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Abstract

The development of various dryers to dry paddy still faces a significant problem of high energy
consumption. Therefore, this research objective was to develop an infrared-assisted pneumatic paddy
drying system and study the possibility of reducing the problem. The study consists of 3 methods of
drying paddy, namely: 1) drying paddy by hot air 60°C; 2) drying paddy by hot air 60°C with 50 W
infrared radiation; and 3) Drying paddy with 800 W infrared radiation. In this study, 20 kg of Thai
jasmine 105 paddy with initial moisture content 23%w.b. was dried until 14%w.b. at drying air velocity
and paddy feed of 6 m/s and 8.4 kg/min respectively. The performance of drying was evaluated
based on the drying characteristic curve, drying rate and the specific energy consumption (SEC) of the
developed drying system. The results showed that hot air combined with infrared radiation in drying
had fastest time 220 min in drying. Drying rate of hot air drying and hot air drying combined with
infrared radiation was no statistical difference (p<0.05). The lowest SEC was 14.24 + 0.88 MJ/KS yater

and it was not significantly different (p<0.05) when comparing within all experiment methods.

Keywords: Paddy; Thai jasmine 105 rice; Pneumatic dryer; Infrared

* Corresponding Author. Tel.: +664 4224 766, E-mail Address: krawee@sut.ac.th



RMUTP Research Journal Sciences and Technology, Vol. 18, No. 1 (2024) 107

1. unin

111 Fuidund slufinasvgiafdrdyues
Uszinalng Heluaunisusinauagnisdudua
\nwnsasanvasUszne diuilinizUgnasouaqu
fuftanlnyvesuszna Tudnisudn 2563 neduy
4198118 uRy 3 vaslan Tasfiusinanisaseands
5.72 st [1] sglsinulunmsinwinunineilu
Tamusagiutiugsnadud sddy vaulnedag
Uszaufulamaumnniludulununnsgunds
mafudes Sadadevdniviluaniaunimsasiy
forutuiiazaulualpsrdenudimaiuien
ﬁmm%uqﬂﬁa 24 - 28%w.b. [2] amalvnarAav1i
Tadanisiundessmnansifusnwm Snsanudui
qqsi’qﬁmaﬁanﬁl,mnﬁ’ﬂﬁw{u%’mwiwmiﬁ 3] 44
dymarsdugdlurniuhlmemdontudauand
fwofinzanglanmaunsgIu dwalnuesnave
vrdenlalusaiuasinandnguningiesang
paauey ftumsmuauANT LI TIAenudnIs
Fuiisrdadudeddy amnutuilmnzadlunsidu
SnwidntmiUAenie 14%w.b. asvienoignIsii
%’ﬂwﬂﬁmusﬁmmz@mmwmiaqaéﬁu (4], (5]

Taguiinisussgnalyad osdnsnay
WAUTaE NS B UL INALTIUNITANAZ LA WUUY
fadu indesounnandeniiteslaunsvaeiian
fopdetouumuuanseu Weswnilanuazainly
n13991u 1ndeseulmsriaidlaun 1A3etouuns
LLUULuﬁmlﬁaﬂqmﬂgﬁ (Louisiana State University
vi3e LSU) gmnausouannsolylageia 60°C 6]
\desauunanuungdalat-un anunsolvgumnd
ammyqimyqjaﬁﬁ 140 - 150°C [7] \AS DD UUN
yrFenuuumvzandendoauseulsgnmgiige
f4 80°C [8], [9] FamdnnsvauAevIRTiAILTY
gagniaunluneseuumaazgnaufiueunly

nesauLmnasstulunsouiu eldynvanues

nseuunalaelyausoudenislyndasulunis
amﬁﬁq&mn [10] mmm{h;mmgauﬁ’ummm
ouune fafuienesinisdszynalyndsaiuain
wasduq wilysuiudioannslondnures
9 INADULMILAY B RNUSEANBAIWASYN LT84
Lﬂ%ad@ULLﬁﬂﬁ@ﬁéﬁu

