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Thermal simulation analysis and optimization of forced air cooling system for energy
storage lithium-ion battery pack
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Abstract: This paper uses the ANSYS Fluent platform to perform simulation analysis and structural optimization of a
lithium-ion battery pack in an energy storage system based on an electrochemical-thermal coupling model. First, a thermal
simulation model of the battery is established. With it, the temperature distribution of the battery cell is obtained. The
accuracy of the established simulation model is verified by comparison with the experimental measurement results. Then
the simulation analysis of the air cooling system of the battery pack is carried out, and the solution of the temperature
distribution of the battery pack and the flow velocity distribution of the air duct is completed. Finally, the cooling effect of
the cooling system is improved by changing the number of air outlets and the shape of the fan baffle. The results show
that it is feasible to analyze the temperature and internal flow velocity distribution of energy storage battery packs based
on the electrochemical-thermal coupling simulation model. The structural optimization of the forced air cooling system
can greatly improve the heat dissipation performance of the system, and achieve a lower maximum temperature and a
more uniform temperature distribution.
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Key words: lithium-ion battery; thermal management system; simulation analysis; ANSYS Fluent

0 3= BB, HArs R A B TR R RIR 4
= L X i RE A, 7E REVR AL LS A1) & 8 A 1R K1
TR EARERE R, B EEK. 3 BERHNERDO,
BRI R, T ARk AT SR AR ftehy A B TE T 55 W18 St A s B it ) 3= 2Bk AR 2
— e AEH N, I RO R R S A KR
BHREWB: M4 smBR+xm8 £y RE, WERARABHER, BIbEESAETE,
(2020B090919004) — 5 T 7] I A R AR, S — 7T




B, 5

it BE BH 0 1 LR A R XA R GE R ELOM T 5L - 49 -

W b, gasmiEar. Fim, S
FHIB BT R SR T T ), X
WA N T A FIAE FE R # ] i) i s-18,

FBAVE B RS =P R E R HE AR R T AA
HL AR IR A RL(PCM)A HI06T, Horhr, 5%
il K72 DR FL S R faT By BOACIR BT e 32 i FH I,
SRTITNT B i) A TV B R Gl S IR A T S et
A EMEFERS, EE, A EFIR AR EIAE R
Lt PCM 2R plih . 23 S04 EVRRAAR YA 2077 TH
1) 5 BT 5G4 R 7 B R Y 2 VA AR R A A T A
SR, DLAEAREER b AS (] P 1) 5 il B A
IS PE 7 TRk B S AR B It e, TR )
274} B.(Computational Fluid Dynamics, CFD) J7 A%
L ZH 3R AT 23 B A et 2 H AT R T B A1)
TEXT B 2 AT RIA S5 A LTI R 12 2 A S
A, FER| T RN e AR RAE R
T B A AR 3R AL AR ARAE, 19 B BON RS
AR, BRI CFD J7320) it 4H 33047 X4 S5 44
flfk.. Stephan Kosch %50 A — 4 o~ A AL AR 2
Gt = SR S SR N VA= RO N AN
T H PRI R RE I o 1 1 BRI T S5 A AR
HIFE ANSY'S HORHEE FEVA A BEA R G T & -
AR R2ZE R AR AR ARHA 2R B 1 F VB e
KH T O —4ER Y (Pseudo Two Dimension Model,  fij
FR P2D #iY), FAHH CFD 1/ B I MiE5d A AR v H14
HL T B R B LT T O b e 4T SOk
X ER FL ) BT L AR R R AR Si ) P2D LB
TR Bl SR R BN, SRS A CFD J7iAE
ANSYS B & _EdbAT 05 BLIAIE, 456 75 8 it £
D FLAERR AT R, AT Hb b 5 SP+
LAY 4TSI P il PR B R B R G ) -
YOI, TR SEFRomR X B BRE
BEAT 1 SERQEAIE, T3kt — D TSR B A RE S 2R AE
HA v ) A A RS i AL

1 ERTHMBEAFE- e ERE

1.1 EETFRBBUFIEREY

Hi T SPHIEAL RGBS I L HH R THEREE
AR E IR, ASCRA SPHEALE Jy i 25
FEL L B ) LA SRR

SP+IRMIRTLIA] 6 DNSHEHATHIIE, XEESH
HA YRR S, AU T =228 0w 1
SO, T HRERS AR IR T Rt ) A A S
P PN P R AL S S SRS RN HBEAT IR S . XS4
(5 SRR a8 453K 1 R .

