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Atomic  Atomic  Molecular  Molecular

Name Nature symbol  weight  symbol weight
Carbon Eement C 20 C 12:00
Hydrogen Element H 1008 H, 2016
Oxygen Ekment O 600 O, . 30
Nitrogen Element N 40l N, 2802
Sulphur Element S 0§ 6414
Carbon monoxide Compound — - €0 28

Catbon dioxide ~ Compound -~ - €O, 4

Sulpbur dioxide =~ Compousd — — S0, 6407
Sulphur trioxide ~ Compoued — - 50, 80-07
Sulphurousacid  Compound — — H,S0, 82-086
Sulphuricacid ~ Compound — - H,50, 98086
Water Compound — - H,0 18016

Table 9-1 Elements and compounds in liquid fuels and products of
combustion
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! kecal /kg— 4.187 kilo joules /kg

examp  : express a fuel caloric value of 10 500 k cal /kg in

ST units .
10 500k cal /kg = —10" 500 x4.187kj /k g =44000k j / kg =

44Mj/kg,
Calorific value of fucl il 25351 &  ali Laiilf - 9,1
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Table 9-2 combustion equation
Nature of reaction Equation Gravimetric meaning
Carbon burned to carbon C40,=CO, 12kgC-- 2kg O
dioxide =44 kg CO,
Carbon bumed to carbon 2C+0,=2(C0) Uke C+ 3 kg O
monoxide =56 kg CO
Carbon monoxide buned to  2(C0)+0,=2(CO,) 56kg CO +32kgO
carbon dioxide = 88 kg CO,
Hydrogen oxidised to steam  2H,-+0,=2(H,0) 4kgH4+32kz0
: = 36 kg steam (or waler)
Sulphur burned to sulphur §,-+20,=2(S0,) 4kgS+64kg O
dioxide =128 kg SO,
Sulphur dioxide burned to S0,+H,0=H,80, 64kgSO,+ is kg H,0
sulphurous acid =82kg l?l
Sulphur dioxide burned to 0, +2(50,)=2(S0,) 32kg o +128 ig S0,
sulphur trioxide =160 kg 50,

Sulphur trioxide and water 80,4+ H,0=H,S0, 80 kg SO, +18 kg H,0
to form sulphuric acid =98 kg H S0,
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Table 9-3 Volumetric Meaning of equation

Nature of reaction Yoblumetric result
Carbon burned to carbon dioxide Ivol C+ 1V | ol CO
Carbon burned {o cacbon monoxide 2vols €' 7 Vol O = 3 vols CO
Carbon mom_)xidc burned to carbon dioxide 2 "".;:s OO + § vol O =2 vols CO
Hydrogen oxidised to steam 2vols H4-1volO=2vols H 202
o !

Sulphur burned 1o sulphur dioxide ?L?I"é —I;O;. ‘:sllser()) =2 vols SO

s SO,

Sulphur diaside burned to sulphv’, gy¢ 40 —
Sulphur dioxide burned to 91y yriogide —
Sulphurwrioxide and wate’ 10 form salphuric  —

aci@
Table 9-4 heat evolved by combustion
Heat evolved per kg
of element bioned
Nature of reaction Thermo-chemical equation kcal/kg
Carbon burned to carbon C+ 0,=CQO, 496900 8030
dioxide
Carbon burned to carbon  2C 4 O, =2(CO) - 58900 2450
monoxide
Carbonmonoxideburned  2(CO) + 0, =2(CO,)+ 315000 5630
to carbon dioxide (per kg CO burned)
Hydrogen oxidised to 2H, + O, = 2(H_, Q) 4 136 600 33900 (a)
steam 25000 (b)
Sulphur burned to S, +20,=2(50,) 4 144000 2260
sulphur dioxide
Sulphur dioxide burned -— —
to sulphureus acid
Sulphur dioxide burned  — —
to sulphur trioxide
Sulphur trioxide and — —_
water 1o form sulphuric
acid
Nute. (a) Value if the latent beat of che stcam lornaed s to be Drcfuded, "
{b) Value if the lawent heat of the stcam forrsed is 10 be exciuded.
Table 9-5
Fuel H:C ratio Calorific value kj/hg
Methane 4:1 5% 500
Ethane %1 51 900
Propane 2.7:1 50 460
Kerosene 1.9:1 43 300
Heavy fuel 1.5:1 42 500
Benzene I:1 42 300
Coal 0.8:1 33 800
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Qtot = Qv Qcoot+ T Qgast Qic + Qont + Qres 9-1

Where Q, = total amount of heat introduce into an engine

with the fuel at the given duty .

