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Abstract

Addressing the issues of long charging times and low charging currents for power lithium-ion batteries compared to normal
temperature charging, this study focuses on a liquid thermal management power battery system. Based on heat transfer principles
and combined with a power battery heat generation calculation model, a thermal simulation model of the power battery system was
established. The reliability of the simulation model was verified through experiments under low-temperature fast-charging conditions.
Using this simulation model, influencing factors of low-temperature fast charging were optimized, and combined with experimental
data, a solution for the low-temperature fast charging of liquid thermal management power lithium-ion batteries was proposed.

Keywords
power battery; low-temperature fast charging; inlet temperature of heating liquid; thermal insulation performance; heating rate

2L B EEJJJJ-’EE F FE R R FE RN E = R

LA e BRAE el
LRI AR AE], HE - LVE #E 330000

m =

At Eh AR BT RS FRAR L, KEBEARHEK, ACBRDGEM, UK HERAKAFR TR, RBEE K
PRI, BAHFHHVRARGTERDY, BITH ARG MG A ERA, FAEEKERATIUT RS, BIiET
AR GG T S R R4 AR A AR A Y B F, A RIHIE, BB TRASHES F &Rk FM
ﬁ%d’%ﬁmu

XHEIA
AWM, KIBHRA; MIGRA DB (RBMH,; fothik R

15|57 IR T,

T I B REOR IS, DR T D (FEAER
TERPEIRRETOIEIIE S TIE, RASERIRIRG R, Hit

SR DR T TARER T, ERANEETE g e e, et St
IIEE SRR FidfT ﬂ’ﬁ;ﬁ%%”ﬁﬁﬁfﬂfﬁ%"i W, HE RO R, MO, W T e

Hozg i, IIUERBIGE T, ZOMERRA DR o p bty per— i, Huﬁwﬁ%ﬁﬁfﬁﬂtm@
PRES TR b RERR IR R. B i, 5 20°CHE ARG
IREEAAEL, -10°C N #EES 1~ th (1 28 Ho M BEFEATR 10%-20%
W FRERER IR 20°C Y, fEE TRk 3 RIS

FIF STAR-CCM+ #HTEER T, MRS L2 S

50% HY 2 AT -

REFFNIT 40%-50%" . 3.1 R E
Kiwﬁﬁﬁﬁﬁmwﬁ*ﬁ@%%%@ Xl T 77 ER I 3 ik B A B AN RE I DL (B ER A Ay it 5 1R
W8, ERITEAGFEARIGARS &5, DB 18S012405-3,
IR TR SR R TR . 18 #Lit%%jjkfﬂﬁ%tﬁﬁﬁﬁ (15 (R L M RE s 6 B 2095 28 OB A 25 °C R 8

G EE 2 RIE RS (BMS) i p & IRk 5
25+2°C, HEMNRE S SEERESNRZ 3¢, Rk
EEEN] 3R (1991-) , 5B, BETEIVIA, M g paia® sy -10°C, 0 HEE I FRD Y T1, 105
T, TR, NSRS, RSB TRLHEFRIC A t1, 4 T A% (BMS) ISR

109



BASEEIRANE - $£03% - F11H - 2025 F 11 A

RREEE 0°C, DT HERHEE HARON 2, THERMFEE
=T1/(12-t1).

3). GRS EIRGE : KA 2 N i (SOC=0%-
4% ) , FEREZE M A N SRR AR N 21°C, S
FE <24°C, RGP EMIHCEE -10°CERE (4 hi2 4 12h [t
RS, R REE SRR DR/ N T THZ § RS SL
FHESD R B TR U, 1076 HL A 80%S0C Fif X
R 7E ELATIE], HORAFZ I A B A %8 (BMS) 19
IR FEIB SRS INFGEZ IR 7 R I D FRrp A ik
B BRSPS
32 XKEFTE B

T R AR o BRSO badi se e H Bk, 1%
THTHAAE A A%, WRERT, 2 Em ARG
AF, 7K PTC JE5, INHGA IS sith A S0 TR,
T EL it A G NAR T ik SRR . Bt ARG EIRIR
PN R RO ZE AR R, 44 7 B e S5
MU, ARt A NEB KRS (J5 SRR T ) <9°C,
WIS = ahnE, R 78 B BERY FL R B it A GE A T
DG 24 T,,>9°CHT, Lt AZE ANl s it 24
To>21°CHT, Hith AL Adise ik, 1B IR,
M T FERE] 15°CHY, B BT Bl i sed, Ptk
IEIR, EEIHMh ARSI,

T R A FE DX 2 9s U AR (R0RE, SRR 78
AR PRSI TEDK, WHIKIR 78 L RS TR A R

-10°C{HE PGSR FE N IiFAGH 2 >20°C /h;

-10°CE PSR FARIRYERE: Zh it AgTiR
R (JGCRRFR Ty ) <3°C /he
4 R KT
4.1 i {RIR AR

1 R HEE TR ASERRRE R 1C FE5E5k
HAZR . RERIRIGLE R

R1PNEEFRBREZARBRE THRBMERTENREE

IREE °C AR /AL R AER wh FFHEAE /Ah FEHAEE wh

55 53.51 197.28 50.25 205.27
45 53.44 196.57 49.41 205.09
25 52.15 190.94 47.74 203.96
0 48.50 173.54 45.23 206.10
-10 47.49 166.37 / /
-20 45.89 156.28 / /

W3 1 RIAL, IRRBOLS, s TR r e g
HEE; 0CPUT, BETRMmRE AT ELEH, Bl
WTEEARLEIRE, A TEELS, BERT 0CLITE
e EARTFRA, HER 1 A AN R A BEE
EVCR
4.2 B (RBEMPAER, RiEEEEFERIT

7E STAR-CCM+ Bk, R bS5 ETT
110

B, BRIE RS A R DR | IR 2 N ARIE M RE .

