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Table 1 Comparison of bee colony optimization and its improved algorithms
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A EITE S | N K SCHk[ 2177 3% SCHR[ 22 J5 %
It iR Bigii I bR [ i
Pmed] 100 5 2.99 2.09 5.24 4.05
Pmed5 100 33 2.07 0.73 1.29 1.49
Pmed9 200 5 7.41 9.01 11. 66 13.53
Pmed10 200 67 3.58 2.57 3.90 2.76
OR-Lib
Pmedl1 300 5 15.73 16. 25 22.32 11. 67
Pmed15 300 100 18.05 4.40 8.91 4.43
Pmed17 400 10 27.75 27. 06 137.50 30. 88
Pmed20 400 133 24.04 9.30 13.53 13.35
pr439 439 40 39. 66 33.03 35.04 32.52
prd39 439 5 53.13 51.74 53.43 53.08
lin318 318 20 15.53 14. 49 14. 60 13.54
lin318 318 5 19. 67 22.06 18. 85 18. 68
TSP-Lib
d493 493 40 73.03 79.97 333.40 45.38
d493 493 10 82.69 82.25 85.71 60. 13
d657 657 20 215.40 255. 80 1047. 50 301. 15
d657 657 5 158. 60 154.70 117. 80 100. 56
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Table 4 Comparative analysis of the performance of bee colony optimization algorithm and its improved algorithms
) . SS PGASA BCOi MABC
S 45 N K B A it . = - = - = . =
BHRl/s  IeAEMR BEIRl/s RetEfR S mbRl/s ReEER S BR/s BoHER
Pmed1 100 5 127 0.11 127 1. 66 127 0 127 0. 00 127
Pmed3 100 10 93 0.49 93 1.58 93 0 93 0.09 93
Pmed7 200 10 64 16. 31 64 2.63 64 0 64 0.19 64
Pmed10 200 67 20 2.65 20 0.03 20 1.45 20
Pmedl11 300 5 59 7.69 59 4.50 59 0 59 0.33 59
Pmedl13 300 30 36 4.59 36 0.01 37 1.20 36
Pmed15 300 100 18 4.52 18 0.04 18 3.69 18
Pmed17 400 10 39 10. 49 39 6. 86 40 0.01 39 0.96 39
Pmed18 400 40 28 6.45 30 0.15 29 1. 63 30
Pmed20 400 133 14 7. 88 14 0.09 14 4.33 14
Pmed30 600 200 11 9. 67 11 0. 35 10 4.98 11
5.3 E{NEEMREXTLE
W35 LA 7E OR-Lib 1Y Pmed 55 4] | TSP-Lib
(4 d657 \,nu3496 S S I fifk (¥ J5T 5 HE AT X L 43 Br 4n
5 FR . £ OR-Lib %6 ', Gon , Sh 53k )
AT B[] AT Z2 8 AN 1, T CDSh 83k /9 7 33 #0047 15 [
H0.014 s HZ MK S ha] LA, 7E Pmed 241 -
CDSh 583% fif 1Y it & A T H AW S0 . 7 TSP-Lib Y
200 1 1 1 1 1 1 . N
. d657 S5/NRLSEH | Gon | Sh B 5 Y $AT I [ AT 22
W& AT, CDSh S G AT I ] 0. 13 s, {H & CD-
B3 BCOi 3¥ 7 #M%Mm i L O ]
. : Sh SEILTE d657 S5 L fif (¥ B ik AL T Sh Gon 33k,
Figure 3 Influence of BCOi parameters
-Lib B & 1) Ay b
on the quality of solutions E TSP-Lib EI/J nu3496 # j( A =k WJ EP , Gon | Sh %: {ZJE
x5 EMEEREARMNETERES LS
Table 5 Comparative analysis of performance of approximation algorithm at different scales
" - . R
4 2 S 41 N K T ff - -
Sh Gon CDSh
Pmedl 100 5 127 167 191 127
Pmed3 100 10 93 141 142 96
Pmed7 200 10 64 89 96 64
Pmed10 200 67 20 28 29 20
Pmedl1 300 5 59 68 91 59
OR-Lib Pmed13 300 30 36 52 59 37
Pmed15 300 100 18 24 25 18
Pmed17 400 10 39 56 59 39
Pmed18 400 40 28 41 42 29
Pmed20 400 133 14 18 19 14
Pmed30 600 200 11 12 14 11
d657 657 5 880. 90 1 214.30 1352.08 880. 90
d657 657 40 249.51 364. 34 333.35 278.35
ul060 1 060 20 1 580.79 2139. 81 2192.22 1 698.71
ul060 1 060 100 570. 00 828.09 720.92 632. 88
ul060 1 060 150 447.00 699. 52 570. 01 495.01
TSP-Lib ul979 1979 10 1 160. 69 1327.48 1 606. 55 1 160. 69
ul979 1979 100 220.32 320. 15 295.25 235.08
ul979 1979 150 152.02 212.52 197.22 164. 56
nu3496 3 496 20 519.08 703. 36 691. 64 566. 66
nu3496 3 496 100 194. 36 247.77 254.95 222.36
nu3496 3 496 150 149. 07 190. 02 186. 34 169. 96
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FE Bl 2 k-center [A] 5 1Y 55 B 58 25 i 49

FR 7 B3 047 I 18] 43531 9 0.001,0. 034 s, CDSh 5532
AIFRATIRIE] 2 0. 314 s (HZ2 MK 5 th Al LU 78
fift 9 5T B CDSh A0 T HA Bk

6 %iE

AR L 3 T 3K f# k-center [n] 250 (1) RS 0 B0 |
R AXEE JoR RSB R URE SR B T A%
B Y P Bk s S ek i SR B DGR R  A T I (] A
8 o e 25 7 TR AT 4R

B RS B SR A /NS Y k-center [A] 8 I AT 25
AR B A RACR (B BB R B A AN f ST, Rt
AR TAEh s E 4R I B a7 AR R
St kBt SR R AL R S R TR kAU
AT K AU 2 A BRIR 19 PR AIE i 1Y ot xfE LA
PRAE , PRI 7 A SR A RLASE SR At 2803 A O T A7 TR
AMWETE, $0 30 8w 850 SR A 305, I R SR A k-
center ] B3I BRIS 0F 5% 0 8 K F 52 A A, Rk &
K TAE Hh 75 4% BRI et HL S A (8 5 K 1)
Bk AT k-center 0] B AT IR AWFST, T F
BE IR A0 B SR R R R
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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
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