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MICROWAVE DRYING PROCESS ANALYSIS AND
EQUIPMENT OPTIMIZATION FOR PADDY RICE

ABSTRACT

Rice is one of the world's most important staple crops and a key food
source for billions of people in Asia, Africa, and Latin America. After
harvesting, rice usually contains a high moisture content, and if not dried in
time, it is prone to mold growth, germination, or pest infestation, leading to
grain loss and quality degradation. Therefore, the drying process is a critical
step in ensuring the storage stability of rice, extending its shelf life, and
maintaining its nutritional value.Traditional sun drying is limited by
climatic conditions and has low drying efficiency. While hot air drying is
more efficient, it consumes a large amount of energy and has difficulties in
precise temperature control, which can easily result in quality deterioration
and nutrient loss in rice. In contrast, microwave drying technology directly
acts on the moisture inside the rice through electromagnetic energy,
achieving simultaneous internal and external heating. This avoids the
"surface scorching while inner moisture remains" issue commonly seen in
traditional drying methods, thereby improving drying uniformity.
Additionally, microwave drying offers advantages such as rapid drying
speed, lower energy consumption, and reduced nutrient loss. It also helps to
lower the crack rate and better preserve the quality of rice.The main content
of this paper is as follows:

(1) Dielectric properties of rice and their influence mechanism on

microwave drying efficiency
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The dielectric properties of rice are key factors determining the
effectiveness of microwave drying. A dielectric property measurement
system was constructed, and the coaxial cable method was used to test the
dielectric properties of rice. A mathematical model was established to
describe the relationships between the dielectric constant, dielectric loss
factor, and variables such as temperature, moisture content, and microwave
frequency. Experimental results show that dielectric parameters increase
significantly with rising temperature, moisture content, and microwave
frequency, reaching peak values under high-temperature, high-moisture,
and high-frequency conditions. These variations affect the penetration depth
of electromagnetic waves and the efficiency of energy absorption, which in
turn determine the drying performance. The model based on dielectric
parameters effectively predicts the temperature distribution, moisture
variation, and microwave penetration depth during the drying process,
providing a theoretical basis for optimizing microwave drying technology.

(2) Influence of drying parameters on drying efficiency and rice quality

The selection of drying parameters plays a decisive role in the
efficiency and quality of rice microwave drying. An orthogonal experiment
was conducted to investigate the effects of intermittent time, vacuum degree,
microwave power, and drying temperature. The results showed that
appropriately extending the intermittent time can alleviate drying stress,
reduce the crack rate, and promote a more uniform distribution of
temperature and moisture inside the grains. Increasing the vacuum degree
accelerates the drying process, as the boiling point of water decreases in a
high-vacuum environment, facilitating rapid internal moisture evaporation.
Under high microwave power conditions, the temperature and moisture
gradients inside the rice grains increase significantly, leading to greater
stress and strain, which in turn raises the crack rate. Therefore, drying

parameters should be carefully selected to enhance drying efficiency while

\%
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ensuring rice quality.

(3) Optimization of the drying model based on bp neural network and
genetic algorithm

The microwave drying process exhibits highly nonlinear and dynamic
characteristics, making it difficult for traditional mathematical models to
accurately describe its complex variations. To address this, a BP neural
network was used to construct a moisture content prediction model for rice,
with network parameters optimized using a genetic algorithm (GA). The BP
neural network learns from experimental data to establish a nonlinear
mapping between drying parameters and process conditions. By
incorporating GA, which simulates natural selection and genetic
mechanisms in biological evolution, the initial weights and thresholds of the
network were optimized, significantly improving training efficiency and
prediction accuracy. Experimental validation demonstrated that the
optimized GA-BP neural network model outperforms the traditional BP
neural network in terms of prediction accuracy. Key performance indicators,
such as mean absolute error (MAE) and mean absolute percentage error
(MAPE), showed significant improvements. Additionally, the GA-BP
model exhibited faster convergence speed and greater stability.

(4) Optimization of microwave drying control strategy and drying
chamber structure

Temperature control in the microwave drying process is a critical factor
influencing drying performance. A comparison between traditional PID
control and fuzzy control was conducted, revealing that PID control
struggles with nonlinear systems due to its slow dynamic response and large
overshoot. In contrast, fuzzy control, which mimics human decision-making
processes, better adapts to nonlinear characteristics. The results indicate that
fuzzy control outperforms PID control in terms of dynamic response speed,
control accuracy, and system stability, effectively reducing temperature

VI
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fluctuations and overshoot. Additionally, the waveguide configuration was
redesigned based on electromagnetic field distribution as an evaluation
criterion. Simulation analysis showed that a dual E-type feed structure
exhibited superior electric field uniformity and improved magnetic field

distribution characteristics.

KEY WORKS: rice, microwave drying, dielectric constant, dielectric loss

factor, moisture content, temperature
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G (e RV, ELREIR FE I Sh R B R R KD, B ER R AR N SR, A
VTR 0 U A TR B I B O RS E IR DR R T B . TE DA TR B Y B
PR AT BN D54 LI fl, TR S 2I-A&E r s\ A B 7 2K
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£ 2T WAMETRNEFED

l

TERBGA BT AR v, 7K L BB AL 2 e A AR PE L 0
TX LR RS R LI R 5 AR A A PRL I A B P SRS, AT S 3 5 a8 R A
FELAE I 32 S pR /0 FLH B F SRR R A A, T IR B R Bt P R i R e )
J& 5 AR G RE ) AR BE I A 40 3 . R R NS K R R RE A M Re ) 32
B, HAE KRR A EE . A, /et i &y 2k e ss e sk
H B2 AL RIS AT BOE R GR F AR A . RAEPATHOE N )2,
E PRI E A PR B 5 2 e BT H0, BRE T ISR . MLz R, JFsaRR
PR SRV DR L A0 7 R R Rk v, RE AR (AL B U RS . AR = DA
BRI G, T R B W2 B A ES & R AR SRR, R G0N E FE A FFRLAE
HE 25~50 C. F/KFE 5~30%. iR 0.8~3 GHz U W NS H. BTREA D
T2 7K AT R o A e S U S A, D RE A KPR A R (R 5 9
PEFR R A IR ANEE SRR . X — B AR B T 1 RE A S T4 R b A e 2 4
AR AL, SERCAMRA TR TS5 em TR RS MR AR 245 5 .

