NS TS213.3 FH4%53:10363
2 % NF % £:2210120154

Q) L Hh25r%
- Anhui Polytechnic University
it FAIEX

B H  ESsRESTREMH
5 FARRELEAIRAL

it X 1 & EES
B A & I INEE 2%
g 5 I AxE HR5
E Ak F L2 AL

MEAE ) IR IR RS E

WXL AM: 2024 5 5 A 31 H




3 NN e el VAT'S

K5 TS213.3 FEAARIS: 10363
2 g NI 2 i 2210120154

Study on microwave vacuum drying characteristics of rice and

optimization of drying chamber structure

A RUEE S
8T 2 PMIA: HE%
TSR Ji s W b
L% L

Il TR AV 5 e VS RS

e R H - 2024 £ 5 A 18 H




3 NN e el VAT'S

ZHIERFFAIR IR R4 AR

ANFEEFE ] PR T AARIEE, /™2 X e A
W, RANERIEES T, MILHATHIR TAEFTBUSHIECR . BR
SO WA G BN SN, A SO S AR Al A A BlidE AR
C2e R R S A i SOSCR NS . XONANRHEY, 3ot
TS N ES DT, e RIS PIEEA R R A K.

SR AR ,-@k '3

o

HH. 2024 45 A 31 H



3 NN e el VAT'S

ZEHTIEXRFZ MR XAMAER R

FALRSEH e 4 TR KRR A A0 SR RE , [F]
B SE R B 7] B 5O DR T B LRI S8 SCRI A B AT i, AT
VR R B B B o A8 NS B TR K 52 AT ARG A 22 A8 SO 4
AR B o N A M ANAT R R AT AR R, T DR A SEED . 4 B Bd
ST ) F B ARAE AN G AR A 18 S

H'

mar L, 8 RIS

&

REARE T

T

RS 3| % menmEs, W@

HE: 2024 & 5 H 31 H HE: 2024 £ 5 H 31 H



3 NN e el VAT'S

AR ES TR S TIRIES AL

HE

[ e A B KRB A A 2, RE A P E ) R R A
Yz —, MNP EERE 7R REE, TFEREA - ERFEERD L
TS, BRI  (ERA A E TR ARy
RN, BERIFVEAT YIS, CARFIRAE RS2 o8, il A7 3 1]
FERLIR S SR TR — S BR AE ASER BETH fey» HRBAS ORI 7K 7 5 &
B P B AP BB LR, N WA E R RO T EAR R KA,
AT S SORE A P i ARG o 4 ] P K 20 X R AR S8 TR U 8%
AL XA AR R BGEAT AN, 8 A% i 07 At Ah E R R A%
B PRI N BT, 2RI N K 3 IS BT R RCR , (EE TR IRl 7
SRR N B FPRL TR K 7 AR, ARG TIRITAT, TR TR
BREBOR . MR TR — Mo R T 30, MRS TR 07 5,
FEDRUE St BRSO N 4R TT 1 T g 1 TR A, b 11kl
BAE, $EE T TGRS

AR SCE R W TR R S HOEATIT T, KA AR
T8 PR B I T V2 oF AR A A T MR SO ] £ 35 7K 3R Bl b AT s By
o, JEIEWEFURESL TR IR TR Bh T SRR, R T AR
I TR] 2 28 B 25 DR 3R RE A S TR VE B RE I, X Rl Jls AR 54
EREAT TR R . EETIFRABF LT

\



3 NN e el VAT'S

(1) FERE TS B B R i 7t

XA B A P 45 K R AR I 0] He S RO AT S04, 020 M RS I
T TR I, e FEA AR AR R IR, 108 T RS AR IR B A A 1 T
TIRSH, N T REA RS IR R # AT o A 5T, @ESL 1 RS
T R 0 s A Y 38 R A A S FEL RS B T 2, N REAS T8 B Tk
BE5 07 AU SR BEE R A 45 o

(2) TR T MR 1 S BRI 5T

T R B TR R SRS i, MSE T ARG A AE AR [R] B[R] P AN [
BRE ORI WIMRIRRE, FEE N SR, SR IR A SE 1y
EREATEAR IS T, TR T RS B TR R MK B/ I
FERVIMEIRE . i shae. B, e, AR, 2
PR T ABAS T8 2 HOR s TR R IR

(3) BT LS-SVM HE: 1) & 7K 28 Tl A A

NIREA I E 7K, RH T LS-SVM Sk E ST 1 s+
BRI, SR 7 BT IR R AT B BB BT A, i
ZANEZ TR LESHOVRN, UTBE S 7K A R 1) & 7K S 550
B, 193] T A F TR B S HA PN S 4. R 53 B
TAEAR IR ZR A R AT B TR T2 1520 o 25 5 7R T AR
LS-SVM FAARL K R HUNRG EEIA 2] 98.9974%, A TR EEAHEL
FAR RO AT, 3 B2 R B8 35 U b TR0 ARG 45 1) B 7K 36

(4) FEA OB AR 7Y K BB T

FIH COMSOL #ft, 3L 1 ARBA GO R R r A A ISR

Vi



3 NN e el VAT'S

PR A L7 1) 2 TR S A . S B RLRE RS AT (0 TR . 2 T
J7 R A AR BT REAR LI BRABURE 2 PN R AR 23 (R 70 AT AR
R, BT ESEM TR FIRE A A BRI 55
WA REXT L, RIMFAE— RN ZE R, [ERAERLEEML. &
W1 S ST 1R = 47 RS A A TR S 8 e 1t S P R O Rl T

(5) Tl TR i B it St

AT TR AR R 25 S e, T 1 — Tl i B Gl A%
BT A SR B B 7 ARFRRD U s /N
58 2 2B IIE TR AR, BB K A S S5 . B X L A
P8 BEIAW [ 6 S I8 R R IR Sl R BEAT BETH B, i vt S (1 R 4 i £
T8 RS IR RE 7 s Y L B 2, i E ORI 50 o A A TR
PR o T8 I IR P A B A S B S S A AT BT, A A
PEEHA RIS HAL BAL T AR o0 A, JFA0 s 44 3 B o B A
A ERAFRL IR K TR
R W, BT, TR, WY, BKE, LR,
TR E

VII



3 NN e el VAT'S

Study on microwave vacuum drying characteristics of rice and

optimization of drying chamber structure

ABSTRACT

China is one of the largest producers of rice in the world. Rice is one
of the main food crops in China and is crucial to China's food security. In
recent years, rice production has maintained a steady upward trend, and a
large amount of rice is stored every year. However, since rice grains are
living tissues during storage, they still undergo biological reactions after
harvest, mainly under the influence of respiration. During storage, grains
absorb oxygen and release carbon dioxide, which increases the ambient
temperature. Moreover, higher moisture content during rice harvest leads
to higher humidity in storage environment, providing ideal growth
conditions for molds and fungi. As a result, the quality of rice deteriorates
and deteriorates in a short time. At present, the traditional drying method
is adopted in most parts of China. However, during drying, the rice husk
affects the migration of dry water inside the rice grain, and the drying loss
of rice under the traditional drying method is large. As a new drying
method, microwave drying improves the drying rate, shorens the drying
period, reduces the material loss and improves the drying efficiency while

ensuring the quality.
Vil
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In this paper, microwave drying characteristics and parameters of
rice were studied, heat and mass transfer and microwave electromagnetic
field theory were used to conduct experimental simulation analysis on the
moisture content and temperature of rice during microwave drying. A
dynamic model of microwave drying of rice was established through
research, and the effects of microwave power, drying time, initial
temperature and loading capacity on the drying characteristics of rice
were discussed. The structure of microwave cavity is simulated and
optimized. The main research contents are as follows:

(1) Theoretical research on microwave drying parameters and
physiological characteristics of rice

By predicting the structure and characteristics of rice and its
parameters, the microwave drying characteristics of rice were studied and
analyzed, the heat and mass transfer model of rice was determined, the
dynamic theory of rice was applied for analysis and research, and the
boundary conditions inside the cavity during rice drying were established,
which provided a theoretical basis for the improvement of rice drying
device and simulation.

