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Effects of Random Motion Electrically Conductive Beads on the
Electric Field Distribution in Microwave Applicator

WANG Ruifang, WANG Zhe, XU Qing, LI Zhanyong
(College of Mechanical Engineering, Tianjin University of Science & Technology , Tianjin 300222, China)

Abstract: Non-uniform heating is a major problem in microwave applications, mainly due to inherently uneven distribution
of electromagnetic energy in the microwave applicator. This research work is aimed to improve the uniformity of electric
field distribution by utilizing the microwave reflection of the electrically conductive beads which move randomly in a mi-
crowave rotary drum. Commercial softwares, EDEM and COMSOL, were coupled to simulate the interactions of multi-
physical fields of the particles’ movement and the electromagnetic field. The effects of size, number and ways of random
movement of the electrically conductive beads on the electric field distribution in the microwave applicator were discussed.
The results show that the influence of beads on the electric field is small when the bead diameter is less than 20 mm ; beads in
free random motion deteriorate the electric field distribution due to the agglomeration of beads; beads in random motion but
restricted between a fixed distance can improve the intensity of the electric field and the uniformity of electric field distribution.
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Fig. 1 Microwave rotary drying device

FUHBLEEHB $30% B2

x1 BHEBHWIESH
Tab.1 Physical properties of plexiglass
B/ (kgm™) TARAEE DY) /Pa
1190 0.35 1x 10"

1.2 =R

AL F LTI e 0 TR KGN, B TR
BEAILIZ 2 5 HRE X (iR 7 17 1 N L3 A1 ) 5
Wy, PR, BB KR, R & Jmek. K
ORI IPE DLER 2. AL R ORI — A R
SR =747 mm, %6 b =717mm, & h =
6.63 mm. T EDEM HARFEZ 3K A AN R AR ks 1)
A IR RN 2 B, ZERLH, R T H
AR ke LR B NN S HIA A SR TARRIEY B S DO EiY)
WA S, Mkt 4 @A , R R RIEKIE k.

*2 KEHHEHHE
Tab.2 Physical properties of soybean particles

W/ (kgm™) TAFAH By I it/Pa
1200 0.4 2x10°
R3.315
0.534 T

| |
0.833 v

(a) HURCARAYE X (b) EDEM A= B 1Y Uk 7Y
B2 KEBPER
Fig. 2 Soybean particle model

2 HFEE

S5 2 157 P B HLAE 80 5 H AR X BB s PN f
Y i W2, 4 e EDEM %44, R Hertz-
Mindlin #ZAiEERY IR ER OB A h S R TR 12 3 72
AL E , SRS A COMSOL % F , 18 3 oK fi#
Maxwell J5 FERAFE I N HL RS 934 P0kE ORE)
VAW, T, O H i B kAT T g, LRl
iR R K AR ST R HE BR 43 1 R X
(1) Q@) A (3).

21 EFHIATE
TR B P ) L 37 00 A i ok Maxweell T 25K
Vi (VxE) -k (e, -2 )E =0 1)
WE,

0

s e ARG E AR, Vims ko S
B,m™ & AR R & MEE A R



201544 A

Fhidy, % BEYLIE )T R RO N R AT + 53

B, Fim; o HABE, radls; o HHESE, S/m.
22 HRFH

FH TS FORE - 2R T TR s B 8 e PN RE T B
J5EFEH K, 1 Faraday @ Gauss FRiE>Ia]
AL, WA BT BETRN F S DT ) 3 5234k 0, B

VE =0 (2)

2.3 HBHIHHEAEITMIsER

HL 3 00 A R 34 SV A2 3l R 8L (COV) AT,
HoE h

n

Z(Ei _E)Z
cov =Ly 3
E n

s B E S350 A TBORE s A E 580 B AP 2 e
B, Vim. COV #/NFER L4 i34 5] .

3 HREHMW

SCHR [241 %6 A 2 1 2 17 119 25 3 0 S e el i R
b FHEMLIZ sh AR A B T T0F5, M3k
10% 5], FIURE i BEATLPE FER A PR T, A SCHIOR 5.4
AN 10%, FEfE%530 15 t/min, #5) EDEM )
R EIRAE W OB T AER 5 N I BEHLIZ 31, PR
COMSOL #4 F: H R FTE R LIZ Bl A H it i
T4 1 P L3 0 AT B S 0. I PP AT % 1 R L R
X LI 1 5
3.1 BHENTRIRMEERRERNBSS R

F SCHKR [22] AT %0, 76 SO0 B A — 4> 3 L kL
T, kA Sk 20 mmo B EEL A5 E R M A K, AR S
PL 3 A 20 mm B S HUREFAERE T B HLIZ s o7 B
Y£R8 COMSOL HR Rk AR 3 LR T A . &
3 MEEFAE A 600 s B SR T B 5 .

k) ® "
— || H |
(2)100's (6)200's (€)300's
o% II o 9 | g
(d)400's (€)500's (H600s

3 BEYUEshSHEMFAE (d=20 mm,n=3)
Fig. 3 Positions of electrically conductive beads at differ-
ent time (d =20 mm,n =3)

Bl 4 SR T (d=20 mm, n=3) {Eiz 3 4
HR R S N FL 7 AR IR 2 ), R R = A o ) 3R
TRFETZ I ZI H S0 3 1) e A e /M.

4 1.662x10° A3.167x 10
L4x10° —~ L4x10° —~
l1.2x10* E 12x10° E
1.0x10° 2 1L.0x10°  Z
0.8x10° & 0.8x10° =
0.6x10'° = 0.6x10" =
0.4x 10" § 0.4x10° §
0.2x 10 0.2x 10"
(a) 100's 0 (b)200 s 0
v( Y0
42.950x 10* A 6.740x 10*
1.4x10* = 1.4%x10* B
l1.2x10* E [1.2x10° E
1.0x10° 2 1.0x10°  Z
0.8x10° & 0.8x10° =
0.6x10° & 0.6x10° &
04x10° 5 0.4x10° §
0.2x 10° 0.2x 10"
(¢)300s 0 (d)400s 0
v0 v 0
41.549x 10 A1.612x10'
jl4x10t ~ 14x10° —~
l1.2x10° € 12x10° €
Lox10" Z 1L0x10° =
0.8x10* # 0.8%10* E(
0.6x10° & 0.6x10°
0.4x10° § 04x10' B
0.2x10° 02x10° =
I (h600= o 741

4 FEHLIEENSEAFIIRIZEENZN oy BE, 2=
45 mm,d=20 mm,n=3)
Fig. 4 Effect of electrically conductive beads on electric
field intensity at different time(xy section , z =
45 mm,d=20 mm,n=23)

K 5 T S HR R4S (d=5.16, 20 mm) X}
HL ) A 3 S PR 5 .

0.30

0.25 A\,

cov
=)
o

| —a— LSk T — - d=5mm

ke d=16mm  —e— d=20mm

0 100 200 300 400 500 600
s [/

5 SHETRENBHN SN (=3)
Fig. 5 Effect of different size of electrically conductive
beads on the uniformity of electric field distribu-
tion (n = 3)
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Fig. 7 Effect of different number of electrically conductive beads on electric field distribution
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