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cooling for lithium-ion battery thermal management

PAN Zhenfei', HUANG Peifeng? LUO Yimo', LIAO Wanxuan', YUAN Lingjie'
("College of Civil Engineering, Hunan University, Changsha 410082, Hunan, China; *State Key Laboratory of
Advanced Design and Manufacturing Technology for Vehicle, Hunan University, Changsha 410082, Hunan, China)

Abstract: In response to the increasingly stringent thermal management requirements and
thermal runaway challenges associated with lithium-ion batteries, liquid cooling has emerged
as a mainstream thermal management strategy due to its superior heat dissipation capability.
This review systematically summarizes recent research progress in liquid cooling technologies
for lithium-ion batteries. First, for indirect cold plate cooling, various structural innovation
strategies, including flow-channel layout optimization, biomimetic channel design, topology
optimization, and microchannel configurations, are systematically reviewed, with particular
emphasis on hybrid thermal management systems coupled with phase change materials for
suppressing thermal runaway propagation. Second, single-phase immersion cooling is
critically analyzed from four key perspectives: coolant property evaluation, system structural
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and flow-channel optimization, heat transfer mechanisms, and thermal runaway mitigation.
Third, for two-phase immersion cooling, phase-change heat transfer mechanisms are
elucidated from the perspective of bubble dynamics, on the basis of which design principles
for heat transfer enhancement are proposed. Finally, in light of current industrial development,
future research directions are discussed. It is highlighted that a systematic understanding of
the quantitative relationships between key coolant thermophysical properties, battery thermal
management performance, and thermal runaway suppression capability is urgently required to
establish unified design guidelines for the development of next-generation coolants with both
high performance and environmental sustainability. Meanwhile, structural innovation guided by
fundamental heat transfer mechanisms should be further advanced to overcome heat
dissipation limits under extreme thermal abuse conditions, thereby enabling effective
mitigation of thermal runaway and its propagation.

Keywords: lithium-ion battery; indirect cold plate cooling; immersion cooling; battery thermal

management; thermal runaway
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Fig. 2 Schematic diagram of liquid-cooled battery thermal management technology: (a) Indirect cold plate
cooling; (b) Single-phase immersion cooling; (c) Double-phase immersion cooling
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Fig. 3 (a)Bionic lotus leaf-type cold plate"”; (b)3D structure diagram of TOCHS?"; (c)Six-channel microchannel
cold plate®™; (d)Structure of battery module with liquid cooling-assisted CPCM thermal management®”
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Table 3 Physical properties of commonly-considered coolants®**"
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