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JAKKARIN SRITUVANONT: ORGANIC WASTE DEGRADATION FOR
FERTILIZER PRODUCTION USING LARGE-SCALE INDUCTION
HEATING SYSTEM. THESIS ADVISOR : ASSOC. PROF. CHANCHA]J

THONHSOPA, Ph.D., 110 PP,

LARGE-SCALE OF INDUCTION HEATING

The heater from heating induction is a new heating technology that saves
energy and it is friendly to the environment. Also, its performance is more effective
than the other common heater. Comparing to the energy usage, the performance of the
induction circnit is approximately 81.3 percent, while the biomass tank and tungsten
coil have 70 percent and 51.8 percent respectively. The heating method from induction
heating has been interested in people widely, therefore, it has been applied to use as a
heatef in worldwide, From this important source of heating, many researchers
continuousty develop and design the large induction-heating machine with hi gh energy
for heating up the tank directly. The reason is to degrade the organic waste as much as
possible and turn them into an effective fertilizer by adding microorganism called
Mesophilic into it; the fertilizer transforming process will take no more than 24 hours.
In addition, the size of the tank from researchers' design will have 100-centimeter
radius and 155-centimeter length, which is very large. Literally, the result of this
process 1s to reduce the rate of organic waste and bring back the good environment.
Though, the researchers have designed the large induction-heating machine with high
energy at approximate 9.6 kilowatt aﬁd use two machines in order to appropriately suit

the heating tank for a large number of organic-waste degradation. This research can be




applied to many heating methods in the industry in an effective way.
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Magnetic vector potential
magnetic flux density
capacitor

Specific heat of the material
electric flux density

electric field

inside electric field

magnetic field

inductor

latent heat of vaporization
number of molecules

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
dielectric conductivity
permeability of free space
frequency

wavelength
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angular frequency
thermal conductivity
density of the material
delta factor

time duration

temperature change in the material

length

susceptibility
electrical conductivity
temperature

power per volume
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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137190 2.1 u’cmmmwmumu"lﬂﬂwmmmuﬂmq 9

Materials Electrical Resistivity
Silver 1.59 x 10"
Copper 1.68 x 10
Gold 220%10°
Aluminum 2.65%10°
Tungsten 5.60 % 10°
Iron 9.71 x 10°
Steel 7.20 x 107
Platinum 1.10 x 10”7
Nichrome 1.50 x 10°
Coal 3.5%10°
Germanium 4.6 % 10"
Silicon 6.40 x 102
Rubber 10°
Sulfur 10°
Quartz 7.5%x 10"
Tagii w o aaawIdFuiu ldmasivanvesdniwiiade 9 aunsouaas

MUTARUITANA 9 AIN319N 2.2

~ ' YR 1 9 [ v o a1
A1TNN 2.2 Lm’ﬂ\i‘ﬂT’dﬂ1W1W¥]ﬁJN"Iullﬂ‘ﬂ"l\iLL?JLWﬁﬂ"]Ji’JW]’JHT%UﬂﬁN g

Materials Magnetic Permeability
Air 1.25663753 x 10°
Aluminum 1.256665 x 10
Bismuth 1.25643 x 10°
Copper 1.256629 x 10°
Iron (Pure) 6.30 x 10”
Nickle 126 x 10*-7.54 x 10
Carbon Steel 1.26 x 10*
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4 ]
$1319% 2.2 (D)

Materials Magnetic Permeability
Hydrogen 1.2566371 x 10°

Water 1.256627 % 10°

Wood 1.25663760 x 10°
Bismuth 1.25643 x 10°
Platinum 1.256970 x 10”

Teflon 1.2567 x 10°
Sapphire 1.2566368 x 10
Hydrogen 1.2566371 x 10°
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C(T)=351.93+T -976x10™* (2.11)

