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KOMPISIT KRAJAIPOTE: ANALYSIS AND DESIGN OF RUBBER
DRYING SYSTEM USING COMBINATION OF HIGH FREQUENCY
ENERGY AND HOT AIR. THESIS ADVISOR : ASST. PROF. THANASET

THOSDEEKORAPHAT, Ph.D., 80 PP.

DIELECTRIC HEATING/HOT AIR/RUBBER/DRYING

The objective of this research is to studied and designed the heating of dielectric
system by using high-frequency wave which can drain the moisture from inside the
rubber sheet for application to combined with hot air drying which using induction
heating system. The studied principle of induction heating and dielectric heating and
mathematical model of these methods. The studied implement of temperature control,
humidity control and speed of change in thermal energy of the system including the
design and build of dielectric heating system and integrated circuit of induction heating
to test the efficiency of the heating system. Analyze the results to improve the heating
system to have the maximum efficiency. The results showed that the power of different
electric fields affect to the using time is difference, including damage to the structure
of the rubber. With a power of 500 watts, which takes about 55 minutes but found to
have damage to the structure of rubber. The power of 200 watts takes about 100

minutes, the structure of the rubber does not damage.

School of Electronic Engineering Student’s Signature i S 13y LZ‘

Academic Year 2018 Advisor’s Signature TTLW””‘%H\




faanssuilsema

e 2 oy oA A ¥ v

MNINUTUFUT9982199109 11109010 185 UANNFIOHADDINATI NIATUITINTUAE

Q

AMuUMIAILUITY MINYARALENANYAAAA1S 9 Tl

PR P s ~ o P A A s Aq Yo °

A¥0Maa3191350 3. 5Ug§ NeAnTHA 819158M13nE1Inetdnus Alidwuzii

= 1 9 Yo o " YA o g’/ 1 Y
Usnw1 sreundyninazldmasloundidon Tasaasa saunisreas19mMuLazun by
a a Jd g <3 o
MewusautaI vyl
4 o 4 o a a Aa g a 4

F0IMAATI0158 A3.3NYFY o lan 019159Usz @I IRINTIUBIANNTOUNT

winendemaluladgsuts AldmuSarmadmnmsunlaeanon
d' 4 9 [} a 1 a g’/

pupUAM N 9 1Y 9 Lazte q tanadnyInnmu saudsdasamensluoda

Y] d‘ Y 1 =3 Yo w o Aa a 4
wazdagiiunaselinnurenide uazaeelimaslalumsinamaniinusun lasaaea

v Aaw o a (% =) A A 9 @
YOV UAY T1UITBAS WAL MHIIMedema Ty Taggsus nldyuaivayuly
o Aw = o s A A a o a A v ' A

M391798 Swdeyna1nslsziguins oo Inemaasiazina Tulad 7 laldanusiemae

9 4 A A 1 0o A v dy
Tumslagilnsal taziaseaienia 9 Tumsiavel
Y 9 1
AN

U

Y dy Y o J 9 1 ~ a £
gameil §190voveunmeIsdfdounnmuNlszdnsdszamany

) .
Wﬁiu@aﬁllagﬂﬂﬂqﬂu HASUDNIIUVBUNISAMU VAT N1TAN ﬁjuﬁqmu1@ﬁﬁl@\isuﬂ\1é}%ﬂﬂnﬂﬂwu
Hq ¥ & v o 1 v o = T ad
‘Vﬂﬁﬂ’]ﬁ@ﬂﬁiﬂﬁﬂ\‘]ﬂ Glﬁﬂ'nllﬁﬂﬂ'ﬂll@ll@u U,agch"fﬂ1ﬁﬁu‘]_lﬁ1élu1/n\1ﬂ']§ﬁﬂ“l&l’]f’)fﬂﬂﬂﬂ\?

A Y o Y Y YA o

9 R
nTagaaea dnnuilumaslangslng lueuidisenentuazyndla i l¥dvedszau

U QU

e

G aa A o 1 a o A a a A g 1 YA o
mmmwﬂummmam ﬁmm@mammmmu“lﬂmﬂﬂmmvlmuwumauu WNIYUBDUDU

U

@

TFuiannser sadsan@ictosdailuiisnuazinimos m@muﬂgmmiéé’ﬁauﬁgmiw
3

] ~ Y PRy 9 1 9 o 0o < = 9 =~
VJﬂ°|/11uﬂ1@ﬂ’]ﬂﬂ@ﬂﬂigﬁﬂﬂ1imﬂ@1ﬁllﬂ ] ﬂua’]liﬁ]ﬂ’liﬁﬂy'lhlﬂﬂjﬁlﬂ

U

an J J
AUNAYY ﬂ'ﬁ%%'lfliﬂ‘]ﬂ'!



aIvsy

£
Hin
UNAAGTD (D VHYINI) oo, f
UNAATD (D THIDINNH) oo ee s ees e eee e ee e eees e eeeee !
PN THL T I oo e e e e e s e e e e e fl
TVTUDY oo 3
TVTUWRNTTIN oo ¥
BIVTARITU oo %
o a [ [ 4 o I
AOBUNGTUANHULAZANID ..ot eeeeeeeee e seseee s ol
4
uni
1 unin
I o @ d' o Aa o
11 anuiunnazanud ague Ty NN e 1
[ 4 Aa o
1.2 30QUTEAIAUDINITIVY oo 2
1.3 UBTIUAUBINNTIVY oo eeeseess s s s s s s e s ses s se s s ssess s ses s seeseesees s 3
L AT UIUN YT IV oo e e e e e s s s s e s 3
o" 1 v
1.5 U ToB NI AT oo e 4
[ 4
1.6 U T P DT TRINTTH oo bt ee e s 4
o N
2 NQUNUFIHNNEITRS
Dl DRI oo e 9
° A s A o P
22 MIANLUUTIABINNANAMAASINOYINg A UNAMAASUBINITOULHA........9
1 Qy % o
22.1  9931IMIDVUFIAEAIANNAUA)FOIWSINUTUNE e 10
o j‘ 4 ] <
23 wanmsiuguvesnsinanuioulasldnauavumiman v ... 11
91&’ Y A ad a
231 ANUUBIAUVOIUANLR IABIANATD oovveereeeeeeeeeeen 11
a U ad a
232 nalamanannuFouun laBRANTN oo, 12
a a Aad a
233 mManaaioulazMInizegurNue 1ABIANASN oo 13

