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® ECcoikeiwaon pe 1o BewpPNTIKO KAl TTPAKTIKO MEPOC TNG
EPAPUOYNC TWV PMIKPOKUMATWY OTA TPOPIUA KAl O
POAOC TNC cUOKeuaaiag.
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Radio Frequency: 27.12 MHz (11.1 m)
Industrial Microwave: UK 896 MHz (33.4 cm) / Europe 915 WMHz (32.8 cm)
Domestic Microwave Oven 2.45 GHz (12.2 cm)
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® H ikavoTnTa TOU TPpOo@iuou va eoTaiveTal OTA
UIKpokUpaTa opietal atro 1o dielectric loss factor

(m.”, :

g = &g +0.0556 ope /
where £'gisthe dipolar contribution (1) to the loss factor

and (0.0556 opc £ ) is the ionic contribution () to the loss factor ope 15 the DC electrical
conductivity and fis the frequency of the electromagnetic field.

o
Var]
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Variahle Physical Interpretation Equation
Complex permittivity, £ suitability far microwave gr=gf-] e

heating £ = g'g +0.0556 oge / f
Feflections between two Efficiency of heating R=1ig"-2 (5" +29

different materials 1 and 2,
eq air and food, B

Penetration Depth, Dp [m]  Maximum product Dp=0.0337 / [{e? + ¢ZPs. PS5y
dimensions
Electric Field in Material, Risk of uneven heating Epis = By &0 420p20 742
EHMS [Wm]
Heating Fate, 8T/& [2Cfs) Total heating time guide BT/Et = 0.0556 f Efpms €/ p O
Wavelength in Material, Hot & cold spot separation, Ay = A,/ e’
Hen [11] resonance and focussing
effects
Cp specific heat capacity (Jkg-kK) Emz=  peak electric field strength (/)
D density (Kg'm?) Erms  rms electric field (v/m) in materal
f frequency (Hz) TJoc d.c. electrical conductivity (=/m)
C speed of light {mfs) e free space wavelength (m)=c /f
] -1 £'n dielectric loss factor fram dipoles

z depth (m) Cp={4.9 71 (205 f ) [approx. with fin GHz]
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| Log Dielectric Loss Factor

Microwave Oven Frequency
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Log Frequency (Hz)

Components of dielectric loss for a moist material
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EAa BeATioTOTTOINONG TNG
2UHNTTEPIPOPAC TNG ZUOKEUATIAG

og PoUpvo MIKPOKUMATWYV.

Wicrowave Oven
Material Properties

Geometry
Active Packaging

Supenor Microwaie
Ferformance

® 2UOoXETION UE eCiowon e* =g’ - g7

Electric Field sguared term E?
Lielectric constant & loss factor g o
Thermal properties Cp, p
Fenetration Depth Lp
YWavelength A

primarily effects B4, Dp, A and is most appropriately
located with Geometry
Heating Fate 6 T/6t

Uniformity of Heating VT
"Quality” factors (sensory, texture, flavour, etc.)  8T/8t WT
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AMicrowave Oven

auperioy
Microwave
FPerformumoe

Packaging’ shaterial
Geometry Properties
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Cwen  Cavity  Turntable Mumber & Rated Measured Measured
size (T), Mode | location of feeds  power  power output  power output
(litres) =tirrer output to 1000ml to 350ml
(W15) (W) water! (W) water (W)
1 18 h'S 1 —top fed 480 k08 f58
2 30 T 1 — side fed J00 751 a1
3 30 T 1 — side fed 700 820 s
4 32 T 1 —top fed 850 845 792
53 30 T 1 — side fed 700 /33 Bd5
b a0 ' 1 —top fed /00 /30 R
7 34 T 2 — both side fed 850 500 793
g+ 35 Mone 1 — side fed 700 - -

XapaKTNPIOTIKA OIKIAKWY POUPVWV HMIKPOKUMATWY
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Patterned susceptor (Ieft) and

Inverted fused susceptor tray
fused susceptor (right)

with vent slots

Observation
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Change in power handling characteristics

of a patterned susceptor subjected

to increasing electric field stress
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Applied E -field (kW/mj}
== Transmission =R eflection == Absorption
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Edge
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Typical heating profile

Improved heating profile
for frozen foods

using antenna trays
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Meal without (left) and with (right) antenna tray

Differential heating trays.

