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Abstract

In this experiment with the help of the HFSS program it was possible to simulate the
distribution of power density in volume of the chestnut flower. For the heating to be uniform,
radiating slots in series have been introduced in the guide and then it was possible to see the
difference in distribution of power density in the chestnut flour volume when the radiating slots in
series were introduced as opposed to when they were not.
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INTRODUCTION

The design and realization of a radiant system requires first the
determination of the total power in the microwave, the second stage being
the realization of this power for each slot.

The profile of the distributed power is conditioned by the number of
radiant guides, the number of radiant slots, the dimensions, and how they
are located on the surface of the waveguide.

The balance of radiated power transmitted and reflected by a system
of radiation depending on the inclination of the slots allows the optimization
of radiation.

The existence of corporate software allows, however, to study and
model the installation numerically, before practically building it. By doing
this it will be possible to already acknowledge a part of the phenomena that
characterize the installation and also to remove a number of uncertainties of
the problem before building the installation. (Molnar C., 2006)

MATERIAL AND METHOD

Data on the dielectric properties are important because they provide
loss-factor values, and , which they depend on, along with other parameters,
such as electric field and frequency, the microwave power that can be
dissipated in a volume of given material. This fact is highlighted by the
average microwave power dissipated in the volume unit of the material.

P, =KE%" |[W/m’] (1)
Where:
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k — Numerical constant

f— Microwave frequency [Hz]

¢” — Electric loss factor

E — Intensity of the electric field [V/m]

If the dielectric permittivity values and the values of the loss
factor are higher and rise together with the temperature and humidity of the
materials, then the power level of microwaves dissipated in the material is
higher as well. (Maghiar Teodor, Soproni D, 2003)

In general, the values of the loss factor of materials smaller than
107 require very high intensities of electric field in order to ensure a
reasonable rate of increase in the temperature of the material in question;
such reduced factors of loss require fundamentally resonant mode
applicators, distinct from those with travelling wave or with multimode
applicators. (Nicolae Voicu, 2004)

On the other hand, material showing factors of loss greater than 5,
can pose problems in terms of penetration depth because the material is very
absorbent in matters of microwave energy, so most of the incident energy is
absorbed and attenuates inside at a few millimeters from the surface of the
material, leaving the core of the material untouched by the effect of the
microwave field. ( Leuca Teodor, 2006 )

The effect of this situation is uneven heating.

For the heating to be uniform, radiant slots have been introduced in
the waveguide and it was possible to observe the difference in the
distribution of power density in the volume of the chestnut flour with the
introduction of radiant slots and without it.

RESULTS AND DISSCUSIONS

To analyze the power density in volume inside the microwave
system, chestnut flour was introduced in this, material which has undergone
a drying processing time of five minutes.

The obtained results after simulating the heating process of the wet
chestnut flour in the microwave field are being presented below.

The results of numerical simulation of the microwave heating
process of chestnut flour is presented in the table; on one hand, in the
waveguide several radiating slots have been introduced and on the other
hand the results of numerical simulation with no radiating slots introduced
in the waveguide.

According to material taken from literature the values of relative
permittivity and loss factor for chestnut flour at a temperature of 20° C are
&'=12,4 and 1gd =2,60.(Wenchuan Guo, Xiaoling Wua, Xinhua Zhu,

Shaojin Wanga, 2011).
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Table 1
Power density distribution in volume

The power density The power density distribution
distribution in volume with in volume with no radiating
several radiating slots slots introduced in the guide
introduced in the guide
20° e
g'=124 | & \\
1g8 = 2,60 —
40°
g'=143
126 =2,00
©
i ////'
60° =
&' =188 !\\ \\o
tgo =14
e (=
CONCLUSIONS

The research has aimed the introduction of a radiating system on a
waveguide, which makes it possible to ensure uniform heating of the
material processed. Analyzing the results a homogeneous distribution of
power is expected, so that the heating is to be effective. The problems that
arise during practical implementation of microwave applicators are linked
with the choice of shape and dimensions of the cavity, so that the heating
process is uniform, rapid, and efficient and does not destroy the dielectric
quality of the material being heated or dried. It is observed that the
homogeneity of the chestnut flour by warming in microwave without a
waveguide with radiating slots is not satisfying and this is why the radiating
slots have been introduced, which makes the power density distribution in
the amount of chestnut flour to be more homogenous and therefore the
drying to be more uniform.

