Nonconventional Technologies Review — no. 2/2011

PROCESSING OF BOXTHORN FRUITS IN A MICROWAVE ELECTROMAGNETIC FIELD
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ABSTRACT: the paper includes aspects regarding the role of the high frequency electromagnetic field in
the processing of boxthorn fruits. for the analysis of the electromagnetic field we used a 3d model and the
method of the finite elements. we solved problems regarding the coupling of the electromagnetic field with

the thermal field and the mass.
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1. INTRODUCTION

The continuous development of the branches
of the food industry imposes both the
modernization and the development of some
existing technological processes, and the
elaboration and implementation of some new
methods of processing, using technological
lines of maximum efficiency.

The drying of wet products is a very difficult
thermal and diffusion process. For complex
systems, like boxthorn, the drying process
has two components: the thermo-physical
component and the thermo-technological
component, respectively [1].

H.C. Reader, 1997, [2], developed a method
for the determination of distribution of the
electric field, which develops between the
interior surfaces of the applicator — on the
interior metallic surface of the applicator there
is a tangential component of magnetic field
and a phase different perpendicular
component of electric field which develop in
space.

The scope we follow is to secure optimum
conditions for the processing of the
dielectrics, the realization of a microwave
installation which can accomplish the
following processes:

- the processing of the dielectrics, optimum
moisture content and the active substance for
the securing of an adequate storing process;

- the successful elimination of different
bacterial and micotic pathogenic through the
treating with microwave of the dielectrics.

The thermo-physical component of the drying
process determines only the transfer of heat
and moisture through the thickness of the
product layer; the thermo-technological
component presents the combination of the
processes of heat and moisture transfer,

associated with chemical, biochemical and
structural-mechanical transformations.

The choice of the drying procedure, of the
optimum regime and of the construction of
the drying installation must be closely
connected with the characteristics of the
material and the drying technology of one
product or the other, based on the scientific
theories of the drying technology [2].
Nowadays, the technology of the drying
process is connected with the basic laws of
the heat and moisture transfer in different
products including food products. The
intensification of the drying process of food
products, including horticultural products
must be directly connected with the
characteristics of the product and must
develop with the securing of the quality of the
finite product.

Dried boxthorn represents a valuable product
due to the wide range of nourishing
substances that it possesses. The most
useful for drying are considered the boxthorn
fruits with dense, succulent pulp (the mass of
a fruit is 0,7 gram/piece).

2. THE INFLUENCE OF THE
CHARACTERISTICS OF THE MATERIAL ON
THE DRYING PROCESS OF BOXTHORN
USING THE HIGH FREQUENCY
ELECTROMAGNETIC FIELD

One of the main components that
characterize boxthorn as a dielectric material
is the oil contained in the pulp of the fruits.
The pulp of the fruits contains almost 8 % fat
oil, and in the kernel up to 12 %. Boxthorn in
fresh state has the moisture of 83 % [2].

In the presence of the high frequency
electromagnetic  field, boxthorn heats
depending on the dielectric losses,
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determined by the values of the relative
dielectric permeability ¢’ and the tangent of
the dielectric loss angle tgo.
The frequency of the electromagnetic field,
the intensity and the electrophysical
characteristics of stone fruits influence the
heating power and speed. The elaboration of
the technological regime for the drying of
fruits is possible when the electrophysical
properties and the dependences of these
properties on the electric field, temperature
and moisture of the fruits are known [3].
The dielectric constant (g') represents the
capacity of the material to store
electromagnetic energy. The dielectric loss
factor (&") represents the capacity of the
material to convert electromagnetic energy
into thermal energy. The calculation relation
for permittivity is the following:

g=¢-je (1)
The tangent of the loss angle is the relation
between the dielectric loss factor and the
dielectric constant:

tand =" @)
€

The values of the dielectric constant and of
the dielectric loss factor are used to estimate
the penetration depth in the case of the
processing of a material in a microwave field.
The penetration depth is calculated with the
relation:
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where: ¢,=3-10° [m/s]; f = 2,45 [GHZ].
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3. THE ANALYSIS OF THE DISSIPATION
OF THE ELECTROMAGNETIC FIELD IN A
DIELECTRIC SITUATED IN THE INTERIOR
OF THE MICROWAVE APPLICATOR

The power dissipated in the heating systems
with microwaves is proportional with the
frequency, the dielectric properties and the
distribution of the electric field [5]:

AP=c-E? =2n-f g, -&"E? 4)
The electric field oscillating at the frequency
of 2,45 [GHz] is calculated with the relation:

E=E,-e™ (5)

where:
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where: ¢’- dielectric constant;
o - electric conductivity;
L, - relative permeability.

