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SAMRAN SANTALUNAI : ELECTRIC FIELD ANALYSIS OF LOAD IN
PLATE FOR DIELECTRIC HEATING. THESIS ADVISOR : ASST. PROF.

CHANCHAI THONGSOPA, Ph.D., 134 PP.

DIELECTRIC HEATING/DIELECTRIC PROPERTIES/ELECTRIC FIELD/

ELECTORD PLATE

Dielectric heating technology is a technology of heating based on the electric
field at radio frequency or microwave to transmit the power in form of an electric field
into the dielectric materials. In heating process, the heated material must be the polar
molecules. Especially, to perform the best efficiency of power transmission in form of
an electric field into the material; the characteristic of the dielectric load has to be
considered for its several electric properties. Additionally, agriculturists faced a lot of
problems because of the distraction of pests affecting on damaging agricultural
productivity; therefore, chemical substances were widely used as troubleshooting
alternative to eliminate and or control of insects. However the side-effect of toxic
chemicals in fumigation process caused destroying the ozone layer and providing the
negative impact on environments. Therefore, researcher presents a dielectric heating
method applied for eliminating insect by using dielectric load model to identify rice and
rice weevil. The result of an electric analysis of dielectric load in the plate was
investigated to determine the electric distribution, the electric intensity and the responds
generated within each load. Calculation and simulation was used for data analysis. In
addition, the dielectric heating model was constructed to investigate the dielectric
heating in plate by using the excitation source to excite the power into plates for

generating electric field to transmit the power to the dielectric load. It was found that



the efficiency of the dielectric heating resulted on different levels of heating because of
the difference of electrical properties. In conclusion, the findings of this research can be
applied for the variety of dielectric materials to gain the most efficiently practicable

applications.

School of Telecommunication Engineering  Student’s Signature

Academic Year 2014 Advisor’s Signature
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magnetic flux density
capacitor

Specific heat of the material
electric flux density

electric field
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magnetic field

inductor

latent heat of vaporization
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heat power source density
specific heat capacity of an object
penetration depth

Incident power on medium
power absorbed per unit mass
complex permittivity

relative permittivity
permittivity of free space
dielectric loss factor of the material
effective loss factor

effective dielectric constant
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frequency

wavelength
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thermal conductivity
density of the material
delta factor

time duration

temperature rise in the material
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susceptibility

electrical conductivity
temperature
Masnuaonielines
thermal diffusivity

forced current density
liquid of mass ratio

period

distribution temperature
time delay

magnetic reluctance

root mean square

direct current

specific absorption rate
turns of the coil inductance

equivalent resistance of the material
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Adult 2450 Wheat >60  Tateya and Takano, 1977
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P=5563x10"fg E? (2.24)
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Abstract. This research was conducted to analyze the effect of electric field distribution and intensity in dielectric loads. The electric
fields were caused by varying the electric power on electrode plates to improve the thermals temperatures of dielectric loads. The
dielectric loads of the grains and pests, the rice and rice weevils were the target dielectric materials for analyzing the impact of thermal
temperatures of the rice weevils and minimal thermal on the rice. To investigate the difference of electric power on heating predicted
by the theoretical model, the electric field distribution and intensity were analyzed by using the finite difference time domain method.
Theoretical analyzes was conducted to make power system effective for controlling the electric field distribution on the model.
Theoretical and experimental investigations were carried out using dielectric load. The results demonstrated that the efficiency of the
dielectric heating exterminated pests and temperature of grains without losing the quality. The advantage of the method is being able to
be utilized for the dielectric heating applications to eliminate insects and control the appropriate temperature of the grains in the future.

Keywords: Dielectric heating, dielectric load, electric power, electrode plate, exterminate pests

1. Introduction

The phenomena of heating technology by using the electromagnetic fields are important in engineering
and sciences research. The developments of heating technology are discriminated into induction and
dielectric heating. The induction heating is caused by an induction of electromagnetic fields which flowe
into the model producing electrical current in the inductive coil. [1-7]. The heating depends on amount of
induction current and the equivalent impedance flowing through the current path. Furthermore, the heat is
transferred to the other regions of the model by the heat conduction and the heat convection, but their
induction heating will only be reacted with the metal.

Alternatively, the dielectric heating technique is interested in the heating technology as the most
important feature of thermal energy directly composed to the dielectric material with appropriate frequency
range, thus, this technique does not affect other materials. The dielectric heating structure uses the
frequency spectrum principle, which is applied as an electric field to transfer power into the dielectric
material with polar molecules. The resonances of the molecules occurring in the dielectric material and
dielectric heating are quickly and evenly generated. The dielectric heating is being applied m many
applications [8-10], such as, dehydration industry and fruit pre serration industry. In addition, the dielectric
heating can be also applied to eliminate the pests in agriculture since the structure of a pest is a liquid or
polar molecule which can induce the electric field to heating. [11-14].

Nowadays, grains derived from the harvests are treated by chemical fumigation to control storage pests
(methyl bromide and phosphine) [15-17] before being shipped to domestic and international markets. Most
people have concerned about the side effects of chemical fumigation on consumers and environment,

*Corresponding author: Samran Santalunai, Tel.: +6644224392; Fax: +6644224603, E-mail: Santalunai.sja@
gmail.com




110

Santalundi, et al., Effect of Electric fleld on Dielectric Loads by Using the Electrode Plates jor Exterminating Pests Applications

we, the researchers, are interested to develop the methods to pests control without using chemical,
especially heating methods, but both making will be heating an impact on insects and grains. An important
method to develop in thermal control, the balance of heating for pests control with a minimal impact on
quality of grains by using the electromagnetic energies are radio frequency (RF) or microwave (MW)
dielectric heating to control the pests in grains before being shipped.

Electromagnetic energies; the radio frequency and microwave heating, have been studied for several
years to control pest heated by electromagnetic field distribution and energy absorb in the product.
Researchers proposed thermal based on radio frequency and microwave energy to replace chemical
fumigation in order to control the other pest’s msect [18-28]. Moreover, they have reported the acceptable
product quality after treating product with radio frequency energies to control pest’s infestation [27, 29-33].
The controlled features of pests when the material being heated are the mixture of different materials. There
is the possibility for selective heating, and this was considered for the possibility that the pests may be
heated at a faster rate than grains by using an electromagnetic field on radio frequency dielectric heating. In
a mixture of pests and grains, both materials are subjected to fields of the same frequency, but the electric
field intensity depends on the geometry and the dielectric constant and the heating is also proportional to
the dielectric loss factor of each material Thus, dielectric properties and wide frequency response ranges
are being interested n heating the mixture of different materials.

To generate the electromagnetic fields for dielectric heating, the plates were used as applicators to
control generate electric field distributed between plates to heat the dielectric load. Many papers had
reported the structures of the electrode plate with physically description of circular and square plates.
Because the characteristic of the plate model and the distribution of electromagnetic fields were
symmetrically and evenly electric field; however the dielectric heating with the pests and grains in the
circular and square plates which finitude structures are not appropriate for applications, due to the circular
plate is designed to be suitable for the dielectric load of the circular structure and the square plate is
designed to static dielectric load, but the pests and grains are flowed through the plate. Thus, the structures
of rectangular plate are interested for conducting the research for pests control with gains embedded to
influence the most effective applications because plate can expand the area and flow through the plate for
the heating.

