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Abstract

In order to improve the cooling performance of the battery liquid cooling plate and reduce its own
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energy consumption, this paper proposes two kinds of channel structures for the liquid cooling
plate. Taking the liquid cooling plate and the cooled single battery as the research object, the bat-
tery and liquid cooling plate system are simulated and calculated by numerical simulation method,
and the parameters such as the maximum temperature difference, average temperature in the
battery temperature field and the pressure difference between the inlet and outlet of the coolant
under different coolant flows are analyzed. The results show that the parallel channel structure
cold plate is lower than the serial channel structure cold plate in terms of its own energy con-
sumption and the average temperature of the battery, but the uniformity of the battery tempera-
ture field under the cooling of the latter is better than the former. In order to improve the unifor-
mity of the temperature field of the parallel structure cooling plate, optimization was carried out
by adding a graphite plate with a thickness of 0.6mm between the contact surface of the battery
and the cooling plate. After optimization, the maximum temperature difference of the battery
temperature field was significantly reduced compared with that before optimization. When the
flow was 5.4 x 10-* kg/s, the maximum temperature difference of the battery before and after the
optimization of the cooling plate is 6.49 K and 4.51 K, respectively, with a decrease of 30.51%. The
optimized parallel structure liquid cooling plate has obvious advantages over the serial structure
in parameters such as the average temperature and the maximum temperature difference of the
battery temperature field as well as its own energy consumption. This result will provide some
basis for the design of a liquid cooling plate with a parallel channel structure in the actual large
capacity battery thermal management system.
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FEA AL 2 CLBRARBR A 98/ 0 A i RV O, E T SEBl AR (v FR B R RN BRI 5T, O
PERAESEHIARATRE . B AR Ry R TR RS IUI[L] [2] 1R REVRIR 4 B J R 1 e it
B, A RNO0 S5 R R E BT REIRIR A I AU Y, T P b 78 0 P e R 7 2 [ A i A e B 2 A 5
fil 22 4z LA A i A 7 T SR B R 2R [3] [4] [5]. PRIL RS ZE0S R i Ve B R e b AT Vi S5 A4, BETI (45
HZ )7 i AME — B IE RIS AT IR L VS B O B 6]

BB BL  AORHIE 7T 53 E B R AR T i Ve B AR SR MR B, Vo IR A5 (1 e vt S AR A S v
A BRI T, LS 4230 AN AR R Rt v A AR b B [ 7] VA FR7% 2007 QR BRI
A, WU H AT AVEELR SR B — P4 21 FB8]. Zhou [9]F54R H T —Fhk T2 S o LAE T
I A LU AL 3 R X0 SRS s S A AN RO R N BN R T B8 R S S JUR T S5
BT, SREW]: XA B FLAR AT Bt s In A ) T B ARG ri it i vt i B2 DA S Bt v IR 2 594 Zhaing [10]
SERR T AR AT A B R S5 A R AR ISR LA SRS A ORI, BETT T P A i B A A
Xt LI RIS o S5 RT3 AP AR ) A B DA R e EXS v DR BEAT 2 1O B e AHEL XA
WA FT LUE I A ) A AR R . N IR AR S H A SE BN Bl g Lt I S B (4] . Wang [11] 455 1]
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I, 677 RAER B R MR 4EH7E 40°C AT . Huo [12)45350H T — R WG s i g vA i, S 42 )
WEHCE . A PN RS S BT 7 A H DGR BE A . S5 RR T IETE R DL R R I 3
IR DA RAEAR FR A il 55 A B IR FE 28—, (R B KN T R G Re 6 [RI I ¥ H1 8RR F AN B 2. . Gao
(135 BT T —Fh R 1M BT Ze M AT S5 AR T4 (1 F b Y0 v4 RS A4, toF Fl b P ek A A 6 DA B 1 5T
SSZHAT T, RIRVEA SIS W B3R 7 iR RS thAh, BRI AR R H i
BT A HEARG B A HE R RS IR Al 5K B PR [L4148 A s S8 AR 5 A B4 R X Bt A A gk
AT 7 BORARES,  S26 R I FHAH A MR B R G M RO AR T RA UL RS - T HshiR 2
MAVE B R G AR ARL 2 KA A, IR T AR LR RGNS R 3R, AR B 3R 40 i R A
iFH[15].

