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Cooling Performance Analysis and Structural Optimization of Concentric

Structure Liquid Cooling Plate for Lithium-Ion Batteries

YANG Han, LIU Ninghao, GAO Qiang, YANG Guangfeng
(School of Automobile, Chang’an University, Xi’an 710018, China)

Abstract: In response to the issue of excessive heat generation during the operation of lithium-ion
batteries, leading to increased temperature differentials and posing threats to the battery’

performance, lifespan, and safety, a novel concentric decagonal structure liquid cooling plate
design scheme is proposed. This scheme aims to optimize the cooling performance of the liquid
cooling plate to effectively reduce the operating temperature and temperature differentials of the
battery, thereby extending the battery’s lifespan and enhancing its safety. Through numerical
simulations, the cooling performance of different structural liquid cooling plates is investigated.

The results, analyzed using the entropy weight method, indicate that the concentric decagonal
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liquid cooling plate exhibits the best overall cooling performance. To further enhance the cooling
effectiveness of the liquid cooling plate, the influence of structural factors such as the width,
depth, wall thickness, and center distance of the annular flow channel on the cooling performance
of the battery pack is explored using a single-factor analysis method. Three structural factors that
have the greatest impact on the cooling performance of the liquid cooling plate are selected as
design variables through orthogonal experimental design. Using the maximum temperature,
maximum temperature differential, and average temperature of the battery pack as objective
functions, a response surface surrogate model is established between the design variables and
objective functions. The NSGA-I algorithm is employed to optimize the structural factors of the
liquid cooling plate. The Pareto optimal solution is determined using the entropy weight method
to improve the deficiency of subjective influence in selecting the optimal solution in other studies.
Simulation results show that compared to the initial structure, the optimized liquid cooling plate
reduces the maximum temperature, maximum temperature differential, and average temperature
of the battery pack by 1.39, 0.42, and 1. 15 °C, respectively, with significant improvement in
temperature uniformity. Finally, validation under different discharge rates and environmental
temperatures demonstrates the robustness of the optimized structure under various operating
conditions. These research findings provide effective theoretical basis and practical references for
the design and optimization of liquid-cooled lithium-ion battery cooling structures.

Keywords: lithium-ion batteries; concentric decagon liquid cooling plate; orthogonal test; NSGA-II

algorithm; entropy weight method
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Table 4 Maximum temperature, maximum temperature
difference and average temperature of the battery

pack under different coolant flow schemes

Ui 1) 77 5 T/ C ATwe/C Twe/C
1 39.49 4.32 37.90
2 38. 88 3.54 37.74
3 38.74 3.46 37.62
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Table 5 Influence of the number of annular channels on the
maximum temperature, maximum temperature and

average temperature of the battery pack
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2 38.93 3.39 37.86
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Table 6 Value range of each structure factor

I [ A/mm B/mm C/mm D/mm
TRR 1 1 1 70
WIH 2 3 2 70
ERR 3 5 3 78
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Fig. 13 Liquid cooling plate structure parameter optimization

process
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Table 7 Orthogonal test factor level table

