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Abstract

In this paper, under the support of the National Natural Science Foundation of
China (No.51675258, 51261024, 51075372), Science and Technology Plan Project of
Jiangxi Province (No.20141BBE50021), and Original Energy Technology(Tianjin)
Co.,Ltd. In view of the current electric vehicle field, the battery pack has excessive heat
accumulation during operation, the internal temperature of the cabinet is too high, and
the adaptability to the environment is poor. As a result, when the power battery pack is
operated under thermal abuse conditions, A series of questions,such as the battery
performance is degraded and the cycle life is shortened. Firstly, the main arrangement of
the battery module and the characteristics of the heat dissipation structure of the battery
box are analyzed. Taking into account the requirements of the protection level of the
box, the layout design of the inlet and outlet of the box is proposed at different positions
of the box. Secondly, Combining with Computational Fluid Dynamics (CFD)
simulation method and experiment, using the model 18650 cylindrical battery
2-dimensional model, the variation patterns of temperature field and velocity field
inside the box at different wind speeds were studied. Finally, using the relevant
experiments and CFD simulations, the effectiveness and possible limitations of the
air-cooled heat dissipation of the 3-dimensional model of the cylindrical battery under
different arrangement are studied, which provides theoretical guidance and reliability
basis for the follow-up battery thermal management system design. It can even save the
development cost of thermal management systems. The object of this article is the
current mainstream automotive lithium-ion battery, mainly from the following aspects
to do research:

1. The background and significance of this research direction are discussed. The
development of pure electric vehicle power battery, the research status of power battery
thermal management system at home and abroad are reviewed, and the advantages and
disadvantages of the current thermal management system are analyzed. Based on this, it
is proposed. The research content and innovations of this paper.

2. Taking into account the structural characteristics of lithium-ion batteries, the
heat-generating mechanism of the batteries with different structures was analyzed and
the thermal properties of the batteries were calculated. At the same time, the momentum,
mass, and energy conservation laws were used in Cartesian and cylindrical coordinates.
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Different heat conduction differential equations were established under different
structures to lay the foundation for subsequent battery temperature field research.

3. The lithium-ion battery cells were tested for their charge and discharge capacity
at different temperatures and temperature rise experiments at different discharge rates.
The effect of ambient temperature on the charge and discharge performance of the
battery and the effect size of different discharge rates on the internal temperature rise of
the battery were obtained. A single thermal effect model was established to simulate and
calculate temperature rise changes at different discharge rates (0.5C/1C/1.5C/2C). Paste
thermocouples on different parts of the cell were used to obtain experimental data and
simulation results. The comparative analysis shows that the relative error of the two is
within 3%, which verifies the feasibility of the 3-dimensional battery thermal effect
model. It also proves the necessity of battery thermal management and provides
theoretical basis and method guidance for the follow-up battery thermal management
design.

4. In the parallel arrangement of the battery pack, fork-shaped arrangement and
trapezoidal arrangement, through the pack at different locations to open the inlet and
outlet. The air inlet is for the battery cell and the battery gap; the air outlet is for the
battery cell and the battery gap, and a 2D thermal effect model of the 18650 model
cylindrical battery is established. Through horizontal and vertical comparisons, the
battery group is obtained: under the same arrangement, the optimal opening scheme for
the inlet and outlet of the box is set; under the different arrangement methods, the
optimal arrangement scheme is adopted.

5. Due to the 2-dimensional arrangement, the air inlet and outlet are set on the same
plane, and only the effect of the inlet and outlet openings on the distribution of the
temperature field and velocity field in the battery box can be seen. This does not truly
reflect the cooling effect of the air cooling of the battery box. Because of the thermal
expansion and contraction effect, the heated gas expands and the density decreases,
resulting in hot air rising and cold air falling. Therefore, it is necessary to establish a
three-dimensional model of the battery pack to study the effectiveness of the air cooling
on the heat dissipation of the battery pack. Therefore, a three-dimensional model of a
cylindrical battery with two different arrangements was established. Using CFD
software, the temperature field distribution of the battery at constant rate discharge and

different wind speeds (0.3m/s, 0.7m/s, 1.5m/s) was simulated. , and made a comparative
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analysis of its temperature rise data: set up an air-cooled heat dissipation experimental
platform, and studied the effectiveness of air-cooled heat dissipation under different
wind speeds, and conducted comparative analysis of its data.

