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Biomimetic leaf-vein-inspired nonuniform channel
optimization and heat transfer characteristics of battery liquid
cooling plate

ZHANG Zelong, ZHANG Xin, JIAO Yan, ZHU Hong, HU Haowei, DING Chao
(School of Environment and Energy Engineering, Anhui Jianzhu University , Hefei 230601, Anhui, China)

Abstract: A biomimetic liquid cold plate with a leaf-vein-inspired nonuniform channel structure
is proposed to improve the thermo-hydraulic performance of lithium-ion battery thermal
management systems. The proposed cold plate was divided into three functional regions:
inlet, transition outlet. The effects of branch number, spacing, and width on coolant
distribution, temperature uniformity, and pressure drop were systematically investigated using
numerical simulations. The results demonstrate that increasing the branch number reduced
pressure drop but had little effect on the maximum temperature. An appropriate nonuniform
branch spacing in the inlet region improved coolant redistribution and battery temperature
uniformity with an acceptable hydraulic penalty. The effect of branch width depended strongly
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on the region. Increasing the width in the inlet and outlet regions reduced flow resistance but
weakened thermal performance, whereas a moderate increase in the transition region
improved temperature uniformity. Using orthogonal testing and equal-weight methods, a
comprehensive performance function was constructed to determine the optimal combination
of structural parameters. This optimization yielded a maximum temperature (T,,,) of 39.51°C, a
temperature difference (AT) of 11.13°C, and a pressure drop of 50.11 Pa. Compared with the
original structure (T,.,, = 40.38°C, AT = 12.44°C, and AP = 45.95 Pa), these values represent a
2.15% decrease in Tmax, a 10.53% decrease in AT, and a 9.05% increase in AP. These
results demonstrate that the proposed nonuniform design significantly improves the
temperature uniformity of lithium-ion batteries while suppressing the temperature peak at only
a moderate hydraulic cost, demonstrating excellent comprehensive thermo-hydraulic
performance.
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Fig.1 Biomimetic flow channel design and battery
module structure
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Fig. 5 (a) Numerical results for different branch numbers; (b) Temperature contours on the mid-plane of the
liquid cold plate
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Fig. 10 (a) Numerical results for different branch widths in the transition region; (b) Temperature contours at
the bottom surface of the battery
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Fig. 11 (a) Numerical results for different branch widths in the outlet region; (b) Temperature contours at the
bottom surface of the battery
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Table 2 Mixed-level orthogonal design scheme and corresponding results
s w, S, w,, Sia W, St ATIC T../C APIPa  zAT z z, F
1 2 7 2 13 2 3 10.28 38.74 64.14 0.98 1.00 0.48 0.82
2 2 5 2 10 2 2 10.21 39.41 71.42 1.00 0.80 0.29 0.70
3 2 3 2 7 2 1 10.61 40.04 83.12 0.89 0.61 0.00 0.50
4 2 7 2 13 6 3 11.81 40.34 59.14 0.59 0.52 0.61 0.57
5 2 5 2 10 6 2 10.90 40.21 65.43 0.82 0.56 0.45 0.61
6 2 3 2 7 6 1 10.79 40.45 73.56 0.85 0.49 0.24 0.53
7 2 7 8 13 8 3 11.06 39.86 55.63 0.78 0.67 0.70 0.71
8 2 5 8 10 8 1 10.77 40.26 61.05 0.85 0.55 0.56 0.65
9 2 3 8 7 8 2 11.29 41.24 63.73 0.72 0.26 0.49 0.49
10 6 7 6 13 4 1 11.91 40.05 47.38 0.56 0.61 0.91 0.69
1 6 5 6 10 4 3 11.68 40.33 47.26 0.62 0.53 0.91 0.69
12 6 3 6 7 4 2 11.64 40.59 48.88 0.63 0.45 0.87 0.65
13 6 7 4 10 8 3 13.11 41.20 44.58 0.25 0.27 0.98 0.50
14 6 5 4 7 8 1 12.34 40.99 46.98 0.45 0.33 0.92 0.57
15 6 3 4 13 8 2 11.55 40.47 47.61 0.65 0.49 0.90 0.68
16 6 7 8 10 2 3 12.05 40.30 45.61 0.53 0.54 0.95 0.67
17 6 5 8 7 2 1 11.78 40.64 47.53 0.59 0.43 0.90 0.64
18 6 3 8 13 2 2 11.09 40.02 48.83 0.77 0.62 0.87 0.75
19 4 7 8 10 2 3 11.83 40.03 49.25 0.58 0.62 0.86 0.69
20 4 5 8 7 2 2 11.44 40.25 52.55 0.68 0.55 0.78 0.67
21 4 3 8 13 2 1 11.06 40.15 54.00 0.78 0.58 0.74 0.70
22 4 7 4 10 6 3 12.43 40.62 48.12 0.43 0.44 0.89 0.59
23 4 5 4 7 6 2 11.87 40.63 51.50 0.57 0.44 0.80 0.60
24 4 3 4 13 6 1 10.98 40.03 53.68 0.80 0.62 0.75 0.72
25 4 7 6 7 6 3 12.61 40.81 47.97 0.38 0.39 0.89 0.55
26 4 5 6 13 6 2 11.24 40.02 50.82 0.73 0.62 0.82 0.72
27 4 3 6 10 6 1 11.03 40.13 52.85 0.78 0.59 0.77 0.71
28 8 7 4 7 2 3 12.13 40.29 45.64 0.50 0.54 0.95 0.67
29 8 5 4 13 2 2 11.23 39.80 47.00 0.73 0.68 0.92 0.78
30 8 3 4 10 2 1 11.29 40.13 48.16 0.72 0.59 0.89 0.73
31 8 7 6 7 4 2 12.80 40.79 44.77 0.33 0.39 0.97 0.57
32 8 5 6 13 4 1 11.74 40.30 45.45 0.60 0.54 0.96 0.70
33 8 3 6 10 4 3 11.61 40.48 45.87 0.64 0.48 0.95 0.69
34 8 7 6 7 4 2 14.11 4213 43.95 0.00 0.00 1.00 0.33
35 2 7 2 13 2 3 11.88 40.45 45.64 0.57 0.49 0.95 0.67
36 2 5 2 10 2 2 11.44 40.29 45.73 0.68 0.54 0.95 0.72
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#3 ANEEFIIFNIEFRF IR E S
Table 3 Range analysis of the influence of different
factors on the evaluation indices

Vil KT w, s, W, S, W, S,
11.32 1190 11.27 11.05 11.05 11.75
11.58 1144 1169 1162 11.93 11.58
11.74 1163 1198 1233 12.04 11.86
12.09 — 12.06 — 12.26 —
0.77 0.46 0.79 1.28 0.78 0.28
S1a> Wi Wai> WS> Sus
40.58 40.03 39.98 40.21
40.35 40.27 4048 40.33 4047 40.36
40.61 4044 4063 4095 4064 40.63
40.94 — 40.89 — 40.92 —
0.82 0.31 0.86 0.97 0.71 0.27
81> W W Wou> S, Sau
54.03 47.62 4548 4548
50.92 5150 5255 4812 49.26 49.78
5463 50.92 5837 5286 5285 48.63
61.74 — 63.72 — 59.11 —
11.87 3.1 16.10 7.38 13.63 3.48
Vvtra> Wou(> VVH’\>Stra>Sout>Sin

ATIC

I OA W N -

40.12 40.54

\'
(@}
IO W N o

49.87 52.11

AP/Pa
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