234 FLAUAVIMANAY (SKIN AEPLh) vevorroeeeeeeeeeeeeeeeeeeeeseeeeeeeeeseeeeeseeseeseeeeeesseeons 15



U |
ﬁ15umu(ﬂ9)
Y
W
2.4 MIMOUVOIAAU B TATIIN oo 16
R I B YL R LYt 17
IR 1o RV Y- Y B 21
o L 9 o o A o v v A .
2.5 wanmIdesdudmsumamtieniinnusoudlenauutman T 23
9
[ ) [ 4
2.6 MNANMILUBIAUTIMTUIITS TBUUUFUDUOUNTY oo 26
AR 8 b1 NI R LT B U Y 23T B 28
R R AR e RN TR TR (R N ATL: R ATk 2L WS 30
281  mamandTmnandsnundedlslunsldanudon. . 30
2.9 BTGV oo 31
a d U &' v
MINLULLAZIIATIZHIZ UV VAN NY UDINUA NN
TS B 7 1 1 1 OO oSO oSO 32
= = I 9 o [ o A [
32 msanwinennuidull1dlumseenuuutazitasawansthnaulumsaariu
A A ~Aq Y Y 9 agd a
aauANNAgan 191Uz D AN o U aBIANAT oo 32
33 DITODAUUUIATOVDOULNID oooreoeeeeoeeeeeeeeeoeeeeeeeeeee oo 35
331 IPTOIOU e oo oo e oo e e e e ee e ee e ee e eee e 35
332 AT ORI OB oot 36
R S S VU120 1 DO O 36
334 MIIA0INAMTUNTATEIIEAAUVDUATOL e 38
335 MITIA0IHAMTUNTNTENIGANFOUVDIGOU 1ooooieeeeeeeee 40
34 NTOOAUUUIVTH IR IIUS OU oo 40
3.5 SZUUAIUANMITIINIUVOUATON coooooooeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 42
1 4
350 TIUAVURUUOMIDT cooooooooeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseeeeeeeeeeeeeeseeeeeeeeeeeeeseeeeeeee 42
352 d@WAIUANTZUDMS IRATINTOU oo 44
3.6 TITU oo 45



£% \
a3 UN(MD)

Y
M
42 MINATOUNITINTONIADINETOU oo 46

[ 4 A =
42.1  neaevindy UL NANeoNIN (U1 3) Y09 10T (NESSS)................. 46
422 NAARMIATYYIUNVUNAUDL IGBT oo 47

a s A Y @ 14
423  gungivesgUnsaidetounssaulwihnszuaady 110 Trad......... 47
43 MIATINADUAUNINGINNITT @NURUAVRDNTNG) oo 49
44 MINAADIDULHUIININIT L erorroeeeeeeosssessee s 49
44.1  YFUMMANUVBIAAUAIVDGIN 500 Werroooooooooooeeeeeeeeeeeseeeeeeene 50
442 YFUMMANUVBIAAUAIWDGIN 380 Werrrooooooooeeeeeeeeeeeeeeeeeeeeeeeen 53
o 1 o ol d' d' d'

443 YFUMMAWIUYBIAAUANINDGIN 280 Woooooovoveeeeeeeeeseeesne 56
444 YFUMMAWUVDIAAUAIVDGIN 200 Werrooooooooooeeeeeeeeeeeeeeeeeeeneen 59
45 TATIZHRAMITNADDY cooooo oo 62

¥
451  myranzinaanuduiuivessandiunnuiuaena ... 63

o v 2 Ao w ]

452 MIIDNIIEHHANTLNUADFUNUDINNTOVNAANIUAN ) eoeeenes 63

a o a A 4 {o o 1
453  M3INIzRUTEANTMNUEUATORUNMANIUAN e 63
46 a7l.. . NS ARMRNY 64

5 ajUwamsIvauazvoramonuz
9
5.1 AFUOWIUBINITIVY corrroeeoooeecerie ittt 65
9
52 TUHMAZUBIAUBIUE .o 65
53 UUINMRIMTWAUTIUOUIAGN oooooooeoooooeeessses s 66
BONENTONDN 1o eeoeeeee e eeesoeeeee e 67
MANUIN N
a ~ Yo A A 4 1 1 =

UNANUINN IATUMSARUWHOUNS TUTZHINMITANY Yoo 69

UTETARTT <..ooooeooeeeeeeeeeee s 80



a3UYNIIN

A 1
41 HAMTNAAOIITIEIIIH SO0 W oo 51
42 HAMITNAAOTITIEIIH 380 W oo 53
43 WAMITNAAOIITIEIITH 280 W oo 57
44 WAMITNAAOIITITIIIH 200 W oo 60



€at
=
=h-

2.1
2.2
23
24
2.5
2.6
2.7
2.8
2.9
2.10
2.11
2.12
2.13
2.14
2.15
3.1
32
33
34
3.5
3.6
3.7
3.8
3.9

3.10

U
a1tz
U
Y
¥
ao' A = a o 1] [l <3
Turanaveshiaeunenau TUnaUMIBENTIAT oo 17
= A P
HADAUNATATOUN B IUNITNIADOD e 17
AU TLNOUUBIHAD AU NTIRNTOU oo 18
NATENTUYANADAUUNTATOU ..o eeeeeseeeenenans 19
QDTN ITIAUUU T LA TOR oo 19
4 ]
DIANAUDINIVINIUTAAU oo 20
4 =~
(DIANAVOIHADALUNUATOU ..o 20
[ < a 9 a 1 < a Y a
(n) Funuumanaun laaeananig (v) ﬁmmmmaﬂmumq"lm;mmﬁw .............. 21
AN EETIOU IR oo 21
=1 1 " o W [ 1 o d' A
ManfSeumenseoyriiavesdegiindyanunothaaun I uNNaY e 22
dy 1 A ~q ¥ Y
s Iuvesmsunsnsznenauduy Whalinzanudunuga.......... 23
¥ 1 4 ] 2 A z':
S NUFIUUBINTUNI NTLDBAAUAU LI N IR IZANUATUNIUAT oo 24
9 9 P o A ~ ® ]
msldanudeudlrenanmaveausundou Tl untienriee 19918 e 25
=1 4
NIDTT LU UBUUOUNTH oo st eeeeessssenee 26
[} o J 1 { o [ ~ o
ANUANNUTVOI X, 118 X, ADANNDAIHITUINITT IBUUUE RLC LUVDYNTN.......... 27
VAURIUUTa0Id1anenau lae 1asun s Solidworks (HARIUAT) woveeeeeeeen 33
wuvsaeenIlasenan Iae 151053 Computer Simulation Technology (CST)........... 33
NANIIMITUNTATEDIIADUUDINDUNAAU oo 34
N a2 17210 <] (<) 34
Ve A A v &
PIOU NP AUTIETIIUU oo s e s s s s s ee s e sees s ees s s ssees e 35
ANV HRZUDUATOIOU rrreeeoeeeeeeeeeeeeeeeeeee oo e e e oo ee e 35
VUNAVDUATODL (FEURIINT) v 36
o o A
ANHAUZUAZUUIAVDIH I ARTOIOU oo 36
ANHULUDITIUIATOTOU oo eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee 37

mummmgmm’%mau ......................................................................................................... 37



€t
=i
=h.

