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RICE. THESIS ADVISOR : ASST. PROF. SAMRAN SANTALUNAI, PH.D., 93 PP.

Keyword: INDUCTION HEATING/RICE HEATING/ZIGZAG RAIL DESIGN/HYBRID SYSTEM

This research presents the design of a rice heating system utilizing induction
heating technology to enhance efficiency in conjunction with hot air usage. A
rectangular duct with an internal zigzag rail is designed to heat the rice in three different
configurations: 35 degrees, 45 degrees and 55 degrees angles of the zigzag rail to
observe the trend of hot air flow and test the efficiency in heating the rice. SolidWorks
is used to simulate the hot air flow, and experiments are conducted to compare with
the simulated results. The effectivenessis measured based on the temperature of the
rice grains passing through the hot air and induction heating, ensuring the rice grains
are uniformly heated without breaking or damage. Comparisons are made between
using hot air alone and using hot air combined with induction heating. The rice flow
rates are set at 100 kg/h, 150 kg/h and 200 kg/h with hot air power at 1,143W, 2,352W
and 3,756W respectively, and induction heating power at 146W, 228W and 360W
respectively. An infrared thermometer is used to measure the temperature of the rice.
It was found that'the 45 degree zigzag rail design tends to increase the rice temperature
effectively without causing breakage or damage. Moreover, when comparing the rice
heating tests, it was observed that the combination of hot air and induction heating
tends to increase the rice temperature more efficiently and is likely to use less power

than hot air alone.
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2,352W Lagfsnsinisivia 100kg/h
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Tusun 4.7 asuansgauugiivesszuunsidiausounigany 3,756W lagay
fgaumgivesauiousyil 80.3 sarmwaidua warluguil 4.8 9zuanumilvestnIaIsiniy
szuunsiianiou Adnsnislva 100kg/h ziuliingauuivestansiiuTuINgum gl

Sudu 25 ssenalda 10u 31.5 ssrwaldua Jawanavesgamnginialawingu 6.5 o
LRIGHG

JUN 4.7 wansgaumgivesseuun1sidnauseauniasnu 3,756W laaamall 80.3 aeen

AL a

o 30.1
H
o J_";{Tl;] Manua 1

JUT 4.8 uansgaumgiveadniansiniunisiianusoumeseuunsidauseuningwnu
3,756W uagonsinisiva 100ke/h
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4.2.2 mnedeuszuumsiiauioulieseg1afeaionsinisiva 150ke/h

Tusun 4.9 asuansgauugiivesszuunsidiausounimdeny 1,143W lagay

Tgaumgivesauiousyil 40.9 samiwaldua uazlugun 4.10 UanQUMTYVIT TN

a

szuunsinaniou Mdnsnislua 150ke/h aziuldinguglivesdansiinduaingumgl

Y

a v = I =~ = i ado Yy 1 o
LSUAU 25 99ANTalged LU 27 99A YAl ud %QN@WWQT}@QQMMQNW?@I@L‘V]’]ﬂU 2 94971

ALY

JUN 4.9 wansgamaiivessruuntsidiauseaunnasnu 1,143w laaamall 40.9 aeen

AL a

26.0
Manua l

.:1' a v A v o Y ' v Ao w
EUV] 4.10 LL?WNQm%ﬁﬂﬂ@ﬂﬂqjﬁqi‘ﬂN']Uﬂ']51‘1/‘ﬂ')']ll5BUW'JEJ§B‘UUﬂ']3LU']aQJ§@u‘V]ﬂ']a\'i\‘nu

1,143W uarfisnsinisiva 150ke/h
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'
=

lusuil 4.11 azuansgumgivesszuunmsidiauiounindgenu 2,352w lag

rilgaunilvesauseusgil 61.9 ssmigaded warlugun 4.12 azuansgaumngivesiniasy

U

a v

Wusyuunsidiansou 19msinisivia 150kg/h azwiulaineunfvesdniasiiuduain

9 Y
'
[

gaumaiisudu 25 sarnwaded W 28.9 asrnwaded Jamasswetgamngiinialdviniu 3.9

Y

NGAIERIGEG]

JUN 4.11 uansgamgivedssuunisid ausauiimasau 2,352wW lagamgil 61.9 aam

RG]

JUT 4.12 wangamgilvestniasiiiunisiianuseusieseuunsidiaufounmasu

2,352W wariisnsinisiva 150ke/h



a0

Tusuil 4.13 azuansgumnivesszuunmsidiauiounindgenu 3,756W lag
Jeilgaunnivesausousyil 81 sermnwallod uavlugui 4.14 azuanigunived1ansn
WuszuunswWianseu fgnsnisiva 150ke/h agiiulaingugivesdiasifiuiugin

' ]
[ [

gamaiisudu 25 ssrwaided W 30.4 ssrwallua Jawanvesgumnininldviiu 5.4

NGAIERIGEG]

oUT
ouT2
AT

ALY

AL2

JUN 4.13 uansgaumivesssuunisidiausauiindsnu 3,756W lagamgil 81 aam

RG]

26 .1
Manua l

.:1' a v A v o Y ' v Ao w
EUV] 4.14 LLaﬂﬂqﬂﬁ/‘QN"U@\'1°U']'Jﬁ'ﬁ"]/]m']Uﬂ']51‘1/]ﬂ'ﬂll5BUW'JEJ§BU‘Uﬂ']3LU']aN§@umﬂ']a\'i\'ﬂu

3,756W wazfisnsinisiva 150ke/h
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4.2.3 manedeuszuumsiiauioulieseg1afeaonsinisiva 200ke/h

lusuil 4.15 Azuansgumnivessruunmsidiauiounidgenu 1,143wW lag

rilgaumilvesausousgil 41.3 ssmigaded wazlugun 4.16 azuansgungivesiniasi

U

H1uszuunsidianseu fdnsinisiva 200ke/h azwiuliingaunivest1iansiiuduain

[ [

gaumaiisudu 25 ssrwaided W 26.5 srwallua Jawanvesgumn)inialdviiu 1.5

NGRIERIGHEG]

JUN 4.15 uansgamgivessyuunisidauseuimasau 1,143w lagamgil 41.3 a3

RG]

