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Table 1 Material properties parameters
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Figure 2 Physical model of phase change-air cooling
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Table 2 Properties of air and batteries

e 2R A, it
¥/ (kg - m™) 1.225 2 846
e/ (T - kg™ - K™')  1006.43 885
HER/(W-m' - K') 0.0242 0.-9Ck),
24.2(k,),0.9(k.)
MR IR /K 298. 15 298. 15
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Figure 1 Physical model diagram
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Table 3 Heat transfer coefficient of each side

7/ FHHFRREE/ (W -m' - K)

(m-s™")y WXE  HXE - TE SR A
1 25.0 130 1.0 1.0  14.0
3 270 190 19.0  16.0  21.0

58.0 28.0 36.0 34.0 46.0
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Figure 3 Grid-independent validation
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Figure 4 Comparison of simulation and experimental

temperature rise
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Figure 5 Multi-objective optimization process
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Table 4 Range of values of the design variables

AR L,/mm L,/mm L,/mm
TR 23 23 29.55
LBR 27 27 38.18

i 5k X L () B R AT B TR S 5 Bl R 45 B
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) 0F 107 F AR 2H Y e e LR B KR 22 VRAE R A
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Table 5 Parameter value samples and simulation results

% L/ L,/ Ly it BRSO

5 mm mm mm BE/C 7/C #

1 23.000 24.331 34.579 44.758 2.038 0.489
2 25.671 27.001 33.151 43.246 0.516 0.497
3 26.332 26.001 37.459 43.149 0.560 0.499
4 24.331 24.668 38.174 43.672 1.195 0.497
5 26.003 23.331 30.985 44.081 0.823 0.488
6 25.001 25.002 33.873 43.593 0.905 0.496
7 23.669 24.001 30.274 45.016 1.538 0.481
8 25.331 25.669 29.554 43.657 0.510 0.492
9 24.00 26.665 36.743 43.490 0.977 0.498
10 26.668 23.665 36.021 43.460 0.843 0.497
11 27.001 25.328 32.432 43.287 0.443 0.496
12 24.665 23.004 35.300 44.007 1.415 0.493
13 23.326 26.332 31.714 43.929 0.132 0.493
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Figure 7 Iterative solution and Pareto front
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Figure 8 Comparison of maximum temperature and

temperature difference of battery pack
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Figure 9 Temperature contour map discharge rate at 2 C
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Figure 10 Heat dissipation effect comparison
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Figure 11 Temperature contour map of different modes
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Figure 12 Effect of material density on the maximum

temperature of battery pack
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Figure 14 Effect of discharge rate on the thermal

management capability of battery packs
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Optimization strategy of thermal management of batteries coupled with

phase change materials and air cooling

WANG Heng', CAO Pengfei', CHEN Guowen’, YANG Chan', ZHU Junfan',
ZHANG Yafei', WANG Ruixin', SHE Jiahao'

(1. School of Energy and Electrical Engineering, Chang’ an University, Xi’ an 710016, China;2. XU GONG New Energy Power Tech-
nology Co., Ltd., Xuzhou 221700, China)

Abstract: Under high-discharge-rate currents, battery modules with single-phase change material (PCM ) thermal
management experience thermal failure and central temperature accumulation. To solve this problem, air cooling is
introduced into the PCM cooling system. A battery arrangement optimization strategy for hybrid thermal management
is proposed. A composite PCM (CPCM) coupled with forced air convection was developed for the thermal manage-
ment system. This strategy targets a composite PCM (CPCM) coupled with air cooling. Latin Hypercube Sampling
is adopted. Kriging approximation modeling and the MIGA algorithm are applied. Multi-objective optimization of
battery spacing is conducted. Results demonstrate that the optimized spacing configuration significantly improves
thermal performance. Compared to the initial spacing, the PCM-only system achieves a reduction in maximum tem-
perature of 3. 64 °C and a decrease in maximum temperature difference of 2. 75 °C. Furthermore, the proposed
CPCM-air coupled system provides an additional peak temperature reduction of 0.6 C. Parametric studies reveal
that higher CPCM density enhances both cooling capacity and temperature uniformity. Increasing air velocity im-
proves heat dissipation but reduces temperature homogeneity. Besides, the optimized module with coupled thermal
management system maintains temperature below 42. 60 C (AT<1 °C) at 2C discharge and below 44.9 C (AT<
1.5 °C) at 3C discharge.

Keywords: battery thermal management; multi-objective optimization; genetic algorithm; phase change cooling;

air coolin





