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Flow and Heat Transfer in an Air-Cooled Battery Thermal
Management System: Experiments and Simulations

Yang Zulin*, Sun Wenxuan®, Li Mingfei, Rao Mumin, He Shunjiang, Chen Wei’
Abstract: In the design of battery energy storage systems, air cooling is a commonly used
thermal management method due to its simple structure and low cost. This study focuses on a
large-capacity lithium iron phosphate (LFP) battery pack. Using a combined approach of
experimental measurement and numerical simulation, the coupled flow and heat transfer
characteristics of the air-cooling thermal management system during battery charging and
discharging are investigated. The effects of air duct layout and cooling airflow velocity on the
flow and heat transfer performance of the thermal management system are analyzed. The
results show that duct design is the core factor affecting heat exchange performance. A
shorter flow length along the duct direction leads to better thermal management. Specifically,
at an airflow velocity of 5 m/s, the average battery temperature in Scheme 2 (transverse
battery arrangement + a widened central duct) is approximately 2°C lower than that in Scheme
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1 (longitudinal battery arrangement + a straight duct), with localized temperature accumulation
only occurring in the flow blind zone near the inlet. The regulation of airflow velocity also plays
a significant role. Increasing the airflow velocity reduces both the average battery temperature
and the temperature difference between batteries, although it does not alter the temperature
distribution pattern of individual batteries. For the transverse duct layout, an increase in airflow
velocity greatly improves the temperature uniformity among batteries, which stems from the
synergistic effect of duct length and cooling capacity. This study clarifies the core optimization
directions: duct length optimization, inlet layout design, and flow velocity regulation. It provides
theoretical support and engineering references for the design optimization of thermal
management systems in large-capacity air-cooled battery packs, contributing to enhanced
operational safety and economic efficiency of energy storage systems.

Keywords: Air-cooled thermal management; Energy storage battery; Flow and heat transfer;

Experimental measurement; Numerical analysis
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