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UMI-8 optical fiber
thermometer

AV2433 Microwav
power meter

Directional couper

I
T Glass pipe

- Tunable short circuit
Circulator

Load Flow
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.y +U-VT(r,1) = K V2T(r,t) + P, (r,t)
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Perfect Electrical i
Conductor boundary +
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Initial
velocity
(cm/s)

Computational Measurement

Temperature (K) Temperature (K)

A 340.86 338.35 0.7%
B 340.40 340.20 0.1%
A 330.96 329.80 0.4%
B 339.17 338.35 0.2%
A 324.14 325.25 0.3%
B 337.99 336.90 0.3%
A 320.06 320.80 0.2%
B 338.17 337.15 0.3%
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PnC, %—V-(mkVT) =mQ(mt")

o PBINFA— O PR R, DhERREE LT YA
Q(mt') = Q(t), J”J'

PuC, ,—V (MKVT ) =mO(t")
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Maxwell’s equations:

V xE=—jouH E= Electric field intensity ‘

V xH= joes E H= Magnetic field intensit \

\va ( gE) -0 o= Angular !
Frequency

V-H=0

Relative permittivity: . Microwave oven geometry

e=&'(M,T)- j&"(M.T)

dielectric constant

"

1
® Power absorbed (by the sample): Q... = E WELE
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Momentum Conservation
Darcy Law , K Kk KK, ;
oc, N ——p 9 rgyp V, =— ~ VP
E‘FV'(ng,G):I 9s pg 1 ﬂi .
’ Darcy Velocity I = Water’ gas
Mass Conservation
Liquid Water pHateiyapot phase change
phase change 8 5 e
dc — (pa)v):V- (pSC—MMD Vx, |+1
_W+V.(pwvw)=V. Dwvcw)_] at g v g gp a " vieff.g " Ty
ot \ ) ;_Y_: S \ ¢ ;
bulk flow capillary flow bulk flow binary diffusion
Energy Conservation Phase Change
Thermal Balance for Mixture Evaporation-Condensation
phase change
" K281 0)
aar[ D (o )}W'[- S (e, mr )]:V("effw J-2i+0,, RT \res Py
i=s,w,v,a i=w,v,a ' -

convection conduction  microwave Non-Equilibrium Formulation

source
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|\/| ULATED Simulated Temperature Distribution

6 cm sample 3 cmsample 1cm sample (after 8 cycles)
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Simulated Pressure Distribution

A CT U A L (after 8 cycles)
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__ m
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Stress inside (1.35
MPa) > Failure Stress
(1.1 MPa) /fg

3 100.0J<0.0 WS W 65.0)
10 min. T 10 min.

Regions of high temperatures shift away

from the center with increasing size 3cm




SCU

BR-BANR-NREHBBEAG L

6 cm sample 3 cm sample 1 cm sample
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+3D coupled electromagnetics-transport — poromechanics model

Microwave drying of potatoes carried out at 10% Power Level for 10 min.

\—H 7
=P S E=E(M)
1 m V.o
Electromagnetics in Multiphase Large
microwave oven transport Deformations

Prediction of Key Quality Attributes

Bulk Volume Crust  Stress cracking

Rorosity Density changes Formation  conditions

@ Deformation is driven by both moisture loss and gas pressure ¢ &
generation —”
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Experimental Profiles
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+ Pressure Temperature Moisture
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Thank you for your
attention






