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ABSTRACT

With the energy-saving and environmental-protecting ideas deeply rooted in
people's minds, electric vehicles will become the mainstream transportation in the future.
As the mainstream power source for battery electric vehicles, power lithium batteries
have the advantages such as environmental protection, low self-discharge rate, and long
cycle life, etc. Lithium-powered batteries are the core components of the vehicle. They
generate a lot of heat due to their own characteristics during charge and discharge. If
these heats cannot be quickly emitted, the temperature of the lithium battery pack will
rise sharply, which will seriously affect the performance and cycle life of the battery
pack. Even worse, it may cause thermal runaway problems and the vehicle will burn,
which will endanger the safety of vehicles and people. Therefore, it is necessary to
perform thermal management of the lithium battery pack.

In this paper, with the lithium iron phosphate monomer (LiFePQ,) as the research
object, solid three-dimensional model and heat simulation model are established, and
the temperature distribution of the monomer is simulated by the simulation software.
Based on the analysis result, the cooling structure and the box structure of the lithium
iron phosphate power battery module are designed. Passive air cooling and liquid
cooling are used to analyze the heat dissipation of the battery module through CFD
software to verify whether the simulation results meet the battery module design goals.

The main contents of this paper's research are as follows:

(D The structure of rectangular LiFePO, battery and the movement law of Li+
inside the battery during charge and discharge are introduced. And the heat source and
heat transfer characteristics of LiFePO, battery are analyzed. The four basic equations
for the computational fluid and the general steps for solving the equation are described.

2 Rationally simplifying the single structure of LiFePO, battery, the heat rate
model and three-dimensional model are established. The parameters such as the density
of the battery cell, the thermal conductivity in the space direction, the specific heat
capacity, and the function expression of the heat generation rate are determined. The
fluent software is used to analyze the temperature rise cloud diagrams after the battery
cells are discharged at different rates under ambient temperature and natural convection

conditions. A battery cell model verification experiment is set up to demonstrate the



reliability of the thermal model.

(3 With the power and cruising range of battery electric vehicles as the constraint,
an entire vehicle model is built in ADVISOR. The vehicle model is simulated under
different operating conditions to obtain the curve of relevant parameters of the vehicle
and LiFePO, battery modules. At the same time, in order to meet the maximum power
of the vehicle as the goal, the relationship between the heat generation rate and the time
(g-t) of the battery module under extreme conditions is obtained.

@ The structure of the cooling pipe and the box shape is designed, and the
geometric model of the LiFePO, battery module is established. And the thermal
management goals of the LiFePO, module are set and the stress intensity of the pipeline
is checked. Under compound cooling conditions, the temperature rise of the LiFePO,
module is analyzed. The results meet the design goals of the maximum temperature and

the monomer temperature difference of the battery pack.

KEY WORDS: Electric vehicle; Lithium iron phosphate battery; Thermal structure;
Composite thermal model
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Fig.1.5 Parallel ventilation of the battery pack
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Fig.1.6 Air cooling principle or heating principle
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Fig.1.7 Cooling principle of PCM materials
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2 LiFePO, Hiyth i) #REE I CFD 4t

2 LiFePO, Hjth B4 K2 CFD 4l

TEXT LiFePO, i yth 8 37 = R A Y I A= PR 477 E0RT, B /G2 T i LiFePOy4 Hth
I EBEER, 43T LiFePO, R PN 5B 1 FE AL 2 S 37 AV 7 e 7= LB R e i, [
SRR B LA .

2.1 LiFePO, HithRYZEH K Sz [ [ 8

2.1.1 LiFePO,Th I AL

i, PR A A A 1 B R A I A BRI R IR E AR
B SME IR R R AT PR, [ 2.1 Bos K54 LiFePO, 3 77 Hijth
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IERH: i3

Bt R Uk

Gy

2.1 LiFePO, &) J1HE it 4544 [E]
Fig.2.1 LiFePO, power battery structure
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LiMn,04-+ Li(Ni Co Al)O,+ LiCoO, 502 5 FH 4 H yth 1E HE RV A4 Ak o o Li(Ni
Co Mn)O, F1 Li(Ni Co Al)O, Fifh = oA kL2 B B B 5 K 1) R Rk
1M LiFePO4 M EHZ 1 MM R EAL T-HE ™ R M B B3 it AU E YA B . A
SEEUM T A% 3 B A B r b SRS A B I, SRS TiS, A V205
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HA BELARF VA BRI A o B VAR O A L 40 9 CEARED A 9 (B

HATsh 7B it MR 2 FF, ARIE 38— ATk vl 4030 J dith 7 U2 . &bl
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< 2-1 TEEE A M BEXTEE

Tab.2-1 The comparison of different lithium battery performance

EILINIRUIES Hfi (Whikg)  FRFREIE (V) (RIS
HhR AL 150 VL I 3.6~3.7 Lepes e, mmiRtEReZ, EHAE IR
FR e 200 37 WEpgibiae, (GRTEREE:, &R 2 K
TR kA 150 3.2 Wit i, R A, YRS N
=l 240 3.5~36 Fepesm, BALE AR K

2.1.2 LiFePO, 1t Iz R JR I8
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SeiE R, TEEARA R LTS WIR R D, b T RERAS s Ui B R LT
AHHRABE I, AT EAURE. Y4 LiFePO, HMAL T ARSI, Lit UM bR ms
HILF IR, I 5 ERARIEE AP, ARSCLL LiFePO, HIM MBI, JL7E it s
HRTE IR A7 AR B PR 22 S B TR 7R N

1E HARAL 5 s B
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6C+xLi"+xe” = Li C,

4%’\&&ﬁ:
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6 o o< >
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SO © A <@ @
O @ ot O ©
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[E] 2.2 LiFePO, BBt FER B IT 12
Fig.2.2 The charge and discharge process of LiFePO, battery

2.2 LiFePO, B jth By 4 #4138
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R PR S 2 A H B IR AT IR . BURAEAE LiFeP Oy HELIH B FE TR IS AR
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X} LiFePO, HIBEAT FE HI, P ZAL TGRS, BEIRAAEE N “-7 X
LiFePO, HIJIEAT IR, Fit R AL TGS AL, LR REE Y “+7.

oE,

=nFT (2.2)
< oT

A

Ec——HZIFH (V)

T—iRE (K

N—— 70 JECHL 25 SRR Rt B BRI Y F AT B (C5

F——VEHL 5 5 4L 96485.4C/mol ;
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A FH. FEHMH B QFur, HAE MbrE. EHK QHRIEAN:
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WA SR HY I R Qp A2 AN FTI Y, VEAEARMENI & ok . MR AL N BEAE
FEFR R R R HE DL 1, HAE RN EZE S W 1 IR DOD (L HLE
FE) MK,

FIRH A GE Q A E A
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LiFePO, FiL it 2 HE BT 7 HL IR () 4L
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AR AR IR, A AL S SN RE R LiFePO, FEIh A (VR A E 2 5 H
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(L MMeF
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qr:
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WS VAT — e R B0 REG T BN, JRR e 7 s B a3,
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k—— AR SRR W/ (mKD);