SP-+AE TR HRLIH (0 8 P I P A 7 R AR B

sz ZREAE R, ma@)pR.
Eoow =Y, Vaur) U, (Xut) 1)
A B, ARIBIIFFEHE; U, 55U, 5510
Wl IE SRR LR, BRIN Vs Yy, 5 Xy 200
D R R L DR R T R RO EE 2
R 1 SPHERSHIE X
Table 1 SP+ model parameter definition

& E X PR X
Yo E*&Zﬁjﬁ?/&& ik Rk SOC IRZS
Q ERAR©) filiid EELEJZ?;;&{EW
) AR(C) filiid Eﬁﬁzzziﬁiéﬁ
Yot IEFRBC LR (—) Fili 3R TE S AR i B PR AR 0 oz B

7 LR [EFR7- B0 18] % £ (s)
7 b AL EE (O]

IERR B B iE S
GO B IS &

WRAE SP+IEAL,  Hijth e O IR Al 7 B A
RERTE AR HOS RE I B0 -

BT L AR A SR A R T T K (2)—3(5)
BEATHEA -

o

Yag = Yo + ([ 1d1)/ Q, 0
Xag = (L= Yag = Vo) Q, / Q 3)
Vot =Yg +AY @)

X =Yg = AX 5)

Ry, 1 X, 0 BN LR IE SR T v
IYH UONBE I TR, AN A Ay B AX 4
349 Fh ) L 5B T M B 43 MR T 447 ik
RSN .

B B0 T L B TE A 0 R T 1 2% (6)— 8.(9)
NEZLET)

d e 2112 % ey Ay
aAy(t)—Ts[7 Q, I (t) Ay(t)} (6)
Ay(t) = Ay'(t Ziwt 7
y(t) = y()+7Qp (t) ()
d vt — 2112 %0 Ly ax
iy L 2 T,
Axa):Axa)+7Ei|G) (9)

1.2 {ERFRMRREEST
PR T M T TR R A A Y AR R R A
FEAIE PO RE B0



.50 - ® A EREP B EH

1) eIt
BE  H = AR AT Bernardi 7 A2iEAT R
&, ns(10)FR .
dE,,

|
Opat = \7|:(Eocv _U)_T F} (10)

A g, AL RAR Y = o e, AL
W/m® s VONHIIIRRL, AN mes U i
JE, AR Vs T OGRS, AN K dE,, /dT
NI RE, ASCRELDE,, /dT ~0.22mV/K .

2) LR

BB H AR i RO R AR L 3
XA AN 43 2

BT A A o R R A e A,
AR,

ar

pbatcp E =V (kVT) + Opat (11)

A p NHIBTIERE, $BAkg/m®: C N
HIME e EE Y, SR 3/ (kg - K) 5 k il 4
R, A W/(m-K)

LS E gt ORI e R 2P A ) SRR
A2 7w

q=h(Ts-Tg) (12)

b q NRGRERE, BAAW/m? 5 h S et
%ﬁ,ﬁﬁ%mmeM;g%%m%ﬁﬁ§,$
FAKs Ty RERIREE, 4678 Ko
1.3 BB FHBELF- RIS

LS T FRLth B 1) P AR TR PR R AR T e A
KQO)Frfliid. Hrr, JFEEHHAH SP+HL{L AR
TR, ST SP+EL AL AR T g ff AU L 47
BERE, 7E F i B R WO R S A T
WRE7 A5 O A(L0) IR T $26E8dE, M
TR AL ST S 4 B 7 R A i Sl ok, 58
BT R S L b - P A B R