(2) Experimental study on microwave drying characteristics of rice

The experimental data of different vacuum degree, microwave
power, initial temperature and loading capacity of rice in the same time

were measured by microwave vacuum drying experiment. The orthogonal
IX
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experiment method was used for data fitting analysis, and it was found
that the order of influence of vacuum drying factors on rice was initial
temperature, microwave power, vacuum degree, loading capacity. The
effects of drying parameters of rice on microwave drying characteristics
were further expounded.

(3) Moisture content prediction model based on LS-SVM algorithm

In order to realize the prediction of rice moisture content, LS-SVM
algorithm was applied and simulation analysis was carried out in Matlab
environment. Four vacuum drying process parametersmeasured by
experiments were taken as inputs, and rice moisture content was taken as
outputs, so as to build a moisture content prediction model with four
inputs and one output. The model was used to analyze the effects of
vacuum drying on rice under different conditions. The results showed that
the moisture content prediction accuracy of the model reached 98.9974%,
indicating that the LS-SVM algorithm model can predict the moisture
content of rice well.

(4) Numerical simulation of microwave drying of rice

A multi-item coupling model of heat and mass transfer and
electromagnetic field in the microwave drying process of rice was
established by COMSOL software. The drying characteristics of rice, By
comparing the simulation results with the experimental results, it is found

that there are some differences, but the overall change trend is similar.
X
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The results show that the 3D simulation model can be applied to
microwave drying of rice.

(5) Design and optimization of microwave drying experimental
equipment

In order to optimize the structure and performance of microwave
drying cavity, a microwave vacuum device which can adjust the working
mode of microwave magnetron was designed. The device includes a
non-synchronous rotating microwave source, a microwave moisture
meter and other structures. Through the design and improvement of the
internal anode loop of the magnetron and the structure of the waveguide
antenna, the antenna gain of the waveguide is improved, so that the
microwave energy transmitted by the magnetron is more extensive, and
the microwave energy is more evenly distributed in the dry cavity.
Through the simulation design of the position and structure of the
magnetron in the microwave cavity, the analysis shows that the number of
magnetron is controlled in two and the position is relatively distributed,
and the drying efficiency can be obtained in the middle of the cavity wall.
KEY WORDS: rice, microwave drying, drying characteristics,

temperature field, moisture content, heat and mass transfer, drying device
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PO s, QAT 870 AR AE R AT TR AP A%, A AT IEAEREAT B 7T, DRlAEIX
KRB FEF RN T TR A P 25 TS B bt TR 1 R 52
ARFEIRANWTTC T A O TR BRI R A HEAT TR A BRI A o 2 S5
T, DR RN R, B SRR T 228, Kt 1 IX S0
PR I B A RE I o IX L8 T2 28 1 BRI T 28 . W46 A0 1] &5
IS TR) o A T3 1 R IR EL R R BURE R AN TR L, BRI RE 4 oK o (78K
o AR AN R B D ZR K, DA E Bl BRI T R, AL
PUFRRE R TRACR o T ERIN A], BITRRIERE o 45 L AR Zh 8 1, A2 5o T4
ORI — A E A R o 3l I 5 W) BRI 8], 7] AR A R 2 L8 T AR A v g A 3R
BARK I R BRI, HE TS0 A TR R (I SR AR . AF TR T T4
HUA R RSG5 AR o 8IS Bl S50 Bl AR R Tl 45 5, R AR Y
ZH DLSEIUR R A TR RE RS W FE R AN LA - RS ATl L2 TR 2 it
BHAN BRI, Oy SR80 17 32070 Hr B0 e st (I BB LA, M f AL T
2 RE TR, MRS R B RE .

2.2 THAETIEIB I B
22.1 TGS

FEA KR N ERAEAE K EFLBR, MK EREAFFRL B N 33 SR A% 3,
FEA HIFLBR 5 an =t 2-1 FrRbel:



ZRUTRR R B 22 A0 1R S

.= 4 100%

Vi

p, =5 % 100% (2-1)
Vb

£y = (1—&}100%
Pt

XA p MVIRIESCHIE, m®; p, AVITRMAIL, kg/m®; m PR K&,
kg; v NIBRIUIREIR AR, m®s m, IR UE, kes v, WPIRHMATR, m3

222 WHATFEESH
AR KE D NT I, BHEGKE., THREGAKERN 2-2 FrRb:

M, = x100% (2-2)
Gg

Ko, Mgﬂﬂ%/ay@, %: WREHRKIOTR, g GATHRRE,
8 O K 3 BRI L P 37 2 25K T 23 FEtss,

M = (mir;—mo)me% 2-3)

A, MONREREIKE, % moN i W2V R, g5 mo MPIIRTIR R, ¢
TG KRR LT R Dy oy B, TR SR A TR RE T AR IR AL,

EF 15, R AE SR B AP0 23 AR I 38 4 T2 5 7K o 7K I3 B R $
—E TR PR RIAR B KR Kot 3-4 Rt

MR =

© x100% (2-4)

X, MR YKL, % M OAREGRITEIE KA, % Mo NPIIR &SRR, %
T AR T R BRI ] SR R K B S AR S OK E TR, FEA
T M R 57 i n 5K 2-5 PRt
M -M

DR = g,t-dt gt 2.5
— at (2-5)

A, DR NFEEZE, Y%o/ming My, q AFERRAE t-dt N ZIH)F2EE KA, %;

9



3 NN e el VAT'S

NFERRAE ¢ IF 21T 257K, %,
22 MRI5RE
2.2.1 ¥
196 B i1 R 2 B[R] — 57 B T ade 7 AR IR 45 5 rp A BRI o
222 Bk

ERA N TERSE (B B WIRIRE. B REEN ], 34
), BT RSB T S IS U S IUEUE, I8 I S i Bl i L IR L
PN SR A R BAT IR s BETC AT R AN B R A B T AR =R SR A5 Y
T BRSH BORTEAE o, PR MR i BN & A REUFPRL, Joks HoAE
RIS b R DARE R ORAF I A AE IR FHERA BN K HIRIE 6 /i
JaoRe FHUHY I AR SORE A R A AE A 7K 0 o 38 AN [RIR VLI 1) SR 5 43 I
8] BRE A B 5 7K, e R A Ia & /KR, FFE I E IR K 8 ] 3RS A W46 R
FEIIREL

T TR TS HANE 2-1 .

% 2-1 TR TR S

ZH iR PRIRE AR E/APa HEREE R/

/W /°C B[] /min
1 200 30 20 2 40
2 400 35 40 4 80
3 600 40 60 6 120
4 800 45 80 8 160

223 UEE5&F

SEOG S B F B E Ti32 ZLAMARE A RWBZ-08S fiyk B 25 T 146
AB204-N HF 1 KF; LDS-1G HAERBYI/K =1 ; HH-4 R E IR KT
Gl
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2-1 P Tid2 ZLAMARBAGE —FhoERERDE S s, e IE I IF
ARSI At LA S SR 2 A R . BRI 1 Wk PR HR P T 7 2R A 4L
AR IR, R X SR S e ol DL R, B AR i AN ) DX sk i
TGO Fe TGRS Y R, SOVFAEANEAR IR OL S, B HERf
PRI H I RE S B A AR AL, I 20 AR AR AR AR TR B 21 A R
It 1 2 AR BB R 2% ) RIS FIYIA A I 2L A g, At sk 3R
RO E S . XA ST R RREE, AFRFEMEEAR T A
(A1 L R X 3o AT FE AL 21 M A SR SO S ARE A T 1R A T R B AR A A O

