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Fig.1 Schematic diagram of energy

storage battery module
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Fig.2 Schematic diagram of flow channel

structure of liquid cooling plate
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Tab.1 Dimensions of components in

energy storage battery pack

B RAF( 988 )/mm
R HE 41X 10X 1
CEMON 90X 30X 60
i P A 90X 60X 1
SRAYES 216X 60X 1
IR 220X 126X 3
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S E R E M AU BE R A K B ] 25 K AT A Ah B
e B[] H 70 H o R R R E T R S . ¥
HIVVRAE T8 0 I S 4 PG S e SE e s e sE e
FIBE SFE

JoT i ~FE 5 RN
do | dpu.)  9(pu,)  Ipu)
=0

KO cu,uy w3 RGN — SR EE T, y, 2
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(Pa) s f Ny B AR R AA B 52 B0 A1 01 (N/m®) 5 p 2
) S (Pa-s)

e SFIE RN
aT . AT 8T)/€.

FT T T
—+—+
x> dy* 027

+E+pud+s. (3)

K COH cu, v, w N FRARTE 2, y, = 5 1) b B
KA (m/s) s E N B R BN e R0 1R 7 A 1Y g
(W/m?*) 5 @ Sy i A 35 U AL 7 A= 9 P (DD 5 C, 0 %
JE A (T/ (kg KD 5 T A #2201 (KD 55 A %
P FE HICI
1.3 BfREH

PR A1 fiff B PR LR A A 5 Ah B BRI R AR R
e, AN T8 A T 22 T 2 ft A L R AR R A ) B2
BCERHE R B AR S R R RV AR RV AR
Y A ) B T 2 BOA BE R B s A T A2 e .
WA DB aE A, B HBRCy Ry E
H R 38 0 Pa, 3EHY 1R 46 6 B2 #5825 °C.
AR RS PR R B R AR S A R R B A
5k A% IERER AL, BEME 1 CH T4 M AY
PRI A E N 6 WL IR AT 500 & RV
(25°C)o A MBOFRTRL BT BEIE R S WL 205K 2
AR,

R2 BEHGEMBNAYERRSH
Tab.2 Thermophysical properties of each

component material

C,/ o/ A/ ul/

s ,
" (Jokg K™  (kgem™*)  (Wem “K™') (mPars)
R HE 871 2719 202.00 —
(X,2)20.00
I 1050 2130 —
(Y)2.00
b FA Al 871 2230 0.23 —
5 HE i 2080 1300 1.20 —
WA 871 2719 202.00 —
B 3300 1071 0.38  3.39

1.4 R8T X HEIGHIE

fli I STAR-CCM " 1 [ 2 & J5 i , 6 i 44 35k
AR SR AT 22 A R Rl 4 o Sl PRI K il A BE
X A S HE AT b A 0 )2 i CRL 3D T X AR A
Tk R ¥4 B 55 T TR ) 3 42, SR P SR AR R A Rl 4
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Fig.3 Schematic diagram of fluid domain

boundary layer refinement
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Fig. 4 Grid independence verification
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Fig.5 Schematic diagrams of each optimized flow channel structure
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Fig. 7 Temperature contour maps of liquid cooling plates for each flow channel structure
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Fig. 6 Maximum temperature, maximum temperature
difference and pressure drop of liquid cooling plates

for each flow channel structure
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Fig. 8 Comparison of average cell temperatures

between flow channel structure I and structure V
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Fig. 9 Schematic diagram of circular fins

with a diameter of 1 mm
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Tab.3 Orthogonal simulation level design

(S
K-
a/mm b/mm h/mm
1 0.5 0.3 0.25
2 0.8 0.6 0.50
3 1.0 0.8 0.75
4 1.2 1.0 1.00
4
K,=>1,, (7)
n=1
K,
kz’j: - ’ (8)
n
R=max (k;)— min(%;) o (9)

D~ AR R KR 1, 0 5 i 9 R A
5 j KT B SRS S FRR s KON 5 1 9 D R AR5
JKAPTR SEE b A SR 5 Sk S5 H A (LS RTRY
SEE R 2

B A AR RS A 1Y AR 2 s L

R4 EXHEMIBER

Tab.4 Results of orthogonal simulation experiments

BEES H AR
TR o/ b/ h/ low! Lo/
mm mm mm C C

1 0.5 0.3 0.25 34.13 36.64
2 0.5 0.6 0.50 33.99 36.54
3 0.5 0.8 0.75 33.98 36.52
4 0.5 1.0 1.00 34.06 36.58
5 0.8 0.3 0.50 33.97 36.50
6 0.8 0.6 0.25 34.13 36.64
7 0.8 0.8 1.00 33.98 36.51
8 0.8 1.0 0.75 33.94 36.49
9 1.0 0.3 0.75 33.95 36.50
10 1.0 0.6 1.00 34.04 36.56
11 1.0 0.8 0.25 34.08 36.60
12 1.0 1.0 0.5 33.92 36.48
13 1.2 0.3 1.00 33.96 36.50
14 1.2 0.6 0.75 33.87 36.44
15 1.2 0.8 0.50 33.90 36.46
16 1.2 1.0 0.25 34.04 36.57

