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Design and Development of a Gasifier-Powered Rotary Paddy Dryer with Automatic Control :
A Case Study of a Community Rice Mill in Nakhon Sawan Province
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Abstract

This research aimed to design and develop a rotary drum dryer for continuous drying using biomass
(rice husk) gasifier energy and an automatic control system to increase drying efficiency and enhance product
quality. A community rice mill in Nakhon Sawan Province was used as a case study. The developed dryer has
a production capacity of 300 kg/h and can precisely control the temperature and humidity of the hot air via a
sensor system and a microcontroller, reducing errors from manual control. Field tests used paddy with an
average initial moisture content of 25-28% whb. The drying temperature was set at 70, 80, 90, and 100 °C and
the hot air flow rate was controlled between 44-97 m3/min. The results showed that the dryer could reduce
the moisture content to a standard level of 14-15% wb within 5-6 hours, with an average drying efficiency of
85-88%, and an average rice husk fuel consumption of 1.2-1.4 kg per kg of dehydrated paddy. This method is
18-22% more economical than LPG compared to manual drying, which has high temperature fluctuations and
lower yield quality. The optimal drying temperature is 90 °C, which balances the standard paddy moisture
reduction of 14% wb and the most efficient fuel consumption rate of 1.2 ke/kg paddy. It increases the whole
kernel proportion by an average of 3-49% compared to traditional drying temperature and humidity control

Keywords: rice dryer, rotary pipe, gasifier, automatic control system, community rice mill
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1. msAnwanmuazdam
frdBonfuiisrinudrunensnsluiiusivaringln sSunevingln Sminuasaassd Tnenguiiogiad
Anwndaduiusiiiudon 2 anewug 1dud Wugdnnonueunya105 wazdniudesiusuenlune Tngthiug
frdenandsiwiinlFldynnaaotetnsas 300 kg Mndurhmadeutuiiiudendlilunmageunuidelnesdey
ftugdFenlieeutulusdanoudiedssouuisdrideniliuAsadinieutiugs (25-28% wh)
2. mseenuuULaTauAtaIsULTiinFenuULYe VU s uLAaT e SeuALS AR
2.1 msaaﬂLLUULﬂ%aaa‘ULLﬁﬁmﬂﬁameﬁamu (Rotary Drum Dryer)
miE]EJﬂLL‘U‘ULﬂ%IENE]ULLﬁQ‘?ﬁ’JLﬁaaﬂLLUUViEmgu (Rotary Drum Dryer) ELusziNLU@%L%wﬁmm%qu?m%’uisaﬁ%’n
yuyudinunsassd Ingltivadelsndvusoidewineniaseulvaniu Ayly yuud way T5e9@ 300 (2562)
Falgoanuuunisseunistndenrhausuudeiiedififdman 300 ke/h uans Figure 1
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Figure 1 Rotating paddle type concurrent flow hot air paddy dryer for community level

2.2 mIsenuuussuuLiatlikeosifomadamna (wnav)

niseonuuuAIIAalrlensandemaiunay dmsuldeuuiinidentiadeifuiautiugdulsdin
yuvu Ingldimadandniedaauuuonidlnaaseiiios fsoonuuuiedosufadlnoosandemamnaudmiuly
puwsduUentidman 300 ke/h Insgumnidunlniiads 850 °C wardnsnisiunavesania 0.03 m3/min uag
dnsnsUaulnay 0.5 kg/min @onrassnusIeauues Aalylazany (2555) ua@ns Figure 2
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Figure 2 Design and test of the gasifier with rice husk as a fuel for drying paddy for community rice mill.

2.3 NIBDNLUUTBUUAIUANSALUIIR (Microcontroller + Sensors ﬁ’m%’ui’mqmmﬁmzmwﬁu)

nseonuuUsTUUmUANSAluTAveslUsIN sz uUaLesnailaf (Arduino) Bufuanniumesinguvgiiuay
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gunsalngIvTaunUseiiana wazdsdaavelnihlugs relay LﬁEﬂ,‘LJmvﬂmm'iv‘mmisuumu@uﬂammau TGEREATIY
muauileuinidonisaenadosiunenures Aylyuazans (2550) wans Figure 3
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Figure 3 Diagram Arduino