6. Finally, the content of the research in this paper is summarized, and the

follow-up research is further explained.

Keywords: Electric vehicle, Thermal management, Cylindrical battery, Battery
pack, Computational fluid dynamics, Air cooling heat dissipation,
Arrangement method
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JHi AL LA A bR 2 -3 I 21 A A B 3 R M SR R SR TR Y BE R
B LA AERE N R EE RIAGE R R, R A T(2-28)~(2-35), HEFATHI B T BAT
TBAEREAL bR 2N 1 R TR -
P e a0
NI(2-27) (2-36) A FE AR e B <318 € A ELA AL b & DL KR ATE AR b & R HE T
YA TR IR 5 RER B S 1 5 eI it LR R A H it R P S T AT
R T PGETEREM . AR TSR R LMY BTN RS &R, 2T
FERAS T, BEI RN AR G o 10 55 50 2R AT T2 Riy T = TR AN O P4 A4 2 el o o A
PIAEAR TR S M RN ZI A B INRRE R, 2O RO, fJE IO
AT
X SRARHE — FAR G B AL A 5 o) KT TRLEE 3 0 A o 3 75 FRRS S O 5 2% AF
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DL S AR PR, A ReAF 25— B AR in] i i, 1% el 2% A4 DA S P FH B
L ARAE B MR 5 A . MRS SRS TN EMAMSAME, HXEE,
JE il 2 F EAA G WIRAIRAS IR 790 A LT 3 B D 5 HIR R B 4 R 1)
HFEPRE A AT RS B SO, g A i R AR, e hIdh
A9,
AR T BB AR I 5 b 5 40 FEA 55 (A 75 #h T 8k J2 T 1) 3% 21 1 DA
K FTAEAERI SRS, ¥ K BB S 1 oyt g T, 32 R AR AR B B I B
A ENA At B B 1 H R TP R AR A e, T BRI AR B =Rl A
N H FER = AR E X
B—RIDFFAM: WE TR KMA LR EAE, WATRR N E D& .
XA B A AT LA 5 CRFEES ) DL S A B AR A0 ), tm] DL A B iR R Bl bE 17
BRI AR, TR RER R AR R, 4 T BUF SRR
¢>0mf, T=f(1) (2:37)
BRI A BE T IO A B B HAGRE BEAR, AR ARG TSRO0
WEPIXAME AT O AN H CARRER A DL 25 (a6 B AR 40 ), AT DL A Bl il B Bl
B 2 (A B AR A B AR B o 0F T AR B B AR 30 5 2% A Bt 1) B 2 (R AL B AR b 1 g
R, UL R AR IR
i> 0N, qwz—z(z_i) _ f( (2-38)

w
B n AR A BT
BRI B VIS A TS L S A T R A
FRECh UL JE BRI R ¢ 167), H R A U RoR
ot
'ﬂﬂg;%v=huw—tf) (2-39)

B, ARSI, b S AT E e, B A LRI R L A
FINAREG ¢ VBEMIREL, ¢, SRS n YN BT AL R T ANE 2

2.4.2 CFD #Hik X B ARiTH| 512

PERES THENUE A SEE AR E, HAH R ] 7 st m, 56
THENY TR RETHEENGE s V. tERE 2
(Computational Fluid Dynamics, CFD)j&iz HvHRENLAT BB, BFFT AR
Wil LA R AR AT BARY) B ) U R . i B CFD 8, wlas F v ST FOR AL
i IR, 45 BRI N B B 70 A L A2 . CFD AT By SERG A
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TRt T AR R G IVE BBTHRIES 5, thnl DU BIW STIRAAR 72255 1)
A, AT 48 K A AN ]