24 .8
Manua 1

JUT 4.16 uangamivestniasiiiiun1siianuseusieseuunsidiauiounmasu
1,143W agiionsinisivia 200kg/h
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lusuf 4.17 azuansgumnivesszuumsidiauioun gy 2,352w lag
Jzilgaunnivesausousyil 62 sermnwalod uavlugun 4.18 azuanigunived1ansn
WuszuunswWianseu fgnsnisiva 200ke/h agiiulaingugivesdiasifiuiugin

gaumalisudy 25 ssrwaidua W 27.8 ssrwaldua Tanasavesumgininlawiniu 2.8

NGAIERIGEG]

JUN 4.17 uansgaumivedsyuunsidauseunimasau 2,352W tgamgil 62 aam

RG]

JUT 4.18 wangaumgilvestniasiiiiunsiianuseumieseuunsidauiounnasu

2,352W warfisnsnnisina 200kg/h



a3

Tu3ufi 4.19 zuansgamniivesssuumsinanieudidndsau 3,756W Tny
wzilgamniivesanieusyil 80 ssrnwailoa uarluguil 4.20 azuanigumgiivesinasi
suszvumailiaufou Asnanislva 200ke/h aniuldingugdvestnarsiiuduain
paumnfisudu 25 ssmiaidea 19U 29 ssmiwaldoa Fsnasvesgaumgiifialdvindu

NGAIERIGEG]

JUN 4.19 uansgamnivedsyuunsauseuiinasau 3,756W lagamgil 82.3 aam

RG]

JUT 4.20 wangamgilvesiniasiiiiunisiianuseusieseuunsidiausounnasu

3,756W wazfisnsinisiva 200ke/h
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4.3  mmadeuNsiitgamgiidsatessuunsmileathianivauiou

Tuduiandunmsnaeumaiivgamaidnasfessuunamiisninutuaniou
lngagAmungnsIn1stnavesd11a1s 3 3ULUU Ao 100ke/h 150kg/h wag 200ke/h way
APUANISIIUYDIANS DU 3 Aaau Tawn 1,143W 2,352W kag 3,756W Wuldgifunis
nagaunshianuSeudeszuunMstaniouiissegufier Tnsaziiufduressyuy
wilenhanuieuilieenuuuyauumdsidyanannud 11 kHz fsguil 4.21 uazald 3
ey Tiun 146w 228W uag 360W 1ilutheiiadszansanlunisifiugagitnias

wazazlitiasligamgisudu 27 ssmwalfea wiriu fagun 4.22

M25.0us MPos500.0ns

g'ﬂﬁl 4.21 &yay Output slwuuudfinnud 11 kHz
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e
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L

i

d' aa v v PN a ! | PN °
EUV] 4.22 LLﬂﬂﬂ@qﬂJWﬁ“NLilmu"ﬂ@ﬂ?n')ﬁ'ﬁw 27 DNANYALYYE ADUNIUTETUUNITENRUYIUN
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Sufvausau



a5

4.3.1 vedaufisnsnislue 100ke/h wasfimdssundenin 146w

lusuin 4.23 azuansgamiivesssuunmsivilenisiuduauiouningwiu

a

53 1,2890W lagazilgamgiisiunieluvedidestinansegn 63.2 ssraaidea uazlugud

9

Y

4.24 ruang vl vesdarsiniussuun1smienissudvanson A8nsnsivag
]

'
a L4 a

100kg/h Azuiuliingaugiivestnasiinduangaumgiisusu 27 ssaneaided 1w 32.2

Y

BImaLlya Fanasinsvesgunginialawindu 5.2 esmiwaldea

Y

Temreratune

= Sl -
Bl £ {8

JUN 4.23 uansgamgisiuneluiedidesinia1sninasnusy 1,280W legamgil 63.2

NI RIGREG!

d‘ a ¥ A 4 124 1 PN o [} U b4 PN
E‘U‘Vl 4.24 LLamqm‘mﬂm°Ua<1°tmaﬁmmmﬂmmwmaummzuvmimummsamuamauw

v

AENU 1,289W uaziishsinislva 100kg/h
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lusuil 4.25 azuansgaungiivesssuumsinilenisiufuauieuningeu

a

531 2,498W lagazilgamgiisiuneluvedidestinansegn 82.3 ssraaidea uazluudn
4.26 zuansguniveslansinuszuun sinienisiuduauiou Mensnisiva
100kg/h Azviuliingaugiivestnasiinduaingumgiisudu 27 ssrneaideod 10w 33.6

'
aday

BIATALTEE TINAHIVRIUNNTTIA WY 6.6 BsrsaTua

TemrFarat.une

s | r. -
Lea I
Y

JUN 4.25 wansgamgisiuneluvieddesdnaisningsnusy 2,498W legamgil 82.3

NI RIGREG!

d‘ a ¥ A 4 124 1 PN o [} U b4 PN
E‘U‘Vl 4.26 LLamqmwgmawnmiwmumﬂmmmaumaizuumimummsamuamauw

v

fENU 2,498W uazfisasinislva 100kg/h
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Tusudil 4.27 szuansgaumgiivesszuumsmienihiudvaufouiimdanuy
59 3,902W Tagagflgampisumeluviedidosinansegd 108.3 ssrwaidoa wagluzud
4.28 %Ll,amaquﬁmaﬁnmsﬁm"miwuumimﬁmﬁ’rﬁ’mﬁuau%’au fisnsnnnslva
100kg/h aziiulddgunivesinasifiuduangungiizudu 27 ssaneadea lu 353

aday

DIFNTALT LA ‘UQN@GIN‘UENE]ﬂJMﬂlWl’JﬂlﬂWl’]ﬂU 8.3 parLalTed

Temreratuns

1853,

E‘U 4 27 LLﬂﬂQ@mMﬂN’i’JMﬂWEﬂuW@a%aENSUTJﬁ’TiV]ﬂ’]a\‘I\‘I’IUTJJJ 3,902W lmammu 108.3

DIFNTALT U

L
E=Q9E R T=Té’;5 . B

d‘ a ¥ A 4 124 1 PN o ! U b4 PN
E‘U'V] 4.28 LL?IGNQmﬁﬂ“wll@\‘i?]']'l’d'ﬁﬂNWUﬂWiIMﬂ’NiJiE]u@’JEJiB‘U‘Uﬂ']iLWL!EJ'J‘L!’ﬁ'JﬂJﬂ‘UalIi'e]u‘Vl

