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Preface to Second Edition.

N PRESENTING to the engineering and steam-using world this second

and larger edition of “HELIOS,” following so closely after the first

publication, we wish to express our warm appreciation of the many kind
expressions which the first volume has elicited.

The cordial reception given the first edition is in the nature of most
distinct and encouraging confirmation of our belief that, in the long run, the
best boiler that money can make will find the greatest favor with the greatest
number of discriminating steam users.

We submit this second edition to the careful consideration of all who
are concerned with the subject of modern boiler practice.

Preface to Fourtl) Edition.

“@TAKE great pleasure in announcing our fourth edition. We have
added an article on ‘‘Bagasse” as a boiler fuel, and have entirely
rewritten and enlarged our article on “Chimneys and Draft.”
We call attention also to seven new and valuable tables, published for
the first time in this edition.
HEINE SAFETY BOILER CO.
January 1, 189s.
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IN THIS EDITION we desire to call s;;ecial attention to the revised table

of American Coals. The proximate analyses have been omitted, retain-
ing only the heat values and theoretical evaporative powers. The number
of tests of coals has been considerably increased.

The article on Fuel Oil has also been considerably enlarged.

July 4, 1896.
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“[ think ‘HEL1OS’ is immense.”’
J. J. DEKINDER,
Con. Eng. Pennsylvania R. R. Co.

“‘An invaluable addition to the literature of our profession.””
JOHN L. D. BORTHWICK,
Chief Engineer U. S. N.

“ ‘HELIOS’ throws a brilliant light on many dark subjects.”’
JOHN E. CODMAN, C. E. & M. E.
” Philadelphia Water Works.

‘It easily takes the lead, even in this age of magnificent catalogues.”
EDWARD K. HILL,
Prest. Wheelock Engine Co.

‘“It is a most excellent hand-book, and contains much valuable information.”’
R. FORSYTH,
Eng. lllinois Steel Co.

“ ¢HELIOS,’ the most complete book of its kind | have ever seen.”
JOS. H. SPRINGER,
Gen’l Supt. Frazer & Chalmers.

““1 consider ‘ HELIOS’ an excellent addition to my technical library.”
D. ASHWORTH,
Consulting Engineer.

““It is altogether, to my mind, one of:the best publications of its kind that has come
out.” A. J. CALDWELL,
Hydraulic Engineer.

““It is very well arranged, has a good index, is remarkably free from errors, and is,
in fact, just such a book as every engineer should have at hand.”
F. H. BAILEY,
Chief Engineer U. S. N.

‘“ The data being the result of recent experiment and experience, furnishes a fund of
information not found in other text books, and is a valuable addition to mechanical litera-
fufe.”” F. S. ALLEN,

Chief Inspector, Hartford Steam Boiler Insp. & Ins. Co.

*“ Your beautiful contribution to the technical literature of the day was on my desk
on my return from Chicago. It is one of the handsomest bits of its kind that has yet ap-
peared, and you are to be heartily congratulated on your success.”

R. H. THURSTON,
Prof. Mech. Engr. Cornell University.
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HELIOS.
Source of All Power! Fountain of Light 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; pictured 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 or the smiling city
by the Golden Gate? Are massive ingots of steel forged to shape
and size by the - giant hamiders: oﬁ Bethlehem ?  The fuel which
gives them motion was 510red i’or uks: .ages before man was evolved,
by the rays whr@h T rofd | his"“shatiot wheels! “The heat now
radiating from our fire places 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 using the sunbeams 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. ‘

Remembering, 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

Lty



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 wvehicle 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 tlte 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 McMillin, 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. :
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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, Z. ¢., 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 1b. of pure water from a temperature of
62°F. to 63° F., and has an equivalent in mechanical units of work. This is
frequently called simply a Heat Unit or designated by H. U.

The mechanical unit of work is the foot-pound, or the work required
to raise 1 pound, 1 foot high. Joule’s experiments, and those of later investi-
gators, show 778 ft. lbs. to be equivalent to one B. T. U. This number,
778, is known as Joule’s equivalent or symbolically J. 33000 ft. lbs. per
min. was called a Zorse 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 equivalentto 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=HX WXV, 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 =2Xg’>< V X W where P, V, and W, are the
same as before and v the velocity of tlow 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 Work and Heat.

1% Tl eel e Ft. lbs. Watts.
1 = 778 = 17.59
42.41 — 33000 = 746 = 18 | 2%

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.

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

TABLE NO. 2.

French and English Units Compared.

) S Aot s e A PSS o § DR b o o S o B0 D O 3.968 B. T. U.

e O T T S R AT A A S & Sl o Bk s 5 5% oA 50 4 b Bro 1R e (U

fiTUR Modanicat Bauivalent, Tl Sl ie s S e s 1P 3075 ft. bs.

425.0 Kilogram-metres, :

L0 Kilogram-metres e e st ke J, or 778 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.
VB SEAl. ol HoAUS plisquare ft—~ =2 2. . _ 177 0 2.713 Cal. p. square metre.
N Caloneipkilogram = SNEEESISEr SRR s R 1.800 H. U. per pound.
SRS ppound s T ite SNl t SR T S P 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 thermodynamics,
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 amother part is transformed into latent heat of expansion.’’

R. H. T.



We give below tables of the boiling and melting points of various
substances, and the linear expansion of various solids.
TABLE NO. 4.

Boiling Points of Various Substances.

At Atmospheric Pressure at Sea Level.

SUBSTANCE. e SUBSTANCE. Degrees
A CotTo] Fe P EEi T 4 5 i S 181 738 Sul philf SHeT S issey SIS it 570
AN OI (Al e Sl S A 140 || Sulphuric Acid, s. g. 1.848__| 590
Benziiestesrt s Lt L . S AL 176 || Sulphuric Acid, s. g. 1.3____| 24C
Eoall Taness ted. dviees Siyune 2 325 IES I phUTCHE the S SeS e Taa 100
[FinsecdF@; 10 RUotTent Rre YT ISRUBP STty e s SE RS ESse W 315
IMEreunytsis fes uee o= BES S 64811 Water s S8lg Srn SR h e 212
g e T RN e 186 . 1 Wiites, Seal 2.£- - Stait ol 213.2
Nitric Acid, s. g. 1.42______ 248 || Water, Saturated Brine_____ 226
NitricRACidogs. 0%, 1:52 L 222t 2107 ;W.oodi ISpikit s SIS ata g 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. g v SUBSTANCE. Ppiresy
Alitnituim -2 S0 0 M. [t Carbonie eSS el i —108
AT NS L S LT 11150/ [Glass il S S A3 T,
BiSmuthEsse et 8. ey 507 |ilce 2 Eosn So S BUEFRNENES o e 32
Bronzesss il . o L4 1690 [|[Card ittt SCIR RS S 95
(Copperaisscit £ - el o0 D 1996 || Nitro-Glycerine ____________ 45
GoldieStandard -~ & &t ias 21561|I'PhoSphonu s S Srtuiss S s yes 112
BoldRune = Sc? “u 2wl faa 2282 |1 Pitch st SRS eSS s 91
Irensm@ast tGray e i o= 201211iSaltpetteit e tiiens DN 606
i 19221 [FSperma et S eoungSieuitE =S 120
Iron, Cast, White_ ________ { to 109
2012/l Stearine ;2 (LSS LR, to
IxonfE\Viroughts- SNt co sl i d 2912 120
[EGaAE < as e’ 1 o S AS 617 [ Sulphu= ==tk s e 239
IMERGIRyCaate @ abue Zo il 28 —39 [[“Tall ow: = TS S 92
SVE il ait CLaton s s TG 1873/ Turpentine’ SN N 14
2302;I'Wass RoughTaetSiaas Suuins 142
Steel oo { to_|'Wax, Bleached —___________ 154
2552
it e 2SS S 442
WIS S0y S e o T8 12200 773
Melting Points of Fusible Plugs. - :
From D. K. C.
Softens atl Melts at l {Soﬁens at| Melts at
2ESDIEe2 lheade. o5 s 365 | 372 !2 Tinf il caumestinss 3774 | 388
25°Fin, 6" Lead - ___- 372 | 383 i2 ThiaeR SRR (| SCRTEE 3954 | 408
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TABLE NO. 6.

Expansion of Solids at Ordinary Temperatures.

DK, CL
. Coefficient |Total Expansion between 32° Fahr. and 212° Fahr.
el sy 1° ?;hr. Decitf::fﬂae:::;ction. SRt 011D, Bect.

. Feet. Inches.
A OmInumSEast)pe- Z 2T SN S ST .00001234 | .002221 50 02221 .2664
Antimony (Crystallized)--------- .00000627 | .001129 1/s8s .01129 .1336
Brassu(Gast) s esiass _dar s 200 .00000957 .001723 1531 .01723 .2067
Brass (English Plate) -——————____ .00001052 | .001894 1/599 .01894 2273
Brass (Sheet) --_ - —ooooooeee- .00001040 | .001872 | s | .01872 | .2246
Brick (Best Stock)-----coooomo—- .00000306 | .000550 | /s 00550 .0660
Brick in Cement Mortar (Headers); .00000494 | .000830 nes .00890 .1068
Brick in Cement Mortar(Stretchers)| .00000256 | .000460 1a1ra .00460 .0552
Brompe -tk Ei88 "o i R L2 3 _puft .00000975 .001755 1/568 .01755 .2106
Cement (Roman, Dry) ——-——————. .00000797 .001435 1/694 .01435 1722
Cement (Portland, Neat) -——--___ .00000594 .001070 1/935 .01070 .1284
Cement (Portland, with Sand)---{ .00000656 | .001180 1/s47 .01180 1416
(EoppeTt s L 1 A 47 D oL .00000887 .001596 /o5 .01596 1915
GlassR(Rlint) = souTan e R iy~ .00000451 .000812 /1284 .00812 0974
Glass (White, Free from Lead)--| .00000492 | .000886 /1130 .00886 .1063
GlassH(Blown) oot SEro sl 8 i .00000498 | .000896 11mn .00896 .1075
Glass (Thermometer) .. ____ .00000499 | .000897 11 .00897 .1076
Glassy(Hand) = SEof -t waats, MELT .00000397 | .000714 /1400 .00714 .0857
Granite (Gray, Dry) ---—- . .00000438 | .000789 11966 .00789 0947
Granite (Red, Dry)- - _________ .00000498 | .000897 1/ .00897 .1076
Goldi(Rure)Sass Sdi £ Sl A S .00000786 | .001415 707 .01415 .1698
Iron (Wrought) - __________ .00000648 | .001166 1/s6s .01166 .1399
Iron (Swedish) —coooooo oo .00000636 | 001145 | sz | 01145 | .1374
[EonS@EEast) =ttt bt . S =iy .00000556 .001001 1/1000 .01001 .1201
1GnN(SOf) =L o fpin Sl oy Bk .00C00626 | .001126 sor .01126 .1351
Leagiestr e il ot F e B Tl .00001571 .002828 1/353 .02828 .3394
Marble (Ordinary, Dry) —-.______ .00000363 | .000654 /1530 .00654 .0785
Marble (Ordinary, Moist)-—---—__ .00000663 .001193 1/s38 .01193 .1432
Mercury (Cubic Expansion) ---_- .00009984 017971 /56 17971 | 2.15656
N {7 (SN A R e o .00000695 .001251 1/s00 .01251 .1501
Plasteri(White) = _—sre oo 21 8 .00000922 .001660 1/602 .01660 .1992
Blatinumese ot L ot HT0 i .00000479 .000863 /sy .00863 .1036
SilveRE(Pure Yo =t T TEIE 1 B0 .00001079 .001943 1/514 .01943 .2334
Slate e e .00000577 .001038 /61 .01038 .1246
Steel (East)=ad LY hits o 2307 .00000636 .001144 1/s14 .01144 1373
Steel (Tempered) - - _______ .00000689 | .001240 1/s06 .01240 .1488
Stone (Sand, Dry) --ooo______ .00000852 | .001174 | /s 01174 | 1409
g TR e e TR Ry S I Sl .00001163 .002094 Vg .02094 .2513
Wodd i(Pine)eties o ae Tofl Ot ar S .00000276 .000496 /2016 .00496 .0595
Zinee et la sa e s TS SE TSN .00001407 .002532 /395 .02532 .3038
Zinc- 8y TRin=Too boll S e N i et .00001496 .002692 sra .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.
DK EC:
SUBSTANCE. SPECIFIC HEAT. H SUBSTANCE. | SPECIFIC HEAT.

