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[n the praduction anmd

torms more or less loss oceurs In order to meet SHCCeSH 1l
modern con petition the user of enerey must he eternall '\'\‘:"vl'\!
[he tomn which this vigilance takes at the present day consists
largely i a scientiBe mspection of cesses and operation with
the am of detectmge and chimmatinge waste, and the consequent
attamment of an output as near the theoretical as s possible
under practical evervday factory conditions, Fvery fraction of
a percentave nearer the theoreti cans dollars save and com
u‘wml‘ U lessenme of the l | "v'w:"(‘iw': tor the Ll
1 (

CT this R . . cal I nutie
turn I J production of stea IS T i bus
tion of 1 I Tere er the h practucal condition L loss ot
200 occurs [ nder dess tavorable conditions, an cefticiency of
from H0°% to 35 of the mayv be all that 1s reached

I'he ditference means dollars wasted ['he problem of the intelh

cent o manutacturer to chimmmate as much of this waste as
possibl .

I'he proble vidles 1tse parts. | m order
to be able to estimate the waste he must know the theoretical

heatimg power ot the varion Taets, ane CLermine

best under Tocal conditions tor Ins purpose

[n the secoxn place, he must use such botlers and grates that

heat produced from the combustion

as much aw possible or

of s coal may be turned it tean ['his part of the P bhlem

[rrkp, he must examime the products of combustion to deter

|

mine whether all hy tuel 1s beme complete consumetl I 'his 1s

the final check, @@ it Ties i the provinee of the chemist [f an
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anadysis of the chimmey ses shows that mcomplete gombustion
takmyg place m the furnaces of a botler plant, 1t ‘\1,:1!\ that so
an ollars arce gomg up the chimney, chietlv i the form of
ivisible gases
[alwation of Coua ['he great imdustnal fuel of Canada 1s
bituminous coal. It varies greatly in character e specific

cravity Huctuates from 12 to 1.7 It leaves more ash than wood,
and less than most other fuels; the amount of the ash varving
with the sample \nexamimation of thirty British samples by the
\dmiralty gave an average of 5.757 ash, and, owillg to carcless

picking, American coals show a higher percentage than this. [For

this ash the consumer must pav as if it were combustible P ituim
nous coal contains a high percentage of volatile matter I'his
varies m amount from 20 to 50 Bituminous coal usually con

tais more or less sulphur i the form of pyrites: and from .91
to 1.11% mitroeen, which latter 1s recoverable, m ocertam condi
tions, 1 the form of ammonia

\~ coal varies m composition greatly, even within the scam,
it 1s important that the laree consumer should have analvses made,
i order that he may have an idea of what he 1s buving

['he presence of moisture in coal means not only that the
consumer must pay for water at the price of coal, but also that he
must hurn his good coal to evaporate this moisture, whereas his
heat should be used mproducing steam i the boiler—not in the
furnace

Generally speaking, the amount of the ash mcreases as

size of the coal decreases Not onlyv 1s I]l( .t\]l SO HHI\II dead
material to be paid for, but it is an expense because it clogs
grates, and also in the cost of Tabour for its removal \ differ
ence of 3% in the amount of ash m two samples of coal means a

1 )

saving on a car load of 25 tons of over $2.50, or, m other words

the price of 3 of a ton ot co; SO0 a ton

[he analvses of a few representative coals are here given

B 1 ( (
Per cent
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Volatile and combustible matter 7130
Fixed carbon 21 200
Sulphur 0 30

\sh .. 66O
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Commercial analvsis of coal mav he conducted m two-wavs

1. roximate Analvsis, of which examples are given above s and 2,

Ilementary Analyvsis I'he latter shews that the chemical ele
ments that take part in the combustion are few, viz., Carbon,

Hyvdrogen, Oxyeen, Sulphu

ELEMEN ARY A Al | Ol FULRI
Carbon Hydro Oxvyen Nitro Sulphur Ash Calorihi
gen gen \alue
B.T.\

Wood (oak 608 §2 64 0. 10 1.0 3,000
Peat 508 20 54 131 K 69 1,000
Lignite 0,63 22 N6 056 2.36 2.27 0,000
Jituminous coal. TN.07 H.20 12 SN 1 84 0.39 1. 03 N,200
Wigan Cannel SO 06 5.3 N0 212 1.50 270 N, 700
Charcoal R8l.97 2 30 1415 1 60 SN
Anthracite 90 .39 328 D ON 0 83 0 9] 1 61 0,000
Coke 092 48 0. 47 093 0.73 .14 4.27 8,000
Petroleum RH 0 13 00 2 11,0000

(Bloxam.)

he proximate analvsis of @ coal may be very quickly made
\ weighed portion is dried at a gentle heat: the dried sample s

weighed—the difference in the two weights representing the

moisture driven oft ['he dried coal mav now be heated out of
contact with air in a crucible, unul all cases and tarry matters

have been driven off, leavinge only carbon (coke) i the crucible

Fhis is again weighed, the Toss shewing the perecentage of volatile

carbcnacceous matter in the origmal sample I'he coke 15 now
ienited in the presence of an When its combustion has heen
completed, there will he Teft in the crucible merely a residue of
incombustible ash. The loss in this process is entered as “fixed
carbon

Details of this pgocess are given i Appendix Noopo 1

Mementary Oreanic Analvsis is a much more difficult pro
cess, requiring skill and practice \ deseription of this method 1s

quite unsuitable for mclusion m these notes

Having looked brieflv at the composition of some varieties of
coal, it may be useful to inquire into the relative heating powers

of their components. When completely burned 1 oxygen they
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arc as tollows: Carbon, 11650 BT Fyvdrogen, 62100 1511
Sulphur, 3,996 1T
VT