899U 3,902W uaziignsinsiva 100kg/h
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4.3.2 vedaufisnsnislue 100ke/h wasfitdssunienin 228w

Tusufi 4.29 szuansgaumgiivesszuumsmieihiudvanfouiimanuy
59 1,371W Tngagflgumgiismmeluviodidesinansegd 753 osmiwaidoa wazlugud
4.30 9zuansgangivesdnansituszvumsimisaiswudvaniou fsnsinislva
100kg/h axitilddgmgiinesinanfisduanenmaiusiu 27 ssmwadea Hu 33 osn

wALTEE TINaR1NYRQUNYINInlAIIAY 6 sryaldea

Temrerat.une

= b -

JUN 4.29 wansgamgisiuneluiedidestinia1siiasnusy 1,371W legamgil 75.3

NI RIGREG!

d‘ a ¥ A 4 124 1 PN o [} U b4 PN
E‘U‘Vl 4.30 LLam’qmwgmmaqmaaWiwmumﬂumwmaumaiz‘uumsmummsam‘uamauw

v

a9 1,371W waziisasinislva 100kg/h



49

Iu 5UT 4.31 9zuansgamaiivesszuumsinienihsuivanfeusifdsny
53 2,580W lagazilgamgiisiunieluvedudestinansegn 97.5 ssraaidea uazlugudn

a

nia wnmsLﬁu%umﬂqmmﬁ@mu 27 pamaidua u 34.8

4.32 avLLamamuqﬁm o3t nansfiiuszvunani vnhmdvaufeu Aisniinislva
100kg/h zLiiulainga

osrniwalTya Janasinsvasgumaifinlavindu 7.8 ssmwaldea

JUN 4.31 wansgamgisiungluiedndestnasiidenusy 2,580W lagamai 97.5

NI RIGREG!

i Wlw M |

il
Hi M‘ ﬂ»‘ﬂ

i

,\ b
i il \“}1 ;“

""‘aiu\"“u\m\\
i

fill ‘\‘W“UN ‘

d‘ a ¥ A 4 124 1 PN o [} U b4 PN
E‘U‘Vl 4.32 LLamqmwgmawnmiwmumﬂmmmaumaizuumimummsamuamauw

fENU 2,580W uazfisnsinislva 100kg/h
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Tusui 4.33 azuansgangiivesssuumsinilenisiufuauieuningsu

3
53 3,984W lpgaziloamaiisiunmeluviednioswinaiseyi 123.8 asrnaadod wazlugua

'
a L4 a

100kg/h Azuiuliingaugiivestnasiinduaingumgiisudu 27 esrneaideod 10w 36.4

Y

g
4.34 ruanig vl vesdnarsiniussuunismienissudvansou Adnsnsivag
]

aa

BIFTALTEE TINAH1IVRIQUNNTTIAlAWNY 9.4 asraTea

Y

JUN 4.33 wansgamgisiungluiedndestnasiindenusy 3,984W laaamail 123.8

NI RIGRE!

d‘ a ¥ A 4 124 1 PN o [} U b4 PN
E‘U‘Vl 4.34 LLamqm‘wgmawnmi‘vmmmﬂmmmaummzunmimummsam‘uamauw

v

899U 3,984W uaziignsinsiva 100kg/h
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433 wageufisnsinisiva 100ke/h wazfimndsnuwmienii 360w
Tusufi 4.35 szuansgaumgiivesszuumsmienihiudvasfouiimdanu
591 1,503W Tngazflgamaisiuneluriedidestnansogil 102 sareaidoa uagluzud
4.36 9zuansguniveatnasinuszuunswmisnihsudvaniou snsnnisla
100kg/h a'vLﬁuié”jwamﬂﬁmaa%’nmiLﬁu%umﬂammﬁL’%'méfu 27 srwaided \u 35 a3

\waldyd %QNE‘IGI’N‘U@QE]QJWJW Talawindu 8 esrnwaldus

JUN 4.35 wansgamgisiungluiedidestniarsiniasnusy 1,503W legamgi 102

NI RIGREG!

M- o
Vi M
M‘ Mﬁu'\'\l\ﬂ M\lwl | W ["U il i

d‘ a ¥ d‘ 1 ¥ ¥ ¥ n:l' -] 1 U ¥ n:l'
UM 4.36 LLamammmawnmswmumﬂumwmaumaizuumimummsamuamaw
& 1,503W waziisnsinislva 100ke/h
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Tusudil 4.37 szuansgaumgiivesszuumsmieanihiudvasfouiimdanu
5 2,712W Tagagflgampisumeluviedidosinanseyd 127.8 ssrwaidoa wagluzud
4.38 %Ll,amamuqﬁmaﬁnmsﬁm"mivuumimﬁmﬁ’rﬁ’mﬁuau%’au fisnsnnnslva
100kg/h aziiulddgunivesinasifisduangunadiFudu 27 ssmwadea 10u 36.6

aday

DIFNTALT LA ‘UQN@GIN‘UENE]ﬂJMﬂlWl’JﬂlﬂWl’]ﬂU 9.6 DIFLTALTYE

E‘U 4 37 LLamammmammsﬂwamLaawnmiwmawmm 2,712W lmmmu 127.8

DIFNTALY U

RT =31 8% M

d‘ a ¥ A 4 124 1 PN o [} U b4 PN
E‘U‘Vl 4.38 LL?WNQmﬁﬂ“ll"ll@ﬂ?l']'lﬁ'ﬁ‘ﬂN']‘L!ﬂ']ﬂﬂﬂ')']ﬂi’ﬂu@'miBUUﬂ'ﬁL‘Vi‘LJEJ'J‘L!'ﬁ'JﬂJﬂ‘UalIi'e]‘u‘Vl

MU 2,712W wagiiensinisina 100ke/n
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lusuin 4.39 azuansgangiivesssuumsinilenisiufuauieunigu

