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Abstract

Dehydrating is one of the most common processes in industry. This process is imple-
mented by various techniques, such as freeze-drying. It is an energy-consuming process.
Microwave sources are a good choice to supply the energy needed for this process. In
reality, it is microwave-assisted freeze-drying. The microwave sources can be delivered
§>77—e181e7 17" S4eil ¢ZEe>"-Se—7¢ E1Z—7>¢1"1E"—VYZ
0721 —eZ>SEe " —1"e1Z¢ZEs>"—Se—7¢' €1l Zoe1S—+1-SeZ>'Se
the microwave-assisted freeze-drying is time-saving. This method is fast due to penetrat-
'—e1ZeZEe> " —Se—7e' €1l Zeoeel —1+'Z2Z1-SeZ>'Seil 15707 el’
heating from the surface of the material in conventional methods. Usually, the frequency
“el1ZeZEe>"—Se—7¢ E1l Zee®1'®1XZ[V1 £81 “E'1'®e1Se+"ES-Z
dielectric heating methods. In the following, the mechanism of this method is described.
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1. Introduction

Population growth of human societies results in increasing the demand for requirements
such as food, clothing, housing, etc. Meeting them requires new industrial methods instead
“ele>Se’e’ " —Sel”"—Z@il ‘Z1™>"ezEe —1"ele ez 1’1l —&E
processes are being done on the mineral, vegetable, and animal products. Some of them ai
™S EeZ7> £Se’"—810eZ>'+'£Se " —81E " —®Z>YSe'"—81Z-Eil
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[ 7KH $XWKRU V  /LFHQVHH ,QWHFK2SHQ 7KLV FKDSWHU LV GLVWULEXWHG
|ntech0pen &RPPRQV $WWULEXWLRQ /LFHQVH KWWS FUHDWLYHFRPPRQV RUJ OLFHQVHV E
GLVWULEXWLRQ DQG UHSURGXFWLRQ LQ DQ\ PHGLXP {9l KH RULILQD
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Drying is the most common way to increase the life of food products to make them easier to
—S'— ¢S’ —1yXpil ZS— "7eZ81-—"E>" SYZ1eZE'—"+"+¢1'Se1SCcC
other methods in food industry. Not only is this method used in food industry but also in
pharmaceutical industry and medical sciences, for removing water from aqueous solutions
S—el™s7@Z>Y —ele'Z1lce " eB<"—7281S—ele” —1y

—1E " —YZ—e¢"—Sel—-Ze'"ele 51ler5¢’ —ele "eee7 §dl'e1'®1‘'ZSeZe
rate its moisture. Also, the heating can be done by other methods from direct solar radiation to
zoe'—e1-"E>" SY 1B Infieerd-drying method, removing the moisture content of mate -
rial is done by sublimation of water molecules with internal heating after freezing the material
S—e1 E>ZS’ — 17 CH¥Bp@Eadwith ronventional methods, it causes small irreversible
E'S—eZ@1l'—1e""el1S—ele'7@1"ZZ™0e1e'Z157S e « Q1X7]L RERYArAGER,
E e 10" —' —olid1S—e1lY e2-7210Y"e2-21>2e72E+' " —1S—+1E"-
ZeZ>01" —1eZe¢7>—"—'—e1'71872Se’eC1 01+ " oh]s Foll tempelafirein (S -
method helps to stop most bivological reactions, and hence it is suitable for dehydrating heat-
eZ—0e’e’'YZ1-S¢7>'Se1¢’"Z1A=8PpiIESLZY P»3drEcer iy "1 7L K
007’0871 51YSe72SceZ1e " elpileEE®E BLUERLDLYZZS>E ' Z>e
"M _Sel1 -7 "el«CLlS1IE - —Se’ " —17ele’ 757 —e1-Ze "o
ZoMPpyl ' 021S1YSe7Sce7152Y'7Z 1" —1e'Z1loee2e’Zed1l "E'1S>Z1
o ZsZ—elesC —e1-Ze'"e@dLS—e1E e ZEer1S—e1™>720Z—ec
Z+'">1 ' Hdrgsents a chart which determines the contribution of energy consumed in dif -
ferent operations of freeze-drying process. Also, the cost breakdown for drying two samples
', 1S—ele” YSe7Z1¢ "eeiilieleZeZ>s—" —Z71'—1y

