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Abstract: The large-capacity single batteries that are widely used in the energy-storage
industry are greatly affected by the operating temperature. The thermal performance of such
batteries thus becomes a key factor in determining the battery applications, especially under
the conditions of fast charging or discharging. In this study, we propose a dynamic-immersion
liquid-cooling system that is specifically designed for large-capacity 280 Ah LiFePO, energy-
storage battery modules. We explored the effects of the coolant flow rate at the inlet, the inlet
temperature, and the baffle configuration on the cooling performance, using maximum
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to pump-power consumption (cost-to-performance ratio, CTP) as evaluation indicators. We
found that the installation of baffles enhances the cooling of the battery. Compared with an
arrangement of large, equidistant baffles, an arrangement of alternating-sized baffles reduces
T..x by 4.26% and AT, by 12.42%, while decreasing CTP by 10.98%. When the flow rate at
the inlet is increased from 0.5 m/s to 1.7 m/s, T, and AT, are further reduced by 2.64% and
3.59%, respectively. When the inlet temperature is increased from 15°C to 35C, T, is
increased by 77.23%, and AT,_, is decreased by 14.17%. The optimal combination for a liquid-
cooling system is an arrangement of alternating-sized baffles, with the coolant flow rate at the
inlet set to 1.5 m/s and the temperature to 20°C. Compared with the initial combination without
baffles, this optimal scheme reduces T,, by 29.75% and AT, by 6.33%. This research

max max
provides a useful reference for a liquid-cooling thermal-management system for a large-scale
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storage-battery module.
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Fig. 2 Baffle configurations of each battery thermal management systems: (a) BTMS I; (b) BTMS II; (c)BTMS III
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Table 2 Parameter of the materials used in this work

ket He A/ (kg-K)] %1% /(kg/m®) G R W/(m-K)] 31713 5 kg/(m-s)]
2 871 2719 202.4 —
B R 2523 807 0.1592 0.0071

MR, Qi R AR A ) H A
Bernardi £ L= # A PR A, IR A

au

_ L _ _ avg
Qgen - Vbat [(U Uavg) Tbat aTbat :| (2)

X, VL OWRASHIR R, Uyt T s

; ; . o 0U,,
JE, U, WHb s, 152 it 78 /50 HL I aTg
bat

N AR FEART T, T HIAE 1 C A
N HIEFRIEZ Ty 14413 W/m®s

BEAk, AR RE R R AR &)
BTRERIE R,

i iy
p%%?+vw%wn=van) @3)

HEL R
Lvv(ov)=0 o)

AL
UEY) 1y (pvyv=-vp+(uvv)+pg  (5)

X, T, 0, v, p, €, A3 AR AR IR
SR OHE. RN RAEMS R R, HAREE
W 2w

1.2.2  Hh R BB ALIGE

Xie 2% ANt e AR 1 C AU AR N 1
TR HEAT T 250k 7E ANSY'S Fluent it
A7 FE [ L TECRAAREAEL A AR P ) F b P 2 SR TR
FE 5 SCHR[26] 0 1 e B F s g AT X b, S5 R W E 3
Fror, B4 55 SCHR[26] Hh SE A6 4 L 1) fe K AH XF
WFEENA22%, VX IRZEN2.43%. Ft, A&
BIF 70 A BT 37 AR A W] &
1.2.3 MRS

KA R EEE (T,,). BitdR KiEE
(AT, 0« BHOEZE (AP) NEEFNSH, IF
BB ESEIMEL (cost to performance,
CTP) fERVF IR, Fom it EH R G0 L 1)
FI R RS R AR D)2 1A ) LR

Qe C, - p AT,
pat = 7p O Fv (6)
pump AP

A, AT N ORI 7, QNI RTER
W, P MR
1.3 AR FESE ST M EEIE

FL U AV B AR R P 2 [X 382 T A P A ) 2
PR NN TR S 2 AR TE A 45 5, B 4(a)
Fios. B A(b)as 1 r it 2 2l 2 B A W ks 0

CTP =



2288 g #e F

2026 #5515 %

~

L
w

FEXS R 22 %

L
N

1

. . . . . 0
0 200 400 600 800 1000 1200

&f /s
E 3 mithTIRERIE S Ak [26] I EXTEE
Fig. 3 Comparison of battery temperature in
reference [26] and simulation

INAEAE, BTCAE MRS SO N4 370 Ji 5,
WA FREE TR, N TP SRR DK
THERE S, 7E 5 SRR 5T H I 4 370 J7 1 AR B/
NFEAEM A EL . [, BEAT T I 1) K T8 S
7, i AC)FR, WA KIEFE N s.
1.4 WIAFHFLOREN

KAFFE, %HE “SST k-w” Btk A
K “SIMPLE” & 773 JE# A K i 4%, “Second
Order Upwind” 7% [i] B # #% X, “First Order
Implicit” I [A] 57 2 Bk s JESEVETTRE . B &7
P2 i 7 PR S R B AR A — e R = 3 N
EHILEE M 10°~10° B LR B IEE N
9.81 m/s®; LI 1) FAAR S T g, PR S R
PREEA PN A RN A T R 48 AR R A, A
PEAEE; F M AR BUR BVR, R R N1 C.
HMAEERE LSRN YIHRESE —HEBEN
25°C . TAARIL TR AT 53l E SO FEN FVAE /)
1, H R A 2 R B A S B i Tt

