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OPTIMIZATION STUDY OF MICROWAVE VACUUM

DRYING PROCESS AND EQUIPMENT FOR WHEAT

ABSTRACT

Wheat, as one of the major cereal grains, has a significant demand in both
domestic and international markets. However, freshly harvested wheat with high
moisture content cannot be safely stored, making the drying process crucial.
Traditional drying methods such as natural drying, hot air drying, freeze drying,
and spray drying have limitations. Microwave drying, as a novel drying technique,
utilizes electromagnetic waves to generate heat within the material, facilitating
the gradual transfer of internal temperature and moisture gradients. This drying
method offers several advantages, including high drying efficiency, superior
drying quality, and high energy utilization. Microwave vacuum drying technology
combines the rapid and efficient drying of microwave drying with the low-
temperature characteristics of vacuum drying, effectively addressing the trade-off
between wheat quality and economic benefits.

This study focuses on wheat and aims to identify process parameters that can
improve drying efficiency without compromising wheat quality, using drying
efficiency (moisture content change) as the benchmark. The study also examines
the stress applied to wheat during the drying process and observes changes in
wheat's external kernel bursting rate. The research aims to provide drying
solutions for freshly harvested crops such as wheat and offer optimization insights

for the design of subsequent microwave vacuum drying equipment. The main
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research contents and conclusions are as follows:

(1) Analysis and Numerical Simulation of Microwave Vacuum Drying
Characteristics for Wheat:

Based on theories of electromagnetic wave propagation, heat exchange, and
moisture migration. This study aims to demonstrate the superiority of microwave
vacuum drying for materials such as wheat. It explores observable and
comparable characteristic indicators to evaluate the drying efficiency and quality
of wheat. Utilize COMSOL software to simulate the entire process of microwave
vacuum drying and analyze the temperature variation, electromagnetic field
distribution, and stress generation during the drying process from a simulation
perspective, providing parameter references and comparisons for subsequent
experimental data of microwave vacuum drying.

(2) Study on effective water diffusion coefficient and activation energy of
microwave vacuum drying of wheat:

Building upon the microwave vacuum drying theory, this study designs
drying experiments to investigate different process parameters and their impact
on drying efficiency standards for wheat. The experimental results are analyzed
from the perspectives of microwave density, drying activation energy, and kernel
bursting rate. Based on the drying outcomes, an appropriate microwave density is
selected to mitigate the uneven drying effect of microwave vacuum drying,
providing data support for optimizing drying uniformity in subsequent drying
equipment. Additionally, curve fitting analysis and comparison of drying process
results offer reference for studying wheat stress characteristics and optimizing
processing conditions to extend food storage duration.

(3) Stress analysis and crack prediction in microwave vacuum drying of
wheat:

Building on the microwave vacuum drying theory, this study designs

\Y
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microwave vacuum drying experiments and compression tests to explore the
relationship between different process parameters and the kernel bursting rate and
stress of wheat, laying the foundation for establishing a crack prediction model
for wheat. In the compression tests, a texture analyzer is used to compress wheat,
with varying initial moisture content and temperature conditions. Measurements
of compression deformation, number of compression cracks, and compression
load throughout the process are analyzed to derive a compression crack model.
By combining the compression crack model with experimental data from
microwave vacuum drying, a crack prediction model related to stress, moisture
content, and temperature is established. Finally, using the crack prediction model,
an optimal microwave vacuum drying process is designed. The results provide
data support for reducing the bursting rate of wheat in microwave vacuum drying,
improving wheat storage scheme, and analyzing the effects of cracks on
temperature change and water transfer in wheat.

(4) Design and optimization of microwave vacuum drying experimental
equipment:

This chapter focuses on the non-uniformity in wheat drying process
mentioned above, this section addresses the shortcomings of existing drying
equipment and presents the design and optimization of an experimental setup for
microwave vacuum drying of wheat. It describes the overall structure, component
design features, operation mode, and innovations of the wheat microwave drying
experimental setup. The improvements include the design of a material tray
structure, installation of a high-temperature weighing tray, and noise reduction
measures. The hexagonal arrangement of trays enables uniform distribution of
materials during the drying process, coupled with cam and gear mechanisms to
achieve even heating. The drying tray is combined with a high-temperature

weighing device, allowing real-time display of the material's mass during the
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drying process and reducing operational steps and energy consumption. The
vacuum pump is coated with rubber, and an additional damping muffler is
attached to the exhaust port to reduce the amplitude of the drying machine passing
through the resonance zone, thereby reducing noise. These optimization measures
enhance the drying efficiency and product quality of the microwave vacuum
drying setup, as well as improve the working environment and user experience.

KEY WORDS: microwave vacuum drying, moisture diffusion coefficient, crack

prediction, stress analysis, temperature field
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AR 5 TR A 7 A A R BE T LA I A MR B S B e O

~

A

N.%95+%Hé}w+hEJm/ (23)
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or 1 oM
= pC, kAT 24 ph 2L
Q=rC, 5 S ot (2-4)

N AR At B U 5 2-5 FeoRlen:
pCp%r+V0(—kVT)=Q—pCpU VT (2-5)

A, SHNEIIERE; ERHIZWEE, VIm; H ARSA®EE, Alm; J AHEREE,
22 QANENGE, I p NNEEE, kg/im®, CONNERIHIMGA, J/(kg/K)

kK NESHRER, W/(m-K): THRIEE, °C; MANEKIERE, ¢
(4) /NZKR TSR
T L5 5 P DA B BRI B R R AE /N 22 I8, /N2 PR K 43 RSO0 i I o
AR, /NEIRBER N IR S RN A AR R 2 X R ST R
— KGN K T IR SRS ISR BN 7, SEAS /N B K R BRARIO 64, (e B TR I R
dr, ANENIBIK TSR SN RIR R . NIRRT AR A, R R
W 2-2 fios .

REE BEE AENE
| ] §
PER RS, #hF MBS, LSRR iRt e
EEER R it

B 2-2 BRSNS TR

222 NEMUREDS TR RS

NZEAET A TR AR RS R, THRIRLEE, ATER H K7 o LERR
HA TR, K MRS R AT AL I8 I — LeAF P R AR 34T VRO T EEAHE 5K 3R
BRI AROKD Y HORE THRE. FLBRAR. B, EE RSP, O 1 A R
DA TR TR, A SCUU/N R B TR A Sk R R A RUK ik


https://baike.baidu.com/item/%E5%9D%A1%E5%8D%B0%E5%BB%B7/2921845

23 W YN 2 TR R TAS'S

RPN TR R

(1) EHIRF . ARV LB R 2 TR — A EER bR, S 17/ THR
AR E B SRR BRI S K E . SKRER LB HirE
IR, BT T TR R RO IE . AR S A G R,

BRI AN I) A T AR S TS KR, DR R /N T 5 s BT SRR
THERFAGE S TREBIE A LR, A SCIRIE S KE (M) 1ENEIKER

e, HAtFREAAY,

W '
M = —= = -
s G, (2-6)

A, WoONERR R, 9 GoONRYIBE, 9; G v THkibiE, 9; m gt

WZINERRE, 9 mwNEMTERE, 9.