B 2-1 2L AR AX

2-2 It 7~ ) RWBZ-08S fltdi 25 T 1Af iz I islipe BE B 5 s A LA A A 1
BRTFB, JErT B 2 Fh TAE SB35, 8 I o fm S 2E 0 5 A 0 1 sk i i
A Jypag, ML BEVIREA R K 7303 T HRIEFE A 28 o T dm S RES LR 2
fun D7 EFAEH TR NES, 51K 50T IR A B S A BE R 2 3, 3 B0 B2 T
s[RI A PR REAR 7K i, AR T K G R, A4 T R 5 e 2K
k. Jb T2 ARG 5B BRI S, S T Xk K S PR 1
M HREHNZE A, ANITTIA B e AR H Y

=

o7
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B 2-2 foltipe LA IR

Kl 3-3 s i) AB204-N 70 A R I R g o i H A Jo i 5 B ) ) 5%
Fo W ARG FER BRI, RO IR AR, IR AL B
WM H R A RN E BRSSO I RS SR . & 2-4 B
/NI LDS-1G 28 204 7K 43 245 P T Tod 00 5 25 40 v 1 P 2 PR A S il B L 2
IKE . URDIRE B TS, B SRR B — AR . SKE
B SR R AR AR, FoK G RS B R
ER S 0 K o L A R AR A SR AE W RG5O K 43

K 2-3 AR S K - I EAX K 2-4 BT iR

2-5 Fros iy HH-4 HOR A5 I 7K i g A T s ok i i gk, s iy
B P A SR M U 7R, o 4281 2R G AR A A [ I Tt P SR Tk Pl R R A
ax AT, KR K ORISR SE BT o B s R S i I B2 £ 2 BA
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By sz, mT DU 42 ) T AR 1 e g R, A DR AE 75 2R BV e A RS e
I, SEHURSHE. AEE BOTHIR A .

.y'/;, :

UENEN

B R AE KRB
-4

LE2RBEUBARARE S

K 2-5 BURAE TR K4

23 MANSEREE TR

2.3.1 FEHCRTR S FEA RO TR RIS

LEREATREAS IO 2 T A S B i, W T [ S T AG A 1 WIARIRE N
v HAERRER A 2min, BN 20kPay BEHEN 40g. IR AR T
KA 200W 400W. 600W 1 800W (1) 2% AT R s B 25 Tk 0T
TR E KR M & 3-6 fon, EMFEWIASKET, NEGEEIZRZFE TREE
MRS KR BN 12.1%. 11.3% 11%F1 10.5%. HIHIT- 55 BE 0-2min B BE
BRSO T FR A TR B KRG N B, B TR T g, &K R
AW LE, 2 4-8min MBI TZREAGES . SAEHBEY, AR
PTG, AR RS T) Y R 1) 7K R PR R 1 o 45 SRR I 3 [ B 1 kip
TN TR & /K R PR ARBOR 0 2.2 50
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—a—200W

10 — L.
T4 7 (min)
B 2-6 AN R Dh 2381 5 /K R i 46
AR D 2R ARG ) TG 22 a1 2-7 B, B I AT FNAE 45 75 200W . 400W
600W, 800W 554+ T e T EHE N 1.24%/min. 1.38%/min. 1.7%/min,
1.81%/min. F3HT K BB GO D2 ARG, FEAS (0T 10 SR A B e sk
RE IR IN-3 BOREA WHK o S I IF 2808, Ik T FIRid 2, AR )%
T TR A S B IS TR . REE TR, BEE R TR
I, IKAYZFERIRBEIN, TR SR . (HEEE TS AR AT, RS i ip
(RI7K 3 18D, 3BT AR TT A6 N B TR BT K 7 I RrE 78, IR
R37K 3 A8 45 50 HE LA S0 R A I BB SR 06 e PR IR 8 DA AR 78 %, TR b Jo
B HTHNE o
A EREA TS AR RIS R R R TR BT B, Tk
T (P e v 35 I N T AR 22, [ 5 I ) ) HERS FNAG A A 1S /K 43 ROk,
BT, TR R 2 K. B m s D m] DU RS 45 1 Tt 2, B
TSI RO S TR BOR, HR LG5 IS DA BT LRI R B & o BLAF,
o = o Th 2 ] e 4 SRR A R R Ebe s, SO R R, bR
S FH H R BT 4 R T 28 DA B e Y AR BOR
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20 -

——200W

M 2 (Y%/min)

AR

FJ 58 7] (min)
Pl 2-7 AN R D 28 - Jgi 22 il 2k

232 FEIEZENEAHKE TR

TERFATREAS M0 B 25 TR s B0 i, BB 7 [ W6 2600 WIIRIEE N
30°C. HEACRIFET 4 2min. TR TIZA 600W. DA B E N 40g. L4y
IR T VURRFE B2 A, 5018 20kPa. 40kPa. 60kPa 1 80kPa, LW
SN [ L7 FE R RE A T a P AN d ¢ B /K R IR 6

RN 2-8 BN, SRERREAREE HAS MG, RS MR A TR S K RE
WFEAK. £ 20kPa SK5MF T, WA HIRILE/KEN 12.1%, MAE 80kPa KM T,
A KRR 10.5%, X —45 RUH, H R T BRREA &K Rg
R AR E A . AR RIIE R S B S B R, A B R SR 2 AR,
Tl = A SRS FEERD . BT AR IR B RER D, D TR AR T
AR IR ). FER AR R PER T, TR A B IIZK > SR S BRI A K
AR TERAURIEE S, KIS RS, KO BRI HR AR . K 12
RN, $Ea T FR8E, BICT TR R 6

1E 20kPa 1 40kPa AR FESAAT T, FEA 10 TH5 5 7K 38 N B S0 -1
%o IXRWIERLEKAMT, BEIAFORREE T LUK 28K, (Hl T RS R
K, D FRBEANE L, BRAE TR, 2T T,
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WEAE H S B 2 60kPa A1 80kPa, T /K B BRI BE IR, DB s
HA T IR RE O =

24

—&— 20kPa

<
N
SN
N
o0
=

TFJ 5 (min)
[ 2-8 7 [F] 2047 13 2 K 6 il 2k

R [ B2 R A T Al 2R il 2R 1) 2-9 o, b PRI A /S [ 02 )
AL R AR AL, 7E 20kPa. 40kPa. 60kPa, 80kPa 2% 1RG4 it iy T fgis
N 2.27%/min. 2.35%/min. 2.5%/min, 2.7%/min. B ESERRT, THE
T BERRAR, /b T 2 R, A R N 5 S B RL IR S5 k)
IR 431 IR AEAE FH o st e (X P 2 3 R T (SR P 35 1R 7K 43 R RO
P KA, I T TR .

FETRAVI 0-2min, B TRESHERZIEEKS, Hikae T DUTH
W HIMIE IR, TEIX— W BOR LTl R BRI . BB TR R kAT,
A B K BBk 3 1T AR M LA S IR 5 K AR T K S A 6-10min,
FEASHFRL A B IR 7K 3 & B A, K DA 28 R RS TN A, S 30T e
SINGNG R S o AN F) B R R 0 e v TR A AE A 220, A
ZE S AR E AR/ o BB BE 3G N e A5 48 i TRl 2, (s AR 2
[T EN

TF 55 3 W A ipt B0 25 e i o 1) R 2 FE S RE A T 3 A — e IR I« 2 15
HL7F FEREWS I s RE B (M 2B BE 0, INPROK o 28, MTIAE RT3 S I %
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RIT-pkide . SRIMBEE TRRIVEET, TR WK B, T IR R IZ T
PEAR, BT T Aa. BA 1 R 2 FEAE B i TR AR I T RS2, R I 3%
WY T AL SEBR R A 7 56 25 8 2 R R R LR TR A

g

30

—=—20kPa
—e— 40kPa
98 —a— 60kPa
80kPa
220
£
S
M LS
)
Eﬁ
1.0
0.5
0.0 " 1 " 1 1 1 1

