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COÏNBUSTION.

C.A.S.E. Exeutive Oflice,
Lesson Paper No. 4.

Hcat ar.d motion art so itiii.ttcl* çuniiucte1 togetiier that
yoii cannot have one witlîout lthe other. Any body of matter
itiat as ubsolutely sutl would bc at absultite zcro, Or 461* L'clow
zero on Failîrenhîeît's scale. Tyndall tells uis that lieat is motion;
and by combustion wc men tîte combination of chenical cle-
inents coxnmonly callcd burnii.g. Ail nitter or any body of any
îîîaterial is cier an clcnicnt, a compotund or a mixture. [roln.
gold, silver and oxygen are clements, wood, watcr and car-
iîonic acid -are comp9junds. Any substance that cani bcclccomn
posed or divided into otilLr substances ks callcd a compouid.
Lime may bc divided jîtto two other substances, calcium and
oxygen, and ks a compouund. Tiherc art; îuanj substances chic
cannot by any known proccss bc subdivided into ailier sub-
stances, such as gold, sulphtur, iran and arsenic; this being the
case tlicy are callecd elements. Thc clenients wc wihl considcr -arc
hydrogen, and its symbol is 11; oxygen, O; nitrogen, N; car-
lion, C; suilhur, S. In referring to these eleniients thc symbol
is the first letter of i'.s name; as C for carbozi, etc. WVhen two
or more cleients are broughit togcthier utuler favorable circum-
stances, they ilh combine and borin a rieur substance cntirehy
diffecnt from cither of thecleements.

Hydrogcn is a vcry liglit gas and burns with a stcidy blue
ilame, and st burns because of a cliemical combination ivith tlîe
oxygen of the air, and thc prodLîct of tiuis coanbinatian is
ivater. Just as checmical combinatiosi produces lient, sa will
chemical separatian absorb lient. If carbon and oxygen are
brought together at a laigl tcmipcratirc tlicy borm carbon
dioxide; hydrogen and o\ygen bormn water; hyclrogen, nitrogen
and oxygen wvhen conibined under certain proportions foama
nitrie acid. Amimonia is formcd by a combination of nitragen
and hydrogen, and is a very different gas froni citber of ils coin-
poniraits. Ini iaking these combilntions a certain amount o
hient is produccd, and if these clemients arc scparatied tb c wili
absorb exactly the saine amount of lient produccd by thecir com-
bination. It is supposed by chcmists chat equal volumes af aIl
gases, wliceîhcr simple as clements or compounded, contain the
samne number of molcculcs, and that each niolecuile is contposed
of two atams. Suppose tchat hydrogcn and axygen arc in con-
tact witli cacli othecr and arc heated, tbcy will combinc and ionm
steam or water. It wihl bc bound tchat two atoms of bydrogen
wvill bc seized by inc atomn ai oxygen ta, iorm ope niolecule af
watcr, therefore the volume of hydrogen must bc double chat
of the o\ygen. Hence wve have for a symbol HLO, that is two
parts af hydrogen to anc of axygen. Hydrogen and carbon
also foama a compound, cadi atom of carbon seizes four atoms
of hydrogen and fornis a molecule af niarsh gas, the symbol
for wvhicli is CHt.

Mixtures may be formed af two or more elements that may
bc mixed together, but wvill not combine ta form a new sub-
-tance. The ordinary atmospheric air is an example. It is comn-
posedl of oxygen and nitrogen; 23 parts by weight of O t0 77
parts of N; these twa gases arc îîot chenicahly combined, they
are onhy mixcd. Combustion is only a vcry rapid chemical coin-
bination, in which the oxygen of the air combines with the
carbon in the fuel. Oxygen bas an attraction for ncarly ailIlle
cecments, but more especiahhy for carbon, and wlien tîhcy mict
at their igniting tempcrature thecy combine withi great rapidity,
and make a roaring lire, and give out a great quantity of heat,
as in a boiler furnace.

The cecmcnts chat enter into combustion are carbon, oxygen
and hydrogen. *Whcn carbon and axygen combine thrx-~ form,
CO,,, or carton dlioxide, and wlien oxygen and hydrogen com-
bine they form water, HiO. These are tie praducts af
combustion.