CFD 2 Z IR 5N, ERrE fa 2 B B ZA LA BUED T
TR J1 57 DA R — S s 3 7 R BRI 4% . CFD AR A B AT 98 IR A4 70 2 1 — 56
g, HETNIE, B N AMIEFCi AR 715 R 75 5456 T R B2 3 Rl SEIRAT 7Tk
BRI LA CFD i Hik . SEI W Uik EdE BN ED RS, KTk s A
A 1) BRI F 9 32 B A AR LRl . b o CFD SV I ml SE PR AN ER 18 43 A7 I T AT 1L T
i 2 HAR K SIS BT FOR MR . Ho2, EZHIRI T, SClllE MK . AR,
117 L R T DR IR v R PR, S0 SE it i R & fw
#, 13\ S e I B R R S VRN AR AR ARBON IR AE ;s B M TVE 19 R4 e
— A Y, e IR HE ST A CFD B0 B R SR AL T B SR
B, xR, #HEEREFUIFITE; CFD i Hik R4 1%
ey I SR AR VR 73 MR B0 LR L, AR B ARG BB TR RO R, Talik 1
TR PFER LR, 43 CFD f EIAMEN . AR, BENE LUECR 5 3R AT
7B EAER

XL (AT 0 2 A2 = K5 L 70 ol 2 i <1 2 s DA S o sy
SERE, HifETEHOATEHEE TR S TN TR, M2, ShE
ST E S AR VAR N o B A DA A 22 75 BN Navier-Stokes 72, X PRI 2
N CFD {5 Ik B HE AL H TR

ST RS ARG W ) ok, BOL— ROy oo, st
Jelll Ci, M —Hoci Coiftthh, EN et C 5t C RPN RN R ES
PR, R ESHEE A AR WA SR A B R S o iR
FEEARAE, PTCLESEETT R AR B 5 0

% [ i [ pdxdydz + <j§> pvendA =0 (2-40)
U, QFRBIOR; CRREITH; Aoil 8 — WA S oA N 56 51 & 13 &=
B OUNEE BT R B u AR R E E
Wi A, FEARRRET, ST EAMS KR E A

HAMIFRT 6_p+u8(pu)+v6(pv)+w8(pw)zo (2-41)
ot ox oy 0z
B AL R T a_PJrPvr+5(,0vr)+a(,0va)+a(,0vz)= 0 (2-42)

ot r or ro0 Oz
Navier-Stokes 7R &N T iR BHEN Fsh & F BB THE, RSN N-S 77
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o XN AYIH Navier T 1827 fF 5 H, (HAU R GE FTE A nl R 48 ik b
Poisson 7E 1831 45 AT LA FH7E e 4 /v 5t (1 3l 1132 8 7772 Saint-Venant 1
Stokes 7373l 7£ 1843 SEA 1845 4, 7pJlas th 1 KiE RECONE BRI, BIH AR
# PR Navier-Stokes /7. LEANEAE 5648 T, i sh 77 FE A A [F]1681,
éﬁﬁ?*ﬂiETE?ﬁE’JmﬁiﬁT, Higzh i 5 8:

P OOk 20w v wilL
fx 6‘x+6‘x{ { ox 3(6x oy 62)}}
+i ou ovl| ol fow, ‘9_“7

oy . oy Ox Vl ox J

dv Pp, 0 v _20u v owll
- pfy oy éy{/{zay 3(8x+5y+52)}}+

(2-43)
L0, Jov owli o) Jou Ov
2|z | x| oy o
aw _ P O |,w _20u v ow .
PP afa{ {282 3%y 82)}}4—
of for o)), 2] for o
x| Vo o) oy |V oy )
XA Xy Mz FRBIEEI TR
iz H T3 R 508 e E R iRz s R BT 58
p? = pﬁ —gradp + %gmd (diV;)-i- 7 Vz; (2-44)
AR SRR P R e R, HiEsh RN R B AR E N
pd— = pF — gradp +,uV2; (2-45)