R ERTR, BT AR I A B R g O T R S N R R ANRE b, H3 R AVE R
GuATy T BN WA LAY g b S B AT AR R R . ASCLAAR RN 10 Ah D7 T LI R TR 4L
Bt 7 i S AL AR [ B A RA B I8 I AR AR (1 3T R A R AE VA HIAS RN T B R A EI R 1)
5, W70 b AR B 3% H B KA 5 oK iR 22 B A IR REFE SR ARG S B, DA e 338 i e A A T g
AL

2. EHMAEREIPSERHE
2.1, BTN RIE

R PR R A A T LA A B R HAEIA S A i, 2 H BRI REVRTTE B U RIE I B . HoE
PRI L 2 AN IE A 0, 8 FELARE I 0 S L R R B N S B, R R 22 AN L B B IA f bl . FRLTL 78

TR RE R SR
AR S B
- Charge - P —
LiMO,, Sachage Li,_ MO, +xLi" +xe (1)
U AVE
C,+xLi' +xe —=2 | C, (2
Discharge
SYSNAR
R Charge . .
LiMO,, +C, 1§ MO, +LiC, (3)
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BRI R S e AR A B, R T I R B dtk, 2R PR AR R B R B IR AR, BT
WA RIE IER . A M Ros IER e @R, Bl Ni, Mn Al Co 4%,

2.2, SEEBAYMESH

KR AN 10 Ah (5 TR R ARF 0 5, 5 e B30 b s e, B it 5 AR
AN FAE L 5 A0 P B e — 7 AT 40 . DR 3) Jg FRAE A AR Ol e 2 Bl o L D 3
H A BT BN A AEA, T4 i ) A% AR S AEAE SR N B RS S S M R [16], T
A S A B DL HES T AR, HSMABWEN 7 mtE, MHEAE x y. 2z =AT7m EW
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oA A A,
2L
A, =4 = 6
y z ZLI ()

iQEP Li5 42l At | EMRMEE S SHAE m, WI(m-K); L AH x 77 EaKE, m.
AT B HIBTE xyz J7 1) B S I ER U B8 2.3 WIm-K), 4.73 WI(m-K)5 4.73 W/(m-K).

P :V_b )

L P38 %5 5 p th B LT B m S5 3AR v, B8 81, iR () FTR, &5 p = 2138 kg/im®.
FAL T ) S50 L B ¢ JE T VB N S R AT AT SRAR 2, n=X(8) B
c= Eg ¢ -m, (8)

S o AHIBINEE | FRERIIIEE AT, JI(kg-K)s mi SR | FiAT R &, kgo 1T 5 ¢ = 1158 J/(kg-K).
DRI, 285 2l A Pt P, Tt BT — BOME AP — e 22 50, (R TS A S S 80T
THE. BRI S Bk 1 R,

Table 1. Thermophysical parameters of the lithium battery materials

= 1 SRR SRS Y

L HEkgim®  HRENI(kgK) S EE/W/(M-K)

1EAR 2702 903 5
Hitk 1500 700 1.04
HAL A 1077 3310 0.42
e i 1130 2055 0.6
Hhe 1900 1260 0.3

RS FITRIE 5T ) SRR BV AE xyz 7 A B RST 2 13.5 mm x 65 mm x 132 mm. s~ E A 1
Fi7Rso

2.3. SEEMERERABE

D), MRl R SR E LS AR, X Tafms, HAHMEME R, 5 Hitbfrd
IRAS soc 5HE FIRE T HIC[L7], M T ik P FHAY 3R IE 2 JE T SOk [ 18] X 77 2 B i AL R T 72
L B R S PN BE S R AR soc [k R (12) Fows .

R,(s,T)=1632e %" . (1.867 - s* — 2.404 - s + 3.697) ©)

Aqrb, ROVAEMBERF, Q; s ARMBHIAT HUIRE soc, HUEIEH 0~1; T OURIMIEE, Ko
FEAEFUBCHEARAS T, HIY soc Bl AL IS5 IR TR A SRA SR 2 MEAR 1K, #UAR4E Cheng [19]%) HLit: soc fOHT
7, MR HE X TFR.
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Figure 1. Simplified model of
single lithium battery
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I-t

S, =S ———— 10
t+1 t 3600CS ( )

i s 5 s 9 I ZIRT S R soc {8 | AR LI, A tVTBCEITTE], s; CONHIBAUE A&, Ah.

XF L HEEAT O FH SRS, R T R AR R (RS AR AL, R RRIEAT S UDF ST DG BT H Y

BEAT AL I IARREAT € Lo UDF Sl R BT

#include "udf.h"

#define VV 0.00011583 //HL /AR, m®;

#define | 10 /L FETR, A

#define H 10 //HLIL A E 25 &, Ah;

DEFINE_SOURCE(heat_source,c,t,dS,eqn)

