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KEERATIDECH THEPSATITSILP : DESIGN OF HOT AIR RICE HEATING
SYSTEM USING INDUCTION HEATING TECHNIQUE. THESIS

ADVISOR : ASSOC. PROF. CHANCHAI THONGSOPA, Ph.D., 84 PP.

INDUCTION HEATING/FLOW RATES/PERFORMANCE/REGULARITY

This research is to design a heating machine for rice seeds with hot air using
heat energy from induction heating to be used to increase the temperature of the grain
before passing through the dielectric machine killing rice moth. Which can increase
the production capacity of the rice moth killing machine. The heating device designed
in a rice-flowing form, opposite the hot air and there is a groove which is a trough for
the rice to flow three layers and has a closed rail that\: connects to the rice exit mouth for
the grain to pass through the heat flowing into the‘ entrance of the rice moth killing
machine. Total distance of 295 cm, which is heated by hot air. The total energy of the
heat source is 7,502 watts.

The study found that the heat source can make hot air temperatures from 63.1
degrees - Celsius to 94.9 degrees Celsius in 5 minutes. When testing the heating with
the grain at the flow rate of 1 ton per hour can increase the grain temperature to a
maximum of 10.8 degrees Celsius, while the rice flow rate is 2 tons per hour can increase
the grain temperature to a maximum of 10.0 degrees Celsius and at the rate of 3 tons of
rice per hour can increase the grain temperature to a maximum of 9.4 degrees Celsius.
For efficiency average heating of the machine at the rice flow rate of 1 ton per hour, 2
tons per hour and 3 Tons per hour the average heating efficiency is 31.85%, 58.71%
and 81.03% respectively. Which this heater is suitable for use at a flow rate of 3 tons

per hour And in terms of consistency of the regularity temperature after heating with



good regularity and there is a difference of only 2.2 - 2.3 degrees Celsius and the color

tone of the rice grain temperature is similar.
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Academic Year 2018 Advisor’s Signature 2z 4. GL B
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V2= V& + (V= Vo)?

V = \/Vl% + (VL —Vc)z

Vi-V¢
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Heat transfer in evaporation - q,, = UAAT
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Abstract—This paper experiment and design about output
load of induction heating for use in air heat exchanger
application. By using various structure of output that have a wide
area for exchange heat between air and solid such as, multilayer
metallic hollow cylinder, multilayer in different height metallic
hollow cylinder and multiple metallic tube by using the same type
of material to experiment for find which structure have a good
characteristic and suitable with air heat exchanger. We found a
problem that multilayer metallic hollow cylinder, multilayer in
different height metallic hollow cylinder is not suitable with air
heat exchanger and we still found that multiple metallic tube
have a good characteristic to use in air heat exchanger
application.

Keywords—Induction heating, heat excl , high frequency

L INTRODUCTION

In currently, induction heating has been used in several
application such as melting, brazing and surface hardening.
Because it is a powerful technique for providing high
temperature at high precision position and rapid heating time.
Yi Han found that using suitable profile coil instead circular
coils in induction heating process can improve gear type
products [1]. Min Churl song was developed an analysis method
that can be use as practical tool for predict the temperature
distribution in the induction heating for the forging of heavy
marine crankshafts [2]. Shiou-Yuch Shih was found that
multiple-zone as a small-area zones induction heating have a
higher heating rate and uniformity performance than single-
zone with large-arca induction heating [3]. Lenka Jakubovicova
was shown about numerical simulation of induction heating to
achicve a uniform surface (emperaturc on heated specimen [4].
Huy-Tien Bui use a working coil compose with magnetic flux
concentrators for usc (o risc a heat distribution at surface inside
a barrel of an injection molding machine and the result was
shown that thc system achicve a uniform tcmperaturc
distribution at the inside surface of the barrel [5]. Shih-Chih
Nian was found that a high temperature setting on the surface of
an injection mold shortens the cycle time will improves the
level of filling of melted plastics in microinjection molding [6].
Shih-Chih Nian was found that magnetic shiclding can
eliminating the proximity effect, increasing induction heating
speed, and increasing the uniformity of temperature distribution
|17]. Wang Xun was studied about induction heating in low
frequency for pipe bending application that have inner and outer
wall and the results indicate that the optimal value range were
heating temperature of outer wall =1030~1070 °C. while
advance speed v=0.3~0.4 mmy/sec [8]. Xiaobin Fu was studied
about induction heating of workpiece before gear rolling
process that use two different structure of heating coil with
longitudinal magnetic flux (LMF) coil and transverse magnetic
flux (TMF) coil and his result found that by use the LMF coil to