3. MTINLAUNITNARDY
a. Fudnnonvouszd 105 uazdmiudlosiugvenlume S1um 300 kg enss
b. &ns1n13Ueu 91U 300 keg/h
. MINAaed 3 4
d. Funalidunasgiunn 1 Faluslunistanrudy
4. mafiuraneaeuieseuLsiIAB LU o UNdIuAET oS mUAN SRR
0.1 fivsheghatrdenautiududu 25-28% wb Mnlssdguaustnevinagln fainuasanssd
4.2 yveaeuiAdseuwisiidenuuuvievsu (Rotary Drum Dryenwdsnuufadluoosarunusnlusia
4.3 yhmseuursdndensheirieseudnidoniiimunszuumunugaumaiifl 70, 80, 90 uay 100 °C
wazenIINTINaTesaNTaU 44-97 m*/ton
4.4 Sufindnaratuduinsgiugag g vn 1 93l wildsefumudunnsgiu 14-15% wb
4.5 ldAieussiudadiuimdununasgiuinlne fesazeuuanin

&
1.M3eenuuUkasiaLAIeteUIsiUEsnuULYe LN suLAaT e fauRuS AR
1.1 a%INLL@%VI@?{@‘ULﬂ%l’e]ﬂé]‘uLLﬁG%’]’JLUﬁ@ﬂLLUUViE]quu (Rotary Drum Dryer)
nsadauagnndeuIAieseuLiUARNLULYBIL (Rotary Drum Dryer) Tuthaosidusemnutiugedns
Tssdinurudminuasanssd Tnsldmadalsninyusieidessinenmadeulyanu aunsoouwiiniudeniiiigs
Handns1dou 5 ke/min vi30 300 kg/h IaevisauivuInAImNeTd 4.5 m LazidunIuALEnaI 0.5 m Lans Figure 4
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Figure 4 Rotating paddle type concurrent flow hot air paddy dryer for community level

1.2 msadauaznaaeuinieufalosianideimaunay

nsaiuazvadouiniaufadllossinidemaunay dwiulfeuuisindentaveiiduiatugdy
Tssdt gy Inglfinednnanfiedunauuvenidlvaasoidos infeufadlnmossandemawnaulnednston
Femnaswnaud 6 kg/min anansaldeuuiednadeniitimdman 300 ke/h Imﬁqmmﬁ%mmlwﬁmﬁﬁ 850 °C uay
gn3nslraresenia 0.03 m3/min wardnsinisteuunau 0.5 kg/min uand Figure 5

Figure 5 Design and test of the gasifier with rice husk as a fuel for drying paddy for community rice mill.

1.3 MsasNuaEnAgeUTEUUAIUANSRLUR (Microcontroller + Sensors dmiuingaumgiuasainuiu)
n13asauaznaaausEUUAIUANERludAvedlusunTuTEULANRINalafa (Arduino) L3uduainguLLe$in
gaunniiuaraudy dedygramelnindandivesalulasaeulnsaaes ietrgamgivasaiuduiinlaain
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LA 70, 80, 90 war 100 °C LardnsInIsavesausau 44-97 m3/ton aonndestunuATevesfisaniuazamy (2557)
naadeukazuilaluunsuvesmsnuaunseuLisiiuden mevdsnifeulusunsnatadu lnedeshnismagoy
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Figure 6 Arduino

1.4 SnsnsduFeademamenaiaseuuisinidenuuurenuilindinuanszuuuiadlessniugu
anlugf

Pnmsdnwmud WeiSeuifisunsldfienasu (LPG) funisliunaurussuuuiatiiessdmniunisouus
f1uden wuhanslidemadiunlduanaaiiogunivesaufoudingsdu Tasdwiunsdldfonsfudy
FoInas ﬁé’mwmsémﬂﬁmL%@Lwaﬁﬁqmmﬁmﬂﬂw 70, 80, 90 wag 100 °C WAy 0.0260, 0.0220, 0.0185 Waz
0.0167 Alandudeflanfudiaden mudidu luraednsdliunaufudemasihussuuufatinions f8nsns
FuFeademdeiigumgiifeafusiniy 0138, 0.117, 0.0984 waw 0.0888 Alansusoflansudiuden mugddu
WeMY Figure 7
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Figure 7 Fuel consumption rate
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9INNISANIMUT STEgIRIUNTS Drying time) Suunluanasilegamgiiniseunisgaiu Tasanain 6.0
Flusefl 70 °C widle 5.0 Falusdl 100 °C BevsFpamgigetesinademenufounasanuTy ilF R UL
u luvasienfu Ussavsnmnnseunis (Drying efficiency) ﬁﬁ%ﬂ'uﬁmé‘ﬂﬁaammqmmﬁ 97 84.5% 1 70 °C 1Ju
88.2% 71 100 °C Ingeinsing « fifidadnes a, b uansfnruumnanaiddoddameada wandiifuingumgiageieia
UsgAn3a1mn15euwie uanasi1esEnine 90-100 °C liuansnsegrsiitoddy dausnsinisldidomas (Fuel
consumption rate) fiuualtiuanasann 1.40 ke/kg 7 70 °C e 1.18 ke/kg 71 100 °C %aasﬁaudwmiamﬁqﬁqmmﬁ
getuansaanmsliideinasiomheimind1idden heussndamdanuuaransiunuld uana Table 1
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Table 1 Drying efficiency and average fuel consumption of rotary tube dryers.