{

real soc,resistance, T_K; //soc >y Fajth 3] 42 25 SR A5 1E ; resistance YL N BH, Q; T_K Sy FEthE B,

real source,ts; //source A HEIAIR, WIm3; ts A HLMBRE[H], s;
T_K=C_T(c,t); /GRECH it 1) 34 77 220

ts=RP_Get_Real("flow-time"); /37 H L th 5 A 1] 5
soc=1-(1*ts)/(3600*H); /115 H it 4 25 FIRASH s
resistance=1632*(1.867*s0c*s0c-2.404*s0c+3.697)*exp(-0.0025*T_K); /[ 5%} 5 soc 1) HELth s Py BELAE 5
source=(resistance*1*1+0.00026*I*T_K)*(1/V); /I3 v i ity B A7 AR A Bt

dS[eqgn]=0;

return source;

}

3. AR IIERNEI S S
3.1. AREWANEIT

ARSCR T A 7 S B b A AT AR P B AR5 Vo R R T AR 42, O PR I A B 3 24

F 77 LB BRI, 2R AT B R B A S0V LOG R 7 sOR VR E , DASEB e
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Figure 2. Schematic diagram of two channel structures of liquid cooling
plate
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Figure 3. Schematic diagram of calculation domain grid of battery liquid

cooling plate
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Figure 4. Verification of grid independence of two kinds of cold plate
structures
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R E K. B, WA R 1B S A Ve AR R4 S PE REAT A N . ASCE XA E Y 10 Ah
IR P T T R AT R AR (R SCRIFRIA AR )5 FFAT G5 AV AR (N SCRTARV IR b), WAARAER B8 I RS T7
15 B PR FF— 2, BARE Rl 2 fos.

3.2. Bt SRR AR5

K fE Geometry HHORHALA AR LA K HLHIER 37 1) = ZEREAY 3N mesh T APt AT RS 9% 5y, 7 L AR A
AR BN TSRS, H An B AR HE B 1A BRI, R R AL 75 1 B A e ks L A P A LA K —
SE WL TR, WAL A AR PR G A AR S g B, ) 30 B RS R IR LR A A o g i o DA A2
o WA AR 2 TSR AR I A 1 DL A &) 3 T

PR FLEE RITHERATE, T BR B RS R 3 1R 22 57 6 T S RS, A SO PRI ALR A 6 FAS
[FIBCR A RS AT 07 FRAIE . B IE] 4 Frome XERERE AT 5 IR AT AR, IR 75 0 40.12 755 46.71
Jin s HHER R IELE Toa ANBE UM BRI DT AR AL, SN LIRS 0RO S A8 SRR HER Y
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Figure 5. Temperature field distribution of battery under cold plate cooling of serial structure
at the flow 1.62 x 10~ kg/s
5. FER 1.62 x 107 kg/s B RITEMSHRA AN TR MR 15 9 70
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Figure 6. Temperature field distribution of battery under cold plate cooling of parallel structure at
the flow 1.62 x 102 kg/s
6. REA 1.62 x 10° kg/s BHHITEMA AN TR B ER N
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Figure 7. Variation of average volume temperature of battery with
coolant mass flow
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NI TR R ) (VA RO R FLth B A BN BRI, SR RN R B Qe T A
)R IR T R 3 AR P S Tovers Bt 5 Trax 5 B RUR S 22 AT axe LA EDRHE 1R 22
AP IXHBABR A EIPEREREAT PPAN o 83 7 B B A B dth v AR, DARHBRA R EAT AR AL
4.1. RABRERENBHFRES BTN

FEHBIREE 313K, A HIVIE R E 298K HIMIUA AT T, HEATANIR] ot S B 14 F il B A4 2477 B
THE o LA FRIIAS ST 35035 B2 B 74 A0 V0T B B AR A 18] 7 B o ] 7 B, Bl A O B B 3 K,
P (0 P A0 B S ARG, SRR KT 9 x 107" ks I, i3 il 2R ) SR IZ M ARG, BRAR AR FEE ST I/ 03X
& BTG K[ AR K T A IR S AR O R B, (RIS HARE S F it S5 A BGR 2208, JR5S
T AR N T A 45 FE s BRI P BRI . RN 1.62 x 1073 kafs I E AT 5 AT RV BRA E T I LB IR
S Ain i 5 515 6 i,

REFRET, A aAH TR AR RIS T A b, JLZEMEEREN 1.26 x 107 kg/s K,
N 023 Ko HIBCATA, AT S5 R4 BROGT i 1 Bl R AR T IR AT S5 M A IR

