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Mustafa Yapha. (2016). Industrial Scale Must Flow Paddy Dryer. Doctoral thesis, Ph.D.
(Mechanical Engineering). Bangkok: Graduate School, Srinakharinwirot University.

Advisor Committee: Asst. Prof. Dr. Pracha Bunyawanichakul.

This research studied the effect of reducing moisture in the grain dryers with fresh
paddy must flow device. The design and the building the bed area of the must flow dryer
has dimensions of a width of 2400 mm by a length of 7000 mm. Also, the height of the lift
from top dead center to bottom dead center was set to 50 mm.This machine used the
Powered Gear speed reducer Ratio 5.2 to drive. The hot air temperature during use was at
130, 140, 150, 160 and 170 °C with a constant speed 1.53 m/s pass on the grille of bet
drying. The hot air can pass through striker class paddy from the bottom to top of the drying
bed. It was found that the porosity of paddy hold up drying bed will be consistent across the
board to make the flow of hot air drying more efficient. It was also found that the lift of a
drying nature, the float will cause the behavior of the paddy to move independently and
forward in an orderly manner, which will weight paddy live in conditions hold up 1,033.32 kg
by feed rate of 333.33 kg/min. This rate is most efficient way for drying coarse rice
because the moisture had dried up nearly all of the seeds. The mass of coarse rice
products were higher than 45 g. The white rice products to the head rice yield was over
62% of the electric power used to propel a 41.54 kW by a system which includes
accounting for the consumption of electrical energy in the form of primary energy 476.68
MJ/h. A Husk fuel change was used to create energy by generating wind energy in the form
of heat at 1.756 GJ/h, equivalent to a total primary energy .234 GJ/h. It can evaporate the
moisture content in a paddy, an average of 4565.96 kg water evaporated per hour. It can
estimate the diffusion of moisture in the grain drying paddy must flow, the float will be used
to quantify the specific primary energy was 519.08 MJ/ kg water evaporation. So, in an era
where energy is expensive, it can be concluded that must flow dryer has a drying rate of 20

t/h, suitable for use in the milling industry.

Keywords: Paddy, Coarse Rice, Dryer, Must Flow
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MC, :W;(100%) (%db) (2)
d

mudasAianuausznianeswlonuazanasgueiy aouaasluaunish (3)

MC,= 0.0003(MC,)’ +0.0026(MC,,)° +1.124(MC,,)-0.7435 3)

213 mw%uam;a (The equilibrium moisture content : EMC)
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Wakhwwdedzldnalimeldannzasilag nllganpliuazanudusuiniai Jaganaaz
auanuTuliiuaINe  wIagaduAITUIINEINTA (Adsorption) e Il unawug
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AMUTUNARI “@ANUTUFNGR (Equilibrium Moisture Content : EMC)’ vmizilizqailu
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Q s ¥ g J N a Q '
89717 laTuAMNTUIINeIMATEL g ANNTUANNIZIRBLNUTRATEITHY ANNTY
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o

Relative Humidity: RH (%)
Grains 30 40 50 60 70 80 90 100
Equilibrium Moisture Content : EMC (% wb) at 25 °c

Barley 8.5 9.7 10.8 12.1 13.5 15.8 19.5 26.8
Shelled Maize 8.3 9.8 11.2 12.9 14.0 15.6 19.6 23.8

Paddy 7.9 94 10.8 12.2 13.4 14.8 16.7 -
Milled Rice 9.0 10.3 11.5 12.6 12.8 15.4 18.1 23.6
Sorghum 8.6 9.8 11.0 12.0 13.8 15.8 18.8 21.9
Wheat 8.6 9.7 10.9 11.9 13.6 15.7 18.7 25.6

N37: Brooker et al . (1974) wb = 31@337WTeN
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2.1.41 d@3n13tuUn (BET Equation)
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2.1.4.2 ANNIININGBHVI Henderson, 1952
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1—RH = exp( K(DIEMC) ) (6)
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@131 2 LLﬁ@x‘]ﬁNﬂ'ﬁﬂ’ﬂN%%ﬁﬂJ@]ﬂ"ﬂad LURANT

Year Name Equation Meterials
1871 Kevin 2Vcosd
In(RH)=
R0 Tabs
1918 Langmuir b+P
V=V .
1+bP,
1938 BET P 1 V1) p
V(PVS - PV ) Vm C Vm C PVS
1944 Harkins - Jura e
Il == |=—
P \%
1947 Smith V=P —P, In(1 i RH)
1952 Henderson - =2 —_ n Agri. materials
1—RH= exp( KT,psM ) 9
1961 Haynes n(p, )=P, +P, In(P,_ )+ P, (M) +P, In(p,, ) +P, (P, M) (Com,Wheat, Sorghum,
Fescue,Crimson, Clover
1965 Day - Nelson  |{1— RH:eXp(p1TP2MP3T4 ) Wheat
H —A
1967 Chung-Pfost In(RH): exp(—BM) Corn,Wheat
abs
1967 | Strohman and Yoerger RHIexp[P1 exp(— PZM)In(PS )— P, exp(— P4M)] Wheat
1969 Chen RH=exp[P1 +P, exp(PsM)] Agri. meterials
1969 Nelson et al. M:P1RH+F>2RH2 +P,T+P,RH-T
P2 P4
1972 Chen-Clayton RH:eXp[P1T exp(PsT M)J
1972 Dunstan RTIn(RH) =exp[RT(P, +P,T)—(P,p,TM] Sorghum
1972 | Henderson- Thompson |4 _ RH=expl— P, (T + P, )MP3 Corn,Wheat
1976 Chung-Pfost —P Agri. materials
9 In(RH)=————exp(—P,M) 9
R(P2 + T)
; _ —P1 P3T :
1979 Zuritz RH=1— eXpl_ (1 —T/T, ) (PZM —P, )/ TJ Rough Rice
1980 Sehgal RHIeXp[— (35.912/T'5 )exp(—0.194156|\/I)J Rough Rice
1980 Patranon R. In(RH/(1OO—RH))=P1 +P, +P3M2 +P,T +PMT Rough Rice

#ian: Sehgal (1980)
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2.2.2.2. Vibro Fluidized Bed Dryer
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2.2.2.3. Spouted Fluidized Bed Dryer
dl' v a a%’ A o a AG' 0 3 d'd 1 3

w3adsauuisriiad alisudszininmstisimanuiouilengsannn Tagltawy
el TuaniU 8 auauTa ke AN Luaaaqwa:auu%aagluaﬂﬁﬂunﬂumadumd
dudwang aniawezgnithdrsanuinganenazdaemususiliutdsvasiaquaarild
'Taqaamﬁ'aLﬂﬁauﬁvlﬂmwﬁaamaﬁﬂ'&ﬁﬂuumé’aauvmQ@aaﬂ"lﬂ;jﬁaamuqumsmmﬂmm

Y < o ' A A A a £ PN
L3I NE9T0 9 aNAUNITZNIANAINIAIUEIILAZLARAUA LS LU AU LI LTI NL AT A AN
v Q Q ‘é &/ 1 1 = { U
uuaﬂuﬂhaﬁaﬂaﬂﬂawuﬁaauwaqmmuagﬂuﬂaﬂw%uwuuwbmuﬁﬂgﬂﬂiamaaaaqwﬁaoauu%aa
LmLﬁ@mmzﬂszﬂauéﬁﬂqﬂmtﬁﬂé’ﬂéﬁ@iavlﬂﬁ "g@aﬁ”’maﬁau NARNRINILITINW LEWAZLNTI
895Ut en ﬁaamsaﬁwuﬂﬁaﬂ ﬁaaﬂw@]uﬁﬂmamﬂmﬁaﬂawﬁ”ﬂl,ﬂﬁaﬂ PaITZUEY
') o I3 ' A o ° { o v [ o ' o o
d17aan ﬁaatnuﬂmkmaazﬁﬁannwsﬂﬁawuimﬂﬁW@awazsuauiauaﬂﬂma35ﬁaﬂaﬁwsauuaa
LﬁuLtsoﬁuaulﬁLﬂﬁﬂzqLLNumthﬂseNﬁu%’uiﬂaLﬂﬁanﬁvl,nal,ﬁ’um’;guﬁﬂma ausaund
= o o & o A o A o 0 A % A &

ﬂaﬂausaa:auwalua@mwaLﬂaaﬂlﬁLﬂaaumaTﬂmwumaaaaugmvwwrwﬂWST%amaamwaLﬂaaﬂmu
g:iﬁmuuﬁmm:ﬁammL‘%ﬁﬁiﬁlﬁmﬂuquﬁ LAzLNAAT1UUREN AN ANITNANRINIGIBEN
LL&T’J"Lnamﬁauﬁauﬂszﬁuﬁﬂﬂagﬂuumgﬁuﬁﬂma lumm:ﬁ@mﬁumsauLLﬁaﬁfuaﬁam:Qﬂ
RITNAAIAULFIIN TN INANNTaWUAZAMNTRLWNRATILURaN ntwaNaTwnLAa Lk
ﬁadafuLLﬁaﬁ]zQﬂdﬂﬂ@T’muw,i’}g"lsﬂﬂamﬁamuqmﬂuauﬁm"lsﬂﬁaaﬂ"lﬂﬂ‘amimmﬂ

Tagsay

Triangular Spouted Bed Schemetics

to Duct RespiratoF——

Grain Separator—— ~—— Hopper

Discharge Port

Recycling F’crta-f""'_"

Feed Chute

|_—Upperiain Chamber

/,Lcwerr-;‘.ain Chamber
r/):lcwnccmer

Distributor Plate

Blower—

MwUsznay 12 we3adauwiIatlfaua



20

223 Lﬂéaaauu,ﬁ'oif'mﬂﬁané'ﬂﬂmzﬂ%'u@]mmw

wenanaaTLlaanfidinmseuuioudy uazthluiuinedieasinin
Tuifluszznawmusiwiadndonszdmimeleaunsensmanuawlinsia i dnazdas
ﬂ%’uﬂgammm‘%ﬂumﬁﬂﬁnmﬁaﬂh"‘lﬁmuﬁﬁmu@ Fafarmyauuisninavzuyslen 2

anwmzlng 9asdalUide
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2.2.3.2. Infrared Dryer

lufanssumsenuisthidfenidasnisniuguanuuiiiwiaouiouing
A Aa & o 2. A \ & a A o o = vl
'l,‘ﬁuqmmwmmammﬂmmm%uwmLwamuqummﬂmumnmml‘mamLawa SRV
m‘sﬁmﬁuﬁuﬂswLi(ﬂmlffmuquﬂaaﬁ'umsﬁumm%uné’uLiﬁgjmﬁ@ LATDIAULRAITIAT
ﬂs:nauﬁaﬂgﬂﬂiﬂiﬁﬁnwaﬁamﬂﬁma"lﬂﬁ ﬂﬁﬂdﬂ’]ﬂﬂ&lﬂi:LLﬁvLWW’] AROAAAWAUNILIA
o Y o A ' o A = A o o o A
Wadauuws ndtlantilian tasrzuiudnadfen ddazinannisvinawnasatulaa Wil
ﬂszungﬂdﬂﬂﬂ'@ma@ﬂﬁuﬁumwL‘mﬁﬂﬁl,ﬁ@LﬂuLLaaaiwolummzLamﬁuﬁa:ﬂﬁiamﬁu
AUNIIANTLINENINIR DIV BRI LﬁamﬁcﬂﬁnLﬂﬁaﬂgﬂﬂam"ﬁwmm‘luﬁaaauuﬁaﬁa:
dl' a U L% va =3 U A a & % 1 d? d'd
mmmauauﬂmLsmlmmqwﬂmmmamnLﬂaaﬂ Aatuanuawldlaanusuniln

& o A o < A A @ A o
L&la@]“u’l’sL‘iJaE]ﬂl‘ﬁElaﬂvlﬂﬁmﬂizmm’]u’ﬁuumvl,@m&mﬂ’mu@

ANUTENBU 14 1ATaIaULRIDUNTLTA

% ¥ = .
2.3 qmauuamamﬂmwmmmuﬂaaﬂ (Physical Property of Paddy)

2.31 AAN19N18AINV2ID1) (Physical dimensions of rice)

FANIMUAIN LU AINENT AN ANURMILAZUINIATVRILNRAT Y 2
Lﬂ"&'wuﬂaa‘lﬂmwmmﬁuﬁfmaﬁn "3%'miﬂ§n FANNZHIARDNVDIDNNNA qm%gﬁua:mm%u

= ' & o Q@ A i A A & .

vosndawziiiadduizguiuuuylalnsalala (hygroscopic) Taaziiainuzuat
MululaTIaT9909NA0 AIBWAMNNTWIZTANNFUN BT a1 lnaTanuRGNIINBATNY A
LWAATIY AILEAIIWAITINN 2.3-2.5
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@137149 3 LLﬁ@x‘]“ITQHﬂLﬁ BINUANMNFUNBINIIM BTN UaIT1LlRen

Grain Variety Moisture content Length Width Thickness
(% wb) (10°m) (10°m) (10%)
Paddy Short grain Caloro 10.4-22.6 7.46-7.59 3.46-3.56 2.28-2.39
Medium grain Satum 12-18 7.89-7.98 3.12-3.18 1.96-2.01
Long grain Bluebonnet 12-18 9.68-10.03 2.59-2.69 1.91-1.98

‘ﬁm: Chong-Ho Lee and Do Sup Chung (1995)

AT 4 LEAILUUINRaITIFuEnIURGNIINMsnweasdndaen

Variety Moisture content Length Width Thickness
(%wb) (10°m) (10°m) (10%)
Model” L=a+bMC W=a+bMC T=a+bMC
Short grain Caloro 0482189 a=7318, a = 3.358, a= 2287,
b=122x10°  b=890x10°  b=890x10"
Medium Grain Saturn 32- 1§ a=7747, a =2.842, a=1.842,
b=127x10"  b=762x10" b=89x10"
Long grain Bluebonnet 420 a = 8.941, a = 2.388, a = 1.765,

b=584x10" b=165x10° b=143x10"

L = length, W = width, T = thickness; MC = moisture content.

ﬁm: Chong-Ho Lee and Do Sup Chung (1995)
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@134 5 LEAIUTNO TV T Lﬂﬁ@ﬂﬁiﬁﬁﬂﬂﬂ’]i’?ﬂ LRZINLLUINNDI

Grain Variety Moisture content  Kernel volume Models
(%wb) (10°m?)
Paddy Medium grain Satum 12-18 16.06-19.17 9.7339+0.5097 MC
Long grain Bluebonnet 12-18 18.35-19.66 15.4038+0.2994 MC
Rice Caloro 8.6 21.35 (0.38)
Calrose 9.2 19.71 (0.288)
Hy Mix Early 8.8 17.86 (0.24)

MC = moisture content (%, wb) Numbers in parentheses indicate the standard deviations.
"ﬁm: Chong-Ho Lee and Do Sup Chung (1995)

[ [~ %
2.3.2 @awisznauvadtNanaid
o A A @ . A ' v & '
Tlfanaziisaudsznaunaning 9oesansousielailn 3 dau
A A v & A = 2 Y A o A
1. Unay (Hull, Husk) wIaifeniuiiiaibaiuda S9azegauuangalining
flasnuwatdaluaaananizinaaad A NN WAL a5
& A = A & [% g (% @
2. \lalaludanialudatnanges (Brown Rice) Ysznaudis ayndna
LRSI
3. 1Hhaluaad1 (Endosperm) #IaluaadnI&n3(White Rice)

a9 LLa@ﬂugﬂﬁ 15

4 T PR -
[T ko) wWeuillawan  wnauviauaen Uanswlaan

L |

A e
LUBLGaRn

y A
daién MR

NALTBIREN

mMwisenay 15 LL&@GI@?G&%’]\‘]T a9d1daan

Aw: ﬂa\‘]LﬂH@liaﬂ’Jﬂ‘ﬁ&l, 2544
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2.3.3. A2NAWINNTE (Specific gravity)

ﬂ'ﬂmwmof{hwawaaL;Jﬁ@ﬁm:%uag'ﬁ'umUﬁuﬁ:uazmw%uf%m%'uinLLa:
Fraenaanunissinizezauuulagsning 1.11 B9 1.39 Wratten et al. (1969) Lay
Morita and Singh (1979) Idasuuninaasiiarinmeanugissiwizaastnaenuiasam

1UNag wazen (ﬁdLLﬁ@]GI%@I’]T‘IGﬁ 6

A3 6 LRAIANIAMNTIITUNIZVAIT AT 1ILUREN

Grain Variety Moisture content (%wb) Specific gravity Model

Rice Caloro 8.6 1.36
Calrose 9.2 1.36
Hy Mix Early 8.0 1.39
Hondurus 11.9 1.11°
Wateribune 12.4 1.12°

Paddy Short, Caloro 10.8-21.5 1.299-1.359 1.424-0.00564 MC
Medium, Satum 12-18 1.325-1.374 1.465-0.076 MC
Long, Bluebonnet 12-18 1.384-1.385 1.436-0.0042 MC

‘ﬁlmz Chong-Ho Lee and Do Sup Chung (1995) MC = moiature content (% wb).

2.3.4 AMARWILKK (density : )
, & o a o Ao & o o a & v A
anunnInsniduarudsandrndndusiniunisdtansinisauuiy siau
WukdnaE N1 nndeentdn 2 7he A8 ATNARILUBITILATAINRUILURYIING

(True and bulk density)

ANV (True density : P,)

W ldaNE AT EIBT=RIN1902ad a8 UTHNATVEILNER V19ASIZENI1ANY
RUILUUVILNRANIDRUILVDIAMURW LU mwwmLLuuﬁolﬁﬂu*’ﬁagalumﬁmsw:ﬁ
MIELNANNTEULATNIRENTENWNER Anaaaunldlunsitaaslunseuudsindans A
mlnme‘%omminm"l,@i”mnﬂ’m"ﬂi@ﬂmm%aiﬁﬂmaﬁamnﬂﬁa;gamaammmaﬁiwwaz
ANURILWITIR TN s assuaasluanef 7 dadiuldinsaswulasliuanud
saindsounsnwldahinuuinsasdadulumainmeanunmnuinasslurrsmesnnuin
fitmue  LUUdasTudusuD U aasuaadliifuinanunmuEkaS ez anad wEiny

A & &
NMILNNVBVBININNUDTUY
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AN 7 LRAIAIANRUN LLﬁ%ﬂ%dﬁvLﬁ'ﬂWﬂﬂ’]ia’@m a9dazdlRan

Grain Variety Moisture content True density Models
(%.wb) (kg/m®)
Rice Caloro 8.6 1358.4
Calrose 9.2 1364.8
Hy Mix Early 8.8 1387.2
Paddy Medium 12-18 1324.3-1371.8
Medium 16.5 1395.3
Medium 11.5 1404.9
Long 12-18 1362.9-1384.0
Long 14-22 1027.4-1054.7 1046.1-1.01MC
Long 15.2 1403.3
Long 11.5 1391.1

#iun: Chong-Ho Lee and Do Sup Chung (1995)

MC = moisture content (% wb)

A1AMANRWILUIING (Bulk density values : P,)

mwwmuﬂuﬂsmglﬁﬁui’aqﬁLﬂumﬁ@ﬁmaﬂmsauﬁ'mfluﬂ%mmmﬂ6] w1 Lot
Nndanauszninuadadinemanue SlanaimuadsznaudisdiuneTenuia
wazdINN9TVeITIIN mwwmuuuﬂﬂﬂmzﬁuag’ﬁ'umm%u VUIAVBILNAR (AW
aziBu) unaifunvewEe LAZNITLIT Taom gldenunmuiundsingasdnn - uas
T1fen azviimsianeldaniiznisusauuunaia aslunszurunmseuukiniy
AUILUUYIINGTTAMNEIAYNTIAUARILURITIY AraurwILdulIIngraIdnuay
dralfendiusasluaiii 8
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Grain Variety Moisture content Bulk density Model
(%.wb) (kg/m®)

Rice Caloro 8.6 571.1(1.7)
Calrose 9.2 570.7(6.2)
Hy Mix Early 8.8 591.2(9.3)

Paddy  Short, Caloro 11.24-20.95 632-664 583.6 + 4.27 MC
Short 14-22 - 537.6 + 1.22 MC
Medium, Satum 12-18 598.3-648.3 499.7 + 8.33 MC
Medium 6-28 - 567.2 + 4.13 MC
Medium 13.2 590.0
Long 12-18 585.6-615.1 519.4 + 529 MC
Long 9-11 561.0-598.0
Long 13.5 710.0-780.0
Long 14-22 - 529.2 — 1.105 MC + 0.00955 MC”
Unspecified 12-16 590.0
Unspecified 9.6-25 656.8-752.9
Unspecified - 579
Long. Yobonnet 12-24 480-604

‘ﬁlmz Chong-Ho Lee and Do Sup Chung (1995).

MC = moisture constent (% wb).

Number in parentheses indicate the standard deviations.

2.3.5. A1AANTH (Porosity values : €)

mwwgmﬂumudmﬂ%mmm asanalutasinsnaztdnaaIgInuaIaINIARIe

ARINFINITHINIYIN0TVITEIIN90 0 UTNIATNIRN G mmwgummsnm"l@ﬂ@ 835N1379

Lﬂﬂﬁ?%ﬂ%w’i@liﬂlada’]ﬂ’]ﬂi@l U@]id%%éﬂ@ Hhh) &II@] Ell‘quﬂ'.]’]NE%’&JW%"E?Z%T;’]G@’NNWE% fAINd

AUILUUITIUNATAMNRWILUULIING

ﬂ'waammwguém%’uﬁnéf&LLa@ﬂumsNﬁ 9 mmmwgumam"l,ﬁam ASAE

Wratten et al (1969) LazHhNI8DW 9 @iflmmwgumaﬁnLLazﬁTnLﬂﬁaﬂﬁ]zaglumo T4 46-

& & > ¥ o < ! £ \
60 % (0.45-0.6) mﬁmuagﬂuwuﬁfummm%mawn laanag "Lﬂmmaammwgmwuag

NUANBMENITUTIY IWIAVBITFG ANUWHILLULTINUATANTH LeLhadanadn
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1 J P @ e % ¥ a g; '
PWNLUKLTIN) 9 TUBYALAN AN TLIT) TWIAVBIIRQUATANNTY G9T5% A1BIANUNTI
& e \
Az uWsiTuraInNunwILUNLIINg

@197149 9 LLE\’(@G@IWWJ’]?JW?;W‘IJ a9dMuazdlRan

Grain Variety Moisture content Porosity Model
(%.wb) (%)
Rice Hondurus 11.9 50.4°
Wateribune 12.4 46.5
Paddy Durar 11.4 51.0
Taichung 9.3 52.0
Kalinpong 9.7 54.5
Short 14-22 46.4-47.6 49.7-0.227 MC
Medium 12-18 58.5-53.1 65.6-0.475 MC
Medium 13.2 52.5
Long 12-18 56.9-59.6 69.5-0.885 MC
Long 14-22 48.4-50.8 49.4 + 0.064 MC-0.0099 MC’
Unspecified 12-16 48.0

‘ﬁm: Chong-Ho Lee and Do Sup Chung (1995)

MC = moisture constent (% wb)

2.3.6 ANMNFUNHDITUINWAIANNAMILWKDID RN

Taon2 9 1 AumuLua3s (True density values : Pr) #IaAMARWILIULTING
(Bulk density values : Py,) %:ﬁﬂ?ﬂuﬁwﬁufﬁUQQWN%u (Moisture Content : MC) luanuoue
Fadu w1 laann

p=a+b(MC) 7)

' Aa ' 3
p A ANIRUWILUUITI WIDANURWILUULIING ; kg/m
MC @8 mm%u‘*uaﬁaq - %wb
A ' P
a WAz b Aa A1AIN
mmw;mzﬁmmﬁuﬁufﬁummﬁﬂué’nmmu%aLa?u LA bea1N
€ =a+b(MC) 8)
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AMNFNNUTITRINAANURWILUUITI (D1) ANWRIIUL LN (Pp)aEAMNNIY (€)
P
Pt

2.3.7 ﬂ'l'l&l(?l"lwl’l'mn’lﬂﬁama\‘lmmﬂ(Resistance to Air Flow)
a d' > s 1 153 4:3/ [
wa<muﬂlﬁ‘lumsmu@ummﬂlﬁlmmum@maamamzmuagnugﬂ WUUNT MAaV9
0MA ANFIVDILLA WAL ILFNUANIIMENTWYBILNAG L% WUHD 3UNT YUIAVBILNAR
NNT218 aNNTK U3k wazanauaInITlnidan Au W9 1 TN Y|y
ANURNABTIERINI0IMAN IARKIBULAZANNABAA NN BLAT AT LN RATRAAS 9

@4 LLﬁﬂdl%Eﬂﬁ 16 la Uﬁ'a"lﬂﬁa;ﬂa"lﬁﬁnmuﬁ@ﬁazmﬂLLa:LLﬁ@

m

1.
! N
%‘% Tt
§ \
0.5 ﬁ?q‘? \V#’
0.4 S
. AL g <
WL T
0.3 P 3 d"\ |
LT .
0.2 = o I +
. LT AT LM i‘,./‘9‘5/
g .10 1 rl /q;
E O
1
S “-“‘;
Z 0.0
< o0 - -
0.03

3
S

/¢/ M= MOISTURE CONTENT, % wb

Wal -
i

Il

Srems

il

z -l
0 2.0 3.0 5.0 [[] 20 30 4050 100 200 300 500 000 2000 5000
PRESSURE DROP PER UMIT DEPTH, Pa/m

MNUIZNEU 16 LEAIANNFNNWTIZRINIAINIALAZANNAUIAN KLU
RNIVLURATHAG

q?i&l’]: ASAE (2006) ASAE D272.3 DECO1.

2.3.8 ANUARANTDA (Static pressure drop)

TunseanuuueIssouuiauians sxdaanmudivssanuauaaiiasanmslng
PasamadIniuaiaRTasamanuinen el denwaanfimunzay Hindsw
RAUAUNLINBATINNT MAaTaIa A é’ﬂmm:maaﬁuﬁaLLazgﬁmeaaLﬁ@ Pwauazguuy
289709319 audn e lissianevesTIAWEe ANMUFIVBIUA JUULLVDINITUIY
LLa:ﬁ]"ﬁmumaﬁa@ﬁuq AHINANITNUABANUABAATDINT RN BIURAN TV I A

Brooker et al. (1974) lapawinanudumuasnnuauastiuiuiunmsiudu

€ = € a = = &
°11adLﬂaitsﬁu@maammanar_lmlaama@ Haque et al. (1982) ANBWINANITNUVBDIAINND WY D
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wiaRwhfdonnudunuuesmsivarasaimea wuinenuswsdafiiwuialésusning
MNEaNM5IMava98NMALAZANNTH Hukill and Shedd (1955) leWawuuuiiasatie
P gauawan lut191898031N15 18T8901MA 0.01-020 mls  m> UATWIAIAITIR
Aendaslugumssmiuiwsafizrag v

Haque et al. (1978) waz Chung et al. (1985) latanasunsanuauwaatdulnalu
HoasususaswessamMInarasa e anuduvenuda wasdofifuduasnnuazidoe
POINERA (VWALUER) Siebenmorgen uaz Lindal (1987) lawamuuusasafarimeniny
é’ua@Lﬁaamﬂmﬂmmaamnmw’wmumaa'ﬁnmﬁaﬂLLazi:qiﬁmmSwaammmﬂuﬂﬁﬂ
AnasanNuauan

ASAE Walmaumsiianienanusuansiavasanman lwariwuavastng

o A : P o o o A v [ A
AIRUNIINIO0 ﬂ"lﬂ\‘]'ﬂluawﬂqiﬁqﬁiumqjLﬂaaﬂLLE‘]?’U”I'JIW@@\‘]LL@@GI%@]W?’]\‘]VI 10

2
AP aQ
= (10)
L In(1+bQ)
Wa AP e anwauaasiiag (Pa)
L @8 enugvasiua (m)
Q @8 8anNIMavadannd (m /(s m))
a,b A 1IN asnaasluaisren 2.10
@139 10 WRAIANAIN IUFNNITANVAIUNIUINT MARVBIFNAITN 10
Grain Variety Value of a (Pazszlmg) Value of b Range of Q
(mZEslma) (malmzﬁs)
Rice Long, Brown 2.05 x 104 7.74 0.0055-0.164
Long, Milled 2.18 x 10" 8.34 0.0055-0.164
Medium, Brown 3.49 x 10" 10.9 0.0055-0.164
Medium, Milled 2.90 x 10" 10.6 0.0055-0.164

#isn:  Chony-HO Lee and DO Sup Chung (1995)
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Model Parameter

Value of constants

Q= airflow rate (m3/sm2)
2
In(Q) = a(n AP)” +b In(AP) + ¢ P = Pressure (Pa/m)
Moisture constent (12.8 %wb)
Bed depth (5-30 cm)

P, = static pressure (mmH,0)

D+c
P, =(mD +e)A D = bed depth (cm)
Q = air flow rate (m/min m’)(1-6)
Moisture content (ft)(2-8)
SP= static pressure (Pa/m)
2
SP = A(AF) + B(AF) AF= airflow rate (m’/s m°)(0.0508-0.381)

MC = moisture content (% wb)(11.8-19.5)
FM = % fine material (0-8)

— C(AF)(MC)— D(AF)(MC)

P= pressure drop (Pa/m)
P=V(,F+b,M+b,D+b,V) V =airvelocity (m/s) (0.013-0.387)

F = fines percentage (%) (0-30)

M = moisture content (% wb) (12-24)

D = bulk density (kg/m3) (480-604)

Paddy (long grain)

= -0.031
b =0.92
c =-3.024
Paddy
m = 0.322
=-1.32
D =214
e =-0.0089

Paddy (long grain)
A = 3749.15

B = 8289.97
C=117.12

D = 164.23

Paddy (long grain)
b, = 25.859

b, = -90.056

b, = 5.587

b, = 9133.696

"ﬁm: Chony-HO Lee and DO Sup Cchung (1995)

2.4 amaaliAiBInNIawuasz1lian (Thermal Property of paddy)

v dl e wa v v =) | AI o | dl v = =
mmgmmﬂmmawmmamﬂmama\ﬂl’nLﬂaamﬂummLﬂuma@laamiﬂn‘mm

Tywilumseuudswaemaiuinediadden ludufiazRansmanusaniiwie M

ANNUTAH NIULWINIZTNLANNTOW LR B LTNay LATAINNTaUUBINITTZAY
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2.41 AaNMNTaWINNE (Specific heat)

v o =) a v dlo I3 dl nl a ™
mwmauﬁnL‘V\n:ﬂaﬂimmmﬁmau‘mmLﬂuwiﬂumﬂwuqmﬂ{]waamamama@;
= ' = A =i 2 ' = o ° a o @ A9 o
RIIARUIE ’qumugmﬂaﬂﬂﬂﬁummUaam Ternanutaninwizlanusaguinils

o a v t:ll o v a (=3 t=l J Qs t:ll v ‘:lu‘;‘y
‘lumimmmmﬂmwmmmmuwml%qm%gmaaLuamwmﬂmmumaami Tunay
AT DIANFUNWTIZWINIAIANTAUINNIZUAZANNT Y911 Llagladiniasle

WA ILUUIN0IAILRAI IUATITIN 12

AT 12 LEAIAIAINNTABIUNIZUAITIILAZTNLUREN NEATUNNTaNTUAIN ASAE.

Grain Variety Moisture content (%.wb) Specific heat
(kJ/kg K)
Ricce Shelled 9.8-17.6 1.202 + 0.00381 MC
Milled 10.8-17.4 1.110 + 0.0448 MC
- 10.2-17.0 0.9214 + 0.0545 MC
Paddy Short 11-24 1.532
Medium 10-20 1.691

"ﬁm: Chong-Ho Lee and Do Sup Chung (1995). MC = moisture content (% wb)

2.4.2 @1N15%1AN5% (Thermal conductivity)
a 6 1 1 s 6 o v | s 1 s = 6
nnnguaiioinani Wanduasmmhanusawdudasinlasasnuinadouria
a & U { A YV 1 o v a & 1 o v v
gl Tedaanifldnaadmaianuieuveding Sidmaienusausesintudien
[l [ Jl 1 Q g v
3zaglug24 0.1021-0.1270 W/ m K zuagnusunuiuazanuaugesdny

FUNIN M lunswmeansianusewsesinlfen asuaasluaiien 13

AT 13 UregAMIaNNsantaItLLRen

Grain Variety Moisture content Conductivity Estimation model
(%.wb) (W/m °K) (W/m °K)
Paddy Short 11-24 0.113-0.127 k=0.10000 + 0.00111 MC
Medium 10-20 0.1020-0.1124 k=0.0866 + 0.00133 MC
Medium - - k=0.319+0.479MC/(1+MC)

ﬁm: Chong-Ho Lee and Do Sup Chung (1995) MC = moisture content (%, wb)
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2.4.3 NITUNINTTANYVBIAMNION (Thermal diffusivity)

AIUWINIZANLVBIANNTBURINNTIM e basnTialasasinTalasnisdanannan
MIUIAMNTDU ANNITDUT N LLazmw%mLMumaqﬁa;&a

Wratten et al. (1969) Laz Morita kas Singh (1979) laduimmdrmsunsnszans
2PpIANNTauLadt1Llfen 3 myﬁuﬁf lasldaianuson Aranusaudimie wazanu
‘mmu%umaaiaga wudwhmmwimzmmladmw%awnaaﬁwuﬂﬁaﬂa%ﬂuma 0.0003084-
0.000395 m’/h %aﬁuagﬁumﬁ@(mﬂﬁuﬁ:) LazAN TR Aen Jones et at. (1992) @A
mmwimzmwaam’m%aumao“fmLﬂﬁaﬂagluma 0.0003600-0.0003852 m/h %oij}uagﬁu
mw%uua:mﬁwmLLﬂuﬂiﬁﬂgmaa"ﬁnmﬁan ATNILWINTZANLVBINIINTOULDIT1IAY

LRAIIUANI 14

TN 14 LRAIATMIUNINIZINBVBIANNTDUVBINBITIIUEZTLLREN

Grain Variety Moisture content Diffusivity” (mzlh)
(%.wb)
Paddy Short 10-20 0.000451-0.00000585MC
Medium 10-20 0.000468+0.00000897MC

ﬁm: Chong-Ho Lee and Do Sup Chung (1995).