(2) BROKDTEARE A ROKIY HUARLAE VPO s 1 S TR — 4~ 5
SRRSO TR A TR R R R A /N AE A BRSNS R T EORMAR S T R . A ROK e
IR EOP U Fa AR £ BRI HBCHAR TR R (K 0 BCR . TS HO A 80K
PHCR BRI K 3 B R AR TS A ROK T iR BRIk O

2
nMe _ m(ij_ 7Dy T 2-7)

0 n’ 41°

A, MO U ZITHE A KSR, M, = (m —m')/m’, % M, I T3 ks,
%: Dy NENUKAY ARG TN TN, min.

(3) BRI o SR ALV Al S /N2 sl 375 T4 S5 LTI e MR B F b, S PPA
TG R A EEE L. 5% GB/T 5496-1985 CHRE. ARG FKk R ATk i
B BTG RN EE 24 h JEEL 300 Risr = TF TRI5%, J5HBORBEME, N
A ZESUREK BRI . FEROE B0 TR /NI, IR 3 3R B/ N Ky A3 5
FLBRGE M . TR S IREA SR E L. T TN, TEES BB
I DRI 5T B480) . B RCRAAT AR S DA, SR R, DRy B B
X TN AR A R
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2.3 INERUE RS FIRHERIU

AR B2 T B O 3R, 8 COMSOL B My /N 22 el A Tl , ot
T8 S IR FH R T 5 TSR A AT SEAR @ B B T MR AR /N A TR A PR R H
Wiy 3 AT LA BN R D o3 A L, W8 T RN LS R R o R e TR N
HUEBA IR AR A B 2-3 Fros:

[ BuiE=#iEmE |

I
| B R PR 5 A |
Ny . N=] l . E\ =N BRAT - -;JIEH' 2 I
| REMHEENNS, SR i o — %ﬁ%ﬁ;g?%ﬁﬁﬁ

ER

NEREHHHER
f

Kl 2-3 /NEHUERARAE R

231 WMEET FIR=4Ea

MRAEA 5y RWBZ-08S [, 325 52 B e ST N A s Ak = AR AR I o i )4 &5
1, i 2-4 ()« (b) Fros. Y3y S0 7S Bk £ i pi - I, FBEIAAIT 5T 41,
R RS Th3 5 5 4 /N 2 T 1RSI 56 A — B0, RABRSHEF, BB ENHE R E 5
KG L, AR 73126 458 5 RR /N o A58 Y RSE 9 320mm X 340mm X 250mm [ fiE 4% TE10
R FET B AR A, B AR B8 e, 68 S B DY s LI

TR B T AR I U0 GON/INEE R L, TR R ARy 2.45GHzZ, ThEEN
100W, TAEAMASE BN 20°C, KABESTIIT, WM R0 KA
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0.15

0.1

0.05

(a) AR =ZERR

(b)  JEAARRIREL 2>
2-4 JEEAR = HERER K A% ) 3 ROR

232 INEFERIRIE

ALV ZERF RO O B, T/ DR AR R 2 TR A B TR 2R, X/

FAGETMH LT (R
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(1) NEHFRLR — AT LS 5T

(2)  PHRHEE T B RE N E B KA
(3) Pl A= T R s SR AR
(4) BB E TR R v AR RS T
(5)  /NEICIHATE T T L.

232 EHIFIE

FREFEER. AR EETRERES, KAZR RN X3 B KNKES, M
&

RIAREY), HFRSFET RN
o\ e,
(8t g)V-(pgug): R, (2-8)

Kb, WANEILBE, 9=075: p WURREWEE, kgm’s u
S, mis: ROWKFESHER, mol/(m’s).
BEB SPIEAREL, MR/ B ST TR A, S5 A R PR, N T
FRAE A LI i 7 T RO,
pCp%:V-(kVT)+meV;/+Qe —hA(T -T,) (2-9)
R, p RN, kg m?s C, WNELAE, 3 (k-K)' s KA SHERHL WH(m-K)™"
m,, KA R, kgl (mP-s): 7 AAAMEIIEH, KITkg: QAR BIILRELE
AN P R P A R, W/ m® s h O R B W (m? K )s A/

FRIMA, m?,
ETIERE. R ESTEIRES, WARSIHA T L4 N-S RS, st
(2-10) FroRPY;

p(u-V)u=v:| Pl +u(Vu+(vu))|+F (2-10)

X, VOURSEWUE T u NTUARIRIGUE, mis; u NRAKE, Pa-s; P YL,
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P,; F R, N.

a’

233 YRS RERESY

I SCHR TR SR I E , s AR H (RN ZERT R AT A B R I S A S B &

2-1 PR,
% 2-1 BUARIT A S
24 AW
HIBRIREE T, 293.15K
W46 71 P, 95.4745 kPa
HARHERE 0.15
N pl (kg-m*®) 745
0.08+0.002M

2GR E ) (W (m-K) )

INEHREC /(J -(kg-K)'l) 1073.75+16.34M

INE KT R B D /(mz/s) 5.041 X 10710
G/ (S-m?) 0
RT3 1
LEE @ 0.75
B4 #e% D, 1.0x107 exp(-2.8+2.0M, )

2.3.4 FIRIZ R R BRER R 53 o B2

FERF /N AT FRARAL B VI, ASEAUL H /)N 22 AR Rlinl B2 T IR s 1 9 ) P 3 5 P
oy A ARG 98 o A A ES R AN 2-5 P
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freq(1)=2.45 GHz ZYE: BIHE (V/m)

A 2.67x10*
x10°

2
i
¥ 0.0103

(a) HLIHH A

freq(1)=2.45 GHz ZE: AR (A/m)

-0.1 25
0.15 20
o1

0.05

(b) HishonAi
B 2-5 Bl B0 TR A LRk 37 o A

HIPE] 2-5 Ca) Aaf A HY, TR AR PN B AR &5 Rl VE ] — ELAR T AR 45 RS
B B Ca) A Iz BE IR o A AT B D /N AT ) B AR A BB T 0 A 2 505 XA ]
DIPRE RELE I AR A B RS AT b A 738 i o B B T DA H 37 56 P de/MELER
FERS P Y, FEY 1.03X10°V/m; SNETERS R ZAt, HAER 2.67X
10*V/m.

B (o) Pl Asa as T R A N B W WL 0 AT o S IRREES A 988 L o0 AT HE /N ZE T
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LB, 3 A R /N ZE MR SRS o3 Bl A5 ) R i i 2 P ATl R RE BB e AR D I E
IR TR . K SR L P AR IR TA AL, X T IR B4, WEA
B (14 B S OB AE L AR BE AT SRS AT ST P AR B IR IR A b A e R e
A LA AL E, AL BRRBRIE RN, B R A .

