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ABSTRACT

Along with the growing energy crisis and environmental problems, electric cars came
into being. National “863” plan specially support the development of EV, and a series
of key technical problems of electric car have been overcome in recent years. Power
battery is the only source of energy for pure electric vehicles, the performance of which
directly determines the performance of electric vehicle. Lithium-ion battery has become
the dominant power of EV and HEV because of its advantages, such as high specific
energy, no memory effect, low self-discharge, good cycle performance and so on.
However, whether the performance of lithium-ion battery is good or not is closely
related to the working temperature. If the temperature is too high, too low or uneven
distribution, which will seriously affect the performance of the battery pack. Therefore,
the research on battery thermal management system is very practical significance.

This thesis mainly research on temperature field distribution of a square lithium-ion
battery used in EV through computational fluid dynamics(CFD). First, the structure and
working principle of the lithium-ion battery were discussed. Further research on the
charge and discharge characteristics and the heating mechanism of the lithium ion
battery is conducted. The heat generation of the lithium-ion battery included Joule heat,
polarization heat, reaction heat and side reaction heat. Second, do temperature field
simulation of lithium-ion battery monomer under different discharge rate when
environment is air natural convection. The simulation results show that temperature
distribution of lithium-ion battery monomer is uneven under high rate discharge, and
the highest temperature is far more than operating temperature range of lithium-ion
battery. Third, finish the preliminary design of battery box heat dissipation passageway
and the temperature field simulation experiment under different discharge rate is carried
out. The shortcomings are optimized, and then the temperature of battery pack is
reduced obviously. The effect of the air inlet on the heat dissipation of the battery pack
is studied, and a series of simulation results show that it is necessary to limit the wind
speed to a certain range (10 m/s). Fourth, especially do research on the temperature
field uniformity of battery pack, and do further improvements on it. Thin aluminum
plate is used up and down the battery pack to quickly spread the heat of the battery pack.
According to the simulation experiment under different working conditions, the
optimum wind speed under three typical working conditions is selected.

Through the research of this thesis, a set of power battery heat dissipation



https://www.reguanli.com

passageway is designed, and its thermal performance is confirmed by computer

simulation.

KEYWORDS: Lithium-ion battery; Computational Fluid Dynamics; discharge rate;
temperature field distribution; heat dissipation structure
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Tab 2.1 charging parameters of lithium-ion battery in different temperature
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Fig 2.5 discharging process curve of lithium-ion battery in 100A (0.5C)
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Fig 2.6  sketch map of convection heat transfer
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Fig 2.7 relation curves between battery capacity and temperature changes
2.6 AEG

AR EN A L A A R BEAT T VEAR R AT, I HL DL IR R R it D 1 ke
T A A SN SR B EEAT TR AIWEIT . R B R T AT vl R B
AR o SR T i R AL AT TR MIWE S, IR Hakh 7 S S8 E
R DB S35 b P ) A X e ST 10w I T O B D e o Y L
X T L P A TR LB AT AR PRt — 2B 0 W, A5 B 1 i it P I AR A
AL I BEL AR« S L FACRTE S B2 FAEE DU B o0 2E i o Ji T HEU 8 B AR G e v H SE 4
RS A R 1R A 2 o AT B AR iR T IO VE RERT )UBEAT IR AN BT T, 45 H
TR B L Ll P T PR R S AR P 2 B R — R A 3K

feo}
[n)
=1
<)
=]
=]
@
=1

18



= A T L A HICRR A T 1T
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%, T BB B T FL T PR S P A A AR REAT ™ L ARE . (AL, AR SRR
PAE PR AR G R 5 S 0 AT It S R TRLE 3 AT S DU B IR A L
BEXS B iR B A ST A BT R PR T R B RS o
3.1 EETHEMBMREIGHES

NI MR 17 ARSI SR 15, 1Rk RS 18 AL 19 i
MR IAR 5 A T SEH LI B BL S it A B (T H SRR 152 (CFD) .
CFD. SESS A /22 MR IR T AW FUAR B =75, [FAF B, #EthE
AT HEAHRIUAER) CFD B BE )iz, B ROy R PR 3 E R,
FEAN Y BRHAR R 0 6 R DAL S 3 22 i mT CASSE 7 et O PR S 6 i BT R
SRR3R M HA IS, BEa) DA 29950 At m] LU 290 ] A . [
Uk, CFD B 1B T A AT i) doe s I R 5 i o

3.0.1 THERA T EE R R

THEGR /152 (CFD) AL AETHENLEOR A B, DITHENUE N T
H, Ui BRI S) . SR L A fE R AL IE K 04 ik . CFD A —
PR R ENE, RO Is I THSRLR MR ok — LR A Y 210 505 5K L AR T A 1 S A ] AL
Tz FIBUE AT VE SRARAR S AF AR PR 5 R RO AU, 32 H] 5 SRR
2y B AL R AR BRI RE W] DAAS 21— 2252 2% i R AL
AT UM CAD B S & BT S A it IR T AR OR AR RE R 5 48 S 06 12
B AN TGP AT B R RAS o ALIXANTTVE R8st 72 A Be 75 2018 DI T
R R B E M, A€ iR %=

SRARRE 7 FL R B I S B B 2 SRR LA s Re 4L, ol 45 i D) A
B fide LB N ME, BT ARER A CFD AR . CFD IR B3 T A Bt Sk
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K 3.1 CFD K7 R B
Fig 3.1 solution schematic of CFD
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BT SR A AEAT B R 23 g e i A P9 S R AT N T, DY AN AT
ek, HE A AT LOL O E R, Bk ECAT PRy

N v W (3.3)
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ON-S 72
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p=pRT; e=cT (3.8)
X RAAERHEEL o, WA
@ i A AS Ty R
TN HE A I B R AR, W2 B AR P ARSI IR .
PAR IR AL SIS Ff 7 A B 6 e A R A e — i AL A7 2 H BT AR
FI A AT AR k — e BT, AR UR RS2 SR S A T AT BB AL . AR v
k—e B AIALFE TR I ikshahge e (PO K TR, MR & B2
JikeE, BARRIEAMR.
T UK B 7 AR -
ok ok 0
o2

J

FEHICR & B T 72 -

: ~ou, :
plEpu 08 O [, |08 ] GE, QO U o 8 (3 0)
ot o T ox, o, Jox |k Tox |\ ox, o ox, k

£ J

MEH k—e BIRRS, Ty tE Ry, vTUVER N A
m =c,pk*[& (3.11)

: . Ou;
& +77t% %-{-—J —pe (3.9
o, | x| o, ox

PR Kk — & BRI SR B g v X Ve B A 1) IS 2 05 K B R & T FE . B E T FE .
RERTRE. kKTRE. e ITRELL Ko 78, —BINT =AW AH (¢, ¢,y )
M=ANEE Cor 0,5 op e WERIEJUFERISCHERISCSIR R I 6 N5 H A
fHFEA—F, T 3.1 i

£ 3.1 BAGE REL

Tab 3.1 coefficientin K—¢& model

C, C, C, o, o (o

0.09 1.44 1.92 1.0 1.3 0.9~1.0

3.1.2 BT b AR N AR R N

FHR 8 Lt P R0 7 A TR S ) SR A0 A B B mEL Y P PR B A A AR Ak, L
Al DLR R E S b A PVEH RGN W, PR SCEE S T e e EE
T Ho MR E P9 A T4 B 7 e vt AR R (R BIF SO R, BAE A f i AU 14814
HAL 22 - PSR H - PR S A R RN PGS AR, I = Fh R[] [ A T 0
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FORLIL AR A4 RS, H T B A AR RIS AT 5 R A PR P P A Lt Y
AP IR A AL, AT LRI R T A vl A o A PRSI SR A - AR A
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ER R FL Tt A RS 10 S B 2 0 55 25 b ] (AR S5 22 R AN R O A R, SR A
SRS OL L R A%, WE RS g AR G =Ry . (ERER it
R DA S R A 328 7 KD RIE 8 AL, R T PR 50 ) A S AR L i R BT A 8 1)
LD, BBy 1A BB AT, AR 5 R L A BRI S A, SRR TR
M AEAN AT — N A, T 12 58 200 1 A 75 A DA (R ik