Us Vo W——ARRIIEE R E u 7E X Y. z B (mis);
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AP A WS e, AR SO AR AT R 4a 1Y, % BE ARG FE SR %k
AR, WM ETERRN:

d(pu) G(puu) 8(pvu)+8(pwu):
at ay oz

(2.10)

e e G
+—| u

19) 0z 0z OX
8(pv)+a(puv)+8(pw)+a(pwv):
ot OX oy 0z (211
2( @}ri @+i( @j_a_p
x\Uax) oy My )T a\ M e )y
a(pw)+a(puw)+8(pvw)+a(pww):
o o % o (2.12)

o ow) O ow)| O ow) op
&(”&]*5(“5}*5(“5)‘5
RN WIARHIRE (pa §), A0 2 32 5k i R AR .
B2, TERENR AR LR R R RS T3 R A 5
(3)  FEFiE
PR AR IE, TR IR T G 1 R R R S0
(EREIPL

6_p+ 8(pu)+6(pv) +6(pw)
o x| oy | a

L, AR R I S HAN AT IR, SRR AT B

=0 (2.13)

—+—+—=0 (2.14)

(4 TR

AR AN A B FRAR =AM, R R R 2 R )i
I ) — P DIRES o TR IR B ] 2 AR A2 DA SR RN BRAT R
MR E, H TRy 2320, EIRMEY 13800, /N1 FIREEET,
R BERER; KT EREERR, mAhmmRER: £ TR EREA G E
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W I, iR Rk R A L R B, SR A SR
DUA N R RS, AT AR NS R A AARUE R ke TR T A, RoR R

o(pk) 8(pku, [ |
(P )+ (pku) _ o urte S +G, — pe (2.15)
ot OX; OX; Oy ) OX;
o o( peu, [ | 2
(pe) olpau) _ o f  mloe| oo ¢ & (2.16)
ot OX; ;| o, )OX; |
. 0u. :
G, = p| M DM (217)
OXj  OX; | OX;
k2
t = pC, — (2.18)
&

XA

k——Ji 4 BT 3 e s

e—— AR FIFERUE

Co- Cpn C,n 0,v o —— BN HL, HAH A 1.44, 1.92. 0.09, 1.3, 1.01%;

w —— IR R 2L (pa e s);

CFD HiAR IR ) & B A BB, FHARFEIIARTH LR 3T 4
BN . I FHZ R BEA SOt i it 2 R b, [R5 2 1 BOAS AR 2 I
o JARIISR M IERE — R E LI A R R =P,

ATACER I EE N A AFEEH CAD AR Fix RFEAT JLAT A AR 73 A%,
E ST A L . WIS E DL S R ok AF 56 o R A A il A2 1 1 5 PR )
SRAREE, A7 B S BOT FERE PR B8, S PSR IR E . R 1SR B A
JoE AL B RGN B SRR, AR TR A R AT . BRI A K
frm AR 2.3 Fros:
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2 LiFePO, Hiyth i) #REE I CFD 4t

2.5 NG

RENG T KITHR LiFePO, HITRZE #4 K F8 T8 R R A LT RORS SN . T
FC 1 LiFePO, HLt 77 LB AVERIH A S AL, JFSHH 1458 Bl S Ik
Xf LiFePO, Lt AR FAFE MR /N, S 2 FAHT P FH AR LiFePO, HL it A2 4 1) 3 ZE R
fe T T A K GRS 2 LiFePO, B VR AL 1 T B30, e 3 R 2R A
FEHLTB AT N &R, PO AT AR S T2 R AR AR R AR . B4, BEER T T R

<: @E%%ﬁﬁ%:>

\ 4

il 7€ 1 FRIA] IR 26 A

\ 4

X7 Wkg, At
I

»

h 4

ERVACY: | A

iR A YRS

LIPS

Pl

2.3 CFD K7z
Fig.2.3 CFD solution process

RIPUAN B AT FEAN CFD SR — P IR

25



207 Ratab i N2 T e VA TS

26



https://www.reguanli.com

3 LiFePO, HLAA ) #v i H R B0k

3 LiFePO, BiXHYFA T E N ITIE

LiFePOg4 it [ B A3 T A IR X [A) 7E 20°C~40°C 2 8], H iR T *t B 51
PERE R E RO, 5 et (35 TR v 2 S BB T g P BB AR T, e
E I FIIEIA Ay, B i R LiFePOg4 Hayth 1 #4450 H B0 22 4 S . ikt 4
L, X LiFePO, Lt FRAA [ AR SRR AT (7 B0 Mo AN, 7R AR Rl
Jei s NSRBI A A A B A T Y R AT B A A R A, A R AT LA VA
HIJ7 ORGSR SR E R IR I -

W7t LiFePO, B A A 0L, B S0 B A T Pk = e R AT B 3L, JF
JSE A B4 SR R ARAL R SCH LiFePO, IS ZH f174 3 7 22 B A HT 4K
44 ANSYS H fluent #5511 Star CCM+FFh, 438 %F H AR S0 fluent B B
PRI 5 SC HL AR 2R AT 3 AT o
3.1 Fluent f2ER & 7>

5 HAh CFD APERBAFAILE, Fluent AHUE I VERR BFEHIR . mEkbAR
VAR AE ) )RR B 23 B, DG Tk FE R R A )@, W] LA UDF 2 52 SCRVIA,
(Rl 5 i LA P Pl 7 B S BORTA 26 fE Fluent BB iR el 5
GLAII AT, S EARYEAT TN GRS AN 2 B S R A ) R e
R T RS IERBES . 76 Fluent BIERI 45 A A RELF HBIF FE 0 511
I A, 36 AT LAAS 25 B BRI s /13y 0 A B L i 37 o0 A 55 2
o tbhh, EhnT DRI MRS G, SR 2 SRR 520 DRSS J5E A 52
ORI, At T SR B 2 S R AN A s B

Fluent #2510 KLY CFD BAR LA /L RER ST IE T RE . FITAE JUX B i) R A 1 iR
FE RS BN LB I E NS /L. A IRuETH EE R 2R L. K]
WREHAMZH s Bl . Fluent 75— MR 2 7 DMD TR WAL LR — LR 5
A Fluent—# & RS i 55— IR T 28-3R e U — SO 56— R s
WEIT TR — Rt 45 2R . fJa BT Ja A B R 07 AT B 07 H A DL IR TR B
= E B R

3.2 LiFePO, BiREEAAE R
321 F3I LiFePO, ik f&E R

N A SRR e A TR Y 4 2 A D73 TR FR T AR R AT 2K . DA R P
K2R, AR B R A - BGR DS G ) =R A, DL AR
YeRERO S, MUMBRVRAIAT —, = SRR SRRSO 8 e DI A
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A RN 100Ah [ LiFePO, AR Ly AT 5, JESL =2 LiFePO, HLRHA
B, JERAE Fluent 3407 B BE . NG A FR R4S 3] fe it 1R R 5 1
LiFePO, SR HIARZ AL 3K 3-1.

