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Figure 1 Verification of the single battery model
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Figure 3 Grid independence verification results
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Figure 6 Temperature distribution maps with different inlet air velocities of turbulence structure
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Figure 8 Temperature distribution maps with different partition spacing

B8 W LA, 2 L, tL, =1 1B H i 20 5
DX 38l 4 PR 3 BE A3 AT 34 50 MY L, L, = 4 LI i
DX 1) Lt T SR ) R R R . A IET 9 i i
FL 8] 74 25 £k 26 m] DL o e R R0 K i 22
FE L Ly =1 1SR E R /ME 78 Ly L, =4 103K F
KAE, UL e iR i KR 25 L, 1L, il
RIEME,

304
303
% 302+
E
£ 301+
it ——1:1
B 300} ——2:1
——3:1
299+ ——4:1
2980 0 20 (® a®  o® R
'LQ AV QY 0 \QQ \'LQ\D:Q\bQ
JHCHLI ) /s
(a) B IRAE
45
40+
35+
v 30f
gﬁé 25}
2 207 —— 11
g 15F —e—2:1
1.0+ ——3:1
0.5} ——4l

0 ’LQQ O (@O o \QQQ\'LQQ\ &QQ\ &

JHCHRL IR 18]/
(b) K=
9 AERWEERBERERMENBEHENLXR
Figure 9 Relationship between the temperature
of the battery pack with different partition spacing

and the discharge time

BE& L, L, ik T 101, B A o i 48 T AR
SR L 2 0 AP REARAT TR T ELAE R Y A
JBCHL RN, 24 L, oL, o 1 s LS A — A B i) 1 o 1
i JSE 1 e R 22 A0 /N T H b HE A T 3 R 2 A
Rl 22 09 A AR AT e A WS AR L, L, O 11
{18 oF ik 245 ) i O 8 v b 0 149 PN 3R 3 i 3 A U 1 HIE

=
E

301.04 301.07
300.56 300.58
300.07 200.09
299.59 299.61
298.63 298.64
298.15 298.15
(©) L;:L=3:1 (d) L;:L=4:1

LA HAT U v SRR . A i S 4 07
Z VAR R WX Bk HE 51 ) I8 3 45 K 7E £ T
HL It L Ve SR BE D5 TR A AR

3 i

AICLL 18650 4 HE i Sy A 5 X 42, it T —Fh
FLAG P I 45 48 11 R4 76 o b ) BV B R 4, R
A R TCBE AT A5 A7 05 B H O i e
AL N L R HE A S A AR DAL E AR
MRS R AR A T A SRR XV B R R AT
etk , 85T,

(1) B FE KT AR §G O i AR B, A
EE P E N 2 m/s B, 0HESE K B R R E N
32,11 °C | KIR2EH 6.96 °C; X HESE# & w5 i
31,44 °C T KIEE N 6.29 °C, UHESS ) A B
BT A3 ASCHE HL Tt A P S A 3 sl BEL il s R
AT YRS I R ZEREILT 0.67 C,

(2) 38 J B A 0 Rl Sl A P SR 2SR, R
Bp E SR R T AR 45 R R W R R
SER AT IR AL H i A iR JI S0 5 LHESS I AR L
FFE A F i R 22 FRET 0.60 °C, 2455 S i
T 4 m/s, BB E R RIRZKT 5 C,RRIERIE
FHL it 1) o A0 P R

(3) FF HL Tt 4 5 H JE D Lt 1 AT PERE S
A28 S 2 IE A O, M A B 6 m/s 4k 4k
B R 22 SO H R AR AR AL AN B S 3 3 A B Al
A EALH, S L, Lo 1 TR T 400 45 A e Y
RHBOR L, LN 1:43] 11 7 p R HIRCR &
RS
S 3k
WAF, WA T. A J7 6 21700 4 L AR A2
WEBREWEZW[J]. MM KFEWR (T FM),

2023, 44(2): 91-97.
GUO C X, WEI J Y. Influence of different arrangement

[1]



96

PSP PN i 3 - S QRIS )

2025 4F

[4]

[5]

[6]

[7]

[8]

[9]

[11]

on phase change thermal management system of 21700
lithium battery[ J]. Journal of Zhengzhou University ( En-
gineering Science) , 2023, 44(2). 91-97.

