Electromagnetic,
Thermal and
Mass Transfer
Modeling in Food
and Wood

Wolfgang J.R. Hoefer
and Poman P.M. So

ional Electromagnetics
Laboratory \
of Victoria, Canada Scientific Corporation



Contact Info

Faustus Scientific Corporation Co
2187 Oak Bay Avenue, Reses
Suite 213 EC

Victoria, BC, V8R 1G1 Ve




_ —

L

Summary and

e Motivation and Introductic
e Research Background : A

Computational Electromag
Laboratory (CERL) at the U

Victoria




E Motivation and |

e Develop algorithms fo
+ RF Drying of Softwood Lu
+ RF Pasteurization of Food
+ Power Handling of Microws




E Modeling of Woo

e Electromagnetic Fields:
o 3D Spatial Transmission Line
+ Diagonal tensor permittivity

¢ Time-dependent £ and tano |
content and temperature.

e Heat Diffusion: FDTD
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E Modeling of Food

e Electromagnetic Fields

+ 3D Spatial Transmission
Cartesian Diagonal tensor |

+ Time-dependent £ and ta
temperature.

e Heat Diffusion: FDTL
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[ Example: Alfalfs

Data from Flugstad Eng
Seeds are packaged >
Constant power is applie
EM Phase 1. Compute S




E Example: Heating

Top and Bottom Walls: Electric




e The transient thermal k
objects can be modele

e [Three heat transfer me
considered:
¢ conduction

¢ convection




|i Coupled EM-The
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Heat Conduction

e Heat conduction is modeled with a finite
difference scheme assuming the
temperature inside a FDTD cell to be
homogeneous.

@ A uniform mesh is used for the calculation of
conduction heat flux.

e® The heat conduction is computed in such a
way that for every single cell the power flux
In all the six directions is computed indivi-
dually and then added up to yield the total
heat power flux through that cell.
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Heat Conc

e Power flow in the po
IS:

2Alk, . k.
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Heat Convection

e Calculation of heat convection requires the
knowledge of the heat transfer coefficient
defined as follows:

h = Nukﬂuid/l

e N, is the dimensionless heat transfer
coefficient.
kg.iq 1S the thermal conductivity of the fluid.
[l is the characteristic length of the surface
that is usually obtained by dividing the
surface area by the perimeter in the case of
horizontal surfaces, or simply the height of
the surface for vertical surfaces.
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e For free convection adjace
of the vertical planes:

N, =0.68+0.670R"* {H( I

e where O<R_,<10° is the
defined b




Heat Radiation

e Free heat radiation from the outer
boundaries of the structure is computed,

e Heat radiation exchange between inner
surfaces of the structure is computed,

e In order to compute the above
guantities, the relative positions and
orientations among all the cells must be
computed first. This is handled via a
shape factor matrix.
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e Shape factor is define
energy transmitted f
surface s to another ce
divided by the total ene

the surface s.




Updating Te

@ Once all the above power fl
temperature can be updated as
Tn+1 =T’nj,k +

i,j.k i
m; ;i xCijk
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Simulation Exe




Simulation E
Power Density Distributic




Simulation E

Power Density Distributic




Temperature Distributic
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Simulati
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Conclusions

e Several types of coupled em/thermal/mass
transfer simulations of wood, food, and PVC
have been performed and presented;

e The coupled TLM/FDTD algorithms of
MEFiSTo predict the em field distribution and
temperature rise inside general materials and
topologies;

e [hermal conduction, convection, and internal
and external radiation are considered,

® Both metallic and dielectric material losses are
iIncluded as heat generation sources.
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Conclusio

e The various features di
presentation are being
the MEFiSTo simulatic

e Applications range fro




Note: You may download a more detailed set o
http://www.faustcorp.com/downloads/Be

Benchmark Pro
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3D View and




E 3D Solid Vle




Distribution of the




- Dissipated Power Density and SAR

Time Averages:
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Density of average dissipated power (p4) and SAR in the potato
1 kW magnetron matched to the waveguide, f = 2.45 GHz, steady state
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E Some Characteristi

Reflection Coefficient at 2.45 GHz at 50 m
S, =0.5

Return Loss at 2.45 GHz
RL =20 log | S

Average power delivered by the magnetro
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