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Development of Test Plant for Small Output Organic Rankine Cycle
using R245fa as Working Fluid

Soichi SASAKI*, Tomohiko YAMAGUCHI*
Hideshiro MORITAKA** and Rui HARADA ***

In this study, the test plant of a small output Organic Rankine Cycle (ORC), that is employed R245fa

as working fluid, operated by low grade heat source is actually manufactured; the performance is discussed

based on its measurement value. The evaporator of the arbitrary heat pump is adapted as the condenser of

the test plant; the mass-produced scroll compressor for the automobile-use air conditioner is diverted to

the turbine, and the characteristic of the turbine alone was evaluated. To introduce these devices for the

ORC contributes for the progress of the feasibility on the own manufacturing. The test plant is designed

based on the specification of the condenser. 67.1 W thermodynamic output was obtained in the produced

test plant. The measured turbine efficiency at the operating point was about 14.9%. Under the design

conditions of the flow rate 59.4 L/min and the turbine differential pressure 268.3 kPa, even if the power

consumption of the cooling fan was subtracted, the ORC could generate 20.1 W output.
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Table 1 Summary the specifications of the evaporator

Fluid Hot water HFC245fa
Position inlet outlet inlet outlet
Temperature, °C 95.0 66.9 35.0 85.0
Heat exchange, kW 3.9 39
Pressure, Pa 101.33 480.0

Mass flow rate , kg/s 0.0171

- v
y A
br==y

Fig. 1 Evaporator (3.9 kW, 0.0171 kg/s)
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Fig. 2 Condenser (3.6 kW, 0.0152 kg/s)

Table 2 Summary of the performance of the heat pump

Heat capacity, KW 4.5
Cooling capacity, kW 40
(estimated) '
Electric consumption, kW 0.945
Mass flow rate, kg/s
(estimated) 0.0152
Refrigerant R744
Enclosed capacity, kg 0.9
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Fig. 3 Test plant of the ORC

Table 3 Summary the thermophysical properties of the
HFC245¢fa

Temperature |  Pressure Density Enthalpy Entropy
(K) (MPa) (kg/m?3) (kJ/kg) (kd/kg-K)
1 308.1 0.2117 1310.9 245.8 1.157
2 308.3 0.4800 1311.6 246.0 1.157
3 358.2 0.4800 23.85 474.6 1.843
4 336.7 0.2117 10.69 458.2 1.843
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(a) Scroll compressor
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(b) Overall view of the test bench

Fig. 4 Measurement method of the turbine performance
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Fig. 5 Steam diagram of the measurement values in the

test plant of ORC
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Fig. 6 Pressure characteristics of the scroll turbine

1 OOf— (a) Shaft output
= 50F i
7T —o—426kPa .
[ T o8TkPa 59. 4 L/min I

L | \I ]
68" .
(b) Effici
o 40F §
S :

8 20 —o—426 kPa

TATSBTKPA oo 4 Umin
L 1 1 H )
O0 20 40 60 80
Q, L/min

Fig. 7 Output characteristics of the scroll turbine

Table 4 Summary of the ORC performance

Mass flow rate, kg/s 0.0171
Density , kg/m® 17.3
Volume flow rate , m*/min 59.4
Turbine efficiency 0.149 measurement
Pump efficiency 0.6 assumption
Turbine output power, W 280.4
Pump power , W 3.4
Theoretical output power , W 277
Net output power , W 36.1
Thermal efficiency 0.923
Theoretical output , W 36.1
Electric consumption (fan), W 16.0 measurement
ORC output power , W 20.1
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