MC = moisture content (% wb)

2.4.4 ANNTOWVBINITILINEY (Heat of vaporization)

ANMUTIUVDINITIEIRY  wENeEe anuTendllunsilfsusniuzasg1sann
°uaammlﬁl,ﬂuvlaﬁqmugﬁuazmmé’umﬁ FWSUMITEIREI I NN BRI AL 0L e
VL@"T%’UWé”qamiugﬂmaqmm%famw]waamsizmy IR UURAITINI TRV I E AR
ﬁua%iﬁ'um’m%uua:qmﬁgﬁ LLa:fﬂzﬁ@hmﬂﬂd’m’nﬁauuﬁlwaaﬂ’liizmwaoﬁwﬁa%imm
5a5: lasawzfiowdaiuianudiue ﬁwmm%uuazqmﬁgﬁma@mﬁ@ﬁ@h@in@hmwﬁau
meaamﬁzmmzﬁmga FnTuT I Fand1anuTeundsasnITsRAauTuuas
a6 g aouansluenef 15
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AT 15 URAIANANNTEWULAIVBINTIZMEVBIT1LLUREN Brooker et al. (1974)

ANNTBUILHITBINNTIZINY (Latent Heat of vaporization) ; kJ/kg

Qm‘ﬁgﬁ Cc) ﬁqﬁagamqamg AT (Moisture Content) ; % wb
(free Water) 14 16 18 20 22
25 2,443 2,605 2,518 2,483 2,464 2,453
30 2,431 2,593 2,506 2,471 2,452 2,441
35 2,419 2,580 2,493 2,458 2,440 2,429
40 2,407 2,567 2,482 2,447 2,428 2,417
45 2,395 2,555 2,469 2,434 2,416 2,405
50 2,383 2,542 2,456 2,422 2,404 2,393
55 2,371 2,529 2,444 2,410 2,391 2,381
60 2,359 2,516 2,432 2,398 2,379 2,369

FUMIFIATUA WA AN TDUUNIYDINITIZL ALY aaﬁ,ﬂwﬁn wenm ldan

(@16 Tanmsmana, 2535)

o (-21.733 MC)
hfg = hfg (1 + 2.496 exp )

(11)
{ ! ' (% & @
Wa  h, fe eianuTeuudsainsszisvasihludniilfen ;o (kdkg)

= ' ¥ 3’ A [l 1 a
h fa ﬂ']ﬂ’J’]&liE]%LLNxﬂlE]x‘]ﬂ’li?zL%F.l”llﬂx‘l%’]'ﬂa%laﬂ'mﬂﬁiz; (kJ/kg)

= 2502-2.386 T
MC @8 anuTuvadinlfen ; (% wb)
T fe ganndl; (C)

2.5 NSANYNANNITDWLALNIA (FNTIR Tanmsmqw§, 2535)
2.5.1 MIIYNANNION
ﬂ'%mmmsmstmm%aumaaqm%{]ﬁfﬁmaa"l,mﬁu‘%nmmaummfuﬁqmﬂgﬁga
nivasuaavaduds AnuiausztisnINLTN Mo LLIAFLSII MR INAATaILTS N3
AnemauTanUII MRl T uuuunTiANTa % %aLﬂuvLﬂmmgmaa Fourier

A
fd
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dT

q=—kA— (12)
dx

2 AATINITNUNANNTO

fa smwnTinaNNTanaIad lna

=\

f

3] aqmvmu ﬁmaamaavlma

NMSENUNANNT AN UATEN LU UIALITER IV ULUATINANUN LRV

%] = I~ o'/ d' v ~ Vo
lwa ummﬂuLﬂuaumimvlﬂmaaizuuwmmiaumﬂmaaLLmqgﬂwwvlﬂluﬂi:LLamaa"l,%a"l,mﬁ
q=hA(T,, —T.) (13)

{ o A £ %
Wa h @8 suUsEENTAMINIANNIa

A Aada & =
T, @@ qm%ﬂu&lﬂwjmﬂﬂLNﬂ@mﬂdLLm@
A

Ty 70 2RAANTZURVDI 1S

q U

2.5.2 AMTAYNNIAFS

ﬂ%mmmimaJmmaﬁ?uaiau%ua;Jiﬁ'umwmhaﬁ'ﬂﬁmaamwmﬁwﬁmadmi Alad
anudutwinanitfaznszansldwiadumaeluiifienududuioonit S nnguains
mﬁm@mammmsmﬁslul,ﬂuaums"lﬁ

. dM  d(RH)
m =——=m.—— (14)
dL dL

] (2 ]
oA a v

\ie m e amﬂmivlmmaamamawumaamuﬂﬁaﬂ

v '
o A =

I‘hf fa amnmsvl:vsamaama@iawumaammﬂ%u

Y

)Y

M fa USNa VT

A o o ¢

RH fa ANMUDTURUANNDTUIDINIA

D

)Y

v

L fa ANNYMIRBIDLUAY
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NTAULAILULTHLIIRNIEDINTEUIWNITAL LAY aomﬁwﬁnmwﬁmzé’w NENL

amanltluniseuuiinieldBenlavesnsauuisnsilae g maluiuavesnsauursuuy

& @ : s @ a & A o
TUUII I‘ﬁ‘WllEl\‘iﬂ’ﬁa‘ﬂLL‘ﬂd‘ﬂZﬁﬂ’]’]M%%ﬁﬂ’l’]ﬂ’)’m%%ﬂ“ﬂGGL‘LI@ PINNIDURAIISENAGILLALIN AU

AWNITSNINWLLA é’dLLamlugﬂﬁ 17

NMINAIWIFUNIIVBINTOLUAIULUTUUNG 99 LLﬁ@Gl%@]”ﬁ”ldﬁ 16

G134 16 LEAIFIUNIIVAINIDUUAIULLTUUN

Name of model

Model equation

Reference

Lewis

Henderson and pabis

Logarithmic

Two term

Modified Henderson
and Pabis

Two term exponential

Diffusion approach
Verma et al.

Page

Modified Page
Midilli et al.

Wang and Singh

Quasi-stationary

Teter

(—kt)

MR=a exp(_kt)

MR = exp

MR=a exp(_kt) +c

MR=a exp(_k1t) +b exp(_kzt)

MR=aexp " +bexp' ' +c exp( =)

MR=aexp. " +(1—a)exp

MR=aexp 4 (1—a)exp "

MR=a exp(_kt) +(1—a) exp(_gt)

n
MR = exp( R

n
MR = exp( ()

n

MR = aexp(_kt )+ bt

MR =1+ at + bt
1

MR =
‘H—(t/x)y )

MR = exp(_x*tY)

X =0.026 - 0.0045RH + 0.01215T

Y = 0.013362 + 0.194RH - 0.000177RH’ +
0.009468T

Lewis (1921)

Henderson and
pabis(1969)

Chadra and Singh(1995)

Henderson and
pabis(1974)
Karathanos (1999)

Sharaf-Elden et al. (1980)

Yaldiz and Ertekin (2001)
Verma et al. (1985)

Page (1949)

Overhults et al. (1973)
Midilli et al. (2002)

Wang and Singh (1978)
Kudra and Efremov
(2003)

Teter (1987)

ﬁm: Oktay Hacihafizoglu et al. (2008) , Khanali et al. (2012)
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A 4
NIAADUNVBIDINA

Tt )/

(Dried zone)

MWUIENaY 17 LRAINIIDLURITULNY

S A L

2.7 IWIAVYNLNYIVDY

WS BT a9 UNTLUAINNITAALTUN AN U DIHANE AN NN TINBATA S
ﬂ'%mmmw%m‘%uﬁuqa VL@Tﬁmi?mmL%ﬁLmﬂzﬁuau%dmaaﬂugﬂmem6] Ariuand
w398 1aNIN1T00NLUUNARILAZALATISARIANUTNA BT A9 9 V893 Tn1TaaLTu o
AMUTUHAKRRANIINITINEAT ﬁgﬂummqwﬁLmzﬂﬁﬁammsnﬂi:qnmﬁlfﬁmm%ﬂm%a
DARINNITY w%auﬁaﬁmuﬂ’%wLﬁwﬁu?’%msaammﬁmmu%‘ue} temaumanzanln
My lulgnn s‘fiammina;ﬂvlﬁ Jusaay

M.,Yapha (1994) VL@TaammuLLa:maauLﬂ‘%laoaml,ﬁﬁnLﬂﬁammuwgﬁ%sﬁm@
LLUU@iaLﬁaamuﬂ@ﬁuLLuuﬁ%m‘?uq@]m%ﬂﬁuﬁﬁﬁﬁammﬁ@ 1 th #Ensdsuanmasan
navanldlvgl smunsnauuisannnuiunrestnddenduduan  45%db)  Miiwae
mm%uq@ﬁw 24%(db) I@ﬂﬁﬁnmﬁaﬂwnmagluﬁaaamﬁomuﬂizmm 3wl Tinlg
daladiuadifangs 11 cm anuinszugaimeaian 1.9 mis  dasnTinazasainie
3911 0.86 m/s sanmIdpuermasounauanltlnailszanm 66.4% IFgmungiilunis
suustdanlutasUszunm 100-120 °c ldiasinin 6,559 W 14 aiwasdies 5.73
L/h ﬁmwﬁwmﬂﬁaowﬁamuﬂgugﬁ 270 MJ/h

S.,Soponronnarit et al. (1995) leaeduuuuiaiasauuitadonfisisnnuiu
qﬂmmaﬁaﬂg'ﬁ@%eﬁm@aLhwiaLﬁawﬁ@mmﬁ"lmmwuaz FUNTARAAINN UV DS
FrU8aniSuduan 45 %db Wmﬁamm%uq@ﬁm 24 %db  laglwinfenagluias
AUUAIWIH 3 min gaunniiluniseuuisdralfanaglugas 100-120 °C augIzes
Frndfen 11 cm sammsluazasenmason 0.86 m'/s aNSIVaIANNAIMAToUlURD
auuRIT1d[en 1.9 mis wudwszuuﬁnmvl,@?amaﬁﬂszﬁﬂ%mwLLaz@mmwmaoﬁn LT

v I3 3 AN ea & = &
VIWANLNAG LLRSAITNDIY YIVL@NLﬂaiLT%@]EN
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S.Wetchacama et al. (2000) 'l&panuuy &319 URTNAROU GWLULLAIDIOUURS
°iT'nLﬂﬁaﬂw;;}a@]"l,@éfm@Lmtué?uazl,ﬁauﬁﬁmmmmmlumsauLLﬁa 25-5 th Uazae
anuzuldan 28 to 23% (db) fAisamitlaudtn 4821 kg/h

Chaiyong Taechapairoj et al. (2003) lavimssuusistnadaendasiasasauuns
WQS@VL@GELU@IQUlﬂaﬁ’lﬁlgﬂma%ﬁﬂ Saduwuwamslndfiazdnaununuiuuumsldaimeaion
Tumsauuds  nalnasmssnsmasdmiumssuwitstndanlugisuasnnuiududs
W39 25 - 44.5% db azgﬂmqu‘[mmsmﬁ'auﬁmaomm%umﬂlumﬁ@ wazldgung
Bnslimuwidsasusugasetunamanaaniivesanudumelmuie  windieesvesns
auLLﬁw:Lﬂuﬂoﬁfmaaqm%nﬂﬁuazmmgwaaLﬁm WUINT LG EAR Id NN To LA
I@ﬂlﬂaﬁ’]sgﬂLﬂa%%mxﬁgﬁulumwaamm%uq@ﬁ’]aﬁﬂ’ha"fuuazﬁ@hgan’hﬁ"lﬁa’mmi
AULAIGILANTD Lﬁa%'ﬂm‘*ﬁnLﬁuLuﬁcﬂ"uaLLu:ﬁﬁanLﬂﬁaﬂﬁﬁmm%ugﬂajmmuLL'ﬁﬂﬁ
ANUBUGINT 18 % db.

Adnan Topuz et al. (2004) "L@TﬁﬂmL”‘Eamaaman%aé‘aLawaam‘sauuﬁumquS@
lafluauost gy laga 9L aInIInBarEaIfnUNIII80INsENsINANN
%auuazmaLLUU"L&iﬂaﬁluﬂniauLLﬁaLLUUWQSQVL@%wwmﬁaLaLsﬁaﬁmLaz"L@Taﬁ”nm’%f'ad
auuisuuungdaladiuaszauiesy juans Lﬁ'aﬁﬂmﬁaﬁﬂ%wamaaqmugﬁLLazmmL%a
maammﬂﬁﬁwa@iaquﬁﬂmmwaomsauLLﬁaﬁ"aLaLsﬁaﬁfﬂ INNMSANEANLINNENIZIS U
YRINITOU LAY é’mwmiauLLﬁw:ﬁmqamﬂLﬁaamﬂmmﬁuﬁﬁuﬁaﬁ@hga agnglsAany
S AN TOUUAIZANRIY AT T M TIEA I VIR NV WAR

Garnavi et al. (2006) "L@Tﬁiﬁaaol,%aé";LammaaLﬂ‘%laoauLLﬁaLLuuwgaﬂ"L@éﬁm@ ﬁa%iuu
ﬁ'yugmmaamwﬁaaaLWammn"mﬁ@WQE@"L@‘fLsn%'u PNMILAT YR NTIARUNLIIANLT)
YOIUNRIOW qmmﬂﬁﬁmoLﬁwamﬁ"aﬁl"ﬁauuﬁa ANUTUTUANS PINAVBIDBNIAUAZLIN
wasflglunsauuds sxiinadanszuanaasnsauuRs Waflaanisiiaesautsniinluls
funuusasisuadldsmevasesednauald wuirvwevesnesedsuslasauaiy
§909LUA

Abhay Kr et al. (2006) l@finu é’ﬂwmzmi@ﬂsﬁ'm{waaﬂ]’nuﬁaﬂ TIINRDI LA
Lmauﬁﬁms‘i’@ﬁqm%nﬂﬁmmﬁ’]mﬂma 30 fiv 60°C  wudwnaudugdassadianylu
m:mumi@@eﬁ'm{waa‘*ﬁnﬂé’ao wazfanuinsanaasnnuiulwu izt fuduiunisda
maaqmﬂgﬁm‘*ﬁuﬁ

Hideo INABA (2007) ¥nm3finBANANIZNUUaINITINSINANNTanLazaafiilse
ﬂi:%ﬂ%mwmaamiauLLﬁ’aLLUUW@MWELU@I@w‘hmiﬁﬂmama:'ﬁuwmmumﬁwﬂﬁ
LANNZRY luﬂ’lsﬁLm’lzﬁazl‘ﬁa@;aawﬁ@ﬁLmﬂ@mﬁu fadnmauazdilne wuudiasd

6

s {g Y v U d' d' U d' a
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Wansznuveslalaslawlng (hydrodynamics) uwazanazmamailulawiindidu amngil
28401MANMITN anuTuGudn ldinsliensdnansznuzesdieeyFofuazidluad
AaA A a o - @ ° A o £ AV o o A
AildayszantamnnasnuuazianiasilaslfuuuiaeNnawdn  Naf ldanuuudiaedn
FNMINAMFEAARBINUNAN [INNMINARES

P.,Bunyawanichakul al et. (2007) la@nmsnsauwisdniilfenluiadasauuin
o v { 1 v 1 2 a J U L >
sudpsmoauniimitoimanuiowuszaiaszniuiaseunazaymaiialuniounununs
putglusznininmsauuwds lagldmsaugauisusznasnuieasiounuiiaedzainis

v o d aAa =) = 1 1 ¥ =3

AULRIIUITAUNAMIMARIINAVR LA waLALUAATBINMTUNINITINBVRIANNTUNEIWILES
% A A % 1 A o 6 £ A v A A o v
frfen  sunsnldazedluzlvessumadsayiutaniny liiduduusli55anaun
sumMaaAnsmMInizszainNTwuazamnIzesniadiilfanuaznizusenaasa

ANNENLAS DI UURY I@ﬂﬁmimwﬁawamwwaoé’mwmﬂmmaammmﬁ’nwwzs‘ﬁaﬁuag
ﬁumm@Lﬁumg{uﬁﬂmuﬂ%wuLLﬁa sammitlontnawasn wazanuiiomeainasnig
Naﬂizwmiamw%uq@ﬁm wazamnnivaduand1itdfenuaznIzugennia wuin
é’mwmummm‘hLWﬁ:azLﬁlwﬁuﬁumiLﬁwawm@LﬁumuﬂuﬁﬂmwaaLﬂéaaauuﬁma:
ANNEITIN AR lunsassiuineg sasdiuenmeaszaziiuduiiasasinis
foutidfaenanss mﬂﬁuﬁumaaé'mﬁdmmaammﬂ%ﬁnquzﬁfﬂz"ﬁamﬁ'uqmﬁnﬂﬁmaammﬂ
ﬁaﬂn:aw@;aﬁm(Teq) LLazts'mwalﬁé’mwmmwimzahmaomm%ugaﬂiwmﬂumﬁ@
dwden  Gasi 5@13’17‘!’1‘5@11LLﬁdﬁ]zLﬁlﬂJ%uLﬁa‘n‘m@Lﬁuﬂhuﬂuﬁﬂﬂﬁuﬂ%adauLLﬁGLLat
anuSanmeafimaduiindn lwaseisannnstlowdinidionanss  uaswuILULaasf

% c? 3; o v v v A d‘ v n‘ 13 = v v 1 ]
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2 v
v v

¥ ¥ o dl v o ¥ 1 =3 v A dl o dl A ] v
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Oktay Hacihafizoglu et al. (2008) l@lE@aNVBIRDAINATIEHDIANUANIZFNVD
UUUINNDIG9) °11admiauLLﬁa“ﬁp’umaé’nﬁ%'uﬁ’nL;Jﬁ@ma*ﬁl"l,@ﬁ’ﬁﬁﬁ'@ummua’aﬁau%ﬁﬂﬁ lag
ﬁﬁ§wﬂszﬁﬂ§1uLLuuﬁﬂaaam"lﬁmnam’szﬁqmﬂgﬁmaammﬂﬁ‘lﬂummmﬁa 40 ° C, 45 °
C, 50 ° C, 55 ° C WAz 60 ° C WazdAMIIAa284a1Me 3 1.5 m/s WAz 3.0 m/s
UEAU HasWEn leugasltiAniuusaesues Midili et al Lﬂw,mm‘imaoﬁmw’]zawﬁq@
FMUM UL It a9 anwasmsiAuifisy wenanit uuusaesfiinniined
g0967 1 WLULSIa9189 Page Uay wUUSaanidndiaessudluiuuiiassues Verma
et al ez wuudiaasvasmiuwinszansazlianugndasniuuudaasduisag 61
§u132ANT a uar b enaudszANINTanLAT k uaz aanglwus n luuuusiaasues Midil

et al. Lﬂuﬂaﬁ%’umaaqm‘vx{]ﬁLLa:mmL%maammﬂ‘ﬁlﬁumsauLLﬁa
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Sebastien Janas et al. (2010) "Lﬁ?iﬂmmim:mwaaqm%gﬁuazmw%ﬂumﬁ@
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B. fwnIudnlfangariatuaasiiazldiianlunisiantd 8uwainusanannyzng
. g a X . .
WWILAZANUANNTUIRARDAIANUTUEAYINY 18 %wb meluszazing 2.3 wif
C. MWL FanRATRALNAASIBL wIaT Rzl lwnTuanlaaw
ﬂ'nw%”amumzﬁ'm,l,wél,l,a:mmmm%mumﬁa@hmm%uq@ﬁﬁsJ 18 %wb nalu

820 3.1 W
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AIBUIIFNNITOVINNTANUI DN ARV AYDIRBIAULIEI Must flow "Lﬁmnmnﬁani‘*ﬁgﬂma

a A 4 Y v A £ | @4
ﬁL‘ﬁaEl&lslj\‘iLfLI‘HuE‘LJLL‘]JflJ‘ﬁ8{1EJ‘]JLL%GV]&’]N’]?E\‘IJ%ETJVL@N’]U‘Y]%?@] ’%ZVL@]T]

Hold up = (Feed Rate) (Residence time)
Feed Rate = (Hold up) / (Residence time)
F= (AHpPp)/t

F fe sanmitlewuaadnuddan kg / min

b

lag
A A & @ A \ o o .
t @8 L')ﬂ’]'ﬂl,llﬂ@?n'lLﬂaaﬂags[»uﬁaﬂallwﬁﬂ min

¥ ]
= =)

| o o 2
e ‘WumiladLLN%@]:LLﬂidiad‘iﬁJm’JLﬂﬁaﬂ m

!

=) v

H @8 mmgwaame'sl,ﬂﬁaﬂluﬁaoaml,ﬁa m

A ' & v A 3
p‘p e ﬂ’J'HJ‘Viu’]LL%W]JT]ﬂQ"DQGLNE‘]WH']'JL‘.L]E‘]BT’I kg/m
Lﬁ'ﬂLL‘Y]%ﬂ"]I%ﬁ&Jﬂ’ﬁLﬁﬂﬁ’]%'ﬁm‘lﬁ’]“ﬂ%ﬁ@ﬁladﬁBGBULLﬁGLLUH Must flow
F= (AHpPp)/t

AHPp =F-t
A:(F-t)/(pr)

20 t/h
20 x 1,000 kg/h
20,000 /60 kg / min

aan1stlaw = 333.33  kg/min

Capacity

Holdup = F-t
= 333.33 x 3.1
= 1,033.32 kg

firnala 9 lifTinavesinidfenasegluiatauuiiaaaaiim \adaamsla
\iadsngmInives Heat transfer and mass transfer vadiudadnudaannn 9 wiaLfalu
atn98asz wazadudiafoud ludrminagaludaszitutiu
nmIdjiauaznasasluiesdjuiansal *ﬂ@aaum@hmwuwgumaaﬂaa"ﬁv’u%a
Lﬂﬁaﬂﬁagluﬁaaamﬁaﬁmm ﬁm%’uLﬂ‘%'aoaml,ﬁau,mJmﬂﬁﬂwQﬁ@VL@Lén“ﬁ"umgaq@maam

(ﬂﬂ'ﬁﬂ‘].lLLﬁx‘iEﬂﬂix‘]aLﬁaﬂﬂthﬂ'}‘iLﬁ% 20 - 22 LHUALNGT LLﬂzLﬁaﬂ%’UﬁﬂTﬁﬂﬁLﬁ@L‘ﬂu Must
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. ° R o d & & o [ v A
flow reaction ¥ AAIAINVAUIAAINAROANILLATAINITUT I IUR N WA DI ULRS TIaz
VL@T@hgaq@"szmsLﬁu 13.65 LTUALNAT mwmmgwaaﬂaﬁuiﬁaLﬂﬁaﬂ AIBWNIZRINITON

ﬂ’]“llﬂdW%V]@lZLLﬂﬁxﬁﬂxﬁ‘]J?ﬂ’)Lﬂﬂ@ﬂﬂx‘iﬂ&l@]l%‘ﬁ GGQULL%GVLG]G]GET&Iﬂ’ﬁu

A=(F xt)/(H xpp)

(2 ]
= =y

d ' o 2
Tagn A A AwNUaILNWATZANEANTal m

D

>

F  fe aamidlautnidfen 333.33 kg/min

]
=

t @8 nmanLﬂﬁaﬂa%i‘luﬁaaaml,ﬁa 3.1 min

)%

H @a mmgaﬂnaa%’uﬂaaﬁ’mﬂﬁaﬂluﬁaaauLnﬁa 0.1365 m

' a & o 3
Py Ao AMUABILUKITIIBITRINLLREN 1,166 kg/m

. GawllwniTaanuuuIMIeUAILHWATZAN AN AU AILAIaIa LA ITILL RanuUy
Must flow Lﬁaﬂizﬂqﬂ@“l"fmulﬁmuﬁnﬁ'm’ﬁwﬁ@Lmza%”ml,ﬁflul,%awwﬁ%ﬂﬁ TIRIUITOLN WA

Tugumslaast

A= (F)/(HP )

(333.33%3.1) / (0.1365x1,166)
649 m

v & A L= & ’~ [ 2 o '
a9riw Livallanudulasaziiannutssanslumssanuuudsinnuadan Safety
Factor MRAILYINNU 2 BaN8AIN7N a@mwmﬁmﬁaﬂsjLﬁ@WgE@"lmm%'umﬁau

A=649x2m
= 1298 m

1 0 Qs a o dq/ v VY o dl v v v I3
LANIAIUITWIFL W ‘Yn\‘]ﬁdﬂaﬂLL‘UUVL(ﬂﬂ’]Vﬁu@Lﬂauvlﬂllﬁ%aﬂaULL“\‘]LﬂuEﬂﬂiﬂ
a 4 A v o & oA & A o o , A A o va & A
REARYUNUNT QI BUWBETNVOIANUBNAUIAQAVDILLNUASLENIIISAUAT ‘Y]a’]ll']iﬂﬂ']ﬁu@]lﬁllwuﬂ

o Aa o v A
@]’]NT%’]@IT@\‘]’)&@JV]NT’] Ulu@]aq@lﬂ'} Uluﬂizmﬂ sﬁﬁa’]&]’]iﬂﬁq‘l@@\ﬁu

A= WL
24 %70
16.8 m°
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v & = o o A o vad A o o A o Yy
CRDET ﬁma;ﬂ"lmwmn’lmmamwu@’lﬁuwumamumsasawumuﬂaan’l,umaamma
nduniidigaadszazanvadiuan1sauuiy Seazaauninildifadudsingnisal Must

Flow Reaction 68 sham\lymi

TOMABANIZUANIDUFIFA

dl £ ) o e a IS £ o a v A dl

IR INISTNRUAVUIATIRINTNEALTW 20 t/h wad 1 wIsnIUSuwdnl/ann
azdasnsdiagluiasauuiianaaiianiu 1,033.32 kg iNaTUmaR Ui daTaIRas
auLRINRINITRIaTadan e lulssinalaadn 2,400 x 7,000 cm auL3aIaNE il
A23LA% 1.53 m/s é’mﬁaammnlmwuvxlg%m"l,@L%%'u@hmwL%maam:uaau%’au"l,njmw‘h
n31 1.53 mis meﬁmfﬂumm@;maoﬁnLﬂﬁaﬂvl,&imminaaﬂé'ﬂummﬂ nnwiinlUd1aa9
(% a 6 di nnd' di v Y A a
MonauiaaiiiarAGan s vaaIadsauLrditlfanuuy Must flow lagiansmnann

o Aa o o v AaA A o v & o

LLumnaaammsm:mwaam:uaamaumUluﬁaaauLmomﬂqmwamvl,ﬂlmﬂumaga
Wasdulunmsaanuuudaly HaaINNITINRAINLIN munsaﬁﬁmm@Lﬁumuquﬁﬂmwmg
e 2.0 mm. 32829199893 3.0 mm. LRZANNAIALD HIVAINIATAURINTELIANTOWNI
ﬁmuuua:ﬁmmamiﬁmuLflu 16 BIAIINALWITEUILUBIR DI ULRILUNITLLIVAINTT
ﬂizﬁnwaaam”aumm:amﬁmwaﬁ%zﬁﬂﬁmmw;umaaﬂaa‘*fj’uﬁnLﬂﬁaﬂmﬂluﬁaaauuﬁd

ﬁmmgwaam@vlmﬁu 13.65 cm é’auam‘lugﬂﬁ 22 N UaT 22 %

4985
Hleui‘
e

b 21808

145

-

1068
2884
130
nr
1534
1.150
orer
0383

WOy ]

nwiaznay 22 n. Unngmisinszusasienlnaruusuaszunsadigiasauis
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4 985

4802

ane
1805
345
Joss
2884
2.0
1917
1534
1.1%0
0re’
0383

v

Velooly i)

mwisznay 22 o, dnngnisainszuaauiaunarwuduaszunmlasididfenussed

U

T Wa 90 UUAILIAILLLFINDINITNIZALUAINTLURANTa WA LU F D Ia LIRS

mMwisznay 23 Lﬂ%aoauLLﬁ’ﬁ'mﬂﬁamwuﬁ'avﬂvxlaﬁaamwuauyim‘"lﬁ%'uamgaﬁ'ﬁlﬁ

FUBWNIIRIILALAAAINTIRTNIUINGS FINIARLLTINT
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NNIIANAINWLRZUTERUNITDLBNIINRALAZRIIILAIDIaULRIT LU RanInadie
ngz%@"lmqi%u Tawuan mmL%W‘hq@ﬁﬁ]:ﬁﬂﬁmﬁﬂﬁnLﬂﬁana@ﬁagjimy‘luﬁaaamﬁaﬁﬁ
ﬂ’%mmlﬂugﬂmaﬁmﬁmJﬁm&”ﬂLLa:ﬂszLLmJaaau%au"l,mmuﬂaa%'uﬁnLﬂﬁaﬂﬁﬁmmlﬁm
et v 1 J " Y ] ol 1 o vV a a =1
AN BIITUFI BUY 1da2561n71 1.53 m/s AL AN ANTINVBILNES
o A ) £ A & o A o
drndfanundlnasdniadaniduasovad e lun1TaanuuuLAIaIaULAILLL Must flow 11

ae A o ° Y A o £ < &2 Y '
mmwmz@aamlmnLﬂaammﬂﬂmmmuﬂszmmq@gaq@ (Top Dead Center) uaiiaos
liwdadrndfenudazindaanasungaiuaisadiidas: inadasnsliifiadulsing

& . = v A o & o A
N3k Must Flow Reaction  &1313080ANNLSI80TaUN HaaauI19nasTwdLdfanann
v 1 ! T Y 1 o v a { L= % [ [-% g;
mumwugmuuu‘l@ﬂ@zlvlamﬂ%m@mmLﬁmLLazmmsnﬂszmmwaomummsau A9
PMNwIAaRaNMIBANNLTIVaInTzLaanTanlun1slE Must flow techniqueslinasiin 1.53

a g; v o v P . & o Q/Ay ¥
m/s Jagnuuarazyiliddsngnisel Plug Flow Fluidization @sazvinldudfosnizusansan
Tagldsuiln

lumsssnuuuszuuaud lnaluroauuasgiuues ASHREA LiNaM380NUULRTS

d o cdq o ¢ o v i o =
Lﬂ‘ia\'ﬁﬂﬂiqa.]ﬂim‘ﬂlﬂjﬂiz‘[ﬂ"ﬁufﬂqﬂﬂNjﬂ%ﬁ\‘]@jEW]@ ﬁqwqjﬂ%’]q@"ﬂ’]ﬂawﬂ’]iu

9]
]
Z

dl g v tﬂl ] v v 3
Imm Q 3] mﬂmﬂmmaaamauﬂmu%aoamma m /s
A

vV fa nizusansoud lvariwnasruindien mis

2

{ o o ' 1% 2
3] ‘ﬁuﬁ%mmmaumumumam:mﬂamau m

b Dk Db

LNTIZ RIS RN TDA I RN AN a9 US U AN TauN A aIn1T TN e A a g o LA

9 1URenuuy Must flow techniques taaditda

Q=16.8m"x 1.53 m/s
= 25704 m’/s

Wasssianluanmsssnuuuusssfroaioseuuedndsenuuy  Must  Flow
é"m']msvlmmaammaaﬁaumuﬁaoauLLﬁaazﬁmmﬁ’]ﬁtyLﬂuamaﬁoﬂszmnnﬂ iialey
Lﬁ@LﬂuﬂﬁmﬂlﬂUma@iam‘mﬁﬂmmw%”amm:mimﬂmmau‘flquamiuﬁfﬁwLﬂuz%mﬁ”u
SnwmewLUY  Must flow i lwiAays:lamidanisediinaiwnsauuistnndsen Seas
ganaldinszugauoud lnariuiosauudsuny Must flow 228 2 dandasiwitdnanion
mnmmm%ﬁqm%gﬁqag\umL@nLm"l,ﬂ'«auﬁd&l,éﬁmumuma LRI UAREIILIUAINANDITH
°1TnLﬂﬁaﬂvl,ﬂwﬁaﬁ@awgamwaau%auﬂa’aﬂ‘ﬁagjmsmmﬂ AN IN A NIAIPIUR D
auuﬁagﬂmaﬁmﬁw ASHRAE ﬁmmmmé’ugtyL%ylmzuummwﬁ'@mao Industrial
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Blower Nflznaauasnnsans gluaaaianduiasduia 18.0 m-air uaziiaaziinlddsznay

\Duszuuasusuysaliudnduazdasguidanen Safety Factor 1.2

Total Head Loss = 18.0 x 1.2
(hy) = 21.6 m-air
@4t Pressure = Pagh,
Pa A8 AumWLLuYeIaIMATan  0.84 kg/m’
g ds anusslindisveslan 9.81 mis”

he A8 ANUAUFYLEINIANG  21.6 m-air

dlathanunuenlusuns fezlddueasie Uil
Pressure = 0.84 x 9.81 x 21.6
=177.992 Pa
2z Pressure = 178.0 Pa

3n3anladaiiosnldsentuuainnusitivwaraIn13RIAINIAIZINIINNT

U7 R9114939289 ASHRAE  Std. azutiveaniilu 2 nadi As (dusinvasnaausioussanld
a £ Y o o ) A o v o o A ° 9
LAY IIZUY Lazna NI A& 19T mumaaulmglugﬂmumm FIVERNNIDAWI DB

ANFUNIIH
Power of Blower = pPagh Q

Py Ao aNUWLUUDEIEIMATon  0.84 kg/m®
g @e usdldudrvaslan  9.81 m/s?

hL
Q A8 9AIMTIAAVBIANTIWN AREIWIZUY  25.704 m® /s

AD MNUAUFYLFITIVNG  21.6 m — air

Sathanunudn azldeneasaludl

0.84 x 9.81 x 21.6 x 25.704
4,575.12 W

457512 kW

Power of Blower
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Tuduwmaidunasgn e aiansiageuszuy ludamnuanas ASHRAE
iﬁszqﬂszaﬂ%mwmaaqﬂﬂitﬁgdqmvlajmﬂﬁu 95 %Lwﬂumﬂq@lmﬂmsm’]wﬁawﬂ’]gaL%d
flasnumruainmm idn

U3e&NTn1Wad Blower = 85 %

U32®NDTNIWVYBY Motor = 80 %
4,575.12 / (0.85 x 0.80)

6,728.11 w
6.72811 kW
A3LRanlTaspad Electrical motor 7 kW ualunsUfiia watauwava®a malssd

Power of motor

°1Tnm°naﬂ@mmm’m@éﬁﬁa@;LLﬁadwﬁﬁa@lﬂaﬂéﬁ Electrical motor 4 Pole 3 Phase 7 kW

4 . A Zue
1,460 rpm TIFINNTAINNNAAAS L6

ﬁ’aﬁwumzﬁuqmwgmumiauuﬁa

0% MYaINNToaNLULAI AT ULRITINLRanuUY  Must flow MvARALRARNAY
NINAAN 20 t/h 1°1?°1T13Lﬂﬁaﬂa@mnﬁaamﬁﬁmﬂﬁuLﬁmnﬂmanmmaﬁu LRSUURINE

A o [ o A A & & o A a @

159871% N84 JIRIARLUTINT LBREANNTUVBINAAT1URENTAN 38.1%wb (3INMTIA
9 A A o oA o A o b ' A o o e A A o &
Meatasialanninlsedinwnes 2e99KIBw QC naunazinasl AL LT Watiuiin
ﬁ'mﬁﬁm;m%amsﬁ'}) UazluMIFINTELEANTaWNaRILTN T UL ULRITN LU Ran 2zl

é L v U a g: v o o a Qq’
LmaumL‘ﬂumma@mﬁalﬁawnnﬂﬂluisoﬁmwauwﬂaa LNBRIZADININIIAAANT  LazNI9
13981171 M09 1aiINNNTI AT aLe LA A LLLLUNTINIZUANAY  LNaYINMIRI NI LA N TAUE
WU LRIT R anLUUNEY INA a8 a 195992 AN UTaWINNNI TN AL T AW R ILNAL

