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SAMROENG SANTALUNALI : DESIGN OF HIGH EFFICIENCY HYBRID
RICE MOISTURE REMOVAL MACHINE BY USING RADIO
FREQUENCY WAVE AND MICROWAVE. THESIS ADVISOR :

ASSOC. PROF. CHANCHAI THONHSOPA, Ph.D., 138 PP.

MICROWAVE HEATING / RADIO FREQUENCY HEATING / INDUCTION

HEATING

This research has analyzed, designed, and built a hybrid moisture removal
machine with the heating principle by using microwave and radio frequency combined
with heat energy from electromagnetic induction. For rice moisture removal by arsenic
removal. It is high humidity approximately 44% and can reduce moisture up to
approximately 18% - 20% to be applied to other existing dehumidification systems to
get moisture followed standard. By analyzed, designed, and built machines with
principles of mathematics and computer programs. Test the results to check the
moisture value and quality of rice that through the dehumidification process 2 types is
microwave heating and followed by radio frequency heating and radio frequency
heating and followed by microwave heating. To study the effect of rice properties
before and after testing. From the test results, it was found that tests all 2 types were
able to reduce moisture in a similar amount approximately 22% but have rice quality is
different characteristics. By form microwave heating and followed by radio frequency
heating was found rice quality has characteristics is better, not dry rice, cracks, and not
loss of original structure of starch. Therefore, hybrid dehumidification with the

principle of microwave heating and followed by radio frequency heating combined with



heat energy from electromagnetic induction can be used technique microwave heating
and followed by radio frequency. It has the best efficiency and can also be applied in

the dehumidification process with other raw materials.
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Molecules and ions Effect of the RF & MW fields
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Abstract - This paper presents the optiosum conditions of the electromagnetic field distribution at 2.45 GHz in large-scale
wavegnides. An analysis process is adjusted the distance of waveguide port power thar affecting the diclectric boad (rice). In
the large waveguide composes of five pairs ports power, the gap between two ports is adjusted from one of wavelength o
four of wavelength in order to achicve the best clectric distribution and electric intensiny. The appropriate simulation resulis
are obtained when the distance between two ports power is two of wavelength, most of the wave propagation has a greater
electric field distribution in active arca and the electric field intensity is charscterized by its distribution over the area of the
dielectrie load. The simulation results are deseribed and discussed in this research by using the CST program. The aim of this
rescarch to designs the dielecwric heating process by using large-scale waveguide to be use in rice debumidification in the

indusiry.

Keywords - Large Scale Waveguide, Electrie Field Distribution, Dielectric Heating.

LINTRODUCTION

Nowadays, the drymg industrial is continuowsly
growing and production expanding because it is the
main industry of the food processing for consumption
in the world market [1-3]. The main drying industrial
is consisted of grains, fruits and food. In growp of
grains drying industrial. Industrial drying processes
require the advanced technology applied in the
process to create high efficiency, more save energy
and sustainable use in the future. The engineering and
science technology have been taking over so much in
the application of heating in the drying industry. It
consists of 2 main technologies [4-6] which are coil
heating and microwave heating. The coil heating is
the technology that use of a coil heater for generating
heating and bringing heat o the raw material [7-8].
However, this process is technology that consumes a
lot of energy since it gencrates encrgy with a load of
resistance o heat up the metal. Therefore, it s a
problem for the entreprencurs must bear the high
clecincity cost. Considering to microwave drying
technique [9-11], it is a technology that has been
widely used for the drying indusiry. Because the
water molecules, which are the important parameters
of moisture in the raw material, vibrate and cause the
molecules to friction, creating heat energy and
entering the dehumidification process for drying in
the internal load are short time and it is can be
directly heated to the dielectric load [12-18]. But
whatever it is, it has more factor to control drying
process, There are put power and position of multi-
ports. When the input power 15 increased or

decreased, the dehumidification efficiency  will
increase or decrease quickly. If input power or
clectromagnetic field density is too high, the dry
loading 15 damaged. To consider the position of
multi-ports, it 15 the distance between cach
microwave ports. If placed ports at an improper or
unbalanced distance, resulting in decreased drying
efficiency. It also negatively affects the dielectric
load. 8o, the important factors of dielectnc heating by
using the microwave frequency to have the highest
drying efficiency is distance between each microwave
ports. It is necessary to analyre and improve the
placement and spacing of the emitter in order to
determine the wave propagation charactenistics to
cover the area of the dielectnc load that is heated for
concrete industrial applications.

