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Thermal management performance optimization of lithium-ion
batteries combined with phase change materials and liquid cooling

JIANG Xinxin, LI Ling
(School of Energy and Power Engineering, University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: Phase change materials have been widely studied in battery thermal management due to their
good temperature control capabilities, but in high temperature environments and high discharge rates, it
is difficult to rely solely on phase change materials to meet the requirements of thermal management.
Therefore, a battery thermal management method with a mixture of phase change materials and cooling
plates was designed and numerically simulated and compared with pure phase change cooling. The
effects of distance and coolant inlet velocity on the maximum temperature of the battery and liquid
fraction of phase change materials were investigated, and the charge-discharge cycle process was also
investigated. The results show that the addition of liquid cooling solves the problems of battery
temperature deterioration and intermediate battery heat accumulation caused by complete liquefaction of
phase change materials under high temperature and high discharge conditions. Compared with pure

phase-change cooling, the hybrid cooling can reduce the cell spacing to 3 mm when the coolant velocity

Y75 B #A: 2022-04-05

E£WH: BEARREEERIH (51476102)

FE—1EF: Z/EHE(1997-), FB, WA, P BnHE . E-mail: jxx051316@163.com
BEMEE: S ®01976-), L&, #FZ. WIRIrm: ML RIRAZCHASE. E-mail: liling@usst.edu.cn


mailto:jxx051316@163.com
mailto:liling@usst.edu.cn

%1

L, . MLMRAL 4

I T VE B PE RE AL 37

is 0.5 m/s and the thermal management performance can be improved less by continuing to increase the

cooling liquid velocity. At the same time, the addition of the liquid cooling plate can reduce the

influence of the first charge-discharge cycle on the subsequent cycle process and increase the lifetime of

the batteries.

Keywords: battery thermal management; numerical simulation; phase change materials; liquid

cooling
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Fig.1 Structure diagram of battery hybrid cooling module
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Tab.1 Battery performance parameters

BH Hifr
75/ (Ah) 3
FRBRHLE/ V 3.2

LA LR HL /Y 2.5

HL It F 4%/ mm 65

B/ mQ 28
SR AR (Wm K ) 0.98
i #%Y (W-m K 26.96
HE/(kgm ) 2059
ez (Jkg 'K 1375
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Tab.2 Physical parameters of metal plate and cooling water
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ok i g ey N
(Wm K" (kgm?) (Jkg'K')  (m's))

Bk 238 2700 900 —
7K (303.15K) 0.618 995.7 4.174 0.805
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Tab.3 Physical parameters of phase change materials
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Fig. 2 Grid independence verification
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Fig.3 Comparison and validation of the maximum

temperature of the battery with time under different
discharge rates
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Fig.4 The maximum temperature of the battery changes with

time
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