' ~ ° Y g
I(ﬂ ga3Ia 84 ﬁNiq.JliEﬁ PIRINIIDNATWD mmvlmmaumiﬁ

q=P,Q,C, (T—T,)
A a ' @ 3
I@UY] p a A ANURWILWUYIDTINALLINNDAN 0.97 kg/m

Qs a = v 3
a fa (ﬂi’]ﬂ’]ivl%ﬂL“ﬁdﬂi&n@l?’ﬂﬂda"lﬂﬁﬂw)@ﬂﬂ&l 25704 m/s

Q
C, Ag anuiaudumzzatenmeauiasen  1.01 kkg'C
T

fa qmﬁgﬁﬁ‘l‘ﬂumsauuﬁa 180 °C
T, Ag goanniveIaMeLIaaan 32 °C
AIBULN A NILNUARI WIS
q:paQaCa(T_Ta)
q=0.97 X 25.704 X1.01(180 —32)
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3,726.96 kd/s
3,726.96 kW
é’dﬁfumuﬁnagﬂ"l@ﬁﬂuﬁaaauuﬁaﬁwuﬂﬁammu Must flow 311Tlwazaasltainy

fownnazuavasanoud lnarunastuinidannislu Must flow drying bed 3z6893l¢n
laistoanin 3,726.96 kW uazluaanuuuiialiaansndifinewminiaianmsauus
Frddenaainaisiifineieluen Safety Factor 1.2 tinvasaridwiosle
Effective Heat Require = 3,726.96 x 1.2
= 447235 kW

A% 39 AR BANNADDNLULYDILOLHILNALNNEANNTauI AT 5,000 kW

aenulunsl Judnngaiamunaufidasainenszusaniaunaananianm il
amsuniidszanm 180 °c LLS’hE&amum'ﬂ'addLiﬁﬁaaauuﬁﬁnLﬂﬁam}:ﬁﬂﬁmuquqmﬁgﬁ
gaond1unann udsansndufiunisliiinsauquanngiindszdla iedensdjidles
R1U1IDNINIIRIINITZURANTaWINLELRLNAU R E o e IINT IaTaInIsuraNTawnda LT
30 % TVadfANNTanNeanLUL aazdaslTudSunanstlanunauliianninsintzuanad

v a v { v 1 1 1 1 A U = >
a‘maﬁm‘mﬂwamszuaamauﬁgamﬂﬁo 600 'C umaomwgwaaamﬁqﬂﬂszﬁﬂaoﬂmmmu
Lﬁumummgmmmﬂaaaﬁ'&maﬂsamu NIZURANTOWN LABUALTAIANMULAININ - AI1h

1 dl v dql 1 e v v v =} Ll o & 1 Ql dl v
ﬂauwm:uaamaungﬂaﬂﬂumaaammwnLﬂaammwaﬂmﬁmﬂuamammmm
NRNAINIALIAR NI U 1N UTUAIAINNLAITINITELRANT O wazA v MnnINIzUA

v d' % L2 o] p.l' (2 1 L% [ v Y A d' 1
ansaunazldulilaal 180 °C euNaaIn1T aadnRada LRIt IR anNaNITTNNAIY

o LAZNITNUINAUINFIINN Ul%‘ﬂ%L’JﬂLL‘U@ﬂW?ﬂULLﬁG“ﬁjﬂﬁLﬂaaﬂLLUUﬁ’ﬁYﬂWﬂ

. T
3.3 MIUsENaULATANAILATDIBLILLIAY
ﬁm%'umiaaﬂLmua%"wqﬂﬂirﬁm%aﬁﬂwé'ﬂ LA a9anTTInLE S U Faad LS

lﬁmmmuﬁuﬁuﬁL'ﬁamsé'@aula'jw:ﬁaaa%’wqﬂm:ni Fudinlarounds arriaudiule

G assrionnas LﬁaaéhUﬁﬁaﬁﬂﬁ'@ﬁmmmﬂiaﬂquﬁﬁ]zﬁaﬂ%\i’miwﬁu ITUMINER

2841598 nasgIasd i dudng

3.3.1 ANHWZNIINNINBDITZULNITDUURILIIFDIININ DS
Tagm lszuunivauuwtetitdfaniuuMust flow 3z@aIgINITANL MTINUITINAL
¢ A o A a A v a & A a o ~ =
aqﬂmmmsaaamauG]LanlLwamamaﬂmnmﬂuﬂs:amwa muam‘tugﬂ'ﬂ 24 TITEINIID
wtiveantusindagran giu 5 anwmen1siNuash fe
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1. qﬁmaaﬁu%amaumau Lﬁmﬂmmeiamugmmqmwgﬁmaani:uaauam”auﬁa:ﬁ%a
WNITUUNTaULAITLRan

a

2. Lml,ml,maugﬂmaﬂizuaﬂﬁa LﬁaLﬂmmﬁiaa%“wmzuaau‘?auslﬁﬁqmﬂgmgavlﬁm
AN U TR FIRTUNIBUWAITIURBNLUL Must flow

3. %me"ﬁ’mﬂﬁaﬂa@ Lflua;@L’%N@TmaamiﬂaunﬁizuumiauLLﬁaﬂTnLﬂﬁaﬂLLmJ
% ~ Qs o < a U & 6 o 1
Nanlna ma:vlmumamaml%Lﬂu"l,ﬂmwmmmm%uﬂmﬂmmumuquqmmw

4. gavasaiasihanuszanatidfenildunnniuidne g udihdridfensen
PIaFIFaUnaan wazteTuad Wwnlunailan

{ v v t-é | L= o v Aa 1 v

5. A9 LWL RanuwUL Must flow GdaziduarnisvinliiAanisansmanusan
waztgmulIant g luiasaunrg LLﬁfaﬁwmsmuQu"Lamm%ulﬁaanmmzuuwé’mﬁu 1
NATARIUN laaNNRaIaULRS LTl

6. DIUTURAIWTNILUFANAERAS LaANUTWaaNAINNLNEATILUFan LAZAILAN

a [~3

qnmgmaaL;Jaw’iTnLﬂﬁanﬁ%’aulﬁﬁqmﬁn“ﬁslﬂ&ﬁmmsmmmtmﬁauﬁmu@

= £% =} v J a 1 s J 1 a a [ 6
6. lalatAutitURanuid TIVZUDYNA L IITIVULNANTUAVDINE AN TUH
7. ﬁqﬂﬂitﬁWW’l LLazmuquqﬂﬂsrﬁLﬂ%aﬁmmaaizuumiauLLﬁw

|y . |

findfiuelu
6 a
I;I D unay

=RCYA

H

aunasthnl@eniu | ~

AMwilsznay 24 LL&@GﬁOIiG%”ﬁ"I’J%’WIQ\‘] MITNUAUILATIINT

Tnaalsvamndhrnildan
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Bl

nMwliznay 25 NNIAANIY mwﬁwaﬂsoﬁﬁnmma NRINBLILNALNNTIIR LAY

LAIDIANTLN afu:mam‘gﬁamaaumﬂamﬁaﬁma zmLﬂm:uumunﬂqﬂmtﬁlﬁuﬁﬁ'@

Z = AVAX
X \\‘

A v v A G a o a a & 6
nwysznay 26 msaaammwnLﬂaammuuaﬂWaﬂmLuumm@mawgsm LRSNaRaUY

a A v o oA oA v o ¢ ] & A o
L@‘H)Lﬂia\‘]"i]ﬂi(ﬂ']Lﬂf‘nL‘Wﬂ@]i'ﬂ"ﬂﬁﬂﬂﬂ?’]w@]aLua@ﬁwwuﬁizﬁjq\?aq‘]JﬂiwaLﬂia\‘]"ﬂﬂi
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Awisznay 27 q@muqmzuuauLLﬁaiTnLﬂﬁammuﬁavﬂmﬁ@hLﬁumsa@ﬁdaugitﬁ

3.4 MSHIMAIBUEATLLNRDIDUUAI

Tasunanaluusn meLﬂu%umuﬁm;uuazﬁﬂlﬁag’ﬁ'uﬁ Wa 2 TFRATURIANAI A9
Taghazlfvinwarduaisazdoaduninndiazyu (Mid  Steel) udnindasnisliiiszdng
mwuazdulaluszuunlévinnsesnuuuiuazdaslilanuiniisiuasnunudansinssunn
wiinszgn IduiasdnazdasltlanzsnanniafviosnaralasnaldiSondwinndwas
1andu e ¥aNAUNaTU 13 AISI 3140 3150 w3 4340 1udu fwsUwa1IunNiLan
] 4 ~ v A 1 v
Huguinanilaanng azlfinanndaniveudariuniiaian

o [ ) A v o A o ‘hl, oA v & Y

fMNTUIUNNIERNLLLE AT adaURAIT M Renuuu Ry IWa ldiRenldinannan

v et 1 v o &/ v { v (23
afuauafeudauris udahanndsugdildanvmaaunidainis enumnasgiuldaves
ASHRAE dwivinusanuuuszuuiliniusuieuniinszusanianlnariuaseanaigunnil
A o ' @ (Y { o o & Ko {
g9 Bawarduazegmeldanuduniduipinmfiduiiiannaninamyuaaaaiauazus
A 0o & = ' = o A ° Y v A A A
funsziuweziliouudasegansanafiduld fsaraazildinardulianuanigevie
e nuRamzauiasannnanaandudian smiumidiwmsasnueanuuuaiiiazld
ada a [ 4 S 3 A o 7 . A v ¥ ~
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Paddy Moisture Content (%wb)

%

Sample AUABUNIA  NORDUUAY  RAJELWRAI  BaIUTLA N lela RH
1 28.5 28.3 18.6 16.8 15.1 67
2 314 31.6 18.5 16.9 15.1 65
3 25.7 24.8 18.5 16.9 15.3 65
4 26.3 259 18.5 16.9 15.2 65
5 321 324 18.7 16.7 15.1 65
6 29.6 30.3 18.6 16.8 15.3 66

Average 28.93 28.88 18.56 16.83 15.18 65.50
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Temperature (OC)

Sample MF-A MF-B MF-C MF-D MF-E MF-F MF-G MF-H Setting
1 160.5 130.6 130.6 130.6 87.6 87.6 87.6 86.9 130.0
2 163.3 130.7 130.9 129.9 89.3 89.3 89.3 87.3 130.0
3 162.1 131.3 139.9 131.3 89.3 89.3 88.4 87.4 130.0
4 164.2 132.4 1324 132.4 88.4 88.4 87.4 87.1 130.0
5 161.2 139.9 130.9 131.3 89.3 89.3 89.3 87.9 130.0
6 162.6 132.1 132.1 132.1 89.3 89.3 89.1 87.3 130.0

Average 162.31 132.83 132.80 131.23 88.86 88.86 88.51 87.31 130.00

180 ——1 ——: — 4 5 B —+— Average
180 4 R
140 A & -
O i wr }
° 120 A
o
S 100 -
© +
@ a0
o
£ 60 A
'—
40
20 A
0
I F - 2 MF-B I F - MF-D MF-E MF-F MF-G MF-H SETTING

Check Point

nMwysznay 30 ﬂmV\ILLammmim:mquﬂgﬁmamﬂ%aaauuﬁﬁnLﬂﬁamwuﬁaﬂm



67

4.2 qmé’nﬂmma:ammmwmm%aaauuﬁ’aﬁaﬁ‘[ﬂa

=y

o a v Y A G b Aa v e‘ny 1
luﬂﬁi@]’]L%uﬂﬁiﬂﬂJLLﬁdﬂn’l LﬂﬂaﬂLLﬁJU&lﬁ‘ﬁIWﬂ wummwwu’mg}LLaqﬂmmmumu

LA3099n3 “qn@‘hLmulm:ﬁaw‘hmi@mﬁﬁ'@@hmdmﬂﬁﬂmmwuwa‘?mﬂa%lﬂaﬂaaﬁumﬁlﬁ@
TaHaWaauLUURNLAK (Break Down Maintenance) LLa:ﬁ]‘;ﬁ'mﬁi'ﬂﬂ%mm"LWWWamﬂ
aunvalluszuvavuiidrilfen éi”'al,wiﬁqum‘*ﬁnl,ﬂﬁan ldaudenslolanuiiudnadaen
¥390891739711 (Coarse Rice & White Rice) 5@iﬂﬂ15ﬂammauﬁaamugulﬂﬁqmwgﬁﬁ
fnue lagaTIgouNaTadnszuRaNTouiiviogiauson sxdasdfinmssuuiednadenly
Lﬂu"l,ﬂashwial,ﬁamaamamLLa:azﬁaaﬂfmqulﬁLﬂuvlﬂmwmmsﬁﬁmu@ Wi Nt luan
gu'«azﬁaaﬁwﬂaﬂ%u winoLaps 19N Raw — RasIUNTERINNA Muinminvesdldani
iquu‘luﬁﬁwﬁ@

421 MSNAFAUANITONLLATDIDLURAI
v o A A A v o A v o A @ Aa
mMIouuwAIt I Reni lssRduInesdlsnIadauwistRenuuuian ing Afinns
l#aanInda 20 th ldeeanuuuliliWaauansmzgUnaslialdinds (Centrifugal Blower)

&

Lﬂmﬁa%”’mLmﬁuﬁﬁmmﬁimﬂl%ﬂiﬂwﬁmaﬁ’mg]@ﬁ@hLmu',agmﬁmmhw’%nmmumaﬁ
dullu 178 Pa nazuganfoufisasin lnansfl 25.704 m’s .wamssuuistdenasiilag
fudirindn 16.8 m* azdasldiSunadnni/dansemedifinnsouuksnsda (Hold up)
TwuanseuuksanwmeSarnailn 1,033.32 kg dindasilontruddensadinwasanuin
Sailauaadl 333.33 kg/min FNas NN TINTEISEUUNIRUA 45 kW
FMTUMINAFALRFNAN NI HT LT B an nR IR TEULR ST EA RinaTaY
IWaﬁaaﬂ%uéza@h‘lmﬂuvlﬂmuiaﬁmu@ﬁ%mﬂﬂ?ﬂﬂwﬂmnﬁw§dwam Wu T1dRenudag
Wus gunndvesnszusanien USuiawasnsilaudniianaa DMALIAE BNTOURDIWA
YA ANNTIVRINEATIIUEEN TLHZAENIWIURAINNALIAEY AuTludnd
Paswiatdenanniiasn g Saundesrinliiusadnarning e Lﬁavlﬁfama:mizﬁ
VaITBYAGL AazrhlFmsdinawouuRiT I aanansasEIas T1IvSanaaNafioanan
ldamunw
mmmmuﬁﬂi:quﬂ@;uﬂamaauﬁmﬂu 2558 l3nuifinuanuiuvesinddond

o v v

A o & a o ~ [o) o o A
vnmseuuisinifenaa Wug nu 45 gawninszusaniaui 130 C sudiananain
¥ { o o o, £ ° v @ { o o @
ﬁuﬁmmwumﬁ"ﬁﬁmagﬂmﬂ AIWINYINNNTo LRI LRI IO LA UN RV IWAAILRAS
luansen 19 Lﬂuﬁagammw%uﬁuﬁumﬁﬂ 32.75 %wb NEINITDRARILARAANNTY

q@ﬁﬁmaﬁﬂ 15.20 %wb



68

A1319 19 LEAIANAMNNTUYBITIURANNHIBNITALWAITIBINATRANFY TN

v =} v A v
PMaenaa PLURONUAI RH (%)
WndLfen (g) ANMNT (%) WdLfen (g) ANMNTU (%) YulAL

flawal  WadalU  wet basis dry basis fawdl  Wad9aU  wet basis dry basis  @28814

200.3 128.6 35.8 55.75 300.9 2565.2 15.2 17.90 58
200.4 140.1 30.0 43.04 300.4 2543 15.3 18.12 59
2001 145.1 275 37.93 300.7 255.3 15.1 17.78 62
200.6 125.6 37.4 59.71 300.4 2543 15.3 18.12 62
200.3 128.6 35.8 55.75 300.9 255.2 15.2 17.90 64
200.4 140.1 30.0 43.04 300.7 255.3 15.1 17.78 64
Lﬂaﬁ 32.75 49.20 Lﬂﬁlﬁ 15.20 17.93 61.50

A17719 20 URAIANANNTUTBIINUURaNARIBNNTELUAIN ULﬂﬂﬁﬂWga@]vLWgLU@

v A v A v
PUIoNTR P1URDNLRAY RH(%)
RGeS hafal(e)) ANUTW (%) ¥181Fan(g) AMNTW (%) VLAY
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Lﬂ‘é‘lﬂ 29.95 43.14 mﬁ'y 19.47 24.24 66.25

o A v o A a & o =i & o '
LLa:aaammmaaammw’nLﬂaammuﬂga@vl,mm@mua@ﬂumﬁm 4.4 \flwiayadina
TUISNAULARNE 29.95 %wb ﬁmmma@mmﬁamm%uqﬂﬁwmﬁsl 19.47 %wb 14T
U ANTANULRZU T2 ANTHE NWINYINTNITAULAITNLU R AN 852 UUNToULRILLUNRY IN a9

S QtUARTARIRTAY, éT@éTunu"l@Tu’mﬂ’h

422 mswmaauqmmwﬁnm%n
o ' o A Ao a ¢ P < a '
ANALNNTI LR NFANAURBNNIANAFITE laanlURINRAIZaaN]a8RUILI
AILANA NN LLa:ﬂizmumimuaauQmm‘wmaaNﬁ@ﬁmsﬁﬁ]zgmﬁmamam&aﬁﬂﬁ%mﬂ
mumuquqmmwmwiu@auﬁmu@ ﬁaaﬂwaﬁﬁwdwzgﬂmnaaﬂ@Uwﬁmmﬂs:ﬁ‘hﬁﬁaa

= ’~ ° A wa & o X
ATIAFDUA AW Feaziasnsmruan il jUaenuduaamanizasih fa



69

—_

. ‘ﬁwmwazmﬂﬁnLllﬁané’haahaéﬁﬂmil:nﬂ'ﬁﬁﬁ'@ﬂﬂ%gﬂﬂitﬁﬁmu@
_FmITaiwinaasietudsstInsaLdsznaas

. L@l‘%ﬂuﬁ’mmzﬂadagﬁLﬁwlﬁa:m@LLaz%"aﬁmﬁmea:ﬂ'uﬁﬂ

. mig‘*ﬁnLﬂﬁamﬁﬂuﬁaami:ﬂaaagﬁﬁwua:ﬁﬁmﬁfaLLa:aaﬁ'uﬁn

: ﬁnL?T’]m’%aaaﬂWmemgmﬁndoaaﬂ gaﬁﬁﬁaqm%n“ﬁ 107 °C

- ssluaasasauindanidielannuaulwidunmeBiening
ilentumwuanaudiaztasnunlaloutelwadin

- UseelildiduaulndifssgunnJussenme

N WINUTSREN ANt asuarTinrk Nz Ran Tunninnn

o © ® N O o~ W N

o f = & & A o
. ﬂ’]u’]MLIIaiLﬁu@lﬂ'ﬂW&l“ﬁu@’]NﬁJqﬂiﬁquLﬂUﬂLLﬂzNW@iEW%LLWG

. N
—_

P @ & o ' @ A = o ) & @ &
. L&Javl,ﬂﬂ’]ﬂ’nu“ﬁumadﬂ’aam\‘]"n’]’aL‘.L]aElﬂﬂﬁlzm:“na%ﬂ’]ﬂﬂw"ﬁuﬂla\‘lﬂa\‘mﬁ’nﬂaaﬂﬁ@
12. ﬁ’léﬁaEi’]dﬂ”]’JLﬂﬁE]ﬂvl,ﬂﬂ’lﬁ’lﬂms’l’lwiﬂﬁ’lEJLﬂ%ENﬂZLY]’]ZLL‘U‘UQﬂEJ’NﬂaN 2 Qﬂ

13.LLa:"Lﬂm@hqmmW°iTn@T3mﬂ%mﬁmwugﬂmﬁﬂ

A o = A ') & o A v
mimaauqmmwmimmLﬂumamulmamseﬁamwnLﬂaaﬂluﬂizmﬂm A

A o A A & A o A & o & o NI ° oA
iasinandifenidiainuineiudiaziainnusudaudnigs iyl ldasvinlwi
I A a oA v & R o « o ° & & @ A ~ o
GEERICHALARE Y SHIT LN AT wazdasriInIIan NN TBLINAATILU RN el
mm*mmuquﬂmmwmaaﬁnLﬂ.lﬁammzilmﬁ'umwLﬁwmﬁm%uﬁ@mum LALbaINN
adda a 6 o L% A dq, t:ll i
SaTAeasr i lnlzinelng LLazgummﬂlumqmgm vilaanaanluwinunu e

' o A & o & @ A AV 0 0 @ & ° oo A

AXTIAVDINN  AVANANNTUAN L wuaaT 1l Rand kivinnw  Lukavinlwdnlaan
RALUATNNITINTZUINAT 2L aSFUG NITULANANN LI N WA BT WA é’aﬁuﬁﬁ%’u%a

@ A o & o A [y o ¢ = & o
°ll’l’JL‘]_J§]€m ﬁ]zﬂ’]ﬁ%@i’]ﬂ’]‘ﬁa"ﬂ’]’sLﬂaaﬂ(ﬂ’sElﬂ’]i’J@]ﬂ’]L‘].JE]SL‘IjumJENﬂ’IiLL@m%ﬂ

¢ & I3 v (%
NIl a S EWALANKNVDIVID
A o & o & & v AaA = & A a '
luqmm%mmmsamnmﬂu@mﬂiaﬂum:mmmmnmmammuammmﬂuma
vl,ajmmzvl,@i”ﬁﬂ’mmﬁga LRZWINLAATITININEaRNUaatartas wazFaaoy el
AU LHIIANVILAGINTIRINT AWNTENITIIVIIRNISHINANTAVNUAINN GIhblaN a9 395
v d‘ Qs d‘l/ v =} dl o v 1 dq’ dl =1 = v v
4Nz TUTaT LR aN LNAYIINITALLAY FANTY LNaNTIAUSNEN %A LAk FaInaraL
= v = = & a a ~ A & Ao &
ANt utraNNEa wazaMAtduRISsUFIIWS Fadundainivadaanalandaniy
o o & A o I o = = o A A a
"l@mmﬁmgﬂ AIBUI3 T narda Il TNAROULNEATIIFOURNAINVBITILUFanNR

6 = (3 a v Yo g
LWastBuaNIILaNANY aam’m’nvl,@m@lavl,ﬂu



70

. haregetadfenaa 50 g inanuszaarwaIatay

—_

_aIseuwaaTaenuaadurTaseay foseUnasn
. ﬁﬁvlﬂﬂ:m']:l,ﬂﬁanﬁwm’%laanzl,m:gﬂmd@j

RaTas RIS anindainneinuazudin
_thdnndasndainmsinuasiiugin
Shlddausndsieiasaaazunsanas
Chdmswldssiminudiwiinas

i Twn T nnnus Ui nNg

© 00 N o 0 b~ W N

chdayalduSsuifisudwdefifud  Mimindta 50 g 21y 100 %
wWasidudunay = [(uw.d11U88n — wu.919n809) / Bu.311UFan]x100
WasiTuat1an = (wuw.d120% / B T1d8an)x100
VoS BUGTIIRN = [(W. 31815 — Bib.T1I61) / w.213LURen]x100
Waslduds = [(un.d1In889 — wi.3178073) / wi.31URan]x100
o ¢ < v AN o A ) \ &
10. shnavasafifuddnanle 1WSsuiisuduaminenzaglunmsizla

11. Ti9T1A18977UReNEAI1 azgINNInTary latduwinaniyia s

Awlsznay 31 LLa@mgﬂﬁnLﬂﬁamLﬁo LAZNIRTINNRAILANLNAA

NSNAFADURIAIAINYIIVAIVIIFT

lumi@inﬁumumaaqmmmssuﬁnmsgqa zdinsTa WY d84321)fNANUIIWIA
PYDITIIRITALY é’mﬁaamnluﬂaqﬁ'uﬁlm:é’uq@mﬂmimzﬁwmsmﬁaumm%avxlaﬂma
A & a | 2 & o ) e & 2 . o o o .
sﬁaLﬂumvl,uwaﬂszmﬂmmuqmm%mmm‘ms aannssndnazdasinnmadianugad
mh\ﬁlaoLLmﬁmmmdaamumq"ﬁ'um&@ﬁnmi LLéTa"lﬂLﬂ'%UmﬁUuﬁ'ummsdaamumq%u

AataNalszanaNaaan VLT WAL MR A



71

luﬂ"li‘ﬂ@ﬁ@Uﬂ’]"lN“H’YJﬁIiO%“ﬂ"‘I’J%’]ﬂ 29 ATARDUANUDNIVDITIIRNT I@ ﬂ%m%aoﬁa

[ a & A { o . A [ {
’J@]ﬂ’]\jalaaﬂﬂiauﬂé’ g“a Kett C-300 (WhlteneSS Tester) Gﬁﬂﬁlzizuaﬂiﬂ’mzl’ﬂqumﬂﬂLﬂ%aﬂﬁa

@ (% > J A
lewarsudasts fa

1. Principle = Reflecting index with photo-diode
2. Rang = 5-70

3. Indicator = Whiteness / 4fig LED

4. Ability Read = 0.1

5. Reflectedon = GAP / photo-diode

6. Light Source = Tungsten Lamp

7. Filter = Blue / 44 nm

8. Dimension = W 300 x D 500 x H 105

9. Weight = 8 kg

AMSUIRA W IHNITNATDURIATIAMNTIIVDIVIIFIINAIN AD

1.
2.
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A1319 21 Qmmwﬁnuﬁaﬂ"?'whumsauLLﬁoé’aﬂLﬂ%ﬂﬂﬂULLﬁdLLuuﬁaﬁIWa

NIRT1INRBY  WIRTIUANWER  T1dn 2190 Uaedn

W11 ANV
(9) (9) (%) (%) (%)
na 27 97.6 491 64.6 16.5 18.9 449
na 47 97.2 479 65.7 16.9 17.4 45.8
Ny 49 96.8 495 65.1 18 16.9 44.2
L@oa‘lﬂ 97.20 48.83 65.13 17.13 17.73 44.96

319 22 qmmwiml,ﬂﬁaﬂﬁ NIWANTOULRIAILLATDIDL LAY me\IgS@"L@sﬁm

VIRNTNINRY  WIRTNLAULNAA 91968 91I%n Uaieda

WWBT1 ANV
(9) (9) (%) (%) (%)
ny 27 97.3 39.2 49.8 26.3 25.4 41.6
na 49 97.2 38.1 494 22.6 26.7 42.7
m?iil 97.25 38.65 49.60 24.45 26.05 42.15

Fauaasluanef 21 Lﬂum‘imaﬁ]aauqmmwﬁnLﬂﬁaﬂﬁmumiauuﬁwﬁmﬂ%'aa
suuRsT I Asnuuudariina Afasmsnaa 20 th DARNANITUTANIDY 140 °C ms
nasauifen Wus N1 27 47 uaz 49 a2 ldenuaatangasadey 97.20 g ¥IaTLEN
WaALaRY 48.83 uaza NI W mL oS EuaTIdwasy 65.13  Wesifudtniaae
17.13 wWefidudinumaiais 17.73 dnssiaanuwianniassile 44.96 uazluansg
7 4.6 L‘ﬂ%ﬂ’]‘i@]i’)‘ﬂﬁauqmﬂﬂwf’]’lLﬂaaﬂﬁlﬁhuﬂﬂiauLLﬁ/\‘iﬁﬁEJLﬂ%IE]\‘ia‘ULLﬁGfW’JLﬂaaﬂLLUUWQ
daladiue AfaINsHEa 20 th goanninIzUEANIa 140 °C inmsnasaudnulfan ﬁuﬁf
nw 27 uaz 49 azl@dunatangasiais 97.25 g MIaTIANLNEALGRY 38.65 LaENIID
fwoniafiiudindwais 4960  WesiSudtnainiade 2445  wWasiFudialane
1aRY 26.05 T1EIRFANWIRILaLTW 42.15
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4.3 N1 Lmﬂzﬁms‘li’fwé’am%m 29LATDY El‘]JLLﬁ\‘i

v @ P a a o & o a &
N1INARALUNITALLRIT LU anaan LseRT1Iw Nt wnis b Tnwase iwldany
o < d? K2 Aa wa A « o a % e o
RNIWVDIAIEITOIING AN 1umsﬂgu<§mu1@q Mdun1sinudndazlasninanlszdn

o '

@nmeﬁﬁ%ﬁﬁﬁ%’uﬁ@mjauﬁ']Lﬁumnﬁuﬂuﬁﬂ"ﬁa;&amsauLLﬁo %w:ﬁawaugﬁmﬁzﬁuga
iwﬁmﬂ%ﬁunuéw%’umma@Namﬁmﬁ ﬁmmﬁiauﬂﬁgaL%aﬂaaﬁ'mm:ﬂ’ﬁeﬁauﬁﬂgaq,ﬂﬁu
inanawadniela damsunasomdududsiisaglsznmmiifiaasdneiuiinana
CRIEER Iuizuumsauuﬁaﬁnmﬁammm‘i’aﬂﬂa"l,@ﬁ’]LLuﬂqﬂnimﬂWWﬂﬁuﬁﬂﬁaﬁlﬂu
sruumsauukstnddendafilauaadluansedi 23 Tagmanssnulnidumias  (Name
Plate) 45 kW Jasnmsldnszualniihsnezle 78.6 Ampere dwrandumslarinaslnine
szuuidu 41.37 kW LLazﬁﬁmmﬁauné’uLﬂuﬂaﬂuéuLﬂﬁaawﬁamulugﬂmaawﬁaamﬂgu{}ﬁaz
fieniiln 476.68 MJ/h dndaTeasflem e mdlaodt

1. Cos O for Power Factor 0.8
2. Conversion for Electricity Factor to Primary Energy 3.2

3. Electricity Energy = Power x Factor to Primary Energy x 60 x 60

4. Electrical Power = \/3 IV Cos O

@139 23 aNNFWLLEaIwasw INHA luszuuNTauwAITALL Ranuu LR LW S

Name Plate Ampere Electrical Power Primary energy

Iltem Description
(kW) (A) (kW) (MJ/h)
1 Elevator 1 3 5.2 2.74 31.54
2 Paddy Cleaner 3 4.9 2.58 29.72
3 Elevator 2 3 4.4 2.32 26.68
4 MF Porosity 5 9.2 4.84 55.80
5 MF Blower 7 12.6 6.63 76.42
6 Elevator 3 3 5.4 2.84 32.75
7 RC Blower 5 9.2 4.84 55.80
8 Shuttle Vale 3 5.3 2.79 32.14
9 Elevator 4 3 5.4 2.84 32.75
10 Belt Conveyor 3 55 2.90 33.35
11 Screw Feeder 1 1.6 0.84 9.70
12 Husk Feeding 1 1.6 0.84 9.70
13 FN Blower 2 3.5 1.84 21.22
14 Blade Reducer 2 3.5 1.84 21.22
15 Ash Conveying 1 1.3 0.68 7.88

Summation 45 78.6 41.37 41.38
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M3 24 mm%mﬂﬁaawé’amu"[%lﬁﬂmwumiauLLﬁﬁnLﬂaammuw;ﬁ@"l@%w@

Name Plate Ampere  Electrical Power  Primary energy

item Description

(kW) (A) (kW) (MJ/h)

1 Elevator 1 3 4.9 2.58 29.72
2 Paddy Cleaner 3 5.1 2.69 30.93
3 Elevator 2 3 4.7 2.47 28.50
4 FB Blower 1 30 53.6 28.22 325.12
5 FB Blower 2 30 53.1 28.12 323.91
6 Elevator 3 3 54 2.84 32.75
7 RC Blower 2 9.1 4.79 55.19
8 Shuttle Vale 3 5.5 2.90 33.35
9 Elevator 4 3 5.3 2.79 32.14
10 Belt Conveyor 3 5.5 2.90 33.35
11 Screw Feeder 1 1.6 0.84 8.70
12 Husk Feeding 1 1.5 0.79 9.09
13 Blower 2 3.5 1.84 21.22
14 Blade Reducer 2 3.6 1.90 21.83
15 Ash Conveying 1 1.4 0.74 8.49
Summation 93 163.80 86.39 86.40

dl a v a a = dll [ A a 6 %

YIINMJ’I’JWMBGI%&’]EJH’]SN&G]L@]&lﬁ]z&lLﬂ‘iadEl?IJLL‘V\\‘VIJ’]’JLﬂﬂ@ﬂLL‘UUWQB@leITL‘U@I“E
MasnInda 20 vh ldeanuuuliliwaauanumeydnoolislaimas (Centrifugal Blower)du
éffmé*'mLLsaéTuﬁﬁ@hmﬁa‘hmmaaami@ﬂl%ﬂsziﬂﬁﬁﬂﬁaﬁﬁuauLﬂﬂ@ﬂmau%nmmuma
aanudastlondnfenaaitnasauuisnannleounsi 333.33 kg/min 1589 H1TINVD
FLUUNIRNA 93 kW AILEAILa1I19N 24 Lﬂumﬂmi?ﬁwLmﬂaqﬂmm“LWWWTuﬁﬂé'aﬁH’Lu
s:uumsa‘uLtﬁo“ﬁ'nLﬂﬁaﬂLmuwQE@”LWELU@I@ﬂﬁwmi'@@i’m’rﬂ*’ﬁm:LLa"LV\IW'mm:VL@T 163.8
Ampere  fwIandunshEmad i naszuulle 86.397 kW wazduimdawnauiduaing
suwdResmasnulugdvesndanudguniivziidniu 995.29 Mu/h

d' ] 1 s d' e 6 & d' =} v A v (%

WarkwnIzuisnIsinauIuNaueasIntglnsalidunzouen 15981 nadla
o a v v A a a o 6 . & a o A = a
FIBUNITOULAIT U RO NTANRANRAN N Coarse Rice LUUNAINTTURAN LN BLADUFINIAN
2558  @IUI1IX6a9LT1YiN97% Preventive  Maintenance WAz lanasauIzUUNTAULRY

Frdfenaauuudarilng asusadluaisien 25 ﬁﬁwmsmaauﬁauﬁwmmﬁauﬁﬁgaL%a
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flosnulagldidanmanda 20 vh aungiinszuaauian 130 °C lFdanmslnavenszuasy
$au 25.70 m’/min ﬂT’]’JLﬂﬁaﬂﬁuf N 47 SanuTuBuduaiy 41.45%db SINNTOAAANNTH
slanLﬂﬁanmiﬁmﬁammﬁuqﬂﬁﬂUm‘é‘imflu 21.23 %db lasaanTnszmsineanannie
Fdsenadoiln 3087.05  Kgyuer ovap/h AaranmInut s donad sl
15525.23 kg/h