PADALKAR A B, CHAUDHARI M B, KORE K B, et
al. Effects of circumferential fin on cooling performance
improvement of forced air-cooled battery pack [ J]. Ap-
plied Thermal Engineering, 2024, 238 122013.
SADEH M, TOUSI M, SARCHAMI A, et al. A novel
hybrid liquid-cooled battery thermal management system
for electric vehicles in highway fuel-economy condition
[J]. Journal of Energy Storage, 2024, 86 111195.
TR, RRMS, k. 45 BT R BT
R EVERET]. fL T 2ERE, 2022, 41(10): 5518
-5529.

YIN S W, KANG P, HAN J W, et al. Thermal manage-
ment performance of lithium-ion battery based on phase
change materials[ J]. Chemical Industry and Engineering
Progress, 2022, 41(10); 5518-5529.

LING Z Y, CHEN J J, FANG X M, et al. Experimental
and numerical investigation of the application of phase
change materials in a simulative power batteries thermal
management system [ J]. Applied Energy, 2014, 121.
104-113.

AN Z G, GAO W L, ZHANG ] Y, et al. Enhancing heat
dissipation of thermal management system utilizing modular
dual bionic cold plates for prismatic lithium batteries[ J].
Journal of Energy Storage,2024,87. 111541.

WANG Z W, ZHANG H Y, XIA X. Experimental investi-
gation on the thermal behavior of cylindrical battery with
composite paraffin and fin structure[ J]. International Jour-
nal of Heat and Mass Transfer, 2017, 109 958-970.
BABAPOOR A, AZIZI M, KARIMI G. Thermal manage-
ment of a Li-ion battery using carbon fiber-PCM composites
[J]. Applied Thermal Engineering, 2015, 82 281-290.
FREDR, B, IO, 5. SRS M RS 20 3
Ty b Al A HCGAMERELT]. fb TaE &, 2009, 28(1) . 23
-26, 40.

ZHANG G Q, RAOZH, WU Z ], et al. Experimental in-
vestigation on the heat dissipation effect of power battery
pack cooled with phase change materials[ J]. Chemical In-
dustry and Engineering Progress, 2009, 28 (1). 23 -
26, 40.

GUO Z Y, TIAN C Q, GONG K Y, et al. Experimental
study on the dynamic response of voltage and temperature
of an open-cathode air-cooled proton exchange membrane
fuel cell [ J]. International Journal of Hydrogen Energy,
2024, 57 601-615.

WA, TR, TR, . RAE SO T A2 e R

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[20]

[21]

B R HRBCR AT [J]. M R (L¥RR),
2022, 43(4) : 53-59.

YANG X C, JIA Q H, QU X, et al. Analysis of cooling
effect of operating parameters on proton exchange mem-
brane fuel cells[ J]. Journal of Zhengzhou University ( En-
gineering Science) , 2022, 43(4) . 53-59.

KRISHNA J, KISHORE P S, SOLOMON A B. Heat pipe
with nano enhanced-PCM for electronic cooling application
[J]. Experimental Thermal and Fluid Science, 2017, 81
84-92.

PISE G A, SALVE S S, PISE A T, et al. Investigation of
solar heat pipe collector using nanofluid and surfactant[ J].
Energy Procedia, 2016, 90, 481-491.

YANG T R, YANG N X, ZHANG X W, et al. Investiga-
tion of the thermal performance of axial-flow air cooling for
the lithium-ion battery pack [ J]. International Journal of
Thermal Sciences, 2016, 108. 132-144.

LIU Y Z, ZHANG J. Design a J-type air-based battery
thermal management system through surrogate-based opti-
mization[ J]. Applied Energy, 2019, 252. 113426.
KRB, EF, B, 3 )it 702 )Kve AE B
RS E[J]. b T 9k B, 2017, 36 (3 F) 1),
187-194.

SONG J J, WANG Y C, WANG T. Simulation of layered
air cooling thermal management system for lithium-ion bat-
tery pack [ J]. Chemical Industry and Engineering Pro-
gress, 2017, 36(S1) : 187-194.

W e, ZZE NS 3l I it PVE R it S E
[D]. dbxnt. bt TR, 2018.

YANG L B. Design and research of reciprocating air-
cooled power battery thermal management system[ D ]. Bei-
jing: Beijing Institute of Technology, 2018.

TR, BRE. R T el Py BE S Al X L Tt iR TR
W ARAT(I]. HLESEAR, 2010, 34(2): 128-130.
ZHANG Z J, LI M D. Effect of internal resistance on tem-
peratre rising of lithium-ion battery[ J]. Chinese Journal of
Power Sources, 2010, 34(2) . 128-130.

