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im11vJt1{:um1'llt1'llt11m1m 1 fl1 ~m1111t1 

1. ~ti lm~m1 

m1-W'WJ'UlP.-Hlff:IJ(j'Vlt'V11~fl11!~tl'Ul'll11~1J1Jfl11JfJ:IJ 1~w1~@t111.hum:u MATLAB 'Utl~Uflfftl'lfl 

1~~11tl~tytyw1~ 'ff1'll11f11m1:u ivJ~1 :um1'Vlm~m'Vlfl t 'U hun'llmffi:lnty\j~ (A Development 

of Leaming Achievement Using MATLAB in Control System of Undergraduate Students) 

2.i 'Vi mrn~fl11:u ~1! rl'U 'l 'U m1 'll t11t1rnn 
q 

2.1 i<lti~'illflfl11111't1m1Viw.imi;..n'lff:IJ(j'Vlt'Vl1~fl11!~ tl'Ul'll11~1J1Jfl11JfJ lfltl 'l ~@ti 1 tlrnflrn MATLAB 

'llti~Uflfffl'l:llfllfll'lll ivJ~1 rnfo 53142 EPE tflt1~1!U'Ufl11111't11'Wri1'U'llt1~fl11!n1J111111:u{J't1:u'i:lfl11:1J 
q ~ 

~fl!~'U!~t11i11Jfl11~1'i:ltl~1~1J1Jfl11Jfl:IJ~1tl~tl 1tl1uflrn MATLAB fl11tltlfl!!1J1JU1J1J'Vlfl'fftl1Jlflli-rn 
q 

<I <I " 

ff:IJ (]'VI n'VI 1~fl11 !~ tl'U 1 fl tlfl11in11111J 11:1J,r tllJ'i:l~1m! 1J1J'Vlfl 'fftl1Jlfl P.rn ff:IJ(j'VI ll 'VI 1~fl11 !~ tl'U 'ii~ !'ff1 'ii iY'U 

mt1tt~~m1'fft111tlmt1mfl1'll11~1J1Jf111Jfl:IJ 'l'Wi'U~ 2 \911:1lfl:IJ 2555 
q • 

d11j'Jlo a. "1.1 'J) 
3.H'i:l~l'U'VI tflfll!'U'Ufl11 rnum 

di .,...,dd 'JI"' o 'JI 'i.I "" o' GJ'Jl'i.l 
3.1 fl'fl'l:ll!tlfl'ff11 ~1'U1'iltl'Vl!fltl1'llti~fl1Jfl11'ill'i:lti~1~1J1Jfl1tl rnrnflrnflti:IJV'l1!\91tll m1 i'll rnrnm:u 

..:::i. "' dt -=::. d d QJ 0 'J) dt 
fl ti :IJ V'l 1! \91ti1 '111 ti 'ff ti 'U ! 'V'I ti ti tlfl ! ! 1J 1J ! ! 1J 1J 'ff ti 1J \11:IJfl1 l:IJ fl fl! 'Vi 'U ! fl ti 1fl1J fl 11'il1'i:lti~l~1J 1J fl 11J fl :IJ fl 1tl 'ff ti 

'i. l 0 "" c:l 'J) 'J) 
rnrnm:u MATLAB !!'i:l~fll!'U'Ufl11!fl1J111J11:1J'lltllJ'i:lU'i:l1 

3.2 fffl'l:ll,rtl:IJ'i:lfl11'1~~1'U ltl1um:u MATLAB il4ti'ff~l~U1J1JNfll1flfl11 ltlrnm:u MATLAB 'l'Ufl11 
~ 

~1'i:ltin~1J1Jf11m1:u tl 1u 1111Nfll1fl1 tl'l ~il4 ti'W'w.i 'UlH'i:l d':u (]'VI i 'Vil~ m1 i~ tl'U 1 fl tit! ti flu 1111u 1J1J'Vlfl'ff ti1J 

ifl H'i:l d':u (]'VI f m~ m1 i~ t1'U ~'Vi 1fi1fl 11m ~mt'Ui~ t11J~ t1t1u-a'1 ( tl 1u 1111'Vlfl'ffti1J1 tl ifl H'i:i 'l in~ tti1~ m1 'ff t11J 

tlmt1mfl) 

d ~ & QJ 

4.1~tl~!1ftl'Vl'lltl'lltlltl 12 !fltl'U (119Jftlfl:IJ 2555 \I~ 30 fl'Utlltl'U 2556) 

5. ~l'U 'l'U ri1'U~'llti'llt11m1m 
<I o' <I 

5.1 tJ1U1J1J'Vlfl 'fftl1JlflH'i:lff:IJ(j'Vlll'Vll~fl11 !~ tl'U l tll!fl':i 1~'11 H'i:lff:IJ(j'Vlll U'i:l~'ff~tlHmltl~l'U 

5.2 tJ1U1J1J'fftl1J\11:1Jfl11:1J~fl!ll'U!~t11i11Jfl11~1'i:ltl~1~1J1Jfl11Jfl:IJ lflt1'l~@t1 ltl1um:u MATLAB tfltl 
q 

'l~lurnm:u SPSS il4t1mfi1'Vll~'ffO~ U'i:l~'ff1tlH'i:i • 

5 .3 1im 1~11' f111:u t11fl~1t1~1t1'llti~u 1J1J'Vlfl'fftirnl4titl 11tlfiw.i'U1u'i:l~ 'l ~f111tl' flfffl'l:llfllfll'lll 

1f11m1:uivJvhmi:ut'U ci Bfl~ti 111 
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5.4 'ff~ tl Hml4ti~w.imu1111 Nfll1fl/U1J1J'Vlfl'ff ti1Jifl H'i:l d':u q'Vlf 'Vil~ m1 i~ t1ml4t1 'l ~f111tl' flfffl'l:llflzj:u g'U ci 
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U1J1J'WtiflJfl11'1Jtl'lltlltl!T~1 l 'fll 'lfl11l11'tt 

1. ~ti 1'f'l1'lm11tt1'l m1~wimi:·rni1'l.1trv1i'Vll'lfl1111ttu1'll'1ufiu~m11~1J1Jm1J'flll 1~wi~im1u (Job 

Sheet) 'llt1'lirnf1mn1~~1Ju~ruruw11 ffl'llllff1mrn1'WVl111m1'Ylttl~m'Yl'f'l l'W 1i;iti11'll'll'l'f'li;J 
"" 

'6ty1J1 (A Development of Leaming Achievement Using Job Sheet in Control System Laboratory 

of Undergraduate Students) 

2.m19Jui;ig:f11111~11 ilu ium1'1Jtt1ttnm 

2.1 1 tit1'l 'illflfl11111ttm1~wim Hmfo q'Ylf 'Y11'lm111tt'W1'll'1ufiu~mn~1J1J'f'l11J'fJ hw i ~i 1J'll'W(Job 

sheet) 'llt1'lirnf1n1111~~1Ju~ruruw11m'f'l1'll'11mmrn1'WVl111m1'Yltt1~m'Yl'f'l1u 1i;iti11'll'm'f'li;inru1J11\Pltt 
u u u Q 

~lt ii um 111l'tt i u ri1u 'll tl'lfll 1titlflU1J1JUH'l1'l 'il1 fl11'f'l11J 'f'lll~i ~u1~ flt11J i 1JU1~ i;i ti'l ii'f'l 1111 CJ11J°*timrn~ • 
~ti'l i ~"QiJmwi um1u1~nt11JUH'l1'l'i11~~t1'l i ~nm i um1u1~nt1rn~t1 i ttmm1u i ~i u i 1Ju1~i;it1'l 1~ 

'I _1 9) "' 9) 9)"' 11]9' 9) '1 11]9' 
2.2 fl11tltlflU1J1J t1JIJ1~J;ltl'l\9ltl'lllfl11\9111'ilfft11J'f'l11:1J(]fl\9ltl'l 'f'l11:1Jt'IJ1fl1J t\PIUJ;l~\9ltl'lffl:IJ11(] t'W'll'W !\Pl 

"' 
.,, d llJ9'a 9 9) _1 11]9' "' 

'ilH\91111UH'l1'l'il1'YltltlflU1J1J !d t'Y'ltl tl1fl11IJ1~J;ltl'l t\PIHJ;l\9ll:IJ'Ylt)'l:lf;) 

dli]9Jo <'> liJ_I 9) 

3.Hi;J'll'W'Yl t\Pl\Plltu'Wfl11 mum 

& ~Q.I d d jl Q.I q j/i ... I ~ d d Q.I 

3.1 fffl'l:ll!tlflffl1 'll'W1'iltl'Yltfltl1'1Jtl'lfl1J t'll' 1JIJ1~J;ltl'l Ui;J~tJtlflU1J1JU1J1JfftJ1J(]l:IJ'f'l11:1J'f'l\Plt'l1'Wtfltl1fl1J 

'1 9''] - I _I"" "'"" 9J 1- I liJ 9J o "" fll';j t'll' t1JlJ';j~J;ltJ'l1Jt)1J\9lfl111~1J1J'f'l11J'fJ:IJ\Pl1tl lJlUfll:IJ Lab VIEW trn~ MATLAB ui;i~ t\Pl\Pll!'W'Wfl11 

ti ti nu 1Jrnrn~tl 11 U'Yl\PIJ;lti'l i ~ull1 
& 9J '1 9J 1- I ,,j 9J 'I _I d _ 1 "''1 9', o 

3.2 fffl111'1Jtl:IJJ;lfll';j t'll''ll'W IJrnflrn Lab VIEW !l'Wff11'l t1JlJ1~J;ltJ'l'Yl1J1~tlfl\9l !'ll' 'W1~1J1J'f'l11J'f'l:IJ'Wl "' . . 
' ti 'J} ti 

i 1J U1~J;ltJ'l1 u i ~! ~tl~Wl'W lHmY'llq 'Yl n'Yll'lfl1111 tl'W 'Vl ~ ti:IJ'ti'l tltlflU 1J1JU 1J 1J'Yl \Pl fftl1Jl\Pl Hi;J ifoq 'Yl n 'Yl 1'lfl11 
l I I l I 'J} 

11ttuYitt11'i1'f'111m~mJ'u11tt1J~t1ttull11\Plttiii1Ju1~i;it1'lYitl1m i~~1u1u 5 t~tl'l ~'liJ 
d ~ 9) .Q "' 

fl11'Yl\Pli;Jtl'l'Yl 1 !1tl'lfl11'f'l11J'flll\Pl1tl'f'ltl:IJ'Vl1!\9ltl1 (Direct Digital Control) 

d ~ 'j) 0 Q.I Q.I di Q.I <V 

fl11'Yl\PIJ;ltl'l'Yl 2 !ltJ'l fl11ff11'1U1J1J'il1J;ltl'l'lltl'l1~1J1Jtl'W\Pl1J'\1'W 'I 1~1J1Jtl'W \Pl1Jfftl'lUJ;J~1~1J1JHff:IJ 

fl11'Yl\PIJ;ltl'l~ 3 1tt1'l ~1'f'l11J'fJ:IJU1J1Ji1\Plti1\PIUJ;J~fllrn11J'fJ:IJU1J1J~l'l"'] . . " 
"' <!! i 9'1- I <!! 9J fl11'Yl\PIJ;ltl'l'Yl 4 !1tl~ fl11 'll' IJ1ttflrn Lab VIEW !1Jtl'l\9l'W 

fl11'Yl\PIJ;ltl'l~ 5 1tt1'l m11~1urnm11 Lab VIEW !~tl~lJ;ltJ'lff'J1J'f'l:IJ1~1J1JU1J1J PID with DAQ Card • 

. 
d ~ & Q.I 

4.1~tt~nm'Yl'llt1'lltt1t1 12 t\Pltl'W (1 19Jm'f'l11 2555 U'l 30 nutt1ttu 2556) 

5. 'll'W i u ri1u~'llt1'1Jtt1ttnm 
. . " 

0 "' -1 ""'1_1 '1 9)<V '1 -1 "' 9) & "' 
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LL UU~'il~3-lfl'l1"ll'il"ll tl'ltl L 'd~'l LF11..:Jfl'l1~~tl 

1. f'il Lfl7.:Jfl17 m".i L-ifm..:in".i'n..i·1n~~1vi-ru~~u1v.J~lJlnru"Ylvn-n~..:i Lft'i'lwJ 
"' 

(Using natural rubber to develop the PARA shingle roof products) 

• ~ Cj) 
2. L VI ~LLfl~fl'J13-1~1L U'ld L'ldfl17"ll!J1!J L'Jfl1 

L-ri'fl'l~1flLVl~'fl.ffUlJl'flUYl!Pl'iN'f!Ufl1".i~!Pl~'I fl1".il-if'11U~~'I LYl'flLtnUULYJUUV1~'1~11W1".i1~'1Lft'Cl".irJ~1fl 
"' 

fl1".iYl!Pl'i'l'fl'I LL'i'l~Vl~'IR1~'1Lft'Cl".irJ~tl1Lii1~1fllJ11..:itJ".i~LY1~ "j'J~rr..:iri1UYl'fl!PlLY1R lUL'i'lfi L~'fl'I "fl1".iL-ifm..:in".i".i~'lf1~ 
"' 

~1vi-ru~ ~u1v.J~lJlfiru"Ylw1".i1~..:i Lft'l'l".irJ" r.r1P1vi1".i1u..:i1u~uu'.N~u".icl tJ".i~n'f!unu~'fl..:i L-if ".i~u~L'l'l'l1 T um".i'C{..:i 
"' "' 

Vl~fl~1Ufl1".i "{-ifr.hm~u LL'i'l~U!Pl lR".i'lfl1".i 

3. ~fl.:J1'1diitf~i;l1LM'ldfl17ltlLL~'J 

~fl~1ii'fl~'i'l LYl~ L~~ L~U'lnu v.J~lJl.firu"Ylvi~..:i R1~'1 Lft'i'l".irJ LYl'fl L-if d'.iuii'fl~'tl~u~1u LUfl1".i 
'U 'U 'U 6.1 

'fl'flflLLUU'fl(Jl"j1'i'{'Ju~1V1-rutl1~1Y11P1\N'f!U\N~U~lJl1'1 j 

LlJl~u~1''Cl'!Pl 'f!Ufl".irn LL'i'l~'fl'flflLLUU\N(Jl"jm..:J'll'fl'ILLvJUVl~'IR1W1".i1~'1Lft'Cl".irJ 
'I .. 'U 'U 

LlJl~U~U1'1R'fl~W1'l~LL'i'l~~U".iUU1'1R'fl~W1'l~ LLvJUVl~'IR1m'IW1".i1~'1Lft'i'l 
"' 