Qp = heat equivalent to the effective ( brake ) work of the

engine .

Qcoot = heat rejected to the cooling medium

Qgas = heat carried away from the engine with the exhaust gases .

Q;c = part of the heat lost owing chemically indomplete

combustion .

Q. = heat rejected to the oil .

Qres = term showing the residual losses discharged in the other
members of the heat balance equation .
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@b = 5= 100 % 5 Gooor =722 100 % ; Qpas =22 100 % .

Qe=25 100% 5 Qo =22 100% ; Qres =2 100% 9-2
Lo

Qeot Qtot
obviously
95 +qcoot * qgas + Qic + Qoit T Gres = 100 % 0-3
A8 85 gl 5 jad dges - 9.2¢
Qeot = Hy Gy j/ sec 94

el Jyallh 0S5 Hy o 0N/ ol e b€l 685 G o Cum
Qtat = Hl Gf Kcal/hl'
hence H is an keal / hr and Gf inkg/ hr
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Qp = N, watts or j /sec 9-5
Qp = 632 Np Kcal / hr
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Qw =GwCw (Ltout -tin ) jlsec  9-6
keal / kg Gl sl (3 zeflill 0% of aall (a9
where G, = amount of water passed through the engine . kg / sec .
¢w = specific heat of water , j/kg ;
cw =4.187 j/kg;
toue = temperature of the water flowing out of the engine , C°.
ti; = temperature of the water flowing into the engine , C°.
Qw =GwCy (tout ~tm ) keal/hr;
Where G,, is in kg /hr and c,, is about 1 kcal /kg
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ans =Gf[Mz(lwp”)tgas_Ml(ﬂcp)to]j/sec 9-7
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Where Gy M, (¢ ) tyes = amount of heat carried away from the
cylinder together with the exhaust gases j /sec .

Gy My(uc, ) to = amount of heat admitted into the engine cylinder
together with the fresh charge , j / sec.

pc; = molar heat capacity of the combustion products at constant
pressure j/( k mole. Deg) .

uc, =molar heat capacity of the fresh air charging at constant, j / (k
mole. deg) . ' '

tgas = temperature of the exhaust gas measured after the exhaust

pipe, C°.

to = temperature of the fresh air charging at the cylinder intake ,
CO.

The formula 9-7 has the same form , but G should be
expressed in kg / hr and the specific heat ( heat capacity ) in
kcal / (k mole. deg) here Qgqs is measured in keal / hr.
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Figure 9-1
Qiot = heat introduce into the engine with the fuel .

Q; = heat equivalent to the indicator work of the engine.
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Qp = heat equivalent to the effective ( brake ) work of
the engine .

Qwan = heat transferr'ed to the internal cylinder walls .
Qcoot = heat rejected to the cooling medium .
Qy = total heat contained in the exhaust gas .

Q mech = heat equivalent to the work spend on friction and
driving the auxiliary mechanisms .

Q. = heat transferred to the cooling medium owing to
friction of the piston and its rings .

Qic = heat of the fuel lost owing to chemically
incomplete combustion .

Qres = residual term .

Qx = heat corresponding to the kinetic energy of the

exhaust gases .
Qrad = heat lost as result of radiation .
Qep = heat rejected by the spend gases to the cooling
system in the exhaust pipe .
Qgas = heat carried away from the engine with the exhaust
gases. ' S
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Table 9-6

COMPONENTS OF HEAT BALANCE IN PER CENT

Engine W= 9eo0l 9gas %e Tres

Spark-ignition
Dl;asel &

21-28
20.42

12-27
15-35

30-55
25-45
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1 8 1 8
ath=m(;c+8H-of)=m ('5 x087+8x0.13)

1493 kg .
Note . when calculating a, , the content of oxygen in air is

taken equal to 0.225 .
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: xXa =09 JsSile
o« a;p=0.9x 14.96=1346 kg
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Gi=1+ xXa; =1+1346=1446kg.
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