F-J 5 7] (min)
P 2-9 AN [F] L 25 T fatos o5 i 2k

2.3.3 PEIHERE X FEA RO TR RIS

TEIEAT RS A L2 T S iy, B T [ AN AG A 1 AR FR IR Th %6
600W . & ARHEIT F] 2min, H 25 20kPa. kN 40g (&, 4B
WIGRIREE 30°C. 35°C. 40°C, 45°CHISFMFHATREA IR A2 T TIHREK
KRR LN 2-10 Fras, BEATHILE 30°C, 35°C, 40°C, 45°CHIZME TR I
A KEN 1% 10.2%- 9.5%, 8.7%. &5 F I T WIURIR X RE A it T 155k
e A 3B SR o W06 I R e N AR A F PR Y R 7K 23 E TR R e T Ak T A
WOIRAS BT WS e B I i A N ZVR IR o O RE B I SR R K
S EIEER, PR, Itk T R B, CUWIaaIR R
I, FEAR IS KR R AR, T FE A B o 2 B A AR Rk
FIRK TRV RE UK, 7555 2 (I RIS 2 8 i s e i, DABRTH & 2
PAZER IR o X P EAEICHIARIR AT, TR, X2 F 5 7K 3K
S BT 5 PR T BE K

17



ZRUTRR R B 22 A0 1R S

24

—8—30°C

T4 71 (min)
[ 2-10 TR [ A FE A 5 /K 4 11 5
ANEYIETEE RS TR i e & 2-11 Fow, o BT AnTE A F a6 iR
JE R R I Tl e i 28 2B BE e 3A, 78 30°C. 35°C. 40°C, 45°CHI%&fF
RS TR RIEE N 1.82%/min. 2.1%/min. 2.35%/min, 2.51%/min. BE%
PIUE IR FE A B e, TR o e o AR A 1 Ve R T PR AR 2 — /MBI R viE . B4 IS
& A BN S N, TR IR FE R, REA B IRK o BA B s i
VIGEENEE, XA T 25 5 sk e s I AR 28 K e DRIk, 7K AFEAS A3
[ SIS A2 R R AR B gk, 5 35T A 5 14 o [R] I 25 0 HIRLBE 1) T v
PRI IS RE R R, e T TR ASE 7K 43R N B e G RO AL R == 1Y
WA WFARITE VIR T, R AR AL kL A B A BE R R B v,
PRY TR 2 o IR T A T UE B T DRHRI A AA TR BEN o e TR R
E i
TR FE R T A G P V1 A e w1 B AR o R AU
PR FHE R, RN PR T M B E, X0 T4 A5 R N 5 T 45
77 i 1 R R S S PRI TR A T e 2 B R AN SN K 43I RS
FIZE R 2, BEI T R AE AN S0 T4 . RS FoAt o7 e L, (Rl EAE
B ARAG SO B 2 TR FRET D6 20T 20 2% FE A AR T B0 T AR PE R 52 I, LA

ST TR A i R
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B0
—a—30°C
—e—35°C
25| —a—40°C
45°C
220
§
5 L5
=
R
T 1.0
0.5
0.0 L I T—

0 2 4 6 8 10
T 7] (min)
Bl 2-11 ARG RS T Z dh 4

2.3.4 FEIEZRFFITENFEA MK TR IR

FEEATFEAT (R0 02 TR SIS, BB T 815 D46 26 1 T80l D15 600W
VIUHIEEE A 30°C HAEE 20kPa. B8R Hy 40g MARAE T, 2 SR B 25 ORAF Bt
[ 2min. 4min. 6min, 8min &M RFEATRER IR H 2 8. A TS KR
thZan & 3-12 ffros, e B A7E B AR FRI ] 2miny 4min. 6min, 8min %A
TRAMBRIKEKERN 12.4%. 12.1%- 11.5%, 10.5%. Wit S2iH0E o4 kB
T B REFIN (8] A A B S K FR N 06 R R (i, i 5 B2 ORFF I (8] FR 384
R BAR S KFN 12.4%EE 10.5%. SERFEW, EEEHESEERTT,
FEAT (7K 43 SEAN TR 3 28 0, AT IR B TEAR 1 3 7K 2 o FLAIRAS R 7K 73 i s B
£ 20kPa I E A FET, KAIWE RUR T K T 19 100°C, R HIZK S T ATEBUR IR
JE T AR 28K o B2 AR FFIT RN RIS 1 /K o3 28, DRIFBCKC I R L AR
NABAS K Ay T AT R RN Z8 B AE T R W (B[R], 37K 49 78 3 N 2 HR RS 5%
BEAI T AR I B B 7K o K I B S R BRI () W] DARRAIR S 7Kk e, [ S5 % 8T
JER (1 250 SO P AR R 5 o J K 1) B ORI (] W] B 2 S BB T 2, ki
SOMEVRE A O 5T B A 5 SR A RICR o RS SEIR 45 SR, S IR FRIN F) 0 8 7Bt H) B
KB 7K 3 10.5% T BT R T FE A 10 22 4 TRV 1
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—&— 2min

10 L 1 L 1 L | " 1 2 |

T4 7 (min)
P& 2-12 AN [ 20 4% R4 e 1) 5 /K 2R T 4%

ANE EL R RR I (B (O FE S TRl R th AR n 1] 2-13 Phow, BRI R 2
TRIFIS (R R 25 FF N, I BUT R s A AT 57, AR FEROR, TE L ORFF I
[A] 2min.4min. 6min, 8min ) 5% 1 T G4 T3 AR I8 1.24%/min- 1.48%/min.
2.23%/min, 2.66%/min. SEH WA IAEAC B A ORAF IS [ 40 6min A1 8min &, +
BRI 0-2min (T EEZTGE A, ZEER R TR A R R
2, 8min fif, TRRERALN ZMEEE . RPRE MBS HREER T gt E
B KD AT R R B AR AR o S R A CRAREE [R) T R AN 2 LA
BRI 70 8K FECTIRAS SR A R A Yol Tl E R e B
N, K AR BIFIAGIRA) JIHOR, R A B K S i R I . BEE
BEA R K S I, BT AT 2R IR R R AL, T pd R R e

Bt 70 R DA A P B 2 AR R T [) B SR TT DASS DT FR B, (R ARV FERCR,
FEBLUH O B2 TR R, 75 4K B — AN P R R A 15 TR A5 BE 78 4 X3 5,
[ i 3 gk P S5 0 e o S B I R P R A1 1) B 2 RS I [ ] S48
BBV HE, Xm0 TR 2.

20



ZRUTRR R B 22 A0 1R S

3.0 -
—&— 2min
—&— 4min
25 F —&— 6min
8min
el 2.0
M L5
+ 1.0
0.5 o %S /I
0.0 & !
10

FJ 58 7] (min)
P 2-13 AN [F) L2 CrRaep I 8] - Jges 3 i 2k

2.3.5 AR ENFEAROE TR

PRI 600W  HIAERE N 30°C B4 1 20kPa- 3245 {45 18] 9 2min
K4, 3B 40g. 80g. 120g, 160g %4 & 14 1F N T REA i &
TR BATRE/KEMEWE 3-14 Frw, HEAAEREEER 40g. 80g.
120g, 160g FI25 1 F RIS KE AN 10%- 11.1%. 10.9%, 11.2%. #Eit%
IR TNOD L GEYRSNIE S 6= ROk b W e R WNE I A R TS A€y 8
B R A B (R 0, LT a 2 v B 7K e 1 B AR P2 S /N o 3R AL/ N 1Y
PHEA DT SCIE SRR LRE, WS KERIEER . B HrEoR r%E
W RRE T BB BRTE 2 /K5, Tk Re s E VIR A F IR A% 18 A K 7 i 28 R 2
SIS [R], 38603 R € S 7K F BT R TR T] o [R] I AR 1 2R 8 T e 2 50
WAk A3 A S AN T3] X 38 T ) 58 R B2 0 A R IAN B ST BRI APANE SJ VT
FECH S X RS SRR, 1 A X 3 52 PR, AT S T AR BRI —
BRI . TEROE T R b, (o0 Be 5 1A AR I RN a3 A6 K A R DR 28
FREE ., HFFARVBUN R ER mRE MR 5. BARBON T EYE, A
T NI K 3 (R 28
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24