In this paper, we presented the effect of the distribution and mtensity of electric field on the mixture
dielectric load in the rectangular electrode. The electric field distributions caused varying the electric power
to provide dielectric heating those pests appropriated to radio frequency to heat. The dielectric loads were
the grain and pests to analyze the rice and rice weevils as the targets of the main dielectric materials for an
analysis of thermal temperatures that most rice weevils and minimal thermal impact on the rice. The
distribution and mtensity of the dielectric load are analyzed by using the fintte difference time domain
method. The electrode plate of rectangular applicator had the diameter of 200 and 50 mm in width and
length, respectively, and the input port powers used the 1 and 4 ports to analyze and control the distribution
and intensity. The details, concept, and construction of were analyzed by using the electric power on
electrode plates for dielectric heating applications to exterminating pests presented in the next section.

2. The Concept and Construction of Dielectric Heating

The most effectiveness of applications of dielectric heating with mixture dielectric loads should
comprise the structures and patterns for the appropriate heat and provide minimal thermal impact in the near
materials. This research presented the structure of dielectric heating for exterminate pests applications
shown i the Fig. 1. The diagram configuration of the generated oscillator frequency with 39 MHz,
transferred into the high-power amplifier, can control power watts; then transferred to the electrode plate.
The electrode plates consisted of two plates: the upper electrode plate 1s anode for generating an electric
field to the mixture dielectric loads, and the other lower electrode plate is cathode.
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Fig 1. The diagram of dielectric heating structure for exterminating pests applications

According to this simulation, the mixturc of dicleetric loads compriscd the gram and pests, the rice and
rice weevils as the target dielectric materials. The properties of materials were presented the guidelines, in
Table 1. The diclectric loss [actor and permeability of dieleciric properly of rice were 0.4 and 3.4,
respectively, whereas, the diclectric loss factor and permeability of rice weevil were 2.24 and 7.2,
respectively [34, 35].

The dielectric heating technique of electrode plates materials used for generating the electric field can be
divided into two ways as follows. (1) The electric power in electrode plates which was an important key to
control the electric field generator for the dielectric load. It can contrel the voltage and the current flowing
on the electrode plates, which are important for the electric fields to be generated. (2) Highly conductive
materials could be able to generate clectric ficld intensity which effective to provide heating. In this
investigation, highly conductive materials had been sclected. The conductivity and relative permeability of
the different four materials: copper (Cu), aluminum (Al), steel (Fe) and iron, were illustrated in Table 2 [36-
38]. The higher conductivity the copper materials (Cu) the more possibility of the maximum electric field
was generated in the study.

The parameters of dielectric heating system were electrode plates composed into a rectangular
applicator. This copper material had a diameter, widih, length, thickness, and distance of 200, 50, 2, and 10
mm., respectively, as shown in Fig. 2. 'Lhe simulation results comparing between the clectric ficld
distribution and intensity with 1 and 4 input-power ports were shown in Table 3.

The mixture dielectric load materials in the electrode plates consisted of the material properties of rice
(grains materials) and rice weevils (pest’s materials). The material properties of rice were set as wide as the
gap between the electrode plates and the rice weevils were located in plastic tube with diameter and height
of 4.8 and 10 mm, respectively, the location of 45 tubes were denoted in Fig. 3 and concluded in Table 4.

The sizes of the rice weevils material had the width, length, and height of 1, 4.8, and 1 mm., respectively, it

can be located with the plastic tube as illustrated in Fig. 4. The plastic tube was the polypropylene polymers
(PP) that excellent electrical insulator properties.

Talle 1
The propertics of mixture dielectric loads materials are the rice and rice weevil at the
frequency regonance of 39 MHz [34, 35],[3Y]

Materials Dielectric logs factor Permeability
Rice 04 34
Rice weevil 2.24 7.2
Table 2

The properties of electrode plate’s materialg are the copper, aluminum, steel and iron
lo amaly e the elecinic feld disimbidions.

Materials Conductivity (3/m) Relative permeability
Capper (Cu) 59.6x 10" 1
Aluminum (Al) 35.0x L0° 1
Steel (Fe) LA5x 10f 4000

Tran 10.0x 10 200000
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Fig. 2. The structural positions of excitation source in 1-port and 4-ports on the electrode plates to analyze of
thermal temperature and electric field distribution.
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Fig. 3. The structural positions of the grains and the pests for analyzing the mortality rate of rice weevils,
thermal temperature and electric field distribution.

Table 3
The appropriale position of excilalion sources it L-porl and 4-ports on lhe reclangular electrode plates
Nomber of feed Port 1 (X,Y) Port 2 (X,Y) Port 3 (3.Y) Port 4 (X,Y)
l 0,0 - - -
4 -75,0 -25,0 25,0 75,0
Table 4

The position of plastic tube setting for analyze of mortality rate of rice weevils and electric field distribution

Number of point CentEEX(’)‘f{])Josmon Number of point Centel&}zf‘Yp)osmon Number of point Centez)({):I:Yp)o sition
P1 -99.-24 Ple -25,-24 P31 50,-24
P2 99125 P17 -25-12.5 P32 50-12.5
P3 990 P18 250 "3 300
P4 99,12.3 P19 -25,12.5 P34 50,12.5
PS5 -99,24 P20 2524 P35 50,24
P6 -75,-24 P21 0,-24 P36 75,24
P7 75,125 P22 0,-125 P37 75.-125
P8 -75,0 P23 0,0 P38 73,0
P9 -75,12.5 P24 0,12.5 P39 75,125
P10 75,24 P25 0,24 P40 73,24
P11 -50,-24 P26 25,24 P4l 99,-24
P12 -50,-12.5 P27 25-125 P42 99.-12.5
P13 50,0 P28 25.0 P43 59,0
P14 -50,12.3 P29 25,125 P44 99,125
P13 -30,24 P30 25,24 P43 99,24
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Plastic tube
(thickness 0.3 mm)

1 mm - 10 mm
b

Grain / ] Pest
=

Fig. 4. The structure of plastic tube and the position of rice weevil setting to analysis.

3. Temperature Analysis of Dielectric Heating

The material property known as the loss factor ¢ is the ability of the dielectric material to convert the
applied electric field into heat. The higher loss factor was the diclectric material, which was easier to be
affected by diclectric heating; the loss factor of material was the greater than 0.02. This was generally
congidered to be dielectric heating. [40]. However, sometimes the thermal temperature of the material
heated can increase the loss factor of some materials. The permittivity denoted by the symbol & is the an
ability of the dielectric material to be polarized. Dividing the permittivity of free space ¢, = 8.85x107"?
F/m resulted on the relative permittivity of dielectric constancy g ' can be calculated by equations 1.

£ =— (1)

The permittivity of a material could be expressed as a complex quantity, the real part was associated
with the capability of the material for storing energy, and the imaginary part was associated with the
dissipation of electric energy in the material by conversion of clectric energy to heat. The complex
permittivity is shown in equations 2, where j represents the complex operator, as 1.

