15-8

15-18 n-Octane is burned with stoichiometric amount of air. The mass fraction of each product, the mass of water in the
products and the mass fraction of each reactant are to be determined.

Assumptions 1 Combustion is complete. 2 The combustion products contain CO,, H,O, O,, and N, only.

Properties The molar masses of C, H,, O, and air are 12 kg/kmol, 2 kg/kmol, 32 kg/kmol, and 29 kg/kmol, respectively
(Table A-1).

Analysis The reaction equation for 100% theoretical air is
CHyo

CgH,; +a,[0, +3.76N,]—>BCO, + DH,0+EN, e Products
. ombustion
where ay, is the stoichiometric coefficient for air. The coefficient ag, Air »| chamber >
and other coefficients are to be determined from the mass balances 100%
Carbon balance: B=38 theoretical
Hydrogen balance: 2D=18——> D=9
Oxygen balance: 284 =2B+D——>ay =0.5(2x8+9)=12.5
Nitrogen balance: agy x3.76=E——>E =12.5x3.76 =47

Substituting, the balanced reaction equation is
CgH g +12.5[0, +3.76N,|——>8CO, + 9H,0 + 47 N,

The mass of each product and the total mass are
My, = N My, = (47 kmol)(28 kg/kmol) =1316 kg
Mol = Meoa + My + My =352 +162+1316=1830kg

tota

Then the mass fractions are

mf.. = Mco2 :%20_1923
O M 1830kg
mf,, = Mo _ 162ke 5 haan
O m . 1830kg
m
mfy, = _1316ke 4 2199

My 1830k

The mass of water per unit mass of fuel burned is

Mpo  (Ox18) kg
Mcgmis  (1x114) kg

=1.421kgH,0/kg CgH;4

The mass of each reactant and the total mass are

Mesiig = NegmisM cgrrg = (L kmol)(114 kg/kmol) =114 kg
My = N M i, =(12.5x4.76 kmol)(29 kg/kmol) =1725.5 kg
Migtal = Megrrg + Myir =114 +1725.5=1839.5kg

Then the mass fractions of reactants are

m
mf gy = csis __114ke 6 650

Mea  1839.5kg

m,. .
mf, = ar__17255kg _; g3g,
Moa  1839.5kg
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