fidsunssadunadonud weanisly
ndsusauluszuvouwns 1 osniinuauti
annsanzanrarseivludetaglalaensdasl
Aoe R EfINaNs ﬁqﬁmiqmlﬁawé’qmﬂﬁﬁ’w
Aanaeuueeyn dwmalminnislyndsnyesi
fjum'w [11], [12], [13] wagnunslesedsunsiem
Tuniseuunsauisaannislatranluniseunns
anauiiaisufuniseuwmensausou [14] fnnsly
wasuansedsunsnsaluniseuuns fanuans
wiln %awudﬁaqﬁmumsauLLﬁaﬁﬂmmwﬁqaLﬁ'a
WgufunIseULYInIBaNsau [15] adla1nvef
FnanFedinsUsvnaladeddunsiaasiuiunis
pULMIMAEUTELAN WY HnsHAumATAnTg
suunsUFentaglungslaeturiniunisunsed
Surlsusanaudu [16] MseuwiwEenlne$ed
Surlsnisn auseuLaznsadesse [17] mslesed
SunssasawAvauseulunisevwnsiiy [18] su
we [19] Ayen [20] iavied [21] wetida [22]
aMT0L0 [23] wAToN [24] NN [25] 6 [26]

waziudndnandle [27] Wusu

1 oL UNSHALINITOULRILUUNHE AL
moemAseulviiUsyanS MRS s uauAeiised
fmq‘dszmﬁfﬁ'%ﬁ’wmmymwmzuuauLL‘VT@LL‘U‘U
wamgauasun1sauniesidsunsisalunis
puLMwIUAendsdinnuuananenaiseinny
wsuRoTanouundlulanseyfuil Inetagiing
asuflnaldiuauseuLinnsEuIuAISNITONEW

o

ANusBULinTuvME Tanasuiiluoauumnedad 2



a

108 21581539 158aL T NS WIEUAT A1Y1INermansuazinalulad U9 18 aduil 1 (2567)

LYAIAIIUTOUADALTDULALNADASIADUNTILIATN SIFUNIITA 3) N15PULNIVUABNAIYSIE
gnindengluneeuune uazdnisnageuauun unsIn WaAnwdadeiiainananginsunis
Plavun 3 Wauly Ao 1) nnseukravinlaanlagley QUM BATINTTOULNG LazANUAUUEDING 991U

ausaU 2) NspuknarIdantaglyauseusiunu Fny

(n)

P2

2dA1 dnosousay L
|
L
adAy Jidnosousiay L

P3

f— 10
4 Infrared

lamp

P1

9

Paddy container

8

Drying column

Screw-feeder = 5

High-pressure} blower

i
| [~ _Electric_hedrer 3kw —
[ 1 e ¥

1 1| 11 ‘

Paddy containe

JUN 1 (n) wHunLATBRULWSLlInAdDU

) LASBID UL UUNINEALLES NN TYINUAIEDUNTUIATTWAUN U



RMUTP Research Journal Sciences and Technology, Vol. 18, No. 1 (2024) 109

2. gunsnluazisnig
2.1 MmswaATaseuwiidAeanuuy
WINLZANLEIUNITINUABBUNTIA
ASDIDULMIT VR NUUN M AIET NS
ﬁwmwﬁuwﬁuW'ﬁLimﬁLLamﬁquﬁ 10 Taglauans
‘mnEJLa‘uﬁﬂﬁ“uLm'asq‘uﬂiaj%aﬂizﬂauiﬂ(;awmal,am
1) Waaua1usugs (Blowen) §1e HITACHI 5 u
VORTEX 419 1.5 KW 2) Buriesinesniunuiinas
AasUgsBe MITSUBISHI 3u E700 3) Sunoslui
YuIA 3 kW 4) 1a3 eenrunuguuniEnines
(Temperature control) §1e BERM iq'u REX-C100 5)
aﬂga"mé‘wﬂyn 6) UOLADITUANTIUIN 0.75 KW 7)
BUID9METATUANLDADIE I HATTEC-GR 8) 1
auLLﬁﬂﬁﬁﬂmﬂviaazm%SﬂsummLgushu@usjﬂmq.m
mm 817 1 1ms 9) FfUr1ILIA 0.40 X 0.50 X
0.80 m® 10) viaenBunlsLsATTAMBVTILIN 1 KW
TneYanideminuvimasadunisisn fe JanuUszuom

q

wsinfifianautinumiusouge Sendndonten
viaoALNIAIENS T9azaosndudunsisnszaznag
oonu (28] fnsthurlsnuumsnanedesanaelu
nsmuA mnusounsutaiuasfundsnud
dve1m 11) a’%m%muamml,alw% (Dimmer Switch)
YA 1.6 KW waw 12) SinosTandsaulvini (Bvo
Mitsubishi g1 MF — 37E) M3y aLueaeieanuiuy
(UM 19) Buaniledafinauanudugs (anoiay 1)
pIMALIRABLINMBLDNIzgAAT UiigaumnT
fignnos unetay 3) aulagamgil 60°C 91niu
IMAgATIgIILgNA NGB IgVIER UL (Maneia