A(T)=11.215+T -1.4087 x10°2 (2.12)
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MINN 2.4 UAAIATINONTHANAN 9 dmTuTagninngesaaisldde
FUAVDIIAG N% | P,0% | %K,0 | %C C/N pH
et 0.55 0.09 2.39 48.82 89 8.20
NAALFI 1.27 0.71 1.84 43.56 34 7.80
Wanuu 1.38 0.34 3.69 48.66 35 7.10
fuinTna 0.53 0.15 221 33.00 62 8.20
Judnlzviag 0.60 0.22 0.67 48.85 81 3.60
Furzaa 1.79 0.85 5.46 46.8 26 7.60
nlaenmaaniul 0.93 0.14 6.22 65.05 70 6.30
naendaes 0.73 . ; 58.36 70 6.40
nlaenyisou 083 | 019 | 215 | 50.63 75 5.50
Tagdasrdruveans vounvlulasiou Wie C/N ratio suiluidandosaalsdiod)y
aAdIU C/N ratio 91031 100 : 1
M350 2.5 a5 IgeImsnanan q dmsuiaginndesdalsldein
¥UAYDITAA N% | P,O% | %K,0 | %C C/N pH
Thuganssu 0.32 0.16 2.45 62.70 196 5.40
Iofenaim 0.25 0.15 0.53 56.37 225 7.40
Tofenalna 0.19 0.36 0.40 58.41 307 7.50
ludes 0.49 0.21 0.58 51.52 105 6.20
Mndos 0.40 0.15 0.44 57.69 146 6.05
YoUTNI1 0.36 0.05 2.94 60.13 167 6.15
UNAL 0.36 0.09 1.08 54.72 152 6.18
durlongzin 0.45 - - 51.83 115 530
nlaenwaaihduua 0.52 0.03 0.30 60.65 117 5.49
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Abstrace—This paper is forused on an experiment about the
output load of heating induction during heat exchange.
Reference was taken from the experiment of Keeratidech
Thepzatitsilp and his forther research found out the
appropriate forms for owfput load have mulfilayer metallic
bhollow cylinder can make the outermost layer have more heat
than the other lavers mext to it These other layers are mot
commonly hot as observed during this experiment. The supply
pattern in the experiment om ouwtput load reveals that the
outermost layer will hot most. We nied material: ke zimc alike
and pattern of output load and they look very similar to the
original model The resumlt: of the experiment foumd ont the
ountermost load layer will be the hottest and the heat will
decrease respectively when zefting to the next layers. Also the
dimensions width and space of opening on the slide in ontput
load will produce heat which will also affects the inner layer.

Eeywords—inducion  heatmg; multlayer metallic hollow
altered cylinder

1. INTRODUCTION

At the moment, there are many types of agnoultare. We
use this technology in developing agneultural industes.
Such as drying to remove humdity in maz, pesled longan
or orgamc waste [14]. By usmg the prmeiple of induction
heatmg az a thermal power supply which can altermate
current flow through the coil thereby cansing magnenc field
for action on metzl pieces. The output load to make eddy
cmrent in metal pieces m the oppesite duection to induce
thermal power 15 clean energy and have effect m the
effsctive production of high heat and output load It 1=
extremely important m uwhlization. From the reference of
Eeeratidech Tepsatitsilp expenment i was discovered that
the output load can make the cuter most layer have more
hsat than the subsequent lavers next to it [3].

We conducted studies and trals to make output load hot
bv heating all the preces together. Durmg this experment we
used zine material and space m opemng the shides mn vanous
charactenstics. We found out that after heating all the preces,
the outmest layer had more heat than the next layers close to
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it. We also zaw that from the ioner layer, the heat decreases
respectively and the dimension and width and space of the
opening of the shide have effect on the heat of the matenal
This expenment 15 useful when aw 1z used for heat exchange
m agnculhral mdustries.

Therefore this paper presents an expeniment about output
load of induction heating. Dunng heat exchange, output load
gets hot together with other preces and the dimension of the
opening space on the have effect with the inmer laver.

@

Figure 1. Experiment owput load of Keeratidech Thepsatitship (a) rezult of
experiment about heat in the outenmast layer has temperature of 38.6 °C (b)
and the next layer has a femperature of 32.0 °C {c).

()

O MATERTAL AND METHOD

Thrs section will talk about the matenals and method
used dunng this expenment It also talks about the vanous
models of mnduction beating which alternates the flow of
current through coll causing magnetic field that also makes
elecine current flow m work prece [6, 10]. Thus heat
depends on the quality of current also to the change of time
dunng heat transfer process. As desenbed by the Fourer
equation [11, 12].