temperature (°C) Drying time (hrs) Drying efficiency (%) Fuel consumption rate (kg/kg)
70 6.0 +0.2 845+05b 1.40 + 0.05 a
80 55+0.1 86.0 + 0.6 ab 1.25+0.04 b
90 52 +0.1 878 +0.7a 1.20 £ 0.03 b
100 5.0+ 0.1 88.2+08a 1.18 £ 0.03 b

2. MINAFBUANNINT1IUFINNEINITOUIAS

2.1 9M3INTOULIAY (Drying rate curve)

mi‘wmaaqauLLﬁqsﬁ'TgLﬂﬁaﬂﬁi’wL‘Dumimsfléfﬁaulmn’ﬁmuquamuw IauA nsAruAuaIenngIu (manual
control) uay N13AuANSATLLRA (automatic control) Tngldgamgfiannmeuusisnas 70-100 °C iloUuaruduves
Frdenan (Eravdeniildldriumseuuiiounisnaaes) anenuTuELdudosas 25-28 wb aunszTinITuLes
Frdenanasvdeusvanadosas 14 wb RASaVE MewALazAnE (2556)

NANITNARBINUTT SRIINTBULTS (Drying rate) vasdiudeniiuualiuananilonanseuuiafiatu Tne
é’mﬂmiafﬂmm%ma?{wia%"ﬂmﬁm%'uqmwgﬁsm 7 uandonasilly uans Figure 8
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Figure 8 Drying rate

2.2 FATNERAIUTINY WASSDUATAIULANSD
DNTEAFIUVINY BALSREATAIIULANSILERAS Table 2

Table 2 Quality of rice after drying and milling

temperature (°C) Moisture after drying(%wb) Drying efficiency (%) Fuel consumption rate (kg/kg)
70 149 +0.2 84.2+06b 158+ 03a
80 147+ 0.2 84.5 + 0.5 ab 155+02b
90 145+ 0.1 85.3+04a 147 +0.2c
100 144 + 0.1 859 +04a 14.1 £ 0.3 bc
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Figure 9 Head Rice Yield (Whole grain %) vs Temperature

2.2.1 dng1dnaut1au (Whole grain proportion / Head rice yield)

nsLARIHANEAT 1L (Whole grain %) wudwuiltuvosdnduddufuduidoguuginisouutsgeduan
70 &4 100 °C Tnon1smuruuUusluAlinanani1nFugInIsmuaNseninnuynTsgamgll AnuuAns1aads
oeffiusranas 2-3% agvioulifiuiszuumugudnluifanmsasnwadosnimesoumniuazanudulusswinenis
ouwaldnd silfdndruisessasianenaraneudomefiinannisunndn dwalilduandnd1iunntu s
aoandostfunsAnunes Wetchacama (et al. 1992) fitnseuaugamnilimnyautisananudomevosudnals
MNMsAaNnT Sandadindingu (%) = dndveandadnidadumdnauysal (sunnvin) vdanszuiuns
8/usn fesnadnetesi (Wesethuindnunnoud Jufuilenw) uans Figure 9

2.2.2 $98a3U19%N (Broken percentage)
nsmluans¥osard1avin (Broken rice %) wuhiuuiliuanaadntosdlogumginseuuiadiuiuain 70 f
100 °C Tngnan1saruusnlugialiadinAninnsaiuausentinnuyndisgamal uandifuinssuuniua
SnlutRanunsnananufunuvesgamniuazanutiulunsruiumssuuis dealiadadnaudenuisessaiiauouay
anenudumelusdaiiiuamgudnvesnmaunndm fufu maldssuumuausaluiRlifissofunuamuandn us
frannsgaidsannisunninveaudaliogisdiussaviam Ssdnnaseaunisiosazdniin (%) = Sevazvoaudn
Fifiumn/iin senafetesin (Sesetmindnuniiend) wans Figure 10
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Figure 10 Broken Rice (%) vs Temperature
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