O PR 1 HL it N A AT R 2 M I — B 50 A, B T S ARER A
St

@ HLJth A AR AR S AT B R LU, B AN T

Q@ HB LEIVA N IR BV H A2 BEHE F bR IR AT iR A2 Ak
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@ BB TSI RN, LA RS R BE X S1 0 A, TR, A I ST

AR PA_E AR v 55 A% B AR DR AR, 7T DAAS 3177 T B AE B A AR AR 2R
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LIy ALY SR S (3.12)
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P = o Ty

At p NELES T HIBAYE B C NI T AHIIIREE: Q it
PERIIGE: A A, M4 N HIBEE XL YL Z ZANTT A BRI SRR

3.1.3 HETFHEBEWESERIKE

FEXF AR SCITHI S B BR R R FBL AR CFD i A 1, A T ERIUE D L 45
IERATE, 7 ZERONHER IR R T R p o LUV C L I ARE A M
LI AR IR R Q o T ESCER RN 4 S Bt 2k AR, R LUK 3l /7 i ith 4538 23
PPESBEE IR 5 B I BCT BRI R R AL
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Ko 3 m BT AR, v, T M A L.
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i=1

(2) HbHHREC,

HVAE SERR AR, A ZF] SOC MR R FEmAKR, R5H
AR AL AR R YEAT IS, Bt AFEAL CFD BBl 5 29 % 4, BERT Al

SEOG BB RE, 0T DS 5 2 A0 AT o A i R S AR R S, TH
AR
Zn:Cimi
C,=t— (3.14)
m

X mEHBPARATE: m. C Hh & A 1 B LAY
(3) MR R A
WRIEAHSCHT FUR R, AL A B & 2 2 A R, 183 H A Aib bk SO i
N x Bl SPAT TR BT B DY y Rl z Bl ARYE SIS K5E Chen S5 AR
Y AR TSR B A RS L BEL A I8 S 38 A% s o B DRI A BHL S B R T 50 v it
FE=AAFTTA B SRARE, R ARIT:
I |
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X dei pr dx, dx,
—F 4 +
! kl kp n ks
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, =3 K 5% T T (3.16)
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kzzzk'ﬁzlz ot T T (3.17)

e kv Kk ATk 2B T F IR ARARE . SOARORRL AR B (4124 5 T R 4
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R332 WERERH AR A T IR B

Tab 3.2 thermal conductivity coefficient and density of each component inside lithium-ion

phosphate batteries
R Itk Ak fRfE  4avE WE  ERE ORE
AR MR MR (B Ui
IR 391 3.28 0.354 238.0 398.0 236.0 398.0
(W/m-K)
I
3 28404 1671.54 658.67 2702.00 8933.00 2702.5 8935.0
(kg/m’)

(4) HhAERIHEE g

20k 5 RO B L R B LER R 2 B T g, F i P BELEE FRL VR IR R IS
AT R B AT L R R RN, R I B AR AR BRI P B A 2 TSR R 1
BT DA R BELRUEAS I i, it Y BHL S Ht SOC AR RIR R . A T 14
8L, AR 35 E AN K2 D.Bernadi $2 W 1940 AR Pos R AR A, B —
BEARN (2.9, BETAXWRAMEFENL, KX (2.9 fEhxt (2.100,

PR LB 43T, R R SN BT 32 S A 5 s b S R 1 S 4L
IR 3.3 fioss

%33 HIET RIS SR

Tab 3.3 equivalent thermal physical parameters of lithium-ion batteries

24 Hifh

PrA-F SREAEE X 71 (Wem!eK) 1.05

PP FHRER Y 7 (Wem'oK) 21.1

PrE P FREAE Z T (WemleKD) 21.1
T35 % B/ (kgem ™) 1542.9

PP HI L AZY (kg K ) 1337

AR SCHIE FE B R A L IR AR IR VG2 18~60C iy, HLitE

BH R ARANK, A 8 BB 5, 385 S0 HY s i e 25°C IR A ATBE Y R=0.73Q.
(5) XL R BT E

XL IR 2R B RN BRSO PR RE RO IR, it i R BolOK,
FEL U 30 T X YA e AU R AV ER B 22, Lt P PRI T D P88 ol 2 AR o A R
MABIIM A R A IRZ , e R RTINS T 5 R 2 1] Y
TR 22 R/ INARAR BT S5 55 o FELVHL 38 T 0 I #2895 LA J U 52
Bk, TS, HAE, BdER. — s DL S IR T R BT 2 i R AR
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B h A T S IRE R AR . tAR AT G B RIR AT A, SRS TR N
NP

d’g(T-T
Gr = 9; _ ) (3.18)
aveV
Pr=v/a (3.19)
Nu = 0.48(Gr o Pr)"* (3.20)
h:%% (321

e G2 B e RE: P2 WAL Nu R85 2EREG o Y HUAREG Tae N
PR e BT T BT R

3.1.4 BT Rt B A AR RY KRR 5L DA R AR Rl 2
A ST IR IR 5 9208 A SO U8 G R kA Bt = HE R A faj Ak oy — > 5
SRS R FE TS S0 Stk i ith AR S S BOMBWIES Hn s 3.4 Fios.
R34 HMPARGERSH R ADITES

Tab 3.4 structure and thermal physical parameters of battery cell

ZH HE

B AR PR Y /A 100

B AR R HL R/ V 3.2

Yt PR K B /mm 150

FH Yt PR 5 P /mm 18

FHL Yt PR 5 B /mm 65

WH TP SHRAE X HH (Wem oK) 1.05
RSP SHRAB Y H (Wem oK) 21.1
WE TP FHREEZ T (Wem oK) 21.1
P JP I ((kgem™®) 1542.9
PrH-FH AR /(TokgeK ") 1337
WAEF42/mm 45

M AE B /mm 6

BB FE I BEAR SR B = 4 SolidWorks R AR B S2fr R ~F 4], 2 52
W = 4E N 3.2 7o
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o

K32 BT L Ak = LY
Fig 3.2 three-dimensional model of lithium-ion battery cell

BT LS $ NE] ICEM CFD b TMIE R o, H T AR B 430 T B
(R sZ I AN RN SZ BITHE NS BRI, 9 18Nk I 2 BIMERE, 7E ICEM HRxt
B — P WA, EdARERR o, FERCE 7 AR 0 A S R B N B L 3 A4
oy AT 3BT B - P SRR AE B SRR SR A T IR AR R B A A
PA] b 55 0T FRB BT AE IR T E B3 (B TBOR, AR SCR AN y A1z 77 [ oK st RS
2 f% s x YT KR SE I 4 SRR RIGS FITHE fRif2 fa p e A
W B 3.3 AR,

K33 R HIb A TR AL = LR
Fig 3.3 simplify three-dimensional model of lithium-ion battery cell

