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Thermal characteristics of automotive power lithium battery under
extreme temperature conditions

JIN Tao, ZHENG Zifeng, MIN Xue, GUAN Xin
(School of Energy and Power Engineering, University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: Power lithium batteries, as the core components of electric vehicles, their performance is
significantly influenced by ambient temperature. Under extreme high and low temperature conditions,
the batteries not only suffer from performance degradation but also face severe challenges related to
thermal safety and lifespan. A study was conducted on the challenge of adapting power lithium-ion
batteries to extreme temperature ranges, and the factors affecting the maximum temperature and
temperature difference of the battery pack were discussed, and corresponding control strategies were
proposed. For high-temperature environments, by changing the fluid Reynolds number, the maximum
temperature and temperature difference of the battery are kept within a reasonable range, and the cooling
hydraulic pressure drop is minimized as much as possible; for low-temperature environments, variable
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Reynolds number strategy and delayed heating strategy are proposed to effectively reduce battery

preheating time and optimize battery temperature uniformity.

Keywords: extreme temperature ambient;
management.

YE R BIR G- Gk sh i, sh i H by
e e T = A A e o A S PR W b A
ez Bsz . T RTE TAER & #F IIRET,
Hi, Yt 3R S8 A 0L 4E 47 AE — A 1 Y TR EE L .
Pesaran' ' WP 5% 4 B, 4B T FL L 04 e A AR O
T E K 25~40 °C. Sun ZFP WRSRFM, EA-HL
Y31 (solid electrolyte interface, SEI)7E i il 52
£ DA B IS S U R R W NI T T
SEI 40 iy A fbAHFR &, THFE TG TEER 1, ffif5
FEL Tt 2 FR 8 A R TS AR . Guo 5P BF S &
W, FEMRFRET, B TE A EmSE, Hii
B . N R R R A
JE T e A TR) A, 3 S KR RN ) R 4 B PR
U, DA ok {1 L S 1 o 0 25 o RN o 7 e T A
BT GGAFE40 C), BAEFY BoERSH, B
() Fsf 2 5 | S 3 R P AR SR T ) 8 S g, 25 %
PEERRYE, S E b PERE

TEAR IR v AT, Ye 260 i T —Fh A
FHBC A o F B e % e 37 9 % [ 1 PRkt 31 44 R
g, TEPRE G R, o R 4 (battery
management system, BMS) fJHL & HBLUES), &
F4rE L T R R AN A2 A, O O e R
% B PR AR H A L A ok PR UM R e, AT
B 1F T 3 3 B s iR FEHL . Guan 280 S 3
LR PE b F51 AR B[] T P S Ok, T — AL
fuf B8R 7S (state of charge, SOC ) JEHI A4 #1 B 7 H it
DA T A SR S, DR BT H Y AR TR T Y
SOC A8 Ay A 1) 52 B fe AR I B RIME - [ B &
T — Tl ) ) 22 A I B R TG . He 2
8T T AR MR IR PR 5 v P 5 r el P e v A
A% #4 b ( supercooling phase change materials,
SPCM) , & BLIAFR B HK (9 SPCM B AR 42
F14) T B2 43 A1 (o 2 L b ) P PR R R AL, O
T U B 1 32 ( response surface method, RSM) X} >R
JH SPCM 1y 44 15 - F, i I L T FA SR g A7 1 Ak
BFSE. P43 T PEREW R E R LRt . Chen %
P T —FeR i (hot plate, HP) 38 #AE B H;

liquid cooling ;

control strategy; battery thermal

7R 5 8 2 A0 A% #4 8} ( phase change materials, PCM)
45 A 1 H A BTM( battery thermal management) ,
JEXFH R BTM., J37. HP A s7. PCM (1448 1k g
PEAT T HARHFSE, &P PCM B35 4EZ% TR M,
P ML B .

R R L PR SR, Yao %™ 7E 40 C @R
W, X3 Crr s 2T a8 st 2l i 47 1
BUEAA, JFRT T 4 FORTA A9 500 3 A
TR B5REW, FHMREAMNE TR X
W) T LA A 5 L o 4 SR 50 M . Cao %5
FEH T —FhIEIR YRR B EE PCM FNRYS B8 7 % -
FEIR VS A R G AL eV M R g 3% B B A i
g, JUHJEAE 4 C BRI T, ERAH]
5 I A vl b 2 18 R PR 3 P A 3 25 . Luo %
P T —Fh G A S AL R R IR H R IR A
BARYGE, BT 5 PR ARV 54 e 5 v 4
R % P Batteries-PCM Fins & 195 £ 7 A
7E 3 C T HL B R T Be A R Bk s iR B, IR R
M EGAETE 3 C LR . Zheng 251" & X 1 i b ik
IR 5, T T — AR B R TR A F Tt P B R
4% ( battery thermal management system, BTMS) ,
ZRGEA T PCM R TRIE AR M, HF iz
REFE T 5 B AR f i e Al e AR K, R R S
APERE, R T TR S PR IR T P i
IR Ak

T, 7 i P PR oy ik, R
RV DL KA HE iE ot i &, R AL
FepamiiE ,, SORFIH PCM M R SRS G
Jrgokam At WA Bk R AR 0 WV AR
Xof H Tt ZH R AT B R H O s . FEARIR A ST A
B, FEMNRFRMAFRERNME LR, A
T ok AR T AR 32 Bl R T T 2 O R A SRS, A
2 0 R T 2 P it N AR A R B 7

