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Abstract: To address the issues of temperature rise and non-uniform temperature distribution
in LiFePO, batteries during energy storage operation, a three-dimensional electrochemical-
thermal coupled model was developed. The model was applied to investigate the heat
generation behavior, temperature field distribution, and thermal response characteristics of the
battery under different charge/discharge rates and SOC operating windows. The results show
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that the simulation agrees well with experimental measurements, with average absolute errors
of 1.32% for voltage and 5.88% for temperature. As the charge/discharge rate increased from
0.5 C to 2 C, the maximum temperature increased from 27.81°C to 38.17°C , while the
maximum temperature difference increased from 2.31°C to 11.79°C, indicating a significant
deterioration in temperature uniformity. Irreversible heat dominated the total heat generation
and its proportion continuously increased with C-rate, reaching 96.5% at the end of 2 C
discharge. Three-dimensional temperature field analysis revealed that the hottest region
gradually migrated from the tab area to the geometric center, where a persistent high-
temperature zone was formed. Furthermore, the 0.1~0.9 SOC operating window effectively
avoided the high heat-generation regions at the end of charge and discharge processes,
reducing the peak temperature by 1.30°C and decreasing the cumulative heat generation by
4.8% and 6.4% compared with the 0~0.8 SOC and 0.2~1 SOC windows, respectively. The
results demonstrate that optimizing the SOC operating window can effectively suppress heat
generation and temperature rise, providing theoretical guidance for thermal management and
operational optimization of energy storage batteries.

Keywords: LiFePO, battery; three-dimensional electrochemical-thermal coupled; C-rate;

thermal response characteristics; SOC window
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Table 2 Basic parameters of the LFP pouch cell
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