Yl!Pl\N'f!U\N~U~lJl1'1j 'll'fl'l~ULLUUVl~'IR1~'1Lft'Cl~rJlJl1~mlJl".i~1U ASTM 

4. 7::tJ::L'Jfl1vl"lJ'il"ll!J1!J 

r.$1U'JU 12 L~'f!U ~'fl L~'f!UlJl'i'l1R~ 2555 ti..:i L~'f!Uflumuu 2556 
' 

5. .:i1uT'ldff'Juvl"ll'il"lJtJ1tJ 

Yl!Pl\N'f!Ufl1".i~!Pl~'I fl1".iL-if..:i1u~~'I LYl'f!LU~UULYJUUVl~'IR1W1".i1~'1Lft'Cl".irJ~1flfl1".i'Vl!Pl'i'l'fl'I 
"' 

LL'i'l~Vl~'IR1~'1Lft'i'l".irJ~u1LiJ1~1fllJl1'1U".i~LY1~ 
"' 

11 LR".i1~~~UY1U R'l1~ R~ '"11 L~'I L~".i~~R1\NlJl{ 
' ' .. 

1'JLR".i1~~v.J'i'l LL'i'l~'i'l'1Uv.J'i'lfl1".il'Jr.ru 

rhtiYl'fl!PlL'VIR 'i:uL'i'lfi L~'fl..:i "m".i L-ifu1..:in".i".i~'lf1~~1vi-ru~~u1v.J~lJl.firu"Ylm".i1~..:i Lft'i'l~rJ" 
r.r!Plvi1".i1U'l1U~UU\N~U".irn 

"' 



6. LL~'l.IO'l'ii;i'uih&~'l'l.I cTwR'l'l.!Yi"ll'il"l.l!l'l!IL'lfl'l) 

'i'l!Jflt L ~!I i;tO'l'i"l.l'il"l.I !11!1 L 'lfl'l 

1. V1"1i'l''flUf117~"1~'1 f117 loi1'11U~~'I 

L~'fl Ltffou LViUU'V!~'l R1Yn71 

~'IL~~~'l"J ~1flf117Y1"1~'fl'I LL~:; 

'V!~'IR1~'1L~~7°1"J~i.11L~1~1fl\Pl1'1 
" 

tJ7:;LVJp;f 

2. IJLR71:;~~UV1U R'J1:1-i~:l-IR1L~'I 
' ' 

Lp;i7'J!l~p;f1'&'l'i;J{ 

3. IJLR71:;~vi~ LL~:;'&'l'7UVJ~f1171J~u 
' 

4. rJ1UVJ'fl(PJLVJRLUL~fl L~'fl'I 

"f117 L-iiu1'1n77:1-1"lf1~~1V1-¥u~ ~u1 

vi~i;inru'1w171~'IL~~7'1"J" 
" 

5. ~"1vl171U'l1UQUU'tl':l-IU7cl 
" 

7. 'i'l!JfltL~!Ji;tO'l'i t.fi~'l.Jtl'it3-11tu 

ti c1• .. ~ti ... 
~'l.J 'it3-11tu'Yli;t1L'l.!'1.101'iL' LLfl'l 

- R1\Pl'flULLV1U 

- R1l-iii'l''flU 

- R1rJ'tl'"1 
' 

- R1i'l'1n17rutJlnR 
" 

- R1R7nru'1 
' 

tl~'l.Jtl'iti.11m 2556 

i'.l.u. I fl.R. I i'l'.R. I fl.U. 

90,000 U1Yl 

88,000 U1Vl 

115,310 U1Vl 

16,620 U1Vl 

U1Vl 

ti c1"?... • .. ~ ... 
'i'l3-l~'l.J 'iti.l'lfl.l'YI Li;ti;t'lL '1.1'1.!0'l'i LtlLLfl'l 309,930 'l.J'l'YI 

~'1.Jtl'it3-l'ltufNLVl~'il 

- R1\Pl'flULLV1U 68,770 U1Vl 

- R1l-iii'l''flU 126,000 U1Vl 

3,000 U1Yl - R1rJ'tl'"1 
' 

U1Yl - R1R7firu.y] 
' 

'i'li.1~'1.Jtl'it3-11tuFNILVl~'il 197' 770 'l.J'l'YI 
' ., ... ' 

VI3-!1m'V!\Pl 'il'flfl'JLQ~U~1UV1m1Uf117 . ' 

~~nJ. 
(u1utJ7:;"lf:i..i "'11w~) 

' ' 
,r'J'V!oW1 LR7'1f117 
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U.'U'UcW'el~i.i n1'l"11!11!1 L 'J'a1 lfl'l .:in1'l1~t1 

1 . ~'el tfilN n11 unr.i.n '1..levlLf>li'el\I ~1'el'N"'l1 n'V'li·n~ ~nU'elt!Ml1tJL~Vl1\l:n'l111'V'l q 

2. L '1-'j;jt.lflLLfl:::fil'l1l-1~1 LU'WL t.ln11"11tl1tl L'lfl1 
' ., 

L il'fl\1"'11nn11Vl ~~'el'l.J~l-1-mi 1?11\11 "ll'el\I Li1 ~'Y'lfl1~ ~ n (:J~l-f i!t.l ~'el\l~\I~ L1°111:::if ri'l.J'l-'U'l tl\11'1..l 

111t1u'eln~\I ~'el\I H'm ~u L'l fl 11 um1~1 Ltlum1 

3. t.Jfl\11t.l~L~~1Lilt.!L1lLL~'l 

- '!-'1 ~r:i L~'fll-l1l1:::~1uLLfl:::ml-f 1 ru~ L m.n:::~l-11 um n1Pl1u l-l'V'l'el~ Ll-l'flft:J~l-11:::1"~1\l'V'l'el~ LLfl n ~n 
' 

LL'el~~LLfl:::'V'l'el~U'lfl~'Wif>l~Lt.l!Pl ~'lmf>11'fl'IL'flnivii~LL'l.J'l.J~ni~ (Twin Screw Extruder) LLfl:::v'hm1~~ 
' CJ' "' ~ Q.I ct Cit, 

Ll-J~~'ltl LM'el\l IPl~Ll-J~'Y'lfl1~ !Pln 

- v'hm1vi ~~'el'l.J~l-f'LI~Vl1\I mu111'V'l"ll'el\I Li1 ~'Y'lfl1~ ~n t.J~l-1 L~LLri 

- n11Vl~~'el'l.J'!-'1~1P111n11L'l-'fl (Melt Flow Index, MFI) 

- n11Vl~~'el'l.Jn11~L'°w1:::ifL~\lfil'l1l-11'flt.l (Differential Scanning Calorimetry) 

- m1~Lf'l11:::i.f~n~ru:::~ru31u~vim~r:iu SEM 
' ... <II 

4. 1:::ti:::L'lfl1Vl"ll'el"lltl1tl 3 L~'elt.l 

s. 'l1utu~r:iu~"ll'fl"llmmr:ifl1 
J' ., 

- "ll'WliJ~t.l\11'1..lVI ~~'el'l.J'l.J1\I~ IP11 

- VI ~~'el'l.J~l-1-miL~\I nfl 

... .. 
- 'l Lf>111:::'1-'LLfl:::n'l.Jnl-Jt.Jfln11Vl ~fl'el\I 

Q.I o Q.I r 
- "'l~Vl111tl\11t.l'U'l.J'l.J~l-f\j1'1..l 

6. LLt.lt.ln11~1Lilt.l\11t.l (Lt.l~'lt.l~"ll'el"lltl1m'lfl1) 

.... 
:i''1t.1~::L'flt.lr;) 

1. ~uzuiu..:i1uVJ r;i~'flum..:1~1?11 
2.'Vlf;l~'fl1J~a.J1J~Lil..:in~ 

3.:SLf'l11::i.fo~::nuna.ii:mm1VJr;i~'fl..:i 

4. 4' r;iVi111u..:i1uiuuu~a.i\!1ru 



7. r1t1~:::Ltit1i;.,mrt-if.:iuiJr:::inru 

.:iuiJr:::i11 ru~ ~1Lilumr11.J bb~'J 
1"11 IWeltJbb VI 'W 

-1"111weiu LL Vl'WeJ"li'Jtitl'n'ij~u .. 
1"11 L-if~'fltl 

1"11i)~i;., • 
1"11~1fi1rruiJbiiri .. 
nii.:iuiJr:::ii1 ru~ ~1bilumr11.J bb~'J 

.:iuiJr:::ii1 ruri.:i b 'Vl~'fl 

1"11 (;]'fltJbbVl'W 
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ui]mul';1mw1~u1 
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Abstract 

This research studies on the kinetics of drying process of particleboards from durian peel of 

size 20 x 20 centimeter using microwave energy with continuous Belt system. Its internal structure 

included 6 magnetrons, microwave generating sources at the frequency level of 2.45 Gigahertz (GHz) 

and power of 800 watts, built at the cavity wall inside the system. The microwave cavity was 

rectangular shape with dimension of 0.45 m. x 0.90 m. The tested properties are the relations 

between temperature and moisture profile with respect to elapsed time and drying rat, the 

measurement of dielectric properties of particleboards from durian peel before drying and after 

drying. 

Keywords: Drying process using microwave energy, Continuous Belt system, Particleboards from durian 

peel. 
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\l)l11fllJ 2555 ~~Vl1~L'ilV~"i1V 

.. d d ,, 
2.'Vl'J~!)'VlbflEJ1'lleN 

2.1 m".iil'Ubb~.:i L\11EJL-ilfl~'IJ1111F1·n1vl 
Vodl .K 4 ~ 

f11".iv'lJ bb ·vrn•rn n Tm 'H~ 'lJ 1'\J n THWl m 1l.l'll'U'Wrn 'Ll1 

vv f\'11f\e.J~(1)JlruonL 'UeJ(1l'S1 L ~1~Lf1~ L~ EJ{I n'lJeJ(1l'S1f11'S 
" ' D CltCll. Q, CV ' ll 

'S::: L'\llEJ'1Jfl{l'IJ1Vlt.11'1Jfl{le.J'1(1).flru'YI f11'SV'U LL '\11{1 LL 'll'lJli'S'SlJ\111 

'1::: 1 i'Vl~n m-sci1m Vlfl11l.l~v'U L\11EJv1~EJfl1111 LL(1ln~1.:i 

'1J v ·rn ru'Vl.nn~ el1m EJL 'LI LL '1::: m EJ 'LI v n'll v .:i t.1~ (1) Ji' ru '1 
' " LL~m·rn,m..X.:i1~v-v1~EJfl~'LI1ii1fl·mv.Ji!'U m1ii~v'U~ 
" " .t=t. d d I Q.J oQ. Cit. CV ' I QJQ. 

Lf\ \11'1J'U'1:::'1J'IJB El f\'lJ'll'U\11'1Jfl{le.J'1(1).fl ru'YI LL'1:::f\1'1lJ'lJ(1)V11{1 
" 1\11~ L~f\(11~ f\'1Jf){je.J~l'1Jl ruontf 'IJ 'l 1'1~~ L U'Utl'U1'U~ilf'11 

m-si111vlvh~1 fl~'U1111mnvl'Vl:::'1~1'U1~~ L~'U LLn1 

v1ml'l t1'1n'111 L•1mnn~ Ltl'IJ~'U ?l;'LI1'1\11~ilf'11m-si11 
" ' ., ' 'I ., ..i ~ 'I •. 1 .J 

fl11l.J'Sv'UG'\{I L 'll'U {11'\J b'1'\ll::: '1:::'1:::Vlv'Ufl'1'U bl.J bfl'S LJTI '1M 
" fl~'U 111 "1m-sflvi:::'1~1'U ttn~ ~1Vl1'tJ1'1\11 L\11~ L'1fll'1~n , , 

VI~ v1'1~ ~.:in'U1'LI~il.ff 1vi 1.:i1voJYh( Dipole) L ~'LI J 1 

m:::\111~ L -s'ii'LILL'1::: 1~'1:::'11l.l1'Sfl\11\11f\~'Ufl~'ULl.l Lfl'SL 1'11'1 
" 

LL'1:::LiJ~EJ'ULtl'U'V'l~-lfl11lJ~fl'U ~n~ru:::f\1'SLn\11fl11lJ~fl'U 
'1::: Ln\11 '11 f\LL 'S .:i L~EJ\11~'S:::Vll1.:i f11'S~\11 L~ EJ.:i~1 L '\ll:iJ '1J €1.:J 

111L'1n'1J1 Ld v \11 \11n~'Ufl~'U?I.:i1 ~ Ln \11Lu'Ufl1111 ~ v 'U 
' " .fl1EJL'U~1~'1L'1v1'1~(Volumetric Heating) m1l.l~v'U 

LL'1::: m 111:ff 'U "il::: fl n ci 1mvi"il1 nm EJ L 'Uv v n?I el1 m EJ'Uv n 
" " 

'1Jv.:i1'1\11 m".i1~m111~v'Ufl~'U1111mnvl"il:::vi11 ~~1'1Jv.:i , 
e.J~(1)Jl ru'Yl1:iJ~1.:i 1 iJ'11 m~11m nti' n L tiv-i'11n m-s-s::: L VIEJ 

'1Jf){lfl11lJ:ff 'UmEJ1 'Ue.J~l"lnru'1L tl'LI1 iJmhWJ\11L ~1LL'1:::il 
f\ 1 ".if\ 'S::: '11 El ~1'1J fl.:! €1 ru'\11.nn .fl 1EJ1'1\11flEJ1 .:i '1tl1 LG'll.J €1 

' " ' 
'11l.J1'Sfl'1 \11 f\1'S LL(1) f\~11 LL'1::: ".iv EJ1 Vll.J1 'Ue.J~ (1)Jlru'1 zj.:i 

mm-sfli11 t iJiJ-s:::EJ nl'11 .ut 'Uf\1'Sfl'lJ LL ~.:i~1V11'tJ1'1\11 L 'lJ{l1'U ' , 
~(1)'11'\llf\'S'Sl.J~fl 1 iJ 

"Ji 0 " ,, 

2.2.fllJ n1-s fl1111".i'Vl'IJ qj1'1J 'IJ ei .:in 1".i'Vl 1fl1111 ".iil'IJ \111 EJ " ... 
'Vl~{l{l1'1J blJ bfl".ib 1vl 

""~" 0 ,1..i <"-'~AdA fl'1'U bl.J bfl'SL1Y1Ll.Jv'Vl:::'1t.11'U1'1\11 b\11VL'1f\(1l'Sf\'1:::fl f\\11\11 
'I 'I \I \I 

'llrnL'1::: L iJ ~ EJ'UL tl'LI'V'l~ .:i.:i 1'\J fl11 l.l ~ v'U L ~ EJ ni 1f'i1 ri1~.:i 
f\1'S~\11'll'lJFl~'U~€1'\llrj-l'\11'11viJ~ml'1'S (De~sity of 

Microwave Power Absorbed, Q) 'li-i~l.l~'U5nu 
G'l'U1111 vivh LL'1:::'1'U1l.J LL:iJ L '\II~ nmEJ 1'LI1"~1\11B L~ nl"I~ n 

fl EJ 1.:11'Hl1'11l.J1'1 \111\11B L~ f\ l'1~f\1:iJil e.J '1 ~ €1'1.fl1'V'l L 'B.:i 

.ff 1 LL :iJ L VI~ f\L d €1 €1 ~L 'U '1'LI1 l.J LL :iJ L VI~ n ~ .:i tf 'U ~ .:! 1 :iJ il 
" 

'1'U1l.JLL:iJ L '\ll~f1~'1JL~EJ 1 'U'S:::'\lll1-lf\1'SLL~-r.:i~1l.J Lfl'SL 1vl LL~ 
1 '1\11 L\11B L~ n l'1 ~n "il:::il e.J '1 ~ €1 n1-s L iJ~ EJ'ULL iJ'1-i L vl'1'1J v-i 

' '1'U1111vJw1~t1V1rj.:im.hm1'11 ~-itf "Uf'i1Ln~EJ-s1n~'1t1-i 
'1J v.:ifl11m-U'11'1Jv.:i'1'U1mL:iJ L '\II~ n 1viw1"il:::~n1 i1 'U n1-s 

iJ -s:::111ruf'i1'V'l~ .:i .:i1"U111Lfl'SL1'\'J~ fl n \11 \11'lltJ L\11 EJ1'1\11 
" " ' 

1\11BL~f\1'1~f1 LdvG'll.JlJ~L m:iJilm'S~'lJL~EJG'l'U1lJ LL:iJL '\ll~n 
A1'1Jv-l m-s ri1 L \l\11iJ~mrum111~v'U.fl1 El L 'U~ v'Vlrj-l'\llU1EJ 

iJ~lJ1(1l'S'11l.l1'SmL'1\11-l 1~~-i'1l.lf\1".i~ ( 1) 

Q = wc0c;E2 = 27Z" · f · &0 • c;(tan o)E
2 

(1) 

Ldv E fl€! '1'U1lJ1vlvh~.:i"il:::LiJ~EJ'ULLD'1'1(1)1lJ 
o ' .. ' d .,/ 1 1 .. I .. 