Therefore, this research presents electric  field
distributions  of ~ the large-scale  waveguide
optimization with multi-port power for grains drying
applications. Considering to find the position and
distance of the port power and the most suitable
diclectric load. The analysis can be used simulating
with the CST Microwave Studio Software for
analyzing the effects of electric field dismbutions o
the dielectric load for maximum efficiency and future
industrial applications.

IL THE CONCEPT AND CONSTRUCTION

The optimization of electric field distnbutions in
diclectric load of multiport power to apply in the
large-scale drying industry. Figure.l shows the
structure of the microwave waveguide together with
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port power. The size of the waveguides can be
designed and calculated from microwave equation at
frequency of 2.45 GHz for support drying industry
applications. The desired parameters size which are
width, length and height of 80 cm, 152.50 cm and
30.50 cm, respectively. The wave guide port power
cach set will have 5 points. Each point will be 24
apart and then place the wave guide port power along
the ¥ axis. The result analysis 1s divided from
Figure 2 will adjust the distance of the wave guide
port power. The wave guide port power will have 10
points, will arranged in 2 sets of X axis, With the
distance to analyzed are 1, 24, 34 and 45 For see the
optimal distance of the wave guide port power. The
results of the analysis of field strength and
propagation to the load. When the result of the
electric field intensity and spread spectrum paid in the
first place.

1L ELECTRIC FIELD DISTRIBUTIONS AND
HEAT THEORY

The analysis of the microwave propagation and the
heating on dielectnc load is consisted of two
principles which are electnic field distributions and
diclectric  heating, the electric field distnbutions
principle is consideration of electric field radiating to
examine for nearficld dismbution of electric fields.
From the simulation results can be using Maxwell's
equations analysis according to the equation { 1-2).
fal)

VeE=-—r iy
s
a0
Vell=J+— 2
&t

Where E is the electric field

& 15 magnetic flux,

H is magnetic field,

J is current density,

and £ is electric displacement.

The current density in Equation (3) obtained
J=—ngu (3)
Where i1, 4 and g are the free electron density, the

mean electron (fluid) velocity and the electron charge
respectively [14].
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Dielectric heating involves the heating of electrically
insulating materials by dielectric loss. A changing
electric field across the material causes energy to be
dissipated as the molecules attempt to line up with the
continuously changing electnic field.

Dnelectric heating relates the material characteristic as
known the loss factor. It is the ability of the dielectric
material changing electric field to heat. The dielectric
material that has higher loss factor 15 casier to be
affected by dielectnc heating. Dielectric materials
with loss factor are greater than 0.02 that are
generally considered for dielectric heating [17]. Both
the loss tangent and the diclectric constant are varied
with the frequency, applied and the temperature of
the material. The power is absorbed by the material,
which the value of heat generated through the
material and 1s represented as (4).

P=Eac= l.u'ﬂi':rur' (4)

where, P 15 power loss density (W/m'), £ is rms
electric field strength in the material (Vim), @ is
conductivity (1 £m )/ is applied frequency (Hz), £,
is permittivity of free space (F/m), and £ is loss
factor. The rate of temperature 1s increased (C/s) in
the matenal that is given by (5). Where ¢ 15 specified
the heat of the material (kJ/kg"C) and p is density of

the material {kg/m’)

AT P
—— (5)
A fi's

The penctration depth is defined as the depth which
the power 15 decayed to 0,368 (l'e) of its maximum
value [19].1t s varied depending on the loss factor
and the resonant frequency. Usually, the higher loss
factor is, the lower the penctration depth will be.
When the wavelength is increased. the penctrabion
depth is increased as well. The relationship between
wavelength and penctration depth 1s expressed as (&)
where d, is penetration depth (em) and ¢ is speed of
light {3x10%)
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1L SIMULATION RESULT