>C —e107>1eZ'CesSe’ —e(il’1>Z-"Y —el-""e7>Z1E " —eZ—+1
CE1>2872>21™ ' S®Z1IE'S—eZ1'—1 SeZ>1E " —eZ—+1"6L-S+7
—1e'Z1e>Se’e’ " —Sel 7' "edle'Z1—77717—75¢1-7@1<Z1
£7—1<¢2+"081 "E‘1‘Saele'Z1e” 1¢'Z>-SelE " —e2E<'Y +¢il '6p
Microwave technology helps to transfer the needed energy in a form of electromagnetic wave
into the frozen region, independent of thermal characteristics of dried layer. Then, the elec-
> —Se 7 E®1l Zeel' ®le'oe® ™SeZel ' —1e>"£7—1572+""—1S—-1
is distributed in the frozen region, the dissipation occurs throughout frozen bulk. In fact, it
E>72SeZ0]l —eZ>—Seet¢1Y 77} ESee¢1'ZSe’—o1yX

—8PWl'el'®@l-Z—e'"—Zele'Sele'Z1Y e7-71>7¢7Ee"—o0l0c"'>’
>¢’—e1S—e1S'> 50" —el -7 e®@1S>721S>"7—+10i81S—+12V-51

Z + i3] gonsidered the conventional and microwave-assisted freeze-drying methods. It
®'" Zele'Sele'Zler¢ —ele’'—Z1'eleZe®le'S—1XV-1"51-"E>
because of volumetrically heating in this method.

2. The freeze-drying process

—1e>ZZE7Z,o5¢ —e1™>"EZe®OLe'Z1-SeZ>'Sel—700e1<Z1e>"£Z-
with creating vacuum and injecting energy by microwaves in the chamber or storage com -
™Sse_7—e1 "E'1IE"—eS'—ele'Z1e>Filtedlis™ " e1-SeZ>'Sel1yXp]
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Figure 1. Steps must be passed in microwave-assisted freeze-drying process.
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What happens during these stages? The heating of the frozen food by microwave energy
causes the frozen bulk temperature to increase. With increasing bulk temperature, fro-
zen molecules of water receive enough energy and transit from solid phase to gas phast
GoeZce’'—Se'"—17ele>"£7—1-"eZE2217¢1 SeZ>0il ‘ZeZ1l-"
into vacuum region of chamber. In other words, the moisture is removed from frozen
region, and food material is dried. This sublimation starts from the outer layer. Now, a
new region forms in frozen bulk from interface of food material and vacuum and dried
sZe ' " Fiduie 20711 ele'Z1e' —Z1 ™" EZZewdle'Z1 —eZ>¢SEZ1«
will retreat. Therefore, the frozen bulk of material is thinned, and the volume of dried sec -
T —1'—EXZS®eZely

According to the above discussion, we are faced with three physical phenomena: producing
©'Z5-Sel1Z—Z75e¢1<Cle’ee’ ™Se'"—1"e1-"E>" SYZ1Z—7Z>¢10"-
S—eles’Zel>Ze’"—@1l ele el -Se75'Se(idlS—+1-SemEls>S—o0
07 0171 SeZ>1YS™™>1'—1+Z10ce¢ceeZFhe heatttanstet m the fibeZe 26n¢
is done by conduction, while the heat is transferred in the dried region in conduction and
convention.