PRI SRR Re > Ry > R, > Ry Mg sy p S Amm Bimm Cnm Don
X1 BE 5% W d5c /0 BT LLJE 22 9 AR B D 8 70 mm, XF 2 2 3 2 74
g E A B.C it — 2tk 3 3 o 3 8
%8 EXRRBFERGAZER
Table 8 Orthogonal test scheme and simulation results
95 A/mm B/mm C/mm D/mm Thax/C AT,/ C Tuw./C
i 1 1 1 1 70 38.48 4. 82 36. 88
g 2 1 3 3 74 38.21 3.76 36. 94
R 3 1 5 2 78 38.15 4.21 36.75
5 4 2 1 3 78 38.21 4.07 36. 89
5 5 2 3 2 70 38. 46 3. 74 37.19
5 6 2 5 1 74 38.55 4.28 37.06
5 7 3 1 2 74 38. 66 4.83 37.06
5 8 3 3 1 78 38.72 4.69 37.16
5 9 3 5 3 70 38.43 3.33 37.28
A9 BRHBE RKBERTFHBERESN A
Table 9 Maximum temperature, maximum temperature and average temperature range analysis table
VA4 b i B2
ki ki ks R,
A 38. 280 38. 409 38. 605 0. 326
B 38,452 38. 465 38. 377 0.087
T/ C
C 38. 585 38. 284 38.425 0. 302
D 38. 458 38. 476 38. 360 0.116
A 4. 264 4. 032 4. 283 0.251
AT B 4.575 4. 062 3.941 0. 634
C 4.596 3.722 4.260 0. 875
D 3. 967 4.288 4.323 0. 356
A 36. 857 37.046 37.168 0.311
B 36. 942 37.097 37.031 0.155
T../C
C 37.035 37.036 36.999 0.037
D 37.115 37.023 36. 934 0.181
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Table 10 The prediction results of evaluation indicators for

different surrogate models

ot R? Ruyse

%%  RSM RBF Kriging RSM RBF Kriging
Tow  0.945 0.875 0.835 0.064 0.098 0.112
AT, 0.903 0.776 0.732 0.092 0.143 0. 154
T.. 0.935 0.872 0.832 0.079 0.098 0.136

4.4 fRULER

DA R Tt 2 5 e S8 L i Rl 2 A 2 D e A
H b5 25 A3 TSR N : 1<<A<<3.1<<B<5,
1<C<3 (PR mm) ., RS L
H AR AL Bee RN~
Thax (AB,C)
AT, .(A,B,C)

min F(A,B,C) = J
[TEI\'C(A7B’C)

(16)
J1<A<3
s.t. =1 <K B<5
1< C<3

zkxb. xjtu. edu. cn

5 MARFEAT AT e B AR ALEE R o B

5.1 itz
501.1 A ESRBREAHKE

NSGA- I &AE# iE & 1 T % BTMS,
Kk & R A S 3 22 B AR 0 Ak 0] R A o5 v T B
B KRR 25 A YR S A B P I W B bR . Ak
ok HE S HE R B B TR AN RO T S H AR AL
HL R TE AN E 1Y AR R e R G At — 4
Pareto it . 5 By 4% 20K W) B b5 Z 18] 19 715, [7]
B  NSGA- 11 583k B A 2 i A fg 77 5 3k 50 5 38 B
G BB A5 A0 35 22 il 24 O 2% A7, EL 3 N 1k i, T D AR
b IR A [ RS R A 2% BE 08 10 Ak TR) A, A5 3 T
AL % BTMS,

TER HH NSGA- 1T k#4704 I, 35 2 80
BB R T OCHEN , B ik 8 2 80 5% e A Ak i
TR PR B 1 AR R A R . SR
SR B SRR 1 1 BE RN 4 SR AR R TR ) R
A SCFEW S W B S B A R R R AR AR
RASMER 38 ME #3843 A7 4R BRI AR S5 43 A 4
B, GEE PR/ — AR B T R B ASE RN AR
TEHEHE AR SC R B R 3 G508 o5, UL RE /N
WHETE 12~20 Z[0], 7] LhARAFAR 4F 1 i 5 iFf AR 2K
— MR A O 2 R B AT BE R L AR SO i AR AR
B BN 50~150; 238 LA M I ELE 0. 7~0. 9
Z 18] R AT AR, L g 0 22 R L O 81 RT L
T8 YRR DA RS MBI 5 9% A8 MEFE 38 F I EAE 0. 01~
0. 10 Z 8], AR By A48 S A 32 58 ] T e s B,
FRAE 2 T R B B, AR SCHL 0. 105 28 SRR S5
3 A% 4 BRSSO S BRAE R e B, 58 LA AT
FEBORAE T 38 SXARAE OB A 00 43 A0 S8 B AR S A A
TR T T A AR AR B R R L AR SR8 SURIAR A A
F&E AR 10 0 20,

