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Abstract: To address the issues of uneven heat dissipation and high flow channel resistance in
traditional liquid cooling plates, as well as the stringent requirements for coolants and the risk of
battery short circuits in full-immersion cooling, this study proposes a novel staggered semi-
immersed liquid cooling plate structure. Using numerical simulations combined with the NTGK
electrochemical model and the governing equations for fluid flow and heat transfer, the effects of
inlet velocity, channel angle, and channel spacing ratio (the ratio of channel spacing to channel
width) on the heat dissipation performance were systematically analyzed. The reliability of the
model was verified through single-cell heat generation experiments and a grid independence

analysis. The results indicate that increasing the inlet velocity significantly enhances the heat
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dissipation performance of the liquid cooling plate and reduces the maximum temperature of the
battery module. Compared with the operating condition at an inlet velocity of 1. 50 m/s, an inlet
velocity of 2. 25 m/s improves the comprehensive heat dissipation performance of the liquid cooling
plate by 204. 21% and reduces the maximum temperature of the battery module by 0. 27 K. When the
channel angle is 45°, the comprehensive heat dissipation performance of the liquid cooling plate is
optimal, and its comprehensive heat dissipation capacity is increased by 114.40% compared to
that at a channel angle of 17°, When the channel width is 5 mm, the liquid cooling plate with a
channel spacing ratio of 5 : 5 exhibits better comprehensive heat dissipation performance.
Furthermore, compared with the conventional plate structure, the proposed semi-immersed
structure improves the comprehensive heat dissipation performance by 24. 00% and reduces the
maximum temperature of the battery module by 2. 86 K. This study provides a theoretical basis

and technical reference for the design of battery heat dissipation structures.
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Fig. 2 Schematic diagram of grid division

zkxb. xjtu. edu. cn

W58 % H FLUENT #4753 F 5 4TI
BE 5 R IR I AR T, % B MISMID fif 1%, R
NTGK B AL 2R, 35 ] ke BEAY, 3% B H M 25 5
350 A e hy BHLARE R A 3C, FT L BR Lk LR R
3.65., 2.50 V, 48 5 HL b 5L N X 88 5 0F B AR DX,
BFEIE R 1 s, BB E R 1200 s,

NTGK B A ) 28 U .Y /2 H
TREE Coon 1 PRER, T8 45 AN [ BCHL A5 2T F Tt 199 FL 1R
BRI G B, kR

U= (Zangmn.n )_ Co(T—T.) (D
n=0
; 11
Y = (;bngmun )exp [f C (T - TQ[)] (2)
K THRE: T AZFHRE 0,0, AIE R
$:C .C, A NTGK BERRRE 58, P& RECAFRR
JE H B BARBE S nEk 3 PR




140 [T S S R N S I 14 % 60 %
A3 RKAHEE S Na, (o)
Table 3 Specific parameter settings'?* RePr'?
" N ; - . 2ApD
ZH B S8 B f= = (1)
vair\
ao 3.307 691 bo 945. 643 4 A Nu,, BB TERBRe N B 5L Pr o
a —0.988 470 by —3416. 860 0 FHRR B Ap R R L M AR JEE 5 0 TR
az 1.828 870 by 23 311.510 0 Y,
as —5.189 040 by —53 677. 000 0 L5 P& IR ST % 5 4
Shy 8 E AR R A R A ik ST L 38 A T B AR 4
as 6. 464 672 by 53 419. 340 0 : X }
B HERE Ap At KR BE T . 2R VEAR R 20 57 1 56
9002900 b T 190T0-1000 SEZE AN 3 % AT L B TS B L A
¢ 0000 9 G 1800-00000 AT, IR TRAGE s 75 RS B2l 725 1 2 )5

TRARIRA B A H, A AR
BN 298 KA AR R B i B ARy
Pow = 1. 013X 10° Pa; BN FELL 9. 8 m/s” T
LR 7 [l
1.4 EHARSHIELE

W V8 FN K A R AS AT R 4 B4 2R A,
SEAE 7R IR

Vel(w)=0 (3)
K o HAKHYBRE v R i,
s sFE TR E R

%g%)+v- (ow) =—Vp )

Kb p FHET750 HEFE],
e ST R R
Ipc,T)

o

e

+ Ve (o yT) = Ve (RYT)  (5)

Ao kb KGR,
R I 83 9E R Nu RAEAEIRIERES B N
Nu = hD /2 (6)
X D Yt AR A O AL R B, Rk
wmr
h = q/AT 7

Tout 7 Tin
In[(T\, = T /(T — T ]

Horpr, g AW AT X HCE 2, T, Tow 57
IR K BN T IR, T, S T I
KA EIERE N T & PR N LES
MR Rk R
G/jo

G2 o LIPSV 1 DR [ 2. S R e 1Y 4E B N S B R PN
KR S,
ARk S

AT = ¥

(9

zkxb. xjtu. edu. cn

HE— DI AR KLE , Ap BT, ZZACIREE B/ . £
A R K, B AR K29 S 725 T L REAS I L A
(AU R R 205K

2200 7306.0
- Ap
2180 b =" T
\.\ 1305.8
2160 F hY S pme—emee- B~
\ 4
& N 305.6 %
R 21401 hY H
4 AN &
LN 1305.4
2120 N,
\.
\~
2100 - S o 305.2
e -
2080 L L L L L L L L 305.0
50 55 60 65 70 75 80 85 9.0 95
o4 A% %/ 10°

B3 A Sr P 4 i

Fig. 3 Grid independence verification
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Fig. 4 Single-cell heat generation test bench
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different channel spacing ratios
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channel spacing ratios
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Table 5

Comparison of heat dissipation performance

parameters under different structures

s HfH Ak
LT kX e B / %

Thux /K 304. 21 301. 35 —0. 94
AT, /K 6.21 3.36 —45. 89
Nu 5. 87 7.29 24.19

Ap/Pa 8 588 8 601 0.15
j 0. 000 94 0.001 17 24. 47

f 0.001 77 0.001 77 0

& 1. 00 1.24 24. 00
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