lca ai il 0.504 A . | 0.2017
Water at 32° F....... 1.000 Oak Wood 0.570
Gaseous Steam....... 0.475 Fir Wood 0.650
Saturated Steam..... 0.305 Oxygen (Equal
Mercury ...coireeenns 0.0333 Weights; Con-
Sulphuric Etler, 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
Pt 255 0.0566 Nitrogen (Equal
Silver ... 0.0570 Wgts; Constant
Brass...... 0.0939 Volume) ..., 0.1740
Copper 0.0951 Hydrogen (Equal
Zifcstens 0.0956 Wgts; Constant
INTeke AMIETsIR S g 0.1086 Volume) ......oe.... 2.4096
Wrought Iron..........[ 0.1138 to 0.1255 || Carbonic Oxide
S e g N 0.1165 to 0.1185 (Equal Weights;
Cast Iron 0.1298 Constant Vol.) .. 0.1768
Brickwork and Ma- Carbonic Acid

SODMIY e et s 0.200 (Equal Weights;
Coalseer it 0.2411 Constant Vol.) .. 0.1714

Boiler Plant of Lannett Cotton Mills,
WEST POINT, GA.
goo H. P. Heine Boilers.
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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.

OF 5 Al
i Wgt. RS esultin
At Ogg:; Amount of air g:‘:ff';ﬂ telt?npel:-at'ggof
COMBUSTIBLE. - ( | COMBUSTION PRODUCT. [per Ibof/consumed per lb.| § = & 3ic o m bustion.
Weight. | Com- | of combustible. |5 $2E Nosurplus
| bustible o 25 S'air assumed.
| (Hy=1 t Lbs. | Lbs. | & % B.T.U.| Deg. Fahr.
Oxygen (O)---_ i (e |2 os SUARS Sis ERUCS Sllre S Zaah, S8 o LA RS o= T L josss LAy
Hydrogen (H)----| 1 Water (H20)_______. 8.0 |34.8 | 457 | 62032 5898
Carbon (C)--—_ | 12 |Carbonic oxide (CO) | 1.33 | 5.8 | 76 | 4452 2358
Carbon (C)-—--- | 12 Carbon dioxide (CO») | 2.66 | 11.6 152 | 14500 4939
Carbonic oxide, ’ |
(E@)r=r SIS 28 Carbon dioxide -—__-__ 0.57 248 | 33 4325, 5508
Marsh gas (C H4)| *
(lighthydrocar’n) 16 !C O: and H2O._:____| 4.00 [17.4 | 229 | 26383 9624
Oletiant gas (CoHs) ‘
(heavy hydrocar- I
Do) R Rt I 23 [{CO2 and HeO._.___. 3.43 [15.0 | 196 | 21290 9775
Sulphur (S)E et IS ST@ L Ny i 2 1 1.00 435! 57 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. 70 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 + 8 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 fotal 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 3. 70 find the tolal volume, at 62° I., of the gascous products of
the complete combustion of one pound of fuel, multlply 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 4 5.52 H (3)

The corresponding volume of the gases at other temperatures is given
by the formula—

V=V @

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 (t' plus 461), and dividing
by 523. _

RULE 4. 7o find approximaiely the tolal 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. 7o find the total evaporative power, at 212° F., 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 -+ 4.28 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 1bs. to 4 1bs-——--- 100 per cent.
Delabeche and Playfair-_10 Ibs. to 16 lbs ------ 25 to 50 per cent.
Longridgef Sobrcat e e 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:

Cafbonterre SN eSS MU Dbt DT S 81.5 per cent.

Hydrogen - - - o oo 5.2 per cent.

Nitrogen - - e 1.5 per cent.

(847 1 6.2 per cent,

Sulphur —- oo oo 1.1 per cent.

A R e P S C st 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.

Ll DEKLIC.
Weight of ! 6 lof Al R e Equlvalept
Onyein G | Queniber e | Toul featof | Evioeryive
SR of Fuel. of 1 Ib. of Fuel. | Fuelfrom and
) at 212°.,
| Les. | Lbs. [Cuofuater.| B.T.U. Lbs.
Hyidrogens s =io = o oe 8.0 34.8 457 62000 62.40
Carbon.... { MakineCu- | 2.66 11.6 152 14500 15.0
Stlphume- " 1s o8 1.00 4.35 57 4000 4.17
Coal, average dessicated- 2.45 10.7 140 14700 15.22
Cpke, ¥ = 2.49 10.81 142 13548 14.02
Lighitefpertect==2te - s 2.04 8.85 116 13108 13.57
Asphaltpoeese o —2 - w2 2.74 . 11.85 156 17040 17.64
Wood, dessicated--_____ 1.40 6.09 80 10974 11.36
‘¢ 25 percent. moisture 1.05 4.57 60 7951 8.20
Straw, 1534 per ct. moist. 0.98 4.26 56 8144 8.43
Petroleam —-——__ 3.29 14.33 188 20411 21.13
Petroleum Oils 412 17.93 235 27531 28.50




For average American coals the following table gives good approximate
results for the temperature and volume of gases, iz 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
Gas, 12 Ibs. 18 Ibs. 24 1bs.
FAHRENHEIT.
Volume of Air or Gases in Cubic Feet at Each Temperature.
32 150 225 300
68 161 241 322
104 172 258 344
212 206 307 409
392 259 389 - 519
572 314 471 J 628
752 369 5563 738
1112 479 718 957
1472 588 882 1176
1832 697 1046 1395
2500 906 1359 1812
3275 1136 1704T: SS e =A ~m Vg VS b
4640 (5,77 N RS/ - N RS R L

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



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. It 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 tegan 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 1892in 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 years, 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 1bs.,Mined in the United States
Since 188o0.

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
1893 47,354,563 128,823,364 176,177,927
1894 52,010,433 117,950,348 169,960,781
1895 51,785,122 135,118,193 186,903,315
1896 48,010,616 137,640,276 185,650,892

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

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

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

In Pennsylvania, 76 lbs. 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 1bs.

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

COAL 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.

5th. 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. 13.)

We will add what a noted German engineer, Mr. F. Bode, says on this
point: ‘ 7e calculation of the calorific value of a given coal from an elementary
analysis 1s unreliable, and often gives results greatly at variance with an
actual calorimetric test.”’

AN



TABLE NO. 12.

Table of American Coals.

Heating and Evaporative Power.

@ _8eo ] =18 g0
e 8~ S8 a . CER]
COAL. ::’E %5"‘:3 COAL. D.-E %EEE
Name or Locality. i—-a.o §§;§§ Name or Locality. =8 §%§:
g |EEES o |S43ES
ARKANSAS. IOWA.
Coal Hill, Johnson Co....coeveececee 11812 | 12.22 || Milwaukee Pea .....iceienee 10240 | 10.60
Huntington Co .wcoeervee. .. 11757 | 12.16 || Thornburgh ... ...[10690 | 11.07
Huntington Co ... 111906 | 12.32 [{Muchikinock . .| 11370 | 11.77
Huntington €O .ee.coee eeeeecescsnee 125374 122074 Good G heer i Bl MR SNn 8702 9.01
ANAWAN: TSN % el LIS M- 478 12689 | 13.13
Big Muddy, Jackson Co ......... | 11466 | 11.87 |Kq h ;
Bz Mty Jackson G0 2o | T1AI0 ] TL0 I 10 | petis bz
Big Muddy, Jacllison Co .........| 11781 | 12.19 MARYLAND.
glagrtIZ\rl\lltliﬂZ,JacsonCO ; ﬂig(l) iigg 8eorgc:s Creek Cumberland ....| 13700 | 14.18
il e S 12383 | 12,71 || George’s Creek Cumberland ....| 13400 | 13.87
Gactemvilie - T191498 | 11,90 George’s Creek Cumberland ....| 12800 | 13.25
Carterville ... 0111407 | 11.81
Carterville! i, oo i 11337 | 11.73 MISSOUKL:
Carterville ...cooccceeee e 11700| 12.12 9890 | 10.24
Carterville 11400 | 11.80 ... 11832 | 12.24
“Colchester..... .oveeeeerevececeeeecaenes 9848 10.19 |, 110880 | 11.26
Colchester Slack............... | 9035[ 9.35] 12656 | 13.82
Collinsville, Madison Co 110143 | 10.50 | Freeburg .{11436 ! 11.83
Dumferline Slack .......cccoooccucereen 9401|.79:73]|{HEn Gy MR LA 10466 | 10.83
Duquoin, Jupiter.........coeeoemeeee. 10710 | 11.08 | Keene 10956 | 11.34
Glen Carbon....... 0675 10.01 K. T 10448 | 10.81
8!ﬁn CarbMon.....,....,..(.j. 9804 | 10.14 | LUMD oo 9414| 9.75
illespie, Macoupin Co.... 9739 | 10.09
girarg, Macoupin (éo ...... | 9954 10.30 || NEW MEXICO.
irar acoupin Co ...... ... 10269 | 10.63 | Coal 7
Heitz Bluff, St. Clair Co....... 10332 | 10.69 i P
Eeit; Bluff, St. Clair Co..... ...... 10576 | 10.95 OHIO.
UfiGANE i L 111868 | 12.28 ;
Muddy Valley oo oo 11718 | 12,14 | Frocking (\éﬁney el e
Oakland, St. Clair Co 10395 | 10.76 | Jackson Co -/ 11600 | 12.01
ParadiseeMefewd 1 50 20 0L 17340/l 1178 1 n St e S s i ek ;
St. Bernard 10080 | 10.44 PENNSYLVANIA.
SELCTairda et nn | L sx= S 9261 | 9.58
St. Clair 10294 | 10.65 ||Clearfield. .o 14000 | 14.49
St. Clair 10647 | 11.02 Pgttsburgh ............................. ...[ 13104 | 13.46
St. John, Perry CO ooevrroooeoooo... 9765 | 10.10 | Pittsburgh Gas .. - {13035 | 13.49
St. John, Perry Co ...... _| 9828|1018 Pittsburgh Slack.. - 1117391 12.15
Streator, LaSalle Co ................. 11403 | 11.80 | Reynoldsville.... | 129811 13.44
Trenton, Clinton Co... c.oocen........ 10584 | 10.96 | Wilkesbarre ...... {13563 | 14.04
Trenton, Clinton Co.....ccoeon........ 11245 | 11.63 || Youghiogheny . 112936 | 13.39
Turkey Hill.ooo............ 11255 | 11.64 || Youghiogheny .. {12600 | 13.03
TurkeyH]ll _____ 11260 | 11.65 Youghgogheny.. .. 113480 | 13.95
Vulcan....... 179450 | 978 Youghiogheny...... ... 113287 | 13.75
VAT . i ettt A 10626 | 11.00 || Youghiogheny.. - 12909 | 13.36
Youghiogheny .. 113222 | 13.69
INDIANA. Youghiogheny .. 12278 12.71
Youghiogheny .. 13305 | 13.77
Block : 10407 | 10.77 'Yough!ogheny.. .| 12600 | 13.04
~ |Youghiogheny .. .| 13111 13.47
INDIAN TERRITORY. %ougggogheny.. .| 12487 | 12.92
Atoka 11088 | 11.47 Ygﬂéhigiﬂiﬁi“ igggg ig%
Choctaw Nation ... 12789 | 13.23 || Youghiogheny .. 113158 13.60
McAllister 13287 | 13.75 | Ol Crude; 4t 117268 17.88
MeAUlISTer 38 t0s RE St T 12800 | 13.25 ||Oil (Crude) .. .| 16801 | 17.39