5.1.2 HB M

AR S BUURAE S BT AT LPEAS R W 2 500 11k
H A5 FSR L PE R A 52 L 35 B AL S B0 8 1R S
PR R Gk B AR 28 0 DR B T AR e
Btk A SCE 5 1F 28 3R 00 W 2 43 B X A RRE R A
FEARECRN 28 SUREZE (43 I a b e o) HEAT U
GtT. R 11 M IEZR KB LSRR, EH
L, (3°)IE38 %, 9 4l 1E 28 iR 56 77 58 K AH B AR 4k H #5
WREERE 12, Hd ik Hir &g EWM it




Wi, 4 - B T e T TR 95 A RV A A BE 20 T B A 1R 183

B BFE A A AL . MNIESS R AT LLAE 9
IR T R RBT L AW, itk HEsY
W 223 L2 13, M2 13 R Al LAE Y, LU iR
JE B R 22 T B0 B O PE AN 48 AR B, 45 2R 53
MR, >R, >R, Ut HEEZH o XAk B b5 1Y 52 i
R H KBS o Flc Gl W 22 401, 15 IR K
VI BB A K aiboa; T asby e, . BT HE
- A b 7 R g R S A R Pt A v R R R IR
e/ IMEL s DA B R A 0 S G R, R AE 2% IR B 22 5
A 1 A1 B - T i e el ) A PR O o TR P AR I
BT BHESBRILAEG N abic. .

K H NSGA- I 5k 41 2 HbriiAe, S50k &
R AR Ry 16, BEAARER T 50, 38 AR
0.8, RAEHNy 0. 1,58 LA A8 ¥ 10,728 543 A 48
Bl 20, Zat 800 WK B 191 A R A
fit, Gl 15 frs . @it EWM 500 24T &AL
il A5 R R IR B A R IR 2 T B4 B A AR 43 )
Jg 38, 242% .19, 506 % Fl 42. 252% , AR g 1% 46 AL
LTV A RE JEL G ORI G VR B 4 S R
3.3.1 mm B, W ¥ Al 9 ¥ 20 1k R Ok B o A, LR g
FEPR LR 14,

k11 EXRRBAEFEHEERFL
Table 11 Horizontal table of parameters of orthogonal

experiment algorithm

KA a b ¢
1 12 50 0.7
2 16 150 0.8
3 20 100 0.9
R 12 ERKBFTEEFHMACLER
Table 12 Orthogonal test scheme and algorithm optimization
results
%5  a b ¢ Taw/C ATwu/C Ty/TC
1 12 50 0.7 37.998 3.725 36. 684

2 16 150 0.8  37.998 3.725 36. 684
3 20 100 0.9  37.998 3.723 36. 684
4 12 150 0.9  38.183 3.477 36.932
5 16 100 0.7  37.998 3.723 36. 684
6 20 50 0.8 37.998 3.724 36. 684
7 12 100 0.8  37.999 3.721 36. 685
8 16 50 0.9  37.997 3.728 36. 684

9 20 150 0.7  38.186 3.423 36.909
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Table 13 Maximum temperature, maximum temperature and

average temperature range analysis table

PE R bR i s
ki ki ki R
a  38.060 37.998 38.061 0.063
Toax/C b 37.998 38.112 37.999 0.124
¢ 38.061 37.998 38.060 0.062
a 3.641  3.725  3.623  0.102
AT/ C b 3.726  3.542  3.722  0.184
¢ 3.624  3.723  3.642  0.099
a  36.767 36.684 36.759 0.083
T../C b 36.684 36.842 36.685 0.158
¢ 36.759 36.684 36.767 0.082
% 14 WAERFLER
Table 14 Selection results of entropy weight method
2k T/ C AT/ C Tuwe/C
ot & 38 3.72 36. 68
RNk 38.1 3.9 36.75
AR R 22 0.26% 4.62% 0.19%
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Table 15 Comparison of performance indicators before and

after optimization
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Fig. 16 Initial and optimized BTMS temperature cloud image
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