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Table 1 Some parameters of the lithium-ion battery
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Fig.3 The simulated temperature rise curve of the

lithium battery during discharging
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Table 2 The thermophysical properties of PCM
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lithium battery with temperature
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Fig.5 Changes in temperature and energy density of the

lithium battery with and without wrapping with

PCM during cooling
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Fig.6  Cooling curves of the lithium battery wrapped with

PCM samples with different thermal conductivity
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different thermal conductivity
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Table 3  Summary of the calculated results for the
lithium battery without PCM
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F/C C C C C C C
0.5 -2.13 -8.03 -10.0 -5.97 -7.29 -7.73

1 -2.13 -8.03 -10.0 -0.09 -3.07 -3.67
2 -2.13 -8.03 -10.0 9.57 5.30 4.03
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Table 4 Summary of the calculated results for the
lithium battery with PCM
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Numerical simulation of heat retention in a lithium
battery using phase change materials

CHEN YangHua ZHAO Feng GE MinRong WANG ZhaoHe GAO Zhou

(School of Mechatronics Engineering, Nanchang University, Nanchang 330031, China)

Abstract: In order to ensure the high-efficiency operation of lithium batteries in low temperature environments, a
three-dimensional thermal management model of phase change materials for use in lithium battery packs has been
established using ANSYS. The numerical simulation method was used to study the performance of phase change ma-
terials as thermal insulators for lithium batteries and estimate the temperature changes during the discharge process
at low temperature. The results showed that when the ambient temperature was —10 C and the initial temperature
of the lithium battery was 25 °C, the temperature of the lithium battery wrapped with phase change material re-
mained above 0 °C for a duration which was 130% longer than that for the lithium battery without any thermal insu-
lation, and the temperature retention time increased as the thermal conductivity of the phase change material de-
creased. The temperature retention time of a lithium battery wrapped with an 8 mm layer of phase change material
and a 2 mm layer thermal insulation material was 20% longer than that for the lithium battery wrapped with a single
10 mm layer of phase change material. Lithium batteries wrapped with phase change materials can still discharge at
a suitable working temperature after being placed at an ambient temperature of —10 °C for a certain period of time.
However, when the time required for the initial temperature of the lithium battery to reach the same temperature as
the ambient temperature is too long, the presence of the phase change material wrapping will hinder the startup of
the lithium battery.

Key words: lithium battery; phase change material; heat preservation; numerical simulation; heat conduction;

temperature rise characteristics
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