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Abstract: Lithium-ion batteries play an important role in supporting grid-connected renewable
energy systems and enhancing grid frequency modulation and peak shaving. Accurate battery
model descriptions are essential for state estimation and energy management of battery-
based energy storage systems. The objective of this study is to investigate the electrical and
thermal characteristics of lithium-ion batteries during charging and discharging. A finite-
element model of a liquid-cooled battery module is constructed based on multiphysical field
coupling, and its electrical characteristics, temperature field distribution, and flow field
distribution are calculated. Moreover, experimental measurements are performed to test the
liquid-cooled battery module and determine the electrical characteristic parameters, such as
voltage, current, and state of charge, as well as the thermal characteristic parameters, such
as heat generation, cooling power, and temperature, during the charging-discharging cycle.
The numerical and experimental results are in good agreement, confirming the effectiveness
of the numerical simulation method. In addition, parametric studies were conducted to analyze

WS HES: 2025-09-04; fEXFmAHA: 2025-10-18.

HEWE: EXARREEESTH (12472091,

F—EERBEHERA: BA (1991—), 5, wit, TR, FHF7mPENURIT . fERE bR R 7)1 4, E-mail: xiongj@nrec.com.
SIRARSC: BEZS, TN, 25m, 55 . fEfe b R o LR A AV BB TE L], f R R S EOA, 2026, 15(2): 616-627.

Citation: XIONG Jie, YU Haibo, LI Xiang, et al. Research on charge-discharge characteristics and thermal management of lithium battery for
energy storage[J]. Energy Storage Science and Technology, 2026, 15(2): 616-627.



% 2 fig

AN AR RS A I TE RO AR PR AT RVE BT 7T 617

the effects of coolant flow rate and initial battery temperature on the electrical, thermal, and
flow-field characteristics of the battery module. The numerical and experimental results
obtained in this study can provide a basis for state estimation, thermal management, and

parameter optimization of lithium-ion batteries.
lithium battery;
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Table 1 Material parameters

HB %1 (kg/m®) LRI (kg-K)] SHAHUIW/(m-K)] H 5 2/(S/m) EIAEEYGERS)

CEW 2.16x10° 964 3.56/11.0/11.0(x/y/z) — —
LR R 2.7x10° 900 238 3.774x107 —
AR 2.7x10° 900 238 3.774x107 —
HERAHE 8.96x10° 385 385 5.998x107 —
T AR 2.73%x10° 893 155 — —
BEW 9.98x10? 4187 0.5942 — 0.001

S0 FELES B T % B (OC V)77 HER 25 (SOC)
M ZRAE NN, B A Tt B B 2% I B N 52*
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Fig. 3 Electrical properties of the battery module
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Table 3 Characteristics of the initial cell temperature
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Fig. 13 Thermal characteristics with the initial cell
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