2 SEERTHMKSARGZANE

2.1 EEFHMBREEIAHESHT

AIEH ANSYS Fluent B 4xt 75 TR 4R 78 =6
BT R T A L. BT T RS = e R
T HM R~ 65 mm><18 mm><125 mm, bR A E N
11Ah, FEHAEILHEEAN 42V, HHEBIEHEEN
27V, KRG FAN 2C, HHET H b AR
KX BB 1R, BRERIBA R RR T, R
PRI, R R BN S8, ©R15
L AR 2 TR B I Z A o R, TR 1mm. K

F& RSB R) 5y 19 808 9 972, RS AN
49 697. XM HAEEMHERE, (RS =R
S 1) R P A AL XS Ab 2

1 $RE TR AR MIRRE
Fig. 1 Lithium-ion battery cell mesh model

Pi 5 S HOE 2 MR R N 22.5°C,
AT ke TriAtRE SRR, 253 b aRim
A 0T ROy B ARSI, RTINS
AR A GOR AR . MBS T Fh A TE 2C TR
R A 2 200 s I 2 IR 20 A 8 2 B .

Temperature
35.07
H 34.82
34.57
3431
34.06

33.81
[l

2 2C e AR TRMERE 21 E

Fig. 2 Battery temperature distribution diagram

at 2C discharge rate

N T SR IE Lt B AR OB R, A
FETBCRE NASONS S PR B BRAR HEAT 2C £ TN EIR
JECHELSIZSR:, M) P A e AR i R ) A B L A 5
Fl BRI DL K B4 RS SN2 R AT X
PSR S UEAR AL AR 1% o 4 B0 SR BE T EL 1A
K 3 e

FTUAE Y, U7 LA SRAE I BE I 8] (e i
ES SIS RS RIEAY) & HARZB N, D
WY BT a5 ) AR S 1 r v AL 2 - PR S R LA
BUmERATE, e A2 T R IR S
MR ARFE AL EE 7341, 3R R L T it 41
AN S fidh R FEL L 6L A A 07 3 B2 A
2.2 SEETFHRMERERTES T

N T B IRAEDT HOT IR ER I, FEE TS



B, 5

il BEAEE 25 FEL I L5 i U R GE IO L A 54K - 51 -

PIRAE RS NE 4 . REGH 24 ASHBA R 3
IF-8 thalitly, JHECA Z BRI RS AVE LR S,
IR ITHER RS - EEAT R A, FEH
EJ7 R EEARR A

— = i S

PR

37

i/ C

0 200 400 600 800 1000 1200
i fi)/s

&l 3 2C B EXR T RFBEMTES SRR LR
Fig. 3 Comparison of single battery simulation and
experimental temperature at 2C discharge rate

4 BHINALREILWE
Fig. 4 Forced air cooling system test bench

ASCHIFH ANSYS Fluent %8 7 [ B it 4 1 r] A
TR XA AR AL 23 5l L ] 5 T 6 Frs o JEEEB SRR
N 2.6 TSR N 0 SWMA T
RN, A i . iR ET S A 30 mm,
HLM 2245 T BE 9 5 mm, 288 T Fe v B A R AT A
JE b A AT BR G B B4 SR . IR SR 45
P A% 43, Horp i S0 25480, AR ECH
35421,

[El 5 2557 r 4R AT AREY
Fig. 5 Geometric model of lithium ion battery pack

E 6 (BTt MigEE
Fig. 6 Lithium-ion battery pack mesh model

PR TS HE: #ER OSSR 25°C,
ANBXGEDY 5 mis, HIHH 7 0 pa. ke EAMEEH 5
T E RN T, AR R E N 5 Wim?; 1B H]
k-g TR LSRR 23R P AR T2 AT U0 I 5 ik
e JIEESTR] 2200 s. R T HIMAHAE 1.5C JHH
5% 28T W EE 20 Al N 0 A o ) an 1 7 A&l 8
I

