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Thermodynamic Performance Evaluation of the Near-Isothermal
Compressed Air Energy Storage System with Liquid Piston
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(School of Energy and Power Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: In this paper, a dimensionless evaluation model is established based on the container
size (a) and spray parameter (b) to realize the accurate and rapid evaluation of the global thermo-
dynamic performance in the near-isothermal compressed air energy storage process with a liquid
piston. Research is conducted on the variation of thermodynamic parameters during the near-iso-
thermal compressed air energy storage process. Finally, the significant effect of liquid piston on
the compressed air energy storage system is clarified. The results show that, without spraying,
the air-side relative temperature changes gently when the dimensionless number of a reaches 120,
which indicates that the liquid piston can realize near-isothermal compression. However, a smal-
ler value of a can result in dramatic change of the air-side relative temperature. Under the spra-
ying condition, the near-isothermal compression mainly occurs in the middle stage of the compres-
sion process, and the increase of the dimensionless number of 6 can weaken the effect of ¢ on the
air-side relative temperature. The efficiency of near-isothermal compression with a liquid piston
can be higher than 95% under ideal conditions, but with a D155-30 water pump under experimental

conditions, it can only be 66 %.
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Fig. 1 Schematic of near-isothermal compressed air energy

storage system with liquid piston
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Table 1 The efficiency coefficient of compressed air in the liquid piston
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Fig. 3 The relative temperature distribution of air area in the

liquid piston
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