Table of American Coals—Continued.

§ . -feq 4 —_J'gs%
COAL, ;E g% &5 COAL. :E g & 35
Name or Locality. =& "5 %Eg‘ Name or Locality. B | e
o EREE o |SRfE
= &~
TENNESSEE. [ WASHINGTON.
Glen Mary, Scott Co.....cccooveneo... , 13167 | 13.63 [Carbon Elil 5 X T STE el 12316 | 12.75
Lump ; 12600 | 13.04 | Carbon Hill ... ....| 12085 | 12.51
Pimp: .. L SRS R 112215 | 12.65 |!Carbon Hill .coeoocovvevievsvs e | 12866 | 13.32
TEXAS. E WEST VIRGINIA.
Et:aWV.onthe 5as ST uunissils { 9450 9.78 ;
e M INEWARIVER o3 o s ST e 13374 | 13.84
EBt.-W.orthte TStk S A ST 803y HIQESS, Neswr River . 112806 | 13.96
VIRGINIA. New River .. 12800 | 13.25
INEWATt Ve =il fe il e ot 12962 | 13.52
Pocohontas 13.83 ||
Pocohontas 13.49 ||
|

The average proximate analysis of a few of the commonest coals are given in the fol-

lowing table:

Moisture, Xg;g!.e C}:\l:(b?n. Ash, Sulphur,
Ordinary Ninois ........ocoereeeeenne. 9.90 33.40 43.80 12.80 3.35
Best lllinois ........ 6.40 30.60 54.60 8.30 1.78
Pennsylvania Bituminous 1.70 31.80 60.10 6.40 .84
Pennsylvania Anthracite .. 2.00 6.40 78.40 ISE208 RIKH )8
NewIRiver; Wi Vatas o bl Sl D8 2 .85 18.40 77.60 2.90 0.26

Boiler Plant of the Orleans Street Ry. Co.,

NEW ORLEANS, LA.
500 H. P. Heine Boilers.

SANDERS-CO.ST10Ws |



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

s, it will be convenient to have
ign coals, for purposes of com-

brought to our notice by the professional pres
some tables of English, French and other fore
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Steel Framing of the Carnegie Building,
PITTSBURGH, PA.,
Completed building contains so5 H. P. Heine Boilers.



TABLE NO. 14.
Composition and Heating Power of French Coals.

D. K. C.
@ HEATING a
COMPOSITION. £ POWER OF 1| &
= £ 1b. OF COAL. | 13 z
8 o S IEwTI -

COAL. g . 5 E &) b 2 5%

g | & | § oA O L % i =

28Rl LB ] e e e e 6 S

§i2|8|=|s |& ||« |2 |55 |&°
Per | Per | Per | Per | Per | Per Per | Per Pounds

RONCHAMP. Cent. |Cent.|.Cent. |Cent.| Cent. | Cent. || Cent. | Cent. | [B.T.U.|B.T. U. V\;)fte
A ater.

76544 3.011.1 [—___ 15.0 || 61.7 | 23.3 |[14357|13820" 14.86

68.6 (4.0 4.7(1.1 | 0.8|20.8|!55.6 | 23.6 ||13743(12430| 14.23

76.214.1] 59(1.0|-____ 12.8 || 62.3 | 24.9 ||14085(13590 14.59

ATE | SRE I i P B e s 16.2 || 62.4 | 21.4 | (1399512960 14.49

AVeragelst Rele BFE STt 73.6 41| 46 1.5 |_-____ 16.2 |1 60.5 | 23.3 ||14045(13220 14.54

SARREBRUCK.*
Dudweiler - ______ 71.814.1| 9.2/0.5| 1.8|13.1 || 53.6 | 33.4 [|113833(12880| 14.32
Altenwald - ______ 69.3 (43| 9.9|0.5| 2.5!13.5| 52.9|33.6 |{13320/12720| 13.79
FleinitZSS e iiis St wt 70.3|4.3|11.5(0.5| 1.8|11.6 || 53.7 | 34.7 ||13548/12860| 14.03
Friedrichsthal .________ 67.814.2(138 (0.5 1.0]12.7 || 50.2 | 37.1 ||13647|12440| 14.13
Louisenthal . ________ 64.7|18.9/15.0 (05| 3.6|12.3|!47.3|40.4 |(1266511800] 13.11
Sulzbachi= === NEREEEy 73.3(4.6| 96105 1.6|10.4 ||--c--|-——-- 13608(13480| 14.09
Von der Heyt-—-______ 70.6 (4.5)11.2{0.5 | 2.7 |105 ||-cco-|-o--- 13865[13030; 14.36
BLANZY.

Montcean s Ser="0 ST I8 66.1 (4.4(13.2|10.5{10.3| 50| __——_|-——__ 12720{1239%0 13.17
Anthracitic .- __ __ 67.0|3.6] 59|0.6]21.0f 2.0 ||-—cco-|-a--- 12825/11950, 13.28
Creuzot, Anthracite-..I187.4/85| 8.2(05) 36| 1.8[1____.|.___. 16108[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. Las.

hilxed h sen St i R 60 Eixed = @arbons s isr SuSSE il Syt - 60

Carbon Volatilized .- _________ 20 Hydrocarbonse St S phtas = - 24
FivEtogeny s -2 Ly st Danglliaats Sul phupSsH eI uaPan L o - 114

SUIPHTPESSEs LL_- { & ¥ Rtta il - 114 Waterflor =S teamuE =St mE S E iy 9
(OxaanEe SETE NI C S T, 8 Nitrogen s Syaii i, Sl e s 115

NitfopenyE-=>=4 - -l P L ¥ gl 11-5 ASREY A el % BORG IR iy ] 4
ASRSRI S . o e o e e LR 4 =1
— 100

JABOULS: - ol onimel 1 ol ied beni 100

showing a total useful combustible of 86} per cent. of which 26} 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.
@reuzots: 2N AN OSAI WS 88.48 4.41 711 17320
Ronchamps .z =-~suuhri i 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- - -l 69 per cent. 79 per cent.
Hydrogen - ——-e--—cooooeeeomee 5 « 9 “
Oxygen and Nitrogen-— ... 20 t¢ 9 “«
A R O Lt g S U SR, 1 & 3 ¢
100 100
Coke, by laboratory analysis------ AT s 9

The lignites are distinguished from coal by the large proportion of oxygen
in their composition—from 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 cortains, 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.
(@arbonies SEEa 8 Al S0)pericent-—"_! T lnI R NE NNt 37.5 per cent.
Hydrogen - - .. Gipericented “AEEE So e IR 4.5 per cent.
Oy senSrrlIBNENETRIE S 41 pergentEac =SSRt S 30.75 per cent.
Nitrogente - 5058 S0 = &, 1°pel cent=l Soe=RisEa v NEIE e 0.75 per cent.
Ashz 20 2w et 1.4 5 2 pericent-CSSetet RIS, 1.5 per cent.
100 rer cent. 75.0 per cent.
Hygrometric water=-222sse_ Jonz” 21 Sl e e 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 lbs. 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 Ibs.; or 21 lbs.
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 lbs. 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.
Garbpniciacido-n - =t e SR e 1.83 21T, 15.75 14.4
Steam)zE 2 355 WUT. e PR T IN V0N 0.54 6.4 11.40 10.4
Nitrogen- - cccmmoeme 6.08 71.9 82.01 75.2
Totalsamsze s LR =t 0 EZ5R x 8.45 100.0 109.16 100.0

showing that there are 8% Ibs., 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 lbs. 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 8280—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.”’

[DRKSC:

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 woud 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 = 1041 Ibs, coal.
1 cord of average pine weighS-cocoococeoooo o __ 2000 lbs. and = 890 Ibs. 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 dirensions
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.

“ BAGASSE.”

Bagasse is the fibrous portion of the cane left after the juice has been
extracted from it in the mill. There is a great difference in the chemical
composition of bagasse ; that from tropical canes shows a greater proportion
of combustibles.

Prof. L. A. Becnel, in an address to the Louisana Sugar Chemists Asso-
ciation, said: ‘‘ The judicious use of bagasse as fuel is perhaps one of th=
most important questions with which we have to deal, and which has a direct
bearing on the reduction of cost of manufacture.”” He then quotes from Mr.
N. Lubbock that 4.83 lbs. of bagasse from a double mill making 72 per cent
extraction, or 5.98 Ibs. of single mill bagasse of 66 per cent extraction, will
produce about as much heat as one pound of Scotch coal.

Mr. L. Metesser, as the result of a number of tests in Cuba and Mexico,
reports from 4.25 to 5 lbs. of 70 per cent bagasse as equal to one pound of
good coal.