Boundary Settings — Electromagnetic Waves:
n-E=0 (8)

The theoretical models for the distribution of

the temperature and moisture during the

drying process with microwaves of the

dielectric materials, including the food

products has been studied in detail by [6], [7],

[8].

The fundamental theory of the heating and

mass transfer in the interior of a microwave

oven was adopted taking into account a

continuous distribution process of the electric

field along the wave guide.

The attenuation constant in this case must be

adjusted taking into account the presence of

the dielectrics in the centre of the applicator

according to the relation:
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Subdomain Settings - General heat transfer:
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where: T- temperature;

8 - time scaling coefficient;

p - density;

C, - heat capacity at constant pressure;

Q - heat source.
Subdomain settings - General heat transfer:

V- (-k-V-T)=Q (11)

The thermal transfer equation, neglecting the
losses through convection and radiation
during the process of drying with microwaves
is given by the relation:

aT g, oM, N AP
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The solving of the coupled problems
regarding the phenomena of thermal and
mass transfer is extremely difficult, that is
why we will consider some simplifying
hypotheses; we will divide the process into
three regions: in the first we will consider the
losses through convection and radiation, in

=, VT+

(12)
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the second we will consider the process of
drying with microwaves, and in the third the
heating without drying.

4. NUMERICAL RESULTS

In this paper it is shown an application of 3D
numerical modelling, of a multimode
applicator and in its interior we considered
four boxes in which there are placed boxthorn
fruits using the Method of the Finite Elements
[9], [10]. The results we obtained allow the
evaluation of the uniformity grade of the
electric field both in the interior of the
dielectrics and on their surface. The boxthorn
fruits are static and have the same humidity
(M= 50 %). The boxthorn fruits are
considered uniform and homogenous, with
constant dielectric and thermal properties. In
fact, they are non homogenous, and the
dielectric  constants vary  with  the
temperature.

In fig.1, we present the geometry of the
microwave applicators.

G

Fig. 1. The geometry/of the applicator

In fig. 2, 3, we present the distribution of the
electric field in a perpendicular and parallel
plane, on the surface of the boxthorn fruits.

In fig. 4, 5 we present the temperature
distribution in the boxthorn fruits and the
variation of temperature after 15 s.

In fig.6 we present the variation of
temperature in time on the surface of the
boxthorn fruits.

In fig. 7 we present the variation of the
temperature in the mass of boxthorn fruits
determined experimentally using a multimode
applicator. The duration of the drying process
is of 4 min. at the power of the applicator of
350 W. The initial moisture of the fruits is
50%, and the final moisture after 4 min.
reaches the value of 17%.

In fig. 8 we present the variation of the
temperature using a power of 350 W in the
initial drying phase (T1=60s, T2=90s), and in
the final drying phase, when the temperature
is stabilized, a power of 550 W (T1=120s,
T2=90s). In this phase, the final moisture
reaches the value of 9%.
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Fig. 2. The electric field in a perpendicular
plane on the surface of the boxthorn fruits
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Fig. 3. The electric field in a parallel plahe
on the surface of the boxthorn fruits
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Fig. 4. Temperature distribution in the
boxthorn fruits

Fig. 5. Temperature distribution in the
boxthorn fruits after 15 s.
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Fig.6. Variation of the temperature in time
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Fig.7. Variation of temperature at the
power of the applicator P=350 W
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Fig.8. Variation of temperature at the
power of the applicator P=550 W

In the first phase of heating, when the risk of
thermal agitation appears, we used a lower
power (350 W), reducing the risk of
deterioration of the boxthorn fruits. In the final
phase of the drying process we increase the
power to the value of 550 W, thus reducing
the drying time from 4 min. to 3 min.

5. CONCLUSIONS

The phenomenon of non uniformity can be
removed by modifying the position of the
wave guide, the use of the modes agitators
or, in the case of the cavities of large sizes,
through the movement of the load in the
interior of the oven.

Taking into account all these problems which
appear during the processing in a microwave
field, we can however state that the transfer
phenomenon of the electromagnetic field in
microwave structures is performed faster,
assuring thus higher efficiency and the
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absence of the energy losses through
thermal radiations.

At the same time with the increasing of the
temperature, the conductivity coefficient of
the moisture increases suddenly; this
phenomenon is determined on one hand by
the size of the coefficient of the diffusion of
the water vapour, and on the other hand on
the decreasing of the viscosity of liquid water
in capillaries.

In the first phase of the heating, the moisture
of the boxthorn fruits does not decreased
significantly, due to the negative gradient of
temperature that exists in that moment.

In the period of actual drying, the temperature
reaches the highest value, and then it
decreases gradually as the moisture
approaches the balance moisture, but without
reaching it.
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