Temperature

'39.15

37.58
36.55

35.35

34.05
[l

& 7 BtERE 2 E
Fig. 7 Battery pack temperature distribution graph

Velocity

H 6.02

3.01

ANSYS
71922

1.50

0
[nvs)

[ 8 SRBRIE S [E
Fig. 8 Flow channel wind speed distribution map

N T BRAFAN BLAE R HUERAPE, AR SCRHZ R X
A RGE 1.5C 53 T iET 2 200 s LSS, FH
B FLIHZH A 5 R I AR AR 5 O AR B RN T
k. SEIRLE G5 B A BT L an i 9 A1 10
Fi7m o



5y & D& REF DR

43
- = S
40 : : —— 1Y 1
-l -
P - i —

37 : el
o
g 34 } : . : .

31

28

25 i i i i i H

1 2 3 4 5 6 7 8
H) 5

&9 BitRRE S HIHEES SR AR
Fig. 9 Comparison of simulated and experimental values of
battery pack temperature distribution

—.— I
—A— i Ei{f

K/ (m/s)

5%
[E 10 EBjth4ARE MR EES SR ERER
Fig. 10 Comparison of simulated and experimental values of
wind speed in the flow channel of battery pack

AULEH, SRR B S A R 5 0 K
EIEARHEWY) G, PSRBT . AR 1 A AT
DA Y, BN AE AR DR 2 A IR #E 0.2 mis
LLPA o b RO U HEL A 2~ AR S R AR AE Lt 4L 077
LA R YR 2R ORAE AT Va2 N, 5 RAT
BRI ARG, SRIR A RR PR BRI 07 AR R AN )5
FITVE R T8 1 s i A VE PR G0 w47 HLvle
AR IO RIS BE Ft B A 7 L BEE 1
SLrl, ATk e LT B B AT A R HER 1
2.3 EETHRMBRLSEGANE

N T LI I AR A4 BT a8 2
BRI B AVE B R GEROWT T, RSB i
REGRREAH T ) F s B P AT O L, JF Sl
M R GLE R ANINE B R 52 e B XA AR AT
fLtk.

fik e i AR QA 11 R iZH AL 32
A A R . WU T it B T T, R
AR R B R AT 1o XU B I
IR 2 FLANTES B A 5 ST & 20 o

(a) 1T (b) S
E 11 B iERE R R PRt R E
Fig. 11 Battery pack model in lithium battery
energy storage container

WA R, KRR i R A
ZERIAT e R, KBRPTA SIRIE D A TR
ghiy, TibJE M =4ER R 12 Bros.

& 12 AR EREE
Fig. 12 Simplified battery pack model diagram

RIS, KT ANSYS Fluent *F-&
Xt T R i L IR RE 3 DL R 3 23 A 3EAT 4 T
Foo W HBCEMT : 2 2SR 300 K,
AN B XY b mis; Lt ELANEE T 5 25 H ARG L
B BEATIER S WIm?; SR k-e U AR AR A
G HIR AT R E A G Bk, i At TS A
Fra AR AR . (7 A5 BRI UE X 734 G
K 13 o, FBiR A oA A 14 R .

4.66

3.49
2.33

1.16

& 13 Bt EIRE 76
Fig. 13 Battery pack flow rate distribution graph



O, % ERREE R T I R RS R E BT S - 53 -
. s o
mE 3273 Cir*-kﬂj
333.0 27 )
- o —
o oj%«°f’ o
316.1 O__ ol SSsraimmalio o
3248 i (AN T
: i o
: o ollgi—2
3105 e g & O o
3165 o =—mO # ollo & 5
424 ollo & oll5+—o1og
304.9 : ollo & oflgii—iO# o
3083 (K] § 0% ollot el
K] i g
—

14 Bt EIRE SHE
Fig. 14 Battery pack temperature distribution graph

MR B AT LR Y, e FR A Py 20K
RAKIE], PIa A R B v, R RS R
Bt Dot . WRIERGED A UG, BT
WA IR, it et BRI ,  das T A
LT IE /o3t W S e G R 1 IO 4 D
BAHRR B2 R AT .

