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PHANUPONG SAEUNG : HIGH EFFICIENCY WEEVILS CONTROL
SYSTEM FOR HOME-USE APPLICATION. THESIS ADVISOR : ASSOC.

PROF. CHANCHAI THONGSOPA, Ph.D., 97 PP.

DIELECTRIC HEATING/RICE WEEVIL CONTROL/SSPA/HIGH EFFICIENCY

Thai people trending about food was going to food safety they will care much
about their food and worrying health being affected from residue pesticide and others
chemical in food. Rice has been one of favorited food in Thailand. One of major
problem about rice was rice weevil (Sitophilus oryzae [Linnaeus]). Rice weevil causing
rice damaged including reduced quality, weight losses, reduced nutrition, low
germination rate, increased bacteria and fungi and many more. Rice weevil can be
eliminated by using chemical fumigation. However, only adult rice weevil will be
killed, and not too long rice will be infested with rice weevil again. Generally, in order
to eliminate all stage of rice weevil in one process dielectric heating has been used.
Dielectric heating in rice weevil control not only eliminate the insects but leaves no
chemical residue in rice also not harmful to health and environments. To have this
dielectric heating works for home-use the Laterally Diffused MOSFET (LDMOS) is
selected as active device in RF amplifier. Therefore, the parallel plate applicator was
studied to work together with RF amplifier.

It was found that for larger parallel plate caused resonance frequency to lower.
It has no significant to change the ratio of plate. Selecting frequency for dielectric
heating found that using low frequency has better heat uniformly but poor heat rate and

using in high frequency has good heat rate but heat uniformly was unacceptable. By



designing the parallel plate to the appropriate frequency will yield good heat rate and
heat uniformly.

The experimental of rice weevil insect pest control system using dielectric
heating compared two RF powers 300 and 773 W both used same exposure time 2, 4
and 10 second. The results gave that rice weevil has high elimination rate when exposed
to high strength electric field and long exposure time. The mortality was proportional
to the RF energy but inverse-proportional to the quality of rice. The results of using the
prototype SSPA insect pest control system in rice weevil pest control, 64% overall
efficiency was obtained. This rice weevil insect pest control is capable of replacing the
traditional chemical fumigation in term of cost. The advantage of high efficiency in
dielectric heating not only for insect pest control but also could apply to any related

applications that use dielectric heating.
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'
R Y] 9

~ ’q ¥ ] A = v
3‘]J‘VI 2.6 Setup 51]@Q“];ﬂ@ﬂﬂiﬂﬂﬁﬂ’ﬂﬂi@ﬂlW@ﬁﬂEWmﬂi3VITJTITQﬂ’JTZJif’JHTIZJW’JG]’J?JE’JﬂﬂJTJ

(Yanet al., 2014)

1.00

-©=-44°C

-B-46°C
0.75 —A—48°C

—a8—50°C

§ 0.50
~
~
~
~
~
~ ~
0.25 N
~
~
~
~
~
S
0.00 L L \ Pal
70 105 140
Hold time (min)

JUNn 2.7 HANTNAABININATANEINANITENUNNANNS oUABAINDA (Yan et al., 2014)
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]
adA A =

