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Multi-objective Optimization of a Bionic Leaf-Vein Liquid
Cooling Plate with Non-uniform Heat Sources

Wang Yuxiang, Chen Zhihong, Wang Xuan, Huang Yutao, Guan Xin
(School of Energy and Power Engineering, University of Shanghai for Science and Technology, Shanghai
200093, China)

Abstract: Liquid cooling is widely used in battery thermal management systems (BTMS)
because of its compact structure and high heat-transfer efficiency. However, conventional
liquid-cooled BTMS usually treat the battery as a uniform heat source and thus cannot reflect
the actual thermal-load distribution. This study proposes a bionic leaf-vein liquid-cooling plate
under a non-uniform heat-source boundary condition. The maximum temperature,
temperature standard deviation, and pressure drop are selected as the optimization
objectives. Single-factor analysis and orthogonal experiments are first used to identify
influential structural parameters and key design variables. A Kriging surrogate model is then
established from samples generated by optimal Latin hypercube sampling. NSGA-II is used to
obtain the Pareto front, and the optimal solution is selected using the entropy-weight TOPSIS
method. The optimized design is recalculated with the original three-dimensional numerical
model and compared with the initial bionic leaf-vein channel. The results show that the
optimized design reduces the maximum temperature by 3.08°C and the temperature standard
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deviation by 0.50°C, while increasing the pressure drop from 117.42 to 130.06 Pa (10.76%).
These results provide a reference for designing liquid-cooling plates for BTMS under non-

uniform thermal loads.

Keywords: Lithium-ion batteries; battery thermal management; non-uniform heat source;
bionic leaf-vein liquid-cooling plate; multi-objective optimization
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Table 1 Battery characteristics
24 Parameter %\jjﬁeﬁ
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Ji HL 3% 1 LU /V Discharge cut-off voltage 25
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Table 2 Physical properties of the battery

1l Material ¥ Density L #% Specific heat capacity  5# £ % Thermal conductivity uDS-0 UDS-1
kg/m? Jl(kg-K) W/(m-K)
itk Battery 1934.2 1399 A= AF10A,71 1.19%x10° 9.83x10°
1EH Positive electrode 2719 871 202.4
11 1% Negative electrode 8979 381 387.6

o;(u - V)u =-VP + pviu (2)

Horh o N AR B L, RV EIRR R L
PiElk 77, ue@ HE I R .

1.3 HEEHTE

RIS TS, B R R AR R
SE LA SR [ A 08 1) e O R o L A L (3D
Mo 4) e,

pCoi(u - VT) = kV?T (in fluid) (3)
0 = k.V?T + Q(in solid) (4)

Hh Con kA HLIAS . T E, kN
AR T2, TR,

BORAFE AR TR Ty, ARIEF WA EHE, 3
AFRm ERMATMPHREEE QMITE L
2~ (5):

Q=h(To-T) (5)

For h oyt a8, BUE 9 1.5%10° W/(m?*-K),
ZHUE S MESCERP . fECH A R, F R 1 2 R
I SR FE AT, FE %I L 7 A 5 A NTGK B Y
A TN AR s AR S S . IXFE T DL 53R
TR FE 0 AT AH G ) B . AR #vE Q BB L
AR (6):

Q=h(T-T)P(xy) (6)

Forh P (x,y ) o F It 32 18 25 B 1 T 2 23 A 1)
amE, P(xy )N EENKE . Hh
"= XIXoy' = YIYo,PT = PIPyo Xo,Yo H1 P, AR 53531 9
1 mm fl 1 Ko U P(xy) B € LWL
nl (7):

P(xy)= 315.73 + 2.288x + 31.321y
+178.502x2 + 62.665xy + 309.626y°
-276.941x*® + 2858.775x2y + 460.99xy?

-360.904y° - 37171.759x* - 5087.398x°y
+35451.377x%y? + 744.515xy* - 19370.981y*

Z PR MATLAB U542, 128 U A
HI k€ R E RPAEY 7 R R 22 RMSE KiEAL, R
L1, RMSEBU/NMURIL A BB R . A2 AT FT
H R?/0.996, RMSE ~0.117, KM ELERS

3

X
1 mm.
/,

)