I'he comtraction BUT.UL stands for “DBritish Thermal Units

and a word of explanation mayv be desirable. Such terms as this
are not used as cabalistic signs to place difficulties in the path of
the unimitiated—they are merelv a technical shorthand, and con
vey very simple quantitative mformation. For example, the B
tish I'hermal | ;#\ that quantity of heat which will raise ond
pound of water l'lnuu;l\ one degree 19 of temperature (exactly,
from 301 I to 1017 1)) That is to sav. one pound of carbon
in undergoing complete combustion will heat 11630 1hs, of water

to just that extent neither less nor More

he heating power of the separate elements or of a sample of

coal mav be determined by means of a calorimeter, 2 piece of

apparatus i which a weighed quantity of a combustible is burned

1
|

1 manner as to heat an ascertamed amonnt ol water the

rise i tdperature beig observed hy means of a sensitive '('Tny
moniceter

111 St

\ deseription of one of the simplest and most accurate tyy

of calormeter will be found in \ppendix D P

[t will he noted above

value In addition to the los

r power duc to s replac
mg other elements the presence of sulphur means a loss m other
WL s ['he effect of sulphur fumes on fire boxes, brick arches,
fAues and stacks, is too well known to need comment Sulphur in
coal usuallyv occurs in the form of pyrites or sulphide of iron

Pyrites, or brasses, as they are sometimes called, burn to sulphu

dioxide and 1ron oxide Fhis oxtde of ron unites with the carthy
parts of the ash to torm the familiar scar or slag his gets upon
the grates, is hard to remove, and worst of all prevents the com
;-f«\v combustiom of tuel Ihis means loss ['he existence of

pyrites m ocoal s mdicated by a red colour given to the ashes

the iron oxide produced

\n exammation of the calorific power of fuel leads to the
practical question, viz What properties should one look for in
fuel? Tt is a very good rule that the heating power of a fuel is

determied by the percentage of fixed carbon it contains, other




things of course betng equal

tables have been made, one of

Fixed Carbon Heating vadue Fqguiv, Water Exvap. trom
K |
drv, ash frec B.T.1 per pound uid at 212 per pound
100) 1 1500 15.00
o3 11500 15,728
| 151720 15.65
9() 15 IS0 16,0
S 15660 16,21
S0 15510 16,10
2 15660 16.21
(N 15 IS0 1.0
() 15120 15.60
(K1 1 1580 15.09
) 11010 ()
) | 15:3:3°21) | 0
) 2600 1:3.0}
S0 129 10 12,63
[ we were to pat this m the form of a curve, wi 1 se
that the evaporative power rises h COINCTeas | 1) n
ace untl there s S0% free carbon, from that pomt falling slowl
to 1009 free carbon ['he rule, then, holds i the case of coals
contaiming a large percentage of ash and volatile matter
plet combustion be attamed, and vaunved I'he endmeer knows
that with the hest honlers and tarnace ind ith the ut sl care
i every particular, not more than S0 of theoretical efficiency
an be realized. In practice, an efficiency of even 607 is quite
common.  \Where does this Toss oceur, and how av it be con
rected ['hese are the next practical ques he answ er
[he Toss of heat s due to the following causes
1. [leat Tost m the evaporation ol water contane i the

coal, and that produced by the combustion of the hvdrogen
Radiation
.o L Eeat carried up the chimne

. Ipcomplete con hustion

¥ VA ery large amount of wateris produced during the combustion ot coal

or of ordmary illumimmating gas [// the hyvdrogen contamed m the fuel com
bines with atmospheric oxygen to form water vapgur I'hus, in burning one
pound of i bituminous coal containing five per cent. of hydrogen, nearly halt

¢ pound of water is produced




[t is the purpose of this scction to shew | this Toss mian b
detected and measured. Smoke.is, of course, an evidence of in
complete combustion \ ney means that ener I
IHWHJ H( Ir.‘u;.H\\— 11t (& | (@Y 't

an mdication ot what 1s come on below than a measurement. for

the reason that a large part of the Tost heat is in the form of invis
ible gases [ndeed, onlv a cerv small proport of the wiaste

heated vapours due to mcomplete combustion are visihle [T we
wish to he exact we must take a \.(!le'\« of the cases passimg up
the chinmey flue, and from an analvsis of them we are in a Post

tion to shew how much heat s being lost as the result of partial

burning.  The two heat-producers which fuels contain.are carbon
and h cen. In burning, carbon combines with the oxveen of
the atmosphere in two proportions. The first of these, composed
of one cquivalent of carbon and one cquivalent of oxveen, is car
bon maonaoxide ['his is the product of incomplete combustion

and 1s therefore itself combustible, burninge ik the presence of 2

fresh \!1}1\: of oxveen

['he product of this sccond hurninge is composed of  on

1 \ 1 N | \
equivalent of carbon and two of oxveen carbonie acid ['wor
equivalents of the hvdrogen of the fuel in hurning unite ith one
cquivalent of oxveen to form water

\s 1t takes several tons of air to hurn one ton of coal. and as
there are four volumes of unchaneed nitroven to one volume of

the active oxvgen in the atmosphere, the hot furnace gases are

diluted and cooled very greatly, even mm the best condition

['f the coal were completely burned under a boiler, we should
find in the exit gases the followine
1. The carbon all burned to carbon dioxide

['he hvdrogen all burned to water
['he nitrogen of the air unchanged

oo small amount of oxveen, for the reason that 1t is neces
sary, to render the combustion complete, to draw more than the

theorctical quantity of air through the erate. (Sce table, p.16

o Other gases due to the presence of mipurities in the coal

[n practice, we find the chimney: output to consist of

1. Sohd carbon, giving the gases a bla

Carbon dioxide, due to the complete combustion of the

carbon




b Carbon monoxide, due to the mcomplete combustion of
the carbon

I Water, due to the combustion of the hvdrogen

v Oxveen, the excess taken m over the necessary amonnt

6. Nitrogen, the diluting element of the atmospher

T Unconsumed hvdrogen

S Untonsumed hvdrocarbons

Smoke is unconsumed carbon. .\ thick black smoke means a
comnsiderable Toss e heating effect. \With the solid carbon there
are alwavs unconsumed hvdrocarbons of a tarry nature [hese

make a deposit on the tlue, and thus the meomplete combustion

results i not only loss of heat, but prevents, even with frequent

cleaning, free contact of the heated gases with the hotler

\~ an example of the Toss due to the escape of invisible co

hustible gases, Stillman quotes a case where the presence o on

one-tfth of one per cent. of carbonic oxide by volume i tl e
LASCS Tepre ented a loss of 31 1bs, m o every tonof coal (1.3 % ) and
another case where one per cente of irbonic oxide represented

oss of 16 Ihs, per ton (S.190)

o insure complete combustion theré should be, as has been

Jiewn, an excess of air o drawn through the burning fuel: but it

too much s allowed to pass, it simply cools the flue gases without
udime combustion, and thus represents a loss which s often
lare I'his Toss is not usually sutherently considered