3. Heat and mass transfer equations

As mentioned previously, with increasing the temperature of bulk, two heat transfers are
carried out in the bulk. The heat transfer in the frozen region is conductive, while the heat
transfer in dried region is a combination of conductive and convective. The heat transfer in
frozen region obeys the following relation:
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where T, =, C_., k, and p, are temperatures of frozen region, density of frozen material, heat
capacity of the frozen material, the vector of thermal conductivity of frozen material, and den -
sity of dissipated microwave power, respectively. All of them are for frozen zone. The convec -
©'YZ1e>S—@eZ>1'—1e>'ZelsZe’"—1'01e72Z1 1’21 ~ 171 SeZ:
dried region, the heat transfer obeys the following relation:

-DQPDQ%%+ N%,99 9, Fp,°CWR 9 11
where Candw1S>Z1E"—EZ—+>Se’""—1S—e1¢'Z1YZE">1"+1-Seew
eters are related to water vapor. All other parameters are the same ones in the previous for
mula but for dried zone. This relation shows our need to know the concentration of water
YS™™5i1 ‘Z1 SeZ>1YS™M H1E " —EZ—+>Se'"—1"<Z¢e1le'Z1-Sce«
«'Z1YS>'Se’ " — 17 1 ECHIEYL-Sr»Zy1T¥SIM >1 —1e5'Ze1S¢Z>50

w0 » @ =7-g11

wherepand 2 S>Z1¢'Z1YZE+">1"+1Z ZE+'YZ1s z®'Y'e¢1S—e1 ™"
'YZeCil e1'@1™ e’ <eZ1e”]l —ele'Zle'@e>'<Ze " —1"eleZ-™Z75Se
tions. Initial and boundary conditions must be considered to solve these equations. Also, the
thermodynamic equilibrium, governed at the interface of frozen and dried region, determines the
5ZeSe’"—@" ™17 272—1¢'Z1E " —EZ—+>Se’"—17e1 SeZ>1YS™ X3¢

It is evident that density and porosity of food material, along with moisture and fat content,
are the key factors in the determining the process.

4. The transient variation of temperature during freeze-drying

‘7—1S—1"— —'eZetle " —eleeSc1 ele'Z1 ™" ™M 701 _-Se75’Se
¥YS>'Se’ " —@1'S™MM™MZ 1" —1¢'5ZEe""—17>¢' e —Sele"1e'Z1leZ>
‘Z1eC™ ESele’ee>'<Ze’ " —1"01eZ-™Z75Se7571 — 1’ Z>Z—+1+S¢
concentration of water vapor in dried layer are shown in Figure 2il1 *1'celoez E'Z—
variation only in just half of the structure because of symmetry.

where T, T, T, C, and C_ are the temperatures in the middle of frozen bulk, the temperature
“el'—eZ5eSEZ10<Zs ZZ—19>"EZ—1S—ele>'Ze157¢' " —@idle'Zle,
el SeZ51YS™ 1 —1'—e75eSEZ10<Ze Z27Z—1>"£Z2—1S—ele>'7¢1
YS™ 51" —1'—e7>¢SEZ1"+1YS E 7 X ThSsubtihatiod willxcdntifiue oatl the tem -
™Z75Se7571 ele>’'Ze1E™—710"—1'21" —e7>SEZU1'1”Z™ 1 7%Thé
variation of temperature in dried region is a part of the parabolic. It is valid for frozen region, too.
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o> —1e' 71" —e75eSEZ10<¢Ze ZZ—1>"E£7—1S—ele>’7ZeleS¢Z> Ul
™ "Y' eZe1<C¢1ZeZEe>"—Se—7¢'E1 SYZ®e1S1XZ[V1 £il —1yX
'Ee1S™M™M, ' _SeZe¢lz—"e">—1e'>"7e' 70171 -Se75’Se1S—e1"’
‘Z1e"eSel ™>700e72>21S—e1™S>e’Sel ™Ms70e7>217e1 Se7>1Y
ViV][1l—= ¢81>Z@™ZE+'YZeCil ‘Z1e>¢ —ele’'—7Z1e 51"’ ®@1-7ZS-
Ze7Z@Ee>’E®1 Zeol'@1—7S>2¢1WV1 &—-1y pil Z—2Z>Seet¢dle'Z1"
o Z71e>¢ — o FigureZ4Lii