Y

53 4,116W lngaziloamaiisiunmeluviedniesinaiseyi 147.5 ssrmigadod wazlugua

Y
4.40 Azuansgun)ivesdiansinuszuun sinienisiuduauiou Mensnisiva

100kg/h Azviuliingaugiivestnasiinduaingumgiisusu 27 esrneaided 10w 37.8

9 Y

'
[ [y

parwaLded FInad1vetunivialanindu 10.8 ssrisadua

JUN 4.39 wansgamgisiuneluedidestiniarsiiingsnusy 4,116W logamgil 147.5

NI RIGREG!

d‘ a ¥ A 4 124 1 PN o [} U b4 PN
E‘U‘Vl 4.40 LL?IGNQm%ﬂ“ll"ll@\‘i?l']'lﬁ'ﬁﬂw']Uﬂ'ﬁi‘ﬁﬂ'ﬂlli’EJUWJEJi?dUUﬂ'ﬁL‘Vi‘LJEJ'J‘L!'ﬁ'JﬂJﬂ‘Ualli'e]u‘Vl

v
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43.4 vegeufisnsinisiva 150ke/h wasfimndsnuwmien 146w

lusuil 4.41 azuansgamiivesssuunmsinilenisiuduauieuningwu

a

53 1,280W lagazilgamgiisiunieluviedidestinansegn 62.2 ssrigaidea uazlugud

9

Y

4.42 vuang vl vesdnarsiniussuun1smienisudvansou A8nsnisivag
]

'
a L4 a

150kg/h azwiuliingaugiivestnasiinduaingaumgiisusu 27 ssaneaided 10w 30.8

Y

pumaLlya Fanad1svesgunginialawindu 3.8 esmwaldua

Y

JUN 4.41 wansgamgisiuneluriedifiesna1sninasnusy 1,280W legamgil 62.2

NI RIGREG!

el Lee 23l

7T cJ

297
Il M nwa
£=n,95 RYT=26 .0%

d‘ a ¥ A 4 124 1 PN o [} U b4 PN
E‘U‘V] 4.42 LLamqmwnﬂmawnmiwmumﬂmmmaummuumsmummsamuamauw

v Ao

AN8991U 1,289W WALNONIINIT VA 150kg/h
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lusuin 4.43 azuansgaungiivesssuumsinilenisiufuauieuningwiu

53 2,498W lagazilgamiiviunieluvedidestinansegn 80.8 ssraaidea uazlugud

o N

4.44 azuansgun)ivesdiansinuszvunsimienisiuduauiou Mansnisiva

a [

150kg/h azuiuliingaugiivestnasiinduaingaumgiisudu 27 ssaneaided 1w 32.2

9 Y

Ao I -

pIFLALTYE Fanasi1avesguuniindalaviniu 5.2 ssrmwaldea

Y

JUN 4.43 uansgamgisiuneluiedidesinia1siiingsnusy 2,498W legamgil 80.8

NI RIGREG!

131122 11131
2 e 46, 8% |
IMin 31 .3%|

UHELHILI |

Il 'nuE;L 1

d‘ a ¥ A 4 124 1 PN o [} U b4 PN
E‘U‘Vl 4.44 LLam’qmmmawnmiwmumﬂmmmaumaizuumsmummsamuamauw

v

fENU 2,498W uazfisasinislva 150kg/h
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lusuil 4.45 azuansgaungiivesssuumsivilenisiuduauieunigsu

531 3,902W lagazilgamgisiunigluieddestnansegi 106 sernvalfed wazlugun

o N

4.46 Azuansgunivesdaniiuszvun simienisiuduauiou Mansnisiva

a [

150kg/h azuiuliingaugiivestnasiiuduaingaumgiisudu 27 esrneaideod 10w 33.4

9 Y

Ao I -

pIFLALTYE Fanari1avesguuniindalaviniu 6.4 ssmwaltea

Y

Temraratunes

16c.8 T

JUN 4.45 wansgamgisiungluiedndestnasiiidenusy 3,902wW lagamall 106

NI RIGRE!

VMWH WW' >"l“"w|’“m; f il
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L

d‘ a ¥ A 4 124 1 PN o [} U b4 PN
E‘U‘Vl 4.46 LLam’qmwgmmaqmaaWiwmumﬂumwmaumaiz‘uumsmummsam‘uamauw

v

899U 3,902W uaziignsinsiva 150kg/h
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435 wageufisnsinisiva 150ke/h wazfimndsnuwmienii 228w

lusuil 4.47 azuansganiivesssuunmsinilenisiuduauseuningiu
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53 1,371W lpgazdgaumiisungluviedniestnatsegn 72 samiwaifea uazlugui

q Y

a v

4.48 ruanig vl vesdarsiniussuun1smienisudvansou Adnsnsivag

Y

150kg/h azuiuliingaugiivestnasiinduaingumgiisudu 27 eseneaideod 10w 31.9

9 Y

'
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BumaLlya Fanadnsvesgaumginialawindu 4.9 ssmiwaldea

JUN 4.47 wansgamgisiungluiedndestnasiiidenusy 1,371W laaamall 72

NI RIGREG!
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@9 .7
Maliiea 1
i U‘

d‘ a ¥ A 4 124 1 PN o [} U b4 PN
E‘U‘Vl 4.48 LLam’qmwgmmaqmaaWiwmumﬂumwmaumaiz‘uumsmummsam‘uamauw

v

AENIU 1,371W waziisasinislva 150kg/h
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lusuin 4.49 azuansgaumiivesssuumsinilenisiufuauiouningu

53 2,580W lagazilgamgiiviuneluvedidestinansegn 96.3 ssraaidea uazluudn

o N

4.50 Azuansgun)ivesdansinuszvun sinienisiuduauiou Mansnisiva

a [

150kg/h Azuiuliingaugiivestnasiinduaingumgiisudu 27 ssrneaideod 10w 33.1

9 Y

'
[ [y

BIFLTALTEE TIHNAR1VRIQUUNTTIIAlIWNY 6.1 asradea

JUN 4.49 uansgamgisiuneluieddesina1siigsnusy 2,580W legamgil 96.3

NI RIGREG!