A o { 1 o 4 I !
wennIsmeaneai lanad 1y §alidsousanlatnmsanu wemanuiulyld f
o A Y A 1 Y 9 ~ dy 9 =\ Av A= A [
wwivansevu lavseas lneonu veatndwteuludn Haudsendnunerdunis
ADUAUDIABLAIUDINOAT1) 1A 1F LED (Light-emitting Diodes) 1a8118 Ju-Hyun Jeon 1Az
d' U Y 9 a [ [ 9 &' d' J [y Y
Augneeunazas lueadnmaanuan Iagldnueadauuasiuana1 et uiuy (Jeon,
Oh, Cho, & Lee, 2012) Tagdan1snaaodlioglu Y-maze chamber #9319 2.8 91nn15NA004
1 PR 9 A ~ o o A ) %} a a A =
WUIAINAIANDAT1ININNFAS 30 Wa 1A A FUUTU (450 nm) T1Te2 (520 nm) Fuag
(660 nm) UV (365 nm) uag IR (730 nm)
9 = Y 3 amaa PR 13 ] ' = = Y =2 d
msldmsniisueadnuiluisniia ldnegnuaniuiisinelimsniiande Juily
MveensmaIsalinmudonianau1Inisie 11 naALNY Br U8 Peter A. Follett 11ag
9
aug lalmiiuanaonluTvszmn Basil oil suveatouny Taeld/31a5 3 ml anududy
Y = ' Y Ao o o ' LA A o
10% 181781 10 W1l WuNMWEAT1NTIONT1T0ARIAIMAIINAIUNITTH Basil oil tioflsuiuye
~ gj A [ v W =2 .
arny (319 2.9) Minduieru i 6 Tuonsseaduilu 0% (Follett, Rivera-Leong, & Myers,
2014) #9118 Farah Hossain itagAnie 1019 Basil oil 39uAums 1455@Tumatidauen wuh
1 v 9
@199 Basil oil 9d10@ 9z Ao g dudugune 14 1z oznafauasdmiudasisen 0%
(] = o 9 [T T = A Y = A o g}./ ast o
wuReInuMs 1EnsniesidedufeINazaoan15U3u1a Dose ga iorhmidelsusuny
Y R o A . . Yo A
|@nadninane 6a5111550A 0% A1 LC,, Y94 Basil oil 0.83 ul/ml 1az 1598 200 Gy melu
STeZNATY (Hossain, Lacroix, Salmieri, Vu, & Follett, 2014)
18 Marissa X. McDonough ttazaaiz 10 19 Ozone gas Anmidngalumsmisauuasly
[~ g‘./ 1 [
911115 M3naaowt Yy 6 ATUALA 50 D4 1800 ppm IINHANITNAABINYIT TUNIT
o w o 3 o I
A19AN0AY1 (S. oryzae (L.) A2 Tatdn3e doe1¥ Ozone A21310% 1800 ppm 1Hut1a1 60 w1H
9 A v @ 9 [ a d’ d' aAa [] [ -9
wennnueaud ) luaudteds lanaasstuuuasriaduazaoiuzonluresiiaeu v @2
80U ANUA (McDonough, Mason, & Woloshuk, 2011)

119 K.E. Law-Ogbomo 118 D.A. Enobakhare lanaassfidaueatinalonsninlyd
w31 nazrenluthdumna (Leaf powder of Ocimum gratissimum and Vernonia amygdalina)
o [ o [ gj o < o
TagIANAIINEATINITANBVDINDA BAT1A15219 14 MDY UNAAT1I LAz MTUANTNVDY
I 9 ' . o o = o v w o Y] 9 A
Waav1I U1 1u Dose 4 g /20 g grain §115una luans1 aursafivaduduTe’ld 100% 1o
Al 21 1 Tuvae i maluthdunadesld s g /20 g grain 3992 18 M3isa 100% n5 19w
~ g’ Y] 9 A Y A = o A (=
lugwsraunsoamiinvesdnfine 118 48.90% efsunuyanaassniuaui bifinig
T¥asanannly amluthdumaaunsoan’ld 48.09% (Law-Ogbomo & Enobakhare, 2007)

tiniseludszma Inenquuilslddnymanszny mnmstivaueadinlaeldnis 1%

AdusounuuduNII A (Infrared heating) (Duangkhamchan et al., 2017) ¥18 Wasan
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Duangkhamchan tazanz lanageunud1nni luvesweadnegmelu msiamsnaassasgl

v
= a

= ] ) a v Yy A - '

7 2.10 (“]ﬂﬂ) Gl‘]meﬂﬂvﬂJ 50-60°C L?ﬁ?iuﬂ?iiﬂﬂ'ﬂlﬁﬂuﬂ 1-3 U WU'NVIQ’EN‘HQ?J 50 °C

v Y = A Yo ' = ~ A

ﬂ@ﬂi%l?ﬁTﬂQ 3 u?ﬂlW@ﬂgiﬂf’)ﬁiTﬂTiﬁTﬂﬂJ'ENlléUllf’JﬂHJH 100% Glmltuw Qﬂ!‘ﬂﬂ“ll 55 uag 60
Y] A o ' Aa 2 o g a A ] ] I3