BRI B G, B a7 2EAE ICEM CFD HiE{T part (X E, WEIFT
AREERS T SYM X FRTE AT HLI AR T 1 part. 5E AR EAS part BEE
Z 5 5 BT body HUEESL (EIEENIARD, 705572 body ¥ AIR. HLBH]
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body N dianchi. 5S¢ FidEEE 2 J5 ] DA = 4R 3t 4T ks K1l 4, SR\ X
REEYE (B Octree %)\ SR EERZ S RIHE A& HI E 7%, )\ XM HEE
P HE /N I35 1 2 (8] 57 J7 AR 4% 8 = T3 Tm) S BRI T 40 13 )\ AN F- 32 T 4, A — 3 )\ X
B, R — A R IR JE K )\ AR AN HI 351 43 S 5 AR X T 38035 2 2 . A\
W EE e ICEM HAE s DU THNAR A% 1 5 2550 . Rl i i A& T~ ] 3.4 o,
WA R o3 1 2 J i 75 A B A T, B i e L AT RS FE 25K, AR SCK
F quality 77 RS £ RS T, RS &= B I 3.5 Bl

B3.4 it AR
Fig 3.4 grid chart of battery cell
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Fig 3.5 grid quality inspection chart

3.1.5 T RBRIAIE R D TR e KR AR B 3 e

(1) WIER AR E

SFFRRASHA, N T 05 B4 R AOUERG, DA UELLS T EAR LW UR 261
T B RS IR AT 0 L, S B ARADL I RN SIS IR R — B, 7
BT 0.5C. 1C 1 2C 54 N BRI B IR JE#R B E N 25°C — &M T,
H SRR I A R BTG 3~S5 A SCRAT A RN 5. HIRFKM T RA
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FIRGE B E N 0.5, HMBAIAEREFA AN (2,100 KitH.

(2) JLFHFMIIBE

AT R FA A B FOIRES BN TR 2 B A A R & o A
SO IR T AR AF A A T B

O BET G E B E N 25°C;

@B L A I AP BB N

© BEML T 5

@l iE B A% I ER D, Oy 77 A AT ORI il A e A
E B PR N

© BE 5 St o

f£ fluent H B E S 41T & 3.6 o

= wall X
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[ |
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|| air |

Momentum  Thermal | Radiation | Species| DPM | Multiphase| ups | wal Fim|
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O Heat Fiux Heat Transfer Coefficient (w/m2-+k) e "
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(O via System Coupling p
S Heat Generation Rate (w/m3) e -

battery w | | Edit... [ shell Conduction Define...

0K Cancel Help

3.6 BEIAA R IE R
Fig 3.6 figure of wall boundary conditions setting

(3) SRAFFE & 1 E

DRI R A B 9 () A rR B A A, T B S R ARSI R S Y, T AR
SIMPLE & #(%7%. 7t Spatial Discretization (Z¥[8]BjHfL) £ T, shEMEEE
TG i XA 3K, FL Al TR A BB B, BRI E AR A R B 3.7 s
7 WSS FE 1 PRAS BRAR 5t DR 1A 5%, A it DR & 7 R R A RR AR IR % 1032 A0 1) 2%
K, st PR RO ) 75 D D EOE BIURSR, H R I R AAA st R 2 Bk R
A EE R B E SO, BB G WS G GLN, 7T LR NA S R -,
SR G bt THEOP R B 2 38 E AR st DR BUER A RP AT o AR st PR 7 1 iR B
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1~ 3.8 s
Solution Methods Solution Controls
Pressure-Velocity Coupling Under-Relaxation Factors
Scheme Pressure -
SIMPLE v] 03
Spatial Discretization Density
Gradient . 1
|Le.ast Squares Cell Based v |
Pressure Body Forces
|5£:mnd Order — | 1
Momentum Momentum
‘Second Order Upwind - r
Energy '
'Second Order Upwind v Energy
0.7
W L
K37 SRS as Sk £ K138 Fastl 7 HIwE
Fig 3.7 choice of solving controller parameters Fig 3.8 the setting of relaxation factor

3.1.6 BESHHELS RO

e BRI E 2 JEHT LSRR hybrid 7 A#IaEAin, EE AP
400 35, BB AR SIORS FEBCE A 1070, FLAR JUASJ7 FE R WSO SSORE 22 K F R A R
B, A IR RSO R, Rt s AR, AE MBI 0.5C, 1C
AN 2C TORAE RAFAT TRHATIR I 05 5, Sz M 2R AR E 70 A 2 JEI G 1 4% B
o

Y
0 0.035 0.070 (m)
[~ Sa—  SSS— ©
0.0175 0.053

Z
K3.9 0.5C LR Bt IR 5 0 Al 2= P
Fig 3.9 temperature distribution of battery cell in 0.5C discharging
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Fig 3.10 temperature distribution of battery cell in 1C discharging
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Fig 3.11 temperature distribution of battery cell in 2C discharging
WA HEE SRR o A = ) A
O IR LN 25°CIE, £ 0.5C 5 FAF T, RIBCR AR/ 50A
I, b RR R RN 33.0°C, &R 31.9C, &RAREN 1.1TC, &K
TR ZE AR /NG I FE SRR B o AR B AT, X F i TAE ISR AR R AT . Hth
B P 10398.75 Wim?, AR ELEUDN, b H B IE R AR PR R AT R
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OTE 1C FRBUBKMAT, B ER Y 100A KT, HEith kR
FEH 52.62°C, fmia N 56.96°C, IRIRZEN 4.34°C, WER/D, B TH
WIER TAERZE RVFERE N . BEbRAREHREN 41595W/m?, A#REML 0.5C
SAF PR L, R E Ot bl s TIEMAEE —E R,

OFE 2C PR, B AN 200A PIZAF T, it A R AKIR
FE7138.52°C, fifmim/E N 156.04°C, fi i BN vl R S BHVRIE . Rl %
N 17.52°C, HBRIRZEIS 10°C, Ul B b B ARIR B A i AN 351 5], T2 B RS
WIEH TAEPERE . HMBBAfA A S BN 166382W/m°, AN EIEH K S8R EiRE
FEEAR, AT HREEMEEIER TAE, 50 FUR BT ik B i .

R L EEAE A s R, BEH UL N E TS RE 35S T,

3.5 IR R A A AR 3 0 B R

Tab 3.5 temperature field simulation results of battery cell in different discharge rate

R & N \
B e i BRI PN e AR
CEM @) @) (C) (W/m3)
50A 33.0 31.9 1.1 10398.75
100A 56.96 52.62 434 41595
200A 156.04 138.52 17.52 166382

ERBER AL MT, BEEBRBMAGRAIE R, Bk AR r) 2 #eR gk,
BERER R, RKREEREZ A, WAR (2.10) AT UIE B FEE LR NE
B AR PR 5 T T R EE B, DRI LRI N, Rt B AR PR R R
3.2 KB

BT ERAA 5% (CFD) AHSCHER FR A 7. 1 4 S 7 Rt B F AR08 B A%
A FEARARAHOCER B S HE S 1 B E N335k A5 A r it Fi A, FH DASRHE LI
PRFH RIS B SRIGIEH fluent]5.0 BEATHE B 1 H it FRAAIR FE I 1 2L, 3K
AR BS 1 FUAE 0.5C. 1C A 2C =Ml ifE 2 T RS A = Bl . AFE i
NP AR AR IR S AT VN TR S F A B R SR W TR A T BRI S
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R IE R IBAT, WAE S OR IR & 1 b ae IR TAE, Hoh B 42 I
EHE B8 H Y AR 5 7008 B I S 1F F TR, IR e it e 2 J5 I B 3% 93 A
R FC AT OO E B, FE T 5 = B 0 e yth SRR I B 37 0 LI e A ml g, Rt g 2
Ja R ESE T ML) HARBUR, XA SR R R R I, 2 e
P IER TR, M HESE R4 ORISR o At LTS B e jth 2 SR B 5 ] B A
it FIh 2O R G 0T i A A B AT o DR R T F I 2 S A R
MEAER RIGFHIEA T AEBARG TN EENE. BAREERS
(BTMS) [)— e an ™ 4.1 Fios.