IR REE R T a bCh=>a>b) ., FL, & Y 4 % #
R R, 238 by s Lo PPAE R AL A B
AT 0 RF-E 15 803 7 A58 0 il
WA R abhy, B a b h5y 53128 1.2,0.8.0.75 mm,
FERRA AT L35 I Lo Lo 5051 0 36. 43
33. 87 C, Hu oA A B Fr B:F 43 3l BEAIG 0. 33.0. 40 °C,

R5 REFWER

Tab.5 Results of range analysis

“d,av

l

d,max

HE
a b h a b h
K, 136.160 0 136.010 0 136.680 146.280 0 146.140 0 146.450 0
K, 136.020 0 136.030 0 135.780 146.140 0 146.180 0 145.980 0
K 135.990 0 135.940 0 135.740 146.140 0 146.090 0 145.950 0
K, 135.770 0 135.960 0 136.040 145.970 0 146.120 0 146.150 0
ki 34.040 0 34.002 5 34.095 36.570 0 36.5350 36.612 5
ki 34.0050 34.007 5 33.945 36.5350 36.5450 36.4950
ki 33.997 5 33.9850 33.935 36.5350 36.5225 36.487 5
ki 33.9425 33.990 0 34.010 36.492 5 36.5300 36.537 5
R 0.097 5 0.022 5 0.160 0.077 5 0.022 5 0.1250

L 28 R S N v SR I 2 DX R AR
PR B IR T AT o W e 5 AT 5 B 2 I
PR R, BB K = 30 DX R UL A 6 AR A A1) 30 B T
DX, (i) P o TR A v L AL A A DR DX, DA T i
TUARRYIR A ROR o R R L E )R

TR T X33 Fr A T 8 A i R AR
B THT Y rep 3 T M TR AR O O X, (2 A VR 5 v A A
U el R v, DAL AR R 3 ) S B A 4 B Y
PEIBLA o i 3L A ) U 3 RO 1 4 2 A g
i 3 T8 P 2 B R O R 5 U TR T Ak, O A T
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Research on the Optimization of Heat Dissipation Performance of
Dual-Channel Liquid Cooling Plate Based on

Orthogonal Design of Circular Fins

XU Zihao', XIA Mingzu"”, BAI Yang®, CHEN Siyu’
(1. School of Materials and New Energy, Ningxia University, Yinchuan 750021, China;
2. School of Materials Science and Engineering, Shanghai Jiao Tong University, Shanghai 200240, China;
3. Guoxia Technology Co. ,Ltd. , Wuxi 214174, China)

Abstract: To address the issue of excessive temperature in battery cells caused by uneven heat dissipation of liq-
uid cooling plates, computational fluid dynamics (CFD) methods are employed to optimize the structure of the
liquid cooling plate’ s flow channels, the arrangement of the find within the channels, and the liquid cooling
strategies to enhance the heat dissipation performance of the liquid cooling plate and improve temperature unifor-
mity of the battery cells. The flow channel of the liquid cooling plate is transformed from an initial single inlet
and outlet structure to a dual inlet and outlet dual-channel structure by increasing the number of inlets and out-
lets and changing their positions. Turbulence fins are added within the channels to enhance cooling perfor-
mance. Using orthogonal simulation methods, the lateral distance (a) , longitudinal distance (&), and height
(%) of circular fins in the channel are studied for their impact on the maximum and average temperature of the
battery cells, thereby determining the optimal arrangement of the fins. To achieve the same cooling effect as a
constant flow liquid cooling strategy while reducing the energy consumption of the liquid cooling plate, a vari-
able flow liquid cooling strategy implemented to achieve pressure drop in the channels. Results indicate that
compared with the initial structure, the dual inlet liquid cooling plate reduces the maximum temperature of the
liquid cooling plate by 0. 72 °C; the height of the fins has the greatest impact on the heat dissipation of the liquid
cooling plate; the optimal parameter combination for orthogonal arrangement is a,b:h;, under which the maxi-
mum and average temperatures of the battery cells decrease by 0. 33 °C and 0. 40 °C, respectively, compared to
when no fins are arranged; the variable flow liquid cooling strategy leads to pressure drops in the channels dur-

ing the second and third discharge phases, reduced by 34.79% and 13.19%, respectively.

Key words: energy storage battery; liquid cooling plate flow channel; orthogonal design; circular fins; liquid

cooling strategy
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