Carbon dioxide 1s @ very heavy gas. In consequence, the

hicher the density ot the

orcater its proportion i tue gases, the
whole mixture [t follows that by taking the specific gravity of
a sample of flue-gas, we can caleulate whether sutheient air s
heme used, or the contran I'his relationship has bheen worked
out m considerable detal, and the following table 1s one result

( Stillman)

1, of COLindicates that 9 times the theoretigal amount of ai in the thue gasc




\nomstrument (dasvmeter) has bheen devised by means of
which variations in the specitic gravity of the gases from a flue
can be read continuously, in the same way as a pressure in a
power botler can be observed by means of a pressure-gange. For

details of this instrument and references on oas anialvses, see

Fhus, by a proper knowledge of the heating power of a
sample of coal, the user of steam may get a proper idea of what
he has to start with, and by an analvsis of the chimmey cases man

be mca position to tell what is being Tost by his appliances, and by
his method or lack of method.  Taking these facts into account

m connection with those brought out by a boiler test, he has a

tairl Aw-"\l'tll& idea of how cconomicall he s producing his
steam.  The value of an examination of the flue cases lies in hay

mg a check on the completeness of the combustion. and also on

the proper regulation of the draughts. Dy such an analysis unseen
I

and often unsuspected losses mayv he detected and averted

I'his 1s an age of keen competition Nowhere s this more
true than here m Ontario, where coal does not ocenr naturally,
and where the pric il rise rather than fall [Tere especially
must the user of steam exercise ever precauntion to cuard against

loss. Ttas only by a careful itelligent facing of the problem that

l\r Celll ¢ \:an Lo commpete \ th his ‘:\.14 ‘(\\.\\:a M(L"l t

2. SM0KE Co \MER NDOMECIHTANICA SNTORI

['he question of smoke abatenient is one to which much atten
tion has been devoted, especially in England, for many vears.  Of
all ordinary fuels, bituminous coal gives off the most and blackest
soke ['he smoke of wood, for instance, 1s of a very livht color,

and does not therefore blacken objects to anv very oreat extent

Of late, our cities have shown such rapid industrial growth
that the smoke question has already assumed great importance
In some cases, ordimances have been passed, requiring users of
steam power to use smoke-preventing apparatus. There are many
forms of smoke consumers on the market, the agents of cach
laiming that it not only consumes the smoke, but effects an appre
iable economy in the coal bill. Tt is not the purpose of this
article to advertise any special forms of apparatus: as it is felt

that whilst several of them possess merit in lessening the smoke
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issuing from the stack, vet it seems clear that different conditions
call for different remedies, and 1t is not vet demonstrated that any
one device has been able to show 1ts clamms to he a “Smoke pre-
venter
ome/of these apphiances consume a great dea
is true; but a relatively small change i conditions as frequently
suthicient to very sertoushy Timit therr etheiency, even i this essen-
tial.  \When, morcover, the question of cconomy of running 1s
taken up, it is found that a great diversity of opiion exists : and
it appears certain that some forms of smoke consumers actually
imcrease instead of dimiishing the cost ot power production,
Besides this waste i operation, some of them are costly to instal
often necessitating extensive structural alterations: and - a
few cases the cost of repairs (alwavs ditheult to estimate) 1s very
high !

I'he solid constituents of smoke can be casily examimed mi-
croscopically by drawing a sheet of cold glass through a tlame,
and observing the aspect of the blackened surface. Inats essence,
it will he seen to consist of minute particles of carbon, cach sur-

1

roanded by a sort of oreasy halo. Any fuel will vield smoke when

burned with an isuthicient supply of air—cven natural gas can

he so burned as to vield a commercial Tampblack known as “gas-
black imdeed, as a rule it mav be stated that those carbonaccous
stbstances which burn with the brightest flame under proper
conditioms, will vicld the most smoke when burned under unfavor-
Al)}l' ONes

\ smoky chimney is not to-dav looked on as a measure of
enterprise—indeed, many of the stacks that show most smoke are
attached to establishments i which there 1s only a small con-
sumption of coal. In fact, as will he shown, any attempt at smoke
prevention, or even smoke abatement, raises problems of great
complexity.  With hand firing, at any rate on the small scale, 1t
appears that a carcful, intelhgent fireman 1s a greater agent of
cconomy and complete combustion than any mechanical apparatus
as vet devised. Toven on a larger scale a grcat deal can be effected
by the same means

Some essentials of cood firing are as follows:

(1) The pieces of coal should be uniform in siz

() The firc doors should not he |<‘I'I open too l..ng or

opened too frequently
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(1) Coal should be added m moderate or small quantities

and i thin Lavers, towards the front of the orate

1) When the volatile constituents have been i

Vel i
VOl o

the coal can be pushed back towards the bride

Nos, 1.2

Pand 3 promote complete combustion without

undue loss of heat he great function of No. 3 is to
cnsure the actual consumption of the volatile portions ol
the coal; for, as mentioned clsewhere, colatile combustibl,
which 1s allowed to come burned into contact th th
/v“('/_' transmittn Y SUYTACCS ( //"]" ONCer T { ( CroO0c 0ul
cd. The reason for this is that its meré contact with these
surtaces cools 1t below the ter iperature ol co bustion, and
this part ot the coal escapes I]wlw‘ugh the stack as mere
unconsumed heated gas. Nlthough it is invisible, however
t figures m the coal bill, and 1t 15 apt to be foreotten
[he fiest efforts at smoke consumption were made by Jam
Watt in 1755, by means of what is believed to have been the fir
mechanical stoker, a deviee for pushing the coal, after coking at
the front, to the back of the orate. (o vards the hrido \Woatt

m the same year proposed to consume smoke by passing it

t

gether with the gases from fresh fuel and air throueh very hot
pipes. Smee Watt's time numberless inventions have heen patent
cd, none of which has <o far succeeded demonstratine it

superior eghciency by driving the rest from the market Nearl
!

