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The Effect of Thermal and Dielectric Properties on Heat Transfer During

Foods Heating by Microwave Energy
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Abstract

Microwave heating is a one heat source that is an attractive alternative over conventional
heating methods. The major advantages of microwave heating are rapid and can penetrate the surface
and produce heat generation within materials, thus leading to high energy efficiency, short process
time and high product quality. Therefore, this technology is used in many household and industrial
applications, especially foods heating by microwave oven. This research studies the effect of
parameters on heat transfer during microwave heating process by numerical simulation with computer
programs. The numerical simulation study is validated with an experimental study. In this study, the
effect of various parameters which consists of the thermal properties, the dielectric properties and the
positions in the foods on temperature distribution and heating time of foods are investigated. Three-

dimensional models of food and microwave oven are considered. The transient electromagnetic wave
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propagation equation coupled with the transient heat transfer equation is solved by using the finite

element method (FEM). The results show that the simulation results are in agreement with the

experimental data. Moreover, the thermal properties will affect the temperature distribution and

heating time of foods more than the dielectric properties.

Keywords: Foods heating, Dielectric properties, Microwave energy, Thermal properties
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P c k g' e"
(kg/m”) (J/kg.K) (W/m.K) (F/m) (F/m)
Chicken 1121 Chick 4.34 Chicken 0.412 Chicken 56 Chicken 18.2

icken

breast [7] [14] breast (14] breast [15] breast [15]

881 3.17 0.215 40 15.625
Meat Fish Pork fat Turkey Turkey

[7] [14] [14] [16] [16]

769 2.17 0.0382 30 9.4
Fish Pork Beef Beef Beef

(7] [14] [14] [16] [16]
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15199 3 ArwdNiusTEnINAAManAIRNToU wazAauauURlABanAsNLaY A1 TuAZ STEZ AT
91MNAN

P c k g' g" T, T, T, T,., t
(ke/m”) | U/kgK) | W/mK) | (F/m) | (F/m) (°Q) °O (°O) (°Q) (s)
1121 4.31 0.412 56 18.2 59.30 60.75 59.82 59.96 78
881 4.31 0.412 56 18.2 59.54 61.32 60.47 60.44 63
769 4.31 0.412 56 18.2 59.56 61.38 60.58 60.51 54
1121 4.34 0.412 56 18.2 59.30 60.75 59.82 59.96 78
1121 3.17 0.412 56 18.2 59.82 61.27 60.35 60.48 68
1121 2.17 0.412 56 18.2 59.82 61.35 60.42 60.53 40
1121 4.34 0.412 56 18.2 59.30 60.75 59.82 59.96 78
1121 4.34 0.215 56 18.2 59.38 62.08 60.24 60.67 81
1121 4.34 0.0382 56 18.2 59.33 65.03 59.87 61.41 110
1121 4.34 0.412 56 18.2 59.3 60.75 59.82 59.96 78
1121 4.34 0.412 40 18.2 59.60 61.03 59.90 60.17 75
1121 4.34 0.412 30 18.2 59.71 61.52 60.26 60.50 71
1121 4.34 0.412 56 18.2 59.3 60.75 59.82 59.96 78
1121 4.34 0.412 56 15.625 59.31 60.78 59.89 59.99 80
1121 4.34 0.412 56 9.4 59.87 61.35 59.91 60.37 90