—a—40g

TFJ 5 (min)
K 2-14 AR BEHE B K 2

ANFEZEE RS TR 2R a0 B 2-15 B, s B ] JE R e+
feszghrh, B RERFEISE R 40g. 80g. 120g, 160g T T-Jid Rk 4T W
5. SLEg %Mrfhm§%i<mm%>? TR FELENT
B TR R . X IR AR FET A, B TRESE,
PeRe i EAE T ARSI, T AR X2 b, AR T R PRE A K
KGR TR B B O, 3T TIRYIE R R . bR T
FERIHEAT, AR oy B J5, s 2 B BRI e 052 IR, (ST
BRI R TR B M E A OGEm T FRER WRIE R, 1 Hadn]
BE BT AR R A B S A R TR AR L R 2 e, PRI TR A
SIME. PRI A R (A OGRS T R R

BP0 24 DGR A AT e R AR OB T e . LS B IR AR ) DA B R ik
EESHRMA S, EBIRERTRAR . dAh, TRk T ad
Fok A 0 U FEE AN BE 23 AT IR NI 9, 4 BT B0 fe B T AL 1
iR E DM T RS H T DL R = SO TR R 2 AR A T
AR (3 S VRN 5T
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30
—&—40¢g
80g
2.5 | —a— 120g

J53% 2 (%/min)
—
W

<i_l
>

o
W

0.0kt

T 7] (min)
K] 2-15 AR E TR Ze th

24 WWAEXRLE AR
FRYE AR ZSLI0 9T, UM T 400W. 600W, 800W; ZE#iE 80g.
120g, 160g; ELZ{RFFATA] 4min. 6min, 8min; FIERIRJSE 35°C. 40°C, 45°CIY
BT IR IER SRR, ERER L (3°), BFRTME 22 Fin.
* 2-2 BRI R =K PR

AP WMRRE/SC Mg FUREEE/min BakThERwW

1 35 80 4 400
2 40 120 6 600
3 45 160 8 800

MR A R AR AT S B B, PREFRB T BRI R 600W . B2 R IV 1]
4min. FEHE 80g, YIIATHIRSE 35°CHING L T L 546 M5 A 7] K 3R K1 K B9
TR R S RS [, SRI0 25 SRANSE 3-3 P . S R R RFERFFVIAG IR B . 3¢
B, WRRRIFAZ DL, RS AT DY 140min, BEE MR IR
FRIS R) U0, B4R 1R TR 8] EORFFRIAGIRE . P Th %, A
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DRIFIF B AR DL T, BEE A SR B A TN, RE A (XDl T A5 S [ 12 a2
N 136min. fRIFHIIAIRIZ . HAEDRKFN 8], RBEALRTEI T, &M
FPHEE, FEA I TR 40458 114min. REFUEDIR ., FHE, AT
REFIF IR TS OL T, BEE VAR RIBE T, R A0 TR I 18] i
7Tmin. I SRR T TS O RE A BRI A TR AR AR AR (0 T A i 4]
P AT UG TR EE > Tl D38 > e 388 > P I 2 R AT I (] o

R 2-3 IERR LI BT AR

BooOWERE RSN bk TR
El /°C wRE /min /W /min
1 1 1 1 1 140
2 | 2 2 2 136
3 1 3 3 3 127
4 2 1 2 1 121
5 2 2 3 3 114
6 2 2 1 2 105
7 3 1 3 1 90
8 3 2 1 3 85
9 3 3 2 2 77

MBA KRR RS TRE RS, b TR BGEEA S PR e,
FEREAT A BT RUF PR 5% FR AL S LU o R AT B AR A T R P i Bk i —
ANEESEAR, MR TR T ZMRCRI KBS H e —. WdE SRR, &
& THROER DR THRBF RIS, ORBR s IR, PRUERS A (R AN
PR R 2-4 ISR ZE AR, A M 1 AT SR A RPN AR A A5 2 IR
K,
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R 2-4 IEAZSRI R ZE LG R

A B C D
ky 6.63 8.83 12.13 11.56
k, 8.75 10.53 11.01 10.96
IR ks 16.67 12.77 10.32 9.87
R 11.12 2.98 1.22 1.17
AN N A>B>C>D
k, 124.20 109.33 114.56 102.45
k, 109.07 101.27 111.67 107.47
R cdinglEl ks 84.33 100. 13 102.67 102.76
R 44.67 10.34 3.67 1.67
AL A>B>C>D

HRfiE % 2-3 (MR, TEIECSCRBHESR R, A0 T RRASHA S FRAT
SR TR . MEEHIE ABC,D ALA T, TR L -AME 2-16 Fir.
BRI 50°C, TN AF] T B K, A 140 4k, TEIXFIT,
FEA HOMRIBE B I G, i S5 SRR T KN I Aot TR 2 52 e M BT A
Flo ST GRS 77 480 As.c,p, A4, THRAEALEBME 2-17
iR, TR R BT 50°C, PRI (A BIRRT . 2 WI0R 10 T B
BWEIERK, TR A IS SE b . i — B AT S B R B, 2
{8 e ] 1255 5 A T 2 O S R L T s 2 2 B TR LI e« BF
R W E O A PR 02 TR P DA B TR R RS A8 SR S e A o, i
T RTA T P A S VA 20 AR T 5, PR 02 (e 1) 128 2

T T RN A6 R 5 5%
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K 2-17 A,B,C, D, A FEH IR E

FERAN T S 90 A0s (1 6 Al b, TSRS TR (] BE 8 105 70 Bl
AB,C,D, ZHUH G TR TR FE o (R IR IA B IR, AR TR &
3-18 7o WIFFE A I BRI 1AL X T 35 R 4 i o (1 B 2 X e dr 22
NSHH G RIAEVIIRIRFERHITE 40°C, ik DI E BN 600W . B4 fRIF 1]
N 4min LLURCRRETY 80g BIZRAE T, AMUBENE PRAEARS S AU T-eab o, (RIS
TR VBRI TR . XRW], EIZSHALE T, W TEREORRENS £ JRAE 1153
RER R e METES BT, 525 SR TR A [ AL 2 At it
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K 2-18 A,B,C, D, HEFEHILE

2.5 KRB/

AREWT T REE IR TS BAEAFSR bR NSRS TR 2, B H
AT SRR SE I T X FEAT 2 IS HUN & 04, WEFC 1 R B TR 8 AR e T 14
R Z T TR A R SRR N A RS EBEUE AR S, i IR A SRk =
I M 45 R WIREAS T AGARF IR FR TR S MR U /N TG P T DI 8 L 3R
Tlepe FL 25 ORFFIN ), F022 8 o W TR B T A2 G W ARR LD 40°C- fli DI 2% 600W
HARFFIN [A] 4min, HAE 80kPa N ARBBBRAETIR LZSH.
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F=F ET LS-SVM BJEMEA SRR E

3.1 ATRINNFMR

A TR e AR, I RS R s ik s, A e dh R
LEMERAVE . ACE IR R R £  BRER AR I AR IS B8 DA R 25 X I e e ko TR
ARG TR 0%, MddE B i TR, @ BUE 0 B EoR AT 70T,
CL R 4 T TAERE 20 TE 45 TF A U — TG BE B T B, LIUE Fe £ 45
FAVERIETE S K9 BOMLHIR 2 b T e s BeiH U7 T R4 6 AR . Har, T
) )35 BRI ST T )2 BT T 2 R BT ) 5 2 40 i Hh e,

3.1.1 UK T Es

TR A B AR A SR A B AR S R R AR ELAE T O REAT R
YRS K oy 50 E AR E). Luikov J7FERIFR /2 178 2 AL Bt Hh ik #4
BRI A o R (VA LA P AR 45 RO o X — AR A AR ST A I 22 ) AN AT
et g BN SFAR S ASE B2 B, 487 1 ADREPY 8 0 F8 BN it B A 3 T A 2 T 1Y
BR AR o B R AU 5 FEVPAR R A LR LI TR B A R g 4 ol & 1 ot
TR E AT A R M, 8 W UR T B 0 3% 3-1 Frow