@13NN 25 LLﬁ@Gﬂ’J’]&Jﬁ']&I']SﬂI%ﬂ’WiSZ:L% B89l I LUHAITN wenuuularilnag

Final Moisture Water
RH Initial Moisture Cotent Dry Matter
ltem Content Evap.
(%) (% wet basis) (% dry basis)  (%dry basis) (kgr/h) (kg/h)
1 66 35.70 55.51 20.99 14738.39 5087.69
2 69 36.00 56.31 21.52 14705.88 5116.18
3 62 27.70 38.31 21.32 15661.71 2660.92
4 62 28.70 40.19 20.99 15540.02 2983.68
5 64 23.70 31.02 21.32 16168.15 1568.31
6 64 26.70 36.50 21.52 15785.32 2364.64
7 65 24.40 32.36 20.99 16077.17 1827.97
Average  64.50 28.98 41.45 21.23 15525.23 3087.05

wazluans9n 25 unmsnaseuiaIasauuiidnlfenuuuNarlNamenRaSIFY

mydjianudeningudeasiu Mdimmaa 20 vh gamninszusanian 170 “C 1dan

o 3 . @ () ¥ a o {

milnazadnizuganion 25704 mimin drudfeniui nu 49 FanuTulSuduade

& o A o A & o A «

49.14%db munInaannuTulutilfenaaliiniennudugarowisdu 17.90 %db las

R1NINIALENMWAATNILURENDRLITU 4678.39 KQuater evap/h AILRRBUNAUNUA
189011 URenafeLdw15077.94kg/h
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A1319 26 LEAIAMNRINIID IWNITTSRUTNVBILATDIaUWRIT LU RanLUUNRY LW g
mwﬁaeﬁawﬂﬂgalﬁoﬂaﬁu

RH Initial Moisture Cotent Final Moisture Content Dry Matter ~ Water Evap.
item
(%) (% wet basis) (% dry basis) (dry basis) (kg/h) (kg/h)
1 58 35.8 55.75 17.90 14727.54 5574.37
2 59 30.0 43.04 18.12 15384.62 3833.85
3 62 275 37.93 17.78 15686.27 3160.78
4 62 374 59.71 18.12 14556.04 6053.86
5 64 35.8 55.75 17.90 14727.54 5574.37
6 64 30.0 43.04 17.78 15384.62 3886.15
7 65 36.1 56.43 17.82 14695.08 5673.77
8 67 275 37.93 17.78 15686.27 3160.78
9 61 30.0 43.04 18.12 15384.62 3833.85
10 61 36.1 37.93 18.12 15686.27 3107.45
11 61 30.0 55.75 17.78 14727.54 5592.05
12 57 36.1 43.04 17.90 15384.62 3867.69
13 56 27.5 56.43 17.82 14695.08 5673.77
14 55 35.8 43.04 18.12 15384.62 3880.00
15 57 30.0 56.43 17.78 14695.08 5629.68
16 61 35.8 37.93 18.12 15686.62 3160.78
17 64 275 55.75 17.78 14727.54 5574.37
18 62 35.8 43.04 17.90 15384.62 3886.15
19 62 30.0 56.43 17.82 14695.08 5629.68
20 54 36.1 56.43 17.90 14695.08 5679.65
21 55 30.0 43.04 17.78 15384.62 3867.69
22 56 35.8 55.75 17.90 14727.54 5586.16
23 67 374 59.71 17.82 14556.04 6085.88

Average 60.57 32.74 49.14 17.90 15077.94 4678.39
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Paddy Operate Husk Fuel
Order No. Description
tem (ton) (h) (kg)
1 140010257 Dried Paddy 140 7.00 854.00
2 178010257 White Rice 178 8.90 1059.20
3 206010257 Coarse Rice 206 10.30 1225.40
4 142010257 Dried Paddy 142 7.10 827.80
5 172010257 White Rice 172 8.60 1019.80
6 146010257 Coarse Rice 146 7.30 867.40
7 123010257 Coarse Rice 123 6.15 730.70
8 105010257 Coarse Rice 105 5.25 624.70
9 132010257 White Rice 132 6.60 774.80
10 180010257 Coarse Rice 180 9.00 1060.00
11 453010257 White Rice 453 22.65 2670.70
12 346010257 Coarse Rice 346 17.30 2045.40
13 723010257 Coarse Rice 723 36.15 4260.20
14 986010257 Coarse Rice 986 49.30 5812.40
15 794010257 Coarse Rice 794 39.70 4674.60
16 643010357 Coarse Rice 643 32.15 3798.40
17 398010357 Coarse Rice 398 19.90 2353.20
18 892010357 Coarse Rice 892 44.60 5267.80
19 843010457 Coarse Rice 843 42.15 4978.70
20 985010457 Coarse Rice 986 49.30 5827.40
21 765010457 Coarse Rice 765 38.25 4521.50
22 578020557 Coarse Rice 578 28.90 3423.20
23 914020557 Coarse Rice 914 45.70 5376.60
Summation 10,845 542.25 64,053.90
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74 28 usaIaNNFEBILRawAsulgunIvasmIsannuzuludniifanae

Feeding Power Electricity Energy  Thermal Energy Total Energy

Operate

(kg/h) (kW) (MJ/h) (MJ/h) (MJ/h)

1 117.34 42.76 492.60 1751.30 2243.89
2 117.93 42.57 490.41 1760.11 2250.51
3 116.76 42.12 485.22 1742.64 2227.87
4 118.07 41.37 476.58 1762.19 2238.78
5 118.02 41.98 483.61 1761.45 2245.06
6 117.22 41.94 483.15 1749.51 2232.66
7 117.31 41.69 480.27 1750.85 2231.12
8 118.07 43.45 500.54 1762.19 2262.74
9 117.05 43.62 502.50 1746.97 2249.47
10 117.09 40.44 455.87 1747.57 2213.44
11 118.09 40.21 463.21 1762.49 2225.71
12 118.08 40.15 462.53 1761.60 222413
13 117.97 40.11 462.07 1760.70 2222.77
14 117.69 40.83 470.36 1756.52 2226.88
15 117.49 40.68 468.63 1753.54 222217
16 117.23 41.32 476.01 1749.66 2225.66
17 118.11 41.26 475.32 1762.79 2238.11
18 118.15 41.31 475.89 1763.39 2239.28
Average  117.66 41.54 478.55 1756.15 2234.70

m3ldwasouanuienwaznasnuiufadifinnsauuiitii danaaivinld
SUUMTEU LRI WIFU s AN A n A s saniugeua AU E0ana 1% asuaasln
a3197 27 uazenT9 28 lasfianuindasdaiwaiunauiaas 117.66 kgh Twananutas
lusUwasnudguniidu 1,756.14  MIh - minvawiuwssnudgupiidiulniiviaana:

a ] (% a & AL o« A A
L3NNI Waﬂﬂ’]uﬂﬂuﬂmﬂ@ﬂu@ (TotaI Energy) ﬁlz&lﬂ’]Lﬂu 2,234.69 MJ/h TGLL&@\TI%@W?’]\?V]
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4130703 AsiMIon A TWININ YR anaa L6 4565.96 Kguater evap/N I@ﬂmmsmzwﬂu
ﬂ’%mmmﬂfwﬁaa’mﬂgugﬁa‘ianwaamﬁ:mﬂﬁnvlﬁ 519.08 MJ/KGyater evap.

@199 29 uaaILTumnslTwa s uLgugiswizaasmszirein

U

Total Primary Energy Water Evap. Specific Energy Consumption

Operate

(MJ/h) (kg/h) (MJ/kGater evap.)
1 2243.89 5574.37 402.52
2 2250.51 3833.85 587.01
3 2227.87 3160.78 704.85
4 2238.78 6053.86 369.81
5 2245.06 5574.37 402.75
6 2232.66 3886.15 574.52
7 2231.12 5673.77 393.23
8 2262.74 3160.78 715.88
9 2249.47 3833.85 586.74
10 2213.44 3107.45 712.30
11 2225.71 5592.05 398.01
12 222413 3867.69 575.05
13 2222.77 5673.77 391.76
14 2226.88 3880.00 573.94
15 222217 5629.68 394.72
16 2225.66 3160.78 704.15
17 2238.11 5574.37 401.50
18 2239.28 3886.15 576.22
19 2239.03 5639.68 397.72

2234.70 4565.97 519.09

Average
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Development of a Commercial Scale Must Flow
Paddy Dryer

"Mustafa Yapha, *Monthon Chuchonaak, *Pracha Bunyawanichakul

23R esearch Center of Agricultural Engineering and Product Design, Department of Mechanical Engineering,
Faculty of Engineening, Srinakharinwirot University, Ongkharak District, Nakomnayok Province 26120

Abstract: Several drying methods which are used in industrial preduction of the fresh paddy today cannot reduce
moeisture content at the same level for all gain. Then it causes to stimulate the growth of bacteria, fungi and yeast.
Therefore this research aims to develop the dryer which is namely “Must Flow dryer”. This tvpe of drver is able to
reduce the moisture content at the same level for all gain which is better than using the Fluidized Bed and the
Relving Sunny Breezes method. The performance of the Must Flow dryer for drving can be accounted with a
superior level because of the electrical power consumption can be save about 33 kW, and the head rice yield has
met the criteria at the average of 58.3 %as well as the final moisture content can be control at the average of
15.0 %wb and the whiteness color index better than the Relying Sunny Breezes method (concrete patio) and the
Fluidized Bed drver, which is almost equal to amounts of rice, a fresh paddy quantity of 420tons. The developed
“Must Flow dryer™ also keeping the whiteness color index of dried paddy about 40.3.

Keywords: Paddy, Rough rice, Un-husk rice, Must Flow, dryer.

I. INTRODUCTION

Soponronnarit S. [1] studied drying of high moisture content Paddy which the fluidization technique. The factors affecting
on the paddy rice quality and the electrical consumption to drying un-husk rice have not yet been solving. Therefore the
fresh paddy harvest from the field to the drying process must be additionally done to reduce the moisture content before
sending to the dry storage [2]. [3]. Whenever the dehumidifier 1s dried quckly it must be using more energy. Nowadavs,
the dryver methods use the specific energy consumption in the range of 4 to15 MI'kg water,,, [4]. [5]. Fludized Bed and
Spouted Bed dryer which 1s used as an industrial drying dehumidifier able to dry quickly but they are sensitively effect to
the product quality, however they given better performance for dryving of the high moisture content un-husk rice gramn[4].
[6].Generally, the drver machine can be divided into 3 types such as grain moving, grain static, gramn combination. The
grain moving drver can be separated imto two tvpes which are LSU drver and Flmdized Bed drver. For LSU dryer, the
fresh paddy drop through the air vertically by gravity force and flows through the baffles and moves 1n the horizontal
plane pass through the horizontal flow air [7]. [8]. Drving process to reducing moisture content in fresh paddy is needed
to used high temperature and short residence time in order to keep high nutrition value as well as to maintamn the
qualification of paddy to protecting bacteria or fung: harmful to consumers. For all paddies drying machine using in rice
mills normally produce the different of the final mo1sture content grain at the high level. It 1s likely to be hazard to vanious
microorganisms [9] This problem can be eliminated by using the drying process to meet standard moisture content. If the
fresh paddy reaches the standard moisture content, 1t will reduce the long-term impact to the consumer’s health problems
in the future. Then the “Must Flow dryer” has been developing to substitute the previous ones. It is able to use the
renewable energy which is taking from rice mills (husk) to produce the hot air for entering the dryer zone.

II. MATERIALS AND METHOD

A Must Flow Paddy dryver with capacity of 20 tons'h was fabricated by Musta Engineering Company limited, Bangkok
and tested at Nathong Rice Mill, Chacheoungsaow Province, Thailand. The Must Flow paddy dryer has been divided into
ten units, each unit comprised of a husk furnace and combustion chamber, a backward curved blade centrifugal blower
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driven by the motor 7 kW, the steel sheets screen size 1.2 x 7.0 x 1.4 m which has the thickness 5 mm and diameter holes
1.8 mm. The chamber unit comprised of revolution cams, watch springs motor 3 kW with vertical amplitude of 12.5 cm,
feed hopper, feed valve, discharge valve, the detail as show in Fig. 1 and Fig. 2.

@R e l-HuSk Fumace
=
2_Safety valve

'ﬂ' 3. Main hot air
4_Must Flow chamber

E
= = B = N _ j
5. Exhaust blower
A 6. Fresh paddy Hopper
7. Discharge Valve
10O 1 8. Shutter elevator

9. Suction blower
I*@ 10. Silo tank

Fig.1l: Diagram of a Must Flow paddy dryer.

During drving process, 15 picked up ovary30 minute to investigate their moisture content and test quality. The sampling
paddy positions temperature measuring are were shown in Fig 1, temperatures were measured{A B.CD.EF.GH) by a
thermocouple type K. connected to a data logger with an accuracy of = 1oC. An electrical power was measured by a
clamp-on meter with an accuracy of = 0.5 %.

Fig. 2: Photograph of a Must Flow paddy dryer.

III. MUST FLOW PADDY DRYER

The proposed process which 1s called Must Flow paddy dryer 1s expected to dry fresh rough rice 1n short time period
without damage [10]. The advantage of this process are able to reduce the side effects, energy consumption, and
environmental friendly, It also give high head rice vield, as well as concern the quality of rice. Fig. 2, illustrates the
feature of Must Flow paddy drver. The hot air flows from the husk furnace through the rough rice layer and leaves at the
top of chamber through the hopper unit. The high motsture content rough rice fed into the drying chamber and controlled
by feed valve. Density of the paddy 1s used as the selective criteria for the final product. The dried paddy is fed from the
chamber by discharge valve then stored in silo tank. During the drving process, the paddy will be separated into short
grain, medium grain, long grain, and damaged grain. The beginning stage of drying process is mainly involved in heat
exchanging which 1s able to separate mnto 3 phases namely preheat, moisture content discharge. and moisture content
blowout. The overall process takes time 120 second for long grain paddy. The heat exchanging process 15 denived from
the thin layer theorv. The hot air vertical flow of 0.48 m/s 1s force to flow through the layer of paddy. Fresh paddy 1s
slowly fed forward and be sorted by density and porosity of paddy layer. Heat exchanging and moisture releasing are
appearance completed vertically. Relative velocity between hot air and paddy inside Must Flow dryer 1s very high so that
moisture content is removed continuously at very high rate in the chamber while the hot air as well as moisture content
flow throughout the chamber’s section. Paddy 1s lifted and dropped 1n relative to the moving forward direction because
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the moisture paddy will drop to the below of grill. The relative velocity drop 1s very high in short residence time. All grain
1s forced to move forward by the particular temperature strictly control at mention above, the quality of dried paddy and
head rice yield 1s high. The hot spot phenomenon 1s rarely occurring. The moisture content 1s controlled well then the
growth of micro-organism, fungus and bacteria 1s limited.

IV. RESULT AND DISCUSSION

In this research, Must Flow paddy drver with were tested the total fresh rough rice sample 420 tons. The characteristics of
the paddy dryving are as follows: paddy feed flow rate at 20 t'h, drying hot air velocity in chamber at  0.48 m/s, drving air
temperature setting at 150 °C. revolution drying chamber at 280 rpm, and vertical amplimde at ~ 12.5 cm. Experimental
results shown 1s table 1, 2 and 3. Initial mosture content of paddy 1s 27- 30 %wb, final moisture content of paddy 1s
controlled at 14.9 - 151 %wb. The dryer operate continuously, the paddy will be clean by using pre-cleaner. The
sampling 300 g of high moisture rough rice and dried paddy has been tested to find the average time and the moisture
content by using the G won/GMEK- 303 standards. This experimental was conducted for 10 hours. Before drving, the head
rice yield, whiteness color mdex and gum gelatinized has been measured [11], [12]. The moisture content must be
measured continuously to adjust the proper temperature in the drying chamber for each batch of paddy The physical
properties and testing conditions of the Must Flow paddy dryer shows in Table I and 1ts properties is compared to the
Relying Sunny Breezes and the Fluidized Bed dryer as show i Table IT and Table IIT respectively.

Table I. Quality of paddy bv Hom Pathum rice dehumidifier with Must Flow paddy drver capacity 20 t'h, Drying
Temperature 150°C. and paddy sample 300 g. where BR = Brown Rice, HRY = Head Rice Yield.

Sampling MC; (%) MCs (%) BR (g) Husk (g) HRY (g) Whiteness

1 299 149 2402 60.6 577 40.2

2 29.7 149 2403 61.1 582 40.2

3 294 151 240.1 61.3 589 40.1

4 273 151 2403 60.8 583 40.5

5 286 149 2402 60.7 58.6 40.1

6 271 15.0 240.1 60.9 587 404

7 282 151 2402 614 579 403

8 287 149 2403 61.3 S84 402

9 279 15.0 2403 61.1 582 404
average 28.61 14.99 240.22 61.02 58.32 40.27

Table II. Quality of paddy by Hom Pathum rice dehumidifier with Relying Sunny Breezes, using paddy sample 300 g
where BR = Brown Rice, HRY = Head Rice Yield.

Sampling MC; (%) MC; (%) BR (g) Husk (g) HRY (g) Whiteness

1 272 151 230.1 64.5 5472 428

2 28.1 153 2313 64.6 54.44 437

3 274 154 2306 65.1 54.56 426

4 27.6 148 2299 64.8 5432 429

5 2779 152 2295 652 5492 434

6 283 149 230.6 64.7 54.24 431

7 279 155 2312 65.2 54.33 427

8 278 152 2298 652 5441 423

9 273 155 2297 64.9 54.46 42.8
average 279 15.21 230.30 64.91 54.49 42.92
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Table III. Quality of paddy by Hom Pathum rice dehumidifier with Fluidized Bed dryer capactty 20 tons/h, Drying
Temperature 150°C, and paddy sample 300 g. where BR = Brown

Rice, HRY = Head Rice Yield.

Sampling MC; (%) MCr (%) BR (g) Husk (g) HEY (g) Whiteness
1 285 152 2252 66.2 55.12 383
2 284 156 221.4 66.4 55.34 385
3 282 14.4 2293 65.7 35.17 38.7
4 275 15.3 222 4 66.8 3541 352
5 27.6 15.6 2241 66.9 35.39 331
6 274 148 230.6 65.4 55.46 376
7 277 149 221.7 67.1 54.67 386
8 283 14.3 2235 67.8 34.78 384
9 282 14.1 2298 67.3 35.23 382

average 27.98 14.91 22533 66.62 35.17 37.40

(" Final Moisture Content : %(wb) )
—————
e A mbient Sun Dry =] Tust Flow Drver Fluidized Bed Drver
A vy
Fig.3: Comparnison of the final moisture content of paddy.
Table IV: Comparing the energy consumption of the grain drving process.
Must Flow Dryer Fluidized Bed Dryer
20 th 20 t/h
o Name Plate Cusrent (amp.) Name Plate Current

Item Description (kW) (kW) {amp.)

1 | Elevator 1 3 492x 107 3 488x10°
2 | Cleaner 3 473x 107 3 479x10°
3 | Elevator 2 3 4.66x% 107 3 471x 107
4 | Poro Dryer 5 8.43x10° -

5 | Blower Dryer 7 0.012x 107 45 11.52 x 10
6 | Elevator 3 3 4.61x107° 3 459x10°
7 | Blower Cond. 5 836x 107 5 841x10°
8 | Shuttle Vale 3 423x 107 3 422x 107
9 | Belt Elevator 5 8.16x 107 5 822x103
10 | Feed Husk 3 396x 107 3 389x10°
11 | Blower Husk 1 142x10° 1 146x 107
12 | Screw Ash 1 142x10° 1 145x 107

Summation 42 75
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Fig.4: N Electrical power consumption diagram of Must Flow paddy drving process.

The quality of fresh paddy 1s tested, this research using 1n three types of paddy dryers to remowve the moisture. First type,
using Relying Sunny Breezes or with an outdoor conerete patio to dry for 3 days (from 9.00 am to 17.30 pm).Second type.
using Fluidized Bed drver to dry fresh rough rice capacity 20 t/h at drying temperature 115 °C. And third type. using Must
Flow drver to dry fresh rough rice capacity 20 th at drying temperature of 150 °C. In this research. using the fresh rough
rice Hom Pathum nice from Chacheoungsaow Province, Thailand. Table II shows quality of paddy Hom Pathum rice
dehumadifier using relying sunnv breezes dried, this method drving on conerete patio thickness 2 cm and then the grain
vield spread back with the bulldozer every 30 minutes. Distinguish of nine times were used to sampling the gramn at the
same place. The final moisture content fall into the range of 14.2 — 15.5 %wb, which is a gap of 1.3 %whb. the head rice
vield fall into the range of 54.32-54 92 %, and the whiteness color index fall into the range of 40.1-40.7 (showmn fig 3).
Table IIT shows the final moisture content of the Fluidized Bed dryer with nine sampling, the final moisture content fall
into the range of 14.1 - 15.6 %wb, which 1s a gap of 1.5 %wb. The head rice yield fall into the range of 54.67 — 5546 %
and the whiteness color index fall into the range of 33.1-38.7. Table I shows the final moisture content of the Must Flow
dryer which nine times sampling, the moisture content fall into the range of 14.9-15 1% wb which 1s a gap of 0.2 %owb,
the head rice vield fall into the range of 57.7 % to 58.9 % and the whiteness color index in range 40.1 to 40.5. It can
concluded that the method of drying dehumidifier of Must Flow drver 15 able to make the final moisture content close to
the same wvalue, and derive the head rice yield higher than Fluidized Bed and concrete patio dryer. And found that the
whiteness color index value of its fall into between the exposed concrete patio and Fluidized Bed dryers. In term of
electrical energy, for the exposed concrete patio does not require electricity but it use a lot of labour force (about
50 persons per concrete patio) and must take time to reduce humidity for 3 days (about 26 hours). For the Fluidized Bed
data as shown in Table 4, which can combine the total electric power consumption of the drying process 75 kW, the main
power of its use for drive the fan to create a pressure drop in the dryving chamber to achieve a phenomenon fluidized bed
most about 45 kW. Must Flow dryer using the total electric power consumption 42 kW, regarding the main power for
12 KW, 5 kKW uses for a phenomenal Must Flow in a drying room and for moving the drying chamber to create porosity
drying bed and 7 kW uses for move the moisture out of the chamber by the blower

For above mention found that the techmiques to reduce the moisture content between Fluidized Bed dryer and Must Flow
dryer are different, as shown in Fig. N. The electrical power consumption of Must Flow dryer using less than Fluidized
Bed drver about 33kW and economize 12 men per shift operations to maintain control of the drying process and collect
samples for analysis.

V. CONCLUSIONS

By using Hom Pathum rice which is grown in Chachoengsao province at the quantity of 420 tons to be the sample to test
for drying dehumidifier. It found that the moisture content is able to be reduced mto different level due to the different
methods such as Relying Sunny Breezes or concrete patio dryer will provide the head rice yield average 54.62 %, can
reduce the humidity to final moisture content at the average of 14.85 %wb, and give the whiteness color index at the
average of 40 4 Fluidized Bed dryer the time taken of drying process shorter and using less lab or force than the Relying
Sunny Breezes or concrete patio dryer. It can produce the head rice yield at the average of 55.06 %. the final moisture
content at the average of 14.85 %wb, and give the whiteness color index at the average of 35.9. Regarding the Must Flow
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dryer for drying, 1t can operated at superior level because of 1t can save the electrical power consumption 33 kW, the final
product has met the criteria of the head rice vield at the average of 58.3 %, the final moisture content at the average of
15.0 %wb. and give the whiteness color index at the average of 40.3 which 1s fallen in between the concrete patio and the
Fluidized Bed dryer.

Notice that the results of analysis from the operator’s questionnaires, the response found that the Must Flow drver is more
convenience use and easier control of the drying process than the Fluidized Bed dryer.
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Coarse Rice Products by Must Flow Fluidization
Techniques for Diabetes Patients
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*Chanae Hospital, Chanae District. Narathiwas Province 96220

Abstract: Rice is the food of mankind contains the most important nutrients that human body need. It is the most important economic
crop of Thailand that sold as an income in form of foreign currency. On the other hand, if it is produced in from of particular products
Jfor specific consumer, it will increase in value as well. For example, patients with diabetes has an excessive sugar syndrome that shonld
nof be eaten wiite rice, but able fo eat coarse rice normally. Therefore, in this paper, the fresh harvested paddy (Rough Rice) from field
that dried by Must Flow dryer and then de-husked inte Coarse Rice is studied their oppertunities for diabetes patients consume. In this
research, Rough Rice of “Hom-Mali-Daeng” from Nakhornnayek provience of 700 tons are dried by Must Flow dryer fo meet the
commercial Rice Mill standard. Hot air temperature of 150°C is used to remove the water evaporated from Rough Rice to the final
moisture content of 14.9-15.1%wb within one-pass operation with unlimited initial moisture contents. It is then de-husk into Coarse Rice
and test their nutrients. It is found that have higher nutrients contents than fTuidized Bed dried Coarse Rice. Test resnlts of clinical
nenrology for diabetes patients who always eat this Coarse Rice could be control the sugar level in blood within the normal range and
this could be another way to relieve the diabetes symptoms. In addition, the texture of Coarse Rice is tenderness, aroma and no dullness
meets with the nutritious therapy. The most important is that the lower level of energy consumption of Must Flow Dryer operation.

Keywords: Dryer. Dehydration. Must Flow. Rough rice, Coarse rice.

1. Introduction simultaneously harvested at the same time. Therefore, if

Health 1s most important factor of human bemg. If you have
a good health. your lifestyle 1s then good as well. Also, if the
citizen has good health, faster development of country could
be finally obtained. It 15 known that for those who not eating
properly would causes various diseases. For example, eating
high carbohydrate or more sweet would causes diabetes. But,
for those who eafing in the night way. it might encourage the
good health. Typically. rice 1s the major source of
carbohydrate for human body. It is the compound of carbon.
hydrogen and oxygen that composed into molecule of the
small until large size. It 1s the most important nutrient for life
because 1t is the mam source of energy. It could classified by
physical and chemical properties into two types as sugar that
would soluble m the water and starch and cellulose that
would not soluble m the water. The smallest molecule of
carbohydrate classified into three types;

1. Monosaccharide such as glucose, fructose and gallactose
2. Disacchande such as Maltose. Lactose and Sucrose
3. Polysaccharide such as Starch, Glycogen and Cellulose

It can be seen that monosaccharide carbohydrate in form of
glucose could be directly absorb through the intestinal wall
to change into energy that the human body required by
means of metabolism process. An excessive carbohydrate
would keep 1n form of glycogen in the liver to maintain the
level of glucose in blood. For others form of carbohydrate
such disaccharide and starch that the human body could not
directly absorb must have enzymes to decompose mnto the
form of monosaccharide carbohvdrate. As mentioned earlier,
Rice 1s known to be an important source of carbohydrate. To
obtamn the high quality carbohydrate and safe for eating. the
process of quality management of rice must be done neatly
and appropriately. In generally, Rice is the seasonal crop and

handling with an mmproper process, it could cause losses in
both quality and quantity, parficularly. moisture content
inside grain which is the most important factor that might
accelerate the losses of rough rice. Then, the rough rice must
control their moisture content into an exactly level with
highly delicate process because of the following reasons.
1.Moisture can affect the spoilage of rough rice dunng
storage due fo microbial growth that could occur when the
moisture content 1s enough for the growth of microorganisms
such as bacteria, yeast and fungal 2. Moisture can affect the
food safety of rice due to the growth of pathogen microbial
that preduce the toxic substances such as aflatoxin and
patulin that harmful for human health. 3. Moisture can affect
the physical and chemical properties of rough rice such as
boiling point. melting pomt, conductivity and specific heat
capacity. 4. Moisture can affect the appearance texture that
represents the quality of rough rice such as crispness,
hardness. toughness and cake homogenesty. 5. Moisture can
affect the chemical reaction of rough nice duning storage such
as Browning Reaction and Lipid Omidation. 6. Moisture
affect the selling price of rough rice that varied according to
the level of moisture content. From the foregoing reasons. it
15 necessary to invent and design the new drver that have
neatly and appropriately operation to reduce and control
moisture content of the rough rice mnto the same level.

2. Must Flow Dryer

This research paper aims to study the moisture reduction
process of “Rough Rice™ that mean the paddy that freshly
harvested from the field and never pass any process before
which contamn moisture content of 33%wb ., 30%wb, 28
eowh, and 38%wb when harvest at the morming, afternoon.
evening and during the rain fall, respectively. If there not
manage neatly and properly. 1t could cause losses in both
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quality and quantity of rough rice. There are now two
different ways to manage rough rice in Thailand. First way 15
drying to reduce the moisture and then mill and contain in
commercial size bags for sale in the market. Second
alternative way is drving to reduce moisture and then stored
in silos in form of rough rice and waiting for sale with an
appropriate marketing opportunity. From the present practice
that the rough rice might keep in silos for a long time before
mill and sale in the market. if there still have excessive
moisture content in rough rice grain, Some MICTOOTZANIST
such as bacteria veast and mold could be growth and causes
deterioration. Therefore, the most important process 15 the
drying process to reduce moisture content of rough rice
before storage and mill. It has many of research in the past
develop the more effective moisture reduction machine.
Hence, LSU and Fluidized bed dryer 1s now the standard
dryer for rough rice in Thailand. It 1s generally used mn
commercial rice mill but still have some pros and cons. With
today world trade of rice which has the system to control the
quality of rice to meet the specific standard and specification
of moisture content of each grain. therefore, the more neatly
drying process is required. Must Flow Dryer which is the
newly develop drver that could reduce the moisture content
of each paddy gramn into nearly the same level of final
moisture content within one-pass operation erther if it has
any initial moeisture content seem to be more appropriate for
rough rice drying to meet the world trade specification and
standard. The schematic diagram of Must Flow drver shows
in Figure 1.

L,

10

O

1

Figure 1: Schematic of Must Flow Dryer are 1 Furmnace
Renewable Energy, 2. Baffle Valve & Safety Device, 3. Hot
Air Main Duct. 4.Must Flow Chamber, 5 Exhoust Blower.
6.Feed Hopper, 7Discharge Port, 8 Bucket Elevator,
9 Moisture Suction Fan and 10 .Silo Tank.

Figure 1 illustrates the component and system of Must Flow
Dryer that develop to have the more effective moisture
reduction of rough rice. It designs for working continuously
and uses for the purpose of moisture content reduction to the
final moisture content required that can be stored without
any change of rough rice features. It has 20 t'h operating
capactty, 700 x 120 x 140 cm in length x width x height of
drying chamber, 120 x 700 cm in width and length of hot air
distributor plate. It also equip with 3,000 MI'h hot ar
generator at the air inlet of drying chamber, 3 kW suction
blower on the top of drying chamber and 200 tons capacity
of storage silo at the paddy outlet of drying chamber.

Working principle of Must Flow Paddy dryer can be briefly
described as follows; fresh harvested paddy with high
moisture content is fed into the Feed Hopper (6). The feed
rate can be control by feed valve. Then, the paddy was dried
in the drying chamber of Must Flow Dryer (4) that operate
with 0.6 m/s of hot air velocity and 150°C of het air
temperature which forced to move alternately up and down
with frequency of 280 rpm. The paddy is then move along
the drying chamber obtain the heat and transfer the mass
with hot air until finally reach the Discharge Pori (7) and
Bucket Elevator (8). The paddy grain will then be conveyed
to silos to cooling and fempering for 10 hours. Hot air
obtained from rice husk burmning is flow from the top of
Furnace (1) through Baffle Valve & Safety Device (2). It
then flow through Main Duct (3) and mixed with fresh air to
get the desire temperature. Then, this hot air 1s sucked
through the Must Flow Drying Chamber (4) and pass the
laver of paddy and finally discharged through Blower (5)
with a dehydrate moisture from paddy gram.

3. Experimental Set Up

In this paper, hot air temperature of 150°C is settled for
rough rice drving inside the drving chamber of Must Flow
Dryer. At the feeding point, initial moisture content of rough
rice 15 around 28.1-38 3%wb. The drving chamber shakes at
280 rpm frequency by the operation of lifting arm. Hot air
velocity above the air flow distribution plate of 0.6 m/s 1s
then sucked through outlet blower. Rough rice mnside drying
chamber is then start to move forward periodically along the
drying chamber length by means of lifting force generated by
lifting arm combined with suction force generated by outlet
blower. These forces make rough rice periodically suspends
in the air and causes the heat and mass transfer by latent heat
evaporation, these phenomena called “Must Flow Bed
Drving”. Moisture inside rough rice grain started to move to
the grain surface and then transported 1nto air stream and the
final moisture content of 14.9-15.1%wb could finally be
obtained. After that, dried rough rice is conveyed to store in
silos tank for 10 hours. Rough rice samples of 500 g are
collected every 1 minutes before and after pass throngh Must
Flow Dryer to check the final moisture content that is
weather in accordance to the commercial sale standard or
not. The Laboratory testing of nutrients such as dietary fiber,
macin, calcium ferrous zie and etc.. 1s conducted by rough
rice grinding. The testing results will given as a specification
of each lot of rough rice in silo tank that waiting for de-
husking into course rice when it has an order from
customers. While the rough rice move freely mnside drying
chamber, it 15 forced to suspend periodically in the air stream
and cause the force convection heat and mass transfer
phenomena same as a thin layer drying. Rough rice 1s well
mixed with hot air. Rough rice grain is travelling forward
along the drymng chamber length in the different distance
depend on their own density. It 1s then dried rapidly due to
the large relative velocity different during the gravitational
free falling down of rough rice gram with air stream during a
periodically moving forward. The cavity between rice grains
is clearly observed and resulting in the very high bulk
density rough rice bed and cause large amount rate of heat
and mass transfer that may varied direcily to the bulk
density. Due to the high relative velocity and short exposure
time of rough rice gramn to the hot air stream inside dryving
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chamber, it mayv cause the little amount of micro cracking
and low level of dullness of gram.