Y Y

8) 119A1UaTIN8lUTNAABUNTUTA (MU1BLEY

v '
a o

10) finsegnsanarsveiiasiuuvadlnanusouuvas
fians Tusoun1sauLrasuInvUdanluduiu

(Muea 9) Agnangaies (munea 5) e

U pFUR AN UaNTaUTITWIN PNTUYIEYN

wWhasgtulUluvesuums (NEaY 8) WIBUAUALTOU

v
LY

uazdudatunnuseuiiesninanvasndusLn
luwsondu Ran1suaniUasueusoud uluvos
UM s nuiEneargnanAseenainios
ouumanifuhiidafiu Ganeay 9) warazgnANdes
vyunilussuuludes 1 wulsanutugemeiedugn

ATTUIUNTTDULIN

2.2 Fnvegau

SlovhnsUszneuinl nseuunaiByTeBLAY
Mntwhmsindasueesingamglemealasly
wiesluduida Type K 9wy 4 sunua (PL - Pa)
wansa 9y Ui 10 lngid sumonuues a
lulasaeulnsaiass Arduino Mega 2560 AT waz

WPSRIABNTIIMDTAILYARG LB TUA LA LARINA

v
a v Ao

TumAfedwuslnlannudaueniaasd
7t 6 m/s (ArwiddunoTAeT 60 H) Farturnui
aufivhlmadarnannsnaest uludmesuunsle
MnmeaeuszUilem uazsammsUsunsdi 7
0.14 kg/s (ruddunesaes 16 Hz) Sudusasdou
fumnzaulumsUeurmivalufuiatuaumaanng
aevtulule mugueamgivesnudentudllygs
{Aunm 60°C ilemuaupamgivesudaniludaiv
wdsnseuunillaniu 45°C Temelnaruaugninn
voswndenvdamseuunila [29], [30], [31], [32),
33) TuynRevlumsnaaey wusmsvagousonid 3
Fouly fio 1) suunsrneniaglvausougungd
60°C 2) suunaymiddentaglvansougungi 60°C
sufudanaendursism 50 Jan @rmniindeves
naoaoy i 70°0) 3) ouunav1nddenlasly
vagABLNIITA 800 Tm (Egquﬁm?iﬂéuamaamag]ﬁ

345°C) safunstvenirgaumgiiaswinasy lngly

Y



a

110 21581539 158aL T NS WIEUAT A1Y1INermansuazinalulad U9 18 aduil 1 (2567)

YFoniuguInenued 105 NHANUTUSUAY

23%w.b. NAaaUATIaE 20 kg awuﬁ&mm%u@ww

EY
o

14%w.b. wavvingeulvas 3 91 napnnIsNAaY

2.3 ﬂ'li‘l]ﬁ%Lﬁuﬁ&liiﬂm%ﬂ'ﬁaULLﬁﬂ
2.3.1 WHANTIUNTTOULAY
miﬂisLﬁquﬁmﬁumiamﬁq%ﬂimﬁu
MAUSIAANTY (Moisture content) Tuwdnu
ﬁamaqmﬂmmﬁ?}{ul,%"myuiﬂauﬁqmm%‘yuq@ﬁwﬁ
ao1n1s Tneluduneunismiarud uluwdna
annsamlnainnisiidaesswdnenn 10 nfaly
FethminneutlUoUnanaunin 281A3 090U
amgauﬁ'qmmqﬁ 105°C vJuaan 24 %4 [34]
ntuhindahudnudseunns wazthaimiin
now - %5&&’16‘5’1‘14’3@141/1’1?%"1LUQ%L%HGT@T]&J%U@W

WJen (Wet basis, %w.b.) ANANNST (1)

Wi-Wy
Wj

M,, = (1)

el M, = a0y a vaitag (Wosiiungiu
WJen, %w.b.)
W; = untnanasniiunu (g)

W, = uwmilnenaudenung (g)

2.3.2 ¥n5IN159ULAS (Drying rate, DR)
8R5IN1TOULNIV1UADNADANUTUNUS
¥99US U luLdnv 1IN anasnasEe=LIa1n1s