R 3-1 THRECAE Y

s R 475 BRI
1 Wang et al. y = ae )
2 Henderson & Pabis y — ae ™
3 Page y=e '
4 Modified Page y = ae (%’
S Logarithmic y =a-+be™
6 Wang & Singh y =1+ ax+ bx?
7 Diffusion approach y= ae ™+ (1_ a) gk
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3.1.2 N FEEHIRE

BN IS B AL (Least Squares Support Vector Machine, LS-SVM) &
— P37 EF A EANL (Support Vector Machine, SVM) [ASA, ‘& 7E AP LV AT AR LE
PSR B3 DL R B B A S L2582 S AT S5 T R IR I i e . SR SIS RE 1A
FEHUHLE, LS-SVM 1 i/ o kAN 25, AT 8E G 17— K ] it
o FR O R, AL TR SR AR R . LS-SVM FFE A JiR PR 5 5 i MR 2
(RIS 75 FIR SR AR AL A, (R I 4y SR ARG B AL, A A ABE Y 0 B e 3 v AL )
RIS EHE . TESRARIEFEF, LS-SVM K Hiis »S i B i 4 2= 7], 1) F A% oR 450
SRALFRAE L AT 73 BRI 0, AT R A AR AR 225 (] vh AT Bt 70 s Al e P
SrI0l, BLYG LS-SVM R T8 /K ST, 1 5 75 v 2% B & AN [F) R AR AT B 25
IKEE AR . WA AT R IR B AN TAL B, A OR A R S AR e T o K S
SN RN GREANIREE . EUIZREE LA LS-SVM HERY, i 28 )0 EAI Y
R R BRI R S H A o IR R S A 5, 78R4 -t
ATPEBEIOAE . feZ%, BIIZRIF I LS-SVM BALN F Tkt ,  DALTRIN& /KK
B AT SEILNS & /K FR A AERA T, I AH 5 N FH B At T 5E K SR

RRRLZE R AR b () T E S HR R BoE NNAREARSE (2, f (%)), =1,
2, o one Hx NEIARER, | ONREARANE, AR R AL AT 2
(1 I R A5 45 PR AR B RRAE 2 () JE 1A ol S 1R 23 (0 250 43 FF R PR AZ B 1504
K U B v AERRAE 2 (8], A5 R AR AR ZRAEAN W 4 14 o R AN A v RO 4 [
LMV A3 1 R, S A A T R 38 e 1 S T SR A Akt 2 A [ 2l O B R, A
A6 22 H B HE AR B R ) TR FE S B, = 3-1 Foms:

f(x)=w'o(x)+b (3-1)

A, WABUEREG b NRE.

H 3 B B D A 2 15 A 4K 21 5ol 5080 P~ 1 5 A 2R DL 5 B 1 1)
If RN Gl R XU, BIFE I iR ZE AR R 55 % 2 TRV AAS P47 . LS-SVM 48X
AN 4-207pR

29



3 NN e el VAT'S

N
arg min¢(w):%WTw+%yZef 32)
i=1 -

Y (%w' +b)—(1-¢)=0,i=1..N

A, o AR e WAL &R, yANESH: b NWE.

T R KA R B e BOR AR RS B R, W2 KKT 264, THERA
4, H % I H BB s 3-3 R

N
L(w,b,e;a)=J(wbe)-> o, {yi [WT¢(xi)+bJ—1+ei} (3-3)

U, oA B H B 200, Ay IEE A

RIEFAAEA, B SVM LR A3 5K 3-4 Fios:

T 0ow=3 ayd(x)

oL N

%_O_)Zizlaiyi =0 (3:4)

6—L=O—>05|=7/ei|=1 ..... N

oe,

i:0—> y.[WT¢(x.)+b]—1+e. =0,i=1..,N

oq, ' ' R

SESE 7 4-4 AT SR (5 1A, 73 ULk AR I, 3-5 BT
1 0 0-z"[w] [O]
00 0-Y"|b| |O
00 yl -1 |[e] |0 (-2)
Z Y 10 Jlaf [1
sttt 29| $00) Vi1800) Yo ¥ B[] DH[L]s e Ble e

a May,..ay] -
I 4-5 LR R X 3-6 B

0 —y" |[b] |0
YZZ"+y M ||| |1 G-60)
R4 KKT 250k S, WSRMASEIFE T LS-SVM izt 3-7 el

y:f(x)zzn:aiyiK(x,xi)+b (3-7)
i=1
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DALkt HH 2 P [ VA ASE 2R AR — ORI [ R, 35 2 Mlercer 251 (A% BRI 2L, &5 L
(RIA% R O 208 18 4% 10 2 A R B, 2 TR e B, B A% R 2 Sigmoid A% BR 2K
Hrp LS-SVM BEW IR HRZRE 158, ATEIENSE, i T HAHE S,
A B SR GG BE A R SR A, & T AR R, I HRT Rhd i i A [E] (%
BR IO AN [F) R AR AE , RIS PESR, A TAE =2 AR A [ v 42 T A R
(Radial basis function kernel, RBF kernel).

3.2 FEAHUE TR S KRN =R
3.2.1 &EF LS-SVM EEpifaaFigia sy

YRS AR A NYIIE KR, MR & KR, R TR R g sg
P T a], AGRIR Kot 2, SR e/ —3fdk, AL AR e BRAE I 1 e 2
&, MM ERSE. R IR/ —SRiERIE A 3-8 fs:

W, =zn:oziyitsy(|xi —x|2)+b (3-8)
i=1

A, woAHRTEKE, % t TN, s BRSEORIEIER 3-2 Fos.
R 32 MBS HUE

PRI S K Wi 4 b i
Ha e 0.05 0.478 1.38 110.24

KR E RER AL TR ZE RMSE A AP RIRSEL, R* K. RMSE
{E BN, I R DL b, 4k 3-9 Foms

(3-9)

RMSE = Ezi”l(yi - y)zf

X,y TR ST 2 @ SRt 9, 9 LS-SVM RIS @ N7k 4y
bEs e ke 15 Kol 1A Hi
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322 FRMDFRBERD N

RAEE 3-1 H WA TERECERAY, KA Matlab BT IELEEARE .
A 5 A 2 R BUR? S 2575 Hij 5% 2 (root mean square error, RMSE)KH KA [A]
BeE R b S & TR AR % R K B BRI R2BCK. RMSE {HBR/),
VU A A 3o 3 g B R S W 9 R IR P X T R AR I S K, R
AN FIRLBE 3 BT A [ AR R 0L 5 R R

FE SIS AT AN TRNIR BE (1 2 A R BT S B . W SERR SRR 30°C,
35°C. 40°C, 45°CIATHHL FXS 7 P MG AU BEAT B DR B RE I 43 AT 9 o Sl X 2
SFROHATEE ERILE T, 153) T R E TR Y SR S 4,
K 33 e B 3-1 AAFRIRIREE AT T LS-SVM BLEAR TG &R, |
AT R (4005 R T SRR P A 29 S RS, 1 3-2 BB R IR ZEME, MR
HAT S H U E R R 0.9986, RMSE #/IME N 0.0102 ) LS-SVM Y AR F 4t
Hofth 7 P A0 F2 BE BT

1.0

0.8

=
e

T 453 (Y% /min)
=
s

0.2

0.0

0 40 80 120 160 200 240 280 320 360 400 440
B [El(s)