(1)1bL'WU.:I f Av A1fl11l.Jfl'tl€l-lf'l~'U lJ f'l'H'lTI CO fl€) 

m111 L ~1L 'B{j~l.J'1Jfl{jfl~'U 111 Lfl'SLJvl &~ Av relative 

dielectric constant zj{j'lJvfl5{j'1lJU~'1JCJ{j1(1)~ L\11 'l~ 
v5tJ1EJ5{jfl11l.l'11l.l1'Sfl L 'Uf\1-S\11\11-a'U ?l{j~1'ULL'1:::'1:::Vi'v'U 

" 'V'l~{j{j1'U'11 n?l1'U~ L tl'LI'1'U1l.l 1vJw1'1JB.:ifl~'U111Lfl'SL1'\'J 
L\11EJ &

0 
AB Dielectric Constant '1Jfl{jB1f\11'1 LL'1::: tan8 

A€1 Dielectric Loss Tangent Coefficient zj{j\J€Jf\5{j 

fl11l.J"1l.J1W L 'Uf\1'S L iJ~ EJ'U'V'l~{j{j1'U~1'1\11\11\11'll'lJ'V'l~{j{j1'\J 
'" 

m111~t1'U f'i1'V'l~{j.:J1'U111 Lf1'mvl~fln\11\11'lltJ"il::: LL iJ-s~'U 
" " 

l'mntJf'i1m111~'1J€J{jG'\'U1l.l1vlw1 tan8 LL'1:::f'i1ri1~{jG'\B{j 
'1Jfl{jG'\'U1lJ1vlw1 LL~'11f'11 tan8 '1Jfl{jLL~'U~'U1~B\11ilA1lJ1fl 
'1 :::?l.:it.1 '1 L ~n1-s\11 \11-a'tJ'V'l ~{j{j1'1.J1l.l 1m L 1'\'J LL'1::: iJ~m ru 

" m111~t1'U~Ln\11:ff'Liilmn1iJ~1EJ LL~t11f'11 tan8 ilf'11uvEJ 

fl~'U 1111m L 1vl'1:::'Vl:::'1~1'ULL~'U~'U1~B'\11L\11EJ1:iJ Ln \11m111 • 
~t1'U:ff 'U BEJ1{j 1-sn(1)111vruV1.nlJ~"{j:ff 'l.Jt11'1"il::::ff 'Uv EJ ntJvi'1 

'l \I \I 'U 

LLD'S~'U L~'U A1fl11l.J~fl11l.l~€1'U~1L'V'l1:::(Specific 
Heat) f'11m111:ff'U(Moisture content) ~n~ru:::'1Jfl{j 
LL~'U~'U 1~ eJ\11 LL'1 :::'1J'U1\11'1JB{j LL~'U~'U 1~ el \11~1 El 

' .. 1 .. .. f11fl11l.J'1fl 'Uf\1'S'Vl:::'1'Vl:::'11.:J'\ll".i€1".i:::EJ:::'Vl1{j'Vl 
' 

G'l'U1l.J 1 viw1 L-U11 iJ1~ '111111f1V111~'11n'111m1~ (2) 

D, = -7!===="==="=' 

e' I +( 6~)' - I 
2ef 1/ ' e; 
v ~ 2 

2ef / e;J1+(tan8)' - I 
v v 2 

(2) 

..i .. ' " 8 Ll.JB V fl€! fl1fl11l.JL ".i1LL'1{j (3x 10 mis), f Av 

' d ..i 1 'i ··' .. . fl 1fl11 l.J fl '1J v a '1 'U lJ b fl 1L111 (t:;) fl B Relative 

dielectric constant ( tano )AB Dielectric Loss 

Tengent Coefficient 

"il:::L~'Ul1A1 Dielectric Constant LL'1::: Loss 

Tangent Coefficient LiJ~EJ'UA1fl11l.J~f\L 'Uf\1".iV1:::~ 
V1:::'11.:J LL'1:::'1'U 1111 'l'JW1.fl1 EJL '1..11'1\111\11 a L~ nvi~ n n "il::: 

' ..I ., 
L D'1EJ'ULL D'1'1(1)1l.J\111EJ 
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3. -a:atleiu151~v 
d ~ .,. •• 1 .. • .. 

3.1 Lfl'ail.:lil\J bil b\i'l'aL 1TI'!J'Llt'lfl1fl'Vi1tli'l1Li'lfl.:I 

' d LL \JU \Jl Vb 'LI il .:I 
~.,.. .Jt}lJ' LI ... LI~ .x~ 

'a~'\.J'U bl.I bA'ff"JWVl b'l!cl1Vl'rn.:iTU1"iltJ'll'\.J'\.JLUm~'l.J'\.J 

111LAdL1vJ~1lJ tl'U'1lJ~€l'\.J Lt'\ CJL .ff 'llUt'\ '11 CJ'V'11'1.J'11 L~CJ'I 
LL '\.J'l.J~m ~e:i.:i ~V11.:iV1i.l1tJi~m ~ e:i n1-a 1 .fftl1~ LCJ'llU"il1 n 

LlJLA'SL1WL'\.J.:11'1.Jil'11n'S'S:l.J (R.C.M.E.) ~9ll'\.J1~'\.J Lt'\CJ 
" ' LI LI <di t.I ell LI .ail 0 I 

u11'1EJV1'1nrn1Luu.:i\Jl'l.JA€l 1'1t'IVl'l.J1lJ1e.J1'\.Jnd~'\.J1'\.Jfn1 
' • .. .,. ' ,, 1-1'1 'i ,.J.. " ., 

"il~rtn'11L'1CJ'I bt'ltJ'11tJ'V'11'\.Je.J1'\.JL '!11 u b '\.J€l blJ'lf1VllJVl'\.J1\Jlt'\ ,, ' 
" .J .J ' LU'l.J~tlm'lllmJlJ (Rectangular cavity) ;.:imtJL'\.J'S~'\.J'\.J 

"il~&it'l~'ILLlJn'U\Jl1€l'\.J l°l~'l.J1lJLA1L1V'lm111~ 2.45 GHz 

11~1'\.Jd'\.J 12 ~1 (rl1~'1 800 1\Jl~/~1) LL'1~Lf1~€l~rl1L\it'I 
i;,11~e:i'\.J e:iruV1.f1ij1:1~1:1t'l~vi11!i11t'ltJtl1~111ru 240 e:i~P11 

, '\I '\I , 

L"ll'1L~CJ'1 (~'1.Je:i~n'l.J1:111llii1'1:1t'I) it'I e:iruV1.f1iji;,11~e:i'l.J Lt'ltJti 
'\I , , '\I 

L V1e:ift11r1tl LlJ'1 Lt'ICJ 1 i'll-Lit'1'11tJ'V'l1'U"1 L~CJ~LL '\.J'l.J~m dfl~ 
A~'U 1:1.J lmLT1fo nEi~"il1nLLlJntJ\Jl1€l'U zj~&Jt'l~~e:i~'Sfl'\.J"' 

" " I 

'\.J~ L 1ruvi11°111lJ~fl'U'11lJ11'1vi 11!i11t'I CJ "1 L~ tl~i '1 t'1 L~ 
' .J Q .1 ,, .1"' .1.J 

'11tl'V'l1'UV1'1.J1L'lru u1nV11~L '!111~'\.J'\.J ('111111'1 u'S'\.JL u'1tl'U 

m1m ~1'11tl'V'l1'U 1~m11;;lfl~ n11) "il1 nii'Ll'11 EJ'v'l1'U"il~ 
"1 L~t1~1''1t'I L-rr11tlv~'\.J~L1ruvi1m111~€l'U m1tl'l'U LL~~ 

' 
rl 1~'1'11l.J11'1vi111i1'tt1 n11 L lJt'I LL'1~lJt'I LLlJ ntJ\Jldfl'U\Jl1:l.J 

vi 1 LL Vli.l~ ;;)'fl~ n1 d '\.J~ L 1 rutl1nVl1~ L-rr 1 LL'1 ~€)fl m ~'\.J'\.J 

111Ll°l'SL1vJii1~'1.J'\.Jrn1~ nl°l~'l.J111Ll°l'SL1W~fl1"il{11 '111'1 

flvnl.11 L ~fl hJ1 ~L lJ'UeJ'\.J\Jl11 ti~ fl~tll)iJ&i~1'Uzj~rhm1 
{11 V1'1ii111\Jl1~1'UflEJLilLn'U 5 ij'1~1\Jl~/\Jl111WlJ'U&iLlJ\Jl1 .. ,, 
cl1Vl'l'U m11t'lflru'lll.f1ij1'1t'IV1 Me:i'\.J '111111ri it'I 1~~ 

' ,, ' 
vi 1 LL V1i.l~tl1 nV11~ LoLJ 1 LL'1~e:ie:inL\Jl11:1.J Ll°l'S L 1V'JLt'I EJL-ff 

B'UW11L1t'ILV1€lft:l.JijL\Jlfl{ (1"111lJLLil'UEJ1L'U-tl1~ ± 0.5 

€l~P11L"llm~EJ'1) 

(n) 

" 
~~ .. -

('IJ) 

'SU~ 1 (n) LA~fl~1:l.JLA1L1WLL'\.J'\.J'a~'\.J'\.J'11tl'V'11'U"1 
" 

L~tl~~€JLUfl~ 

1 
.. .. 

('!J) t'\€l~LLnd11d1tl'1~Lfltlt'\Lf11€l~Vlt'\'1€l~ [1] 

~ 
3.2. '!J'U\Jlil'Un1'a'\ll\Jli'lil.:I 

111LL~'U~'U1l1 elt'I '11 m tl~ fl n'VI L~ tl'UVl:l.Jtl'U'\11 €)~ '!J'U 1 (9\ 
' " " 

20x20 L'll'U&iL:l.l\Jld ~~ 12 LL~'U mvi1m11't'lm1:1.J~'\.J 
LL'1~rl1'1:l.JiJ&i1t'IB L~ n\Jl~n (Relative dielectric 

constant, Relative dielectric loss and Loss 

tangent) L~:l.ltJ1'Urifl'Un11Vlt'l'1fl~ 

1. Software 

2. Microwave 

Reflect meter 

3. Coaxial Cavity 

4. Coaxial Cable 

5. Sample 

6. Female Calibration 

Standards 

.1.J .. " Q' 1 ' 'Su'\11 2 LA1fl~L'U\JlL111°l'U1 m"llm [1] ,, 
'11ni1'Uvi1m1'\11 t'I '1 e:i~ hw m 1 fl'\.J ~1 ti Ll°l ~ e:i~ e:i'\.J 

1:1.J Ll°l d L 1vJ'tJ\j (9\ '11tl'V'l1 tl"1 L~ ti~ LL '1.J'\.J~fl L de:i~\Jl1:l.J\Jl1:l.J 
Lifl'Ll1'll Lt'lt1vi1m1LlJt'ILL:1.JntJ\Jl1fl'U 6 ~1 fl'\.J~flru'lllfiij 

' " 
100 e:i~Plwllm~t1'1 Lt'lt1'V!n'1Lifl'U L 'll'1~iim11't'l~ruV1JJij 

'l .: 1" JI .. .. • "' .fl1tl b'U'll€l~'ll'U lJ 1°111:l.J'll'UA~LVl'1€l L'V'lfl'\111n111'1n"t;1 
~LI-- I Q. Jlt.1 

A11l.J'1l.J'V'l'\.Ji51~'11111 ~fl ru'lllfil.I LL'1~ A11:l.J'll'U n'\.J L 1'11 
' " zj~ LL~'U~'U 1aJ elt'l~1'if fl'l.Jii 1°111l.J~'U L ~:l.J tJ1'UU1~111 ru 30-

20 % dry basic LL'1~ii~ruV1JJfa~:1.JtJ1'U 25°C LL'1~vi1rn1 
~1tl.fl1'v'l'\111~1°111:l.J~fl'U LL'1~1t'lrl1'1:l.JiJ&i1t'I fl L~ n\Jl~n'!Jfl~ 
LL~'U~'U 1aJelt'\'11 n L tl~ fl n'VI L~ tl'UVl:l.Jfl'U'\11€l~~ ~1'U n11fl'\.J 

' 
~1tl'V'l~~~1'UA~'U 1:1.J LA1L 1vJ 
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4. eJftn"l';i'Vl~fttl.:lbbft::vfith1e.JeJM1';i'Vl~iUl.:! 

