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A Study on Performance Characteristics of the Waste
Heat Recovery Power System Applied a Scroll Expander
and the Combined Condenser with Oil Separator
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Abstract: An environment-friendly electric power generation system has been developed which utilizes
waste heat of low temperature below 160C. A scroll expander whose working fluid is steam has been
optimally designed and produced as a prime mover. Both a lubricating oil supply unit and an oil
separator were applied to the system to operate the system continuously and effectively. The working
fluid, steam, normally requires a condenser of big size which is a handicap of a small-sized power
recovery system. A unique idea of both applying direct-contact heat exchange method to the condenser
and combining the condenser with an oil separator made the power generation system compact and
competitive. The scroll expander power system has been fabricated and tested. Test results were
consistent well with the simulation results. The system electric power reached 1019W, system efficiency

was 5.7% and efficiency of the scroll expander was 67.4%.
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Table 1 Design data for the combined condenser
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Heat transfer rate 20 kW

Dimensions (LxWxH) 500x800x700 mm
Temperature 101.6C Table 2 Scroll expander cycle analysis

Inlet Pressure 1.08 bar abs Parameter C%lgﬁgfer Bl»ﬁﬂsetr ExIpl:llr;ier E)g)l?trllgter
Flow rate 8.50 g/s(Steam + Oil)

P [bar] 1.00 6.32 5.87 1.08

Temperatre | 84.6TC T [K] 3578 | 358.0 | 4312 | 374.8

Outlet | Pressure 1.00 bar abs h [kike] | 3544 | 3555 | 27552 | 25522
Flow rate 7.73 g/s(Water) S [kJ/kgK]| 1.130 | 1.131 | 6.766 | 6.999
Quality 0 Quality 0.000 | 0.000 | 1.000 | 0.944
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Fig. 7 P-V diagram for the expander cycle
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Table 3 Test conditions

Parameter Test 1 | Test 2
Expander inlet Pressure [bar] 5.95 5.86
Expander inlet Temp. [TC] 158.5 | 157.9
Expander outlet Pressure [bar] 1.17 1.19
Expander outlet Temp. [C] 104.0 | 104.4
System power [W] 930 1019
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Table 4 Performance data

Description Test Simulation
System power [W] 1019 1000
Expander efficiency [%)] 67.4 70.0
Cycle efficiency [%] 7.3 8.4
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