2.3.5 FEEFARRES S AR

BEXE BB N ARG o TR AN RS 3 . W o A AR B SR, fE
COMSOL it — AR T A 21 JR o AU 1 /NS AEAR R LR 16 O T 7min. 14min
AN 21min I /N S AR IRE 73 ATt Do 18] 2-6 A1 2-7 735l /N2 IR T I EE AT Y

R7VE BE LN A e )
UL 3 AR I
Bdi8)=7min F[H: iR (degC) °
70
m 0.2 0.1
0.1 [N
‘ m 60
0 0
il | | / ‘;" 50
‘ 0.1
R 40
K /1 0.15
{\ ’i‘;"’g" : ) Lo
N '/ 0.5 30
0
20
Yz o
(a) 7min
AffE)=14min % IRE (degC) e
. 0'52 .0'1 70
0.1 m
f 0
0 f / 60
01 50
" /0.5
/ 40
/o1
o . m
\ o5 0.05
| 30
. 0
20
Yy z
(b) 14min
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BJE=21min Z=M: imE (degC)
0.2 01
0.1 m
f J 0
0 f [
L
It T [ | /
|| < | L { 1 -0.1
I%g T } ) i /
(| L .
fl‘ LY, 0.15
M T A 1
‘ 0.1
= o [ 2 m
o ) | 0.05
4 Ny "o
NI
&2
(¢) 21min
Kl 2-6 /N2 TR AR
ffi&= 7min ZY)HE: i2E (degC)
0.15 2
m [ 1 x107m
S0
\ -1
35
01> ™24
f 123 x107%m
\ ™22
1
B / 2.1
r4
Yatax
(a) 7min
#18)= 14min Z1i)@: i2 (degC)
0.15 2
x107 m
-1
"5.5
0.15 2.4
12.3 x107? m
|22
“2a
Y 4
Yot x

(b) 14min
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#8)=2 Imin Zi)HE: iRE (degC)
0.15 2
m 1 x10%m 74
0
4 1738
. 5s 73.6
0.15 T ) 2.4 73.4
23 x107%m 73.2
2.2 73
23 72.8
72.6
72.4
z
yi s 72.2
(¢) 21min

Kl 2-7 /INZ2 Y R R AR AL I

wnEERE2-6 (a) (b)) « (o) AR, NEEFMEESTEL RS, [F—fk
PR AN [N 2 AP AE K IR B 22, MR E A AN ST IR B S o /NS AV P AN 35
SRIERNETIRERE, EKEARG —, AEEGKRIEB T THRER, FELELZH
BEUR, (HIEFEIRMI/INE SRR WIARR. K27 (@) « (b) « (c) ATRAEH, [F—/E
NI AFE R IR 22, Il o 78 43 S BUINEE AR LE AN IR K 43 B R o S [ F i
FEERRE AN K 53 B FE S (/N P AR B K I TR R 7, JE T3 MRS, AR /N 22 T T

BT RAEET, FETHE Tmin A, /DEREREZIEEAE 30°C-35°C, W HEBIRELE
32.8°C-34.6°C; 44 Tmin-14min W, /)22 R IR JZ VG HI7E 45°C-55°C, N BRI E AL 48.6°C-
52°C; {ETE 14min-21min W, /NERMIRETEELE 70°C-75°C, WERELL 72.2°C-
74°C. HUCAT W, AH[E B B BT R3], BANAT.

2.3.6 INETIRN A1

BT /NEZ IR, ARYER T RIS R T R R TR A I, BN RS
WA TR R P R o Ao B 2-8 T 2-9 ORI TR % 0.2W /g,
HAJE 0.06MPa. i EEBEE Y 20°C. KT BBIE 0.14KG/KG. SERIRIEN T, IEAHERR
EANA P

M 2-8 FTLLE Y, RS, DO Z2 ISR 7), FEIRE L2 h M
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T1o XML A AN 513 AT WA /N 22 77 A2 R AT AL P AN [, 20 A [ B Rl REH
RRIZ>H >R,

2 -
+
o O
S / \
= |
Lo
2k
4l
_6 / L L 1
-1.0 -0.5 0.0 0.5 1.0
r/R,

K 2-8 /N NV S 7343 A
RYEE 2-9 PR, TS H LT 450 FEE TR mEeT, ANRR&
TN HGEETIG I RN ) o SR AT B 16 A3 BRI, /N RORLIIT 32 1 N 7
THRETAEE, 155 2.95MPa. (ERGU™AERT, /NIRRT K 32 5 a7 55 38 T & 2 [A] 3 DA
LMERR, MmbE LB, ERAG74SG, /NSRRI LR B P,
LT 2 W 9 Ar AH B2 o B /N 22 ORL ) AR I Bt — 2D G0, $fd ARG Ok, 0L P
AREZ B AT TR A

0F

0 5 10 15 20 25 30
I} 8] /min
Kl 2-9 =R, &b/hz2 WERAR IR B ) 73 AT
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2.4 KREBEING

ARFELEGOE E A TR EG AL b, @I TN TR SR AR, WD IO TR AR
RN N EHK 03RS  RAWLER L IR PTERUR S L. JF45H COMSOL %
PASAUL /N TR O L TR R P s AR N /N2 37 . R 0 AR, A i 2N TR B,
N /N2 R TH e P BIRFE Sr A R, B /N R Dy oy AT I o B AR 1 LA SRk — P45
N LA TR R B
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3T PEWKESTREIUKD T BARRFELENR

3.1 5|5

FENT BE RS S TR BT T AR B, TR 1) — B AN T (1 1 L
BT TR BORA E 1 2 A5, (B A8 B 5 SRONCR 2 [a] (1117 400 75 245
TR B FE204 s S PR AN R L Z 25 /N TR AR HE RN, ASHIE TN
B~ A ROK 3 AR BB R J2 T X S B 45 R AT o i o AR TR 4 2R
B SE B T, ARSI ARl LA TR ANI ST S, R TR I R 2 AR i 2 40
&, ATt SR, ONJE ST R AR TR SO T3 T 42 R S8

32 MR57EE
301 Sl

UG RRE F o B L AR A P TR AR . R I . RGN
322 RWRE

TR WA G (1) BS54 RWBZ-08S. TAFE R~ 320X 340X 250mm
R J2 TR (2) Sy HCS5003X. K5 N £0.1 mg FL T RF, T
BETRATE /N E: (3 MRS, ATUWETRENERG, (4) 44T
WRRAC, TSN ERIRE: (5 KWES, HTWENEZKS . #5s
A, Wi 3-1 2K 3-4 Fior.