1 1
|

all ot these mventions depend on the following classified princi

ples, either singlyv or i combination

(1) Nir admitted above the fre at frent of furnace

(2) \iradmitted above the fire at rdar of furnace or in

front of bride v

(1) Double combustion

(5) Drick arches above firg

(6) Hollow bridge walls and air ducts in the setting which
heat the air prior to its entering the furnace

1) Coking arches in front

(8) Down draft furnaces

(9) Powdered fuel—mechanical draft

(10) Gas furnaces




(11) NMechanmical stokers, divided mto two classes, viz

over antd underfeed, and the overfeed sub-divided

mto two, viz., sprinkling and coking

[t 1s unnecessary here to follow the course of the development

of smoke consumers. Tt is sathcient to sayv that two or three sig

niticant facts again and again brought out
(1) That the mventions mostly consist of repetitions of
older destgns with minor modifications
() That intellizence m their operation 1s an essential
often lacking

by That if the necessary intelligence and care are exer-

cised, there are many cases where good results can

he obtamed without special apparatus (up to a cer

tain size of mstallation)
1) Some of the mventions have certamly done much to

reduce smoke, but many of them have been too cost-

cither®in original cost or in operation; and many
(perhaps ally vield inditferent results under exact
me conditions —such, for example, variable load

Disrecarding  cascous  fuel svstems, the smoke-consumers

which are i most ceneral use to-dav depend on

\ lorcrn or Ixpeeen Dravarnrrs—aGenerally throueh fans
or steame-jets
I OVERFEED MECHANTCAL STOKEL [For exampl
. Pulverized tuel, fed ito the furnace with an adequate
supply of an
2 Inclined orates, with coal fed m from above m various

Wavs

C. UNDERFEED STOKERS

IF'or reference the following list of firms 1s apoended

e Reoval Automatic Smoke Consumer & Fuel Saver Co.,
l'oronto

he Tmperial Smoke Consumer Co. Toronto

e Smokeless FFuel Saving Co., Toronto

Wild's Smoke Consumer, Toronto

I'he Jones Underfeed Stoker Co., Toronto

The Murphy Furnace Co., Toronto

I'he Roonev FFurnace Co., Indianapohs
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BOILER WATERS AND THEIR PURIFICATION

['hat certam of the natural waters are soft while others ar
hard 1s @ fact with which evervone is famihar; tap water and
rain water would immediately occur to most of us as illustrations
of these two classes. To collect our rdeas we mav recall that hard
waters are very palatable, that they deposit a coating or scald
m the vessels mowhich they are botled and that for washing
purposcs a certain amount of soap must he used before a lather
18 ]ﬁlml‘tt\fi. while the soft waters on the contrary are less ‘i.l],l
table, do not form a scale on boiling and produce a lather im
mediately with soap.  These differences are due to the fact that
hard waters hold in solution certain materials, usually compounds

of lime and magnesia, the soft waters being practically free from

dissolved substances ['he natural condittions which lead to a
supply of cither class are readily understood. \Water 1s 4 power
ful solvent and che cal analvsis shews that not even rocks and
soils are exempt fre its action; thus, m a district underlaad b
limestones and dolomites the soft ram water during its dramag
to the strea md lakes i Ives those constituents which render
it hard.  Such rocks, | cver, as those which occur i the Mus
koka district are but ver liehtlv attacked by owater, and hence
we have n tl 17¢ on a lared \'H‘!'. ob solt water [t a line he
drawn from Midland to Kingston it mayv he said roughly that all
waters to the north are soft and all to the south, mcluding the
Great Takes, are har [n the latter district, however, are situ

ated a large majoritv of the manufacturing plants and the use of

hard water. accompanied as it invariablv is by the formation of
hotler scale, 1 therefore, worthy of son consideration

\s a rule boiler scale is yndesirable because of its non-con
ductance « f heat and also hecause the tubes are LﬁY.(‘lilAt'\‘\\ choked
up by its deposition, T ss commonly one of the scale-forming con

stituents of the water actually corrodes the botler in addition

\uthoritics vary in their opinions as to the amount of heat
lost through the formation of boiler scale, but it is generally
accepted that a laver of 1-16-inch thick will necessitate 10-15%

more fuel and thickness of T4-inch, an increase of 30-10% M

most convincing evidence of this loss is to be found i the stat



['he mechanical treatment consis

vhich results, as has already heen stated,

f the carbonates lme and magnesia: this
M1 unaltiecte

voretam the




4

idee, the cethereney of the device being dependent™upon a tre

quent renewal or cleansing of the flter heds ['his treatment
exceedingly simple and mexpensive and results fna considerable
provement in the water, - addition to the cconon ctfected

v the use of hot feed
'oa) Chemieal Treatment m the botler

his method depends upon the introduction into- the hoiler

A <ome chemical such that the scale-tormimg ‘constituents are
precipitated i the form of a soft Judee which 'mav be readil
blown otf I'he role of purtfving agent ma be taken by a

number of materials, of ‘'which many arce sold as boiler co
pounds. There are used for exampl oda ash, caustic soda,
tri-sodium phosphate, bartam chlorde sal ammonia atechu and