BEE AL -10°CERIRE, 12L/min ji, 45°C
AHEEE (JE3CERRA LR ) o Jn#k 3600s, SEHhnHE
Z A 18.97°C /h, B AIRZE 4.0°C. MHGEERAERFEIH
FREER, N TIRBIERZEEK, SRR DR RS IR
R RIE A R E B R e RE
4.2.1 A28 JE 3t A ik B0 % h

PRIT A CHR S DN AGE R R sE MR, 25 pER B A s
L PERE M A ay O 520, 1B EL 45°C, 55°C. 60°C,
65°C, 4 MR ACREEAZ S, HArEamEn
T HEITE, (GEINHAGERETFEEER S5 205, 22.1,
23.7. 24.9°C /h, DI Th JRIRZEDHIA 43, 4.6, 4.9, 5.5C,

MITELER AT, HEARE RS IR,

(HIRZE W2, 2 AR 60°CIN, R % 4.96°CiA
FI AR 78 F A REER I A E
422 PRIBAA AR B AL A F R

AT R RS RIRMERERI N, RN ZEmA
SN A ROR %, EELL. 20 3. 4. Smm, 5NE
EARE, HAMSr e B T EIT R, TSRS
497, 458, 3.39, 2.69. 1.85°C /h, MITELEFRIHI, 4
EMENEEE , (RIEE:RERLT
4.3 RIRF B RIS

EEATEER, ST EREINEN SR SR Ty
I THEEE . (REAT RS it 250 TR 78 R HERERY 2
MaEf TG, SEEAl D A ST IR 78 FREREEEK
4.3.1 AR AAKGE B AR 6 R

Y 45°CHN 60°C1EA A R B TIRIGEAE, HoAbistle
SR RIGERT

WA CHREE A 45°CHT, JI#GER A 18.0°C /ho RIEH
FERAeAIn, EOHaiie ., A a it Tl 7 B Rk
X, A B INFAE] 9°CHERT 37min, LINFGL 7 AR
i 24min, 4l 78 B RERT 36min, A MRS 98 A o AR 2L A A
97min. FEANFEHEMEREASEE 5.8°C. Y AHRE N
60°CH, NG Z A 24°C /h, 4G REIIFAE] 9°CHERT
27min, PIIFGLFE RN 21min, 478 HLEERT 42min, PR
A2 F I AR AT 90min, IR REIASIRZE A 8°C.
4.3.2 FRIBA A KR A B A 8 R ol

FEHFERESCE T, B RS FFERNMLEE 4mm 2
TIEAEL, TNREARS MU 55 RIEA S AR TE se R R
P55, XTPRFRIRAS M A G TR 78 B RS .

ERNMEELRE, EitREMV RSBt A5

IR T,=1°C, Ty=( 21°C-1°C )/720min/60=1.67°C /h;
Lt A S ME R R E s (R E, BEZESERL 12h 2R,
To=-10°C, Tp=(21°C- (-10°C) ) /720min/60=2.58°C /h.
TR R R F it A G ORI SRR BE B AR I &M,
HORAFIREIAE MRS (St AR NSRS
i) e RIEER RS, xR AR



BAS

BETRETIG - $£03% - £ 1181 - 2025 £ 11 A

ERIRIEEE ARG, TR, NRERIMIRE S
(R 78 H T R RS 120min, 238N iR AR 2 7°C.
TRH A MINEE S SRR AT 78 B AR IE FARY 84min, B2~
R ARE 6.7C,

L b, MRS NAEARANIGE 4mm EREME,
RSN SRR T CRIE 1 BE R IIR 78 FR IR I R
BATEDR,

5 #iE

A SCPLR AT A = o8 S T b A5 4
WFxt %, fii 3 STAR-CCM+ BRI B EFMA I AR LS &
(7515, B A DIREE . ﬁ%&mﬁﬂ%gm%m&%
S FR R B TIRNT . 1. 8 T B DRt (B B
(HESHT T IR A CHREE | %EMﬂFﬁﬁﬁh%%%/
Weps 3. RE, IFBHEIEE IR A RE . HINRIE
MAERTD R SRR EE . S RAl it Ag i e e
ARG EEAHIEHE T, ADEE R 60°C. i
TRHEMENEEEY 4mm ., FEARREE G R iR,

S 0k

(1]

(2]

[3]

(4]

[3]

Jaewan Kim,Jinwoo Oh,Hoseong Lee.Review on battery thermal
management system for electric vehicles[J]JApplied Thermal
Engineering,2019,149:192-212.

L.H.J. Raijmakers,D.L.Danilov,et al.A review on various
temperature —indication methods for Li-ion batteries[J].Applied
Energy 240(2019):918-945.

AR, BT, WG, et al. PRS- HE AR SRR Bl
HZETHE, 2013, 35(3):285-291.

Praphulla Rao,Sreenivas Jayanti.Influence of electrode
design parameters on the performance of vanadium redox
flow battery cells at low temperatures[J].Journal of Power
Sources482(2021)228988.

Z. Lu, X.L. Yu, L.C. Wei, F. Cao, L.Y. Zhang, X.Z. Meng,
L.W. Jin.A comprehensive experimental study on temperature-
dependent performance of lithium-ion battery, Applied Thermal

Engineering(2019).

111



