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Research on Monitoring Dimension Expansion of Liquid-cooling Systems Based on a
Multi-field Coupling Surrogate Model
XU Rui, LIU Leibang, CHEN Baixu, DONG Xiaoyang, LUO Li, WANG Yajun
(Lanzhou Longneng Power Technology Co., Ltd., Lanzhou 730070, China)

Abstract: Energy storage systems in frequency-regulation operation condition commonly suffer from such
problems as limited monitoring dimension and insufficient observability of internal status. To address this
issue, in this paper a monitoring-dimension expansion and multiphysics field reconstruction approach based
on a coupled surrogate model is proposed and verified. An electro-thermal-fluid coupled model of lithium-ion
battery is constructed by using ANSYS Fluent software, and its accuracy is calibrated through experimental
parameter identification and validation and accelerating rate calorimeter measurements. The simulation
data generated by he high fidelity multi-field coupling model are subsequently used to train the surrogate
model on individual spatial nodes. The experimental results show that the surrogate model is capable of
capturing the temperature evolution trends at each node under complex operating conditions, with
reconstructed multiphysics fields showing high consistency with numerical simulation results. The multi-
field coupling surrogate model ultimately developed in this study not only effectively expands the
monitoring dimensions of the energy storage system, enabling rapid and accurate reconstruction of multiple
physical fields, but also provides safeguards for the safe operation of storage systems in grid frequency -
regulation scenarios.

Keywords: Lithium - ion battery; energy storage system; multiphysics - coupled surrogate model; thermal

safety management;multiphysics reconstruction
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Fig.2 Thermal-fluid model parameter identification result
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