.85 | 1188.6 | 321.2 | 867.4 | 0.3003 3.330 55.77 1.0435
125 | 352,68 | 1180.5 | 324.2 | 865.3 | 0.3107 3.019 55.69 1.0444
130 | 355.43 | 1190.3 | 327.0 | 8633 | 0.3212 3.113 55.58 1.0452
135 | 358.10 | 1191.1 | 3298 | 861.3 | 0.3315 3.017 55.52 1.0461
140 | 360.70 | 1191.9 | 3325 | 859.4 | 0.3420 2,024 55.44 1.0469
145 | 363.25 | 1192.8 | 3352 | 857.5 | 0.3524 2.838 55.36 1.0478
150 | 365.73 | 1193.5 | 337.8 | 855.7 | 0.3629 2.756 55.29 1.0436
155 | 368.62 | 1194.3 | 3403 | 853.9 | 0.3731 2.681 55.22 1.0494
160 | 370,51 | 1195.0 | 342.8 | 852.1 | 0.3835 2.608 55.15 1.0500
165 | 372.83 | 1195.7 | 345.2 | 850.4 | 0.3939 2.539 55.07 1.0508
170 | 375.09 | 1196.3 | 317.6 | 8487 | 0.4043 2.474 54.99 1.0514
175 | 377.31 | 1197.0 | 349.9 | 847.1 | 04147 2.412 5493 1.0522
180 | 379.48 | 1197.7 | 352.2 | 845.4 | 0.4251 2.353 51.86 1.0529
185 | 381.60 | 1198.3 | 354.4 | 8439 | 0.4353 2.297 5479 1.0535
190 | 383.70 | 1199.0 | 356.6 | 842.3 | 0.4455 2.244 54,73 1.0542
195 | 385.75 | 1199.6 | 358.8 | 810.8 | 0.459 2.193 54.66 1.0549
200 | 357.76 | 1200.2 | 360.9 | 839.2 | 0.663 2145 | 5460 1.0555
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The Betz Building,
PHILADELPHIA, PA.
Contains 500 H. P. Heine Boilers.



Of the Motion of Steam.

The flow of steam of a greater pressure into an atmosphere of a less
pressure, increases as the difference of pressure is increased, until the
external pressure becomes only 58 per cent of the absolute pressure in the
boiler. The flow of steam is neither increased nor diminished by the fall of
the external pressure below 58 per cent, or about 4ths of the inside pressure,
even to the extent of a perfect vacuum. In flowing through a nozzle of the
best form, the steam expands to the external pressure, and to the volume
due to this pressure, so long as it is not less than 58 per cent of the internal
pressure. For an external pressure of 58 per cent, and for lower percentages,
the ratio of expansion is 1 to 1.624. The following table, No. 41, is selected
from Mr. Brownlee’s data exemplifying the rates of discharge, under a
constant internal pressure, into various external pressures:

TABLE NO. 41.

Outflow of Steam ; From a Given Initial Pressure into
Various Lower Pressures.
Absolute Initial Pressure in Boiler, 75 Lbs. per Square Inch.

D. K. C.

s neanms et Rt merten, WG el i
per Square Inch.per Square Inch. Nozzle. stant Density. Expanded. A
Lbs. Lbs. Ratio. . | Ft. per Sec. Ft. per Sec. - Lbs.

75 74 1.012 227.5 230. 16.68
75 72 1.037 386.7 401. 28.35
75 - 70 1.063 490. 521. 35.93
75 65 1.136 660. 749. 48.38
75 61.62 1.198 736. 876. 53.97
75 60 1.219 765. 933. 56.12
05 50 1.434 573. 12525 64,
75 45 1.575 890. 1401. 65.24
75 43.46 (58%) 1.624 890.6 1446.5 65.3
75 ill5) 1.624 890.6 1446.5 65.3
75 0 1.624 890.6 1446.5 65.3

When, on the contrary, steam of varying initial pressure is discharged
into the atmosphere—pressures of which the atmospheric pressure is not
more than 58 per cent—the velocity of outflow at constant density, that is,
supposing the initial density to be maintained, is given by the formula—

V=23.5953 Vh (1)
where V = the velocity of outflow in feet per minute, as for steam of the
initial density. h = the height in feet of a column of steam of the given abso-
lute initial pressure of uniform density, the weight of which is equal to the
pressure on the unit of base.

The following table is calculated from this formula:

— hG=



TABLE NO. 42.

Outflow of Steam into the Atmosphere.

D. K. C.
Absolute initial [ External  pres- Ratiolotlexpany Velocity of out- | Actual velocity | Discharge per
B | porciq!a, P | ston innozale, | fow, &L con- | ofoutflow.ex |~ sq. Inof ori-
Lbs. Lbs. Ratlo. Ft. per sec. Ft. per sec. Lbs.

25.37 14.7 1.624 863 1401 22.81
30 14.7 1.624 867 1408 26.84
40 14.7 1.624 874 1419 35.18
45 14.7 1.624 877 1424 39.78
50 14.7 1.624 880 1429 44.06
60 14.7 1.624 885 1437 52.59
70 14.7 1.624 - 889 1444 61.07
75 14.7 1.624 891 1447 65.30
90 14.7 1.624 895 1454 77.94
100 14.7 1.624 -898 1459 86.34
115 14.7 1.624 902 1466 98.76
135 14.7 1.624 906 1472 115.61
155 14.7 1.624 910 1478 . 182.21
165 14.7 1.624 912 1481 140.46
215 14.7 1.624 919 1493 181.58

The Econcmic Value of Dry Steam.

Saturated steam is defined as steam of the maximum pressure and
density due to its temperature. It is steam in its normal condition, being
both at the condensing and the generating point. It is formed thus in a well-
designed boiler, and any heat added would evaporate more water, while heat
taken away would condense some of the steam. In badly-proportioned
boilers, however, we find water entrained in the steam in the form of a fine
mist. This is caused by imperfect arrangements for separating the steam
from the water; by a liberating surface either too small or too near the hot
metal; by a cramped or low steam-space; or by more heating surface than
the water-space or circulation warrants. It is only during the last decade
that the attention of steam users generally has been bent on getting dry
steam, i.e., saturated steam containing but a small percentage of entrained
water.

Formerly, with long stroke and slow speed engines, and when cylinder
condensation was understood but by a few experts, this entrainment was
rarely measured.

In Mr. D. K. Clark’s celebrated Manual for Mechanical Engineers (1877),
which contains the record and careful analysis of many notable boiler tests,
entrainment is not even mentioned. Most of the high results of ancient
tests which are paraded in advertisements are therefore open to the suspicion
that they may have been obtained by delivering ¢‘soda water ’’ in place of
steam. Since calorimeter tests have become common, entrainments up to 6
and 10 per cent. have been found in boilers apparently giving high economy.
As early as 1860, Chief Engineer Isherwood, of the U. S. Navy, began
investigating the economic losses due to moisture in the cylinder.



Superheated steam was suggested as a remedy for cylinder condensation
by Prof. Dixwell, of Boston, early in 1875, and Mr. Hirn, of Mulhouse, made
extensive and successful experiments in this line in 1873 and 1875 (first
published in 1877). Where good saturated steam induces such wasteful
condensation in the cylinder, wet steam greatly increases the losses. For
the water cools the internal surfaces of the cylinder more rapidly than steam
of the same temperature, and this increases the cylinder condensation.
Hence, economic reasons condemned wet steam, and finally close-coupled
and high-speed engines protested against entrainmentin the emphaticlanguage
of broken valves and blown out cylinder heads.

Marine boilers are called upon for a maximum of work in a minimum of
space, and are therefore more liable to entrain water; this was especially
the case with the low-pressures in use before 1880. We therefore find super-
heated steam resorted to in the navy at an early day.

Exhaustive experiments made by Mr. Isherwood early in the sixties
show large gains in economy by superheating, and thus illustrate the losses
due to water in the steam.

We choose only two examples in which the boiler pressure and the rate
of expansion are alike ; the economy found is therefore clearly due to super-
heating the steam, or conversely the loss is due to cylinder condensation.

TABLE NO. 43.

Pounds Rate Pounds
NAME OF STEAMER. Gauge of Coal Character of steam used.| Saving in Coal.
Pressure. Expansion. |Per H.P.perh.

Dallas - __ —___ 32 3.22 3.80 Saturated. | _______
Georgeanna _ __ 33 3.22 2.58 Superheated. 47.3 %
Eutaw ____ __ - 27 1.85 3.84 Saturated.  |___________
Eutaw - —___ 28 1.85 2.99 Superheated. 28.4 %

At the instance of Prof. Dixwell, the Government in 1877 sent Chief
Engineers Loring, Baker and Farmer to Boston to test the effect of super-
heated steam on the small Corliss engihe of the Institute of Technology.
The boiler pressure throughout the six tests was kept uniform. Three dif-
ferent rates of expansion were taken, and with each, one test was run with
saturated and one with superheated steam, the degree of superheat being
adjusted to the rate of expansion. The total steam used was condensed and
weighed, and the loss by cylinder condensation thus accurately determined.

TABLE NO. 44.

Tests of Corliss Engine 8" X 24,” Mass. Inst. of Technology.

Pounds steam per H. P. per hour.
et g P , Lo
Pressﬁre. Expansion. P ’ Sulps:r'g:::; a. S2adtu1‘aetseté. Saturated Stém.
50.4 4.05 2T E. 19.39 27.66 42.6 9
50.1 2.16 194° F. 21.75 29.14 33.9 9%
50.2 1.44 129588 26.48 33.54 26.6 9




Both series of experiments show great losses by cylinder condensation ; -
they show also that these losses increase with the rate of expansion; and
they show greater losses with marine than with land boilers. This effect of
cylinder condensation and wet steam can also be partially counteracted by
steam or hot air jackets around the cylinders.

In his admirable work on the Steam Engine, Mr. D. K. Clark gives a
number of carefully prepared tables on the Practice of Expansive Working
in Steam Engines. By comparing in these the amount of steam shown by
the indicator cards on the basis of dry saturated steam with the actual feed
water used, we find the percentage of loss due to cylinder condensation and
entrainment. This is figured in percentages of the calculated amounts, and
therefore shows how much should be added to estimates based on indicator cards
to find the actual evaporation necessary jfor a requived amount of work in a
given engine. The H. P. of the engine, the total initial pressure above
vacuum in the cylinder, the total rate of expansion, and the superheat are
given, as the figures can only be used under similar conditions.

TABLE NO. 45.

Table Illustrating Cylinder Condensation and Entrainment.

E. D. M.
?, 1 i Pounds Water p. Differ’ce,
] i% s P. p. hour. |Per Cent.

& <5
KIND OF ENGINE. & I3 o Y B q &
s | BT | | EE |2Erf uE | 5253
< | 3¢ | & | m% (3583 3F | Egis
= [ &7 § | &° [ 5588
Porter-Allen, not jacketed- - ____ 66. 76 |35.5°F.| 6.34 | 24.69 | 25.81 4.5%
Cornish, steam jacketed-..-ceco—oo—_ 124.6 | 34 | None.| 3.62 |16.76 | 20.72 | 19.2%
¢ i O s T 149.5 | 27 ‘| 2.8118.59|21.38 | 13.0%
- - R e 190.7 | 36 X 3.66 | 14.23 | 18.82 | 24.4%
K e 8 ML LR 217.0 | 40 & 3.65 | 16.70 | 20.08 | 16.9%
Reynolds Corllss not jacketed,cond’g| 165.0 | 101 aq 6.83 | 16.67 | 20.37 | 18.2%
“ non- condensmg____ 138.7 | 105 “ 5.57 | 21.49 | 23.07 | 6.8%
Harrls Corllss no jacket, condensing| 167.4 | 105 ¢ 7.39 115.83|19.15 | 17.3%
‘“ non-condensing| 135.8 | 104 ¢ 6.55 | 21.02 | 23.68 | 11.2%
Wheelock, o condensing! 160.4 | 1(3 e 6.64 | 15.26 | 19.22 | 20.6%
‘‘ non-condensing| 141.8 | 103 “ 5.23 [20.80 | 24.61 | 15.4%
Corliss, steam jacket, condensing---| 418.3 | 35 ¢ 4.69 | 14.51 | 17.4 20.0%
Hirn, no jacket, condensing----.____ 142.4 | 60 |150°F.| 3.76 |16.42|17.2 4.49
Az s [O g m— 184.6 | 54 | Nome.| 3.75 | 18.14|22.41 | 19.1%
- “ P = 111.6 | 56 85°F. | 5.84 | 14.20 | 16.16 | 12.1%
¢ e S puW__" M1 106.3 | &5 None. | 5.84 | 14.42|19.93 | 27.6%
Cormsh steam ]acket condensing--| 101.8 | 33 9 6.85|22.06 2294 | 4.0%
Woolf Comp’d Cond g, steam jacket| 46.2 | 51 ¢ 11.59 | 17.62 | 22.32 | 26.6%
no jacket---| 27.8| 48 L 14.73 | 21.44 | 82.72 | 52.6%
e “  Pump’g En, st’m jckt| 118.4 | 36 “ 111,35 | 17.19 | 22.62 | 31.6%
Woolf Comp’d Marine, steart in jckt.| 96.3 | 90.6 ‘ 7.68 [ 16.15 | 21,72 | 34.5%
¢ no jacket---_| 72.9 | 89.7 i 7.15 | 15.48 | 23.34 | 50.7%
Same Eng, 2d cyl only, steam jacket| 78.0 | 78.2 £ 9.49 | 18.08 | 27.09 | 49.8%
“ nojacket----| 69.4} 89.0 “ 8.25 | 18.71 | 80 32 | 62.0%
Receiver Comp’d Marine, steam jckt.| 217.6 | 66.2 86 5.12 | 18.44 | 20.24 | 9.8%
Marme Cond g, I gylmder, no ]acket 201.1| 67.6 a8 3.17 | 18.02 | 26,53 | 47.2%
204.7 | 45.1 £ 3.47 120.79 | 28.09 | 35.1%
Single Cylinder, (no jacket.___.____ 88.7 | 24.5 £ 1.76 | 27.66 | 42.27 | 52.8%
American, | steam in jacket-__| 96.5 | 25.2 £< 1.756 | 29.27 | 37.34 | 20.8%
Marine, no jacket .__._____ 185.8 | 53.2 ‘ 3.83 (19.24 | 25.93 | 34.7%
Condensing, steam in jacket-__|{ 171.8 | 53.5 ¢ 4.01 | 18.27 | 21.86 | 19.6%
Condensing, no jacket.-....___ 249.5 | 79.2 £ 5.41 | 16.95 | 23.80 | 40.5%
Condensing, steam in jacket.__| 283.1 | 82.3 ac 5.19 | 16.88 | 21.12 | 25.1%
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We see then that a calculation of water consumption from indicater"
cards may be anywhere from 4 per cent. to 62 per cent. out of the way.

We note further that superheating may counteract on the average all
but 7 per cent. of the loss by moisture ; careful lagging and good boilers
may reduce it to 11.2 per cent. in the best of non-condensing engines ; steam
jackets in condensing engines may limit it to an average of 22.5 per cent.,
while in unjacketed condensing engines we may expect an average of 36.8
per cent.

Here again the land boilers show their advantage over the marine types.
The average loss in steam jacketed land engines is 19.46 per cent. against
26.6 per cent. for the same type of marine engines ; without jackets the land
practice shows 21 per cent. loss against 46.1 per cent. for marine. It is
evident that this discrepancy is in the boilers, and not in the engines, since
marine engines are even more carefully built than land engines.

In specifying horizontal tubular or return tubular boilers for their work,
careful engineers insist that the steam shall contain not more than 2 per cent.
(sometimes 3 per cent.) of entrained water. Thisis considered good work
for that type of boiler, and ample heating surface, and large liberating
area and steam space are necessary to attain it.

Well designed water tube boilers give much better results. Several
well authenticated tests of Heine Safety Boilers record entrainments as low
as 1-8 of 1 per cent., and 1-2 of 1 per cent. when forcing 50 per cent. above
rating, and from 1-12 of 1 per cent. entrainment to 1-7 of 1 per cent. super-
heat at rating. Here then isa chance for economy in the engine gained by
the boiler in addition to its own economy in fuel. E. D. M.

The Rating of Boilers.

RS HSTE

It is considered usually advisable to assume a set of practically attaina-
ble conditions in average good practice, and to take the power so obtainable
as the measure of the power of the boiler in commercial and engineering
transactions. The unit generally assumed has been usually the weight of
steam demanded per horse power per hour by a fairly good steam engine.
This magnitude has been gradually decreasing from the earliest period of the
history of the steam engine. In the time of Watt, one cubic foot of water
per hour was thought fair ; at the middle of the present century, ten pounds
of coal was a usual figure, and five pounds, commonly equivalent to about
forty pounds of feed water evaporated, was allowed the best engines. After
the introduction of the modern forms of engine, this last figure was reduced
25 per cent., and the most recent improvements have still further lessened
the consumption of fuel and of steam. By general consent the unit has now
become thirty poundsof dry steam per horse power per hour, which repre-
sents the performance of good non-condensing mill engines. Large engines,
with condensers and compounded cylinders, will do still better. A committee
of the American Society of Mechanical Engineers recommended thirty
pounds as the unit of boiler power, and this is now generally accepted. They
advised that the commercial horse power be taken as an evaporation of 30
pounds of waler per hour from a jfeed water temperature of 100° Fakrenheit

N



into steam at 7o pounds gauge pressure, which may be considered to be equal
to 34} units of evaporation, that is, to 344 pounds of water evaporated from
a feed water temperature of 212° Fahrenheit into steam at the same tempera-
ture. This standard is equal to 33,305 British thermal units per hour.

It was the opinion of this committee that a boiler rated at any stated
power should be capable of developing that power with easy firing, moder-
ate draught, and ordinary fuel, while exhibiting good economy, and at least
one-third more than its rated power to meet emergencies.

Kansas City Water Works, Kansas City, Mo.
Contains 800 H. P. Heine Boilers.

The Energy Stored in Steam Boilers.
R. H. T.

A steam boiler is not only an apparatus by means of which the potential
energy of chemical affinity is rendered actual and available, but it is also a
storage reservoir, or a magazine, in which a quantity of such energy is tem-
porarily held; and this quantity, always enormous, is directly proportional to
the weight of water and of steam which the boiler at the time contains. The
energy of gunpowder is somewhat variable, but a cubic foot of heated water
under a pressure of 60 or 70 Ibs. per square inch has about the same energy
as one pound of gunpowder. At a low red heat water has about 40 times
this amount of energy. Following are presented the weights of steam and of
water contained in each of the more common forms of steam boilers, the
total and relative amounts of energy confined in each under the usual condi-
tions of working in every day practice, and their relative destructive power
in case of explosion :

—G5 —
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The stored available energy in wafer-tube boilers is usually less than -
that of any of the other stationary boilers, and not very far from the amount
stored, pound for pound, by the plain tubular boiler, the best of the older
forms. It is evident that tkeir admitied safety from destructive explosion does
not come from this relation, however, but from the division of the contents
into small portions, and especially from those details of construction which
make it tolerably certain that any rupture shall be local. A violent explosion
can only come of the general disruption of a boiler and the liberation at once
of large masses of steam and water.

The Mallinckrodt Building, St. Louis, Mo.,
Contains 300 H. P. Heine Boilers.

Heating Buildings by Steam.

In heating buildings by steam we have two things to consider. First,
the amount of fresh air entering the building per hour which has to be heated
from the external to the desired internal temperature, and second, the amount
of heat to be supplied to take the place of what is lost by conduction through
walls, windows, roofs, ceilings and doors and thence by radiation and convec-
tion to the outer air.

It is generally customary to assume the air to be warmed as entering
the house at 0° F., and in the United States the rule is to require an interior
temperature of 70° F. The weight of 1 cu. ft. of air at 0° F. is 0.086 Ibs ; its
specific heat at constant pressure is 0.2377 (see Table No. 7). Therefore,
to raise 1 cu. ft. of air at 0° F. one degree in temperature, we require
0.086 % 0.2377 = 0.02 H. U. To bringit from 0° to 70° will take 1.4 H. U.
This of course is true only when the air is measured at the inlet opening;
for as it grows warmer it expands and a cu. ft. weighs less.

The amount of heat required to replace that dissipated through the ex-
posed surfaces of the building can be figured from the following diagram,
Table No. 47, which has been prepared by Mr. Alfred R. Wolff, M. E. Itis
‘‘the graphical interpretation, in American units, of the practice and
coefficients prescribed by law by the German Government in the design
of the heating plants of its public buildings, and generally used in
Germany for all buildings.”” Mr. Wolff has checked the coefficients by

examples of good American practice, and found satisfactory agreement in the
results.
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The formula for the loss is Q =SX KX (#—#).

K is the loss by transmission in B. T. U. per hour per square foot of
outer surface, per degree F. difference in temperature on the two sides.

S'the number of square feet of transmitting surface, # the interior, and
4, the exterior temperature in degrees Fahrenheit, of the air.

The values of K are given in the following table *

TABLE NO. 48
A.R. W.

For each square foot of brick wall of thickness:

Thickness of brick wall=| 4'’ 8" 12" ' 16" 20" 24" 28" 32" 36" 40

A= 0.68 | 0.46 | 0.32 | 0.26 | 0.28 | 0.20 | 0.174| 0.15 | 0.129| 0.115
1 square foot, wooden beam construction, } ______________________ as flooring, A= 0.083
plankedioveriioticeiled:: B[ IT = TN T S50 IDNIF Shih e 1 as ceiling, A= 0.104
1 square foot, fireproof construction, }__________-., _______________ as flooring, A= 0.124
floorediovers M N SSEEEE SRS S NS as ceiling, A= 0.145
1 squarerfoot;'singletwindow == ——— = 1t0oo i - DTl et Al i TR E Ol TN K= 0.776
IssquarelfootifsingleiskoylightEotSEEia= =20 A o SNt ol T MLl T, 1H e K= 1.118
1 square foot, double window - oo ______ I K=0.518
1 square foot, double skylight- - oo K= 0.621

I¥squarelfoot,Hd oo R e e ey K=0.414 .

These coefficients are to be increased respectively, as follows :

Ten per cent. where the exposure is a northerly one and winds are to
be counted on as important factors.

Ten per cent. when the building is heated during the daytim'e only, and
the location of the building is not an exposed one.

Thirty per cent. when the building is heated during the daytlme only,
and the location of the building is exposed.

Fifty per cent. when the building is heated during the winter months
intermittently, with long intervals (say days or weeks) of non-heating.

In using this table it is necessary to know the conditions as to tempera-
ture of adjoining buildings having the same party-wall and of the different
stories, cellar, attic, etc., of the building to be heated. Then with the plans
of the building at hand the total square feet of each kind of surface can be
measured and the estimate rapidly made from the diagram, Table No. 47, as
follows :

Find the difference in temperatures /—#, on the lower horizontal line ;
run up the vertical line thus found until it intersects the diagonal line repre-
senting the kind of surface ; follow the horizontal line to the left and read on
the vertical scale the value of K (#—#).

F. i., 70° required in the room, temperature of adjoining hallway being
10°. Find difference 60°. The division wall being 24"; run up on the 60°
line to the diagonal for 24” wall, then follow the horizontal line to the left
and you find 12 H. U. as the value of K (/—%). Suppose there is a door in
the wall; the 60° line strikes it midway between 24 and 26 on the vertical
scale, hence we have 25 H. U. for every square foot of door.
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For the amount of air which should be admitted to each room, Morin -
gives
TABLE NO. 49.

Cubic feet of air required for ventilation per head per hour.