Tropical cane and the bagasse remaining after mill extraction are of
about the following composition :

Cane. 66 Bagasse. 70% Bagasse. 729 Bagasse.

Woody 25 1) T et S e 12.5 37 40 45

NN RS SR IS e T i ke =T Lot oY Se 73.4 53 50 46

Combustlble ARG o DA GRS B 5 6 A0k 14.1 10 10 9
100 Ibs. 100 Ibs. 100 1bs. 100 Ibs.

Taking these figures as a basis, and remembering that the water in the
bagasse has to be first brought up from an average temperature of say 86°F.,
to steam under atmospheric pressure, requiring 1060 H. U., and that this
steam has to be raised to the average stack temperature say 800° higher, and
taking the specific heat of gaseous steam at 0.475, which would give say 142
H. U. more, therefore a total of 1200 H. U. per pound of water. Mr. Lub-
bock found 51 per cent of carbon in the woody fibre, and 42.1 per cent of car-
bon in the combustible salts. Since a pound of carbon in perfect combustion
will liberate 14500 H. U., we will have in 100 Ibs. of 66 per cent bagasse,
834660 H. U., from which we must deduct 63600 H. U. as absorbed by the
water, leaving 271060 H. U. available as fuel. Inlike manner, we have in the
72 per cent bagasse 387730 H. U., from which we must deduct 55200 absorbed
by the water, leaving 332530 H. U. available.

In comparing this with good Youghiogheny coal of say 13000 H. U., and
good Scotch coal of 14860 H. U. calorific value, we find the fuel value of the
66 per cent bagasse to be :

5 lbs bagasse equals one pound Youghiogheny coal,
5.52 ¢ Scotch coal,

and that of the 72 per cent bagasse to be

3.85 Ibs. bagasse equals one pound Youghiogheny coal,
4.35 ¢ ‘ Scotch coal.

—99



It will probably require considerably more of the Louisiana bagasse than
of the tropical bagasse, since it has about 25 per cent less woody fibre than
the latter.

Mr. Becnel, estimates with 75 per cent Louisiana bagasse as a basis, that :
¢« To manufacture one ton of cane into sugar and molasses, it will take from
145 to 190 1bs. additional coal by the open evaporation process; from 85 to
112 Ibs. additional coal with a double effect,”” and with triple effect it appears
the bagasse alone would do the work, and have enough steam to spare to
run engines, grind cane, etc. ‘¢ If this has not yet been accomplished in
Louisiana, may it not be due more to imperfect boiler and evaporating plants
than to a deficiency in heat producing properties of the bagasse?”’

The above of course can only be taken as approximately correct. The
results will vary greatly according to the kind of boilers and furnaces used.
From the nature of thisfuel, it follows that it should be fed continuously into
a very hot fire brick chamber, and that plenty of room must be left in the
furnace and boiler setting to accommodate the large volume of gas and steam
produced by the bagasse.

Bridge Mill Power Co.,
PAWTUCKET, R. I.
Contains 610 H. P. of Heine Boilers.



The higher the per cent of extraction the more fuel value the bagasse
wiil have, and as it will necessarily contain less moisture, the larger pro-
portion of this enhanced fuel value becomes available in the boiler furnace.
The improvement in boiler plants will thus naturally go hand in hand with
improved methods of extraction.

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 30 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 309 of
Perfectly Dry. Moisture,
Water supplied at 62°- . ______ 5.46 lbs. 3.84 Ibs.
Water supplied at 212°_____________ 6.31 Ibs. 4.44 Ibs.

(See rote under Wood.)

Stfaw.

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, Mean,
per cent. per cent. per cent.
Carhomi=Ior Wgaad LT T 35.86 36.27 36.
Hydnegen ¥ Fessdans a0 oo 5.01 5.07 5.
DRV ER S S e e s T 37.68 38.26 38.
Niftpgent=thag = 38 =5l . 45 .40 425
IS e e e R T b 5.00 4.50 4.756
VW ateUR e s Te " . ST, 16.00 15.50 15.75
100.00 100.00 100.00

The weight of pressed straw is from 6 Ibs. 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 (4.28<X5)] = 8323 units of heat, or the evaporation of
7.46 lbs. of water from and at 212° F. Deducting the heat absorbed in
evaporating the constituent water,15% per cent,or.16 1b.,equal to 1116 .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:

odiaqle



TABLE NO. 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.

Oxygensessoc=1y 0.5 to 5.7 per cent. Average, 2.2 per cent.
‘ 100.0

The total heating 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 Ibs.
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 Has to
«Cs Hes; or, in weight;
TABLE NO. 20.

Chemical Composition of Petroleum Oils.

Mean.

71.42 Carbon T3S C anhon=E =t S ENa 72.60

From {28.58 Hydrogen } to {26.23 Hydrogen-toastins 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
Ibs. of water supplied at 62°, or from 29.08 Ibs. to 27.92 Ibs. of water supplied
at 212°,

: DIEHE.

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.

2 S
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3d. Economy of Boiler Capacity.— It has been demonstrated that one
sound 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 14.3, 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 94 pounds. Inour every day experience, however, we find
that eighty out of a hundred boilers will not vaporize more than from 7 te
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 labor, 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 with oil, the combustion of coal is tardy and requires
some aid by way « f 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 inelectric
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. 0.

In November, 1894, the Baldwin Locomotive Works, of Philadelphia,
equipped an engine for burning fuel oil and obtained theé results stated
below :

TESTS OF OIL FUEL ON LOCOMOTIVE.

No. 1. No. 2,
DATE, 1894. November 13. Nove?nbi.r 18, Novrir?;bse.r 25,
Weight of train, approximate, 1bs .................... 1,308,160 1,216,120 1,480,640
INGmberdoficarsEn, SmL 5 TE 7 I S e 25 and 20 30 26
Length of run, miles 89.7 & 54.9 52.3
IS h.m.s. h. m. s.
Time of run 6 27 00 2 56 41 3 200
Running time 5 14 48 2 23 26 2 489
Average steam pressure, IbS ......cooooveereno. 171 170
Oil consumption, total Ibs . 6,637 3,200.7 3,703
iliotal¥zallons) e S i A 006,z 1 i ke Weesee gr Bl T 1T
1bs. 1bs. 1bs.
Rershouiapess e STTNE, S R 1,003.2 1,086.9 1,110.9
Per square foot of grate........... - 237 114.32 132.25
Per square foot of grate per hour .... X 38.3 38.82 39.68
Per square foot of heating surface ....... ... SR D0 ] e e L Y
Per square foot of heating surface per hour, 0140 R S R i a0
Water evaporated: total IbS ............ ... .. 70,933 34,151.7 39,169.2
Total from and at 212° Fo.o.ooooooo . 85,622 41,465.1 46,291.6
Per hour......._. T OFGORE!E | PRSP sl L ST O !
Per hour from and at 212° F........ ... 13,280 14,082.2 13,887.5
RedibSolkoil P = ot 10.69 10.67 10.58
Per Ib. of oil from and at 212° F.*____ 12.90 12.95 12.50
Per square foot of heating surface.......... 33.47 16.12 18.48
Per square foot of heating surface per hour, 519 5.48 5.54
Per square foot of heating surface per hour
Trami andidR22PME N S (G Relie s Sun SN 6.64 6.55

*Without deducting the steam consumed for vaporizing the oil, or the entrainment.



The report on the experiments points out that oil has several advantages
over coal: 1, no smoke if the firing is properly done; 2, no sparks; 3, no
terminal labor in cleaning fires, hauling away ashes and loading coal, which
labor is said to amount sometimes to 50 cents per ton of coal consumed;
4, the engine is always ready for service; 5, the fire is always clean and
there is no danger of its being torn up by a heavy exhaust or by the engine
slipping. Tests of the oil used showed 84 gravity, 140 flash and 190 fire.
In conclusion, it is stated that to determine the value of oil, it is necessary
to know the evaporative power of the boiler for each pound of fuel burned,
which depends greatly upon the ratio of heating surface to grate area, and
the volume consumed in a given time. These conditions do not seem to
affect the consumption of oil, the evaporation being about the same per
pound of oil for all rates of combustion, it being impossible to consume the
oil without a proper supply of air, and, as no smoke is made, no unconsumed
fuel escapes from the smokestack, as is the case with soft coal. The fol-
lowing formula is given for obtaining the value of oil, as compared with coal,
as a locomotive fuel, the result being the price per gallon at which oil will
be the equivalent of coal. In this formula the cost of both oil and coal must
be the cost delivered on the engine, and not the purchasing price:

BX10.7X7
A=———
2,000 C

A=nprice per gallon at which oil will be equivalent of coal; B=cost of coal
per ton, plus the cost of handling ( say 50 cents per ton); C=evaporative
power of coal.

From a lecture at the Naval War College, Newport, R. 1., delivered by
P. A. Engineer John R. Edwards, U. S. N., in August, 1895, we quote the
following:

With reference to the use of liquid fuel on locomotives, it is interesting
to refer to the results obtained in England by Mr. James Holden, Locomotive
Superintendent of the Great Eastern Railway, by the process invented and
adopted by him. On the locomotive using liquid fuel there is an absence
of constant and laborious firing; the requisite pressure of steam is easily
obtained by an almost imperceptible movement of the injector valve; there
is an absence of smoke, and a great uniformity of pressure.

In the inaugural address of the President of the Society of Engineers,
in February, 1894, he gave a description of these locomotives and their
working cost. He stated that an express engine using 35.4 pounds of coal
per mile, consumed under similar circumstances 11.8 pounds of coal and 10.5
pounds of liquid fuel, or a total of 22.3 pounds of fuel.

The advantages of the Holden system are summed up as follows:

1st. With an ordinary grate, steam can be easily raised without work-
ing the injector.

2d. Fuel can be interchanged according to the state of the market.

3d. With a thin coal fire, oil can be shut off at will without running
the risk of chilling the fire box.

4th. When standing, the coal fire will maintain steam.

For several years a number of locomotive engines on the Great Eastern
Railway have used liquid fuel, and one of these engines is recorded to have



traveled 47,000 miles without a single failure or accident. But the great
difficulty in extending the use of liquid fuel in England is the impossibility
of obtaining a sufficient supply at a low cost, otherwise it would be very
generally used, considering the great calorific effect and the practical
advantages of its application.

It has been very recently stated that since the introduction in the naval
ships of liquid fuel, the cost in Italy has increased one hundred and fifty per
cent (150 per cent).

One of the highest officials of the Pennsylvania Railroad asserted that
the great cost attending its use was a bar to its introduction in the loco-
motives of that road.

On the other hand, there are some places where it can be secured more
cheaply than coal.

The question of cost, therefore, depends upon location.