3.11
3.12
3.13
3.14
3.15
3.16
3.17
3.18
3.19
3.20
3.21
3.22
4.1
4.2
43
4.4
4.5
4.6
4.7
4.8
4.9
4.10
4.11
4.12
4.13

4.14

CRETGTRNI(F)

4
1N
A A 9 X
IATOIOUITNINIT VAT NV ¢ 38
Ha31809M5UNTNTEOA UL TN TUATON e 39
A INTHALTOUNAU TUUAAZINOTN oo 39
Agurigluesaniouiinizneainelunieson (Flow Simulation)...............ooore..... 40
VT T DU DIUT DU oo eeeeeeeeeeeeeseeeeeee e eesseeeseeeeeeeseesseseeeseesssseeeeee 41
A o v Aq ¥ a
NVTAUGVIIADIUTOUNTHUTI oo 41
AP A EUDIIIOD TN IS DU oo eeeeeeeeeeeeseesees s seeseeeeseeeeeeseeessseseeessesssseeeeee 42
UAUAINITATUAUUOIADY oot oo 42
UDFA ATAUINO UNO R3 ..o oo eeeee s seeeeeesseseeeeee e 43
Relay Module 4 Channels..........ooioiiireenieeiieeesiese ettt ettt esaeenseens 43
PARIUAUNIT I TUUDGUBIADT ..o 44
HILEAINTAIUANTEUUNT TRADIUTOU oo 44
o o A =
WYIUDIANANDDNIN (V1 3) RN N ) T 46
[ A 1 [ [ 4
wanunvunaved IGBT vazneutlouussau lvlihnszuaady 110 Tad .............. 47
a 1 < [ @ [ o =4
gaurgluesununanuasounssau lihnszuaadn 110 Taad 5 U 47
a 1 < [ (9 @ o =4
gaurigluosunananvasdounssau lihnseuaadn 110 Taad 15 Ui 48
a 1 <3 @ @ @ o =4
gaurglivewununanrasounssau lihnszuaadu 110 Taad 30 U .o 48
ATUUTUININITINOTINTTOU eeieeeeeeoeeeeeeseeee e eseeeeeeeeeeeeessssss e eesseeseeee 50
% U 1 % 1 j‘ W 1 o U
ANUFUNUTTLHINBATITIUANVFUAVNIAINTIATIIIHE 500 W oeoroooeoeeeeeeeeeeeens 52
1 Qa’ { 1 1 o U
MUDBFUNUIRWITIARIUMTOUNRTGIU 500 W ..o 52
% U 1 % 1 j‘ W 1 o U
ANUFUNUTTLHINOATITIUANVFUAVNIAINTIATIITH 380 W oo 55
1 Qa’ { 1 1 o U
MUDBFUNUIRWITIARIUMTOUTNRTGITU 380 W ..o 56
9 1
ANNFUHUTTENINOATIAIUANUFUAVIAMAAINU 280 W oo 58
vy H 1
MADWWTUNUIRWITINHIUNTOUNATATIIU 280 W oo 59
o v 1 o 1 ¥ @ i o [
ANUFUHUTIEHINOATITIUANUTUANDIAN AT 200 W oo 61
Y H v
MADWTUNUIRWITINHIUNTOUNATATIU 200 W .o 62



b D o QO % oA

5 =z &~ o~ o3 o

o D

S

a-B -

oo

Mmesnedanyaltazmee

Magnetic vector potential
magnetic flux density
capacitor

Specific heat of the material
electric flux density

electric field

inside electric field

magnetic field

inductor

latent heat of vaporization
number of molecules

heat power source density
specific heat capacity of an object
penetration depth

Incident power on medium
power absorbed per unit mass
complex permittivity

relative permittivity
permittivity of free space
dielectric loss factor of the material
effective loss factor

effective dielectric constant
dielectric conductivity
permeability of free space
frequency

wavelength
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angular frequency
thermal conductivity
density of the material
delta factor

time duration
temperature change in the material
length

susceptibility

electrical conductivity
temperature

power per volume
thermal diffusivity
forced current density
liquid of mass ratio
period

distribution temperature
time delay

magnetic reluctance
root mean square

direct current

specific absorption rate
turns of the coil inductance

equivalent resistance of the material
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[ Y ]
o M, Ao AnuduisuAUYeIiae, Sooazyag i (%Dry-basis)

U %3

Y v
M,  feoanuduiinala g vesiae, Sosazyagiuui (%Dry-basis)

4
M, flo MANNUETNgavede, Sosazyag ke (%Dry-basis)

A Yy 1w v o 9 {
I@ﬂﬂﬂﬁﬂigﬂjuﬂ'ﬁﬂﬂllﬂq 5]5'3\1@]umﬂﬁﬂ?i@'ﬂl!ﬂﬁ@’lﬁ]ﬁ]gﬁ@ﬁi'lﬂ'liﬂﬂllﬂﬁﬂﬁﬁ