— 11 it Mas been shown that the optimum operation of freeze-drying process is obtained near
the corona and melting point. For a slice of meat in a rectangular cross section, the variatior
of temperature and concentration happened in two dimensions. Figures 5 and 6 are shown in
' —72e8e'"—1S8S—e17{™MZ>7}7Z—eSel>Z0c7eccely
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Figure 71 ‘" 0 l1lS1ceZ-z MarAmeZe-tirirglpyocess by injecting microwave power.
1-"E>~ SYZ1°YZ—1ez™M™e' Zel®e?z E'Z—+1S“7®@eSceZ212—7
oZe'YZ>'—elWiX1l 1Se“700eS<eZ1™~ 7Z51Se1XZ[V £1' clZeZ+lk
>'Sel0 1'le " ESeZel —1e'Z1-"0eeZ17e1-"E>" SYZLIESY'+¢10
E'S—<Z>10 0711 "e1ESY’'+¢1‘'Sele’—-Z—0e’'"—oelY_ 1%1Y_1%1][
aluminum sheets to supply the needed electromagnetic boundary conditions and provide a
™Set1e 105771 ~ 1701 SeZ>1YS™ 51 @’ —7+eS—Z7"7@e¢il "1SY™’
a circulator is used just after the generator. “1S<e~><1e'Z1>7Z ZEeZ+1 ™" 758
match other ports of the circulator 11 1e 'oeel10 Ul'celZeZele " 1E'S—eZ1‘7
SYZil ‘Z1Z2Z+Z@Ee>'E1 Z+e81Sele'Z1 " 7e™Z7el1%ele '@edl’'1YZ>
E"Z2™eZ>10 Ul @170 Ze1e"1-2S®2>21'Z1¢"> S>¢1S—e1>7Z ZE~
—'— 71 el ™" 7581’ —Eeie’ —elSeelE -™"—7 —e@1’ Nf1See'e

* ;e "3 presents a microwave freeze-drying setup in a laboratory scale.

[11 "E>" SYZ1Z—7>2¢1S—ele’'ZeZ@Ee>' E1™> ™75’

According to what had been mentioned previously, the needed enthalpy for sublimation is
provided by electromagnetic radiation at microwave frequency. Microwave heating is the
sZ0eZ7eel 0171 —e7>SEe'"—1<Ze 27Z—1—"E>" SYZ1 Zeee1lS—
e @1ZSe—e81' 721528725721 ™" 751 51 02¢e'=Se’"—1'®@1ES
frozen region, independent of thermal characteristic of dried region, and then it is dissipated
"— 1> TEZ—157¢""—1S—e1E" —YZ>¢Z1+71'Z2S*il "®1-ZS—0e B
T—MS5Zel e "1l @ —YZ—¢'"—Sel esZ7ZEZ,05¢ —e1 ™M>"EZeRSL ™
transferring the needed energy, independent of thermal characteristics of dried region, are
¢ 71-S"—1eSE+ >l —1SEEZeZ>Se’'—eleZ'Ce>Se’—e1 ™, EBp
“e7—Z7¢>'E1'ZSe —el17ele>"E£E7—1-Se7>'Se1SEEZZ>STLele>¢’
">1e'ZeZ@E >’ EL'ZSe—+8le"-Z1@™ZE E1le>Z2372Z—E'ZelS:
——'ee®’T—10 U1'—1-"E>" SYZ1>Z+'"—fAl_WYHDPXZ[VaAXIFV
—HZ1E ——"—1S—el70Z+1’'—1""-Z1F"E&>~ SYZ1"YZ—1yWV
Microwave radiation has unique advantages that make it suitable for food industry. The fol -
lowing are two of them:
0SS0l "E&>" SYZ1>Se’Se’"—1'el—"—¢Z@e>72E*'YZ1S—el—"—
does not contaminate and deteriorate the material.
<l "Z1ZeZ@Ee>"—-Se—Z' &Ll SYZ®1S>Z1™Scem®Zele>"—1e"2s7C(
071 700721-72818>721—"¢1>S—@™S57 —ele le'e'e1S —01'-
eTTele™ 1™V _ele 716’ ZeZ E >’ E 1-]SThisyrSpetty s udEd in teeyaMiKing
method to transfer energy inside the dielectric.