°C Gl‘]ﬂ:)iﬂ 2 u?ﬂ@ﬂiTﬂTiﬂTﬂﬂlﬂQ]’l‘U 100% HNANTENUNNAVYUNUUVIIAND Lll@slﬂﬂ'l"llliﬂulﬂu

o g ° g’ Y] .?, o o < [
szeznauazin IanuFudwaziinminme 1l 8nnadarin 13w e (Hardness) a1
zg A a A Y 1 2K o . e [ A
AU 10T IRUNYNAZIT oA N IF081uMIZaN 39911 Desirability contour plot A931/9
' A = ' A = 9 a
2.10 (¥31) WAz auAea1gIga luns 1w av 0.714 vuedalagungi 53.59 °C A

Tumsldanudon 1.2 1

W 400 mm

Cover (opaque)

Acrylic panel Insect entrance

(Transparent);

Light zone
(150mm)

- w00 -

ww gof 1

Dark zone

Transparent board (150mm)

5UM 2.8 (419) Tumad Wi Y-maze chamber 11ag (U37) NN cross section YDA cross section

HAAIANUIMUTIVBINDAY 1 VSNaiiauazySnan l4aa (Jeon et al., 2012)
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100 -

80 1

60 1

% Survival

40 -

20 - —@&— Control
—O— Basil Oil

0 1 2 3 4 5 6 7
Days after Treatment

A o Yy A Y "V Y Ay v
jlﬂ‘I/I 2.9 E)ﬂiﬁi’)ﬂﬂl@ﬂﬂ\li’)ﬂﬂlnmﬂgﬂii\lﬂﬁlﬂ Basil oil ANWINUY 10% uazammmw"lu

61113 1% Basil oil (Follett et al., 2014)

° Desirability

emitter /}

==

B: Time

ample tray |

o w

5UN2.10  (310) Set up voams Wanudounuvdudsusamoiiva liea uag (¥21) 990

9 [ Y 9 a A Y v ]
M aNd@Ms UM IMaNusouuuauns 1sa ﬂiﬂﬂﬂﬂﬂﬁﬂWﬂﬂlﬁ)ﬂqﬂlﬂﬂﬂq\i

TuvazNdasny 1@ NUeI912 (Duangkhamchan et al., 2017)
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Ay
2.2 NP NINYIVD
221 ”azﬁuﬂsgi;zmmwamum (Parallel plate capacitor)
(=] g ] ) . { { [
aunulszalsznniidsznevlddrondudniniinun 4 gouruvuia
(Y 4 = [ ] 1% < =\ 1 v J o ya
mnu 19 lugagudnatsazyu@edny venuiuszes d mnianuandng AV sgiilni

C=0/Av avy Withaelu

1 1<}
U529 +Q uaz —Q AW Y (Capacitance) 11 1491N
g}./ a da! [ < 1 [} "9 gj

maansdesrziaduasgl 2.11 sgmuau i lulnduassnasanunan Tasmng

a ! J 1 J {
vsnaveuniinuIdwesauy lWdwin Senign1seitian Edge effects wazauu Tl
< a ' {a 2 1
114 Non-linear THUS VO VILIF oA Fringing fields Tumsmiaun lWihimaduszving

9 = a A dy Aa a A [ A a

Wan 1119910 Gauss’s law Aomsoulinsaiunavesuinuiauly asgii 2.12 ninusn

Y
Turh l laauu Tsihmady

PE-dA= Dene (2.4)
80
=2 2.5)
80
i
|AV|=Ed (2.6)

" W 1 v ' ]
ﬁf’)ﬁu'lll]1‘1/‘]ﬂ?‘l]3L‘V]']ﬂ‘]Jﬂ')']ll@]'NﬁﬂEli314'J'NLWﬁﬁWTiﬁlﬁﬂigﬂ%WTQﬂlﬂﬂlwa@]