Right. Tray has been coated to reduce &

the metallic appearance of the foll.
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Palyester film

Auminium metallized layver (Susteptor)
salvent bazed adhesve

Aluminivm foil (Antenna)

| Fesig cod

1 ater based adhesive

subarate e.g. papetoard

100% - . o
6 micron Aluminium
808 -
High Optical Density
60% A (0.4 micronj
Aluminium
40% -
20% -
I]q"i] T T 1
1] 2 4 6
Stress (KWim)

Shielding effectiveness of two

thicknesses of Aluminium films

0.00045" - 12 micranz
soprox 0.01 microns
0.0001" - 25 microns
0.00025" - 6.3 microns
0.000" - 25 microns
0.0001" - 25 microns

0.015" - 0.46mm
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Susceptor disks can suffer variable electric field strengths across their
surface. With antennae, uniform electric fields can be generated.
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Suscepior Suscep tor
without anitennae with antennae

Antennae loops of different sizes control reflected & transmitted power
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Real-time photographs of antennae/susceptor disks during microwave heatin
Upper. Antenna layer 0.04 microns. Arcing flashes can be seen.

Lower. Antenna layer 6 microns.
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® Kapuia €kBeon ANoupiviou

Metal surfoce (oven wall ar pack) Metal surfoce (oven wall ar pack)

Rick of arcing

® ATTOQUYI MIKPWYV KEVWYV O€ TTEPIEKTEC

— 0
- ® O
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® ATTOQUYETE JEYAAQ DITTAWMPATA KAl TITUXEG

Tight, well formed falds will

generally behawve well

\‘ Abused, lightly loaded folds will
cause problermns. Arcing is caused

by large Woltage gradient across
‘ \-/ small gaps.

® ATTOQUYI YWVIWV HIKPWYV OKTIVWV

Applied zivess atpoind ofhrealodoun (arcng )

Stress (KWim) 200

0+

180

140 T

0 £ 10
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® ETmidpaon TEPIPEPEIAG KUKAOU
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Figure 1.

The dielectric praperties of water change dramatically
with temperature {figure 1) Dielectric properies of
food rarely show such a marked dependence an
termperature. Figure 2 shows why this is o with a
salt solution, typical of many foods. By wiewing a
frequency span we see additional features:
- Dipalar loss (=*p) decreases with temperature at
2.45GHz and the shape of the curve changes
€ RS - lonic loss (0.0556 ope £ f) increases with
ternperature
- Overall logs (=) i1s the addition of dipolar
and 1onic losses so the net change 1s small.

Frequency (Hz)

g =¢" +00856 0, /1

- Figure 2.
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Dielectric Loss Factor

| | : : Aguegus MaCliconc,
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T~ : e — — ===~ i B B T=-=~=~===°=° ‘i“x """" r=-=-=--=--
60 Lines of constant , , , , ; ,
Penetration depth (cm) .
Sl : : T A . G
mE L oo e e o e N R
0.29, : : : | Ham | R
30 -“ """"" """"" ‘ """" 'Fil'u';lir'd"'l" 1:: """
Eeef [cooked, 60'C) . : : '
S M .. ' . - .Carrots [cooked)
P Jeooked)
20 T s : . SRR T '
! ! Turkey [cooked] Cod [cookdd) g - 'é"] . .
M0 ommmmmmremaoes 10— - e . A
Bread o 2.0 ' ! ! ! 0!
+* 1 1
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0 10 20 A0 41] Sl Gl 7o 20

Dielectric Constant

AINAEKTPIKES 1010TNTEC 0TOUG 20°C & 2.45 GHz
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MikpofioAoyia

1000W for 3.5 mins 850W for 2 mins

OEPUIKES EIKOVEC META ATTO ECAIPETIKA IOXUPN £KBECN O€ MIKpOKUPATA
(800W yia 2 to 3.5 mins, didpkelag 2 he 3 mins).
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g0.0°C
— 90

[ 80

- 70

60

50

C 40
40.0°C

Pool of liquid
ejected from pot

Hole in base of pot

OepuIkn avadAuon kaTtd Tnv €KBeon o€ PJIKpoKUPATA.
Microwave Heating Rate [°Cig] e EX £
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Adelec Xpnong

® To TTapOV EKTTAIOEUTIKO UAIKO UTTOKEITAI O€ ADEIEC XPNONG
Creative Commons.