4. Result and Discussion

This paper tested the drying 700 tons of “Hom Mali Dang™
Rough Rice harvested from Nakhon Nayok province by
Must Flow Dryer with temperature of 150°C to give final
moisture content of 15 %wb for the production of Course
Rice by the order number 14012577, As shown m Figure 2
and Figure 3 that was observed 1n the first 40 cm of drying
chamber that called Preheat stage, rough rice grain start to
move forward and expose to hot air, and in this stage it will
have started to change and adjust their movement depend on
their size and shape. And in the following 200 cm. 1t is the
drying process during the constant drying rate period.
Subsequently, in the next 600 cm, it 1s dried m the reduction
drying rate period, the moisture of rough rice gramn is
reduced by exposure to hot air at a relatively high speed,
with the suction of the fan. And finally in the last 100 cm
length of drying chamber, 1t 15 the adjustment moving of
rough rice grain, which 1s a stage of delicate moisture
transpiration.
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Figure 2: Moisture content reduction at the different position
of drying chamber for rough rice with different initial
moisture content.

within short time period assumed that the results of behavior
of the lifting of rough rice gram and free falling in the
opposite direction of the up-coming hot air stream . It causes
a very high relative velocity which may resulted in the high
rate of moisture transfer at the surface of rough rice grain.
This convection moisture transfer might higher than the rate
of moisture diffusion from the inside of rough rice gram.
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Figure 4: Distribution of air temperature along the drying
chamber of must flow dryer for different testing time of
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= a0 ~#—100Cm Table 1: Rough Rice Drying Condition (500 g sample
= 25 i 200 C'r collected for each 1tems) at Capacity 20 t/h, RFavaraze 71.1%
.g 20 300 Cra Setting, Chamber temperature 150°C
L] 15 —— 400 C'ra em Volume | MCi | MCo Husk :_j:ml Brown Husk
| (tons) |(%ewb) (*ewb) Fuel(kg)| P | Rice(®) | (%)
E 10 —— 500 Crn 1 | | | € |
é g e GO0 Cr I 178 326 | 152 1400 | 66.5 7698 | 2302
il 700 Crm 2 206 335 150 1490 | 66.3 T4 | 281
1 23 4 5 6 7 8 0 3 140 3001 151 1140 | 658 T7.15 22 8%
Checking Point ; Samp ling : 17 3132 148 | 1400 | 659 | 7731 | 2269
Figure 3: Distribution of rough rice moisture content at 5 146 | 353 149 | 1140 | 658 | 7681 | 23019
diffe@t positions of cross section for different traveling p 23 | 3070 1o | 1o | sso | 7688 | 2302
position along the drying chamber of must flow drver.
7 105 | 319 151 | 1100 | 664 | 7892 | 23.08
Figure 2 show that drving of rough rice with different initial 8 132 324 | 152 1no | 66.1 7791 | 2209
moisture content by Must Flow Dryer can reduce moisture 9 190 | 323 149 | 1400 | 662 | 7794 | 2206]
into nearly the same final moisture content of 15%wb within
one-pass operation. And the dried rough rice is then stored in
200 tons capacity Silos tank for 10 hours. The reason for this
newly invented dryer “Must Flow Dryer” can be reduce the
moisture content of rough rice to nearly the same level
Volume 3 Issue 6, June 2014
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Table 2: Comparison of Nutrients test result of Rough Rice
collected from Must Flow Dryer (MFD-206, MFD -140,
MFD-172, MFD-146) and Fluidized Bed Drver (FBD-118)

Deseription | FBD-118 | MFD-206 | MED-140 | MED-172 | MFD-146
Protein 643 g 834¢g 827g 8.61g 8.01g
Fiber 423 g 522¢ 33lg iMg 528g
Vitamin B1 | (.35 mg 048 mg 0.42 mg 045 mg 0,44 mg
Vitamin B2 | 0L06 mg 0.09 mg 0.09 mg 0.08 mg 0.09 mg
Niacin 0.52 mg 069mg | 0.67mg 0.67mg | (.68 mg
Ferrous 142mg [169mg |176mg | L7lmg |[1.74mg
Caleium 005mg | 3345mg | 33.26mg | 33.32mg | 334l mg
Fine 1.89 mg 271mg | 2.84mg 279mg | 178mg
Manganese | 1.35 mg 200mg | 2.09mg 203mg | 209mg
lodine 198 pg 283 e 281 pg 279 ug 184 g

! |
Figure 6: (a) Rough rice on Rice Field, (b) Rough rice from
Sun Dried, (c) Rough rice from Must Flow Dryer. (d) Rough
rice from Fluidized Bed Drver, () Coarse rice from
Fluidized Bed Dryer and (f) Coarse nice from Must Flow
Dryer

5. Conclusion

Drying of rough rice by Must Flow Dryer using husk burning
as heat source can quickly reduce the moisture content and
save energy. Must Flow Dryer can be used to dry rough rice
without any limit of initial moisture content as seen from the
results of rough rice dryving from initial moisture content of
28.1-38.3%wb to nearly the same level of final moisture
content of 14.9-15.1%wb in this paper. These data collect
from an industrial scale Must Flow Dryer that operated to
dry rough rice of 1.328 tons for course rice production and
export. Laboratory testing results of nutrients in tables 2 and
table 3 show that these course rice suitable for diabetic
patient to consume because carbohydrate in form of
Monosacchande 1s immersed into the fiber and slowly
absorbed through intestinal wall that would be the great
advantage to control the level of sugar in blood within the
limit of human body need. Therefore, Must Flow Drver is the
most suitable machine for course rice production due to their
delicate control of the final moisture content of rough rice.
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ABSTRACT

Rice 15 one of important global food supply. It also
play important role m Thai economic. However, the
value of rice depends on many factors. Rough rice
drying process 1s very important, time consume, and
energy consume, Various researches try to umprove the
shelve life of rice and reduce the energy consumption.
This research focuses on preserve the nutritious and
property of rice as long as possible. Rice from this
developed process is expected to be good for the
consumer and able to keep for longer tume. Hazardous
germ and fungus 1s going to be lmited Tlus
requirement can be fulfilled under the controlled
condition. Must Flow dryer show the capability in
reducing the moisture content to the required level m
short time. The developed process spent 150 second for
long grain rough rice drying. The moisture content is
reduced to 15.11%wb. The experiment has done using
400 tons of rough rice. The control temperature for
normal process 15 130 °C. The energy consumption 1s
3.89 MI/KGyater evep. The dried rough rice need 10 hours
for stram relieve. This process increase the head rice,
color index, and gum gelatinization compare to the
conventional process. The developed Must Flow dryer
give many advantage including energy consmmption
efficiency.

KEYWORDS
Dryer, Rough rice, Coarse rice, Must Flow
1 INTRODUCTION:

Rough rice drying process is the most important
process of rice pollution. Many researcher invent
many technologies extend salve life of rice,
increase head rice yield and improve the quality of
rough rice.[1] The rice merchandisers also have to
concern the effect the consumer’s health which is
very important. Rice production process is directly
effect the quality of rice especially the drying

ISBN: 978-0-9891305-4-7 ©2014 SDIWC

process. In the pass, rice industry most concern are
head rice yield and color index. Rice colors tend to
darker due to the drymg process with high
temperature.[2,3,4] The conventional drying
process also high energy consumption modern
drying process LSU dryer rough rice dry fall to let
the rough rice flow acres hot aiwr increase the
surface area. The seccond popular process is
fluidized bed feed the rice from side of the dryer
then let rice flow by pressure of hot air.[5,6] Then
distance rough rice flow from the extreme to the
end of process improve the efficiently of heat
exhausting compare to LSU process. However, the
fluidized bed process require very high efficiently
pressure constant higher. The third process is
spouted bed drying. The rough rice is feed from
the downside through pressure pipe. Hot air and
rough rice are mixed together then flow like fluid.
Drying flow in the pipe, heat exchanger process
and flow is easy to control. However, the drying
process must be control carefully.[7] Those three
popular rice drying process still have major
drawback which are model to be improve. They
also need to be controlled by experienced
operator. This research, focus on inventing new
rough rice drying process. The objective to
produce healthy rice. The let fever from the
process is used for heat source of the heating
process. The energy consumption of the proposed
process 15 a lot more efficient compare to the
fluidized bed process.

2 MUST FLOW ROUGH RICE DRYER:
The proposed process is called Must Flow dryer.
The process is expected to dry rough rice in short

period without damage.[8] The process must not
have the side effect of the consumer, energy
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saving, environment friendly and give high head
rice yield. The quality of rice is also concerned.

Figure 1. Schematic of Must Flow Dryer: 1. Hot air duct,
2 Hot air muxer launder, 3 Must Flow distributor. 4 Must
flow dryving chamber, 5.Moisture cover chamber, 6.Suction
blower. 7.Wet rough rice hopper. 8.Screw feed wvalve,
9 Mechanical Fluidization werr, and 10.Screw discharge
valve.

Figure.l illustrates the function of Must Flow
Dryer. The hot air flow from the downside (1) of
the chamber through the rough rice moisture
content will leave the chamber (4) from the top of
the chamber (5). The high moisture rough rice will
be feed into the drying chamber using screw
feeder (8). The rough rice enters the drying
chamber from the upside of the chamber (7) than
more to the outlet to the chamber. Density of the
rice is used as the criteria to select the rice (3). The
dried rough rice is feed from the chamber by
serew discharger (10) then stored in silo tank,

During the drying process the rice is sorted
automatically into short grain, Medium Grain,
Long Grain and damage rice. The beginning stage
of drying process mainly involve in heat
exchanging which is able to separate into 3 phrase,
The overall process takes 150 second for long
grain rice. The heat exchanging process 1is
subjected to thin-layer theory. Vertical flow type,
the hot air is force to flow through the layer of
rough rice with hot air veloecity 0.48 m/s. Rough
rice 15 slowly feed forward and be sort by density
and porosity of rice layer. Heat exchanging and
moisture release are completed vertically. Relative
velocity between hot air and rough rice of Must
Flow dryer is very high so that the moisture
content is removed at very high rate.

ISBN: 978-0-9891305-4-7 ©2014 SDIWC
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The fluidized bed drying process uses the
hot air velocity between 2 to 5 m/s. But, the Must
Flow dryer use the hot air velocity between 0.5 to
1 m/s only. The high relative velocity cause by the
cross flow of hot air and rough rice. Hot air in the
chamber continuously flows through the
chamber’s section. Rough rice is lifted and
dropped (Plan velocity) because the moisture rice
will drop to the grill below. The relative velocity
during drop is very high so that the time is
shortened. All grain is force to more forward the
temperature of the rough rice in the chamber is
control strictly, The equality of dried rough rice
and the head rice wield is high. The hot spot
phenomenon is rarely occurring. The moisture
content is controlled well. Then the growth of
microorganism, fungus and bacteria is limited.

3 EXPERIMENT SET UP:

The experiments consist of design and build the
Must Flow drying. Temperatures used in
experiment are 120 °C. 130 °C and 140 °C hot air
velocities is 0.5 mvs. The hot air velocity is
average by the plane section of flow. Moisture
content of rough rice is 36.30 %wb after dried.
Moisture is control at 15.11 %wb. The total rough
rice  weight 400 tons. The drier world
continuously, the rough rice will be clean using
drum cleaner. Serew feeder 1s used for rough rice
feeder. The rough rice is continuous feed into the
chamber. The whole batch of rough rice is feed to
the chamber. The average time can be caleulated.
The sampling 500 g of rough rice and dried rice
has been test for moisture content using the G-
won/GMK-303. The dried rice from the Must
Flow drying has been leave for 10 hours. Before
the head yield, color index and gum gelatinized
has been measured.[9] The moisture content must
be measure continuously to adjust the proper
temperature in the chamber for each batch of rice.
Since each both of rough rice of different in
physical properties and condition.

4 RESULTS AND ANALYSIS:

The experiment of rough rice drying
process reduces the moisture content from 36.30
%wb to 15.11 %wb. Use temperature of hot air at
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130 °C, the long grain takes 150 second in Must
Flow dryer. The dried rice must be leaving 10
hours. For stramn release and gum gelatinized
process. The high temperature with shorter time is
good for gum gelatinized process and reduced the
moisture very well as illustrated in figure 2.

40 e VI C 1
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- 35 s =l=\IC 2
a{ 30 e M C 3
i 23 i |\ C 4
E 20 e o ——— :
E 15 = O  =—eMC 5
K 10 —8—MC6
> 2 e \IC 7
2 5885855888 MC9
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— N W W0~
Longitudinal Chamber Sampling : Point

Figure 2. Moisture contents the rough rice at temperature
130 °C in Must Flow drying process.

105 Jusmine Rice at temperature 130 °C
40.00

oo MVAVW

20.00

10.00 === Before dry %wb

0.00 e After dry Yewh

Moisture Content ; % wh

1 3 5 7 9 11 13 15 17 19

Figure 3. Moisture content from rough rice pass Must Flow
dryer at 130°C

The most important phenomena shown in
figure 2 and figure 3 are the drying efficiency of
the Must Flow dryer. The moisture content of the
rough rice is reducing continuously without slow
down. The reason that this drying process can
reduce the moisture without slowing down can be
assumed that the high relative hunmdly cause this
high efficiency output.[10] The heat exchanging
and moisture transfer occurred at the surface of the
rough rice at all the time which is mater the
moisture release the gran. Considering the
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moisture gradient of the drying process, the
moisture release rate is always high.
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Figure 4. (a) Temperature with location n Must Flow
drying. (b) Location temperature of rough rice in Must Flow
drying four period times.

Figure 4 show the temperature at hot air
enter the Must Flow dryer at point B, C and D
which is located launder the grill number E.F and
G. The located n Must Flow chamber, located
a bit higher than the rice lager. The point H is the
measuring moisture exhaust air that is needed to
be release from the chamber. The hot air and the
rough rice are feed to the chamber. The rough rice
1s feed vertically. Must Flow dryer a process is
considered to be satisfied if the temperature of
pomnt E, F and G steady, as shown flat graphs
compare to the conventional drying process that
must be separated in to 3 stages. The preheat
stage, the moisture release stage and the last stage
which is the moisture release from the inside of
grain. The third stage slowdown shown in
figure 5.

The drying process using Must Flow dryer
can reduce the moisture content of rough rice from
36.30 %wb to 15.11 %whb. The sampling has been
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done every hour. The results show that the process
15 high efficiency, continuously high performance.
The rate hot air flow can be caleulate by

=pAv (6]

Where 7= Average veloeity of the hot aw
flow through rough rice porosity layer. The
velocity has been measure using CFM Thermo-
Anemometer/DT-620 which is 0.48 m/s. The
drying process with 130 °C temperature controls
the rough rice flow through the dryer any time.
The energy consumption can be caleulate by

Q= ]ri'a{(l - Mvjcpa + Cvuf:z](rﬁ - Tl)ﬂt (2)
The moisture release rate can be calculate

wy —wy = d(M; — My) (3)

The porosity factor is gap between the
grams. Energy consumption and exchange is bulk
density factor. Percentage of porosity can be
caleulate by

s=*’fpﬂ>< 100% (4)

Where £ = Percentage of porosity. g = True
density and p,= Bulk density

I N

(A) Rough rice drying by

Fluidized Bed drver Must Flow d.r\. e

Figure 5. (A, B) Show Color of rough rice of Must Flow
drver and Fluidized Bed. (C) Show Color of course rice of
Must Flow dryer.

High moisture content of rough rice drying
process use hot air at 130 °C consume the energy
of 3.89 MI/kg water evap. Comparing the Must Flow
dryer and the fluidized bed dryer. using 120 °C
hot air the energy consumption is equal to
6.14 MVkg waer evap. The experimental conditions
are,

1. This experiment has been done m real process
in rice mill enterprise at Chachoengsao
province.

2. The rough rich is never pass any drying process

ISBN: 978-0-9891305-4-7 ©2014 SDIWC

(B) Roughrice drymgby  (C) Co11.r=e rice d.'r\'mg
by Must Flow dryer
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3. The experiment has been done using wet rough
rice from merchandise.

4, The total rough rice using in experiment 400
tons.

L

. The experiment is recorder by student and rice
mill enterprise.

The dried rough rice from Must Flow dryer
has been analyzed to measure head rice yield and
color index. The result show that head rice yield
and color index of the dried rough rice form Must
Flow dryer is above standard.[11] It can be
concluded that the dried rough rice using Must
Flow dryer have less broken rice and contain
lower that 2% dark color. The experiment has
been completed by use the rough rice from rice
mill merchandise. After drying process, rough rice
has been kept in 400 tons, silo 10 hours for strain
release before while store i silo the ventilator
remove heat and moisture from the rice. After
stram release, the rough rice has been simplified to
measure gun gelatinized higher than the rough rice

trom fluidized bed dyer.
5 Moisture Content properties:

The moisture content of the rough rice is one of
the most mmportant quality indexes of rice as state
m the following reason:

1. The moisture effected food spoilage due to
microbial spoilage. This effect directly to the
shelve life of food. Food with high moisture is
easily spoilage from environment.

2. The moisture effect food safety due to growth
of hazarded mucrobial (pathogen) such as
alflatoxin, patulin.

3. The moisture effects the physical properties of
food such as melting point. boilng point,
thermal conductivity and specific heat.

4. Moisture effect the appearance of food scubas
texture.

5. Moisture effect the chemical reaction in food
seubas browning reaction lipid oxidation.

6. Moisture effect the price of agricultural goods.
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From Table 1 show rice contains carbohydrate
which 15 Carbon, Hydrogen and Oxygen.
Carbohydrate could be small or large molecule. It
is serves of energy for human and animal are
important part of cells. Carbohydrates give energy
equal to protem. The smallest unit of carbohydrate
is single molecule sugar:

1. Monosaccharide that are galactose fructose. and
glucose

[ ]

. Disaccharide that are maltose lactose sucrose.

3. Polysaccharide that starch glycogen cellulose.

Details Homdeang 105 jasmune rice
jasmumne rice

Fiber 463 g 373g
Ferrous 091 mg 094 mg
Zinc 0.02 mg 148 mg
Vitamin E 83.10 pg 15948 ug
Vitamun Bl 0.29 mg 0.37mg
Vitamin B2 0.01 mg 0.0l mg
Vitamin B6 0.26 mg 022 mg

Table 1. Compare nutrient of rough rice from Must Flow
drver.

6 CONCLUSIONS:

The experiment has been done by dry the
rough rice using the Must Flow dryer. The result
show that the propose method reduce cyele time,
energy save and applicable to unlimited moisture
content level The process can dry rough rice to
the expected level in one eycle without slowdown.
The rough rice form propose process give better
head rice yield than the conventional preprocess,
color indexis 2% higher than standard, gum
gelatinized is 32% higher than standard, and
consumption less than 50% heat compare to the
conventional process. The gum gelatinized is
useful for living organisms. It is very important
energy source i  form of monosaccharide,
disaccharide and polysaccharide which is easy to
absorb. It also improves the excretory system
redueing illness in alimentary canal
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ALATDIDUWAILUUNFY NG ﬁmu@qmuqﬁﬁm%’umiawﬁa 130 °C

. RH Initial Moisture Content Final Moisture Content | Dry Matter | Water Evap.
e (%) | (% wet basis) | (% dry basis) (%dry basis) (kg/h) (kg/h)
1 66 35.70 55.51 20.99 14738.39 5087.69
2 69 36.00 56.31 21.52 14705.88 5116.18
3 62 27.70 38.31 21.32 15661.71 2660.92
4 62 28.70 40.19 20.99 15540.02 2983.68
5 64 23.70 31.02 21.32 16168.15 1568.31
6 64 26.70 36.50 21.52 15785.32 2364.64
7 65 24.40 32.36 20.99 16077.17 1827.97
8 67 27.00 36.95 21.32 15748.32 2461.42
9 61 36.00 56.31 21.52 14705.88 5116.18
10 61 35.70 55.51 21.32 14738.39 5039.06
11 61 23.70 31.02 21.32 16168.15 1568.31
12 57 27.70 38.31 21.32 15661.71 2660.92
13 58 36.00 56.31 21.52 14705.88 5116.18
14 59 28.70 40.19 20.99 15540.02 2983.68
15 62 35.70 55.51 21.52 14738.39 5009.58
16 61 23.70 31.02 21.32 16168.15 1568.31
17 64 27.70 38.31 21.32 15661.71 2660.92
18 62 36.00 56.31 21.52 14705.88 5116.18
19 62 28.70 40.19 21.32 15540.02 2901.32
Average | 65.50 29.86 42.72 20.50 15557.86 3261.82

Remark : (Feed Rate)gy mater = (Fe€d Rate)yet matter X [100 / {100 + (%wb)}]
Rate of Water Evap. = (Feed Rate)yy matter X (MCi - MCO)gry matier
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A1379N A.2 YSunmanudunszsmeasnanntnlfenaa ﬂ'u'nf N 49 IRIAUATUILAN FINNTIANINNT I

ALATDIDUWAINRT LN ﬁmu@qm%gﬁﬁm%’umiamﬁa 140 °C

RH Initial Moisture Content Final Moisture Content | Dry Matter | Water Evap.

e (%) | (% wet basis) | (% dry basis) (% dry basis) (kg/h) (kg/h)
1 66 27.7 38.31 20.16 15661.71 2842.60
2 69 26.7 36.50 19.55 15785.32 2675.61
3 62 24 4 32.36 19.75 16077.17 2027.33
4 62 35.7 55.51 19.55 14738.39 5299.93
5 64 23.7 31.02 19.78 16168.15 1817.30
6 64 35.7 55.51 19.75 14738.39 5270.45
7 65 23.7 31.02 19.55 16168.15 1854.49
8 67 27.7 38.31 19.75 15661.71 2906.81
9 61 36 56.31 19.55 14705.88 5405.88
10 61 23.7 31.02 20.16 16168.15 1755.86
11 61 35.7 55.51 19.55 14738.39 5299.93
12 57 36 56.31 19.75 14705.88 5376.47
13 58 35.7 55.51 19.78 14738.39 5266.03
14 59 23.7 31.02 19.75 16168.15 1822.15
15 62 27.7 38.31 19.55 15661.71 2938.14
16 61 27.7 38.31 19.55 15661.71 2938.14
17 64 23.7 31.02 19.78 16168.15 1817.30
18 62 23.7 31.02 19.78 16168.15 1817.30
19 62 237 31.02 20.16 16168.15 1755.86
20 63 35.7 55.51 19.55 14738.39 5299.93
21 66 23.7 31.02 20.16 16168.15 1755.86
22 65 27.7 38.31 19.55 15661.71 2938.14
Average | 65.50 29.86 42.72 20.50 15557.86 3261.82

Remark : (Feed Rate)gy mater = (Fe€d Rate)yet matter X [100 7 {100 + (%wb)}]
Rate of Water Evap. = (Feed Rate)yy matier X (MCi - MCO)gry matier



A1519N A.3 USUaNNTUNIZREanINNT1URONTA WS NV 49 JIRIAUATUILN KNNNTAA

o g

o

§ 4 o o a o 12
ANuFUAINTB e DUR AN TWa Smuaguuglidmsumseunds 140 °C

113

Initial Moisture Content

ttom RH Final Moisture Content Dry Matter Water Evap.
%) 1 9% wet basis) | (% dry basis) (dry basis) (kg/h) (kg/h)

1 58 35.8 55.75 17.90 14727.54 5574.37
2 59 30.0 43.04 18.12 15384.62 3833.85
3 62 275 37.93 17.78 15686.27 3160.78
4 62 374 59.71 18.12 14556.04 6053.86
5 64 35.8 55.75 17.90 14727.54 5574.37
6 64 30.0 43.04 17.78 15384.62 3886.15
7 65 36.1 56.43 17.82 14695.08 5673.77
8 67 275 37.93 17.78 15686.27 3160.78
9 61 30.0 43.04 18.12 15384.62 3833.85
10 61 36.1 37.93 18.12 15686.27 3107.45
11 61 30.0 55.75 17.78 14727.54 5592.05
12 57 36.1 43.04 17.90 15384.62 3867.69
13 56 275 56.43 17.82 14695.08 5673.77
14 55 35.8 43.04 18.12 15384.62 3880.00
15 57 30.0 56.43 17.78 14695.08 5629.68
16 61 35.8 37.93 18.12 15686.62 3160.78
17 64 275 55.75 17.78 14727.54 5574.37
18 62 35.8 43.04 17.90 15384.62 3886.15
19 62 30.0 56.43 17.82 14695.08 5629.68
20 54 36.1 56.43 17.90 14695.08 5679.65
21 55 30.0 43.04 17.78 15384.62 3867.69
22 56 35.8 55.75 17.90 14727.54 5586.16
23 67 374 59.71 17.82 14556.04 6085.88
Average | 60.57 32.74 49.14 17.90 15077.94 4678.39

Remark : (Feed Rate)gyy mater =

(Feed Rate),q mater X [100 / {100 + (%wb)}]

Rate of Water Evap. = (Feed Rate)yy matter X (MCi - MCO) gy, matter



114

A1379N A.4 USumanudunssmeasnanntnlfenaa ﬂ'u'nf N 49 IRIAUATUILN YINNTAA

{ 4 o ¢ o Ao W
ANuFUMIBINT oI UIRGTAN I fvuaguugldmSumseunia 140 °C

RH Initial Moisture Content Final Moisture Content | Dry Matter | Water Evap.
Item
(%) | (% wet basis) | (% dry basis) (dry basis) (kg/h) (kg/h)

1 62 27.50 37.93 17.56 14727.54 3000.00
2 62 35.80 55.75 17.82 15686.27 5949.80
3 63 27.50 37.93 17.74 14727.54 2973.49
4 66 35.80 55.75 17.63 15384.62 5864.62
5 64 30.00 42.85 17.56 16168.15 4088.92
6 64 23.70 31.02 17.63 16168.15 2164.92
7 65 23.70 31.02 17.56 14738.39 1983.79
8 67 35.70 55.51 17.74 16168.15 6106.71
9 61 23.70 31.02 17.56 16168.15 2176.23
10 61 23.70 31.02 17.63 14738.39 1973.47
11 61 35.70 55.51 17.74 14705.88 5554.41
12 57 36.00 56.31 17.56 14738.39 5711.13
13 58 35.70 55.51 17.74 16168.15 6106.71
14 59 23.70 31.02 17.56 16168.15 2176.23
15 70 23.70 31.02 17.63 14738.39 1973.47
16 68 35.70 55.51 17.74 16168.15 6106.71
17 64 23.70 31.02 17.74 16168.15 214713
18 62 23.70 31.02 17.82 14738.39 1945.47
19 62 35.70 55.51 17.56 14705.88 5580.88
20 61 36.00 56.31 17.63 14738.39 5700.81
21 61 35.70 55.51 17.56 16168.15 6135.81
22 65 23.70 31.02 17.56 16168.15 2176.23
Average| 62.86 62.92 43.38 17.64 15427.03 3981.81

Remark : (Feed Rate)gy matier = (Fe€d Rate)yet matter X [100 / {100 + (%wb)}]
Rate of Water Evap. = (Feed Rate)yy matter X (MCi - MCO) gy, matter
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A1379N .5 YSunmanudunszsmeasnanntnlfenaa ﬂ'u'nf N 49 IRIAUATUILN YINNTAA

d‘y v tﬂl v s I3 /A o et v
ﬂ’J’]il‘li‘Ha(ﬂ’JElLﬂiElGEl’]JLL%G%Ja‘YﬂWﬂ m%u@]qmﬁgummumiamma 140 °C

RH Initial Moisture Content Final Moisture Content| Dry Matter |Water Evap.
ltem
(%) (% wet basis) | (% dry basis) (dry basis) (kg/h) (kg/h)

1 61 63.1 56.43 15.32 14695.07 6041.14
2 55 275 37.93 15.36 15686.27 3540.39
3 54 35.8 55.75 15.47 14727.54 5932.25
4 62 30.0 43.04 15.34 15384.61 4261.53
5 55 36.1 56.43 15.53 13695.07 5601.28
6 54 36.1 56.43 15.47 13695.07 5601.28
7 56 244 32.36 15.36 16077.17 2715.43
8 52 27.0 36.95 15.34 15748.03 3399.99
9 61 36.0 56.31 15.53 14705.88 3090.64
10 61 35.7 55.51 15.53 14738.39 5892.40
11 61 23.7 31.02 15.36 16168.14 2504.44
12 57 36.1 56.43 15.53 13695.07 5601.28
13 53 36.1 56.43 15.47 13695.07 5601.28
14 52 24 .4 32.36 15.36 16077.17 271543
15 54 23.7 31.02 15.53 16168.14 2531.93
16 55 27.0 36.95 15.53 15748.03 3373.22
17 53 36.0 56.31 15.34 14705.88 5997.05
18 62 36.1 56.43 15.36 13695.07 5601.28
19 62 275 37.93 15.36 15686.27 3540.39
20 63 35.8 55.75 15.47 14727.54 5948.45
21 66 30.0 43.04 15.53 15384.61 4241.53
22 65 36.1 56.43 15.36 13695.07 5601.28
Average| 60.07 32.93 49.03 16.01 14946.80 4559.02

Remark : (Feed Rate)gy mater = (Fe€d Rate)yet matter X [100 / {100 + (%wb)}]
Rate of Water Evap. = (Feed Rate)yy matter X (MCi - MCO)gry matter
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A1319N 9.1 Qmmwﬂ’nﬁmumsa@mm%uﬁamm%aaauuﬁmuuﬁaﬂﬂa fNaINIHER 20 th

. { a o o = o
Course Rice Products (maauﬁﬂsmmﬂuaawmfm'na:ﬁuo °11’JI§N)
ﬁmmqmwgﬁﬁm?umiauLLﬁd‘iTnLﬂﬁanaﬂ 130 °C

. W811INAY WIATNANLNEA 1w | 41%n | Usedd | gqg
WHET17
@) (@) (%) (%) (%) m
na 27 97.3 49.2 64.8 16.3 18.9 43.6
ny 49 97.2 48.1 59.4 22.6 16.7 447
Lﬂﬁlﬂ 97.25 48.65 62.10 19.45 17.80 4415
A137197 9.2

v lil 1 dq/ v ﬁl v o o U a
qmmwma‘nmumiaﬂmwwummmaaammmuwavﬂﬂa MAININEA 20 t/h

§ { ~ o ) £ < ° a
Course Rice Products (°n@aauﬁﬂimmmaawufmnamm CR1EE) fnuagunn
fuSUnNsauwAItURanaa 140 °C

¥I8T1INa a9 WIRTIILANLNAR Tdu  9n Uswdn gqqg
WU592
@) (9) (%) (%) (%) o
ny 27 97.6 491 64.6 16.5 18.9 44.9
ny 47 97.2 47.9 65.7 16.9 17.4 45.8
Ny 49 96.8 49.5 65.1 18 16.9 44.2
L%gﬂ 97.20 48.83 65.13 1713 17.73 44.96




13199 9.3 Qmmwiﬂﬁmumia@mwu%u@i’amﬂ%adaULLﬁquuﬁ'ﬁﬂwg fNaINTHEN 20 th

. { a o g 4 4
Course Rice Products (maauﬁﬂimmmmwuﬁ:ﬁmawua °ﬁ’JI&ld)

ﬁmuﬂqmﬂgﬁﬁm%umiauLLﬁd“ﬁnLﬂﬁaﬂa@ 150 °C

118

oo W8T1INa 89 WIATUANLNEN 1w | 4190 | Usedd | gqg
WUE117
@) (@) (%) (%) (%) m

na 27 97.3 49.2 64.8 16.3 18.9 45.4
ny 27 97.6 491 64.6 16.5 18.9 45.2
ny 27 97.9 49.7 65.4 171 17.5 45.7
Ny 45 96.6 51.1 66.8 16.3 16.9 431
ny 45 96.3 51.6 67.1 16.6 16.3 43.3
Ny 45 96.1 51.9 65.8 16.3 17.9 43.9
Ny 45 96.7 53.2 65.4 16.8 17.8 43.4
Ny 47 97.2 47.9 65.7 16.9 17.4 42.7
Ny 47 97.8 47.5 61.8 20 18.2 441
ny 47 97.5 47.3 64.9 17 18.1 44 .8
ny 47 97.4 50.7 58.9 22.6 18.5 43.9
Ny 49 97.2 48.1 59.4 22.6 16.7 41.9
Ny 49 97.1 48.5 711 12.5 16.4 41.6
N 49 97.8 49.5 65.1 18 16.9 43.4
N 49 97.6 49.4 67.3 16 16.7 45.2
L%gﬂ 97.07 49.66 64.94 17.43 17.54 43.84
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& o A £ o A o o o o a
M19N 9.4 Qmmwmmmumia@mm“ﬁummmmammumumﬂﬂa N/ININAG 20 t/h
. { 1a o o ~ <
Course Rice Products (maauﬁﬂimmmmwuﬁ:ﬁmawua °E’JI1I\‘1)

ﬁmuﬂqmﬂgﬁﬁm‘?umiauLLﬁd“ﬁnLﬂﬁaﬂa@ 160 °C

; WIAT1INRDY NIATNANNER dgw | TR | gsretn | anw
WUEL?
(9 (9 (%) (%) (%) m
Ny 45 96.1 51.9 65.8 16.3 17.9 41.6
ny 47 97.8 47.5 61.8 20.0 18.2 41.4
Ny 49 96.8 49.5 65.1 18.0 16.9 41.9
Ny 49 96.6 49.4 67.3 16.0 16.7 41.2
lﬂ?;ﬂ 96.82 49.57 65.00 17.57 17.42 41.57

151917 9.5 Qmmwifﬂﬁmumsaﬂmw%uéfqULﬂ%aaauLLﬁaLLuuﬁaﬁIWa AIRINITHES 20 t/h
{ a o o P2
Course Rice Products (maauﬁﬂsmmmaawuq‘mnawm 7149)

ﬁmuﬂqnmgﬁ@%m%’umiauLLﬁaﬁnLﬂﬁaﬂa@ 170 °C

o W8T1INABY WIATIIULANLNER Few | TN | dgedn | enw
WUEL1?