&=g-jg 2)

For polarized materials, the friction between molecules is generated from the reaction toward the
electric field applied and yields increased in material temperature. However, the delay between the
penetration of the electric field and the material of heat that is called the loss angle 5. The electrical
conductivity associated with the dielectric loss in the material & = pz &' in $/m, where @ is the angular
frequency in 27 f . The loss angle was expressed as a component of the loss factor as shown equations 3.
The loss tangent and the dielectric constant were varied with the frequency applied and the temperature of
the material.

tns=¢ /& (3)
The power that the material absorbed was the value of heat generated through the material as
represented in equations 4. Where E is the rms of electric field strength on the material in V/m. The power

density P in W/im®, ¢ is conductivity in 1am , fis frequency in Hz, &, is permittivity of free space in F/m
and & is loss factor of material.

P=E'c=2afR's¢ ($

The changing rate of the temperature increased, AT /At in °C/s, in the dielectric material caused by the
conversion of energy from the electric field to heat in the material by equations 5. Where, ¢ 1s specified
heat of the material (kJ/’kg °C) and p its density of the material in kg/m’.
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AT P
Z_ - (3)
At pe
The penetration of skin depth was the depth that the energies had decayed to 0.368 (I/¢) of its maximum
value and might be varied, depending on the Toss factor and the frequency of used. Usually, the higher the
logs factor as a result to the lower penetration of skin depth and the wavelength to increase ag a result to the
penetration of skin depth increaged. The relationship between wavelength and penetration depth i3
cxpressed as equations 6, where o, is penctration of skin depth in em, and ¢ is specd of light (3x10°%).

(6)

_ ¢
v 27?_]"J26“ [\]1 RN} 1]

The dielectric heating was the high efficiency- heating technique, using the alteration principle of noting
glectric [ield between anode and cathode of capacitor plales. The heating material was placed belween
anode and cathode of electric field while the molecular of dielectric material was continually reversing the
pole at the resonance frequency for the reversed direction of the pole. Because of the fiction of molecular
movement, the dielectric material was rapidly heated. The structure of the capacitor of parallel plate was as
illustrated in I'ig. 5.

Fig. 5. The structure of the electrode plates comprised anode and cathode, as considering the
parallel capacitance for dielectric heating.

The capacitance of plates can be calculated as in equations 7, where 4 is plate area, d is distance
between the plates and & 1s permittivity of material. 'The electric field between two large parallel plates 1s

given by equations 8, where o conduclivily ol dicleetric material and Vis voltage difference between the

two plates.
&4
C=— (7)
d
c ¥V
;.0 Y (®)
& d

Dielectric healing analysis applied in the mixiure dieleciric load o exterminate the pest’s applications
needed for the parameter in Equations 4 and 3, can generate the effective heating for dielectric load. In
Equation 3, the power absorbed could be obtained in the dielectric load when T, 7, and p are temperature,

time, and characteristic load, respectively. In this paper, the rice weevils and the rice are the dielectric load
of the mixture dielectric material in the electrode plates to be eliminated by dielectric heating techniques.
According to Robinson’s research, the rice weevils are clearly eliminated when the mside temperature
absorbed 1s estimated to 60 Celsius degrees, Moreaver it also represented the specification of rice weevil
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Fig. 6. The result of the electric field strength and period times to eliminate the rice weevils calculated.

with the width, the length, and the heighl of aboul 1, 3.1-4.8, and 1 mm, respectively [41]. In addition,
Wang represented that the individual specified heat and densities of the insects were 3.450 kI/kg°C and
1000 kg/m?, respectively [42]. Therefore, the power absorption of rice weevils can be calculated as in
Equation 3, when the initial temperature is 24 degree Celsiug and increased to maximum temperature of 60
degree Celsius, thus the Temperature variations AT are 36 Degree Celsius and the eliminating times of rice
weevils Ar between 1 to 20 seconds are used for analyzers. The power absorption from the caleulation is
the parameter to calculate electric field strength of the dielectric heating as shown in Equation 4. The result
calenlated by Equation 4 and 5, showed that the electric field strength and period times to eliminate the rice
weevils as illustrated in Figure 6, were the higher rate of electric field strength whereas the mortality rates
of ricc weevils were much faster than climinate time,

In addition, the analysis diclectric heating of the thermal temperature impact in cereal, the rice as the
targets dielectric materials for analyze of thermal temperatures. The researcher by Wang represents the
mndividual specified heat and densities of the cereal are the specified heat is 2.510 kI'kg"C and the density 1s
900 kg/m’ [42]. In the seems that, the power absorption and electric field strength was calculated by
Equation 4 and 5, when the rice had the width, length, and height are 2-3, 5-12, and 2-3 mm, respectively.
These were the dimensions selected to be calculated and the thermal temperature impact results of rice
could be obtained.

4. The Simulation results

To study the heating efficiency in dielectric load for exterminating the pest’s applications, the electric
field distributions and intensity in clectrode plates are considered by using the finite difference time domain
method. The simulations of electric field distributions and excitation source in anode plate are divided into
two cases, which are 1-port and 4-ports to compare the distributions efficiency. 'The parameters setup to
simulation, as shown m Section 2, are specilication of the electric powers which are varied from 50 watl
until the rice weevils reaching 100% mortality rates of rice weevils of eliminated times ranging between
1 sec to 20 sec. The results of the simulations illustrated in I'igs 7 and 8 demonstrated the electric field
distributions and electric flux density on the mixture dielectric load in the electrode plates of excitation
sourced in 1-port and 4-ports, respectively. As showing that the cross section of mixture dielectric loads at
Z-axis was 5 mm, (It’s the habitat of rice weevils) and it used the climinated time of 10 sec as referred to
Fig. 6. The eliminated time of 10 sec is the electric field strength at 110.8 V/m. The results of excitation
source in 1-port was generated at the center of anode plate, the power watt at 0.960 kW and excitation
source in 4-ports had the 0.530 kW of power watt that could be able to eliminate the rice weevils with the
increase of mortality rate up to 100%. The radiation of electric field surrounded the dielectric load, closed to
the cxcitation sourcc then the clectric flux density was dirceted to the rice weevils than the rice.
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Fig. 7. Electric field distribution on dielectric load for excitation source in 1-port and the cross section of mixture
dielectric loads at Z-axis equal to 5 mm.

Tig. 8. Tilectric field distribution on dielectric load for excitation source in 1-port and the cross section of mixture
dielectric loads at Z-axis equal to 5 mm.

----- 1-Port

—— 4-Ports

Electric power source

]
10, e U'¢

Time (s)

14 10 18 20

Fig. 9. The simulation of electric power source for the heating to pericd of time that the rice weevils are eliminated
100% of excitation source in 1-port and 4 ports.