2.1 BEHIESHHHERE

2.1.1 Lg%

AR SRR SEIAN R R 2-1 PR .
*® 2-1 L

= ergE| - EA R iilbetid
Ji SRR PN AB204-N HERF -3 2 (1)
BKE L 7K AMY DS100 BT AR
T LM AR Ti32 HaAR MRS (13f)
Tt Ab T B TR A RWBZ-08S P 3 R 1A
S R W% A HTAX E5051B ENA FERH(h E)
FE i Tiisk 3 T EE L HEFENG A PR 2 ]
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2.1.2 HmHE

AR SEG 16 F AR AR K E R L5 48 IR 3 46 dh il SEES TGN, Jaf ] DS100
HLT I BRI B AR A IR S /K 3. BEJE, XIRBA AT KA R, @l iR
TN ] sk LA 7K R B RISCER I (7K1 o ¥R 58 i IR K AR RS 2 2 T 1Y)
Ky, FHERAEH DS100 L 50 3K G5 7K, DU DR A2 A (1R 48 18
BIFIRE -

Bt e, AR BT Il s TR TR AT TR AL B, (S KR B R SR T
HIZAKF(RAARS IR 2-2). ENERARNBSEI, Jy 18 errkE 2 <5
RN RZE, ke T e MR A I B RO AR Ja 12T D&

WL BRI, W ORAEA K BT B i 20 B 1) A T R a2 SRR 25K,
J B S 25 SR ) HERS I B A PR B

2.1.3 IEAZSELE

BT i N RS KR, N R R FR oK o 1 S bR 2 i o L AN Rl &
IKER SRR A R, A SRR PR A S K

(1) S5 2 A

LB R A DS100 LT K OCIE R S 7K 2, i IR AR Th A2
FEAE BRI B AR i, AR BT B AR P AT AL B, A FR E K
Ao

() HL S H =

FEAT A M R Ve T ARG AN G (R N ARE T o A SR Y T H 2
W&, BARSEPEN: MR R R IE T, WREART —H 55
TR . RRRELIE AT AT R R, B, REERERL KR
BT RCHE, A HAREE 5B AT i T RIHEME, DA IR SEER 45 R AT SEVE . R R
PRI T Hebf b, SRR RN 90 g, /M BIEAFNRE . SKR, HsiR
AT AR R . A SR B % A AT A (BSOS 1B ENA)EAT W&, 44
(Keysight Technologies Co., LTD., Palo, California, USA)SH A4 HE, it
HAFEIRR RSB 2-1 Fios.
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WO EE T IR M2 ST X
ggQEEEE
@ 0500000
g8 88888
) 7 o

LI AL
(a) RSk

(b) FKEMLE DTN
Bl 2-1 S HREE A R 4t

(3)IEAZ S5

FE A S IG Rt b, (] DS100 H 7 5 2K E RR AW UG & 7K &,
TR P RE I IEAC 9280 . R Ly, (6°) IEZC 9B BETE, Bk RIWE 2-2. K
PEIEASSRIGSR, RO BEIR BE . S K S FNB A2 S5 rp R R i, e R A v
WA AR T R IRy RIS 18 HSEER, SIS Rk 2-3 Pk

F22 ERXEWMTR

K BE/,C B IKE % T AR /GHz
1 25 5 0.5
2 30 10 1
3 35 15 1.5
4 40 20 2
5 45 25 2.5
6 50 30 3
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#* 2-3 BRI AS R

7K R/ °C EIKER % AN /GHz
1 25 5 0.5
2 30 10 1
3 35 15 1.5
4 40 20 2
5 45 25 25
6 50 30 3
7 25 10 1.5
8 30 15 2
9 35 20 25
10 40 25 3
11 45 30 0.5
12 50 5 1
13 25 15 2.5
14 30 20 3
15 35 25 0.5
16 40 30 1
17 45 5 1.5
18 50 10 2

2.1.4 A&

NS RE, A SR IEAS 5286, fE i/ b seib s b, Bl KRR SR
FE B KER L AR A o B B AR IR T R SEI 50 2R o DA 5 1206 45 SR
B, KA, M L BOR A B R R AR | & 7K AN A
R R 2 AE R T AR I .

2.2 JrEEFFMHRE

DA WL RV 7 A B A BRI T SR L K& R SR 2 TR 5%
HRIE, TRINAC ™ dh A AR PESR i T B AR,

2.2.1 NTESHFNRE
7E 2.45GHz BT, HEEMNBHRERFSEE. S/KERRRTET
LR PR AT ORI AT, — O
&' =a+bm+ct (2-1)
KA, a. by cABMRE, NMHEEHSEELKS/KEPRXRAITRRUT:
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&' =a +a,m+at+a,mt+am’+adt? (2-2)
[ FEE T 45 LA R R - O TR BE R B 7K 8 TR R 9% 2R
&"=b +bm+Db,t +b,mt +b,m? +bt? (2-3)

Rett, UREFECC): mAEKE®%): . 8, & 8, a.+ a, WA B H
BUZHG b by by b,y by by A HUAREEE T RORE R
ARHFFHIEE T 2.45 GHz Z 0 F A 3 SOR A B ORE IR 36 T 2 Ak
W, T BUNREA 17 U
&' =0.2232+0.02247m +0.0751t —0.0008mt — 0.0007m? —0.0006t? (2-4)

&"=0.9726+0.0003m—0.034t + 0.0008mt + 0.0003m? + 0.0006t> (2-5)
MINEAE 0.5~3 GHz Y5 BN ARALES, WA HRRE SR &K MUz

HH—RIEA A
g'=aztb-txc-mzd-f (2-6)
X, a, b, o, dABRRE A, GHz.
TR A L B B B R 2 5 5 K R NGO IR B AR ek, Ay
HON:

g =c +ct’ +cm? +c, f 2 +ctm+ctf +c,mf +ctmf (2-7)
[FEE, SRR T 5 S SRR SRR Z MR RN
&"=d, +d,t* +d,m* +d, f* +d.tm+dtf +d.mf +dgtmf (2-8)

K, € Gy Cn Cin Gon Con G CoAMHHEEARE, d,. dyy dy. d, . d. s
de~ d, . dy A AR T R AL
ST RO M) B7KR(m) AR F) IS ke -

&' =2.4679-0.0004t* +0.0092m* +0.5814f

2-9
—0.008tm—0.0219tf —0.3278mf +0.0075tmf .

£"=0.7239-0.0001t +0.0019m? + 0.326f *

(2-10)
—0.0012tm —0.0199tf —0.1333m +0.0028tmf

2.2.2 FIERE

Tl T 1) S B R AE T L i e, HL R e T SR P SO B FE R S ik
BYNRIEL) 37% AEFRATE, RMBIMAA TSR R S8 FBRE
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AR A L H BORI A BT AR DR 1 U, AN 38 52 BB AR IREE . B /KA
B 5 S5 R R R o SR AR (i 915 MHZz) R B K I B IR, & T8
FERER IR, e S (0 2.45 GHz), FERERVN, & T H#ZY0RK
FHE. B b, TR ERE AT DL DL A PR IR

d = 05{9’[ 1+(‘9—fjlﬂz (2-11)
2n(2¢") £
X, d, RoRTLI RE EAEYRE AR, LI 5 L B A P R R IR AR Y
1/e TS BLRIFE B s Ao R TURAE 3 S A & SRaRMEH N w4, 7RI
TMEMEAEREIIRE ) " RAEARHP Y BARFE R T, [k T AR ISR AE B ok
W RE R AR
R, FEC2-11) T DAB S e A . o H o 0 DL S A P AR FE R 49 H Al 2
FERESTRAN o T 28 VR FE AR E T Tl B = 0 AT (35 S PE RN AR e, ) T 3 1B IR
JERRIPIRL, TR, ik Re L TPER T, FIES BRI I AER A, T
NI IERAN R s 5 EIREROR, Tk RE & R B N33 S HizE 2R N, (Rt
(SN IE W TR R ]