SR BUE R S & . e, BRIE QIENAEY
5] P B 1 KA N T R SR TE AR A v B
Fid,
1.4 BUFRETEHERE
NTGK A& Y 5 — Fofr v R 11 B8 29 1 vl vl A 7
5, RERE PRI SR AR LT A A e R . AR I oK
fige LU TE L PR FL A O A SR L I A ) R
FRIBAT e 1B SR L 45 ) 7 72 70 0 L 5
(8 Mz (9:
V- (ovg')=-j (8)
v-(ovg)=j 9)
o, oMo 7 s iE . ORI A R i 3
B, @M ¢ RN IER AN AR A AL, RN
2 SN AR AR LA 3B
PR R A% 3 28 j o R B A 2 R R I S B
HFERE, HEELN LA (10):

H Qnomina\l + -
l=my[u'(¢ '¢):|

Horr, (¢"-¢ ) URHEMBHIE, Qoo A HRIEAR
ERE, QNSHERER, Vol, NHMIEEXAEM,
YU R BOEEREE (DOD) AN R %L

RV AR DOD 7 LA (1)

Vol, t
36Ooonominal jojdt (11 )

Forbr, tOUTRCRB I AL o T R IR L il 2R UL K diE
T HiE YA UL

UM Y I ZRIE S ST, 205 WA
(12> Max (13):

U=(3°_,a,(D0D)")- C\(T - T,,) (12)
1 1

Y=(§j_0bxoooyjam[-c{T-7_)} (13)

H, a, Mb NS UMY K2 MG
AU, CHMC UNTGKER AR EBIESH, T, N
SHERE. SSHPUENE S,

FERF 7€ R A B ) FRUALAR AT e, ATt —op
THEIL BRI RE TP AR . A OB L 2

(10)

DOD =




TEF A AR SRR 0 AL BB AR ) 22 H AR 5

X (14):

Geon = i[U- (9~ 9)]- T S2 (14)

HA, Qeoy N HALZE SN AIRI, T O HLit iR
o NS — UM ARAE Y 5182 B AN T 38 5 2 44
5 IR REAR 51 AR AT A

BR AL 22 SN, R AE TR R R IR A A
BRESFASGFE, AIB SR AKX (15):

4= Gecy + O'VY" - VG + OG- V' (15)

Hrp, g M BRI SR I BRI IE
BB (R A A o

BT A TR S FA R EEIAEONE, R It A S B A
IR R I RE R R LA (16):

aT, .
pbcp,thb -V (kaTb) =q (16)

Hoft, o Gk BN TR . A
HRIRG .

#3 BHUMYRIESH
Table 3 Fitting parameters for functions U and Y
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Parameter Wil Value Parameter %A Value
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Table 4 Factors and levels of the orthogonal

experiment
7K F Level # Factor
n al(®) H/mm
1 0.8/0.9 6 50 25
2 0.7/0.85 8 60 3
3 0.6/0.8 10 70 3.5
4 0.5/0.75 12 80 4
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Table 6 Range-analysis results

VR FR IR [X % Factor
Response B al(®) nlt Himm
K, 40.09 39.06 39.84 39.48
K, 38.94 38.98 39.06 38.97
Tad C K, 38.43 38.92 38.21 38.68
K, 38.51 39.01 38.87 38.85
1] 1.66 0.13 1.63 0.81
K, 140.63 158.43 133.25 207.88
K, 163.10 132.70 164.15 151.13
APIPa K, 118.78 166.70 175.60 136.00
K, 191.90 156.58 141.40 119.40
1] 73.13 34.00 42.35 88.48
K, 2.753 2.4875 2.5850 2.4225
K, 2.5350 2.4950 2.5275 2.4600
6. /C K, 2.4025 2.5325 2.4250 2.5375
K, 2.3500 2.5250 2.5025 2.6200
1] 0.4025 0.0450 0.1600 0.1975
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Table 7 Accuracy evaluation of surrogate models

Kriging  Kriging RBF RBF RSM RSM
LOOCV LOOCV LOOCV LOOCV LOOCV LOOCV

P TR

Response
R _RMSE _R* _RMSE _R* _RMSE
T C 0.958  0.191 0.752 0464 0949  0.209
AP/Pa 0.988 3.99 0.908  6.021 0.944 4.72
&4/°C 0.994 0.018 0.858 0.054 0.984 0.033
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Table 8 Comparison of predicted and simulated values for the optimal solution

=R N=| o .
— ) % A i /°C Maximum
MRS 4T Performance index e

SE — i S o
Jis ¢ /PaPressure drop 5 BRifE 72/ °C Temperature

temperature standard deviation
Tl {E Predicted value 36.88 129.17 2.32
i B A Simulated value 36.95 130.06 2.33
FHXTi% 2 Relative error 0.19% 0.68% 0.43%
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