(1) RWBZ-08S Tl B2 1) 4H

S R et L 25 TR AR R, 1508 AT AR S50 T BT L L T
e, TR . WEMEE 3-1 Fros, iRk 2 TR AE 12 B B RO B TR
e PEIE. BARE. FLEAEH KRG K. %% EA TEIUE, TRfRE.
Se R BRAERE i, ST I 3-2 F
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L TRER AR A AR S

ARFs AEFE HEFE
—— —

1. BTN 2. DhRIAR 3. BFIAIHAR 4. THEIMMR 5. HJEH R
6. EZHR 7. IR 8. MEO 9. FEHL 104 HT 11, HAHR
Kl 3-1 RWBZ-08S ftif B 25 44 a7

A

)Y

3-2 RWBZ-08S {324 T 1548 Se ) 18
(2) ZLAN IR AY
A SEBG 126 FH B 2L A LTI A VA5 FH 000 AN R MR e BN 22 iR o 12
AR AR IR B4, MR YEFITE-10—1000°C 2 W] . BA FiEE . PRk #Em.
At A 22 SR . HSEE K 3-3 P
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[ 3-3 215 FL T TR

(3) W R T 58K 5 &1
HC5003X M S RF-RAERE. MR, Prrisfrs. HAEEA
+0.1mg, AEBSHERA I ED R TRATE TR . B RFRE & w] DL S ER
B, s mm R A 2R K 4y o B2 A K o A S T
TR SR AT AN TIAL B 5 1R 57K o AR T AR B AT, BT
LB K KEL SRR A AR ORL Y R K K 7 2 i BAT PR &
BAERT R ABORYRIE A L SEWE 430 9 B 3-4 F13-5 B

K 3-4 Pt KT & 3-5 217K 53 A
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3.2.3 LRI

ARG TR 5 /N2 WS K 2 AT O R E B br e, Bt DR
BB NI HAE AT IR L o SRR A ] 3-6 M HEAT -

WREE .
AKE, : o i
RE i 5

: I
I
!
I
I
!
!
: _ : g
sRasuainE 2z I - W Ak E AR K R
SRl SNRINE N Eaxeig [
R 8 TfE F, ,; KIEMAKE

3-6 TSI iR K

3.2.4 SLWAE

KRG /N2, AR S KRS 20%. ARy A
AWK WA /N2 ORI 8RB /K 3R /NI R 2R 5 K 20% I i Y
EUKBINANE, adide, MHTEAEK, RGNS KB B,
TE SR A T SE 56 o TR AR 1T TR — /NI, T 4540 P9 SR B TR IR A4S
ARG, WE TR Tk D2 R B2 B /N Y S e AR, b, AT RO
AT, HAPEAEN 0.06MPa;s FHLTAMUE AR B 7 KPS 5 i ) H AR [a]
B /N AT R, MR S v RN I AR AN R S K R A R T
12.5% S5 A1 . BARSRIG 7 SRk 3-1 Pow.
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*®3-1 K TT R

A IS
7K ‘ o
T {8} (7] /min SIZI6I B /min T Wi
1 7 30 0.2
2 14 50 0.4
3 21 70 0.6

TSR, AR =D RN BRI 100 K2, EXT6 T A
REE TGN INREUGIL, ICFAREUNE R, IR RS, &I
SN BB B B A SE I A . ISR TT R, HEAT 9 sk, s in
® 32 s,

% 3-2 sLIG gk

75 B [/ T Tk BT RS FR I Ykt
min /C B Wlg  EIKEY% /% R/ C
1 7 30 0.2 16.9 3 28.1
2 7 30 0.4 15.8 43 28.5
3 7 30 0.6 14.83 7.6 29.2
4 14 50 0.2 14 5 47.6
5 14 50 0.4 12.9 7.8 48.1
6 14 50 0.6 11.42 12.2 48.6
7 21 70 0.2 11.44 9 67.1
8 21 70 0.4 9.2 13.1 68.1
9 21 70 0.6 8.4 19.2 68.8

3.2.5 BRUKST MABMBELETE

A BOKD T AR BGE VAR N K 23 R R E RS I RE T b, R i
TR R A EERIESH TN TR R I RUK T BR B A
TR Z LR N TIRERL, S /N TR A A BB K 70 73 A BTN, $2
e T ARAVEH) f 5 o

HROK I B Dy 575 7K AN 8] A 5P
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(In %-In I\'\//Ilj L
Dy =y (3-1)

n’t

ol Dy WHAOKA HORML mPfss LML, m: MO TFRd i
AVNEIIEAKSE, %5 MyNEIRRIGEKE, %.

FEMO TCA TR R, TEALRER LT N2 YK A TR IR Rt 3K
SN T BT, RIS MR, TESZAWNRGAEHNGR.
E 45— BN ROMUE B, NS SRR OB, PR S ) R K5,
TR i 05 RS AR L, /N2 0 i L B S B B
T ATE N FARIEACREAMHTIN 5 9545 % FE OB AR A RO,

TIRELAET S E, AR T,

E —InDoRT (3-2)

a
eff

Kb, D, WP HHES, m’/s. E NiEfkfE, Ki/mol: R NS %,

8.314Kl/(mol-K); T A/NEAXHRE, K.

33 HmES oM
3.3.1 FIRSLIGEER 4T

FETOR B T AR SR a v, BT AN IR 2 B 46 A S tH AN GR i ia B ol T
W N FIRIE B K A BR TR (W REHE, 253l 3-7 From. MEITAT DLW SRS, 1E
0.2W/g. 0.4W/g H1 0.6W/g FIFE 5 BE 26 A S BE 1000g /N 221 2 5 /K a8 3 Tolk
R A B BERE S )8 60Wh. 97.44Wh F1 112.02Wh. AJ WLAS [R5 B R 1k
B TR AR R S5 At /N 208 ) RERE AR AE B SR 72 e o A7 A 72 e 1A B DAL 2 v T 26 [ Al
PO INZ IR RO« THER B I = 1 e A FIEA I S i, 80
ZE AR5 AR BERR BE I 0, PRAR T TR . 0.2W/g. 0.4W/g A1 0.6W/g il
W 2 I REFERS R BRAE, JRIHAET 0.6W/g RITMI: B P T/ N R, IR
AT KUREE TR, JETT— e FERE R BRI T RERE. T I m Th 3 (R ek ARG N T 1

26



SRR 2 A 183

BREERE,  EHH IR B AR TRIHAE .

120

—=— £71000g | | .
110 f=---- ey AR, o o 3 o e o ISP =Py s o i

100

90

HEFE/Wh

80

70

60

R ThEE/Wig

37 WS A IR AR R R i A R R I A

Bl 3-8 T i R S5 A N AN R B P e B FE . NS R T LAE H,
0.2W/g. 0.4W/g Fl 0.6W/g FITRI 2 B R 4 1000g /N3 13 I 20k 21 Tl BRI 75
(R REFE B K AB 20 A 63.34Wh. 73.32Wh #1 56.4Wh. 0.4W/g I & HIBERE KT
0.2W/g FIT i I REFE, AT UL 0.2W/g-0.4W/g TR 2 FEE 1 [l PN /N 22 (1 K 2R I
ANFZL, A 0.4W/g PTG % FE o2 R 2 Sk BRI IE AR 2R . 78 0.4 W/g-
0.6W/g HITIE %5 BV T N /N 22 AR I Y I s 4 . 0.6W/g I T4 B BRI
I RAB LU 2 B /K R ER TR M REFED T 55.62Whe /DI REFEIZ A T T4/
Z2 TCK R I IR B B 7K ZE AN R AR R o S5 2005 2 TV T8 /N 22 SR I 0B %6 R
0.2W/g.