# 3-1 LiFePO, BRI H{E
Tab.3-1 The parameter values of LiFePO4 monomer

PARSH i LR il
Fods 100Ah F ORI HL 200A
VNS 14.6V T I EL 2000 AL
PO S /Al N 14.8V TARIREE -20°C~60°C
Gk SRR 9.6V o 7.2kg
PIRH 5mQ Sl =1 212mm*62mm*300mm

H1 T LiFePO, LR LA L2557 SRR 2%, 0L 5 ARSI AR —FR A st A A
FEMECLSEILN, AR EANER . Fr AR AR R, fE A I
ARIHTIR T, X f i AR SRR AT S BRI T AL, A I T2 B AR S5 M A RSk
TSGR, 2GS AR IR G5 R AR AT 54 o ) (8] A DA K B4 i AN R I ) IR
FESR "R AL IR AT AL, AR I 1 A BRI Btk AL B R T, 25
FF DA ot 3 T AR 2 A0 9 I A R B A% 3 B o it 85 O BT A E . AR
i LA Pesaran A A BRI SEAL, 58 SCRAARGEI SRR, H T B EE A AR AR
shael® sk mEE R, I 3.1 FR:

Tair Qair

Ttat s
Qbat
(o

3.1 Bt AR IS LR A
Fig.3.1 Battery heat transfer model

K, Qair——HLML AP FEAE AN BRI PR AR (W) s Tar——4MEEH
B (K): Toa—— SR AMIREE (K); Qua—— AN MR AERE (W),
E L AR SE PR O FOL R R, 25 18 B R O (K AL 5 s LA ST (R 3 o3 s
REATAEAEL, X L AR B A S B AR B e HRH AR P R 0 S R A He
TR A R H R, A RS I BRI 2, HAS R B e

28



3 LiFePO, HLAA ) #v i H R B0k

ANBE UL ANIS (RIS ;R it B A B R R S, I A% T SO vt
ST, R4 L3 i A RS T 5 T B b (AR AL, Ik A R R
oT o°T o°T o°T

,onE:kX 8x2+ky 8y2+kz azz+q (3.1

A

p——HAKI T B (kg/m®);s

Co— AN LLAE U kgt K™D,

T—HRAREE (KD

t——HARFE BRI ] ($);

ker kys k=237 X0 ys 2 HIA TS IRARE (W - m™);

BE LRI REA AR, AU E I ERAARE DL AN EE S R OF
PR A GE R q; @ HLH AR AIITEL po Cp + ks @ HLIEAK IR EIIR |
PO ARR TR E 54 1F.
3.2.2 LiFePO,Hth &S HIFAE

TEXT LiFePOy, Haith B A (7 BLIFE v, 75 5 S H it B AART A B 25 4% 4 e
SHAHE p. Cp « k A, HAE, GURBEMMIESENA T T ERSR, 1E
R R BRRES (1 25 B0 B R SE RN AT DU %SOk 21, R 38 3-2 o it Ay
MR AR R S R,

% 3-2 LiFePO, £ H0IME S H
Tab.3-2 The physical parameters of LiFePO, materials

e N B (kg/m®) PR (kgK) 1 SRAHIW (mKD) ]
TR R A AL AL 2840.39 1200.00 1.5800
BB 1347.33 1437.40 1.0400
E G 2710.000 903.00 238.00
itk G 8975.600 385.00 398.00
(] 659 1978.16 0.3344
T GRD 7800.00 478.00 16.8

(L HEMESE
@ LERA I E

LB AR ) LU I 5 A B0 0 M R LR AR O, — AT BLE SONH . HAK
EAREENE, TS eliE. #E. AREYHES AR
BUEAS B s Ll R 1
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cp=EZcimi= IPZV- (3.2)

s

m——Hut 8 P R AR AR (kgD

Ci—— U B A R B A T LA (0 kg™ KD

mi—— BB R A R R (kgD

pir——HIB AR A B (kgim®):

Vi HL Il A R A BB (s

@ SHRHH

LiFePO, FiL 2 P 1 4t 2 MU 7 5 B S MU AU 5. e T2
ReS I A RS, TEVEIAT SCIO AR, BT LAA SO R BT ITALEE T Sk i
PRB. 1E B AT R PR SRR LT, SAROR . BE. RABITAT
TAKRZN X. Yo Z B, B2 LiFePO, Hulty 26 fh Uik e X 7161 1% #05>
2 TR 38 77 2 I A, 1 Y L Z A [ b B4 2 60 0 7 SR A2
th ik RC HR IR 7 H FITRLI 8 S AR 7E XY Z 87 1 0 5 R T,

a

Ny (3.3)
2,

ﬁZ% (3.4)

K, =Z% (3.5

K

ko Kys ke——HII AT X,y 2 TS HEABIW (mKD

a. b, c—— AR BEMT. K. B (m):

ki—— B P F BT RHI SR B WY (KOs

dxv dyi dz——HLMBAAR R AORIE X,y 2 71 EROERE (m);

A, AEHIAE y . 2 TR R R BN, AT R Ay, 2
I FRO 7 R R 25

® L TR

P BT 7 25 T LR 15 3L S B LU 2 A, T LA T A P
B S A LA

il 36)

PN
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3 LiFePO, HLAA ) #v i H R B0k

HKOL (3.2) ~ (3.6) HIGHE, WIHE st A S H ek 3-3 P
% 3-3 LiFePO, EEith BRI 1E S %

Tab.3-3 The physical parameters of LiFePO, monomer

Y (kg/m®) EE [ (kgKD ] SHRAHW (mK) ]
SHHUAE 1521.61 1351.24 k=3.6, k,~=k,=13.4

(2) AR

MRAE 2R — F A TR LiFePO, HITB A 2L FAHLERAN_E IR AN 1) oyt B e, ) R e
TR A AR AL S OB AR G R LU O, IR SR AR . R AR AR
FEGHE SR E A Bernardi AR A AF R SLAGING ) B A 2B AR AT DLHER
o S RSCAR ARG B, B T SRR 26 AR ZOR LU 2, AN 5 8Bl WA S8
B THRORIRGEATE . HARXKIRN:

I dE
=—|(E -U,)-T—= :
q Vb |:( oC l) dTi| (37)

A

q——H AR AR BGE R (W/m®);

|—— H PR R 7R TSR IR (A

Vp—— it B AR ) YA AR (m®);

Eocs Ur——HM AR EE B . SR (Vs

T—— R AR (KD;

dEo/dT——iR R R4 (VIKD;

b, R R 20°C~50°CHY, — A %1 0.0005 V/K o IEAR(Ege-Us)
AIZ)5E T8 TR | RTEEB Y PEL R (3R AR AE FLIBIE R ARIE AL, R &EE
761, LR b2 i R A AT AR 40 -

1

Q=\7{I2R—IT ddETM} (3.8)
b

CLATHEL ) A BELE: SmQ, AT A3 21 L b JECREL R 1 2R0A 5
q=1.271?+0.13IT (3.9)

H10 (3.9) 13, , £ AR (7 FOTH SN BOE RIBCR 2 W4, B3 (3.9)
FOERRIRE T —AVER), Bl PARIAERGEAGEREE T imAm, Fikl. T5q
EASHAREZ AR SR, 1E Fluent FRHIHI ™ B 5E SOBCT F it B A

Rl (3.9) WAl 2~ M UDF Zi e yIRiEAErr, JEHE O RIE R
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g=AT+B (3.10)