i 5 LI 2 il 5 AL 2

A H T
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K 4.1 HMBHRER RS (BIMS) — it ife

Fig4.1 general design process of battery thermal management system
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4.1 HBBARASRRIERE

DAERFTETT ) BN ERR A T AR Z, IRIEERA 2K, BH 5
LA NPA R LR 258, WA S, HAEFEL (PCMD) A2, A EIRA I,
AUEAEN

AV TT N WAL RANY, 2 N A o) 2 1, R AR 2 REA
H, b 2 T o o J e R P O OB rEI A I R . SRR E T AT DL A B AR
S LRI SR A IR P RO 77 e BRI R A K 5 FRL SR RIS AT I 2R T
RN B AT ¥ 5, ANTRZEAMTAT AT RE R St B2 R A LB XU % H
M EAT ROR, X TR EASME R e, SR & T B AR T 5
H AR H 77 2 2R T 4238, (R H 8RR 32 B, SRR
AR, BT RA L, AT IR RISERR A . frhig L2
A B IR R A R H 2 207 =X

WA 207 AR 75 5 H i B AR B A 7 D LA E0 07 SR ) 444 21 7
X, AEHREH RAK. CBESH SR . EANEAEAFENRE T, RS
SR SR E R BT, (R R H A IR KBy, FBH: O R A
MR O A4S FICR IR LU IR XE ;s © FIBAR M b # LAt 52 2%

AR R (PCMD ¥ 5177 2CR A AR M R BRI 28 (RIS Ak Bl T
M) SRR B TR v, DA B ) s AR PSR E

VA HIVRR VA E0 2 AE H it 2E TR T N4 EVRR FH SR R R fr) AR B R
B2 T EAM IS, MU b R 4 i LU R 2%, T FLZEAR RRERE - 1 3 m
T HAR AR, ST FEHRIMAS R .

N T S B B BA B LR B A 505 SRR A, IR DR AN [R5 A
HIRAT LR 4.1,
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A, L2 i T Pt B R VA A 2 SR BT T R SR A, DR A HIRE A 2
BRI PR 2R B R 4.2 4.3 Fior,

230 L AT B ARER A, AR FH AT I8 RGBT ok F it 4 1
THEFARIE .

4.2 HRATHEXEEOT

Fig4.2 serial ventilation

= e

K43 FHATEREERTA
Fig4.3 parallel ventilation

4.3 HBHAEARRARG N = HEHRIRBEL
4.3.1 B AL

HLELARFH S AIE S S RS — 53R 3.4, B H i 2 J5 R H ICEM CFD #
@R, ICEM CFD [& T REF KA KI o WS 2 41, 1 BA 3K 1) = 4 @ i)
BEo N T PRIE F T 2 05 RS R (RS B I, B LA = R I =R SN
ICEM 15173 W& I tH B hole S5 ANFEAE 1A/, 7T LAEFEAE ICEM 58 il = 4E B 1)
], AER [RIRE T 6T A v 2 A R A7 — S A, LU A7 A4 Fi b B 19 A0 A —
HH/NRIEERA

ICEM 2z Hfil] = 4k BIAS [8] T Ho At 1) = 4E 5, ICEM B a2z i) Fth S A4 (1) 3 5 m
BB RO, SRS BN 4 A AR b AR B JICTH, AR5 22 HH FB T

s, R sweep surface 74 5€ i I FE AR I 22, Bl il LA ST body, X
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SR PR AL A IO IR B I 7T SRS R A

FERLTE R T — > L AR RS AR . R TR £ 075 925 5 BT A FEL L B AR PR R A 2
IR . BT A2 A IR AR RS i i i N A =0 s BT
PURT DR A 2 A AN T e 4 AR AR BE o SR IR AT 38 KB T F it 4L HA 3,
XA AT DA REAS i it R ERAT R RO B X R 2 i H At e s R e g v 2
WA BB AL R . BE AR R AT 46 7 3 SR AR s, 8t s/ h A
I T P70 368 TR SR8 A P b B [ R PO 02 s ) T AR P T 2R 5 A LAk
ANABH o I R R AR 2 SR (e [ R A T 1 1] 4.4 o, BB ARz
()R 18] #E Y Smm.

Bl B2 3 ERihd EBF0S

T

Am—%/—/ff’

w5
4.4 AL A I A SR = 2

Fig 4.4 three-dimensional model of battery pack fluid-structure interaction

4.3.2 PIKRIG MRS S0 %R E

FIH ICEM CFD #HATi B S @ 2 J5, @ HT 3.2.4 W AR R 5 it
TG E, WORJE EAEAE ICEM W AT MR R4, K AR RS o A
X ke /F, 455 FEL s B AR 2 T) D0 43 FH R H I RIE 048, AR ERZ) 260 T3S, AR R
Wi RS FEER

AT B I H ORS00 A, DR 5 AR T B A R BN BT
ATV AE SR B AN IS RE P DA e 2 1 B Dol I R A P b PR PR AR 8 1 74 21
TAMENE R . M BRSNS R 3.4, SAAEMGETE T b
AT RAR SR, 25 Cl 23S BRI S E00 T 3R 4.2 s,

£ 42 TERAMESE

Tab 4.2 thermophysical parameters of air

FHARH LE A WAL Y
(WemeKD) (JekgeK) (kgem'esh)

HUESHL E T (kgem™)

g 1.177 0.0242 1006.43 1.847¢3
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PR P FRLAA (T EORH DL, 7 X [ R A A AR AT 1A S AP OB, B
A5 B 5 BT S B &1L 55, R E A =5A
HSSHRIESE B

44 HARRGREGHRLGRESH

e 1C A AR IR A AP T PRE AT B AR 25°C, A
RTRGE A Sm/s, TR REE 10W/(m2eK) o AR HB2 Al AR ER 7 B A
A8 R AR [) 000 B O U A S T VAT IR A B, A K — o T B SR A, R 7T
BRAAERE N BEHOTERH 2 Bril g, shE TR il s A R & TR
F SIMPLE J7¥. 4545 B8, fluent 15 EAG R 1C RS R IIRE 54 =
BN 4.5 . [0 & B g 4.6 Fis.

Contours of Static Temperature (k) Apr10, 2016
AMNSYS Fluent 15.0 (3d, pbns, ske)

K45 1C MG FRURE A = &
Fig4.5 temperature distribution nephogram in 1C discharging

0.025 0.075

Bl 4.6 1C RIS
Fig 4.6 streamline chart of air fluid field in 1C discharging
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4.5 TTH1, EMHREREER 44°C, RIGEE N 30°C, a3 il
WEEL 1580 5 SR g s, Bihd R KIRZES 14°C, ik 10°C s RPRHIE,
VLA A VAR BE A A AN S), AR IES TAE. W 4.6 Frr%1, 2 5.
3 5H 4 5 I IR E S AT A S, (Ha2E 1 5 H1 5 5 Bl AMIN T SR R
Pl 3 AN 2, MM FE 1 SR 5 5 bR i b3l 3 St .

