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Design of the Battery Thermal Management System With
Phase Change Material Coupled Cold Plates

HUANG Qin, YU Lingfeng, CHEN Kai
( Key Laboratory of Heat Transfer Enhancement and Energy Conservation of Education Ministry,
School of Chemistry and Chemical Engineering, South China University of Technology, Guangzhou 510640, P.R.China )

Abstract: The battery thermal management system with phase change material coupled cold plates was investigated with
the numerical simulation method. The results show that, the temperature and temperature difference of the battery pack
decreases with the increase of the flow rates of the cold plate in the system, while the power consumption of the cold plate
significantly increases, which leads to poor efficiency of the system. To improve the efficiency of the coupled thermal
management system, an adjusting strategy was introduced to optimize the thickness distribution of phase change materials
with the system volume fixed. The optimized results of typical cases show that, the optimal phase change material thickness
distribution can be obtained by only 5 adjusting steps. Compared with the original system, the maximum temperature of the
battery pack drops by 1.1 K and the temperature difference narrows down by 29% after the optimization. To achieve the

same temperature difference in the battery pack, the power consumption of the optimized system lowers down by 64%
compared with that of the original system.
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SRR DA ES L. S T M L EA A = KA 2 —, ER A IR S 0. B EIA G 3 T PERe fnsk
AT AR B4R, X LA R S AR ST R AR T YK, it SO i AR G AR, AR
P IOk KT, K5 R F R B T, AN, TR R 3l ) i A T AV R, CRUE AR A R
FEJO N TAE, DI4ERF R 4% 2t e a1 7.

H AT, IS B AR 2 SR HIY L AR HID FHAS A BHPCM) R | AR HI LR TR 7 =2
AR ENCS o ST AR ARV AR A RE A8 A1 7 20, 0T LAZE B 0A B b 2 80 5 A AR A R IR M A 1R A1
L SR Yt 2 e e U ) A AR IR 2 U8 I, R — Rl A I AT S A G AV L A T T AR AR AR
A A (PCM-LC) A B R G R RETT & T K EWFIE. M ™ F 98 T KRG Ws TS8R G H A MR 7
B LT R G HI R BE RS2, 45 SR T HI A s A 0.15 m/s, Bk A 58 BT 40 550Ch 20% & A A28 i1k
Y BLIN FR GERENE I8 BT 1 P BRI, Cao S5 38 i) 5256 & IRV FE 7K R B 10 A 85 T vl LASRAR AT 1)
P IMERE, TEAHAEADRL BT AN G LT, AR AR A L S PR 5 i B R Lin 481 5@ 4y iz
TSRO b 2V HIBEHe A T4 T, 45 SR 3 HH 21 e 21 972 BN EER O R ), el AR i /K O et s /K IR B T
T AE; Bai %1 BIFST K IRV AR S ST F AR DX, St Rt R R S SR S T A0S PR Tt (R BRG] AR R
YL R 2 542, (X FR b e e YR BE S MR G Zhu 61 Sl 5 6 RGBT SRS S B T R R 2R A, KR
LER SRR R G VERE I SR

R T R R G VERE, & TGRS BRGSO e 5. Li 51 85T T RS p e
A5 B4 M 4 ZI PR, 45 SR 3 BHOUURA p T i 3 A F b 2E R 2%, JR(E F e 4 C AR 25
Je e R TR AR T 50 °C. Wang S5 1 HLA T BN 50U AR B0 T 1 R GetkRE, R BB A R 5 C i
SRR, 25 TR A E s 4 A R AN 64 °C FRAKF] 46.3 °C. Molaeimanesh 25" YEAR-IE R G R FUARZE AU TH LR,
AR AR S MRS Z2 AN R 0 A SRy SO B B R R A TR A, BRATR T E 2 A e e R R T IR 5
P; Cao S5 LA T AHAR A BHI A IRYS R G0 v A B Y I T8 A, 405 S 2 B DR 8 [R) IR 4 A 4R I 1 P 1Y)
TRAR R 1) 38 20 T LA 2550080/ Ha il 2 ()48 i 2.

AT, FAEAD R R R L 251 0 52 R R A RE. X TR G RS Rk Tr
2%, FEGE MBS W R G A TR SE S, S A B BT EE AR N T SR S0, A B 2R 50 LA T
RYNEREM DA . X LR R, A SCLAAHAE MBS 2 M R Ge s x4, R BB b5 i 11 T
i AT R GV EIVERE R S AL BESS , SR OSBRSS rh oA AR M R R B 2 A i A TR T T, 7E
PRUE R GEARFRAAZ BTG BL T, BT H b 2 e e 1l B8 e R B 38 &) 1.

1 e 7

1.1 YRR

B RARSCIRSE B AR AE MR A v A L it PV B R 4. Hoh, RGP i b 4l 8 x 2 N TR i, W
bR | KT SR 1 TRt o U A =7 R i B o =y N w51 Sl 1 B 2 7 = M e
WA ZE AR D 4 mm, Y AGEE RS TR AR S ARHE S 2 mm. 5] ASCHER [18-19] H A R L F A3 155/
EG B4 AR, HrpH R SF 4 18 mm x 65 mm x 90 mm. >R 3CRik [20] HAYHHoEE AR, HRSF A4 176 mm x
130 mm x 2 mm, #F. H T E R 65 mm, BN IRIEKEE & 0.6 mm, NHAL & FLAAFFATHE, WiE % E R
12 mm. AR B B 5R, AT RTCA K, B K AASAERERTE b R P S8k 1 R,

F 1 RETEMEITESEL

Table 1 Physical property parameters of various materials in the system

property Al water pcM™ battery"*"!
density p/(kg/m”) 2702 997.56 950 2335
specific heat c,/(J/(kg'K)) 903 4181.72 3000 950
dynamic viscosity n/(kg/(m-s)) - 8.89 x 10 - -
melting temperature 7/K - - 315.15~317.15 -
latent heat H,/(kJ/kg) - - 141.7 -

thermal conductivity A/(W/(m-K)) 237 0.62 7.654 1.05,21.1, 21.1 (k,, k, k)




%511 34 BOEK, 5 AR PPRRR AV AR IS B R SE R LA BT 1197

symmetry 1

cold plate

-
I

I

I

I

I

I

I

I
s,

water
'

< cold plate

_>— symmetry 2

battery

1 AR SRR RGN B
Fig. 1 Schematic diagram of the PCM coupled cold plate system
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() PRASE5, FEAT T AR TCOC R IR IE. Z5 R BH, S AR ECE KT 1.5 % 10° B, A b 4 5 e 0 2 AR L 25 1) A8 R g
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Fig.2 Numerical results of symmetry 1 when the discharge process is finished: (a) the temperature nephogram; (b) the liquid fraction nephogram
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Fig.3 System performance with the flow rate of cooling water: (a) T;,,x and AT of the battery pack; (b) power consumption of the system
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Fig.4 The main view of the PCM coupled cold plate system
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(b) battery temperatures before and after optimization
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