3-9 iR 0.2W/g T B FEAE T, 2 T T4 1000g /N5 fe &1
FEVOH, HYGHEN 60Wh-63.34Wh. KT 60Wh NIANH & &/KFEER, &T
63.34Wh JUJ ANt 2 R AR BEK

27



SRR 2 A 183

75 T T T T
[—=— %£1000g]
70 b---- e e S e e
=
2
R T e e G B
w®
=
60 f----r-mmmmmm g it S A
5 i ; i i i
0.2 0.3 0.4 0.5 0.6
TR A /W
P 3-8 T /R MR IR 2 T AN [R) ki 2% P82 e BV
72 T
— m— 0.2W/g ' ' -
) 7~
I I 1 I
68 fp----mm e R " C AR
1 ] L 1
' I ' 1
1 [] rd 1
i i = i
] L 1
| ' |
1 rd 1

]
64 p------------ e e L T TR
]

REFE/Wh

) 0.28 0.30 0.32 0.34 0.36
i} [a] /h
1 3-9 3 T R ER (1 SR

FEILSE TR SR, ARIE TN A S AN ], G0 R 75 2 & /K R ER B R
T R R ER BRI A, 0.4W/g 1 0.6W/g FITHOR 55 B 2% A B2 A st A8
i

FETYOR B8 TSI o, B0 AN [R] IRy 2 AN G0 25 R /N 2 R 2 5 /K 3R kAT
TIERGE T, S5 R 3-10 Fros. WEH AT BLWEE ], FERICE E N 0.2W/g.
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0.4W/g F1 0.6W/g FI2ME T, AINZIRFE S KR IEE 12.5% A7 75 IS 18] 50508 18 43
Bl 14 4380 36 FOR 11 4380 18 0. @I MEE N IR AR K @ N E], w]
DAL BILEAR R S5 T, B I 25 B2 T DUINAR /N 2 (T 10d 22 o R T f 2 19
P AT Be R BN ) RS BB IR RS . BEAE TRRAEEAT, BRI R
FETEIZWIN o DU IRBEEH T, AN Kb, AR 7K 3R I /N2 50 i
BRIy, ANEZANERIK 53 R E AR AEA W AR

WAL K /%

I (8] /min

Kl 3-10 {BEE 7K #

Bt 2 O L 7 TR S I IO RF SR AT, /N2 IR I R LI I i 5 o AR ]
3-11 iz, T LAMLEE R /NE BRI AR G Ol . 55 SR, T S 0.2 Wg.,
0.4W/g F1 0.6W/g B, /NIRRT A T ZESRERAEAR BRI 153 588 19 4
By 11 20EPAD S 435 42 B, AR, B OR B A TERMEET, [F 6
P R /N R S AN i, — 5 TR BAA R TR T R, SBUNER
K2 [ BRSNS 5, TN T X — P BRI KR, S — TR
BT BRIEIS 1 /N2 TR SRR . R BT R . IR mT DRI, (R — st % B
RN 22 LR AR B AR [ S I O 2R I o DS 1 5 38 0 A 42 A T o)
Jofe /N ZZ2 1) it o BAT AR B R
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—=—(0.2W/g
—e— 0.4W/g
|—*—0.6W/g

____________________________________

30

it ] /min
B 3-11 SRR
G AT I 5 G5 O L S T R /N 2 T R TR M 2R 1 0% R ORI M 5 /N 22
PREE, NERE SRR PR ME 3-12 Frox. g5583KH, 0.2W/g, 0.4 W/g
A10.6 W/g I, TV AR K /N 22 B A AR BRI (R B2 7073 61.4°C 39.5°CHI

30.7°C.

=] 6 v
3~ |
o !
B |
Eg '
L g !
3 s
i

20 30 40 50 60 70

/NFZIRE/°C

B 3-12 /N2 BE AR 2R (1) 56 R
gE b, MRE IR st g5 AT A, 0.2W/g WA 2 B m] DL B3 2 Dol 18 /s
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RV RN & /K R ER, SR1T- 1 A TR 30 bz iz K T 0.4W/g F1 0.6W/go. 5
R E & KR BURIEAR TR, 0.4W/g F1 0.6W/g AR Re G & A T 5N
LR 1) 20 A el 25 P 0T - Jo /N Z2 IR 2 I, 30 T 0] e R v 8 0K 0 9 BR L
FEALREREAT 23 BT o

332 BRUKDT MABSENERERDT

IR 3-2 FI O L TR IR 25 RARN K 3-1 7] DS /NG 0K 43
P HARBS N EEIKER, & 3-13 Fiw. EREZEEN 02W/g T, 50, 60, 70°C
INEBBOKDY BRI B 1.592X 10710, 2,074 X 10710 F1 2.523 X 1010 m¥/s. £
WICEE N 0.4W/g T, THEIRE N 500 60 70 °CH, NERIHBUKS Y B R E
3N 2.481X 10710, 3.29X 107101 4.10X 10710 m?%/s. fEUI LN 0.6W/g T,
THRIREN 500 60, 70 °CHf, /NERAROKTT EURE 378 3.804X 10710,
5.041 X 1010 F1 6.278 X 10710 m?/so  RJ HITE /N T 3L 25 T-HR e, I FEE R ki 2% i
(RGN T 7K 73 A 326 o SR 7K 534 368 R PEE 5 A R D i 860 58 R, P38 ) Pl A 44
I B A G, T TR 23 AR /e 52 BT R a. Bk TR
JE IR a0

—=— 02 W/g , , :
0.4 W/g|-=------~ e s
—a— 0.6 W/g '

6.00E-010

5.00E-010 fm-mmmmmmen- S o [ e

4.00E-010 |- - - ~"~ it LR L L L EEEL TP LR PR P REE R PP e e PR

MK AR (s )

R

3.00E-010

%

H

2.00E-010

800 900 1000 1100 1200 1300
i 7] /s

& 3-13 HRUK 9 B R K
HWHENZ RO T RS REA R R (3-2) EIRMIH, i oy:
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InD, =InD, —%% (3-3)

KBl 3-13 I [ RE ROK 3 BOR BUE A AR (3-3) o, 33K 3-14,
Xt 3-14 R E BT R MERL G, 15813 3-3, £ 3-3 AR 5AAE S i
NS RE . IR 3-3 FIIE 3-14 AT LLE B, TERE 2 EH 0.2 W/g. 0.4 W/g.
0.6 W/g I}, /N HITEALBE 2 N 276.64 kJ/mol. 342.8 kJ/mol. 300.7 kJ/mol. 0.2
W/g IR B AR, RS e Befase, Db TIRmA S, TS0
mfEo
2 3-3 LR KR

TR 5 0.2W/g 0.4W/g 0.6W/g
e -15.423+0.34654 -13.323+1.1263 -13.927+0.69308
ERES -2300+115.47 -2850+375.28 -2500+230.94
i S T 2.6667x104 2.82x107 1.07x103
Pearson fH 2% £ %L -0.99874 -0.99144 -0.99576
R *F*J5 COD 0.99749 0.98296 0.99154
WSS RSPy 0.99497 0.96591 0.98308