HospitalS'Hordinanymaladics S Eiui e 2470
HospitalsiRwoundedie tc s i SRR NNV W Y S 3530
Hospitals, in times of epidemic -~ oo __ s il 5300
Theatres - on oo s o s s e S D D S TS oSS = n SO SOETE, Do iin 1585
Assembly rooms, prolonged sittings ~~———— . _____________ 2120
BiiS0N S - B NS, NSO S . 1760
WoikshopsRordinanyAasnet e RSN NN NN 2120
Workshops, insalubrious conditions - . 3530
Barracks, day 1060, at night - ____________ 1760
Infant schools oo oo 706
Adult schools — - o 1410
StableS - o oo o e 7060

Having determined the total number of H. U. required for each room,
the kind and quantity of the radiating surface is next to be determined.

The character of the surfaces determines their efficiency.

Mr. P. Kaeuffer, M. E., of Mayence, Germany, has made a number of
careful experiments on radiating surfaces, the results of which, recalculated
for American units, we give in

TABLE NO. 50.

Transmission of heat by radiating surfaces, per square foot per hour in B.T.U.

SmoothBverticaliplan e e et S SIS e 406
Vertical plane with about 80% surface in ribs or corrugations---__ 170
Smooth vertical pipe surface - - oo ____ 480
Vertical tube with 67% of surface in corrugations - <o ._____ 221
Horizontal smooth tube or pipe —--oee oo . 369
Horizontal tube with 67% of surface in corrugations--—-o——______ 185

NOTE.—This table is correct for steam of 15 to 22 pounds pressure; for exhaust
steam reduce in proportion to temperature, except for corrugated and ribbed surfaces,
which lose very rapidly for low steam temperatures. For hot water, 50 per cent. of the
tabular numbers are approximately correct.

Approximately (for St. Louis conditions) 9 feet of 1” pipe with exhaust
steam, or 6 feet of 1” pipe with 50 pounds steam, will heat 1000 cubic feet

of air 70° per hour.

French practice is about 1 square foot of radiating surface for 230 cubic
feet of space for exhaust steam. This is about 13 feet run of 1” pipe for
1000 cubic feet of space.

Mr. Wolff gives 250 H. U. per hour per square foot surface for ordinary
bronzed cast iron radiators, and 400 H. U. for non-painted radiating surfaces,
counting steam pressure from 3 to 5 pounds per square inch. (About 609,
of these amounts for hot water heating.) When the fofal number of heat
units requived are known the work of the boiler can be directly estimated
from them; bearing in mind that the water condensed in the radiators is
returned to the boiler at 212° we have in each pound of exhaust steam 965.8
heat units available, in steam of 2 pounds, 5 pounds, or 10 pounds gauge
pressure, we have 967.5 H. U., 969.7 H. U., or 974.1 H. U. respectively
per pound of steam delivered to the system.
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As we have seen by Table No. 50, the effectiveness of radiating sur-
faces varies too much to make it the basis of the amount of boiler power
required. Still, for rough approximations it is so used ; some experts esti-
mate a square foot of boiler-heating surface for every 7 or 10 square feet of
radiating surface; some go as far as 1 to 15. Mr. Kaeuffer’s estimates are
for about 1 square foot of boiler H. S. for 6 square feet of the best and 18
square feet of the poorest radiating surface. (See Table 50.) In roughly
estimating from the cubical contents of buildings, we must observe that
small buildings, having proportionately more exposed wall and window sur-
face per 1000 cubic feet of contents, require proportionately more boiler
power. And as the amount of ventilation necessary depends on the nature
of the use of the building, this also affects the amount of boiler power
required.

TABLE NoO. 51.

Approximate Number of Cubic Feet which 1 H. P.

in Boiier will 'Heat.

Hospitals, exposition buildings, etc., with much window

Sl i ) e R 6000 to 8000
Dwellings, stores, small shops, etc.___________________ 8000 to 12000
Foundries, large workshops, etc._____________________ 8000 to 16000
Theaters, schools, prisons, churches, etc_____________ 10000 to 18000
Armories, gymnasiums, etc__.______________________ 15000 to 25000

The remarks about increase in the value of K under Table No. 48 apply
directly to increase in boiler power for similar conditions.

Heating Liquids by Steam.

Liquids may be heated by blowing the steam into them through a num-
ber of small openings, or by passing the steam through a coil of pipe sub-
merged in the liquid, or by passing the steam through an external casing. In
the former case dilution results, and any impurities in the steam of course
enter into and foul the liquid. The latter two methods are therefore more
frequently adopted in practice. In heating water, it is found that the work
done per unit of surface and temperature is greatly increased when boiling
begins and evaporation takes place, even though the difference in temperature
be less. In this connection the experiments of Thos. Craddock are interest-
ing. A velocity of 3 feet per second of the water doubled the rate of trans-
mission in still water; he found that this circulation became more valuable
as the difference in temperatures became less.

The following table by Mr. Thos. Box illustrates this point. When
evaporation had set in and caused circulation, the effectiveness of the surfaces
was trebled, although the difference of temperature was only one-third of
that in the still water, an apparent nine-fold increase.

et



TABLE NO. 52.

Table of Experiments on the Power of Steam Cased Vessels
and Steam Pipes in Heating Water.

Box.
v Units per sq. ft. per hr. for

Te':[‘;::‘;}::tz;.‘he Temp.| Difference of 1° difference of temp.

- of the | Temperature of | By Experiment. By Table. Kind of Heater.
Mini- | Maxi-

mllx?x: mifllx. aieant)| Bfpani|Steamand Watts; Units. | Mean. Units. | Mean.

Deg. | Deg. | Deg. | Deg. | Deg. Deg.

65 110 |- 212 | 147 to 202 230 216 Vertical tube.

60 HI0)25 74— 212 [ 152 to 1094 207} 216 2]0} 216 Vertical tube.

69 109% |- —aa—- 212 | 143 to 10215 | 210 221 Vertical tube.

39 |212 |- 974 |235 to 62 | 335 325 Steam cased

46 |212 | 274 |228 to 62 | 315|320 { 333 (| 829 {W‘gerfnse‘-
____________ 212 274 62 974 10001 | Worm,
____________ 212 | 250 38 (1020 | ¥ {11000 | 1900 |\ Worm.

A remarkable fact was noted in some experiments in this line by Mr.
B. G. Nichol, in 1875, namely, that a horizontal position of the pipe was
more effective than a vertical one. This is the reverse of what is found in
heating air. (Compare Table No. 50, Kaeuffer.)

Safety Valves.

It was formerly the custom to proportion the Safety Valves according to
the heating surface. But as the performance per square foot of H. S. varies
widely in different boilers (from 2 to 15 1bs. hourly evaporation), the wiser
plan of giving the safety valves a fixed ratio to the grate area has been
adopted.

The United States Treasury Department, through its Board of Super-
vising Inspectors of Steam Vessels has established the following rules:

“‘Lever safety valves to be attached to marine boilers shall have an area
of not less than one square inch to two square feet of grate surface in the
boiler, and the seats of all such safety valves shall have an angle of inclina-
tion of 45° to the center line of their axis.

““The valves shall be so arranged that each boiler shall have one sepa-
rate safety valve, unless the arrangement is such as to preclude the possibility
of shutting off the communication of any boiler with the safety valve, or
valves employed. This arrangement shall also apply to lock-up safety
valves when they are employed.

““Any spring-loaded safety valves constructed so as to give an increased
lift by the operation of steam, after being raised from their seats, or any
spring-loaded safety valve constructed in any other manner, or so asto give
an effective area equal to that of the afore-mentioned spring-loaded safety
valve, may be used in lieu of the common lever-weighted valves on all
boilers on steam vessels, and all such spring-loaded safety valves shall be
required to have an area of not less than one square inch to three square
feet of grate surface of the boiler, and each spring-loaded safety valve shall

A
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be supplied with a lever that will raise the valve from its seat a distance of
not less than that equal to one-eighth the diameter of the valve opening, and
the seats of all such safety valves shall have an angle of inclination to the
center line of their axis of 45°. But in no case shall any spring-loaded safety
valve be used in lieu of the lever-weighted safety valve without having first
been approved by the Board of Supervising Inspectors.”’

This rule, so far as it applies to lever-weighted safety valves, is identical
with the Board of Trade Rule of Great Britain.

It has, however, the one defect that it takes no account of the pressure
carried. And a safety valve of correct size for 50 Ibs. pressure would be
more than three times too large for 200 lbs. pressure, and may become a
source of danger.

The PHILADELPHIA BOILER LAW takes this into account and orders that
the ‘‘least aggregate area of safety valve (being the least sectional area for
the discharge of steam) to be placed upon ali stationary boilers with natural
or chimney draft, may be expressed by the formula

JL 22.5G
P + 8.62
in which A is the area of combined safety valves in inches. G is area of
grate in square feet. P is pressure of steam in pounds per square inch to be
carried in the boiler above the atmosphere. The following table gives the
results of the formula for one square foot of grate as applied to boilers used -

at different pressures.
TABLE NO. 53,

Pressure per Square Inch.

‘ 30| 40| 50 | 60 | 70 ‘ 100 [ 110 [120 | 150 | 175 .
121 0.79]0.580.46|0.38|0.33 | 0.29 02*) 023 0.21/0.19/0.17/0.142/0.123

Valve area in square inches, corresponding to one square foot of grate.

Horse-Power and Steam Consumption of Pumping Engines.

Multiply the number of million gallons pumped per 24 hours by the total
head (including suction head), expressed either in feet or in pounds. This
product multiplied by 0.176 if the head is stated in feet, or by 0.405 if the
head is given in pounds, will be the horse-power of work done by the watet
end, or the horse-power of the water column. Thus f. i., a 15 million gallon
engine with 260 ft. total head does 15X 2600.176 = 686.4 horse-power;,
and a 15 million gallon engine raising water against a total pressure of 110
Ibs. does 15X 110<0.405 = 668.3 horse-power. It is the universal practice
among engineers to express the economic efficiency of a pumping engine by
what is called its ““ duty,”’ 7. e. the number of millions of foot pounds of
work it will do for every hundred pounds of coal burned under the boilers.

Generally specifications base the duty to be guaranteed on an assumed
evaporation of 10:1 or state that for every 1000 lbs. of steam (measured by
the boiler feed-water) such duty is to be given.

Either method fails to define where the duty of the boiler ends and that
of the engine begins, since neither states from what temperature of feed to
what pressure of steam the boilers are to evaporate.

By the established practice among mechanical engineers, boiler per-
formances are compared as to economy on the basis of evaporation from and

— 76 —



at 212° F. In the absence of any specific statement the assumed evaporation
of 10 to 1 would, therefore, be thus construed, and as this is about the best
performance that can be safely counted on per pound of best coal, it virtually
becomes the basis of calculation,

A pumping engine of 100 million duty will require 19.8 lbs. feed-water
per hour per horse-power of work in water column, based on an evaporation
of 10 Ibs. water per pound of coal from and at 212° F.

But as pumping engines are constructed for steam pressures varying
from 75 1bs. for high pressure single cylinder engines to 175 pounds for
triple expansion ; and as the feed-water may be, say 100° F. the temperature
of the hot well, or 212° F. from a good exhaust heater, the amount of feed-
water required by the engine per horse-power per hour will vary according
to these conditions. _

The higher the steam pressure the greater the amount of energy avail-
able in each pound of steam. The lower the feed temperature the larger the
proportion of the boiler’s work which had to be expended in merely heating
the water up to the boiling-point. On this basis the following table has
been figured :

TABLE NO. 54.

Showing Lbs. Feed—Water per Horse-power required by
Pumping Engines per Hour.

E. D. M.

Equivalent
From Feed at 212° F. to Steam of: From Feed at 100° F. to Steam of: to Boller
. Work in
U.ofE.,or
Pounds
100 1bs.|1256 Ibs.|150 1Ibs. 175 lbs.|from andat
: 212°0F:

Duty.

H—

75 1bs. |100 Ibs.[125 lbs. 175 lbs.l 75 lbs.

|
!
;
|
| 7 150 Ibs.

110 Mill.|17.37/17.30 17.23117.16 17.09(|15.64(15.57/15.50(15.44|15.38 18.00
100 Mill.{19.11]19.03/18.95 18.87|18.80|(17.20/17.12(17.05/16.98/16.92| 19.80
90 Mill.|21.23{21.14/21.06 20.9720.88|{19.11(19.02|18.94(18.87/18.80; 22.00
80 Mill.{23.90,23.80 23.70(23.60 23.50(121.50,21.4021.31(21.22/21.15| 24.75
70 Mill.|[27.3027.19 27.07‘26.96 26.86(24.57|24.46(24.36(24.26/24.17} 28.29
60 Mill.|31.8531.71!31.58 31.45!31.33||28.67|28.53|28.42|28.3028.20| 33.00

50 Mill.38.2238.06 37.90:37.74 37.60' 34.40/34.24/34.10(33.96 33.84| 39.60
|

NOTE. The horse-power is the H. P. of the water column. The evaporation is
assumed at 10 lbs. water from and at 212° F. per Ib. of coal.

Economy in boilers is always stated in *‘pounds of water evaporated from
and at 212° F. per pound of fuel,’ designated as ‘‘Units of Evaporation.”’
(See Vol. VI, Transactions Am. Soc. M. E.—1881).

Unless a contract specifically provides otherwise the ‘‘assumed evapora-
tion’’ is to be so understood.

The last vertical column of the table gives the equivalent work for the
boiler in each case per horse-power of the water column; in fact, all the
figures in each horizontal line are exact equivalents of each other. Again,
comparing the vertical columns with each other it is clear that an engine pro-
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vided with a first-class feed-water heater will save 11.1¢ over the same” '
engine relying simply on its hot well.

Given an assumed evaporation per pound of such coal as the guarantee
is based on ; or the evaporation found by actual test of the boilers. Divide
the figure in the last vertical column by such evaporation, and you have
the number of pounds of the coal per horse-power in each case.

ERD M

Condensers.
H. R. W.

When steam expands in the cylinder of a steam engine, its pressure
gradually reduces, and ultimately becomes so small that it cannot profitably
be used for driving the piston. At this stage a time has arrived when the
attenuated vapor should be disposed of by some method, so as not to exert
any back pressure or resistance to the return of the piston. If there were
no atmospheric pressure, exhausting into the open air would effect the desired
object. But, as there is in reality a pressure of about 14.7 pounds per
square inch, due to the weight of the super-incumbent atmosphere, it follows
that steam in a non-condensing engine cannot economically be expanded be-
low this pressure, and must eventually be exhausted against the atmos-
phere, which exerts a back pressure to that extent.

It is evident that if this back pressure be removed, the engine will not
only be aided, by the exhausting side of the piston being relieved of a resis-
tance of 14.7 pounds per square inch, but moreover, as the exhaust or release
of the steam from the engine cylinder will be against no pressure, the steam
can be expanded in the cylinder quite, or nearly, to absolute O of pressure,
and thus its full expansive power can be obtained.

Contact, in a closed vessel, with a spray of cold water or with one side
of a series of tubes, on the other side of which cold water is circulating, de-
prives the steam of nearly all its latent heat, and condenses it. In either
case the act of condensation is almost instantaneous. A change of state oc-
curs, and the vapor steam is reduced toliquid water. As this water of con-
densation only occupies about one sixteen-hundredths of the space filled by
the steam from which it was formed, it follows that the remainder of the
space is void or vacant, and no pressure exists. Now, the expanded steam
from the engine is conducted into this empty or vacuous space, and, as it
meets with no resistance, the very limit of its usefulness is reached.

The vessel in which this condensation of steam takes place is the con-
densing chamber. The cold water that produces the condensation is the in-
jection water; and the heated water, on leaving the condenser is the dis-
charge water. ,

To make the action of the condensing apparatus continuous, the flow of
the injection water, and the removal of the discharge water including the
water from the liquifaction of the steam, must likewise be continuous.

The vacuum in the condenser is not quite perfect, because the cold in-
jection water is heated by the steam, and emits a vapor of a tension due to
the temperature. When the temperature is 110 degrees Fahrenheit, the
tension or pressure of the vapor will be represented by about 4” of mercury ;
that is, when the mercury in the ordinary barometer stands at 30”, a barom-
eter with the space above the mercury communicating with the condenser,
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will stand at about 26”. The imperfection of vacuum is not wholly tracea-
ble to the vapor in the condenser, but also to the presence of air, a small
quantity of which enters with the injection water and with the steam; the
larger part, however, comes through air leaks and faulty connections and
badly packed stuffing boxes. The air would gradually accumulate until it
destroyed the vacuum, if provision were not made to constantly withdraw it,
together with the heated water, by means of a pump.

The amount of water required to thoroughly condense the steam from
an engine is dependent upon two conditions: the total heat and volume of
the steam, and the temperature of the injection water. The former repre-
sents the work to be done, and the latter the value of the water by whose
cooling agency the work of condensation of the steam is to be accomplished.
Generally stated, with 26” vacuum, the injection water at ordinary tempera-
ture, not exceeding 70 degrees Fahrenheit, from 20 to 30 times the quantity
of water evaporated in the boilers will be required for the complete liquifac-
tion of the exhaust steam. The efficiency of injection water decreases very
rapidly as its temperature increases, and at 80 degrees and 90 degrees
Fahrenheit, very much larger quantities are to be employed. Under the
conditions of common temperature of water and a vacuum of 26" of mercury,
the injection water necessary per H. P. developed by the engine, will be
from 1} gallons per minute when the steam admission is for one-fourth of the
stroke, up to 2 gallons per minute when the steam is carried three-fourths of
the stroke of the engine. {

The power exerted by a steam engine during a single stroke of a piston,
is due directly to the difference between the pressures on the opposite sides
of the piston. Newton said, ‘“all force is vis a fergo,’’—a push from be-
hind. A vacuum does not in itself give power. It only effects a removal of
resistance from the retreating side of the piston, and consequently adds just
so much activeness to the other, or pushing side. The value of a vacuum of
26" of mercury to an engine, may be generally approximated by considering
it to be equivalent to a net gain of 12 Ibs. average pressure per square inch
of piston area. It is obvious that this amount of power gained bears nearly
the same ratio to the power developed by the engine when non-condensing,
as 12 1bs. does to the mean effective, or average pressure of the steam in the
cylinder. So, if the mean effective pressure is known, a close idea of the
percentage of gain that will be derived by the use of a vacuum with a: non-
condensing engine, may be arrived at.

By the use of Watt’s formula, in which,

A = Area of piston in square inches.

V = Velocity of piston in feet per minute.

M. E. P. = Mean effective pressure of the steam in pounds per square
inch on the piston. :
AXVXM.E.P.

33000

And by substituting 12 for M. E. P., the value of vacuum of 12 Ibs. ex-
pressed in horse power is found.

AX V%12

33000

= Horse Power.

= Horse power made available by vacuum.

g



Table of Mean Effective Pressures.

The following graphical table will afford a ready and comprehensive
means of ascertaining the mean effective pressure of steam in an engine
cylinder when the initial steam pressure and point of cut-off, or the number
of expansions of the steam, are known.

It should be borne in mind that ¢ absolute pressure’’ is calculated from
the absolute vacuum of the barometer, while ¢ gauge pressure’’ as indicated
by the ordinary pressure gauge, begins with atmospheric pressure as its zero;
consequently ‘‘absolute pressure’’ is nearly 15 pounds greater than ¢ gauge
pressure.”’

TABLE NO. 35.

Mean Effective Pressures.
vowor exemsions 3|8 8|Z2[H | Sef o] o o o <] < o
POINTS OF CUT OFF gloeis a‘"?aﬁ:‘?tﬁ"i 1"15 ﬁ) /% ?l % ‘g % 3‘ % % “2"— gg‘ %FLIU
T PTG T T A e P
0 WIS F i ATAYi 11/ —1/ 7]
190 T 74
S T AT Y 0 O T AV AV AW Y 7 aANmY, o
- I / L1V A
TR ayAw i 7t AMp/44V
e T AvAvi y 4 VARY./44
A AT,
1% T I 7 YAy
0 1/ y. AP
NN IRV AT AVAW MY yARW AN,
140 [V ETATAY ] S ARDAN7./
2 17 HJ'" y|W YA Vil
3130 / / !
3 i1 / / | !
= L y.aY//iVa ! .
= 77/ 7 vy , !
S L] VI avAy/ ! !
WESE1heee e A |
I3 1 I
L ) iy v Af P
=00 | / AVy.ay. I
£ | V7 A b
s |
- 7
oI A e
<P =] // /% ! i |
w11/ .7/ ! b
50 [— a9/ i ! P
f ]
40 . / i E E | E E | i i
1o Aot 0 el - 0 ! I |
30 : ! J : a : ! i | : i )
f I : : ] : ) | : : I : ]
20 RV S TR A I } - i
1 \ 1 \ { I ! | H 0" J |
e L, B e | [ 1
& . IR B - : o ;
P Al i VR L {mim i
120 5‘0 40 30 2‘5 20 17 15 13 12 1N 10 !
g PER CENT OF POWER GAINED BY VACUUM

(From Special Catalogue of The Worthington Condenser.)

The left hand vertical column of figures gives the initial (absolute)
steam pressure, and the upper horizontal row, the number of expansions
that correspond to the several points of cut-off; directly under this is a
similar one of the mean effective pressures.
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To determine the M. E. P. produced in an engine cylinder with an- ~

initial pressure of 90 pounds steam (gauge pressure), cut-off at one-quarter
stroke, expanded and finally exhausted into a vacuum; add 15 to 90, and find
105 in the initial pressure column ; follow the horizontal line to the right
until it intersects the oblique line which corresponds to % cut-off. Then read
the M. E. P. from the row of figures directly above, which in this case is 63
pounds.

If, as in a non-condensing engine, the steam is exhausted against atmos-
pheric pressure, this 63 pounds M. E. P. should be reduced by 15 pounds,
giving 48 pounds as the net result.*

By glancing down and reading on the lower scale the figures directly
under the 48 pounds M. E. P. on the upper row, will be seen the percentage of
power that a vacuum will add to an engine using 90 pounds ‘¢ gauge pressure ”’
steam, cut-off at one-quarter stroke. Thus, in this instance, the value of
the vacuum is found to be between 25 and 30 per cent of the power of the

engine when running non-condensing.
H. R. W.

*NOTE.—In condensing engines it will be safer to deduct from 3 to 5 pounds for
imperfect vacuum, etc., and in non-condensing engines 16 to 18 pounds in place of 15
for back pressure, etc.

E. D. M.

Minneaoolis Industrial Exposition Building, Minneapolis, Minn.,
With Heine Boiler Plant of 1000 H. P.
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CODE OF RULES FOR BOILER TESTS.

Recommended by the American Society of Mechanical Engineers, November, 1884.

Starting and Stopping a Test.

A test should last at least ten hours of continuous running, and twenty-
four hours whenever practicable. The conditions of the boiler and furnace
in all respects should be, as nearly as possible, the same at the end as at the
beginning of the test. The steam pressure should be the same, the water-
level the same, the fire upon the grates should be the same in quantity and
condition, and the walls, flues, etc., should be of the same temperature. To
secure as near an approximation to exact uniformity as possible in conditions
of the fire and in the temperatures of the walls and flues, the following
method of starting and stopping a test should be adopted :

Standard Method. —Steam being raised to the working pressuré, remove
rapidly all the fire from the grate, close the damper, clean the ash-pit, and

as quickly as possible, start a new fire with weighed wood and coal, noting -

the time of starting the test and the height of the water-level while the
water is in a quiescent state, just before lighting the fire.

At the end of the test, remove the whole fire, clean the grates and ash-
pit, and note the water-level when the water is in a quiescent state ; record
the time of hauling the fire as the end of the test. The water-level should
be as nearly as possible the same as at the beginning of the test. If it is not
the same, a correction should be made by computation, and not by operating
pump after test is completed. It will generally be necessary to regulate the
discharge of steam from the boiler tested by means of the stop-valve for a
time while fires are being hauled at the beginning and at the end of the test,
in order to keep the steam pressure in the boiler at those times up to the
average during the test.