nut galls; in the case of boiler compounds a shimy or sticky sub

dance such as for mstance Irish mo potiton lmsced, sugar,
“molasses or oil, 1s often present in the misture to prevent the ad
hesion of the scale to the ctal. It ) ) npossible to dis
cuss the manv varietics of botler mpounds or even nple
chemicals which are on the arket, but certain general principle
mav be l(xw‘;ﬂl""‘ \lkaline materials hike oda ash, whatever
cffect they mav have on the scale, are harmle to the metal, but
HAM ~f1]l~!‘HIH Hl ‘1‘ H 1O Nl nut i . '\\ hecome
weid in the botle I produd [CERTEY ol s
nost universall Nl Nne« 1 Lt 1 centangil th <ohd
cale will rumm a botler or reduce its ethaeney more quich than
an Yl\\\!;it‘~\ Carctul expernment have <h 1

the temperature of the plate in contact with the w
clean 130 when orcasy G170 an cerease ot

plainly the great loss in the transmission of heat

lvaH\l ool s alwavs accompanic \ 1 leal

ends and also by huckle md Wi 1 the hotta rot |
ettle \[odern practice the use of simple chenn
cals of which soda asl phosphate are the favowm
1¢ I'he method of treatment s excecdmely 1"‘1r.« "o the

feed-water pipe is connected a valve-regulated smaller pipe whiceh
upplies a solution of the chemical desived : the precipitation takes
place inside the boiler and the sludge s frequentlv: blown off
e accumulation of soda compounds i the botler produces
]

¢ remedy for which 1s als

foaming or priming owing off



By the emploviment of this system farly satistactory results

have been obtaimed bhut 1t 1s significant that Lairge consumers have

m many cases mstalled water softenmg plants which will be dis
cussed later. FFor a smgle botler or a small battery the advantages
attendinge the use of chemicals i the feed water can easily be
seen. The first cost of a water softening apparatus, is avoided
and the treatmggt when properly adjusted to a water whose com-
position 1s constant, s automatic On the contrary the botlers
must be more frequently washed out than when softened water
1s used because the sludee 1s not entirely removed by the blow
ing off. Tt must not e forgotten morcover that the latter opera

tion mvolves a constderable loss of heat

Chemical Treatment outside the botler

\s has already been stated the tendencey of the dav s to-
wards the adoption of this method of purification and to judge
from the very rapid icercase i the number of water-softening

plants mstalled during the last few vears, it mav be gathered

that large consumers at least imd that a treatment of this deserip

tion 1s best suited to their purpose. The chemicals emploved ar
almost mvariably lime and soda ash e oldest and simplest
treatment mvolves the construction of twao tanks cach large
cnough to hold a dav's supply of water. One tank s flled with

the hard water, the ime and soda ash are added and the mixture
after thorough agitation 1s allowed to settle. \fter tl
has subsided the softened water is drawn off, or by the use of

1I¢ precipitate

flters the time allowed for setthng mayv be considerab!y shortened

f devices have

o mmprove this process mechanically 4 number «
heen patented and the machines are now on the market.  Of
these the best known are the Kennicott, We-T'u-Gu, and David
~on. Incall the supply of chemicals is automatic and adjustabl
an object which 1s secured by various mechanical means: the
methods of mixing and sedimentation varv., Tt 1s not within the
<cope of this paper to discuss details and for these the reader s

referred to the companies concerned

The best softening plants cost per horscpower in capital

outlay: P
Up to 1,000 h.p SO0 to £5.00
1.000 * 2000 “ 000" |00
2000 5000 0t 900 300

S.000 0 15 000 .20 200







OCCUT S a he adduce

those districts where natural
port of this statement. In less favored regions, coial or ol s
vhich have large calorific values ma

tunately their high cost has prevented videspread use

In general it may be said that onlv two varieties of this ¢la

ot fuels are of importance for the production of power, vi

turnace gas and “produeer™ gas. The former, which result
the regular operation of the m-hlast furnace, was formerly used
stimply for heatng purposes, but it 1s now ciploved Targely in
driving the Dlowing engines: it is obvious that th |
wvatlable for the manufacturer at laree, and hene \ 1 In
turther discussed in this paper
I'roducer™ gas, which has hecome very important conn

iallv, can be manutactured on the other han Jdymosn ) \
(quantities, and necessitates the use only of asmall and compact
plant [he methods of production vary according to the amount
of gas required, but the general process mav he deseribed as fo

low s \ir, or air and steam, are passed through a red-hot how

of fuel contamed m a suttable brick-lined generaton ['his gen
crator resembles, mdeed, a veryv ethicient furnace, and the fuel
and amr are mtentionallv onlv half-burned ['his cffect 1s fan

ored (1) by using a thick bed of fuel: (2) by keeping the te

perature below a certain limit (bhy varving the amount of steam)
and (3) by supplving onlv enough air to allow partial combustion

[t will be here observed once mor I"M\M 15 closely resembl

very bad firing as sometimes conducted under power boile
has been well illustrated by the remark on

W

[ndeed. the point
f veryv bad hring, that the owner was runnimg a gas-pro

CdSC
ducer and not burning the producer gas

[n the typical gas generator the process is usually continuons
fuel being fed in as necded, while the steam and air blasts are
introduced simultancously. Anv class of fuel mav b cmploved. Tf

however. a bituminous coal be selected it 1s necessary to introduce




Hydrogen 20) 10 10

Methand 3.
Ethylene 0.0
Carbon monoxide D 23 24)
Carbon dioxide ). ). b0
Nitrogen 19.5 . .0
Oxveen 0.5 0.0 0y
Calorific value (3.1 114 14 125