-22.1

-22.2

= -22.3 i
224
—a— L AE | | !
—22‘5 [~ 3 1 TN — . 26 1 [l
- - - - SRS S TR AL fE !
22.6 1 ‘ 1 ;
0.00290 0.00295 0.00300 0.00305 0.00310
/T
(a) 0.2 W/g
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21.6 a5 ELECELEty LRt L R EREEECELT
2217 - i -- N e e e e
-] SR —— RS S boememnes
N : ! e ! !
3 | i N !
Q219 p----i-mmomme e R FY N m e m e e fommoooooe-
= | : : :
220 ----d-memeee- e R CISRaEtE booioooes
_22 ] L __.I_ ;’IT—-IT‘EAE‘E I) _i __________ _i _____ j_ __________
’ - — - MRS S RIS LR ! !
1 ' ' 1 d
R oo o o P
0.00290  0.00295 0.00300  0.00305  0.00310
1/T
(b) 0.4 W/g
B Y N = T A —
W S N S
214 : . R e
~N : : : ‘
E : : : |
215 ? : L R
i | | N 3
Rl e il oo e N bomeeee
—a—n ke ; |
- — - AL S ]! : g
217 e T . e
0.00290 0.00295 0.00300 0.00305 0.00310
/T
(¢c) 0.6 W/g

K 3-14 ARSI T RIS RER AR

3.4 KEBING

iGN TR, ARPEA g0 45 R 5 HHE 2 Ml 15 2 T 51 4518 -
(1) FERR H 2 TR RE R, /INZEAEAN R S JRE 2% T S 8 e R i
RERFEATF T o Db L A IE I A 2 IR 17 /NZ2 37K AR BRI L, REABANIRIE A
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N2> PRI fliple The (I 3 K o 2RI 45 B M, 3 2 b4 N 22 R Ve A
W FE N 0.2W/g, THREE 1000g /N2 %] B 1) REFETE Y 60Wh -63.34Wh,
WREE R G, NERREAE 61.3°Chit.

(2) TEXF HUA [RI flip 25 B 5ok 7K oA 366 T 28 A0 T8 0l B R FE A e v, R
0.2W/g IR BE IR /IN S , oK oA i il e fef, (BT R AERE AR AIC: 0.4W/g [
T 2 MR/, KR sl B & v, AEF 8 B e s 0.6 W/ IR 2% 5
TN, PR, TR IE . TELRE S I A 2 R AL B SR K 4y
P EZhae R, 75 0.4W/g-0.6W/g MR 2 BEIX (8] 19, VAL RE BRI, 454
INFETIRIRIELE R AT LS, S DX TR] P /)N 22 A B (R I /N 22 3R T AR 8
7K 53 25 5 I DA R 1) S 5

(3) XFHARIR BT, SRR BIER, THRER. RRFER T4
e Gy FEFE Z I DG R AT LUR I, RE 58 (W0 ) 28 3 B AN B4 A TR A
0.2W/g FRIT: 26 FE m] LRSI B SE B0 Tk T N S K R R sk, AT
YRR P55 S5 K, (HLF SR BT VR FE AR TRV ASE A, KBS ) AR08 K T N T RIATL A B BAS
DRI AR SR, AL % PR 3R 1) IR A R B A P S R R T4

(4) WEAEA TR ER SRS, B R RR N R L BIERE T
BEAR T T HR55 2, 55— 5 TR NER 7 IR0 - i SR BE E3E 4 IR 4 o — Lol e,
T3 DR PR R 88 3 T o TP T8 25 DRI A3 AT /N 22 T o o R o 10 J8
Rtk B AR m i DA A
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B 4T NEWKED TR DT R RSFN

4.15|5

FERRI L2 TR AR R, /N2 A BB DRI AR AN R 7K 23 FEE R IRLFSE AR B 1y 7 AT
WS Ay, 2R I N A R R BRI, e AR RAL, TR, PRGN 2T
W J5 0T, SR R BT SRR RO R, BT R R R i
Tl LS TR TR — A B 7 T o AN TEAIE TR /N AR R S TR R R A
PR AR E « K BB BRI NL I 2 18] ()R 2R, I I F /N TR AR, 3of /)
ZEHATRAUTIN o B AL T P AT DASR BISR wm/N 22 TR Kodh i SE SR b, N
Ja 82/ ZE e LA RN A 7T rh S A s g A PR L A

12 RS T3

SIS R E LR A 77 (RORL VL « RIS ARfIREUNE, iRy
IKZRBCE] 20%J5 T F RS T FIK IS R A SOR AN EZ ORI,
PR RS 1Ky IR MASKIN JJSE R R N A R FI N T RN
SPRIAER ST AR R SRR R AR T Maxwell AL IE .

421 NIBTHIE

(1) 73 Maxwell #7

TERGSA AR TR o, PR R i EERIUAE R Y IR AE 2 F7 T Kelvin
FERUFT Maxwell BEHL 2 P i FE A RE SR MR .l T X Maxwell &34
AT e USRS R 21K IF A AT /N ZE I S AR AR G &R, BT DA B B 3R 43
SKHI S Maxwell B8L o Sy 7 17 B b S e HE /N 250000 10 B R oA, 7EXS T 3L
Maxwell JEU{HF 8 I—N ] g R3S S5, AN J7 B ) i 02l

s(t)=], 2G1(t)§e(r)dr (4-1)
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X, o(t) NEER TSR 11, Pas G (t) NAALEREL, Pajs; < AFAHBE ],
So

TERGSR AR AR J7 R, BTDIRA SR AR B B4, Hm A
J B 2 — EHLZR S HR B A2 st At (8] B H0 3 A0 2 AN, IX S [R] R B A M
axwell FIRISHEI0T, /NFERESAEAT A (1) S T4 18] 43 A1 ek O B X B A
A IEAS 0 A bR BRI SR A 10 o S8 = FP AR ME S H /N2 ORI Maxwell R
S, TEA AR Maxwell B S 0T R, 265 7 W0 EHT) Maxw
ell BRI SHH ML 256 AR (KWW RHD K75, T~ X Maxwell F78 ()85
DIk S ASE bR T ks oSl

B
G,(t) =G, exp {—(Ej } (4-2)
T

X, G AWIIRTI VI &, Pa; B OVIRE R T

(2) LENL
FERR LA TR A T, /N A AL K 0 B EE AT FE R 5, TR K 73 AR
JERAR R, BRI RN . o B NI [A]-J5 B e 4 X 1 oo, AN [E]-7K 73 B 4 PR 1

oy HIEH S 2 00,

Op =0y =7 (4-3)

KA, 9 REEIHEEE, s; 9, AKSITER ], s.
X 4-3 15 H R o 4
t
oL =0l Oy =3 (4-4)

X, S NEITERTE], s.