2 ANPIRELHEE R

21 AEHBRANDORET TR IR E I IR E IS

E0p=A)

AR P 7R A 2 R H b 5 9 A 2 TR] R
FERERIE . N DIEERE N 0.5 m/s i 4 1.7 m/
sP, il FEh VA AT R AT SR . R N Fh I
&= B E 5 fros, BEE N DR m, &4
BTMS P (1 FELIh /A A8 R A 08 a,  FRLh A B IR

LA DI

(a) M%7

29.70
—o— PR
29.55
o
X
5‘329.40 I
Y
B
29.25
29.10 : ; : .
0 1.2 2.4 3.6 4.8 6.0
W4 4 x107
(b) P& TR PTG E
29.50
—o— FHIE
29.45}
29.40}
9
X
3329.35.
ﬂ T e T
" 29.30}
29.25}
29.20 . : : . :
0 0.2 0.4 0.6 0.8 1.0
Eap AN

(c) I IA1 5K T S MR BAIE
&4 MgFETE B4 Jo ok I

Fig. 4 Grid and time step independence verification

HBE 2 A FE=/ABTMS , it ZH AR FE A
HE A ETF . BTMS T HE 3t 2H 38 0 A e 1
51, F %35 FF | (30.24+0.79)°C & ik & (29.25+
0.67)°C; BTMS IIK HLith 4135 & 40 A A 22, A ife
7£1£0.99°C. =~BTMS s it 2B 3 X 33k B 1 T
FEIR DAL R E,  HEEE N CRUE N, il



%6 M (7

A KA ISR B R G4 HITEREWT 7T

2289

BTMS I
I

0.7 m/s

0.9 m/s

1.1 mls

1.3 mls

1.5 mls

1.7 mis

0444

Temperature/°C 25.2 26.13 27.0627.9928.9229.8530.7831.7132.64 33.57 34.5
BTMS I

BTMS 111
HE H

00000

E5 AEAORET BTMS BiERRE 77
Fig. 5 Temperature contours with varied inlet velocity in three BTMSs

PURRXBEZ 82, SUbFEIN, b N i &R
X3 b

K6 fEor 7 =fl BTMS AN A A 133 T 4E Y=
112 mm 2 17 AL $44 3 B3R B 43 A . % T BTMS
L BTN DA IZERN, A 5 1 ok
PAMRBRESN OIS 15 At 2 1 IR AT PRI
A FIALHE 9 0.5 m/s BF, 25 —Bphi b v 0 8 %
X301 m/sbAFo T BTMS I, AZHHYH AT LARE
TP AN LRI P R, N CHARLE N 0.5 mi/s I
AN EEN AR E] 0.1 m/s, SR 5 2444
Ab T 4 FDRIR TR AK SR = T BTMS 1. X% T BTMS
I, A FAR BB AR B B AE AR, ifAk
RS G HE AL, AR IR VA R K
/N, HE B HE A T R BTMS 3R15 58 2 (i &,

A4 0.5 m/s 13 52 31 5 - — HE R i 2L IR A AR
0.1 m/s; fEARME T, BAEAHBREZE,
TR E 2L I e v B el B 35.33°C .
= BTMS ] T, 35 B N 173 38 (4 - =3 i %
iX, w7 pros. KT, B85 10 et S AR iR
BRAR., E&ANRE T, BTMS W T, &1k,
BTMS I T, & imio 4 M 0.5 m/sHiZ 1.7 m/s
iKf, BTMS I. BTMS II. BTMS IIIf{) L ith £ AU i
43BN 34.56°C. 34.16°C. 35.33°CI4 % 34.17°C.
33.25°C. 34.4°C, [&MWE7 AN 1.13% 2.66%-
2.63%. X T BTMS 1, Hii#EHENZE0.7 m/s )5,
By N 1 7 N /AN 8 i 8 B W s 3 = e
Hef B8 RSO T BTMS (v H2mad K, S T
KEBFHINERE, 3G DREN T T, 05



2290 1

5 # A 2026 F5 15 %

X Y=112 mm

Velocity/(m/s) 0 0.050.10.150.20.25 0.3 0.35 0.40.45 0.5

BTMS I

TMS 11 ) BTMS III

Velocity/(m/s) 0 0.070.140.210.280.350.420.490.560.63 0.7

BTMS II

Velocity/(m/s) 0 0.090.180.270.360.450.540.630.72 0.81 0.9

BTMS II

Velocity/(m/s) 0 0.130.260.390.520.650.780.911.041.17 1.3

BTMS II

S e

6 ANEADOMEH BTMSs iEE 5

BTMS I1I
- e e B -E-lm-kRolR-

BTMS I1I

BTMS I1I
e m—m B R
BTMS I1I
e & oK ReleRRe)

BTMS I1I

Fig. 6 Velocity contours of three BTMSs with varied inlet velocity
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Table 4 Results of range analysis
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