9T ARG I AR B A R N IR S SRR R S a0 A, dRBEAE 1CL 2C 3C IX
SRRSO B A R B 17 FRE . B S B A R O, XU 2 [ G K
DU B R, RGEGE R 20m/s, FIH fluent BEATAH B4 0T X EEIWAL 5 N E
by B R B v R R IR B AN B KR 22 S R S N 3R 4.3 BT

®43 KHESH

Tab 4.3 key parameters

KEESH 1C 2C 3C
i 2/ C 32 56 97
AR/ C 27 33 43
KR 2/ C 5 23 54

MR 43 aTUUE H, BEIRREME R R 2C B2 3C, {572 b2 e il 5 1
My 41°C, WZER T 31°C, WmERIA LR, SOy EE . ZRitiR A
) 97CHY, A3 (2100 AHFEH, BEr RN G AREZER M, PG
WS MR DRI, AE 3C LAY, H A S B d i E B i IS 97°C . T AE
HAEMRAE R (L 1C) I, FE s 2 e vy T B AR 22 A Fe AR IR TARIR BEVE N
{ELRE TR AR SRR O Kt = B BO B it 4 s LB SURIE R, R L S SR BEAIR,
RANIRZIZ KT 10°C. B, 7 ZEREEEE i et .

A0 (2.10) A&, s AR SRR ST R O EE R, DRI LA PR 24
AR & FECR M A RE ORI . i T AR BN, AR 22 1T v
SRAEZ, HRSBURIRENSIEEZE, RET K. RER S
Fier, ULHIZAR AL A5 R A
4.5 BHEHARGEARSREAGES
4.5.1 BREMRLTR

ST IR Tt AR, R S A R TR AR DY R TE R 25 20 R L B B
ML B RT LU ORI AL 5 56 o s B T BEBCR AR T2 i sl . o 14
s FLVILZH U RSCINBE 77, K B ES ROC A D DY JA 8RR 8 A ik, IF ELIRHAf A2 08
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Smme. R EH—NHE S 2 AR, PoAk )5 ) e b 2 = 2 37 R A SR A ]
W 4.7 i PASAERL NP 4.8 Fizn. BGARIESEA R ~FaniE 4.9 fros, Hoag
Fr B B A28 Smm.

Bl 2 i3 Hihg s

Bl 4.7 ARAGSS L ith2H =4I (BT RS S B A
Fig 4.7 three-dimensional model of optimized battery pack fluid-structure interaction

K48 fUiL)a MRS 4.9 HEARIESRA RS
Fig 4.8 optimized grid model Fig 4.9 basic size of heat dissipation field
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4.5.2 AL WIE B0 E9Hr

N 5 ERE T RHEATEE LG, AR BT AR S A S AF SRS TR T
F—FE, RIEAIRIESE Sm/s, 76 1C MR EM T TIRES T H. SUEZ 51
TR0 Eah RS, R = KE 4.10 fs, WELEIE 4.11 fios.

3.03e402
3.02e402
3.02e402
3.012402
3.01e402
3.00e+02
2992402
2.99e402
2.98e402

Contours of Static Temperature (k) Apr09, 2016
ANSYS Fluent 15.0 (3d, pbns, ske)

Bl 4.10 A fa r i A B2 2 A = ]
Fig4.10 temperature distribution nephogram of optimized battery pack in 1C discharging
HIP 4.10 AT %0, eRibZLR =R 38°C, BARIESE 30C, HAIRZERN 8C,
IRTEN 5°C, HIBAHIR B AT 2 ST A e, BOR IR R4 B, 72 1C
TR AR R SR AT A BRI B BE T J7 58 W DA A2 R v A IR A . UL o Al Ak
RN 4.4 TR o
® 4.4 EMHBRIE T HT S BB X EE

Tab 4.4 cooling effect comparison of battery pack before and after heat dissipation passageway

optimization
KL AL HT itk 5 AL RR
BRI C 44 38 6
KR Z/C 14 8 6

M 4.4 ATDE Y, 2028 1 X RgRETE, AN —A> X BN B A 4
Wia, SR R 6°C, HARRERFE TR 6°C, HiBART-EIT N, HEEY
SIERIREA i, B RAL A 2 & WO R B B 52 0T
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K411 ARALfE 2RISR
Fig4.11 streamline chart of optimized air fluid field

MR T ATE Y ARSI AR TR AGE TR RURR XA 4% Lt
ZIE N ARSI, £ & BB Mo A2 AT DY JA 5N f et 2 e )y
TRGBH, AL B A AR, B I, i ECR BT A R T EL A SR
SR URABORT I A1 RO R TR R RUASE 25 el il B0 AL TE N 1 Ak G T A%, B [ A
BOUF A ATV 20 URIE,  JF HARTH i AR R B AT 2 S A
4.5.3 DAL EA FIBCRAE R TR

N TR JE B LA AN RBCR A RN IR 70 A, 73l 1C. 2C.
3C ZFBCRAE A AT T I ALIR B H . 9 7T AR J7 S8R4T o Y )
b, S EEAIARIEEE 20m/s. XF LA 5 AN FH AR P B R R L BRI LA B K
IR ZE S RS HATIO S, WWREIR IR 4.5 firs.

R45 AFRTHHEMGERTRESH

Tab 4.5 key parameters of different discharging rate

KESH 1C 2C 3C

iR E/C 29 42 69

BARIRE/C 27 32 41

R KNIRZE/IC 3 12 28
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XTELER 4.3 FIFE 4.5 WA, FEACCRASEE 1C #4F T, S fE TR 7 3°C, i\
ZFBE T 2°C, MR EEEE TEREGEEN: /£ 2C BMEE T, Hithd
RERE N T 14C, BETRT 11°C, BEMREREDAER KR, HEY
SIPER AR T ERRAEE 3C &4, MR R TR 28°C, IRZETE
26°C, il 22 B il FE 3 A AR R BRI, A3 SIS BRIt itk ml %,
6 5 T FBL A 2R R I 0, DA S PRI SCRAS R o) RV LI B AR T BH ., 3 ) P [ I 42
Fto PR, 75K ZBORES, IS A RIF EERE, BRI L IE 5 ff
H.

4.6 X O RUEXT B AR F M

B AR RIER 4.4 FIZR 4.5 1 1C BB RFZAE T, KIEA R PR-H T B
HEAIE B LS, X4 R R 4.6 Fras.
£ 4.6 1C LR AR KRB

Tab 4.6 cooling effect comparison of different wind speed in 1C discharging

KEESH 5m/s 20m/s Xof Bt 4
B e 38°C 29°C T 9°C
N T 8°C 3°C TP 5°C

MK 4.6 FATLLEH, KIEH Sm/s $INE] 20m/s I, sl TR 9°C, ok
B2 TR 5°C, WHREHAIE RIS . ST X5 T U i) i B e v b R 13
B RE RS B TR KT

T2 4-6 T XU 15 B 5 R LUK, FEANRE 58 4 150 B HEL It A BRI o0 Bl 2 X
AR . DRI, ARHTIERRAE 2C OB R AN T, WA SR RE G
(1 FEL VL 2L TE i e R 5 6 25 PF T GRVPE RE I U B . AXUECN Sm/s BTt
P XGE S BN 10m/s. 15m/s. 20m/sy 25m/s, FH 27 AH B A4 B R 3EAT IR FE 4
PisCih ., HMAEIX 5 AR KOE N BRI AL e e il AN KR 22 SRR IR 2
BT R 4.7~4.11 fiox. N TETUES, ) H b AR F i B R A el AN
K 22 5k KRG OC R Z, 7l antE 4.12. & 4.13 B
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RAT 20 MR XHEN Sm/s K0T RS

Tab 4.7 key parameters in 2C charging and speed of Sm/s

KESH BAKIR L/ C It feyitm B/ °C KR 22/C
I 1 46 66 20
Faith 2 50 75 25
FLI 3 51 75 24
LIt 4 50 73 23
FaIth 5 47 65 18

F£ 48 20 HMEE, KIEAN 10m/s K4 FRESH

Tab 4.8 key parameters in 2C charging and speed of 10m/s

KEESH KR B/ C It feyitm B/ °C K Z/C
LI 1 37 51 14
FELV 2 38 56 18
ERYIE 38 56 18
LI 4 38 54 16
Hath 5 37 50 13