[he apparatus e general use_consists of two steel evhnders
limed with fire hrick, commected on the top and hottom with pipes
a tan for air, a botler and gasometer [Fuel 1s charged at the
top: air is blown m, also at the top, and comes mto contact witl
the fresh fue e product of the partial combustion thus
luced, 1s the “producer-gas ['oocether with any tarry distillate
the cas 1s drawn downwards through the deep charge of mcan
descent fuel and out through the hottom of the producer [t ther

iasses througeh the boiler, where its high temperatare s utilize
rate the stean hich 1s used for the blast; and is farther
cooled to about atmospherie temperature in its passage through
the water-spraved, coke-tlled travs of the “serubber whence 1t

I to the gasometer.  \When by means of regulating the amaonnt

|
i air admitted, the fuel bed has been raised to the desired tem
perature, the air blasts are discontinued [(he valves are now
adjusted so as to throw the two generators in series—in - other
vords, so that the current will o upwards through the first gen
crator, and thence downward through the second.  Steam 1s at

once admitted under the grate i one generator, and on its passage

through the incandescent fuel 1s sphit up at the temperature of the

fre: and, 1its clements combinimge with the carbon of the fuel
forms that mixture of gases known as “water-cas.” [t then travels
across the top connecting pipe to the steam generator and down
through the latter, passing out from the bottom of this generaton
o the botler, to the “serubber™ and thence to the gasometer I"he
essential feature of this arrangement is that with bituminous coals

the tarry vapors liberated from the green Yuel in one generaton







arc forced through the hot fuel hed of the second, hy which means
thev are ¢ ;»\‘«" casihe I'he current of the steam is reverse
at imtervals, \ good example of this tvpe s allustrated in 1 \
1t was crected by John Langton for the Moctezuma Copper Con
pai acozari, Mexico, and has been running for five vears in a
Vo itisfactor manner, the fuel beme wood

In many of the smaller plants the fan for producing the air
blast 15 dispensed with, and the suction iduced by the piston of
the cas engine is utilized for the introduction of air; no gas holder
1s here necessarv,  Generators of this tvpe are known as “‘suction
producers,” and are very satisfactory

\When the amount of gas required exceeds that corresponding
to, sa 1,000 hp., 1t 1s usual to mstal apparatus for the recover
of the bv-products. The bhest known svstem of this kind is the
Mond, which has of recent vears been used with great success
A, 20,000 hop. plant under continuous operation - Lngland pro
duced about 3,000 tons of sulphate of ammonia i a vear: aften
deducting all expenses for operating, the profit on this amounted
to nearly SLO0 per ton of fucl. The only Mond plant in \merica
is at the works of the Solvav Process Company near Detront

her aving ol fift ents per ton of coal was cffected with a

dai nsumption ot 150 tons

\ttention ft bhe drawn one ot the greate @
tagc I producer gas, the entire absence of smoke

[t mav be asked why ordinary illummating gas cannot b
used for power purposes. The answer 1s that it 1s too dear. “The
explanation of the difference i price is a simple one. Disregard
mng nor factors, we mayv sav that, in order to obtain a gas of
suthicient illumimating power for house-lhghting, the distillation
of coal 1s conducted ich a manner that only a portion ol the
coal is vasitiecd. Immense quantities of coke, tar, ete., are left in
the retorts and mains of gas works.  In the case of producer-gas,
the conditions are such that the fuel mav be entirely gasihied. Gias
producers therefore vield an mmmensely larger quantity of gas

than ordinary gas retorts

ake producer-gas a che:

the increase 1s, in fact, so very large as

ip fuel, whereas coal-gas 1s a dear one



THE COMMERCIAL DEVELOPMENT OF POWER
FROM GAS

.\ R [ 1
| he deve prient of po r IS ¢ ( )" (
CUTTONS ( I'or nearlv thn cil IS CHNYIN e he n
I ;:.11;\1'. hut <]v1!w:1 hiteen cat ol that perrod th 1" Vas
racticallyv at a standstll, due lared to the tacts that the fuel
el was ordmary illuminating cas purchased  fro tl

pantes at a ngh price, and that the carlier gas engines were un-
certam m operation, while steam developments were advancing
o rapudly that engineers were not devoting that amow cl
on to the 1S Cngin | ceenved  Tater Durn recent
car the mcercased cost I coal ha ( CIile LI Lt \ I
1 CNUTNC from the il ! 1N hose 1 t

1 neat reached, t (R 1¢ vhere ccon ¢ h
the cam engime can never hope yattianm, can rea 1 (
I'he e ([Q Lo 11 ¢ " t
e begun m 183 vhien a5 horsepower engine A n
it an exhibition m urope In IST9 at a si i« ) 1
16 hon CPOWCT CNEI \ 1 operation I tha ntil
ithin the last ten vears, the development wis ver In
1900, however, gas engies of about 1,000 horsepower, and in
1903 cngines of 2,000 horscpower were available, and it only
remains to chromele the fact that the California Gas and Flectric
[ight  Corporation have  just  contracted  for  three 1000
KNAVL three-phase  alternating generaton liregt-connected  to
5,100 horsepower engines, to indicate the rapid  development

which has been made sinee the beginning of the present century

['he sudden merease which took place i size of units from 1895
to 1900 was due to the use of blast turnace gases, since the smel-

ters found that furnace cas, though of low calorific value, could

he utilized tor operating blowers for the furnaces, thus obtaining
power from what was formerly a waste product.  This acted as

a spur to the engine builders, who were compelled to build tyvpes

suttable for a lean gas for large powers ['he greatest factor,

however, in the development of power from gas is the commercial

development of the gas P ducers




W hen iirst avatlable, the gas producer was committed to the

usc ot hard coal or coke, but recent progress has determined the

I t
entire feasthility of usmg almost any quality of  combustible

material, from the best hard coal to carbage: and has placed

1

within the reach of the

rdimary user a power plant which can

1

v and safel

mstalled, and which, even i the smaller
sizes, will produce cconomical results which cannot be approached
by the use of the hest steam engmes and hoilers ['he trickiness
and uncertamty of the carlier forms of gas engines having been
climmated, 1t scems safe to sayv that less experience 1s required t
operate the modern producer and gas engine plant than to operate

a steam engine and botler plant
I'he advantages claimed are as follows
[Less coal used per horsepowet
Cheaper fuel may he used
Sunplicity
No high pressures as m steam plants