The excitation power watts and period times of the simulation were generated by excitation source in 1-
port and 4-ports to eliminate the rice weevils with up to 100% of mortality rate illustrated in Fig. 9. This
suggested that the excitation source of 4-ports can be able to save more energies than the excitation source
of 1-port. The result of the excitation power watts and mortality rate in eliminating the rice weevils during
5, 10, 15 and 20 sec of excitation source in l-port and 4-ports was illustrated m Figs 10 and 11,
respectively. It was showing that the higher power watts, mortality rates of rice weevils which were much
faster than climinate time, such as, the percentage of mortality at climinated time of 10 sec illustrated in
Fig. 12, the input power watl was 0.300 kW, the mortality ol rice weevils was approximately 28% and 53%
with 1-port and 4-ports, respectively. Moreover, the input power watt increased to 0.530 kW, the mortality
of rice weevils was approximately 48% and 100% with 1-port and 4-ports, respectively. It seemed that the
excitation source in 1-port used more power than the excitation source in 4-ports, thus the excitation source
m 4-ports was appropriate to the applications for the dielectric heating to exterminating pests since it can
save morc encrgics and cover the active arca of heating.
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Fig. 10. The simulation results of the excitation source in 1-port power to comparative mortality of rice weevil of 3,
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Fig. 11. The sunulation results of the excitation source in 4-ports to comparative mortality of rice weevil
of 5, 10, 15 and 20 sec with varying elecincal power source.
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Fig.12. The simulation rcsults of the cxcitation source m 1-port and 4-ports to comparative mortality of
ricc weevil of 10 sce with varying clectrical power sourcc.
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Fig. 13. Electric field distribution on dielectric load for excitation source in 1-port and the cross section of
mixture dielectric loads at Z-axis equal to 5.6 mm,

Fig 14. Electric field distribution on dielectric load for excitation source in 4-port and the cross section of
mixture dielectric loads at Z-axis equal to 5.6 mm,

To analyze the thermal temperature of rice, Figs 13 and 14 demonstrated the electric ficld distributions
and electric flux density of excitation source in 1-port and 4-ports, respectively. As showing that the cross
section of mixture dielectric loads at Z-axis was 5.6 mm, (It's the habitats near of the rice weevils) and
elimination power watt was about 0.530 kW, the rice weevil was absolutely 100% mortal with eliminated
time at 10 sec. The maximum electric field distribution of excitation source in 4-ports, the dielectric load
maximum of electric flux density was 305.4 V/m then the compression of the excitation source in 1-port as
well as the electric flux density of rice became approximately 50% lower than in diclectric load. The
increasing of electric flux density was affected by the thermal temperature of diclectric load was damaged.
The results of Figs 15 and 16 represented the excitation source in 1-port and 4-ports when comparing
between temperatures of rice at the differently eliminated time at 5, 10, 15 and 20 sec with varying electric
power watts. When the power watts increased higher, the eliminated time to increase temperature of rice
was higher as well. However, the excitation source in 1-port had the highest thermal temperature. The
compression of elimination time affected on increasing the temperature of rice at 10 sec as illustrated in Fig.
17. According to the figure, the input power watt was 0.300 kW, the temperature of rice was approximately
29 degree Celsius and 23.39 degree Celsius. At the same time, the input power watt of the excitation source
in 1-port and 4-ports increased to 0.530 kW, the temperatures of rice was approximately 39 degree Celsius
and 28 degree Celsius, respectively. However, when replacing the electric flux density as mentioned in
Eq.4, the heating of power density in W/m® obtained and replaced the power density into the last term of
eq.3, then the heating temperature unit per time was obtained in degree Celsius. For example, at 0.300 kW
the maximum value of electric flux and density of rice was 263.12 V/m; in order to generate the power
density to be 60.08 W/m’, the temperature from rice needed to increase up to 29 degree .Celsius.
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Fig. 15. The maximum temperature of excitation source in 1-port to comparative rice temperature of 5, 10,
15, and 20 sec with varying electncal power source.
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Fig. 16. The maximum temperature of excitation source in 4-ports to comparative rice temperature of 5,
10, 15, and 20 sec with varying electrical power source.
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Fig. 17. The maximum temperature of excitation sources in 1-port and 4-ports to comparative rice
temperature of 10 sec with varying electrical power source.
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As results of the dielectric heating, the effect of electric field distribution and intensity in the mixture
dielectric loads was used for the electrode plates to create the electric field and transfer energy conversion
to the power absorbed in the dielectric load. The rectangular plates can increase the area and control
flowing rate through of pasts and grains in the plates to be heated suitably for agricultural industry
applications. Furthermore, the symmetric of excitation source technique is suitable to produce the high
efficiency of these applications. The higher of power watts and the eliminated time cause the higher
temperature of diclectric load. The caleulation and simulation results of the experiment and the
measurement of the dielectric heating are presented in the next section.

5. The Heating Experiment and Measurement Results

To verify the calculation and simulation resulls of the dielectric heating, the system was constructed and
lested, as illustrated m Fig, 1. The components and parameters of dielectric heating system consisted of [our
parts which were excitation source, power amplifier, electrode plates, and dielectric load. The excitation
sources were 1-port and 4-port mputs and resonant frequency of 39 MHz was generated. The power watts
varymg [fom 30 1o 1000 walls were controlled by the high-power amplifier. In addition, the series LC
resonance eircuit, important to analyze the system efficiency, consisted of conductor (C), nductor (L), and
resonant frequency. The conductor was composed with two electrode plates and the gap between the plates
was filled up with the dielectric Toads of tice and rice weevils. The parameters of electrode plates and
diclectric load, illustrated in Fig. 2, could be designs and calculated as in Equation 7. The caleulation result
found that the capacitor of electrode plates and dielectric loads were 30.10 pF and the inductor for matching
had a value 553.27 nH as the resonance cireutl was lested for selting up the diclectne heating. The
construction of dielectric heating system was illustrated in Fig. 18 and the arrangement of dielectric load
was 1llustrated in Fig. 19 (a). The rice weevils were placed at the center of plastic tube with diameter of 4.8
mm and array of 5 % 9 points Lo be sel and placed between two electrode plates. The diclectric matenial of
rice was dispersed around the plastic tube, as illustrated in Fig. 19 (b). The result of thermal temperature
distribution was observed for the dielectric load with period of heating time. The varied power of excitation
sourees nvestigaled with a thermograph (FLIR SYSTEMS Model T360).

Heating plate configurations
and dielectric load

The frequency oscillator at 39 MHz with
power amplifier and adjust power source

to control power system

Fig 18. Constructions of dielectric heating system to verify the numerical and simulation results, in the experiment of
proposed system consists of the frequency oscillator at 39 MHz with high-power amplifier to adjust and
control power watts, power meter, electrode plates, and the mixture dielectric load.
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Plastic tube, rice weevils and
rice configurations

(a) (b)

Fig. 19. Constructions of dielectric load configurations, (a) the rice weevils are placed mn the center of plastic tube with
diameter of 4.8 mm and arrayed of 5 x 9 pomts (b) The dielectric matenial of rice 15 dispersed around the plastic tube.

The experimental results, the mortality of rice weevils affected by excitation sources: 1-port and 4-port
inputs, within the heating time of 10 sec, and the electric power watts variably adjusted to contral the heat
was 1llustrated in Fig. 20. The higher power watts increased were the higher mortality rates of rice woevils
increased as well. For example, if the excitation sources of 1-port case power watt were 0.560 kW, the 50%
mortality rates of power watt mereased to 960 kW then the mortality rate became 100%. However, the
excitation sources of d-port case with the power watt of 0.560 kW had 100% of mortality rates; this
suggested that the excitation source of 4-port can save more energy than the excitation source of 1-port. The
compression the temperature of rice in Fig. 21, it was found that the higher power watts the higher the
temperature mercased as well. For instance, the input power watt was 0.300 kW, the temperature of rice
was approximately 25.2 degree Celsius and 24.9 degree Celstus for excitation source in 1-port and 4-port
powers, respectively, and the mput power watl increased to 0.560 kW, the temperature of rice would be
approximately 42.1 degree Celsius and 30.1 degree Celsius, respectively.