Alternate Method.—Instead of the Standard Method above described,
the following may be employed where local conditions render it necessary :

At the regular time for slicing and cleaning fires have them burned
rather low, as is usual before cleaning, and then thoroughly cleaned; note
the amount of coal left on the grate as nearly as it can be estimated; note
the pressure of steam and the height of the water-level—which should be at
the medium height to be carried throughout the test—at the same time ; and
note this time as the time of starting the test. Fresh coal, which has been
weighed, should now be fired. The ash-pits should be thoroughly cleaned
at once after starting. Before the end of the test the fires should be burned
low, just as before the start, and the fires cleaned in such a manner as to
leave the same amount of fire, and in the same condition, on the grates as at
the start. The water-level and steam pressure should be brought to the
same point as at the start, and the time of the ending of the test should be
noted just before fresh coal is fired.
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During the Test.

Keep the Conditions Uniform.—The boiler should be run continuously,
without stopping for meal-times or for rise or fall of pressure of steam due to
change of demand for steam. The draught being adjusted to the rate of
evaporation or combustion desired before the test is begun, it should be
retained constant during the test by means of the damper.

If the boiler is not connected to the same steam-pipe with other boilers,
an extra outlet for steam with valve in same should be provided, so that in
case the pressure should rise to that at which the safety valve is set, it may
be reduced to the desired point by opening the extra outlet, without checking
the fires.

If the boiler is connected to a main steam-pipe with other boilers, the
safety valve on the boiler being tested should be set a few pounds higher
than those of the other boilers, so that in case of a rise in pressure the other
boilers may blow off, and the pressure be reduced by closing their dampers,
allowing the damper of the boiler being tested to remain open, and firing as
usual.

All the conditions should be kept as nearly uniform as possible, such as
force of draught, pressure of steam, and height of water. The time of clean-
ing the fires will depend upon the character of the fuel, the rapidity of com-
bustion, and the kind of grates. When very good coal is used, and the
combustion not too rapid, a ten-hour test may be run without any cleaning
of the grates, other than just before the beginning and just before the end
of the test. But in case the grates have to be cleaned during the test, the
intervals between one cleaning and another should be uniform.

Keeping the Records.—The coal should be weighed and delivered to the
firemen in equal portions, each sufficient for about one hour’s run, and a
fresh portion should not be delivered until the previous one has all been fired.
The time required to consume each portion should be noted, the time being
recorded at the instant of firing the first of each new portion. It is desirable
that at the same time the amount of water fed into the boiler should be
accurately noted and recorded, including the height of the water in the boiler,
and the average pressure of steam and temperature of feed during the time.
By thus recording the amount of water evaporated by successive portions of
coal, the record of the test may be divided into several divisions, if desired,
at the end of the test, to discover the degree of uniformity of combustion,
evaporation, and economy at different stages of the test.

Priming Tests.—In all tests in which accuracy of results is important,
calorimeter tests should be made of the percentage of moisture in the steam,
or of the degree of super-heating. At least ten such tests should be made
during the trial of the boiler, or so many as to reduce the probable average
error to less than one per cent, and the final records of the boiler test cor-
rected according to the average results of the calorimeter tests.

On account of the difficulty of securing accuracy in these tests the greatest
care should be taken in the measurements of weights and temperatures.
The thermometers should be accurate to within a tenth of one degree, and
the scales on which the water is weighed to within one-hundreth of a pound.
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Analyses of Gases. Measurement of Air Supply, Etc.

In tests for purposes of scientific research, in which the determination of
all the variables entering into the test is desired, certain observations should
be made which are in general not necessary in tests for commercial purposes.
These are the measurement of the air supply, the determination of its
contained moisture, the measurement and analysis of the flue gases, the
determination of the amount of heat lost by radiation, of the amount of infil-
tration of air through the setting, the direct determination by calorimeter
experiments of the absolute heating value of the fuel, and (by condensation
of all the steam made by the boiler) of the total heat imparted to the water,

The analysis of the flue gases is an especially valuable method of deter-
mining the relative value of different methods of firing, or of different kinds
of furnaces. In making these analyses great care should be taken to procure
average samples, since the composition is apt to vary at different points of
the flue, and the analyses should be intrusted only to a thoroughly competent
chemist, who is provided with complete and accurate apparatus.

As the determination of the other variables mentioned above are not
likely to be undertaken except by engineers of high scientific attainments, and
as apparatus for making them is likely to be improved in the course of scien-
tific research, it is not deemed advisable to include in this code any specific
directions for making them.

RECORD OF THE TEST.

A ““log’’ of the test should be kept on properly prepared blanks con-
taining headings as follows :

}
|
|

1
\

TABLE NO. 57.
pmm— = i ————= = e 7‘,._:,|;‘—_.._. e e
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REPORTING THE TRIAL.

The final results should be recorded upon a properly prepared blank,
and should include as many of the following items as are adapted for the
specific object for which the trial is made. The items marked with a * may
be omitted for ordinary trials, but are desirable for comparison with similar
data from other sources.



TABLE NO. 53.

Results of the trials of a--—-— oo _______
Boiler at- - - _______
To determine - - .

3k, IDEIE @ B e iy g hours
2. Duration of trial - ___________________ hours
DIMENSIONS AND PROPORTIONS.
(Leave space for complete description).

3. Grate-surface---—-- wide------ long--—--- area ------ sq. ft.

4. Water-heating surface- - sq. ft. |

5. Superheating-surface - - - - oo _________ sq. ft.

6. Ratio of water-heating surface to grate-surface.--__

AVERAGE PRESSURES.

7. Steam-pressure in boiler, by gauge - _______. ‘ Ibs. ‘
*8. Absolute steam-pressure - - - - ___________ 1bs.
*9. Atmospheric pressure, per barometer- .- ... ____ ‘ in.
10. Force of draught in inches of water.———.———______ in.

AVERAGE TEMPERATURES.
*11. Of external air------ S NN SV N deg.
12 1(O) [RT1 1;E= (00 1) [ N deg.
13N (O) [t e 2 111 N NLY RS = S deg.
129 @) {feScap NI as eSS N deg.
II5N@) [l e e @IV T deg.
FUEL
16. Total amount of coal consumed. - ____________ Ibs.
17. Moisture in coal - oo ___ per cent.
183 Dryicoallconsumed oS . I Ibs.
19. Total refuse, dry—---- pounds=__ . _____________ per cent.
20. Total combustible (dry weight of coal, item 18, less
refuse, item 19) - ________________ Ibs.
*21. Dry coal consumed per hour- - ______________ Ibs.
*22, Combustible consumed per hour- - ____________ 1bs.
RESULTS OF CALORIMETRIC TESTS.
23. Quality of steam, dry steam being taken as unity-.
24, Percentage of moisture in steam.-.._._____________ per cent.
25. Number of degrees superheated-- .-~ ___._____ deg.
WATER.
26. Total weight of water pumped into boiler and ap-
parently evaporated -~ ______________ Ibs.
27, Water actually evaporated, corrected for quality of|
steam - —— - e e e LT Ibs.
28. Equivalent water evaporated into dry steam from
andiat 212° F- - ___ - _______ Ibs.
*29. Equivalent total heat derived from fuel in B. T. U--| B. T. U.
+80. Equivalent water evaporated into dry steam from
and atr212>E. perthour-—=—=-—____3C__ . __® - 1bs.
ECONOMIC EVAPORATION.
81. Water actually evaporated per pound of dry coal,
from actual pressure and temperature-___________ 1bs.
32. Equivalent water evaporated per pound of dry coal,
fromand at 212°F-_______________________ ! 1bs.
33. Equivalent water evaporated per pound of combusti-|
bleifromPandy a2l R S S e e S 1bs.
COMMERCIAL EVAPORATION.
34. Equivalent water evaporated per pound of dry coal
with one-sixth refuse, at 70 Ibs. gauge pressure,
from temperature of 100° F. = item 33X0.7249
POt N S e T L e 1bs.
t Corrected for inequality of water level and of steam pressure at beginning and end
of test.

o =GR



TABLE NO. 58.—Continued.

RATE OF COMBUSTION.
35. Dry coal actually burned per square foot of grate-

surface per hour-—— . ___ . ______ Ibs.

Per qu' ft. of grate b
*36. | Consumption of dry coal SRS e moniscrs S.
*37. per hour. Coal assumed i Pell]'e:g;] ft-sglffa\/g:ter Ibs
*38, with one-sixth refuse. | po. sq.gft e :
] area for draught.._ Ibs.

RATE OF EVAPORATION.

39. Water evaporated from and at 212°F, per square foot
of heating surface per hour——__________________. Ibs.
) Per sq. ft. of grate-
| Water evaporated per hour | surface--.-—_____ Ibs.

%471, % from temperature of 100° } Per sq. ft. of heat-
49, F.into steam of 70 Ibs. ing surface---—_- Ibs.
‘|  gauge pressure. | Per sq. ft. of least
L ) areafordraught--| Ibs-

COMMERCIAL HORSE-POWER.

43. On basis of 30 Ibs. of water per hour evaporated
from temperature of 100° F. into steam of 70 lbs.

gauge pressure (34'% Ibs. from and at 212°)._____ 5k il
44. Horse-power, builders’ rating, at---__- square feet,

per horse-power- - ______________. H. P.
45. Per cent. developed above, or below, rating_-_______ per cent.

NOTE.—Items 20, 22, 33, 34, 36, 37, 38 are of little practical value. For if the result
proves to be less satisfactory than expected on the actual coal, it is easy for an expert
fireman to decrease No. 20 by simply raking out some partly-consumed coal in cleaning
fires, and thus making a fine showing on that simply ideal or theoretical unit, the ‘‘ pound
combustible.”” The question at issue is always what can be done with an acfzal coal, not
the ‘“ assumed coal”’ of items 34, 36, 37 and 38. .y

250 H. P. Heine Boiler.
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CONDENSATION OF STEAM IN PIPES.

When steam pipes are exposed to the open air the steam condenses
more or less rapidly according to the condition of the surfaces, and the
temperature and rate of motion of the air. This loss is quite serious in itself
and further increases the losses by cylinder condensation as indicated on
page 62,

Experiments made by different parties, in still air, gave the following

results :
TABLE NO. 39.

Condensation in Uncovered Pipes.

Difference of Steam Condensed H. U. Lost per
OBSERVER. Temperature of Steam | per Square Foot per | Square Foot per Hour,

and Air. Hour, per 1° F, per 1° F.
Il o] dESNES = R 161° F. 0.0022 1b. 2.100
Blunnatml et e oot 1966 0E" 0.0030 1b. 2.864
@lement et SR 0T, B s 151° F. 0.00217 Ib. 2.071
Gronvel [ EMEEn Tt RN A 168° F. 0.0020 1b. 1.909

Average for steam of 20

1bs. absolute pressure____ 16I9RAE? 0.00235 1b. 2.236

With higher pressures of steam the loss per square foot will be somewhat
increased.
Mr. Burnat also tried various coverings with the following result:

TABLE NO. 60.
Loss in Condensation in Pipes, per Degree Difference,
per Square Foot, per Hour.

Steam Heat Lost
CONDITION OF SURFACE. Condensed in

Pounds. B. T. U.

Bare er.uncoveredspipe-=—==—=________L_.___ 0.00300 2.812
Covered with straw and straw ropes, about

i3} Gy beae, ST GRS e T WAL e oS 0.00102 0.968
Cased in clay pipes, with air space, coated

Withiloarn St FOrR it el SIS R 0.00115 1.108

Covered with cotton waste, 1 inch thick-_____ 0.00146 1.384

Coated with old felt, treated with caoutchouc__ 0.00159 1.515

Coated with clay and cow’s hair, 2.36 inch thick, 0.00165 | 1.568

Coated with clay and painted white .________ | 0.00156 |  1.485

The upright pipes condensed more steam than the horizontal ones; this
corroborates Table No. 50.
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Interesting tests for pipe coverings were made by Prof. J. M. Ordway,
which are given here, in
TABLE NO. 6l.

Table Showing Heat Transmitted by Non-conductors.

Heat Units H. U. per 10 Pounds Steam
Non-conductors 1 nch Tick. | Jrimsmited per | Biffrence | Condensed por Sauare

Hour. per Hour. per Hour.

Confined Air ._______________ 203 ikl 0.00124
Wool . _ .. 36 19 0.00021
Live Geese Feathers _______. 41 .23 0.00026
Live Geese Feathers __.____. 50 .27 0.00030
Lamp Black-._____________. ' 41 .23 0.00026
Cork Charcoal______________ 50 27 0.00030
White Pine Charcoal - ________ 58 .32 0.00036
Calcined Magnesia___________ 52 .28 0.00032
Fossil Meal _________________ 60 .33 0.00037
Zinc White _________________ 72 .39 0.00043
Ground Chalk ______________ 80 43 0.00048
Asbestos, in movable air______ 210 1.14 0.00127
Dry Plaster of Paris__________ 131 2L - 0.00079
Plumbago, in movable air_____ 296 1.62 0.00181
Coarse Sand________________ 264 1.44 f 0.00161

300 H. P. Heine Boiler being moved.
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CHIMNEYS.

The proportioning of chimneys is very largely a matter of experience
and judgment. Various rules have been formulated for this purpose, but
they all vary more or less. A chimney must have sufficient cross section to
easily carry off the products of combustion, and be high enough to produce
sufficient draft for complete and rapid combustion. The following table is
based on the mean results of several of these formulae, further modified by
our own practical experience. Where there is a choice between a high nar-
row stack and a lower wide one, the nature of the fuel should decide the mat-
ter. As a rule the taller stack is preferable. (See p. 160)

TABLE NO. 62.

Table of Sizes of Chimneys.

DIAMETER AND NOMINAL HORSE POWER.

Huight | 207 | 26" | 30" | 34" | 36" | 40" | 44’ | 50" | 54" | 58" | 60 | 64 | 72" | 78"
70ft.f 40 | 60 ||| oo e
80ft.| 50 | 75 } 100; 130] 150 175 200 - |- || ||
90ft.|--__|-___| 120} 150| 175| 200| 225] 300|_ -} |||
100 ft. |- || |—___|-___|.___| 250| 340| 375| 430 500/ 600 750 930
(0578 RSURORN SRO RRVRER (RPN RSPV (RPRN P 360| 400| 455| 550, 650, 825 990
120 $t. |- o oo em oo ———-| 425 500} 600| 700 9001050

The amount of fuel to be burnt per square foot of grate per hour has been
increasing in modern practice ; therefore the old rules don’t fit the case any
more. Then again it makes a difference how many boilers are to run into
the same chimney. The heaviest work of the chimney is immediately after
firing, since the friction through the fresh codl is greater and the temperature
less then than some minutes later. But it would be bad practice to fire all
boilers or all doors simultaneously. Hence the second boiler does not re-
quire as much area as the first; say 75 per cent. will do. After that there
comes the additional consideration that as the diameter of the stack increases
the friction in stack and breeching decreases rapidly. Therefore for the third
and each succeeding boiler 50 per cent. of the first area will suffice.

But as more are added the height should be increased, more especially if
the horizontal flue from boiler to stack increases in length, as it usually will.
A good rule is make the height 25 times the diameter, with possibly a grad-
ual decrease in the ratio to 20 times the diameter for the larger chimneys.
Thus a 4 feet diameter would call for 100 feet height and a 5 feet for 120
feet; a 6 feet for 140 and a 10 feet for 200 feet height.
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fit each time and place, fo points many miles apart, with losses
exactly controllable. Locations can therefore be chosen wiere
[fuel and waler are cheapest, where the refuse is easiest disposed
of, etc., and where every item of economy, multiplied by the enor-
mous quantities involved, becomes a question of grave concern
and careful calculation. In these large and essentially modern
power plants will be found, as peer of the best type of the com-
pound condensing or triple expansion engine, the Modern Water
Tube Boiler, When in a plant like these, the old fire tube type
of boiler is found, it is but an exception whick proves the rule. As
an apt illustration of this development we may compare the Cezn-
tennial Exposition at Philadelphia in 1876 where a single 1000-
horse power engine sufficed to drive all the machinery, and where
fire tube boilers were the rule and water tube the exception, with
the great Columbian World's Fair of 1893 at Chicago, where an
installation of r5,000-/korse power boilers becomes necessary, from
which condensing engines of the compound and triple expansion
type will develop about 25,000-horse power, two-thirds of which
will be converted into electrical energy.* All these boilers are of
the Modern Water Tube type, space, safety, economy and @sthetic

considerations having barred the others,
The detailed and painstaking investigation into all the points

involved in steam making, which in such large plants precedes
and influences the design, and the choice and size of the parts, is
of course not possible in small plants, whose owners must neces-
sarily follow on the lines marked out by these large and successful
installations. But they will the more readily profit by such expe-
rience when prepared to analyze the different elements which

together compose a modern boiler plant. As a guide to such
analysis we offer in the following pages a few elementary thoughts
on the salient points involved.

*By general consent a horse power in a boiler is considered as the evaporation into
steam, at seventy pounds gage pressure, of thirty pounds of water per hour, as being about
the quantity a good slide valve engine requires. A good single cylinder Corliss engine uses
only twenty-five pounds, a compound condensing eighteen to twenty pounds, and a triple
expansion thirteen to sixteen pounds. This explains the apparent discrepancy between
boiler and engine power.
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A MODERN BOILER PLANT.

A good boiler plant is something essentially modern. Since Wa¢/ yoked
the Power, and Stephenson harnessed the Speed of Steam to the triumphal car
of modern progress, invention has been busy, throughout the civilized
world, with improvements in all the elements of a complete steam plant.

But owing partly to the fact that the engine seemed to offer more
chances for experiment, and better opportunity for observation, and partly
to the knowledge that the losses in the engine were vastly greater than in
even a carelessly designed boiler plant, the engine has received by far
greater attention. Even now it is not an unusual thing to find a steam
plant in which every refinement of modern engineering has been carefully
brought to bear in the design and construction of engine and shafting, while
the boiler plant has been settled by prescribing the number of square feet
of heating surface, and adding a few commonplace specifications about the
steel, which can be as well filled by a high sulphur steel as by good flange
stock. Many an intelligent manufacturer will point with pride to his pol-
ished Corliss engine, will show you model indicator cards from it, while
neither he nor his engineer can tell you within 25 per cent what his boilers
are doing.

It is not uncommon to find the boilers stowed away in some hole, so
close, dark and ill-ventilated that no self-respecting skilled laborer w:// con-
tinue to work in it, and a good fireman is emphatically a skilled workman,
having charge of an important chemical process whose proper handling, in
many lines of manufacture, determines whether the books will show loss or
profit at the end of the year.

Naturally enough, ill-designed, badly proportioned breechings or flues
are often found in such places, connecting into chimneys neither wide
enough nor high enough for the work expected of them. But within the
last decade more attention has been given to the botler plant. Much educa-
tional work has been done by boiler companies, notably by one which
annually publishes in its catalogue much useful information and many con-
venient tables of data connected with steam generation, which are not else-
where readily available to the average steam user or his engineer. Much
credit is due to the large electrical companies who have boldly departed
from antigue superstitions, and have put as much thought into their boiler
plants as into the other elements of their large installations.

A boiler plant consists in the main of #iree essential parts, each one of
which has its own important office in the success of the whole.

First, there is the Chimney or Stack with its Flue or Breeckhing, to carry
off the waste gases and to create the Draf?, without which combustion ina
practical and economic sense is impossible.

Second, the Furnace or Setting, whose arrangement and dimensions de-
termine the important elements of quantity and economy of comébustion.

Third, the Boiler, whose proportions and design must be such as enable
it to absord the maximum amount of the heat produced by the furnace,
thus determining finally the capacity and economy of the whole plant.
These separate and distinct offices of the three component parts of a boiler
plant are often confounded, not only by those to whom a boiler-room is sim-
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ply a vague counterpart of the Black Hole of Calcutta, but even by those -
who claim to ‘know all about boilers.” How often is the boiler manufac-
turer met by the question: ¢“Will your boiler burn slack?” or ¢‘tanbark’’ or
some other fuel desirable because cheap. Aside from the fact that the
boiler has usually very little to do with it, the question can only be answered
by exercising the Yankee privilege of asking a few more. F. i. «“How
much draft have you?” or ‘“What are the dimensions of your chimney ?”
the answer will generally be ¢‘a splendid draft,” or “we have a fine big
chimney built only a few years ago.’” But this gives the boiler man but a
very vague idea. He wants facts and he does not get them. The splendid
draft may prove to be, according to the personal equation of his informant,
anything from four-tenths of an inch to an inch of pressure, the chimney
may be anything from half to full capacity for the work in hand, and yet
upon an accurate knowledge of these data the correct answer to the first

question depends.
THE CHIMNEY.

The Chimney determines how many pounds of fuel can be burnt per
hour, the quantity varying with the kind of fuel in very narrow limits, and
also to some extent depending on atmospheric conditions. Its office is to
remove the waste gases whose quantity varies but little whether smoke
accompanies combustion or not, and to supply enough air to oxydize all
the fuel. The Draft pressure is simply the difference in weight between a

column of hot and therefore light gas in the chimney, and a column of air .

outside, of the same height and area. The greater the draft pressure, the
greater the speed of the spent gas leaving and the fresh air entering the
furnace, and hence the greater the guantity of fuel which the same chimney
area will enable us to burn.

This pressure, as explained, depends on the /keight and temperature of
the column of waste gas; it may be increased at will either by making the
chimney higher or allowing the spent gas to escape at a higher tempera-
ture. The latter method is very wasteful and should never be resorted to
except where the former cannot, for some local reasons, be adopted. Of
course, with larger chimney area less speed will suffice for the same quan-
tities of gas and air, and this fact is often urged to bolster up the antique
superstition that a low chimney with ample area will do the same work as a
tall one of less diameter. 1f this were true, removing the roof of the boiler
house ought to prove a geod substitute for an expensive chimney, and a
gas globe might conveniently replace the broken chimney of a student lamp.

It is just here that the nature of the fuel affects the matter. To cause
combustion theair must be brought into ntimate contact with all the particles
of the fuel. With gas or oil this may be done with small initial draft.
The frictional resistance to the passage of the air through a bed of solid fuel
of any kind increases with the decrease in the size of the pieces, lumps or
grain of the fuel. Hence a skarper draft is required for sawdust or tanbark
than for cordwood, for slack or pea coal than for nut or egg coal. But the
smaller the grain of the fuel the more surface is presented for the oxydizing
action of the air, hence the more uniform the combustion. Therefore the
careful fireman breaks his lump coal just before firing.

Again most coals have two rates of combustion which give best economic
results.  One usually a very low one and hence hardly available in the very
limited space generally fixed by modern conditions. The other is a much
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higher one, the intermediate rates being frequently very wasteful. This"
higher rate matkes more power possible in the minimum of floor area and hence
meets modern demands. It developes higher temperatures, and, as great
differences in heat favor its transmission, it makes more work possible in
the boiler.

Finally a strong draft in the chimney is less Ziable 20 interruption by gusts
of wind than a sluggish one. All these considerations point to the tall
chimney as the source and fountain of all the energies of a modern steam

plant.
The smoke stacks of the Pacific Mills, Lawrence; the Boston Edison

Co.; the Narragansett Electric Light Co., Providence; Broadway Cable R.
R. New York; Clark Thread Mills, Newark; Union Depot R. R., St. Louis;
Chicago Edison Co., and Anheuser-Busch Brewery, St. Louis, are good ex-
amples of modern practice in the matter of tall chimneys. )

The forty to sixty feet smoke stacks which were “plenty high enough”
belong to the past, with the old stone mills, the ram shackle engines with the
gothic ornaments, low steam and timber bed frames.

The Flue or Breeching connecting the furnace or setting to the Jhimney
properly forms part of it. It should be of equal or slightly larger area and
where changes in shape or direction cannot be avoided they must be made
easy and gradual, carefully preserving the area at all points. Abrupt turns
or contractions of area are known to interfere with the flow of liquids; fre-
quent and facile observation shows this to every one, and tables are pub- °
iished showing the observed loss in effect by those of most common occur-
rence. In the case of gases the effect is even more damaging, since the
initial force is generally (in a chimney a/ways) limited, while opportunities
for observing this action are not frequent and have to be specially created.
Therefore so many sharp turns and sudden changes in area are met with
in steam pipes and smoke flues, which, a little thought would prove, should
be avoided. Where one chimney serves several boilers, the éranck of the
breeching or flue for each must be somewhat larger than its proportionate
part of the area of the main flue.