FLth, B B e P 5 A KU 22 B A H U S R A N ] 8 BT . FEI SRR 22 P R I T 4 R A AR
A, i S A R 22 AR VA E R R G IR RGBT a W E R AN LS S AR
TN b, X2 TER AR B EMFER, JATEMEAI b BANRETFTRE e, A
IFi) AL T P 950 AR A AN [, I 504 0 U 1) RV, B 3 22 S P R, VAR & R AT 45 M I i
R, Vil N IRB RS g —, RS AT S e AR Y — TR A . (AT AR AR a [RIRSE 23 A4
TR R TF IR BE I S . PR, BRI 5.4 x 107" kg/s & 9 x 107 kg/s Z [AHf, AR a ¥
IR B L A e iR S B KR ZE T FEARERARCOR, 43 A 307.03 K MK 2 304.67 K. 5.62 K FEIK % 4.67 K,
AHEE TR b, ST /5% 0.37 K £ 0.15 K, i AKEZEMT/5# 045 K £ 0.83 K. Ik, MH
MR ES SR, AT IRIE S MR AL T HRAT 45404

m
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Figure 8. Variation of maximum temperature and maximum temperature
difference of battery with coolant mass flow
E 8 HiteEmRESHENREMLANTRERENTL

4.2. FMBRIREX EERIMEIRIEL

B T AR LA H R, AR O EZE AP R RBIA IR A R N RERE, HRXHAIR
A VEREVPN B R . I ANRIE A A DR Z S Tl O AR S B DS R ZEE, BT
BNENREAWE 11 fos. B8R, PRI EZ SEE I CREEimG oK. thih, BITEn
RS2 BB S TR AT A, ERE N 1.26 x 10 2 kg/ls I K %5 5 A 41.22 Pa 5 14.58 Pa, J& &I ATT
1 35.37%, i A 1.98 x 107° kg/s, MR K247 96.55 Pa & 26.83 Pa, X — LU BiIfEK % 27.85%.
KARAHTANOmBRAZREL T, FERESRERIEL, WHRshE 1382 X5 AR B R 75 IEAH

Pressure
liquid pressure
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I I
[Pa] 0.025 0.075

Figure 9. Pressure drop of cooling medium in cold plate of serial structure at
the flow 1.26 x 102 kg/s

B 9. SREA 1.26 x 10 kg/s BY BITEMNSIR TS ENN BRIERE
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Figurge 10. Pressure drop of cooling medium in cold plate of parallel structure at the flow 1.26
x 107 kagls
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Figure 11. Variation of pressure drop at inlet and outlet of coolant

with coolant mass flow

B 11, XA E O EMEMES AR REN T
Koy ERAT SR VA BRAE SR 0 25 A A R RN B K B 5 TR K T AT S5 WA, B0 R 3B B 40 2k S5 VAR R
WG IR, MIMAERFE BB m T4 . WEN 1.26 x 10°° kg/s I, P4 My A BOR AR 1 1 1
=B 9 5K 10 Fror. HRTSCATS, BATEMA A E T 1B B R 3 ST M H AR LL AT 45 i 1B
THEBKIEF, LG A IREERE LN A ET IR 7, H IR AT AT I IE 450 (1A A 45 B AF I PERE .
4.3. §3RARAEL

FRAE S oA, iR TE IR B 37 35 S, B RHA R b A H IR ) B ORI 22 KT AR a 1X — i) @,

T XA b AT . A B AR SHRMER, SHAHEIL 151 Wim-K), HEG/NEEK
AL, SIS IN 0.6 mm R A SEARAE I S5 AR 2 18], XA BGEAT AL LR T I IR B 343 Stk .
WK 12 Fior, ARG 274 205 H A v e WA S AR AL BT, A AR &N 1.26 x 1072 kg/s I,
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MEAR T 0 e il B2 23 730 04 303.76 K 5 303.27 K, Ja# LU T 41K 17 0.49 K. itbéh, @ik )5 i it
TP 37 1y B R ZE AH EL AR AL R 25 W A BRAG, ALEE 5.4 x 107 Kg/s A B A6 i JS H ) B K IR
ZEor N 6.49 K 5 451 K, BEIREIAF] 30.51%. X2H T ARAARSKSHRARE, I HBUL G HH
A & R T MR B BN BUR IS R FE/NE BERE A BRI S SRR B DL R, KSR s =4k
77 1) R AF I R B, A5 R v T X AR S M A T A A BRI X, BE T HEAT e Ak e A DA R
T IR I 5, TR R A A A HBE T . LR 5.4 x 107* Kals 5] 13 5515] 14 435I N
A1 ST T IR B o BT L, Gl R S o B R AR, AR IR S A B TR A SR A
(K0 2 25 S A5 B WY B (K 4R T

—u— 7 Mer| | A7 ARfkT
—o— 7 MME| [o— AL ME] 7

4 6 8 10 12 14 16 18 20
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Figure 12. Variation of maximum temperature and maximum temperature
difference of battery with coolant flow before and after structural
optimization
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Figure 13. Temperature field distribution of battery under cold plate cooling of parallel structure
at the flow 5.4 x 10~ kg/s

13. REA 5.4 x 107 ko/s BIFHITEADAMAE T BB B 15957
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Figure 14. Distribution of battery temperature field under cooling of cold plate of optimized
parallel structure at the flow is 5.4 x 10 kg/s
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