H Y
=

. 1% 2 a I (% Y
(Constant drylngrate) Lla‘éfﬁﬁx‘ii]'lﬂuuﬂ'lﬁﬁlﬂllﬁ}\?ﬂlﬂﬂﬁuﬂglﬂutlﬂﬂ@ﬁi?ﬂ’liﬁ]ﬂuﬂﬂﬁﬂﬁﬂ
. . 1 A 1 @ 4 A% a @ Y o A o 9 ¥
(falhng drying rate) N21379 GlmnmmmﬁammQm‘ﬂuummma’d@gammqmmaumm&m
o Y @ A § o w [ 1 1 Y
't’]Glfl'1ﬂ'lfl'®‘]JlWNW§’E'J’E'JGI51ﬂ15lﬂaﬂullﬂaﬁﬂ3’m%uﬂ$gf‘lfl]Wﬂ@I@’IEJ’E'JGli'lﬂ15ﬁ'\°lw1uﬂ'3'm5®uinﬂ
1T o a @ v o Y 1 [ Y ' dy Y <
Llﬂﬁ\‘Iﬂ'll‘l!ﬂWﬁ\N'luUlﬂEN’Jﬁ'E]E]‘]JLLWQ Lgaﬂuﬁmaammﬁammaaﬂmi}zmﬂmwumm
Y = ,i’ A a 49! 2 J 1 Y 1 1 = o Y
AUMUMSIasuudainnuFUNNATUNINTTINIUAMINTOULALNMTAIHIUNI ‘ﬂ)’\Wﬂi‘Vi
A A A A 3 v o
f‘ﬂilﬂﬁﬂuﬂﬂl@ﬁﬂﬁTN%uﬁi@ﬂ%MTmumﬂﬂ?ﬂﬂﬂﬂ?ﬂﬂﬁqﬂﬂ"mil‘!?ﬁﬂ
v 4 Y QQ’ I~ v o
2.21 i’)ﬂi1ﬂ1§i’)‘lJ!!‘ﬂ\‘i!!ﬁgﬂ1ﬂ313»1@'14!‘]]@?)\‘11/‘@\‘1\311!‘1]1!1/‘”3
Y
msﬁmammamwms@uuﬁ'ﬂﬂaﬁwmmm%uﬂaumsamgﬁﬁ Hazuva

v v
BULUNA taz1a17 1% lumMs o LuF IR IMUARIUIMMIBAT IOV Drying Rate (DR, kg-of water

evaporated/h) AIEAUNITN 2.2

in

(2.2)

] Y ]
e M, Ao AanuduisudY, Sosazyag i (%Dry-basis)
A & Yy oy y .
M:  AD ANUFUFANIY, TD8ALYATIULUN (%Dry-basis)
W, Ao wiavesigauis, nlaniu (kg)

—

Ao szezna lumsouuit, 12104 (h)

y
SRR GERE (G ERRAE RISV (R Specific energy consumption, SEC (MJ/kg of

water evaporated) 1 1% 1umsaunte mua ldmuaumsi 2.3



11

3.6E,

SEC=———+—
(Min _Mf)Wd

(2.3)

[ Y
o  SEC Ao ANuauaoana s umg (MJI/kg of water evaporated)
. Ae Snamdsnunly kwh)
& A A 9 9 y .
M,  fD ANNTUENAY, Sosazyag Ui (%Dry-basis)
A & y oy ¥ .
M,  fo anurugaiiie, 300ayag Ui (%Dry-basis)

19 Y a [
A Ao VINVDIITALUNN, nlansy (kg)

v 2 o Y ¥ @
ﬂ’lﬁﬂ’]ﬂ’]%}aElag'/'3‘;!aﬁ’]ullﬁlqmaQcﬁuq’]ua"lu’lﬁﬂﬂ’IU’Jmﬂ’]qﬂFl]’lﬂu’]Viu’ﬂ"Ua\i

Y v
‘b’LN”ILlﬂQﬂﬁ?ﬂﬁﬂWUﬁﬁ?MﬁMﬂﬁﬁ 24

(W, =W, )x100

%Dry —basis = "
d

(2.4

o A 9 Qy a

Y
GRIRNY ETUAUVDITUIY, nlansu (kg)

in

W,

Y] Y

A
f
A ?)I AQSI a [y

A9 HIHUNUVTIUDITUITU, nlansu (kg)

23 wnanmsnugiveamsivanuioulaalFaavaunamimdnluih

b4 &’ Y UA a s a2
2.3.1 ﬂ31N§!U®Qﬂ1—!ﬂl®&ﬂﬂ!ﬁﬂdﬂﬂ]‘lﬂﬂlaﬂﬂﬁﬂ

o o Y = o A A & J o u Ay a o [
ﬁ']ﬂjllﬂ'ljclalf\‘]']ulﬂﬂjﬂﬂﬂaiv!ﬂ’g']uﬂlﬂuﬁ"]uﬁ’] UNABDINITUIATINITUNIT

= Y

o ' & = g A = o & = a
ponuuuAIdassnauaudLaseuun lsnuaauaud Tagdutunizaosdnyinising

a g g

9 ad A Aa = 1 9 a
ﬂ’J”IﬂJi@‘L!"]J’lelﬂmaﬂ@]iﬂ‘lflﬂJﬂ”lifngigLﬁfluazﬂ”liuWiﬂizﬁ]”lflﬂ’J”lﬂJi’Ouclu"lﬂmaﬂ@]iﬂ U
wa ad a a vy a Y v A a =
ﬂmﬁuﬂﬁﬂl@ﬂﬂmaﬂﬁiﬂﬁ”lﬂﬂ‘m’ﬂ‘ﬁ‘]ﬂﬂllﬂﬂjw\limﬂi53Jﬂ181¢1mﬂ%ﬂuﬂauﬂ’nuﬂqi BN
< a

<3 ' a 9 e N A A (R A a
tuaeanIn soutsItou (complex permittivity: & )ﬁi@!iﬂﬂ?']ﬂ?ﬂﬁﬂllﬂﬂlaﬂﬁiﬂ

Sans . o o [ {
szansna (effective dielectric constant) @Qﬁ”liJ”liﬂL%EJuﬂ’J”lﬂJﬁiqu‘ﬁllﬁlﬂﬂﬁuﬂ”liﬁ 2.5

& =¢ — jeug (2.5)

A v

Taoh &g fo anlszneumsgaudellsz@nsna (effective loss factor)



12

9 [ a a [ ad a a 1 H

dmsumsnasanmanansgydeluiag laddnasnagiiaisanaindiui
I o a 1 ~ ad a dg@l 1o ~ AAq Y =<
Wuswuduaninvesninsi ladianasn Tasduegnuniudnazguuginldau ¥ans

= o

A v o o {
UM IgULFIUNULAIUA (loss tangent) ﬁ'ﬁﬂiﬂL%ﬂHﬂ?TNﬁNWH‘ﬁqﬁjﬂﬂﬁNﬂﬁﬁ 2.6

Y v

tan sy =&y / € (2.6)

