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lbs. af nitrogen, and the products will be a chemnical
combination Of 3-66 Of carbonîc acid-the nitrogcn,
89,k lbs., passing off in an unaltcred State, excepting
that it is heatcd and expanded to about double its
volume. The total wvciglht of the product ai the comn-
bUStion is 12-60 113S., but Wve have left out the sulphur
caîîtained iii the coal. We will naîv supply d.b. of sui-.

phUr Witil 4-35 lhs. af atmnosplîcric air, making 5-35 lbs.
in ail. 0f this i b. of sulphur and i IL of oxygen imite
and make 2 lbs. of suiphiurous acid, leaving 5-35 lbs. Of
nitrogen aga n unchanged aiter passing through aur
fire. It then follows for the pcrfcct combustion of r lb.
af carbon, i lb. of hydragen, and i b. ai sulpir, the quan.
tities of air, cheinically consumcd, are for the hydrogen
34-8 lbs., or 47.5 cubic feet, and the product is watcr.
For ane pound of carbor,, ix 1 - pounds, or 152 cubic feet,
product carbonic acid ; the sulphtir uses 4-35 Ibs. Or 57
[cet, product sulphurous acid. If we should cut off our
supply of air ta one-hali for the i lb. ai carbon, using
5-7 lbs. Or 76 cubic feet, the product wvould be carbonic
oxidc,somcetinmcs called niarsh gas, which is inflammable
and a great detrinient ta the lient, in fact, a perfect
wvaste of the coal and heat. It is then evident the chief
governing element for the perfect combustion af the
coal is that the amouînt ai air passing through the coal
be sufficient, and i.n order ta be sure tlîat we may have
enougli, ive niust construct aur furnaces and openings
therein ta, carry an cxcess ai air, the amount af wvhich
can only ho deternniiîed by experiment at each furnace.
In tests condmîcted in Gerniany, and alsos at tine Cen-
tennial in 1876, it wvas found tînat passing -24% mare air
tlnrorîgh the fire than ivas theoreticaily required, hiad
no effect an the evaporative efficiency of boilers. The
heat of the fire is received by the hoiler, first by radia-
tion, then by convection. Experimients conducted by
Williams and other Englisli experts, show tlîat the
wvater evaporatcd by radiation is very much more than
that by convection. Take for instance anc of aur or-
dinary return tubular boilers, and the evaporation per
square foot cf tube surface wvill be less tlîan one-fifth of
that at the fire sîncets, thus showing the absolute noces-
sity of designing aur boilers to secure perfect circulation,
and oicareiully proportioning Une amount olgrate surface
ta the lîeating surface, ln the great test of boilers at tlîe
Centennial Exhibition at Plîlladelphia in 1876, wliere fif-
teén boilcrswere tcsted as tatheir capacity tamake steam
and as ta their economy, it wvas found that by reducing
the rate af combustion thirty per ceni. tne quantity af
wvater cvaporated wvas only reduced 23 per cent., and
at the sa.-le time the evaporative efficiency wvas in-
creased U~ per cent. The difference ln the temperature
of the escaping gases wvas .56' F., being anly 4090 at
the most econamnical point, and 46.50 when steaming te
their greatest capacity. This - oes ta prove that for-
cing a boiler is a great detriment, in fact that it is one
ai aur great wvastes of heat. The average ai a continu-
aus test conducted in Germany is reportcd in D. K.
Clarke's 18Steani and the Stcam Engine." The test
wvas conducted for nearly four years an twva tubular
boilers steanirng night and day, when it wvas shown that
about sixry per cent. ai the lieat ivas utilized for the
formation af steam, and that more than halfaof the re-
nlaining fortv per cent. wvas Iost by conduction and
radiation thraugh the brick walls. The average heat
of the escaping gases was 36o0 F., and carried off .5
per cent., %vhile the lasses due ta ungencratcd heat and
escaping carb6n particles; did flot exceed one-haîf ai
anc per cent. The proportion ai grate area ta heating