d‘ a ¥ A 4 124 1 PN o [} U b4 PN
E‘U‘Vl 4.50 LLamqmwgmawnmiwmumﬂmmmaumaizuumimummsamuamauw

v

fE9U 2,580W uaziishsinislva 150kg/h
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Tusufil 4.51 szuansgaumgiivesszuumsmieaihiudvaufouiimdanuy
5 3,984W Tagagflgampisumeluviedidosinansegd 121.3 sswaidoa waglugud
4.52 9zuansgunaiveatnasiniussuunsmisnhsudvaniou snsnnislva
150kg/h aziitilddgmgiinesinanfisduanenmaicusiu 27 ssmwadea [y 35 osen

\wadud Fanarevesau)IIalauiiu 8 asrwaldya

JUN 4.51 wansgamgisiungluriedidestniasinidenusy 3,984W lagamai 121.3

NI RIGREG!
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Vi it ] !
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d‘ a ¥ A 4 124 1 PN o [} U b4 PN
E‘U‘Vl 4.52 LLamqmwgmawnmiwmumﬂwmwmaumsﬁzuumimummsam‘uamauw

189911 3,984W uaziignsinsiva 150kg/h
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4.3.6 vadauNansIN1Tina 150ke/h wasiinassumntieatn 360W
lusuil 4.53 azuansgamgiivesssuunmsinilenisiuduauiouningsiu

53 1,503W lagazilgaumgiisiunigluviedfestnansegi 102 sernwaifed wazluguin

Q"Q e

128157 NIUTEUUNISATE 8711T A VANS AU iomsINI5bna

'
a L4 a

150kg/h Azuiuliingaugiivestnasiinduaingumgiisudu 27 ssrneaideod 10w 33.1

Y

4.50 YUAAID UNHT VDY
Q

BumaLTya Fanadnsvesgumginialawindu 6.1 esmwaldea

Y

JUN 4.53 wansgamgisiungluiedidestnarsinigenuy 1,503W legamgi 102

NI RIGREG!

d‘ a ¥ A 4 124 1 PN o [} U b4 PN
E‘U‘Vl 4.54 LLamqmwgmawnmiwmumﬂmmmaumaizuumimummsamuamauw

v

fENU 1,503W uaziisnsinislva 150kg/h
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lusuin 4.55 azuansgaungiivesssuunmsinilenisiufuauieuningsu

53 2,712W lagazdigaumgisiunigluriedifestnansegn 125 sernwaifed wazluguin

o N

4.56 Azuansgun)ivesdansinuszvun sinienisiuduauiou Mensnisiva

a [
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1. Introduction

Grains Fke wheat, rice, and maize hold a central position
n the global food security framework and economy, serving
as the comerstone of dists and majer commedities in
ntemational trade. Their cultivation and production hawve
far-reaching implications, not only in terms of nutritional
sustenance for the glebal population but also in the context
of environmental sustainabilty. Key challenges in grain
production include efficient water usage and adapting to the
mpacts of climate change. The technological evolution in
agriculture, therefore, plays a pivotal rele in enhancing the
efficency of grain production, making these crops
indispensable in global food systems. In the cycle of grain
production, post-hanvest presarvation emenges as a critical
step for ensuring year-round avalability and preventing
loss. Amaong varous preservation methods, drying stands
out a5 a fundamental process. |t effectively reduces
spoilage, inhibits mold growth, and curtais the development
of toxins before the produce is transformed imto diverse
food products [1-10]. This process is not just about meaisture
removal; it's about safeguarding the quality and safety of
food supplies. The methods employed for drying agricultural
produce are varied, each with its own s=t of benefits and
challenges. Traditional approaches, such as using natural
sunlight, have been commonplace due to their simplicity
and bow cost This method capitalizes on converting the
sun’s heat energy into a means for drying grains [11].
However, its efficacy is highly dependent on weather
conditions, Fmiting its reliability and applicabiity [12]. As
agricultural practices hawe evolved, so hawe the drying

methods. Modem approaches have sought to overcome the
limitations of traditional methods, leading to the exploration
and adoption of altemative technigues. One such method
inwolves wsing heating coils, where electrical energy is used
to heat a coil, which then transfers the heat to the material
to be dried [13]. While effective, this method s not without
its  drawbacks, prmarly is relatively high energy
consumption, which can be a significant factor, especially in
large-scale operations [14] Another technigue is gas
heating. which involves generating heat to ewvaporate
maisture within metals, subsequently fransfemring the heat
to the agricultural produce [15]. This method, while efficient,
necessitates more complex equipment compared to natwral
or coil heating methods and also camies implications due to
combustion [18]. Amidst these vaned techniques, the use of
electromagnetic fields as 3 heat source has emerged as a
modem. innovative approach [17-18]. This technology.
characterized by energy efficiency, safety, and sass of
temperature control, marks a significant advancement in the
field of agricultural produce drying. Cumently, this
technology is employed in two principal forms: induction
heating and dielectric heating [20-27]. The architecture of
energy emitters has evolved, incorporating various designs
for diverse applications [28-34].  Both methods have
gamered attention for their potential to offer sustainable and
efficient altematives to traditional drying technigues.
Induction heating, particularly, has shown promise in drying
processes  [35-36]. Operating on the principle of
electromagnetic induction, this method involves passing an
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atemating current through a cod to create a rapidly
altemating magnetic field. When a conductive material, ke
metal, is placed within this magnetic field, eddy curments are
mnduced within the material. These cuments generate heat
due to the resistance of the material. which is then
transfemed to the swmounding agricultural produce, enabling
efficient and uniform drying.

Dielectric heating. alse known as radio frequency (RF)
or microwave heating, offers a different approach [27). This
process utdizes high-frequency electromagnetic wawves,
typically in the radio frequency or microwave spectrum, to
heat dielectric materials. The waves cause rapid oscillation
of polar molecules, such as water, generating heat through
mtemnal friction and dipole rotation. This method is
particularfy effective for applications requiring even heat
distribution and is highly efficient for guickly heating
materials. Enhancing the efficiency of diglectric heating is a
topic of ongoing research. A promising strategy inwolves
pre-heating the raw materials before they are subjected to
the dieleciric heating process. Research by Melson and
others has shown that increasing the temperature of the
raw matenials can enhance their dislectnc properties, thus
boosting the efficiency of dielectric heating in both
effectiveness and time reduction. The versatility of dielectnc
heating extends fo warous applications  within  the
agricultural sector. ks use is not Emited to the drying of
crops; it also includes pest controd and disinfestation, seed
gemination and sterilization, herbicide actvation, and other
post-harvest processes. These applications are particularly
redevant for maintaining product gquality and safety,
especially in the processing of fruits and vegetables.