QUL F9a11N50AUIlARUNALNSN 2

Wi—-Wrg
t

DR =

e DR = 8R5INITOULNY (KS yater /D)
W; = iwmtnaniaenisueu (g)
W

T ¥ = o ¥
dminvldonndsaunns (g)

2.3.3 AruAuUdemdsnusuwe (Specific
energy consumption, SEC)
Yannslandauandinesini @ve
Mitsubishi s;u MF — 37E) finewnfusinauninusi
a9 Blower) Fainoslun 1 uoines way
WaenBuNsILsA ANLEIFU AU SEC laain

aunnsh 3 [35]

3.6E
Wi—Wg

SEC = (3)

Togt  SEC = mpnnuAuUdomdsnusine
(MJ/KE ater)

E = ndamulviwisvualunssuiunis
a‘umgn (kwh)

3. NaN1sANY/aNUs8NE

3.1 WANTIUNITOULNAY

~8—Heater60C  ——Heater 60C+IRSOW  —e=IR 800 W
2600
24.00
2200
2000
1800
16.00
1400 ----===mmmmsmsmmsmss——————e
1200
1000
8.00
6.00 IR =280 min : :
4.00 T i
200 i |
0.00

Heater + IR = 220 min

HEATER =230 min

MOISTURE CONTENT (%WB)

|
i :
0 30 60 90 120150 180210240 270300330 360390420450
TIME (MIN)

3UN 2 nswdsuudasnuiuiiguiuiaii

PrUNHIOULI 60°C

NOANTTUAITOUUNIUAAIAIEAIUT U0

& . z Y 4
AU (Moisture content) Tuludnv13ianasain
ANuFuEHaUlUuirLTuganIeNnesn1s Ay
7 2 AINHANITNARDINUIINITOURMIYIIUTN
ANT uanatee193IALs Y Gedanunuiainlu
9usnd WUdnv128ANT U USudEe

LLGIﬂ(ﬂ’NﬁUﬂ"IEJIuLLﬂUHa'N‘U’eNLiJé(ﬂiﬂﬂ nanafeLin



RMUTP Research Journal Sciences and Technology, Vol. 18, No. 1 (2024) 111

Moisture gradient g¢ IsilmAnnsseinevasig
R79819590157 [16], [36] wazilaSeuriisuiianlu

v v v

N1IBULNINUIN ﬂ’]iﬂULLMQﬂUSﬁNﬁBUﬁQﬂJﬁQﬁ

v v aAa

60°C 53UAUSIE@DUNTSA 50 Tam L8MIINI5anad

o
o =2

maamwmmmmm%yuqmﬁw 14%w.b. L%Tﬁlqmﬁa
220 W19 5998911AD ﬂﬁaULLJdﬁTwau;@u 60°C
WAy N5ULMIAILSIABUNSLSA 800 YRR Ataan
230 way 280 Uf MUEEU FanuasananInu
flanuaennansiu Afzal wazane [37] FelaAnwn
mseuwmmustasiagly Saddunsusasauiuay
58U NU21E11505 UsEEEIa1lunIseuLala
\foenndsnsdnanannsalvause NI
T anelumdaradonilnudalafunnusou
Wiyaw] fustsnelunazuenudnawalnnisanem

H % o ! A X
ll’)aiﬂﬂf]UﬁLuLiJaﬂﬁJaﬁﬁf]ﬂ'ﬁﬂ']ﬂL‘V]‘V]Li'lﬁllu [38]

3.2 9NIIN1TOUWHS (Drying rate, DR)
nMsMAaetEULRIT AN 3 euly
Lﬁaﬁmimé’m’]msauLLﬂZ@ﬁLLamﬁ"ﬂgUﬁ 3 UM
N15OULMIAIIANT DU BI0819LA 82T 575N
QUWIS 0.612 + 0.009 kg e /h N158ULMSIAETSY
ausauTINAUBUNTLSATSRITINNTOULIS 0.620 +
0.007 kg e /h BAYANSEUWIIMESE Burlssndl

9RTINITOULN 0.501 + 0.007 Kg aer /D

0.700
0612 0.620
0.600
0.500
0.400

0.300

Drying rate (kg/h)

0.200
0.100

0.000

HEATER 60 HEATER 60 + IR 50 IR BOOW

3UN 3 §n51N150ULMITRUIUFRNTIB LAY

FBnsnaneiu

A195°99 1 A1ERIINITOULNS (Drying rate, DR)

Methods DR (Kg water /D)
HEATER 60 0.612 + 0.009°
HEATER 60 + IR 50 W 0.620 + 0.007°
IR 800 W 0.501 + 0.0072°

v o @ § N @ o @ !
NUIYLIG) maﬂw‘smmaaﬂqwﬁumﬂmdﬂﬂuﬂaamulﬁmﬂu ynefian

e

fananuanaeiueiited g iseauanuiiolu 95% (p<0.05).