Also, microwave radiation is widely used in agriculture: remote sensing, short-range radars,
and Doppler radar. Short-range radars are helpful for recognizing and tracking the seasonal
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of crop y W Metecting and controlling the insects in stored grains and heating seeds with
impermeable coat by microwave radiation to improve their germination and determination
of moisture content of agricultural products y W X

Microwave energy is used to defrosting meat. It reduces the required time from hours to a
few minutes. Also, it is used in sterilizing some heat-sensitive foods and cacao bean roast
"— ey W X

—1-"E>"E ™M EL1®ESZ81 ‘Z—1S1e'Z«ZE+>'ELl' ' ®®le<"“Z
S>58—0Ze1e¢"1572e¢72@EZ21'21°YZ>Seel17Z7ZE+> (E Fighree@011%" @21 &
ment depends on constitutive molecules and their polarizations. In other words, the mol -
ZE72+Z®1>ZSEeZs1e 1o Z1S™™e’Ze] Zesj

‘Z1-"eZEZ7eZ®1®eeSr>e1e”1 @ E '+eSeZ1<C1S™ Mo’ —e1e'Z7177C
«Zeo Z7Z—1-"eZ@E2°72@1 —1+'Z1"E *+Se’"—1™>"e7E&Ze1'ZSs":
e Z-™75Se757 1"« 1% E\BiEe tHelhdeded energy for oscillating molecules is provided
<C1le'Z1ZeZEe>’ L Zoedle'Z1972—7>Se72+1'2Se1’1S®1S1>720
—Ze' @171 Z5-Seliil —"e'Z51™'Z"-7-"—-81 "E'l'®lZ ZE
ionic conduction. It relates to movement of dissolved ions, and the generation of heat when
70721’ —e1E e’ 71 "o 17" 751" JAMRIMatmstSpic-vidvE this phdnpiney
— " —1'"1E'S>SE*Z>'£Z2+1<¢1' =S¢’ —S>¢1™S>e17e1™Z5_"4"Y ¢
as an ability of structure to be polarized.

Z—7>SeeCBdLle'Z1Z¢ZEe>"—Se—Z EL™>"™75¢'7Z®@17«1Z2ZSE"'L-
™MZ>— 4 YRt A BG—1-Se—Z EL1MTILLS LW IA-1S>Z1E -™Zj]1
and imaginary parts of %owhich are known as dielectric constant and loss factor, are relatec
e"loee™>Ze1S—ele’ee ™SeZelZeZEe> ESe1Z—7>p¢1’ —1e'Z1-¢
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where p,1'cele‘Z1Y " ez—-Z1eZ—0e’«¢17«1¢" ckipd SEBHot-mBAN-SHudre v8lue
“elZeZ@Ee>'EL Zeoil el 01e'Z21>Se7Z17¢1Sce™><Ze1-"E>" SY.
>2Se’e0d1e'2@Z1™S>S—ZeZ501-72@e1<Z1>Z™eSEZe1 —1]21>

The dissipated power is proportional to %01 S —e10087S>717e1S™ ™’ 71 7 e Zg
the more the dissipated power. In freeze-drying process, the dissipation factor of frozen meat
is much more than a dried meat, so the dissipated power in the frozen region is much more
than a dried region. The dissipated power can be maximized if the material is located in where
©'Z177Z@ >’ E1l Zeol'cel-S Yothienidre‘thelabilityin polarization for a dielectric.
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“Z1eSoeele "172587
"7 —eSHCt1E T —e'e' " —edloe"eY' —ele'Ze”

e’eZ> —ele'Z1c«

As mentioned previously, microwave energy is needed to heat the frozen material in
microwave freeze-drying method. Accordingly, a microwave system must be designed to
generate and deliver microwave energy to an applicator in the chamber. Therefore, eact
microwave system consists of three parts, source, applicator, and transmission media, fol
>S—eZ>>’—el ™™ 751 57— 1¢'71 " 710 The applicatarHrAysthe @
of a load in this system. Usually, waveguides and their components are used to provide
transmission media.