dt
IO BRI (RS TRRRARD I, HEARTTREVONRR T, His

ijJ?ﬁzﬂ'Eﬁ'ﬂ
du  Ou ou 8u

ey ey = =
i o lox oy fx pax
v v v av av

—+u—-+ —+ 2-46
a o e =fy (2-46)
DWW @+v@+wﬁl=f —ai

dt ot ox 0Oy 0z zZ poz
2.4.3 CFD BB AR KB LR
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CFD #Z iy T BT NANE, FErpe: ARZEMNE . ARITIE LA
AR 5. AIREME RBED I ITET R PIT R —, KEIEE R,
iz AR et A PR ITE 38 & AR R ) BB I3 56 ) JBUAR X EE R R 2 I 5
(B AT VA SRR 1) R A JEE A EE I & AR, £E 41T CFD Al It AN KTz
A BRARRE L R R T B FE R, £ 21T CFD i 54533 18N H . A BRAAA
% (Finite Volume Method, FVM) : ATt KA ot X 38K 43 s vr 2 AN 8 & oo s,
TR REE— AR AN — Moo, JE /G ZRAE A TR — Mot
BT AE R, Wi mIBAs 1 — TR, RS .

CFD KA v 5 R 2B 98 70 o 3 0 BORLRTARHE . SRIFETHE DL Ja AL B

WAL ER R A3 N 550 T DX AR B DI AR R Rl 70 A% o TH S IX
RS CFD 70 Mrift i sl i) BEA XI5 AL BRIl 70 1 5 X3, T DUR B i B
MRTHE R MR AR X THR X s 73 e, R ) 20 Jog S A s X SR At
R A R ER A A EER N, rEMgsH Al 2, A, o
ZAIRPAT O BAC T KR ], LA ANBERA ORak A T+ B A e Sk BA AN RE %
FFR AT Fe o T SR 0t XA e, gl T R e SO R A, SRR A 5E B
T HTALEE

SRR SRARASEENBTACFRA BB SO G 15 Jaox AR o B DL T SRR S A
&, EREESAREDIESHOM RIS, ] LLZEAT )R 2 X Sk aa 1k &
IERIZE

JEALER: SRR O 22 TS R BEAT R LU il AL B, 45 30 ELULE M |
BT MBI R R, iR fE s B = B DO R 4 = BS54 .

2.5 KEIN
AR BT R S P SR TR T B T R D 5 R R T B, AR 4 M
SO R T RSV ARG A, I, GRS T AT T A LB Sy

B i HAEA F A RS 2R IR Bl & AR R s e HE O L 1 I Ty
R, R LRSS TR 7 F i AR . AL DL RGEHIR BE AT T BUE 1 kAt
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£3E EEFHEMBKEFR LAY EE S

3.1 BB FHMBEARFTHERFH LI
3.1.1 L&

ASHIF TR P P 0 R il B AR P R B B A e YRR CRED IR AR IR AL, 1%
NE A RS L BOR, EENHEEE TR EOR KRG R, LR
NEN TR i EEREHIE . RSB ARS. MEERG. KOCHANKAE
2. AR SCRER R RGERIVT A S . EF BRIk, HarE
TR AR E A BERBREHIE . = oAkl it (18650[EAE Fe it ). BREREH i
b, HIURES, HIERS AT R3-1R:

#*3-1 LA AR EE S

T R4 Lt =Tk ERIR L Lt G %

BUE HLE(V) 3.2 3.7 2.3 3

B 75 E(ALh) 30 2.6 20 1.43
FRHHE ERR(V) 3.65 4.2 2.7 22
JECH LR TR BR(V) 2.5 2.75 1.5 3.8
TR E FE(A) 1.5 0.2 1 1

TARREE CC) et 045 e 045 -20~60 -30~65

JHHL: -20~55 JiHL: -20~60

& 3-1 1, TR AR L FER S AR SE I IR R A R B AN Rl B AR, TR 1C
Ta P A & 1 /NN 5E 4, RO 1C TR0 o JH0HL A 30 2 T8 PR B2 BR A 1 —
MR, RIS RN=TTAE R KN FR A