LA ut, SR KU AR AR e e %
5173 FE KR BRI IR, LR N T LR A 74 20
ARENSAE ALt A i B TN 1]

SR P e FE I R AT I AT B A
AR K R B3 A P 15 ATA 16 Fs

MBS R E SR S A B LU AT LA, 2
5 AR U E AN 2t A 2] T U, R
IR N RS Shig iR G, KR 1 Hitb e
AR AL o

MESCHE T HL IR B 37 70 A B BT DA H
FERR ARG TERNSGE . NERE TN
BEJE SR TR, R bt AT g 5t R
HHPFEERE, W 17 Frs.

ik
5.99

4.49

3.00

1.50

0
[m/s]

E 15 BuHtEEMERESHE
Fig. 15 Flow rate distribution diagram of battery
pack after improvement

E 16 itEBBERESHE
Fig. 16 Temperature distribution diagram of
battery pack after improvement

350

340 +

o 330}

g/

i3

.
I

1

320+

310+

300757476 8 10 12 14 16 18 20 22 24 26 28 30 32
i
17 SRR RER e TRE
Fig. 17 Average battery temperature before and

after structural optimization

ATUAE 250 B0t B H v AR i KR T
41.2°C, F KRN 32.9°C, A% )5 ik KIETT
N 27.3°C, EKIRZEN 224°C. ZLalitH, fiEfe
H, M ) A e R P ARG T 13.9 °C, e KIR ZE AR T
10.5°C. %—7J71H, #IFH ANSYS V& S H Hih
PR T e FELHR B I S AR E 2 . 5 et AT el
WALE FEFRHEZE Sy 8.0°C, L5 AH i J5 T P bRl 22
FRER] 4.9°C. MDA HE BE % 7853 1 BH 20 XU
FERR S5 KRNt XL S0 60 i i LT B ) AR
BHEREE.

3 P

ATCAE ANSYS Fluent 1 &5 _EARF HAL 22 HGE &
TR N T R B A A s b 2 R, () L
5 SR A RIEARW) &, UEW] T RS- R S AR
RURZ AT 7280 AT AR G 3t B - Lt Ve 2 4
G TL. FERLIER EHE— DX SChr Rl B 7
AL IR XA RGEEAT AT, SOt SR A KN 4G
g, BEAR T S RIR IR 1 b 2 TRl iR 22, W]
WEE TR AR . FAURR LR T e T IR A



-54 -

CEEL R R

1 S8, T HLA A - PRI A SR RV AR S B i e
7 Ht AT HERR K IO BT S AL . BT
S R AVE B AR GU R BTk, AT THER
R it Reschr TRE, B —E@MEE k. J7

% H

IS /& Z A AE T O A I R v ) AV B R G2 25

WSERBEAGHT TRER, FEAM, Kk
FELE RIS T5 AT A A 3k — 2P 7T

SEH

(1]

(2]

(3]

(4]

(5]

(6]

(7]

HALES A, MARZOOK M W, DIAZ L B, et al. The cell
cooling coefficient: a standard to define heat rejection
from lithium[J]. Journal of the Electrochemical Society,
2019, 166(12): 2383-2395.

RH, B, VEILHME, SF. B RS RR S T R R
2 BEMM 2 B e B RSN EN]. WO RSR
4P 5%, 2020, 48(16): 1-10.

WU Yong, LU Lin, XU Lixiong, et al. Optimized allocation
of various energy storage capacities in a multi-energy
micro-grid considering electrical/thermal/gas coupling
demand response[J]. Power System Protection and
Control, 2020, 48(16): 1-10.

XK, AT, A7, . HE T b ReT G
A TN EER[I]. X AR 5K, 2015, 36(1): 1-16.
LIU Datong, ZHOU Jianbao, GUO Limeng, et al. Survey
on lithium-ion battery health assessment and cycle life
estimation[J]. Chinese Journal of Scientific Instrument,
2015, 36 (1): 1-16.

