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Abstract

With the acceleration of the global energy transition, lithium-ion batteries have been widely adopted
in fields such as electric vehicles and renewable energy storage systems. However, heat is generated
during the charging and discharging processes of lithium-ion batteries. If this heat cannot be dissi-
pated in a timely manner, it will lead to an increase in battery temperature, thereby affecting bat-
tery performance and lifespan. This paper proposes a single-phase circulating immersion thermal
management system based on a three-layer channel structure and conducts a comparative study
with the traditional bottom liquid cooling plate cooling method. By establishing a three-dimen-
sional model and performing numerical simulations using ANSYS Fluent, the effects of the two cool-
ing methods on the temperature distribution, temperature rise rate, maximum temperature, and
coolant pressure distribution of the battery module are analyzed under 0.5 C, 1 C, and 1.5 C charg-
ing/discharging rates. The results demonstrate that the immersion cooling method, due to the di-
rect contact between the coolant and the battery surface, exhibits higher cooling efficiency and tem-
perature uniformity. At a 1 C charging/discharging rate, the maximum temperature under immer-
sion cooling is 28.12°C, significantly lower than the 32.96°C observed with the bottom liquid cooling
plate. Furthermore, immersion cooling effectively reduces the maximum temperature of the bat-
tery pack across different charging/discharging rates while maintaining a lower pressure drop and
higher cooling efficiency.
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Figure 1. Structural diagram of the battery module (Immersion cooling)
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Figure 2. Structural diagram of the battery module (Bottom liquid cooling plate cooling)
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Table 1. Parameters of lithium-ion batteries
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Figure 3. Mesh division diagram of the battery module (Immersion cooling)
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Table 2. Physical parameters of various materials
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Figure 4. Temperature contour of the battery module: (a) Immersion cooling; (b) Bottom liquid cooling plate cooling
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Figure 5. Temperature curve of the battery module: (a) Immersion cooling; (b) Bottom liquid cooling plate cooling
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Figure 7. Pressure distribution diagram of the coolant: (a) Immersion cooling; (b) Bottom liquid cooling plate cooling
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