223 MESHNE[RIE

AR LEGAE F R T 2% o BT O B AR A A S 4. R B 25 3 AT AL (VNA)dE S
-2 R T B AE RB A RE S o I S R B(S 1) G s B2 4(S21), SEPLRT A F 250
RERR I o 2 PR A BOE I FE AR N, BT 0 R 7K 20 B AR P 43— PR 22 A
SR IRS), 52 RE B AL R S . MRE S AR A A% o IX L8,
TR RS B REIE N S S50, S5 ARSI ERE . 2 BRI R A8
(Un ARG AR ), R R B B AT MR A I E A B H, R A
(e )RWMEHEERREIIRE 7T, A B BIFEHE (&) R BRI BE 6 AL R BRI
BE 7o JEILAEZ A (U 915 MHz F1 2450 MHz) IR E G Bl R A&, ml 4R
MERBA B HURF I, DO 18 L Z A SR B O B ) B0 BE Al A S B0 B0 S

2.2.4 HERAEFRIRE
(1) LR 7
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TR N FA S A PR R I8 R ' P AT B PR 22 5 0= D RO T -

:
vpﬂ(vﬁ}(%?}(a—gﬁﬁ=o (2-12)
Ko, u BB R, ERRRHIE, Vim: | RRMIIE, He o R
HH(BOXI0° Mis); & BRI LG & RS BFER T | ZRREEC

e ) B 5 B 0 A L $50RE T 3 R E (077 B HEIO), SLARE D)
SEA RN

Q= 2nf & |E[ (2-13)

Kof, QETIHEINE, WIM's oIRMIIE, radls: o, 3R EH MM A 5
5.

B EKE IR, W, R TRITTR, kg: W, 25 TR R R,

kg -

M, = (2-14)

FLBER @ AT o 98 R AR AR S oo i S AR AR LAY, BRI

AV, +AV,, AV, +AV,,
CAV,+AV, +AV, AV

X, AV RSERT SRR, m®s AV, JBREKEIERL, m®s AV, eioe i A2
PR, m®; AV R SR RIS K DURC B R AR, mPs

AR S, FMUKMANE S, 7093 5 SCASAHARTBS K AR FR 23 501 B = A A
TS KRR Z A2 B2

@ (2-15)

AV, AV,
Sy = = - (2-16)
AV, +AV,,  @xAV
AV, AV,
Sy = L= i =1-§, (2-17)
AV, +AV,,  @xAV

SRR (e TR AR rh AR R AR, B R AR OB, LB i AR
FREA KA, NIFLRRAR R A AR A0,
AV (1-¢) = AV, (1-¢,) (2-18)
A, AV ZoRYIGI ZIRTTR R, m*s o, RoRPIAG LR

14
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OB iE
WK K ZRAA RIS i B Sy B G AR R, B S B 7 A% i R
IO 5 B T 7103

Civon =+ (2-19)
ot

Kb, i Aw. vEIg, B RIA K KR LA C, T R B (kg/m® )
n TR EERE(MAS): +: WAKE -, KIS + .

3y A5t R P TR AR Ak T DA e SR T AR R . e SR E T AR
PHGE, BES . RS HIUL AR, W5

PurCoet %T+ > (NCpVT )=V (ks VT)=21+Q (2-20)

i=w,v,g

X, we vATg PRIFRIAK . KM A RRERIERAIKG);C,, 21
MELAEI (kG K)): py~ C, o Wk, A BIZRITBUR B (kgim®): py R
FERE(kghn®): C, ., RAIBUR LAV (Kg-K))s ko, ZA AR S35 %
(W/(m-k)).
TR A K ZE BN KBRS K BKZE AR I, SR R 7 28 Rk A U0,
BRI
I\/Iv
| = Kevap ﬁ( pv,eq - pv) (2_21)
N o KBRS, Pas K, NRRERFAL, 1s; p, MEARSIRR

AR, Pa: RIEFEMMAERI, V(mol-K):T ForfE, K.

23 ERS5HMH

N T IRUEPTHE H B BCA R B HERR I, FRATHE TR E L B /K MR AE A 1
S HURFPEREAT 1B, SR SRR T R HOR S AR RE A o IR bl S
M SEAHNIE, KIWEEARAY S, 0k 2-4.

R 2-4 S HURHONA HLARE R T (1 TN S A

WIELC  BKE%  SR/GHz - TME/ e MEAE/ e TNE " WERAE/ &
30 10 2.4 1.9362 1.303 0.495 0.388
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L3 2-4
WEZPC  HIKE%  BFE/GHz  TME/ e WEAE/ e TE/ " DEAE/ "
40 20 2.266 2.260 0.579 0.542
50 30 2.45 2.474 2.484 0.785 0.865
30 10 1 1.998 2.121 0.354 0.297
40 20 2 2.327 2.121 0.258 0.320
50 30 3 3.339 3.095 0.411 0.488

X2 IR, B ST B R RE A I SRR A A R R TR
HRPE S BRI S FO H A W BN A B 1
2.3.1 RESEKREINNEBEFFIEE RN

BRI AR ZRAE N 2.45 GHz, RS 5 /K0 B E B A B R K1 1R B2 i
e 2-2 Fizs.

I H AL fr BRI 7

10 T~ __— 30 _
&K% (%) 0 20 B (°C) BKE (%) 0 20 B (C)

(a) ArHLH L (b) A HIRFER T
B 2-2 TATIR A 2.45 GHz i, A BRI B IR A0 25 /K SR AR AL

Kl 2-2a o, FERPETEEEIA, A B HOR A BB R B IR A 5K
KT Em S BT, £ 25 CE 50 CHIREXIEIN, BEESKER LT,
R R DU R, RS E, HIEARE E  ICRSRAE R, SRR T
RS, REBUARAE .. S EKRE 5%E 30% U HE N, pEE
REEM 25 CHZE 50 C, MMHEHOEEIER, HEKFERE, SEIRRHE. Al
R R/ME HEBIAE 25 C T 5% 5 /KRN, T KB U HY IAE 50 "CH 30%
IR T . B 2-2b FEKEAAN, BEEEEZ KB, A asEEE i
WK, RN, MEKEM S%IINE 30%, A EBFEHE PR k. S
fESERT, A AARFE R FBE S KR BT . ST, 7E 25 CHAMT, SKEMN
5% 15%0, A BB ARFE R AR BON 218, R BT RS,
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XL WMRIRIA T N E RIS A AR R R R 855 o

B 2-3 RUIA RG-S AR S 7K S0 e & RE 4 (11 HU R B9 FL AR ] 71
SO o DRAFIBINRAAL, TR Y 25~50 °C, & /KFATEHIY 5~30%.
K 2-3a RYIBEE R A TS /K RAE —EVEH A RN, A B w2 B R
o F£25 THE S0 CHRIREIEHNA, FEERBSSACKIIM, AMRELEI LT
Hah, KRB M S KES N HCRIIEARDE, RIS KRS, /B HosK,
REAT I AT LA A7 50 22 i) RER1O0, HL IR s iy, A U B i S5 s B 2% 4
FIREN 5%ZE 30%HITL N, FEEIRE T, /TEEBRETIN A, FEEKRN
30%I A B KR, IXRBIAE & /K R B (MO0 T B e s 3t i PE Rk 3= 2 AF
MRS E T, M RROR EEBAG, BT SR &0, S8 KRR, b
i R I e H BN 2 BUE N E RIS . & 2-3b R IR AR AT IK
A A AR T 1200 o £E S ACRIEE R, S FARRE A 3 Rl T e i 3K
HAE 45 "CHI 50 CIf, IR HFEMI N R . HIREARN, S iieH it
FRKER B BINNTIG R, JCHAEE KN 25%F1 30%0,  HE1E HEI & o