The results are simulated by using CST MW studio to
analyze an cffect of power by considering the electric
ficld intensity at diclectric load in large-scale
waveguide. The simulation is distributed to four cases
that the distance between port power is adjusted with
the clectrical port power is 800 W at resonant
frequency of 245 GHz. The parameter of the
simulation can be used according topic to the concept
and construction. The simulation results show the
clectric ficld distnbution and electric intensity on the
diclectric load in the waveguide of the section
wrapping in Z-axis at 1 cm for clectric ficld
distnbutions analysis and the length in X-axis are
152.50 cm for clectric ficld intensity on the diclectric
load and shown the maximum clectric ficld intensity
is 364 V/m to comparisons in each case. Determining
the percentage of clectromagnetic ficld density in
cach case to determine the amount of electric field
density occurring within the diclectric load. The
percentage can be calculated using MATLAB
program.

The gap between two ports power is adjusted with
distance of A, 2k, 3} and 4), respectively as illustrated
in Figure.2. The results of electric field distribution
and clectric intensity are shown in Figure.3.
Considering the clectric field distribution of two
regions that the electric field occurs throughout the
waveguide and within the load diclectric. Figure.3(a)
describes the investigated electric field of orientation.
It seems that the wave propagation has an clectric
ficld intensity in the middle of the waveguide while
the lateral arcas are distnbuted electric fields in less
ficld intensity. When determining the clectric ficld
intensity that occurs with the diclectric load as shown

b. the distance of two ports power as 23 along the Y

in Figure.3(a). The electric ficld intensity also occurs
in the middle, since the two ports gencrates power too
close. It also causes damage to the center of the
dielectric load.

Considering the clectric field distnbution when
adjusting the cmitter distance to 2i, the wave
propagation has a greater clectric ficld intensity
almost throughout the active arca in the waveguide.
The clectric ficld intensity characterize is distnbute
over the wide arca of the diclectric load. The wave
propagation can distribute heat evenly across the
diclectric load and does not damage the diclectric
load at some point where overheating is possible as
shown in Figure.3(b).

When the two ports emitter distance is changed to 3k,
it is found that most of the clectromagnetic field
propagation characteristics had the same electric field
density distribution arca as in case of the emitter
distance at 2A, but observed that the electromagnetic
ficld intensity at the top of the waveguide is relatively
high. This results in loss of power and also reduces
the efficiency of the emission from the wave to the
diclectric load. And when considering the degree of
clectric ficld intensity at the load, it was found that
there was a decrease in intensity.

In addition, the two ports emitter distance is changed
to 4k as displayed in Figure.3(d). As a result, found
that electric field propagation characteristics is mostly
distributed to the edges of the waveguide. It caused a
considerable loss of power which affects the electric
ficld that occurs at the diclectric load. The electric
ficld is mainly charactenzed by its distribution over
the edges of the diclectric load area and clectric field
intensity value is decreased too.

From simulated results of the waveguide port power
spacing, it is found that the distance of 2 is the most
suitable distance for positioning. Duc to the
propagation of clectric ficld have the highest intensity
in active arcas as waveguide and diclectric load,
which also causes less power loss as well.
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Figure 3: Electric field distribution and dectric ficld intensity in large scale waveguide and at load diclectric when the distance of
two ports power is adjusted.

1V. CONCLUSION

The large-scale waveguide consisting of ten
microwave ports power to gencrates clectromagnetic
wave is presented. The ovmll size of wa\egmdc
system is 800x1525x305 mm’. The port position is
concerned to analyze the clectric field distribution
and intensity which are occurred throughout the
waveguide and within the load diclectric. From
simulation results, the properly distance between two
ports power of two rows is 2. The distribution of
wave in the waveguide has a greater clectric ficld
intensity almost  throughout the active area.
Morcover, the clectric ficld intensity has the highest
at load (rice).
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