Readiness to start at a few minutes' notice

IClimination of smoke
\s recards the efticiency, 1t may be sard that builders are able
to guarantee a brake horsepower from the burning of fro
I 1'% pounds of coal, depending upon the size of the plant
& aring this with steam engine and botler consumption, we
find that it corresponds with from 2 pounds to 5 pounds of coal

per horsepower per hour, it the same quality of coal be used in

both cases In addition, it 1s also quite feasible to use cheaper

fucls in the gas producer than under botlers, with good cconomy,

orcater savinge 1 the total fuel cost ['he elimination

11
st

of high pressure steam s also an mmportant feature, as no pres

sures are required m the gas plant "he ability to start quickl
is especially favourable in electrie light and street railway plant
where sudden demands may arise, as hittle time is required to start
ras engines ; whereas, in the steam plant, either fires must he banked
under idle hoilers to provide for a sudden demand, or time must
he wasted 1 getting up steam

Within recent vears municipal authorities have been hecoming
more and more stringent as regards the smoke nuisance.  Since
in the gas plant the products of combustion leave the engine as
a burned-out gas free from smoke, this nuisance is elimmated. In

an ordinary furnace the endeavor is to obtain complete combus




1

dttinnmy

to-carbon dioxide as nearlv as possible [n the producer, on the
m"‘w\ “.m‘l only «Hwi“g‘i \“mx! 1 'm,'\:'wi to asiny I‘m tuel ",x
( n product ben urh momnoxide v plete ts
[} 10N carbon « ¢ the Imder of the @ « I
ther VOTds 1 the ordina hea 12 Turnace IL1¢ V) (
<tilled isthed and hurne the producer only the hest three
perations take place \ rouch estimate of the number of cubi

feet of producer gas obtamed from one pound of the various

fucls 1s given betow, mowhich the heating value per cubie foot
iries fre 120 to 110 Drtush Therma n [ependm pen
¢ ctheren I production
( k¢ 10) ( -‘\, feet
M NOUs Cont P ) Ct
[ coal—> e feet
I'urt y cubic fed
W O o cubie teet
( (B el l e ( L ( 1 (
1)t (& 1 ( 1 1 ( 1
| L \ 11N ( ) ) \
Oong the n her of cub fect cacl 1 CeL \ 1
CC O I.v\l.\‘z\;y or per | LT 1 ( 1 L= St
oenging
B.T. ! Cul Fo
wer “l
Cubice Fed 1. bL.P
Nitural Gas IR ERLLT 12 to 13
Coal Gas (HLTETS) TO0 15 to 20
Witer Gas 250 10 BT 1o 1o
Producer Gas 125 to 1.5 1o SO
Blast Furnace. [T 110 10 1o 120

[t does not follow, however, that the commercial efhciency of

he gases above \Hmurwnnvl IS I proportion to the heat eft

tor mstance,




has heen used m osmall engines operated from local gas plant
but on account of its high cost, it presents very few attractive
featurces apart irom the chimmation of the boiler Coal gas

made from the distillation of hituminous coal in retorts, the vapon

being distilled in the low temperature part of the furnace and

m the hot part: the tarry matter s then
tractc leaving coal gas and coke as the product
\ ater gas, which has to a 'm'gn extent superseded coal cas
to1 minating purposces, 1s produced by the mtermittent, alter

nating or continuous blowimge of steam and air through a thicl

candescent fuel; and, bheme almost non-lumimous,

carburctted tor 1llu natimeg PUrposes 1 hyvdro-carbon vapon

which are made into fixed gases in a superheater. Dowson gas

vhich has obtained a large use in Furope, is of this class. \Whe

s r power the carburettin Nt Up tll recently

was th (| ( | IS 1 1( 1 on m «

parat ol \ ( .
['roducer cas 1s the most mterestimg from a powet point of

V1 hemg produced more cheaply and simply than any of the

others abive mentioneds It s oblained from the

1stilat

cither anthracite or hitumimous coal, or, m fact, from anyv con

Dustible mageria \ part of the heatme value of the fuel 1s used

m viot ne the remamder : the ]mﬂ‘.‘: t1s carbon dioxide, which
on risinye throu the upper part of the mcandescent bed of fuel
l)mm' (SR m"\\\'!mi mto «‘H]u\‘ 1 m'\u\m‘u H‘. Hw\y;; tion ‘m“‘

vaporizing assisted by blowing the fire with air or steam, or

ST of the calorttic value of the tuel to the engine

[last furnace gas is a lean gas derived from blast furnace
consisting chietlv of carbon monoxide and a great deal of mert
ntrogoen In blast furnace operation atoas |"'*\“|"‘ onlv to utihize

metallurgical reasans,



(M)

Hi 00

1)

| o




LM v“.‘p.v \"MHV ma b ‘.,‘\.‘:‘ |

spectively pressure and suction plant

down through by the action of a stea
( ) the ction produced hy the roke of t
pended upon to draw air through the produce
are usuallv confined to those of small size, and o
mme of hittnmmouns coal onl e re s
plants on the other hand, having an tern:t
to furmsh defimite gquantities of stea il asr fotl
utihized tor the lareer development md either
imthracite coal v he s [ the ( AT
15« ted f ont ¢ e e 1N ’
oas 1 suthcrent quantitic irectl 1o 11 DI
tion stroke In starting up the suction plant
sary to obta low of oas by the a Lol
gencerallv operated by | e st et
Ton cveral function

I [t raises the calorthic power of the product

ne [t imcreases the hust h l

h lerived 1 the stea

2y LT C he nitroeen b v‘\‘ m
ot the nece Iy« ( from the stean med 1t
temperature ot ( In other words, 1t proy
m the holder