Typically, vacuum tubes are used for generating high power at microwave frequencies. They
' EezeZ1"eCee>” —81-Se—Z7e¢>"—081e>SYVZe'—e, SYZ1e2<¢Z10 i
E"——"—12<¢Z1 "E'1’17Z0Ze1" —1'Z1" —e7@IPLS - Zlle"e7 1S
shows the position of magnetron among other microwave sources.

‘Z17Z7e™Zel ™ 7517e1-Se—Ze5"—1'@17@2See¢1>S—eZel<Ze 77—
"YZ—1yWZPpil >1'—ez@e>¢1S™M™M™M ESe’"—§1le" oF 1™ WIpiljlice d & 7

Generally, the mechanism of a vacuum tube is due to the interaction between electromagnetic
ZeelS—el7¢7Z@Ee>"—1¢ZS—-1"— e’ - Fif)$d 103 W ZEor hAgreitahs THY ehvdlope
consists of multi-cavity resonators along the peripheral of a cylinder. An electron gun, coincided
with the cylindrical axis of the tube, produces an electron beam in the magnetron. In practice,
Z—Z75>0¢1'1le>S—0eeZs>Zele 10 Z17¢ZEe> " —Se—Z7e'E1 Zeele's"2
e 1"EEZ>0eil ‘Z1 SCle>1"Ze™F7e1 ™™ 751 ES—1<Z1™> Y 070

‘212 E'Z—E¢1 1" E>" SYZ1"YZ—1 e®leZoeels'S—1[V-081
YWZpil ">1-"eZ>—1-Se—Ze>"—ed143 dopmMgBredtdrZ7>1 1]V -1}
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Figure 9.1 ‘Z1™ @ ’e’ " —1"e¢1-Se—Ze>" —1S_"—e1"¢' 751" E>" SYZ1® " 2>EZ10>Z™>

Figure 10. Top view of a magnetron 0>Z ™ 5>~ e 72 EZ 4BGT -1y
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Figure 11.1 1-"E>~ SYZ1°YZ—10>Z™>"e7@EZele>"—1yWZb i

The waveguide is a hollow conductor with uniform cross section, usually rectangular and
circular, that is a mediator between source and load for transferring energy. Figure 12 shows
the rectangular and circular waveguides.

The energy transfer in waveguides is carried out in a form of propagating modes. To determine
o' 757 —901-"e701'—1S1 SYZe72'¢781 S Zee ®17232Se’"—el-70e"
("7—92S>C1E " —e' " —®@1UEZ>"1eS—eZ—e'SelZeZEs>’ELl Zoel’
ZSE'1-"eZ1eZeZ>— —7@1e'Z1e’@e>' <2 " —1"e1Ze7ZE+s>’E1S—-1
SE'1-"221'1E 'S>SE+Z>'£Z21<¢ 08 I'Ele7 § $:22-5 ¥ -Z G B1d fhdde
propagates inside the waveguide, and the mode is evanescent for frequencies lower thanf_
WZpil Z—EZ81+'21 SYZ+72'+201S>21"—" —1Scel'«' ™Sceceflis
" —1Sele" " —S—el1-"eZi1l >"—1e'Z1" Zaeele 1" Zorele>257,
that is propagated in the waveguide. With increasing frequency, other modes are excited in the
SYZez'eZi1 "eeleeSe+Z1 el ESUsualy, eXchwaveguidg\ fised in a dominant
—"eZi1 *Z1e" = —S—elleeZ110/IES—+7S>1 SYZsbrcktabhrwalegeide.
Among other guiding-wave structures, waveguide has low loss property in high frequency,

which enables it to carry very high power.

