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Research on Liquid-cooling Li-ion Battery Energy Storage System in
High Frequency Regulation Application
LEI Bo', WU Yue', SHI Youjie', CAO Wenjiongz, WANG Yiwei?, JIANG Fangming2

(1. State Key Laboratory of HVDC (Electric Power Research Institute, China Southern Power Grid ),

Guangzhou 510663, China; 2. Guangzhou Institute of Energy Conversion, Chinese Academy of Science,
Guangzhou 510640, China)

Abstract: Aiming at the frequency fluctuation due to the massive access of wind and solar energy to the grid,
an energy storage system combining power-type lithium battery and liquid cooling thermal management is
proposed. The electrical and thermal characteristics of the power type lithium battery are obtained based on the
experimental tests. The results show that only with the natural convection heat dissipation cannot meet the
proper operating temperature of the battery under high rate conditions. The liquid cooling thermal manage-
ment system and its simulation model are set up. By numerical simulation, the thermal management perfor-
mance of the system and the thermal behavior of the battery are analyzed under 4C rate discharge, different
flow rates and actual AGC frequency regulation conditions. The research shows that the temperature differ-
ence between batteries is less than 2 C and the maximum temperature is less than 33 “C under the actual
AGC frequency regulation condition. It proves that the liquid-cooled thermal management scheme can realize
the long-term stable operation of the energy storage system under high rate frequency regulation conditions.
Keywords: lithium ion battery; energy storage system; liquid cooling thermal management; frequency

regulation
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Fig.1 Schematic diagram of battery testing system
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Fig.2 Test results of first-order equivalent circuit model of battery
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Fig. 4 Schematic diagram of liquid-cooled lithium energy storage system integration
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Fig. 5 Experimental validation of simulation model
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Table 1 Thermal properties of working fluid, cooling

pipe and battery
Y TR WREE ZERLA
B p/(kgem™) 1075 2719 1855.9
JEEEE T ) 1.2
SIEEE/(W-m™-K") 0.387 871 ’
" SR 7161 20.0
e e, /(J-kg'-K™") 3300 2024 1343

A w(Pa-s) 0.0015 — —
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Table 2 Simulation calculation setup
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Fig. 6 Temperature distribution during 4C discharge
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1.5 L/min/module coolant flow rate
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Fig. 10 Current and heating curve at frequency
regulation

35r
T v i S5t e 3
33
32
o 31
wy 30
P
281,
274"
26f
25¢ ,
0 5000

10 000 15 000

t/s
E11 SEPREHI TR TEMEAEEAKE
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