In aur furnaces we take thie oxygen (rom ttc air, and the
nitrogen passes tbrougb thc fire wiîla it, but cakes no part in the
combustion. Now COz or carbon dioxide is composed Of 12
parts by weighit of carboît ta 32 o! axygen. Hence ta hurn a
pound of carbon requires 32 -î- 12 = 2 2-3 lbs. o! oxygen, but it
wvill take 11.6 lbs. of air ta supphy the 2 2-3 lbs. of oxygen,
because only 23 per cent, af thie air is oxygcn; i lb. af carbon,
if combustion is conîplete. will give z4.580 B T U., and tte
product is CO2, or carbon diox\ide; but if carbon axide, CO, is

thc prodict Ille resulit is 0111Y 4,451 B T U. At the commente-
Ment af COMbUStion 1 lb. ai Calîbon <C) Imites Withi 2.66 lbs. Of
oxygenl, and forins 3.66 lbs. Of carbon dio.side, setting frce
14,580 lient units. The volume of tic CO, is the samne as that
of the air froîn whichi it wvas formed, but its density is grcatcr
and Uic combustion is çutipletc, but if the air is wanting in
cîuaîtity the± 3.66 lbs. of CO. absorbs i lb. of carbon, mnaking
4.b lbs. of carboulc .ide. CO, or marsli gas, and thc hieat
set frcc by tlîCSC 2 Ibs. of carbon is 8.902.8 lieat units, or
4,451.4 per lb. of carbon. The combustion of a IL of carbon to
make (CO) only recluires 1/2 the quantity of oxygen that is
nccessary to forni (GO,), bccausc in thc gas (CO) one atom 0f
carbon scizcs only one atom, of oxygen instcad of two. Te
btîrn i lb. of carbon tfi carbon dioxide (COi). reqîîires i 16 Ibs.
of air, ivhiie to burn it to carbon oxide (CO) ivould oni>'
require 5.8 lbs. of air. Thc quantities of air rcquired for coin-
bustion of fuel cati bc seen fromi the following table:

Air at 620 Product.
Hydrogen ....... 34.8 lbs. Or 457 cu. ft. Watcr. nitrogenq

Carbon biarniedlta GO.. î.6 lbs. or 152 cu. ft. Cabndoie

jnitrogen.

Carbon burncd to C .. s. l or 76 eu Gt arbon morla.1x.

ÏI c , nitrogen.

The atir rcquired for tic combustion ail a pound o! fuel i.
casihy determincd if you know te perzcntagcs of carbon andi
lîydrogcn it contains. Example. Your coal contains go per
centi. carbon, andi ta per cent. Itydrogen; lnow ta burn the carton
vout would neud à5.! x o -. 10= 1,36.8 cu. bt. o! air, andi for the
hydrogen, 457 x 10 - 100 = 45.7p 45.7 + 136.8 = 182.5 cu. ft. Of
-tir.

Rule ta finti the air requireti to burn a given fuel: To the
carbon in the fuel add thrce cimes the hydrogen, multiply Uhe
sum by 1.52, ant Ui resuit will be the cubie fect of air rcquired.
Example: Composition of coal being carbon, 84; hydrogen, 5;
oxygen, 7; asli, 4; to perfectly burn i lb. of suchi a fuel by the
above rule: Ans.= 1.52 X (C + 3H) = 1.52 x (84 + 3 x 5) =150.8
-ubic fcet.

Tlac quantitics of licat praduccd by complete combustion 01
tlie clements composiîig fuels arc for

li-ydrogcn-6a,ooo B T U3 per lb.
Carton to CO-î4,58o B TU per lb.
Garbon to GO-4,4oc0 LI T U per lb.
The chic! considecration for econontical combLustion is the

correct air supply. It is not possible ta attain perfect com-
bustion wvith Utic theoretical ainount of air, wvbicli is 11.6 or 150
cubic feet fier Ilb. of coal, because in cte conditions abtaisied ini
our burziaces wc cannot get tlie air into pcrfect contact with the
burning carbon ai tlîe coal, for titis reason wvc have to supply
about double the quantity af air or 24 lbs. If mare air titan is
actually ncedcd is allowcd into the furnace it simply carnies
licnt from, tlîc burnace ta the chimncy, wliilc if too little is used
wvc gel marsh gas instead of carbon dioxide. If it ivere possible
ta hient tic air during tlie short time, it is going throughthei
fuel up Ia the lieat ai ttc fuel the theoretical amount wvouhd, bc
ail wve would rcquirc for perfect combustion; one of aur losses
in ttc furnace is the driving off by tte heat af thte bydro-
carbons containcd in aIl aur bituminous coals, before tîzest
coals realhy begin ta humn. Thiese gases are driven off, and are
very likecly ta escape unburncd up ttc chiney. Tfli admission
ai a small quantity of air above the lire wvill sonictimes burn
thcm. If tey arc not burned they escape as bl2ck smoke.

Ile bcst snmokc burner in the 'vorld is a fireman ciat knows
how ta handle bis lires in well set boilers with ample draft.

A. M. WVrc;zFs, Secectary.

-The ncw addition ta the works of ttc B. F. Sturtevant
Co., Boston. Mass., which was dcsigned ta Incet tlîc require-
ruents ai its rapily growing electrical departmcnt, is already
overcrawded, althougli comipleted anly a fcw months ago.
Numcrous special ordcrs for elcctnic fans and generating sets
for the U. S. navy arc being lillcd, and the construction ai
a complete line af encloscd rnotors af new design is now under
way.