FEGERS, W, EYHT. BEG IR E B R ST
TR LR REHB]. BT8R, 2011, 45(12):
27-30, 89.

FU Xiaoling, SHANG Yunlong, CUIl Naxin. Research
and development trend on battery management system
for EV[J]. Power Electronics, 2011, 45(12): 27-30, 89.
BRAse, WM, XS, S T RO R AR A
At A IR BB BB R e R B RG], B R G R
5, 2017, 45(3): 56- 61.

WU Mingliang, DAI Chaohua, DENG Huiwen, et al. A
novel PV energy storage generating system based on
single PV cell/single energy storage cell module[J]. Power
System Protection and Control, 2017, 45(3): 56-61.

FEMR, whr, ik, 55 BT RR R RIRA
BOR B AR [T]. U R G R 51, 2020, 48(3):
122-129.

CHENG Jun, QU Yan, LI Yuan, et al. Charge and
discharge equalization strategy for battery packs based on
remaining capacity estimation[J]. Power System Protection
and Control, 2020, 48(3): 122-129.

AR, e, S, % iR R R AR

(8]

[9]

(10]

[11]

(12]

[13]

[14]

9] B RSy 5, 2020, 48(19): 168-178
LI Jianlin, LI Yaxin, ZHOU Xichao, et al. Analysis of
energy storage policy in commercial application[J]. Power
System Protection and Control, 2020, 48(19): 168-178.
BREA, ToR°F, EH, & KEEME T HIbLMEER
G RE BRI 0T 0], R RERE S S EOR, 2018,
7(2): 203-210.

ZHONG Guobin, WANG Yuping, WANG Chao, et al.
The review of thermal management technology for
large-scale lithium-ion battery energy storage system[J].
Energy Storage Science and Technology, 2018, 7(2):
203-210.

WA, BRE, A, 5 T UM ASRCKF HVE M
BT B AT EIRAS A TH]. T4 H T, 2020, 33(10):
16-25.

BU Chuanyu, JIANG Kun, REN Jun, et al. Estimation of
SOC of lithium-ion battery based on improved ASRCKF[J].
Guangdong Electric Power, 2020, 33(10): 16-25.

REER, 230t mEg, & 5T DAUKF [
SOC fEA SOH fEKIfHH L[], )~ 4 # 11, 2020
33(4): 9-16.

KANG Daoxin, LI Liwei, YANG Yuxin, et al. Estimation
of SOC and SOH values of lithium battery based on
DAUKF[J]. Guangdong Electric Power, 2020, 33(4):
9-16.

LI Junhui, GAO Fengjie, YAN Gangui, et al. Modeling
and SOC estimation of lithium iron phosphate battery
considering capacity loss[J]. Protection and Control of
Modern Power Systems, 2018, 3(1): 61-69. DOI:
10.1186/s41601-018-0078-0.

GRANDJEAN T, BARAI A, HOSSEINZADEH E, et al.
Large format lithium ion pouch cell full thermal
characterisation for improved electric vehicle thermal
management[J]. Journal of Power Sources, 2017, 359:
215-225.

DR, EER, XEE, 5. 18650 B4 1 b i
Ry K R[], BIEEIR, 2016, 40(2): 277-279, 376.
LUO Qingkai, WANG Zhirong, LIU Jingjing, et al.
Influencing factors of thermal runaway of 18650 lithium
ion battery[J]. Chinese Journal of Power Sources, 2016,
40(2): 277-279, 376.

S1¥e, R, FH. EMZIHEE T RIBPELS

AT IR ML S R[], B RUEIR, 2014, 3(1):
18-26.
ZHANG Jianbo, WU Bin, LI Zhe. Thermal modeling and
thermal design of iithium-ion batteries for automotive
application: status and prospects[J]. Journal of Integration
Technology, 2014, 3(1): 18-26.