Forced draft is sometimes employed with good success. It should be
an adjunct merely, but cannot be made to replace a tall chimney. Com-
bustion will not be as perfect under pressure as under a slight vacuum. A
leakage of air inward through the furnace walls helps to supply hot air for
combustion, and to some extent reduces and counteracts losses by radia-
tion. But excessive forced blast which more than counterbalances the
draft of the chimney will increase radiation and by leakage through the
walls, doors, etc., outwards cause much loss. Worst of all 1t znterferes
with theﬁreman by makmg his work hard and unsatisfactory.

52 &t o3 ¢ ~':’. «THE FURNACE.

The chlmney havmg ﬁxed .the quantity of fuel we can burn, we must
arrange, Garc? fu_rna’ce 50, t.ha; rt;.Wll’ do the best work within this limit. We
must remember that ze draft must be husbanded, its whole force to be called
on only for our maximum effort. The £ind of fue/ and the nature of the
service will determine the proportions of our furnace. The furnace which
will give excellent results on coal will be found inadequate for wood, if it
be proportioned for the steady and regular work of a flour mill, it must be
modified to meet the sudden and varying demands of an electric railway.
The grate must, in area, in width and shape of air spaces, in length and

= (R



design of bars be adjusted to the kind of work the plant is to do, and the
peculiarities of the fuel. Thus a baking and clinkering coal requires few
and wide air spaces, a dry and friable one must have many and narrow
ones. The total ai7 space of the grate must be made as large as possible
since it is the active element,; the metal must be reduced in width as much
as is compatible with strength. The surface of the grate must be as smooth
and even as possible so as to offer no impediment to the use of the clinker
bar and other fire tools. The longer time required for the perfect combus-
tion of a fuel the larger must furnace, combustion chamber and flue be
arranged. For sufficient air, high temperature, and time and space are
equally important conditions of thorough combustion, and this must be
compieted before the gases are brought in contact with the heating (or
here cooling) surfaces of the boiler. Theserules apply to the various patent
grates, stokers and furnaces as well as to the standard devices of established
practice. And the best invention must in its application be supplemented
by experience, calculation and design. The walls of a good furnace should
have as _few openings, doors, etc., as possible, since every break in the bond
of the brickwork increases the tendency to cracks, which can never be en-
tirely avoided, but which cause leaks so detrimental to complete economy.
Double walls with air spaces between them should always be employed
where practicable, so that this unavoidable indraft through the cracks may
be heated and utilized for secondary combustion.

The lining of the furnace proper and the bridge wall should be made of
a quality of fire brick which combines greaz refractory power with hardness
and toughness to resist the abrasion due to the fire tools and the clinkers.
The combustion chamber and flues may be lined with a cheaper grade since
the heat is less and no abrasion possible. The cheap plan of using no fire
brick abaft the bridge wail is wasteful in the end and therefore bad prac-
tice. As no bond of either fireclay or mortar is abdsolutely reliable under fur-
nace temperature, long and stout anchor rods should be used to tie the
walls securely together. It is of course necessary to make the joints be-
tween the furnace and the boiler as nearly air-tight as possible. This is best
done by leaving joints wide enough toclear all projecting parts of the boiler,
such as rivet heads, etc., and then filling them with some spongy material,
f. i., tow or waste thoroughly saturated with fireclay. This is pliable
enough to follow the movements caused by alternate expansion and contrac-
tion without racking the brickwork or impairing the joints. By this arrange-
ment the boiler can be made entirely independent of the stability of the walls.
For all clinkering coals a cemented ashpit kept full of water is advisable.

Having now designed a furnace, capable of burning our fuel to best
advantage, little and slowly when the demand for power is slight, much and
fiercely when the full load is put on, i. e., having devised the best means
for waking the sleeping force in the fuel to the active energy of living Heaz,
we want means to translate this into Mechanical Power.

THE BOILER.

The Steam Boiler furnishes the means. If we except certain dangerous
vapors, sfcam, which is the gaseous form of water, is the substance whose
expansive force grows most rapidly with each increment of heat. It has
therefore become to civilized man the almost universal means of drawing
active working force from the latent Sun-Energy stored up for him for ages
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past by provident Nature. In the furnace the energy of %eat has been called
to life; the doiler is now to absord this heat and to #ransmit it to the water
within. This will first rise in temperature with less than five per cent ex-
pansion, until a point is reached when each additional unit of heat absorbed
changes a particle of water into the vapor we call steam. This change
is accompanied by an immense increase in volume, and as the boiler im-
prisons the steam and exactly limits the space it may occupy, each new
particle thus changed crowds on those gone before and the imperative ten-
dency to occupy more space begets the expansive force or pressure of
steam which our gage registers. To hold this pressure with safety, is the
second office of the boiler. If there be just room in the boiler above the
water line, to contain one pound of water converted into steam at atmos-
pheric pressure, the second pound thus converted ¢rowds the first into Zalf
this space, appropriates the other half itself and thereby adds fully fifteen
pounds per square inch to the originally existing pressure, and so on with
each succeeding pound of water which the heat absorbed changes into
steam. Atthe same time each pound of water previously converted intc
steam must absorb a certain quantity of heat to enable it 20 retain its gas-
eous jorm under this increased pressure, or some portion of it will
fall back as watery spray. Every one who has seen a teakettle boil knows
that the steam rises in transparent bubbles, which burst as they reach the
surface, scattering spray to all sides but mainly upwards. The spray, be-
ing water, has no expansive force, and when allowed to leave the boiler
with the steam not only represents so much zner? matter carried along but
presents innumerable surfaces to invite and hasten condensation. The
third office of a good boiler is therefore the separation of this entrained
water from the sfeam. This is an important office and worthy of the ser-
ious thought of the designer; yet it is often neglected in superstitious
reliance on the fetich of an excessive amount of heating surface.

The water with which boilers are fed is rarely even approximately pure.
Salts of lime and magnesia are the most frequent impuritics chemically com-
bined, while much extraneous matter both vegetable and mineral is carried
along mechanically. The latter as well as the carbonaies are readily precip-
itated at the boiling point at atmospheric pressure. But the sw/phates of
lime and magnesia require a temperature of nearly 300° Fahrenheit to be-
come insoluble and drop to the bottom; this is about the boiling point for
water under fifty-two pounds gage pressure.  While therefore the common
exhaust feed water heater and the old time mud drum will, if properly pro-
portioned to the work remove the mud and the carbonates, they will have
no effect whatever on the sulphates. For it is matter of common exper-
ience that you can almost hold your hand on the mud drum of a battery of
boilers while they are under 100 pounds of steam, especially where the old
method of feeding through the mud drum is adhered to, and an exhaust
feed heater cannot yield more than 2120 Fahrenheit temperature. The su/-
phates make the hardest scale when allowed to bake on the heating surfaces.
Their removal is therefore even more necessary than that of the mud or the
carbonates. If a mud drum or other vessel is made part of the boiler for
this purpose it must be placed where it will necessarily garzake of or approx-
imate the steam temperature..  The best modern practice removes all these im-
purities by live steam purifiers, by chemical precipitation, or by filtration
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after coagulation, d¢fore feeding the water to the boilers. But this best '
practice is not as yet the general rule, and these means may sometimes
prove inadequate. Therefore a good boiler should be able to dispense with
them, or, when supplied, to supplement their work.

The fourth office of the boiler is then to remove all impurities from the
water which may have escaped other cleaning agencies, and to deposit them
at points where they do the least harm and can be readily removed. No
means are so efficient for this purpose as positive and unchecked circulation
through all parts of the boiler, to keep the heating surfaces swept clean;
and the vessel to catch the impurities must be open to the main current.
If it can be arranged so as to precipitate most of the foreign matter out of
the water before it enters into the main circulation the result will be still better.

The first office of the boiler, the absorption of the furnace heat and its
transmission to the water requires 2in and homegencous metal for the heat-
ing surfaces and a strong and positive circulation of the water. It is well
known that @ fube or flue has much greater sirength against internal than
against external pressure. It is much easier to produce and maintain cir-
culation through a tube than round about it. Finally it is much easier to
clean the inside of tubes thoroughly,than the outside when they are grouped
close together in a boiler. An iron tube of standard gage will stand
2,500 pounds to the square inch of internal pressure before rupture, and the
rupture in the vast majority of cases is small and local. The same tube
would collapse under external pressure much earlier, and once begun the -

collapse would be practically total.
Mr. Thomas Craddock of England, found by experiment that a velocity

of water two miles per hour over tube heating surface dowbled its efficiencyin
heat absorption, and that this circulation became more important the less
the difference in temperature between the heat giving and the heat receiv-
ing body. Therefore in the ultimate economy of a boiler, to realize all the
heat possible from the escaping temperature of the gases, circulation is all
important. The water tube then best fulfills the first, second and fourth of-
fices above explained, and must therefore become a fundamenial element of
the Modern Boiler. 1t is evident that for the third office, the separation
of the entrained water from the steam, another element must be added to
the water tubes. With few exceptions water tube boilers are supplied with
a large drum or several drums or shells for this purpose. Observation of
the boiling of water in an open vessel shows that the spray will, as the
steam bubbles burst, fly upwards a number of inches. There is reason to
believe that in a closed vessel under pressure it will not fly quite so far,
certainly not further. Steam at 100 pounds gage pressure is about seven
times as heavy as at atmospheric pressure, and hence occupies only one-
seventh of the space. The same weight of water evaporated per second un-
der the Aigher pressure, will rise to the surface in much smaller bubbles, or
in a smaller number, or most probably both. The speed with which the
steam rises through the water depends on the difference between the weight
of the steam and that of the water. At atmospheric pressure the water
weighs 1,570 times as much, at 100 pounds gage pressure 213 times as
much as the steam. For these two reasons then the speed and energy with
which the high pressure steam rises will be much less than that observed at
atmospheric pressure. Under normal conditions therefore there is less dan-
ger of priming or wet steam at /4igh pressures than at lower ones. But if by
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accident or design a large valve be suddenly opened much entrainment fol-
lows. Thisis because the sudden lowering of the pressure in the boiler
temporarily increases the rafe of cvaporation enormously. This accounts
for the geyser like action of certain boilers, mainly of a vertical type, which
just previously have been working ¢‘like a charm,” as soon as a sudden de-
mand causes the engine valve to reach out for full stroke steam. From
the above explanations it is evident that a reasonable height of steam space
and a large surface at the water line will prevent priming under ordinary
conditions, and some form of dry pipe placed well above the water line will
take care of moderate fluctuations. If we can further so direct the circula-
tion that the film of each bursting bubble is thrown iz a direction contrary
to the steam delivery, we will have a living active force to counteract any
rush of spray towards the steam nozzle. As these arrangements can most
readily be made in a water tube boiler, this then best fulfills the third office
of a good modern boiler, the separation of the entrained water from the
steam.

Compare for a moment the favorite type of fire tube boiler, the horizon-
tal multitubular. Following the demands for a large heating surface, the
tubes are crowded in close together and above the center of the shell, leav-
ing only about one-fifth of its area as steam space, whose height isabout one-
fourth of the diameter. A recent report(A. B.M. A.1892) shows that this ten-
dency has gone so far that 30 per cent more tubes are put into boilers than
the best rules for tube-spacing (A. B. M. A. 1889) warrant. This means
that the steam space and the steam liberating surface have been much en-
croached on. Not only is the water line brought up too near the steam
nozzle, but the channel for the rising steam bubbles is so curtailed and cut
up that they create great commotion at the water line, and increase the ten-
dency to prime. The upper surface of the water is generally accepted as the
steam lz'&eratz'fzg surface. If all the steam were made on the surface of the
upper row of tubes this would be correct. But all that is made on the bot-
tom and sides of the shell, and on all the tubes below the top row has to
pass the narrow spaces between the tubes of the upper rows. These are {re-
quently but little over an inch wide, and have to serve for the return circu-
lation of the water as well as the upward rush of steam mingled with water.
Mr. Geo. H. Babcock, M. E., in a very instructive lecture on the circulation
of water delivered at Cornell in 1890, suggests an ingenious method of ap-
proximately finding the speed of such rising currents. In a 60-inch boiler
it would probably not be far from fourteen feet per second or say about ten
miles an hour. Water rushing at ten miles an hour through a narrow slit
will do a good deal of sputtering, and when it is half steam it will be practi-
cally all spray. The four or five inch body of water over the top row of tubes
has a slight retarding influence but the real liberating surface for the steam
is nevertheless the aggregate of the narrow spaces between the upper tubes.
Where there is any scale or mud present in the water, its location and ap-
pearance after a fortnight’s run shows that the bulk of the upward circula-
tion in a horizontal tubular boiler i1s confined to a short section near the
bridge wall, its speed decreasing towards front and rear till it meets the
downward currents which are strongest near the ends of the boiler. This
further concentrates the steam delivery on a small portion of the liberating
surface. For this reason this whole type of fire tube boilers gives wet
steam when forced. This has lead to insistence on more heating surface,
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and this again when supplied without due increase in the other important
ratios of tube spacing, liberating surface and steam room, serves, as we have
seen, o increase the evils it is intended to remedy. It must of course be con-
ceded that in the boilers of the water tube type with either tubes or drums
placed vertically or nearly so, the tendency to primeis even greater than in
the horizontal fire tube types. Butin the types which kave stood the test of
years the tubes and shells or drums are /Lorizontal or slightly inclined, fully
half the shell is steam space, the vertical distance from water line to steam noz-
zle is half the diameler or more, the upward current of circulation is deflected
away from the steam opening, and the Zberating surface is the largest hori-
zontal section of the shell, entirely free from tubes or other obstructions.
Well designed boilers of this class have been forced to nearly double their
rated capacity without approaching the amount of entrainment considered
permissible in the horizontal tubular type at conservative rating.

As these advantages are obtained with shells or drums of about half the
diameter of fire tube boilers of the same evaporative capacity, greazer safety
at high pressures is the result. For the thinner metal has more strength per
sq. in., and uniformity than thicker plate of the same quality. The rivet
seams admit of more favorable proportions. Thin sheets can be better fitted
than thick omnes, etc. Thin metal transmits heat more rapidly than
thick, and hence suffers less deterioration, and finally the nest of tubes
in a water tube boiler protects the shell from the direct and fiercest .
heat, thus ensuring greater durability, and removing all danger of any
chemical action of the hot carbon or sulphur on the steel boiler plates.
The free circulation in a water tube boiler tends to equalize the tempera-
tures all over the structure, thus preventing those dangerous strains due to
unequal expansion. ‘The old saw of ‘‘ice at the bottom, water in the mid-
dle, and steam on top” is but a slight exaggeration of what often occurs in
a fire tube boiler, and many a ‘“mysterious’’ explosion may be due to such
a cause. These are some of the points of superiority of the boiler proper.
In relation to furnace and chimney there are several more.

In a firetube boiler the aggregate tube area Zimits the capacity of the
Jurnace, and checks the work of the chimney. The cogent reasons against
increasing it have been pointed out above. In a water tube boiler the flue
areas can be freely proporiioned to furnace and chimney and can even be
adjusted to suit local conditions after the boiler is built and set, without dis-
arranging any important ratios.

It is well known that ashes and soot soon cut down both heating surface
and jflue area in fire tube boilers, and that flame entering a tube is soon ex-
tinguished; careful experiments have shown ¢‘that the gwantities of water
evaporated by consecutive equal lengths of flue-tubes decrease in geometrical
progression.” (D. K. Clark.) :

In water tube boilers the ashes and soot find much less chance for lodg-
ment, all the Aeating surfaces are constantly accessible, during service, for
inspection and cleaning; the flameis constantly regenerated since in impinging
against successive water tubes effete combinations are broken up and new
ones formed; ocular demonstration of these facts is daily possible.

Finally, it is possible to concentrate more power in a single water tube
boiler than in any of the fire tube types. Therefore considerations of
safety, durability, economy, space and accessibility point to the Water Tube
Boiler as naturally the basis of a modern boiler plant.
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DESCRIPTION OF THE HEINE SAFETY BOILER.

The boiler is composed of the best lap welded wrought iron tubes, ex-
tending between and connecting the inside faces of two ¢‘“water legs’’ which
form the end connections between these tubes and a combined steam and
water drum or ¢‘shell,” placed above and parallel with them. (Boilers over
200-horse power have two such shells.) These end chambers are of approx-
imately rectangular shape, drawn 1n at top to fit the curvature of the shells.
Each is composed of a /ead plate and a tube sheet, flanged all around and
joined at bottom and sides by a butt strap of same material, strongly riv-
eted to both. The water legs are further stayed by Zo/low stay bolts of hy-
draulic tubing, of large diameter, so placed that two stays support each tube
and hand hole and are subjected to only very slight strain. Being made
of heavy metal they form the strongest parts of the boiler and its natural
supports. The WATER LEGs are joined to the shell by fanged and riveted
joints and the drum is cut away at these two points to make connection
with inside of water leg, the opening thus made being strengthened by
bridges and special stays, so as to preserve the original strength.

THE sHELLS are cylinders with /feads dished to form parts of a true sphere.
The sphere is every where as strong as the circle seam of the cylinder which
is well known to be twice as strong as its side seam. Therefore these
heads require no stays. Both the cylinder and its spherical heads are
therefore free to follow their natural lines of expansion when put under pres-
sure. Where flat heads have to be braced to the sides of the shell, both
suffer local distortions where the feet of the braces are riveted to them, mak-
ing the calculations of their strength fallacious. This we avoid entirely
by the dished heads. To the bottom of thefront head a flange is riveted in-
to which the feed pipe is screwed. This pipe is shown in the cut with azn-
gle valve and check valve attached.

On top of shell near the front end is riveted a steam nozzle or saddle, to
which is bolted a Tee. This Tee carries the steam valve on its branch,
which is made to look either to front, rear, right or left; on its top the
Safety Valve is placed. The saddle has an area equal to that of Stop
Valve and Safety Valve combined. The rear head carries a dlow-off flange
of about same size as the feed flange, and a Maniead curved to fit the head,
the manhole supported by a strengthening ring outside. On each side
of the shell a square bar, the 7//e-bar, rests loosely in flat hooks riveted to
the shell. This bar supports the side #i/es whose other ends rest on the side
walls, thus closing in the furnace or flue on top. The top of the tile bar is
two inches below Jow water line. The bars rise from front to rear at the
rate of oneinch in twelve. “When the boiler is set,they nmiust be exactly level,
the whole boiler being then on an incline, i. e., with a fall of one inch
in twelve from front to rear.

It will be noted that this makes the height of the steam space in front
about fwo-24irds the diameter of the shell, while at the rear the wazer occu-
pies fwo-thirds of the shell, the whole contents of the drum being equally
divided between steam and water. The importance of this will be explain-
ed hereafter.

Tue TUBES extend through the tube sheets into which they are expand-
ed with roller expanders; opposite the end of each and in the head plates
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is placed a hand hole of slightly larger diameter than the tube and through
which it can be withdrawn. These hand holes are closed by small castiron
hand hole plates, which by an ingenious device for locking can be removed in
a few seconds to inspect or clean a tube. The cut opposite shows these
hand hole plates marked H. In the upper corner one is shown in detail,
Hz2 being the top view, H3 the side view of the plate itself, the shoulder
showing the place for the gasket. Hi is the yoke or craé placed outside to
support the bolt and nut.

Inside of the shellis located the mud drum D, placed well below the water
line usually paralled to and three inches above the bottom of theshell. Itis
thus completely immersed in the hottest water in the boiler. Itis of oval section
slightly smaller than the manhole, made of strong sheet iron with cast
iron heads. It is entirely enclosed except about eighteen inches of its up-
per portion at the forward end, which is cut away nearly parallel to the
water line. Its action will be explained below. The feed pipe F enters it
through a loose joint in front; the élow-off pipe N is screwed tightly into its
rear head, and passes by a steam tight joint through the rear head of the
shell.  Just under the steam nozzle is placed a @7y pan or dry pipe A. A de-
flection plate L extends from the front head of the shell inclined upwards, to
some distance beyond the mouth or throat of the front water leg. It will
be noted that the throat of each water leg is large enough to be the practi-
cal equivalent of the total tube area, and that just where it joins the shell it -
increases gradually in width by double the radius of the flange. =t

ERECTION AND WALLING IN.
In setting the boiler we place its front water leg firmly on a set of strong

cast iron cclumns, bolted and braced together by the door frames, dead-
plate, etc., and forming the fire front. This is the fixed end. The rear
water leg rests on ro//ers which are free to move on cas? iron plates firmly set
in the masonry of the low and solid rear wall. Wherever.the brickwork
closes in to the boiler broad joints are left which are filled in with tow or
waste saturated with fireclay, or other refractory but pliable material.
Thus the boiler and its walls are each free to move separately during expan-
sion or contraction, without loosening any joints in the masonry. On the
lower, and between the upper tubes, are placed light fire brick tiles. 7%e
lower tier extends from the front water leg to within a few feet of the rear
one, leaving there an upward passage across the rear ends of the tubes for
the flame, etc.  Z%e upper tier closes in to the rear water leg and extends
forward to within a few feet of the front one, thus leaving the opening for
the gases in front.  7%e side tiles extend from side walls to tile bars and
close up to the front water leg and front wall, and leave open the final up-
take for the waste gases over the back part of the shell, which is here cov-
ered above water line with a row lock of firebrick resting on the tile bars.
The rear wall of the setting and one parallel to it arched over the shell a
few feet forward form the uptakes. On these and the rear portion of the
side walls is placed a light sheet-iron hood, from which the breeching leads
to the chimney. When an iron stack is used this hood is stiffened by L
and T irons so that it becomes a truss carrying the weight of such stack and
distributing it to the side walls. A good example of this latter style cf
braced hood is seen in the half tone cut of the People’s Railway Co., on
page 41, where the four side walls of the three 200 horse-power boilers thus
carry the heavy stack. In the Central Distillery Plant, (see half tone cut
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on page 31), three of the 300 horse-power boilers are thus equipped, while
the fourth boiler, put in later, carries its stack in the same way. In the
Union Depot Ry. Plant, 1750 horse-power (see half tone cut on page 104),
the hood is dispensed with and a long breeching, circle top, flat bottom,
runs over all the boilers, its width spanning the distance between uptake
walls; over each boiler is placed a stout cast iron frame, bolted to the
bottom of the breeching and containing a swinging damper. The An/euser.
Busck Plant, 2400 horse-power (see half tone cut on page 145has a circular
iron flue supported on I beams just over the rear aisle, into which short
necks from the hoods open from the side ; each neck contains a swinging
damper. We are often obliged by local circumstances to carry the breeching
out forward or midway of the boiler to one side. ‘There is no difficulty of
adapting our flue connections to such-conditions. Swinging dampers are
always to be preferred, sliding dampers are apt to stick, and always require

considerable force to move them. The cut on page 115 showsthe style of setting

generally used by us. With moderate firing and dry coals, it will practically

prevent smoke. With highly bituminous coals and somewhat pushing the
fires some smoke will result. The bridge wall is hollow and has small slotted
openings in rear to deliver hot air into the half consumed gases which roll

over the bridge wall into the combustion chamber. It receives.its air from

channels in the hollow side walls (controlled by small cast iron slides),

through a cross flue at the rear end and a number of small flues under the .
floor of the combustion chamber, as shown in the cut. In the rear wall of

the combustion chamber is an arched opening, closed by a cast iron door,

which in turn is shielded by a dry firebrick wall easily removable. For

special fuels, for smoke prevention, etc., there are now to be had various

forms of furnaces, automatic stokers, rocking grate-bars, etc. Heine

boilers have been set and operated successfully with these various devices.

They are not all equally applicable in all localities nor adapted to the same

conditions. As a rule we find that our customers or their engineers under-

stand their local fuels and local conditions best, and we are always glad to

adapt our setting to such of these devices as they may select.