A RTES

ST HLBFE R T

=) = ~ @ a @ =) ~ ®

—

T~ T - i P
m}\;o{ w N 0 44"2> SKE (%) T I (°C)
(a) I HH AL (b) SRR T

2-3 AL BRI T RE IR 5 S KR AR

2.3.2 ‘RESHUESNERITE RSN

K 2-4 JER T RBIREM 25 CTFHE 50 C. BEIRFEM 0.5 GHz B % 3 GHz
I, A B BRI ARE R T A O . ] 2-d4a BoR,  JRFERAER (1 HE Nt A
R BRI R 2 o BRI E I, S R BRI g ok, BRI 0.5
GHz) T, i B H a0y i B[ g I, A FU s SR AT 3R G I G oK, (EAEAIG
(25 'C. 30 C) T RILFFET S, MmaESR@ 50 C) FEiRREE, &
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g M N e e 2 VAT

P P Xt HL PR R T R A0 o o fL T RLE o el AR T IR B i KA &
2-4b FE7R TR AR XS L ARAE A TR . AR E R, A A ]
TREIRET Mg, HAR sy, BB, 2R S E T, S s e T B A
I BLERE IR TS o S ARG R 5 i sy AR AR BE N Ik Bl K AE

IR fr AR EER T -
7 0 16
AR
\\\\\\\\\\
" SRR 14
12
5
1
=
4 {8
] 0.8
&
- 06
2 04
50
02
1 /{
1.5 1.5 / 0
30
1 0 1 S
s (GHz) = e °C) TKE (%) HE (°C)
05 20 W 05 20
N )—l‘»ﬁ AN =1
(a) ST HLH (b) SrHLARFER T

B 2-4 S AR A ERE A B IR S TR (K AR AL R

2.3.3 RIKEGHURINRIGLE RS

B KRG BRI A B O L ARFE A 7 2 dn 1 2-5 Pl . R HE
SR, FIKEAITEE N 5% 30%, Wk MAE RN 0.5 GHz £ 3 GHz.

AEENIE PIE R e R

am
Iy

Wityyltyy

iy ?

1’3. 4 e
= 2 08
il 4 &
2 06
w0
1 ) N 2 0.4
. 20
< 0 02
1 15 S 15
\/ 19 A BILHE (GHD (LR
Wi (GHz) "5 &K% (%) RELRT 05 5 FKE (%)
4 =1
(a) SrRLHEL (b) S EELRFERE T

B 2-5 AU H G o FUSRE IR Bl 5 KR S R 1 A
K 2-5a RYIBEE SRR S R g m, MR ERREEER BY
IKRERAN 5% 10% AR, LB (AL A HUH B IS, iR
£ 0.5 GHz % 3 GHz Ju[E[ NI, A BB Bl & 7K SR A9 39 0 2 BB R Ja T 3
AL AKRANALS, S HUH B IR AT R G K, FFAE S KRN 30%. M0y 3

18



RT3

GHz WA B KME. B 2-5b iR, A BAURED 1 B E AR I TR g K.
AT LE I, A FEARFEDR TR S K M 5% 42 30% MGk, HARKAN(U 0.5 GHz)
T, B KE X H M N, AL S 3 GHz) T HGIE B2 . 5 /K BAR 5%
10%) 5, A~ L0 FE DR - BE AT 2 589 i 52 30050 B8 i AR 34 T 7 = 3 7K R (0 30%) I
A B FE R BRI S BT, HRTE B KEN 30%. AHZEN 3 GHz ik 3 5
KAH

2.3.4 FERIFEE 4T

A FARFE DN T SO T MR HU R RE B P RE R BE 7T, FLEERK, R ITA R
W FL A RE R 22108 3R 2-3 BN B 25 R B, A B F S EOR A FBRE R 52
L EKE KR S R, B = Z A AR . XS5 (AT RS
A — N FARF AR RSB IR T 3 7K B AR Bt A 2 SR U A L

K 2-6 4B~ T30 B K R A AT FE A A Bk (O S i R A 45 SRR 1,
B IR IE . B KSR T, A B HOR A e R 738 RO K e . &
2-6a HE—35 o, A B K 26 LR RATER (X 38 I K, FRAEIRE R 50 C
BIKEEN 30%. HFEN 3 GHz I IA R KMEH. 1B 2-6b R U] T =WiHZR 540 L aidE
7 Z AR, RUEKEN 30%. N 50°C. HEME N 3 GHz I FEH A

(= =)
FLARFE R T i K.
AOLERE S I WA FER 7
250 v 250
@ .
3 ] 3 L]
L4 200 ° 200
25 @ 25 @
° " .
w2 e w0 g 2 e 50 &
° P ° ¥
& 1.5 ® =15 e
N L] N °
1 e 100 1 o 00
. o®
0.5 4 ° 0.5 'Y
30 &5 EUN 50
20 50 20 50
° Sl 40 S . S 40
L _— % N —
YIEKE 0 20 X3 Y15 K% 0 20 X/ T
AN Hg ok A =
(a) I HLHEL (b) S~ HARAER T

B 2-6 4 HLH BN R BAE R T REIR L« 5 7K R (R AR AL L

2.4 KREBING

S HURFIE N o ORI, R B R GER MUK LR ST R A2, SRR
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MBHAFE RS, PR R LS FAFEIRZE . IR . /KRR R4 (0 A v RS 1
HARELW, /5 EORA B 1 BEIEE . Sk 38 SRR A3 i ok . K&
T 25~50 CUREZTEH\ 5%~30% % /K Z U LA A 500~3000 MHz i A3 56 ] Y 1
ARG, A3 AR SL T TR Ay FLH ORI FBURE DR T A A A . BRI, A
HHUR A B BFE R MR B /K e AT 1)1k B e KB B A A . RS I H
VEREYUE T HAEROE A G N #EE J0, A AR IR S i A RS 1R T
SR T LA
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£ 3T WA TRIEN 1M

ASCVATEAS TR TEXS B, R TR A A5 Bl 302 T o (1 4% A% ot B i AL EAT
N2 77 AR AR AR o At Ao T 6 [ S S R A LR T R, LT AR, I S
B SerilE AR B AT SE I, SR FUM S S RO R A Ilipe 0 A5 TR 2, 9Rs s TR 4R
BRI -

3.1 FreiRal

N TR TS RE R N B, PR tAT 1 bR, et —
POk, FEE N BB AT AR EE AR 0 3 AT A2 3 B0, WIGE N TN . FERAE
TR FE A BARARAIAAR,, A4 TI5200
3.1.1 BHGEGE

FEAS AR 3 25 T A6 0 B R g R mT FH 22 5 W 5 8 3 7 FE L1380

— onf ) o=
-1 et ' " — (3_1)
Y7 (VE) ( - J (¢'-je")E=0

KA, p, BRI T, EL I, Vim; f BaME, Hz; c Bt
(3.0x10° m/s); & FRMEHEE, FIm: & LRNEHFE: ] NEH.