R49 20 BURMER MDY 15m/s 26 RS H

Tab 4.9 key parameters in 2C charging and speed of 15m/s

KESH GRS/ C g/ C & KR/ C
LI 1 34 46 12
Hith 2 34 48 14
LIt 3 34 48 14
LIt 4 34 47 13

Hth 5 34 44 10
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F 410 2C MR KIHE R 20m/s K44 T RS

Tab 4.10 key parameters in 2C charging and speed of 20m/s

KEESH AR/ C B =/ C KR ZE/C
FEh 1 32 42 10
FEh 2 32 44 12
vt 3 33 44 11
Hh 4 33 43 10
b 5 32 41 9
K411 FEEER, KN 25m/s 24 T RS
Tab 4.11 key parameters in 2C charging and speed of 25m/s
KA B ARIEE/C i i g /C KNI Z/C
HH 1 31 40 9
I 2 31 42 11
Hh 3 31 42 11
Hb 4 31 41 10
b 5 31 39 8
i) T T T T T
—&— Smifs
0 —4— 10ms ||
A —— lamfs H
—=— Jlmfs
ol /—e—\_\ T e
¥ BS| Bt .
o}
mg 60 ]
j]E g5 /—*\\ |
a0+ —
5 ’F—_ﬁ_—ﬁ_——* N \.\ _
ﬁﬂ_____{__——u o EHH
Atk P T _
35 1 1 1 1 1
1 2 3 4 5
HitiRS

B 412 Fit A A el 2 2 P
Fig4.12 the highest temperature profile of battery pack
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—&— Smfs
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20 —i— 25mys

Dast 4
E’Em— -
Jé14_ M |

3
RS

K413 Htb e A K TR 22 T 26 1
Fig 4.13 the highest temperature difference profile of battery pack

ME 412 A1 413 /TR, BEE XERISRTT, L2 1 e el L AT 22 0
FEFFEEFEAR, VLRSI D RGE BES A RS F B ALV B R E o £ KU Smi/s
$eTHAE 10m/s I, A iR R TR, R, Bl ZE SN (H
&, BEE XA RERTT, M A i i AR 22 R A AR T R, R
R B VEHHAE 2C OB R T, MNGEAEE 10m/s I, 1K XGE AT BLE 2 5271
HVB A HCRPERE ;2 G =T 10mY/s I, GEE R B2 T 6 FL s 2H S5 P E R B TR
ESRGBR AN o BB R O, X R SR P RICRBRR DN, 3 L ZH R T A A
RORABOR, I ELANWTIE MR 7 7™ B HE i 1 o PRI, R Rt 4L ) XU PR 5 2
Ve AT E N, i H AR ML R EAE S 15m/s.

46



SR PR AL A IO IR B I 7T SRS R A

4.7 AREING

AN EE SN LA v A7 AT e, AR EARYEX T LR A7 S 2R
e am i 2 e J T e T IMTHEA R GEHGARCR 3 T SR ATHUN R G, ASCRH
HATHEN ARG, RIEA R, ARG L R4

(1) FEXHIAGE BT M H B R GEEAT fluent f5 04T, 19 2 i
IR FARIR AN i AR BIR 22, [RIN AR S AR, 2 5813 5 H
THCAEREA T .

) AEANRITA RS R 25 A T AT IR L 37 07 50, 45 2R L0 A 2= B AT 26 1 o
S5 R B IRTBCRE F A R S A, ER AR PAVER R BRI N e vt MR 22 SR
B

(3) FEH 7R ABYE S DU A A B AR DR %8, iR
25 SRR W P Y S VE AN AR REAT W3R T, RS i AL IR R A I R A 22

(4) fE—E MV I, e G ] LA A e v rL v ZH R SR P e, (H
e RGE B — e VE | (RSN 10m/s) Z ), ZRSE R RGHE N iy F it RO $i2
THOGERORABIE, 1 R R R, 2™ BB R aFiE .
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ELE FRTIATESFHBEREHHIEMLHR

AN ER AR R (25°C) S i T E T Hb AR E AT, B
F& BT B0 SE P TAE R A2 A SRS AR A B0, BT DA 250 B X 22 Fob L84 7y T30
HEAT IR 32 I 78 7 BE WL HE BB 8 I X6 35 A A [A) A L4 A4 ) H Vb A o A 22 3 LA
FLL N =FORE R T & 38 C T R 0CSRME T, iR 25°C4&4F
o & BT FUERE TR 2 T e R R 25 20 P A S e DA R A ) 00 e XU )i
.
5.1 fEEFREMASHSUEERENEN D REFHRNEE
5.1.1 EMBFEA =R R ST

i I 2 DU B IR R I T aT N, ARk Y I AR PR TR AR Z B0 2 A T R
3 A R, IR S B ORI 2 R T AR A (HRTE R E R (F
AR BEE R 38°C ), AR BRI Fh FIBAE 45 14 AN Re L FRLIB AH Y B ORI ZE BRI E 10°C
AN . MK 4.8 FTLLE tH, EIR L2 S il B2 AE R VFVE I Y, (HR IR ZEEE T
10°C, B B 1~ F Y ZEL R 32 5 50 1 222 A 2 7™ R 52 i PV A5 P 5 i o R 0L 5 S A PV
R EIPE A

M mr R, mHE SRR S, B PAn] DUR] AR & 5 AR Lk sl
A = A AR O AE &S P SR A 2 (RO, A A v A IR RS AU M T ey . AR DOR
F 77 QR0 AE s R ERTH N b 3 Z K 4EAR, Sudk 2 5 B Y = 4 1 ]
5.1 Fs Wt EIInE 5.2 B

AR
SRR ST

Fig5.1 optimized three-dimensional model
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52 Pk
Fig5.2 grid chart

5.1.2 AR REE

BT MA TR G, SRR eSS =5 =DA% 0E A .
AT — P8 R 1) R IR0 2 AR AT TR 5 AR Rt 5 B AR [ TR S PR AN [ )
A7 B N BE T E v A, W B O SRS T 20 SRR BT S TE HL Bl
REF AR AN, R ENR D, 7T LA, A E N4 ; R
T (R T BN A A . FEh 5 2 S Al 1 T B e SRR, DRI de
WEHRE A R HALM ISR BRI B SR =,

5.2 BUHRE SR A SR HIE

H T4 AR I R LR, BEAE AT (8] P9 FEI A =28 B BT, A
REA R FE BRI RIEE S & N T IRUEX MR SR 8UR, R B E
R CAERIRE 38°C) Skt 1C AR . K 10m/s B 5644 it 4 31730
FE 47 B 5G, o5 E OCTE R A () B KR 22 R A FELT R B IR ZE 1 . 7RI
S 5, REIREE A AN 5.3 s, & Lt SRR S s S A
5.1 s
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Contours of Static Temperature {c) Jan 06, 2017
ANSYS Fluent 15.0 {(3d, phns, ske’

K53 1C BB AR KGR 10nvs i 23 7045 2 &
Fig5.3 temperature field distribution in 1C discharging and wind speed of 10m/s

£ 5.1 1C BUBEMEFRXGE 10m/s HhZH kS S5

Tab5.1 key parameters of battery cell in 1C charging and speed of 10m/s

K AR/ C e e B/ C KR/ C
Hiith 1 43.9 45.6 1.7
Fah 2 43.9 45.7 1.8
Hath 3 43.9 45.7 1.8
Haith 4 43.9 45.6 1.7
HLIh 5 43.9 455 1.6

e K 5.3 MR 5.1 WAL, HIbAHR&IRE N 45.7C, RKREA 1.8C, &
FEA 7.7°C, FTUEE KBS HH A T 1% S0k 4 Mo TR B 38 S PR PR T SR
e R, BIUEB 7B TE 1C JBORAE M T RS CRIUE FEIB AL IR FE 3 A JE
WEY, RN AREIR T LR /N . H it 4 o i P A R R R Y A