'
=

Fadunnlaannsevunslagloansousiuiuied
Bunsnsnidnsinseuunsgsiian WeiTsuidioy
funseuunadn 2 Feuly unegndlsinuiion
MIUSsuisuARAEINSEaR Tuanafanisned 1
WU $ATINTOULMIVEIIZNSOULNIN LAY oY
LagIReULNLUUANSaUT AU YIS 1sa Tusiaau

' '
el [ ol

LANAINAUNIEDAT STAUAINU DL U 95% il

o

anaunNa1ulnn1n Sad S urlsnan i ly

v oy
¢ Y A

swfuauseugnluliies 50 Tne Medidesainly

a

posnslnundenlusnfuiigungigina 60°C
Soilvmaondunsisaluinnisundidesnadfud
wszguvniiimasnotadivly awmalndnsinig
suwmsdsliumnansesnaiuladadiooufunis
QUUVIRIDAN3OY Lasdlefi1saInIseuLnInTgY
$eEBuNTusAiBse s BsIMUNIITAsINTE UL
iiian Ao 0.501 + 0.007 kg e /h HeiionaL Y
wszaddeniinandudatudadduiululuvas
LLGU’J‘uaEJEJﬁJUEJWﬂ’lﬁ@'&‘ﬂu%a@ULLﬁ;ﬂJ‘iBﬂQUﬁUng(ﬂ

Y1Udaniivuiadnilawviuassluainiavinlud

Y o v
A Ay v A

NunsuTEuesiuly MNUSEUIINNITHNSIAT N
v e
guanuilienlauey
A15LYSIFDUNS WA LUANTRULMISINAUNNS
wAusausisasniouly geluasnalundnsninig
auuminTueslpddy Feeraiduanmnuain
y L p S
nsleAnuiiauseuineuv1egs esnmedlyly
Asniluvldenwuiuaseluiusinidnay
A aud lWluneviza Uk e n1AT AsWANY

NADABUNTIIANADALIAILAL BIVEINALAAIIUTOU



a

112 21581539 158aL T NS WIEUAT A1Y1INermansuazinalulad U9 18 aduil 1 (2567)

vuiIaendslgungiiginitgungdvesausey
gaydelunie $9dAUTBUTILHBENNIINVADAT
aaldlufandnenilaes1sauy s nannany
49nAA 3N U Sharma wavAmg [38] 71 la¥1N3
UsggnaledadBunsisaniiugnruiunmmieinia
4 lil ' v < v dl '

FRUTINUNNSIYANUTIANTOUNNINAI 2.6 m/s
awmarilminnisszuieainuseu (Cooling effect)

PUSNURIYDILNGLYINIENYDINADADUNT LA

3.3 AMUAUUADINAIIUINNL

(Specific energy consumption, SEC)

defasanluaiuvesmnududomdsay
$umnz (SEQ) lumsnmaosiis 3 Houly Fuane
U 4 wuanniseuuInieauseuLfissosafiead
A1 SEC 14.24 + 0.88 MJ/kg e NN50ULR TR
ausausAUBUNTLIANAT SEC 14.75 + 0.67
MI/KS yater LaYNI5oULNIN 1858 S uNssATTAT
SEC 15.37 + 0.91 MI/KS yyarer

nEan1IMAaeszdunala11A1A21Y
Audomdsudume (SECQ) avgeignidionuuns
AeaAsunsnsaissesnien daddnsnis
ouumaishiign (osnnlyszesnainsouunad
817U %ﬂLﬂumm&ﬂ,ﬁ;ﬁﬂmm?iyumﬁaqwﬁqmuﬁ
24 9998911 D NTOULNIAIBANT BUTITUTIA
Burlsnisn Suflosnandunaserusouasudiia
wavilnefiusnsinisevunsridenuas
awmalnszernanseuumanaadiofisuiuniseu
mefaddunsIsaiBsosfe uavanmefe N3
oULMAEANTOUTA SEC silgnite 14.24 « 0.88
MU/KS yarer WANITOULINAILANTOU UAENITOUUNS
wuvaNsouTNfuBuTuan Silufiaruuananeiy
naad A seduad ey 95% suidoswnain
wsenilaaindsddursusadlesusvauseugn