978-1-5386-3912-2/17/$31.00 ©2017 IEEE 161

heat a workpiece can obtain a better temperature distribution
than the TMF coil [9]. Tomonori Watanabe was studicd about
mctal melting by using clectromagnetic induction heating with a
superconductor coils by rotating object to achieve a induction
heating cffect for heat a workpicce [10]. But we not found that,
no one was experimented about output load of induction heating
for usc in air heat exchanger application.

Therefore, this paper presents experiment and design about
output load of induction heating for use in air heat exchanger
application. By using various structure of output that have a
wide area for exchange heat between air and solid. This
cxperiment have a uscful with drying application that usc air
heat exchanger which is a kind of hot air drying in agricultural
industry such as maize drying, paddy drying and longan drying
[11-15].

IT. MATERIAL AND METHOD

This section discusses the materials and method used in
experiments to prove a design of output load of induction
heating in different structure.

A. Induction Heating

The induction heating which used in this experiment consist
of two main component which is a induction circuit and
working coil. The first part we will describe about induction
circuit that used in this experiment by starting with block
diagram of circuit as illustrate in Fig. 1. From block diagram
the first part is low power [requency oscillator start from 12
volt dircct current supply conncct with frequency oscillator
circuit that oscillate at 18.5 kHz rectangle wave connect to
driver circuit which is responsible for drive high power side
that is a [lyback circuit which was supplicd from rectificr
circuit and adjustable transformer which can vary voltage
between 0 to 260 volt alternate current which rectifier circuit
responsible for convert alternate current to direct current and
supply to flyback circuit for drive coil work piece. The second
part we will describe about working coil that use in this
experiment. The working coil was built from copper wire with
diameter 1.8 mm (AWG standard gauge 13). diameter of
working coil 12 cm, coil length 6 cm with a 20 turn coil.

|
12 VDC Supply ‘b Frequency oscillator Gircuit L

]
|
Adjustable 0 - 260 VAC
Transformer Reetifier Cireuit r‘

Tig. 1. Block diagram of induction circuit.

Driver Circuit ‘

L |

Flyback Ciseuit H Cail Work Piece
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B. Output Load

The output load which used in this experiment consist of
four different structure the first is multilayer metallic hollow
cylinder with a height higher than coil which was illustrated in
Fig. 2. (a). was built from metal material or conductor material
which consist of four layer hollow cylinder with a height
dimension 9.5 cm and diameter from outer layer to inner layer
is 10, 8, 6 and 4 cm respectively. multilayer in different height
metallic hollow cylinder was illustrated in Fig. 2. (b). was built
from conductor material which consist of four layer hollow
cylinder with a diameter from outer layer to inner layer is 10, 8,
6 and 4 cm respectively which each layer consist with different
height from outer layer to inner layer is 9.5, 7. 6 and 4 cm
respectively. multilayer metallic hollow cylinder with a height
lower than coil was illustrated in Fig. 2. (c). was built from
conductor material which consist of four layer hollow cylinder
with a height dimension 4 cm it obviously lower than height of
helix coil and diamcter from outer laycer to inner layer is 10, 8,
6 and 4 cm respectively, multiple metallic tube was illustrated
in Fig. 2. (d). was built from conductor material which consist
of multiple metallic tube which pack as a cylinder with a height
dimension 9.5 cm and each piece have a diameter 1.42 cm and
pack as diamcter 10 cm.

Fig. 2. Output load: (a) multilayer metallic hollow cylinder with a height higher
than coil; (b) multilayer in different height metallic hollow cylinder: (c)
multilayer metallic hollow cylinder with a height lower than coil: (d) multiple
metallic tube.

III. RESULTS AND DISCUSSION

This scction discusscs the results that was received from
this experiments which induction heating operaic at high
frequency 18.5 kHz and power consumption at 120 W with a
time 150 sccond by scparate experiment into four part. The first
part is the result from multilayer metallic hollow cylinder with
a height higher than coil illustrated in Fig. 3. the results show
that at a start time of boundary position a temperature starting
with 28.9 °C and at center it starting with 28.6 °C. When the
system run for 150 second.

