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Thermal Simulation Analysis and Optimal Design
of Battery Pack Structure

LIU Jun"?, GUO Huajun', XU Lulu®, XU Ning"*, YAN Guochun'
(1.School of Metallurgy and Environment, Central South University, Changsha 410083, Hunan, China; 2.Guangdong
Greenway Technology Co., Lid., Dongguan 523000, Guangdong, China)

Abstract; The thermal dissipation performance of a battery pack was optimized by thermal simulation, aiming to
enhance safety and service life of batteries. A thermal simulation model of the battery pack was established with ANSYS
software,, and temperature distribution was analyzed for the battery discharged at 1C rate. It is found that the simulation
results deviate from actual measurements by less than 0.5 °C , confirming the high accuracy of the model. Two optimized
thermal dissemination schemes were proposed, including I-shaped heatsink and thermally conductive adhesive filling.
Study shows that both schemes can effectively improve the thermal dissipation performance, leading to the maximum
temperature of cells reduced by 6.0 C and 5.9 °C, respectively. The scheme of I-shaped heatsink can not only reduce
cell temperatures but also significantly reduce temperature differences, resulting in better thermal uniformity.

Key words: lithium battery; battery pack; battery cell; thermal simulation; heat dissipation; cell temperature; cell
temperature difference; 21700 battery; thermal management of battery
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Table 1 Material properties of battery pack

Wkt SR SHFR/ L/ 4
B4R (W-em'-K") (S-m") (J-kg' -K") (kg-m™)
L8 (21700)  0.99/13.30/25.80 — 1282.00 2829.00
afi 90.52 1.50% 107 443.00 8 900.00
M 0.24 — 1600.00 1220.00
B R 237.00 — 903.00 2702.00
TR 0.46 — 1006.43 1200.00
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Fig.1 Battery pack geometry
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Fig.2  Grid model of lithium-ion battery pack
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Fig.3 Cell and experimental verification results
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Fig.4 Distribution characteristics of temperature in

initial battery pack design
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Fig.5 Diagram of optimized heatsink structure
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Fig.6 Temperature distribution contour plot of cells

for optimization scheme 1
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Fig.7 Schematic diagram of encapsulation scheme
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Fig.8 Temperature distribution contour plot of

cells for optimization scheme 2
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Fig.9 Comparison of results before and after optimization

5 5

1) BAERAUSE R S SR B & Rk 1A
SCRAT ELAI T I5 5 1 A B 12T nl T 45 T
FLHTIABET, I TR A

2) AL R TR O AR D7 SR MR I 5 56
BRREAS AR R B el B (L TP I WG AR A A 7 56
REAG IR FELEN I 22 , DY P it A7 i S5 L 22 AH G, L
(g i 1 A A T I R A 7 5

2% L HK ( References) :

(1] JEa5Ah. R 7 it = AR o N e s P R e IR 1k e F
FE[D]. BB RBBHIR Y 2023
FAN Yiwei. Study on the heat generation characteristics of lithium-ion
batteries and the temperature control performance of active and passive
thermal management systems[ D ]. Wuhan: Wuhan University of Sci-
ence and Technology, 2023.

[2] A& A, W BTG E AR T P B BRI Al R R R e He )
BT[] BRI, 2022,22(3) :132-137.

ZHENG Shuyun. Analysis of the current situation and issues of China’s
new energy vehicle industry under high-quality green development[] ].
Science & Technology and Industry, 2022,22(3) .132-137.

[3] ZHd. BREBORFER R R L EH SR LT]. KERH,
2024,24(7) :174-176.

LI Xinjian. Development trends and challenges of new energy vehicle
electrical systems [ J ]. Automotive Knowledge, 2024,24 (7). 174-
176.

[4] ABADA S, MARLAIR G, LECOCQ A, et al. Safety focused modeling
of lithium-ion batteries: A review [ J |. Journal of Power Sources,
2016,306:178-192.