Tawies 50 Yon Fedadundsnuinussnazenaly

aswaunntnlunisiiugumgiiniseuunenigluve

DU

18.000 15372
14.203 1a750
16.000 I
14.000
12,000
10.000
8.000
6.000

4.000

SEC (MJ/kg water evaporated)

2.000

0.000

HEATER 60 HEATER 60 + IR 50 IR 800W

JUN 4 AnAnuaEuUFenas I Yes

N RUFDNNDULAIAIYITNNTIN9TU

P19 2 AIAUAUUEDINGNUT N (Specific

energy consumption, SEC)

Methods SEC (MJ/KE yeater)
HEATER 60 14.24 + 0.88°
HEATER 60 + IR 50 W 14.75 + 0.67°
IR 800 W 15.37 + 0.91°

v o @ i N @ o @ §
NUIYLIG) M'JE]ﬂ’t‘ﬁﬂ”ﬁ%E)\‘iﬂmﬂﬁLLﬁ]ﬂGINﬂ‘lﬂuﬂE]ﬁlluLﬁEJ’mu ynefean
s

fananuanaeiuesndidudAgyfiseiunuiosiu 95% (p<0.05)

Faaennanifunisiasizunaluiivesnsinig
auw urogslsAmudiorhnisiieuiisuaady
V9Edf uanetanisned 2 wuan Feuunania 3
Gouly selufinuuanarsiunisadansziuaiy
\Weslu 95%

4. d54

9
ANSWALAULUUSYUUB UL UUN VgAY
LS uN15Yaun 28598 s unssaluniseunns
gnAenuavnadeus UL 3 Haulunua
WqﬁﬂssumiauLLﬁﬂﬁfaqLLiﬂﬂmu%uamaa
pneTImsae 3 eulvduulunitlnadeiy e

WSHUBULIAT I UNISOUBKSINUIT A1TDULAIAIEY

AUTDUSIUAUSIADUNT A TTNTIN1TANAIVD



RMUTP Research Journal Sciences and Technology, Vol. 18, No. 1 (2024) 113

AudufenuTuaaTe 14%w.b i§adiande 220
Wit smsnseuundlnglvanseusiuiusunssed
é’mﬁmiamﬁqﬁﬁqmﬁa 0.620 + 0.007 Kg yorer /D
LANNSBULINAIYANSOY LAYNITOULMILUUANS B
safudursuse seluflanuuanaisiunicadan
sEAuAILT ofu 95% @msunl SEC Wul1n1s
puLMBausauTia1 SEC slaafe 14.24 + 0.88
MI/KG e WEEMTBIUT UMD UA RN 9ER AU
F3mseuunais 3 deuly Seludanuuananaiu

o

NADANTTAUAINULTDLU 95%

5. UBLAUBDLUY

INNANISNAABINUIINTOULMINILALS DY
LarNseULMILUUANSaUswAUBuNs e Salud
ALUANANITUeERA Feluauddetunelasiinun
MaMsUFUUTIsERuTRss @B unsusndiaSus Ny
ausoulnilseiuilmnauuasiivedfabau way
Lﬁlllﬂ’]iﬂixLﬁUﬂMﬂ’]W%’]’JﬂﬁdﬂﬁaULLﬂ;{d WioRnw

ANULANANIUBIIDNTOULIT IR IoRB LU

6. NARNSSUUSZNA

vovauAuuIIngIdeinaluladasund

dmsunsatuayuniideluassll

7. 1BNa19919949

[1] A. Pakdeekaew, K.  Treeamnuk and T.
Treeamnuk, “Study of Relationship Between
Electrical Property and Moisture Content of
KHAO DAWK MALI 105 Paddy,” 13th
Conference  of  Electrical  Engineering

Network 2021 (EENET 2021), Rajamongala

University of Technology lanna, Thailand,

2021.

(2]

B.D. De Padua. "Requirements for drying high
moisture content grain in Southeast Asia,
preserving grain quality by aeration and in-
store drying,” Proceedings of International
Seminar, Kuala Lumpur, Malaysia, pp 45-49,
1985.

M. M. Banaszek, T. J. Siebenmorgen, “HEAD
RICE YIELD REDUCTION RATES CAUSED BY
MOISTURE ADSORPTION,” American Society
of Agricultural and Biological

(ASABE), vol. 33, no. 3, pp 1263-1269, 1990.