PAHLIB PSR B 0 25°C, TROEAEE 0y 1C RIACRE FE i 9 100A BTG AL T, 4
HRJERER, 0N PR
#include “udf.h”
#define A= 13
#define B =12700
/PRt 255 9 100Ah; HIIIARARV p #£0.0039m>; it il B HLIA 9 L00A; HEL it P
FHR>40.005Q;
DEFINE_SOURCE (heat_source, ¢, t, dS, eqn)
{real source, T K, fts;
T K=C_T (c, t) ; /[HIhI S 2HIE
ts=RP_Get_Real (“flow-time”) ; //Hith i HH B [
source= A* T_K +B; //Hijth #
dS[egn]=A;
return source;

}
IR LA R Tt AR B RIS MEAT PIAR H I R R o AR AR AU AN IEAR SR AR Y
PERL G AR, e AT THC) HL B R B R 1] A2 A ) 24 AR
L=Lyx[1+a(T-T,)] (3.11)

A
L—— R FEEE PR AR (Qmm’m);
Lo—— RN 25°C R H- LR (Qmm?/m);
T— MRS briRE (°C);
To—— R EEIURIRE R 25°C;
o—— P RAL
FART BB N BRR R N :

Lh

R =— (3.12)
S

e
Re——HA B AR (Q);
h——HARRHE R (m);
S—— LR ERE AL (mm?);
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3 LiFePO, HLAA ) #v i H R B0k

LiFePO, H ith B A4 AR FE 1 A2 R R ik =000 -
_I’R,
qe_ V

e

(3.13)

X

ge——LiFePO, iR HAE R (Wim®);

Ve——LiFePO, HL i HAAFR (m?);

|—— R L (A);

CLAH B AR B AR 2 20mm, =15 10mm. 4 E8107E 25°CIR & I FBE
HARE RB T % 3-4 froRl,

* 3440, EAEARMEERY
Tab.3-4 The resistivity and temperature coefficient of copper and aluminum

MR FR % (Qmmi/m) WERE (PO
G| 0.0175 0.004
G| 0.0294 0.0043

PEAr (3100, (3.11). (3.12) A5 H4. Mk BT s | BIERIA:
q, =1.771%. g, =2.9817 (3.14)

(3> & XYIaK I T2

AR RIR I T TN RAE SIGL T LRI E . ARG 5 SR
BRI E R AR ERRSTHREMRS RN, G5 R R Fo 5 LI
MR AT, AEARFATH, AR AF R SERRE SRR R T 5 SN BRI
BAERHL WIS LI RO LiFePO, HLK P A AR SR TR BE 3 1) 0 Af - [ I
LAY A 175 150 42 W 5 e 50 2 D6 AR [ 1 £ SR A [ £ 28 A

O a1

T (X Y,2,0)=T, (3.15)

b To R ER LiFePO4 HUA I LRI .

@ LM

£ L AR AR AR O, — R v A 2 R v A R R T 2
()RR 0 AR AR DX 2 R B 2 AT v DX A L R R e, i
U AR, o R b T A T ARG o MR 2 A 20 s A5 2 Ak E T

-k, ﬁ =h(T -T,),x =0l
OX
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X, % —b(T —T.),y = 0Filb

K, ‘Z—I —h(T =T,),z = 0fh (3.16)

Hr:
h——Fa bR I - IR R 5 (WIm*KO;
T—— R RAREE (KD
To—— Hh AR AL E IR B B (KOs
|, b, h——LiFePO4 HBFARMKE . TR M (m);
oT/ox oTloy oT loz——HARWT X+ y. z TT I B EERRE (Kim);

3.2.3 LiFePO, B{FHEESHE

MR LiFePO, HLit BRI SN RE, A CATIA = 4E A EA i 3 R it
JURTHEAYS, 4l 3.2 Frm. FIFH workbench 4 i HE BRI AS, LIRS R HR A =
FHTE R ARG PR P AT, 153 R KR 35124 4>, BRARMIR AR AL AN B 3.3 P
LRI E AR Fluent BfF, FRERMFHREMR TR, EIMEREEES
BEUG A RITHENE L . 85 E SCRIB AR i 7 B ik Ah7e . IR H . Bl
BIMRHRYE, RJ5E SCA T2 T A it AR SAEONT 1 B SR A 2 49 21 L
HFHAL,

FEXT LI AR AN AN S (5 LI SR A AN AR o A It AR 5
UE SO EARRIR, HBOE MR IAIARIREE Y 25°C, H ARRT A AR 40— M BW/
(m*K) B, 8 B R A7 ZOBRAS ST, 5w ST L VRN )5, BT A
PR AR RS, 13 I H A4S

5] 3.2 BiRH = 4EHREY 5] 3.3 B{FRIMIARIEE

Fig.3.2 Three-dimensional model of monomer Fig.3.3 Monolithic mesh model

TETE SCHVIRIN, 4 i it 5K AE 1C A 2C TR A% ZR I 1 A i 22, BV B3 X(3.10)
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3 LiFePO, HEAR I #077 LA B IE

A HE A B Fluent 311 Interpreted UDF 8 5 AT 9w, ARG AE N BAA I #h
TR T B B R 2 rh,  [RE E SCIE U AR ARG R . 1 B 25 R R B

3.09e+02
3.09e+02
3.09e+02
3.09e+02
3.08e+02

3.08e+02
3.08e+02
3.08e+02
3.08e+02
3.07e+02
3.07e+02
3.07e+02
3.07e+02
3.07e+02
3.07e+02
3.06e+02
3.06e+02
3.06e+02
3.06e+02
3.06e+02
3.06e+02

& 3.4 B ik 1C IEEATHIRE = &

Fig.3.4 Temperature contour of monomer in 1C discharge

3.14e+02
3.14e+02
3.14e+02
3.13e+02
3.13e+02

.

8
3.13e+02 " |
313e+02
3.12e+02
3.12e+02

| 3120402
3.12e+02
311e+02
3.11e+02
3.11e+02
3.11e+02
3.10e+02
3.10e+02
3.10e+02

3.09e+02
3.09e+02
3.09e+02

[&] 3.5 #{f 2C MR HNRE & [E
Fig.3.5 Temperature contour of monomer in 2C discharge

K 3.4 F11&] 3.5 sy i it AR = 1], W TR T LT ERAARAE 733 AT
HLE R 1C A1 2C JRC se e I 70l BT 1 11°C AT 16°C,  HBHL A0y 2C I #
A FR) 2R THT B B B2 LU TR RS 2209 1C I 72 2 22, 30 Y T AE R SR A AH A B 156 150
TSR ALK AN B R, R A AR T SR AR T B A R Y BN LT
RN 22 o AT DLEDUIHB A HY At I e B I i e A B e iR AR D L B,
LR 0 R EE P AME S AR HBUE, ER 5 RBE RO, T B
e XA, AN T AR B2 B SO, TR] N Rt B AA R T R A R R O S TR A
HAETE TR IR U .