(2) (b) ©

Fig. 3. The result from multilayer metallic hollow cylinder with a height higher
than coil: (a) boundary position at start time: (b) center position at start time:
(¢) boundary position at stop time; (d) center position at stop time.

(O]
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we found that at the boundary position the temperature
increasced to 58.6 °C and at the center it increased to 32.0 °C
that mean at the center has slightly increased and it small
different from the starting time.

The second part is the result from multilayer in different
height metallic hollow cylinder illustrated in Fig. 4. the results
show that at a start time of boundary position a temperature
starting with 27.7 °C and at center it starting with 27.7 °C.
When the system run for 150 second we found that at the
boundary position the temperature increased to 58.0 °C and at
the center it increased to 32.6 °C that mean even the structure
of second part different from the first part with different height
in each layer at the center it still slightly increased and it still
small different from the starting time.

7.7C £0.95

7.7C £:0.95

(a) (b)

Fig. 4. The result from multilayer in different height metallic hollow cylinder
(a) boundary position at start time; (b) center position at start time; (c)
boundary position at stop time; (d) center position at stop time.

The third part is the result from multilayer metallic hollow
cylinder with a height lower than coil illustrated in Fig. 5. the
results show that at a start time of boundary position a
temperature starting with 28.0 °C and at center it starting with
28.0 °C. When the system run for 150 second we found that at
the boundary position the temperature increased to 63.8 °C and
at the center it increased (o 33.5 °C that mean cven we change
the structure from the first part by reduce the height in every
layer conform it to lower than coil cven that at the center it still
slightly increased and it still small different from the starting
time.

28.0C £0.950M28 (C £0.95MMG3,8C £:0.95

(a) (b)

Fig. 5. The result from multilayer metallic hollow cylinder with a height lower
than coil: (a) boundary position at start time; (b) center position at start time;
(¢) boundary position at stop time; (d) center position at stop time.

The last part is the result from multiple metallic tube
illustrated in Fig. 6. the results show that at a start time of
boundary position a temperature starting with 27.1 °C and at
center position a temperature starting with 26.7 °C. When the
system run for 150 second we found that at the boundary
position the temperature increased to 67.2 °C and at the center
position the (cmperature incrcascd to 64.4 °C that mean at the
center has highly increased and it big different from the starting
time.
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(a) (b)
6. 'The result from multiple metallic tube: (a) boundary position at start
. (b) center position at start time; (¢) boundary position at stop time; (d)
center position at stop time.

From the experiment results of the first part to the last part
we can plot a relative chart of time and temperature as
illustrated in Fig. 7. Which structure 1 is the first part, structure
2 is the second part, structure 3 is the third part and structure 4
is the last part.

80
é === structure | boundary
E 5 = structure | center
g - smxcturez boundary
= structure 2 center
E e structure 3 boundary
E_ 2 = structure 3 center
& 10— structure 4 boundary
0 T structure 4 center
cszzercass ges
Time (Second)

Fig. 7. The results between time and temperature from the first part to the last
part.

The summary we found that the results from the first part to
the third part has a tcmperaturc at the center position small
incrcascd or it is not diffcrent from starting time and in the stop
time at the center position the temperature obviously different
with a boundary position in the same time which is a
nonuniform heating pattern in the workpiece that mean it can
not use as the source of air heat exchanger. Not only that, in the
last one we found that the results from the last part which is
multiple metallic tube a temperature at center position has a big
increased or it big different from starting time and in the stop
time at the center position the temperature has a small different
with a boundary position in the same time which is a uniform
heating pattern in the workpiece that mean multiple metallic
tube is a suitable output load of induction heating for use in air
hcat exchanger application.

IV. CONCLUSION

In this paper, we cxperiment and design about output load
of induction heating for use in air heat exchanger application.
We found that multiple metallic tube is a suitable output load
for use with air heat exchanger application because it has a
uniform heating pattern in the workpiece which a temperature
smoothly in the area of heat exchanger that the air can flow
through the workpiece for exchange heat between them.
Finally we expect our information will be useful to who is
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interested to used induction heating in air heat exchanger
application and another related field.
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