OPERATION.
The boiler being filled to middle water line, the fire is started on the

grate. The flame and gases pass over the bridge wall and under the lower
tier of tiling, finding in the ample combustion chamber, space, temperature
and air supply for complete combustion, defore bringing the heat in contact
with the main body of the tubes. Then, when at its best, it rises through
the spaces between the rear ends of the tubes, between rear waterleg and
back end of tiling, and is allowed to expend itself on 2/e entire tube heating
surface without meeting any obstruction. Ample space makes leisurely pro-
gress for the flames, which meet in turn all the tubes, lap round them and
finally reach the second uptake at the forward end of the top tier of tiling
with their temperature reduced tc less than 900° Fahrenheit. This
has been measured here, while wrought iron would meit just above the lower
tubes at rear end, showing a reduction of temperature of over 1,800°

Fahrenheit between the two points. As this space is studded with water
tubes swept clean by a positive and rapid circulation, the absorption of
this great amount of heat is explained. The gases next travel under the
bottom and sides of the shell and reach the uptake at just the proper tem-
perature to produce the draft required. This varies of course according to
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chimney, fuel, duty required, etc. With boilers running at their rated- -
capacity 450° Fahrenheit are seldom exceeded. Meanwhile as soon
as the heat strikes the tubes the circulation of the water begins. The water
nearest the surface of the tubes becoming warmer rises, and as the tubes
are higher in front this water flows towards the front water leg where it
rises into the shell, while colder water from the shell falls down the rear
water leg to replace that flowing forward and upward through the tubes.

This circulation, at first slow, ucreases in speed as soon as steam begins
to form. Then the speed with which the mingled current of steam and
water rises in the forward water leg will depend on the difference in weight
of this mixture, and the solid and slightly colder water falling down the
rear water leg. The cause of its motion is exactly the same as that which
produces draft in a chimney as explained in the discussion of ““4 Modern
Boiler Plant,” page 99. The maximum velocity will be reached when the
mixture is about half steam and half water. As the area of the throat of
the water leg is praciically equivalent to the aggregate tube area (offsetting the
greater amount of skin friction in the tubes.against the reduced area of the
throat), there will be nothing to interfere with the free action of gravity and
the full speed will be maintained as long as steam is being made. This circu-
lation must be well bornein mind. Itisforward through the tubes, upward
through the front water leg, to the rear in the shell, and down through the
rear water leg. At the forward throat of the shell the channel slightly en-
larges by reason of two outward flanges of the water leg. This greasly
facilitates the liberation of the steam, and is the best form of orifice. (Bate-
man’s experiments, Proc. Inst. Mech. Eng’rs, 1866, gives this form of orifice
95 per cent of theoretical capacity.) The deflection plate L. assists in
directing the circulation of the water to the rear. Thus the steam bubbles
obtain a trend towards the rear, throwing the spray in a direction away
from the flow of steam. It also has the effect of increasing. the liberating
surface. For each section of this moving surface of water, as it is deliver-
ing its load of steam, sweeps rapidly to the rear, making room for the next
section, thus constantly presenting a fresh surface for this work.

The shallowness of the water at the front of the shell makes it easier
for the steam to pass through; its depth at the rear ensures a so/id body of
water for replenishing the rear water leg and tubes. The height of the
steam space in front removes the nozzle far out of reach of any spray; the
deflection plate catches and deflects any sudden spurt, while finally the dry
pan or dry pipe draws the steam from a large area, from three sides, #hus
preventing any local disturbance. These appliances make it possible to run
the Heine Boiler 50 per cent above rating with /ess 2han one-fifth of one per
cent entrainment.

The action of the mud drum is as follows: The feed water enters it
through the pipe F about one-half inch above its bottom; even if it has
previously passed the best heaters it is colder than the water in the boiler.
Hence it drops to the bottom, and, impelled by the pump or injector,
passes at a greatly reduced speed to the rear of the mud drum. Asitis
gradually heated to near boiler temperature it rises and flows slowly in re-
verse direction to the open front of the mud drum; here it passes over in a
thin sheet and is immediately swept backward into the main body of water
by the swift circulation, thus becoming Zkoroughly mixed with it before it
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reaches the tubes. During this process the mud, lime salts and other pre-
cipitates are deposited as a sort of semi-fluid ¢‘sludge” near the rear end of
the mud drum, whence it is blown off at frequent intervals through the
blow-off valve N. As the speed in the mud drum is only about one-fiftieth
of that in the feed water pipe, plenty of time is given for thisaction. Any
precipitates which may escape the mud drum at first, will of course form a
scale on the inside of the tubes, etc. But the action of expansion and
contraction cracks off scale on the zuside of a tube muck faster than on the
outside, and then the circulation sweeps the small chips, like broken egg-
shells, upward, and as they pass over the mouth of the mud drum #/ey drop
in the eddy, lose velocity in this slow current and fall to the bottom, and,
being pushed by the feed current to the rear end, are blown off from the
mud drum with other refuse. On opening a Heine boiler after some months
service, such bits of scale, whose shape identifies them, are always found
in the mud of the mud drum. Very Zittle loose scale is found on the
bottom of the water legs; the current through the lower tubes, always the
swiftest, brushes too near the bottom to allow much to lodge there.

This explanation of the action of the mud drum shows how #ke
inside of the tubes may be kept clean. To keep the ouiside clear of soot and
ashes which deposit on, and sometimes even bake fast to the tubes, each
boiler 1s provided with two special nozzles with both side and front outlets,
a short one for the rear, a long one for the front. They are of three-eighth
inch gas pipe aund each is supplied with steam by a one-half inch steam hose.
The nozzle is passed through each stay bolt in turn, and thus delivers
its side jets on the three or four tubes adjacent, with the full force of the
steam, at the short range of two inches, &nocking the soot and ashes off com-
pletely, while the end jet carries them into the main draft current to lodge
at pointsin breeching or chimney base convenient for their ultimate removal.
An inspection of the cuts will show that the stay bolts are so located
that the nozzle can in turn be brought to bear on all sides of the tubes. As
soon as the nozzle is withdrawn from the stay bolt, this is closed air-tight
by a plain wooden plug.

In cleaning a boiler it is only necessary to remove cvery fourth or fifth
handhole plate in the front water leg; the water hose, supplied with a
short nozzle, can be entered in all the adjacent tubes, owing to the
ample dimensions of the water leg. In the rear water leg only one or two
handholes in the lower row need be opened to let the water and debris
escape. The others in rear water leg are frequently lef? untouched for years.
A lamp or candle hung on a wire through the manhead may be held oppo-
site each tube so that it can be perfectly inspected from the front. Once or
twice a year, where the water is very scale bearing, it may be advisable
to take off all the handhole plates of the front water leg and pass a
scraper through all the tubes in succession. Aside from the plain cylinder
boiler there is no boiler so completely accessible for internal and external
inspection as the Heine. The ashes which deposit in the combustion
chamber are removed through the ashpit door in the rear wall, never allow-
ing it to become more than one-third full.

We furnish with each boiler a set of ‘“Rules for operation’’ in a neat
frame, adapted to be hung up in the boiler room.
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SUPERIORITY OF THE HEINE SAFETY BOILER.

In the discussion of A Modern Steam Plant we have pointed out the
four principal offices of a good boiler, and have explained why water
tube boilers best fulfill the conditions of the problem. Without denying
the merits of other systems of construction, we claim that the Heine boiler
stands at the very head and front in the good qualities essential to complete
performance. :

1st. Itbestabsorbs and transmits heat; hence economy and capacity.

2d. 1t will hold high pressures with greatest safety.

3d. It best separates the Steam from the Water, ensuring Dryness.

4th. It is best adapted to precipitate and discharge scale and mud.,

We ask a fair and critical examination of our description of the Heine

Boiler, to which we shall refer in elucidating the above points.
ABSORPTION AND TRANSMISSION OF HEAT.

This, the most important work of the boiler, determines its economy
and capacity, and must be discussed in connection with the furnace and
the draft. For it is not sufficient to so construct the boiler that it will
best absorb and transmit the heat, but it must also be so arranged that the
heat can best reach it, and that nothing in its design will interfere with the
best plan of furnace construction, nor increase unnecessarily the demands
on the chimney.

For absorbing and transmitting heat nothing can be better than a nest
of tubes placed entirely in the flue, which the hot products of combustion
must traverse on their way from combustion chamber to chimney, especi-
ally when free and unimpeded circulation of the water is provided for.
Mr. Babcock, in his interesting lecture on water circulation (Cornell Uni-
versity, 1890), has shown with great clearness that it depends, not as some
have supposed, on the amount of inclination of the tubes, but “is a func-
tion of the difference in density of the two columns,” the one of mingled
steam and water, the other of solid water. The simple mode of calculation.
he suggests for finding the velocity of circulation gives us about twelve to
eighteen feet as the average natural speeds for that general class of water
tube boilers of which the Heine is a type. The cause of the circulation
once understood, it is clear that any sharp turns or contractions which offer
resistance to the flow will retard it in two ways. First, by altering the
conditions of equilibrium on which the speed depends. Second, since a
river can not rise higher than its source. the speed lost by such an obstacle
can not be regained; the loss in speed at this point will therefore be mul-
tiplied, at other points having larger areas, by the ratio those areas bear
to this contracted one. In most boilers of this class there are between the
tubes and the drum several points where the contents of seven, nine or
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even twelve tubes have to pass through an opening equal to one tube area.
Every such place first disturbs the conditions on which the speed depends
by absorbing some of the existing “head” (or difference in weight), Sec-
ond, the maximum speed depending on the head can exist only at the least
such opening, and hence in the nest of tubes the ecirculation will be re-
duced to one-seventh, one-ninth, or one-twelfth of the natural speed.
In Heine Boilers there are no such contractions of area, even the smallest
throat areas being 65 to 90 per cent of the aggregate tube area.

The Heine Boiler gains another advantage from thisfact. The water
in the upper tubes having less “head,” begins with less speed than that in
the lower tier; the heating surface of the upper tubes will then be somewhat .
less active than that of the lower tubes. Since they get the first heat,
more steam will be made in the lower tubes, further increasing the original
difference in velocity. The combined effect is that the circulation through
the lower tubes is much faster than through the upper ones. The obstruc-
tions before noted will multiply this difference, since only the more rapid
current will there make its way at the expense of the sluggish one. Thus
the effectiveness of the upper tubes is largely curtailed. The full throat
area of the Heine Boiler, on the other hand, leaves room for all the cur-
rents, hence the full efficiency of the upper tubes is preserved.

In the older types of this class of water tube boilers the tubes only are
inclined, and therefore the return circulation in the rear has to pass through
small tubes several feet in length, nearly vertical. The escaping gases
pass around them, tending to create an upward circulation along the sur-
face, which must somewhat check the downward flow. Everybody daily
observes that water invariably ‘‘swirls”® when it escapes through a small
round hole or a tube from a wash bowl, bath tub or barrel. We all know
how vexatious is the delay caused by it. This action, being independent
of the surrounding pressure, takes place in the short tubes just mentioned,
and retards the flow.

In the Heine boiler this is done away with. The water atthe rear end
of the shell is about a foot deeper than in front, the openings are large and
rectangular, and the downward flow is through a rectangular chamber
equal in section to the aggregate tube area. Swirling is impossible and
the tubes are fully supplied with solid water under all ¢ircumstances.

The circulation of the water is the life of all water tube boilers.
Craddock’s experiments show how its speed multiplies the effectiveness
of heating surface. Details of construction which reduce it to less than
one-fifth its natural velocity are therefore faulty, especially when this re-
duced speed is found in the tubes. The Heine Boiler carefully avoids any
such obstructions and the natural speed of circulation is maintained

throughout.
Therefore the effectiveness of its heating surface for the absorption

and transmission of heat is much greater than that of other boilers.

All fuels require much air, great heat, space for expansion, and time
for their complete combustion. An arched chamber, composed entirely of
fire brick, would be the ideal furnace, in which combustion should be
completed without meeting any cooling surface, the products when at their
greatest temperature to be launched into and amongst the heating surfaces
of the boiler. The nearer a furnace can be made to approach these condi-
tions the better will be its work. The other extreme is the internally fired
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boiler, whose performance on bituminous coals is very inferior in spite of
its smaller loss by radiation. Between them lie the return tubular boilers,
and those water tube boilers whose furnaces are separated from their com-
bustion chambers by the first pass of the nest of tubes. The heating sur-
faces of a boiler are such for the water only; in reference to the flame
they are cooling surfaces. Brought in contact with the gases at the be-
ginning of combustion they lower their temperature below the required
point.  This results in the direct loss of much of the heating power of
the volatile part of the fuel which escapes unburnt, and in the indirect loss
due to impairment of the conductivity of the heating surface owing to de-
posit of much soot. As the first third of the heating surface thus encoun- -
tered absorbs between 60 and 70 per cent of the heat (Graham’s experi-
ments, 1858), it is useless to expect secondary combustion of any practical
value in a combustion chamber placed beyond it, with no means of restor-
ing the lost temperature. This method of construction probably grew out
of the pretty widespread belief that heating surface placed at right angles
to the course of the flame was much more effective than in any other rela-
tive position. Even if this were true the old adage, “always catch your
hare before you cook him,” should induce prudent men not to allow its
application to vitiate their furnace construction. It is probably true only
for radiant heat; no experiments are adduced to prove it true for currents
of hot gas; there it is plainly a case of “faith without works.” On the
other hand German experiments (Stuehlen Ing. Kal., 1892) show tube
heating surface parallel to the current 30 per cent more effective than
when placed at right angles. The Heine boiler setting approximates the
ideal furnace. Fire place and combustion chamber are of fire brick, except
that minimnm of tube surface required to support the fire brick roof, ex-
perience having shown that arches are too short-lived where the soda
of the ashes under high temperatures fluxes the fire brick. The radiation
from side walls and floor is arrested and utilized to pre-heat the small
amount of air thrown into the gases at the bridge wall. Having passed
the combustion chamber, flame and gases are thrown in contact with the
whole of the tube heating surface, which they envelope and strike at all
angles, the main trend being parallel to the tubes. Observation shows
that they roll around, mix, break up, combine, etc., according to natural
laws, and following many causes, to the apparent neglect of some single one
the professor may lay down in the lecture room, or the draftsman prescribe
by the conventional arrow. In the Heine boiler and furnace we arrange
for space, time, air and heat for the best combustion, then open out into
an ample flue, containing all the tubes, and like the Brooklyn alderman
with the gondolas, “leave the rest to nature.” The small tiles on the
upper and lower tier of tubes make adjustments of flue areas, to suit local
and possibly changing requirements, possible at all times. The trend of
the gases is the natural one, rising gradually towards the stack. We thus
avoid that loss in chimney power incident to pulling hot gases downwards
against their bent.

Having shown that with the most free circulation of the water, we con-
bine the best furnace arrangement, the natural circulation of the hot gases,
the equal exposure of the total heating surface to them, and the least de-
mands on the chimney, we have explained why the Heine Boiler ranks first
in economy and capacity. Ourmany customers will gladly attest the results.
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The facilities for observing and cleaning the heating surfaces through -
the hollow staybolts have been fully explained in the description of the
boiler. The effect of this on the economy and capacity must be here
noted. As human nature goes, the fireman will not begin to clean the
heating surfaces until he has to. In the Heine boiler, as he blows through
each staybolt in turn, the cleaned section and increased draft reward him
at once by a rise in the steam pressure while cleaning. Under the old
plan of cleaning through side doors in the walls, cold air rushes in, and
the pressure drops while cleaning, and does not rise again until the work
is completed and the doors again closed. Furthermore, the absence of
these doors in the side walls of the Heine boiler makes them less liable to
crack and leak.

SAFETY AT HIGH PRESSURES.

This depends on the qualities of the materials, the workmanship, the
proper arrangement of the parts, avoidance of unequal expansion and con-
traction, and accessibility for inspection, cleaning and repairs.

We use no cast iron in any parts subject to tensile stress. In this we
follow the rule laid down by the AMERICAN BOILER MANUFACT-
URER’S ASSOCIATION (Proceedings 1889): .
CAST IRON—Should be of soft, gray texture and high degree of ductil-

ity. To be used only for hand-hole plates, crabs, yokes, etc.,
and manheads. It is a dangerous metal to be used in mud -
drums, legs, necks, headers, manhole rings, or any part of a
boiler subject to tensile strains; its use should be prohib-
ited for such parts.”

For shells, water legs and drums we use a first-class flange steel made
for us and inspected before it leaves the steel works under the following:

SPECIFICATIONS FOR BOILER PLATES FOR HEINE SAFETY
BOILERS. '

STEEL.—Homogeneous Steel made by the OPEN HEARTH process,
and having the following qualities:

TENSILE STRENGTH.—55,000 to 62,000 1bs. per square inch.

ELASTIC LIMIT.—Not under 32,000 lbs. per square inch.

ELONGATION.—20 per cent for plates % inch thick or less, 2214 per cent
for plates over % inch and under 34 inch thick, 25 per cent
for plates 34 inch thick and over.

TEST SECTION.—To be 8 inches long, planed or milled edges; its cross
sectional area shall not be less than one-half of one square
inch, nor shall its width ever be less than the thickness of the
plate. Every third test piece to be of the shape and dimen-
sions prescribed by the rules of the United States Board of
Supervising Inspectors of Steamboats.

BENDING TEST.—Steel up to 14 inch thickness must stand hot and cold
bending double, and being hammered down on itself; above
that thickness, it must bend round a mandrel of diameter one
and one-half times the thickness of plate down to 180°. All
without showing signs of distress.

NICKED SAMPLE.—When a sample is broken, after being nicked, the
appearance of laminations or cold shuts, shall cause the re-
jection of the plates represented by the sample.
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ALL TESTS.—To be made at the steel mill by the inspectors of the Robert
W. Hunt & Co. Bureau of Inspection and Tests.

CHEMICAL TESTS—WIill not be required unless the plates show overdue
hardness or a tendency to crack, either in testing or in the
boiler shop. In such cases the right to make a chemical
analysis is reserved, and if this shows more than 0.04 per
cent Phosphorus, or more than 0.03 per cent Sulphur, the
plates will be rejected.

This is the same as the standard adopted by the Americal Boiler Man-
ufacturers’ Association, except that we have increased the requirements
for elongation somewhat; we have further added the tests on the section
used by the United States Board of Supervising Inspectors, to meet the
requirements of cities prescribing the ¢‘Marine’’ tests. It is well known
that the same steel will show higher t. s. on the “Marine” section than on
the 8 inch section, but the latter is best for showing the elongation.

The tubes are the standard American wrought iron boiler tubes, all
tested by hydrostatic pressure at the tube mills. They are intended to be
the weakest parts of the structure. As already explained, a tube giving
way from internal pressure suffers a local rupture merely; the boiler will
require several minutes to empty itself through a tube, resulting in a
gradual though rapid decrease of pressure, an extinguishing of the fire, and
no explosion.

The staybolts are made of best butt-welded hydraulic tubing. The
threads on them are therefore cut into solid metal all around, which
would be doubtful were lap-welded or built up tubing used. They are so
proportioned that in testing to rupture they part in the solid metal but
do not strip the thread. The ends are carefully peaned over.

The rivets are according to American Boiler Manufacturer’s Association
standard, which we quote:

“RIVETS to be made of good charcoal iron, or of a very soft, mild steel
running between 50,000 and 69,000 pounds tensile strength
and showing an elongation of not less than 30 per cent in
eight inches, and having the same chemical composition as
specified for plates.”

In all the processes of manufacture we {ollow the best boiler shop prac-
tice of the United States as laid down by the American Boiler Manufactur-
ers’ Association, as for instance in the rule for flanging:

“FLANGING to be done at not less than a good, red heat. Not a single
blow to be given after the plate is cooled down to less than
cherry red by daylight. After flanging, all plates should be
annealed by uniform cooling from an even dull red heat for
the whole sheet in the open air.”

Having built up our boiler of the very best materials, and by the best
methods of workmanship, we erect it in such a way that there can be no
unequal expansion strains.

The entirely free and unchecked circulation of water and fire has been
fully explained; this equalizes temperatures not only when in full opera-
tion, but as soon as the fire is lit. This can be verified by feeling the ends
of shell and water legs when starting fires. Besides this there is another
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‘equalizing tendency. The shell will stretch more than the tubes from. -
the internal pressure; the lower tubes receiving greater heat, will expand
more from this cause. The two tendencies counterbalance beautifully, as
can be verified by delicate measurements on any Heine boiler while cold
and while hot and under heavy pressure.

Our method of supporting the boiler on the water legs, the front one
on a fixed support, the rear one on rollers, gives freedom for expansion
without undue stress on any part. The weight of the boiler filled with
water is thus carried on its strongest parts. Most sectional boilers can
not be thus supported, having in place of the water legs, loose, many-
jointed constructions incapable of supporting any extra weight.

It is evident that ours is a much better way to support a boiler than to
hang it from a gallows frame by bolts or links. For these concentrate
strains equal to the whole weight of boiler and water on two points of the
shell, thus disturbing that equilibrium of stress obtained by giving it the
cylindrical form. Another signal advantage of the Heine boiler is that it
is completed and thoroughly tested in the boiler shop before shipment.

Our style of setting, with horizontal travel of the gases, has two further
advantages over the up and down method.

1st. The cold air which rushes into the furnace when the doors are
opened for firing is drawn to the rear, away from the tube joints, in place
of up and among them.

2nd. The hot gases do not reach the shell until after passing the. ‘
entire tube heating surface, being then no longer hot enough to injure a
rivet joint; in the up and down type they make their first turn under a
rivet joint of the shell, after traversing only a third of the tube surface,
and in what is considered a combustion chamber hot enough to regenerate
the flame. Hence our shells are safer!

In all water tube boilers access must be had to each tube through some
form of hand hole plate. Some have each group of two, three or more
tubes controlled by a hand hole plate, some each single tube. Of course
the larger each such plate the more danger of cracks, leakage of joints,
etc. Elsewhere we have explained why only a few hand hole plates of
each set have to be removed for washing out a Heine boiler. But besides
this our hand hole plates are much safer than others in general use. A
typical form for sectional boilers is shown below. T T are the ends of the

Co\on e Conaedinen
Ased o Dedionol Deders.
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tubes and the joints are made outside as at J. J. on the cap C. On the
inside is merely a yoke Y to hold up the bolt B. This of course necessi-
tates another joint j under the nut. These joints have to be made tight
while the boiler is cold; this requires a nice exercise of judgment, since
strain enough must be put on the bolt both to counterbalance the internal
pressure of the boiler when steam is raised, and enough more to keep the
joint tight then. In other words, the stretch of the bolt has to be antici-
pated and more strain added. And this double strain is always on the
bolt whether the boiler is under steam or idle. It will not do to tighten
up on the bolt when the boiler is under steam. For leakage around the
threads will soon fill the hollow cap of the nut, which at any additional
turn of the nut will crack it open by hydrostatic pressure. If we have a
hand hole of 4% inches diameter we have an area of 15.9 square inches to
cover. At 125 pounds steam pressure we have 1,987 pounds pressure
under the cap and about 150 pounds more under the nut to counteract be-
fore any strain becomes available to make the joints tight. It has often
happened that a cracked nut has caused a cap to blow off, scalding the at-
tendants. ‘

e e W\ Let
o\ N D sNer-

With the Heine boiler the case is reversed; the single joint at J
is an inside one, this pressure of 1,987 pounds makes the joint, so that
the bolts can be drawn up when under steam, receiving but a trifling strain.
It is clear that this is the safe plan, while the other is not. We have thus
shown that in materials, workmanship, general design, settings, and in de-
tails of construction the Heine boiler is the safest.

SEPARATION OF WATER; DRYNESS OF STEAM.