L 70 R SRR T R TR &, 1 6 SO A s AL, B
HIBTSDA(Battery Testing System Data Analysis) F bk I R S804 7 it g
FEE: HENL BRI R 2R IR R AR TR R TE R
Fa. TR, HAREMI A E, EB3-UNHB AR RS T S, Bl(a)hEh
HAL T FRLAAC AR, LD RE AT DAY 2 SR . (B AT 7 e i) SVI00A . ([
) SVIOANNA, b rEAEH I E i e KA (o) H it A4 ) 13
e, IR I AR 5 re vt S I USSR PR AR 4%, JF T A8 5 JR iy R I %
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(a) 37 IAE (b) AR
Kl 3-1  HRRE S &

F Y BRI T SR 56 BT FH 38 ) 3l 77 B AR 8T B (Neware) 5V/100A 4%, 4
Kl 3-2 @) B s, 1R RS DA i iE, R R R IR S E
FEIRAE US54, B I8 IE H TAE RN ETEEDA 10mv~5V, &Nl TE 78
HA, L0 L VG LY 200mA~100A,  FRLHETE 4 H DI 3 K08 500W,  FLARL 2] 100A
(RINE S TR] A 20mss IX MG RS 78 i R 2 . fEiR. fHE . SelEEE
FECL AR 7 i A R B fHR . TR DL E R s ek F AR
FAFPTCACLHE . R BRI DA S E e Z AR A, MR, HIR
MCRAE, R DY 2l £z

B 3-2 FR i (b) B R AR 58 DURTEIR R IR ARG 4, %48 VR IR B S |l -40°C
~+150°C, HIREMERBEEANL0.01TC, HXHEEEEA: 20%~98%, i
e P9 3°C/min, BEIREEN: 45 1°C/min.

K3-27 1 (c) B VBTSDA (Battery Testing System Data Analysis) HL Al 52 45
B A, AR AR i A S B TR, W [ER AR, ER
ACERDYNE = T Y €5 a1 SN S N NN S0 5 N N B 3 SR 0 2wl ST = R )
I ], e fe R B B 15 It e JBO e A R AR

Ji THI B 19 B Ui 19186508 5 [ Ak Havth, 2R ELAR N 18mm, HLh & N65mm, 0
Fon AR L o
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LT

DGBELL

() iR SV/100A BB 2 48 (b) IR 5E DURTE IR E R A0 FE

K 32 PTG

U} BTSDA 7.4.1.4363(2014.04.26) (R3) - [1.nda] L = | B | S
o - - . - e e N - - — —
= R W BOW) =EH) B ES
o F T EEETLN |
THES THER  THEEEh. | FRBman | wBmwh | SEEEY) | IR T
i 1500 48755 3250.156 5176 157365 -
V2BV Y3 EB(man) = 1 Z  0:05.00.000 0.0 0.0 33336 33336
Y1HF(mA) . = 2 [EREEAR  0:10:00.000 150.0 5176 3.3441 36501
1000 + 3 #HE 0:10:00.000 00 0.0 35445 35029
1 v2 ¥3 et
s00] | 4d4Eas + 4 (B 4:52:41.000 48755 15736.5 3.4843 24995
45 g % 0:10:00.000 00 0.0 25155 26671
[E 2 48333 48914 100.166 18207.1 158149
[ 12E+4 + & [EnlEERSE 4:53:56.000 48833 16207.1 26835 3.6504
001 5; 4:0 ] T #E  010:00.000 0.0 0.0 38485 35088
-1000 + 8 (B 4:53:38.000 48914 15814.9 3.4905 2.4978
I 1.0844
ciopi 35 +] 9 T 0:10:00.000 0.0 0.0 25130 26618
. 3 48059 48763 29600 162484 15750.7
2000 [ 8.0E+3 + 10 [EEERRE 4:54:41.000 48959 16248.4 26779 3.6504
3.0 g 1 #E  0:10:00.000 00 0.0 36452 35063
-2500 s e 12 \ERHE  4:52:44.000 4876.3 15759.7 3.4886 2.4965
3000 55 i 0 13 #E  0:10:00.000 0.0 0.0 2517 26615
4 48835 48751 9. 182044 15765.2
-3500 |- 4.0E43 + 14 [EFEERE 453:47.000 4883.5 16204.4 26776 36504
oo J-z0 g 15 0:10:00.000 00 0.0 36458 3512
e ® 18 4:52:39.000 48751 15765.2 3.4970 24993
45003 + 17 0:10:00.000 00 0.0 25136 26615
o 5 i 0.0 0.000 16149.9 0.0
-0 + 18 [EEE A 4:51:50.000 4867.3 16149.9 28773 36563
5500 g 19 1B 0:10:00.000 00 0.0 36380 3.4657
] 15:00:00.000 30:00.00.000 45:00:00
X BBl (h:min:s.ms) S
e i | v
M 1 . ) ) »

