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As the gases pass onward, tlîrough the tubes tlîcy becoznc
cooled, but tîtose of ilîihr tcmiperaturc part inost readily with'
thuir hecat, undi ut the saine tinie thxir volume ansd conseriluent
velocity arc rcduced, stili furtlicr facilitating licat transmission.
Oit the otlîcr hand the gascs of Jowcr initial temperaturc trans-
init their lieat less rapidly and thc final result is that withi'i
practical limlits the teifiperature of thte escaping gases is least
witlî the grcatest excess of the air supply. The fact just prc-
sented points toward the cconosny to, bc secuired by comptira-
tively high rates of combustion, when thec proper rate of licat-
ing surfacc to gratc surface is provideti. A lîigh combustioin
rate manlifcstly requircs a thicker fire, which in turn prcscnts a
better opportunity for contact brtv"eii <u and air vitlt con-
sequent econorny ini thec supply of the latter. Less air resuits
in a more in tensc fire, a Itiglier furnace tcnipcraturc, a greater
transmission oi lient to the water within the boiler, and it re-
stîlta *nt liigher evaporativc efficicncy. But a thicker fire requircs
a grenter intcnsity of draft to overcome the increased rcsistance,
while the relatively smaller arca For~ passage of air neccssitates
a higher velocity of that air, andi furtherniore, the incrcasc.I
iiitcnsity to produce this velocity niust bc proportional to the
square of the rate of lln%. Thtis condition is most readily met
by the fan, wvhich, uîuler normal conditions, produces an ini-
tensity eceeeding tltat of an ordinary chimney, andi wlîicl canl
without trouble maintair. the higliest practicable rate of
,combustion.

Mie loss rcsulting from the formation of smoke is absolute,
for it is equiv'alent to dircctly robbing the tire of a part of the
iuel fromn which flot only lias no lieating effeet bcen secured, but
upon wvbich heat lias actually been wastcd in ' raising it to the
-tempcrature of the cscaping flue gases. For the prevention of
-smoke, Sharp, intense draft is necessary, properly regulated and
capable o! !urnishing the required anlounit of air, both below
andi above the coal at the very moment when it is most needcd.
This restait can bc best secureti by the introduction of mechan-
ical draft which is ordinarily Sa rcgulated that thte deurcase in
steami pressure rcsulting from Ille opening of Ille lire doors.
thc charging of the furnace, or thte clearing of Mie fires, in-
stantly causes an increase in the specd o! bte fan and in te
intensity of the drait and the volunmc of air. A loss incidcntal
ta poor draft is that due to the fornmation o! carbonic oxîde.
'The formation o! this gas instead of thc complete -product of
-conmbustion, carbonic acid. results from a lack of air. Sufftcient
:air can best be secured by some mens like the, fan, wvhiclî
*11der automatie regulabion increases both thte intensity of the
-draft and the volume of the air when required. As a restaIt, thc
pressure Forces the air in sufficient quantity tonai spaces betwcen
-the fuel, and rentiers the combustion practically perfect.

By far the most important o! the factors connected with the
*operating expense o! a boiler plant is the cost of the fuel.
'%,vhlen burned under suitable conditions, the dccreasc in its cost
'Far outstrips its decrease in efficiency, so that the solution of
-the prablcm involves ibsel! with the provision o! the proper
-co.nditionis. As a rule the chcap fuels, like the fine anthracites,

r'-. 1uirc for teir combustion ai intensity o! draft wvhicli the
ordinairy climnciiy îs incapable o! producing. The draft actually
requireti ulider given conditions is clearly shown by these te-
sults o! tests by Coxe:
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These coals, which are anîong thte smallest in size, wvere
burned en a special form of traveling grate, anti thec air pressure
wvas ruaintaineti in the chaniber bcncath. Tt is noticeable that
%vith practically constant combustion rate andi evaporative
effiincy, tic draft increases very rapidly as the size of Ille coal
decreases.

RELATIVE ErrîClnNCIES OF VAIbIOUS COALS.
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Anthracite, broken. ..
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Tie comparative efficiency o! variotas coils as deternuined
by Battus is indicated in the accompanying table, wliich speaks
for itsel. The evidence in fayot of burning Iow grade fuels is
cotnclusive. Such results cati, hovever, only be secured by
phosibive anti intense draft. It is truc that as the quality of coal
grows poorer and thc size of tce particles less. it becomes
more ilcessary bo provitie sorte special form of grate or stoker
for its proper burning. But even without an economuzer ta,
ut*Uize the %vaste heat. the burning of cheap fuel by ilechanical
diraft wvill, under perfect conditions. showv a decideti saving.
after dite allowance is macle for fixed charges on the special
furnace arrangements anti for the cost of operating the fan:

evap.tom ~NNNUAL SAVI.IZS RESULTING PROU. h1URNING CIIEAP FUEL- COST P'ER TO14.
andl Ai =20

C $0.. 0.75 1.00 1.25 1.30 1.75 2.00 2.23 2.50 2.75 3.00 3.:25 3.50 3.75 4.00
11.00 4,892 3,669 2,446 1;223 0.000
10.50 5,474 4,193 2,91Z 1,630 349
10.00 6,115 4,770 3,424 2,079 734
-9.50 8,240 6,823 5,407 3,991 2,575 1,159
9.00 9,103 7.610 6.115 4,621 3,126 1,631 136
8.50 10,074 8,491 6,909 5,326 3,743 2,160 578
8.00 11,180 9,478 7,797 6,iîs 4,433 2.752 1,070
7.50 12,3Q3 M0599 8,805 7,012 5,218 3,424 1,630
7.00 15,724 13,803 rI,88I 9.959 8,037 6.115 4.19.3 2,272 350

Thîe possible savings with low grade fuels anti mechanical
draft are still further cvidenceti by the acconîpanying tables,
vvhich show for a î,ooo li.p. plant, the annual saving, baseti on
3r2 days o! io Itours caci, wvhicli wotîld restait froni the substi-
tution of a che.-per fuel for say Cumberland coal. costing, in
round figures. $4 per ton. andi cvaporating il pounds of w 'ater
from and at 2î2Q per poti of coal. Under thcse conditions the

a-nnual fuel expense wotild bc $îp,s68. If the assumrption be
nide tiat a coal costing. $2.5o,-and evaporating anly 9 pountis
o! water is substituted, the annual saving wvoulti be $4.621. The
cont o! operating thte fan even if the exliaust steamn was not
utilizeti, anti.it requireti xMi_ pet- cent. of the total coal burnpd.
%vould be only $224, and if this Yv'ec chargcd against the saving
it would stili amount to $4,397, a suni sufficient to, shorw a most