According to the above discussions, a wave can be propagated along the waveguide. When the
TMZ—17—e17e1l SYZe7'eZ1'®®1le'">eZe81'Z1 ™" Z51'®1>Z ZE->
wave is formed in the waveguide. A cavity can be made by blocking both ends of a section of

Figure 12. Rectangular and circular waveguides.
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SYZe7'¢Zi1l ""0elee>72E*2>Z1'c1ES™S<eZle "1™ >Z1Z—Z>2¢1S-
©ZeZ>—"—7+1<¢1E'S>SEZ>' e’ E1282S+’"—il ">1ls’e' ™S —s]
cavity with lossy material. The cavity is excited by a probe, a loop, or an aperture in its sidewall.

‘Z1ZiE’'eZel Zoe@1S>Z1SE"'ZYZe1<t1le Y —el S| Zes ®17252S
" — il ‘Z1<7—eS>C1E " —e'e’ " —e1S>Z1EZ>"1eS—eZ —e'Sel7e7(

Z™7 —e7—e1"—1e'2172¢Z@Ee> ESeleZ—ee'l 0l 757Z—0le' -7
divided into two categories: mono-mode and multimode cavities. The mono-mode cavity
has small dimensions, in the range of wavelength, so that the single mode is excited inside i
W3pil ‘Z>Z+ 57281« 1 ESY «¢1’ 'l —"+107’ 389 THesExcited mddes i
created at certain frequency because of resonant nature of mono-mode cavity. For maximiz
'—e1Sc@ >« Ze1l ™ 75810 Z1e 0oz 1—-20e1<Z1e " ESeZs1l — 1",

Zeoil "—EZ1-S|' —2-127ZE*>'E1l Zee1"EEZ>1'—1"—717>1S%
ity is suitable for material with high loss. Increasing the dimensions of the cavity causes the
ZiE eSe'"—17ele’ 757 —el-"eZeloe’'—2¢¢eS—7"70¢i1l ‘'Z1ZiE" "
on cavity dimensions, the location of material and its electrical characterizations, and so on.
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7— e 5—1'7ZSe’—e1Sce™>M} " —1'—1eZ>—1y

In freeze-drying method, frozen material is placed inside a cavity. The cavity is excited, and
microwave energy is dissipated by material to provide needed energy for sublimation. In

“e'Z5>1 “re@01e°Z1-SeZ5'Se1SceTrcel-"E>" SYZ1Z—7Z>+¢10S1
similar to a load for microwave system. Some stubs are used to match the load and preven
©'Z1>72 ZEe' —e+1l SYZR1IE - —¢1«SE"1+" 121" 2>EZi

" 7237 —e1—Z¢""e@1S>71e7ZYZe"™Zele 51 -7S@Zs —ele'Z1™MZ5_"
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ESY eCUl1 l™eSEZel —1e'Z1™ " —el ‘7257212172 7ZE+>'E1 7Z
e 'Z1ESY +¢1'®@172872Se1e " 1E'S—eZ1"—1>72@ " —S—1>78272—C
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7<@E>"™elV1 —e' ESeZ®@1+'Z1™S>S—ZeZ>5@17¢1'Z1ESY +¢1
uses open-ended transmission line. This structure behaves as a resonator at microwave fre
§722—E¢il ' Z>72—e1™MS>85 775015 ZEele'Z1>720"—S—ele>7¢
“ele' —71S—eles’—e'—el Zeeel' —1e¢'Z1" ™7 17—l ele’ —7j:
TMZ 17 —el1"ele' —Z1E'S—eZele'Z1les —e'—el Zeeeil —1758
<C1S1ESiHE'*BHLID el ES™MSE'«sS—EZ1'®1S ZEeZelctle',
‘S—eZ®@l'—1520" —S—21>2837Z—EC1S>Z212Z21"1™7Z>-"4"Y
¢'Sel17e'75177Z¢1eSEs" 1l 1—"e1E'S—eZ1yWX

“>1e” 15728772 —EC¢31'e1ES—1<Z1™  e@’<sZ1+"12Z1S1ES™
of material. In this method, the proposed material is used as a dielectric for the capacitor. It
'el®ez E'Z—e1e'Sele""®®1IES™MSE «H>1'1E"——ZE+Z+1+"1S:
a series of combination. Now, the voltage dropped through the capacitor is measured in two



