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Simulation and optimization of phase change—convection coupled thermal
management system for lithium—ion battery packs
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Technology, Shanghai 200237, China)

Abstract: Battery thermal management systems represent core technologies for ensuring the safe and stable
operation of high—power lithium—ion batteries. Among these, phase change—convection coupled thermal
management systems utilizing phase change materials (PCM) are currently a key research focus. This paper
establishes simulation models for PCM~air and PCM-water coupled cooling systems in lithium—ion battery packs,
comparing their performance against conventional air and water cooling systems. Simulation results indicate that
compared to conventional air cooling systems, the PCM=-air coupled cooling system reduces average and peak
temperatures by 40.8 “C and 49.7 °C, respectively, at a 4 C high discharge rate. When compared to traditional water
cooling systems, the PCM—water coupled cooling system also lowers battery average and peak temperatures by
11.9 °C and 24.0 C at 4 C. For both PCM-air and PCM-water coupled cooling systems, further investigations

examine the influence of operational conditions—such as fluid flow rate and discharge rate—along with structural
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parameters including PCM thickness, shape, and flow channel design on cooling performance. Optimal operational

conditions and structural parameters are identified. These findings provide robust modeling tools and practical

theoretical foundations for the design and development of thermal management systems for lithium—ion battery

packs.
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Fig.1 Schematic diagrams of BTMS structures: (a) air cooling; (b) liquid cooling; (c) PCM—Air cooling; (d) PCM—Water cooling
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Table 1 Geometry parameters for BTMS of lithium—ion

batteries
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Fig.2 (a) Mesh sensitivity analysis; (b) Comparison of model calculations and experimental values at 1 C discharge rate
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