A great writer upon this subject has said: ‘‘We must look for the best
results from petroleum, both economically and technically, in those uses
where the improved product of the manufactured article more than counter-
balances the difference in price of the two kinds of fuel.”’

CHIEF ENGINEER SOLIANI’S MONOGRAPH ON LIQUID FUEL.

Undoubtedly one of the best articles that has been published on this
subject is the paper of Chief Engineer Soliani of the Italian Navy, which
was read at the International Engineering Congress. He starts in with the
various kinds of petroleum used, gives the chemical composition, what its
actual calorific value as fuel is, and then goes on to tell about the experi-
ments in Russia, where it was first used on vessels in the Volga region and
on the Caspian Sea. He then gives us the pulverizing process adopted by
Mr. Urquhardt, and then brings us down to to-day’s actual modern experi-
ence in the Italian Navy.

A careful study of this paper shows:

Ist. That the only form of liquid fuel which is absolutely safe for use
on board of ship is what is known as petroleum refuse, which is a thick
viscous fluid of about the consistency of tar or very thick molasses. This
has to be sprayed or pulverized, either by jets of air or steam, for use in
the furnaces.

2d. The pulverizers form the principal element in the whole arrange-
ment for burning liquid fuel, and many kinds have been used or tried, or
simply patented. The Russian pulverizers are all worked by steam, and
they appear to be the best, because a pulverizer using steam may be
worked well with air, or any other suitable gaseous fluid with little or no
alteration.

3d. Where pulverizers are not used a compressor for forcing the air is
employed. Its great weight and space occupied forms a very serious ob-
jection to the compressor.

4th. That the use of liquid fuel by the Russians is almost confined to
the Volga region and the Caspian Sea. There the wood is scarce and costly
and also very bulky. Coal is extremely expensive. One very remarkable
fact in connection with the use of liquid fuel on Russian vessels is that the
difficulty with marine boilers of making up the waste of steam entailed by



the pulverizers does not exist for the steamers running along the Volga
River. It is lessened, in case of the sea steamers, by the fact that the
great bulk of the Caspian trade is from Baku and other ports south to As-
trakhan, where fresh water is available in abundance, and can be stored by
the steamers both for outward and homeward passages.

5th. Italy, on account of its position and of its deficiency of coal, was
naturally interested in the matter. And that country, which even our
naval experts have, in years past, mistakenly reported as having adopted
this fuel for its war vessels, confines the practice to a few torpedo boats.
For their large vessels they do not contemplate the regular use of liquid
fuel. Pulverizers, however, are fitted in order that they may be held in
readiness for the same object as forced draft.

6th. The system of mixing petroleum spray with the coal seems to be
on the increase in the French and Italian navies, and furnishes a ready
means of rapidly increasing the steam pressure and speed, above that of
the natural draft,

7th. That the measure of success in the burning of liquid fuel will
depend upon the efficiency and durability of the pulverizer. Less than
three years ago the ltalians believed that they had solved this question for
naval purposes by the invention of the Curriberti atomizer. They are now
rather doubtful about this sprinkler satisfying all their wants. The French,
who are following them more closely than any other nation, are about to
use their own pulverizers. -

There is no one who has made a more protracted and scientific inves-
tigation of its capabilities than Mr. Isherwood, and this is the result of his
observations on liquid fuel as a combustible for naval purposes. In sum-
marizing the work of the Experimental Board, of which he was president,
he writes: :

““The experiments in question embrace those made with Col. Foote’s
apparatus at the Charleston Navy Yard, and those made with other appa-
ratus on different boilers in the New York Navy Yard, all of them, | believe,
of considerable value, but never reported in full with the exception of one
made about ten years ago, and which is now on the files of the Bureau of
Steam Engineering. In every case the patentees abandoned the trials before
they were completed, owing to the failure of their apparatus.

““The liquid oil has, in all cases, to be transformed into oil gas before
it can be burned. This transformation can be made by the direct applica-
tion externally of heat to the liquid, but the temperature of the oil on
the vaporizing surface is higher than the temperature required to de-
compose it, the result being deposition of solid carbon in the form of coke
which soon fills the vaporizing vessels and renders them useless. This
coke is frequently so hard that cold chisels can scarcely detach it, and if
thrown into a fire even in small fragments, it burns with excessive slow-
ness, like graphite. Whenever the vaporizing vessel is subjected to a high
temperature like that of a boiler furnace, the decomposition of the oil and
deposition of coke go rapidly on, so that in the course of a few hours any
vessel of practical size is filled by it. All apparatus exposed to anything
like furnace or flame temperature will inevitably fail from these causes in
the future as they have in the past. To make trials with such devices will
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merely serve to confirm this fact. The smaller the vaporization vessel, and
the higher the temperature to which it is exposed, the more quickly will it
fail.”’

INSTALLATION OF THE SYSTEM AT THE CHICAGO EXPOSITION.

At the World’s Fair at Chicago the boilers which furnished the steam
for driving the machinery were all fed with crude oil. The conditions there
were, of course, quite different from what would prevail aboard ship, but
they were all in favor of a more successful burning of the liquid fuel. Lake
Michigan with its supply of fresh water was near. There was no question
of either weights or space occupied to be taken into consideration. The
seven representative boiler firms which were pitted against each other sent
excellent men to look out for their respective plants. The piping was ar-
ranged in the most efficient manner, it not being necessary to make extra
bends or angles in order that it would clear a hatch or opening, as might
occur on board ship. And yet an official report says, ‘‘The quantity of pe-
troleum used for firing the main boiler plant at the World’s Columbian Ex-
position amounted to upwards of 31,000 tons, and the work done is stated
to have totalled 32,316,000 horse power hours. This makes the consump-
tion of oil about 2.1 pounds per horse power hour.”” This report would
tend to dispose of some of the claims of the thermal efficiency of liquid
fuel. Is it possible that the commercial article is not so rich in hydrogen as
that furnished for experimental purposes?

From time to time we hear of the success attained by one of the Italian
cruisers on a short run with this fuel. A careful investigation invariably
shows, that when oil was used in connection with coal, the speed over that
of natural draft was increased. There is not one single instance on record
where the burning of liquid fuel, either alone or in combination with coal,
developed the speed of horse power that was secured with coal under forced
draft.

For the past year, the Austrians have been experimenting with it. It
is said that for every pound of residuum they were able to burn, seven-
tenths of a pound of water in the form of steam was required to spray it.
They have not yet been convinced of its merits for naval purposes, for not
a single boat in the Austrian service has yet been fitted permanently with
atomizers for burning this fuel.

A careful reading of the professional papers in regard to the success of
the French with this combustible furnishes one with such information as
the following: ‘‘The question is altogether in a state of tentative experi-
ment, and the fuel will have to be tried in different boilers and under se-
vere conditions before adoption in large vessels.”” Of another vessel it is
written: ‘“The results are said to be good, but not definite.”” Concerning
three torpedo boats it is written: ‘‘The experiments have been more or less
successful.”’

Capt. A. M. Hunt, formerly of the U. S. N., read an exhaustive paper
before the Technical Society of the Pacific Coast, October 5th, 1894, on the
results obtained from oil at the Mid-Winter Fair, from which the following
extracts are taken:

A certain amount of eye training is necessary to judge whether or not
the oil is being burned so as to give the maximum heating effect. With



proper manipulation of the burner, it being of proper design, and a careful
regulation of the air, an almost flameless combustion can be obtained. The
furnace should never be filled with an opaque, luminous flame, although
many so-called practical oil men claim that such a combustion will give the
best results as regards evaporation.

The best results at the Fair were always obtained by so manipulating
the burner, with the air full on, as to get a blue, Bunsen-burner-like flame,
and then shutting off steam and air until a tinge of luminosity began to show,
chasing through the furnace in waves. Under such conditions the carbon
in the oil is being entirely consumed, and the air supply is being limited
just to the point necessary for its consumption. Luminosity indicates the
presence of unconsumed carbon, and consequent failure to obtain the full
heating effect. After the furnace once becomes thoroughly heated there
should be absolutely no evidence of smoke issuing from the chimney.

The flame must not be allowed to impinge directly against the iron of a
boiler. Overheating of the metal is apt to be the result. If a solid particle
or drop of the oil strikes the comparatively cold metal the volatile matter is
driven off and a carbon deposit left, which, becoming incandescent, and
being in direct contact with the iron, burns it.

At the Mid-Winter Fair there was a chance to determine the efficiency of
oil as fuel, and the results of several of the tests conducted by Mr. E. C.
Meier, assistant in charge of the boiler plant, and the author, are appended.
In these tests both the feed water and the oil were measured by Worthington
meters, and while meter tests are always regarded with great suspicion by
engineers, these tests were so conducted as to be quite reliable.

Before any tests were made the feed water meter was thoroughly cali-
brated by weighing the water passed through it. At first it was found im-
possible to get concordant results from different sets of weighings, especially
when the temperature of the feed water was high. A pressure gauge was
finally placed on the boiler side of the meter, and the discharge valve pass-
ing water into the weighing barrels, set so as to maintain on the meter the
ordinary boiler pressure, and the pump run at a speed which furnished feed
water at the rate required for the boilers under test. It was found, after so
doing, that the results of different sets of calibrations did not vary more than
two-tenths of a pound per cubic foot registered. This was as close as the
limit of accuracy of the scales.

The oil meter was calibrated in the same manner. This meter was
provided with small vents to enable any gas which might collect at the top
of meter chambers to be removed. Great care was taken to avoid any
chance for errors. The blow lines were blanked, and feed valves so ar-
ranged that no feed water could pass into boilers not in use.

The thermometers and steam gauges used were corrected by standards.
The only tests for dryness of the steam were made with an ordinary barrel
calorimeter, such as Thurston describes, and the results showed the steam
to be practically dry.

The average result of all the tests made was 14.2 pounds of water
evaporated from and at 212 degrees Fahrenheit per pound of oil, and the
highest evaporation of any test is 15.13 pounds to one.

It is a very common thing to hear oil men say that they have obtained



an evaporation of 17 and even 18 pounds of water per pound of oil, and
you will find recorded the results of tests showing such evaporations, at-
tested by all the details of columns of figures and calculations. There is
suspicion that the oil used in such tests must have been thinned down with
liquified hydrogen, or that the experimenter deceived himself, willfully or
otherwise.

The theoretical evaporation of oil is about 20.7 pounds to one. An
evaporation of 18 to one would indicate a boiler efficiency of about 87 per
cent, and assuming a furnace temperature of 2,400 degrees Fahrenheit,
the temperature of the issuing gases would be 312 degrees. If the temper-
ature of the issuing gases was 450 degrees, as would be more probable, the
furnace temperature would be 3,461 degrees, rather too high for comfort.