Given the significance of these findings. this reseanch
proposes an in-depth investigation into the design of an
nduction heating system, specifically for heating rice, which
has been selected as the sample matenial. The study aims
to evaluate the power levels involved in using hot air in
conpmction with induction heating and compare this with
the use of hot air alone. Furthermore, the research seeks to
assess the heating efficiency at vanous rice flow rates,
employing both simulations of wind flow in rice conweyor
pipes and praciical usage tests.

The methodology employed in this research is detailed
n Section 2, where the sxperimental sefup, including the
induction heating system design and the simulation medels
used, wil be described. Section 3 will present the results
and discussions, elaborating on the findings from beth the
simulations and the actual wsage tests. This section will
also include a comparative analysis of the efficiency of the
heating methods under different operational conditions.
Finally, Section 4 will offer a comprehensive summary of
the research findings, highlighting the implications of these
findings for the agriculbural industry and suggesting areas
for future research.

2. Materials and Methods

This section cutlines the methodology adopted for the
expenmental study, focusing on the design and setup of the
apparatus, the materials used, and the procedures followsd.
The espermental setup is designed to evaluate the
efficiency of induction heating in combination with hot air for
heating rice grains. The entire system is segmented into
three major compenents: the mnduction heating circuit, the
rice fiow pipe. and the hot air blowing mechanism.

Induction Heating Circuit Central to the experiment is
the induction heating circuit, which is engineered fo provide
a wariable power range from a minimum of 100W to a
maximem of 2500W. This wariability allows for a
comprehensive analysis of the effect of different power
levels on the heating process. The heart of this circuit is the

induction coil, mebeulously crafted from a copper wire with a
diameter of 3 mm. This col, constituting 30 tums with a
consistent 3 om spacing betwesn each wire, is strategically
coiled arcund the rice flow pipe. The total inductance of the
coil, caleulated to be approximately B0 uH, is determined
through precise resonance matching caleulations. This
inductance s crtical as it directly influences the efficiency
and effectiveness of the induction heating process.

Rice Flow Pipe Design: The rice flow pipe is ingeniously
designed to facilitate the optimal fiow and heating of rice
grains. It features an interor structure comprising altemating
zigzag flow trowghs, each extending o a length of 15
centimeters. These troughs, comprsing fve panels, are
amanged to guide the nce flow at a 45-degree angle. a
configuration determined to be most efiective based on
preliminary studies. The dimensions of the pipe are carefully
chosen to optimize the heating process — it measures 100
cm i length, 20 cm in width, and & cm in thickness, and is
constructed from 3 mm thick steel. This material choice not
only ensures durability but also plays a wital role in the
induction heating process dus to its conductive properfies.
The upper section of the pipe is concally shaped, sening
as the entry point for the rice. This section includes a
specialized mechanism designad to regulate the descent of
rice inte the pipe, ensuring a consistent and controlled flow.

Hot Air Blowing Mechanism: The hot air system is a
pivotal component of the experimental setup. [t consists of a
blower capable of delivering air at a speed of 16.3 m's. This
air is directed into the lower left entry of the pipe, ensuring
an even distribution of hot air throughout the pipe’s length.
The system is calibrated to operate at three distinct air
temperatures — 40°C, 60°C, and 80°C. These temperatures
comespond o power settings of 1.143W, 2.352W, and
3T56W, respectively. The choice of these specific
temperatre and power seftings allows for a thorough
inwestigation of the impact of different lewvels of hot air
heating on the rice grains.

Expermentation Procedwre: The experimentation
involves adpuesting rice flow rates to 100 kgh, 150 kg'h, and
200 kgh. These wvarations are essential to evaluate the
heat transfer efficency from the hot air to the nce grains
under different flow conditions. Comparative experments
are conducted to assess the temperature merements in the
rice grains when heated solely by the hot air system versus
a combination of hot ar and induction heatng. This
comparative analysis is crucial to understanding the added
value of induction heating in the process.

Induction Heating Power Settings: To analyze the
efficacy of power transfer throwgh induction heating. the
induction heating power s s=t at three different levels -
146W, 22BW, and 380W. These lewels are chosen fo
represent a range of low, medium, and high-power seftings.
providing a comprehensive understanding of how varnying
lewels of induction heating influence the heafing process.
These saftings are mantained consistently across different
rice flow rates to ensure a fair and accurate comparison with
the temperature increments  achieved through  the
standalone haot air system.

21 Induction Heating system.

Induction heating is a fascinating and eficient process
used for heating conductive materals, most commonly
metals. |t refies on the principles of electromagnetic
induction to generate heat directly within the workpiece.
Unlike traditional heating methods, induction heating offers
rapid, confrollable, and localized heating without any
physical contact between the heat sowrce and the material
being heated. The fundamental principle behind induction
heating s Faraday's Law of Electromagnetic induction,
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which states that a changing magnetic field within a cincuit
mnduces a cument in the circuit Mathematically, this is
expressad as0
i o_yd®

dt
Where 5 is the induced electromotive force (EMF) in volis,
M is the number of tums in the col, and dcl’ll"df is the rate
of change of magnefic flux in webers per second.

In an induction heating system, an alternating cument
{AC) flows through a coil, producing a dynamic magnetic
field around it. When a conductive matenial is placed within
this magnetic field, the changing field induces eddy cuments
m the material. According to Lenz’s Law. these currents flow
in such a way as to create their own magnetic field, which
opposes the onginal field. The resistance of the matenal to
the flow of these eddy cuments generates heat, which is
given by Jouks's Law:

2 P=I'R

where P is the power (heat) generated in watts, I is the
induced cument in amperes, and f is the resistance of the
material in ohms.

The efficiency of induction heating is influenced by
seweral factors, including the frequency of the altemating
current. the properties of the material (such as permeability
and resistivity). and the design of the induction ecd. Higher
frequencies can produce more concentrated heating and
are better suited for smaller or thinner materials. The caoil
design also plays a crtical role in determining the
distribution of the magnetic figld and, consequently, the
heating pattermn.