P T y
k(V'T)+4=pe, [El (1)

which T 15 temperature, k 15 thermal conduchvity, p 15
density of workpiece, ¢, 15 heat capacity, § 15 the heat source
density imduced by eddy cwvent per umit fime m o3 unit
vohme which is find from
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ey [elEet)) L e
q=—=r{EJ = — —a{;m&e’ ) (2)
which T = cflndmﬁun current density, ¢ 15 the electne
conduetivity, 4 1= the amplitude of magnetic vector potential,
A 15 the magnetic vector potental and A can be expressed as

A{I,y._z,tj=ﬁl[x..y,zje"'“ i3)

From output lead m this expenment we designed a
system of mduchon heatmg cirouit from block diagram
figure. 2. Which can be divided in 2 parts. The First part has
a voltage regulator that gives 12 V. and connects with a
frequency oscillator crewt at 18,5 kHz square wave which
connects to IGBT MOSFET gate drives the fly back coomt
which was supplied from full wave rectifier (110 V) for
drve coll work piece. So power dispensing or cumrent will
change according to output load with format o the

experiment.
_}
Transfarmer (24 V) Transformer (110 Vi)
Full Wave Rectifier ‘ Full Wave Rectifier
Adjustable Adjustable
Valtage Vollage
Rectpulator Rectzulator
Clreudt Clreuit
Frequency IGRT b
Detllator MOSFET Flvhack Clreuti
Cireuit ™= Gata Drive

Cail Workpiece

Figure 2. Block diagram of indnction heating system dasizn

The material used for cutput load was zine in bending to
make the charactenistics similar to hollow cylinder m order to
have opening shde spaces i different sizes [13. 14] The
outer layer has a width of 9.5 em and a length of 26.3 em.
The middle layer has 2 width of 9.5 cm and a length of 21.73
cm. The mner laver has a width of 9.5 cm and a length of
136 cm. The hollow cylinder has a diameter of § cm and a
height of 9.5 em. The experiment has 7 methods which can
be dinded mto 2 parts. The first part of output load
expeniment has different styles and ivolve 4 methods.

476

The first in figure 3(z) has 3 lavers, the cutermost laver,
middle laver and the inmer layer. The placement and
direction of space and the opening on the slide are m the
same direction and the same width. The spaces are free. The
second figure 3(b) has 3 layers the outermost layer, the
middle layer which has a placement and direction of space of
opemng on the slide in the same direction and finally the
wnner laver has opposite and wadth spaces which are free.
The third fizure 3(c) has 3 layers. The outermost and the
inner have placement and direction of space of opemng on
the shde in the same direchon while the middle layer 1s
opposite with width of 3 layers which the spaces are free.
The fourth in figure 3(d) has 3 layers, the cutermost and the
inner layer have placement and direction of space opening on
the shde in the opeming direchion while the nuddls layer does
not have space of opening on the shde and width of 3 layers
with the spaces free.

Fizure 3. The first part is oufput load experiment in diffarent style have 4
methods {a) - () to determins heating vakue of sach catput load.

(8
Figure 4. The second part is space of opening on the slide have 3 methods
(€] - (&) to determine heating vae of each output lnad
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The second part 15 space of opening on the slide and beat
oufput lead experiment. It has 3 methods.

The first m fizwre 4(2) has 2 layers, the outer layer and
the mner layer. The outer layer has space of opemang of 2 em
on the shide while the mner layer 15 hollow cylindrical. The
second figure 4(f) has 2 lavers, the outer layer and the mner
laver. The outer laver has space of opening of 5 cm on the
shde while the mner layer 15 hollow eyhndneal The third
figure 4(g) has 2 layers, the outer layer and the mmner layer,
The outer laver has space of opening of % cm and the mner
laver is hollow eylindrical.

III. RESULTS AND DISCUSSION

From the expermment, we have reference from the
expeniment of Keerahdech Thepsatitshp which shows that at
a frequency of 18.5 kHz power consumption will be at 120
W over the time of 150 =. It also found out that the outermost
position will have high temperature than the next layer closer
te 1t even though at midpeint it 15 not hot.

So it can be concluded that when the outer laver is closed,
1t will only heat the outer laver and the mmer laver will not be
heated. This session discusses the result of output load in the
expeniment which has 7 methods in operating at a frequency
of 18.5 kHz over a time of 10 5. S¢ power dispensing er
cumrent will change according to cutput lozd with format n
the expermment.