2.3.2 nalnmstnaanuIeuunladidanasn
fan'ladidne3n (dielectric) iinsgadeiumusamldinaduanudenld
Tasmsteunauuiman liudr 1 1uladidna3n Fanudouiinavwiiunaniain
anwenusavesauman lihimhldina Tnan lsdve sz gmeluladidnasn e
nsteuauinliihadaudrauiyliiadaoz i lfiie Tnan sy udluns sy
aiman ihadundsnuvessnuivdn haduiiei line Tnan lsduazazi
1810 TnaTumudvesian ladidnas nanisnyu lmawauuuimdn lddhatng
Wasuulas manyuveslaTna Tumudvesian ladidnas niiansyusuveslmananely
Tﬂﬂimaqaﬁum”l@Sgﬁﬂ@%&mzﬁ'mﬁﬁﬂﬂiwaTmuu@‘f (dipole moment) g4W® Farziflu

(%

) a A o Y Aa 9 [ Aaa a g’: adg A A
Thmualszansnwvesmsnldinaanuieuluiag lasanainiu q ladanasniiinig
1 [ < @ ~ %} I 1 X < ad a
gudeduIngziluiaghiluanavesihiludiulszneu daluanzinalilladanasn
{ < @ a 4 1 @
awnsonvzmnunasau i la Tasifaaindszquinuagzlszyauiinenvtsesnainiu
4 Y] ] < Aaa a ' [ H
ioannmstlounasnuauuivan i lneluladdnasn Feagduduusadamien
Y
YoIDZABNNIO Tuana Tagna Invesnisinamsueniianuuelsegaziuegnuatiaved lad
I a A ] <3 A Y o Aad a ] a a
dnasnuazanudvesgnuiman ihndeuldnuladdnasn Tasmsutiariiaueanismne
4 ad a 2 1 9 [ = 1 a oA
Twa lsgvesladianasniuannsonidld 4 dnvue delundazuuvazimaliingnisein
9 o 1 a dy ~ A A 1 o 1 I
AsenuLArzInaTuANdNuana1eiY Taglunaazunuanuilunatemalidiozgn
4 [ 1 I~} ad a . o a
sunU ieannmstloundsnuauinmiman i 1w laddnasn Faazrmlfinans
[ o ~ [ 1 < o g‘/ =
uenveenINNUYedlszaautazlszauan Taeinasnuauuwiman ldheadutiuanud
I @ o a a ¢ = a a Jd A 1 9
wiludmmuastiaveanising Inailssd Feaiuisoesuiensina Inar lsgsiaaig o la
[ 1 dy A [ [ g‘/ I o a 4 4
aane 111l Ae suduusndwudnyazmsinalnar lssuvua)s¥15a (space charge
. . a J a dy a dy A = :; & I ]
polarization) Tagn15tna Inat lsfyiatiaziAavuna1ud a1 Fez1iusi9 VLF uag LF
A a o a ds! A o A % Aa d a A 1
iosnnmaina Inar lsdazinaluiioidanioninaniomnasoudasy 1aefiszezn19veq

o 2 4 [ ' <
Uszguanuazilszyavzgnitnadledsnaung elimstdounasnuauimwiman Trld



13

ls1adidnasnudadidnasouns: Iazauusnaidiuiavng dazhldlszauinuay
Uszyaunenringeanandiu uazinam i ladidnasnmalnarlsd Tasmsinalnarlsd

o g dy adg a 2 o o 1 v o oA I a 4
aﬂymzmﬂuwugmmmmaﬂmmmﬁmimmm G]E)ll'l@uﬂ'ﬂ'ﬂa’ﬂﬂlﬂuﬂ'liLﬂﬂIWﬁ'l]lic]ﬂliJﬂ

)

v A J . . . . a 4 dy a X
msdaisedlaIna Tuwud (polarization by dipole alignment) N5tAa Twan lsduuuiiveinadu

De

= ' ' ~ A a 2 o o
ANudgan 1wy aruanud luTasniiosnnazinayuluszavvesluana Tagnannisil

Y 3 &1 a Y a g a 1 I~ a Fd Aa
wldtlunugvesmanannudoululasanain asunilumsinaInar lsguvyleTotin
. . . . a J 1:911 a d%’ = = a a d%'
(ionic polarization) N15tAa TwallssuvuiiazAavunanudvesdunisa Tagazinaiy

A 1 o Y I a
Lu’ﬂﬂﬁnﬂﬂTiL!ﬂﬂWN%1ﬂﬂuall’f)\‘]‘ﬂ3$@U%ﬂl!ﬁ%ﬂigﬂﬁﬂﬂ?ﬂﬂluiﬂlaﬂa L!ﬁ%ﬁﬂﬂ?ﬂlﬂuﬂﬁlﬂﬂ

=

J ac S A . . . a 49! = A Y o a
TWﬁWklﬁ‘ﬂfLHﬂJ’f)!,ﬂﬂ‘Vlﬁﬂuﬂﬁ (electronic polarization) Iﬂﬂ%giﬂﬂﬂluﬂﬂ’JﬁJﬂi;f\WIGlﬂﬁﬂ‘]Jﬂ'JTJJﬂ

"o

o &£ A 2 = g ~ a J A g
Y0031 1 Toran Fatlundsavesezaonduiluilszquinzegnun luwesnguesansinilu
a d a 1 A 1 a = 4 A A a
ladianain Taonquuesiszgaviiegsoviinndsauuvzinaeui l)lunianisves
] < {
avwumimian Tldhnadeudhun
233 mathaanadeutazmsnszaiggurgivedladdnain
o @ 1 [ [l < adg a o
dvfuunsnsznendsnuauiniman Tdui 1dluladianas nez i 1@
a 9 é’ ad a = @ A 1 dy o Y a 3’,
maanudoudululav@nain Fandsnuiuninszatetvzsi liinansvyuvesid laTna
uaziianuFsanIuIINmMsnyuih Ififan s eunaslinIunIngza1evemasaIu ¥

a : 1 =3 o o o o 4 ] < ~
1ﬁlﬂﬂﬂ31h‘%}6‘L!iu‘l’iﬁﬁﬂu@ﬁlﬂiiﬂ@]i I@]EJLL‘]J‘iWLl@iﬂﬂﬂﬂ?ﬁ\NTﬂ‘U@\iﬂauLlll!fl’iaﬂllw1711‘1/]

1 é ] dy Y o d'
LLW‘iﬂ‘i$iﬂ‘EJGI,‘L!W‘L!\‘Wi‘L!’J81]%%1@]51!@'1%1%“&?{@\11@@\117%ﬂTi‘ﬂ 2.7

