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Abstract: To address the issues of high pressure drop and poor temperature uniformity in traditional large cylindrical
battery liquid cooling plates, a thermal management system combining a topologically optimized liquid cooling plate
with phase change materials was designed. First, cooling scheme 1 was developed based on the liquid cooling plate
and phase change materials. Second, to overcome the limitation of restricted heat exchange area that hinders the full
utilization of liquid cooling performance, cooling scheme 2 was proposed featuring serpentine liquid cooling channels
to increase the heat exchange area. Finally, leveraging the high thermal conductivity of metallic materials, a composite
cooling scheme 3 was designed integrating the topology-optimized liquid cooling plate, phase change material, and
heat-conductive aluminum. Comparative analysis of flow and heat transfer performance revealed: Scheme 1 exhibited
good temperature uniformity but suffered from limited heat exchange area between the battery and liquid cooling plate,
along with inefficient filling of the phase change material; Scheme 2 increased heat exchange area and improved
performance but incurred high flow resistance in the liquid cooling plate and poor temperature uniformity. Compared
to the above two schemes, Scheme 3 reduced the average temperature by 9.11% and 4.32%, respectively, achieving
38.80 °C. The inlet and outlet pressure drops of Scheme 3 decreased by 0% and 90.08%, respectively, reaching 33.90
Pa. The standard deviation of the battery surface temperature in Scheme 3 decreased by 12.51% and 23.97%,
respectively, reaching 2.35 °C. The optimized heat transfer pathways and topology optimization methodology
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developed in this study offer novel insights for thermal management design of large cylindrical batteries in confined

spaces.
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Fig.1 Large cylindrical battery pack model
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Fig.2 Validation of electrochemical-thermal coupling model
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Fig.3 Comparison before and after density filtering and
hyperbolic tangent projection
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Table 1 Topology optimization model parameters
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Table 2 Cooling solutions for high-capacity cylindrical batteries
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Table 3 Phase change material parameters
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Fig.4 Liquid-cooled and phase-change hybrid cooling system
(scheme 1)
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Fig.7 Performance comparison of cold plate in scheme 1 under
different objective functions
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Figure 8 Comparison of heat transfer performance among

three schemes under different phase change material
parameters
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Fig.10 Liquid-cooled, phase-change, and thermal-conductive
aluminum composite cooling system (scheme 3)
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Fig.11 Performance of battery thermal management for

scheme 3
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Table 4 Performance comparison of conventional cold plate vs.
topology-optimized cold plate

IR Tmax/°C Tavg /°C Ts/°C AP/Pa
AR 43.67 38.80 2.35 33.90
AR 44 43 40.12 2.73 814.11
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Table 5 Performance comparison for scheme 1
H:i% Tmax/ OC Tavg/ OC T(S/ OC
WA/ °C 4C 2C 4C 2C 4C 2C

26.80 46.51 34.65 4269 3278 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
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Table 7 Performance comparison for scheme 3
7N Tmax/°C Tavg/°C Ts/°C
\EEPC 4C 2C 4C 2C 4C 2C
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Fig.14 Flow and heat transfer characteristics of three schemes
under different operating conditions
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