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Experimental study on battery thermal management in low—temperature
environments

LI Yaohui, LIU Lulu, ZHOU Shoujun, TIAN Yongsheng, WANG Chicheng, WANG Jiayi
(School of Thermal Engineering, Shandong University, Jinan 250101, Shandong, China)

Abstract: To address the electrochemical performance degradation and lithium plating risks of lithium—ion
batteries operating in low—temperature environments, a battery thermal management simulation experimental system
coupled with composite phase change materials (CPCMs) and four—stage sintered heat pipes was established. The
high—temperature heat dissipation, low—temperature static thermal insulation, and preheating performances of the
system were tested under various discharge rates (1C, 2C, and 3C) and ambient temperatures (-5 C, —10 ‘C, and
—15 °C). The experimental results indicate that the maximum battery temperature remains below 45 “C at all tested
discharge rates during the discharging process. In the low—temperature static stage, the CPCM undergoes
substantial phase transition after high—rate discharge, which effectively delays the battery temperature drop. The
reversed heat transfer direction of the heat pipes accelerates the battery cooling rate compared with the CPCM,
resulting in a notable temperature difference between them. Preheating experiments verify that 35 °C is the optimal
preheating temperature. Further temperature elevation only achieves a marginal reduction in preheating time while
increasing energy consumption. In comparison with the pure heat pipe system, the PCM with a phase transition

temperature of 23 C fails to reach its phase change state under the working conditions, providing only limited
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sensible heat buffering and exerting no significant influence on heating and cooling rates. The proposed coupled

system demonstrates excellent temperature regulation and thermal insulation performance across different discharge

rates and low—temperature operating conditions.

Keywords: low—temperature preheating; phase change; sintered tubular heat pipe; battery thermal management;

heat transfer; convection
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Table 2 Parameters of experimental equipment
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Table 4 Summary of data at different magnification

ratios in low—temperature environment
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2C - (-5%C) 4464 1846
2C - (-107C) 3744 1452
2C - (-157C) 3278 1240
3C-(-5C) 4790 2176
3C-(-107C) 4230 2024
3C-(-157C) 3636 1044
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Fig.9 Temperature difference between CPCM and the battery

at different temperatures under a 1C rate.
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Fig.10 Temperature difference between CPCM and the battery

at different temperatures under a 2C rate.
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Fig.11 Temperature difference between CPCM and the battery

at different temperatures under a 3C rate.
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