DRI, 12 503 465 K4 e 88 A S DR UE FRLVB 2RI FE 250 20 93 A
53 &R (38°C) £HTEREIFMRRRIENENERE

N T 5T R IR LG, RIS T A B0 AR ek 48 1) iR BE 2 AT R 35 S PR AR
FERUR, FIAEREL 2C AR 2, 43 i R BUAS [R] U RAR S AE =il 2 1 T e i
[ RGE . FEPRIEIRFE A 38°C, KU 4 A 10m/s. 15m/s B, £ BL25 B Ak 22 i 28
AR E AT = B i 5.4, B 5.5 F1E 5.6 A
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Iterations

Scaled Residuals Jan 05, 2017

54 JXGHE 10m/s iR 2 2%
Fig5.4 residual curve in speed of 10m/s

ANSYS Fluent 15.0 (3d, pbns, ske’
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Contours of Static Temperature (c) Jan 05,2017

ANSYS Fluent 15.0 (3d, pbns, ske)
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Fig5.5 temperature field distribution of battery pack in speed of 10m/s
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Fig5.6 temperature field distribution of battery pack in speed of 15m/s
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A HRE Y 10m/s B, Bt SR E N 68.5°C, mKEZEN 7.3C,

BRKIETH R 30.5C. M 5.6 %0, 4 eib el A H XGE A 15m/s I, Hjth 4L 5

E N 63.0C, wKRZENTIC, wAETHN25C. N TETHERGAHitH

FOIIRRE SRS, RFERGE N B AR e S 5k 5.2, % 5.3 R,
#52 JMGE 10m/s L A e bE S8

Tab5.2 key parameters of battery cell in speed of 10m/s

K ZH RARTEE/C %/ C wKIRZE/C
LI 1 61.3 68.1 6.8
FHL 2 61.2 68.5 7.3
Fb 3 61.4 68.5 7.1
b 4 61.3 68.1 6.8
Fth 5 61.4 67.7 6.3

253 XK 15m/s HELIBZH Bk e S 5

Tab5.3 key parameters of battery cell in speed of 15m/s

KEEZH RARIEE/C R/ C wKIRZE/C
FLIh 1 56.1 62.6 6.5
b 2 55.9 63.0 7.1
Fith 3 55.9 62.9 7.0
FLIb 4 55.9 62.6 6.7
Fth 5 55.9 62.2 6.3

XTHEFR 4.8 MIER 5.2 WIAN, AR RGEAHE TS OL T, 2 HBA BRI T8k
ZJE, 2 S HMREREZEMMN 18CWE T 7.3°C; XLk 4.9 MK 53 nJ41, 2 5H
Wi KU ZE M BT 14°CREARE] 7 7.1°C o LA BE B0 WSRO 2 T e vt 2H 36
B AR B R, R 2 B S B 52, RERENs Fvh 4 () e KR Z 3 7E 10°C
PA o T B FLh AR ) KR ZE AR B0, 1 B &% L PR 1) TAE A B IR
FE SEARERA AR, BRAE ORAIE 25> ALl B AR 1) AR R — 80 AR T 1K Fth 4
FRIASE FH 5 i o

{ER M RAFFERT DU Y, 7EAENXGE Y 15m/s B FEth 4H 1) % e L BE AT R e
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T 60°C, —MIENL T I R EIEGIZE 60°C LA, B LA S5 4 B AR Refif
TRFERS S Ie) L, AR AE o 15 2R TSR L T It 2L IR S 7D SR 2 A Y L (A
I, 9T BERE L A TR AN T 60°C AT HE it AR 224 HI4E 10°C A I ESR,
TE RN B RN E F S WK A H B2 . RN ERIRE N 38°CHf,
KIE N 10m/s, KR GREER 25°C) KA A, 763k B AR AN 1)
WA= B 5.7 fs, & B A S S E U 5.4 Pis.

Contours of Static Temperature {c) Jan 06, 2017
ANSYS Fluent 15.0 {(3d, pbns, ske)

Bl 5.7 29 RE 10my/s B Fts ZE 2 23 AT = 1
Fig5.7 temperature field distribution of battery pack in air-condition wind speed of 15m/s
F 54 PRKGE 10m/s A RS

Tab5.4 key parameters of battery cell in air-condition wind speed of 10m/s

KRS wARIRE/C g/ C KR Z/C
HEIB 1 48.3 55.1 6.8
It 2 48.3 55.6 73
I 3 48.4 55.5 7.1
It 4 48.3 55.2 6.9
HLIh 5 48.4 54.8 6.4

6B 57 FIER 5.4 T LUE Y, A B sl R 55.6°CL I Kl ZE 8 7.3°C,
BRRIETH N 17.6°C o Fe e T P R i A iR 22 48 4% 1) 7038 B B AN, 00 I i i jth 4 2
HEEERTE 96 FR I E R R FH 25 R A E b 4, JXGEE I R5 28 10m/s 5t mT DAARAIE B it
ZHAE T B T S YO R N A o i R S DY F R A o KU 10my/s, T HL AN it il
AN K KGE 15m/s.

HBIRZE S 2 BORR R — A K, Ak~ RERE SR ESET,
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FEIFIRESART 48°C . PRtk 7ERIRLA RO AP T SR 22 IRV 40 ML AL B
KGR RS 10m/s, BB LUGE ML IE# T AE, SUR S HR R

54 RiR (0°C) HFHTREFHRRREREHEE

TEAR B SR UG, AR SC DA BRI IR B 5 0°C B RidE A7 M it 2H 35
BT o J3 R EUAS [6) 1 RS A T IR 3 07 L5256, IRAAEARIR T 28 & X
HIERE. [FIFERE 2C AR R, KU 58 Sm/s. 8m/s. 10m/s FT 15m/s, 7Ei%
AT B Ja, R FE /A = B ol an ] 5.8 18 5.9, 18 5.10 A1 5.11
B, 0 RG24 A B it B IR B G S 4oy il sk 5.5, K 5.6, £ 5.7
K 5.8 Fis.
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Contours of Static Temperature {c) Jan 06, 2017
ANSYS Fluent 15.0 (3d, pbns, ske)

5.8 IR KGHE Smy/s B BT AR BE 4 A o 1
Fig5.8 temperature field distribution of battery pack in speed of Sm/s under low temperature

£55 R, KOE 5m/s HLMZH Ak SE B S 8

Tab5.5 key parameters of battery cell in speed of Sm/s under low temperature

K SH BRI/ C iR/ C KR ZE/C
Hiith 1 343 43.0 8.7
FHH 2 34.3 43.7 9.4
Hath 3 34.4 43.7 9.3
Hath 4 342 43.4 9.2
FLIth 5 34.4 42.7 8.3
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56K 5.8 F13 5.5 ATLUH H: 78 2C LS LME T, B URHE N Sm/s
i, M SRR 43.7°C, RRKRZEN94C, BRI 43.7°C. BIFHLE
M H E A KR ZE 2L 10°C, SEUIERX M m R A N, BARHIAH
o 1o i B A T AR P Y L P, R Rt 2 R A P R R R AN e B IS A il AL 255
MEOT, SEUREARSERIMR . WBERK, K25 s k.