In describing the functions of a boiler in a modern steam plant we have
shown to what causes the entrainment of water is due. The description
of the Heine boiler shows how the entirely unchecked circulation tends
away from the steam nozzle. The steam bubbles, lighter than the water,
pass through it on some diagonal course, a resultant from their own verti-
cal trend and the backward flow of the water. This throws the spray
away from the vapor with a momentum about two hundred times that of
the steam which flows towards the nozzle, with about one-fourth of the
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speed it attains in the steam pipe. The function of the dry pipe or dry -

pan is well understood. Add this, and the action just described, to the fact
that the inclination of our shell removes the water line further from the
steam nozzle than in other boilers, and the reason why our steam is always
dry becomes clear. An active agency for drying the steam, present at all
times in the boiler, more vigorous the more the boiler is pushed, ensures
dry steam always. On forcing tests we have shown steam six times as dry
as our competitors. This has a decisive influence on the every day econ-
omy of a steam plant.

PRECIPITATION AND DISCHARGE OF SCALE AND MUD.

The Heine Boiler was originally developed under the difficult condi-
tions of boiler practice in the great Mississippi Valley. The problem was
not only the economic utilization of the highly bituminous coals, low in
calorific value as they are high in ash and volatile matter, but also the
making of steam from water strongly impregnated with mineral salts
and frequently carrying a brown mixture of the sacred soils of several
great States. '

The faults of the old style of mud drum were here but too apparent.
The various ingenious coil devices choked up the faster, the more effective
they were. The «“Spray Feeds” wet the steam in the exact ratio of their
efficiency in scale precipitation. The Heine mud drum, holding the in-

coming feed water suspended for a time in an almost quiescent state, while .

subject to the external contact of a rapid current of the hottest water in
the boiler, furnishes time, checked velocity and heat to induce precipi-
tation. The necessity of a high temperature to make the mineral salts in-
soluble has been before explained. Evidence of it is found in every boiler.
It is well known that any reduction in velocity favors the dropping of
sediment. Instead of checking the speed of circulation in the tubes
where the precipitates do harm, the Heine boiler provides this mud drum
where no fire can get at them to bake them into scale, but where they can
be collected and blown off at such intervals as their amount prescribes.
The fact that we have sucecessfully replaced two-flue boilers in local-
ities where return tubulars were tabooed on account of bad water proves
the practical efficiency of our free circulation and submerged mud drum.
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L. Hoster Brewing Co.,
COLUMBUS, O.
Equipped with 1170 H. P. Heine Boilers.
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. TABLE NO. 64.
Diameters, Circumferences and Areas of Circles.
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i £ ! t " P '
818,221 (26,4208 | 8(43,354/149,571]  8l68,487(313,263|| 11578 (30500 | 12| D i0loans | 14| 8961] Gus ot
9|1 535 |27,3397 | 943,668, 151,747]  9|65.801|376,685 812317 4271 | 88| 545023710 | 54| 86.00| 59857
1219356 (44,179 | Yo| 549824053 | el 86.39] 593,96
05 ot | o manpnamonoming, B | 1 BATARR | S Gt
D P 1144, L » > 84/24.35 47,173 | 84| 55,76(247.45 | 84| 87,18 604,81
219,478 (30,1907 | 2{44,611(168,368)  2160,743(387,0761| g 2390 AEa0R | 4 BRIRBOn | b §eg 6i0ar
3119792 (31,1725 | 3|44,925/160'606] 3|70,058(390,571 ) 8| 81, )
4/20,106 32,1699 |  4|45,239/162,860) 4|70,372(394,081|( 8 (25,13 |50,265 |18 | 56,55(254,47 [28 | 87,96] 615,75
520,420 33,1831 b 45 553\165,130 5|70,686|397,608 13125,53 |51,849 18| 56,94(258,02 15| 88,36| 621,26
620735 |34,2119 |  6[45,867 ler15] 671,000 401,150| 145,92 (531456 | 14| 57.33(261,59 88.75| 626,80
7/21,019 35,2565 | 7/46,181/169,717) 7|71,314|404,70%|| 85'0631 [55.0%8 | 8| 5773126518 | Ss| 8914] 632.36
8/21,363 (36,3168 | 8/46,496/172,034|  8(71,628/408,2811| Ly 4670 (56,745 | Ya| 58,12/268,80 | Ya| 89,54| 637,94
9)21 677 (37,3928 9 46,810 174,366;  9(71,942411,871 g’/g 27,10 158,426 gg 58,561,272 45 ://g 89,93! 643,55
4 27,49 (60,132 | 84| 5%.90/276.12 | 84| 90,32] 64918
7,? %ggl gggg?g 15,'1J ggg {;gg;g 23,(1> ;g g?'ll 3}3 :32 78 27,88 (61,862 | 78| 59,30 259,81 78| 90,71| 654,84
222619 [40,7150 | 2|47.752(181,458]  2|72,885 422,733(| 9 | 28,27/63,617 |19 | 59.69/283,53 [29 | 91,11| 660,52
322/934 417530 | 3|48.066|183,854] 3[73,199 426,385|| 18| 28,67 65,397 | Us| 60,03/257,.27 | 1| 91,50/ 666,23
4023243 |43)0084 | 4|48.381/186,265] 4|73,513.430,053|| 14| 29,06/67,201 | | 60,48 291,04 | 14| 91,89 671,96
5/23,562 |44:1786 |  5|48,695 133,692# 5|73,827)433,736|| 38| 29,45/69,029 | 8s' 60,87 204,83 | 88| 92,28/ 677.71
623,876 |45.3646 | 6/40,009191.134] 6/74,1421437,435|| 2| 29,8570, ssz o 61,26/2903.65 | Y2| 92,68| 683,49
7121190 |a6,5663 | 7|49,323/193593] 7|14:456441,150|| %8| 30.24 72,7 5| 61)65302.49 | k| 93,07| 689’30
824,504 47,7836 | 8l40. '637196,067|  8(74,770 444,881|| 84| 30,63 74, oo | 62,05306,35 | 8| 93,46| 695.13
_ 9247819 |49}0167 | 9149.951198,5571 975,084 448,627|| %8 310276589 | 78 62,41310,24 | 78! 93.86| 700.98
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TABLE NO. 65.

Diameters and Circumferences of Circles, and the Contents
in Gallons at One Foot in Depth.

Gallons. DIAMETER. l CIRCUM. Gallons.

DIAMETER. t CIRCUM. o N
In sq. 1Ft. (|——— | | in ;ee:t. 5
Ft. In. ‘ Ft. In. et Depth. || F. l In. Ft. In. Depth.
4 12 637 | 12.56 | 93.97 I 13 6 42 | 474 | 143.13 | 1070.45
4 1 121 9% | 13.09 | 97.93 | 13 9 43 | 214 | 148.48 | 1108.06
4 2 13 1l 13.63 | 101.97
4 3 13 | 415 | 14.18 | 103.03 14 43 | 1134 | 153.93 | 1151.21
4 4 13 7l | 14.74 | 110.29 ‘ 14 3 44 | 9lg | 159.48 | 1192.69
4 5 13 | 10 | 15.32 | 114.57 | 14 6 45 | 65¢ | 165.13 | 1234.91
4 6 14 | 1% | 15.90 | 118.93 14 9 46| 4 170.87 | 1277.86
4 7 14 | 4% | 16.49 | 123.38
4 8 14| 77 | 17.10 | 127.91 15 47 | 114 | 176.71 | 1321.54
4 9 14 | 11 17.72 | 132,52 15 3 47 | 1075 | 182.65 | 1365.96
4 10 15 | 215 | 18.34 |137.21 15 6 48 | 814 | 188.69 | 1407.51
4 11 15 | 514 | 18.98 | 142.05 15 9 49 | 534 | 194.82 | 1457.00
5 15 815 | 19.63 | 146.83 16- 50 | 31z | 201.06 | 1503.62
5 1 15 | 1125 | 20.29 | 151.77 18 3 51 0ls | 207.39 | 1550.97
5 2 16 | 234 | 20.96 | 156.78 16 6 51 | 10 213.82 | 1599.06
5 3 16 | 53, | 21.64 | 161.88 16 9 52 735 1220.35 | 1647.89
5 4 161 9 922.34 | 167.06 c
5 5 17 0lg | 23.04 | 172.33 17 53 | 475 | 226.98 | 1697.45
5 6 17 | 314 | 23.75 | 177.67 17 3 54 | 215 | 233.70 | 1747.74
5 7 17 635 | 24.48 | 183.09 17 6 54 | 115 | 240.562 | 1798.76 .
5 8 17 | 9% | 25.21 | 188.60 17 9 55 | 9lg | 247.45 | 1850.53
5 Y 18 | 034 | 25.96 | 194.19 .
5 10 18 | 3% | 26.72 | 199.86 18 56 | 6lg | 254.46 | 1903.02
5 11 18 | 7lg | 27.49 | 205.61 18 3 57 | 4 261.58 | 1956.256
18 6 58 134 1 268.80 | 2010.21
6 18 | 101 28.27 | 211.44 18 9 58 | 1034 | 276.11 | 2064.91
6 3 19 7 | 30.67 | 229,43
6 6 20 | 475 | 33.18 | 248.15 19 59 | 814 | 283.52 | 2120.34
6 | 9 21 | 235 | 35.78 | 267.61 19 3 60 | 53 |291.03 | 2176.51
I 19 6 61 3lg | 298.64 | 2233.29
7 21 | 1175 | 38.48 | 287.80 19 9 62 | 0% | 306.35 | 2291.04
71 3 22 | 91z | 41.28 | 308.72 i
7 6 23 | 634 | 44.17 | 330.38 20 62 | 97 | 314.16 | 2349.41
7 9 24 | 4lg | 47.17 | 352.76 20 3 63 735 | 322.06 | 2408.51
20 6 64 | 4347 | 330.06 | 2468.35
8 25 1% | 50.26 | 375,90 20 9 65 | 21y | 338.16 | 2528.92
8 3 25 | 11 53.45 | 399.76
8 6 26 | 835 | 56.74 | 424.36 21 65 | 1134 | 346.36 | 2590.22
8 9 27 | 534 | 60.13 | 449.21 21 3| 66| 9 354.65 | 2652.25
21 6 67 15 1363.05 | 2715.04
9 28 | 314 | 63.61 | 475.75 21 9 68 | 375 | 371.54 | 2778.54
9 3 29 | 02 | 67.20 | 502.55
9. 6 29 | 1014 | 70.88 | 530.08 .22 69 | 134 | 380.13 | 2842.79
9 9 30| 75 | 74.66 | 558.35 22 3 69 | 103, | 388.82 | 2907.76
22 [ 70 | 814 | 397.60 | 2973.48
10 31 5 78.54 | 587.35 22 9 71 | 535 | 406.49 | 3039.92
10 3 32| 23¢ | 82.51 | 617.08
10 6 32 | 113, | 86.59 | 647.55 23 721 8 415.47 | 3107.10
10 9 331 914 | 90.76 | 678.27 23 3 73 | 0lg | 424.55 | 8175.01
23 6 73 | 9% 1433.73 | 3243.65
11 34| 6% | 95.03 | 710.69 23 9 74 | 74 | 443.01 | 3313.04
11 3 35 | 4lg | 99.40 | 743.36
1L 6 36 | 1k |103.86 | 776.77 24 75 | 437 | 452.39 | 3383.15
11 9 36 | 1075 | 108.43 | 810.91 21 3 76 | 21g | 461.86 | 3454.00
24 6 76 | 1135 | 471.43 | 3525.59
12 37 835 [113.09 | 848.18 24 9 7719 481.10 | 3597.90
12 3 38 | 534 | 117.85 | 881.39
12 6 39 | 8l [122.71 | 917.73 25 78 | 634 | 490.87 | 8670.95
1 9 40 | 0% | 127.67 | 954.81 25 3 79 | 375 | 500.74 | 3744.74
25 6 80 | 117 | 510.70 | 3819.26
i3 40 | 10 132.73 | 992.62 25 9 80 | 1034 | 520.76 | 3894.52
13 3 41| 7 i 137.88 (1031.17
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TABLE NO. 67,

Weight of Square and Round Iron.

SIDE OR | Weight, Weight, SIDE OR | Weight, Weight, SIDE OR | Weight. Weight,
Diam. Square. Round. Diam. Square. Round. Diam. Square. Round.
s .013 .01 2 13.52 10.616 5 84.48 66.35
g .053 041 L 15.263 | 11.988 1y 93.168 | 73.172
5 118 .093 P 17.112 13.44 1 102.24 80.30¢
1 21 .165 3 19.066 14.975 A 111.756 | 87.776
34 A75 373 1 21.12 16.588
15 845 .663 5 23.292 18.293 6 121.664 95.552
5% 1.32 1.043 34 25.56 20.076 b1 132.04 103.704
A 1.901 1.493 % 27.939 21.944 L 142.816 | 112,16
A 2.588 2.032 34 154.012 | 120.96
3 30.416 23.888
1 3.38 2.654 L7 35.704 28.04 7 165.632° | 130.048
1 4.278 3.359 1 41.408 32.515 b7 177.672 | 139.544
p 7 5.28 4.147 3 47.53%4 | - 37.332 12 190.136 | 149.328
33 6.39 5.019 54.084 42.464 34 203.024 | 159.456
14 7.604 5.972 4
5 8.926 7.01 b 61.055 47.952 8 216.336 | 169.856
34 10 352 8.128 b 68.448 53.76 i
%% 11.883 9.333 3y 76.264 59.9 9 273.792 | 215.04

TABLE NO. 68,

Vulgar Fractions of a Lineal Inch in Decimal Fractions.

ADVANCING BY THIRTY-SECONDS.

g ¢ 24 3
2El 8| S |t
E*| & &5 |E°

1|45 |0.08125 || 17

2 | 5 |0.0625 | i8

3| 35 10.09375 || 19

4| % [0.125 20

5 | 5 |0.15625 || 21

6 | 3 |0.1875 | 22

7| 45 | 0.21875 || 23

81 2 0.2 24

9 | & |0.28125 || 25
10 | 5 |0.3125 || 26
11 | 34 [0.34875 || 27
12 | & |0.375 28
13 | 33 |0.40625 || 29
14 | 7% | 0.4375 | 30
15 | 33 10.46875 || 31
16} & 0.5 32

Fractions.

col vl cols
rofo oty

hoicn G b T

eoles ki colta Colbo i eolbs escolbd i colta
— J?HM S s ot Ea

o) et

ADVANCING BY ODD SIXTY-FOURTHS.

i),z i ). i

A E AR
0.53125 1 0.015625 || 33 0.515625
0.5625 3 . 0.04687 35 0.546875
0.59375 5 | 0.078125 || 37 0.578125
0.625 7 0.109375 || 39 0.609375
0.65625 9 0.140625 || 41 0.640625
0.6875 11 | 0.171875 || 43 0.671875
0.71875 13 | 0.203125 ) 45 0.703125
0.75 15 | 0.234375 || 47 0.734375
0.78125 17 | 0.265625 || 49 0.765625
0.8125 19 | 0.296875 || 51 0.796875
0.84375 || .21 | 0.328125 || 53 0.828125
0.875 23 | 0.359375 || 55 0.859375
0.90625 25 | 0.390625 || 57 0.890625
0.9375 27 | €.421875 || 59 0.921875
0.96875 29 | 0.453125 || 61 0.953125
1.000 31 | 0.484375 | 63 0.984375

i
|
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TABLE NO. 70.

Square Inches in Decimal Fractions of a Square Foot.

Square Square Square Square Square Square Square Square
Inches. Foot. Inches. Foot. Inches. Foot. Inches. Foot.
0.10 | 0.0006944 24.0 0.16666 65.0 0.45138 105.0 0.72916
0.15 | 0.0010416 25.0 0.17361 66.0 0.45833 106.0 0.73611
0.20 | 0.001388 26.0 0.18055 67.0 0.46527 107.0 0.74305
0.25 | 0.0017361 27.0 0.18750 68.0 0.47222 108.0 0.75000
0.30 | 0.002083 28.0 0.19444 69.0 0.47916 109.0 0.75694
0.35 | 0.0024305 29.0 0.20138 70.0 0.48611 110.0 0.76388
0.40 | 0.002777 30.0 | 0.20833 71.0 0.49305 111.0 0.77083
0.45 | 0.00311249 31.0 0.21527 72.0 0.50000 112.0 0.77777
0.50 | 0.003472 32.0 0.22222 73.0 0.50694 113.0 0.78472
0.55 | 0.0038194 33.0 ‘ 0.22916 74.0 0.51388 114.0 0.79166
0.60 | 0.004166 34.0 0.23611 75.0 0.52083 115.0 0.79861
0.65 0.0045138 35.0 0.24305 76.0 0.52777 116.0 0.80555
0.70 | 0.004861 36.0 0.25000 77.0 0.53472 117.0 0.81249
0.75 | 0.0052083 37.0 0.25694 78.0 0.54166 118.0 0.81944 -
0.80 | 0.005555 - 38.0 | 0.26388 79.0 0.54861 119.0 ‘ 0.82638
0.85 | 0.0059027 39.0 0.27083 80.0 0.55555 120.0 0.83333
0.90 | 0.006250 40.0 0.27777 81.0 0.56249 121.0 0.84027
0.95 | 0.0065972 41.0 0.28472 82.0 0.56944 122.0 0.84722
1.0 0.006944 42.0 0.29166 83.0 0.57638 123.0 0.85416
2.0 0.01388 43.0 0.29861 84.0 0.58333 124.0 0.86111
3.0 | 0.02083 44.0 0.30555 85.0 0.59027 - 125.0 0.86805 -
4.0 0.02777 45.0 0.31249 86.0 0.59722 126.0 0.87500
5.0 0.03472 46.0 0.31944 87.0 0.60416 127.0 0.88194
6.0 0.04166 47.0 0.32638 88.0 0.61111 128.0 0.88888
7.0 0.04861 48.0 0.33333 89.0 0.61805 129.0 0.89583
8.0 0.05555 49.0 0.34027 90.0 0.62500 130.0 0.90277
9.0 0.06250 50.0 | 0.34722 91.0 0.63194 131.0 0.90972
10.0 0.06944 51.0 0.35416 92.0 0.63888 132.0 0.91666
11.0 | 0.07638 52.0 0.36111 93.0 0.64583 133.0 0.92361
12.0 | 0.08333 53.0 0.36805 94.0 0.65277 134.0 0.93055
13.0 0.09027 54.0 0.37500 95.0 0.65972 135.0 0.93750
14.0 0.09722 55.0 0.38194 96.0 0.66666 136.0 0.94444
15.0 0.10416 56.0 0.38888 97.0 0.67361 137.0 0.95138
16.0 0.11111 57.0 0.39583 98.0 0.68055 138.0 0.95833
17.0 0.11805 58.0 0.40277 99.0 0.68750 139.0 0.96527
18.0 0.12500 59.0 0.40972 100.0 0.69444 140.0 0.97222
19.0 0.13194 60.0 0.41666 101.0 0.70138 141.0 0.97916
20.0 0.13888 61.0 0.42361 102.0 0.70833 142.0 0.98611
21.0 0.14583 62.0 0.43055 103.0 0.71527 143.0 0.99306
22.0 | 0.15277 63.0 0.43750 104.0 0.72222 144.0 1.0000
23.0 0.15972 64.0 0.44444
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LIST OF HEINE BOILER PLANTS.

HOTELS, OFFICE AND PUBLIC BUILDINGS.

National Guard Armory, St. LouisS.ccees ceaeoerieeaiinanni 1 Boiler, 40 HIE:
Harmonie Club, St. LouiS.cceeecetiieeiiuieneetnentnnrenenanes 1« ‘«
Shaw Building, St. LOuiS..cc. cevevecaetnecareoncecsoacncnasness 1 € 50 @
Mitchell Building, St. Louis.. cove ceveveee cnteerertaneeronsenans 1« 45 ¢,
Missouri State University, Columbia, MO..coeeeevuueinn cunns 2 « 120 ¢
St. Louis Exposition, St. Louis..eecveeecaaeiiie i, 4 o« 1000 <«
House of Refuge, St. LOuis.cceieieiiiniieiiiiiiiie it ienas. P 110 ¢«
Montesano Hotel, St. Louis..........covnnun.. 1« 15«
Palace Hotel, San Francisco, Cal 4« 260 ¢
McVicker’s Theater, Chicago, Ill o &y 40 260 ¢
Roe Building, St. Louis..... 08000003 5000 6D06Q0R00 0050a S T dd 250 <
Good Samaritan Hospital, St. LOUiS.ceeeeeeeeer coveeee eavaenes 1 € 20 ¢
Lake View School House, Chicago, Ill.ccceevreeriaiinaannan.. 2R 7
State University, Madison, Wis.....cooeveeiiaenaann 2« 110 «
Minneapolis Industrial Exposition, Minneapolis, Minn 4 o« 1000 ¢«
Centropolis Hotel, Kansas City...c..oceceveiaaaae. 500006 000ans 2 mice 150  ¢¢
Inter-State Industrial Exposition, Chicago, Ill................. 1« 250 ¢
University of Denver, Denver, Col., first order.....ccocevviuia. 1 € 90 «
University of Denver, Denver, Col., second order.... ........... 1« 200 ¢
Boston Heating Co., Boston, Mass., first order.....c...cco.oou.... TORE K¢S 1000 ¢«
Boston Heating Co., Boston, Mass., second order..... 5000008 JBo 2« 200  ¢¢
San Jose Insane Asylum, San Jose, Cal... .....oociiiiiiian... 2 o« 220 ¢«
Cinciunati Exposition, Cincinnati, O...cceeveiiiiiiia o, 2 s 400 «
Denver Republican, Denver, Col......cceiviiiuann 000 TR 80 ¢«
Cathedral of St John, Denver, Col.......... oL I 50 000dlb o0 i o & 80 ¢«
Railroad Building, Denver, Col.......... ...... SereTe 1, @ IO
Arkansas State Lunatic Asylum, Little Rock, AtKe...ovvnaen. 20« 150 ¢«
Western Pennsylvania Exposition, Pittsburg, Pa................ 2 e 500 <
Houser Building, St. LOUiS.cvertvireetiieeeiiianiniivnieannns. YIS 240 <«
Hospital for the Insane, Fergus Falls, Minn..... $0000000000500d0 by 86 120 ¢
Southern Illinois Penitentiary, Chester, 1006 al660 000060 0886 509dB0 2 ¢ 600 ¢
Insane Asylum, Agnew, Cal........... 000300600 3880600 080000 2 &« 290 ¢
Railroad Building, Denver, Col second order ............ 4000000 | -0 110 «
Court House, Evansville, Ind .c.. oo vnnen 800009000 5806336 0Bodos 2 e 190 ¢
Wm. Kirkup & Son, Cincinnati, O...cooevveee i, cees 2 220 ¢«
Pabst Opera House, Milwaukee, Wis...cocevnvieniinaaan. 606000 2 L 240 ¢
Arapahoe County Jail, Denver, Col.cceiveniisiuiienniniienaees 8§ & 360 ¢«
C. D. McPhee, Denver, Col..c.cvu..... 300 0008 0dbd 5600010d8% 2« 160 ¢«
Broadway Theater, Denver, Col., first order ........ 506300 0000 00 20Ee 240 ¢
Boatman’s Bank Building, St. Loms. 000 g6 00Qa abooR0 000380204 2 240
Broadway Theater, Denver, Col., second order..eeeceeeceecensn. 1« 120 ¢«
Samuel Cupples Real Estate Co., St. LouiS.c.ceveeeneannss 500806 gy as 740 ¢«
The Neave Building Co , Cmcmnatl @o60009500 0060 0000 0006oodcs 1] T8 240 «
First National Bank l)uluth MiDD. enrnennrnennns 000000¢ ceeses 2 K 80 ¢«
John Shillito Co., Clncinnati, (Ol TTEFB@IRE Yo dbo0g dolodlno obo S0 BOATN N W0 250 ¢
John Shillito Co., Cincinnati, O., second order.. ........ boocogoo i 7 GO 400 ¢«
John M. Smyth, Chlcavo T N e 2] s 500 ¢
University of Mlchlgan Ann Harbor, Mich.eernaenrvnanons ceees 2 G 300 ¢«
Hospital for the Insane, Fergus Falls Minn., second order...... 1 1209
Palace Hotel, San Francisco, Cal., second order 00000358604 ceese 3 & 525 ¢
Royal Victoria Hospital, Montreal, Can........ tececiesencaiees.s 2 K 160«
R. H. Macy & Co., New York.....cocvuvurnnnnn, d60coamodans 3 600 ¢
Henry C. Brown, Palace Hotel, Denver, @eiliodt500 o055 0000 4 520 ¢«
Jas. G. Fair Build'mg. San Francisco, OREL T, (s iin don wvene b yony B0 45 175 ¢
Hospital for the Insane, Fergus Falls, Minn., third order........ 1 ¢ 120 ¢«
Jackson County Court House, Kansas City........... cessieesaas '3 66 360 ¢
Equitable Building, DesMoines, JoWa.ccceteiiiveievieennann.. 2 g 10 300 ¢«
Freehold Building, Toronto, Can..eeosviiuieeeeeiisicsnecnnsens 1 120 ¢
Confederation Building, Toronto, Can........coeviuviiiiinnee., 2 ¢ 200 ¢
John Doty Engine Co., Toronto, Can....coeoeevvirirencnecacesss 1 € 110 «
Athletic Club Building, Chicago, Ill...eoueveiuiiiiinneannn.. ceees 2 300 ¢
World’s Columbian Exposition, Chicago, Ill..c.ceviuiiiiivene.. 8 ¢ 3000 ¢
Betz Building, Philadelphia, Pa.ceeceeceeennniiieeeiiiiiiiiines. 8 €6 500 <
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Mercantile Club, St. Louis.......... 005 000000600 100TE0 0065 ¢ o
The Johnston Building, Cincinnati, O..ccovveeeniiieineiinaee.
The First National Bank Pittsburg, Pa..ccooveeiveiee ... .
Jackson County Court House, Kansas Clty, Mo o0 second order...
Mallinckrodt Building, St. Louis......... ...... 600080 000 000 Qg
World’s Columbian Exposition, Chlcago, I1l., second order ......
0Odd Fellows Temple, Cinciunati, O.. 500000000006 0000 [0 000000
New Planters House, St. LOUiS e coeiiireieniioieieenrannnnns
Young Men’s Christian Association Bulldlng, Chlcago ...........
Gruenewald Building, Chicago...coeeeeeeiiiiieas veeennnn

IRON AND STEEL MANUFACTURERS.