surface wvas changed during this test tlîree times .tlîe
most economnical point being i sq. ft. grate surface ta 34
sq. ft. The duty af boilers is generally cxpressed by the
numbor af potinds ai water they wvilI evaporate by the
combustion afi pound ai coal, and that ait may be
trcated alike, we say fromn a temperature af 2120, anid
undér atmospheric pressure. Ia this case the temîpera-
tutc is nat raiscd, the wvater is merely passed from a
liquid ta a gaseous state and the lieat ta be imparted
is that ai vaporisation only. The numnber ai thermal
units necessary ta produce tinis change diminishies con-
siderably as the temperature increases, being at 320,

1091.7, and at 2120, 965.7, wvhile at a pressure ai 210

lbs. and a teraperature af 385.67, it is 0111Y 440.4 under
atmospheric pressure. The total lient rînits, containeci
in the steam is 1178.6, ai which 965.7 is ta be imparted.
In coal ai a good average quantity the percentage ai
hydragen, wvhose heat ai combustion is 44j rimes tinat ai
carbon, wvill neariy compensate for the inc-'mhustible
ingredients, s0 that for aur purposes we may consider
that a potînd ai good coal is about equal ta anc pound
ai carbon, and as ane paund ai carbon will Cive as the
heat i.f its caîmbustian 14,500 therinal units ai heat,
wvhich if divided b3. 965.7, the amauini afiheat ta be imn-
parted, ive have a resuit ai 15 lbs. ai wvater evaporated
by one pound ai coal. Naw, in practice. if wve couîld
show an evaparatian ai 12 lbs. ive should da fairly well,
but in many cases wve do not show mnore than 6 lbs.
ln ordinary practice. Evaporation ironi different teni-
peratures and under different pressures, the equivalent
oi this tineoretical duty is ascertaincd by the following
rule: The weight ai water evaporatcd by the coin-
bustion ai a pound ai coal varies inversely as the
quantity af i ent necessary ta be imparted, tlîus-to take
an extreme case, let wvater at 320 be evaporated tînder a
pressure ai 120 Ibs. per square inch, counting iramn per-
fect vacuum. The number of thermal units contained
in the steam is 1217.94, the number in the wvater 32.
Nonv, then, as 11.58-94:96.5-7:: 12:9-77, wlnich is
therefore the equivalent number ai potinds ai wvater
evaporated by the combustion ai a potind ai coal under
these conditions. The evaporation duty performed in
evaparating from, feed waters ai a given temperature
inta steami ai any pressure having bcen asr.-.-ained,
the equivalent evaporation fram 2121 and under
atinosplneric pressure is found by reversirg the propor-
tion just illustratcd. As an example, Jet g lbs. of wvater
be evaporated irani a feed wvater temperature ai 1300
inta steamn afi oo lbs. pressure, by the combustion ai
anc pound ai coal, then the total heat units cantained
in steamn at that pressure is 1213-850, ai wvhich the wvater
contained 130-192, lcaving ta be imparted 1083.658
and as 965-7-Ia83-658 -:9I.1o, which is therefore
the equivalent evaporatian ftom 2120 underatmosphieric
pressure. In cannectian with heating of feed watcr, it
should be heated Up nearly ta the full heat of the ex-
haust stcamn by wvaste hient from the engine, each 9'50o

ai heat added ta the feed water, resuits in a savi ngaof
ane per cent. ai the fuel used. It is reasonable ta, sup-
pose that many ai aur wvastes can be remedied. Let
every member start at once ta study up his furnace,
his coal, lis feed water, and the amaunt ai air lie is
using; sec that you are flot distilling marsh gas la your
furnace; sec that the brick wiork is tight and in gaad
order, so that ail air admitted mtist pass through the
lire; sec that the surface ai thc baller and flues arc
dlean, that thcy may readily take up and conduct the
hient ta the water.. Experiment a little in your own


