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Figure 1 Temperature-entropy diagram of ORC system
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Table 1 Properties of the working fluids
T IwHIJES/MPa R EEE/C ODP GWP

R600a 3.629 134. 66 0 20
butane 3.796 151.98 0 4
R245fa 3. 651 154. 01 0 858
R1233zd-E 3.624 166. 45 0 1
R601a 3.378 187. 20 0 20
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Figure 2 Variation of temperature glide of mixtures

with mass fraction at 60 °C evaporation temperature
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Figure 3 Variation of net output power, thermal efficiency and LEC of R600a/butane with mass fraction of

butane at different evaporation temperatures
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Figure 4 Variation of net output power, thermal efficiency and LEC of R600a/R601a with mass fraction of

Ré601a at different evaporation temperatures
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Figure 5 Variation of net output power, thermal efficiency and LEC of butane/R245fa with mass fraction of

R245fa at different evaporation temperatures
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Figure 6 Variation of net output power, thermal efficiency and LEC of R1233zd-E/R601a with mass fraction of

Ré601a at different evaporation temperatures
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Table 2 Top 10 working fluids and working conditions
of grey correlation grade

TR KRR C Y REP QI
3R600a/7R601a 100 0.994
5R600a/5R601a 100 0.991
Sbutane/5R601a 100 0.953
3 butane/7R601a 100 0.937
7 butane/3R601a 100 0.924
7R600a/3R601a 100 0.907
1 R600a/9R601a 100 0.904
1butane/9R601a 100 0. 876
9butane/1R601a 100 0. 858
5R600a/5R601a 90 0. 839
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Table 3 Pure working fluid and top 3 working

fluid of grey correlation grade

TJ5 KA TR
3R134a/7R245fa 1. 000
5R134a/5R245fa 0. 854
1R134a/9R245fa 0.780

R245ca 0. 670
R245fa 0.570
R134a 0.377
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Figure 8 Comparison of experiment and simulation of
variation of net output power of 4R600a/6R601a, R600a

and R601a with heat source temperatures
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Impacts of Selection of Zeotropic Mixture on Performance of ORC System

MA Xinling, LIAN Qifei, LEI Meng, MENG Xiangrui, WEI Xinli, LI Zhibin

( School of Mechanical and Power Engineering, Zhengzhou University, Zhengzhou 450001, China)

Abstract: The process model of ORC system was established with Aspen Plus software to investigate the
impacts of zeotropic mixtures on system performance. The thermal performance and economic performance of
mixtures were studied when 60~ 100 °C evaporation temperature, and the system performance was comprehen—
sively analyzed based on the gray correlation method. The results showed that the performance of many
mixtures was better than their pure working fluids, especially 3R600a/7R601a. When evaporation temperature
was 100 °C, the grey correlation grade of 3R600a/7R601a reached the maximum 0. 994, and its net output
power, thermal efficiency, LEC were 56.59 kW, 11.76%, and 0. 1312 $/kWh, respectively. Compared with
the pure working fluid R600a, the net output power and thermal efficiency were increased by 31.73% and
11. 05% respectively, LEC was decreased by 11.06%. The result showed that the target pure working fluid
was mixed with another new working fluid with similar output power to obtain a zeotropic mixture with a large
temperature glide, and the zeotropic mixture could significantly improve the performance of ORC system.

Keywords: waste heat utilization; organic Rankine cycle; zeotropic mixtures; grey correlation method



