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Liquid cooling model design and multi-objective optimization of battery
parameters based on liquid metal cooling

YANG Liwei, MA Kailun, ZHOU Xiaoming’
(College of Mechanical and Electrical Engineering, Hohai University, Nanjing 210024,Jiangsu China)

Abstract: [Objective] To address the heat generation issue of lithium batteries under high-rate discharge, a liquid
cooling scheme based on liquid metal was designed, aiming to enhance thermal performance and system stability
through multi-objective optimization.[Methods] A single-inlet double-outlet cooling loop using gallium-based liquid metal
was proposed. Numerical simulations via Fluent were conducted to analyze the effects of coolant velocity, channel
height, branch width increment, and inclination angle on thermal performance. Orthogonal experiments and the NSGA-II
multi-objective genetic algorithm were employed for parameter screening and optimization. [Results]The optimal
parameters were determined as coolant velocity 0.42 m/s, branch width increment 0.13 mm, inclination angle 87.38°,
and channel height 5.76 mm. The optimized system achieved a maximum temperature of 312.66 K, temperature
difference of 11.66 K, and pressure drop of 0.712 kPa. Compared to the initial design, the maximum temperature and
temperature difference decreased by 0.53% and 8.04%, respectively, with a slight increase in pressure drop.
[Conclusion] Liquid metal cooling significantly improves heat dissipation efficiency, with velocity and channel height
being dominant factors. The NSGA-II algorithm effectively balances thermal performance and pressure drop, offering a
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practical solution for high-rate battery thermal management..
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Figure 1 Model 3D diagram
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Table 1 Lithium—ion battery parameters
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Figure 4 Maximum temperature and maximum
temperature difference curves of the battery pack at

different inlet speeds
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Figure 5 Pressure drop variation diagram of liquid metal
cooling system at different inlet velocities
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Figure 6 Maximum temperature and maximum
temperature difference curves of the battery pack at
different runner heights
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Figure 8 Maximum temperature and maximum
temperature difference curves of battery pack under
different flow channel branch angles

[ FEFEAPa

200

180 —
£
T160F —
<

140

120

70 75 80 85 90

a/(°)
E9 ARRENZMATREEBRANRENER
TILE
Figure 9 Pressure drop variation of liquid metal cooling
system under different channel branch angles
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Figure 10 The maximum temperature and maximum
temperature difference curve of battery pack under the
increasing width of different branch channels
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Figure 11 Pressure drop variation diagram of liquid

metal cooling system with increasing width of different
branch channels
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Table 5 The results were analyzed by range method
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Figure 12 Pareto optimal solution set
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Table 6 Comparison between the results of the
predicted model and the actual simulation model

T./K AT /K AP, . /KPa
TE 311.96 11.61 0.727
P EAH 312.66 11.66 0.712
2E51% 0.22 0.43 2.11
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31431 812:66
313.58 312.00
31284 311.34
31211 310.68
31138 310.02
310.64 309.36
309.91 308.70
309.18 308.03
308.45 307.37
307.71 306.71
30698 306.05
30625 30539
305.51 304.73
304.78 304.07
304.05 303.41
303.31 302.75
302.58 302.09
301.85 301.43
30111 300.77
30038 300.11
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Figure 13 Comparison of battery pack temperature
before and after optimization
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