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Abstract: Optimizing scheme of the air-cooled battery pack structure was designed by using the orthogonal test. The
effects of the battery pack’s space decline range and the inclination angles of upper and lower deflectors on its temperature
field, flow field and pressure drop were studied numerically. The optimal structure of the battery pack was determined: the
space decline range is 0.3 mm, the angle of the upper deflector of 0° and the angle of the lower deflector is 5°. Temperature
characteristics of the battery pack of such optimal structure were then investigated experimentally and numerically at
discharging rates of 0.5 C, 1 C and 2 C, respectively. The results show that both the maximum temperature and the

temperature field uniformity of the battery pack can meet the requirements.
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Table 1 Parameters of lithium-ion battery
FHEH/ Wem K ERHA S Wom
I/ kgm® /T kg KT ‘ ‘ ‘
xJim y iz U0 0.5 C Ik 1 C g 2CIRH
1991 0.14 8.2 8.2 2138 2108 12 985 61 045

mE 1, AR R 12 A B
HURIRHEFN A1, RS L T e Fy 75> S 00 Y F
PRI BRI Y, HBAL AR 38.4 V, #A
40 Ah, LML MBI EIEE R S mm, HHA
M4 50 mm x 170 mm WEEIE, HZH AR
330 mm x 233 mm x 170 mm, H 2R FIF 4738 X
sl A TE 2, AT G- b it L 9t O TR TR
FEL T ALV R A A B35 20 . A EURHILAS T AR
BB F Y AL AT R A S TR R 1 SR B A, YD
23R R A R
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Fig. 1 Structure of the experimental lithium-ion battery pack
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Table 2 Factors and levels of orthogonal experiment

ESES
7K A B C
AL /mm 0,/° 6,/°
I 0 0 0
il 0.2 5 5
11 0.3 10 10

HTF&HREZ R EAEM, EsE3T I
3, SLEYRE-R No.1 ~No.9, % FLUENT %/
i EITE

2 123 SHE H T 2H P RO Bk 7R B B A
Ay UASE I, Whkah D AR
F o B AT, SR i, Py EoR A
FH ke TRTABRL N D28 558 3 mes ', IR 300 K;
FEFHE, 0 Pa, TR 300 K Hilth 525 S B2l
W-ERE, JoERe; mibd b eI, Bt AL
2 C ERBH I L PGE AN 61 045 W-m ™, B 545 Fh
SR VB AN R Rl 52, R AT
FORMEA, SRIFAFRIZS M b e B Tonax . 12
B BRI AT FIHE LR Ap. DiELHHSS
R 3,
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Table 3 Orthogonal experiment design and simulation results
SES 4
AL/mm 6,/° 6/°

No.

Toa/K  ATpo/K  Ap/Pa

1 0 0 0 336.0 10.0 213
2 0 5 5 336.6 10.9 235
3 0 10 10 3375 11.9 28.4
4 0.2 0 5 332.2 4.6 21.1
5 0.2 5 10 332.2 4.7 24.1
6 0.2 10 0 337.9 11.4 26.0
7 0.3 0 10 330.6 1.4 21.5
8 0.3 5 0 333.0 4.8 22.4
9 0.3 10 5 337.0 9.8 27.4
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I APF3ME: k= + 02+ 33)/3, k= (a+ s+ 36)/3,
ks= (v7+ ys+ 9)/3o % R = maxik, ks, k3} — min{k,,
ky ksy, R B ZE, PAE =415 No.1 ~ No.3,
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Table 4 Range analysis data
Ty | K AT /| K Ap/Pa
A B C A B C A B C
ky 336.70 332.93 335.63 10.93 5.33 8.73 24.40 21.30 23.23
ky 334.10 333.93 335.27 6.90 6.80 8.43 23.73 23.33 24.00
ks 333.53 337.47 333.43 5.33 11.03 6.00 23.77 27.27 24.67
R 3.17 4.53 2.20 5.60 5.70 2.73 0.67 5.97 1.43
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Fig. 4 Pressure drop of each flow channel under different 6,
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Fig. 5 Inlet velocity of each flow channel under different 6,
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Table 5 Factors and levels of orthogonal experiment
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Table 6 Simulation results of structure X and Y

25/ AL/mm  6,°  6/° Tou/K  ATwm/K  Ap/Pa

X 0.3 2.5 11 330.5 1.28 22.7
Y 0.3 0 5 331.1 2.20 20.6

5K X 1Y Tomaxs ATmax 7351EHEER 3 7 No.7
(AmBiCrr) BT 0.1 K., 0.12 K, FFIEZ/N, 5 Ap
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Fig. 7 Temperature field cloud picture of battery pack symmetry plane
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