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Research and Optimization of Thermal Management for
Lithium-ion Batterieswith Liquid Cooling-air
Cooling Coupling

WANG lJianxin, WANG Bin, MA Shugian
(Gansu Water Resources and Hydroelectric Investigation and Design & Research Institute Co., Ltd., Lanzhou 730000, China)

Abstract: An efficient battery thermal management system is crucial for the performance and safety of
batteries. A liquid cooling-air cooling coupling thermal management system for lithium-ion batteries was
proposed, and the effects of coolant flow rate and radial thermal conductivity of batteries on the system’s cooling
performance were analyzed. In addition, the comprehensive effect of the liquid cooling-air cooling composite
system on the heat dissipation characteristics of batteries was also investigated. Results show that increasing the
coolant flow rate can improve the cooling performance while leading to an increase in pressure drop, resulting in
higher system power consumption and a lower economic efficiency. The more pronounced the anisotropic
characteristics of battery thermal conductivity, the worse the uniformity of temperature distribution. By increasing
the radial thermal conductivity of batteries, the maximum temperature of batteries was effectively reduced, and
the temperature uniformity was also improved. Compared with a single liquid cooling system, the liquid
cooling-air cooling composite system significantly optimized the temperature distribution and heat dissipation
performance of the battery module, e.g., the maximum temperature was reduced by 3.20 K, and the maximum
temperature difference was reduced by 3.36 K. Moreover, adopting an intermittent air cooling operation strategy
can effectively reduce the system energy consumption while maintaining the operation of batteries within the
optimal temperature range.

Keywords: Lithium-ion battery; composite thermal management system; liquid cooling-air cooling; anisotropic
thermal conductivity; optimization design
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Tab. 1 Property parameters of materialsused in simulation
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Fig. 2 Grid independence test
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Fig. 3 Grid division of battery module
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F L e TELEE M 307.87 K AR 304.67 K, K T
320K; Rl 2ZEM 7.71 K PRI E 435K, FRIET
3.36 Ko KA B RE BT R IG)G RS HRER I
T 50%;

AT FEE R BIRZE, FERHIN 18650 HL
MRS ELAG T2 AR RN I, A5 i
g5 5 ) B T A RE R G, AR SO A
52, AL T XA RS B R G S S f v
B HYIPESHCGE B, S A LR SR
THAOEA AL T E A B HE . IEAh, ASSCHR
TRA-NAREEGRHRG, GRS E
FTORm, A H M PV BRATUR (O IF T 4R T O i
FEE
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