4.1 f'i1Arufl11u~'lJ t1.:i bbN'U.ij''U\~ tl~\nn b t.l~ vn'VI b~e.J'U'lllll t1'U'Vlt1.:i 

l'l1'i1.:i~ 2 '112JtJ~'lJel.:i LL~'U<B'U 1~ei' ~'ill m t.l~el fl'VI ~ ~ EJ'U'VllJ el'U'Vlel.:i rl el'U ni'rntJLb'1:::Vt'1.:ielu m1ii:S''U bb'1:::ei' l'l'i1fl1''iel'l.JLL '1.:i 
' 

~\Jl'HJ\1111'11'\J 
Dielectric Properties 

LL&J'\J tl€l'\JffU 

:B''U121 
LL'1t:L~€l'UL 'U 1 'U 

" 

er~ 
fll'it:J~\Jl LL&J'\J'1J'\J I II 

121'il~ t: t: tan8 

1 1:1:1 (80) 2.00 0.32 0.16 

2 1:1:1.5 (80) 2.25 0.43 0.19 

3 2:1:1.5 (80) 2.31 0.43 0.19 

4 2:1:2 (80) 1.92 0.27 0.14 

5 1:1:1 (90) 2.15 0.35 0.16 

6 1:1:1.5 (90) 2.23 0.43 0.19 

7 2:1:1.5 (90) 2.45 0.46 0.19 

8 2:1:2 (90) 2.20 0.35 0.16 

9 1:1:1 (100) 2.38 0.66 0.15 

10 1:1:1.5 (100) 2.19 0.38 0.17 

11 2:1:1.5 (100) 2.08 0.37 0.18 

12 2:1:2 (100) 2.38 0.48 0.20 

1'11'i1.:i~ 1 LL'11~.:ie.i'1fll'i'V1~'1el.:i'il1flm'i1.Un1'1.:i 
h11ri'invl 6x800 11'1~ eiruVtniJ 100 °C v\'1m'ivtJLL~'U 

' " 
<B'U LlJeJ~'illfl L tl~vfl'VIL~EJ'UVl:l.lv'Uviv.:i 1~mL~'U<B'U LlJeJ~'il::: 

' 
i1ei'm1~!'l'iL'Ufll'ieJ~l'l ei'm11.'11'U~v (L"''ULEJLtl~vfl 

'VIL~EJ'U : eJ.:iLtJ~vfl'VIL~EJ'U : tl1) 'ilt:L~'Ubti\'-J1f'l1 
' ' 

Loss Tengent Coefficient ( tan8) i1'llel.:iLL~'U~'U1~ 
er~ nel'U~tJ LL~'1::: LL~'Uijf'i1~.:i L ~el.:i'il1flLL~'U~'U1il~~LLIJi 

I CV Clf O .... d ,,f d O 

'1::: LLeJ'U'U'U:l.J'U 1'\ll'U fllJl flLL'1:::lJf'ld1:1.J 'll'UlJl fl LL'1::: Lll v'Vl 1 

fl 1'ieiulii'1EJ'l'l'1.:i.:i1'U 'il 1flri~'UblJ1ri'i L 1vlvrn-J 1fl 1 

Loss Tengent Coefficient ( tan8) 'lJv.:iLL~'U~'U1~ei'~ 
I I -=iii I ~ Q.I JI d. 

LLl'l '1::: LLeJ'U:l.J fl1'1~ '1.:i 'Ul'Vl'U fl'1~ '1.:i LL'1::: f'ldllJ'll'Ufl '1~'1.:i 

1• I " d ., ' d b b m:1.1 umEJ L'Uv.:i'il1fl'1!1'l'ivl'l'i1'111'ULL'1:::L.:iv'U 'lJ 'Uf11'i 
" 

eJ~l'l LL~'U~'U blJel~ij eJ'11Ji v fl 1 'i~ ~sUtJ'l'l '1.:i.:i1'U'il1 fl fl~'U 
" 

blJ1fl'iL1vl 1~mL~'U~ 9 1:1:1 100 °C i1eJl'l'i1fl1'ii.'11'U 

b 'U fll'ieJ~l'l~UvEJ LL'1t:b 'Ufl'it:tJ1'Ufl1'ieJ~l'lLL~'U~'UblJel~ 
vtJ~ el ru'VI niJ'1! .:i~.:iv\' 11'1ijtl1wJ' nu el EJ f'ld 1:1.J:ff 'U ~ 1v\'11 '1ij 

, 'lJ 'lJ I 

r11 Loss Tengent Coefficient ( tan8) ~1 fll'i"':::Vi'v'U 

'lJv.:i'l'l'1.:i.:i1'Uri~'U 1:1.11ri'invli1r11~1 v\'11'1ri~'U1:1.11mL 1vl 

'1!1ii 1'i"~.:in1 ~.:i'VI::: '1'Vl:::'11.:i~1'U ~'J'lJ ei.:i LL~'U~'U 1mlii'ii 1 n 
' 

~ .:i eJ '1L '1ij ell'l'i1 fl1 'ivtJ LL ~.:i 'i1 ~ L ~'J~'U ~H ~'U-J 1 

.., ' "' 11 €llil'i1"'1'ULL'1t:L.:iel'U 'lJ 'U 

I 

t: 

1.56 

1.50 

1.59 

1.56 

1.48 

1.50 

1.61 

1.63 

1.73 

1.62 

1.51 

1.53 

"1'1~€lU 
" " Drying 

'11wun '11"1i1fl 
II 

tl€l'\J€lU "1'1~€lU 
rate 

t: tan8 
(g) (g) 

(g/min) 

0.15 0.100 361 318 0.24 

0.15 0.101 365 320 0.27 

0.15 0.098 364 319 0.27 

0.15 0.101 357 318 0.23 

0.15 0.103 358 314 0.25 

0.15 0.102 363 319 0.25 

0.15 0.099 354 311 0.25 

0.16 0.098 355 312 0.27 

0.16 0.096 357 315 0.19 

0.16 0.100 362 319 0.25 

0.15 0.103 353 310 0.26 

0.15 0.101 365 319 0.19 

fll'ieJ~lilLL~'U-a'U 1,Je)~~L VllJ1t:'11lJ~elellil'i1~1'U 1:1: 1 €JU~ 
eiru"11Jfi 100 ° c 

{~if 

Wt\.,(). 

"'' ,._. 

it;(l 
i. 
J~, 

"' 

~·--...... 
...__ - .,.(' ' t ~·J 

-~,. 
~ 2o * 

~ 
, t~ H A A A t. ~ 

"' 

TUU<l lUHll• 

• .... ,., .. j 

• c,,.,..~ 

. ''"'~"· 
·~-~r_..,,...~ 

~ --- f"ttt .. !t 

!',n,.? 

• -C:-1,.I« 

• '"'""l! 

- .-... ~1:: 

At•"'' i 

'itl~ 3 ri11:1.1"':1.1~'UB'i:::vd1.:ieiruV1niiLL'1:::m1:1.1:ff'U 
'\J ' " 

rltJL1'11 

'illfl'itl~ 3 LL"'~.:if'l11lJ"'lJ~'UBWVl11.:ielruVtf1iJLrn::: 
'\J ' '\J 

.¥ d'1v .1"" "" .., ' 
f'l11lJ'll'UV1 L~'il1flf11'i'Vl~'1v.:iL u'iEJtJL V1EJtJfltJL1'11 'l'ltJ11 

dfo b 'U~'J.:i LL 'ifl ( 0-50) LL~'U<B'U blJ el~'il:::~ ~'8'tJ'l'l~.:i.:i1'U 
'\J 

1ii 1ri'iL 1vl11ltii'mfl L ~v.:i'il1nLL~'U~'U1l1ei'~i1ri11:1.1:ff 'U~.:i 
IJiellJl fll'i~ ~entJ'l'l~.:i.:i1'U 1:1.11ri'i L 1vl'lJel.:i LLeJ°'U<B'U 111 el~ 'il::: 

" 
L ~:1.1ijf'i1'1 ~ '1.:i L ~ el.:i'il1 flf'l11:1.J :ff 'Um EJ b 'ULL~'U~'U blJ el~ 1ti\' 
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K~Jr ... urr 
bF1~€l'IJIJi''HJ€ln 1 tJ 1 'Ll'll1·HL ,n'1J€l.:im:::tn'\Jn1'rn'IJLb ~.:i 
m v1 '\J Lb~'\J,r'IJ1if ff ~il L i'l ?I'll €1.:i'lJ €1.:i b '\11~1 €l ~ €l ~1.:i 

'U 

~€1 b ti€l.:ivi 11 ~BVI G'V'l~'1J€l.:J Fl11lJ~'\J m'W1~ 1~( Capillary 

) 
..,., d 1·1"'-" ' Pressure Vl'lJ'UbFl~El'\J'lJEl.:Jb '\11~1 uEJ.:Jt-11'\ll'\J1'1J€l.:Jbbt-1'\J 

,r'\J 1if ff ~ill'l1 bb~Ldm 1~1~1'\J 1 tltl~mrum1i1~'\J~~~.:i 
vh1~m,LA~€l'\J~'ll€l.:JFl11lJ~'\J «ii.:idJ'Ll1m:b'IJ1'Vlaj) €l€ln 

~~1'\llU 1~ .:i b U'U BVIG'V'l ~'ll €1.:J n 1, bb Yi,· '1J €l.:J1 €l (vapor 

diffusion) bb~:::Fl11lJ~'\Jtl1'l! (Gas Pressure) btJ'\J'Vl"'n 

~1'\Jn1~.:i 1ii 1ri,L 1i'l?t:::Vi'€l'U~~1Lb~'U,r'U1if ff~"il:::ill'l1m n 

1
1 1 docvd 

'U'1J1.:iu,nu~:::"il:::F1€lEJ i ~~~.:i"il'UA.:JVI n1~.:iri~'\J 

1ii 1mL 1'WV1:::'l~1'\Jbb~'U~'U 1if ff~ill'l11'1€lv i L ~ii~'\J 1~v 
1 '" ., "'1" .. 1.J' .. '\J'll1.:JVl1EJ n1'jVl~~€l.:J'V'l~.:J.:J1'\JFl~'\J lJ bfl'jb1y1Vlt-11'\J"il:::lJ 

1'11?1.:i bti€l.:i"il1nLb~'U,r'U1ifff~ilm1ii~'U~~~.:i m,~~.a''IJ 
'U 'U 

'V'l~.:J.:J1'UFl~'IJ1lJ Lfl'jb1i'lill'l1~~M\911lJ1 tl~1EJ bb~:::bdtJ 
A 'd Q.I I 1 .,j 
1Lm1:::V1ri.:in'IJF11 Dielectric Properties 'U(tJ·m1.:iV1 2) 

'V'l'\Jl1b1~1~1 'Un1'rn'Umn~'Uvi11~1'11m1ii~'Uill'l1L-if1 
1n~"il~?flJ~~ 

U• 

... 
I; Sf ·= i 
i •i 
s 
; 
& .. 

! 
?& 

' ' 

I 
-, u 

. ~~~>-~;~-?~ 
9?:~· () () () 

1¥,,-· • () 

,. .. 
'rum{nt.iu~ 

I 
1 • 

----c·.-... 1 

• nu,1 

e._., 

~ ...... 
.. c"'""'"' 

"" ·:!. 
I . f ..... , 

i 
I! 
" ! 

-« ('•.tll 

(> ,~ ...... 

.,l.o=J CV CV ' I 4. 

'juVI 4 Fl11lJG'llJ'V'l'Uu,:::V111.:i€lru'VlfllJbb~::: 
'U ' 'U 

., " ., 
€l\J1,1n1,€l'Ubb '\ll.:Jn'Ub1m 

"i11mtl~ 4 u?t~.:im1ii~i1-A''IJ1h:::V111.:i€lru'VlfllJLL~::: 
'U ' 'U 

ff \J111m1€lrnb ~.:im~"i11nn1':iVl~~€l.:i b tJ~v'IJ b Viv'Un'Ub 1~1 
'V'l'IJ111 tJ'll1·m,n (0-20) ffm1m,€l\Jbb~.:iill'l1?1.:i~'U 'U 

b ti €lH1 n bb~'U~'U1if ff ~il ri11lJ~'U?f .:i ~.:ill n 1,~~.a''IJ 
'U 'U 

., "' 1 'I' •• 1 ' ' "' ' "' 'V'lM.:J1'UFl~'U lJ bfl'j b 1Y1€lEJ1.:J\J1€lb 'Utl.:J bb\J'I blJ€J'j:::EJ:::b1~1 

~1'U 1 tlvi11 ~ff \J1,11 'Un1,€l'\Jbb ~.:i~~~.:Jbb~'\J~'\J 1if ff~ilm, 
~~.a''IJ'V'l~.:i.:i1'1Jri~'U 'lii 1ri, b 1 i'l~ ~ ~ .:i €l ru'Vlill1?t.:i~'U Lb~ 
'U ' 'U 'U 

'V'l~.:i.:i1tJm1i1~€l'UG'l:::G'liimv 1'ULL~'U~'\J1if ff~~.:iifo~~wh 
1 ~€1 '1.J'VlfllJ~-:!Fl.:JG'f.:J~.:Jvi11 ~ff \J'l'j1 n1'j€J'IJ bb ~.:iiJ1'11L-if1 Ln~ 

, 'U 'U 

1'11?1lJ~~ 
' 

(n) 

('ll) 

,\J~ 5 (n) m'V'l~1EJV11.:im1i1~€l'Ubd€lvi1m1€l'IJ 10 'U1Vi 
'U 

I ti Qj 0 4 

('ll) mvm1EJV11.:im1m€l'UblJ€lV11n1,€l'IJ 70 'U1VI 

.1.J ' " 1" "il1n':iuVI 5 bb?f~.:Jfl1'V'lrl1EJV11.:JFl11"1el'\J"il1nn11 '1l 
'U 

n1~.:i1ii1mL1i'l 6xsoo 1\J'I~ €lru'Vlill1 10o·c vi1m1€ltJ 
' " 

bb~ 'U,r'U \if ff~ "ii 1 m tl ~ €l n VI b ~El 'U'\lll.I el'UVI el .:J'V'l 'Ul 1 L '\J 
' " d 1 'I' •• 1 ' .. m:::'IJ1'Un1,€l\J~1EJA~'\J l.I bFl,b 1Y1?11m,ri'IJ.:i'Uelnm m, 

VI :::~V1:::~1.:i'1Jel-:!Fl~'U Ll.I 1ri·mi'l1~ b tJ'Uel ~1.:i~ 1~ v~.:i bn\J'I 
' ' 

'11 n~'llel.:Jfl1'V'l~1 EJV11.:iri11ii~ €l'U'llel.:J bb~'U~'U 1if ff~"il::: b \,;'IJ 

l1bdm~lJvi1n1'jel'\J ( 10 'IJ1Vi) bb~'U,r'\J 1ifff~"il:::iJFl11lJ 
~€l'U (~bb~.:i) m:::"il1EJ?t~1LG'llJeloX.:ibL~'IJ L'V'l11:::11LL~'IJ~'U 
1 ... ., .. J( .. ., ., "'1" .. 1 
lJel~l.Jfl11lJ'1J'lJG'f .:J lJ n1°S~~'l!'IJ'V'l~.:J.:J1'1.Jfl~'lJ lJ bfl°Sb 1Yl 