P

4 [ o a ad a 4 1 [ Y
e o, Ao manuihvedlasianain lagh o, IAUNnY ©&'E, tan o

v

g 4 o 1 o ad a { @
ﬁ]"lﬂl!ulﬁﬂ‘ﬂ”lﬂ"liLLVI‘L!ﬂ"Iﬂ’J”I?Ju"IﬂI@Qllﬂi’JLaﬂﬁiﬂaﬁiuﬁuﬂ"ﬁﬁ 2.7 ﬁT?J"IiﬂL%EJHﬂTJ"IﬁJﬁNWM‘ﬁ

Taaaaunsn 2.8

Py

v we's, tan 84 E? (2.8)

loc

v

1 = A (J A A 1 A Aq v
LLG]GLUﬂimSUE’JQﬂﬂi!ﬂ”lfﬂi!@ilﬂﬁ”lﬁ/]3Jﬂ’J”|3JLL@]ﬂG]”Ni]”IﬂﬂauVliﬁil”lﬂﬂ”lﬂuﬂﬂ

Tagnaduwaumameludinaraluinama z a2 ldmasnuaesanaumeludinaedaaums



[

Aa99IUAA

& A

14

P, =Pe?~ (2.9)
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a1 (11N) SATAIMANVEY | ANNTUURRUNY | Tvnuediuay
(Moisture Ratio) (%Dry-basis) (ﬁiafﬁ )
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a1 (11N) SATAIMANVEY | ANNTUURRUNY | Tvnuediuay

(Moisture Ratio) (%Dry-basis) (ﬁiafﬁ )

0 1 45 13.862
5 0.96591 43.56822 13.72512
10 0.93182 42.13644 13.58824
15 0.84091 38.31822 13.22322
20 0.77273 35.45466 12.94947
25 0.70455 32.5911 12.67571
30 0.63636 29.72712 12.40191
35 0.56818 26.86356 12.12816
40 0.5 24 11.8544
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65 0.15682 9.58644 10.47646
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110 0.06364 5.67288 10.10233
115 0.06818 5.86356 10.12056
120 0.05909 5.48178 10.08406
125 0.04545 49089 10.02929
130 0.03864 4.62288 10.00195
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a1 (11N) SATAIMANVEY | ANNTUURRUNY | Tvnuediuay
(Moisture Ratio) (%Dry-basis) (ﬁiafﬁ )
0 1 45 13.92
5 0.96591 43.56822 13.78255
10 0.93182 42.13644 13.6451
15 0.82273 37.55466 13.20525
20 0.76364 35.07288 12.967
25 0.70455 32.5911 12.72875
30 0.65909 30.68178 12.54545
35 0.59091 27.81822 12.27055
40 0.54545 25.9089 12.08725
45 0.47727 23.04534 11.81235
50 0.40909 20.18178 11.53745
55 0.36364 18.27288 11.3542
60 0.28864 15.12288 11.0518
65 0.22955 12.6411 10.81355
70 0.18636 10.82712 10.6394
75 0.16818 10.06356 10.5661
80 0.10909 7.58178 10.32785
85 0.10227 7.29534 10.30035
90 0.09773 7.10466 10.28205
95 0.09545 7.0089 10.27285
100 0.09091 6.81822 10.25455
105 0.06818 5.86356 10.1629
110 0.06364 5.67288 10.1446
115 0.06818 5.86356 10.1629
120 0.05909 5.48178 10.12625
125 0.04545 49089 10.07125
130 0.03864 4.62288 10.0438
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ABSTRACT

The amn of this research was o study and analyzis of the
different mecrowave drying power effecis o the
microstracture of air dried sheet (ADS) rubber. Based em
the comparative study and amabyze the result from
different mirrowave power with minal moisture comfent
rangng of 23207 dry-basis, ADS rubber temperaime of
40-100°C and final meisture comtent of 0.5% dryms-
baziz, the result showed that mirrowave drying power
bt the termeramre less than 20°C will not damags
the mirrostucture of ADS rubber, and then take a picturs
of different microwave power on the microstruciure from
motorized fuerescence microscope (MFM) that we formd
it can be used efectively without affect o the
MECTosimuchre.

1L INTRODUCTION

Fabber is an imporiant cop @ Thailand because the
mubber exports moked ene of the world. The information
from office of azmicubural scopomics we found thar
matural mabber was roughiy harvested abour of 1513
million raizss and AW producton of rubber shest was
about of 3. 78 million tons. In the curreni, the producis hat
come from nanaral robber has a greater role i daily life
such as the medical, the vehicle, the automobis spars
parts, basic health and use as 2 mw material sounce in
product of food and chemical mdustry From the
meniioned above, oeed to latex processing st such as
ribbed smoke sheet (F55).air dred sheet (ADYS) rubber,
block mubber, creps rubber and concentrated latex, et

Beside, (W. Suchonpanit et al, 2011} reported the
shady effect drying conditions on kinetics and guality of
ADS mubber, the comparatve of Gve different strategia:
were camied on by gzresn house dryins (GH), green honss
and manmal convention (GH-MC) drying, open sun and
matural conventien (Q3-WC) drymg infrared mdiation

(IR} dryinz and bot air (HA) drying. They found that the
ADS rubber was dried by GH-NC drving longer persod
than these of O5-WC dryine, GH drymg, HA drying and
IR drying, respectively. The result showed that quality of
samples was acceptable in market level In ressarch of (P
Fattanadecho et al, 2004) reported the stody drying of
dislecinic materiaks by a confimeous microwave belt doer
has been imvestigated experimentally, it focuses on the
investizadon of drying phenomena mder mucrowave
emvironment. They fomd that using the comtimmos
microwave applicators technique has effectvely than the
comventional method such as shorter processing times, the
dizsipation of energy throughout a product and high
enargy efficiency conpared with other process. However,
in research of (. s et al, 2012) reported the effacts of
different drymz metheds on the microstruchme of nataral
rubber. They foumd that the microwave drying damage te
the micrastmacnire of natoral rabber. From the mentioned
above, the reported of different dryving methods we found
that the microwave dryms techoelogy a5 ope of the mest
mferestng.

This paper presemts a stdy and amalysis of the
different - microwaws dryine power effects on the
mucrosimaciure of ADS robber. Base on the compamtive
study and amalyze the resuli Tom different microwave
power 1o find a suitable power, which do=s not damage to
the microstractars of the ADS rubber and can use this
method to be applied in the combination with the other
methads to merease the eficiency of drying technology in
the fifurs.