TR T fct 2 A i e i R DO,

Er (3-2)

1 "
Q= Ea)gog
g"=¢'tand (3-3)
3.1.2 fERfRBHRE
Pl TR R B By, AR ST IE T RE AL I T . 28R FURTE IR (Tl
=g AP IF

24C et % =V(k;VT)=Al +P (3-4)

21



RT3

Rof, o, BRELE, kg/m®: C ., FoRHHE, J(kgK): k, FrGHEAM,

p,eff

W/(m-K); TRREE, K VRRERER, JIkg: | RpRKHERESR,

moll(m3 -s) .
Tk R 2Ny
DR — Mt+At B Mt (3_5)
At
et M. At Atk
Ik A RONR,
2
_ D
M= =My 8 o E ey = Mo (3-6)
M,—M, = M,

X, My MgRTM, 20 3R T ¢ 205 7K H0a & KRR 5 7K,
M, EAHEET M ATM R/NM, =0), BIXM, ZIEATT: D, KA AT HURE
(m?/s); LFRFEMI—FERE(m). B

2

T Dzeff t) =ﬂ (3_7)
e M,

8
M, = —exp(-
T

XF T RE PO, 15

8 7t2Dff M
—In(2) _ e — In(——t 3-8
In(M) In(nz) (4L2 t) In(MO) (3-8)
221 In(M ) BRI A AL it 2k, ARIERIZE A ARG E AP #i Rz D, , B
=752Deff (3-9)
41°
A, kKFRIRRE,
BHRY BARECN:
T
HERE A LT AUE
Dy = Dy exp(- E;m) (3-11)

XA, PARMBEThER, W, mAkGE=E, g; E, NGRS, WIg; D, NETfE%
H+, mils.

XF 7 REPIL IO A, AL RE D -
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Dy

In(

Ea=P eff
m

) (3-12)

3.1.3 M AER

W RRASE 2R E BRI — s A1 4% [ (O 2R R i, el ] ARG LA
FUREPE K ZEL A, FERIOWRE BB E AN PR 4 o BT REAS 7= R 1A B ) AR 2 pi T
TG AR DAY T2 BSGULFSE 5 T R /K 23 B BEE T JST - ELAE R BRI, R4S P 0V o
TIRAZ, Ko A5

K AEAFXS T[] AH B3 FE (v ) EH Takhar (1)) X 3E T @ PR IR

Vs =—£"(D"Vee" +BVo) (3-13)
Ref, e ANKMMAERGE, D" RRAERKRST WA, B KIS H, v,

NERBRFESE A, o RGN AT, RIA R
0 t—7 |OEyw
<ya):;;!6mexp(— &;j—g;—dr (3-14)
b, S, ARASIE AL, G, RIAL A B m A MaxWell 875 5 11 23
PO FRRABRI (], E5,, S5KARAL S Hit 26 BTy
g, =5 % (3-15)
1-&"
N TAERA R ICHERIETTIE, K R 7 R AT 8 4 A e Ff AR 4, 46t
B s T REVSL, R
0z, 1 OE,

at+}Ezm:c;m.—a—r—,(m=0top) (3-16)
X, Z,(m=0top) N m 4> MaxWell 570 HIRESRAE N /)
ORGSR ) 08 AR B
o(t)=32, (3-17)

J7 G2 SE R A T R R AR A TR AR AR AT N A T R SR AT
No MR HHES m D2 T ROTIFRALR, B2 T T S A
BELJE A% o JL B A BB VI A6 IR AT B N AR st 5cdiE , SR Prony 2 51 HEAT AR LAY
By AR L TR IR AR st R
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p
G(t)=G,+ ) .G, (3-18)

m=1

i, 30EE G, XTI R R G (1) I TTER PT LALE £ 7 34 o7 i A8 45 R AR 46 f5 1) P+1
Y 77 RE R I 2 FE R TE T K RA S [R]( A, — 00) 13 B, IX IR 7 UH (3-
16)HI5E T LHS fEAUE T 2, PS5 0. A BIE St (a] A, ¢ KU R
&

A=l (3-19)
a,, a;

[, a, Ma, 25K AR AR T, a,, Al a, 8 i i A -7 7K 2605 & i3k
MR E 75 FEAS P30S e [ A AN K R 2E i, 3 PR T DA 45 R B
RESRPEAT Y, BRI RE AR AT AR — PR RG34 o AR (DRt B8 12 FT LA B 39038
BELJB 2% 1B RGURMEL . AR SH T MaxWell AL, X & RS AL #
M f 5 BB EL o Max Well #5578 v 1) 3 S0 AR ol 82 10 3 B, i 28 I
[BIAR T, FEREIAar I L RIRA St BH B ARG SRS, R B m&fr, HA#
G UL ST PO B e B VA B 5 T A
o=D, (¢-&')+K,(e-&")+S, (3-20)
K, Dy, RRRIERFE, Pa; & RRENA, Pa; &' LRWAENAE, Pa; K, Fon
RRBAPER R, Pas S, R =4 MaxWell BLCHIREBERN /), Pa .

NI B D, AT HU(3-21) 7R :

4229590
3 3 3
24 245900
3 3 3
D,=G| .2 2 4 4 4 ¢ (3-21)
3 3 3
0 0 0 200
0 0 0 020
(0 0 0 0 0 2

A, G oNEIUIE . Hh G WRRAN:
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©= 2(1E+v) (3-22)
X, voRIARALL, ENsfvitis.
PRAR S AR B A 5 (3-23) R
= 3(fzv) (3-23)
Rhisa etk B 8 SO
Sy =Gy, +G,0, +Gy0, (3-24)

A, S, FAR=A MaxWell SICHIRSFNER ), HERR 1 5 22 7o 45 o047 4%
ROZEga RN, B 3R . 7F MaxWell A1, &30 1N AR (g ) AN T
=5 B G 1 R B AR 2R (kv )RR St [R] (o )R e, AR

s (3-25)

b

Aol SRR B E P TR P4 MRS, 5 N B B R 3 3
R,
i B A 28 o 40 i RO

Ui

1

Ve = g [ j_3j( D"V, &"+BV o) (3-26)

A, VR H B EE T, MR LERE R AT 41 2
[ AR A 7K AR B P OTRT 2o Oy«

w

w 1 w w
" a;t +(j 3JVL-(ngWVKV’S)+8 p_2¢ =0 (3-27)

1-&% ot

3.2 TMMAAESSERFERREMRE

3.2.1 #8}

SEIG K B 58 SREAAE AT R A RE, oA ki ok s . oA, R
~PAHIE A PRI PORRL, PRIk TE, S HIRVEE KA, WSS R I K 7, Bk
W T RLHRL, TNVKEE (541 °C)A . KA E bR (GB9457-85) Ml 54144
EIKE N 22+£2%.
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3.22 SLHFHE

T EIGAXER NS 3-1 Pl o SR e 2 A 4 iR Sl A IR 7] () AB204-
N BT RV £0.1 me). RIGEEEMBIEAIRAF K HS100 53K E
A B T B TR R PR A F] ) RWBZ-08S Tl 525 148, DL AARAR SOl
AR (L) A IR A7 ) Fluke59 2140 LT IR ACAN Ti32 ZLAMNARURAL .