1107
1001

—— Measurement Results (1-port)

Mortality of rice weevils (%)
(=23
=

----- Measurement Results (4-ports)

0 T -1 ™ T T T T T T T

0 0 02 03 04 05 06 07 08 09 1

Power (kw)

Tig. 20. The experimental and measurement results of the excitation sources are 1-port and 4-perts to comparative
mortality rate of rice weevil by heated time of 10 sec with vanied electric power watt.
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Fig. 21. The experimental and measurement results of the excitation sources are 1-port and 4-ports to comparative
maximum temperature of rice by heated time of 10 sec with varied electric power watt,

(a) (b)

Fig. 22. Thermal temperature distribution by the thermograph on dielectric load by excitation source is 1-port and

electric power watt 15 0.560 kW when the heated time of (a) 5 sec and (b) 10 sec.

(a) (b)

Fig. 23. Thermal temperature distribution by the thermograph on dielectric load by excitation sources is 4-ports and

electric power watt 15 0.560 kW when the heated time of (a) 5 sec and (b) 10 sec
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In order to venfy the effectiveness of the dielectric heating and the eliminated time, incensement was
investigated to find out an effect on increasing the temperature. The results of thermal temperature
distributed by the thermograph illustrated in Figures 22 and 23, were used for the excitation sources n 1-
port and 4-port inputs, respectively when the electric power watt was 0.560 kW. The temperature of rice at
eliminated time at 5 sec as illustrated in Fig. 22 (a) and Fig. 23 (a) that the maximum temperatures of rice
were approximately 33.3 Celsius degrees and 28.4 Celsius degrees. Moreover, when the eliminated time
estimated at 10 sec as illustrated in Fig. 22 (b) and Fig. 23 (b) the temperatures of rice were approximately
42.1 degree Celsius and 30.1 degree Celsius and temperature distribution covered the area. All above results
can be confirmed that the dielectric heating for exterminating pests, using the rectangular plate to generate
the electric field and flux with symmetrical technique.

6. Conclusions

In this paper, the effect of the distribution and intensity of electric field on the mixture dielectric loads
for dielectric heating was presented. The electric field distributions caused the electric power
varied to provide those pests with appropriate dielectric heating in cereal by radio frequency.
Moreover, the Theoretical study results regarding the application of finite difference time domain
method and experimental demonstration of the dielectric heating efficiency i exterminating pests and
providing appropriate temperatures for grains without losing quality can confirm the effectiveness of
the dielectric heating for exterminating pests by using the rectangular plate to generate the
electric field and flux with symmetrical technique. The advantage of the method 1s that it can be
utilized as the dielectric heating applications for exterminating pests and controlling the
temperature of grains in the future.
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Dielectric Heating, using the CST EM STUDIO program. We show that the electric tield intensity can be
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tase s 4 equilibrivm positivn, the eleclric feld iutensity is approprialed didribution.
Which can be the distribution of electric tield is 74% of area comprehensive at intensity
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inpnf. power ports on the copper plates are used.

© 2014 AENS] Publisher All rights reserved.

‘Lo Cite This Article: Samran Santalunai, ‘Thanasct Thosdeckoraphat, Chanchai Thongsopa., Optimization of Llcetric L'icld Distribution on
Capacitor Copper Plate by Tnereasing Tnput Power Ports for Diclcetric [Teating Applications. Anst. J. Resic & Appl Sci, 5¢(7): 35-65, 2014

INTRODUCTION

Nowadays, the phenomenal of heating technology by using electromagnetic field technology is an
important in engineering and sciences research. The development of heating technology is classified in various
types as induction heating and dielectric heating, The induction heating is heated by magnetic wave as generated
by an inductive coil (Sarnago et al, 2013; Lichan et a, 2011; Ahmed et al, 2011; Meng et al, 2011; Kurose et al,
2009]. The magnetic held 1s mducled o the elecine current the [lows though the model. The most currents ure
MNowed through in skin depth of the medel and these currents are generated the heuling at the surlace ol the
model. The heating 1s dependent on amount of induction current and the equivalent impedance, which is flow
through the current path. Furthermore, the heat is transferred to the other regions of the model by the heat
conduction and the heat convection. Alternatively, the dielsctric heating is interested in the heating technology,
that a farm of thermal encrgy is directed into the dicleetric material with appropriate frequeney range. Thus, this
techniqua does not affect tor the other materials. The dielectric heating structure uses the frequency spectrum
principle, which is applied in the [omm ol an electric ield Lo transler power inlo the dieleciric matenal with pelar
moleculs. The resonance of the molecules is cccurred in the dielectric material and dielectric heating is quickly
and evenly occurred. The dielectric heating 1s currently being applied in many applications (Oka et al, 2011;
Myungsik et al, 2012), which are dehvdration industry, fruit pre serration industrv. In addition, the dielectric
heating can also be used to arganisms or pests in the agricultural seetar Due to the structure of an organism is a
liquid or polar molecule, it can induce the radia wave to heating (Granada et al | 2012; Bayrashev et al, 2002).
The arganisms are emhedded and hidden within the product or seeds such as rice insect pests and worms, which
allect the export or imporl censumplion signilicantly. The plate healing techmyue uses a plate o generate the
electromagnetic wave for dielectric medium. A resulting is the material which a dielectric that is heating up. The
nature of the electric field is distributed between the plates. In previous papers have been used to from a heating
plate, which has the physical description of eircular plate and square plate. Because of the characteristic of plate
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Technology, |11 University Avene, Muang District, Nakhon Ratchasima, 30000, Thailand,
E-ruail: Sunluluna sja@ginal comn




127

59 Samran Santalunai er of, 2014

Australian Journal of Basic and Applied Sciences, 8(7) May 2014, Pages: 58-65

model and the distribution of electromagnetic wave, is distributed symmetrically and evenly, hence, the feeding
of plate is used to only one point. However, the seeds are flowed through the circular and square plate, which
are finitude structure that are not appropriate for use. Therefore, this research presents the study and analysis of
heating by using the rectangular plate for elimination of insects that are mingled and embedded with seeds. This
rectangular plate can be increase the space for heating, which 1s suitable for agricultural industry. The electric
field of distribution and intensity analysis are occurred with the dielectric load, which 1s a group of insects in the
plates. Furthermore, technique to increase the number of the Input Power Port is used for optimization the
suitable feeding point. Consider a rectangular plate are made from a copper material with size of 5 x 20 cm,
thickness of 0.5 mm, and the properties of rice weevils are used to dielectric material. The analysis is classified
into four cases, which are one, two, four and six points, respectively. The feed point of rectangular plate are
optimized by using CST EM studio program at 600 watt electrical power, with 39 MHz resonance frequency,
which is the frequency response of rice weevil, as a loss factor to most appropriate (Nelson et al, 2006, Nelson
et al, 1991). However, it shows that the four ports case is an equilibrium positions, the electric field intensity is
appropriated distribution. Tt is can be to the dielectric heating applications.