!} EXPERIMENT

11 Materials

11.1 Drying equipment. The microwave dryer showed
in Fiz. | which the dimension of drver room diameter was
abont B0 om and high 50 cm, inside the dryer will have
axes hanging nabber spinning. The drver has a three point
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micromave signal input which frequency 1.45 GHz, sach
point put away the angle of 120 desres, hish mednmm and
low respectively.

Fig. 1 Microwave drying system

2111 ADS rubber: The dimensson of sampls ATYS rubber
sheet was about of 50120 an and weight of 1.6-3.0kg
We divided into four equal parts approximatsly, in each
parts have the moistre coment ranzing abomt 23-30%%

Fig. 2 The ADS mibber in the dryer

1.1 Method=

2111 Preparation of fhe samples The preparation of
ADS robber dried by microwave beating i as follews: the
fresh AD'S robber mmst be suspended on radl to drain the
residue ot of rubber sheet first after that before por the
ADS mbber into the dryer will be divided them to four

227 Testing Preparaton of the ADS rubber affer pass
procedures of the drain residoe of nabber sheet. A fier that
put them info the dryer and num the microwave beating
the following order The increase in temperabare of the
ADIS robber a5 a result of the absorbed elermomaznetic
ensrpy flom microwave beatine can be exgressed by
(Melson, 1906).

AT .
pCPE——j.:'-ﬁ}rlﬂ"'fE}:' 4]

Where C, is the specific heat of the material
(T=kg'=*C"), p is the density of the material (kg pr?),
E is the eleomic fisld miensity (V-m'), fis the fequency
(Hz), € i the dislecmic loss facior of the maeral, At
iz the fime duranon (5) and AT is the temperatme sz in
the material (*C). The decrease in moisture content of the
ADYS pobber as a result of the weight loss fom the
microwave drying can be expressed by (ASAE standard
1987) method

Maisoore matio, MEL= IH el

Where ME. is moishore ratio (oo mit), M, molsture at
any tme (% dry-baszis), M, is inial moistore (% dry-
basizy, M is moistare balance (¥ dry-basis) which can
find it wil be wuse Halsey model equation (Y.
Twawanichakul et al 2011} expressed in equation 3.

A} 4377 m]zéa .
M. (33174061 TH10740T ) I

Where T is temperamrs (K) and BH is reladve
Inmidity (decimal).

3. RESULTS AND DISCUSSION

Fig. 3 showed the relationzhip between the moishme
ratw with the drying time of ATYS mibber drying process
from the difference microwave dryine power which
affects to difference temperanme in sach result.

T R I
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Dirving time (hy

the drying time of the ATYS rubber drying process.

The four of difference microwave drying power was
reported, the F00W microwave power affect to ADS
mibber have ahout 9B.7°C, the 3B0W
mirrowave power affects to ADS rubber have temperanme
aboat 75.6°C, the 2E0W microwave power affects to ADS
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Fig. 4 MFM micrographs of ADS rubber sample obtained by different microwave drying power.

rubber have temperature about 54.7°C and the 200W
microwave power affects to ADS rubber have temperature
about 39.4°C.

other drying methods to enhance the efficiency of drying
process in the fatare
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STUDY AND ANALYSIS OF THE DIFFERENCE HEATING
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Kompisit Krajaipote®, Thanaset Thosdeekoraphat, Chanchai Thongsopa
School of Electronics Engineering, Suranaree University of Technology, Thailand
Email: m5740963 @ g.sut.ac.th

ABSTRACT

In this paper, the researches propose to smdy and
analysis of the difference hestnz applicater for
delnmidification mabber shast. The focused is to smdy the
heating area which the hest 5 ocowr in rubber sheet
medimn dismibuted The resalt from this reseanch was
believed 1o be efectively applied to the mubber drying. In
the sinmlation, the difference applicator excited by 245
GHz signal. To investigate the difference of eleciric power
on heating predicted by the theoretcal modsl the elaciric
field dismitutions were analyzed by using the compuater
simulation technology microwave studio (CST MWS).
The distance bermeen lossy mediom to the differemce
hesting applicator was fixed at 5 millimeters and 10
millimestars for smdy and analysis heating area dismibuated.
As the results of hesting area simulation, wavegumide
applicator generated low hear, wide heamng ares and
uniform dismbution. However, dieleciric plate generated
high hest and not uniform disoibution. The both heating
applicator was nesr lossy medinm gensrated maximmim
heating. Moregver, the both heating applicator was far
lossy mediwm generate mininmms heating. The results
from imestization canbe applied for combination with
other method and another advantage was reduced the tme
in drying process. The advantage of the dislacric heating
with high frequency is that it ‘cam be apply for
delnmidification process.

KEYWORDS: diglecrric heanng, rubber sheer, lozzy
madinm

1. INTRODUCTION

Rubber is an impertant crop in Thailand becanse the
rubber exports ranked one of the world The informaton
from office of agricultaral economics we found, W
current, rubber product about of 4.46 million tons which
more than last year sbout of 022 million tons due to the

area harvested increasing. In research of (W. Suchonpanit
et al, 2011) reported the smdy effect drying of air dried
sheet (ADS) mubber on the five different swategies, such
35 green house drying (GH), zreen house and nanaral
conventon (GH-NC) drying, open sun and nanmal
convention (05-NC) drymg, imfrared radistion (IR)
drymg, and hot air (HA) drying, the result from
experimental shovn the IR dryng is shorter period than
those drying. In research of (5. Tirswanichalml et al
2011) reported to smdy effect of cashew ma drying using
o different strategies are hot air drying and combined
microwave and hot air drying, the result from
experimental shown the combined of microrave and hot
a3ir drying technigue has high drying rate comparing to the
hot air drying. In research of (Santalumai 5. et al, 2015)
reporited the considering of the elecmic field dismbution
and intensity in dielectric loads, by using the dielectmic
beating technigue of electrode plates. From the mentioned
above researcher were inferssting to micTovave drying
technique. Because that can using combined with other
methods.

