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Research on Perfluoropolyether Phase Change Immersion Thermal Management System
for Lithium Battery Energy Storage
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(1. School of New Energy and Power Engineering, Lanzhou Jiaotong University, Lanzhou 730070,
China; 2. Gansu Province Energy Storage System and Operation Control Technology
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Abstract: As for the issues of thermal runaway and thermal balance in high energydensity lithium battery
energy storage systems, in this paper a hybrid thermal management system that combinines phase change
material perfluoropolyether with immersion cooling technology is proposed. The system integrates immersion
cooling with an active circulation loop to establish an experimental platform comprising a condenser,
circulation pump, battery pack and sensor network. It analyzes the heat generation behavior of batteries
under different discharge conditions and monitors such key parameters as temperature and heat generation
power in real time. The control effect of both heat dissipation and temperature uniformity of the system at
1 C and 4 C discharge rates is verified by experiment. The result shows that the hybrid system can maintain
the maximum temperature of the battery module within 45 °C, while simultaneously limiting the internal
temperature rise of the module under 7 °C. The research results of this study provide a novel thermal
management solution for enhancing the thermal safety and energy efficiency of lithium battery energy
storage systems, demonstrating significant engineering application value..
Keywords: lithium energy storage; phase change; battery thermal management; multi-condition discharge;

immersion cooling
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Fig. 1 Experimental platform flowchart
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Fig.2 Schematic diagram of temperature measurement
point arrangement on battery surface
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Fig. 5 Temperature variation trend of battery surface
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Fig. 6 Temperature distribution inside the battery pack
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