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Figure 1 Battery pack structure parameters
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Figure 3 Bottom liquid-cooling plate structure
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Table 1 Thermal and physical characteristics of battery
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Figure 4 Grid independence verification
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Figure 5 Battery test platform equipment
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Figure 6 Experimental verification
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Figure 7 Numerical simulation curves of three runner structures
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Table 3 Orthogonal experiment level grouping table
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Figure 9 Temperature field distribution of different

structural parameters
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Table 2 Levels of change in structural parameters
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9 31 2.5 100 37.69
10 31 3.0 95 37. 83
11 31 3.5 110 37.95
12 31 4.0 105 37.28
13 33 2.5 95 37.72
14 33 3.0 100 37.34
15 33 3.5 105 37. 44
16 33 4.0 110 38.02
ki 38. 00 37.63 37.92
k2 37.76 37.72 37.81
k3 37.69 37. 84 37.45
k4 37.63 37.91 37.91

e 22 0.37 0.28 0.47

3.4 AENRITEMIBFHFENE D

FE BT BV B 25 K A AR IS 1 Sk Al b 43 i) o B
10,15,20,30,40,50 L/min B¢ I 58, #8115 &
Ui 2 Y A F Y A TR TR PR Y S H AR A Y TR
BEG = AN 11 B, n) B 2 v HWUR Y B
RN T e B S o (A o = R T Y
e X H SR BRI P A A e IR RE R ST 18 U R R AT R
Par W, 25 R 12 o

i B 12 (a) AT, Bl 25 T 6 0 A 113 T 4
R, LR 2 Y A e W S B T AR . #E 10 L/min &
30 L/min YR T, 28 1k 4 554 S W I A, it A 4 i
HL9E B 5 B i EE 4 B Ok 37.18, 36. 38, 36. 07,
35.58 °C ;#E i 30 L/min 2 )5 B Zs 4k i, 28 4k
I 2 7E 50 L/min B, B 55 R R 35,15 C
LA F 3 30 L/min Bf /0T 0.43 €, %52 A
R ENEAE A A 1B R AL A R A W T o
J5 ) B RO S T AR . BB 12(b) AT, HL
L ZH (1% S 2 Yk B2 A 5T U B Ui 30 L/min Z )5, B
BEA GG R T R g, Wk



%3 GRS 4 - T U4 (9 R B 40 F b 3 1 25 4 P Ak BTt 139

(a) 10 L/min

REE/C
38
36
34
32
30
28
26
24
2
20

(b) 15 L/min

(c) 20 L/min

(d) 30 L/min

(e) 40 L/min

(f) 50 L/min

B11 ARFEERETEHEEEZE

Figure 11 Battery pack temperature cloud at different mass flow rates
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different mass flow rates
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with different cooling media
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Table 4 Physical parameters of different cooling media

2w WHINT %/ (kg m™”) WA/ (J-kg' - K") SFREF/(W-m' - K") S HEE/ (kg - m™" -

A PAO 800 2241
ARy 110 820 2 060
i % DF-7 920 1 907

Tk 3 Si-oil 970 1370

K I W-E 1071 3 486

s
0.14 0. 004 08
0.14 0.020 17
0.13 0.015 09
0.15 0.964 37
0.42 0.003 15
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Table 5 Battery temperature with different conditions
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Design of Battery Channel Structure for Special Vehicles Based on Liquid Cooling

ZHANG Bogiang', GUO Xiaojing', TIAN Hualiang®, ZHANG Meiyue', LI Jiaao', SONG Ke’

(1. School of Mechanical and Electrical Engineering, Henan University of Technology, Zhengzhou 450001, China; 2. Zhengzhou New
Dafang Heavy Industry Science & Technology Co. , Ltd. , Zhengzhou 450064, China; 3. School of Automotives Studies, Tongji Univer-
sity, Shanghai 201804, China)

Abstract. Battery overheating is one of the key issues to the performance and safety of special vehicles operating
with complex conditions. To address this, inspired by the nutrient delivery capabilities of arterial and venous capil-
laries, in this study a novel vascular biomimetic flow channel structure was designed. Using computational fluid dy-
namics (CFD) numerical simulation methods, transient simulations of the battery module were conducted, and a
preliminary validation of the simulation model was performed using an experimental platform. A comparative analy-
sis of different structural schemes and an in-depth exploration of the relationship between the heat dissipation effect
of the liquid-cooled plate, pressure loss, structural parameters, cooling media, discharge rates, and environmental
temperatures were all conducted. And based on orthogonal experimental design, an optimized design of the liquid-
cooled plate structure was achieved. The results indicated that the novel channel structure significantly enhanced
cooling performance compared to parallel channel structures, achieving a 40. 7% reduction in pressure loss. The
physical properties of the cooling medium directly affected its cooling performance and pressure loss, and increasing
the inlet flow rate of the mass flow improved the cooling effect of the cold plate, though the improvement become
limited after a flow rate of 30 L./min. With working environment temperatures ranging from 38°C to 70°C , the maxi-
mum temperature of the battery module remained around 45 °C, with a surface temperature difference of less than
2°C , all within a reasonable range. This study contributed to advancement of battery thermal management technolo-
gy in special vehicles with various environmental conditions, providing data support for studies aimed at improving
battery pack temperature uniformity and cooling rates while reducing energy consumption.

Keywords: thermal management; heat dissipation effect; pressure loss; flow channel structure; orthogonal experi-

mental design





