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Experimental study of thermal runaway behavior of high-capacity
lithium-ion battery energy storage module in immersion state

YAO Xinyu, ~ ZHANG Zhendong, =~ SHENG Lei,  ZHU Zehua, FU Linxiang
(School of Mechanical Engineering, University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: To address the thermal safety control of high-capacity lithium-ion battery energy storage
systems, this study combined theoretical analysis and experimental testing and adopted a immersion
liquid cooling scheme to investigate the thermal runaway behavior of energy storage modules under
overcharging conditions. It explored the influence of factors such as the type of immersion liquid and
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the spacing between batteries on the voltage, temperature, and heat propagation of the module during
thermal runaway and compared the results with those of conventional non-immersion modules. The
study reveals that severe thermal runaway propagation occurs in conventional non-immersion energy
storage modules, whereas no thermal runaway propagation is observed in immersion modules.
Additionally, the maximum temperature of the battery undergoing thermal runaway is reduced by 85%
compared to that of the non-immersion module. By using a immersion liquid with higher thermal
conductivity and specific heat capacity, the maximum temperature of the module can be controlled
within 237 °C. Meanwhile, the gestation period before thermal runaway is extended, delaying the
thermal runaway onset by 150 s. Besides, the temperature rise of the overcharged battery is also small
(approximately 12.9 °C). Increasing the battery spacing from 1.5 mm to 2.0 mm reduces the maximum
module temperature by 40.3 °C. No fire, explosion, or thermal runaway propagation is observed during
the thermal runaway process of the immersion energy storage module. The findings of this study can
provide valuable reference points for the design and optimization of thermal safety management systems
in large-scale lithium-ion energy storage.

Keywords: lithium iron phosphate storage battery; thermal runaway spreading; immersion liquid

2025 4 5 47 &

cooling ; thermal safety management

B A 4 R A A W P Sk Pk, R R it g
[ ASRZY: o = P i 3 8 A S = N
FHL Yt i BB 2 it B ™ A 0 o B R M LA
% meemEE . KIGA FHar . JocIZa0 Al
Tei5 Y B FARMEHEY, 1 2023 4F ), b E B
iz ALk BE2E ML 21.5 GW/46.6 GWh, I
FAE BRI [H] FL 8 K 48 150%, 3 15T 2022 43T
S PEE HAEKTET . R B TR R S ) i i
LU IR e i A s DR, R 4 Y
A BAT W IATIRARFGE, R ENA R BB
Yok, BIHERE R A b, R A B A
TORZBE IR, JEW A NE,

] PN AMIIE 58 N B % | Sl B P AT R
JETVFEHES, ORIl T Bk
27 W 3 B R vt A R B B R T A
Liu 2 8 T —FE B A RS, il REh
WR], R A A AR R VR TR 1 1 AR A
T AR, KA P T B T A AR
60 °C VA 4752 14 s 224y, HARMCIIE, AR H
B TE R WL BB 1. AR ) A s
A3t 70 X6 A U R P R S e b AR A AR s A TR
5%, AN fik 2 e, TS & T
fih & (R PR P R R R, A RERT [ B4R . Zhang
AU S T — ) PR R A 2 K 2 o B T
H PR Y B R G, SR EM, ZRGETL
0 0 R IR AR T, AR A A

], BEARKHE, b RSB BIFMIRE . &
M g 261 X NCM622 B il i A7 T AN [R5 % 1 78 ik
HLSEIR L R R 7 S T R R e R op I TR
R TG (D L TS 40 5 7 AR 5 O B4 T T 3

W Ab ST A X B 4 i Al 5 e
U4 THESY . A% FERRWPTIR AT
Sy. HEG, ENIMIFG S L RE LAk E . M
7 R 5 o A L T AT AR . AR SR R
WA I3, SR B 24 2 W TR IR 1 T =K
A, T o EE I 7 A A P AT R, OF
5 P T 2 R BREE R, TR I LA i o e
LTl A 42 94 LB SRR, AR SCLASE B B 280 A B
T A A Tl 2 L St S R 0 5, SR FH AR [ 1 3 1 v
KRR F b T B, Lk 7 i L P A
3 L BT RIS I A, AT IR A B R
GBI, RN BRI R
PRI TR RIS FEA SR A 5%

1 SLAER

1.1 HARJHR
DL SRR 7 1Y 280 A T 1R 4 A 5 f vy
o4, HIE BB SHnE 1 fiR.
1.2 MiXES
KRR RGE R ER, %R KK
. KEE L TETE. BEAE (NSRRI ) .



WeBr T, &

ol A L L Tt A RE AL TR BORAS T B R AT N S 5 525

F 1 BlSIRMMESH

Tab.1 Battery appearance and specifications
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Fig.1 Schematic diagram of immersion liquid cooling system
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Fig.2 Schematic diagram of the immersion tank
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Fig.4 Arrangement of battery thermocouples
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Tab.2 Specification parameters of the main components in
the immersion thermal management system
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Fig.5 Change curve of thermal runaway voltage of non-immersion battery module
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Tab.3 Physical properties of immersion liquids
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Fig.6 Morphology of batteries B1, B2 and B3 after thermal runaway experiments
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Fig.7 Battery voltage change curves during thermal runaway module experiments with different immersion liquids
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Fig.8 Thermal runaway temperature change curves of battery modules with different immersion fluids
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Fig.9 Live image of thermal runaway of 280 Ah battery module under different immersion fluids
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Battery voltage change curves during thermal runaway module experiments with different cell spacings
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