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Abstract

The 4680-type lithium-ion battery offers advantages such as high capacity and high energy density.
However, due to its large size and high heat generation rate, it is prone to significant temperature
rise, posing challenges in safety and performance degradation. Therefore, a hybrid thermal man-
agement system combining heat pipes and indirectliquid cooling is designed for 4680-type lithium-
ion power batteries. The heat generation model of the battery is validated through experimental
measurements on the battery cell. Numerical simulations are conducted to investigate the relation-
ship between the heat transfer performance of the hybrid system and discharge rate, ambient tem-
perature, and coolant velocity. Additionally, the effect of coolant velocity on the economic perfor-
mance of the thermal management system is analyzed. The results indicate that the hybrid thermal
management system can effectively maintain the battery pack temperature below 40°C under all
simulated conditions. However, at high discharge rates, the battery pack fails to maintain good tem-
perature uniformity. Moreover, although increasing coolant velocity enhances the heat dissipation
capacity of the pack, the benefit is constrained by internal temperature gradients within the battery
cell. Additionally, higher flow velocity leads to increased pump power consumption, affecting eco-
nomic efficiency. Considering both thermal performance and energy cost, a flow rate of 0.5 m/s is
determined to be optimal.
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Table 1. Battery parameters
=1 BEH

ZH 1
151 (mm) 80

m
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H1%(mm) 46
HLb A B (Ah) 21.77
TAEREV) 2.5~4.2
9P (kg/mP) 2670
FEAAR (kg K)) 879
il 171 T HA R E(W/(m-K)) 425
12 1) R E(W/(m-K)) 1.29
Table 2. Battery direct current resistance
2. BMERAME
SOC M FH(mQ)
1 8.22
0.9 6.82
0.8 6.77
0.7 7.18
0.6 7.01
0.5 7.18
0.4 7.05
0.3 7.18
0.2 7.77
0.1 11.36
Table 3. Battery entropic coefficient
3. BIERARK
soc A (mV/K)
1 —0.131
0.9 —0.094
0.8 —0.045
0.7 0.062
0.6 0.052
0.5 —0.063
0.4 —0.128
0.3 —0.152
0.2 —-0.176
0.1 —0.306
0 -0.172
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Figure 1. Temperature variation of the battery cell in experiments and
numerical simulations
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Figure 2. Temperature distribution contour of the battery cell
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Figure 3. Thermal management system model
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Table 4. Heat pipe parameters
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Figure 4. Maximum temperature variation of the battery with coolant velocity
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Figure 5. Average temperature variation of the battery with coolant velocity
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