& 3-3 BTSDA %

3.1.2 SLIGHRE

BRI BN 30Ah. AE LR N 3.2V SRR A B s, K B Lt
530 7 st AR i B 0 DS, TR DUR TR IRAE IR RIS A, W E A R R R
JE4At: -20°C. -10°C. 0°C. 25°C. 45°C. 60°C, 7E BTSDA ¥/ Z 4% & il
KI5, FHZERERENR GROUPT HA ) 7 AN Bk 7, A iR i bl
I TE BT B R AR AR A BN (1) 7 NSRS, LA AB R WG4 B A 1 3-4(a) TR,
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B FE A 7 B A P 3-4(b) T, BERE 30 RO AR S A — YRR FE Bl

T:%“;_“-

ROUPZ

G

(a) ARG LLE (b) BRI LM R 7 B
K34 HURRTT SRS &

N TR T AR AE AN RN BT FAA S A AT B, s A i At BE 1 e e
PRI RS T FEL Y AT I 255 8 P ) 205 SR DA R T A AN [R50 T3 238 (18 52 10 K /)
, BRI R R 3 M, 3 AT REREEIRER IR A N 2T, H e
(DIFEFEHBAEZR, SRR T, b7 s il sk
FEHRE 25°CF, S0 Bl b e R R e A fa AR A IR RS 1T 70 T30 FR A 2R AH [
PG DL T E L TE e 78 s, 2z 4005 R TP Rk 3-2 B
F 3-2 Hb A E IR E R S L A

B2 TAEIRSE J b T 1A
W& WEGRE 25CF, fWE 10min
IER G WEREE 25°CF, 1C s E#EubEE 25v oo
fid & WERRE 25CF, W& 30min
EJLIE R 78 HEGRZE-20CF, 0.5C miE#bmAy 0.05C -----
T & WG 25°C N, W& 10min
{71k WERE 25CF, 2 o

R 3-2r RAIH TSR E-20°C R FERE R 7E B b, FE IR EE(-10°CL0C
25°C. 45°C. 60°C) N7t LA MAAIR 3-2 (A

(2) FBCEAEE, AFRPEGRET, s A E

FEURSE 25°C TR, iy e b P 1 s e R DA, RS [ L P2 1 8 F £ 5 A
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FIRE B0, AR A SEgs . 12077 R T Wk 3-3 Piok:
% 3-3 it SRR R T

T2 RIS B Jit %5 I [6]
1l & WEGIRE 25CF, WE 10min

FELIAL L 78 H WEGRE 25CF, 0.5C MM EAULEHA Y 0.05C oo
& BRI 25C N, fWE 30min

ERT N WERIREE-20CF, 1ICHHEBHEIEEEN 25V -----
& BRI 25°C N, fWE 10min
{71k WERE 25CF, ik e

F 33 Hp RAIH T ISR E-20°C T fER R T, HERE-10C. 0C,
25°C. 45°C. 60°C) M EVLI B T A M 3-3 M.