Engineers

O. R. Kunze and D. L. Calderwood, Systems
for Drying Rice, Drying and Storage of
Agricultural Published by AVI
Publishing

Connecticut, USA pp.381 pp., 1980.

Crops.
company Inc,  Westport,
Ministry of agriculture and Cooperatives,
“Thai agricultural standard TAS 4004-2017
(THAI RICE),” Bangkok: The Agricultural Co-
operative Federation of Thailand (ACFT).

P. Tuaynak, M. Chuchonak, M. Yapha, and P.
Bunyawanichakul, “Review of Development
of Paddy Dried in Industry,” SWU Engineering
Journal (2014), vol. 9(1), pp. 68-74, 2557.

S. Soponronnarit, “Fluidized- Bed Paddy
Drying,” (Science Asia) vol. 25: pp. 51-56,
(1999).

J. Jokkew, “Performance evaluation of
paddy rice pneumatic dryer,” A Thesis
Submitted in Partial Fulfillment of the
Requirements for the Degree of Master of
Engineering  in

Energy  management

Engineering  Suranaree  University  of

Technology. 2016.



114

(9]

(10]

[15]

a

21581539 158aL T NS WIEUAT A1Y1INermansuazinalulad U9 18 aduil 1 (2567)

N. Wongbubpa, K. Treeamnuk and T.
Treeamnuk, “Influence of Drying Air Velocity
Characteristics on Paddy Drying,” RMUTP
Research Journal, vol. 16, no. 1, January-
June 2022.

S.D.F Mihindukulasuriya, H.P.W. Jayasuriya,

Mathematical modeling of

drying
characteristics of chilli in hot air oven and
fluidized bed dryers. Agricultural Engineering
International: CIGR Journal, vol. 15, pp. 154
- 166, 2013.
AS. Ginzburg, “Application of infrared
radiation in food processing,” Chemical and
Process Engineering Series, Leonard Hill,
London. 1969.

C. Sandu, Infrared radiative drying in food
engineering: A process analysis.
Biotechnology Progress, vol. 2, pp. 109 — 119,
(1986).

C. Ratti, and A.S. Mujumdar, Infrared drying.
Handbook of Industrial Drying: Volume 1, 2™
ed., Mujumdar, A.S. (Ed.), Marcel Dekker,
New York, pp. 567-588, 1995.

T. Abe, and T.M. Afzal, “Thin-layer infrared
radiation drying of rough rice,” Journal of
Agricultural Engineering Research, vol. 67,
pp. 289-297, 1997.

F. Niibori, and S. Motoi, “Evaporation of
vegetables used by infrared rays,” Food
Processing, vol. 23, pp. 38 - 42, (1988).

N. Meeso, “Development of Paddy Drying
Combination of

Technique Using

Fluidization and Near-infrared Radiation,”

(21]

full paper, Thailand Science Research and
Innovation (TSRI), 2012.

J. Laohavanich, “Drying of paddy by Infrared
ray, hot air and tempering,” full paper,
Thailand Science Research and Innovation
(TSRI), 2016.

G. Jeevarathinam a,b, R. Pandiselvam ¢, T.
Pandiarajan d, P. Preetha, M. Balakrishnan, V.
Thirupathi and A. Kothakota,

“Infrared

assisted hot air dryer for turmeric
slices:Effect on drying rate and quality
parameters,” LWT (Food Science and
Technology), vol. 144, 2021.

D.I. Onwude, N. Hashim, K. Abdan, R. Janius
and G. Chen, “The effectiveness of

combined infrared and hot-air

drying
strategies for sweet potato,” Journal of Food
Engineering, vol. 241, pp. 75-87, 2019.

C. Chen, I. Wongso, D. Putnam, R. Khir and Z.
Pam, “Effect of hot air and infrared drying on
the retention of cannabidiol and terpenes in
industrial L),”

Industrial Crops & Products, vol. 172, 2021.

hemp (Cannabis sativa
D.G. Praveen Kumar, H. Umesh Hebbar and
M.N. Ramesh, “Suitability of thin layer
models for infrared-hot air-drying of onion
slices,” LWT  (Food
Technology), vol. 39, pp. 700-705, 2006.