St. Louis Stamping Co., St. Louis.ccceeee vevniine i ianan.
Troy Steel and Iron Co., Troy, N. Y., ﬁrst order ............... .
Troy Steel and Iron Co., Troy, N. Y second order..............
Risdon Iron Works, San Francisco, Cal ...........

Tudor Iron Works, St. Louis..cccveeeeeerenne e,

Scherpe & Koken, St. LOUiS.cceveeieeaeeeiieieeinnnnnnnn opodBe
Shoenberger & Co., Pittsburg, Pa....c.oocveviiiiit i an.
Oliver Bros. & Phillips, Pittsburg, Pa., first order...............
Edgar Thompson Steel Works, Braddock, Pa...................
Union Steel Co., Chicago, Ill......cccovuen..ns 2600 0pAB 600608800
Jas. P. Wltherow, Pittsburg, Pa.. oo
Troy Steel and Iron Co., Troy, N. Y thlrd order

Belleville Nail Co., Bellevﬂle, 1. cetetceasieneaes

Racine Hardware Co., Racine, Wis... 5350008600 003G “00 06643 aooo
Rob’t Hare Powel’s Sons, Saxton, Pa.. ..o cieeviiieiiiian..
Valentine Ore Land Association, Bellefonte, Pa.................
Troy Steel and Iron Co., Troy, N. Y., fourth order........ 5 08%0C
Chicago Steel Works, Chicago, Ill.....ccoeveeenenana.. 20000 0000
Troy Steel and Iron Co., Troy, N. Y., fifth order ...............
North Branch Steel Co., Danville, Pa cosseen 580000880 0dL
Oliver Bros. & Phillips, Plttsburg, Pa., second order 0 0600
Henry Disston & Sons, Philadelphia, Pa., first order............
Springfield Iron Co., Springfield, I11....cevnviiieeeaniniin ...

H. R. Worthington, Brooklyn, N. Y.............. ceversaane
Henry Disston & Sons, Phlladelphla Pa , second order. ceee

Oliver Bros. & Phillips, Pittsburg, Pa., thlrd order.......... B8o0a
Missouri Malleable Iron Co., St. TAOUIS e e nenrnenrarnanssanen 0'60c
Helmbacher Forge and Rolling Mill Co., St. Louis «.............
Chester Rolling Mills, Chester, Pa.....cooeuieeenintaanan e
Van Zile, McCormack & Co., Albany, N. Y.eeevereinanannnnn,
Troy Steel and Iron Co., Troy, N. Y., sixth order...............

Muskegon Iron and Steel Co., Muskegon, Mich .................
Muskegon Iron and Steel Co., Muskegon, Mich., second order....

Monterey Foundry Co., Monterey, MeX...e covuvear.nn. 6a000dn
Van Zile, McCormack & Co., Albany, N. Y., second order ........
Kilmer Mfg Co., Newburﬂh Wo 0009080000 0080 0000000000d0,0008
The Johnson Co., Johnstown, Pa........... 886 0'60006'000:2000 6004
Strom Mfg. Co., Chicago, Ill.c.cceveviieiinniiniennans. 30%00C
Keystone Rolling Mill Co., Plttsburg, J2E 60000 003008000000300000
St. Louis Shovel Co., St. Lou1s
U. S. Iron and Tin Plate Mfg. Co Demmler, 150000000 0000 0005 00
Shoenberger, Speer & Co., Plttsburrr Pa.. 000,00 00O BO 006d
Missouri Malleable Iron Co St. Loms, second order. 00008000000
Elba Iron Works, Pittsburg, 1856580 d6oo 05020 0000 B0 8 KIABE 06 00T
Keystone Rolling Mill Co., Pittsburg, Pa., second order.........

Scherpe & Koken Arch. Iron Works Co., St. Louis, second order,
The Johnson Co., Johnstown, Pa., second order..........-.....
Addyston Pipe a.nd Steel Co., Addyston, O...........

Helmbacher Forge and Rolllng Mill Co., St. Louis, second order .

U. S. Iron and Tin Plate Mfg. Co., Demmler, Pa., second order.. "

Tudor Iron Works, St. Louis, second 85k 560 0000 00 AIGECB 6 OG
Illinois Steel Co., Joliet, Ill...ceuen..... 58000 .
U. 8. Iron and Tin Plate Mfg. Co., Demmler, Pa thll‘d order. 500
Illinois Steel Co., Chicago, Ill....ceieieeiieenueieenneinnennnans

S. T. Williams&Co., Muscatine, JOWa .cee veve toeeienvanenonnn
Jas. McKinney & Son, Albany, N. Y...uouteeieinenneineeannnnn.

2
2
1
2
4
3
2
2
2

1 Boiler,
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8
3
2
1
1
2
2
2
2
1
5
1
3
3
2
1
3
4
1
1
3
2
3
1
1
1
5
1
2
1
1
1
1
5
2
1
1
1
1
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113

144
1]
113
113
[
[13
147
143

113
(13
113
“
“
1<
%
¥
(13
113
X3
113
3
113
13
113

300
240
100
120
300
1500
450
600
500
100

40
175
2560
600
500
30
250
500
500
500
250
125
1250
150
750
375
180
150
375
1280
250
200
750

1250

200
250
65
150
750
500
120
150
200
250
300
300
150
375
120
500
300
375
375
500
1000
400
1000
300
60

ELECTRIC LIGHT, POWER AND GAS COMPANIES.

Springfield Electric Light Co., Springfleld, Mo....ccoveeniian.an.
St. Louis Gas Light Co., St. Louis.eeevcetieeaanenaann.n.
Evanston Electric Light Co., Evanston, Ill..... .cccuve. .. 000 aBBc
Forest City Electric Light Co., Rockford, Il ....ceveunnnenan...
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DesMoines Edison Light Co., DesMoines, Ia., first order........

Allegheny County Light Co., Pittsburg, Pa......c.coceun. o6 dooobd
DesMoines Edison Light Co., DesMoines, Ia., second order .....
Columbus Electric Light and Power Co., Columbus, 0., tirst order
Troy Gas Light Co., Troy, N. ¥ .ccveeveirceceseccesoaaranss 0d9d
Colorado Electric Co Denver, Col., first order ............ 8058
Little Rock Electric Llorht Co., Little Rock, ArK.ecvenai vvnnn...
Colorado Electric Co., Denver, Col., second order 00000 5000 o 500
Boston Edison Co., Boston ) 5050 daoo 06,0000 #6800 8039 00do Gbao
Chicago Edison Co., Clncawo, 111., first OFCT s+ venannsnsesesen
Brush Electric Light and Power (,0 Galveston, Tex ............

Columbus E lectrlc Light and Power Co Columbus, O., 2d order
Colorado Electric Co., Denver, Col., thlrd Order «.oeeeene
Columbus Electric Lwht and Power Co. Columbus, O 3d order
Colorado Electric Co., Denver, Col., fourbh ({6 {1P50 00038000
Pueblo Gas and ElCCtI‘lC Light Co., Pueblo Callog 500000000000 ac
Cedar Rapids Electric Light and Power Co., Cedar Rapids, Ia....
Little Rock Electric Light Co., Little Rock, Ark., second order..
Litchfield Electric Light and Power Co., Litchfield, Ill...... 20008
Boston Edison Co , Boston, Mass., second order...c.coeeecuaen,
Laclede Gas Co., bt )W) 0 0060 5068 066318980 ¢80 866d6 00000 F0b80
Hill City Electrlc Light and Power Co., Vlcksbur MISS ........
University Park Rallway and Electric Co Denver, Col ..........
Hibbard Electric Supply Manufacturing Co., Montreal, Can.....
Columbus Electric Light and Power Co., Columbus, O., 4th order
DesMoines Edison Light Co., DesMoines, Ia., third order.......
. A. & T. C. Gooch, Louisville, Ky....cv coverierenaniennina..
Detroit Electric Light and Power Co., Detroit, Mich............
Chicago Edison Co., Chicago, Ill., second order....c...c..... 2000
City Electric Light Co., Kalamazoo, Mich......... 53600000 50.00 00
D. C. Hartwell, Ouray, Col....c.eenvene ... oo FLIYIEE 0 0dba G080
Milwaukee Power and Lighting Co., Milwaukee, Wis...
Citizens’ Gas Light and Heating Co., Bloomington, Ill.. ceee
Edison General Electric Co., New York....oovveeivervan i,
Western Electrical Construction Co., Denver, Col., first order. ..
Western Electrical Construction Co., Denver, Col., second order
Electrical Improvement Co., San Francisco, Cal....... ceaverrans
Gooch Electric Light Co., Loulsv1lle, )00 60000 8a00688 6 664868088
Columbus Electric Light and Power Co., Columbus, O " 5th order
Craig & Sons, St. Cunegard, Montreal, }Llectrlc Statlon ..... oo
Cedar Rapids El. 1.’t and P. Co., Cedar Rapids, Ia., second mder
Ann Arbor T. H. Electric Co., Ann Arbor, Mich..-v.veeeauee...
Chicago Edison Co., Chicago, 1., third order.....cciovaeeae.n.
Denver Consolidated Electric Co., Denver Col., seventh order...
Vallejo Electric Light and Power Co., Vallejo, Cal..............
San Francisco Gas Co., California.......ccooiaiiiiieini i,
Denver Consolidated Electric Co., Denver, Col , eighth order....
Forest City Electric L’t and Power Co., Rockford, Ill., 2d order.

J. de Mier, Santa R0osa, Cuba.cee cveenieineinmiieeaianias 0940
Denver Consolidated Electric Co., Denver Col., ninth order.....
Brookfield Electric Light Co., Brookfield, Mo...ecccveevieinnaas.
Petaluma Electric Light and Power Co., Petaluma, Cal...... ...

Edison Electric Illuminating Co., New York............. ceranes
‘Washington Gas Light Co., Washington, D. C........ 560 0000000
City Electric Light Co., Kalamazoo, Mich., second order........
Salt Lake City Gas Co., Salt Lake City, Utah............... adbd

Forest City Electric Light and Power Co.,Rockford, Ill., 3rd order
Denver Consolidated Electric Co., Denver Col., tenth Order......
Siemens & Halske Electric Co., Chicago, Ill. «....veennnnn ceeens
Cedar Rapids Elec. It and P. Co., Cedar Rapids, Ia., 3rd order..
Edison Electric Illuminating Co., New York, second order......
Pennsylvania R. R. Co., for Pittsburg U. D. Elec. Light Plant..

Chicago Edison Co., Chlcavo, Ill., fourth order........ oF

Pennqylvama R. R. Co for Jersey City and Bergen Elec. L’t P t
Chicago Edison Co., Chlcaﬂo, Ill., fifth order..... 910 06 G0 0 0,0 B0
Mutual Light and Power Co., Montgomery, Ala..... cesetacieees
Toronto Electric Light Co., Toronto, Ont. -.eeeveeeeviiniianen.
East River Gas Co.. Long Island City, N. Y..eerveeecearnennnens
Chicago Edison Co., Chicago, Ill., fifth order...c.ccvovvveennee.
Chicago Edison Co., Chicago, Ill., sixth order................ oc
Chicago Edison Co., Chicago, Ill., seventh order............ 58ho
Chicago Edison Co., Chicago, Ill., eighth order....... Sh't 606D Gor
Dayton Electric Light Co., Dayton, O..ecviviernennnn. 00000 Q00D
Denver Consolidated Electric Co , Denver, Col,, eleventh order..
Kalamazoo Electric Co., Kalamazoo, Mich.eeeei cuetonn. ceeenens
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2400 H. P. Plant of Heine Boilers at Anheuser-Bush Brewery,
ST.

L. Hoster Brewing Co., Columbus, O.,
Anheuser-Busch Brewmcr Assomatlon,

LOUIS, MO.

third order..............
St. Louis, 2d order

J. B. Wathen & Bro. Co. (dlstlllery), Louisville, Ky., 1st order..

Anheuser-Busch Brewing Association,
Anheuser-Busch Brewing Association,
Anheuser-Busch Brewing Association,

St. Loauis, third order....
St. Louis, fourth order...
St. Louis, fifth order.....

J. G. Sohn & Co., Cincinnati, O., second order...... cce.veev...
Fleischman & Co., Cincinnati, O. (distillery)........... 80060000 ¢
San Antonio Brewing Association, San Antonio, Tex...... ....
Christ Moerlein Brewing Co., Cincinnati, O., first order.........

Cincinnati Brewing Co., Hamllton 0.

D I A Y feeee tass s

Albert Braun Brewmv As%oclatlon, Seattle, Wash ..........

J. B. Wathen & Bro. Co. (distillery), Louisville, Ky b 2d order...

Allen-DBradley Co. (distillery), Louisville, Ky., first order.......
Allen-Bradley Co. (distillery), Louisville, Ky., second order .....
Christ Moerlein Brewing Co., Cincinnati, O., second order.......

The Central Distilling Co., St. Louis.

St. Louis Brewing Association. St. Louis..............oviiat. 5
Allen-Bradley Co., Louisville, Ky., third order..................
Cincinnati Brewing Co., Hamilton, O., second order............
Christ Moerlein Brewing Co., Cincinnati, O., third order........

Standard Brewery, Chicago, Ill.... ...
Barthomolay Brewing Co., Rochester,

NeY.oeurnaaan

L. Hoster Brewing Co., Columbus, O., fourth order.............
Central Distilling Co., St. Louis. second order........oooeuv..n.
Lazcano y Gonzalez, Cardenas, Cuba (dlstlllery) .............. og
Wainwright Brewing Co., Pittsburg. Pa..... .............. ...

Mutual Distilling Co Uniontown, Ky

1
4
1
1
1
4
1
1
1

b d

Boiler,
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300
200
200
1200
150
250
150
300
200
240
300
250
250
1200
900
300
300
300
300
400
750
300
300
200
250
375

@
113
o«
13
11
(13
3
<6
(Y3
Y9
&
X3
143
X3
(3
‘¢
13
13
¢
6
‘¢
113
“t
<e
11
113
X9



Salvador Vidal, Cardenas, Cuba (distillery).........

Mihalovitch, Fletcher & Co., Cincinnati, O........... 50 b8 100
The Allen-Bradley Co., Louisville, Ky , fourth order.. L il 80
Keystone Brewing Co., Pittsburg, Pa...ccoeev e ieneariannans 1, AL 250
The L. Hoster Brewing Co., Columbus, O., fifth order........... 1« 300
Beadleston & Woerz Brewing Co., New York, N. Y ..... 5 00bIdETo oy U 500
The L. Hoster Brewing Co., Columbus, O., sixth order.......... TIGE 250
M. Winter & Bro., Pittsburg, Pa.....c.ooveuenns cesssscesienaas 1« 375

IRON FURNACES.

DeBardeleben Coal and Iron Co., Birmingham, Ala., first order.. 5 Boiler, 1250
Sheflield Iron Co., Sheffield, Ala., first order......... 5900000 008k 33 & 750
Lady Ensley Furnace Co., Sheffield, Ala., first order............ 5 & Ul 750
Mexican Iron Mountain Mfg Co., Durango, Mex....... 5600 dodb c DX 4G 300
Pulaski Iron Co., Pulaski City, Va., first order............ 900000 S 960
Ashiand Iron and Steel Co., Ashland, Wis....covn cenevnnnnnie. 3 « 450
Cameron Coal Co. Cameron, Pa., AIFSE OFAET s+ sn vvenas 0000 0d5BEo & 8 750
Cameron Coal Co., Cameron Pa., second @D, 0600 5660000000000 i, o8 250
New River Mmeral Co., New River Depot, Va..cceeeiveiniannnns 2 < 300
Pulaski Iron Co., Pulaski City, Va., SecONd OTAeT.ven conans oon 1 80 320
Sheffield Iron Co., Sheffield, Ala., second order......c.c.cc.vcu.. o &6 250
Lady Ensley Furnace Co., Sheftield, Ala., second order.......... e X 250
DeBardeleben Coal and Iron Co., Birmingham, Ala., second

@RS Mhob 0o dgoo 0003005 0 Goldodloott daodbh ddadoobEs0 ok ceneeaaae yh & 2240
Pulaski Iron Co., Pulaski City, Va., third order................. 1l ©8 320

ARTIFICIAL ICE AND REFRIGERATOR COMPANIES.

Texarkana Ice Co., Texarkana, ArK..ccecoeerecearcecaceiocoaan 2 Boiler,. 150
Bohlen-Huse Machine and Lake Ice Co., Memphis, Tenn......... Iy Go 110
Griesedieck Artificial Ice Co., St. Louis, first order............. 1« 250
H. H. Bodeman, St. LOUIS.cce. cateteecnenesanncnns o o ixe s b ek B 1 ¢ 120
Griesedieck Artificial Ice Co., St. Louis, second order .......... T« 0f 250
Springfield Ice and Refrigerator Co., Springfield, MO............ B ol 120
H. Henke & Co., HOuSton, TeX .. c et tnaseanestsasanocenaans Tt 8 120
Union Ice Mfg. Co., Pittsburg, Pa....cccoeeiveinan.. SIS0 e 2 600
New York Hygeia Ice Co., New YOrkK.«...oeeeeetarieianiin ... 2 750
S. Joseph Artificial I. and C. S: Co., St. Joseph, Mo...evunonnnn. Lyt GG 150
Union Ice Mfg. Co., Pittsburg, Pa., second order................ T 300
H. Henke & Co., Houston, Tex., second order....... S SRR 00 300

FLOUR MILLS.

Chas. Tiedemann, Collinsville, Ill..... .... Ceeterenecesaneas . 1 Boiler, 125
Little Rock Mlllmo and Elevator Co., thtle Rock ATK.eeeannne. Lol & 170
Parsons Flour Mllls San Francisco, Cal........oovvivinia ... 1« 145
Capitol Flour Mills, Los Angeles, Cal., first order....... 0 00000d0 - el 140
Texas Star Flour Mills, Galveston, TeX....coeeeue... oinlele ot s ae 1 pec 200
J. B. Thro & Co., St. Charles, MO.cecrereee sevesvnceessoce cuns 1] i 160 110
Eisenmayer Milling and Elevator Co., Halstead, Kas............ il _— e 200
Hardesty Bros., Columbus, O«.eeveneneivnnnnan. 5000850d8 0 Fbod0 1 o« 200
Lyon, Clement & Greenleaf, Ligonier, Ind...ccvcve cvvvieiiana. 1 ¥ 150
Koppitz & Smith, Pacific, Mo ..................... 5000000008004 ] GiC 60
Capitol Milling Co Los Anveles, Cal., second order acaoff Ml M 60 155
Colorado MIHIH“ and Elevator Co. , Denver, Col...ouve ..o 900000 1 e 250
The H. C. Cole MllhllD' Co. Chester, 100ks 50000000 00K 000 0560 066000 Tl G0 300
G. Zlebold&Son,RedBud 10log 5000360 008666 00000000 aa00 Y 1« 150
Glenn Bros., Hillsboro, T115 . «/vielslcelelslslsrs araieleilefolelelelolols sieleloatslololeron 100 86 120
Boney & Harper, Wilmington, NGz Saises tols aelelelorsiie elorelensielts 1« 120
Blish Milling Co., Seymour, Ind......coveveiniienvens cennnnns w60 225
Franz Hunmg, Glorletta Mills, Albuquerque, W W60 000008000 l, 9 80
Taylor Bros. & Co., Quincy, Ill......... 0000 0d00ol6oonboog: S & 500
Farmers Union and Milling Co., Stockton, Cal .................. 2 500
R. T. Davis Mill Co , St. Joseph W@o,0add0008db00ds 08 dban dooase [ GG 250
The Cerealine Mfg. Co. Indlanapohs, 1016l 5000 0aBgBo dbooadkiodaos G 375
The Cerealine Mfg Co., Indianapolis, Iad., second order........ STUIC 250
Plymouth Roller Mill Co 163 Wi 1fap blboo d8odio codoasude 000006 1 < 250
The Cerealine Mfg. Co., Indlanapohs, Ind., third order.......... f= od 375
McDaniel & Co., Franklm, TG0l 0080 6000000000 08GG00 0686 8000 800 1l 06 150
Blish Milling Co Seymour, Ind., second order.... ..occeeeeeasn 1« 250
The Cerealine va Co. Indlanapohs, Ind., fourth order ....... S (< 120
The Russell & Miller M. Co., Wegst Superior, Wis.coeeeaceeacnn. g & 500
R. T. Davis Mill Co., St. Joseph. Mo., second order. soago_ 00 250
Metcalf, Miller & Co. , Palmyra, Mo......... o do00 0ddt dodd i Wil 120
J. S. Llark Troy, Kansas ........... 50000000 o 0ppoopabo 0990 000d" =" 75
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CABLE AND ELECTRIC STREET RAILROAD COMPANIES.