T3, iR EE 2 B A R] LAAS SRR AR 30y 2C I SRR (0 IE SO HE IR R L 1C
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BRI R SR A AR S

1120 3°C o [RIINAH )RR 5, R R PSR B A A B BB L AR AL, IE
FLARE AR B B LE AR R, IR O IE SR AR, R g, RE S 551
FOREREZ W, IWEAGHER, AR IR R BT R A G R, m
I FEL AR PR i 2

3.3 SCIGIGUE

HLB ) A TG — AN IR A 2 S AN B S N R R, A S ST PR A AR TR T A
XA EAT TR TR AL, W R B A R A ST o 1 24T
SKIGIAE, BHHAMFIGE T 5ELIREIARRT . BAh, B R AR M 5
B M H A A SR AL BT S IR 0 OBOR o AR TR SR R 3R
K, T RPN BRG], B LR FEA AL BEAT SE 58 Y B AR
#AE,

3.3.1 SIS

SEIG ) E R A A I R R A CTIE R, HERmEE, HTRE R
P AT FEL AU R R R (Mo B A 2 F Tt B A B AR MO SRR T, L mT R4 (1 iR
YU A-40°C~150°C o 5 SR ARAN S I 3 G P88 A% I U 2 B (iR P . R S
S U RN BT s :

O & E LiFePOy, FH ity 54 g U AN THT HH oA Dyl JBE M 255

Q¥ ik B FEEMA T, e EiRAENIAEEE N 25°C, Rk 4R

kL2

@ LA 0.3C MFE A I T R W, Z#EUEHE 14.8V 1E, FHE 15min;

@ LA 1C.2C (1755 H A5 2R 43 il 5o B AAREA T TBCFEL, 2 Fl ik BB 1 LS 9.6V

1k, ##E 30min. [R]FFH IERERAEA I SR SR A A [ B 22 1 iR B A

FER A AR

(b
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3 LiFePO, AR FI U B LB IE

(c)
E 36 (a). (b). (c) HNUUFSEISFEAERE

Fig.3.6 The equipment needed in the experiment

3.3.2 SLIGFAAELZERITEE ST

SEIG WU B IR R T R DU NI B A P24, AR)5IRER 1C. 2C RIS R T,
T RARASCRAE B 145 T 18] 5 R AR, an i 3.7 Bl o SEG A HE A7) 3 45 B xt
bt inz% 3-5 A

45 -

40 -

—cilE
—ICHE

T T T 1
0 2000 4000 6000 8000
E;}[IJEI s)

3.7 1C\ 2C FRERIHISEIR B4
Fig.3.7 Experimental data of the 1C and 2C discharge

% 3-5 LIAHEKIEILL
Tab.3-5 Comparison of experimental data and simulation data

GRS FARL TIRE (T
S 1C 36.3
S 2C 40.9
flif 1C 36.4
i 2C 41.3
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HH2 3-5 T S0 FE B LR TRCFEL A% 1CL 2C R RSl 2 540 B0 3 I AE 2
0.1°C. 0.4°C. BIfE; B E 5zE E iR ZAE 1% N, BUF T TE R LiFePO,
BAARE TR [ AT AT A AR
3.4 NG

RERK TR LiFePO, Hth B PR Z ik & BN ] b G 37 T A FAGs AR A A — 4
JURIEERL, JF HASH T BB SR S SEEE B R =487 17 B R R
ELIZS) FdfSr T AEGE R R HR L. [T fluent O E G, A UDF %5
PIERET, IR AT A AR IR EE DL S E SRR SR A T AR AR A DTSR
5% 1C. 2C A G IR T iR 2= B o[RBT Z3HFEA AR T BT 282 (17 FE il B A AR
RS 7R RS, SR BN (EGRENRE R R EAGHEITERENLN
1%, B0k 7 BRI AT SEME . BRA, SORLE R HLRBOR I, R R A v T R R
7 40C,
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4 2 T LiFePO, BRZH R AE HRR 1 43 AT

4 Z T LiFePO, R RYE T IE S 4

Tt 78 e ABS 20 1 2 PVRE VR RS B S WA B 7. S B, e
BRI F A ZE AE AR R 7 P OB R B SRR R, 0 AT LiFePO, BE2H AR B il o ikt
B E R T A TR B, ToE R W B A ) SERR A M A . O, N TS E
LB A 2H A PO F DL R SRR ZH ) SOC. IR | S MERE S B AL e, T3
152 10 B2 B2 05 3 A0 AT 2H 1) A R

A ER R LA TolisiT I fEd, manREmes. S0,
S5 T BLISAT I AR B 75 SR D 2 AN W AR A 1Y), il o F s 26 it 190 PR R LR ) 30
A, HH R AR GE Q AAE G R g R A= AR N 1 R 2S

AFERH ADVISOR #AFE IR, X E NEDC. SJAIeH —Fp 1.
W o 7 B W4 B SR ZEAE =P T T 1 LiFePO, A4 76 i i i 8% S 501 AR AL e,
BAT HL L ZH SN R A RO R (R X, S SRR L v R AR A B R
Hdh
4.1 BESYMARBEFR

BEFHGARSHZRVNE N IEEAR AR RE NS, F 4-1 Fi. Hd i
BHSHRENSE TSR T SN IR E . IRIEZAH S BRI R B
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Fig.4.3 Governing characteristics of the driving motor
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Fig .4.4 Coordinate transformation diagram of the driving motor
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Fig.4.5 Working efficiency diagram of the driving motor
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Fig.4.6 Control model structure diagram of the driving motor
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AR, TS T AN IR S H . TR RRNIE IR 00 T X B A R AT T 4
B, 1337 5 @A LiFePO, HLIBAR A (1 FLI S SOC HIZEAL HIT 2L, 15 H 4257
FET R TR A BOR R ARG R DL 2 i KRB 1R B s, @ LT e
P THANAETHL, 453098 TO0 T B AR 1) R S 2 & AR . A5
PR IR TOLAH L EE,  SRASIEHE T~ Ht 4 (0 A A e B K, AR AR
NF 5 F % LiFePO4 B # il b,
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5 LiFePO, #22B 451 FRIAE D1

TENAE R B 7180, LiFePO, ARZH2 i+ LEE 2= LA AR, £
AL AR AT B SR AL R I Sh R, IR AR T A R R XISy
AIAEIE], SR ARRET &, SRR AR, S Rh A
PN B A AR IR IR A5 i DA S — B domn, AR 7 RS B RS AR S R A
HIZER, A8 LiFePO, R R FA il U8 A i 1Y) A IXC 8] I ORAIE A4 g — Sk

5.1 LiFePO, AR E IR IR IT HFR

LiFePO, 1520 i1 fit e il J52 FH - B A 22 )l 22 2 5 W) PRV P00 34 75 i A B4 —
BUERFEZRER, FREfThE 28 R % 8 LiFePO, 2/ B AL P fE . AL
ERWA SRR AR, BOE 1 IS ZH ) R el R AN B 2 T ) B KR 22
1.

