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Performance analysis of an organic Rankine cycle

for waste heat recovery of a passenger car
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Abstract: Applicability of organic Rankine cycle for a passenger car with 3.5 L gasoline engine to convert
low grade waste heat to useful shaft power has been numerically studied. Working fluid is R134a, and
the Rankine cycle is composed of boiler for recovering engine cooling water heat, super heater for
recovering exhaust gas heat, scroll expander for converting waste heat to shaft power, condenser for heat
emission, internal heat exchanger, and feed pump. Assuming efficiencies of 90% for the heat exchangers,
75% for the scroll expander, and 80% for the feed pump, the Rankine cycle efficiency of 5.53% was
calculated at the vehicle speed of 120 km/hr. Net expander shaft output after subtracting the power
required to run the pump was 3.22 kW, which was equivalent to 12.1% improvement in fuel consumption.
About the same level of improvement in the fuel consumption was obtained over the vehicle speed range
of 60 km/hr~120 km/hr.
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h 29 [keg/kl] cond : condenser
N : 3AE% [rev/min] cw : cooling water
Q : g8 [kW] e : expander
V &% [km/h] eva : evaporator
m ;A S [kess] exh : exhaust gas
is  : isentropic
a2|A 22Xt p ¢ pump
n &S R : rankine cycle
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recup : recuperator
s : shaft, isentropic
sh  : super-heater
sat : saturation
th  : theoretical
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Fig. 1 Waste heat of a passenger car with 3500 cc
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Fig. 3 Pressure-enthalpy diagram of an organic

Rankine cycle for waste heat recovery system
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Table 1 Heat recovery cycle conditions

Symbols Description Value
P, Super-heater/boiler pressure | 33 bar
u .
P, Condenser pressure 15.8 bar
Qe Engine coolant waste heat | 26.8 kW
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Fig. 4 Cycle temperatures vs. mass flow rate
60
50 4
Qtotal
40
\//m
E_ 304
o

20 Qboiler

Qrecup

0.30

Mg 4345 [kgfs]

Fig. 5 Heat transfer rate at heat exchangers
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