(9 (9 (%) (%) (%) i

na 27 97.9 43.7 55.4 17.1 17.5 43.6

Ny 45 96.6 41.3 56.8 16.3 16.9 44.2

Ny 49 96.6 44.4 57.3 16.0 16.7 42.9

mﬁlﬂ 96.03 50.13 66.5 16.46 17.03 43.56




13199 9.6 Qmmwifnﬁmumia@mm%u@i’aUm%a\‘lauuﬁmmuﬁaﬂwa fNaINSHER 20 th

Course Rice Products (maauﬁuﬁ:ﬁn nY 47)

ﬁmmqmﬂgﬁﬁm?umiauLLﬁa‘iTnLﬂﬁaﬂa@ 150 °C

120

L NI811INABY VINTLAULNE® STl LIY! 91%n | daedn
gnan AN
(9) ) (%) (%) (%)
1 98.2 447 65.7 16.9 17.4 52.3
2 97.8 47.5 61.6 254 18.2 55.9
3 97.5 47.3 64.9 17.0 18.1 58.3
4 98.4 50.7 58.6 22.6 18.5 58.3
5 98.9 47.8 64.8 25.7 20.9 511
6 98.5 45.3 64.6 25.9 20.9 51.5
7 95.1 46.6 65.4 32.2 20.5 52.2
8 95.2 43.8 61.7 484 20,9 52.3
9 94.7 47.9 61.9 25.6 20.1 56.3
10 94.3 484 61.1 22.8 20.6 55.2
11 96.1 49.7 63.7 31.7 20.7 55.9
12 98.3 48.7 62.8 324 20.6 57.8
13 98.7 47.8 62.9 20.0 20.9 58.8
14 94.5 491 62.2 31.1 20.3 58.3
15 94.3 46.6 61.1 28.9 20.3 55.2
16 96.1 47.9 63.7 33.7 20.9 55.9
17 98.3 457 62.8 24.8 20.1 57.8
18 95.7 458 62.9 23.9 20.6 58.8
19 97.5 45.9 62.2 28.3 20.7 57.8
Lﬂaﬂ 96.74 47.22 62.90 26.27 20.06 55.77




A1319N 9.7 Qmmwﬂ’nﬁmumsa@mw%uﬁaULﬂ%aaamLﬁaLLuuﬁaﬂWQ fNaINITHES 20 th

Course Rice Products (nasaulaglinnusfiausziugdn)

ﬁmuﬂqmmgﬁﬁm%’umiauLLﬁ&‘iTnLﬁﬁanaﬂ 150 °C

121

Gpeng | ¥aTINRes | wiadduede | ddw | 479n gt

o ANV
" (@) (9) (%) (%) (%)
1 97.3 49.2 54.8 16.3 18.9 452
2 97.4 50.7 58.9 226 18.5 45.9
3 97.2 48.1 59.4 226 16.7 37.8
4 96.3 51.6 67.1 16.6 16.3 38.8
5 96.1 51.9 65.8 16.3 17.9 38.3
6 97.5 47.3 64.9 17.0 18.1 452
7 96.8 49.5 65.1 18.0 16.9 411
8 96.6 49.4 67.3 16.0 16.7 42.3
9 96.6 51.3 66.8 16.3 16.9 46.3
10 96.7 53.2 65.4 16.8 17.8 45.9
11 97.2 47.9 65.7 16.9 17.4 37.8
12 97.8 47.5 61.8 20.0 18.2 38.8
13 971 48.5 711 12.5 16.4 37.8
14 97.6 49.1 64.6 16.5 18.9 46.3
15 97.9 49.7 65.4 17.1 17.5 45.2
16 96.3 51.6 67.1 16.6 16.3 411
17 96.1 51.9 65.8 16.3 17.9 41.5
18 97.5 47.3 64.9 17.0 18.1 45.9
19 96.8 49.5 65.1 18.0 16.9 37.8
20 96.6 49.4 67.3 16.0 16.7 41.5
21 97.1 48.5 711.1 125 16.4 42.2
22 97.6 49.1 64.6 16.5 18.9 45.2
23 96.3 51.6 67.1 16.6 16.3 45.9

mﬁlﬂ 97.03 49.50 64.85 17.56 17.47 42.00
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M1319N 9.8 Qmmwifnﬁmumia@mm%u@i’aUm%a\‘lauuﬁmmuﬁaﬂwa fNaINIHER 20 t/h

White Rice Products (maauvl,aimmﬁuﬁﬁ'n NUWDUURILUNG)
ﬁmuﬂqmmgﬁé’m%%’umiauLLﬁ&‘iTnLﬁﬁanaﬂ 150 °C

L N2811N8BY VINTUAULNES STl LIY! T%n | dsnedn
gnagn AN
(9) (9 (%) (%) (%)
1 86.7 43.9 33.8 29.7 28.6 452
2 82.8 447 39.6 29.9 29.9 459
3 841 40.3 37.4 28.5 29.3 42.2
4 81.9 41.8 33.7 31.7 29.9 42.3
5 85.1 491 32.8 33.4 33.9 411
6 84.3 42.4 411 30.1 34.9 32.5
7 81.6 43.9 32.9 31.2 32.7 459
8 85.6 447 36.7 38.6 33.8 37.8
9 82.3 49.7 41.9 37.2 33.9 28.8
10 83.1 43.6 32.2 22.9 31.5 38.3
11 85.9 47.8 341 31.2 35.2 37.8
12 96.9 43.6 33.7 39.1 36.1 38.8
13 95.5 40.5 32.8 29.4 33.7 37.8
14 81.7 40.6 32.9 27.3 29.6 46.3
15 82.9 47.8 32.2 30.7 29.5 452
mﬁiﬂ 85.33 44.29 35.52 39.39 32.16 40.39




A1319N 9.9 Qmmwifnﬁmumia@mm%u@i’aUm%a\‘lauuﬁmmuﬁaﬂwa fNaINSHER 20 th

Course Rice Products (maauﬁuﬁ:ﬁn Ny 27)

ﬁmmqmﬂgﬁﬁm%miauLLﬁa"ﬁnLﬂﬁaﬂa@ 150 °C

123

L NI811INABY VINTUAULNRA | 116 T%n | Uaedn
gnan AN
(9) (9 (%) (%) (%)

1 97.3 49.2 64.8 16.3 18.9 43.3
2 97.6 49.1 64.6 16.5 18.9 456
3 97.9 497 65.4 171 17.5 456
4 98.2 49.3 65.7 16.1 19.9 45.2
5 98.4 49.6 65.3 16.7 19.5 42.3
6 98.3 48.8 65.7 16.5 19.5 43.4
7 98.6 48.9 65.2 17.4 17.5 44 1
8 97.9 48.7 65.8 17.9 17.9 442
9 97.5 495 64.6 17.7 174 445
10 98.7 49.1 64.5 16.9 18.7 453
11 97.2 48.7 64.9 16.3 18.6 43.2
12 97.6 48.9 64.7 17.3 18.3 42.8
13 97.9 49.4 65.2 17.6 18.5 42.6
14 97.8 49.7 65.8 17.9 19.9 43.8
15 97.7 48.7 64.6 16.8 18.2 43.9
16 97.5 494 65.5 16.5 18.9 442
17 97.6 49.8 64.8 16.3 17.5 441

Lﬂgﬂ 97.92 49.14 65.06 16.92 18.50 44.00




®1379% 9.10 qmmwﬁnﬁmumia@mw%uﬁamﬂ%mauuﬁumuﬁaﬂm ANaINNTHEN 20 t/h

Course Rice Products (maauﬁufﬂfm nY 45)

ﬁwuﬂqm‘mﬁﬁm?um‘;auuﬁaiﬁuﬂﬁanaﬂ 150 °C

124

L WINTNINRBY | RTNIUANNAR | 116w | 9%n | daied
fatn ANV
) ) (%) (%) (%)

1 98.4 43.9 67.4 28.3 17.7 57.8
2 94.3 456 68.9 28.9 17.3 55.2
3 94.7 457 68.9 16.9 17.4 52.3
4 97.8 47.5 68.9 25.4 17.2 55.9
5 96.1 51.9 67.8 17 171 58.3
6 98.2 49.7 68.2 16.3 17.9 58.8
7 98.9 47.8 68.1 25.7 17.9 51.1
8 98.5 453 68.7 25.9 17.9 51.5
9 97.5 46.6 68.8 32.2 17.5 52.2
10 95.2 46.8 67.7 28.4 17.9 52.3
11 98.3 47.9 67.9 25.6 171 56.3
12 96.1 48.4 67.1 22.8 17.6 55.2
13 95.1 49.7 68.7 31.7 17.7 55.9
14 95.1 48.7 68.8 32.4 17.6 57.8
15 96.3 47.8 67.1 20.0 17.9 58.8
16 94.5 49.1 68.2 33.1 17.3 58.3
17 97.5 47.3 67.8 23.9 17.5 58.3
18 98.7 47.9 69.7 33.7 17.9 55.9
19 98.3 457 69.8 24.8 171 57.8
20 95.7 45.8 69.9 23.9 17.6 58.8
21 96.7 51.2 67.4 16.8 17.8 57.9
22 96.6 51.3 67.8 16.3 16.9 56.8

L%gﬁl 96.68 45.70 68.31 24.60 17.48 56.08




M1319N 9.11 Qmmwﬂ’nﬁmumia@mm%uﬁamm%aaauuﬁmuuﬂ'aﬂ%la fNRINITHES 20 th

Course Rice Products (maauﬁuﬁ:ﬁn nY 49)

ﬁmu@]qmﬂnﬁﬁmﬁmiauLLﬁ’d“ﬁnLﬂﬁaﬂa@ 150 °C

L 28717N809 VINTAUNER | T16w | 91%n | danedn
gnan AN
(9 (9 (%) (%) (%)
1 96.9 457 64.8 25.4 25.9 411
2 95.5 453 64.6 25.9 249 415
3 95.1 45.8 65.4 25.7 255 42.2
4 95.2 43.8 61.7 24.8 22.9 42.3
5 94.7 491 61.9 23.9 22.1 46.3
6 94.3 48.4 61.1 23.8 22.6 452
7 96.1 49.7 63.7 32.4 22.7 459
8 95.3 46.6 62.8 33.1 23.6 37.8
9 95.7 45.9 62.9 33.7 23.9 38.8
10 95.4 447 62.2 32.2 23.3 38.3
11 94.3 47.8 61.1 31.7 22.3 452
12 96.1 46.6 63.7 28.4 22.9 459
13 95.3 47.9 62.8 28.9 22.1 37.8
14 95.7 48.7 62.9 28.3 22.6 38.8
15 94.5 47.8 62.2 25.6 22.7 37.8
Laﬁ.ﬂ 95.28 46.92 62.92 28.18 23.33 41.66
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(ﬂ’]i’l\‘]qm‘wgumaﬂ’uﬂ‘aLﬂaanﬂw’l%ﬂ'ﬁaﬂﬂ’nmﬁu



l!l a =3 v s dl ] dQI v dl v G/
MN13719N 3.1 QMWQNLNERWI]’Y]Lﬂﬂﬂﬂﬂw’]uﬂqiﬂﬂﬂ’]’]u“ﬁu(ﬂ’lEJLﬂ'iE]\‘]E]‘]JLL‘H\‘]LL‘UUNﬁVﬂWﬂ

ARINIHEN 20 th muqﬂﬁﬂmﬁﬂ%’uamwﬁnLﬂﬁan wazgat lAuluaslsls

ﬁmuﬂqmwgﬁéwm?uauuﬁoﬁnmﬁaﬂ 130 °C

Must Flow | Rice Cond. | 10h Silo | Hull-MF Hull-RC | Hull-SL RH
Sample

(°C) (°C) (°C) (9 (9 (9 (%)

1 72 48 42 32.1 41.6 56.3 57
2 74 48 43 321 41.6 56.3 57
3 74 47 43 35.7 41.6 56.3 57
4 74 47 44 35.7 41.6 57.2 57
5 73 47 44 31.3 40.2 57.2 57
6 73 48 44 35.7 40.2 57.2 57
7 73 50 43 35.7 40.2 57.2 57
8 74 50 43 35.7 40.2 57.2 57
9 72 49 42 32.1 40.2 59.5 57
10 72 49 42 321 40.2 59.5 57
11 72 49 42 32.1 449 59.5 57
12 72 49 43 32.1 449 56.3 59
13 72 47 43 31.6 44.9 56.3 57
14 72 47 44 31.6 449 56.3 57
15 72 49 44 31.6 41.6 59.8 57
16 72 49 44 31.6 41.6 57.2 57
17 74 50 43 31.6 41.6 57.2 57
18 74 50 42 31.6 42.7 57.2 57
19 74 50 42 31.6 449 59.5 57
20 74 49 42 35.7 449 59.5 57
21 73 49 43 35.7 449 59.5 57
22 73 48 43 35.7 449 59.5 57
23 73 47 43 35.7 449 59.5 57

Mean 72.88 48.51 42.96 33.1 42.67 57.60 57.07
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l!l a =3 v s dl ] dQI v dl v G/
MN1319N 2.2 QMWQNLNERWH’Y]Lﬂﬂﬂﬂﬂwﬁuﬂqiﬂﬂﬂ’]’]u“ﬁu(ﬂ’lEJLﬂ'iE]\‘]E]ULLﬁ\‘]LLUUNﬁVﬂWQ

fRINIHNAS 20 th muquiﬁﬂmﬁﬂ%’uamwfmLﬂﬁan wazgat lUAuluaslala

ﬁmuﬂqmmﬁﬁm%’uauuﬁa‘iﬁuﬂﬁan 140 °C
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Must Flow Rice Cond. | 10h Silo | Hull-MF Hull-RC | Hull-SL RH
Sample

(°C) (°C) (°C) 9 (9 (9 (%)

1 76 56 41 324 54.6 66.9 57
2 78 58 41 324 54.6 66.9 57
3 78 58 41 32.4 54.6 66.9 57
4 78 57 40 324 54.6 66.9 57
5 77 57 40 324 53.9 67.7 57
6 77 56 40 324 53.9 67.7 57
7 76 56 40 32.4 53.9 67.7 57
8 77 58 40 30.8 53.9 67.7 57
9 77 58 41 30.8 49.5 66.9 59
10 78 58 41 30.8 49.5 66.9 59
11 78 58 41 30.8 49.5 66.9 59
12 78 57 41 30.8 49.5 72.4 59
13 76 57 40 311 495 72.4 59
14 76 57 40 311 53.9 72.4 59
15 76 57 40 311 53.9 72.4 59
16 78 58 41 311 54.6 72.4 59
17 78 58 41 311 54.6 72.4 59
18 78 58 41 31.1 54.6 72.4 59
19 78 58 40 324 54.6 67.7 59
20 77 56 40 324 49.5 67.7 59
21 76 56 40 324 49.5 67.7 59
22 76 56 40 31.1 495 67.7 57
23 77 57 40 311 3.9 67.7 57

Mean 77.07 57.22 40.48 31.49 52.26 68.59 57.96




l!l a =3 v s dl ] dQI v dl v 0/
M13191N 2.3 QMWQNLNERWH’Y]Lﬂﬂﬂﬂﬂw’]uﬂqiﬂﬂﬂ’l’]u“ﬁu(ﬂ’]EJLﬂ'iE]\‘]E]‘]JLL‘H\'iLL‘lJUNﬁ‘VﬂWﬂ

ANRINIHES 20 th muqﬂﬁﬁmﬁﬂ%’uamwﬁnLﬂﬁaﬂ wazgat lAuluaslsls
ﬁmmqmwgﬁﬁm%’uauuﬁd“ﬁnLﬂﬁan 150 °C
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Must Flow

Rice Cond.

Hull-MF

Hull-RC

10h Silo Hull-SL RH
Sample

(°C) (°C) (°C) @) @) (9) (%)

1 80 55 40 32.2 54.1 77.8 57
2 80 54 40 32.2 541 77.8 57
3 79 55 40 33.5 54.1 77.8 57
4 81 55 40 33.5 54.1 75.4 57
5 81 55 41 33.5 53.4 75.4 57
6 81 52 41 32.2 53.4 78.3 56
7 81 54 41 32.2 52.8 77.8 56
8 81 54 41 32.2 52.8 77.8 56
9 81 54 41 32.2 52.8 751 56
10 79 54 41 379 52.8 75.1 56
11 79 54 41 37.9 53.4 751 56
12 80 52 41 37.9 53.4 751 56
13 80 52 41 33.1 541 75.4 56
14 79 52 40 32.2 54.1 75.4 56
15 79 52 40 32.2 541 75.4 56
16 79 52 40 33.5 541 75.4 56
17 79 55 40 33.5 53.4 75.4 56
18 81 55 40 33.5 53.4 77.8 56
19 81 55 40 32.2 53.4 77.8 56
20 81 55 40 32.2 53.4 77.8 56
21 81 54 40 37.9 52.8 75.4 56
22 79 54 40 37.9 52.8 75.4 56
23 79 54 40 37.9 52.8 75.4 56

Mean 79.88 53.70 40.40 34.12 53.45 76.12 56.33




l!l a =3 v s dl ] dQI v dl v 0/
M990 2.4 QMWQNLNERWH’Y]Lﬂﬂﬂﬂﬂw’]uﬂqiﬂﬂﬂ’l’]u“ﬁu(ﬂ’]EJLﬂ'iE]\‘]E]‘]JLL‘H\'iLL‘lJUNﬁ‘VﬂWﬂ

ANRINIHES 20 th muqﬂﬁﬁmﬁﬂ%’uamwﬁnLﬂﬁaﬂ wazgat lAuluaslsls
ﬁmmqmwgﬁﬁm%’uauuﬁd“ﬁnLﬂﬁan 160 °C
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Must Flow Rice Cond. 10h Silo | Hul-MF | Hull-RC Hull-SL RH
Sample

(°C) (°C) (°C) (9 (9) 9 (%)

1 87 57 40 324 54.3 77.3 57
2 87 57 42 324 54.3 77.3 57
3 88 57 42 324 54.3 77.3 57
4 88 57 40 29.7 54.3 74.8 57
5 85 58 40 29.7 54.7 74.8 57
6 85 58 40 29.7 54.7 81.2 57
7 85 59 42 29.7 511 81.2 57
8 87 59 42 295 51.1 81.2 62
9 87 59 42 28.7 511 74.8 62
10 87 57 41 28.7 51.1 74.8 62
11 87 57 41 28.7 55.9 74.8 62
12 87 57 41 28.7 55.9 74.8 61
13 87 57 41 28.7 55.9 81.6 61
14 87 58 41 28.7 55.9 81.6 61
15 87 58 41 29.7 55.9 81.6 61
16 85 58 40 29.7 54.7 81.6 61
17 85 58 40 324 54.7 81.2 61
18 85 58 40 32.4 54.7 81.2 57
19 85 58 40 324 54.7 81.2 57
20 85 58 40 28.7 55.1 81.2 62
21 85 58 42 28.7 55.1 81.6 62
22 88 59 42 28.7 55.1 81.6 62
23 88 59 42 28.7 55.1 81.6 62

Mean 86.62 57.88 41.00 29.88 54.95 79.47 60.00




l!l a =3 v s dl ] dQI v dl v G/
M13191N 2.5 QMWQNLNERWH’Y]Lﬂﬂﬂﬂﬂwﬁuﬂqiﬂﬂﬂ’]’]u“ﬁu(ﬂ’lEJLﬂ'iE]\‘]E]ULLﬁ\‘]LLUUNﬁVﬂWQ

ANRINIHES 20 th muqﬂﬁﬁmﬁﬂ%’uamwﬁnLﬂﬁaﬂ wazgat lAuluaslsls

ﬁmmqmﬂgﬁﬁm?‘uamﬁd“ﬁnLﬂﬁan 170 °C
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Must Flow Rice Cond. 10h Silo Hull-MF Hull-RC Hull-SL RH
Sample

(°C) (°C) °C) (9) (9) (9) (%)

1 98 65 42 28.8 45.6 64.7 61
2 98 65 42 28.8 45.6 64.7 61
3 98 64 42 28.8 45.6 64.7 61
4 96 64 41 28.6 47.3 65.9 61
5 96 64 41 28.6 47.3 65.9 61
6 96 65 41 28.6 47.3 65.9 59
7 98 65 41 28.6 47.3 71.9 59
8 98 65 41 27.3 49.1 71.9 59
9 97 63 41 27.3 491 64.7 59
10 97 63 42 27.3 49.1 64.7 59
11 97 63 42 27.3 491 64.7 60
12 96 63 42 27.3 45.6 64.7 60
13 96 63 42 27.3 45.6 64.7 60
14 96 63 41 27.9 45.6 64.7 60
15 96 64 41 27.9 45.6 65.9 60
16 96 64 41 27.9 45.6 65.9 59
17 96 64 41 27.9 45.6 65.9 59
18 96 63 41 28.6 47.3 65.9 61
19 97 63 41 28.6 47.3 65.9 61
20 97 63 41 28.6 47.3 65.9 61
21 97 65 41 28.6 47.3 71.9 60
22 97 65 41 28.6 47.3 71.9 60
23 97 65 41 28.8 47.3 71.9 60

Mean 96.20 64.11 41.25 28.12 47.20 66.70 59.96
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@13°97 .1 gunnauTauiidunidng gimiumaduiuvnuaannuduiiidfanae Wus nu 49

ﬁmu@]qm‘ﬁgﬁﬂimaaﬁauﬁw%ﬂ“ﬁﬁamiauLLﬁd (RaIHUABINFUEINNE) 130 °C

Time A B Cc D E F G H Ambient RH
8.00 160.5 130.6 130.6 130.6 87.6 87.6 87.6 86.9 37 56
9.00 163.3 130.7 130.9 129.9 89.3 89.3 89.3 87.3 37 56
10.00 162.1 131.3 139.9 131.3 89.3 89.3 88.4 87.4 37 56
11.00 164.2 132.4 132.4 132.4 88.4 88.4 87.4 87.1 37 56
12.00 161.2 139.9 130.9 131.3 89.3 89.3 89.3 87.9 37 56
13.00 162.6 132.1 132.1 132.1 89.3 89.3 89.1 87.3 38 56
14.00 160.9 130.7 130.9 130.7 87.9 87.9 87.9 87.5 38 56
15.00 160.5 131.3 130.6 130.6 87.6 87.6 87.6 86.9 38 56
16.00 163.3 132.4 130.9 139.9 88.4 89.3 89.3 87.3 37 56
17.00 162.1 129.9 129.9 1313 87.4 89.3 88.4 87.4 37 56
18.00 164.2 132.4 132.4 132.4 87.4 88.4 87.4 871 37 56
19.00 161.2 130.9 130.9 131.3 89.1 89.3 89.3 87.9 37 55
20.00 162.6 1321 132.1 132.1 89.1 89.3 89.1 87.3 37 55
21.00 160.9 130.9 130.9 130.7 87.9 87.9 87.9 87.5 37 55
22.00 160.5 130.6 130.6 130.6 87.6 87.6 87.6 86.9 36 55
23.00 163.3 130.9 130.9 139.9 89.3 89.3 89.3 87.3 36 55
24.00 162.1 131.3 139.9 131.3 89.3 89.3 88.4 87.4 36 55
La,?llil 162.08 | 132.23 | 132.16 | 132.30 | 88.72 | 88.07 | 88.42 | 87.31 37 55.64
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a1391 2.2 gunnauTauiidunidng gimiumaduiiunuaannuduitidfanae Wus nu 49

ﬁmu@]qm‘ﬁgﬁﬂimaaﬁauﬁw%ﬂ“ﬁﬁamiauLLﬁd (MaSEURBINENEINA) 140 °C

Time A B Cc D E F G H Ambient | RH
8.00 173.3 140.7 139.9 140.7 98.4 97.6 97.9 96.9 38 56
9.00 1721 140.6 142.4 140.6 99.3 98.4 97.6 97.3 38 56
10.00 1721 140.7 140.9 139.9 99.3 97.4 99.3 97.4 38 56
11.00 174.2 141.3 1421 1421 97.9 97.4 98.4 971 38 56
12.00 1721 139.9 140.9 140.9 99.3 98.4 97.6 97.9 37 56
13.00 172.6 142.1 142.1 142.1 99.3 97.4 99.3 99.3 37 58
14.00 170.9 140.7 140.9 140.7 97.9 97.9 97.6 97.6 39 58
15.00 170.5 140.6 140.6 140.6 99.3 97.6 99.3 99.3 39 58
16.00 173.3 140.7 140.9 139.9 99.3 98.4 98.4 97.3 39 58
17.00 1721 141.3 140.6 141.3 97.4 97.4 98.4 97.4 39 58
18.00 174.2 142.4 140.9 142.4 97.6 97.4 97.4 97.9 39 58
19.00 1721 139.9 139.9 141.3 99.3 99.1 99.3 97.3 39 58
20.00 172.6 142.1 142.4 1421 99.3 99.1 99.1 97.5 38 57
21.00 170.9 140.6 140.9 140.6 97.6 99.1 97.4 96.9 38 57
22.00 170.5 140.7 140.6 139.9 99.3 99.1 99.3 97.3 38 57
23.00 170.5 141.3 140.9 141.3 99.3 97.9 99.1 97.4 38 57
24.00 173.3 142.4 139.9 141.3 98.4 97.6 97.9 97.1 38 57
m?;ﬂ 172.08 | 141.05 | 140.98 | 141.08 | 98.72 | 98.07 | 98.42 | 37.31 38.23 | 57.11




@1597 2.3 gunniauTauiidiunidng g dniunsduiivnuaatiifenaa Wus na 49

135

ﬁmu@qm%gﬁmwaau%uéw%’ulﬁﬁammuuﬁa (ANUTURIH WA BINFNEINA) 150 °C

Time A B Cc D E F G H Ambient RH
8.00 180.5 150.6 150.6 150.6 104.6 105.6 106.9 | 96.9 38 63
9.00 183.3 150.7 150.9 149.9 103.2 105.6 106.6 | 97.3 38 63
10.00 182.1 151.3 149.9 151.3 102.1 104.5 106.4 | 974 38 63
11.00 184.2 152.4 152.4 152.4 102.5 105.3 105.6 | 97.1 38 63
12.00 181.2 149.9 150.9 151.3 103.7 106.2 105.8 | 97.9 38 63
13.00 182.6 152.1 152.1 iliszgl 102.8 106.8 1059 | 97.3 38 63
14.00 180.9 150.7 150.9 150.7 102.3 106.3 105.8 | 97.5 38 63
15.00 180.5 150.6 150.6 150.6 103.7 106.7 106.6 | 96.9 38 63
16.00 183.3 150.7 150.9 149.9 103.1 106.9 106.2 | 97.3 38 66
17.00 182.1 151.3 149.9 151.3 103.6 106.9 106.8 | 97.4 39 66
18.00 184.2 52.4 152.4 152.4 103.2 106.6 106.3 | 97.1 39 66
19.00 181.2 159.9 150.9 151.3 103.7 106.4 106.7 | 97.9 39 66
20.00 182.6 152.1 152.1 152.1 102.6 105.6 106.9 | 97.3 39 66
21.00 180.9 150.7 150.1 150.7 104.1 105.8 106.9 | 97.5 39 66
22.00 180.5 150.6 150.6 150.6 104.2 105.9 106.6 | 96.9 39 66
23.00 183.3 141.3 150.9 149.9 103.5 105.8 106.4 | 97.3 39 66
24.00 182.1 151.3 159.9 151.3 103.2 106.6 1056 | 974 39 66
La,?lltl 182.08 | 151.64 | 151.57 | 141.08 | 103.30 | 106.08 | 106.35 | 97.31 38.47 64.58
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@1391 2.4 gunnauTauiidunidng gimiumaduiiunuaannuduitidfanae Wus nu 49

ﬁmu@]qm%gﬁmmaau%auﬁw%’u‘lﬁﬁamsauuﬁd (ANNTURIIH WA BINENENA)160 °C

Time A B C D E F G H Ambient RH
8.00 190.5 | 160.6 | 162.1 160.7 | 1176 | 1193 | 117.9 117.6 37 56
9.00 193.3 | 160.7 | 160.7 | 160.7 | 1193 | 119.3 | 117.6 119.3 37 56
10.00 | 192.1 | 161.3 | 1606 | 161.3 | 1193 | 1184 | 119.3 119.3 39 56
11.00 | 1942 | 1624 | 160.7 | 162.1 118.4 119.3 | 1193 118.4 39 56
12.00 | 191.2 | 1699 | 1613 | 160.7 | 1193 | 1193 | 1184 119.3 39 56
13.00 | 1926 | 1621 | 162.1 160.6 | 119.3 | 117.9 | 119.3 119.3 39 55
14.00 | 1909 | 160.7 | 160.7 | 160.7 | 1179 | 1176 | 119.3 117.9 39 55
15.00 | 190.5 | 1606 | 1606 | 1613 | 117.6 | 1193 | 117.9 117.6 39 55
16.00 | 193.3 | 160.7 | 160.7 | 1624 | 1193 | 1193 | 117.6 119.3 39 55
17.00 | 1921 | 161.3 | 161.3 | 1699 | 1193 | 1176 | 1193 119.3 39 55
18.00 | 194.2 | 1624 | 1624 | 160.7 | 1184 | 1193 | 117.9 118.4 39 55
19.00 | 191.2 | 1699 | 1699 | 1613 | 1193 | 1193 | 117.6 119.3 39 55
20.00 | 1926 | 162.1 | 160.7 | 1624 | 1193 | 1184 | 1193 119.3 39 55
21.00 | 1909 | 160.7 | 1613 | 169.9 | 1179 | 1193 | 119.3 117.9 39 55
22.00 | 190.5 | 160.6 | 162.4 | 162.1 1176 | 1193 | 117.6 119.3 39 55
23.00 | 190.7 | 160.7 | 169.9 | 160.7 | 1193 | 1179 | 1193 119.3 39 55
24.00 | 1921 | 161.3 | 1621 160.6 | 1193 | 1176 | 1193 118.4 39 55
Lﬂaﬂ 191.93 | 162.3 | 162.32 | 162.24 | 118.72 | 118.72 | 118.6 | 118.77 38.78 55.29
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ﬁmu@]qmﬂgﬁmumaﬁauﬁw%ﬂﬁﬁamiauuﬁq (ANNTURIIN WA BINFNEINE) 170 °C

Time A B C D E F G H Ambient RH
8.00 195.5 170.6 172.4 179.9 127.6 129.3 129.3 129.3 39 69
9.00 195.3 170.7 179.9 172.1 129.3 127.9 127.9 129.3 39 69
10.00 | 195.1 171.3 1721 170.7 129.3 127.6 127.6 128.4 39 69
11.00 | 195.2 172.4 170.7 170.6 128.4 129.3 129.3 129.3 39 69
12.00 | 195.2 179.9 170.6 170.7 129.3 129.3 129.3 129.3 39 69
13.00 | 195.6 172.1 170.7 171.3 129.3 128.4 128.4 129.3 39 65
14.00 | 195.9 170.7 171.3 171.9 127.9 129.3 129.3 129.3 40 65
15.00 | 195.5 170.6 172.4 172.1 127.6 129.3 129.3 129.3 40 65
16.00 | 195.3 170.7 179.9 170.7 129.3 127.9 129.3 127.9 40 65
17.00 | 195.1 171.3 172.1 170.6 129.3 127.6 128.4 127.6 40 65
18.00 | 195.2 172.4 170.7 170.7 128.4 129.3 129.3 129.3 40 65
19.00 | 195.2 179.9 170.6 171.3 129.3 129.3 129.3 129.3 40 65
20.00 | 1956 1721 170.7 179.9 129.3 128.4 129.3 128.4 40 66
21.00 | 195.9 170.7 171.3 1721 127.9 129.3 127.9 129.3 39 66
22.00 | 1955 170.6 172.4 170.7 127.6 129.3 127.6 129.3 39 66
23.00 | 195.3 170.7 179.9 170.6 129.3 129.3 129.3 127.9 39 66
24.00 | 1951 171.3 1721 170.7 129.3 128.4 129.3 127.6 39 66
Laﬁlﬂ 195.38 | 172.23 | 172.92 | 172.62 | 128.72 | 128.77 | 128.82 | 128.82 39.41 66.47




@1391 2.6 gunniauTauiidunidng gimiumaduiiunuaannuduitidfanae Wus nu 45

138

ﬁmu@]qmﬂgﬁﬂizuaaﬁauﬁw%ﬂﬁﬁamiauuﬁq (ANNTURIIN WA BINFNEINE) 150 °C

Time A B Cc D E F G H Ambient RH
8.00 | 1826 | 1524 | 149.9 | 1509 | 102.5 | 106.7 | 106.6 | 97.3 40 81
9.00 | 180.9 | 1509 | 1624 | 150.6 | 103.7 | 106.9 | 106.2 | 97.4 40 81
10.00 | 184.2 | 1521 152.4 | 1521 102.1 104.5 | 106.4 | 96.9 40 81
11.00 | 181.2 | 1524 | 1499 | 1506 | 102.5 | 1053 | 105.6 | 97.3 40 81
12.00 | 1805 | 1509 | 1513 | 1513 | 103.7 | 106.2 | 1058 | 97.4 40 81
13.00 | 183.3 | 152.1 149.9 | 1521 102.8 | 106.8 | 105.9 | 96.9 40 81
14.00 | 184.2 | 150.7 | 150.9 | 150.7 | 1023 | 106.3 | 1058 | 97.3 40 81
15.00 | 181.2 | 150.6 | 150.6 | 150.6 | 102.6 | 105.7 | 106.9 | 97.1 40 81
16.00 | 182.6 | 150.7 | 150.9 | 149.9 | 1043 | 105.8 | 106.9 | 97.9 40 81
17.00 | 180.9 | 151.3 | 1499 | 1513 | 102.8 | 106.9 | 106.8 | 97.1 40 81
18.00 | 180.9 | 1524 | 1524 | 1524 | 103.2 | 106.6 | 106.3 | 97.9 40 81
19.00 | 180.5 | 1524 | 150.6 | 150.7 | 103.7 | 106.4 | 106.7 | 97.3 40 81
20.00 | 184.2 | 1499 | 1509 | 1513 | 106.7 | 103.7 | 106.4 | 97.5 40 81
21.00 | 181.2 | 152.1 152.1 152.1 106.9 | 102.6 | 1056 | 96.9 40 81
22.00 | 182.6 | 150.7 | 150.9 | 150.7 | 104.2 | 105.9 | 106.6 | 97.3 40 81
23.00 | 180.9 | 150.6 | 150.9 | 150.6 | 103.5 | 1058 | 106.4 | 974 40 81
2400 | 183.3 | 151.3 | 1499 | 151.3 | 103.2 | 106.6 | 105.6 | 97.1 40 81
1.00 | 182.1 150.7 | 151.3 | 150.7 | 102.3 | 106.3 | 105.8 | 97.9 40 81
200 | 184.2 | 150.6 | 1524 | 150.6 | 103.7 | 106.7 | 106.6 | 97.3 40 81
3.00 | 181.2 | 150.7 | 151.3 | 150.6 | 103.1 106.9 | 106.2 | 97.5 40 81
4.00 | 184.2 | 1513 | 152.1 150.9 | 106.8 | 103.6 | 106.9 | 96.9 40 81
5.00 | 181.2 | 1524 | 1509 | 159.9 | 106.3 | 103.2 | 106.6 | 97.3 40 81
6.00 | 1826 | 159.9 | 150.9 | 151.3 | 105.6 | 106.9 | 106.4 | 97.4 40 81
7.00 | 180.9 | 150.7 | 152.1 1499 | 105.6 | 106.6 | 103.2 | 97.5 40 81
Lﬂgﬂ 182.15 | 152.02 | 151.11 | 151.37 | 103.91 | 105.78 | 106.1 | 97.32 40 81