(1 HRSEX IR Az i 12
IR ML R 3 A7 i R R SRR
dX -
ﬁ=/sbe ¢ (5.1)

K

dX/dT——Hith ) SOC Bifi M FE AR AL R BB AL (/KD

Ag—— [V

G——LiFePO, ML & A i H HHAE (kI/moD);

R—— W%, HUE N 8.14;

M3 (5.1 %N, HpRERE, RKBOBMEBIR, Wl SOC {Hbk/)N.
TEIR R D o R SEIRIER, AR B A 25°CHY N3 26°CHY, H )R ZUR
e 0 5%,

100

20C
80

;; 60
&
=
=z

40

20

0

0 500 1000 1500
SV E V]

[ 5.1 LiFePO, BithiEIf & 5iRE X R REE
Fig.5.1 Schematic diagram of relationship between cycle life and temperature of LiFePO, battery
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WU, AT LiFePO, FMA R 4T I TAEPERE AR I FH 8, FRE3L T
VEAE SRR FE X A 20°C~40°C o AL E L 2H ) e KR FE AN I 32°C
(2> R — B

M T 2075 TR0 BT SRR [ R 3 2 S i, RARBILSR ), IX R B R 2R
TIH B3 T Z7KF « RSO AR 55 E Ahmad A. pesaran 256 A\ SEIGHUHE K & @
AR — B B bR, LIRSS 1R LiFePO, HLIBZH i iikiE 2= AT 5°C~8C,
B BALAR 7 [ (1 75 R R T R 85 B 22 I 5% A B 22 TP, i A SC g LiFeP O, He
b AR T AR ZE AN B°C
5.2 LiFePO, B ithiR4A K /S EN R IT

(1) H R AR

FIFH CATIA B A2 37 LiFePO, FEIARZH ) — Y, JLaph st My anid 5.2 Fr
N ST R S ARAT B O Z%G 200 B R T3 b H I F R A 1 2 A R
kL, EREUR ST R AN TN RIS R 4 T 2B, A5 R K~sim N
680mm *428mm =301mm. S S 18 Pk szl a, R ARAES], A
9 MR, HPIFIRIIAIRE Y 6mm. B4k 5 ER Y (A4 12mm EERT, ¥ K18 E 8
W, PSR R, A 20 METE. thAh, BTSN, AR
T RS 2SR

Kl 5.3 P RInA H 8 e g, HRHK«%«E8 538mm «428mm
«301mm. M EFE S, FEAEKET M BN T 42mm, A SN T
0.0054m®, AHXH T FRABAL 25 ] 5 L indse N o BRAN AR R 2 J AR B IR Ak o
PRIGAH D S 00T T 5045 B L A %5 5 I8 31 200.3Whikg, %18 pack B4R 70%
FHLWE T ] 75 %55 20 1Y) e B85 B 140Whikg, AT B R 1 i B 25 B [AAIE T &4
6.1%. {EHSE b AL 5 AT AR ERI B (A (R BR BBFEN. EEFF
FVEE T 3 ¥ B ), AR SRR ZH (1) R & 2% B 1 6 AL i K 2 e 20 1) e o 5 A
140Wh/kg J LA ERIIEIATELSR, JAB BRI 2 R0 I0AT 3 75 oK

& 5.2 fAFLEH 5.3 R4
Fig.5.2 Box structure Fig.5.3 Original box structure
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(2> HEA bRt

Kl 5.4 2R bR, K%k 680mm =428mm. JEE g 2mm. SR
SR <0 25 e 1 e YRS NN 1 E N D i 4= B 1 RS T S e i W R T
o FI iz A Rt T AR AR AR AR AR T AL . O TR AR R AL, A
BeUEFM b b s AR OV BRET 4E R 4R T700, B0 HA B 1
FUERE TN R PEREAN LI IERE . BEAh, N TIER| B H ORI A A 5%
IR, e Eaaah a4k UL RS b o i 45 6 40 08 A A AL it
B AR, DLORRRV SN BT RAF I A HURE AT i T /B o
AP . AT O RE R, R R s MR IER, Xk
R X FLHIGEMIANK, SO it 17 %854 .

& 5.4 faiRE L&
Fig.5.4 Box Superstructure

(3)  WHEERIT

FEREAT AR S EVETE BTk 21, 8 Je Xt H WL e e S Mgt AT B 45, o
ARG RF s, IFEE A HAI R T H AR SO it B AR AT AR 2 2 AT 74 Al I i 75 11
Ay A

A ARE

& 5.5 EHE R ARISANEHREE
Fig.5.5 Cylindrical monomer cooling structure
& 5.5 J2 [FAE AR N E5 A /R I o 1RV R AR G v DAIBI A T F s B A
NEEAR, ANERINREANTE, AR R U7 1) YA DU 2% U DA 2 Bk, AhTe s ik
() 23 J v AR B3 IE ,  # DGR A0 7 1) B AR R ERE R, AR IE A
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i, A AR S B TN L HEAT A Ao 1%V AN SRR AR R A AR
A, BREORUE S A A R B 2O o (L B0k w2 A AR 2 {56 P 5 HL A 77 99 B
BHGHIM L, EFEZAADRHN A B2 AR S BE D BONVA IR, #0174 2D
ZERAE T IR/ B o i A ST Y ) T SRR IR A B AN A R AOK,
it A 000 L2 1 i B AR (R A 5 AN T B, 75 5 P A A0 5 T 4 32 i xR T
TR AT IR A

A A A A A s

o |

W v Y I\
& 5.6 B HSRE
Fig.5.6 Single-entry and single-out cold plate structure

anfe] 5.6 2 Bk B tH A A S MR BB ARG IS T 75 TR Ik, BRNAE
B2 A AR, PR R e 3 IR BOB = A B 5 50, 7% AR A
P AE ARG B R BUN KBS 2 RS . a8 BT =R Age 7). %
BT AN AR B S5 5o Dy 1 3G DRV 08 T R B P Ak AR DA v R0
R T AR, R E R, BT AR 8], SR 5 v SO it it
Tl WM EESR G BENESEL L, BIRNEIRRBR: s
F e f FEHER A S L DL B FARBEAT A A, 25 By il it DR IR 220 K, AR T
R B2 25— 20 A

A HEI
peidu|

AHI

/ H
& 5.7 K28R 45
Fig.5.7 Cold plate structure of the serpentine

N 5.7 UG AN AR B o MR A A T At Ak SR e Y
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LG5 R HRUE AR AR A B [ e AR S AR AT 0 AT, A BN AR R N AR AR A
MR 2 ), T SRR R A AR BN FEHE AR S AR 2 TR, XA AR k>
LA AR, N R AR AE . (R B H  alE ge E 1 R S O iR RO, R
Bk A R AF R A o (IS5 R A BEAT A5 AR ke B H o R R 1 i)
i

R ERTIR, T EARYE A ST I A BN R B, OB R B B e
J7 A EE Ty R ORGFE RS GR A, WOR A TR e 7 20 HIRvA J1 R 3 5 4
REE R BT (CoHe02), JRIR A £ —BE R LA BRAR /K IR e I 55 451
ARG KIS PR YRS, TG SEBR N o T 2k T g A AR R
TR, FEEAH MR, WA ST TR BAn2&: AR R ATE RS
AR AR 2 Ta) HR D S RO A HNE SN AR 0 A B DU iz Ab
T P 3 e 1) R

AR T80 P BRI P 2 BRI A, AR R ) R A ) e e DX 3T AR [ Hp 0D
fir e IR 2 o5 Hof KT R AR 2/3, 45 i I as M T b St 1 4
(RO HR D [ R (R 74 FA, DA% S 20 1 o Ak I P38 AN LR Bt B A R VI I S0 0, ¥4
HWE BRI E 5.8 Fis. RS EAERRE T R WA TE N D3
ANB|ROALE, BT —umii s, HAERROR A I o AR ik L AE o, AL
T b, FIANAEIRE NG TR . A EIE A RS DL IR A
FF AR ) R AT NI AR B, BoE S KmECh 4 A& MR EA 5 5
4 200mm. 150mm. 100mm. 50mm. BtAh, SN TG KEE S AR R R AR,
PR B BLAR 5 YA HIVR 2 (R DB AT AR AS 4, T R A T T R S TR,
@ R T 2R E .

