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Abstract

In the present study, using the numerical modeling software Ansoft HESS (High Frequency
Structure Simulation) was analyzed the distribution of electromagnetic field, inside a microwave
field, having as dielectric material the avocado fruit. Nowadays, the study of drying fruits in
microwave field has become a very important and used issue, with great opportunities to be studied.
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INTRODUCTION

Electrical properties of fresh fruits, known as dielectric properties, can
be rapidly sensed with suitable measurement instruments that employ
microwave fields for this purpose.

Therefore, if adequate correlations can be found between the dielectric
properties of such fruits and their quality factors, it may be possible to
develop new instruments for rapid nondestructive quality determination.

( Wen-chuan Guo et al 2007)

The process of drying materials in the microwave field has become a
new, powerful, and significantly different tool which has significant
advantages in front of the drying conventional methods (Metaxas and
Driscol, 1974), (Molnar et al, 2008). The conventional heating methods
require heat conduction from the material's surface inward, they are slow
and inefficient for materials that conduct heat poorly (Khraisheh, 2004).

The electromagnetic energy directly interacts with commodities to raise
the interior temperature and significantly reduce treatment times as
compared to conventional hot-water immersion and heated air methods.

MATERIAL AND METHOD

Permittivity describes dielectric properties that influence reflection
of electromagnetic waves at interfaces and the attenuation of the wave
energy within materials.

The complex relative permittivity € of a material can be expressed
in the following complex form:
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g =g —je (D)

The real part £ is referred to as the dielectric constant and represents
stored energy when the material is exposed to an electric field, while the
dielectric loss factor £”, which is the imaginary part, influences energy
absorption and attenuation, and j = v —1.

Mechanisms that contribute to the dielectric loss in heterogeneous

mixtures include polar, electronic, atomic and Maxwell-Wagner responses
(Metaxas & Meredith, 1993, S. Wang et al 2003).
At microwave frequencies of practical importance and currently used for
applications in material processing (microwave frequencies of 915 and
2450 MHz), ionic conduction and dipole rotation are the dominant loss
mechanisms (Ryynénen, 1995):

=g, + g, 2)
where

subscripts d and o stand for contributions due to dipole rotation and ionic
conduction, respectively; o is the ionic conductivity (S m ') of a material, f
is the frequency (Hz), and ¢ is the permittivity of free space or vacuum
(8.854 x10—12 F m ). Dielectric lossy materials convert electric energy
microwave frequencies into heat. (S. Wang et al 2005).

RESULTS AND DISSCUSIONS

The existence of special software's permit that before practically making
an installation, it can be numerical simulated. In this way when creating the
installation there will be known a part of the phenomenon's that characterize
the installation, and so there will be eliminated some of the unknown's of
the problem.

In the process of developing technologies based on microwave energy,
an important step is creating experimental models, lab, that could permit a
real analyze of the phenomenon's in any moment and conditions of the
heating process with microwaves and also determining the specific
parameters of the problem.

The existing resonant cavity was numerically simulated using the
commercial software Ansoft HFSS, and the obtained results are being
presented below.

The monomod aplicator has a parallelipiped shape, made of aluminium
walls and is being excited by a magnetron at a frequency of 1,8 GHz.
Electromagnetic waves transmission from the magnetron to the cavity is
being made through a rectangular waveguide, in which prolongation is
placed the applicator.
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The commercial software Ansoft HFSS is a interactive software that
allows electromagnetic field determination inside passive structures at high
frequencies. ANSYS is the leading provider of electromagnetic field, circuit
and system simulation software for the design of high-performance
electronic equipment and electromechanical devices.

To analyze the electromagnetic field inside the microwave system was
introduced in this half of avocado fruit which has undergone drying,
processing time is five minutes.

Accordingly to the specialty literature the values for the relative
permittivity and loss factor for wet avocado fruit are &'=58,6 and
tgo =27,7.( S. Wang, et al., 2005). Below are being presented the obtained
results after simulating the heating process of the wet avocado fruit in the
microwave field.

Figure 1 shows the electric field distribution is observed with maximum
and minimum points for.

E Field[¥/m]
3815e+0El
. 2398e+081
B966e+aE1
954le+@E1
Sl16e+@E1
BE92e+EE1
5267 e+EE1
J843e+0El
Z41Ge+0E1
B394 e +8E1
5691 e+0EE
1445 e +EE0
7208 & +BEE
2954 & +EEE
G709 +EEE

. 4GS e+EEE
1.8217 e+E0E

Fig.1 Distribution of electric field on the dielectric
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To better highlight the electric field in Figure 2 was performed
numerical modeling of the electric field on the bottom of the cavity.
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Fig.2 Electric field distribution on the bottom of the cavity

Figure 3 shows the electric field distribution on cavity faces pointing out
the maximum electric field at the harbor entrance.
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Fig. 3 Electric field distribution on cavity faces

The figure above shows the distribution of the magnetic field being able
to notice dielectric maximum and minimum field.

464



H Field[a/m]

7. 5954%e-A81
7. 1zE8e-BA1
B4E7e-BE1
.1754e-BE1

,TAZle-BE1
. 2288e-001
7554 e-A@1
2G21le-A@1 |
SA85e-001 | ¢
3355e-BEl
S621e-A@A1
3585e-0@1
9155e-881
Y42Z2e-AE1
E585e-Amz2
. 9555e-0E2
\22A6e-BE3

MOF W R R M MWW E FNmmom

Fig.4 Distribution of magnetic field dielectric

Magnetic field distribution in the cavity and the dielectric faces shown
in Figure 5.
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Fig. 5 Magnetic field distribution in the cavity
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CONCLUSIONS

Area development consisted mainly dehydration by improving
technology, equipment, management automatic drying.

Thus with HFSS software could simulate electric and magnetic field
distribution that affect drying fruit that we used.

Through this simulation we have seen how to do a fruit dehydration,
which is the main method of preserving fruit.

REFERENCES

1. 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;

465



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

S Das, 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;

Friedman, M., "Chemistry, biochemistry, and safety of acrylamide. A review",.
Journal of Agricultural and Food Chemistry, 57, 4504—4526, 2003;

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;

Jaspreet Singh, Lovedeep Kaur, "Advances in Potato Chemistry and Technology",
Elsevier, 2009;

M.A.M. Khraisheh, 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;

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

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

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;

Miranda, M., Aguilera, J. M., "Structure and texture properties of fried potato
products”, Food Reviews International, 22, 173-201, 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.;

Shyam S. Sablani, Arun S. Mujumdar, " Drying of Potato, Sweet Potato, and
Other Roots", Taylor & Francis Group, 2006;

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;

S. Wang, 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): 1873—1881, 2005.

Wen-Chuan Guo, Stuart O. Nelson, Samir Trabelsi, Stanley J. Kays, “10—1800-
MHz dielectric properties of fresh apples during storage”, 2007;

466