B 4-1 A FEILEIREE LS-SVM B8 (40l 4 RUR
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_]‘00 ' 4I0 | 8I0 . léO I léO | 2(1)0 l 2:10 I 2;§0 l 350 I 3é0 . 4(I)0 I 4:10
BFE (s)
K 3-2 RIAVILRIREE LS-SVM # 7Y [ 5% 218
# 3-3 A TFEEA A S HON RN S8
S
A R R? RMSE
a b k n
30 09558 0.0125 0.9956  0.0211
Wang 35 09678 0.0212 0.992  0.0346
etal. 40 09892 0.0235 0.9956  0.0229
45 1.0241 0.0376 0.9966 0.0155
Hender 30 0.9527 0.0111 0.9945 0.0178
son 35  0.9567 0.0148 0.9901  0.0251
and 40  0.9872 0.0239 0.9952  0.0221
Pabis 45 10222 0.0407 0.9954 0.0155
30 0.0186 09356 0995 0.0182
Page 35 0.0288 08761 09877 0.0271
40 0.0292 09817 09925 0.0227

33



3 NN e el VAT'S

BE3 3-3
ZH
A R R? RMSE
a b k n

45 0.0365 1.0267 0.9967 0.0153

30 0.0121 0.9356 0.995 0.0194
Modifi

35 0.0183 0.8761 0.9877 0.0271
ed

40 0.0252 0.9817 0.9925 0.0227
Page

45 0.0349 1.0267 0.9967 0.0153

30 0.9231 -0.046 0.0121 0.9987 0.0138
Logarit 35 0.957 -0.061 0.0128 0.9923 0.0251
hmic 40 1.0168 -0.0721 0.0199 0.9963 0.0171

45 1.0879  -0.0389 0.0401 0.9987 0.0131

30 -2.38E-04 0.9512 0.9995 0.0161
Wang

35 -1.25E-04 0.9021 0.9941 0.0208
&
) 40  -2.19E-04 0.9801 0.998 0.0157
Singh

45 9.18E-06  1.0089 0.9989  0.0086
Diffusi 30 0.0756  0.0098 0.1902 0.9986 0.0163
on 35 0.8968 0.201 0.021 0.9931 0.0231
approa 40 2.61E-05 0.0312 -0.0711 0.9972 0.0176
ch 45 9.79E-06 0.0413 -0.1099 0.9995 0.0091

30 0.9987  0.0107

35 0.9989  0.0102
LS-SV

40 0.9997 0.0105
M

45 0.9998 0.0104
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73k 3-3
ZH
R R R? RMSE
a b k n

30 0.0121 0.9356 0.995 0.0194
Modifi

35 0.0183 0.8761 0.9877 0.0271
ed

40 0.0252 0.9817 0.9925 0.0227
Page

45 0.0349 1.0267 0.9967 0.0153

30 09231  -0.046 0.0121 0.9987 0.0138
Logarit 35 0.957 -0.061 0.0128 0.9923 0.0251
hmic 40 1.0168  -0.0721 0.0199 0.9963 0.0171

45 1.0879  -0.0389 0.0401 0.9987 0.0131
Wang 30 -2.38E-04 0.9512 0.9995 0.0161
& 35 -1.25E-04 0.9021 0.9941 0.0208
Singh
LS-SV. 40  -2.19E-04 0.9801 0.998  0.0157
M

TE SIS S50 AN [ 0B D 2 1R 2% A N AT I AL S 00 . B SEIR SR 1F R
200W~400W 600W, 800W 5L T Xf 7 A s A5 B k47 B DR 2R 521 3 BT F A2
73 BIAS R T EAR R A R S HORI P Z 5k 3-4 Pl . 181 3-3, 3-4 J9 AN A flise
DA T LS-SVM BLEMER T LG RUR S ik ZAE, HIEAT AT LS-SVM i 7Y
FRIFOLA RCER T SRR FEE O 5 8RS TR 22 25/ o AR R RT 15 HE RE R 2 0.9998,
RMSE #/ME N 0.0095 () LS-SVM #8Y . 7EA R0 T 3= F 2T LS-SVM
BOE TR 0 o BB AE S IR A PRI PR, O 25 A5 R SR ZEAB BN, A RA X
FoAt 7 BT BCAAR A ROR S LF, W] DL I L T R84 35 /K 22 1K Tt o
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1.0

0.8

J# 22 (%/min)

Fig
o
N

=
o

0.0

1.0

40 80 120 160 200 240 280 320 360 400 440
B [A] (s)

Kl 3-3 AN ThZE LS-SVM HE A 140 & 350 1

—=— 200W

-1.0
0

40 80 120 160 200 240 280 320 360 400 440

i (8] (s)
3-4 AN[E TN LS-SVM FE A (5% 2544
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R 3-4 ANFET AT S HONPE I 250

ZH
Bt TR R? RMSE
a b k n

200 0.9478 0.0158 0.9968  0.0221
Wang 400 09578 0.0265 09921 0.0357
etal. 600  0.9895 0.0225 0.9975 0.0234

800  1.0178 0.0384 0.9967 0.0175
Hender 200 0.9531 0.0111 0.9958 0.0184
son 400 09578 0.0128 0.9913 0.0264
and 600  0.9881 0.0257 0.9945 0.0234
Pabis 800 1.0185 0.0435 09924 0.0175

200 00212 0956 09954 0.0185

400 00312 08882 09888 0.0278
Page

600 0.0298 09867 09975 0.0284

800 00375 1.0278 0.9954 0.0165

200 00132 09365 009958 0.0202
Modifi

400 00202 0.8821 009887 0.0282
ed

600 0.0258 09832 0.9934 0.0232
Page

800 0.0367 1.0278 0.9958 0.0156

200 09227 -0.046 0.0134 09988  0.0142
Logarit 400 09544  -0.087 0.0134 0.9957 0.0255
hmic 600 1.0175 -0.0737 0.0212 0.9975 0.0184

800  1.0902 -0.0412 0.0442 0.9987 0.0142
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3% 3-4
ZH
R R R? RMSE
a b k n

200 -2.35E-04 0.9534 0.9978 0.0167

Wang
400 -1.27E-04 0.9121 0.9981 0.0212

&

_ 600 -2.21E-04 0.9822 0.9975 0.0163

Singh
800 9.21E-06 1.0121 0.9991 0.0087
Diffusi 200 0.0777  0.0104 0.1924 0.9924 0.0175
on 400 0.9111 0.232  0.0233 0.9954  0.0245
approa 600 2.59E-05 0.0327 -0.0735 0.9978 0.0181
ch 800 9.82E-06 0.0421 -0.1122 0.9968  0.0099
200 0.9989  0.0097
LS-SV 400 0.9993  0.0098
M 600 0.9997  0.0095

3.3 MBIEEMAZRIESHIM

AHEFEF Matlab T HAF GG F oy SEIa R AU FE A . BENLIEFE 1 30 il
BARAFNINGREAR, R 15 A8 N RIERAEA . 28 7T LA is I & 45 21
4 DNEEKS TR LESH CTRERE . JASFE . [RIE E) . TR ED vk
N, DIRER SRR, M 17— 4 N 1 5t S K TS A o A
WZRZAT, 7 ERZ R B RN 7 C MRS y BT . RAEARRY
MIFREL, & X4 DSHURPI . XESHPIR A S Tl 2RI R S5
(% Rl AT BE B ERAE R AL & o B E R B VERE RO VRO B ite, D 17 SR L P Al AR
FEARWAHE ERIRIL, 8RS IR 5% R k 328 BRI, H8dde
ok ANRAME R T8, RUCK RS TRV ISIESE, ORI k-1 DT E8IEN
SR, BEATHRALIIZRMPEAL . B H S B A E AT — IR e B k 758 X
e, PAORIE PP RS E VEAT AT SEE . X0 T C A y AR RV R e N
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(107,10 |, M RKIEA 10, FFRELILKERZN107 . EERITH S0 A