B, 5

it BE BH 0 1 LR A R XA R GE R ELOM T 5L

- 55 -

[15]

[16]

[17]

(18]

[19]

[20]

[21]

M, Bz, XIE, 2 48 VIS0 Ah BEEREAE Bt
HAMTE[I]. 245 TAE, 2018, 15(12): 6-15.

LUO Weilin, ZHOU Shaoyun, LIU Hui, et al. Thermal
simulation for a 48 /50 Ah lithium-ion battery pack[J].
Equipment Environmental Engineering, 2018, 15(12):
6-15.

FRry, 2=, B, . 3 EE T I A 1
i B EE 6 L8 %), 2015 25(6):
1607-1616.

CHENG Yun, LI Jie, JIA Ming, et al. Simulation research
of heat dissipation structure for automotive lithium-ion
battery packs[J]. The Chinese Journal of Nonferrous
Metals, 2015, 25(6): 1607-1616.

AL-ZAREER M, DINCER I, ROSEN M A. Novel
thermal management system using boiling cooling for
high-powered lithium-ion battery packs for hybrid
electric vehicles[J]. Journal of Power Sources, 2017, 363:
291-303.

AR, EICE, WINEE, . FET ARG BT
At P B R SR [I). MR B AR, 2018, 42(4):
497-499, 542.

ZHU Hao, WANG Wenging, E Jiagiang, et al. Optimization
of thermal management system for lithium ion battery
based on three-dimensional thermal coupling model[J].
Chinese Journal of Power Sources, 2018, 42(4):
497-499, 542

Mg, #5737 H i BACIR 25 07 3 B R I R A 5
[D]. BUM: WK, 2019.

MEI Pan. Numerical simulation and transient study on
thermal status of cylindrical lithium-ion battery[D].
Hangzhou: Zhejiang University, 2019.

KOSCH S, RHEINFELD A, ERHARD S V, et al. An
extended polarization model to study the influence of
current collector geometry of large-format lithium-ion
pouch cells[J]. Journal of Power Sources, 2017, 342:
666-676.

IR FET XA B BB I A R R S

[22]

[23]

[24]

[25]

B R AR I FE[D]. KAk #AR K, 2019,

GAO Xiaojing. A study on electro-thermal coupling
model and temperature control of an air-cooled battery
pack for electric vehicles[D]. Changchun: Jilin University,
2019.

A FHAS AR 1 5 T 5l 7 i vl R B R R H
WEFE[D]. HUH: WL K, 2019.

HONG Wenhua. Application of phase change material in
thermal management of lithium ion power battery[D].
Hangzhou: Zhejiang University, 2019.

A, AIWIE. FE TR HLRAS Y (5] ) B I A
RS FTI]. W I R A2 24 B RR AR,
2019, 47(1): 58-61, 92.

GAO Jinhui, ZHU Yingzheng. Study on state estimation
of power lithium battery based on new power supply
model[J]. Journal of Henan Normal University: Natural
Science Edition, 2019, 47(1): 58-61, 92.

B, AAE, Pk, & BT RIS SP+EE
FHZHALR[I]. HIRSER, 2015, 13(3): 28-35.

LU Chao, ZHENG Jun, LUO Wekilin, et al. Thermal
coupling SP+ model of lithium-ion battery and
parameters simplification[J]. Journal of Power Supply,
2015, 13(3): 28-35.

wiAE, 5K, FEE, ORI T b
FACRE TN ALY F T[] R IR RECRT BOR, 2015,
34(12): 59-64.

LEI Zhiguo, ZHANG Chengning, LEI Xueguo, et al.
Research on thermal characteristics and thermal model of
EVs lithium-ion battery[J]. Advanced Technology of
Electrical Engineering and Energy, 2015, 34(12): 59-64.

IS HER: 2020-12-31;

{&EIHER: 2021-02-23

EEEN:

w45 71/ ik hE

& A(1978—), ¥, @fE4H, W, &, HILT
Mg AL 53 H AR, E-mail: lu_chao@

hit.edu.cn

(%#F 22/ M)