" 'U 

mn~\J~L 1ru\J1,.:in~wv€l.:iLL~'U~'U 1if ff~~.:ie-i~ 1 ~Ln~m1ii 
~elumv 1 tJ~1Lb~'U~u1if ff~vi11 ~el ruV1ill1?1.:i~'U LL~::: Ldtl 

' 'U " 

b1~1~1'U1 tJ (70 'IJ1Vi) Fl11lJ~'\Jbb~:::Fl11lJ~el'U'1Jel.:Jbb~'U 
~u1ifff~"il:::rin~1EJLV1"il1nfl1EJL'\Jeleln~~1fl1EJueln'll€l.:J 

'U " 

bb~'U~'ULif ff ~vi11~n11~ ~'!!'IJ'V'l'1.:i.:i1'UA ~'U 1ii 1ri-s b 1i'l 
" ~~M~-:1~~ L ~'IJ~b 1 '1..1\J'l'S-:i n~1-:!'1Jel.:Jbb~'U~'U1if e)~~.:iiJ 

m1l.l~'U?t:::mrn~ vi11 ~~el'U (~bb~.:i)m:::"il1EJel~'U~L1ru 
" " 

\J'I, .:i mn.:i'llel.:J bb~u~u'lif e)~ '11nm,1 ~ri11l.l~el'UF1~'\J 
'lii 1Fi-s L 1i'l"il:::vi11 ~~1'1J€l.:Jbb~'U~'U 'lifer~ 1lJ ~1.:i 1 tJ"il1 n L~ii 
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., J{ 1 ,.:{~v 
lnfl'UflL 'l'l"i1tfl1";i";it L VIV'Utl.:JA11l.J'1l'Ui11V 'Ubbe..J'U'l!'U Ll.J 

el~Luu 't tlmh.:i"i1~L ~1 

5. ~1tle..i~fl1"aVlfl~tl~ 

'11flfl1'rn'U LL .X.:i LL~'U~'UL,j' el~ '11 fl b tJ ~ tJ fl'VJ b ~ V'U 

Vll.J tl'UVI tJ .:J'l'l'Ul 1 1 u '1i1 .:J LL "i fl 'U tl 'l fl"a::: 'U1'Ufl1 "atltJLL .X .:J 
LL~'U~'ULlJ G'l1ll1 ";jfl~ ~.a''U'l'l «.:i.:i1'UA~'ULl.J LA";i L 1vl't\9l~ 

" 4_ 1~'1111&111.1....i JI o1VQ 
L 'U tl'l '11 flLLe..J'U'll'l.JLlJ tl~ V'llJ A11lJ'll'U"'.:J VI 1 VI Lfl ~ A11lJ 

" fau~'Ui11V1 'ULL~'U~'U't,J el ~Mml.IL tlvi'1 V Lb"1t Lde:i 
' ,, " 

1 II """' c;t QI II.I .d 
"itVtL1"11 'Ufl1"itl'ULb Vl.:Jb 'l'll.J'U'U fl1"i~~'ll'U'l'l"1.:J.:11'UA"1'U 

" 
Ll.JLA"invl:;idi rl1"1~"1.:J btltJ.:J'11flbL~'U~'U 't,Je)~ilfl11l.J~'U 
"'~ M ~.:ivh 1.Xe:i ruV1fliJ m v1 'U '1l e:i .:i Lb~'U~u't,J el ~il r\1 . " 

Q.I d II.I J/ I 

"1~"1.:J LL"1t"1 fl~ru::: fl1"iLA"1tl'U\111'U tl.:J A11l.J'1l'U'1!1 .:J bL ";i fl'Utl.:J 

m:::tJ1'U fl1"iB'U LL .X.:imv 1 uLbc.iu~u't,Jel~ :;idh vlG'i'Ue:i.:i 

'Ue:i.:i L V1"11e:iEie:i Ei1.:i~m tle:i.:ivh1 .X BVlfi'l'l"1'UB.:JA11l.J~'U 
" 

Q .. ( • ) .,J., ..i 
A1'1'l1"'1"i Capillary Pressure Vl'U'ULA"1B'U'UB.:JLVl"11 

L tJE!.:ieJ1V1U1'UtJ.:J LL~'U~'UL,Jel~ilri1G'l.:i LL~ Lde:i L 1"11~1'U L tJ 
" • IQ J{ o 1 v ..I .J J{ 

u"ill1ruf\11l.J'll'U"1~M Vl1 Vlfl1"iLA"1tl'UVl'Utl.:JA11l.J'1l'U 

( zj,:i Luu 'te:i~1u 1 V1aj)e:ie:ifl~eJ1V1u1i.Tm U'U~'Vlfi'l'l"1'UB.:Jfl1"i 
LL'l'l~'Ue:i.:i'te:i(vapor diffusion)LL"1tfl11l.Jtii''Un1'll(Gas 

Pressure) LU'UVl«fl '11fl.:J1'Ui..ijv.QG'l1inwi11'l'l~.:J.:J1'U 
A~'U Ll.J LA";iL 1vll.J11 m 'Ufl";it'UJ'Ufl1"iLL tlntle..J~(;).ri'ru'V'iLL~'U 

" ~'U 't,Jel~ LtltJ.:JlJ1'11fl'l'l"'.:J.:J1'UA~'U LlJ LA"iLJvlG'l1ll1"iC1Vlt"1 

~1'ULoff1 L tl1 'U LLc.i'U~'U 't,J el~ ~ti 1l.J 1vi 1fl1 ";i tl'U LL~ .:IL~ 
v .J Q ..i ~ .,. •• 1 1 ' ,:: 

L '\'l";i1tf\11l.J"itl'U'VILfl~'11fl A"1'U Ll.J LA"iLJTii11V 'ULLe..J'U'l!'U 

't,Je)~iJfl1"ifl"it~1V~1€JEl1.:JG'IJ1LG'll.Jtl~.:Jvi11 ~f\11lJ LL .X.:i~ 
Ln~ Luu 't tJe:i Ei1.:iG'IJ1 LG'll.Je:i 't tl'Vl fl~1LL V1tl.:i'Ue:i.:i~1 bL~u~.:i • 
b uu b VI (111.X fl 1 "i AJ'U Al.I A rufl 1'l'l1ufl1"ie..i~111vi1't~~1 v . . . 
";it Vt L 1"'11 'Llfl1"itl'U tl~'Ul1 fl1"itl'U Lb 'U'Utl fl~ bL"1t EJ.:J L U'U 

L 'VIA 1ufavmrv1 Vlli~L Vlin:::n'U fl1"iti1 't tJ1 <if L ~mL tl"i"itl 
" .Q. QI ~ cil I.I 

e..1"1 (;)fl ru'Vlfl1A fl1"iLfl~(;)";i'Vl L 'U'Ufl1";i A1'U Al.JArufl1'1'l •• 

6. n\Jl~fl"a"ai.Jtl-a::mfl 

~1 ..ij v1ri ~'U e:i'U e:i tJ A ru.:itJ tJ "i::: l.J 1 ru LLc.i u ~ u :;i 1 fl " . 
l.JV11l'VIV1~m 'VlA fo faV"i1'1ll.J.:JA"1ti'IJ'\.I~ LL"1t&hUfl.:J1'U 
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tJ'Vlff PJEitJ 

.:i1tJi~ tidL lltJm1i11 LG'l'YB m-si Lm1::~m11oif'Vl"'.:i>11'U1~ mi 1 m1V1~irn.:i L 'W m:::m'W m-seiu LL~ .:i LLe.i'W:B''W 1~ei'~ 
:v1 n L i.J~ei nvi L ~tJ'WVllJ eitJV1ei.:iv11t1ll.I1ri-s L 1vJ ~1l.I ntJG'llJ~B'W 1~ t11 oif-s:::uu G'l1tivnmi1 L~ ti.:i ~ ei L ~ ei.:i 1~ t11ri 1 .:iG'l~1.:i1:::uu 
i.J1::neiuv11tJLLl.lflU\Jl1u'Wzj>1LtJ'WLLV1".:ifi1L-U~ri~'Wll.11ri1nvJm1lJ~ 2.45 (GHz) 'l.11.11~ 800 1\Jl\11 "ii11.111.1 12 il1 ~~~-!!L'W 
~1LLV1i..i>1G'll.l~G'lmt111.1ei 1mr1'l.lei.:i-s::uu1l.11mnvJzj.:iiJ"'n~ru::LtJ'W~LVl~l'JlJ~'WeJ1V1U1il~ 90 'Ill.I. x 45 'Ill.I. x 270 'Ill.I. ' . 
bbG'l::Lri~ei.:irh-U~G'llJ~eJl.I ~ileiruV1fli1fl11vi1>11W'1-!IG'I~ 240 eJ>IP11L'llG'IL6ill'JG'I 1G'l~~1otll'Wfl11Plfl~1 fleJ LLe.i'U'11'W1~er~:v1fl 

, '\I '\I , , 

LU~eJfl'Vlb~l'J'WVllJeJ'lJ'VleJ>I 'l.l'W1~ 20 x 20 L'll'W~LlJ\Jl) :V1flfl11Vl~G'leJWiUl1 fl11L~l°l11lJ~eJ'UL'W-1i1.:iLL1fll°l11LoifG'tlJ~eJ'UrleJ'LJ 
' Q.Q QJ I I.I 'J II t,I 1 """"' cJ .Q. Q.I ~ d ~ .J Q. oQ d 'J t.I 

b 'Vl11::1!i~>lflG'l11'l.leJ>I m:::tJ1'Ufl11eJtJ LL Vl>l:V::: b Vll°l11l.11eJ'l.J ~~Vlt:J1 VIG'l-!l:Vlfl'W'W LlJeJl°l11lJ'lJ'LJ'\11U1L 1rut:J1G'l~G'l>l:V>I b Vll°l11lJ 

~ei'Wv1'1t1ll.I1ri1L1vJ L ~ei.:i :v1 n~ ~1G'l1l.11-Sflvi11~m-s~~-a-uri~'Wll.I1mL 1vJ1v1~ LLG'l:::m11 ~ri11l.l~ei'Wv111'.J ll.I 1m L 1vJ:v::: Lii ~ 
\I 

1°111lJ~eJ'W:v1 nm l'J L 'W LLe.i'lJ~'lJ 1,J er~ ~-!IG'lll.11) fl'llu Ll°l~ eJ'lJ 1°111lJ~'l.JlJ1i;;~1VIU11v111~ L ~1 '11 fl m-s«.:i Lfl \Jl.fl1'\li ci lt! m llJ~eJ 'lJ 
\I 

'l.lei>ILLe.J'Uoa'lJ 1,Jer~ ~.:it!'Um-seiu LL ~.:i~1t1vi"'.:i.:i1'U 1lJ 1ri-sL 1vJ~1lJnuG'll.l~ei'W1 'Wn1::m'Wn11eiu LL ~.:ivi11 ~i.J1:::~V15mvi 
L ~lJ~'WeiEJ1.:imn L~ei L i.J~l'Ju L vitiunu 1<if'Vl"'.:i.:i1'U1lJ 1ri1L 1vJL ill'J.:ieiEJ1.:iL~l'J1 
f'lwin: 'Vl"'.:i.:i1'W, m1eiuLL~>1. llJLFm1vJ, LLe.J'W'11'W1,JeY~ 

Abstract 

The paper presents the energy analysis in drying process of particleboards from Monthong 

durian peel using microwave energy and hot-air in a continuous belt system, consists of twelve 800 

watts 2.45 GHz coupled into the cavity wall inside the system. A rectangular microwave cavity of 

dimensions 45cm x 90 cm x 270 cm combined with hot-air generator having the maximum operating 

temperature at 240 °C was chosen. Particleboards from Monthong peel with dimension of 20 cm x 20 

cm were manufactured. The test results and thermal photosraph show that usins hot-air drying in the 

first stage, the surface of samples should be sreatly dried out. As the result of hot-air drying, this was 

dedicated to moisture removal of the surface of samples. Afterward, the samples were heated by 

microwave drying that caused the heat was generated inside the samples. thus transporting rapidly of 

moisture to the surface of samples. Therefore it would seem that the combination of microwave and 

hot-air drying process provides more efficiency compared with a single microwave drying. 

Keywords: Energy, Dyins, Microwave, Particleboards 
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1. 'U'Vlii'l 

f11'i t-ff16'11'lVl\1\LL VliJ 1~li'i'il.J'l!1~ L lJiJLL iJJV11.:J'Vl~.:!Lyj€l 
' 

'111 t1'11'lUt1J'Vl1viVl'S'vm1 mLJ11~ii'11miJ'1\11'1.:J 1 iJ'1Jru~vi 
" ~!:'!'"'"" 'r" ~ ~ .ol fl11l.Jl'l€l.:!fl1'i b 'l! bl.Jtl.:!lJLL iJJ b iJlJ L 'WlJl.Jlf1'1JiJ LL'1~L iJ€l.:!'11f1 

tl'i~ L Vl 1'11 Vl ti L lliJtl 'i~ L Vl l'1 Lf1~1'l 'in 'i'ilJ ~rnt:J ~ l'lV11.:i 

fll'l'Ln~m L '!liJ t:J'11lJ ii LL iJ11 u2..16'1.:i'!1iJ1 iJLLlJl'1~ll ~.:it:J'1 
" 

vil 1 i116'11'l L 'Vl~B 1 oUVll.:Jfll'i Lf1~1'l'i ii'11miJmn<ff iJL UiJL.:!1 . 
ml.11111 ~-:iLfil'lLL m~l'lm'l'i.1116'11'lb 'Vl~B 1 -&''-.i1w1m tl~Bn • 
t:J'11~ L'liiJ Ltl~€lf1Vlb~tliJ'VllJBiJVlB.:! L~B.:!'11f1Ltl~Bf1 

' 
Vl L ~ti iJ 'VllJ €liJVl B-:Jii A l~l.J ti 'i ~ ~VlB f11'itJ1 fl') ll.J ~BiJ ~ 1 
' 

Lvlltl'U 0.0921 W/m.K L'Vll.J1~.y/'1~U1l.l11-&'LlliJ11'l'1~'U 
1 iJfl1'it:J~l'lLL~iJ~iJ1~Bl'lL vJB b lJiJ16'11'lfl1t11 iJ€l1fl11~yjB 

' 
f11 'l'tl'l' ~'VI EY \11w'1.:i.:i1iJ '1l'lfl1 ll.J ~ BiJfl1t11iJB1fl11 

L ~ B.:!'11 f1'W '1.:i-:J1iJL lJiJ~.:iviiim1l.Jril ~ qi(i).:iJiJ f111B'4 fo~ 
bL'1~ti1 ~'VI EJ l'l'W '1.:i .:i 1 iJ ~ .:i L tJ iJiB f11 'i'VI~ .:i vi '111 ti '1 l1l 