5.8 RANEELH
Fig.5.8 The structure of cooling pipe

AT R IR ER AN T2 %K, 1] 2% GBIT 17791-2007 FAT MV A #EZE HL
FEME R ANE RS BEEFA R, 5 82 JE TE N B 2% = S AR R A R 47
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[ S5 RE, WO SR AR RL . e AE T R bR i mT £330 74 E0E T8 1 5/ NNE
AT A& 12mm x 12mm (77 TS S8 M, HEEJE G E £ 0.25mm~2mm. XAR
PE BB T T 0 2 S (R AN R R, B A E BB I EEJE N 1.5mm.
FEAREEE R I T 220K, A TUL (3. TU2 CEFO. T2 CERD. TPL (3f
W), TP2 (Ff) & 5 iS5 MM v ik #E, SLrG Xt rfe i 2 T H
WA B 1Y TPL HAT
(4> FRIBASLAE 1) XA K1) 53

T HLV AR ZH = SR A Al b, 7R BN AT R Il 43, RIS G B A
R4y 7750 L 2 AR (R P A K 40 5 E SRR R R o TV SE AR TR],  H I LA
T faT o, DA R DARI 2 BRORG 4 — 28, 49 B T (0 WA, [ I A s P o0 s S =
WAEGHEMTEEZ N . (HERANSHE TR, THEAHENRBIRGH,
BE A OB BB TAE S TH AL N A2 AT SR K ), 75 A BRI 2 A%, JF
W PR B A — B VE FE Y

N T A B A 3R A BB AN = TR A A, 7ERI S R R, R H I AR )
SERMEAT G BRI A, RS T Bk AR R BN A . R B R TA R E 2
— ARG, BRI PR TR AN S, AR BRI A R ST R R A A
Ho UbAh, A5 B0 B 07 B SRS BE, AR SO FH DY THT A Do 4 ol A5 28 3k AT I 4% )

-

W& %I o B2 88 N . B 3 Workbench 15.0, 765044 A ) T B A2 b ik CFX,
FEHGHHE %A 1 B LB ST Fluid Flow (CFX) [BiER , 38 “Geometry” &
step BLF iges F& A =4EBIAY, FEAf I HIBTA] A XA A T . FRI AL Y5
A L F I LA DL R A ) T S F T B g [ - R s A ED A S VA E T - [ R
Hro AAJETE “Mesh” JEINHI & N EAT AR RI 43 o S AR AR i S 0 420
T3, HMRE AR N 5.9 B

5.9 i ARLE Y PRIAR 1R B
Fig.5.9The grid model of battery module
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5.3 LiFePO, B ;thiZEH B S ¥ E

(L HEMERYITES L

Xt LiFePO, HLIBHAL (T 21, Z e i ik, HA AEE. AW
-CoHeOp R MMITES AL, AU AT IS BAER 3-2 AR 3-3 i LIFFEI. CHe0,
TN LiFePO, HITBAR L 1) v 21V, BRI IR A, €IS
LGB B F R R 5-1 FIH T =FREER, CoHeO, I FE R 50%4)
TS

% 5-1 iR 50%C,HeO, if RIS %
Tab.5-1 Physical parameters of 50% C,HgO, solution

R (C) #JE (kg/m®) KD (kgKD ] SHRAHIW/(mKI]  FiE (PaS)
10 1077.46 3232 0.373 0.0055
15 1075.46 3261 0.377 0.00463
20 1073.35 3281 0.38 0.00394
25 1071.11 3300 0.384 0.00339

BEkIE: ASHRAE T/t 2005

(2) A ERRSRA

WARREN L =8, WHRRR. iR AR JZH, B R A
25, WEERS Y AR, AR RIEsh, AR S REZ AR
[Fis 5. FIWHRARRBIIEE, W] DUR] I 57 T Re SR HE . A HON:

r -2P (5.2)
U
D=4A/L (5.3)

X

p——EHIRIEE (kg/m®);

V—— JRARIE (mis);

D— i EER S EER (m);

M JR AL T R % (pa » s);

A——4 HETE R RBETER (m?);

L——7e v JIB RS (m));

A 30 (5.2) R (5.3) AT 4374 20 Y 7 VA 4l Re 9 2579, KT I 5 W %k 2300,
TV FR AR B 1 2 T it o
(3) WL I TR TR
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B R e A R B E . HIB B I AR A AOS R e S T M 211, 1t
INf PR 2556 g 20km/h F7 5 381 L AR ZH R 1T %) XU A Sm/s, TGRS 2H 1) 2 T A i
NERRE, H5E SRR BRI ATE 10w/ (m?K) o,

PRSI IR . L0 5B E IR AR 0.00018m?, S AR 3
Al 12 ST FAE BRI RS D S 454 HDVIR I — i 9 0.2mis ~0.7 mifs, I AR SC# A
WA IR 354> B3N 0.7m/s. 25°C . [AlR B E A B IRTAG TR N 25°C .

LiFePO, AR ZH I #: RFEN (4.15) EREZFSEE (gt) HRR,
F UDF %5 #5577 2 fluent {7 &b, Rk A0h:

if (ts=>0&&ts<=170) source=al*ts"2+bl*ts+cl,;

if (ts>170&&ts<=1800) source=a2*ts"2+b2*ts+c2;
(4 TiEHEZHE

W Time step size (Ff[E]2PHK) A 10s, Number of Time step (B [EIZE%0) H
180, A {7 E ¥ G (8] )y 1800s, M AN [ K kAR E A 20 5, NLE ik
R# (lterations) >y 3600 .