(c) HFIHTRT (d) REITE KA E A (e) ZLAMIAZAX
B 3-1 B A

3.2.3 9 AE&E

S F T2 O AR S 320% 340% 250 mm. LAEAZ N 2.45 GHz
MRS TRE. ETRRTHMBEASTRENLS MY, KA COMSOL
Multiphysics 6.1 £ BR TGER A0 -4 i AR EAT AR 5 0 B0 A0 A, A6 FH e o [l A%
A R A 168 S5 ) B A AU 07 SRR B IR TR AR A, SRARAL AL BT R,
PiEIF (8] 24 min, KN 1, B AL AL 505 45 SR S TR ) R0 & SR g AE 4
FETRI RE T = AR R JRAR , 23 b B ) AR SR A FF LR AL DG &2, W] 3-2 it
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() FEiAAET (b) WAL AR
B 3-2 TR ARRRR

3.24 SLWHE

X A JERTE VKA R R AR L, 3 BTE S — BT I, WROSCRE A8 KPR T K
53 RERBAATRLIG A B SIS W A6 IR B 5, ARG A T B AE TRip B 5 T A T Mo s A
WIEHEL L, FES TR A1 E N 4 min, 8 min. 12 min A1 16 min, [AJERA []3EHL 0
min, 2 min 1 4 min [ EME, RIZTE 16 min/2 B, S8R 25 TR0 ek
KA, FIETR, RERSRE, BEE 255 E 0min, 2min, 4min, #HEG
BEAT THAEA X1 min/2 B[], SERCTEE, FRE TGN E, HLIMR
GACFIFOE MR AN SRAB A FERE 210, Suih R RE AR SRR . 5
B0 B[R] BRI [5] (0 min. 2 min. 4 min). 3 Z5J%(0.05 MPa. 0.07 MPa. 0.09 MPa).
T 1300 W 400 W 500 W)FI T (30 “CL 40 C. 50 CfENSEKAE,
1R 3-1 B . ANSEBRA IEAS SRR B 7 IR (L (3*)), TRt IR ) % 1 T 34T

9 ZH 56, SEIGZE RANE 3-2 s
£ 3-1 LI

(SN [ &R 1] /min H 2 /MPa T D% /W TR E/°C
1 0 0.05 300 30
2 2 0.07 400 40
3 4 0.09 500 50

%32 IEATSLN

KRS [ &K [)/min - HAE/MPa RERIIR/W TIRIREECC SKEREER
1 0 0.05 300 30 16.06%
2 0 0.07 400 40 14.87%
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43R 3-2
SRS [FJKIN A /min - S BE/MPa TEDIZ/W FRRIREE/C SLEg R
3 0 0.09 500 50 11.39%
4 2 0.05 400 50 13.47%
5 2 0.07 500 30 15.30%
6 2 0.09 300 40 12.92%
7 4 0.05 500 40 15.78%
8 4 0.07 300 50 12.02%
9 4 0.09 400 30 15.41%

(DIREI I E 5P

i FH LM AR A SRE AT TR IR B A B e, o B L JRE 38 20 JE AN )
JE o AR 23 A BB O ANIRRE R, X 9 NI RE RUSRAR BE T 3048, P X AT 22 7
B, VFSARZE NP IME, SR DT Z MR IER I 51 o AR SR ZER 25 (i 22
ORIR BB, Bk AT

(3-28)
AT, =max (T, ~Timn )
XA, AT, RRESSIE, BANCs T, AT, 20 5 30 s 70 5 1 IR & 1Y)
AR ERRARRE, BT n Z2WEXEG AT, REFREIE, BA08TC;
T 0 T i S5 A ES D0 R B oL BE AR AL S, BARACs R R
QW25 1t
B BRCES [) . BLA% B | ARl TR AN TG0 BT % W B = A S 3K T, AR IE A2 56
Tk, AR
- _Yi +Yj +Y,
¢ 3
KA, Vo Y MY, AERRIRE S ATk SRR R, Z, R B d
P E R, dBEN 1. 2. 3.
MBI B TR LS L AR I SN TR AN R SE B KT AR 2=, @Rt
W2 o M Al Al TR R 20 45 R R AR Y, M= A AR
R=maxZ-minZ (3-30)
R, REWMZEMM AN max Z B PSR AME: min Z & 455 R &/

fH.

(3-29)
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2 E R, 2 BH T A5 A 30 SIE 0 45 SR A RE M 0 3 5 ez, IR ZE1E R/,

()£ I3 Hr

WRZ LGS o S A IRLERINS 6] S BE TIRIRE ARG TR it 22, #EATHE, Al
AR ST S8 45 R I R FE L o

T3 ZE AT — A IE I AT AR DR 3R /KT ) B AR S5 B R S5 1R 72 PR AR SR R A

SST =Y (Y, —¥)
i=1
>
VARNE
n

ssA=>n, (¥,
j=1

SSE = SST —SSA

W R R R T B TR R KPR A R i K TR ZER AR 7 &, T
RUFZ TN ZO0 s 96 45 R BAT S22 PR . B 5 ViR S8 i PR e (R 2 byt
T HIWT . T7 2200 W AR e A TR

(3-31)

N, SST NESFIIAN, RonsRIRSs R EAR T SSAANE T, KoK TR
IR ARV S AR 5 ;. SSE k215 N, ZRos 1k 96 1R 72 BH A AR 5 8 8 ]
RV YOI RS R, Y N Sl ss R-FE: Kk
AZHERATE: n 88 jACFIORIR UG Y, N8 AT s 4 5

Y977 (MS) A F-{E 2 2210 F

MS, - SSA,
k-1
s, = S
n-k
E - MS,
MS.

(3-32)

X, k=-1RmHR A WEBHEOKTEIE 1), n-k Rz B o R0

PRI KT 50

3.3 ER518

3.3.1 FRIFIEEERTSKETAE N
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IEAZ S AE RN 3-3 K 3-4 B B 3-3 o, BlEETIRE TR LK, F
AR LB TR ass, HRARGEAIZNINGE, KPR IR T
FErf, TETIEEVIGEI B, BARMK 2 £ BNAFAE FREAFFRL A B E 7K, 336
537K 5y 5 R B S S5 G108, B 5 MK . Wi B KBRS, TR A RLA
FRTEMISE K TFIRZE K, SR A5G /K-S KRN S M 45 B OB, BRI 1 Re
R, IR T HaE R IR A, BEE TR (8] 3, 455 7K & BB i .
HE 3-4 751, FEBTHEERLE 0~4 min B, BATHER 2R LT, MHE 4~44
min 8], BEARTR IR A R R S, HFRRE R 218, XK HAFE 0~4 min
i, FEATIRBARAK > FZNE K, 7E 4min 51T, E#RD RS KR
RIS A K

Zh4 1K 3-3, [A1EKES [RIMEE 9 0 min B, BEAG RO Th A B2 BEAT R IRLRE 1
N, WA EKREIGEAEMEE, JETEN 0.09 MPa, HMIEEIIHEN 500 W,
FHEIEES 50 °CHf, URETRES TR R E B e, 452 ff AR e EAL TR 16
min, 7EEZEN 0.05 MPa. IR N 300 W THRIEE RN 30 CHIZMT,
BT AAR S /KRPTTHERA N 44 min, XRRITTIR, B2 AT 150 2 5t
FEAT T M 22 BAT O

—e—(Omin, 0.05MPa. 300W. 30°C
—e—Omin. 0.07MPa. 400W. 40°C
f=4=—0min, 0.09MPa. 500W. 50°C]
—v—2min, 0.05MPa. 400W. 50°C

2min, 0.07MPa. 500W. 30°C]
——2min, 0.09MPa. 300W. 40°C

4min. 0.05MPa. 500W. 40°C
f—e—4min, 0.07MPa. 300W. 50°C]
4min, 0.09MPa, 400W. 30°C]

