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A 4-cylinder laboratory test engine is supplied with isooctane fuel (C8H18) at a rate of 1.5 x 10-3 kg/sec. The fuel air
equivalence ratio, phi, is 0.8.

a) The mixture is lean. This neans the FAis less than the stoichionmetric FA. So the nmixture
is lean

if phi < 1.
b) Calculate the air flowrate in kg/sec.

o= 0.8

_ MolarMass [ 'C8H18']
FA

12.5
——=.[MolarMass ('02') +3.773 -MolarMass ('N2')]
¢

fuelflow = 0.0015 [kg/sec]

_fuel fl ow

irfl
airflow FA

[ kg/ sec]

c) Wite and bal ance the chemical equation describing the conmbustion process.

C8H18 + 12.5/(0.8)( 2 + 3.773 N2) = n1 CO2 + n2 H20 + n3 Q2 + n4 N2

8 = nl
18 =2 n2
125 5 o n1 o+ n2 42 n3
®
125 5 3773 =2 . na
®

d) Cal cul ate the nole fractions of each of the gases nmking up the exhaust.

nT =n1 + n2 + n3 + n4

_nl
Ycoz2 = nT
_n2
YH20 T 7
. n3
Yo2 = nT
_n4
YN2 T nT
2. This is a continuation of the previous problem The heating value of the fuel is 42000

kJ/ kg. The nechanical efficiency is 0.83, the fuel conversion efficiency ( based on brake
wor k/ power) is 0.34, and the conbustion efficiency is 0.93. W estimate that 35% of the energy
entering the engine in the fuel is transferred to the cooling system Calculate in kW

a) the brake power
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ne = 0.34
Nm = 0.83
ne = 0.93
Quv = 42000 [kJ/kg]

Power;, = Quy -

Py = nt - Pover , [kw]
b) the friction power

Pb

m = Py + P;

C) the indicated power
Pi = Pp + Py
d) the heat transfer

Qdot  =0.35 -Power . [kw]

fuel fl opkW

e) the total power in the exhaust gas

Peyn = Power  — Qot —-P, — P;

f) the rate at which chemical energy leaves the engine in the exhaust gas

|:’exhchem

= [1 —-nc] - Power

Unit Settings: [kJ)/[K]/[kPa]/[kmol]/[radians]

airflow = 0.02825 [kg/sec]
FA = 0.05309

n3 =3.125

Power, = 63 [kW]

Ps = 4.387 [kW]

Ycoz2 = 0.1012

ne =0.93

fuelflow = 0.0015 [kg/sec]
n4 =58.95

P, =21.42 [kW]

P; = 25.81 [kW]

YH20 = 0.1138

ne =0.34
nl =8
nT =79.08

Pexh = 15.14 [kW]
Qdot = 22.05 [kW]
ynz = 0.7455
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nm =0.83
n2 =9
@ =038

Pexhchem = 4.41 [KW]
Qnv = 42000 [kJI/kg]
Yo2 =0.03952