@1391 2.7 gunnauTauiidunidng gimiumaduiiunuaannuduitidfanae wWus ny 27

ﬁmu@]qmvsgﬁmmaau%auém%’ulﬁﬁamiauLLﬁd (ANNTURAIH WA BINFNBINE) 150 °C
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Time A B Cc D E F G H Ambient RH
8.00 | 1826 | 1524 | 1499 | 150.6 | 105.6 | 106.9 | 104.6 | 97.1 39 82
9.00 | 180.9 | 150.9 | 151.3 | 1561.3 | 105.6 | 106.6 | 103.2 | 97.9 39 82
10.00 | 184.2 | 1521 152.4 | 1521 102.1 104.5 | 106.4 | 97.3 39 82
11.00 | 181.2 | 1524 | 150.6 | 150.7 | 102.5 | 105.3 | 105.6 | 971 39 82
12.00 | 180.5 | 149.9 | 150.9 | 151.3 | 103.7 | 106.2 | 105.8 | 97.9 39 82
13.00 | 183.3 | 152.1 149.9 | 152.1 102.8 | 106.8 | 105.9 | 97.3 39 82
14.00 | 184.2 | 150.7 | 150.9 | 150.7 | 102.3 | 106.3 | 1058 | 97.5 39 82
15.00 | 181.2 | 150.6 | 150.6 | 150.6 | 102.5 | 106.7 | 106.6 | 96.9 39 82
16.00 | 1826 | 150.7 | 150.9 | 1499 | 103.7 | 106.9 | 106.2 | 97.3 39 82
17.00 | 180.9 | 1561.3 | 149.9 | 15613 | 1028 | 106.9 | 106.8 | 97.4 39 82
18.00 | 180.9 | 1524 | 1524 | 1524 | 103.2 | 106.6 | 106.3 | 97.1 39 82
19.00 | 180.5 | 159.9 | 150.9 | 151.3 | 103.7 | 106.4 | 106.7 | 97.9 39 82
20.00 | 184.2 | 1521 152.1 152.1 1026 | 1056 | 106.9 | 97.3 39 82
21.00 | 181.2 | 150.7 | 150.9 | 150.7 | 104.1 105.8 | 106.9 | 97.5 39 82
22.00 | 182.6 | 150.6 | 150.9 | 150.6 | 104.2 | 105.9 | 106.6 | 96.9 39 82
23.00 | 180.9 | 150.7 | 152.1 1499 | 103.5 | 105.8 | 106.4 | 97.3 39 82
2400 | 183.3 | 151.3 | 1499 | 1513 | 103.2 | 106.6 | 105.6 | 97.4 39 82
1.00 | 182.1 150.7 | 151.3 | 150.7 | 102.3 | 106.3 | 105.8 | 97.5 39 82
2.00 | 184.2 | 150.6 | 1524 | 150.6 | 103.7 | 106.7 | 106.6 | 97.3 39 82
3.00 | 181.2 | 150.7 | 151.3 | 150.6 | 103.1 106.9 | 106.2 | 97.4 39 82
400 | 184.2 | 151.3 | 152.1 1509 | 106.8 | 103.6 | 106.9 | 96.9 39 82
5.00 | 181.2 | 1524 | 150.9 | 159.9 | 106.3 | 103.2 | 106.6 | 97.3 39 82
6.00 | 1826 | 159.9 | 149.9 | 150.9 | 106.7 | 103.7 | 106.4 | 97.4 39 82
7.00 | 180.9 | 152.1 152.4 | 150.6 | 106.9 | 102.6 | 105.6 | 96.9 39 82
L%?IISJ 182.15 | 152.02 | 151.11 | 151.37 | 103.91 | 105.78 | 106.1 | 97.32 39 82
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ﬁmu@]qmﬂgﬁﬂiumaﬁauﬁm%'ﬂﬁﬁamiamLﬁd (ANNTURFIH WA BINFNBINE) 150 °C

Time A B Cc D E F G H Ambient | RH
8.00 | 182.1 150.6 | 150.6 | 150.6 | 104.6 105.6 106.9 | 97.3 39 69
9.00 | 180.9 | 150.7 | 150.9 | 150.6 | 103.1 105.6 103.1 | 975 39 69
10.00 | 182.1 151.3 | 1506 | 150.7 | 103.6 103.1 1036 | 974 39 69
11.00 | 184.2 | 1524 | 150.7 | 151.3 | 103.2 103.6 103.2 | 97.1 39 69
12.00 | 181.2 | 1569.9 | 1513 | 1524 | 103.7 103.2 103.7 | 97.9 39 69
13.00 | 182.6 | 152.1 152.4 | 159.9 | 102.6 103.7 1026 | 97.3 39 69
14.00 | 180.9 | 150.7 | 159.9 | 152.1 102.3 102.6 103.1 | 97.5 39 69
15.00 | 180.5 | 150.6 | 152.1 150.6 | 103.1 106.7 1036 | 96.9 38 69
16.00 | 183.3 | 150.7 | 150.9 | 149.9 | 103.6 106.9 103.2 | 97.3 38 69
17.00 | 182.1 151.3 | 1499 | 151.3 | 103.2 106.9 103.7 | 974 39 69
18.00 | 184.2 | 1524 | 1524 | 1524 | 103.7 106.6 102.6 | 97.1 39 69
19.00 | 181.2 | 159.9 | 150.9 | 151.3 | 102.6 103.1 106.7 | 97.9 39 69
20.00 | 182.6 | 1521 152.1 152.1 102.6 103.6 106.9 | 97.3 39 69
21.00 | 181.2 | 150.7 | 150.9 | 150.7 | 104.1 103.2 106.9 | 97.5 39 69
22.00 | 182.6 | 150.6 | 150.6 | 150.6 | 104.2 103.7 106.6 | 96.9 39 69
23.00 | 180.9 | 150.7 | 150.9 | 149.9 | 103.5 102.6 1064 | 97.3 39 69
2400 | 180.5 | 151.3 | 159.9 | 151.3 | 103.2 106.6 103.1 | 97.3 39 69
1.00 | 183.3 | 150.7 | 150.9 | 150.7 | 102.3 106.3 103.6 | 97.5 39 69
2.00 | 180.5 | 150.6 | 150.6 | 150.6 | 103.7 106.7 103.2 | 96.9 39 69
3.00 | 183.3 | 150.7 | 150.9 | 149.9 | 103.1 103.1 103.7 | 97.3 39 69
4.00 | 182.1 151.3 | 1499 | 151.3 | 103.6 103.6 1026 | 97.4 39 69
5.00 | 184.2 | 1524 | 1524 | 150.6 | 103.2 103.2 106.3 | 97.1 39 69
6.00 | 180.5 | 159.9 | 150.6 | 150.7 | 103.7 103.7 106.7 | 97.3 39 69
7.00 | 183.3 | 152.1 150.7 | 151.3 | 102.6 102.6 106.9 | 97.5 39 69
Lﬂﬁlﬂ 182.09 | 152.32 | 151.79 | 151.36 | 103.29 | 104.43 | 104.53 | 97.32 | 38.91 69
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ﬁmu@qmwgﬁmmaaﬁauéw%’ulﬁﬁamiauuﬁa (ANUTWAIH WA BINFNEINA) 150 °C

Time A B C D E F G H Ambient RH
8.00 | 182.1 1506 | 1506 | 1506 | 1046 | 1056 | 103.5 | 97.9 38 71
9.00 | 184.2 | 150.7 10.7 1499 | 103.5 | 1056 | 103.2 | 97.3 38 71
10.00 | 181.2 | 1513 | 1513 | 1513 | 103.2 | 104.5 | 1023 | 97.5 38 71
11.00 | 1826 | 1524 | 1524 | 1524 | 102.3 | 105.3 | 103.7 | 96.9 38 71
12.00 | 181.2 | 1499 | 1499 | 1513 | 103.7 | 106.2 | 103.1 | 97.3 38 71
13.00 | 182.6 | 152.1 152.1 152.1 103.1 106.8 | 103.6 | 97.4 38 71
14.00 | 180.9 | 150.7 | 150.7 | 150.7 | 103.6 | 106.3 | 103.2 | 96.9 38 71
15.00 | 180.5 | 150.6 | 150.6 | 150.6 | 103.2 | 103.5 | 103.7 | 97.3 38 71
16.00 | 183.3 | 150.7 | 150.7 | 1499 | 103.7 | 103.2 | 1026 | 97.4 38 71
17.00 | 1821 1513 | 1513 | 1513 | 1026 | 102.3 | 103.2 | 971 38 71
18.00 | 184.2 | 1524 | 1524 | 1524 | 103.2 | 103.7 | 106.3 | 97.1 39 71
19.00 | 181.2 | 159.9 | 1509 | 151.3 | 103.7 | 103.1 106.7 | 97.9 39 71
20.00 | 182.6 | 1521 152.1 152.1 102.6 | 103.6 | 106.9 | 97.3 39 71
21.00 | 180.9 | 150.7 | 150.9 | 150.7 | 104.1 103.2 | 106.9 | 97.5 39 71
22.00 | 180.5 | 150.6 | 150.6 | 150.6 | 104.2 | 103.7 | 106.6 | 96.9 39 71
23.00 | 183.3 | 150.7 | 150.9 | 150.6 | 103.5 | 102.6 | 106.4 | 97.3 39 71
24.00 | 182.1 1513 | 159.9 | 150.7 | 103.7 | 106.6 | 105.6 | 97.4 39 73
1.00 | 1809 | 1524 | 150.9 | 151.3 | 103.1 106.3 | 105.8 | 97.5 37 73
2.00 | 180.5 | 1499 | 150.6 | 1524 | 103.7 | 106.7 | 106.6 | 97.9 37 73
3.00 | 183.3 | 152.1 150.9 | 150.6 | 103.1 106.9 | 103.5 | 97.3 37 73
4.00 | 180.5 | 150.7 | 1499 | 150.7 | 103.6 | 106.9 | 103.2 | 96.9 37 73
5.00 | 183.3 | 150.6 | 1524 | 1513 | 103.2 | 106.6 | 1023 | 97.3 37 73
6.00 | 182.1 1599 | 1509 | 1524 | 103.7 | 103.5 | 103.7 | 97.4 37 73
7.00 | 184.2 | 1521 152.1 1499 | 1026 | 103.2 | 103.1 | 971 37 73
Lﬂaiﬂ 182.0 | 1516 | 1514 | 151.0 | 103.3 | 1048 | 106.3 | 97.3 38.04 71.66
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ﬁmu@]qmﬂgﬁﬂimaaﬁauﬁw%ﬂﬁﬁamsauuﬁd (ANNTURIIN WA BINFNEINE) 170 °C

Time A B C D E F G H Ambient RH
8.00 | 184.2 | 150.6 | 150.6 | 150.6 | 1056 | 106.9 | 104.6 | 97.1 38 54
9.00 | 181.2 | 160.7 | 1509 | 1499 | 1056 | 106.6 | 103.2 | 97.9 38 54
10.00 | 182.6 | 151.3 | 149.9 | 151.3 | 1021 104.5 | 106.4 | 97.3 38 54
11.00 | 180.9 | 152.4 | 1524 | 1524 | 102.5 | 105.3 | 105.6 | 971 38 54
12.00 | 180.5 | 149.9 | 1509 | 151.3 | 103.7 | 106.2 | 105.8 | 97.9 38 54
13.00 | 183.3 | 162.1 | 1521 152.1 102.8 | 106.8 | 105.9 | 97.3 38 54
14.00 | 182.1 | 150.7 | 1509 | 150.7 | 102.3 | 106.3 | 105.8 | 97.5 38 54
15.00 | 184.2 | 150.6 | 150.6 | 150.6 | 103.7 | 106.7 | 106.6 | 96.9 38 54
16.00 | 181.2 | 150.7 | 150.9 | 1499 | 103.1 106.9 | 106.2 | 97.3 38 54
17.00 | 182.6 | 151.3 | 1499 | 1513 | 103.6 | 106.9 | 106.8 | 97.4 39 54
18.00 | 180.9 | 1524 | 1524 | 1524 | 103.2 | 106.6 | 106.3 | 97.1 39 54
19.00 | 180.5 | 169.9 | 1509 | 151.3 | 103.7 | 106.4 | 106.7 | 97.9 39 54
20.00 | 183.3 | 152.1 | 152.1 152.1 1026 | 1056 | 106.9 | 97.3 39 54
21.00 | 182.1 | 150.7 | 150.9 | 150.7 | 104.1 105.8 | 106.9 | 97.5 39 54
22.00 | 180.9 | 150.6 | 150.6 | 150.6 | 104.2 | 1059 | 106.6 | 96.9 39 55
23.00 | 180.5 | 150.7 | 150.9 | 149.9 | 103.5 | 1058 | 1064 | 97.3 39 55
2400 | 183.3 | 151.3 | 1509 | 151.3 | 103.2 | 106.6 | 105.6 | 97.4 39 55
1.00 | 182.1 | 150.7 | 150.9 | 150.7 | 102.3 | 106.3 | 105.8 | 97.5 39 55
2.00 | 184.2 | 150.6 | 150.6 | 150.6 | 103.7 | 106.7 | 106.6 | 97.3 39 55
3.00 | 181.2 | 150.7 | 150.9 | 149.9 | 1031 106.9 | 106.2 | 97.4 39 55
400 | 180.5 | 151.3 | 1499 | 1513 | 106.8 | 103.6 | 106.9 | 96.9 39 55
5.00 | 183.3 | 1524 | 1524 | 1524 | 106.3 | 103.2 | 106.6 | 97.3 39 55
6.00 | 182.1 | 169.9 | 1509 | 151.3 | 106.7 | 103.7 | 106.4 | 97.4 39 55
7.00 | 1826 | 152.1 | 152.1 1521 106.9 | 102.6 | 1056 | 96.9 39 55
L%?IISJ 182.09 | 152.9 | 151.43 | 151.11 | 103.97 | 105.78 | 106.1 | 97.32 38.62 54.41
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ﬁmu@]qmﬂgﬁﬂimaaﬁauﬁw%ﬂﬁﬁamsauuﬁd (ANNTURIIN WA BINFNEINE) 170 °C

Time A B C D E F G H Ambient RH
8.00 | 182.1 150.6 | 150.6 150.6 104.6 106.4 106.3 | 97.9 38 53
9.00 | 184.2 | 150.7 | 150.9 | 149.9 103.2 105.6 106.7 | 97.3 38 53
10.00 | 181.2 | 150.6 | 149.9 | 1513 102.1 105.8 106.9 | 96.9 38 53
11.00 | 1826 | 150.7 | 1524 | 1524 102.5 15.9 105.6 | 97.3 38 53
12.00 | 180.5 | 151.3 | 150.9 | 151.3 103.7 105.8 105.8 | 974 38 53
13.00 | 183.3 | 152.4 | 152.1 152.1 102.8 106.6 105.9 | 97.1 38 53
14.00 | 180.9 | 149.9 | 150.9 | 150.7 102.3 106.3 105.8 | 97.9 38 53
15.00 | 180.5 | 152.1 150.6 | 150.6 103.1 106.7 106.6 | 97.3 38 53
16.00 | 183.3 | 150.7 | 150.9 | 149.9 103.6 106.9 106.2 | 97.5 38 53
17.00 | 182.1 151.3 | 1499 | 150.7 103.2 106.9 106.8 | 96.9 39 53
18.00 | 184.2 | 1524 | 1524 150.6 103.7 106.6 106.3 | 97.3 39 53
19.00 | 181.2 | 159.9 | 150.9 | 149.9 102.6 105.4 106.7 | 97.4 39 51
20.00 | 182.6 | 1521 152.1 151.3 103.7 105.6 106.9 | 97.1 39 51
21.00 | 180.9 | 150.7 | 150.9 | 152.4 103.1 105.6 106.9 | 97.9 39 51
22.00 | 184.2 | 150.6 | 150.6 | 151.3 103.6 104.5 106.6 | 97.3 39 51
23.00 | 181.2 | 150.7 | 149.9 | 1521 103.2 105.3 106.4 | 97.5 40 51
2400 | 182.6 | 1524 | 1524 151.3 103.7 106.2 105.6 | 96.9 40 51
1.00 | 180.5 | 159.9 | 150.9 | 1524 102.6 106.8 105.8 | 97.3 40 51
2.00 | 183.3 | 152.1 152.1 151.3 104.1 106.7 106.6 | 97.4 40 51
3.00 | 1821 151.3 | 1509 | 152.1 104.2 106.9 106.2 | 97.5 40 51
4.00 | 180.9 | 150.7 | 159.9 | 150.7 103.5 106.9 106.8 | 96.9 40 51
5.00 | 180.5 | 150.6 | 150.9 | 150.6 103.2 106.6 106.9 | 97.3 40 51
6.00 | 183.3 | 150.7 | 150.6 149.9 102.3 106.4 106.6 | 97.4 40 51
7.00 | 1821 1513 | 1509 | 1513 103.7 105.6 106.4 | 97.1 40 51
Lﬂsﬂ 182.09 | 151.90 | 151.43 | 151.11 | 103.26 | 106.20 | 106.38 | 97.32 39 51.91
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ﬁmu@]qmﬂgﬁmmaaﬁauﬁm%ﬂﬁﬁamiamLﬁd (ANNTURAIH WA BINFNEINE) 170 °C

Time A B Cc D E F G H | Ambient | RH
8.00 | 182.1 | 150.6 | 150.6 | 150.6 | 103.1 106.9 | 106.2 | 97.3 38 72
9.00 | 180.9 | 150.7 | 150.6 | 1499 | 103.6 | 1069 | 106.8 | 97.4 38 72
10.00 | 180.5 | 151.3 | 150.7 | 151.3 | 1021 104.5 | 106.4 | 97.4 38 72
11.00 | 183.3 | 1524 | 151.3 | 1524 | 1025 | 1053 | 105.6 | 97.1 38 72
12.00 | 182.1 | 1499 | 1509 | 151.3 | 103.7 | 106.2 | 105.8 | 97.9 38 72
13.00 | 184.2 | 152.1 152.1 152.1 102.8 | 106.8 | 1059 | 97.3 38 72
14.00 | 181.2 | 150.6 | 150.9 | 150.7 | 102.3 | 106.3 | 105.8 | 97.5 38 72
15.00 | 182.6 | 150.7 | 150.6 | 150.6 | 103.7 | 106.7 | 106.6 | 96.9 38 72
16.00 | 183.3 | 151.3 | 150.9 | 1499 | 1031 106.9 | 106.2 | 97.3 38 72
17.00 | 182.1 | 1513 | 1499 | 151.3 | 1036 | 106.9 | 106.8 | 97.4 39 72
18.00 | 184.2 | 1524 | 1524 | 1524 | 103.2 | 106.6 | 106.3 | 97.1 39 72
19.00 | 182.4 | 159.9 | 1509 | 1513 | 103.7 | 106.4 | 106.7 | 97.9 39 72
20.00 | 181.2 | 152.1 152.1 152.1 1026 | 1056 | 106.9 | 97.3 39 72
21.00 | 182.6 | 150.7 | 150.9 | 150.7 | 104.1 105.8 | 106.9 | 97.5 39 72
22.00 | 180.9 | 150.6 | 150.6 | 150.6 | 104.2 | 1059 | 106.6 | 96.9 39 72
23.00 | 184.2 | 150.7 | 150.9 | 1499 | 103.5 | 1058 | 106.4 | 97.3 39 70
2400 | 183.3 | 151.3 | 1599 | 151.3 | 103.2 | 106.6 | 1056 | 974 39 70
1.00 | 182.1 | 150.7 | 150.9 | 150.7 | 102.3 | 106.3 | 105.8 | 97.5 37 70
2.00 | 184.2 | 150.6 | 150.6 | 150.6 | 103.7 | 106.7 | 106.6 | 96.9 37 70
3.00 | 181.2 | 150.7 | 150.9 | 149.9 | 1031 106.9 | 106.2 | 97.3 37 70
400 | 1826 | 1506 | 1499 | 1513 | 1036 | 106.9 | 106.8 | 974 37 70
5.00 | 180.9 | 1509 | 1524 | 150.6 | 103.2 | 106.6 | 106.3 | 97.1 37 70
6.00 | 180.5 | 149.9 | 150.6 | 150.9 | 104.6 | 105.6 | 106.9 | 96.9 37 70
7.00 | 183.3 | 1524 | 1509 | 1499 | 103.2 | 1056 | 1066 | 97.3 37 70
L%?IISJ 182.4 | 151.43 | 151.35 | 150.92 | 103.27 | 106.27 | 106.36 | 97.3 39 71.25
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ﬁmu@]qmﬂgﬁﬂizuaaﬁauﬁm%ﬂﬁﬁamiamLﬁd (ANNTURAIH WA BINFNEINE) 170 °C

Time A B C D E F G H Ambient | RH
8.00 | 180.5 | 150.6 | 150.6 | 150.6 | 104.6 | 1056 | 106.9 | 96.9 38 63
9.00 | 183.3 | 160.7 | 150.9 | 1499 | 103.2 | 105.6 | 106.6 | 97.3 38 63
10.00 | 182.1 | 151.3 | 149.9 | 151.3 | 1021 1045 | 1064 | 974 38 63
11.00 | 184.2 | 1524 | 1524 | 1524 | 1025 | 105.3 | 105.6 | 971 38 63
12.00 | 181.2 | 149.9 | 1509 | 151.3 | 103.7 | 106.2 | 105.8 | 97.9 38 63
13.00 | 182.6 | 152.1 | 1521 152.1 102.8 | 106.8 | 1059 | 97.3 38 63
14.00 | 180.9 | 150.7 | 150.9 | 150.7 | 102.3 | 106.3 | 105.8 | 97.5 38 63
15.00 | 180.5 | 150.6 | 150.6 | 150.6 | 103.7 | 106.7 | 106.6 | 96.9 38 63
16.00 | 183.3 | 150.7 | 150.9 | 1499 | 103.1 106.9 | 106.2 | 97.3 38 66
17.00 | 182.1 | 151.3 | 1499 | 1513 | 1036 | 106.9 | 106.8 | 97.4 39 66
18.00 | 184.2 | 152.4 | 1524 | 1524 | 103.2 | 106.6 | 106.3 | 971 39 66
19.00 | 181.2 | 159.9 | 1509 | 151.3 | 103.7 | 106.4 | 106.7 | 97.9 39 66
20.00 | 182.6 | 1521 | 152.1 152.1 1026 | 1056 | 106.9 | 97.3 39 66
21.00 | 180.9 | 150.7 | 150.9 | 150.7 | 104.1 105.8 | 106.9 | 97.5 39 66
22.00 | 180.5 | 150.6 | 150.6 | 150.6 | 104.2 | 105.9 | 106.6 | 96.9 39 66
23.00 | 183.3 | 150.7 | 150.9 | 149.9 | 103.5 | 1058 | 106.4 | 97.3 39 66
2400 | 1821 | 1513 | 1599 | 151.3 | 103.2 | 106.6 | 1056 | 97.4 39 66
1.00 | 180.9 | 150.7 | 150.9 | 150.7 | 102.3 | 106.3 | 105.8 | 97.5 37 63
2.00 | 180.5 | 150.6 | 150.6 | 150.6 | 103.7 | 106.7 | 106.6 | 96.9 37 63
3.00 | 183.3 | 150.7 | 150.9 | 149.9 | 1031 106.9 | 106.2 | 97.3 37 66
400 | 1821 | 1513 | 1499 | 1513 | 1036 | 106.9 | 106.8 | 97.4 37 66
5.00 | 184.2 | 1524 | 1524 | 1524 | 103.2 | 106.6 | 106.3 | 97.1 37 66
6.00 | 181.2 | 169.9 | 1509 | 1513 | 103.7 | 106.4 | 106.7 | 97.9 37 66
7.00 | 1826 | 152.1 | 152.1 152.1 102.6 | 105.6 | 106.9 | 97.3 37 66
L%?IIEI 182.09 | 151.9 | 151.43 | 151.11 | 103.26 | 106.38 | 106.38 | 97.32 | 38.04 | 64.75
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M197197 7.1 NIDVWHIVITIIURONRA WIS NV 49 INNIAAAINNTUIILLATOIaUURILLUTEY LW

fNaINIHER 20 th qmwgﬁlumsauuﬁd 130 °C

Jnfenaa T nURanuns RH (%)
wndndfen (g) AT (%) wndnfen (g) ANNTY (%) YA
fawdl  WA9aU | wet basis dry basis | fawau  WadalU | wet basis  dry basis | @889
200.3 128.6 35.8 55.75 300.6 243 191 23.7 66
200.4 140.1 30 42.85 300.4 241 19.7 24.64 66
200.1 1451 27.5 37.93 300.8 241.8 19.6 24.4 66
200.5 147 .4 26.5 36.05 300.2 241.6 19.5 24.25 67
200.3 130.6 34.7 53.36 300.4 2421 19.4 24.08 66
200.3 135.6 32.3 47.71 300.7 2421 19.5 24.2 68
200.4 131.6 34.3 42.85 300.4 241.4 19.6 24 .44 69
200.4 1421 29 40.84 300.4 241.9 19.4 24.18 64
200.2 1421 29 40.84 300.6 242.2 19.4 24.11 64
200.2 140.7 29.7 42.28 300.6 242.2 194 24 .11 64
200.2 1415 294 41.69 300.7 242 1 19.4 24.2 65
200.5 141.3 29.5 41.89 300.7 242.6 19.3 23.94 65
200.4 142.2 29.1 40.92 300.7 242.6 19.3 23.94 66
200.3 141.5 29.3 41.55 300.8 241.8 19.6 24.4 64
200.3 140.6 29.8 42.46 300.2 241.9 19.4 24.1 63
200.4 140.6 29.8 42.46 300.4 242 .1 19.4 24.08 63
200.3 140.7 29.7 42.35 300.6 242.2 194 24 .11 62
200.5 139.9 30.2 43.31 300.6 242.2 194 24 11 61
200.7 137.8 31.3 45.64 300.6 242.2 19.4 24.11 62
200.8 136.9 31.8 46.67 300.4 2421 19.4 24.08 61
200.3 136.6 31.7 46.63 300.4 242.2 19.3 24.02 61
200.6 130.6 34.8 46.85 300.8 242.7 19.3 23.93 63
200.5 130.6 34.8 53.52 300.2 242.2 19.3 23.94 62
200.3 131.2 34.5 52.67 300.4 242.4 19.3 23.92 62

1afy 31.02 44.54 1ady 19.4 24.12 64.12

Remark : M,, = [(W - D)/ W] x100
My = [(W-D)/D]x100



148

M99 ¥.2 NMIDVWHIVITIIURINRA WIS NV 49 HINNIRAANNTUEILLATOIDUULRILLUTEN LW

fNaINIIHER 20 th qmwgmumiauuﬁd 140 °C

Tdfenaa T nURonuRs RH(%)
Wndnfen (g) ANNTU(%) Wndnfen (g) AMNTY (%) YUY
foudl  WA9OU | wet basis dry basis | Mawuau  Wadal | wet basis  dry basis | @889
2002 1415 29.4 41.69 3006 2453 18.4 22.54 54
2005  139.9 30.2 43.31 3006  244.6 18.6 22.89 55
200.4 1401 30.0 42.85 300.4 245.4 18.3 22.41 55
200.5 141.3 29.5 41.89 300.7 244.7 18.6 22.88 56
200.4 142.2 29.1 40.92 300.4 246.0 18.1 22.11 56
200.3 141.5 29.3 41.55 3004 2454 18.3 22.41 55
2005  139.9 30.2 43.31 3006  244.9 18.5 22.74 55
200.3 1406 29.8 42.46 3006  244.9 18.5 22.74 54
2004  140.1 30.0 42.85 3006 2456 18.3 22.39 54
200.1 145.1 27.5 37.93 300.7 2459 18.2 22.28 54
2005  139.9 30.2 43.31 300.7 2447 18.6 22.88 57
200.5 147.4 26.5 36.05 300.6 244.7 18.6 22.84 57
200.4 140.6 29.8 42.46 300.2 246.1 18.0 24.61 56
200.3 140.7 29.7 42.35 300.4 246.0 18.1 22.11 56
200.4 140.6 29.8 42.46 300.7 244.7 18.6 22.88 52
2005  139.9 30.2 43.31 300.7  245.1 18.5 22.68 52
2007  137.8 31.3 45.64 3004  245.1 18.4 22.56 62
2003  136.6 31.7 46.63 3006  244.9 18.5 22.74 62
2003 1415 29.3 41.55 300.7  245.1 18.5 22.68 61
200.3 140.6 29.8 42.46 300.7 245.1 18.5 22.68 62
200.4 140.6 29.8 42.46 300.2 246.1 18.0 24.61 53
200.6 130.6 34.8 46.85 300.4 244.8 18.5 22.71 51
200.5 130.6 34.8 53.52 300.6 244.6 18.6 22.89 62
200.7 137.8 31.3 45.64 300.7 244.7 18.6 22.88 62

aae 30.17 43.06 aae 18.41 22.80 | 56.37
Remark : M,, = [(W - D)/ W] x100

[(W - D)/ D ] x100
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M19197 4.3 NMIDVWHIVITIURINRA WIS NV 49 INNIRAAINNTUIILLATOIDUURILLUTEY LW

fNaINIHER 20 th qmwgﬁlumiauuﬁd 150 °C

J1udfenaa T RONUAY RH (%)
WndLfen (g) AT (%) Wndnfen (g) AT (%) YA
fawal 7adal | wetbasis  dry basis | fawal #a9aU | wetbasis  dry basis | @28819
200.2 1421 29.0 40.84 300.7 249.2 171 20.66 61
200.2 140.7 29.7 42.28 300.7 249.5 17.0 20.52 61
200.3 136.6 31.7 46.63 300.7 248.5 17.3 21.00 62
200.5 141.3 29.5 41.89 300.7 248.1 17.5 21.20 62
200.1 1451 27.5 37.93 300.2 248.8 171 20.65 62
200.5 139.9 30.2 43.31 300.4 248.7 17.2 20.78 68
200.3 140.6 29.8 42.46 300.4 248.1 17.4 21.08 69
200.2 141.5 29.4 41.69 300.7 248 .1 175 21.20 63
200.3 140.7 29.7 42.35 300.7 2491 171 20.71 63
200.5 139.9 30.2 43.31 300.6 248.6 17.3 20.91 64
200.5 141.3 29.5 41.89 300.6 247.6 17.6 21.40 65
200.4 142.2 291 40.92 300.7 248.6 17.3 20.95 65
200.3 136.6 31.7 46.63 300.7 248.1 17.5 21.20 61
200.3 136.6 31.7 46.63 300.7 2481 17.5 21.20 61
200.3 141.5 29.3 41.55 300.7 248.6 17.3 21.00 62
200.3 140.6 29.8 42.46 300.4 248.4 17.3 20.93 63
200.4 140.1 30 42.85 300.2 248.3 17.3 20.90 62
200.1 1451 27..5 37.93 300.4 248.4 17.3 20.93 66
200.5 147.4 26.5 36.05 300.7 248.4 17.4 21.05 65
200.7 137.8 31.3 45.64 300.7 248.4 17.4 21.05 62
200.8 136.9 31.8 46.67 300.7 248.6 17.3 21.00 61
200.4 142.2 291 40.92 300.4 248.4 17.3 20.93 61
200.3 141.5 29.3 41.55 300.4 248.4 17.3 20.93 59
200.4 140.6 29.8 42.46 300.4 248.4 17.3 20.93 58
WA 20.7 4236 | wae 17.31 20.96 62.75

Remark : M,, = [(W - D)/ W] x100

My

[(W - D)/ D ] x100
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M195197 %.4 NIDVWHIVITIURONRA WIS NV 49 INTNIRAAINNTUIILLATOIaUURILLVTEY LW

fNaINIHER 20 th qmwgﬁlumiauuﬁd 160 °C

Tfenaa Tl fanuiy RH (%)
Wndnfen (g) AT (%) wndLfen (g) AT (%) YA
flawal Wadal | wet basis  dry basis | Nawal #a90U | wet basis  dry basis | @28819
2005  139.9 30.2 43.31 3002  247.1 17.7 21.48 56
2005  147.4 26.5 36.05 300.4  246.1 18.1 22.06 57
200.3 128.6 35.8 55.75 300.4 246.1 18.1 22.06 57
200.4 140.1 30 42.85 300.7 247 1 17.8 21.69 55
2004 1406 29.8 42.46 300.7  247.1 17.8 21.69 58
2005  139.9 30.2 43.31 300.7  247.1 17.8 21.69 68
200.3 128.6 35.8 55.75 300.7 247 1 17.8 21.69 69
2004  140.1 30 42.85 300.4  246.1 18.1 22.06 64
2003 1405 29.3 41.55 3002  247.1 17.7 21.48 56
200.3 140.6 29.8 42.46 300.4 246.1 18.1 22.06 55
200.4 140.6 29.8 42.46 300.7 247 1 17.8 21.69 55
200.3 1286 35.8 55.75 300.7  247.1 17.8 21.69 56
200.4 140.1 30 42.85 300.7 246.1 18.1 22.06 57
200.7 137.8 3103 45.64 300.7 246.1 18.1 22.06 57
2005  147.4 26.5 36.05 300.7  246.1 18.1 22.06 57
2003 1286 35.8 55.75 3006 2468 17.9 21.79 54
200.3 140.6 29.8 42.46 300.6 246.8 17.9 21.79 54
200.4 140.6 29.8 42.46 300.7 247 1 17.8 21.69 54
200.7 1378 31.4 45.64 300.7  247.1 17.8 21.69 61
200.3 136.6 31.7 46.63 300.2 246.8 17.8 21.63 62
200.6 130.6 34.8 46.85 300.4 245.2 17.4 22.51 55
2005 1306 34.8 53.52 3002  247.1 17.7 21.48 56
2004 1406 29.8 42.46 3004 2462 18 22.01 54
200.3 140.7 29.7 42.35 300.2 247 1 17.7 21.48 54
WA 31.2 45.3 A 17.87 21.81 57.54

Remark : M,, = [(W - D)/ W] x100

My

[(W - D)/ D ] x100
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M195797 %.5 NIDVWHIVITIURINRA WIS NV 49 INIRAAINNTHEILLATOIa LRIV EY LW

fNaINIHER 20 th qmwgﬁlumiauuﬁd 170 °C

Tnlfenaa T nURonuRs RH (%)
WndLfen (g) AT (%) WndLfen (g) AT (%) YulAL
fawdl WadaU | wetbasis  dry basis | fawal Wa9OU | wetbasis  dry basis | 28819
200.5 147.4 26.5 36.05 300.2 2511 16.3 19.55 66
200.1 145.1 27.5 37.93 300.4 252.1 16.1 19.15 69
200.5 147 .4 26.5 36.05 300.4 251.6 16.2 19.19 70
200.3 130.6 34.7 53.36 300.2 251.6 16.2 19.31 72
200.5 139.9 30.2 43.31 300.4 251.9 16.1 19.35 72
200.3 128.6 35.8 55.75 300.7 251.7 16.2 19.37 73
200.3 130.6 34.7 53.36 300.7 252.3 16.1 19.18 73
200.3 141.5 29.3 41.55 300.7 251.9 16.2 19.32 71
200.3 128.6 35.8 55.75 300.2 251.6 16.2 19.31 71
200.3 140.6 29.8 42.46 300.6 252.1 16.1 19.23 65
200.3 128.6 35.8 55.75 300.6 2521 16.1 19.23 65
200.4 140.1 30.0 42.85 300.4 251.9 16.1 19.25 73
200.4 140.1 30.0 42.85 3004 252.1 16.1 19.25 72
200.3 128.6 35.8 55.75 300.2 251.6 16.2 19.31 73
200.4 140.1 30.0 42.85 300.7 251.9 16.2 19.37 74
200.4 140.3 29.8 42.46 300.7 252.3 16.1 19.18 62
200.4 140.6 29.8 42.46 300.4 251.9 16.1 19.25 62
200.5 147.4 26.5 36.05 300.4 252 .1 16.1 19.15 62
200.3 130.6 34.7 53.38 300.2 253.6 16.2 19.31 74
200.7 137.8 31.9 45.64 300.7 251.9 16.2 19.37 74
200.5 147 .4 26.5 36.05 300.7 252.3 16.1 19.18 74
200.5 147 .4 26.5 36.05 300.4 251.9 16.1 19.28 76
200.3 140.6 29.8 42.46 300.7 251.9 16.2 19.37 76
200.4 140.6 29.8 42.46 300.4 252.1 16.1 19.15 76