Y < (Y
ﬁ]%ulﬂﬂTﬂ'ﬂlllﬂ‘]Jﬂigﬂﬂl@QLWﬁ@]ﬂJUTHLWTﬂD

c=2 % @.7)
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2.2.2 EJJﬁqllﬂ%!ﬁﬂﬂ%ﬂ Dielectric materials
AN YY1 < Vo A S
ﬁ]Wﬂ'ﬂulﬂg’N ﬂ?ﬂ’J111Lﬂﬂﬂi%ﬂﬂl@ﬁ!WﬁﬁﬂluWumWﬂﬂ aUNITN (2.7) AUNITUU
yq 9 I o 1 19 o J I o A A 1q 9
ulﬂﬂl‘]fi’ﬂﬂTﬁLﬂu@]’JﬂﬁNizﬁ’JNLWfﬂ@ LmﬂW]’JﬂﬁNi$‘Vi’JNLWﬁmﬂu’Jﬁﬂ@uﬂquﬂl%@TﬂWﬁ

i d . PR, 3 = d .
ﬁ]xﬁ’mﬁmauﬁﬂmﬁwmﬁ@m Relative permittivity mmmmuﬂn@g%mmmm Polarization

o 1 . . < wa o = a 2 o g
VYOIAINAN A1 Relative permittivity LﬂUﬂmﬁNU@]LﬂW']g'Jﬁﬂ nasuudasaiuanud auny

a " vy Y Y o a = A A dag a A dy [l
‘]J'N‘])"Llﬂ]lllulﬂgﬂf’)f’)ﬂ!lfl_lﬂll']“I,W“l‘lfﬂ‘]_lﬂ'l'lﬂﬂi;f%wj']g5]311 MIgalasnavy ﬂ']if,;fﬂlulﬁflﬂ'l']uulﬂ
1 > v Y A o W = I 9 = v g (]
719910 I°R luaaiuniu ﬂi’)ﬂ']a\quulﬁﬂulﬂlﬂuﬂ’ﬂﬂiﬂu msgaaeluanvdszevued

U 9 Q U

o v A

anudn 1 dndaunlsidnafe Electric dipole moment p 13 Electrostatic effects Y804

U529 +Q ag —Q NHNNU a dLUAWNINY
p=Qa (2.8)

a ] J I
lunzilnalszasvveseznonazinnilugud Tasilszguinegasanai
" adg A vy 1 < ad Aa 9
uazngudanasouIeTe uanminozaeugn luauw livhawiils Sdnaseuniivraos

1 v W Y d’ % ] d' Lil o Y
ﬂ'J']ﬁ]%gﬂﬂﬂﬂﬂiﬁ!ﬂa@u@nuﬂﬂﬁ’mﬂ?ﬂﬂigﬂ‘ﬂﬁﬂ mi‘namamﬂmuﬁnuﬂmwﬂﬂixﬁ;auuax

9
%

Y 1
1190 %3802 Polarization P 11aZAZiToN0A0NUUI0ZAOUNIA Polarized atom

P=Np =0 (2.9

P

o N aedauTuanauaz p,, Ae Dipole moment IMAvse Iuana 1az o

P4
=

A . . 4 d’ d' A 1 o A . = LY =
f1® Polarization charge density 1aNIze3u1891%1 11 Polarization DaUuedfuaun v 94

u

Avua 191 Electric susceptibility ¥, Tagh

P=¢ex E (2.10)

Mnaumsn 2.5) §11% 0= 0/ 4 fie Free surface charge density HIWAA 32

0'=£0E+0'p (2.11)
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NAFUMIN (2.9) ag (2.10) M1
o=¢,(l+1,)E (2.12)
12 1dnuduiusse e Dielectric permittivity 11¢ Electric susceptibility

e =1+y, (2.13)

De

Y ]
Polarization mechanisms NS WOAAIVOIANNNVIVIAATIUAINAIINDN

1 A d' = a d’
ABUAUBIND Tuanarisoozaol a1u31UN 2.13 Tusigazidenvreang@nssudu uenan

Orientational (Dipolar) vz 11 ldna1nda

+Q

+ 4+ 4+ + o+ + + + + o+ o+

g 2.1 msnsznedvesau llihweunasvuuiiilszy Q

o

Gaussian
surface +0 A’
A
\_/+'++++++++++++++ -
d
Path of 2

intergration

A 9 a A A U
3‘]J‘V] 2.12 IUNWNTOUNLINTA Lw’emmum‘lv\lﬁﬁzmmwammu
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A Interfacial and
space charge
Orientational,
€ Dipolar

\ Tonic
g =1

[\ -
[ i | | I I I I [
02 1 102 104 106 108 1010 1012 101 1016
Radio Infrared Ultraviolet light

v v Y v Y
51N 2.13 91 Dielectric permittivity A1 IuAWANIAIUIT WAz AIUIUANIN (Kasap, 2006)

