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Study on Working Fluid Selection of Supercritical Organic Rankine Cycle
System based on Multi-objective Optimization

REN Yi', YANG Longbin', CAO Yuanwei', WU Zhe’, SHI Jianxin', WANG Bin'
(1. College of Power and Energy Engineering, Harbin Engineering University, Harbin, China, Post Code: 150001 ;
2. No. 703 Research Institute of CSSC, Harbin, China, Post Code: 150078 ;
3. State Key Laboratory of Marine Thermal Power Technology, Harbin, China, Post Code; 150078)

Abstract: To investigates the working fluid selection process of supercritical organic Rankine cycle
(ORC) systems utilizing different working fluids with high-temperature geothermal water as the heat
source, a variable pinch point temperature difference-based multi-objective screening strategy for working
fluids was developed using Matlab software. The screening process evaluated the working fluids based on
5 indicators, such as thermal efficiency, total exergy loss, net output power, working fluid heat transfer
coefficient and environmental performance. The supercritical ORC system performance was then calculat-
ed using R141b, R365mfc, R245ca and R1233zd as working fluids at heat source inlet temperatures of
290 °C and 260 °C, respectively. The results show that R141b is highly compatible with high-temperature
heat sources, delivering excellent thermal efficiency and net power output, when the heat source inlet tem-
perature is 290 °C, R141b is recommended, achieving optimal overall performance with a thermal efficien-

cy of 18.86% , a net power output of 66.01 kW, and a heat transfer coefficient of 2 220.21 W/ (m’-K) ;
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R245ca offers superior heat transfer performance, making it the preferred option when heat transfer capa-

bility is important. R1233zd significantly outperforms the other fluids in terms of environmental character-

istics, and its overall performance remains optimal when the heat source inlet temperature is 260 °C. Al-

though in some cases its heat transfer and work capacity are weaker than R245ca, the outstanding envi-

ronmental profile makes R1233zd a highly promising candidate for practical applications.

Key words: thermodynamics, renewable energy, supercritical fluid, multi-objective optimization, work-

ing fluid selection
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Fig. 1 Basic structure of ORS system!
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Tab. 2 Physical property of working fluids

T 13/C t,/C  p/MPa  GWP ODP
R141b 34.3 208. 1 4.34 725 0.11
R365mfc 42.4 187.2 3.30 890 0
R245ca 35.8 174. 4 3.94 858 0
R1233zd 36.0 165.6 3.57 4.5 0
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Fig. 2 Working fluid selection and calculation process
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Tab. 5 Optimal performance and corresponding working fluids under different heat source conditions
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