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Abstract: To address the issues of high pressure drop and poor temperature uniformity in traditional
liquid cooling plates for large cylindrical batteries, a thermal management system integrating a

topology-optimized liquid cooling plate with phase change materials was optimally designed.
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First, cooling scheme 1 was developed based on the liquid cooling plate and phase change
materials. Second, to address the problem that the liquid cooling performance could not be fully
utilized due to the limited heat exchange area, cooling scheme 2 was proposed, featuring serpentine liquid
cooling channels to increase the heat exchange area. Finally, by utilizing the high thermal
conductivity of metallic materials, composite cooling scheme 3 was designed, which integrated a
topology-optimized liquid cooling plate, phase change material, and thermally conductive
aluminum. A comparative analysis of the flow and heat transfer performance was conducted. It
was shown that scheme 1 exhibited good temperature uniformity; however, a limited heat
exchange area between the battery and the liquid cooling plate, as well as invalid filling of the
phase change material, were observed. For scheme 2, the heat exchange area was increased and
the heat transfer performance was improved; however, high flow resistance in the liquid cooling
plate and poor temperature uniformity were also observed. Compared with the above two
schemes, the average temperature of scheme 3 was reduced by 9.11% and 4. 32%, respectively,
reaching 38. 80 ‘C. The standard deviation of the battery surface temperature was reduced by
12.51% and 23.97%, respectively. Compared with the scheme 2, the inlet and outlet pressure
drop of scheme 3 was decreased by 90. 08%, reaching 33. 90 Pa. The optimized heat transfer
pathways and the topology optimization methodology developed in this study provide novel

insights for the thermal management design of large cylindrical batteries in confined spaces.
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Fig. 1 Large cylindrical battery pack physical model
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Fig. 2 Validation of electrochemical-thermal coupling model
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Table 1 Topology optimization model parameters

A Bt B A/ mm® 11 680
Py 0.000 1
R 0.01
I 200
R RS 6.78
B/ (Pa - s) 0. 005
TR DR 0
Joe WA H 0.5
LA SR A4 AR 43 B 0.5
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Table 4 Performance comparison of conventional cold plate

and topology-optimized cold plate

B Th/C  Tue/C T,/C Ap/Pa
SRR 43. 67 38. 80 2.35 33. 90
SRS T 44. 43 40.12 2.73 814. 11
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Table 5 Performance comparison for scheme 1

IR T/ C
WE/C 4C 2C 4C 2C 4C 2C

Tue/C T,/C

26.80  46.51 34.65 42.69 32.78 2.69 0.91

25.00 46.12 34.68 42.72 32.58 3.04 1.10
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Table 6 Performance comparison for scheme 2
B2 T/ C T/ C T,/ C
WwE/C  4C 2C 4C 2C 4C 2C
26.80  46.27 33.11 40.55 31.28 3.10 1. 23
25.00 46.04 33.10 40.38 31.27 3.25 1.33

AT E 3 eIk

Table 7 Performance comparison for scheme 3

8 T/ C Tue/ C T,/ C

WE/C 4 2C 4C 2C 4C 2C
26.80 43.67 32.74 38.80 30.99 2.35 0.89

25.00  43.37 32.69 38.57 30.96 2.62 1.05
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Fig. 14 Flow and heat transfer characteristics of three schemes

under different operating conditions
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