H. S. EL-Mesery, R. M. Kamel and R.Z. Emara,

Science  and

“Influence of infrared intensity and air
temperature on energy consumption and
physical quality of dried apple using hybrid
dryer,” Case Studies in Thermal Engineering,

vol. 27, 2021.



[23]

[26]

RMUTP Research Journal Sciences and Technology, Vol. 18, No. 1 (2024)

N. Pothisri, S. Jaturonglamlert, C. Nitatwichit
and C. Warit, “Combined convective and
infrared radiation drying kinetics of Spirogyra
sp.,” The 40™ National Graduate Research
Conference, Thailand, 2016, pp. 325-334.

Z. Geng, M. Torki, M. Kaveh, M. Beigi and X.
Yang, “Characteristics and multi-objective
optimization of carrot dehydration in a
hybrid infrared /hot air dryer,” LWT - Food
Science and Technology, vol. 172, 2022.

Q. Chen, J. Bi, X. Wu, J. Yi, L. Zhou and Y.
Zhou, “Drying kinetics and quality attributes
of jujube (Zizyphus jujuba Miller) slices dried
by hot-air and short- and medium-wave
infrared radiation,” LWT - Food Science and
Technology, vol. 64, pp. 759 — 766, 2015.

H. Umesh Hebbar, KH. Vishwanathan and
MN. Ramesh, “Development of combined
infrared and hot air dryer for vegetables,”
Journal of Food Engineering, vol. 65, pp. 557
- 563, 2004.

G. Jeevarathinam, R. Pandiselvam, T.
Pandiarajan, P. Preetha, M. Balakrishnan, V.
Thirupathi  and  Anjineyulu  Kothakota,
“Infrared assisted hot air dryer for turmeric
slices:Effect on drying rate and quality
LWT - Food Science and
Technology, vol. 144, 2021.

S. A. Aboud, AB. Altemimi, A. R. S. Al-Hilphy,

L. Yi-Chen and F.

parameters,”

Cacciola, “A
Comprehensive Review on Infrared Heating
Applications in Food Processing,” MDPI

Journals, vol. 24, no. 22, pp. 4125, 2019.

[29]

[32]

115

A MULLER, M. T. NUNES, V. MALDANER, P. C.
CORADI, R. S. de MORAES, S. MARTENS, A. F.
LEAL, V. F. PEREIRA and C. K. MARIN, “Rice
Drying, Storage and Processing: Effects of
Post-Harvest Operations on Grain Quality,”
Rice Science, vol. 29, no. 1, pp. 16 - 30, 2022.
S. Khomkaew, “Temperature of
Recirculation batch drying the paddy had an
effect on aroma (2AP), “Srinakharinwirot
University Engineering Journal, vol. 16, no. 3,
pp. 1 -9, 2021.

X. Zheng and V. Lan, “Effects of Drying
Temperature and Moisture Content on Rice
Taste Quality,” Agricultural Engineering
International: the CIGR Ejournal, vol. 10,
2007.

X. Z Zheng and X. D. Zhao, “Calculation of
taste value and study on drying quality of
rice,” Transactions of the Chinese Society of
Agricultural Machinery, vol. 30, pp. 54 — 60,
2000.

C. N. Neuyen and O. R. Kunze, “Fissures
Related to Post-Drying Treatments in Rough
Rice,” Cereal chemistry, vol. 61, no. 1, pp. 63
- 68, 1984.

AOAC, Official Method of Analysis of AOAC
International. Virginia: Association of Official
Analytical Chemists, 1995.

N. Saelim, T. Treeamnuk and K. Treeamnuk,
“Development of a Continuous Flow Paddy
Dryer with Infrared Radial Radiation
Technique,” RMUTP Research Journal, vol.
12, no. 2, Jul.-Dec. 2018.



a

116 21581539 158aL T NS WIEUAT A1Y1INermansuazinalulad U9 18 aduil 1 (2567)

[36] J.Chu, A. Lane, and D. Conklin, “Evaporation
of liquids into their superheated vapors,” Ind
Eng Chem, vol. 53(3), pp. 275 - 280, 1953.

[37] T.M. Afzal, T. Abe, and Y. Hiikida, “Energy and
Quality Aspects during Combined FIR-

Convection Drying of Barley,” International

Journal of Food Engineering, Vol. 42, pp.
177-782, 1999.

G. P. Sharma, R.C Verma, and P. Pathare,
“Mathematical modeling of infrared radiation
thin layer drying of onion slices,” Journal of

Food Engineering; 17(3): 282-286, 2006.



