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Effect of port opening method on the microwave heating of wheat straw

PAN Xingjia, WANG Jufei, LI Xuhui, LIHua", TIAN Li

(College of Engineering, Nanjing Agriculture University, Nanjing, Jiangsu 210031, China)

Abstract: Virtual modeling and numerical simulation of microwave equipment and straw powder were carried out by
Comsol Multiphysics software to study the effects of wave ports at different positions and multiple wave ports combined
on straw powder heating. The experimental results were verified by simulation of the heating conditions of the right port,
the right port and the left port open, and the three ports open together. It was found that the heating curve of the
experimental temperature measuring point was consistent with that of the simulation, indicating that the model was
verifiable. When the wave ports at different positions heated the straw powder separately, the hot spots would appear at
different positions, and the heating effect on the material was greatly different. When multiple ports are opened together,
the hot spot shape and position of straw powder was changed and the temperature in the central area of the hot spot
decreases to some extent. Under the same power, the average heating rate of single port opening is faster than that of
multi-port combination. The average heating rate under single port opening on the left side is the fastest, which is more
than twice that of single port opening on the right and back side. In the case of multi-port heating, it has an optimization
effect on the hot and cold points caused by microwave heating, and the peak of the average temperature gradient is
reduced by about 22.7%. In terms of the material heating uniformity, multiple wave ports can be considered to ensure the
material heating uniformity, although the energy loss will increase. However, it can be used to improve the heating
uniformity of wheat straw in the case of sufficient energy input.
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Fig.1 Schematic diagram of microwave equipment with 3 ports
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Fig.2 Overall and partial views of 3D modeling of microwave equipment
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Table1 Geometric parameters of the model mm
BT K Vi fi)3 FA2 N RE R IR
T 450 450 400
W' 98 58 98
NG 33 109
PR 216 64 6
WS 25 100 42
NEWE 141 66
AN 21 66
FHERE 60 30
TR 57 40 3 3
FEHBA 30 37

*2 METSRHMRSHK

Table 2 Material parameters used in the simulation

B} FEXTRE T LR (S-mTY) AEXIA R AER(WemT KT

BEE(kg-m3) I kg™t KDY

FAF) 1 0 f(T)

A 1 0 4.2

AR 1 0 1

NG 1 5.998x10’ 1 400

0.16 665 3540
2210 730
8960 385

1.3 HRERRKIE

h T HEEEEACE, WD ERE], %R R
M 5/ N S ORI R ZE A A TR AL, E 5 TR .

1) BBEEFA IR, A% EHA Y R
W2 m St ARG, AT

2) 23 SR S 1) A LR BSOS B R AR
TR

3) WIS IRLAE 2.45 GHz SR T AR,

4) A K375 K TN N

5) {UE IBEF AR N EBLI, BIZZFF Ry K il
HREHNFRIA L%

1.4 EHIHE1E
ffi Ff Comsol Multiphysics 3%} 22 FF s A 1 T

PiECS, T2 R B G 183 Z [ R &
BT TR o 2 b 2% 0 R AV ST AR AT R Y
XUFFE B o T80 3 S A 22 B 2% 7 RE AR AR B Js
NI FIFE RN AR oA, Il AER) 3
RERE I 54 P07 TR A R AR A A 1
1.5 MIEXI5

X RAMERY, e T B R Y AR Rl o i
TCHEATIIAE R 3 o AR SCHRIL7], LR T8 1) M A A
PN EAEHE— R 2R 5 Mg, Frbhiek
ST ASRERR L 5.990 mm. A T B K
FERE, Pl o3 () s K S 0T 2.449 mm,



230 W A K22 4R (A AR B2 IR) http://xb.hunau.edu.cn 2022 4E 4 H
3—d), e T R A 5 g 11 57 A Y

2 BURMAEITHARNGE

2.1 3RO BIRFFEXEFHARAR T HRIFME

TSP b, B RRE RN 1
KW, PO EIPRE B0 A DR 1 kW, BF
FELEM . A ORI O A 53 T IR B 22 R PR R Y
T BE A, A PS5 I PR S R AT R 32 A
Ul 18] 3 SR AYRMNAGEATE] 10 s RO SER T, 22
TR AER 4] 734 10 ANl BE DX 1], Y R i ) 5
AN DX TENE SR X A 11 BT s, 3t
WL 3 AR, R 2 NI B AT R AR D il
IR, A LA B E R A ARMEILIE 1 2 L A
(K 3-a. &1 3-b); HJm s s Ty, HBL 2
AL, A AL i _E A (5] 3¢ 1A

L

509
-

_}41_—.

444

412

a. b SIS DR I ZE AT AL AL ¢, d

Ml R Bl 22 AR AR LI AR o

—fll, R R AE(E TR EE R 63.3 °C 5 > Ac i 1 P
IBATIE, ZFPERIPGTA 24, Rl T
(7 EA AN B e (B 36 8 3-F). M
3—d ATRIAEL, X A AT AR, 4k
b B B R R OR R G A R R
W, HAGTAERL RS H LI BB E R W R 72
3 10 AR, A A ) R e ) B g AR Y
7 BAAL, HAERZMRIVE A 3-d A,
X AT BE S S 11 7 1) e Sy 5 T I 10 e T
AR, HALRE DT - A ZE M UASR], [A
RIS N A BT, T EH PR AR A,
DX AT HA ARSI, R I (R s i
JE PR R A AR

SR e TR AT AL ARLIE; el £ 20102

Fig.3 Hot spot distribution of wheat straw powder under single wave port opening
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Fig.4 Hot spot distribution of wheat straw powder with multi wave ports opening
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Fig.5 Heating curves of experiment and simulation
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