® [1a eKTTAIOEUTIKO UAIKO, OTTWC EIKOVEC, TTOU UTTOKEITAI O€
AAAOU TUTTOU QdEIa Xprnong, N adsla Xxpnong ava@EpeTal

PNTWC.
00
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® To TTapOV eKTTAIOEUTIKO UAIKO £XEI avaTITUXOEI OTO TTAQICOI0 TOU
EKTTAIOEUTIKOU £pYOU TOU OIDACKOVTA.

® To épyo «AvolkTa Akadnuaikad Madnuata Mewtrovikou
MavetmioTnuiou ABnvwv» €£Xel XpNUATOdOTAOEI HOVO THV
AvadIAMOPPWON TOU EKTTAIOEUTIKOU UAIKOU.

® To £pyo uAoTrolgital oTo TTAQiCIO TOU ETTiXEIpnOIaKOU
[MpoypaupaTog «Ektraideuon kai Aia Biou Madnon» kai
ouyxpnuMarodorteital atrod Tnv EvupwTraikni ‘Evwon (EvpwTraiko
Kolvwviko Tauegio) kal atro €Bvikoug TTopouc.

ENIXEIPHEIAKO MPOTPAMMA
o EKTAIAEYEH KAl AIA BIOY MAGHEH == EZ"A

ENEVEVON GTNY UOVWYid TNE. YVUWEH
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* oy Kk

s npoypappa yio v avdntugn
YNOYPTEIO MAIAEIAL KAl OPHEKEYMATAON  EvPanaiko KOINONIKO TAMEI
Evpwraikn ‘Evwon EIAIKH YINMHPEXIA AIAXEIPIZHL

Ei (KO K 6 Tapei
UPUTAIOTOWIVIKO THHE Me ™ ouyxpnparodotnon tng EAAadag kat tng Evpwmnaikr¢ Evwong
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® Copyright T'ewtroviko lMNMavemmiotipio ABnvwy, Tunua EmoTAung
Tpogiuwv kal Alatpo@ri¢c Tou AvBpwTtrou, Avtwviog Kavaoupag,
«2uokeuaoia Tpogipwvy». 'Ekdoon: 1.0. ABrjva 2015. AilaBEoiuo atrd
TN dIKTUOKK dIEVBUvOonN: http://oceclass.aua.gr/
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To TTapdv UAIKO diaTiBeTal e TOUG Opouc TNG adelag xprong Creative Commons
Avagopad, MNapouola Alavopuny 4.0 [1] A netayeveéoTepn, AiEBvAC

‘Ekdoaon. E€aipouvTal Ta autoTEAR £pya TRITWVY, TT.X. PUWTOYPOAYIES, dlaypdupaTa
K.A.TT., TO OTTOIQ EUTTEPIEXOVTAI O€ QUTO KAl TA OTToia avagEpovTal Jadi Je TOUG
OPOUG XPNOoNG TOUG OTO «ZNMeEiwua Xpnong Epywv Tpitwv».

‘©Nolel

H adeia autry avikel OTIC AdEIEC TTOU aKOAOUBOUV TIC TTPOdIaypaAPEC TOU
Opliauou AvolkTAG 'vwaong [2], eival avoIKTO TTIOAITIOTIKO £pyo [3] Kal yia TO AGyOo
QUTO ATTOTEAEI AVOIKTO TTEPIEXOMEVO [4].

[1] http://creativecommons.org/licenses/by-sa/4.0/
[2] http://opendefinition.org/okd/ellinika/

[3] http://freedomdefined.org/Definition/El

[4] http://opendefinition.org/buttons/
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OT1ro1adNATTOTE avaTtTapaywyn N dlaokKeun Tou UAIKoU Ba
TTPETTEI VA OUMTTEPIAAMPAVEL:

® TO 2nueiwpa Avagpopdag

® 10 2nueiwpa AdEI0dOTNONG

® TN dNAwaon Alatnpenong ZNUEIWPATWY

® 10 2nueiwpa Xprions Epywyv Tpitwyv (E@OCOV UTTAPXEI)
uadi Je TOUC OUVOOEUOMEVOUC UTTEPOUVOECOUG.
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