Induction heating has diverse applizations, ranging from
mdustrial forging and melting o domestic  cooking
appliances. lts abilty to provide rapid, controlled, and
efficient heating makes it a waluable technodogy in
numenous felds.

2.3 Heat transfer.

The theory of heat ensrgy transfer to grains
during the hot air drying process is fundamentally based on
the principles of thermodynamics and heat transfer. The
primary mads of heat fransfer in this process s convective
heat transfer, where heat is transferred fom the hot air to
the grains. The basic heat transfer equation that governs
this process is given by:

2 g = -'-'1{1:.r = I,.._]
Where: q is the rate of heat transfer (in watts, 7 ). h is the
convective heat fransfer coefficient (in watts per square
meter per degree Celsius, 177/ p? 50 ) A 5 the surface
area of the grain exposed to the hot air (in square
meters, ;®). Tair is the temperature of the hot air (in
degrees Celsius, =) Tgrain is the temperature of the
grains (in degrees Celsius, *( ).

This equation highlights that the rate of heat transfer
(g} is directly proportional to the temperature difference
between the hot air and the grains (1'_“_ - Iee-'um ) the

surface area of the grains exposed to the hot air, and the
convective heat transfer coefficient.
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Figure 1: Schematic Representaton of the Heating System
Configuration

Key Aspects of the Process:

Convective Heat Transfer. Convective heat transfer is
the primary mechanism through which the hot air transfers
its ensrgy to the grains. The convectve heat transfer
coefficient (4) is influenced by factors such as air veloeity,
properties of the air (Fke viscosity and themmal conductivity).
and the configuration of the grain bed.

Temperature Gradient: The effectiveness of the drying
process depends significantly on the temperature gradient
betws=en the hot air and the grams. A larger temperature
difference typically results in more efficient drying.

Moisture Evaporation: As the grains absorb heat, their
temperature increases, causing the moisture within them to
evaporate. The ensrgy required for this phase change
comes from the heat transfermed from the hot air, which is
used to overcome the latent heat of vaperzation of water.

Grain Properties: The thermal properties of the grains,
including specific heat, thermal conductivity, and density,
affect how heat is absorbed and distributed within the grain.
These properties can vary with the type of grain and its
initial moisture content.

2.4 Sraristical Analysis.

In this research, three replicates of the experiment were
camied ocut, and the gathered data was subjected fo
statistical analysis using 3PS5 Statistics, version 20.0. To
evaluate the statistical disparties among the means of the
various samples, a one-way Analysis of Varance [ANOVA)
was  employed, setting the threshold for statistical
significance at 5%. The study focused on disceming
significant differences in the dielectric properties of the
tested =oil samples, utlizing Fisher's Least Significant
Difference (LSDY) test as the criterion for significance.

3. Results and discussions

In this research, three replicates of the experment were
camied out, and the gathered data was subjected to
=tatistical analysis using SPE5S Statistics, version 20.0. To
evaluate the statistical disparities among the means of the
various samples, 3 one-way Analysis of Variance [ANOWVA)
was employed, sefting the threshold for siatistical
significance at 5%. The study focused on disceming
significant differences in the dielectric properies of the
tested sod samples, utlizing Fisher's Least Significant
Difference (L3DY) test as the criterion for significance.
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3.1 Simulations Result and. Discussions

This research was embarked upon with the primary
objective of augmenting the efficiency of power transfer to
nice grains during ther transit through a delivery pipe.
Recognizing the potential for improvement in this domain,
the study was geared towards exploring wvariows fow
patterns by altering the trough angle within the pipe. This
approach was underpinned by the hypothesis that different
trough angles could significantly influence the heat
exposure and, consequently, the guality of the nce grans
during processing.

To bring this conceptual idea to fruition, SolidWorks —
a state-of-the-art simulation software known for its precision
and wersatiity — was employed. The use of such
sophisticated software was integral to the study, as it
allowed for a detailed and accurate representation of the
airflow dynamics within the pipe, as well as the distribution
of hot air, which is a critical factor in the heating process of
the rice grains.

The investigative process was structured around threes
distinet simulation models. Each of these models was
characterized by a specific rough angle — 35 degrees, 45
degrees, and 55 degrees. This range of angles was chosen
to provide a comprehensive understanding of how varying
degrees of inclination could impact the heating process. To
enswre consistency and reliability in the results, all models
were assessed under uniform operational conditions. These
conditions included a wind speed of 16.2 meters per second
paramaters that are representative of typical ndustrial
settings for rice processing.

The simulation cutcomes, which are wvisually detailed
in Figures 2-4, offered insightful revelations. At 3 35-degree
trough angle, it was observed that the rice grams moved
maost rapidly from the top to the bottom of the pipe. This
quick movemsnt implied that the grains were sxposed o
the least amount of heat While this might ssem
advantageous in preventing owerheating, it also raksed
concems about the grains not receiving adequate heat
treatment, which is essential for cerain guality parametsrs
N rice processing.

In contrast, the simulation model with @ 45-degree
trough angle presented a markedly different scenaric. The
rice grains in this model moved more slowly compared o
the 35-degree model This reduced speed of mowvement
meant that the grains were exposed to the hot air for a
longer durafion, thersby receiwing more effective heat
treatment. This observation was particulary noteworthy as it
suggested that a moderate slowing of the grain movemsant
could enhance the heating process without compromising
the quality of the rice grains.

The meodel with a 55-degree trough angle offered
another perspective. Here, the movement of the rnce grans
was the slowest among the three maodels, leading to the
maximum heat exposure. While, theoretically, this should
hawe been the most effective in terms of heat treatment, the
reality was somewhat different. The profonged exposure to
heat at this angle resulted in damage fo the grains due to
overheating. This finding was critical as it highlighted the
fine balance that neseds to be maintainad in the heating
process — foo litle heat exposure could result in
underprocessing, while too much could cause damage to
the grains. From these obsenations, the study concluded
that the 45-degree trough angle struck the most effectve
balance. This angle facilitated efficient heat exposure while
simultanecusly ensuring that the integrity and quality of the
rice grains were not compromised. Such a balance is not
merely 3 technizal achievement but is of paramount
importance in the context of rice processing industries. It
addresses a crtical need for optimizing enerngy use while
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maintainng. if not enhancing. the quality of the processed
rice.