[5] BB, e TR B A BT SRRk D], KiE: R



552

X, 45 R A I BT S A B 161

TEAZ I KAE, 2023.
XIE Qibing. Vehicle lithium-ion battery thermal management structure
design and optimization [ D ]. Dalian; Dalian Jiaotong University,
2023.
[6] EWeEk e Minn, 55 =IO AL e[ 1],
MM S5 , 2021(6) :15-19.
WANG Xiaohui, WU Feng, YANG Xiangqian, et al. Thermal simula-
tion and air-cooling optimization design of ternary lithium battery mod-
ule[ J]. Mechanical Design and Manufacturing, 2021(6) :15-19.
(7] K. FET 23 EO0 AL 0 B 1 H Tt A 0 P A A1 B AL AR I
WF5E[ D). MAt: B RUboll R, 2021
LU Xin. Study on charge distribution and heat transfer characteristics
of lithium-ion battery electrodes based on fractional order model[ D ].
Nanjing: Nanjing Forestry University, 2021.
[8] K/, . JET CFD MY L MOV AL BRI [ T] . K5
JHHEA , 2023,48(9) :29-34.
ZHANG Xiaofan, WANG Yue. CFD-based simulation and analysis of
battery cooling models[ J]. Automotive Practical Technology, 2023,
48(9) :29-34.
(9] BhiEAL. SRS T s b AR DT FLAT 5 I L A A M L[ D ]
et P E Al (L) |, 2023,
ZHONG Zexing. Simulation analysis of thermal characteristics of lithium-
ion batteries and optimal selection of battery pack cooling structures[ D].
Beijing: China University of Petroleum ( Beijing) , 2023.
[10] B3GR, ST 52 A A1AS BRI e it PR A5 BN AL K JLA2 R 1 g
WFE[D]. BE FE R, 2023
CHEN Ruike. Study on thermal management structure and tempera-
ture control performance of lithium battery based on composite phase
change materials[ D]. Nanchang: Nanchang University, 2023.
(11] 2k, e AR, A A2 T8l 0 i = P LB S BOIR [T ]
IR AR, 2014,38(2) :378-381.
LI Bin, CHANG Guofeng, LIN Chunjing, et al. Research status of
heat generation mechanism of vehicle power lithium batteries [ J ].

Power Supply Technology, 2014,38(2) :378-381.

[12] PANCHAL S, MATHEW M, FRASER R, et al. Electrochemical
thermal modeling and experimental measurements of 18650 cylindri-
cal lithium-ion battery during discharge cycle for an EV[ J]. Applied
Thermal Engineering, 2018,135:123-132.

[13] JIC, WANG B, WANG S, et al. Optimization on uniformity of lithium-
ion cylindrical battery module by different arrangement strategy [ J J.
Applied Thermal Engineering, 2019,157:1136-1148

[14] LIU G C, ZHANG L J. Research on the thermal characteristics of an
18650 lithium-ion battery based on an electrochemical-thermal flow
coupling model[ J ]. World Electric Vehicle Journal, 2021,12(4) :
156-172.

[15] WAFED ik, E54E 4. AR AU PR R B 7 i b i BAky

FE S 05 LOBFIEL Y. T BERFER, 2023,42( 1) 12128,
HU Yanqging, YANG Bin, WANG Yuzuo, et al. Thermal character-
istics and simulation study of power-type lithium-ion batteries under
different operating conditions [ J ]. Electrical Engineering & New
Technology, 2023,42(1) ;21-28.

[16] BEFWL. BB B IE BRI R 5L D], KM .1k
JEAKFK R REE, 2023.

LIANG Yufan. Research and optimization of thermal management
system for new energy vehicle batteries[ D]. Zhengzhou: North Chi-
na University of Water Resources and Electric Power, 2023.

(171 W, By s e Bt e it 22 Wy B R 07 LT 92 5 i A 45 1

PALBETH[ D], BV LR, 2023.
HU Chong. Multi-physics field coupling simulation study and flow
field structure optimization design of proton exchange membrane fuel
cells[ D]. Zhenjiang: Jiangsu University of Science and Technology,
2023.

SIRARS R, S B REE,F. [J]. w @ Mg Ao 54k
AR A5 A2, 2025,45(2) :157-161.

LIU Jun, GUO Huajun, XU Lulu, et al. Thermal simulation analysis and optimal
design of battery pack structure [ J]. Mining and Metallurgical Engineering,
2025,45(2) :157-161.

(_EHE5R 156 31)
[9] ZEJrl flde kit ZE 45 ZEMEPkmR PR A st (1], BUR
HRBZ, 2022,43(3) :151-172.
LI Fangzhe, KE Hua, ZHANG Hongjun, et al. Advances in multiferroic
bismuth ferrite ceramics| J]. Advanced Ceramics, 2022,43(3) :151-172.
[10] AGARWAL R, SHARMA Y, HONG 8, et al. Modulation of oxygen
vacancies assisted ferroelectric and photovoltaic properties of (Nd, V)
co-doped BiFeO; thin films [ J]. Journal of Physics D: Applied
Physics, 2018,51(27) :275303.
[11] ISLAM M A, SATO T, ARA F, et al. Sol-gel based synthesis to ex-
plore structure, magnetic and optical properties of double perovskite

Y, FeCrOg nanoparticles [ J ]. Journal of Alloys and Compounds,

2023,944:169066.

[12] KATHIRVEL A, INDU K.N, GANGA R, et al. Enhanced magnetic,
dielectric and photoconductive properties of Zr doped BiFeO; nano-
structures[ J ] . Physica E: Low-dimensional Systems and Nanostruc-

tures, 2022,142:115306.

SIRAS:ERA, B R, F. Ba-Ti 245 Rk mAL A R 89 5 400%
RAFR[I]. &% T4, 2025,45(2) :152-156.

LEI Pengtao, ZHOU Wei, YANG Jiyuan, et al. Multiferroic properties of
Ba-Ti Co-doped BiFeO, ceramics[ J]. Mining and Metallurgical Engineering,

2025,45(2) :152-156.