Dielectric Heating:

The material property known as the loss factor ¢" is the ability of the dielectric material to convert the
applied electric field into heat. The higher the loss factor is, the easier dielectric material is to be affected by
dielectric heating. The loss factor of material greater than 0.02, is generally considered to dielectric heating.
(Komarov et al, 2012). However, sometimes the temperature can increase the loss factor of some materials. The
permittivity denoted by the symbol ¢ is the ability of a dielectric material to be polarized. Dividing the
permittivity by the permittivity of free space g = 8.85x10™" F/ m resulted in the relative permittivity in
dielectric constant &' can be calculate by Eq.1.

, &
&=— (@
g()

The permittivity of a material can be expressed as a complex quantity, the real part of which is associated
with the capability of the material for storing energy, and the imaginary part is associated with the dissipation of
electric energy in the material by conversion of electric energy to heat. The complex permittivity is shown here
where j represents the complex operator —1

g=g—jg" 2)

In polarized materials, the friction between molecules is generated in reaction to the electric field applied
and vields an increase in temperature of the material. However, the delay between the penetration of the electric
field and the production of heat is called by the loss angle 8. The electrical conductivity associated with the
dielectric loss in the material 6 = © gy &" in 5/m, where © 1s the angular frequency in 2z f. The loss angle can be
expressed as a component of the loss factor as

tand =¢" /¢ 3)

The loss tangent and the dielectric constant vary with the frequency applied and the temperature of the
material. The power absorbed by the material is the value of heat generated through the material and is
represented as

P=F"c=2xafF ge" (@

Where F represents the rms electric field strength on the material in V/m. The power density, P in W/m3), ¢
is conductivity in 1 Qm , fis applied frequency in Hz, g is permittivity of free space in F/m and ¢" is loss factor.
The rate of temperature increase, AT / Af in “c/s, in the dielectric material caused by the conversion of energy
from the electric field to heat in the material by Eq. 5. Where, ¢ is specified heat of the material (kJ/kg °¢) and p
its density of the material in kg/m’.

aT_ P .
At pe

The penetration depth is defined as the depth at which the power bas decayed to 0.368 (I/e) of its maximum
value (Wang et al., 2003). Tt may vary depending on the loss factor and the frequency used. Usually, the higher
the loss factor is, the lower the penetration depth will be. As wavelength increases, the penetration depth
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increases as well. The relationship between wavelength and penetration depth is expressed as Eq. 6 where, 4, is
penetration depth in em, and ¢ is speed of fight (3x10%).

_ cC
" 27 f 25'[41 &Y 1]

Capacitance of Capper Plate:

Tor the diclectric heating, it is high efficiency heating technical. It use the principle of alter noting electric
field between anode and cathode of capacitor plate. The material heating is placed between anode and cathode
of clectric ficld, which the molccular of diclectric material is continually reversed pole at the rcsonance
frequency for the reverse dircction of pole. Because of the fiction of molecular movement, the dielectric
material 1s rapidly hzat. The structure of the capacitor of parallel plate is show in Fig. 1.

(6)

f++-t-|—-¢--¢-+—+-o-I——To-+|-o-—-l-
H
. JN TUN. JUNNL WM BN NN S

= = — — A R _

Fig. 1: The structure of the capacitance of copper plate.

The capacitance of plates can be calculated by Eq. 7, where 4 is plate area, d is distance betwesn plates and
& 18 permittivity of matcrial. The clectric ficld between two large parallel plates is given by Eq.8, where o 18
charge density and V7is voltage difference between the two plates (Komarov et al, 2012).

Q)

4 ®
d
The Concept and Construction of Input Port Power Feeding System:

In the applications of the dicleetric heating for used to most effective and appropriate. We are use technique
to increase the number of the input port power for optimization to the feed point suitable. Consider rectangular
plate are made from a copper malerial with size of 5 x 20 cm, thickness of 0.5 mm. it is the eleciric field
applicator for transfer electric field energy in to the dielectric material and it has distance between plates is 3
mm. The diclectric material is used the propertics of rice weevils to simulation and it has the permittivity is 7.2,
which il was placed in the middle between the plales and used thickness of 0.5 mm. The center of the plales will
be setting to the position of the axis1s X =0, Y =0 and Z = U, which in the Z-axis as Z = 0 to start at the top of
the bottom plate.

F

Platz .
Z=axis at O mm.

/ f Thickness of plates

A Sem

Diclectic
material

i -+ 20em I

IFig.2: The structure of copper plates for dieleciric heating.

The consideration to the diclectric heating for all case can be show in the Fig. 2. The simulation was
divided into 4 cases, case I, analysis to input port power for one point can be show in the Fig. 3 (a), case II,
analvsis to input port power for two points show in the Fig. 3 (b), casc III, analysis to input port power for four
points show in the Fig. 3 (c¢) and case IV, analysis to input port power for six points show in the Fig. 3 (d). By
each case, can be used the input port power at different positions on the plate for provide to the position and
number of input port power are the most appropriated.
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Fig.3: The structure of input ports power on copper plates for electric field analysis.

Stnulation results of input ports power for electric field analysis:

This paper simulation by C3T MW studio for the analysig of electric field distribution and intensity on the
dielectric load in the capacitor copper plates. By each case, the electrical power and resonant frequency are 600
W and 39 MHz, respectively .The parameter setting for the simulation can be used according topic to “the
concept and construction of input ports power feeding gystem™ .In the simulation results, show the distribution
and intensity electric field on the dielectric load in the capacitor copper plates of the cross section in Z-axis at
2.5 mm, for comparisons in the each case.

Analysis of case I:

To determine the electric field distribution and intensity that are occurred at the dielectric load, the copper
plate is fed with only one port, and the position of feeding is varied on the surface of the plate. Fig. 4 illustrates
the electric field distribution on copper plate at various four positions.

()75, Y =0) (d) (X=-7.5.Y=0)
Fig.4: Simulation results of input port power for one port at any positions are the cross section in Z-axis at 2.5
mim.

When the plate is fed at (X = 0, Y = 0) which is the center of plate as shown in Fig. 4 (a). The maximum
level of electric field distribution is occurred at the center of plate as 559 V/m. At the same time, the level of
electric field 1s very low at the edge and cormner. In addition, the plate is fed at (X =0, Y= -1.25), which 1s
demonstrated in Fig. 4 (b). The electric field of distribution and density are mostly occurred at top edge, but, the
electric field level at the bottom, left, and right edge 1s low. In the Fig. 4 (c) and Fig. 4 (d) show feeding point at
(X=75Y=0) and (X =-7.5, Y = 0), respectively. [n these cases indicate that the maximum level of electric
field distribution is occumred at the right edge (+3X) and lefi edge (-X) for right feeder and left feeder,
regpectively. For four position i exanimate simulation, we are also simulate at other positions to find the best
positicn. We found that the optimal position of the feeding is (X =0, Y = 0), the electric field distribution is
propagated on the plate witch symmetrical level. Nevertheless, it cannot propagate all of the full area. Apart
from this, dabble feeder ig presented in the next section for coverage the more area thorn only one feeder.
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Analysis of case II:

In this case, the double input ports power are fed on the plate with input power of 300 watt for the similar
input power in cage I. Then, the position of feeder is varied for considering the electric field of distribution and
dengity that has effect on the dielectric load. The simulate results show the double feeds in four types different
positions, it seem that the electric field level is similar to first case. Furthermore, the electric field distribution on
plate is more covered all of surface more than only one feed point. When port 1 and 2 are located at (X =-5, Y=
0) and (X =5, Y = 0), respectively, the electric field ig distributed around their feeds. Neverthelegs, the electric
field intensity level is reduced to about half value of 1 port and the maximum level is 280 V/m as show in Fig.5
(a). Then, port 1 and port 2 are located at (X =-7.3, Y =0) and (X =7.3, Y = 0), are cloged with the both edges,
it seem that the maximum electric field intensity level is occurred at the left and night edge. Besides this, the
value of electric field has very litfle value compared to the middle position as show in Fig. 5 (b). Consideration
of Fig. 5 (¢) concludes that if port 1 and port 2 are located at (X = -2.5, Y = 0) and (X = 2.5, Y = 0),
regpectively, these position are closed to the middle of plate. Therefore, the maximum level of electric field
intensity is occurred at the center of plate. The last positions in double port case are port 1 and port 2 located
at(X = -5, Y = -1.25) and (X = 5, Y = -1.25), respectively. In the positions, electric field is symmetric
distribution on both sides but it cannot distribute the electric field cover all of the plate. Finally, for the four
types ig exanimate simulation, we are algo simulated at other positions to find the best pogition. We found that
the optimal position of the feeding is (X = -5, Y = 0) and (X = 5, Y = 0), the electric field distribution is
propagated on the plate witch symmetrical level. Nevertheless, it cannot propagate all of the full area as well.
Apart from thig, four feeders are presented in the next section for coverage the more area thorn only double
feeder.

(c) Port 1 (X=-2.5. Y=0). Port 2 (X=2.5. Y=0) (d) Port 1 (X=-5, Y="-1.25) and Port 2 (X=5. Y=-1.25)

Fig.5: Simulation results of input port power for two ports at any positions are the cross section in 7 -axis at 2.5
mm.

Analysis of case III:

To improve the electric field distribution and intensity on the copper plate, the input ports power is used
with four ports, the power of each port is 150 watt. Then, the position of feeder is varied to consider the
distribution and density of electric field that has effect on the dielectric load. The simulate results show the four
feeds point in four types that are different feed positions and this case the electric field level is similar to case [
and case II. When the feed point is increase to two ports, the electric field distribution on plate 15 more covered
all of surface. The first case, port 1, 2, 3 and 4 are located on plate at (X=-7.3 Y=0), (X=-2.5, Y=0), (}{=2.5,
Y=0) and (X=7.5, Y=0) that the gaps between ports is equal length as show in Fig. 6 (a) show the maximum
level of electric field is 151 V/m at center of feeder. When port 1, 2, 3 and 4 are located at (X=-8, Y=0), (X=-4,
Y=0), (X=4, Y=0) and (X=8, Y=0) as show in Fig. 6 (b), the feed position in Y -axig near at the both ends of
plate. So, the electric field at the center of plate 1s rarely level, which 1s less than the level at the feed points.
When port 1, 2, 3 and 4 are located at (X=-7.5, Y=-1.25), (X=-2.5, Y=1.25), (X=2.5, Y=-1.25) and (X=7.5,
Y=1.25) as show in Fig. 6 (c) and located at (X=-7.5, Y=1.25), (X=-2.5, Y=1.25), (X=2.5, Y=1.25) and (X=7 .5,
Y=1.23) as show in Fig. 6 (d) indicated that the feed points are located at +Y and -Y. Therefore, the
distribution area will switch direction, unable to spread throughout the plate. Finally, for the four types is
exanimate simulation, we are also simulated at other positions to find the best position. We found that the
optimal position of the feeding is port 1, 2, 3 and 4 are located on plate at (X=-7.5 Y=0), (X{=-2.5, Y=0), (X=2.5,
Y=0) and (X=7.5, Y=0), it can distribute the symmetrical electric field on plate.
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(a) Port 1 (X=-7.5. Y=0), Port 2 (X=-2.5, Y=0), (b) Port 1 (X=-8, Y=0). Port 2 (X=-4, Y=0),
Port 3 (X=2.5. Y=0). Port 4 (X=7.5. Y=0) Port 3 (X=4. Y=0). Port 4 (X=8. Y=0)

(¢) Port 1 (X=-7.5, Y=-1.25), Port 2 (X=
Port 3 (X=2.5. Y=-1.25). Port 4 (X=

(d) Port 1 (X=-7.5, Y=1.25), Port 2 (X=-2.5. Y=-1.25).
Port 3 (X=2.5. Y=1.25). Port 4 (X=7.5, Y=-1.25).

Fig.6: Simulation results of input. part power for four ports at any positions are the cross section in Z-axis at 2.5
mm

Analysis of case IT":

The final case, to improve the electric field distribution and intensity on copper plate, the mnput ports power
is used with six ports, the power of each port is 100 wart. Ther, the position of feeder is varied for considering
the distribution and density of electric fleld that has effect on the dielectric load as well. The simulate results
show the six feeds in four types different positions, it seem that the electric field level is similar to case I, case IT
and case III. The first case, port 1, 2, 3,71,5 and & are located on plate at (X=-8.33, Y=0), (X=-5.01, Y=0), (}{=-
1.67, Y=0), (X=1.67, Y=0), (3{=5.01, Y=0) and (X¥=8.35, Y=0) as show in Fig. 7 (a) the maximum level of
electric field iz 112 V/m at center of feeder. When port 1, 2, 3,4,5 and & are located at (X=-8.35, Y=-1.25), (3{=-
501, Y=-1.25), (X=-1.67, Y=-1.25), (X=1.67, Y=-1.25), (X=5.01, Y=-1.25] and (3=¥% 35, Y=-1.25) as show in
Fig. 7 (b), the feed position mn Y-axis near at the both sides of plate. So, the clectrie field at the both sides of
plate 1s rarely level, which 1s less than the level at the teed pomnts. When port 1, 2, 3,45 and & are located at
(X=-8.35, Y=1.25), (X=-5.01, Y=-1.25), (X=-1.67, Y=1.25). (¥=1.67, Y=-1.25), (¥=5.01, Y=1.25) and
(¥=8.35, Y=-1.25) as show in Tig. 7 {c) and located at (X=-8.35, Y=-1.25), (X=-5.01, ¥Y=1.25), (¥X=-1.67, Y=-

25), (X=1.67, Y=1.25) (¥=5.01, Y=-1.25) and (X=8.35, Y=1.25) as show n Fig. 7 (d) indicated that the feed
points are located at +Y and —Y. Therefore, the distribution area will switch direcrion, unable to spreal
thronghout the plate. Finally, for the four types is exanimate simulation, we are also simulated at other positions
Lo [ind the best positon. We found el the optunal position of the feeding 1s port 1, 2, 3,45 und 6 are localed on
plate al (X--8.35, Y-0), (K501, Y-0), (-1 67, Y-0), (KX-167, Y-0), (X-501, Y-0O) and (-8 35, Y-0), 11
can distribute the symmetrical electric field on plate.