(3) [FFREREE, AFRBORERET, B iE A

FEMREE 25°CF, il Bt 7 [R]— IR BE N AR E R AR B DU S, 78 AR AN )
TR AR #.(0.5C/1C/1.5C/2C) R AUIE O R T 5256 « 147 2 TP sk 3-4 Fr
7N

K 3-4 I EARAS R A5 R0 T8

T 4R TAEFRSE S = T 5 I 1)
A& BRI 25C N, fWE 10min
FELIL 1B 78 H WEREZ 25CF, 0.5C A EA LAY 0.05C oo
fid & WEGIRE 25CF, WE 30min
(ERW G WERE 25CF, 0.5C BRI E N 2.5V —----
A& BRI 25°C N, fWE 10min
51k B 25°CF, =k

FK3-A4FHRIIE TAEFERT, 0.5C 7, 0.5C HHEKTH. e TARE:
0.5C 7eH, 1CJHH;  0.5C /oM, 1.5C JiH; 0.5C 7, 2C B TAMRET
P T F PR FRL e A DU, R P 8 B 3R T B LRy, e AR SE A DA
G, FREAT R — AR EEES, P LA — 2H i 2R F SR [A] g I TR T LA K

3.1.3 SEIEBEIR DT
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1 3 R AR 7 2243 20658 N Bl 4 R 2R PR -
(DF 3-5 NFEFEHRMGR, ARNRE TSR A B
R 3-5 [A) 78 r A AN R P T 7 F Ao

ISR 78 LA AR 7 Ha s ]
-20°C 0.5C 10.5542A.h 2 /NI 20 438 39
-10C 0.5C 20.6579A.h 2 /NI 15 43h 43 #

0°C 0.5C 23.8051A.h 1 /N 52 4380 23 7
25°C 0.5C 28.6426A.h 1 /i 57 3 b 11 7
45°C 0.5C 31.8402A.h 2 /NI 08 73 8h 33 b
60°C 0.5C 32.2211Ah 2 /NI 09 438h 59 P

H# 3-5 70 e, TR ERAIS,  FeE F v BRAAC PR A b 7 e A R TR Y
ThEmg . FOER PR R R BRI, BERR R Bt IR B i T S PR R A
IR N2 2 7 R, PR A &, IEFZARIR W, Akt ik
AR TIPS, SO EMRRIET e EE, SREITEEERAA RN,
HETIANASRNTEERZ D, £Z0 ERFORAREERNZ /D ICAERIER
N, HRREE RN, e SRR ISR, R FAR Y BE
WK, PR AR,

M1 3-5 A&, KR N 78 oL B N ] v 15 iR DL A s S i Fe B T, i T
A OYERE R, AR RERE, 2 ) e ER A wE1E
JEFuH, IR T 7o s VIR R ik B v Rk 2 IR, SO e 78 B g AR
INf )RS, 7o L O PR I TR AR G s it DA SR 2 B R A B T A i IR
FRHL T AR (A, 1 78 LT AR I R4 . S BER 3-5 H0df i B H RIG IR A 855 70 L )
(i) T v i 7 RN ()

K 3-5 I IAETIR B AN Fe i S ERE AT TS, T 3-5 By
WEihzk, HRELGIMAXRFAREABEESREZHM KRB R, 0
A G-Din:

y=-3.5x10"x x*+3.6x107* x x*=1.2x107 x x>+ 0.28 x x + 24 (3-1)
R x NRIREE, AT y ARHEAE, AN Ah.

MG ARG I ARt S RECYUE, e KIE, f£—E
T SCVEVE I Y, PRSI RS, S AR, PRI, i A R
Z. MG L L, REFEAE LR R R IE, 8T 2 T X AN
oA AL RN . XU 778 AR R A S SRR R, AN TG R ] 4
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e RPERARES, BRI B SR BRI D, KRR T SR
B AR e R A, BEE RGO, S RS AR, S BRI A AT
R, X SR AR R, TR e A TR R B PR, A P B S
VIR A R LUK, F AR RORG P AR, ATRHRD, B I RE S G N, 2%
BHPTRRAR, BT e A E I, (EA N i vt N T AR . - DL SEI B4R
B S N A B AT I I, R AR BN R, B R A IR, 2 S H B b
AR, BAERM IR Bk, ARERERES L 2R E.