A11i~1t1~1iJw'1.:i.:i1iJ 

Ll'lt1vi'11 tlt:J~l'lil ru'YiV11.:im'l'Lf1~m LL'1~Bl'l6'11'Vlfl'i'il.J • 
::; Cil Q. d d "' II.I ll ..J 

iJiJlJ'V1'11 ti f1W'U1iJ fl11t:J'11'lVl Lf1 tl1'1J B.:! f1 'U fl11B'ULb 'VI.:! 'M 

ifim'l'm iB ~niJv\'11t1~1iJ1 'Vlaj L i'.liJm'l' 1i1m1lJ~BiJ11'l t1 

ifilinl.l \111 zj .:iii n 11il BiJ m 1l.l ~ BiJ vi~ -:i V1u1~iJ.:i 1iJ 

u1.:i fl~ .:i Bl '1 bn l'lu qiV11nu~iJ.:i1iJviiim12..1V1iJ1lJ 1 n 'l 

L ~ B .:!~iJ .:i 1iJ'1~1\;H'U F111 l.J ~ B iJ hJv\'1fi.:!'VI~B6'1~1 LG'll.J €l 

iJBf1'11n-d'm~'U1iJf111t:J~l'l1-&' L 1'11iJ1iJ iim~.:iEY.:ivi11 ~ 
i;"fl.JU~ L'B.:i 1m.:i6'1~1.:!LL'1~6'1lJU~L '8.:iflru.fll'WL tl~t1iJ1 ti ~.:) • 
!'I .J ... ""1 '1 ... ."1 .J LuiJVllJ1'1J€l.:!f11'l'LL6'11.:!'Vl11li 'VllJ iJf111'1J'111luqj'V11Vl 

Lnl'l<ff iJ m1tl'l'~t1nl'l1-&'w'1.:i.:i1iJ12..1 Lfl'ib -:ivim ih lliJiB'Vl~.:i • 
vliit11~ ~VlGJll'Wi;"f.:J LL'1~ EY.:i b lliJVl 1.:i b~B f1'Vl~.:iri1V1-S''Ufl11 

" 
t11'ut11 .:i flrumw'1l B.:i LL~iJ~'l.11~ Bl'l L ~B Hl nw'1.:i.:i1iJ . ' 
1lJLfl'lb1viii-ffB1~Ltl~t1'U'Vl'1lt1tl1~f11'i mh1A€l ii 
tl1~~VlfimwV11.:im1lJ~BiJbL'1~flrui11'W'1JB.:Jt:J~l'l.fi'ruon6'1-:i . " 
L w11~ L lliJfll'l' 1 i1m1l.l~BiJL '8.:itl~mm 1 -&'1~ ti~ L1'11~iJ 
w'1.:i.:i1iJm iL lJiJwir.:i.:i1iJ6'1~€lll'l hiiiL '1Jl.h 1m~tl L lJiJ~iJ 

1'1i1.:iV11'1111~vi~1iJl.l11~iin1'l'u1fl~iJ 
LLiiL 'Vl~f11 vivh1iJ'li1.:!f111lJ~fl~iJ12..11m L -:ivi1~'Vlll.:! 0.3 

fi.:i 300 GHz 'Vl~B1iJ'll1.:im1l.lt111fl~iJ 1 mm. fi.:i 1 m. 

m 1 ib lliJLL V1ci.:iw'1.:i.:i1iJ 1 ~fl11lJ~BiJL y;mL tl1~tl16'1~1'i1.:i 'l 
1iJBl'l6'11'Vlfl'i1lJ .:i1iJi~t11m~{i)uiJ1iJ1'1!1~vi~1iJv/[1-7] • 
b~ tl1 tl'U fl'l~'U1iJ f11'ivl 1fl11lJ~BiJLL'1~ B'U LL ~.:!16'1~ 1 iJ 

tlHLi1VllJl1.:!'l vi1-&'w'1H1iJ1lJLf11L1vi 1~LLn 
Rattanadecho et al. [1] 1~v\'1m1~f1'l!f1'1'1iJl'116'11'li 

fl'i~'U')iJfll'l'B'ULL ~.:i16'11'l 11'lBL~f11'l~fl Ll'ltl 1 iLl'l11lJ Lfl1L -:ivi 

'l!Ul'l6'11tl'W1iJ~1L~tl.:!LL ~'Ul'iB L ~B.:! 1'111l 111lBL~f11'l~flvi1-ti 
' 

1iJfl11~f1'l!f1AB t11.:!'W111 LL'1~L"ll'l'1i1f1~ J. Varith et al. 

[2] 1~v\'1 fl11B'U Lb i1.:i~11t1~1ti12..1 Lfl1nvi~1l.J tl'U'1lJ~BiJ 

L y;B~ f1'\!f1 BV1B'W'1'1J B.:! fl') llJ,,,iJ LL'1~fl11 iiJ L ti~ B.:!'W'1.:J.:J1iJ 

'-.i1L'W1~ (Specific Energy Consumption) vi1~(i)u 
€Jf;\J'Vl.f1iJ 40 50 LL'1~ 60 °C rhr.:i1lJLfl1L1vi 100, 180, 
' " 

300 LL'1~ 450 W G.P. Sharma LL'1~ Suresh Prasad 

[7] 1~~ f1'l!f1 fl11B'ULL '1.:i Ll'ltl 1i'1l.l'foiJ~1lJ nu 1l.J 1m nvi 

; .:i €) iJ n 1run11€1 u LL i1.:ivi1-u-Li'.JiJ~Bu1l.J1fl 1 L -:ivivi m -u-, " 
vi'1'l1 ti L y;m tl~tl'U L Vit1u m1iiJb tl~B.:iw'1.:i.:i1iJ (Specific 

Energy Consumption) 

(i).:itTiJ.:!liJl~ t1'if ~.:i 1~~ f1'\!f1l Lfl'l1~~f11'l'1 otl'W'1.:!.:!1iJ 

1iJf11~'U1iJ f111 B'U Lb \1.:!Lb~iJ~iJ1~ fl \11'11 f1 L ti~ B f1Vl b~ tliJ 
' 

'VllJ B iJ Vl Cl.:!~ 1ti1l.J L fl 1L1vi~1lJfl'U'1lJ1' B iJ L \11ti1i1 ~ 'U 'U 

6'11tl'W1iJ~1 b~ ti .:i l'i €lL ~ B.:! L\11 ti~') bL ti 1-viv\' 1 f11 'i ~ f1'\!f1 

1~LLn n1'1.:i.:i1iJ1lJLfl1L1viviilBiJL-ff1~1~'U'U(2400 W) 
" 

Bru'Vli1i1'1lJ1'€liJ.yilJBiJL-ff1~1~'U'U (40, 50 LL'1~60 o C) 
' " " 

L vl B'Vl16'1fll')~1 iJ fll'l'B'U Lb i1 .:iv/ b 'Vll.11 i;"fl.J b UiJ bb iJ')Vll.:J 1 iJ 

fl11~ \llliJ1fl'i~'U1iJ fll'l'B'U LL \1.:!l'iB1 ti 

ad .cii" II 
2. 'Vl'l~!)Vlbf1tl1'1J€l-:J 

11J/ o II' II 

2.1 gii.im1fl11i.iiV1'Ll~'l'Ll'llil-:Jn'l'i'V11fl11ll'iv'Lll'l1V 

\'igl.:l-:J1'Ll1ll 1fl1b 1~ 

fl~iJhl Lfl'lb -:ivi briBV1~'1~1iJ16'111l 111lB L~f11'l~f1'1~'1f111ll'l 
'I , \I \I 

'li'u bL'1 ~ b ti~ tliJ b UiJ'W'1.:!.:!1iJfl 112.J 1' BiJ L ~ti f1l1A1 n1 '1.:i 

m1~l'len'Ufl~iJl'lBV1~.:iw1.ht1tl~mm (Density of 
. .J 11.J 11.J 'Q.J 

Microwave Power Absorbed, Q) "ll.:!6'1lJ'WiJlif1'U 

i;"fiJ1lJ1 vii11LL'1~6'1iJllJ LLii L 'Vl~f1Jl1t11iJ16'111l11'lB L~f11'l~ f1 
' 

B v1.:i1'in1'112..11 i;"f \111\11 €i L~ n l'l ~ n hJii t:J'1 l'i B6'1i11w b -a .:i 
' ~1 LLl.J L 'VI~ mri BB fl1 iJ i;"f iJllJ LLl.J L 'VI~ f1 (;) .:iJiJ~ .:! 1l.J ii 
" 

i;"fiJllJLL:Wb 'VI~ n~tiJ L~tl 1iJ'i~'V111.:im'l'LL~-r.:im2..11mb -:ivi Lbl'i 

... 1 ... " ... .. ' ti .J ti ··1 
16'1\11 l'l€JL'1f11'l'if1'1~lJt:J'11'lBf11'l'L '1tliJLL '1.:!b-ni;"f'1JB.:! 

' 
6'1iJ12..11viV11l'lBV1~.:iV1i.11m1'11 (;).:itTiJA1 bu~t1'l'1nvi6'1B.:i 
'1J B .:J fl 112..1 L -U 2..1'1JB-:J6'I iJ 1l.JLLl-1L'VI~n1viVI1'1~rin1itiJn1 'i 

'U 

tl'i~l.Jlrufhwir.:i.:i1iJ 12..1 Lfl'i L -:ivivirinl'll'l-B'u Ll'ltll6'11'l 11'lBL~f1 
'U " ' 

l'l~ n LriB6'1lJ2..1~1 miiiin1'l'~t1JL~tli;"fiJ12..1LLl.lL 'Vl~n A1'1JB.:! 

f11 'i n1 L ij l'ltl~l.Jl ru fl') 1)J1' €liJi11 t11 iJ l'i €l'VI~ .:!'VIU ')ti 

ti.. 1"'-' ~ 'il.Jll'l'i6'11l.Jl'imL6'11'l.:! \11\11.:!iJ 

" 2 ' 2 
Q=W£0 £,C = 2n.f.£0 .£,(tanO)D (1) 

L~B E AB i;"fiJ1l.J1viV11zj.:i'1~Ltl~t1iJLLtl'1.:Jl'lllJ 
• ' .. ' .J .ol 1 'i •• 1 

l'l1LL 'VliJ.:! f f1€l f11f111lJC1'1JB.:!f1'1iJ lJ bfl'l'L1 l~ (J) AB 

fl11lJL~1L'B.:J~lJ'1JB.:!fl~iJ12..11mL1vi £~AB relative 
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dielectric constant zj,:iu eifl(i.:i fHlJG1lJiJ'~'lJ€l.:J1\Jlri 1~ 'lyj • • 
ei5u1EJ(i.:im1iia1m'iri L 'Ufl1'i~~.a-u ~.:ie.i1'ULL?lt~tVi'ei'U 

'U 

Y4"'.:i.:i 1'1..1\!1 fl ~-rnvi L U'W a'U 1ii 1vJVl1'1J ei .:i fl ~'U 1ii Lfl 'i L 1vJ 

1~Ei £
0 

fiei Dielectric Constant '1Jei.:iei1ml'l LL?lt tano 

fiei Dielectric Loss Tangent Coefficient zj.:i'Ueifl(i.:i 

1 .1.J ., .,j., ... ., 
1'111lJ'G11lJ1'irl 'U fl1'i L u?l EJ'UY4?1.:J .:J1'UV11'1~ ~ ~"ll'UY4 ?i.:i.:Jl'U 

"' 
f111ii~ei'U A1Y4"'.:i.:i1'U1ii Lfl'i L 1vJvi rifl~~.a-u\lt LL ,.her'U 

'U 'U 

\Jl'i.:inuA1f111ii5'1Jei.:ia'U1lJ 1 vJV11 ta no LL?itA1n1"'.:iaei.:i 

'lJtl.:!'1'U1lJ1vJvh LLllif.11A1 tano 'lJtl.:JLLe.i'U:B'W1ifrY~ilA1lJ1fl 
\It~ .:i f.J ?i L ~fll'i~ ~.a'uY4"' .:i.:i1'W1ii Lfl'i L 1vJ Lrn t'll~m ru 

fl11lJ~tl'UviLn~~~ilmfl1'll~1V LLlli'11A1 tano ilA1UtlV 

fl~'U hi Lfl'i L 1vJ'1tV1t?l e.i1'ULLe.i'U:B'U 1if rr~ 1~ v 1:iJ Ln ~1'111l.J • 
~ei'U~'U t1v1.:i 1 'in\Jl1iieiru'Vl11;Jvla.:i~'Uei1\l\lt~'Ueivti'u~1 

" '\J " " 

LL 'll'i~'U L'li'W Al m1ii ~ m 1l.!~ tl'U ~ 1LY41t(Specific 

Heat) A1fl11l.!:S''U(Moisture content) "'fl'\?:irut'lJtl.:J 

LLe.i'U:B'U wrr~ LL?lt'lJ'U1~'1Jt1.:iLLe.i'U:B'U wrr~ Aim1ii~fl 1 'W 

fl 1 'iVl t ?lVl t ?11.:J'\ll~tl 'it V tVl 1.:Jyj '1'U1l.! 1vJVl1L-ff11 tJ1~ . 
1

., .,j 

'11lJ1'irl'\111 ~\l1fl'G1l.!fl1'iV1 2 

(2) DP 
2: (( J1+(tan8)2 -I) 

2 

2.ef I '- , 
u 

.,j d 8 .. 
1'111l.!L'i1LL'1.:J (3x10 mis) f fltl Ll.Jtl V = 

A1fl11l.!5'1Jei.:Jfl~'W1l.!1fl'iL'JvJ £~ fiei relative dielectric 

constant tano fiei Dielectric Loss Tangent 

Coefficient 

\ltLi1'W11A1 Dielectric Constant LL?lt Loss 

Tangent Coefficient L 'll~V'Ui'111l.!~ fl L 'Ufll'iVlt?lt 

Vlt?l'"l.:J LL?lt'1'U1l.11vJVl1111 VL 'U-l~~ 1~ ~ L~ fl\Jl~ fl n\l t • 
LU~V'ULLU?l.:J~1V 

., 'I ., 
2.2 fl1'ilillJ~~ lJ'l~ 'WM.:11'1..1 ~'Ufl'i::'U'l'Ufll'iel\JLL'\11.:1 • 

\! 1 fl fl~ fl1'it1~-S fl~l.J'J?l'IJ t1.:i'll~m rum'U ~ii \911lJ~tlvi 1 
0 d· .,\ . .,j iJd 

