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Experimental Study on Cold Energy Power Generation System under

Variable Heat Source Temperatures Based on Regenerative ORC

WANG Feng, GAO Wenzhong, ZHANG Guichen, WANG Xiaozhong, LI Gen
(Merchant Marine College., Shanghai Maritime University, Shanghai 201306, China)

Abstract: Considering difficulties in conducting experiments on LNG cold energy power
generation and lack of adequate experimental data for reference., this paper proposes a
regenerative ORC experimental system with R290 as the working fluid and liquid nitrogen as the
heat sink. Through experimental research, the variations of critical performance parameters such
as system output power, energy output, power-electricity conversion efficiency, thermal
efficiency, and cold energy utilization efficiency with the heat source temperature in the range of
20—55 °C were explored and compared with those in the conventional ORC system. The results
show that the increase of the heat source temperature to a certain extent is beneficial to the
overall performance of the ORC cold energy power generation system, and there exists an optimal
heat source temperature for the heat sink; when the heat source and heat sink were in the optimal
match, the regenerative cycle significantly increased the system output power, energy output,
thermal efficiency and cold energy utilization efficiency of the ORC cold energy power generation

system, by 26.2% ., 12. 7%, 16.4% and 16. 6%, respectively, but reduced the power-electricity
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conversion efficiency by 10.7%. These rules will provide a reference basis for optimizing the

design, and adjusting and controlling the key parameters during system operation.

Keywords: cold energy power generation; ORC; heat source temperature; regenerative cycle
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Fig. 1 Schematic diagram of the regenerative ORC cold

energy power generation system
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Fig. 2 Picture of the experimental system layout
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Table 1 R290 physical parameters

ZH A dEN
I A/ °C 96. 7
Iifs % FE #1 / MPa 4.25
N R )/ MPa 0. 636
s/ C —42.2
KR/ C —188
R A8 8 ODP 0
L ERAE R GWP 3

K2 BMEMERRSHK

Table 2 Details of measurement devices

& R iy L3
FE ) ke MBS 0~2.0 MPa  £0.01%
T HHEME  OMEGA TT-T-24 —200~350°C  £0.1°C
WA R 0B 4 8800DF  7.84~47.3 m’/h  +0.1%
F Je4 LDY-S 1~10 m*/h +0.5%
L 2 B AL KM PW +0.4%
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Table 3 Uncertainty of indirect measurement physical quan-

tities
iy P AR5
IR ML )G I 22 +4.68%
i I AL 55 A 0% +4.71%
g2 Jik BIL ALl £ 2 +5.12%
TR +4.01%
g% I BIL 21 i % A sk +4.06%
R +6.29%
RS +6.5%
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Fig. 4 Evaporation pressure and condensation pressure

against different heat source temperature
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