Y ]
Orientational (Dipolar) Lﬂﬂﬁuﬂ‘i.lImﬁflﬁﬂl@ﬂﬁﬁ“]JN%uﬂ 15U KCl 130 H,0 il

- Y [
93] Permanent dipole moment p, 9nsggau CI' lgalszquan H Tuveumarvseunanis
= dy a dﬂg 3 aa ) L d' U
Hvosauw Idhilvzimavunuunszdanszne ilinamauniveu Uszydaneeuioz nyudad

aman Ilfhnieuen usedi Tuanadude18de Torque
7= Ep,sin6 (2.14)
Tasii
p,=aQ (2.15)

o adg a ! I ! < )
Diclectric loss 7a9 ladtannsanognieldauiy Iihasnazianuiuay

Polarization 1307 Dipole moment MY

p=o E (2.16)
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A A e e A
1D &, AD Polarizability ¥AUNINY

2

)

o, =—— 2.17
4 3kT @17)

! 3 4 { o a .
5U7 2.14 naasimud e ldauinlwhaeh £,%11%1Aa Dipole moment
[ . { { I g‘./ [

Aviile wagh =0 aun I asuudasein £,184 £ 9101 Dipole moment 1314
alasumlasamiuimiule selisrenarlumslasunilas mslasuuilasves Dipole moment
4 o 4 o , : J
Mnannmsiasuudasauinlwifinieueniiendn Relaxation process Az %4138

' 1 Y ' v

nlasumlasiFonii Relaxation time 7 uaillodaguuegnivldauiWdhaimsulasunia
9019ADI04LVY Sinusoidal 30 AC voltage Nilawin Ivlwmay £ = E, sin(wr) Dipole

moment ﬁmvhﬁ’u

p=a,(0)Ee” (2.18)
il o, (@) Tisniy
ad(a))z % (2.19)

' < ° a 1 <3 v E o
i o, (@) Wusmwoudadeu ¥lifuar p uag E 1w Out of phase A1l
H H T 9 H
fi 2,15 iAmdd wr <1 A1 o, (0) Huladifesdy o, (0) aoudl p ez E Inphase
9 v v ]
8931 Relaxation time WHGNN @ =1/ 7 uazNANAGI @T > 1 8731 Relaxation time 9

] b4
AAUINANNIIE p tag E 11U Out of phase A1313918NAN Dielectric constant 180

No
e=1+—-4 (2.20)
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< ] o a 9 =\ 1
%9 € veoglugdfraudidouny o, (w) Woulugl e=¢ - je” M
. . ey . , . . ” dy da! Y A ” < A =
Dielectric permittivity £” 1a¢ Dielectric loss €” HILUUDYNUAIIND A £ 22111 0 NN
o A = [ = [ , 9 o [ <3 A
AuaznANUDg ueazgegan or=1 m ¢ lamuummanunulszyannaunsi (22)
v ! [ ad a I ' ! 1%
annuilszylugln 2.16 Iiaq laidanninegszninunan Aluseau v

Y
aszuaaduanason aaua1n1 W (Admittance Y ) 9z

Y=jwC+G, (2.21)
Lﬁ'f’J
eeA
C=-"22r_ (2.22)
d
LA
’7, A
G =5&° (2.23)
2 d

v I 1 =

Y a = d' = o w d' a da! a
ﬂWl’JLﬂ‘U‘ﬂi%ﬁ}‘11!@@%?]6]%31%%6’31!1/]@&3Lﬁﬂl!ﬁd% hlll?JﬂTZNVILﬂWU‘LH]iQ WIS

v Y
Ao v A K

<3 1 < a U a ]
Gp W%f’) l/Rp 10 L!,@]GlUﬂ’NllL‘]Juﬁ]i\‘lﬁlzﬁﬁ’JUﬂMﬂT qmmu%iﬂu Rp N3N

2

P =IV=YV’=joCV? +Z— (2.24)

input
p

9 v

Tugrundefed1uIuase azuuMdIns 9 18igids Power dissipation 1%
g "o 1 ” d'd' d’ &' = v [
Yuagnua & uazanudnasalouly or=111403910 1/7 ABBATIVOINIIFUAUV