LiFePO4 FLIIARZH & S50t € < 5, midh calculate a6 F . RAETTHEH %2
Kb IS B G R wEa T AR e, MR R R s, Hlesuia s an
K 5.10 FioR:

16400
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1e-03

1e-04

- | A AR A T o B
1e-05 1 — AR e R e

1e-06

1e-07
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510 gEEHSIEF RS ERIEETL
Fig.5.10 Convergence Curves of Parameters in Energy Equation
54 (hEREATHH
PIEER G, FIH ANSYS Hi) 5 AL BRER { CFD-Post %} LiFePO, FEIBARAL]
Tk E ATV KA e 7« I RS S HEAT AL PR . WO AE E AR R AR Ve H T A
FLAT R et 2 B0 IR B = B BRI 3 = B VLR = 1, il 5.11~ K] 5.17
F7:
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& 5.11 LiFePO,#R4HRE =&
Fig.5.11 Temperature contour of the LiFePO, module
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5.12 IER A AR E = E 5.13 LiFePO, {R4AMIE KR E = [E
Fig.5.12Temperature contour of Fluid domain Fig.5.13 Temperature contour of the side of module
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Wl 5.11 Fron o LiFePO, HL AR ZH (35 B AR A iE Ol . BRI AT 0, AR
R DX Ik A AR BRI AN AR, H SR R B L N R
TP, IR FE A R A e — AR O A AR T S i, R
A EVR TR A H R B LG BRI L. 2 BRI R Z B H R A M
53 VAR A EIAELIS AR R4 E0 B8R E0 A A KT R T A ERCR i . Ak A
(RIS B AT A B BRI, BRI BH, R LR AR

i 5.12 B R AR SR e i R SRR 2 B, R 2 R ) B
AT N, AR BRI T A FBOR BTE B N, IR AR 27.1°C, FEIREK H
(RO BBl P A LT 58 40 0 S 35 8 B B SR AR T HA 7K 1 X A G A B3 48, BT
T RA35 R 43 2R 27.75°C . 28.25°C, H BRI B =R e 29.4°C AT H /K 1158
X3k b Ah K O R S AR T AR K T K O XS TR . edh, B A e A
A EVEE AL AR IR E AR LS IR AR oA ot B I P 0 A 1 R
DRI BR T 7E 0 BT AR L B I AN R 22 46, IR BRRBE A VA B i s = A &
TRFEAWIIE I, A ERAARTE B SR BT B BUE S AR R R AR R
IS o

nE 5.13 B A AR T 2 P i B A 1 A 2E 1) B30 el P T e
FE AR BN TA) K VAL B 7 E0 R T ARV B 2 L K TR R, [RIREH, 2Rk
T UL 3R 40~ YR R P K 10 R DA B o T B BRI, LB 1y b 3 ARG 3 1
T, AR BRI EE A 29.4°CHT 28.9°C, HAMEZH i P it HH LRI
HRIE N 27.3C,

Kl 5.14. Kl 5.15 i N HMARA b FRIMEE S AAER. SARE, B
WA ZH b TR AR R AR EAR R, iR X AL TR A B A 2 ]
HAG3 709 29.7°C, 29.2°C, HMAHK FREA N REHEZEN 05C. HILL
vy ik DX 33 PR S5 D] ABE 2L P 471 2 TR A R XA o LA RO B2 AR /N, ER S
RELLZIA IbAh, B B FRIEBCIER X AL T P, X2 BT P b ) 74 21
B AME S AR flid 5 Fe ik B R A, Wom VA 20 RE ) ZE L A ) A 1
FEN, BREM RIS AR, BT AENRER, BRI b R T AR IR X A T
BB ) AR 2 T8 o

B, AR BRI R Y, WESERN, mmimEy 29.7°C HAL T H
WA ZH EERP A2 18], RARIREE Sy 27.1°C AL T BRI (A H RS [, A
ST IREERE D5 ET T 4.7°C. 2.1°C. MAMELH & Bk 2 6] i B KT ZEAE 2.6°C
N, T R E I 2 A v i R A AR 22 IR AL TSR
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& 5.16 R ZMBIXRE HIH = E & 5.17 R AR E I = E
Fig.5.16 Pressure contour of the cooling liquid Fig.5.17 Temperature contour of the cooling liquid

HE 5.16 WA K /= BW AL, R IMEAR B WA EN0E T 2] H 1
/N o kAR AR J ok 1883 Pa,  HiZK I FRIARNT K /38 0 Pa, BEANE I
A AR B R 14055 1883Pa, 20 MNAHIETE R 1k kit 37.7kPa, &K 7
PR AT LI R G & BI7K R

B 5.17 SAMRIREE = AT 0, A H RS IR A . A H G R E
SEN 25°C, AEIEEEE DR B W RS EE n,  HLAE AR B R
26.3°C, W EIARBIRE BTt 1.3°C o SR 7 ity DY /N ¥4 D P 11 e il B 25.8°C
AHVRARTIRE FFE 0.8°Co B R R W 5 R A #1555 R i Al AUk,
FL 5 A SRR AR R LT

i LRTIR, WA BRI TR RZ A A EI R . RIER (3.9
A3 — AR AE I RO 77.4W, TERATEMAHR AT, B4 ad
MINHE N 1393.2W. A HIVRIRTH A 1.3°CHY, ARAEIL A 33 24 ER I I R
9 57.9W, N2 B 16 AN TE v JIRR AT #2 0y 926.4W s v JIVRGIE T 0.8°C
I, AR H A AR B EIR B D 3 0 35.63W, U ZELAL T AM S 4 AN TE
A HIR AT ZN 142.52W . o 20 ANEEE A 20 IR T 2 1068.92W,
13 2A EBAR A H RN 76.72%.

5.5 mEIAFNE R D

N T 3 M v FBA BN X FL B AR B A B REE BT T AR AN [ 24
fH, W3R 5-2 Pror:
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& 5-2 WERANGHIRERFLRE
Tab.5-2 Flow rate and temperature of the cooling liquid

IR A EIIRE (°C) P EIBRE (m/s)
1 15 0.7
2 20 0.7
3 25 0.2
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& 5.18 }2ZMARE 15°CRIEEIRE =&
Fig.5.18 The temperature contour of the module at the coolant temperature of 15<C

2.982e+002
l 2.979e+002
r 2.976e+002
r 2.973e+002
- 2.970e+002
- 2.967e+002
- 2.964e+002

I 2.961e+002

2.958e+002
I 2.955e+002

2.952e+002
K]

& 5.19 A EN&RE 20°CRIEEEE =&
Fig.5.19 The temperature contour of the module at the coolant temperature of 20<C

] 5.18 1] 5.19 737l K=& ENRER I A& 0.7m/s I ¥ EIEEE 7351 9 15°C
20CHIRLAHIRFE = ¥ . FHIE AT 20, BT B A AR AT, e AL T4
b 2R T AN 2 B 2 8], R XA T A ERR R . A EIGR N 15°CR, R4
) B e il FE BRI FE 4 990 20.7°C 17.3°C, S HIRIRE Ny 25°CIRFAHEL, &%
ERE R 9°C. HEANIRESNRE LT, SRR R KIREMZ 3.4C; ¥
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HIWRES 20°CHF, B B iR E AR ARIRE /3708 25.2°C. 22.2°C, H5AH)
WORE N 25 CIFAIEL, Bl g R I% 45°C, HENIMiREE SRR EAT, #
PRI i KR ZE A 22 3°C

Zx b, DL ARG 15°C L 20°C 43 )% L v AR ZH v A s JH e el P2 ¥ 25 1 %,
B AR TR PR R KR 22 9 LA /N o AR AR SCIRI A FE 0 G S 28 2R 505 P it A 44
M B B VA EDVRGIR BE X L AT VA IV AME 2 52 ZE AR G B 1, b 2 4w FE BT

RS AR .
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Fig.5.20 The temperature contour of module when the coolant flow rate is 0.2m/s
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Fig.5.21 The temperature contour of module when the coolant flow rate is 0.4m/s
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