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Analysis of flow and heat transfer characteristics in the novel energy storage
battery module with immersion cooling
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Thermal Science and Technology, Shandong University, Jinan 250061, Shandong, China)

Abstract: To address the limitations of immersion liquid-cooled battery modules, such as limited heat transfer performance and
inaccurate internal heat transfer prediction models, a novel immersion liquid-cooled energy storage battery module was proposed. In
this work, the flow and heat transfer characteristics of the novel module incorporating an internal baffle were systematically
compared with those of traditional immersion modules. The effects of coolant velocity and initial temperature on battery heat transfer
performance were comprehensively investigated. Furthermore, a Nusselt number correlation was developed to predict the heat
transfer process associated with coolant sweeping across the cells. The results demonstrated that the novel battery module exhibited
superior flow and heat transfer performance compared with the traditional immersion module. Increasing the coolant flow rate
significantly enhanced the heat transfer capability and temperature uniformity of the module, resulting in a 5.7% reduction in the
average battery temperature of the high-temperature battery and a 47.6% reduction in the maximum temperature difference within the
module. In addition, raising the initial temperature deteriorated the heat transfer performance but improved the module temperature
uniformity, which increased the average battery temperature by 28.2% and decreased the temperature difference by 59.5%. Within
the specified range, the proposed correlation predicted the heat transfer behavior with an average relative error of 2.0% compared
with numerical simulation results, indicating high accuracy in characterizing the heat transfer performance of the novel module.
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Fig.1 Model of the immersion liquid-cooled battery module
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Table 1
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Basic parameters of the cell

LI A G ENIVAY HLB 25 B/ (kg-m ™) B LBV (T-(kg-K) ™) AL IR/ (W (m-K) ™)
3.20 2 147.20 1 030.00 x/y/7:20.50/20.50/4.92

F2 RHWEAS

Table 2 Basic parameters of the coolant

B/ (m*-s™")

BHIW L/ (kg-m™)

RN/ (J- (kg-K) ™)

R IT A/ (W (m-K) ™)
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Fig.2 Results of the grid independence verification
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Fig.5 Coolant velocity distribution in the immersion liquid-cooled battery module
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Fig.7 Coolant velocity distribution in the novel immersion liquid-cooled battery module
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