RAO ZH, HUO Y T, LIU X J, et al. Experimental inves-
tigation of battery thermal management system for electric
vehicle based on paraffin/copper foam[ J]. Journal of the
Energy Institute, 2015, 88(3) . 241-246.

BERNARDI D, PAWLIKOWSKI E, NEWMAN J. A gen-
eral energy balance for battery systems[J]. Journal of the
Electrochemical Society, 1985, 132(1) . 5-12.

JEON D H, BAEK S M. Thermal modeling of cylindrical
lithium ion battery during discharge cycle [ J]. Energy
Conversion and Management, 2011, 52 (8/9). 2973
-2981.



1M 1], 45 . BoA PR 45 4 9 X% 20 T e 3ib 4 P B AR SE A AL 97

Performance Optimization of Air-cooled Lithium Battery Pack Thermal

Management System with Turbulence Structure

HE Chuang, ZHAO Qinxin, LIANG Zhiyuan

(MOE Key Laboratory of Thermo-Fluid Science and Engineering, Xi’ an Jiaotong University, Xi’ an 710049, China)

Abstract. The design and simulation of a vehicle-mounted air-cooled lithium battery pack for new energy vehicles
were presented. Finite element simulation was employed to analyze the thermal management system of the air-cooled
lithium battery pack. The results indicated that with an inlet air velocity of 2 m/s, the maximum temperature differ-
ences for the parallel and serpentine structures were 6. 96 C and 6.29 °C, respectively, with a reduction in the
maximum temperature difference for the serpentine structure. Introducing flow baffles to create turbulent structures
reduced the maximum temperature difference to 5. 69 °C compared to the serpentine structure, representing a de-
crease of 0. 60 C in the maximum temperature difference. When the inlet air velocity exceeded 4 m/s, the maxi-
mum temperature difference was below 5 C , meeting the optimal discharge efficiency of lithium batteries. The bat-
tery pack exhibited optimal cooling performance when the flow baffles were arranged in a symmetric structure, with
significantly lower maximum temperature and temperature differences compared to other layout arrangements. Fur-
thermore, the inlet air velocity was positively correlated with the cooling performance of the battery pack. The opti-
mal cooling effect was achieved when the inlet air velocity reached 6 m/s, after which the change in cooling per-
formance diminished with further increases in inlet air velocity. In conclusion, the designed 18650 lithium battery
pack demonstrated optimal flow disturbance cooling performance with symmetric layout spacing, and controlling the

inlet air velocity above 4 m/s enabled the battery to operate at optimal discharge efficiency.

Keywords: lithium battery; turbulent structure; thermal management; inlet air speed; temperature difference

(45 50 170)
The Survey of Algorithms for k-center Problem

WANG Xiaofeng'>, HUA Yingying', WANG Junxia', PENG Qingyuan', HE Fei'

(1. School of Computer Science and Engineering, North Minzu University, Yinchuan 750021, China; 2. The Key Laboratory of Images

and Graphics Intelligent Processing of State Ethnic Affairs Commission, North Minzu University, Yinchuan 750021, China)

Abstract; The k-center problem is fundamental in facility siting, and is also an NP-hard problem with practical ap-
plications in the fields of distribution, emergency services, etc. However, with the expansion of the problem scale,
the original algorithms were no longer applicable and should be further optimized or improved. In order to find an
efficient algorithm to solve the problem, the existing algorithms were studied. The algorithms for the k-center prob-
lem were classified into exact algorithms, heuristic algorithms, meta-heuristic algorithms, approximation algo-
rithms, etc. The algorithms were compared in terms of their principles, ideas for improvement, performance, accu-
racy, etc. The exact algorithm obtained the optimal solution in polynomial time when solving small-scale k-center
problems, but was inefficient and not applicable to large-scale problems. The heuristic algorithm could give the
relative optimal solution in polynomial time, but there was no theoretical guarantee to measure the relationship with
the most optimal solution. The meta-heuristic algorithm could be improved according to the existing intelligent opti-
mization algorithms to give the relative optimal solution, but the quality of the solution could not be guaranteed. The
solution obtained by using the approximation algorithm had the guarantee of the approximation ratio, which was of
greater theoretical research value, but the practical value was weaker. At present, the meta-heuristic algorithm for
solving the k-center problem achieved certain research results, but there were still breakthroughs in the solution
time, solution scale and algorithm efficiency, which could be the focus of the future research on the k-center prob-
lem.

Keywords: k-center problem; exact algorithm ; approximation algorithm; bee colony optimization algorithm; genet-

ic algorithm