The results of certain tests made by the Edison Light and Power Com-
pany, of San Francisco, Cal., were as follows:

Evaporation with California oil ..., 13.1 pounds to 1
“ R D e e L i 12.1 g aitor]
& LS WihiteZAShicoal s SalL SR Rnis GIGRME R Al

The California oil used weighed 320 pounds to the barrel. The Peru
oil used weighed 294 pounds to the barrel.
1 pound of California oil = 1.96 pounds of coar.
1 pound of Peru oil == 1.81 pounds of coal.
Accepting the results at the Mid-Winter Fair, an evaporation of 15 to 1
can be obtained with oil, using the Heine boilers.
In January, 1895, a series of tests were made with crude oil on Heine
boilers at the Harrison Street station of the Chicago Edison Company, with
the following average results:

SiZefofiDOTIer. . vr 2 eanl i n 50e Sechp A A lay TSR Rt 500
Lbs. of water per Ib. oil from and at 212° ... 14.57
HssP fdevielopedise, 2 25aE PR TR . = T ol A STt LS 593
Per cent. over rating . 18.6

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 tankcars
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 lbs. of water. Assuming an efficiency of 80
per cent., the evaporation in practice would be 16.56 Ibs. of water per pound
of oil. The cost of evaporating 1000 Ibs. of water would therefore be 17.54
cents. With a bituminous coal giving an evaporation in practice of 5 1bs. 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 conuitions assumed in this calculation 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

_._l,_‘;_



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. WLSB SR
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. D. M.

ey S O e e ik B

300 H. P. Heine Boiler being moved.

FUEL GAS.

Gaseous Fuel 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 has been 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.



Myr. Emerson McMillin, in October, 1887, made an exhaustive investi-
gation of the subject of fuel gas from which we extract the following :

““ The relative calorific value of the various gases now in use for heat-
ing and for illumination have been frequently published, yet, in the discus-
sion of this subject we cannot well avoid a reproduction of some of the
figures.

‘“ Notwithstanding the fact that tables of this character have been so
often published, we are all more or less confused occasionally by seeing
statements made that make the comparison totally different from our pre-
conceived ideas as to their relative calorific values.

‘¢ This confusion occurs from the fact that at one time we see the com-
parison of the gases made by weight, and at another time the comparison is
made by volume. We present here the comparison made both by weight
and by volume, and shall use natural gas as the unit of value in both com-
parisons :

TABLE NO. 21.

Relative Values.

By Weight. By Volume.
INatmraldeeas s CRE oT LA b R R T 1,000 1,000
Eoalfoasi ol Arislesnlin: BT a2 F SSRGSl ¥ 949 666
Wiateretoas s s b liin el &kl Eas g e s B 292 292
BHOSNGRRBCSE B ESIESES el €50 “ 8 ha TR L Hent BUA 76.5 130

“ The water gas rated in the above table—as you will understand—is
the gas obtained in the decomposition of steam by incandescent carbon, and
does not attempt to fix the calorific value of illuminating water gas, which
may be carbureted so as to exceed, when compared by volume, the value of
coal gas.

TABLE NO. 22.

Composition of Gases.

VOLUME.
Natural Gas. Coal Gas. Water Gas. Producer Gas.

H iy droocnisse SEReas SN 2.18 46.00 45.00 6.00
Marshsgassiss fS=aat g 92.60 40.00 2.00 3.00
@anbonicioxide - SEEsuitas 0.50 6.00 45.00 23.50
Olefiant gas- - _..2__-__ 0.31 4.00 0.00 0.00
Cdrbonic;acid L _=a_- .t 0.26 0.50 4.00 1.50
INIERoge et I Te Surve = 3.61 1.50 2.00 65.00
Oxygenmtiacs o5 o0 2URE 0.34 0.50 0.50 0.00
Water vapor...._.__.___ 0.00 = 1.50 1.50 1.00

Sulphydric acid_————____ 0.20 ras Aali e

100 00 100.00 100.00 100.00
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TABLE NO. 23.

- Composition of Gases.

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

hydrogen -’ == o il 0.268 3.21 5.431 0.458
M rshe; gasy =E by Siat 90.383 57.20 1.931 1.831
Carbonic oxide_____.__ 0.857 15.02 76.041 25.095
@)lefiant rpases =Lt 0.531 10.01 0.000 0.000
Garbonichacids= S 281 0.700 97 10.622 2.517
INilfogeneLeda 20 22100 6.178 3.75 '3.380 69.413
@58y SR E 1 0.666 1.43 0.965 0.000
Watcr vapore =TT i 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, [ 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.

“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
Cubicifeet gas Sy fxWulinie T 2 1000 1000 1000 1000
Pounds waterfio=r Lic  Teissue 803 . - 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 4350°.

‘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 Proiucer
Quantity—1000 ft. Gas. Gas Gas. Gas.
Weight of gas before combustion, Ibs.------ 45.60  32.00 45.60 77.50
SteamL-LS T _SGKe FSeuian s WO I A U 94.25 69.718 25.104 6.92
Canbonicacidd==oITANESITET SURURIS S ST 119.59 68.586  61.754  36.45
Sulphiufictacigisseeosaie o = _CE- S0 Sesetries DS ) TEo i, W ois et S
N 0 e T e e s = 664.96 427.222 170.958  126.57
Total weight after combustion --—-——______ 879.16  565.526 257.816 169.94
Pounds oxygen for combination -—-———_—__- 167.46  107.961 43.149 19.67

+ ““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
Gas. Gas. Gas. Gas.
Weight of water evaporated-—------ 893.25 591.000 262.000 115.100
Weight of gases after combustion---879.16 565.626 257.816 169.945

¢ 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 L= =2 uSe RSl LIt S 18.75 18.27 16.47 17.96
Pounds of CO:z produced per 100 Ibs. water
evdporated St SERL ATEIN e & S SRS 13.40 11.60 23.57 31.70
Oxygen absorbed plus CO2 produced-----—_-__ 32,16  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.”



After calculating the cost of such gas, he proceeds:

‘“Here we may note some features, that to my mind are interesting;
that is, the cost of various gases per 1,000,000 units of heat which they are
theoretically capable of producing.

“In working out these figures 1 put wages, repairs and incidentals and
the cost of the ton/of good gas coal at $2.00, and a ton of hard coal or coke
at the same price, and the quantities of production as follows: Coal gas
from soft coal, 10,000 feet ; water gas from hard coal, 40,000 feet; and pro-
ducer gas, 150,000 feet.

TABLE NO. 28.

Cost per 1,000,000 Units of Heat.

Coalfgas/te=o% 734,976 units, costing 20.00 cents = 27.21 cents per mill.
Water gas----- 322,346 units, costing 10.88 cents = 33.75 cents per mill.
Producersgas---117,000 units, costing 2.58 cents = 22.05 cents per mill.
Our mixture---323,115 units, costing 7.88 cents = 24.39 cents per mill.

¢ Thus it will be seen that after all coal gas costs but 11.6 per cent.
more per unit of heat than the mixture that we have worked out, while
water gas, per unit of heat, costs 388.38 per cent. more than the mixed
product.”’

After a discussion of methods of delivery and the various uses for the
fuel gas, he concludes :

““The demand for fuel gas, like the demand for electric light, has come
to stay. It will not down. Scientific investigators, as well as the public,
insist that there ought to be, and must be, a change in the mode of domestic
and industrial heating. Our present systems are not in keeping with the
progress of the nineteenth century.”

Professor D. S. Jacobus—Oct., 1888—says: ‘It is proposed to give an
estimate of the cost at which carbureted and uncarbureted water gas will
have to be sold in order to compete successfully for steam boiler use with
anthracite coal.

‘“ The following are analyses of the gas direct from the generator, and
of the same after it has been carbureted for illuminating purposes :

TABLE NO. 29.

Analyses of Water Gas.

Per cent by Volumes.

Uncarbureted. Carbureted.

Nt RO N S R O L = 4.69 2.5
@ ARDONICIAC dptrs T metr = =0 lRlptinl Tt Ui Ease 3.47 3
SEhylenclsrtse Sum il ool s acitier o o e .0 12.5
(07577141 1 L S PR .0 52
BenzolenVapor=—ou- oSS0 S Sl MR .0 15!
@arbonichusaders-—tes . 2 BENCEE Noe' Safes# 1 36.80 29.0
Marsh gas - - - oo o 2.16 24.0
Hydrogen - eomeo oo 52.88 30.0

100.00 100.00



“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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= e e a = £ = Actual. | P I
Lbs. |Deg. F. Deg. F.|Inches.| Min. Min. L Cu. ft Lbs. Lbs.
i ol £ N
Uncarbureted - ___. 4| 56| 61 4 | 12 | 793 ESG.I 4,64 | 128.5
Uncarbureted. ____ 4| 59| 62 4 | 113} 794 134.8 14.64 | 133.3
Carbureted-______ 4| 56 | 61 5% | 84| 69 |19.4 |4.64| 239.2
Carbureted_______ 41 59| 62 5% | 10 | 731 18.214.64 | 254.9
4
Carbureted .______ 4| 68| 66| 43! 8% | 63 |19.84.60| 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 lbs. 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
1S ol 0.54.

“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 17133%‘;”—9? —9283.3 H. U.

Carbureted 282 _ 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 20 — 91780.

Carbureted gas 13_"‘;“";@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

2.5%2000

12200 x 4
The cost of firing with gas would be % of this amount so that the extra
cost of firing with coal would equal 1$ 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.

dollars = 52.1 cents.

TABLE No. 31.
Cost of Burning Water Gas.

PRICE OF GAS PER 1000 CUBIC FEET.
Cost of Coal Dellvered to
Boiter Room Not Including Difference in Including Difference in
1 Cost of Attendance. Cost of Attendance.
Per Ton of 2000 Lbs. 3
X Carbureted. Uncarbureted. Carbureted. Uncarbureted.
$6.00 14.8 cts. 6.5 cts. 16.0 cts. 7 J1Ncts.
5.00 12.3 cts. 5.4 cts. 13.6 cts. 6.0 cts.
4.00 989 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. iS5 tst 3.7 cts. 1 ERGHSY

““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 20%



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%,

¢t Taking the efficiency in the use of the gas direct at 90%,

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

¢¢ Taking the cost of the gas at 8 cents per 1000 cubic feet,
we have as the cost of evaporating 1000 Ibs. of water by coal directly
applied :

2o of 11.56 = 5.78 Ibs. of water to be evaporated in practice by
1 1b. of coal.

01000 — 173 Ibs. of coal to evaporate 1000 Ibs. 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,

¢ %% of 5,23 = 4.71 Ibs. of water to be evaporated in practice by gas
from 1 1b. of coal.

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

“ it 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. 3

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 1b. good coal = 7% cubic feet natural gas.



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 10.88 lbs. water, and
with the same boiler 1.18 feet natural gas evaporated 1 1b. 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 Ibs. per cubic foot.
The analyses compare as follows :

TABLE NO. 32,

Analyses of Natural Gas.

Pittsburgh, Pa., Gas. Findlay, Obhio, Gas.