In this paper propose fo sudy and analysis of the
difference heating applicator for dehumidification mbber
sheet. The focused is to smdy the heating area which the
hastis poour in lossy medium from wave guide applicator
conmparing with dielecmic plae applicator. In the
simulation, the difference applicator excited by 2.45 GHz
signal. The elecmic fisld dismibutons were analyzed by
using the computer simulatien technology micowave
studio (C5T MWS). The distance between lossy medium
to the difference hesting applicator was fimed at 5
millimeters and 10 millimeters for smady and snalysis
beating area diswibuted. As the results of heating area
simulation, waveguide applicator generated low heat,
wide heating area and umiform distribution. However,
diglecmic plate genersted high beat and not uniform
distribution. The both heating spplicator vwas near lossy
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medinm generated maximum heating. Moreover, the both
heating applicator was far lossy mediom  generate
minimums heating. The results from investigation can be
applied for combination with other methed and another
advanmpge was reduced the time in drying process. The
advanmpe of the dieleciric heating with high frequency is
that it can be used to applied for dehumidification process.

1 EXFERIMENT

1.1 Materials

11.1 Dielectric plate. The most effectivensss of
applications of dielectric hesting should comprise the
smuctwes and parterns for the approprizte heat and
provide minimal thermal fmpact in the near materials. The
smucture of dielecmic heating shovn in the Figure 1. The
diagram confisuration of the generated oscillator
frequency with 2.45 GHz, ransferred into the electrode
plate.

Unpersiscrode
.
—_— e

|'.'. | 345 G Cuciilator D bactric musterial

| ! | s

Fig 1. The disgram of dislectric heating structurs

The elecrode plates consisted of toro plates: the upper
elecmods plate is anode for generating an electric feld o
the dielectic loads, and the other lower electrode plate is
cathode. The parameters of dielecwric heating system are
elecmods plates composed inte a rectangular applicator.
This copper material bad a width, length and tickmess of
54.6, 100.2, and 2 mm respectively.

11.2 Waveguide applicator. The wavegnide applicator
with apermre dimension has a width, and length of 34.6,
10%.2 respectively, as show in figare 2.

8t

5 1. @ 1

T

<

A
Fig 2. Design of waveguide applicator by using
CST Microwave Studio.

1.1.3 Lossy medium. The dimension of sample water
sheet was about of 100x=200 mm.

11 Methods. The dielecmic heating rechmigue of
elecmods plates materizls nsed for generating the elecmic
field can be consider of hishly conductive materials could
e able to generate electric fiald intensity which effective
to provide heating. The dielectric heating of waveguide
muaterials use for generating the elecromagnetic wave.
The distance between lossy mednmm to dielectric plate was
fized ar 5 mm and 10 mm respectively. In the sinmlation,
the both different applicator excited by 2.45 GHz signal.
To iwvestigate the differance of electoic power on heating
predicted by the theoretical model, the elecmic field
distributions were analyzed by using the C5T microwave
studia.
3 ANALYSIS

The merease in temperature of the lossy medinm as a
result of the zbsorbed electromagnetic energy fom
microwave heating can be expressed by (Melson, 1994).

AT
P, 5 =3.563 i e (0

Where , is the specific hest of the materisl
(F<kg™ =T, p is the density of the material (kg *ar™), £
is the electric fisld intensity (V % m'), fis the fequancy
(Hz), & is the dislecmic loss factor of the marerial, Ar is
the time duration () and AT is the temperatre rise in the
material (*C). The power absorbed per umit mass: Py
(W » m™*) described indicates the parrer which spread in
the lossy medium snd can caloulate the temperature
increasing by following equation.

I
AT:FF Pt [#4]

4. RESULTS AND DISCUSSION

The results from simmlation of heating area can be
visualized a5 power loss densities, it was analyzing using
the C5T microwave smdio, as shown in Figure 3, and 4.

[ Wim3 {log) |
308
ATeHIT

(a)
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-y - 21969
= sz16

(b
Fig 3. Power loss density of difference heating
applicator in lossy medium distance between
lossy medium was 5 mm.

Figure 3 shows the power loss demsity in lossy
medium of difference heating applicator when distance
between the difference applicator was 5 mm, 3(a) shown
power loss density in lossy medmum of electric plate
applicator, 3(b) shown power loss demsity in lossy
medium of waveguide applicator. The result showed the
maximum power loss densities were 2.33x10° W/’ of
electric plate applicator, and 1.53x10° Wim® of
waveguide applicator.

1.5¢e407
6.Te+06
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(b)
Fig 4. Power loss density of difference heating
applicator in lossy medium distance between
lossy medium was 10 mm.

Figure 4 shows the power loss density in lossy
medium of difference heating applicator when distance
benween the difference applicator was 10 mm 4(a) shown
power loss density in lossy medium of electric plate
applicator, 4(b) shown power loss density in lossy

medum of waveguide applicator. The result showed the
maximum power loss densities were 1.98x107 W/m® of
electric  plate applicator, and 1.24x10° W/m® of
waveguide applicator.
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Fig 5. Power loss density of difference heating
applicator in lossy medium, distance between
lossy medium was 20 mm.

Figure 5 shows the power loss density in lossy
medium of difference heating applicator when distance
between the difference applicator was 20 mm, 5(z) shown
power loss density in lossy medium of electric plate
applicator, 5(b) shown power loss denmsity in lossy
medium of waveguide applicator. The result showed the
maximum power loss densities were 2.32x10° W/m?® of
electric  plats  applicator,” and 1.23x10° W/m® of
waveguide applicator. As the results of heatng area
simulation, waveguide applicator generated lower heat
than electric plate applicator, but wide heating area and
umiform distribution. The both heating applicator was near
lossy meditm generated maximum heating. Moreover, the
both heating applicator was far lossy medium generate
minimums heating.

5. CONCLUSIONS

The study and analysis of the difference heating
applicator for dehumidification rubber sheet. To
determine heat distribution in the dielectric loads or rubber
sheet, which electric loss density is analyzing for effect of
the dielectric plate position to heating area. The focused is
to consider the wide area which the heat is occur in lossy
medium. The analysis was dielectric plate applicator and
waveguide applicator for comparing of electric power
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dismibution. The distance between lossy medium to the
difference heating applicator was fixed at 5 millimsters
and 10 millimeters. In the sinmlation, the different heating
applicator excited by 245 GHz signal As the results of
hesting area simulation, waveguide applicator generated
low heat, wide heating area snd vmiform disibution
However, dieleciric plate generated hizh hest and not
uniform disaibution. The both heatng applicator 7as near
lossy medium generated maxinnmm heating. Moreover, the
both heating applicator was far lossy medium generate
mininmms heating. The advantage of this research was
believed w be effectvely spplied to the hyperthermia
cancer weamment. The results fom nvestizgadon can be
applied for combination with other methed and snother
advanmage was redoced the time in drying procass.
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