The first part of the experiment 1z shown m figure 3(3)
that at an operating frequency of 18.5 kHz and an electne
curent of 348 A wath a voltage of 110 V thers wall be
power at 382.8 W over the time of 10 5. The result shown in
fizure 3(a) mdicates that when the temperatwe of the
outermost layer of a zine sheet 15 225.5 *C the muddle laver
at 106.9 °C and the inmer laver at 94.6 °C 1t wall be noticed
that the layers mext to the outermest laver wall have a
decrease m temperature. The second part of the expenment 15
shown o fizure 3(b) that at an operating frequency of 13.5
kHz and an electne current of 3.51 A wath a veltage of 110V
there will be power at 386.1 W over the time of 10 5. The
result shown i figure 5(b} indicates that when the
temperature of the outermost laver of 2 zine sheet 15 202 .8 *C
the maddle layer at 120.0 °C and the mner layer at 116.7 *C.
From the figures it is clear that the lavers mext to the
outermost laver will have less heat in temperature. The third
part of the experiment 15 shown m figwre 3ic) that at an
operating frequency of 13.5 kHz and an electnic cwent of
162 A with a voltage of 110 V there will be power at 398.2
W over the time of 10 5. The result shown in figure 5(c)
indicates that when the temperature of the cutermost laver of
a zine sheet 15 223 3°C the middle layer at 1556 *C and the
mner layer at 101.8°C. It will be noticed that the temperature
of the outermost laver will be the hoftest wiule heat wall
decrease m the next layer.

The fourth part of the experiment is shown in figure 3(d)
that at an operating frequency of 18.5 kHz and an electne
curent of 5.66 A with a veltage of 110V there will be power
at 622.6 W over the time of 10 s. The result shown m figure
3(d} indicates that when the temperature of the outermost
laver of a zine sheet 15 221.0 *C the mddle laver at 2018 °C
and the inner laver at 46,5 °C. It wll be noticed that the

layers next to the outermost layver will have a decrease in

temperature. It equally shows that while the cutermost laver
15 hotter than the middle layer, the mner layer 15 not kot.

[
Figure 5. The first parn experimental results to compare the thermal heat in
different sryle have 4 methods (a) - (d)

(&

Figure §. The second part expermental results about width in space of
opening on the slide with the heat of inner materials have 3 methods (g) -
(E).

So we have results about width in space of opening cn a
shde. Also with the heat of the inmer materals. Power
dispensing cwrent will change according to output load
the format in the experiment. The first step of the expenment
15 shown 1n figure 4{e} with the width mn a space of opening
on the slide is 2 em, and operates at a frequency of 18.5 kHz
with electne cwrent at 424 A voltage 110 V producing a
power of 4664 W in 10 5. The result shown in figure 6ie)
with the temperature of the outer laver at 199.6 °C, the inner
laver at 109.8 “C. It was noticed that the temperature 15 at 1t
hottest point but heat will decrease in the next layer. This
confirmed that wadth 1n space openng on a slide 15 mportant.
The second part of the expenment i fizure 4(f) shows that
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there 15 an open space on the opening on the shde which is 3
cm and operates at a frequency of 18.5 kHz with an electnie
cwrrent of 4.34 A with a veltage of 110 V making it to have a
power of 477.4 W within 10 5. The figure in 6(f) shows that
the temperature of the outer layer 1z 230.2 *C, the mmer layer
137.6 °C. It was realized that the hottest temperature was on
the outer layer while the heat decreased on the next laver.
This also went further to show that width in space of
operating slide is very important The third part of the
expenment in fiure 4(g) shows an open space of opening on
a slide which 15 % em and operates at a frequency of 18.5 kHz
with an electnc curent of 437 A wath a voltage of 110 V
producing power of 480.7 W wathin 10 5. Figure 6(g) showed
that the temperature of the outer laver was 242 %°C and the
mner laver has 169.6°C. It was noticed that the hottest
temperature was on the outer layer and the heat decreazed on
the next layer. S0 width and si1ze 1n space of opemng on a
shde has importance with heat.

The result of expenment have width in space openmng on
the shde 15 2, 5 and 9 cm have the different of temperature m
each forms and use to apply to plot the graph i the
temperature at that fime.
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Figure 7. The graph shows the experimental results to the relationship of
femperature with the size of the space openmg on the shids.

IV. CONCLUSION

In this paper we experenced about oufput load of
induction heating and the charactenstics of output load We
found out that mulnlaver metallic hollow cylinder style can
make the outermost layer the hottest among the other layers
next to it  Seven methods were employed dunng this
expeniment to show that the outermost laver has the most
heat while the heat decreazes on the other layers next o it.
Therefore space on the opening on a slide layer will hot 1f the
outermost laver 1= close to 1t but the nner layer will not be
hot.

Also the width on the space opeming on the shde will be
affected by heat m each form of output load and power
dispensing of current will change acconding to output load m
the format in the expeniment.
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