(3) &I fwi 77 72
HRHE Mukimder S FIBTFLI, AR AT RIE N :

S, (1, 1) :j;G(t—t')%ek, (r,t)dt (4-5)
K, Sy AMRLTT, Pas K /NZEVNHIRNEL T W | /N EN TR ey N

fWRAZ, Pao
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g5 4-3, R A EE O,

s,r(r,t)—TLﬁot Lo [8(r)-8(rt)]Se, (r.t)or (4-6)

A TN EHIGIREE, K o, A/NEWIIEK T, Y%: T, NSERIRE, Ko

R4 Mukimder S FIRF 707, i AR A -

erre(r,t)_z(;(lr—v)[w (rit)-o(r.t)] (4-7)

A, vANERITARLE: o, A/NEIIZIERGRIZIK REG o U ZI/ N AR
PR ALKy NI ZINE AR r AT EIK
el 4-7 AT 4-6, 13 BIBREARFMMA 12~ 3
(0
S, (r.t)= o(r

(4) NAPHTITRE
FEATG BN ZERIORLA B IO PE T TIS WA B 7 P AT B8, TRl 028 TR R
2 (- i 5 R O,

0 (rt) do(r,t')

)—S(rmﬁj[ maf - }df (4-8)

L(r)=3"s, Ut) (4-9)
Ref, R, I SR R TR B = R,)-

(5) EN ST
FESAME Sy 2T, R AR RIS T 1 2% 2 ] ik U0,

2
Srr = _2899 = _quxp = g(Grr _699)
=S5, =S, =0
o ) (4-10)
err = 2999 = _2e(p(p = g(grr 899)

Aef, SARBIA, NIm?: e HREA: o AERA, NIm?; e HEFZE,
AR R o, () AR 4-10, 73805 5077

cee(r,t)=crr(r,t)—gsrr(r,t) (@-11)
(6) FEFFIESHL
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1) XTI N2 R REIE S NI AE, A SC5] A = 055 AR
Srein gt R, Hep: B=0.434.

2) INELIEMK 2o, =0.390, JAMRELI®v=04.

3) Dnﬂ%’aiﬁt“o”mi:%:o.lo

4) FeBH T o(M ) AIFTETIN 1) 9 (t, M) A RD:
a(M )=2280exp| -(0.02T, +11M ) | (4-12)

9(t,M)=4.39x10" exp[ (0.02T, +11M )t | (4-13)

422 LI

UGB EAE: (1) RWBZ-08S TS ik B4 THRAE;  (2) HC5003X 15
TR, TR £0.1mg;  (3) JBUKEE:  (4) Fluke 568 %521 4h H 1l I,
1 (5) CT3 RS HH:  (6) Mitutoyo 395 B S 2 el ias. K 4-1 4
J R o3 AT A S I

Bl 4-1 JF RS BT A

4.3 KWHE

431 MURBEZE TR
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T LA TR S IR HT B TR A — /NI 2, (TR s A B ik T4
ERE . TG, KA I/ 22 B ST EAE S b, BEAT IR A MRSk R
S 45 AUE P LT PRI ZL AN IR ASC 70 75 00 A 2L ) B PN /N 22 o B AR P o
TR I & 4-2 PR

<

KA imsh

L F )

v =
T N 00O
= =
Kok k) \ \/\
- 8 10

1. JEHAEIKEE 2 KOG 3. M 4. BTFRF 5. A TR 6. ¥0%F 7.
P 8y ASRMEE 9 IR 10 HAERE
] 4-2 Ffg s a0 AR
BT TR N /N 22 R AR B /KR AT 12.5% N 85 o4, FARSEEe Iy
RUNFE 4-1 PR,

R A1 RWTTHE

A PSS
K ‘
T4 8] /min SR FE /min
1 7 30
2 14 50
3 21 70

SEIS ARG, MEFER = AN EAL BRI 100 Ri/N32, 7E4T 6T H UK
TENZ RSN, IR ARSUNERE, R REBER, RN =AH
INFE RIS E AR N S0 B s o TR S0 5 ., HEAT 9 SR, BdEinEk 4-
2 Firso
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42 LR

Fes IfE/min EE/SC MBS RRGL WL ARE YRHE

IKZ /% /% /% 1% fE/C
1 7 30 16.9 2.1 0.6 0.3 28.1
2 14 50 14 22 2.1 0.7 47.6
3 21 70 11.44 1.7 3.2 4.1 67.1

4.3.2 [E45156

FIH 2 T3 BUE I 7 R G A o AT G AT /N 22 R 4 5%, 16X TA3/100
5 E 48 K Sk . TA-RT-KIT B 5 [ & 46 i€ . % | ASAE S368.
4DEC2000(R2006)!'05IF5#E, /NEEAE S E 30 YR EE B4R . BRI Rk
4-3:

R 43 RS TT %

NI INFZ T NFE Al IR ipuS 45 H b fi e ri/g

Z/mm X/mm Y/mm mm/s

3.39£0.16 3.88+0.22 7.16+0.19 0.02mm/s 50% 10g

ik In e, 2l R R &, PNARAR O DT I OR R . /NEEHF
RERSIRAS I i 5 TSR BB S BR BRI e B AR I B 2 1T s e 1 70 5722
T i 24 5 R it 2 TA) FR) T AR T i iR el Al

Rl 3700 6 A, UL—4U A BURR AL N -1 I E A 98, 0 IS4 A2
T 5 AT R AR o R ESCHE 1 2 D g B AR T A2 B R AR BOR AL B s /N 22 A
Jis 4 R R i T,

4.3.3 By sy

Wt ARSI J5 (/N OE B 2 82 G, FHBOR B 82 /N2 R B T o Al
i MKERL AN 2 B R SUHUR, W/ NG5 R EL (— 280 WL (i
KAL) MR (S5 R =40 RRL) =Fhemimsiie,
4.4 ERS55H
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4.4.1 [EHESELG 7 #h

IRAEE 4-3 S5 R, X 30°C-70°CH /N, R BCHT 46 (1 i F2
MIEAEAR T EAE 0.62 mm-0.8 mm 2 [AIR, AT g 2R . XRE /N
FAEZ B TR RRS, P2 THIRRE. A FEE R RE, R4 Y
E=7E 1.12 mm-1.22 mm Z [AF, AR 30°C-70°CHI /N R AE T 3 IRk %L 58
TIERGGEAG, NFR T S AT N, B A 5 A B AL SR Sk T g R
SZ S e v L R B BR . FEIX AN AR, AN N RLIRES o X T 80°CH /N AL
R, BTS2 S AN N, AR 7R IR R o 172 T BOCCHLIR K /N B 7K 3%
K, [ HAEREE R, BT A SR Sk B R BN (¥ S Y5 o

12000

10000 |
8000 -
&0
2 6000 |-
& —30°C
40°C
4000 | —_—50°C
60°C
2000 70°C
80°C
0 1 1 1 1 1 1 J
0.0 0.3 0.6 0.9 1.2 1.5 1.8 2.1

I f/mm
4-3 AT 5 AR &
FHRR & sk 2 I 5 /N SR P () = A B, 6 Z Bhidh AT 4 o THE /N2 FFRL
SRS AR IR R, RIS % cosg 11,

R=|(x2) +(22) |1z (4-14)
R =| (YI2) +(22)" |1z (4-15)
cosd=(1/R'~1/R)/(1/ R +1/R) (4-16)

8 ASAE S368. 4DEC2000(R2006)451tE, 4 S3nHdi AR 4-14. X 4-15
M 4-16, THEH/NZFFRL SRR & BT,

_ 0.338F(1-v)?