It also prevents chinkerme m certaim clisse
to this troubl I'le steam hen denveloned in
from the hot viases from the producer and deliver
orates of the furnace 1 \w' transten weat fron
furnace i the form of steam. and the Tosses

probablyv avera

the

mterchanet




nan

. i~ the ubject 1s too c ]‘\ tted tor a short discusston, mvie m
v constderation of the rival cla of smele and double acting
CNYT scavengimg tvpe ot ind at ent of all the «
| 1 cntern too the relative itocach v the
present object bemye to ascertam the commercial valu ] \
power as compared with stean [“rom the commercial standpon
the competition of cas powet th stea 1S a4 question of rehia
V,‘ { .“ p

\ I'¢ 1 the f 1 )" Late ( h {
{ nresent time that a 18 ¢ plant 1 reliab
1 probab ' tha tea W L |
negy of the trouble to hieh pre e wch as t 1 the
latter. Concernimg the cost of developme power, tl n
1 fxe harge h a 1T i depreciation, hut the
N fie ( pplie imn Cpit R
tran (S | l 1 Iy Late cnera nat ton 1
the capital cost per horsepower will be higher for gas producer
and enemes than for botlers and stea CNY In the lared
1zes, however, approxmmating 500 horsepower, the cost of first
class steam plants and of first-class gas plants will he about the
[RRRY theretor for the s plant to st 1S ¢N CICL 1 miust
| LS 1 the operatine cost tke up for the mereas
tfixed charee O these operatimg cost <peakineg ‘KHMAM
v be assumed that the cost of supphies and repairs will not
: he very different \s regards wages: In the large pldnts, at least,

this item will be somewhat smaller than for steam, due to the sm
(quantity of coal and ashes to he handled, and the \!'m]."{ o ration
i the Mw::\v".ww :xuwi vith the hotler In other word tl

b

"\"w*' M thie ]y(‘ﬂ] roo
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Appendix A

W hen valuing coal, it 1s of the greatest importance that af
ample should be taken ['Tiis 1s obvious when we constder that g
iy impurities occur in lumps—e.g., slate, pyrites. .\ small
ample, therefore, taken at hazard from a car of good coal ma
how 30 to 109 of ash, or 1in some other wav entirely musrepresent
the bull ['he variability of coal 15 so great that m order to gct
a fair average, experience shows that the only practical way s to
ake aovery intimate mixture of samples drawn from ditferent
parts of a lont I'his mayv be hest accomphished b takine a o
ful of the coal from various portions of the load, and placimg tl
clected part on one side. N Tiberal number of such sample hould
he taken, and a cone-shaped heap formed. Now proceed to dea
vith this large sample by what 1s known as quartering. Flatten
the top of the heap, and divide 1t by a line through, and then
another at richt angles to the first ['he cone-shaped heap of
coal 1s now divided rouehly into four quarters [ake two ot
these, from opposite sides, and shovel the selected quarters imto a
fresh heap, rejecting the remamder altogethen Now  for !
<ccond cone-shaped pile, again flattening at the top. Divide this i
into four quarters as hefore (a piece of board 1s a good mstru
nent for marking the divisions) @ take two oppostte quarters an
separate them, again clearing awav the rejected portion. Repeat
this operation, mixing well cach time, breaking large Tumps down
to average size, as often as mayv be necessary in order to reduce
the original heap of coal to a sample of a few pounds, when it is
ready for further similar treatment i the laboratory In the h

laboratory the coal is ground down to a fine even powder, and the
quartering continued until the sample may be considered small
enough. .\ small portion is now drawn from this thoroughly uni

form sample and analvsed as described




THE VALUATION OF COAL FOR STEAMING
PURPOSES

Irom the Chemical Longineer
) \ »
RONINI | AN 1.\

Vorstire.—Dry one gram of coal in an open poreclain o
platimum crucible at 1041 -107° C. for one hour, best in a doubl
walled bath containing pure toluene.  Cool in a desiccator and
wergh covered. The loss in weight represents moisture Coals

contaming more than two per cent. moisture can not bhe pulver
1ized without loss of some of this from air drving.  In this case a

determination should be made using from 10-100 orams

coarsely ground coal, and also one upon the finelv ground co

In reporting the analysis the percentage of moisture in the coar el

ground sample is given.  The results obtained by the use of the ms.
5 ) 4

finely ground one are merely to correct the determination of vola '

tile combustible matter, ash, etc., which would otherwise he too

high since they are made upon the finely ground sample, contiin
ing less moisture than the true percentage. To correct the other

constituents, when the moisture 1s made upon the coarse

Divide the difference between the two moisture deten
by 100 Tess the percentage of moisture in the fine sample. Multi
ply the per cent. of cach constituent as found in the finelv ground
sample by the above quotient and subtract the resulting product
irom the amount of the given constituent ['he difference is the
per cent. of the given constituent in the coarse sample

I"olatile Combustible Matter—7Place one gram of fresh un

1

. : . 1
dried tinely ground coal on a platinum crucible, weighing twenty

or thirty grams and having a tightlv fitting cover.  Heat over the

full flame of a Bunsen burner for seven minutes.  The crucible
should be supported on a platinum triangle with its bottom six

or eight c.m. high when burning free, and the determination
should be made in a place free from draughts. The upper surface
of the cover should burn clear, but the under chould remain coy

cred with carbon.  To find volatile combustible matter subtract

Method of Committee of Am. Chem. Soc. on Coal Analvsis
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Appendix B

PARR’S CALORIMETER

Parr’s Standard ( alorimeter is probably the

n the market ['he results obtained by it

means are satistae
and rapud, and

lo not require so much manipuliat

most calormmeters

=

¥
Fig. 1. Fig. 2.
OPERATION
I'he facility of operation mav he shown by o In ot deseription

it the apparatus

Figure 1 shows the cartrided lac 1 weighed




Appendix C

['lie instrument referred to as a d

Sieeert & Durr, Munich, It consists of

¢, through which a-scurrent
['he arrangement 1s such that
disturbs the balance

1

dl dna