(PHUJLQJ OLFURZDYH 7HFKQRORJLHV LQ ,QGXVWULDO $JULFXOWXUDO OHGLFDO D¢

Figure 13.1 ™MZ — 7 —eZe1e>S—0e—"eoe'"—1¢' —71S—e1'ew12872'YSeZ—«1E >E2z' 10>

cases: a capacitor with and without the proposed material as the insulator of capacitor. The
change in dropped voltage depends on the change in capacitance. Accordingly, the change ir
ESM™MSE'eS—EZ1 " +1ES™MSE 51’ @1>ZeSeZele"1e'Z1™Z5_"4""

While for most of agricultural products, u_ is assumed to be the unity, since most of the
e oo ©1S57Z1—"——-Se— 7 EL1™> 7 EelYyWVpPIL1e'Z1™Z>—
—T @232 1 ET—eZ—+81 " ™Z>Se’—e1e>78772—ECHLeZ-™Z5Se
™My~ ™M g Zele e ee™ 1071572877 —EE1YS>'Se’"—17¢1S1e’
“eZ, "eZ1-"eZPe1yWYV

NI«

>

N«
N( N¢
M

For food products, the chemical compositions such as salt play a decisive role in dielectric
™" TM 756’71 7e1l ™5 e7Ee1IYWVPil ece™dle’ZeZEe>' EL1™>" ™7
7@l eZE'1S®lcze"leZ—0e’'+¢d1 ™S> [(Hor Hygoscapcliaterdl, ‘the
SeZ>1E " —eZ—el'@le'Z1-"0el ' —™ 3¢S _e]1eSEe">1"—1e'7Z1'7

The dielectric constant for water is 78 at room temperature. For the moist food, this parameter
»S—eZ0el<Ze ZZ—1[V1S—+1]VO1S—el1e'Z"> ] FaromgdnSaansiiugntein
©""e1-Se7>'Sedle' 21 ZeZE > EL1E" —®+sS—e1S—ele"@®lSE
'Y Ze¢ 1YWV

Researches and studies have shown that water is the most important part which absorbs
—"E>" SYZ1Z—7>+¢1 — Ny=W FhedidpaliV property of water is listed in Table 1
e >1e’ 757 —e1e>7827—E ' Zeei

Table 2 lists the dielectric properties of some fruit and vegetable in two frequencies.

Frequency (MHz) 0.6 1.7 3 46 7.7 9.1 125 174 268 364

% T1%1XVU AVIY 1. iX 117z 1z 63 \]igYyi\l  ZX X\i[17.6
T1%1[V1U \ i i) \APZ AT N\ TEX NI \Wi] [\iY

% T1%1XVU Xil[ I8 188  XAiX YWi[  YBA1  YYi_ o XAiA
T1%1[V1U waei[ A iz WZi[  W\i[ XWiz = X]iX Y X

Table 1.1 ‘Z1e’ZeZE+>'E1™>"™MZX]M1 el SeZ>1yWV
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Fruit/vegetable Apple Banana Carrot Grape Mango Orange Potato Strawberry
ey Z1E" —eZ—+10-830 ZMB<Sce’ 08U X 86 87 1 X
e eZZ1eZ— U ¢1l0TE-VI]\ Vi_Z Vill Vi_\ Vi_X WiVvyY Vil\
%o W[l £ [1 \Z [ \ \Z 73 \ X 73

XZ[V1l £ [Z \V [\ \[ 61 \ [ 71
%o _WI[1 £ 8 W 18 W[ 13 Wz X X Wz

XZ[V1l £ WYV 18 W[ 17 Wz 16 17 Wz

Table2.1 ‘Z1¢'Z¢Z@Ee>'"E1™> " ™Z75e’ 71" 1@ " —Z1e>7'e@1S—WYZeZeSceZ@l —1e ~:

Z «i 1]}yis\aWaluable and comprehensive paper that reviews many references and collect:
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6. Conclusion
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