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Operating-parameter optimization and high-rate feasibility
boundary analysis of liquid-cooled lithium-ion battery packs
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China)

Abstract: An active-learning Kriging-assisted multi-objective optimization method is proposed
for operating-parameter optimization of liquid-cooled lithium-ion battery packs under high-rate
conditions. A three-dimensional multiphysics model of a fixed-geometry liquid-cooled battery
pack was first established. Coolant mass flow rate, inlet temperature, and discharge rate (C-
rate) were selected as input variables, and 90 high-fidelity samples were obtained using Latin
hypercube sampling and active-learning enrichment. To improve surrogate-model accuracy,
the inlet-temperature-referenced maximum temperature rise was introduced as a detrended
modeling variable for the maximum battery temperature. Kriging surrogate models were then

Wi AHA: 2026-05-25; f&RimHHA: 2026-06-24.

HEWME: EXRANREFEES (52577125), W THEmMBFARIIH (2025JH2/10130048) .

F—1EE: WEE (1981—), T, i, #dR, WIRJ7HAZ SRR, E-mail: gxf1981@163.com: EIE1EE: T, R, WIRIIAN
WA RS TR AHE, E-mail: vipningyi@126.com.

SIS FEWE, FHE, FE, 4 A S T R EIZ T SERA KSR AT S T J]. R SHEIR, XXXX, XX(XX): 1-15.

Citation: GUO Xifeng, PENG Ziheng, WANG Xinlu, et al. Operating-parameter optimization and high-rate feasibility boundary analysis of liquid-
cooled lithium-ion battery packs[J]. Energy Storage Science and Technology, XXXX, XX(XX): 1-15.



itk & A ¥ 5 & K

constructed for the maximum temperature rise,

difference, and pressure drop. Under each fixed C-rate, the coolant mass flow rate and inlet

battery-pack maximum temperature

temperature were optimized using the non-dominated sorting genetic algorithm 11 (NSGA-II),
and offline operating setpoints were selected according to the minimum pumping power under
thermal constraints. The results show that, compared with the direct maximum-temperature
surrogate model, the proposed temperature-rise model reduced the mean absolute error
(MAE) of maximum-temperature prediction from 1.192 K to 0.466 K, and reduced the MAE in
the high-inlet-temperature region from 2.119 K to 0.761 K. After active-learning enrichment,
the coefficients of determination (R?) of the surrogate models for maximum temperature rise,
maximum temperature difference, and pressure drop reached 0.9866, 0.9840, and 0.9936,
respectively. The thermally feasible setpoints under 3C, 5C, and 7C were verified by high-
fidelity simulations, with MAE values of 0.48 K, 0.26 K, and 0.27 mW for maximum
temperature, maximum temperature difference, and pumping power, respectively. Dense
feasibility scanning showed that no strictly feasible region existed at 10C within the studied
operating range, and the surrogate-estimated maximum feasible C-rate was approximately
9.92C. The high-rate feasibility boundary was mainly governed by the temperature-uniformity
constraint. These results provide a reference for operating-parameter optimization and high-
rate feasibility-boundary identification of liquid-cooled battery packs with fixed cooling
structures.

Keywords: lithium-ion battery; liquid-cooled battery pack; battery thermal management;

surrogate model; active learning; multi-objective optimization
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Table 2 Main model parameters and operating boundaries of the liquid-cooled battery pack
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