4 { J [
Tmaqa Molecular collisions tagiiovmz w=1/7 dOUMANITNU wasudzaulag
Y

avw lfuaznasanunisToug Random collisions tiaduludasuaednu i ldwasnugn

a I ) 1 = Aa A o’dyd J . . A ”
nlaenliiflunnudeuedaiilss@nsam 1gnisaltiisendn Dielectric resonance 37 €7 g4
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[

Ngaluvuzn o =1/7 (38171 Relaxation peak MAIgYIAENTZ18ADHUIBYTNIAT Power

dissipation per unit volume annsamuialdann

o V? 1 v .

o = Votame "R “wd~ —d Caa- @ P
£,
w1d
P =wE’ee’=2n[E’e€” (2.26)
130
P, =0E¢¢ tan(9) (2.27)

\J
-

. . Coa ) L
g 214 seliau lwihasdidmiadaeunn £, iiu E edunziiuin il nduced
. < X a X

dipole moment anad91n o, (0) £, 1 o, (0) E Myanadiiintiuain Random

collisions maﬂmaqa (Kasap, 2006)



27

| I
0.01 1 100
0 /‘l' 0.1/1 /'Z' IO/T /T

5UM 2.15 A1 Relative permittivity Tugduessmandadou uazina Relaxation peak 7

o =1/71 (Kasap, 2006)

P = P, sin(wt - ¢)

—— Conductance = Gp= llRp
b= X
Ay N 1
\*/ Ay H H
C

0\ 7~

& &2
v=1V_sinwt

{ v { [ @
s 2.16  @e)dunudszguuumaavuuiiivgeeu Idihaduuuy Sinusodal inam
[ y v A o v
ANNATINUAR (121) 1eTauyaveId unulszgniauii G, VUi

Lfd]‘]_lﬂizﬁ}‘ (Kasap, 2006)
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A A 9 o w 9 9 = o [ = Yy o
ez Inszuumaauuaaveadnludninslssndandinugaga saaeanaont
[ 4 d’ﬂl 9 A A [ Y o & [ A A 9 = o
Taguszasn luvazided lanananaaioonsuld suiluednsanvzdedimamimuanuams
Tunsdutdumsive uazveuvalineades ieadruguuazinadlsaie g Tugiin 3.1 Ae
2 a s A
MIINUHUMITODNILDUNTNABDY (FUINMIANINT TS NiNeITosvounanvuI Tng
3 a I (R [ ad a 4 o
T¥nmissraeannoniumesiudi9is awarenisiaa lasiannsavesinuiemidesing
9
nM31FuveszuuiTaNea 911NUUDDNIDY Prototype NATDUANININUYDIIIT VY
v Y
Ay AN gItIa9ge 59u0IN150001UDI995 Matching network W3 o uas 19uz1l
] F4
man wazlsziiumanuuesduuuuiad NIu ganefoniseeniuuNsNaasIiItayon
pagzdlsziiuaunimvestinvasiumIisauea aaen1siiiainan lldszneveins

LAIMATOUNULIEEIATAI8IT Blinded experiment

Prototyping and evaluating

4 }\

Study and experiment

Measure
parameter of parallel plate :>
using CST

High frequency
Power amplifier test

permittivity of rice

o

Matching network
design

Experiment of

Evaluating the quality of rice using AFELIA .
volunteer with blinded experiment <j el!mlna.\tlng rlFe wee.V|| <j
using dielectric heating

Plate fabricate ’

\_ /

9
%

JiN 3.1 YuasumsduiiumsitenmseenuuuRuLDYeINMIsaNeatnd M1y

[
3T
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an o W Y Y Y Y ad a o ] <]
FDNITNIVAUDAUI GlGHﬂ151ﬁﬂ31ﬂ5@u&tﬂﬂ1ﬂ@mﬂﬂﬁﬂ NNAINUT UV AN