V11fl1'i'1lJ~?ll.!1?1LlJtl mgl 'VI~~ 1 LL"::: mg2 Vl~~ 2 L 'U 

rJ\Jl'i1fl1'i1 'Vim -ff1LL?itt1t1fl wd L U'Ul.!1?i'lJei.:i1a~LLe.i'l.J:B'U 
1ifrY~ x

1 
LL?it x

2 
LU'UrJ\9l'i1~1"Um1lJ:S''U'lJt1.:it11ml'1LoU1 

LL?lt ti ti fl\! t 1~ '1lJ fl1 'l '1lJ ~ ?ll.11 ?I'll ti.:! fl'l t 'U1'U fl 1'ltl'U LL~.:! • ... ~ 
~.:J'U 

dmcv = mgl - mg2 
dt 

(3) 

W dMp =m (X1-X2) d --- a 
dt 

(4) 

mw =ma(X2 -Xi) (5) 

L~eJ wd LU'Ul.J'J?l'lJtJ.:J1'1~LLe.i'U:B'U1ifr)~ (kg) ma 

LU'UrJ\Jl'l1fl1'l1'Vl?i'lJtJ.:JeJ1fl11'1LL~.:i (kg/s) x 1,2 rJ\Jl'l1~1'U 

m1lJ~'UL'Ut11ml'l (kg water/kg dry air) mw rJ\Jl'l1 

fl1'l 1'Vl?i'lJt1.:itl1t1t1fl\l1fl1a~LLe.i'U:B'U1"rr~ (kg water /s) 

rii'Vlfo fl 1 'li Lfl 'l1ti1fl1 'l'1lJ ~ ?l Y4"'.:!.:!1'U\Jl1lJ fl~ -ff ti~ 
1 'lJtJ.:J L VltJ'iLlJ 1~'U1;Jfl~ 'Vl~tlfl~fll'it1~-Sfl~Y4"'.:i.:i1'U'lJt1.:i 
'it'U'Ul'11'\JfllJ Ln~fl1'ici1m vim1lJ~t1'U L ut1.:i\l1flilm'i 

yj 1fl11"~ tl.'U LL?l t fl11 lJ ~ti 'U~ Ln ~~'U 1'U1" L?l fl ?I'll ti .:i J 1 

I11VL'U1'1~LLe.i'U:B'UhJrJ~ vi1L~Ln~fl1'i'ltL'VIV'lJt1.:Jtll'Vl~tl 
' 

m 1lJ:ff "Um v 1 "U1a~LLe.i"U:B''U1" rY ~ LL?l ti'111lJ ~tl'U~1'U'Vl~.:i • 
aru L~VL ~tl'U~.:JLL 1~~tllJ '1lJfl1'i~lJ~?lY4"'·N1'UL ~ V'U111i' 
\I"'., 'I ., .. 
~.:i'U 

Lkm-LEout +Est =Msystem (6) 

1 "U1a~ LLe.i"U:B''U 1"rY ~ L~ t1il fl 1'iY41m1lJ~t1'ULL?itw~.:i.:i1"U • 
1" 1mL 1vJ\lt Ln~m1lJ~t1'UatalJ~'U t "U-ra~ LLe.i'U:B''U wrr~ 

' . ,, 
rJ\Jl'i1 fl1'ici1 v L Vli'111l.J ~tl'UL Utl.:J\11 fl fl1'i'it L 'VI V'lJt1.:itl 1 LL?l t 

rJ \Jl 'i 1fl1'ici1VLV1fld1lJ~ti'U1tJ~~.:!LL1 ~~ti lJ L ~ V 
'U 

fl11lJ «m~'"Ut5a1m 'im ~ V'U L 'U'i'll alJ fl1 'l~.:i-d' 
'U 

wd (hm2 -hml) = Q
0 

+ma(hi -hi)+~w -Q1oss evap (
7
) 

tit 

Ldt1 wd LU'Ul.!1?i'lJt1.:i1a~LLe.i"U:B'"UhJrJ'~ (kg) LU'ULB'U 

Vl 1?1U'IJ ti .:i1a ~ LLe.i 'U:fl'U 1if r) ~ (kJ/kg) L U'U L 1 ?11 ( s) 

Qevap LU'UrJ\Jl'i1fl1'ici1VLVlfl11lJ~eJ'U LtitJ.:J\l1flfl1'i 

'itL'vW'lJv.:Jtl1 (kJ/s) ma LU'UB\Jl'i1fl1'i1'Vl?i'lJtl.:itl1fl11'1 

LL~.:i (kg/s) h LU'ULtl'UV11?1U'lJtl.:Jtl1fl11'1LL~.:i(kg/kg) 

~w LU'UW"'.:J.:J1'U1lJLfl'iL1vl (kW) Q1oss LU'Uel\Jl'i1fl1'l 

ci1m Vlfl11lJ~tl'U 1'll~~.:iLL1~~tllJ (kJ/s) 
'U 
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Kf\Jf 
UlT 

CV 
Moist air 

h 0 T2,ma2· 2 

G) 
Drying air 

0 h 
T1.ma1· 1 

------~-~----: Controlvolume 

Evaporation! 

1 
V Wet product 

~'<..,, : ,G) 

':i'\.J~ 1 m:.:u1um':iv'ULL ,X,m~u~u 1lJeJV1'11m '\.J~mwiL~t1uvilJeiuYJei.:i~1t11lJ Lf'l':iL 1vl~1lJn'll'1lJ~eiu 1V1t11 i':i:.:'U'U?J1t1vnu ,, ' 

2.3 n1':i~'UL'l.Jiiti.:i'Wi\'-N1'U~1L'W1::1'Un'a::'IJ1'Un1'a 
tlULLiX.:i (Specific Energy Consumption in 

Drying Process) 

n 1':il bm1:.:l-1m':i~'UL '\.J~ v.:i'Vi ~.:i.:i1u'.i\'1 b 'l'l1:.: b iJun1':i 

'\.J':i:.: biju\11nmwu bb 'IX.:i~1t1h11mb 1vi~1lJn'U61lJ~eiu 1Vlt1 

1 i':i:.:'U'\J?l1t1'Vl1'U~1 L~t1.:ii;l m dei.:i -W\11':iru1\11 nm':iil eiu 

'l'l~.:i.:i1u 1un1':iv'UbbiX.:i~eiru111flij61lJ\1eiu 40 °C, 50 °C 
' 'II 

Lb61:!60 °C fl11lJL~161lJ 0.5 mis n1~.:i1lJLf'l':iL1vl (bllVI 

bbl.lnuui':ieiu 3 ~1) 2400 w m':i~'UL'\.J~ei.:i'l'l~.:i.:i1u 
'.i\'1bvn:.: (SEC) vi11~'11f1?llJf11':i~ 3 

SEC 
Totalelectricalpowersuppliedin drying [kW -hr] 
Amoumtof waterremovedduringdrying' kg 

(8) 

SEC Ptotal [kJ] 
Amoumtof water removed during drying' kg 

(9) 

L~B P
101

•1 ~v'l'l-K.:i.:i1u 1 vl-W1-k..:ivi:wV1v!'lm um::u1um':i 

€1'\JbbiX.:i ?11lJ1':i'1Vl11~'11f1?ilJf11':i~ 5 

Protal = Pmg + ?Jieater + Pexfan + Pcofan +Peon ,[kw x 3600s] 
(10) 

b~B Prn
8 

bll'U'Vi~.:inu1vl.W1'.i\'Tv1i.11t11u magnetron, 
a., 1 .c!lo I.I c:i: 

?hearer bU'U'Vl61.:J.:J1'U vl.W1bi'J':i€J..:IY11fl11lJ':i€J'U, Pexfan bU'U 

'l'l-K.:i..:i1u1 vl.W1~V161lJ~V1€J1f111"1, Pblfan bll'U'l'l«.:i..:i1u 1vl.W1 

~VIG'llJL lJ16'llJ 1 PcofanL lJ'U'Vl~..:1.:11'1.J 1 vl.W1~V1'1lJ':i::'U1 tlf'111lJ 

~€J'U Lb61:! P blJ'U'Vi~.:J.:J1'U1'1'J.W1':i::'\J'U?l1tl'l'l1'U~1L~tl.:J con 

0 .:ii I .df 
611b6ltl.:JUIBL'U€J.:J [1] 

3. -a::L ii~u15m-a'V! "giti.:i 

LL~u~u WeJ'V1\11n L '\.J~ei nvi L~t1uvilJv'Uviei.:iffi m um':i 
' 

V1Vl61€J.:J ii"11'U'\.J':i:!f1€l'U~€J b~'ULtl,e..J.:J LL61::J1 bbU.:J 
I tJ ~ ?11ue..i?JlJeieim u 4 ~m f'lv 1:1:1, 1:1:1.5, 2:1:1.5, 

2:1:2 Ul1lJ~1~'\J '!J'U1VI 20x20 L'1l'U~LlJUl':i LL61:!€J'\JLbiX.:i 

LVI tl':i:!'\J'U 1:w Lf'l ':i L 1 vizj..:i L ll'U':i:; 'U'U 1lJ Lf'l ':i L 1vl ~1lJ nu '1lJ 

~€J'U LVI ti 1 i':i:!'U'U?l1tl'Vn'U~1 L~ t1.:ii;l €J L d €J.:J~V11.:JV1i.11 tll ~ti 
L ~ ei n 1':i1 i'\.J':i:: Lti'!!tl \11n1:w 1m L 1vl1u.:i1u11"11 n ':i ':ilJ 

~~u1~u 1V1t1ei1~t1vi~nn1':i~ei 1?1vi~'ti1lJ1~1u 
' 

f1':i:!'U1 'U f11 ':i \I:: '1 f1~1 L ~ ti.:! L VI ti ?11ti'l'l1'U~1'UL'1f11 '\.J1 'U 
'II 'i ,.J .. "., !"1 .1.J .J 

~ blJ.:Jf'lVllJVl'l.11\ilVIL u'U~u~LVIG'ltllJ (rectangular cavity) 
.. 'I ~., .. ""1'i .. 1 '1l.:Jfl1tl b'U':i::'U'U\l:!\ilVl\il.:JLLlJf1'U\il':i€J'U f'1'1'U lJ bf'l':iL 1 n 

f'111lJ~ 2.45 GHz H'.i\'1u1u 12 ~1 (n1~.:i 800 1\illli'/ 

~1) LL6l:!Lf'1~€J..:in1LUl'l61lJ~€J'U eiruviflij?J.:i?Jl'l~vh1~ 
, 'U \J 'I 

Ll'lt1'\.J':i:.:mru 240 ei.:il"l1L'1lm'iit1?1 (~umJnu?JlJ'l1~1?Jvi) 
'II ' 

1vi ~ ruviJJij61lJ~eiu 11'1t11iLvieifll.11'1'1.JLtJ61 L\11t11 i':i:.:uu 

?11tl'l'l1'U~1 L~ ti .:i i;1 BL d ei.:i f'1 ~'U1lJ Lf'l':i L 1vl () f1 ~ .:i \11 f1 
• u 'II 

LLlJ nu \11 ':i €J'U IH.:i ~VI ~.:iv~ ':i€J'U 'l 'U~ L 1 ruvi1 f'111:W~€J'U 

?11lJ1':i'1vi11ruVltl~1 L~ tl.:Jl?IVI 1"1?11tl'l'l1'U~'U~L1ru'\.J1 f1 
' 

Y11.:JL '1f 1W'U'U \11f11T'U?l1tl'l'l1'U\l::Gi1L~tl..:il?IVIb'1f11 '\.J V.:J 
' 

'U~ L 1 ruvi1f'111lJ~€J'U f11':i'\.J-ru LLi;l..:i n 1~.:J?l1lJ1':i'1vi11rut1 

f11':iL Ul'ILLG'l::U\11 LLlJf1U\il':iB'U\111lJl'i1 LL vii.l.:i~ei.:im':i u~nru 

'\.J1f1V11..:iL'1f1 LLG'l:! €J€Jf1':i:!'U'U 1lJ Lf'l':iL 1vlii':i::'U'U f11':i~ f)f'l~'U 
1 'i ··1 .J .., 1 .J 1 il " fl ., ' lJ bi'l':iL1Y1Y1€J1\l':i1 Vl61€J€Jf1lJ1L'l'l€J lJ VIL u'U€J'U\il':i1tl\il€J 

~'\.Ji)'\J~.:i1uzj.:if11 f11':i~11 V161ii:1J1\il':i~1uei~'1ihiiu 5 ij61~ 
1\illll/\111':i1..:i L '1l'U ~ L:W \11 ':i '11 vi f u f11 ':il \11€Jruviflij1 ?I VI ' ,, ' 
V1Vl?IB'U?l1lJ1':i'1 lVI 1~~1Ji1LL vii.J.:i'\.J1nvi1..:i L '1f 1LL61:!B€Jf1L\111 

1:w 1mL 1vl1VI t11 ii5uvl':i1 L ':iVI L Ylv11lJflL\ilv{ (f'111:w bLl.iuE11 

1uoiJ1.:i ± 0.5 v..:il"!1L'1!m'iit1?1) 
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~,,-.,...,.. 

('!J) 

tl
.J d 11 .. I o d 'i i'1 2 (fl) Li'l'itl'I :W i'l'iL1rtLL'\J'\J'il::'\J'\J"11tJYn'U1;11Li;ltl'I 

" 
\;)mlle:i.:i ('!J) 111rn:::LLfl':i:w':i1tJ1;1l::LBtJ111Li'l~tl'liltli'11111;1el'I [1] 

fl1'i1 Li'l'i1:::'1 flwvhm1:w ~e:iu 1u1"11111111B L~ fl \Jl~ fl • 
1111vm'i1111rh 1111BL~fl\Jl~fl~1 EJ Li'l~e:i.:i L U\Jl Li{l'le:im 1"1 L•1m{ 

(Network Analyzer) 11i'.:iLL"1111'11mtl~ 3 LvleltiLll'U 
v " 

.if e:i:wi;i¥lu101u L ti~ tJ'\J L Vi tJ'U1 'U fl1'i1 Lm1:::'1 L :a.:i~ fl L iJu 
" .. 