0I5.10I15l20I25l30I35I40
T8 [A] /min
3-3 BB S KEAEL
A EFFTAR BALH 0 min. 2 miny 4 min o[BS ] 43 5024 0 min, 2 min. 4 min, 0.05 Mpa.
0.07 Mpa. 0.09 Mpa 78 E 4540 504 0.05 Mpa. 0.07 Mpa. 0.09 Mpa, 300 W. 400 W. 500
W R I H 8 300 W, 400 W, 500 W, 30 C. 40 ‘C. 50 ‘CHEin TR 5N

30



RT3

30 ‘C. 40 ‘C. 50 C, FEFRHEFREIEHITIME,

—=—Omin. 0.05MPa, 300W. 30°C]
0.018 —e—Omin. 0.07MPa. 400W. 40°C]
Omin. 0.09MPa. 500W. 50°(]
—v—2min. 0.05MPa. 400W. 50°(]

2min. 0.07MPa. 500W. 30°(]
——2min. 0.09MPa. 300W. 40°C]
0.014 4min. 0.05MPa, 500W. 40°C]
—e—4min. 0.07MPa. 300W. 50°C]

4min. 0.09MPa. 400W. 30°(]

0.016 |

Z0.012
E
=
£0.010
15
;5;) 0. 008

0. 006

0. 004

0. 002
——r—

\\‘___.—a.:\:h::.—

0. 000 & ' ' ' ! '
0 10 20 30 10

T4 8] /min
Kl 3-4 FEAT a2

—_—

3.32 FREZEEMN 2

Xof TR &JCET 1]« RO TR . 02 5 AR Yl 5 42 e L S 6 /ISP S 36 &5 SR 2%,
N 3-3 fizx.
% 33 LMW

FSfES K SIS T4k
0 min 1. 2. 3 14.11%

() &R s [ 2 min 4. 5.6 13.90%
4 min 7. 8.9 14.40%

0.05 MPa 1. 4.7 15.10%

HAESE 0.07 MPa 2. 5.8 14.06%
0.09 MPa 3. 6.9 13.24%

300 W 1. 6. 8 13.67%

Tl T 400 W 2. 4.9 14.58%
500 W 3. 5.7 14.16%

30 °C 1. 5.9 15.59%

T Jo it L 40 °C 2. 6.7 14.52%
50 °C 3. 4. 8 12.29%

= 3-3 MERNATATRY, ETEEREEE AN 16 min FIME T, [EEE A
0 min. 2 min 14 min B, FEBPIEKEFSHN 14.11% 13.90%F1 14.40%. FEE
(BB TR ZE K, FE IS /KRS NG BT, IXRM, 2408884 0 min 5% 4
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min B, BB [A]5 A B K Tk TR R AR T MRS, T AE (A B 8] 2
min I, FEA I E /KB EAR, 7 o A5 10 [ BT [ R 52 S0 T R s M K
# 3-3 on, HMEAEM 0.05 MPa 313 0.09 MPa B, 7EF 46 (5 fR%F 16 min [
AT BB SRR 15.10%I1F 8T N R 13.24%, H T BERZHHE . X KH,
b5 B FERIRR i, Ko B s RIS, FEASRPRL A IR 7K 2 28 R R FE AR, T8 3|
FARBCERIMAIROR . WO ThZE 300 W G ZE 500 W, 55 TR A RO fdoint 25 i 486
e FEAHE TR T Y, FEA S KR RGBS, R 500 W HED)
N, TR T, TR B T R T F e v 5 BORE A AR R I G R S A R
Fo IERSEIREAEREN, BT 30 °CFFE 50 °CHY, FEB IS /KRS T
B, H T BEMEEZEINRE, &KEFM 15.59%F % 12.29%.

Bl 3-5 JEIR TR0 45 16 min B R0 BE XA 1 0, P Hh s A AR v
WP Ay AT AN SY, Hpe DX AR v T DU A o o R SR DR O PE A T R R, s
I A P o A B FEAN R — AN S, TR TERS R P A AR A, 80
ARAE T I DY J 55 v AEAH [ IR (8] YIRS R GO REAS — B, 2 B A FPRLIR AN
— 3, FLUOR BT TR AR TR R BN AN EAE, TR RIS AT I
HORBTR A AR, AR AR s A B 3 AR AN 2

(d) 2min, 0.05MPa, 400W, 50°C (e) 2min, 0.07MPa, 500W, 30°C (f) 2min, 0.09MPa, 300W, 40°C
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(g) 4min, 0.05MPa, 500W, 40°C(h) 4min, 0.07MPa, 300W, 50°C (i) 4min, 0.09MPa, 400W, 30°C
K 3-5 FEAHIRE A K
REA P T BRI E 73 ATt AT o b, REAS TP 2R A 3-6 P ]
3-6 A1, SIS ONSEIR S 1 MISEES 8 I, AR B S S T A
—3, ARG NI 20 3, 4. 5. 64 7. 9B, FEATIIREESERT
AL -

T W
3k

——e /
g T
s ‘
40 - —
L=
35
\
30 | ]
25 i 1 i 1 i 1 i 1 i i 1 1 1 i 1 i 1 i
0 1 2 3 4 6 7 8 9 10

EE-;%
Bl 3-6 X EL

MRYEFEA I TR S5y, A3 2L AN AR A R S I 25 5L, 43 #r UL E 4 A 1)
AR FERLIELEE /3 AT o, R FH 20(3-28) 70 M R A4 foltip 88 i i P 350 50 5 1 &)y
FEAAC R, Wl 3-7 B, BRI 3-7 WA, 4SEER kM oAsiEe S 3. 5 A9 I,
5P 38 3 P BB DS, T2 8230 46 A S0 5 4 A0 8 I, IR I A BB R 4
LI NSRS 1. 5. 64 9 I, IRFEEHSIERUMEEAE, SRR &N 4. 6.
7HF, RS FERE R
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10
n _
° N o 5=
8_
r | ]
[ )
ol
= o
4 [ ]
I [ ]
2_
0 1 1 1 1 1 1 1
1 2 3 4 5 [ 7 8 9
Lk

Kl 3-7 B 5B

3.3.3 NEITFIEFRHIFEA AL~
TR e AU oL, A T B o TR N 5 R 808
PR, SEEG4s RanE 3-8 F 3-9 Aran. 2 I M ZE W FVOW JZ IR M it RS 72 Ak
PR AN, B 3-8 NZEMZERE, K 3-9 NEMERE.

: Ay &

o

S4800°5, 6.1m \.S;C Oum $4800 5.0kV 6.9mm x1.10k SE(M) ¥ g 50.0um:- S4800 5.0kV 7 1mm x1,10k SE(M) 50.0um

(d) 2min, 0.05MPa, 400W, 50°C () 2min, 0.07MPa, 500W, 30°C (f) 2min, 0.09MPa, 300W, 40°C
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$4800 5 0kV 7.0mm %700 SE(M)

(g) 4min, 0.05MPa, 500W, 40°C (h) 4min, 0.07MPa, 300W, 50°C (i) 4min, 0.09MPa, 400W, 30°C
K 3-8 ZMEREARIRE
e EWE AR T B IURZ 1000 £5.