Furthermare, these findings have broader mplications.
They underscore the importance of precision in the design
and operation of grain processing equipment The study
clearfy demonsirates that even minor adjestments in the
equipment design, such as the angle of the trough, can
hawe significant impacts on the efficiency of the process.
This insight opens up new avenues for imnovation in the
design of grain processing machinery, where efficiency and
quality are pivotal considerations.

The comprehensive analysis of how different trough
angles in a rice delwery pipe affect the efficiency of heat
treatment of rice grains. The optimal angle of 45 degrees
offers a practical solution that balances effective heat
exposure with grain integrity, thereby enhancing the overall
efficiency of the rice conweyance system. These findings
are not only significant for the rice processing industry but
also contribute to the brosder field of agricubtural
processing. where efficiency and product guality are
continually socught-after objectives.

3.2 Experiments Result and Discussions.

This study was pamarly focused on enhancing the
thermal efficency of rice grain processing using a
combination of hot air and induction heating. Set against the
backdrop of warying operational conditions — including
different grain flow rates and power ssttings — the
experimental sefup was meticulously designed to provide
comprehensive insights. The critical findings. presented in
Figures &, 7, and B, shed Bght on the interplay between
power consumption and the resulting temperature increase
n rice grains. These results not only offer a deeper
understanding of the heating process but also suggest ways
to optimize energy use in grain processing.

At a grain flow rate of 100 kgh. the results, as
depicted in Figure §. reveal a notable contrast in heating
efficiency betwesn sole hot air usage and its combination
with induction heating. Specifically. the application of
1,143W of hot air, when supplemented with 148W of
mduction heating. led to a temperature increase of 5.2
degrees Celsius. This enhancemsnt was achieved with
significantly bower total power consumption compared to
using 2.523W of hot air alone, which only achieved a
comparable temperature increase of 5 degress Celsius.
This suggests a marked efficiency mprovement when
ncorporating induction heating, even at its lowest power
setting.
Elevating the grain flow rate to 150 kgh, as shown in
Figure 7. the results followed a similar trend but with a shght
reduction in the temperature incraments. This indicates the
mnfluence of grain flow rate on the heating process. Even at
this higher flow rate, combining hot air with induction
heating remained more enengy-efficient than using hot air
alone. This finding underscores the mportance of
considering flow rates in industrial applications, as it directly
impacts the heating efficiency and energy consumgtion.

Further increasing the grain flow ratz to 200 kg'h,
Figure 8 pressnts an infriguing scenarie. The miial setting
of 1,143W hot air power, complemented with 148W of
nduction heating. led to a temperature rise of 2.7 degrees
Celsius — 3 notable increase from the 1.5 degrees Celsus
achieved with hot air alone. The trend of enhanced
efficiency at higher inducton heating powsrs was
consistent, reinforcing the argument for combining heating
methods. These results also highlight the scalability of this
approach in different operational settings.

The experimentation cleady demonstrates that the
combination of hot air and induction heating is not just a
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viable altemative but a superior method for heating rice
grains. This hybrid approach significantly reduces the total
power requirement while achieving equivalent or higher
tem) increases in the grains. This efficiency gam is
critical, especially in industrial settings where energy costs
and consumption are major considerations. The synergy
betwsen hot air and induction heating seems to produce a
more uniform and effective heating process, which is crecial
fior maintaining grain quality. This finding could be a game-
changer for the rice processing industry, potentially leading
to more sestainable and cost-effective practices.

The grain flow rate emerges as a key factor
influencing the heating eficiency in our experiments. As the
flow rate increases, the effectivensss of the heating
methods appears to fluctuate. This observation is vital for
practical applicabons, as it suggests that optimal settings
may wvary based on operational throughput. Industries
looking to mmplement these findings must consider their
specific grain flow rates to achieve the best balance
befwssen energy consumption and heating efficiency. This
aspect opens up avenues for further research, especially in
exploring the wupper lmits of flow rates and their
comesponding optimal heating conditions.

The implications of this study for the rice processing
industry are substantial. By adopting the combination of hot
air and induction heating. facilties can achiewe higher
efficiency in grain heating while reducing energy costs. The
adaptability of this method to different grain flow rates also
adds to its industrial appeal, offering a flexible solution to
warious eperational scales.

While the stwdy provides insightfl results, it is not
without limitations. Future research could explore a broader
range of grain types and environmental conditons to
validate the universality of these findings. Additionally, long-
term studies on the impact of this heating method on grain
quality would be beneficial.
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The integration of hot air and induction heating presents
a promising adwancement in rice grain processing, offering
enhanced efficiency and ensrgy savings. The results of this
study not only confribute to a better understanding of grain
heating dynamics  but also pave the way for more
sustainable practices in the industry. Continued exploration
in this field is essential to further refine these methods and
extend their application to broader contexts.

4. Conclusions:

This study conclusively demonstrates that 3 45-degree
zigzag rail design within a rice flow pipe signficantly
enhances the heating efficiency of rice grans by optimizing
ot air fiow and energy use. Furthemmare, it establishes that
combining hot air with induction heating is superior to using
hot air alone for rice grain processing. This hybrid
method not only achieves higher tempersture increases
in the grains but also reduces total power consumption,
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Induction heating at a flow rate of 150 kghr.

showeasing a notable improvement in ensrgy efficiency.
The research underscores the importance of adjusting
operational settings, such as grain flow rates, to optimize
heating efficiency and energy consumption, indicating the
need for flexible system design in industrial applications.
The findings mark 3 significant advancement in rice
processing  technelogy, offering a mere  sustainable,
efficient, and cost-efective method that could transform
industry practices. Futwe investigations could further
explore the applicability of these methods to different grain
types and assess the long-term impact on grain quality,
potentially broasdening the scope and impact of this
research in agricultural processing technology. This study's
insights into optimizing nce heating efficiency pave the way
for more sustainable practices in the agricultural sector,
highbighting the mporance of innovative approaches to
improving food processing systems.
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