.if m.ii;iue:im .if 1ri1V1fo fl1'i1 Ll'l'i1:::'1 L :U.:iV1C)i3~~1v"1:wiJ~ 
1111B L~ fl\Jl~fl 1 u1"1111 L i'.lu~.:i,j1Li'.lumh.:i~.:i1 ufl-s:::u1ufl1'i 

• 
1:w 11'l'i L 1'\'J L 'V'l'n:::"1rn1~1111B L~fl\Jl~fl L llu"1:w'l1~~ LL"1111.:ifi.:i 

m1:w"11m'ifl 1ufl1'i111111~'\J'V'lc;r.:i.:nu 1:w 11'l'i n'l'l l'i1 Li'l~el.:i 
" iJ elifo.:i l'ltl'i::: fl el'U~,j1 L tJu\;) tl fl1'i1111el~1'1 "1:W'U'i ru LL '\J'\J 

" 
L'liu m'i'S'fli31"''1Jqj1ru1:w 1mL 1'\'J fl1'irhmru"'qJ'1J1'iru 

d lJ O 0 CV I 

fl1'iLfl'\J'lltJ:Wl;1"il1 fl fl1'ii'l1'W1 ru Lrn::: fl1'i'U1~m111.:i flm1m 
" 

LL"1111 H U'U fl':i1'1'l 1'11'\J i'l:W fl 1'ivi1.:i1'U~1 EJ'llel'l'l LL 1{ • 
4 t'dcv1cvtl ~' II d 

i'l tl:W'V'l1 L\Jltl'i L 'V'leJ'l 111i'l1"1:W 'i::: '1i'llifl1'i"1:::i'l tl'U'll el-:! i'l6'l'U 

mv 1 u1"1111~flfli'1111"1el'\J "iJ1mYu"il:::\Jl'i1"il~'Ui'l11:W~fl1'i . " 
iu~el'l'llel.:Ji'l~'WmEJ1 u~11111 (cavity) 'i1:w1 tlfi.:iu"il~EJ 
rirum'V'l (quality factor) LLi;i:::u1.if m.ii;i~1~LL tl'iflc;r'\J 

L U'U rl1"1:W~1111B L~ fl\))~ fl'!Jtl'l1"1111~fl fli'1111"1eJ'U . " 
~ 

3.1 'lJ'W\Jlv1Jfl1':i'Vl~~eN 

fl1'i1111r\1i'lru"1:WD~1111BL~fl\Jl~fl u11"1111LL~'U~'U1if8111 . . 
"iJ1mtl~elfli'lL~EJ'U'Vl:Wel'Ui'lel.:J vi1m'ii111 5 "il111\;)e:iV1il.:i • • 
~ 'U .:i 1 'U 1 off L i'l ~ tl .:i L i1 \)) L 1 { i'l tl 'U 11 i;i L 'll'El { (Network 

Analyzer) iJuViflri1vtl.~LL~1t!1mV11ri1 tan8 

1. Software 

2. Microwave 

Reflect meter 

3. Coaxial Cavity 

4. Coaxial Cable 

5. Sample 

-

6. Female Calibration 

Standards 

tl
.J d d .. , 1 ' 

'i i'1 3 Li'l'iel.:JL'U\JlL1'ii'ltl'U1 i;iL'lltl'i [1] 
" 

fl 1 'iel'\J LL ~'IU 1LL~'U~'U1if B 111"il1 fl L ti~ el fl i'1 L ~ tJ'U 
' 

0 CV ~ ..::::. t,I I 0 

'Vl:Wtl'Ui'lel.:Ji'11 fl1'i1111i'l11:W'll'UL 'i:W\Jl\Jfltl'U fl1'ii'11111;ltl.:J i'11 

fl1'ii'11111;ltl-:!LLU.:Jtltlmtlu 3 mrul?i'.:iif 

mru 1 1offLL:Wfl'U\Jl'itl'U,j1u1u 3 1Ji1(n1c;r.:i 800 

1\Jll11/1Ji'1) 2400 W elC\J'Vl.f1iji;i:w~tJ'U~ 40 o C LL~'U~tJ1if 
' " ., ti"" .. ..11 ~ .. tl111"il1flL 6'ltlfli'lL'iEJ'U'Vl:Wtl'Ui'lel'li'l 'llb'Ufl1'ii'1111i;ltl'I :W 

' ~1'Utl 'i::: fl e:iu A el L'1u1ti ,e.J.:i LL"1::: J 1 LL tl.:i ~1'Ue.J "1:W 

tJ .. eltlm u 4 ~\Jl'i i'lel 1:1:1, 1:1:1.5, 2:1:1.5, 2:1:2 

\Jl1:W~111i''IJ '!J'U1111 20x20 cm. 

mru 2 LoffbL:Wflti\Jl'iel'U,j1'U1'U 3 1Ji'1(n1c;r.:i 800 1~111/ 
\;)1) 2400 W tlC\J'Vl.f1iji;i:w~el'U~ 50 °C LL~'U~tJ1ifBl11 . " 
"il 1 flL ti~ el fl i'1 b ~ EJ 'lJ 'VI :w tl 'lJ i'1tl.:i~1off1'lJfl1'ii'1111 i;i tl .:i iJ 

• 
~1'Utl 'i::: fl el'\J A tl L'1u1ti ,e.J.:J bb1;1:::J1 Lb u.:i ~1'Ue.J"1:W 

tJ .. eltlm u 4 ~\Jl'i i'ltl 1:1:1, 1:1:1.5, 2:1:1.5, 2:1:2 

\Jl1:W~111i''\J 'll'U1111 20x20 cm. 

mru 31.ffLL:Wflti\Jl'iel'U,j1'U1'lJ 3 1Ji1(n1c;r.:i 800 1~111/ 
1Ji1) 2400 W elC\J'Vl.f1iji;i:w~el'U~ 60 o C LL~'U~tJ1iJ8111 

' " 
ti

.. .. ..11 !1'l .. 
"il1flL i;lelfli'lL'itJ'U'Vl:Wel'Ui'lel'li'l 'll b'Ufl1'ii'1111i;ltl.:J :W 

' ~1'Utl'i:::flel'UAel L'1tJ1tJ,e.J.:J bLi;l:::J1 LLU.:J~1'Ul!-1"1:W 
i'.I .. elelm u 4 ~\Jl'i i'lel 1:1:1, 1:1:1.5, 2:1:1.5, 2:1:2 

\Jl1:W~111i''\J 'lJ'lJ1111 20x20 cm. 

4.e..i~fl1':i'Vl~~v.:iLL~::vfitl'i1fle.J~fl1'ii'l~~v.:i 

rl 1 "1:WD~1111 B b~ fl\))~ fl'!Jtl.:J LL~'lJ~tJ1ii 8111 "il1 fl L ti~ tl fl 
.. .J., 1 1" d d .. ' 1 ' i'lb'iEJ'lJ'Vl:Wtl'lJi'lel.:J i'11111 111EJ 'tlLi'l'itl'lb'U\JlL1'ii'l'€l'lJ1 i;lb'lltl'i 

' 
(Network Analyzer) Lb"1111.:Jl1i'.:i1u~1'i1.:J~ 1 

"il1fl':itl~ 4 bb"1111.:Ji'l11:W"':W~'lJ15'i:::'Vll1.:J'€lCU'Vl.f1ilLL1;1::: 
m1:w~u~unm 1111EJiJn1c;r.:i1:w1mn'l'l 2400 'w el~'VIDil , " 
i;l:W~tl'lJ 40 °( 'V'l'\Jl1'1i1.:JLL'iflelC\J'Vl.f1iJLL~'lJ~'lJ1ife)'111"1.:J~'lJ 
'€l~1.:i\;)m lle:i'1 L llel'l"il1 flLL~'U~tJ1if~l11lJi'l11:W~'ULL~:::fi1 
Loss Tangent Coefficient (tano) ~.:i vi11~LL~tJ~u1ii 
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KM 
UTT 

el\;l\;l\;l.ffU'Vi~.:l.:11iJl~111f1 vi11 iXA1111~€liJ.f11V L iJLL~iJiiJ 
1l!eY\;l(Q) ~.:im111tl~1v (~.:i1iJ~1lf11'ivl 1) LiJ'1h.:imn 

IJl €l111 €l N'\11 fllJ'U €l.:I LL~iJiiJ1,J el \;l ij fl 1 fl €l V <l '1\;l~1'1.:1 
' " I 

_r L ., 1" d ., 1· I d L'Vi'i1:::A11116UiJ.fl1V iJ1~\;l \;lLA'1€liJ(;l1€l€lf1 u LiJ€l.:1'11f1 
' 

1 iJ'll1.:i LL 'if1'U €),:j m:::U1iJf11'i€lULL ,x .:im v 1iJLL~iJiiJ1,Je){;l 
'1:::ii L vJ~'U€l.:l'U€l.:IL '\11'11€lV€l EJ1.:il'lm ~€).:! vi11 iXu'Vl5Yi'1'U€l.:I 

" Q.I Q .c:::il • ..J Q.I d 
A111J(;liJ'Vi1'11'i (Capillary Pressure) 'Vl'UULA'1€liJ 

'U €l.:!L '\11'11 l tl v.:itl1V1U1'U€l.:! LL~iJiiJ1"e){;lijl°\1~.:i LLl'i Lri €l 

L 1'11~1iJ 1 tltl~mrum111:ff iJ'1{;)'1.:J vi11 iXm'iLA~"€liJvl'll€l.:i 
(;l1'i1.:iv11 l°\1~11llii1\;1BL~f1(;\~f1'll€l·:JLL~iJiiJ 1l!el'{;l'11f1 

L tl~ €l f1'Vl L ~ ViJ'\1111€liJ'Vl€l.:I 
' 

l°\1 1'11 ' 
LL~iJ 

A1 Loss 

.J Dielectric Dielectric 
iiJ1l! 

tangent 
flj\;l'Vl 
' constant loss factor coefficient ., 

€)\;) 
( &~) 

1:1:1 2.18862 

1:1:1.5 2.14632 
1 

2:1:1.5 2.25451 

2:1:2 2.31650 

1:1:1 2.37493 

1:1:1.5 2.39608 
2 

2:1:1.5 2.23818 

2:1:2 1.88531 

1:1:1 2.59829 

1:1:1.5 2.18999 
3 

2:1:1.5 2.72758 

2:1:2 2.23574 

160 
-0--JY'H l 

H-0 -x-vt11~4 

L!I) 

'C' 
'7.'lQ() 

~ 
e so 
! 
~ 60 • 

.io 

20 

... 

u JO .!O 

• 

( £,) (ta no) 

0.345547 0.157533942 

0.379913 0.176934528 

0.446069 0.197688973 

0.443787 0.191471577 

0.525012 0.220931119 

0.539043 0.224797550 

0.455578 0.203464611 

0.306049 0.162227395 

0.610489 0.234860799 

0.419730 0.191616784 

0.677368 0.255083833 

0.422795 0.189115917 

60 
-0-m~·! -i:r-t;l"'f J_ 

• .,.,M<»$Ui.t'(Ot-) 

•"---;...___..,~- .' 

• • 

~· 
,.. 
i;' 

.io i 
~ 

~ 
8 I lo 

ij 

~·) 40 

Tnno!'[min] 

~o <W -o 

'itlv1 4 m111'111~'UB'i:::'\lll1.:1€lN'\ll.fllJLL'1:::m111:ffiJnU 
" ' " 
L1m 1\;lviin1~.:i1111A'invJ 2400 w €lru'Vlfli3"11~€liJ 

' " 
40 °( 

m 111:ff iJ (zj.:i L lliJ1 €l '11iJ1 'VI t"\J) €l €l n ~ tl 1V1\J 1 '1iJ L tltJ 

B'Vl5Yi'1'U€l.:lf11'iLL'Vi~'U€l.:IL€l (Vapor Diffusion) LL'1::: 

A1111~iJfl1'1l (Gas Pressure) LlliJ'Vl~f1 tl'i:::f1€lUrlU 
" 

u 'Vl5'Vi '1'll €l .:J f11'i'V'l1m111~€liJU~L1rutl1V1\J1 'U 'tl .:i LL~ iJ:aiJ 

1,Je)(;l%.:Jvi1L iXf11'iLA~€l'UeJ1VA111l:ff 'UvlU~L 1 ru tl1'\llU1 

'U€l.:ILL~iJiiJ1,je)(;l~.:J LL'1:::Lri€lVi'11'iN1.fl1ViChVA111J'foiJ 

'U 'tl.:i LL~iJiiJ1l!e)~ y.iu11m v1iJU~L1ru M.:i nm.:i'1 :::ii 
.Q. IV QJ ... Q.Q ei ru'VI JJ11~.:im1 miJiJ €l n €liJ L iJ 'tl.:1111 '11 n €l'Vl LiYrn f11 'i 

m:::'11V'U€l.:JA111J:ff iJmV 1 iJLL~iJ~iJ1l!e){;l 

160 

1-1-0 

110 

~lQO 
~ ., 
e so 

! 60 

.jij 

20 

-<>--""'' 
-X-ip\1~ 

0 10 "o 

-0-~ll -0--~nJ 

• ~..,,,., .. ,.·riq 

• • 

.<Q .j(J ~;_l 

r;n.,p.nJ 

w 

" 
::: 

.~o ~ 

~ 
l~ 

6U 

'itlVi 5 A1111"111YitJtl'i:::V1i1.:i€lruV1flfaL'1:::m111'8iJnu 
" ' " 
L1'11 L\;1Vlhi1~.:!l11LA'iL1vJ 2400 W €lN'VlfllJ'111~€liJ 

' " 
50 °C 

lliO 

l-IO 

l:?O 

~too . 
! 80 
~ 
5 60 

-10 

"" 

-<>-~11 

-><-11"'' 

10 .!O 

-0-tf<"1 -/rf!'1J" 

• ~Wi;11;1\1r•IDV-} 

• 

;l.tj -IO 
lun~~l!an] 

()U 

I' 

::: 
--x .ioi 

"' s 
15 

~·U 

'itJv1 6 A1111~11~iJth:::V111.:i€lruV1flfaL'1:::m111:ffiJnu 
" ' " 
L1'11 L\;1Viin1'1.:i1111mnvJ 2400 w €lN'\llfllJ'111~€liJ 

' " 
60 °C 

'11mtlvl 5 LL~{;l.:IA1111~11~iJlh:::'Vl11.:i€lru'\ll.flfaL'1::: 
" ' " 

A1111:ffiJnUL1'11 L\;1Viin1~.:i1111mLTrl 2400 w €lN'VlfllJ 
' " 

'111~€liJ 50 °( YiUl1'li1.:!LL 'if1 LL~'U~iJ 1,Je){;lii€lru'VlfllJ 
' 'IJ 

L~11~iJL~€lV') L~€l.:1'11f1LL~iJ~iJ1,Je){;liif11'i~\;l.a'UYi~.:J.:11iJ 
1111m L1vl€lv1.:il'lm n€l.:i'1.:i~rn 1 iXLn\;lA1111~€l'U~'U LL'1::: 

Lil €lii f11'i \;l\;l«B'U'Vl~.:1.:11iJ'1\;lM l'i1€l N'\11.fllJ %.:iii fl1'1 \;1'1.:1 
'IJ ' " 

\Jl11ll tl~1 V Lllm.h 1 ti L ti~ VU L Vi VU nu f1'i rubi n1~.:i 
L11LA'iL1vl 2400 w €lN'\llfllJ'111~€liJ 40 °( ViUl1Lll€l1'ff 

' " 
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