AR ST A g L IR R PR T 1Y 8 2 i
A ) S PRI . TEm IR T, R T
[FA F BT EL Re X et 27 6 B R LB 2, 4K
BT R A [ v ek e R SRR TR R BRI



394 o BTk % 2 R

2025 4F 5 47 &

Ft Reo TEARUMRINE T, $Eil T 78 Re HeMs S AEIR T
ISR, S BT A RO T FR Tt ARl A AR
)i, 6 A2 H Tt 2 P PR K

1 MRFE

1.1 JLfaiEs

Lt 2 14 A I 0 S 2 TR 2 I )4 i 4
B, ONRAE DT B RGBT A B Tl
M = 2 R A

RSCTRFER 205 N 15 Ah (95T R Bk BE
oo H AR R R SF Ol 140 mm (&) x
65 mm( 75 ) <18 mm (/) o &l 1 A e fth 2H 7 v Hi
RO, 2 R B A L HEATHES), — 3l 3 Bk
MU 4 R HEAT S E . N T E I
SYRIGEh 1. 2, 3. TR L) R A )
ZOORIRTHAREM B Y, S AR mRr,

15 Ah Hijth
20 (F:3b)

SR FH AR AL 2 7 04 ek D) e 3, 38 A AR T 22
FERIENHIEH R, 504 B\ B A A kA
Ja, WAHRHNZSHIEEE, RIGIERE S
— A B, fE, Ao — DAyt Eg i, s
AR O 2Z (8] K R 140 mm, 58 3 ALy BE 44
4 mm, AR SRR IR R T S SL T

THEAE], RS TR V=
1.638x10 *m’, P, 3 F54E LA AR 4.914x
10 m’s B A0 N E B A TR ) 4 mmx
4mm, WA DEERS 1.6x10° m’,
1.2 $EE A HIRE

T N A 2R B B R SR 2 L AR RO
AL ZRE, Jovk B T SC PR Y = 2 IR B
AL, N, FEERIZET, 7R T EAR AR fAfb
Ffi i -

a. B2 HLHL PRI A 5, A I S — A
RCPAIELRE Y, 2 T o R S A R i A R I

1 BARSHRERTEE

Fig.1 Schematic diagram of pool group liquid cooling heat dissipation model

4&(%_

| . mm

& 2

R )7 1B
Fig.2 Spider web passage



% 414

g

W, S5 PO OU T IR 4 0 A it PR 395

b. HLth PN 8 2 W AN [R) 24 4 =2 8] 1) 4%
FEE NG T

c. b SR REA AT RS, A7 HE
AAFEAE

d. TR N E AL B2 IR R IR F SR
HEATRIAGAL R, SRS S50

FF VL LR, AT DO R H it Y
ARHIERY IR SR Rl YN & L - S T
PRI TR o X Bh {874k B 247 5 A ] B A
B = Y AN IR AL A T o

HL 9t F) A kR A5 8 A% 0 i1 Bernardi 25 1 75
1985 4EHEN . RIKAH

0Uocy

1
C]—‘—/ (UOCV_U)+TT <l>

Sty @R G VAR D
TR s Usen B U4 51 0 T 2 Hh FE AN T4 H I
a ocv .

TRHMIAE : Do e aea o, PR

oT
. ; 00y .
P EEORIRT IRy, —JR T a;c R

WIS_ER FZ:EEE/‘J%E‘I(UOCV_U)’ Hﬂﬂ:I(Uocv_ U) = IzR’
K (DWATLIERR K
aUOCV

_1ip
q—V[1R+1T aT} (2)

SR, A e A B IR O T LA 2
HORAHIE -

S

dr
Q:mbcpba (3 )

St BT Gy A F 2 I
o o MR

4 T o 3 5 418 B3 A7 4R e
A A s RO L i
SEATELBANG . T L

a UOCV

12R+IT( dr
oT

)zmbcpba (4)

1dT T 0U R
- _ OCV+I (5)

Id mycpp, 0T MpCpb

S AL I A PR A, FE SR
RAT DL S — M . R A, B T
RS | PR 90 T LA —
(. ST 0 A A
10~20 min i, -t AT LUBEA b 28 5
R T DAL Sk R T R B 535
R A R 2 R R AR, LA
T — 52 26K T o 00 1 63 o 0
BB B SR (14] 12 1 B R, o
Mo 25 °C R R ROIEE I 1A LU
B SR

1dT
- =7x10771+2x107* (6)
I dr

WS LERE

255 VL EAKAII AR, i L
cpb H1633 J/kg Ko

HLBAE x J7 0] LA SR AL

x1 BHEERSEH

Tab.1 Basic parameters of battery

FEL Tl R WERE/N  Fiftkg WH/MQ  Rob/mm  E#EIERE/NV  mE EREENV  RREERARC BRI ATR/C
15 AhBETR AT B 32 0.35 4 18x140%65 2.25 3.65 3 5
A= (7) RPE(2), AR FHEM 1~5CH
X, J—,
o SRR RRGER AR 2 TR
; ,

Kb b HTE x BhIa AR A, R | EAR)
TE x 7 B SIEEG dg N JZMBHE x 5 )
REEE

Cpbzmibzcimi (8)

e o A AR FEIAAS s my Dy LI A B 4%
ORI

dT
0 = myCph - =4x107317+0.1141 (9)

®2 BAFRERBERER

Tab.2 Heat generation rate of lithium batteries per unit

volume
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