MRIE ] 3-8 A1 3-9, 4hE3% 3-3 R EHBEA ()& (8] N 0 min B4 A0 2 4 min, FE%
TR A Ak 2 7K e B G TR N [B) SIS S e R A, ELIRLE TG, )R
JERFRLIR B2 3 AT SB35 5], KPR A 3 PR 7K 435 FEE AR P88 Hofs FE AR BT A, T BRI
AR 52 A, TS R IR SCR B 2 T R, RIMRSOR/ N R . 7EAH
THEAMT, B H A 0.05 MPa #2712 0.09 Mpa, AT ERTTH /KL
T A 5 PR, HL IS R R RLIELJE 2 A BE 38 50, X RN Bl A 3578 JEE 1 34
0, AEAK G i RURRARG, AT I DR B AR AT L N 3 K 43 I 28K, T8 BT 1 38 N iy
MR, ERARMALCEELR KR, AREIIZM 300 W HIINE 500 W, A
PRI 8 1 S0 25 P T 2 336, 7 [ S5 Rt U] 7Y, AR E PR 98 7K 23 W AL F e e
IO, (RO TRRCRIRTE, A, X PECPRLREE A AN, IR R
AR 5386 B2 (R I 2 51 38 KA R AR, TSRS A3 B0 -, RTIRSUR /N
TCH AR o ARG B R B (R N, TERI SRR T, B B KA
TR, XU TR RSN TR TR AR, (R IR G, K
L A 08 T J3 PR 7 53 6 AR, E 6 BE TN i) 1 L 7 R2AR (R 2 A, AR AR RS T s R 2
SR B EWN, ARG/ N R, X3R5 AR T8 o 5
SO KT IR B R) L 02 R T R

. ¢ > i 2 - v B IS RCERCNY 1 Ao TN A
4800 5 0kV 6.8mm 3 B0KREE(M) 10.0um’ $4800 50KV S@mmg3 0k SE(M) \ 1‘}0.n~ ‘ B DKV § SEM)”) W0y

(a) Omin, 0.05Mpa, 300W, 30°C (b) Omin, 0.07Mpa, 400W, 40°C (c) Omin, 0.09Mpa, 500W, 50°C

35



g M N e e 2 VAT

(g) 4min, 0.05MPa, 500W, 40°C (h) 4min, 0.07MPa, 300W, 50°C (i) 4min, 0.09MPa, 400W, 30°C
Pl 3-9 OB VR A 2R T i e
e SO E Dy B BB O 4000 £

3.34 BEMREARFREFHHFM

REAT B TRl RIEAT 2 0 H, &5  3(3-29) A2 (3-30) 15 21 [ it [A] . J0
& P DA T BRI AN R S 98 KT IR 22 3R 3-4 HE T /1, #5098 2 K00
REAT OB TR K R IR RE FEAF AL R 25 22 7 o HorP, TR S Bk 258 5
3.30%, NWUANHREAE, RFEESWEBAME T EIENEERER:, 55

FEES B EE N 1.86%, BT FRK 1.44%, Wil meR IR s WLl
RSHWIMEMEN 091%, BEZEH D T 0.95%%, KR ER L [6

S 8] S HO0R ZE 8 50 /1N0.50%) , BB DRI/ 0.45%, RINZF R RN, -
RS TRR, FERBR TR, & SHCEmRBREHT . TR
(3.30%) > B 2% B (1.86%) > T B 3.(0.91%) > [B] &) i 18] (0.50%) , 7% K & [A) 47 1E 1]
RBREEZE

34 WESH

s K NI e /ME S EEN
(] & BN 1] /min 0. 2. 4 14.40% 13.90% 0.50%
%5 /Mpa 0.05. 0.07. 0.09 15.10% 13.24% 1.86%
i ThZ/W 300, 400, 500 14.58% 13.67% 0.91%
TR E/°C 30, 40. 50 15.59% 12.29% 3.30%

g6 XGB-3D)M(3-32), XFEB e TS ie &5 Mk T 40 220 tr, A5 E HE
36
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FV T RZE, Nk 3-5 fios.
£ 3-5 BN

A H H SF5 A SS %177 Ms

() &K S 8] /min 2 0.0000378 0.0000189
H7 % /Mpa 2 0.0005214 0.0002607
T /W 2 0.0001245 0.0000622
TR/ °C 2 0.0017008 0.0008504
L=l 1 0.0000016 0.0000016
p=) 8 0.002386142 0.001194

ST SS N B — BRI FN SR I 45 R TTERAR . PO RIRCR, R R
SEIG AR RSB R . 3R 3-5 WoR, TERIR RIS A 0N 0.0017008, £ DY
W SR A R B K, 0 B R T RS R A B R SRR A SR IR s i B o S s LR
TRAFTTAY 0.0005214, 5 R RO AR ECREAIS 1 0.0011866, SZMEAHRHL
1K FRR S Th 3705 FR 0.0001245, 5 3028 B 7 J5 FIAR ELIs b T 0.0003969,
SO RS s 5 2 I B R (4 °F 7 R 0.0000378 5 e Th 2R 197 J AR L
kDT 0.0000867, FZMH AR BAR . TX R B A P X RE A 0 T MR SR IR 45 R s
Wi de R, FLUOR B B, Tk ThAe R, R BENT ()% S g 45 SR s se /N o 35
77 Ms FF AR AT AR e 5 2 2 . TSR BE 3577 0.0008504, izt
KT TR1 RIS TR] | 37 FE ARt Th 2 (R 135 77 (FE rh IRV BT R0 350 7729 0.0000189, BL7¥
FEXIT5 M 0.0002607, i ThE 774 0.0000622), 7 BT 150 B 2% - R 28 inkint
I SO0 4 R R B o S o R BRORT R B R s Th R R 1) ¥
A HT, ST IR R B T8 B S A AR T MR B/IMK O TR . 1
JEE  Aiipe i 2 A TR] SN 1] o ELASSEER R 2225177 4 0.0000016, K HISL50 1R ZZ 5D,
s BT A St

254 30(3-32) M1 3-5 T EUE, HE— P i BEEE H), [F3%R 3-6 Fis
gi. WRIER 3-6 W HTas A, DURFIRAAF(RE ) AR Bk D% AT
YRR, P ) S RE A B T4 RS M 383 B T R MK (F B3 K T IR FUE 5.79). 23—
AT R, MR R R LS BN R A GO TR R e 5o 3, L T JRR R 1
F 8N 521.014, HZ N FAE AN 159.721, Y¥EEE TG FULE, RUXPIE £ R0
FEA OB TR I SRR 3 o e, FIRIRLBE MY F B BROR, D) TIRiE 7

R TR AS
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TR TR B B R R . LEZ T, S D AnTal &t (8] 1) F AE2 5009 38.129 AN
11.585, $JRT I FHE 5.79, FRHIXMAEI R0 TS GOt B B2 . 28
1M, TN TA) A F R AR DS, 1 BN T i 4t SRR S MR R P AR AR

25 L PTIR, TR A A B R M AR A SO TR B SR B R 3, L GRI T
B, T T (A S M AR B B AR R, FEBEAT IR i R s ie s, AL Sa it
AR BT BE AN LS, DAARAG i (TR ASOR s TR - kip D 2 A e st (8], mJ
FESELS v i Ak B AL .

# 3-6 F HZEMRALK

FSfES I FAE F 18
() &[] /min 11.585
H.Z5 & /Mpa 579 159.721
T TIZ/W 38.129
TR °C 521.014

3.4 KEINGE
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