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Performance analysis of spray—ventilation hybrid cooling system for power
battery packs
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Abstract: The air—cooling system for power batteries, characterized by its simplicity, faces challenges with high
temperatures and poor uniformity within the battery module. This paper enhances the existing air—cooling
framework by incorporating a spray device, leveraging the evaporation and heat absorption of water mist in the
airflow channel of the battery module to improve cooling efficiency. A mathematical model for spray ventilation
cooling of power batteries has been developed, focusing on the effect of nozzle arrangement, spray flow rate, droplet
size, air velocity, and ambient temperature on the cooling performance. The results show that spray ventilation
cooling significantly reduces both the maximum and average temperatures of the battery module compared to
conventional air cooling, also enhancing temperature uniformity across the module. However, an increase in spray
flow rate can lower the temperature of the battery module but may adversely affect temperature uniformity. The
effect of droplet size on cooling efficiency is significant, with different air velocities and droplet sizes impacting

battery temperatures. Considering both the cooling performance and the maximum temperature difference, a droplet
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size of 40 wm best meets the cooling requirements of the battery pack. For ambient temperatures below 305 K, a

spray flow rate of 3.72 g/(Ah-h) achieves an effective cooling effect. These insights provide valuable guidance for

the design of spray—assisted forced air cooling systems and contribute to the development of efficient thermal

management solutions for electric vehicles.

Keywords: battery thermal management; thermodynamics; spray cooling; numerical simulation; heat transfer
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Fig. 1  Arrangement of battery cells and cooling system
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