Hizdroge ni-s e S SaECuiee ST 22.0 2.18
IMafShiga st NaRSa S S It 67.0 92.61
Carbonic oxide - _______________ 0.6 0.26
Olefiant gas__________________ 1.0 0.30
Carbonic acid . .- ______________ 0.6 0.50
NitrogenSsaut » FESRE IS TR S SRS 3.0 3.61
(OrayeEn sl e R PP 0.8 0.34
Ethylic hydride - __________ 5.0 L
Sulphuretted hydrogen__._.___..__ e 0.20

100.0 100.00
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WATER.

Pure water at 62° F. weighs 62.855 pounds per cubic foot, or 84 pounds
per U. S. gallon; 7.48 gallons = 1 cubic foot. It 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. ZThe animal and vegetable oils and greases carried over Jrom the
condenser or feed waler heater arve 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 oz 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 the 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.

‘It 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

: SOGE



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.



Tabular View.

Troublesome Subslance. 7rondle. Remedy or Palliation.
. : Filtration.
Sediment, mud, clay, etc. Incrustation. { Blowing off.
Readily soluble salts. Incrustation. Blowing off.
: 1 : Heating feed. Addition of caus
Blicl%r;aonates of lime, magnesia, Incrustation. { tic soda, lime, or magne
e sia, etc.

Addition of carbonate of soda,
barium chloride.

Addition of carbonate of soda,

Sulphate of lime. Incrustation.

Chloride and sulphate of magne-

S Corrosion. P
Carbonate of soda in large amounts. Priming. Adglttclon of barium chloride.
Acid (in mine waters). Corrosion. Alkali.
Dissolved carbonic acid and ox- . Heating feed. Addition of caus-
ygen. : Corrosion. tic soda, slacked lime, etc.

bonate of soda. Substituce

{Slacked lime and filtering. Car-
mineral oil.

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. (Table 33.)

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 othe:
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.

Qil or grease often causes as much trouble in boilers as scale or mud,
and is much more difficult to remove, as it cannot be ‘“ blown off.”” It re-
quires especial care where a part or the whole of the feed water comes from
condensers or from heating coils where exhaust steam is used.

> We reprint a warning given by the oldest boiler insurance company in
tne United States.



Table of Water Analyses.

TABLE NC. 33.

Grains per U. S. Gallon, 231 Cubic Inches.

g o Em 3 % (3] L} E
WHERE FROM. o ® - 8 8} k30 Sy =]
§ _g’ & % g ;:; 5 - &2 g 3
el LU I A B e L DR
pas} =l %] = > =
Buffalo, N. Y., Lake Erie-~--——_- | 5.6 8,02 | “ @58 fi oo Z 018 | 9.74
Pittsburgh, Allegheny River.-__- 0.37 3.78 0.58 0.37 1.50 6.60
Pittsburgh, Monongahela River-.| 1.06 5.12 0.64 0.78 3.20 10.80
Milwaukee, Wisconsin River-___] 6.23 4.67 1.76 20.14 6.50 39.30
Galveston, Texas, 1ococoooo . 13.68 13.52 | 326.64 | Trace. | Trace. | 353.84
Columbus, Ohio-c oo oo 20.76 11.74 7.02 0.58 6.50 46.60
Washington, D. C., city supply--| 2.87 8.27 | Trace 0.36 2,10 8.60
Baltimore, Md., city supply------ 2.77 0.65 | Trace. 0.10 3.80 7.30
Sioux City, Ia., city supply---——- 19.76 1.24 157 1.03 4.40 27.60
Los Angeles, Cal., 1.._.________ 10.12 5.84 3.51 2.63 4.10 | 26.20
Bay City, Michigan, Bay---._.___ 8.47 | 10.36 | 20.48 1.16 8.74 | 49.20
Bay City, Michigan, River.._____ 4.84 | 33.66 | 126.78 3.00 | 10,92 |179.20
Cincinnati, Ohio River-—._______ 3.88 0.78 TG | S Trace. 6.78
Watertown, Conn.__o___________ 1.47 4.51 1.76 | Trace. 1.78 9.52
Ft. Wayne, Indeoooo________ b 8.78 6.22 3.561 1.59 10.98 31.08
Wilmington, Del.oo__________ 10.04 6.02 4.29 8.48 6.17 | 85.00
Galveston, Texas, 2-c.—_______ 21.79 | 29.149 | 898.99 | —acev 4.00 |4.3.93
Wichita, Kansas—-._.__________| 14.14 25.91 24,347 (n_==-0 2.00 66.39
Los Angeles, Cal., 2o _.__.___ S 112359 SR INESENI 0.76 6.00 23.07
St. Louis, Mo., well water.______ 27.04 | 23.73 | 15.57 3.49 0.46 70.29
Pittsburgh, Pa., artesian well_-__} 23.45 5.71 18.41 1.04 0.82 | 49.43
Springfieldi g per ss - on. L 12,99 7.40 1297 2.19 8.62 33.17
Springhieldslieh e = i it 51 5.47 4,31 1.56 4,28 5.83 21.45
ETISD 0 o111 SRS NEHI S S 14.56 2.97 2.39 1.63 | Trace. | 21.55
P () DR e o 2 £ G 4.32 | 16.15 1.20 1,97 5.12 | 28,76
Long Island City, L. l.oo._.____ 4.0 28.0 16:0" g Fawnate 1.0 39.0
Mississippi River, above Missouri
IVErSAENE LS00 T s S ) 8.24 1.02 0,50) 3|2 Sau. 5.25 | 15.01
Mississippi River, below mouth of
Missouri River-c-ae_—________ 10.64 7.41 1.56 1:22 15.86 36.49
Mississippi River at St. Louis|
Bt e PR At e 9.64 6.94 1.54 1.657 9.85 29.54
Missouri River above mouth-____ 10.07 8.92 1.87 3.26 11.87 35.49




(Reprinted from “THE LOCOMOTIVE,’’ March, 1885; published by the Hartford Steam
Boiler Inspection and Insurance Co.)

The Effect of Oil in Boilers.

We have often referred to the fact that the presence of grease or any of
the animal oils in steam boilers is almost certain to cause trouble. Our
i.lustration this month gives a better idea of the effect produced than pages
of verbal description possibly could. It is from a photograph and is nowise
exaggerated.

The boiler from which the plate shown in the cut was taken, was a
nearly new one. It was made of a well-known brand of mild steel, and
that it was admirably adapted to the purpose for which it was used, is proved
by its stretching as it did without rupture. The dimensions of bulge shown
are four feet lengthwise of the boiler, three feet girthwise and nine inches
deep. The metal, originally 5-16 of an inch thick, drew down to 4 inch in
thickness at the lowest point of the ‘‘bag’ without the slightest indication
of fracture.

The circumstances under which the bulge occurred may best be described
in the words of the inspector who examined the boiler, and are as follows:

“Last Tuesday morning | was called in great haste to the works.
Upon arrival I found one of the boilers badly bulged, and with twenty pounds
of steam up. I could give no explanation until 1 had thoroughly examined
the internal parts of the boiler. 1 gave directions for cooling the boiler and
ordered {op man-hole plate to be loosened, but not to be taken out until my
arrival in the afternoon, that I might see everything undisturbed. This was
done. On my arrival 1 took out the man-hole plates in top of shell and
front head * * * and made an examination.”’

‘I found that the boiler had been cleaned the preceding Sunday, and at that
time a gallon or more of black oil had been thrown intoit. Monday morning
the boiler was fired up and was run through the day at a pressure of 90
pounds per square inch. At six o’clock Monday night the engine was stop-
ped, the drafts were closed, and no more firing was done until nine o’clock.
Upon going to fire up at this time, the bulge was observed. From six to
nine o’clock a pressure of only 40 pounds was carried.”’

“Upon examination | found the entire boiler saturated with this oil.”

This is almost certain to be the result of putting grease into a steam
boiler. It settles down on the fire-sheets, when the draft is closed, and the
circulation of water nearly stops, and prevents contact between the plates




and the water. As a consequence, the plates over the fire become over-
heated; and under such circumstances a very slight steam-pressure is suffi-
cient to bag the sheets. Unless the boiler is made of very good material,
the plate is apt to be fractured, and explosion is likely to occur.

When oil is used to remove scale from steam-boilers, too much care
cannot be exercised to make sure that it is free from grease or animal oil.
Nothing but pure mineral oil should be used. Crude petroleum is one
thing; black oil, which may mean almost anything, is very likely to be
something quite different.

The action of grease in a boiler is peculiar, but not more so than we
might expect. It does not dissolve in the water, nor does it decompose,
neither does it remain on top of the water, but it seems to form itself into
what may be described as ‘‘slugs,’’” which at first seem to be slightly lighter
than the water, of just such a gravity, in fact, that the circulation of the
water carries them about at will. After a short season of boiling, these
“‘slugs’’ or suspended drops seem to acquire a certain degree of ‘‘stickiness,’’
so that when they come in contact with shell and flues of the boiler, they
begin to adhere thereto. Then under the action of heat they begin the
process of ‘‘varnishing’’ the interior of the boiler. 7hke thinnest possible
coating of this varnish is sufficient to bring about overheating of the plates,
as we have found repeatedly in our experience. We emphasize the point
that it is nof necessary to have a coating of grease of any appreciable
thickness to cause overheating and bagging of plates and leakage at seams.

The time when damage is most likely to occur is after the fires are
banked, for then, the formation of steam being checked, the circulation of
water stops, and the grease thus has an opportunity to settle on the bottom
of the boiler and prevent contact of the water with the fire-sheets. Under
these circumstances, a very low degree of heat in the furnace is sufficient to
overheat the plates to such an extent that bulging is sure to occur. When
the facts are understood, it will be found quite unnecessary to attribute the
damage to low water.

This accident also serves to illustrate the perfection to which the manu-
facture of steel for boiler plates has attained. It would be an extraordin-
arily good quality of iron that would stand such a test without fracture
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250 H. P. Heine Boiler ‘‘en route.”



New Planters House,
ST. LOUIS, MO.
Contains 800 H. P. of Heine Boilers.



Weight of Water.

The weight of water varies with the temperature as given by the fol-
lowing table. (C. A. SMITH.)

TABLE NO. 384,
Weight of One Cubic Foot Water at Various Temperatures.

Weight per
Cubic Foot.

Temp., Weight per

Weight perr Temp.,
Degrees F. |Cubic Foot.

Cubic Foot.: Degrees F.

Temp., [Weight per Temp.,
Degrees F.|Cubic Foot. iDegrees F.