{a) Port 1 (X=-8.35. Y=0). Port 2 (X=-3.01. Y=0). {b) Port 1 (X=-8.35, Y=-1.25). Port 2 (X=-5.01. Y=-1.25).
Port 3 (X=-1.67. Y=0). Port 4 (3=1.67. Y=0). Port 3 (X=-1.67, Y=-1.25), Port 4 (X=167, Y=-125)
Port 5 (X=5.01, Y=0), Port 6 (X=8.35. Y=0) Port 5 (X=5.01, Y=125), Port 6 (X=8.35, Y=-125)

(c) Port 1 (3{=-8.35, Y=125), Port 2 (X=-5.01, Y=-1.25), {d) Port 1 ({=-8.33, Y=1.25), Dort 2 (X=-5.01, Y=1.25).
Port 3 (X=-1.67, Y=1.25), Port 4 (X=1 .67, Y=1 23). Port 3 (X=-1.67. Y=1.25). Part 4 (X=1.67. Y=1.25).
Port 5 (X=5.01, Y=1.25). Port € (X=8.35, Y=1.25) Port 5 (X=5.01, Y=1.25). Port 6 (X=8.35, Y=1.25)

Fig.7: Simulation results of input port power for six ports at any positions are the cross section in Z-axis at 2.5
mm.
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In the simulation results of each case, an analysis of the electric field of distribution and intensity on the
diclectric load is to cause dielectric heating technelogy. By using techmque of inercasing input ports power on
the capacitive copper plates for consideration to the dielectric heating. An including analysis the positions and
number of ports signal feeding to the suitable tor use with the dielectric load this provides the most etfective.
The variables positions of feed point to most appropriate for the each case are concluded in Table 1. The
symngica electnic feld distribution is occurred when pert 1 s localed al {X-0,Y-0) in case 1. Moreover, (he
posttions of Port 1 (X=-5,Y=0) and Port Z (X=5,Y=0} generate symmetrical electric field distribution in case 1.
In addition, when positions are Port 1 (X=-7.5 Y=0), Port 2 (X=-2.5,Y=0), Port 3 (X=2.5,Y=0]} and Port 4
(X=7.3,Y=0) are fed in case III, the symmetrical electric field distribution can be obtained. In case IV, we
analyze the positions of six ports at Port 1 (X=-8.35,Y=0), Port 2 (X=-5.01,Y=0), Port 3 {X=-1.67,Y=0), Port 1
(X~1.67,Y-0) Port 5 (X—3.01,Y—0) and Port 6 (X~8.35,Y—0), which arc gencrated the symmetrical clectric
field distribution. The input power is fixed of 600 watt in each case and simulated results show the value of
maximum electric field intensity as equal level of 100 V/m. From simulated results, the cut plane on copper
plate is the cross section in Z-axis at 2.5 mm. Tig. 8 show the symmetrical ¢lectiic field distribution and
infensity in case T, TT, TTT and TV. When we consider electric field intensity level at 26.1 V/m_ Tt concludes that
the electric field distribution 18 approximately 32% of the total area in case 1, but the maxamum electric tield
intensity is 339 V/m at the center of copper plate. It has effect on the experimental result which is electric field
intensity of 21.41 times from the maximum electric field intensity. In case I, the electric field distwibution is
approximately 50% of the total area and the maximum electric field intensity 1s 280 V/m at the center on copper
late. An effect of the electric field intensity of 13.07 times from the maximum electric field intensity. The
electric field distribution in case III is approximately 74% of the total area and the maximum electric field
mtensity 1s 151 V/m 1t has electnc field intensity of 7.05 imes from the maximum electric field intensity. In the
final case, the electric field distribution is approximately 44% of the total area and the maximum electric field
infensity is 112 V/m it has electric field intensity of 5.23 times from the maximum electric field infensity. 1.
seems that the electric field distribution 1s low when it 1s compare with the electnic field of total area. ‘l'able 2,
show the electric field efficiency of distribution and intensity in case I, I, 1II and IV when compare the
meaxdmum level of electric field intensity as 26.1 V/m. It illustrates that the optimization in case III can be obtain
the electric distribution with approximately as 74 % of the total area. Therefore, we can be developed and
applied the dielectric heating preperly and to make the most effective for used.

Table 1: Position of feed point to most appropriate for the each case.

Clase Signal Feeding PLEY) P2 XY PAX.Y) P4 YD P5(XY) P56 (X.Y)
I 1 0,0 3 : z : ;
i > -5,0 5.0 - -
I 4 75,0 250 2.50 7.50
v 5

-5.01,0 -1.673.5 1.67,0 5.01,0 8.35,0

Vim

(c) Port 1 (X=-7.5.Y=0). Port 2 (X=-2.5. Y=0). (d) Port | (X=-835. Y=0). Port 2 (X=-5.01, Y=0).
Port 3 (X=2.5,Y=0). Port4(X=7.5, Y=0) Port 3 (X=-1.67, Y=0). Port 4 (X=1.67, Y=0).
Port 5 (X=5.01. Y=0). Port 6 (X=8.35, Y=0)
Fig.8: Simulation results for four cases to the value of maximum electric field intensity as equal level of 100
Vimare the cross section in Z-axis at 2.5 mm.

Table 2: The electric field efficiency of distribution and intensity in case I, I, I and IV when compare the maximum level of electric field
intensity as 26.1 V/in

Case Numher of Maximmm of electric field Flectric field distribution % of electric field intensity
feeding intensity (V/m) of area at 26.1 V/m (%0) difference
I 1 559 32 21.41
I 2. 280 50 13.07
I 4 151 74 105
IV 6 112 4 5.23
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Conclusions:

This paper presents the electric field distribution and intensity for dielectric heating. Tt is a technique
challenge in dielectric heating is to control the electric field distribution by increasing input power ports on the
capacitor copper plates. An including changed the positions of input power ports into the suitable for use with
the dielectric load this provides the most effective. Tt is analysis and consider from copper plate rectangular
material at the size of 5 x 20 cm, and the properties of rice weevils are used to dielectric material in the
simulation. The simulation of analysis was divided the input port power into 4 cases, which are one port, two
ports, four ports and six ports, respectively. By each case, can be used the input power port at different positions
on the plate for provide to the position and number are the most appropriate. The distribution and intensity of
electric field on the dielectric load will be analyzed by using the CST EM STUDIO program. In the simulation
results, we used the electrical power and resonance frequency are 600 W and 39 MHz, respectively. Results, the
variables positions of feed point are concluded in the symmetrical electric field distribution. When the positions
are Port 1 (X=-7.5 Y=0), Port 2 (3{=-2.5,Y=0), Port 3 (X=2.5,Y=0) and Port 4 (X=7.5,Y=0) are fed in case TII,
which are generated the symmetrical electric field an equilibrium position, the electric field intensity is
appropriated distribution. Which can be the distribution of electric field is 74% of area comprehensive at
intensity of electric field 1s 26.1 V/m. These results demonstrate that it is possible to achieve higher electric field
distribution and intensity for dielectric heating where increases input power ports on the copper plates are used.
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