D3/2

E [2K@R+LR)*T"

(4-17)
A, ENFRPERLE, MPa; FONEUMT, N; DAREE, m; vAMPRLE: R.
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RNE EL FHHIRNAE, my KOATRIZSHL.
NN ), AR /N2 5 I DR I A KA A B

i B A0,

3F, (1-v)? (_ _)} @18

A=m
[ R R

1/3
_ | 3R (1v)? 1.1 )
B—n{ (R R,) } (4-19)
AR A SZIG I ) 30 NMEES ESE 1 5B 50, R 4-18 F15K 4-19,
FR A B2 A R m] SR H R e o R i N2 T 32 R N o

442 NHS5REMESKERKFR

R TR ITRE N RN ) 59K 0 IR R, W BL T St T
(4-20)

P=aM +b
X, PRNEZIEFI S, MPa; M ANERIEKE, % a, b A5TF

IR BET AR R EL
Rl 4-8 5K 42 MPREBIEL &, BRARTREET I, 2ENP

FEKEM FIRR, R 4-4 Fos:
b 5 THRIRET Z AKX R

R 4-4 NEFEERGIY, RA¥a.
THEEET /°C a b
30 -61.3 1246.2
50 -70.7 1268.7
70 -29.4 664.3
b 5 TRRRET IR

X 4-4 HEBEEIEAT A, R R K
JitgE, WrRFrs:

a=0.06T* —554T +47.84 4-21)
b=-0.78T*+6353T +39.2 (4-22)

8 4-21 #1 4-22 1A 4-20 1, 538 F
(4-23)

= (0.06T2 —554T +47.84)M —0.78T 2+63.53T +39.2
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A, PONE A —TERGUN P 2 AR IR . /7, MPa.

Kl 4-4 feoR T /N Ab TG, AN AR 5 7K 3R 060 /N Pl 32 L 7 IR s o
REFHESEOAE, WEBIEREA 30°C-70°C, #KRBERA 10%-20%.
K 4-4 R, FEMFNRES KWK T, MRS LT, NEIAS| e
MU R D) RIVBOA ST T FEAH R BE AR T, IR S KR Al
BT, /N IR BRSNS AW AR, B B R AN WIE N R
AR I 7K ZR A5 51 AT 5 3 FRE X T N2 7 PR 2 T B8 s RT3 6 5 7K 350 L 1y

s, HARE S KRR, IXMELR ] & .

600
500
400
300
200
100
0.00
-100
-200
-300
-400

P /PMa

4-4 /NFE A B RGN i R N T BB IR 55 KR I AR AL AR
Kk 4-8 5K 42 MR EGAFRL &, FBAFTEREEET I, 12[EN A P
FEKEM KR, WK 4-5 Fis:
R 4-5 N PIEPIERAON, Fta. b STHREEET 2 HK 5

THERET /C a b
30 -53.8 1150. 9
50 -109.3 1958.5
70 -47.8 1076.8

X 4-5 HRIBERIEAT R, 2l R RS a . b 5 TRHREET KR
S, N s

a=-0.15T2 —14.48T +248.83 (4-24)

b =-211T?+209.31T —3229.4 (4-25)
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50 4-24 A1 4-25 A A 4-20 B, 55

P, = (-0.15T% —14.48T +248.83)M — 211T *+209.31T —3229.4 (4-26)

A, POANE A IERGUN P 32 (AR 1A M. /7, MPa.

K 4-5 JeoR T /N b T SRR, N R IELRE 5 8 /K 0] /N T 52 8L R
REFHESHAE, BEBIEEA 30°C-70°C, FKFBBUIERA 10%-20%.
K 4-5 R0, TEREES/KBIRT 14%0 XA, 0 dE S /KR A Fn, Bl 5
S BT, ANEIBBIRRET R N RIS ETHE TRERER EEKEET 14%
I TR, MR EK R AR, BRI 500 T, NIk B BT 75 8 )
SIS TREG EFHES . FEARRERZET, SRS /KBS TR,
T8 B ELS E F 75 8L 77 R IR S 1 b T o 72 I AR A 5 /K AR 3 538
EAL LTRSS i R A L) AL E N LT 2= e e N - AT
1.00E+3

1000 T

900
800
800

700
= 600] SAT LT TAAT AL 600

- LI AAL T AT AL TAS
Z o LT 0
LA /77 300
200¢ ﬁ...!!!!_g'"”, 200
100
0.00

-100

4-5 /NFE PR A FLIN T2 N 1 R IR 5 A K R AR
Bk 4-8 53R 4-2 MRS S, SHEARTEEETN, 2RNAP A
EKEM FIRR, W 4-6 ATos:

K 4-6 /NP =T UL ERAN

FHa. b 5TBEEET KR

THARET /°C a b
30 -34.9 814.1
50 -29.3 761.1
70 -15.2 677.7
XK 4-6 FREHEEATEIEAN, R R a . b 5TREET FlE
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JiRE, Wk R
a=0.011T%-0.57T —29.2 (4-27)

b =-0.038T?+0.39T +836.6 (4-28)

5 4-27 F1 4-28 1y A2 4-20 1, 153 N
P, =(0.011T? —0.57T —29.2)M —0.038T *+0.39T +836.6 (4-29)

X, PO/INZE P A =08 R DL B BREU i 2 AR I M. /), MPa.

K 4-6 JEos 1/NZ BN, SRR S S KSR XS /INAE Pl 52 N T I o
RFFHESHAE, RERNTEEDN 30°C-70°C, &KFERNIEEA 10%-20%.
K 4-6 LB, AEMFREESACRINEMT, HRESE LT, N IR
i RN S AN T e, BTSRRI, RS KRS, M) BT R
Ky AMFEREEMSRIET, BB SRR EE TR, INEIERI ARG e i
271 IV SR BT o AEIR AR EE 5 7K R AR S AR AL, {RFE B /KRN T
JS2 A3 (RI52 MALRE P R IR E FL s, ELIRLBSEOBRAIR, X AR GO 2

560
500 500
400 | 440

= RS ISI AR A AT AT AT P |
B NSRS ORI AT T 7 77 380

- ot

= :i&%ﬁﬁ%ﬁﬁ%ﬁ&% | 260

200, X RRALLALAL L7 ‘
45 | 200

100 =
70 140
M/% 80.0

Bl 4-6 /N2 B L AR T 52 N 7 B P 5 5 7K A I AR AL A

443 NNSRIMKFR

FRAE 3R P B2 T S A b TN B & K R ER (ESRTE 12.5%
PLR) , A DA i R 1X — R IR N 61.4°C. 1E 60°CH1 70°CF, A[FEZH4LL
T e B g FAR T B Nk 4-7 Fiows:
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K 4-7 RIRZRGUE R RIS 522 &

g/ ,C HEH i /g A J¥ & /mm
AL 6920 0. 36
60 WAL 10998 0.61
R 9764 0.63
B 7398 0.35
70 PB4 11938 0. 60
R 11369 0.63

g PEMESE)E, ¥ ZRRT AR 4-5 F14-6, 32| LLT452R:
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