St. Louis Cable and Western R. R., St. Louis.....eeveeenin.nn.
Central Passenger R. R. Co. (elecmc), Lou1sv1lle, I\y.,ﬁrst order
People’s R’y Co (cable), St. LoOui8.cveeeteiecteatonacnaenesnans
Union Depot R. R. Co. (electric), St. Louls, first order. 00QOFADT
Colorado Springs Rapid Transit R’y Co., Colorado Springs, Col.
Arlington Heights Electric R’y Co., Fort Worth, Tex.- «..c...
Rochester R’y Co., Rochester, N. Y. (electric).....c.c.oaeevaenn.
Glenwood and Greenlawn Street R’y Co., Columbus, O., 1st order
Street Railway Construction Co., Denver, Col.. ... ccoveuinen.
Union Depot R. R. Co., St. Louis (electric), second order.......
Central Passenger R. R. Co., Louisville, Ky., second order .....
Glenwood and Greenlawn Street R’y Co., Columbus, O.,2d order
City Electric Street R’y Co., Little Rock, Ark................ 000
Dubuque Electric R’y, Light and Power Co., Dubuque, Ia.......
Central Passenger R. R. (,o Louisville, Ky ., third order..
Oakland, San Leandro and Haywards Mec R’y Co., Oakland Cal
Broadway and Seventh Ave. R. R. Co. (cable), New York Clty
Johnstown Passenger R’y Co., Johnstown, Pa,. 5000008 0600/0300J0
Union Depot R R. Co., St. Louis (electric), third order..... 9900
Salt Lake Rapid Transit Co., Salt Lake City, Utah..... annt i o B0
Oakland, San Leandro and Ha,yw ards Electric R’y Co., Oakland
Cal., second order.. cofiodoag poloo
Jersey Cxtv and Bergen R’y, Jersey Clty, k.. S5 SO R
Barre Sliding R’y Co., Chicago, Ill. ..ccoeueineniiiiiina i aaan
Chicago and North Shore Electric R’y Co., Chicago, Ill..........
Chicago and South Side Rapid Transit Co., Chicago, Ill.........
Altoona and Logan Valley Electric R’y Co., Altoona, Pa.........
Camden and Atlantic City Electric Lwhtmg Co., Atlanmc City,
1, dJoo0 0000000090 0p80G0050
Northern (‘entra.l R’y Co., Canton, Baltlmore, Md ...............
Ft. Worth and Arlington Hexghts St. R’y Co., Ft. Worth, Tex.,
i} EIREIIR6 60 0ot 088006 Gooalc 60 oot 0000 3900 GO0 8 4003.0008 400G

Union Depot R. R. Co St. Louis, Mo., fourth order........ ...
East St. Louis Electnc Street R’y Co., Lasc St. Louis, Ill...... g
Jersey City and Bergen R’y Co., Jersey City, N. J., 2d order....
Jersey Consolidated Traction Co., Newark, N. J...ooeceennnenn.
Jersey Consolidated Traction Co., 2d order............ 90060 0000

PACKING HOUSES.

Armour Packing Co., Kansas City, Mo., first order.....
Armour Packing Co., Kansas City, Mo., second order
Kansas City Packmv Co., Kansas City, pT0 o N s
Fort Worth Packing Co., Fort Worth, Tex., first order ..........
Fort Worth Packmg Co., Fort Worth Tex., second order.......
Roth-Meyer Packing Co., Cincinnati, O. 003686400000 68 06064
N. K. Fairbank & Co o St. LONIS.ceceetareveeccanecene cesseancns
N. K. Fairbank & Co., Chicago, Ill., first order .................
N. K. Fairbank & Co., St. Louis. second order. . 56080000600 64
N. K. Fairbank & Co., Chicago, Ill., second order ...............
Nelson Morris & Co., Chlcacro I . 50 0038000000.00 8060 00 03IV

RICE AND OIL MILLS.

Howard 0Oil Co., Houston, Tex., first order..... 000090000 6606 0aA0
Howard Oil Co., Houston, Tex., second order ........«.... 20030
Galveston Qil Co., Galveston, TexX. .ot teeeiieriiiinennnncann
H. Schumaker Oil Mills, Navosota, TeX...oeeeeuiiineeiienionns
Meridian Oil Mills and Mfg. Co., Merldxan, MiSS.eoeeacaranninns
Wilmington Oil Mills, \Vllmm‘rton N.C.. R R TR R PP

Independent Cotton 011 Co.. New Orlean La J886 080030003890
Capitol City Oil Works, Jackson, MISS ﬁrst order s T s et o
Union Oil Co., New Orleans, La.........
Capitol City Oil Mills, Jackson, Mles , second order ..... 6000, 0000
Crescent Citv Rice Mill Co., New Orleans, La.. Q866 0op 906

A. Socola, Rice Mills, New Orleans, La........ S0 k- B e iR R
Mississippi Cotton Oil Co., Meridian Miss., second order........
National Cotton Oil Co., Houston, Tex., third order...... dboadhe
National Cotton Oil Co., Galveston, Tex., second order..........
National Cotton Oil Co., DeniSon, TeX.eceeeceoeessereraenerannns
Union Oil Co., Vidalia, T ecee -eeteerineeecoesacnoeeconsnaanes
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WATER WORKS.

Stookton Water Works, Stockton, Calesecescosesecaneans .«.... 1 Boiler, 25 H. P.
Spring Valley Water Co., San Francisco, Cal.cceveececaceiasaas 3 600 ¢
Houston Water Works, Ilouston, Tex., first order.............. & 220 ¢
Lawrence Water Works, Lawrence, Kas..ooeecvveieininnae s A o 180 ¢
National Water Works Co., Kansas City, Mo..........cceeann. 4 ¢ 800 ¢
Texarkana Water Co., Texarkana, Ark i<t 160«
Sheboygan Water Co., Sheboygan, Wis. ......... . 2RES 150 ¢
Grafton Water Co., Grafton, DaK..e.ovverevainianniniaiiiiens 1 50 «
City Water Co., Chattanooga, Tenn...... 0 0tD0/GP 00 TG0 00 0006 AEC It (0 250 ¢
Norristown Water Co., Norristown, Pa..ceceeieeentinnrnennnns SIS 300 ¢«
Cincinnati Water Co. Cmcmnatl, Oth ....... 8o B0 oo Mo oo oo g, 4 600 ¢
Jefferson City Water Co., Jefferson City, MO. - cover verevnnennnnn 2 290K f1t¢
Memphis Artesian Water Co., Memphis, Tenn.....c..coveiun.ons G 900 ¢
St. Joseph Water Co., St. Joseph, MO+ et vreeer viiteneaeas 2 260 ¢
Montreal Water Works, Montreal, Can..... .c.ccvus. Al e b 66 600 ¢
Houston Water Works, Houston, Tex., second order............ 1« 230 ¢
Peoria Water Works, Peoria, Ill.. 50 000000 08.0000,0598 dboc oo | (B W00 1200 ¢
City Water Co., Chattanooga, Tenn second order Y ISl BT 260«
L. & W. B. Bull (X ine7-800lo6d600 0000 6000 0000 daoo doabodyF e W ol Jl _ &3 260  ¢¢
L. & W. B. Bull Quincey, Ill., second order ..................... w060 250)° L
Sheboygan Water Co., Shebuy an, Wis., second order.......... [l o 150 ¢
Houston Water Works, Houston, Tex., third Order. ... ..o...n.. Tl 0C 150 ¢
St. Joseph Water Co., St. Joseph, Mo., second order............ il,__wae 250 ¢
H. D. Campbell & Sons, Traverse City, Mich..... 5000008000 0820, 1l w0 150 ¢
Mahanoy City Water Works, Mahanoy City, Pa................. 1 ¢ 250 ¢

Peoria Water Works,
PEORIA, ILL.
Contains 1200 H. P. of Heine Boilers.

— 148 —



MINING, COAL AND SMELTING COMPANIES.

1 Boiler,
%3

Quartz Mountain Mining Co., San Francisco, Cal................

Santa Ana Mining Co., Oposura, Mex ......cc. cevviiiann oo 0%
La Plata Mining and Smelting Co., Leadville, Col......... .....
Philadelphia Smelting and Reﬂmng Co., Pueblo, Col....... .....
Cannon Coal Co., Denver, Col.. 5000 F286 HBONTETE0 002 0oPHGEDs
Alaska Treadwell Gold Mining Co Douglas Island, Alaska.....

Silver Age Mining Co., Idaho bprmvs, Col..

Boston and Montana C. C. and S. M. Co., Great Falls, ‘\Iom
Alaska Treadwell G. M. Co., Alaska, second order...
Madison Coal Company, St. Louns ..... 50066084500 0ok dne gk 0000
Kilpatrick Bros. & Collins (coal mlnes) Cambl ia, Wyommrr .....
Magnetic Iron Ore Co., Carthage, N. Y-... 08060913500%8000 0'act0a 3
Hocklwr Valley Coal Co Nelsonville, Ocevecennrrvinnieannnnnn.
St. Joe Lead Co., Bonne Terre, Mo., first order....... 5568000000
Paymaster Mmmor (0037 (O I IAZ 010 0 8886 36,0 0 06 Ao b a0 o
St. Joe Lead Co., Bonne Terre, Mo., second order. .......
St. Joe Lead Co., Bonne Terre, Mo third order..... 5065000 dbd
Chas. Wagner, Mex1co .............................. ceenaas o
Desloge Consolidated Lead Co Bonne Terre, 1% 00)6 o080 o dda 85 ”
Omaha and Grant Smelting Works, Denver Col.eeevine vavennn. A
St. Joe Lead Co., Bonne Terre, Mo., fourth order...............
Globe Smelting and Refining Co., Denver, Col.....oovvveuenaans.
Ocean Coal Co., Horatio, Pa....cccoveeivernnectianeeenns 6 F0000g

SUGAR PLANTATIONS.

E. H. Cunnigham, Sugarland, Tex...... ... ... secorosaneas
J. De Mier, Santa Rosa Plantation, Cuba..ceceeeeerieiiiiiaennn,
J. De Mier, Santa Rosa Plantation, Cuba, second order.......e..
J. De Mier, San Joaquin Plantation, Cuba, third order...........
Casanova Brothers, Carolina Plantation, Cuba .....qc.c.oeva..
Henry Heidegger, Matanzas, Cuba...cc.oceeneenen. A00goaa0odac
Carlos, Booth & CO.vvver v iees tiireneetcreetatannncacconnas
Henry Heidegger, Matanzas, Cuba, second Order .. soeee eanens
Casanova Brothers, Carolina Plantation, Cuba, second order. ....
Vicente Cagigal & Compartes, Central Gerardo P., Havana, Cu...
J. De Mier, Havana, Cuba, fourth order............... 0060060000

MISCELLANEOUS.

Chicago Corset Co., Aurora, Ill..... 56:0050"0000 0606 0000 g 80003004
Pheenix Chair Co., Sheboy an, Wis., first order .................
H. E. Roth, Sheboygan, Wis..
Julius Berkey Felt Boot Co., Grand Raplds, Mrch ...............
P. B. Mathiason & Co., Bone Black Works, St. Louis............
W. T. Coleman & Co., ‘Borax Works, San Francisco, ©Ckllso 06 0004
California Powder MillS. .ccoeeivnurecinsvenrereacenanscocansoans
W. S. Townsend, Candy Manufacturer, San Francisco, Cal......
California Jute Mllls, Oakland, Cal. oo vevrervreannsncesconase
M. ?. Robinson, Honolulu, Sand\mch I 30860050 , 80000 000003
Springfield Wagon Co., Springfield, Mo....... 000,00 000 00 .
G. B. Kane & Co.. Chicago, Iil........ 3010090 080p,060a8000 30000080
Union Tobacco Works, Louisville Ky....coevievniiieieniennns
Houston and Texas Central R’y, Houston, Tex., first order......
J. J. Langles & Co., New Orleans, La.ccoeecceeee.cocearcaanaans,
Chicago Copper Refining Co., Chicago, Ill., ﬂrst order ...........
R. L. McDonald & Co., St. Joseph, Mo ........ T
James Roy & Co., Troy, N. Y.ceeeerveenieneeennannn. 50000 960000
Chicago Corset Co., Aurora, Ill., second Order.-.. . eeveeeeenens
Hueter Bros. & Co., San Francisco, Cal.....eoveiueiiiniiinnne,
Houston and Texas Central R’y, Houston, Tex., second order...
Brittain, Richardson & Co., St. Joseph, MO-cevvvuereeuenrnnn.
OrrisiRaperMil SRR Lo, INF YT Te Y T tole ot iet R Tl S HeToete) - e oo oY

Benecia Agricultural Works, Benecia, Cal........ccovviiiuianes
A. H. Belo & Co., Galveston, TeX..ccvveveeeraanenieeenecnneannn
King Kalakaua Honolulu, Sandwich Is]ands 00010000 0900 0A600E IS
J. G Johnson & Co., Spuyten Duyval, N. Y..
Kiddel & Stewart, Denver, Col.eeeoeeiesvinnes it neeesneesanns
Tim Wallerstein&Co., 45037, I o000 06000
B. J. Johnson & Co., Milwaukee, Wis..ocovoeneiiiinnaniinnan,
Carteret Chemical Co., Newark, N, J..cooveiiiiiiiiiiinnnn. ©
John Mouat Lumber Co., Denver, Col......... 30 88010k 0806 5 0 00E
Forest Paper Co., Yarmouthville, Me............. B ot S0 9B Ao 0ok
Cumberland Mllls, Cumberland, Me..... o 0880350300 5pa0ud 03050

Kansas City, Fort Scott and Gulf R. R., Sprmvﬂeld, MO.coceenne
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Los Angeles Machinery Depot, Los Anveles, Cal.. el lea LT 1 Boiler, 75 H. P,

A. Berluo'&Bro Houston, Tex.. 50 08B0 63606006406 aB000 0600 Il .08 110«
Wm. H. Bungee, Chlcago TULL e o em e o 5.00060 00poO 900000 aooo It 116G 75 ¢
Pheenix Chair Co , Sheboygan, Wis., second order.............. 1 ¢ 150«
Dallas Cotton and Woolen Mills, Dallas, Tex..ececoen. 80600 0680 2 196 400 ¢
Loomis Gas Machinery Co., Philadelphia..... cccienieeaciannes 1 8o 110 ¢«
Sommer, Richardson & Co., St. Joseph, Mo.......oeoievieenns. I3 g 08 1) €
Charles Stern, Los Angeles, Cal.:vooerrenacaiaernnesiiennennnns e ~od 165 ¢
La Constancia Woolen Mills, Durango, Mex i, o 75 ¢
A. C. Melchert, Albany, N. Y..ooeueiinvoennnn.s 5 1« 150 ¢«
Arkadelphia Cotton Mills, Arkadelphia, Ark TR B 150«
Spring Grove Cemetery, Cincinnati, O.c.ovvvveniianiiiniinnes 1« 80
Gilbert & Waller, Honolulu, Sandwich Islands i1 WL 55 ¢
Meier & Kruse, Honolulu, Sandwich Islands........... 5000/@B 0000 1l gt 9 55
Crocker Chair Co., Sheboygan, Wis. .....ceeiiiiiienininne, Il " 300 ¢
Mexican Central Rallway ................................ ©00qo s 2L 150 ¢«
Christ. Peper, Tobacco Factory, St. LOlllS ...................... j| FHaa 200 ¢
Chicago Copper Refining Co., Chicago, Ill., second order........ T 86 100«
Seeger & Guernsey, New York, for Senor Pechado, Toluco, Mex. 1 ‘¢ TOR L
American Mfg. Co., Sheboygan, Wis...... ceseseaene d6600000Q006 | =G0 200 ¢«
Gutta Percha and Rubber Mfg. Co., California.... «...coeveane.. 1« 100 ¢
Williamette Pulp Paper Co., Oregon City, Ore.... ............. o " my Q4 300 ¢«
A. Meinicke & Son, Milwaukee, Wis.....ocvieninunnreninana.. ) GC 150 <«
Louisiana ¥urniture Mfg. Co., New Orleans, La........... B8 il g6 160 ¢
Rockford Mitten and Hosiery Co., Rockford, Ill....coavviiannn.. Tly " C6 120 s
Beckett Paper Co., Hamilton, O...eveeiennrinmeieernannnnnann. ] 8 _6e 250 ¢«
Western Wheel Works, Chicago, Ill....coeeveieveeeiiaaneninn.. 2 600
A. H. Andrews & Co., Chlcago 106 56656 060 B 00005660 00006 006 U0 1l "1 6c 250 ¢«
Publishers, Geo. Imapp & Co., St. Louis Republic, St. LOlllS ..... 1] _m 60 120 <«
Seeger & Guernsey, New York City, and City of Mexico, Mex.... 1 ¢ 80 ¢
Aug. Beck & Co., Chicago, Ill...cc vereiriiiienineeriienncennnes | S 130«
L. H. Prentice & Co., Chicago, Ill........ 3000600000000 000900 goool ) _ & 150 ¢«
Orrs & Co., Troy, N. Y., second order........... 56%500d% 03000 0000 2 e 250 «
Tompkins Paper Stock Co., Troy, N. Y..ooeevinrentiiiiannnaes 19 125 ¢
Tim Co., Troy, N. Y., Collar and Shirt Factory.................. o 120 ¢«
Albany Card Paper Co., Albany, N. Y...oovneiniiinniiiiian.. 11 66 150 ¢
Wm. Angus & Co., Kast Angus, P. Quebec......covvvivinienan.. 3, =00 150 ¢
D. L. Parish Laundry Co., St. Lowis.... oo veerveeriiann s 1 €6 80 ¢«
Temple Co., Muskegon, Mich.........covvieiiniiieni .., 1 e 250 «
Williamette Paper Co., Oregon City, Ore., second order......... il & oo 200 ¢
Royal Pulp and Paper Co., East Angus, P. Quebec .....e.coveenn 2 ¢ 300 ¢«
Western Wheel Works, Chicago, Ill., second order.............. P 400«
Heath & Milligen Mfg. Co., Chicago, Ill.c.eueneiinennannen. 008000 5 WL G8 200 «
McCormick Harvester Machine Co., Chicago, Ill...............n. il ac 375«
American Wood Paper Co., Manayunk. Pa........cocoieniee. 2« 500 ¢«
Publishers, Geo. Knapp & Co., St Louis, second order.......... 10 s 120 ¢
Courier-Journal Co., Louisville, Ky...o.oooeterneeeneiiinneen. o 00 240 «
Bausch & Lomb Opt. Co., Rochester, N. Y........... ©600000 0000 2 500 ¢
Denver Paper Mills Co., Denver, Col.......cccivieiecinrninn.. 1§71 00 300 ¢«
Cortina, Pichardo & Co., Toluca, MeX..oeeevreeerereanoncsannans il = a8 G SO
Pheenix Furniture Co., Grand Rapids, Mich,..ccovaes covienaenn o« 150 «
Robert White & Co., Canada...cooceeiver v nnnnnreeoneseaees T 150 ¢
Sewerage Works, Stockton, Cal............. 2L 80 ¢
Bastien & Valiquetto, Canada............... 1« 50 ¢«
Orrs & Co., Troy, N. Y., third order oido BicieT S 450 ¢
Bottsford Paper Mill Co., Kalamazoo, Mich....cocveuuiiniennsn 2 « 400 «
Edward E. Barton, Hutchison, Kan...c.c.coovvveaiinniann . goooy TGS 500 ¢
Pennsylvania R. R. Co., for Renova, Pa., shops.... ..........c.. 2R 60O ¢
Thos. D. Whitaker, Phillipsburg, N. J........ ... 50000.0000.00000C 1« 250 ¢
The Iowa Farming Tool Co., Fort Madison, Ia...ccveeeuee vaean. 1 ¢ 250 ¢«
W. A. Elmendorf, Chicago, .. 0631000050 5 36600006 0 [1dk [wlC 20
The Burkey & Gav Furniture Co., Grand Raplds, 7\I1ch ........... 1| gy & 300 ¢
Penusylvania R. R. Co., for Broad Street Station, Phil., Pa...... G 900 ¢
Hubbard &G0, wBittsDUr T R a e e a okt el e s kel te o oyt e Lol e T 1LC 250 «
National Starch Mfg. Co., Glen Cove, N, Y..o0toonecnnnnenniaens Ty " 6O 150 ¢
Northwestern Terra Cotta Co., Chicago, Ill...cvevviinnnniieenn 1 ¥ 150 ¢«
Buffalo Brass Co., Buffalo, N. Y.eueee tenenrenennnnensnoncnnens 140 68 60 ¢
Mallinckrodt Chemical Works, St. Louis, Mo. Jao00 oooao N 8 375
Ferris Wheel, World’s Columbian Exposition, Chlcaﬂo, Ill ...... g .6 750 ¢«
Smith & Barnes Piano Co., Chicago, Ill......c........ SoodWer Il JOe 200 ¢
Beaver & Co., Soap Works. IR0, 0)86 6660 060010608008 090 B6060d Vg G 200 «
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Heine Safety Boiler Co:St.Louis,Mo.

Dear Sirs:-It may be gratifying
to you to0 learn that the wall liners and grate bars just ordered of
you are the first repairs that we have had to order for our beiler
since it was put in and started,June 15.1886,The beiler has been in
continuous use ever since it was put in.We are still pleased with
1t,and consider that it has and is saving us at least 25 per cent
in fuel.

Yours Truly
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Heine Safety Boiler Co.,
Civy,
Gentlemen: -~
In reply to your letver of the 27th ulv. will say

that during the past three years that I have had charge of the
lleine boilers at the St. Louis Exposition, they have given entire
satisfaction. The boilers are four in number, 250 H.P. each,
and have cost but Eighteen Dollars,($13.00) for repairs during the
thres years mentioned, in tact I think vhat is all the cost of
repairs since put in, eight years ago.

This 1s, in my opinion, a splendid record, considering the
waysthey are crowded lat times.

Very truly yours,

Joe Bk o o, Ehae

INTER-STATE INDUSTRIAL EXPOSITION.

CHICAGO, October 25, 1888.
J. H. HARRIS, ESQ., Agt. H. S. B. Co.:

Dear Sir:—lt gives me great pleasure to answer your letter concerning
the <“K-16,”” 250 H. P. Heine Boiler here. During the Exposition season
just closed its merits have been thoroughly tested and 1 am perfectly satis-
fied with the result. Owing to the muddy water used, it was necessary to
thoroughly wash the tubular boilers every seven (7) days, while the Heine
at the end of fifty (50) was as clean as when we started. The device for
keeping the mud out of the boiler proper works like a charm; in all respects
it gives perfect satisfaction, steaming rapidly, and very economical in the
use of fuel. 1am satisfied that any one who wishes a boiler after a careful
investigation of the Heine will buy no other.

SAM. K. GREGG,
Chief Engineer Inter-State Industrial Exposition.
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Gt Lowss, Jan. 9, 189«

Heine Safety Boiler Co.,
Ciby.
Gentlemen: - :

I take the greatest pieasure in saying L0 you in connec-
tion with the order I have just given you for a new boiler, that
vhe experience with the boiler you put in the basement of THE REP-
UBLIC BUILDING a year and a half ago has been more than sapisiact-
ory. The fact vhat we have now ordered a second boiler ol the
same kind would in itself attest our complete satisfaction with the
first one erecved for us, but 1L may be pleasing vo you vo have,
also, a statement of the gravifying resulus we have obtained.

Your boiler commenaea 1tseif to my favorable consiaera-
tion at the start, very largely by reason ot the fact that we were
able to obuvain a considerable increase of sueam power without occu-
pying any more space than was reguirea ror vhe old form of tubular
boiler we had previously used. Having to accomuodate a large
amount of printing machinery in our basement, we were more or less |
crowded for room, and the compactness of the Heine Boiler was a
desideravum 0 no sinall moment. The tleine Boiler has given us a-
bundant steam power enabling us oo operabte a complete dynamo plant
in adaition Lo the regular printing machinery. While I can not
state, aefinitely, exaotly how wuch of the saving in our fuel ana
11zht expenses shoula be accredivea to the Heine Boiler, 1 can say
in a genoral way 1t 1s my confident belief we have been able t0 pro:
duce the required amount of steam at very much less expense than
was involved in the operation of our old tubular boilers, The
chief "engineer 1n charpge of our Boiler and Engine Room, expresses
entire and complste sabisfaction with your poiler, and his force
have found no aifficulty in preserving an equable ana constant
pressure at all times, which you know to be so essential in the
operation of electrie and other delicate machinery.

In a word, after eighteen months’' use of the Heine boiler
I am more than pleased and can nov find a single fault,

Very truly yours, :

n Publisher of THE REBUBLIC.
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