% 45 %% 6 T RRFFIR Vol. 45 No. 6
2022 4 6 A Journal of Chongqing University Jun. 2022

doi:10.11835/5.issn.1000-582X.2021.07

o OS8R Uk K i DR LR UG Y ) R L 4

}E{%Faa9'ﬁ“ﬂu‘/}£ **ﬁ:]él 9-’)’" ,f_%b ’E‘B}]ﬂa
(FERKF aBMEFIEBRELE TR T;bAMREER AL FR, LK 400044)

WME-ARIDAE L LG BAERPREEE ATEFIRNATE. R E—F % B AR

iRt ik, *F 3 AR b 6, 0 HE AR ) BB A F FAR R A S ATHRAL KRG, A TR F TR A
FEORSHER,RAE TR L FH KBRS E S L (radial basis function, RBF) .| vq & & 3

(response surface methodology, RSM) \Kriging REAEA F ik #E 3R SR E R KB £ R | ER
ROLMER, ARKBEFPAERRABAF, ROBREAGREI B LG %fc#wuu%z;,km
B 47t 4% £ 7% (multi-objective genetic algorithm, MOGA) # 47 F 4 K M4, 5F 8 i £ I iR AL 7
FHAGERNGTER, iLE REY AR AR DT 32,420, R KB EABKIKT
13.64% 5% & i JE EAK T 0.034,1277%&%%?&%}‘7 LR DR SV R R R i o

KEERE 3 A4 & F R %\'Kiﬁlﬁ‘%ﬁ-%{d&ﬁ%

HESES  TMI12 SRR S D MEHRS :1000-582X(2022)06-014-13

Heat dissipation optimization of lithium-ion battery pack

based on semiconductor refrigeration
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Abstract: In order to improve the heat dissipation performance and energy density of power lithium battery
packs, based on the semiconductor refrigeration scheme, a multi-objective optimization design method is
proposed to optimize the arrangement of power lithium battery packs and semiconductor cooling
capacity. Based on the established thermal analysis model of the semiconductor refrigeration scheme, the
Latin hypercube test, radial basis function (RBF), response surface methodology (RSM), and Kriging
proxy model methods are used to establish the approximate model of the maximum temperatures,
maximum temperature difference and pacing volume. Taking the maximum temperature difference and
spacing volume as the goal and the maximum temperature as the constraint, the battery pack heat

dissipation optimization model is established. Then, the optimization solution is found by using the multi-
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objective genetic algorithm. Finally, and the reliability of the simulation results of the optimization scheme
is verified through experiments. The simulation results after optimization show that the battery module
spacing volume is reduced by 32.42% , the maximum temperature difference is reduced by 13.64 % , and the
maximum temperature is reduced by 0.53%. This method significantly improves the heat dissipation
performance and energy density of the battery packs.

Keywords: power lithium battery pack; semiconductor refrigeration; surrogate model; heat

dissipation optimization
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Fig. 1 Heat dissipation scheme of semiconductor
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Fig. 2 Heat dissipation optimization framework of power lithium battery pack

AL IRAT -
1) 2 SR v2 1) 3 J B b A TR O R BT A5 A iR R W 3 e Tl R S AT
AW SO I e v EVA <R I



% 6 BRI, S R T F TR A S H4ed ik &AL 17

D AR R N H bR . AR AR B T 52, TR A T AT 2 Sy B ST B2 L R S AR Ve A R 2
DAL vl HE 51 TR] R VR S 1728 o, K H S A e v R EE L A KR 2 M LB AR R it B A .

Y FESACHEAE A, R BT 57 3 58 R B T AR R AR A, 3 R 3 7 2% (computational
fluid dynamics, CFD){jy B 54 3k BOFH R ) i B2 B . -5k F RBF, RSM, Kriging fCHBL RIS %1 H bx
4 AU Y >R T35 2 DV 5 208 JBCAUL 5 s B2 e v 0 AR A

D PR R LSRR . @ 2 B AR AR BB IF R ) MOGA 3K fig % S A6 9 HE A (8] 25 70 2 5 44 1

s

2 BETESEHSTRIASHEE

2.1 HEbMEBEST
FEL b AR TR 45 7R T R Y PR B AR ST L RE e S I B ML TR IR E SR e, BT
B AR AR bR FR ST B R Tt = AL PO

(')T (']?T (f)? 7T
oc = =2A, -+ A, - AL
dy dz?

o A HLML B s e O HL L FAE Tﬁﬁﬁ(ﬂzﬂ’ﬁ/ﬂn st AP A, 5 Ay AL HEMAE . v, 2 AT
g N HL I B AR FRUE G R

SR AR A ALY TR BRI A i A B PES B 05 o0 A ERRGHUR ¢ T B0
211wk A K

F, Tt A A M 2 B I 9 SR F T R S A% A R T Y DG B R R ) A 1 2 BOR TR E H T R T LA
HERA PR LAl . PSR AR o LI ¢ VT RA L, AL, AL BERSEIE 1 iR,

®1 BEABREAYESH

Table 1 Thermal properties of single battery
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Fig. 3 Battery pack design scheme based on semiconductor refrigeration technology
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Fig. 8 Semiconductor refrigeration program experimental test platform
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Table 4 Comparison of simulation results and experimental results

FL Tt 25 5 FCLBE /K SRR /K Z{H/K RER/ N
1 312.5 318.5 6.0 1.88
2 312.3 319.1 6.8 2.13
3 312.2 319.3 7.1 2.22
4 312.3 320.2 7.9 2.47
5 312.1 320.3 8.2 2.56
6 312.0 320.5 8.5 2.65
7 312.1 320.9 8.8 2.75
8 311.9 320.3 8.4 2.62

4.2.2 LSR5

&9 ST 8 000 s, HI AR 2H 4] 46 7 8 ALK 5 8 R B o0 A = 8. Ry D7 % e L Ak 11 I H, v A5 2 1Y
L (EIP A e N ES B 7l 8 2l sl T S S S S o R L ST - e Sl | B R R S 8 2 A R T
AR Yl IR IR T 3 A R DR R S AR v e I A L AT A ) L BE 8 T Rt R i v
[Fa) RO R Vb 7 A ) B BT T SRR Y i B R e RO .

P 10 Sy F e ASE 2 70 ) 8 e B v b (4 900 2 T 28 RAAR S O SRR BE L i 2 X e, W DL S R SR AL S
R B A F Tt O BE AR T UL AL T . ELRE 6% Sk B0 AS e R AS . I DL A S5 B B0 H b i 3 T it G L P — B iR
W 19207 28 RE A A0 DR e A5 21 v PR i Yl UL ) 28 50 1
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Fig. 9 Cloud map of battery module temperature field distribution
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Fig. 10 Temperature rise curve of single cell in battery module
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Table S Design parameter values before and after optimization

Wit S5 Bt B br
E 2

x1/mm x./mm x;/mm x,/mm xs;/mm xe/W T e /K AT../K V/mm?
FN R 2.000 0 2.0000  2.0000  2.0000  2.000 0 18.75 314.14 5.50 1121 400
A8 1.400 0 1.2809 1.2131 1.3164  1.4511 19.25 312.48 4.75 757 792
RMPERE _

4+30.00  +35.96 +39.35 +34.18 +27.45 —2.67 +0.53 +13.64 +32.42
T/ %
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