In the process of promotion of electro-technology based on
microwave energy, an important step is the creation of experimental
laboratory models, to allow a real analysis at any time and in all
circumstances of the heating process phenomenon inside a microwave field
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and along with it, the determination of some specific parameters of the
problem.

REFERENCES

20.

Brian Q. Phillippy, Mengshi Lin, Barbara Rasco, " Analysis of phytate in raw and cooked
potatoes", Journal of Food Composition and Analysis 17, 217-226, 2004;

Das S., A K Mukhopadhyay, S Datta, D Basu, "Prospects of microwave processing: An
overview", Bull. Mater. Sci., Indian Academy of Sciences , Vol. 32, No. 1, February 2009, pp. 1-
13;

Hathazi F.I,, Maghiar T., 2003 Theoretical aspects regarding mono-mode applicators utilization
(TE10) in fluidization treatments of the epoxy resins inside built-in mica, 7th International
Conference on Engineering of Modern Electric System, Session Electrical Engineering, May 29 —
31, 2003, Oradea, pp.120 — 125.

Helmar Schubert, Marc Regier, "The Microwave Processing of Foods", Woodhead Publishing
Limited, Cambridge England, 2005;

Juming Tang, Feng Hao, Ming Lau, " Microwave Heating in Food Processing", Advances in
Bioprocessing Engineering, World Scientific Publishing Co, pp.1-44, 2012;

Khraisheh M.AM., W.A.M. McMinn, T.R.A. Magee, "Quality and structural changes in starchy
foods during microwave and convective drying", Elsevier, Food Research International 37 (2004)
497-503;

Leuca Teodor — Aspecte privind incélzirea in cdmp de microunde a materialelor dielectrice —
Universitatea din Oradea, Oradea - 2006

Maghiar T., Soproni D., 2003, Tehnica incalzirii cu miocrounde — Editura Universitatii din
Oradea

Metaxas A.C., J.D. Driscoll, 1974, Comparison of the Dielectric Properties of Paper and Board at
Microwave and Radio Frequencies, Journal of Microwave Power;

. Metaxas, A.C., Meredith, R.J., Industrial Microwave Heating, Peter Peregrinus LTD (IEE), 1983,

London, (UK),.

. Molnar C. O. — Modelarea numerica a campului electromagnetic din instalatiile electrotermice cu

microunde — Oradea 2006

. Molnar, C. O., Soproni, D.V., Arion, M.N, Bandici, L., 2008, “Temperature Distribution in the

Humid Powder Beds Dried in Microwave Field and Warm Air”, Annals of the Oradea University,
Fascicle of Electrical Engineering, pp. 99-102,.

. Nelson, S. O. 1995. Assessment of RF and microwave electric energy for stored-grain insect

control, 1995, Annual Internat. ASAE Meeting, June 18-23, , Chicago, Illinois. Amer. Soc. Agric.
Engin., St. Joseph, Michigan. 16 pp.;

. Ryynénen, S. 1995. The electromagnetic properties of food materials: A review of the basic

principles. J. Food Eng. 26(4): 409-429.

. Soproni V.D, F.I. Hathazi, M.N. Arion, C.O. Molnar, 2009, “Aspects Regarding the Adapting

and Optimization of Mixed Drying Systems Microwave-Hot Air for the Processing of
Agricultural Seeds”, PIERS Proceedings, Beijing, China, pp. 210-213;

. Szabo G., Rajko R., Hodur C.,”Combined Energy Transfer (microwave-convective) by drying

agriculture materials”, Hungarian Agriculltural Engineering, Vol.11, pp.23-25, 1998;

. Voicu Nicolae — Sisteme cu microunde, Elemente de teorie, constructie — Matrix Romaénia.,

Bucuresti - 2004

. Wang S., M. Monzon, Y. Gazit, J. Tang, E. J. Mitcham, J. W. Armstrong, Temperature -

Dependent Dielectric Properties of selected subtropical and Tropical Fruits and Associated Insect
Pests” American Society of Agricultural Engineers ISSN 0001-2351, Vol. 48(5): 18731881,
2005.

. Wen-Chuan Guo, Stuart O. Nelson, Samir Trabelsi, Stanley J. Kays, “10-1800-MHz dielectric

properties of fresh apples during storage”, 2007;

Wenchuan Guo, Xiaoling Wua, Xinhua Zhu a, Shaojin Wanga, - Temperature-dependent
dielectric properties of chestnut and chestnut weevil from 10 to 4500 MHz - biosystems
engineering 110, 340 e 347 2011.

478