Contours of Static Temperature (c)

K59 R KXUE 8m/s B LI ZH I FE 5 A =
Fig5.9 temperature field distribution of battery pack in speed of 8m/s under low temperature

#5.6 MK KUE 8m/s HLIZH FLAAOCHE 2 KL

Tab5.6 key parameters of battery cell in speed of 8m/s under low temperature

KSR wARIRE/C g/ C IR ZE/C
LI 1 26.5 33.6 7.1
It 2 26.5 34.1 7.6
I 3 26.6 34.0 7.4
LM 4 26.4 33.7 73
LI 5 26.5 33.2 6.7
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54K 5.9 fiZk 5.6 ATLUE Hh: 7E 2C TR MR R AT, a2 SXE N 8m/s
i, MM SRR N 34.1°C, &RERZEN7.6C, &AE 341°C. MEET
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Contours of Static Temperature (c) Jan 086, 2017
ANSYS Fluent 15.0 (3d, pbns, ske)

510 I XU 10m/s B FL2H IR P2 23 A 5 6]
Fig5.10 temperature field distribution of battery pack in speed of 10m/s under low temperature

# 57 R RUE 10m/s BIBABAR RS

Tab5.7 key parameters of battery cell in speed of 10m/s under low temperature

K SH AR/ C iR/ C KR ZE/C
HEIb 1 23.3 30.1 6.8
FHH 2 23.3 30.6 7.3
I 3 23.4 30.5 7.1
It 4 23.3 30.2 6.9
LI 5 23.4 29.8 6.4

ZEA K 5.0 FfIER 5.7 WTLLEH: 7E 2C BUEMREREMT, BEISNHEN
10m/s I, FLIBA S il 2o 30.6°C, KR ZEN 7.3°C, KRt 30.6°C. AHLL
BT R 8m/s B, HLIBZH i SR E TR 3.5°C, mORIRZEA R % 0.3°C, AR
RIS, (HREHFEE 2R, FEA L EIERE 10m/s FXHE .
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Contours of Static Temperature {c) Jan 06, 2017
ANSYS Fluent 15.0 (3d, pbns, ske)

B 501 G 15m/s I HL AR 2 23 A7 2= €]
Fig5.11 temperature field distribution of battery pack in speed of 15m/s under low temperature

% 5.8 JIE 15m/s HIBAL AR SCEES R

Tab5.8 key parameters of battery cell in speed of 15m/s under low temperature

KRS AR/ C e e B/ C NI ZE/C
LI 1 18.1 24.6 6.5
Fath 2 17.9 25.0 7.1
Hajth 3 17.9 25.0 7.1
Haith 4 17.9 24.6 6.7
Lt 5 17.9 24.2 6.3

A KE 501 fik 5.8 MTUUEH: TE 2C BUEREREAMT, BEIESEN
15m/s I, RV S el 2 25.0°C, KIRZEN 7.1°C, &K 25.0C. M
BT Ry 10my/s I, ALl ZH f i B R R 5.6°C, lRIRZ I R R 0.2°C . PRt
A LA H BA R 4510 - Bl XU ()32 — A4 ool T F v 2L iR B2 38 ) ME AR 2 T B8R
KA, (H2HHEFEREEZ R

BT UL EASE RO 538, PTRARRE : 78 2C TBORASE . (KIR (0°C) &M T
BEERE 8my/s,  BEREIH A2 I A BRI ER, R AN 2 SR AR K e 7
55 BiE (25°C) &G TREHMRREERNENIEE

A P ] AT 70 3t X PS8 AR AL YIS 1) BUAR 2D, R BEAN i PRI ) BB AR 2, — 4
A 20C A EZ . B, ATHES IR 25 CRHAT b AL IR K, IR H
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X e R U EAT I AL, 4t 0 T T o T80 P A S N ) e e XU o T 1 A A el
PR IR B AR ROE SOZA 2 TGRS 4 N B XU 8my/s. AL, [FFERHX 2C
RS A, 3 AR EL SR XGE 8m/s. 10m/s BEAT IR 05 B . 24T IR
ST, XL A B A 512 B 513 s, RS KE 20 %A
HL 7 LA P SR B S B i Ak 5.9 3K 5.10 P

He+0
4.87e+01

4.8de+01
4.80e+01
4.76e+01
4.72e+01
4.68e+01
4.6de+01

Contours of Static Temperature (c)

B 502 RGE 8ny/s I Bt 4 FE 3 A1 2 1
Fig5.12 temperature field distribution of battery pack in speed of 8m/s

59 KUK 8m/s HLt A AR SHL

Tab5.9 key parameters of battery cell in speed of 8m/s

K wARIRE/C g/ C NI ZE/C
LI 1 46.5 53.6 7.1
It 2 46.5 54.0 7.5
It 3 46.6 54.0 7.4
LM 4 46.4 53.7 73
LI 5 46.5 53.2 6.7

G 512 fIZR 5.9 WIS0: 1E 2C MG REM T, BEITSXIEAN Sm/s
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B, AR ERE N 540C, BRKEENT7.5C, HAIEFA 29.0C. HbHE
EE RS, AN B T it R AR ) TARIR S, AT DAHE— 2B R T R SR PR A

M2 f i

4 fize-+Hl1
4.58e+011
4 55+l
4.51eH01
4. 47eH1
4.44e+01
4.40e-+011
4 Bfie+l1
4.33e-+11

Contours of Static Temperature (c)

K513 XEE 10m/s B Bt 2 3R 40 AT = 1

Fig5.13 temperature field distribution of battery pack in speed of 10m/s

£5.10 KUK 10m/s HL B4 BpAA S S5

Tab5.10 key parameters of battery cell in speed of 10m/s

KSR wARIRE/C g/ C IR ZE/C
LI 1 43.3 50.1 6.8
I 2 43.3 50.6 73
HLI 3 43.4 50.5 7.1
M 4 43.3 50.2 6.9
HLIth 5 43.4 49.8 6.5

EA K 513 FIZR 5.10 AIH1: 1E 2C AR &M T, B

P TGN 10m/s

F, HEMHEEIRE N 50.6°C, AKEZEN73C, HKAKETF 25.6°C. HALHF L
R RS A AR OB N . MHELE T XIE N 8m/s I, b ZH & = im
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TR 3.4C, RAKEZE T 02°C, MHEARmEERL 50C, e ErH
I A B AR FE S IF o H T BLAR 1 2 2 1 VA AR A1 B 55 ) i 46
e, SeBR bR A mR E ROZAIC T 50°C .

PRI, AR R 2C AR AT R, SR RO RO IE £ 10m/s 5t T AR 2
FHEER, AT 25 1 XU
5.6 KB/

AR FE R EE G A E AR (20) TR S S PSR T AT AL, SRR AE
Hith b RGN 3 22K AR AR AT LA R H T B ith 2H IR 5 3 0 A B35 S0 Pk X
& T AR M A R LB Er, AT DABRHRe H i 2H =) 307 A 1) v AR A A e s 2
WOT, CUARR SIS A H .

[FIEF, XEAS R T T R AT AL, 43 AN R PR B 2640 T 1 s B XU 1
WEREANT

OTFEER (38°C) MfEFRBALKM T, BAKHZHRAH B, 4 el
HLVB A A & BRI R VO Rl N o S B RGN 4 10m/s, BE T AORIE Rt ZH 1B T
B, XASH AR KRS

QOELIR (0°C) MfERM &AM T, KHERXAE T LBIAT,  HfE E
R 8my/s, T LAY K Lt A BRI R o Bl XU 33— 2B e T e v 2R
ISR BT SO EAN I 2, (ER EI FEROR B2 I RE

OTEHIR (2C) HHEZRZM T, KA BRRAH 77 BT, ek sk
10m/s 5t AT PATH 0 FH LK, AN 75 22 B v i XU
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