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Numerical Simulation and Experimental Study of Thermal
Management System Based on Tubular Phase Change Material

Wu Xi-hong, Ye Guo-hua, Huang Run-ye, Zhang Guo-qing, Yang Xiao-qing, Li Xin-xi
(School of Materials and Energy, Guangdong University of Technology, Guangzhou 510006, China)

Abstract: A new type of tubular composite phase change material (t-CPCM) structure is designed to replace the
traditional block-shaped composite phase change material (b-CPCM) structure, coupled with forced convection
heat transfer and applied to battery thermal management. The simulation results show that, compared with the b-
CPCM model, the t-CPCM model not only has a more uniform flow channel distribution, but also a larger
convective heat transfer area. The theoretically calculated convective heat transfer thermal resistance is 0.8 K-W™',
which is 20 times less than b-CPCM model. The experimental results show that the excellent heat dissipation
performance of the t-CPCM battery module can effectively control the battery temperature. For example, the
maximum temperature of the t-CPCM battery module is 46.9 °C, and the temperature difference is only 0.8 C; as
for the b-CPCM battery module, the highest temperature is as high as 51 ‘C, and the temperature difference is 5 C.
The designed t-CPCM has important application value in battery thermal management.
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Fig.1 Battery module coupled with forced convection diagram
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Table1 Specific parameters of b-CPCM module t-CPCM module

e b-CPCMA5 7Y t-CPCMA5 A
JF /mm 182x104x55 182x104x55
Pt A0 A P /mm 26 26
FRAR LV 19.2 19.2
FRFRZE B (6S4P)/(A-h) 6 6
TR R PR RV 15 15
2O GV TN 18 18
HRBEREA/(107 m?) 28.6 99.48
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Fig.2 Flow field simulation calculation model and velocity
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Table 2 b-CPCM model calculation parameters
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MW m™K™) 2.76x107 2.76x107 2.76x107
u/(m’-s) 16.96x10°¢ 16.96x10°¢ 16.96x10°¢
ol(m’*s) 24.3x107 24.3x107 24.3x107
I/mm 52 156 52
P/mm 170 130 170
AJ/mm’ 1650 550 1650
d/mm 38.8 16.92 38.8
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Table3 t-CPCM model calculation parameters
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