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Fig. 1. Core body front view model diagram.
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Fig. 2. Top view of core body model.
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Fig. 3. Discharge Ohm resistance fitting function.
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Fig. 4. Fitting function of internal resistance of discharge
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Fig. 5. Heat source function in the battery.
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Fig. 6. Experimental verification of thermal performance of

single battery.
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Fig. 7. Grid independence verification.
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Fig. 8. Time step independence verification.
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Fig. 10. Cloud map of battery temperature distribution (2C).
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Fig. 11. The maximum temperature of different batteries
during discharge (2C).
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Fig. 12. The maximum temperature difference of different

batteries during discharge (2C).
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Fig. 14. Compare the maximum temperature of different

Reynolds number battery packs (2C).
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Fig. 15. Comparison of the maximum temperature differ-

ence of battery packs with different Reynolds numbers (2C).
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Fig. 16. Comparison of the maximum temperature of differ-

ent Reynolds number battery packs (1C).
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Fig. 17. Compare the maximum temperature difference of

different Reynolds number battery packs (1C).
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Fig. 18. Influence of the number of micro-channels on the

maximum temperature of the battery pack (2C).
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Fig. 19. Influence of the micro-channel radius on the max-
imum temperature of the battery pack (2C).
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Fig. 20. Influence of the micro-channel radius on the max-

imum temperature difference of the battery pack (2C).
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Table 2. Specific information.

P IEEAR /mm B R /K A IR 2 /K
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0.5 295.86 2.73
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1.6 295.52 2.37
2.0 295.74 2.65
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Table 3. Orthogonal test.

WWE oI BB SR

5 (W%A) mm(NEB) AHEC) /K
1 2500 0.3 3 296.33
2 2500 0.5 4 296.35
3 2500 0.8 5 295.54
4 2500 1.3 7 295.47
5 7500 0.3 4 295.57
6 7500 0.5 3 295.18
7 7500 0.8 7 295.13
8 7500 1.3 5 294.96
9 12500 0.3 5 295.03
10 12500 0.5 7 294.50
11 12500 0.8 4 294.91
12 12500 1.3 3 294.84
13 15500 0.3 4 294.91
14 15500 0.5 3 294.83
15 15500 0.8 7 294.87
16 15500 1.3 5 294.71
x4 WESER
Table 4. Range analysis.
EA s HEA H#EB HZEC
71 1183.74  1181.84 1181.18
72 1180.84  1180.86 1181.74
73 1179.28  1180.50 1180.29
74 1179.32  1179.98 1179.97
ZIEARTPHIH 295.935  295.46 295.295
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Liquid-cooled structure design and heat dissipation
characteristics analysis of cross-flow
channels for lithium batteries

Wang Xue-Zhang  Li Ke-Qun'
(Energy and Power Engineering College, University of Shanghai for Science and Technology, Shanghai 200093, China)
( Received 29 January 2022; revised manuscript received 5 March 2022 )

Abstract

A detailed three-dimensional thermal model is developed to examine the thermal behaviour of a lithium-ion
battery. This model is a cross-flow liquid cooling model, which can make the heat dissipation of lithium-ion
battery pack achieve higher safety. Two kinds of fluids are used for cooling, and the polynomial fitting function
is used as the heat source term of lithium battery pack. The battery temperature distribution under the
conditions of different Reynolds numbers, different numbers of micro-channel and different micro-channel radii
are studied for this model. The simulation results show that the maximum battery temperature is 295.84 K, the
minimum battery temperature is 293.14 K, and the maximum temperature difference of the battery pack is
2.7 K. The maximum temperature and temperature difference of the battery under the model are in line with
the reasonable operating temperature range of lithium-ion battery pack. The maximum temperature of battery
pack decreases with the increase of Reynolds number, but the effect of Reynolds number on heat dissipation of
lithium-ion battery pack has a critical value. As the number of micro-channels increases, the maximum
temperature of the battery string decreases. However, when the number of micro-channels increases to a certain
value, the maximum temperature of the battery pack decreases slowly. The maximum temperature of the
battery pack does not decrease monotonically as the radius of the micro-channel increases. Orthogonal analysis
results show that the Reynolds number has the greatest influence on the cooling effect of the model, followed by
the size of the micro-channel radius, and the number of micro-channels has the least influence. The optimized
liquid cooling model can effectively reduce the maximum temperature of lithium-ion battery in theory, and the
maximum temperature of lithium-ion battery decreases by 26.24 K in comparison with that of single battery at
2C discharge rate. The reliability of the cross-flow channel model is proved by numerical analysis, and it is also
proved that the cross-flow channel has an equilibrium point between the perturbation gain and the flow
retarding effect. The heat dissipation effect of lithium- ion battery pack is correlated with the number and
radius of micro-channels, but not a single positive correlation. Reasonably increasing the number and size of

micro-channels can effectively enhance the heat dissipation effect of battery pack.

Keywords: lithium-ion battery pack, temperature distribution, numerical simulation, orthogonal text
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