22 XIES, LR & HSEITERE, EBE R RSN S . il P 250
&R IETE SHHE, W HSEOATRE XAE, fR 9 e UV AR AE,
Wk T BHSH PR, &E, —RSEINER T RELSENC,
7)=(6207.989, 20.1023). X —HZEM N NRAEL E RS HINIE I PEUTFRAET
BEAUT] BEIR B AR T R &, A I E MRS 4, (R4 I ZREE R
T, DR AR, IR ARG AR T LS-SVM FkMfER &K%
MBS ) 22 %09 0.5876%, J7HR1xZ% RMSE 4 0.1056, k7E RER*H
0.9998, /KR TS FEIL T 98.9974%, F B LS-SVM AL L5 1R 1 1
T 2908 K 2 1 150

3.4 KB

AR T BRI LS o i, R S AR 7 S50 H 19, #d
TR ERFER R E AL B SRS, BESEEE TR WAL e/
TSR RABCARA, R AR e 1 By A L AR . JE I 2R Rk
FEAGHAT RIS, HE5ET LS-SVM BIAMBLRHT st b, @Il
SRR AT LA, RIS VPO, A VERE, BT S0 R 7K SR X T A
JEIEF] 98.9974%. T IZMARLHIILER 51, S5 REB W e/ "SR AR AE R A
B KRS PR3 A2 AL RE Ao
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BT BEMKREAHERENR

4.1 AR TRNEMRENX

REAT I 122 TR EO S AT BB R S, P 2 T — L
TR T 5, AT LA R PR T (R AT REVSTE A . I8 07 LT TT, W R
R TI R HE L THRIRESESE, TR ENREA, S m T
TR 5o (15 FCRIE 7 AT LA B P A A A6 S R 2 TR A v BRHR 0 A s 7K
TPIERS RS TR R XA BT TR R AR v B I AR AT R AR AL
i, AT ERSERI AR BB AR o [FIfllse 30 28 Tt — AR 19 BE A0 T 15
I3k, ABE BT RS HOS T REAM A M 2o 2, i Zwtse, wl A
A RO L REWAI A, FRARAE P IR 2 5 A o T4 M A 2 s mi L b
fi, EFESE. UK. BT i BT, TR S,
Gidd TR B RS I AR A AL, ORAIERE A (0 i SRR TR B e 302 TR AR X
TALGEN AT T i B SE AT Y RE PR T AR AT S8 e ) TR I 18], AT 92l 1 36 24
Bifsm. MU E I, DU T RS B, FBARREIRINAE, B X B 1 4
il o RIS, 5 B ) T 2 Kt ) DAl > T AR R o A 2 XU, ORB A P 1Rl
NG 24

gi ERd, R RO A TR0 AT O AL TR R L 5 L BE IR AN
AL SERE TR PR ORGSR 22 Ak A U T R BT BB, AT B T R
INLTHANI A FEFN ] -

42 WA TIHRZYELTRE
421 ZHERIBRERIY

(1) AR A AL T MR R Pl DU AU 1 2 22 0 IR UKL BSORIURE 4L B8 1) 22 $L A
Ji.

(2) A FEAE Tl R s BE Az e A2 — A X1

(3) T HGRIEAR A BRANAEAE T 5 S5 PR g ) L
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422 FIERRARLATIEE

(1) BT R S50 L S8 B
Wi COMSOL B J VT4 s PR I R Y, A e A o 1, FE S
FERLL T30 T YRR R B o IR EUTE, ST I SR, TR &
N 2.45GHz, iR AR ] 4-1 s

100

T~ 100

-100

- mm
-200

K 4-1 FEA ol T i A i A
(2) A THRAHASHKE
f£ COMSOL H 7. T A FFRAR AL, RS MEARLE SR 4-1 AR,
R 4-1 FEB IR SH

R Gine) ol

95 (kg/m?) rho P 1078

FEXT A L 2R3 &, 4.5-2
32/ mh) o 0

SHEH/W- (m-°C)7? A 0.55
FXHHE 5% /(H- m™1) Ly 1
WG /(°C) T, 20

K-/ (mol/m3) M H,0 0.018
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43 WA TRAELFFH MRS
43.1 hREH

PR B TR R RIS F L RS B 2 0 2 B 26 T R BA
TR R, TR R AL 45°C, M e RO AR
—ff, SCHRE TRPRH AR SR I (AR E I Y.
BT A AL 41 FoR2:

oT

nx(kvt)=h, (T —Tg)+/1% (4-1)
A, TOAENRE, °C: h MRERARMHEMRE, W/(m?-°C): n AFET]
] AR K
432 WURIERERAIE

TR R A AR P A S B8 2 ) PR 008 s 2 0 e R b N S R0 K 43 - kAT
InFA, M SEBLPRIR T35 5100 T R o o & —Fh i, HLABZRAE 300 MHz
#| 300 GHz Z[a], Xf/K5FBAmEIRILEE T ik e &5 7K 0 FAH AR
FIIS, IR F ot dhge, I 51 TRkt o 30 IR B2 T v, Bl 4 T 45
Pk R E T, KA T RIBNREIE N, 57K o -4 i s Rk R T e Ak Ky
KRS, BRI R 2. SRS ST RAR LG, T A AT R
P A P52 R 5 vy YD R P A%, TR T A9/ bt R R AR R A R e P
RS BB I AR R B, Ak F R 3 R0 P A 2 TR ) R B A Ok RAEAE
st 4-2 froRU4:

Py =P. = 27[508' tan OE° f (5-2)

A, Pops N R, W/n®s PN BTN, Wi e HECZE A AL, F/m
e N BRI s tanS A RS B ONHUZIERE, Vin: 9B, S

REAT B TR R R R R A BT S AL 2% v, R Pl g ot 2HL 8
IR HEATINGN, S BUK T RACTKZ IR NR AR SRS Wl RE &3 E

SERAME I SHGER, S TR, K 4-3 Frsll
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Cpa—ng(ka—TJ+ﬁ KL +g(ka—Tj+2ﬂfgogrE2 (4-3)
ot ox\U ox) oyl oy ) o\ oz

KA paen WEAHFESE, kg/m®; T NREAIRIZ, °C; ¢ ATHRINEL min; C,N

pden

EL#E, J/(kg-°C).
TR R FE A K o e B AL i o TT R G 4-4 FrR(eel.

PunCs % =V -(KAT)+m,y +Q, —hA(T —T,) (4-4)

A, KON T REL WP - K)s me, WK ZEBEL, Y%/ming y /K374
T, KI/kgs Qo ABARLIN ] A= AR AR AR A, J/(m3 - K): b Rhii it i R4
W/(m3 - K); A NFEAEHERTR, m?,

FEAE MG U RE T, DRI S /KRB R, TR (AR 4 £ 2R K 4y
PR, PRSI r I s i R~ L, Bl ot ) B SR T AR an =X 4-5 Rt

oS 0 oT 0 oT
2o K — |-, = A —|-fP 4-5
pdenaT 8X( San T@X( ean T" abs ( )

A, S NREREMAMEL ; KNA R IAREL ke/(m- s - °C)s fr AIREH AR ke/To
T A% A% B4R 75 Rt 2K 4-6 Frost®l:

5%22[@%) -6
or  OX OX

A, TARE], s; D NTYIRE P BLAREL m?/s.
433 UK R TE

T p s v e A s I FR AT S Maxwell HLREIZ 7 RO, BRI iR et m] F
JiFEINER 4-7 fns e

Vsz—Q§
ot
—~ ~ D
VXH—J‘FE (4_7)
VXBIQ
VxB=0
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FXRFE. H. B. DM J ZEFRKZT T 4-8 FTn:

J=0cE
D= gogrE (4-8)

B = uH

Kb, E NI, Vims H AW%EE, A/ms B MRS, D AL
MRE, JABRREE, Am?; ug SRS R, Him; SRS,

WA 22 o =R T R LA R 1, TRl 3 9 K iR RE T A D5 Rk
TG RIER, st 4-9 PRt

Vx,ur(VxE)—ka[gr— JGJE:O (4-9)

we,

KA, w, FHEFE, S/m; ko NEHHZTEWEE, radm; o NHESTZE, Hm; j NEE
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