32 | 62.418 || 85 |62.182 || 145 | 61.291 | 205 | 59.930
35 |62.422 || 90 |62.188 || 150 |61.201 | 210 | 59.820
30.162.425 || 95 |62.074 || 155 | 61.006 | 212 | 59.760
40 | 62.425 || 100 |62.022 || 160 | 60.991 By‘°?”“: 59.640
45 | 62.422 | 105 |61.960 | 165 | 60.843 |7 230 | 59.360
50 |62.409 | 110 | 61.868 || 170 | 60.783 || 250 | 58.780
55 |62.304| 115 |61.807 | 175 |60.665| 270 | 58.150
60 |62.372 | 120 | 61.715 || 180 | 60.548 || 290 | 57.390
65 | 62.344 | 125 | 61.654 || 185 | 60.430 || 298 | 57.270
70 | 62.318 | 130 | 61.563 || 190 | 60.314 | 338 | 56.140
75 | 62.275 || 135 |61.472 || 195 | 60.198 | 366 | 55.290
80 | 62.282 | 140 | 61.881 || 200 | 60.081| 390 | 54.540

Very often in the trials of a boiler or engine the most convenient unit of
measurement of water is the cubic foot. This will be the case when a weir
measurement is made or when the water is measured by a water meter. The
use of a water meter involves many precautions, the most important being
the following: The meter should work under moderate head of supply and
small head of delivery ; it should be set in such a manner that it can be
tested in place under the exact conditions of use ; if a positive meter, it should
be especially constructed to work freely, if it is to be used in warm water.
This table is also used for estimating the weight of water in boilers, and for
correcting boiler trials for differences of water level,

150 H. P. Heine Boiler.

Size for Water Pipes.

Wefound at beginning of this article, 8.6 gallons feed water are 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 rem ember 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, e/ the discrepancies of demand
and supply have to 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. 3.
Table Giving Rate of Flow of Water, in Ft. per Min., Through
Pipes of Various Sizes, for Varying Quantities of Flow.

e il | B A iy 134" 1%” =4 215" 8~ 4"

5 218 | 1223 78% 543 304 194 133 73
10 436 |1 245 157 109 61 38 27 15%
15 653 | 3674 | 235% | 163% 913 58% 404 23
20 872 | 490 314 218 122 78 54 302
25 || 1090 | 6123 | 8923 | 272% | 1523 973 674 38%
| A 735 451 327 183 117 81 46
| S 857% | 5493 | 3813 | 2133 | 136% 943 53%
Tr g 980 628 436 244 156 108 61%
A A 11023 | 7064 | 490% | 2743 | 175% | 1213 69
71| I R 785 545 305 195 135 763
8 A AR RS 11775 | 8173 | 4574 | 29234 | 202% | 115
T W s RN kil 1090 610 | 380 270 153%
U e IR IR et (T3 7623 | 487% | 337% | 1913
| S DI B AL & ol s 915 585 405 230
T i b s WhoB R [ e ehy 10673 | 6824 | 4724 | 268%
s | R } _____________________ 1220 780 540 3062

TABLE NO. 36.

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

agix'.';’?;- 3, 12 14" 1% a 2L ; 3" l 17
edpermin. | |
5 3.3 e R e O | A s B T g A ERLE
10 || 13.0 SR T R B e MG o ST T L S Bl T 7
15 || 28.7 R RS  B e ]  e el| re TE R 8 Tl T T R
20 | 50.4 | 12.3 A OFAM S RB I 42, el L o 6 T gy
25 || 78.0 | 19.0 7R gl U S e 0914 S0 TN s
| AR 27.5 20 0 S e I AN ) NGRS e s T iy ) !
T | e 37.0 | 12.4 L9103 s e JO RN T E SR, ) S )
O 48.0 | 16.1 AT AR e G P igosi 3 3
P S e P S 20.2 FAG N seriae, SIS R SIS P S e Y e b
HO%[esisT L ¥ me L 24.9 | 10.0 244 | 081 0.35| 0.09
(33 B 56.1 | 22.4 %, vt S 1 i . ) e
VA T e SRS 39.0 9461 320! 181 0.33
F95 ER e S T R e ST SEE RS 14.9 4.89 SRS 5 IS
150 de s e e ey R 21.2 7.0 2.85 1 0.69
B i i - A RN (AR TR 28.1 946 | 8.86 fiva__ =
200 | _oooeen E _____________________ 875 | 1247 | 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:

H=f ‘% where H = loss of head in feet, f = coefficient of friction, v
2

= velocity of flow in feet per second, g = 32.2.

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.

P=F é’%, v being the same as before.

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

TABLE NO. 37.
A = 20° | 40° | 45° | 60° I 80° | 90° | 100° | 110° | 120° [ 130°
F = 0.020/0.060/0.079(0.158,0.320/0.426] 0.546 | 0.674 | 0.806 | 0.934

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
Jind the speed p. second, being one-sixtieth of that found in Table No. 35;
square this speed, and divide the result by 64.4; muliiply the quotient by the
tabulay value of F corrvesponding 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. 36, 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 6x0.426x0.256 = 0.654. The total friction in the pipe
is therefore 1.204-0.654 = 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 8X0.079 = 0.237 pounds ; 0.237<0.256
= 0.061.

The total friction head would have been 1.2040.061=1.261 and the
total pressure on the plunger 100+ 3.464+1.261=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 :

2; 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; 0.970 and 2.18 Ibs. per sq. in.
Our results should therefore have been increased by about 0.11 Ibs.



Foresters’ Temple.
Headquarters of Independent Order of Foresters
TORONTO, ONT., CANADA.
Contains 240 H. P. of Heine Boilers.




It is usual, however, to use larger pipes and thus to materially reduce
the frictional losses.

Rating Boilers by Feed Water.

The rating of boilers has, since the Centennial in 1876, been generally
based on 30 pounds feed water per hour per H. P. This is a fair average
for good non-condensing engines working under about 70 to 100 pounds
pressure. But different pressures and different rates of expansion change
the requirements for feed-water. The following table, No. 38, gives Prof.
R. H. Thurston’s estimate of the steam consumption for the édest classes of
engines in common use, when of moderate size and in good order:

TABLE NO. 38.

Weights of Feed Water and of Steam.

Non-condensing Engines.—R. H. T.

STEAM PRESSURE. LBs. PER H. P. PER HOUR.—RATIO OF EXPANSION.

gl 1 o R ST 5 7 10
R N SR T 39 40 | 40 1 i A5
4 60 35 34 36 36 38 40
5 75 30 28 27 26 30 32
6 90 28 27 26 25 27 29
7 105 26 25 24 23 25 27
8 120 25 24 23 22 22 2%

10 150 24 23 22 21 20 20

Condensing Engines.

2 30 - 30 28 98 | 30 35 - 40
3 45 28 9 27 26 28 32
4 60 27 26 25 24 25 27
5 75 26 25 25 23 22 24
6 90 26 24 24 22 21 20
8 120 . 25 23 23 22 21 20
10 150 25 23 22 21 20 19

Small ‘engines having greater proportional losses in friction, in leaks, in
radiation, etc., and besides receiving generally less care in construction and
running than larger ones, require more feed-water (or steam) per hour.

Table No. 39 gives Mr. R. H. Buel’s estimate for such engines.



TABLE No. 89.

Feed-Water Required by Smalil Engines.

e Pounds of Water per Pounds of Water per
bt (e Pt S R o L

10 118 60 75

15 111 70 71

20 105 80 , 68

25 100 90 65

30 3 100 63

40 84 120 61

50 . i 150 58

Boiler Room Alleghany Traction Co. Plant,
PITTSBURGH, PA.
500 H. P. Heine Boilers.

Heating Feed-Water.

Feed-water as it comes from wells or hydran'ﬁs has ordinarily a tempera-
ture of from 35° in winter to from 60° to 70° in summer.

Much fuel can be saved by heating this water by the exhaust steam,
whose heat would otherwise be wasted. Until quite recently, only non-
condensing engines utilized feed-water heaters; but lately they have been
introduced with success between the cylinder and the air pump in condensing
engines. The saving in fuel due to heating feed-water is given in Table
No. 40.
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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. 41, 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 :

ol | 2 Do
S Tors 461 RS | 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°.
For complete table of factors of evaporation, see page 152.

The horse-power of a boiler is obtained by dividing the equivalent

evaporation from and at 212° by 30.978.
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. 41.

Properties of Saturated Steam.

This is on the basis of feed from
On the basis of feed from 100° to steam

1 2 3 4 5 6 7 8 9
@ ' - ] = L ) & =
S0 Ay e T R R
PR o 2 T4 B4 5 : 2
2o © 75 = &% 5; 2 3 H82
g:ﬁ ::::u: gtu_- 2o >E S5 P 't-:l_J_' “E N
el ad 2 ER =% & 5% $% 553
% | B3 | Cam | Sg | B2 23 g £ 58
By | BE | E33 | g2 | 3= 2= 232 o5 it
S & & T T & S 3 &
Formula
0| 21200 | 11466 | 180.8 | 965.8 | 0.03760 | 26.60 [2070C Dl 1.0000
10 | 239.36 | 1154.9 | 208.4 | 946.5| 0.06128 | 16.32 59.04 1.0086
20 | 258.68 | 11608 | 227.9 | 9329 | 0.08439 | 11.85 58.50 1.0147
30 | 273.87 | 1165.5 | 243.2 | 9223 | 0.1070 9347 58.07 1.0196
40 | 286.54 | 1169.3 | 255.9 | 913.4 | 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 | 20710 | 1175.6 | 276.6 | 899.0 | 0.1729 5.784 57.08 1.0300
85 | 31154 | 1176.9 | 9281.1 | 895.8 | 0.1837 5.413 56.95 1.0314
70 | 81577 | 1178.2 | 285.6 | 892.7 | 0.1945 5.142 56.82 1.0327
75 | 319.80 | 1179.5 | 2808 | 889.8 | 0.2052 4.873 56.60 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 4415 56.47 1.0365
90 | 330,92 | 11828 | 301.5 | 8815 | 0.2371 4218 56.36 1.0375
95 | 334.35 | 1183.9 | 305.0 | 879.0 | 0.2477 4,037 56.25 1.0386
100 | 337.66 | 11849 | 3085 | 8765 | 02583 3.872 56.18 1.0397
105 | 340.86 | 1185.9 | 311.8 | 874.1 | 0.2689 3.720 56.07 1.0407
110 | 343.95 | 1186.8 | 315.0 | 871.8 | 0.2794 3.580 55.97 1.0417
115 | 346.94 | 1187.7 | 3182 | 869.6 | 0.2898 3452 55.87 1.0426
120 | 349.85 | 1188.6 | 321.2 | 867.4 | 0.3003 3.330 55.77 1.0435
125 | 352.68 | 1189.5 | 324.2 | 865.3 | 0.3107 3.219 55.69 1.0444
130 | 355.43 | 1190.3 | 327.0 | 863.3 | 0.3212 3113 |  55.58 1.0452
135 | 358.10 | 1191.1 | 329.8 | 861.3 | 0.3315 3.017 55.52 1.0461
140 | 360.70 | 1191.9 | 3325 | 859.4 | 0.3420 2.924 55.44 1.0469
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