35

30
25

i ¢

20

15

> ]

10

R CCH
3-5 RHEARSRERUIIRAR

(2% 3-6 NIFTBCRAEE, ANFNREE T FIECE A 2
%R 3-6 [AITBCRR AR AN TR L TP o

BT i GER S GRS i GERi
20C 1C 11.3928A.h 22 515 47 7P
-10C 1C 22.5946A.h 45 7ot 11 /b
0C 1C 27.9386A.h 55 4yh 52
25C 1C 31.7152A.h 1 /BT 03 4345 26 75
45°C 1C 31.8552A.h 1 /BT 03 4% 42 75
60°C 1C 31.8501A.h 1 /NEF 03 Z34h 41 72

R 3-5 Py EdE el R, AR IR IXE A, B A R A B IR R T T
WK, R, JECR A EECD REGEE, BORREEE . BTN
TERUBCR, T H: JBOR A =R ] R A, P USSR AR RS DL
JBCHL 7 BRI TR R IE U OR 2, ANAF AE ARG 80 L I TA) i 3 T DA S iR BB
[A]o KR 3-6 RIAEGIRIZ SCBA BT VBRI S, N 3-6 s vl A £,
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FRYEAU G 1 238 10 58 RIRAT F VB A TRO 25 & A TR I s 8o R 3, A sl
(B-2)F7R:
Y=-2x10" % x*"+2.9%x10*x x’=1.6x107*x x>+ 0.38x x + 28 (3-2)

R ORI, BAONCs y AEAR, BACH Ah.

40L& Hh 25 DA A& eR 8 R 2CRT B s B i B2 VO N T8 A = Pl
TR T, X575 1 PR RESE SIRER SRR LML, EX
—IRE AL, TERARAR R KME, KT B TXANRE A, B E A E
FEEERIk /N, 45°C R B R T 25°CH 60°C RIS & . X AT
Yo B 7 H O PR BE R A — N E B M ER S VE N T, & T BT AR
JEVE T, B AR BB R B AN FAR R . (RIS, B R T
B RN 52 PR B 50 PR WK FE AR R, BB 1 AN ARRROR R ik HH R )3k i
A%, (R E T A AR I BREG OK, PRI R & N RRIGE, SRR S
T ORAP L, BT DU AR R T R, TR Ik REFEAIR IO,
35 \ \ \ \ \

RE O
K 3-6 THARARE SRR AR

Q) FEIPSRE, ANFE B AR T, H bR T

FERTTA B 3-4()FH AT E 2, PE it A R B ARG TR R T, 7R
T 25°C L ANETBORAE #(0.5C/1C/1.5C2C) T, R 3-7 & E I 58 B LA 5
SR A o RRAE DU R A 2 T - AR B AR B DL AT e 8#R A g
FEANFEEZ R T8 A ST, R R B A0 2 B (1, AR R Wi W 3557 A2 LD
PR ARG X8, IR ASRES A BE RIS e BB AR, At Kt AR ol 2R ]
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P AR Lt LA TR IS, 368 T X A 4 RO T PRI, A X R E A 4 R
I OB T AR o 78 FIECAGE A BE AR ™ A 1 ARAS B, Il A AR
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BT (S) 4G BRI MIPRI TS5 A% R, ReE Al i ik
AT REE, 152016 B RBEATT 5.
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AU, 2 X T A AT AN R R I BOR A M R TE . IEFROLY, ERE

71



i ST R 2 2 A 555 P LR = 4R KA AT LS SEIR T AT

PR AT RS e T B AR AT HES S 1 IR It S SBEAH 1C A5 2R A T 1R
FEnBE A, ik 5-1 Fios:

Ges02

Ges02

"
+

=1
{ix]

=3=3=31=1=3=3=1=3=3=1

VO O T O
[
QOOQOQQOQQQOQOO ':":l':l':lg QOO QOO QOO0
w
=
| %]

S o D DT D ST
o Eos D ot o Doy D D POV B DO BB D

Te+3
B+ B3
B+ G0
e

Iy
Feal GieIE i, .
B+l Ge+3
(a) (b)

B 5-1 JCRCHAE It A AR P IR = B o A

K] 5-1(a) IR it 5 x 5 R A BEAR R B2 37 70 AT 5 (b)) I A 47 T 1 ~F 1 (1) it
[ B oA, FBAS A v ] XS B2 fe e, 2 RV AT o CoRoze, iR RIS
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