] v v Y
Thaduaenauaiuding deinu lldweadn naenuiinaduszeglugianudoulud

[ a

yealazd11 NMIiagungiiginningurgiivesiii iilesainueatnlivuiadnnisia

u

a I A Ao 9 1o o Ao ] a 9 I
Qm‘ﬁ{]llﬂl@ﬁll@ﬂiﬂﬂ@]iﬁ!ﬂuaﬁ'ﬂ'ﬂ'ﬂﬂEl']ﬂ uax"lumﬂu wmﬂﬁmnElmﬁﬂqmwgmmwntﬂu

ad ad

% I v o [ a a 9 [ a 9 ~ o ) =\
aulsamilundndmisuguiigil Undudimsiagamngiivesinim laena llaeads 3
a ! Y ax d [
130 1% Fiber optical thermometer Tnaesly Imaging infrared thermometer N3 25 UMIIN
9
gangi laglduaadumsusa Tunsideiildnisiagaungluuy Imaging infrared thermometer

] Y v
(US857A, Keysight) ¥0150n Taodouoaginsaiiifio IR camera 9103 3.2 IR camera §1

k4 v 1] ]
Foyanmiufigungiandiodlananed nagiyeuaenuneuiamei e uiindoyaod1s

v
=1 0

[ A 9 Y < [ A A ]

ABDIUDN 51]@3;!?11!ﬁ]guT]lﬂﬂlsb'sluﬂ’]ﬁWﬁ@@]ﬂi’W‘lm@Q@@]i’]ﬂ’]ﬁLWNQﬂ!WQN@]@WH?ﬂQﬁ’] (Heat rate)
PR dy ) a 4 o o 9 = o =) = [
N¥3 Heat rate uﬁ]x‘u1‘11J3Lﬂ’51$?‘fﬁ1ﬂ1mﬂ3mi@u (Heat power) V]ﬂguTulﬂl‘]Jiﬂﬂl‘ﬂﬂllﬂﬂ

mda it (EBlectrical power) Nfoudh 1y iodins1zyinlssansamvesszuy

g‘ﬂﬁ 32 IR camera {30 Imaging infrared thermometer (U5857A, Keysight)
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CST STUDIO SUITE

New Project from Template Recent Files
Project Template
5 Create a project template with settinas tailored 10 vouc anlication area. I pitepcbant >
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Electric Dispersion: Nth Order Model, N=1 (Ft)
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S-Parameters [Magntude in dB]
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Plate ratio | Width x Height (mm) Area (mm°) Resonance S11 (dB)
frequency (MHz)

10x 10 100 210.92 -7.3928

1:1 30x 30 900 92.924 -7.5866
70 x 70 4900 42.018 -8.3263

10x 15 150 185.93 -7.7552

1:1.5 30x 45 1350 75.97 -7.6988
70 x 105 7350 33.487 -8.7826

10x 16.1 161 180.93 -7.7629

1:1.61 30x 48.3 1449 73.471 -7.8008
70 x 112.7 7889 30.988 -8.9265

10x 20 200 165.93 -7.9839

1:2 30x 60 1800 67.499 -7.9832
70 x 140 9800 28.489 -9.8644

10 x 25 250 150.94 -7.8685

1:2.5 30x 75 2250 60.976 -8.0158
70 x 175 12250 25.99 -10.482

10 x 30 300 140.94 -8.0406

1:3 30x 90 2700 53.479 -8.1667
70x 210 14700 25.99 -10.881
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MmN 4.6 anuanvesau I uloyulan/dsu i) veunani Resonance 11 10 MHz

Phase (degree) Electric field intensity (V/m)
0 456.14
30 789.475
45 880.371
60 911.271
90 788.892
120 455.13
135 235.291
150 0.583
180 456.14

210 789.475
225 880.371
240 911.271
270 788.892
300 455.13
315 235.921
330 0.583

360 456.14
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Phase (degree) Electric field intensity (V/m)
0 93.875
30 1000.24
45 1365.96
60 1638.59
90 1837.88
120 1544.72
135 1233.2
150 837.644
180 93.875

210 1000.24
225 1365.96
240 1638.59
270 1837.88
300 1544.72
315 1233.2
330 837.644
360 93.875
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Frequency (MHz) Rice weevil loss factor (8;’ ) Power dissipation (MW/m3)
1 1.38 1.38
5 1.8 9
10 2.11 21.1
20 2.19 43.8
30 22 66
40 2.29 91.6
50 2.11 105.5
60 2.09 125.4
70 2.01 140.7
80 1.98 158.4
90 1.95 175.5
100 1.89 189
500 0.5 250
1000 0.41 410
2450 0.4 980
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