Wi 30.21 44.69 Wi 16.15 19.27 70.66

Remark : M,, = [(W - D)/ W] x100
My = [(W-D)/D]x100
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M19197 7.6 NIDVWHIVITIURINRA WIS NV 29 INNIRAAINNTUIILLATOIDUURILLVTEY LW

fNaINIHER 20 th qmwgﬁlumiauuﬁd 130 °C

21 uilfanan 2 lfanunis RH (%)
aaz1ldan (g) AN (%) a1az712dan (g) AN (%) BwINU
fowol Vadal | wetbasis dry basis | nawal #%#adou | wetbasis dry basis | f28819

200.3 128.8 35.7 551.51 300.8 248.6 17.3 20.99 66
200.4 128.2 36.0 56.31 300.9 247 .6 17.7 21.52 69
200.7 145.1 27.7 38.31 300.4 247.6 17.6 21.32 62
200.9 143.3 28.7 40.19 300.3 248.6 17.3 20.99 62
200.6 153.1 23.7 31.02 300.4 247.6 17.6 21.32 64
200.8 147 .1 26.7 36.50 300.9 247.6 17.7 21.52 64
200.4 1514 24.4 32.36 300.8 248.6 17.3 20.99 65
200.5 146.5 27.0 36.95 3004 247.6 17.6 21.32 67
200.4 128.2 36.0 56.31 300.9 247.6 17.7 21.52 61
200.3 128.8 35.7 55.51 300.4 247 .6 17.6 21.32 61
200.6 153.1 23.7 31.02 300.4 247 .6 17.6 21.32 61
200.7 145.1 27.7 38.31 300.4 247.6 17.6 21.32 57
200.4 128.2 36.0 56.31 300.9 247.6 17.7 21.52 58
200.9 143.3 28.7 40.19 300.8 248.6 17.3 20.99 59
200.3 128.8 35.7 55.51 300.9 247.6 17.7 22.52 62
200.6 153.1 23.7 31.02 3004 247.6 17.6 21.32 61
200.7 1451 27.7 38.31 300.4 247.6 17.6 21.32 61
200.4 128.2 36.0 56.31 300.9 247.6 17.7 21.52 62
200.9 143.3 28.7 40.19 300.9 247 .6 17.7 21.52 62
200.7 1451 27.7 38.31 300.4 247.6 17.6 21.32 63
200.8 147 .1 26.7 36.50 300.4 247.6 17.6 21.32 66
200.4 1514 24.4 32.36 300.4 247.6 17.6 21.32 63
200.3 128.8 35.7 55.51 3004 247.6 17.6 21.32 67
200.6 153.1 23.7 31.02 300.9 247.6 17.7 21.52 63
200.7 1451 27.7 38.31 3004 247.6 17.6 21.32 61
200.9 143.3 28.7 40.19 300.9 247.6 17.7 21.52 61
200.3 128.8 35.7 55.51 3004 247.6 17.6 21.32 70
200.4 128.2 36.0 56.31 300.8 248.6 17.3 20.99 68
Lﬂsﬁl 140.70 29.85 43.22 300.63 247.77 17.57 21.32 63.25
Remark : M,, = [(W - D)/ W] x100

My = [(W-D)/D]x100
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M19797 B.7 NMIDVWHIVITIURINRA WIS NV 29 INNIAAAINNTHIILLATOIa ULRILLUTEY LW

fNaINIHER 20 th qmwgﬁlumiauuﬁd 140 °C

21 uilfanan 2 lfanunis RH (%
aaz1ldan (g) AN (%) a1az712dan (g) AN (%) BwINU
nNawal #adal | wetbasis drybasis | Nnaway #adoU | wetbasis dry basis | @089

200.7 1451 27.7 38.31 300.3 249.9 16.8 20.16 66
200.8 147 .1 26.7 36.5 300.2 251.1 16.4 19.55 69
200.4 1514 24.4 32.36 300.7 251.1 16.5 19.75 62
200.3 128.8 35.7 55.51 300.2 251.1 16.4 19.55 62
200.6 1563.1 23.7 31.02 300.9 251.2 16.5 19.78 64
200.3 128.8 35.7 55.51 300.7 251.1 16.5 19.75 64
200.7 153.1 23.7 31.02 300.7 251.1 16.4 19.55 65
200.4 145.1 27.7 38.31 300.7 251.1 16.5 19.75 67
200.6 128.2 36.0 56.31 300.2 251.1 16.4 19.55 61
200.3 153.1 23.7 31.02 300.3 249.9 16.8 20.16 61
200.4 128.8 35.7 55.51 300.2 251.1 16.4 19.55 61
200.3 128.2 36.0 56.31 300.7 251.1 16.5 19.75 57
200.6 128.8 35.7 55.51 300.9 251.2 16.5 19.78 58
200.7 153.1 23.7 31.02 300.7 251.1 16.5 19.75 59
200.7 145.1 27.7 38.31 300.2 2511 16.4 19.55 62
200.7 145.1 27.7 38.31 300.2 251.1 16.4 19.55 61
200.6 153.1 23.7 31.02 300.9 251.2 16.5 19.78 64
200.6 153.1 23.7 31.02 300.9 251.2 16.5 19.78 62
200.6 153.1 23.7 31.02 300.3 249.9 16.8 20.16 62
200.3 128.8 35.7 55.51 300.2 251.1 16.4 19.55 63
200.6 153.1 23.7 31.02 300.3 249.9 16.8 20.16 66
200.7 1451 27.7 38.31 300.2 251.1 16.4 19.55 65
200.4 128.2 36.0 56.31 300.7 2511 16.5 19.75 67
200.3 128.8 35.7 55.51 300.2 2511 16.4 19.55 63
200.6 153.1 23.7 31.02 300.9 251.2 16.5 19.78 61
200.7 145.1 27.7 38.31 300.2 251.1 16.4 19.55 61
200.6 153.1 23.7 31.02 300.3 249.9 16.8 20.16 70
Laallil 148.36 29.86 42.72 312.01 260.54 17.75 20.50 65.50
Remark : M, = [(W - D)/ W] x100

My

[(W - D)/D]x100
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M195197 %.8 NIDVWHIVITIURONRA WIS NV 29 INNIRAAINNTUIILLATOIDUURILLUTFY LW

fNaINIHER 20 th qmwgﬁlumiauuﬁd 150 °C

21 uilfanan 2 lfanunis RH (%)
aaz1ldan (g) AN (%) a1az712dan (g) AN (%) BwINU
nNawal #adal | wetbasis drybasis | Nnaway #adoU | wetbasis dry basis | @089

200.3 128.6 35.8 55.75 300.9 255.2 15.2 17.90 58
200.4 140.1 30.0 43.04 3004 254.3 15.3 18.12 59
200.1 1451 27.5 37.93 300.7 255.3 15.1 17.78 62
200.6 125.6 374 59.71 3004 254.3 15.3 18.12 62
200.3 128.6 35.8 55.75 300.9 255.2 15.2 17.90 64
200.4 140.1 30.0 43.04 300.7 255.3 151 17.78 64
200.7 128.3 36.1 56.43 300.8 255.2 15.1 17.82 65
200.1 145.1 27.5 37.93 300.7 255.3 15.1 17.28 67
200.4 140.1 30.0 43.04 300.4 254.3 15.3 18.12 61
200.1 1451 27.5 37.93 3004 254.3 15.3 18.12 61
200.3 128.6 35.8 55.75 300.7 255.3 15.1 17.78 61
200.4 141 30.0 43.04 300.9 255.2 15.2 17.90 57
200.7 128.3 36.1 56.43 300.8 255.2 15.1 17.82 56
200.4 140.1 30.0 43.04 300.8 255.2 15.1 17.82 55
200.7 128.3 36.1 56.43 300.4 254.3 15.3 18.12 57
200.1 145.1 27.5 37.93 300.7 255.3 15.1 17.78 61
200.3 128.6 35.8 55.75 300.9 255.2 15.2 17.90 64
200.4 140.1 30.0 43.04 300.7 255.3 15.1 17.78 62
200.7 128.3 36.1 56.43 300.4 254.3 15.3 18.12 62
200.7 128.3 36.1 56.43 300.7 255.3 15.1 12.78 54
200.4 140.1 30.0 43.04 300.9 255.2 15.2 17.90 55
200.3 128.6 35.8 55.75 300.8 255.2 15.1 17.82 56
200.6 125.6 374 59.71 300.9 255.2 15.2 17.90 67
200.1 1451 27.5 37.93 300.7 255.3 151 17.78 58
200.9 134.9 33.1 49.59 300.9 255.2 15.2 17.90 64
200.3 128.6 35.8 55.75 300.8 255.2 15.1 17.82 57
200.7 128.3 36.1 56.43 300.7 255.3 15.1 17.78 59
200.4 140.1 30.0 43.04 3004 254.3 15.3 18.12 68
L‘i\a'gﬂ 134.77 32.74 49.14 300.69 255.00 15.17 17.90 60.57
Remark : M,, = [(W - D)/ W] x100

My

[(W-D)/D]x100
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M19797 1.9 NIDVWHIVITIURINRA WIS NV 29 INNIRAAINNTUIILLATOIDUULRILLUTEY LW

fNaINIHER 20 th qmwgﬁlumiauuﬁd 160 °C

21 uilfanan 2 lfanunis RH (%)
aaz1ldan (g) AN (%) a1az712dan (g) AN (%) BwINU
nNowaly Vadal | wetbasis dry basis | nawau #%adau | wetbasis dry basis | 28819

200.1 1451 27.5 37.93 300.5 255.6 14.9 17.56 62
200.3 128.6 35.8 55.75 300.7 255.2 15.1 17.82 62
200.1 1451 27.5 37.93 300.6 255.3 15.0 17.74 63
200.3 128.6 35.8 55.75 300.8 255.7 15.0 17.63 66
200.4 140.1 30.0 42.85 300.5 255.6 14.9 17.56 64
200.6 153.1 23.7 31.02 300.8 255.7 15.0 17.63 64
200.6 153.1 23.7 31.02 300.5 255.6 14.9 17.56 65
200.3 128.8 35.7 55.51 300.6 255.3 15.0 17.74 67
200.6 153.1 23.7 31.02 300.5 255.6 14.9 17.56 61
200.6 153.1 23.7 31.02 300.8 255.7 15.0 17.63 61
200.3 128.8 35.7 55.51 300.6 255.3 15.0 17.74 61
200.4 128.2 36.0 56.31 300.5 255.6 14.9 17.56 57
200.3 128.8 35.7 55.31 300.6 255.3 15.0 17.74 58
200.6 153.1 23.7 31.02 300.5 255.6 14.9 17.56 59
200.6 153.1 23.7 31.02 300.8 255.7 15.0 17.63 70
200.3 128.8 35.7 55.51 300.6 255.3 15.0 17.74 68
200.6 153.1 23.7 31.02 300.6 255.3 15.0 17.74 64
200.6 153.1 23.7 31.02 300.7 255.2 15.1 17.82 62
200.3 128.8 35.7 55.51 300.5 255.6 14.9 17.56 62
200.4 128.2 36.0 56.31 300.8 255.7 15.0 17.63 61
200.3 128..8 35.7 55.51 300.5 255.6 14.9 17.56 61
200.6 153.1 23.7 31.02 300.5 255.6 14.9 17.56 65
200.6 153.1 23.7 31.02 300.8 255.7 15.0 17.63 67
200.3 128.8 35.7 55.51 300.5 255.6 14.9 17.56 63
200.6 153.1 23.7 31.02 300.8 255.7 15.0 17.63 62
200.3 128.8 35.7 55.51 300.5 255.6 14.9 17.56 61
lﬂsﬂ 140.7 29.80 43.38 300.61 255.52 14.56 17.64 62.92
Remark : M,, = [(W - D)/ W] x100

My = [(W-D)/D ]x100
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M193197 %.10 NTDUURITEITILUFENER WKE NV 29 INNITAAANNTUGILLATBIDULRILUUNRY LN

fNaINIHER 20 th qm%gmumiauuﬁa 170 °C

21 feanan 21 lfanunis RH (%
aaz1ldan (g) AN (%) a1az712dan (g) AN (%) BwINU
nNawal #adal | wetbasis drybasis | Nnaway #adoU | wetbasis dry basis | @089

200.7 128.3 36.1 56.43 300.2 260.3 13.3 15.32 61
200.1 1451 27.5 37.93 3004 260.4 13.3 15.36 55
200.3 128.6 35.8 55.75 300.8 260.5 134 15.47 54
200.4 140.2 30.0 43.04 300.6 260.6 13.3 15.34 62
200.7 128.3 36.1 56.43 300.5 260.5 13.4 15.53 55
200.7 128.3 36.1 56.43 300.5 260.5 13.4 15.53 54
200.4 1514 24.4 32.36 300.8 260.5 13.4 15.47 56
200.5 146.5 27.0 36.95 300.4 260.4 13.3 15.36 52
200.4 128.2 36.0 56.31 300.6 260.6 13.3 15.34 61
200.3 128.8 35.7 55.51 300.5 260.5 13.4 15.53 61
200.6 153.1 23.7 31.02 300.5 260.5 13.4 15.53 61
200.7 128.3 36.1 56.43 300.4 260.4 13.3 15.36 57
200.7 128.3 36.1 56.43 300.5 260.5 13.4 15.53 53
200.4 1514 24 .4 32.36 300.8 260.5 13.4 15.47 52
200.6 153.1 23.7 31.02 300.4 260.4 13.3 15.36 54
200.5 146.5 27.0 36.95 300.5 260.5 13.4 15.53 55
200.4 128.2 36.0 56.31 300.5 260.5 13.4 15.53 53
200.7 128.3 36.1 56.43 300.6 260.6 13.3 15.34 62
200.1 1451 27.5 37.93 300.4 260.4 13.3 15.36 62
200.3 128.6 35.8 55.75 3004 260.4 13.3 15.36 63
200.4 140.1 30.0 43.04 300.8 260.5 134 15.47 66
200.7 128.3 36.1 56.43 300.5 260.5 134 15.53 65
200.7 128.3 36.1 56.43 300.4 260.4 13.3 15.36 67
200.4 151.4 24.4 32.36 300.6 260.6 13.3 15.34 56
200.5 146.5 27.0 36.95 300.8 260.5 134 15.47 57
200.4 128.2 36.0 56.31 300.6 260.6 13.3 15.34 53
200.3 128.8 35.7 55.51 3004 260.4 13.3 15.36 55
L%g\:ﬂ 142.15 32.93 49.03 312.09 270.5 13.86 16.01 60.07
Remark : M,, = [(W - D)/ W] x100

My

[(W - D)/ D ]x100
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M990 %.11 NMIDULRITEITNILUFENER WKE N 27 INNIaaANNTUGELATBIDULRILULNRY LN

fNaINIHER 20 th qm%gmumiauuﬁa 130 °C

Jnlfenaa Tl fanuiy RH(%)
wadLlaan(g) ANNTU (%) watdfen(g) ANNTU (%) S
nanay Wa98U | wet basis dry basis | fiawau WA90U | wet basis  dry basis | @28819
200.3 128.6 35.8 55.75 300.9 249.2 17.2 20.74 52
200.4 1401 30.0 42.85 300.7 247.6 17.6 21.44 52
200.3 128.6 35.8 55.75 300.5 248.2 17.4 21.07 52
200.5 147.4 26.5 36.05 300.3 248.3 17.3 20.94 52
200.3 130.6 34.7 53.36 300.8 248.7 17.3 20.94 52
200.3 128.6 35.8 55.75 300.6 248.6 17.3 20.91 52
200.1 1451 27.5 37.93 300.2 248.6 17.2 20.75 53
200.5 147.4 26.5 36.05 300.4 248.7 17.2 20.78 53
200.3 130.6 34.7 53.36 300.9 249.2 17.2 20.74 53
200.3 135.6 32.3 47.71 300.8 248.7 17.3 20.94 53
200.4 131.6 34.3 42.85 300.7 247.6 17.6 21.44 54
200.4 1421 29.0 40.84 300.3 248.3 17.3 20.94 54
200.2 1421 29.0 40.84 300.8 248.7 17.3 20.94 54
200.2 140.7 29.7 42.28 300.7 247.6 17.6 21.44 54
200.2 141.5 294 41.69 300.8 248.7 17.3 20.94 54
200.5 141.3 29.5 41.89 300.9 249.2 17.2 20.74 54
200.4 142.2 291 40.92 300.7 247.6 17.6 21.44 54
200.3 135.6 32.3 47.71 300.3 248.3 17.3 20.94 54
200.5 147.4 26.5 36.05 300.5 248.2 17.4 21.07 54
200.3 130.6 34.7 53.36 300.4 248.7 17.2 20.78 54
200.2 140.7 29.7 42.28 300.9 249.2 17.2 20.74 54
200.2 141.5 294 41.69 300.5 248.2 17.4 21.07 54
200.3 128.6 35.8 55.75 300.7 247.6 17.6 21.44 53
Lﬁﬁlﬂ 137.76 31.22 45.34 300.62 248.42 17.35 21.01 53.26
Remark : M,, = [(W - D)/ W] x100

My

[(W - D)/ D ]x100
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M990 ¥.12 NMIDULRITOITILLUFENER WKE N 27 INNT8AANNTUGILLATBIDULRILULNRY LN

fNaINIHER 20 th qm%gmumiauuﬁa 140 °C

Tufenaa T1lRanuis RH (%)
WndnTdfen (g) ANNTU (%) WndnTdfen(g) ANNTU (%) YUY
faual  Wadau wet basis dry basis | fiauau Wa90U | wet basis dry basis | @28819
200.3 135.6 32.3 47.71 300.6 2594 13.7 15.88 57
200.4 140.1 30.0 42.85 300.2 259.0 13.7 15.90 57
200.2 141.5 29.4 41.69 300.4 259.4 13.7 15.93 57
200.5 141.3 29.5 41.89 300.7 259.4 13.7 15.92 57
200.4 142.2 29.1 40.92 300.5 259.3 13.7 15.88 57
200.3 135.6 32.3 47.71 300.3 258.6 13.9 16.12 57
200.5 147 4 26.5 36.05 300.8 2592 13.8 16.04 57
200.3 130.6 34.7 53.36 300.6 259.4 13.7 15.88 57
200.2 140.7 29.7 42.28 300.2 259.0 13.7 15.90 57
200.2 141.5 29.4 41.69 300.4 259.4 13.7 15.93 57
200.5 147.4 26.5 36.05 300.7 259.4 13.7 15.92 57
200.3 130.6 34.7 53.36 300.8 259.2 13.8 16.04 56
200.3 135.6 32.3 47.71 300.9 2594 13.8 15.99 56
200.4 131.6 34.3 42.85 300.7 2594 13.7 15.92 56
200.4 1421 29 40.84 300.5 259.3 13.7 15.88 56
200.2 1421 29 40.84 300.7 2594 13.7 15.92 56
200.2 140.7 29.7 42.28 300.5 259.3 13.7 15.88 56
200.4 142.2 29.1 40.92 300.3 258.6 13.9 16.12 56
200.3 135.6 32.3 47.71 300.8 259.2 13.8 16.04 56
200.5 147 .4 26.5 36.05 300.7 259.4 13.7 15.92 56
200.2 1415 29.4 41.69 300.8 259.2 13.8 16.04 56
200.5 141.3 29.5 41.89 300.9 259.4 13.8 15.99 56
200.4 142.2 29.1 40.92 300.7 259.4 13.7 15.92 56
200.3 135.6 32.3 47.71 300.5 259.3 13.7 15.88 56
200.5 147.4 26.5 36.05 300.3 258.6 13.9 16.12 56
200.3 130.6 34.7 53.36 300.6 259.4 13.7 15.88 56
200.2 140.7 29.7 42.28 300.2 259.0 13.7 15.90 56
200.2 141.5 29.4 41.69 300.4 259.4 13.7 15.93 56

Lﬂgﬂ 139.74 30.25 43.23 300.56 259.23 13.74 15.95 56.39
Remark : M,, = [(W - D)/ W] x100

My

= [(W-D)/D]x100
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M193197 %.13 MIDULRITEITNILLUFENER WKE N 27 INNII8AANNTUGELATBIDULRILULNRY LN

fNaINIHER 20 th qm%gmumiauuﬁa 150 °C

Tufenaa T nURonuns RH (%)
WndnTdfen (g) ANNTU (%) Wndtdfen (g) AT (%) YUl
fawdl  WadaU | wetbasis dry basis | flaual  wWavalU | wet basis dry basis | 28879
200.5 147.4 26.5 36.05 300.7 261.0 13.2 15.21 54
200.4 140.1 30.0 42.85 300.5 261.1 13.1 15.09 54
200.3 130.6 34.7 53.36 300.3 260.6 13.2 15.23 54
200.3 128.6 35.8 55.75 300.8 260.4 13.4 15.51 54
200.1 1451 27.5 37.93 300.6 261.4 13.0 14.99 54
200.5 147 .4 26.5 36.05 300.8 260.4 13.4 15.51 54
200.3 130.6 34.7 53.36 300.6 261.4 13.0 14.99 54
200.3 135.6 32.3 47.71 300.8 160.4 134 15.51 52
200.4 131.6 34.3 42.85 300.6 261.4 13.0 14.99 52
200.4 1421 29.0 40.84 300.7 261.0 13.2 15.21 52
200.2 1421 29.0 40.84 300.6 261.4 13.0 14.99 52
200.2 140.7 29.7 42.28 300.3 260.6 13.2 15.23 52
200.3 135.6 32.3 47.71 300.8 260.4 13.4 15.51 52
200.3 130.6 34.7 53.36 300.6 261.4 13.0 14.99 52
200.1 1451 27.5 37.93 300.3 260.6 13.2 15.23 54
200.5 147 .4 26.5 36.05 300.3 260.6 13.2 15.23 54
200.3 130.6 34.7 53.36 300.5 261.1 13.1 15.09 54
200.3 135.6 32.3 47.71 300.6 261.4 13.0 14.99 54
200.3 130.6 34.7 53.36 300.8 260.4 134 15.51 54
200.3 128.6 35.8 55.75 300.6 261.4 13.0 14.99 54
200.1 1451 27.5 37.93 300.3 260.6 13.2 15.23 53
200.5 147 .4 26.5 36.05 300.8 260.4 13.4 15.51 53
200.3 130.6 34.7 53.36 300.6 261.4 13.0 14.99 53
200.3 135.6 32.3 47.71 300.7 261.0 13.2 15.21 53
200.4 131.6 34.3 42.85 300.5 261.1 13.1 15.09 53
200.4 1421 29.0 40.84 300.3 260.6 13.2 15.23 53
200.2 1421 29.0 40.84 300.8 260.4 134 15.51 53
200.2 140.7 29.7 42.28 300.6 261.4 13.0 14.99 53
L%gﬂ 137.90 31.12 44.89 300.59 257.33 13.18 15.21 53.21

Remark : M,, = [(W - D)/ W] x100

My = [(W-D)/D]x100
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M99 ¥.14 NMTDULRITDITILUFENER WKE N 27 INNITaAANNTUGILLATBIDULRILULNRY LN

fNaINIHER 20 th qm%gmumiauuﬁa 160 °C

Jnfenaa T Ufanuns RH(%)
Wndnfen (g) ANNTY (%) ndlfen (g) AT (%) YA
fawdl WadaU | wetbasis  dry basis | fawal Wa98U | wetbasis  dry basis | @889

200.3 128.6 35.8 55.75 300.9 263.3 12.8 14.28 61
200.4 140.1 30 42.85 300.7 263.1 12.5 14.28 61
200.3 128.6 35.8 55.75 300.3 262.8 12.6 14.4 61
200.5 147 .4 26.5 36.05 300.8 262.9 12.6 14.41 61
200.3 130.6 34.7 53.36 300.7 263.1 125 14.28 61
200.3 128.6 35.8 55.75 300.8 262.9 12.6 14.41 61
200.1 1451 27.5 37.93 300.9 263.3 12.8 14.28 61
200.5 147.4 26.5 36.05 300.6 262.4 12.7 14.88 61
200.3 130.6 34.7 53.36 300.8 262.9 12.6 14.41 61
200.3 128.6 35.8 55.75 300.7 263.1 125 14.28 59
200.1 1451 27.5 37.93 300.8 262.9 12.6 14.41 59
200.4 140.1 30 42.85 300.6 262.4 12.7 14.88 59
200.3 130.6 34.7 53.36 300.7 263.1 125 14.28 59
200.3 128.6 35.8 55.75 300.6 262.4 12.7 14.88 59
200.3 128.6 35.8 55.75 300.7 263.1 12.5 14.28 59
200.4 140.1 30 42.85 300.8 262.9 12.6 14.41 59
200.3 130.6 34.7 53.36 300.9 263.3 12.8 14.28 59
200.3 128.6 35.8 55.75 300.6 262.4 12.7 14.88 59
200.3 128.6 35.8 55.75 300.8 262.9 12.6 14.41 59
200.4 140.1 30 42.85 300.6 262.4 12.7 14.88 59
200.3 128.6 35.8 55.75 300.8 262.9 12.6 14.41 59
200.5 147.4 26.5 36.05 300.6 262.4 12.7 14.88 59
200.3 130.6 34.7 53.36 300.7 263.1 12.5 14.29 62
200.3 128.6 35.8 55.75 300.6 262.4 12.7 14.88 62
200.1 1451 27.5 37.93 300.8 262.9 12.6 14.41 62
200.3 130.6 34.7 53.36 300.6 262.4 12.7 14.88 62
200.3 128.6 35.8 55.75 300.7 263.1 12.5 14.29 62
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M193197 %.15 NTDULRITOITLUFENER WKE N 27 INNITaAANNTUGILLATBIDULRILULNRY LN

fRININAS 20 th qm%gﬁlumiauuﬁa 160 °C (dia)

Jnlfenaa T nURenuns RH(%)

Wndnfen (g) ANNTY (%) ndlfen (g) AT (%) YA
fawdl WadaU | wetbasis  dry basis | fawal Wa98U | wetbasis  dry basis | @889
200.5 147 .4 26.5 36.05 300.6 262.4 12.7 14.88 61

200.3 130.6 34.7 53.36 300.8 262.9 12.6 14.41 61

200.3 128.6 35.8 55.75 300.7 263.1 125 14.29 61

200.1 1451 27.5 37.93 300.8 262.9 12.6 14.41 61

Lﬂgﬂ 135.55 323 48.22 300.71 261.85 12.58 14.4 60.59

Remark : M,, = [(W - D)/ W] x100

My = [(W-D)/D]x100
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M193197 %.16 NTDUURIVOITILUFENER WKE N 27 INNIT8AANNTUEILLATBIDULRILULNRY LN

fNaINIHER 20 th qm%gmumiauuﬁa 170 °C

Jnfenaa T Ufanuns RH(%)
Wndnfen (g) ANNTY (%) ndlfen (g) AT (%) YA
fawdl WadaU | wetbasis  dry basis | fawal Wa98U | wetbasis  dry basis | @889

200.1 1451 27.5 37.93 300.6 264.9 11.9 13.47 57
200.5 147.4 26.5 36.05 300.7 265.4 11.7 13.30 57
200.3 128.6 35.8 55.75 300.6 264.9 11.9 13.47 57
200.4 140.1 30 42.85 300.7 265.4 11.7 13.30 57
200.5 147.4 26.5 36.05 300.8 265.4 11.6 13.12 57
200.3 130.6 34.7 53.36 300.9 265.1 11.9 13.50 57
200.3 128.6 35.8 55.75 300.6 264.9 11.9 13.47 57
200.1 1451 27.5 37.93 300.8 265.4 11.6 13.12 57
200.5 147 .4 26.5 36.05 300.7 265.4 1.7 13.30 57
200.3 130.6 34.7 53.36 300.8 265.4 11.6 13.12 57
200.3 135.6 32.3 47.71 300.6 264.9 11.9 13.47 57
200.3 128.6 35.8 55.75 300.7 265.4 1.7 13.30 58
200.3 128.6 35.8 55.75 300.6 264.9 11.9 13.47 58
200.1 1451 27.5 37.93 300.7 265.4 11.7 13.30 58
200.1 1451 27.5 37.93 300.8 265.4 11.6 13.12 58
200.5 147.4 26.5 36.05 300.9 265.1 11.9 13.50 58
200.3 128.6 35.8 55.75 300.6 264.9 11.9 13.47 58
200.1 1451 27.5 37.93 300.7 265.4 11.7 13.30 56
200.5 147 .4 26.5 36.05 300.6 264.9 11.9 13.47 56
200.3 128.6 35.8 55.75 300.7 265.4 11.7 13.30 56
200.1 1451 27.5 37.93 300.8 265.4 11.6 13.12 56
200.5 147.4 26.5 36.05 300.6 264.9 11.9 13.47 56
200.3 130.6 34.7 53.36 300.7 265.4 1.7 13.30 56
200.3 128.6 35.8 55.75 300.8 265.4 11.6 13.12 56
200.1 1451 27.5 37.93 300.8 265.4 11.6 13.12 56
200.5 147.4 26.5 36.05 300.6 264.9 11.9 13.47 56
200.3 130.6 34.7 53.36 300.8 265.4 11.6 13.12 56
200.3 135.6 32.3 47.71 300.7 265.4 1.7 13.30 56
L%gﬂ 138.62 30.78 44.99 300.71 26.53 11.75 13.31 56.82
Remark : M,, = [(W - D)/ W] x100

My

[(W - D)/D]x100
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Paddy Operate Husk Fuel
ltem Order No. Description
(ton) (h) (kg)
1 140010257 Dried Paddy 140 7.00 854.00
2 178010257 White Rice 178 8.90 1059.20
3 206010257 Coarse Rice 206 10.30 1225.40
4 142010257 Dried Paddy 142 7.10 827.80
5 172010257 White Rice 172 8.60 1019.80
6 146010257 Coarse Rice 146 7.30 867.40
7 123010257 Coarse Rice 123 6.15 730.70
8 105010257 Coarse Rice 105 5.25 624.70
9 132010257 White Rice 132 6.60 774.80
10 180010257 Coarse Rice 180 9.00 1060.00
11 453010257 White Rice 453 22.65 2670.70
12 346010257 Coarse Rice 346 17.30 2045.40
13 723010257 Coarse Rice 723 36.15 4260.20
14 986010257 Coarse Rice 986 49.30 5812.40
15 794010257 Coarse Rice 794 39.70 4674.60
16 643010357 Coarse Rice 643 32.15 3798.40
17 398010357 Coarse Rice 398 19.90 2353.20
18 892010357 Coarse Rice 892 44.60 5267.80
19 843010457 Coarse Rice 843 42.15 4978.70
20 985010457 Coarse Rice 986 49.30 5827.40
21 765010457 Coarse Rice 765 38.25 4521.50
22 578020557 Coarse Rice 578 28.90 3423.20
23 914020557 Coarse Rice 914 45.70 5376.60
Summation 10,845 542.25 64,053.90
Remark : High Heating Values of Hush 14,925 kJ/kg

Average Husk Fuel Feeding 118 kg/h = (Husk Fuel / Operate Hour)



MN1379N .2 m’mamﬂaaawmmuﬂgugmmmm@mmﬁu’[umnLﬂaaﬂaﬂiﬂﬂmmaaamma

wuuNavlva
Feeding Power Electricity Energy | Thermal Energy Total Energy
Operate
(kg/h) (kW) (MJ/h) (MJ/h) (MJ/h)
1 117.34 42.76 492.59 1751.29 2243.89
2 117.93 42.57 490.40 1760.10 2250.51
3 116.76 42.12 485.22 1742.64 2227.86
4 118.07 41.37 476.58 1762.19 2238.77
5 118.02 41.98 483.60 1761.44 2245.05
6 117.22 41.94 483.14 1749.50 2232.65
7 117.31 41.69 480.26 1750.85 2231.12
8 118.07 43.45 500.54 1762.19 2262.73
9 117.05 43.62 502.50 1746.97 2249.47
10 117.09 40.44 455.86 1747.56 2213.43
11 118.09 40.21 463.21 1762.49 2225.71
12 118.08 40.15 462.52 1761.59 2224 .12
13 117.97 40.11 462.06 1760.70 2222.76
14 117.69 40.83 470.36 1756.52 2226.88
15 117.49 40.68 468.63 1753.53 222217
16 117.23 41.32 476.00 1749.65 2225.66
17 118.11 41.26 475.31 1762.79 2238.10
18 118.15 41.31 475.89 1763.38 2239.28
Average | 117.66 41.54 478.55 1756.14 2234.69

Remark : Cos O for Power Factor 0.8

Conversion for Electricity Factor to Primary Energy 3.2

Electricity Energy = Power x Factor to Primary Energy x 60 x 60

Thermal Energy = Husk Fuel x High Heating Value
Total Energy = Electricity Energy + Thermal Energy
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d. 2 v e A o dQI v A
MN1379N D3 ﬂimmmﬂmwmmuﬂgwﬂumwazmaamia@m’]mﬂumnLﬂaaﬂa@

laoltinTasauuInaiing M8InNIIHEA 20 th

Total Primary Energy Water Evap. Specific Energy Consumption
Operate
(MJ/h) (kgr/h) (MJ/kg-water evap.)
1 2243.89 5574.37 402.52
2 2250.51 3833.85 587.01
3 2227.86 3160.78 704.84
4 2238.77 6053.86 369.80
5 2245.05 5574.37 402.74
6 2232.65 3886.15 574.51
7 2231.12 5673.77 393.23
8 2262.73 3160.78 715.87
9 2249.47 3833.85 586.74
10 2213.43 3107.45 712.30
11 2225.71 5592.05 398.01
12 2224 .12 3867.69 575.05
13 2222.76 5673.77 391.76
14 2226.88 3880.00 573.93
15 222217 5629.68 394.72
16 2225.60 3160.78 704.15
17 2238.10 5574.37 401.49
18 2239.28 3886.15 576.22
19 2239.03 5639.68 397.71
Average 2234.69 4565.96 519.08

Remark : Total Primary Energy = Electric Energy + Thermal Energy
Rate of Water Evap. = (Feed Rate)gy matier X (MC; - MC)qry matter
(Feed Rate)yy, matter = (Fe€d Rate),et matter X [100 / {100 + (%wb)}]
Specific Energy Consumption = total Primary Energy / Rate of Water Evap.
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A19197 2.4 ANNFWLLUFaINaINW T8Iz UL ULRIRaaNNTRIRT U Rangalasns LT

LAIDIDULLULAINRN NG fNaan13ha 20 th

Name Plate Ampere Electrical Power Primary energy
item Description

(kW) (A) (kW) (MJ/h)

1 Elevator 1 3 52 273 31.54
2 Cleaner 3 4.9 2.58 29.72
3 Elevator 2 3 44 2.31 26.68
4 Poro drying 5 9.2 4.84 55.80
5 Blower Drying 7 12.6 6.63 76.42
6 Elevator 3 3 5.4 2.84 32.75
7 Blower Cond. 5 9.2 4.84 55.80
8 Shuttle Vale 3 5.3 2.79 32.14
9 Elevator 4 3 54 2.84 32.75
10 Belt Conveyor 3 5.5 2.89 33.35
11 Screw Feeder 1 1.6 0.84 9.69
12 Husk Feeding 1 1.6 0.84 9.69
13 Blower Feeding 2 3.5 1.84 21.21
14 Blade Reducer 2 3.5 1.84 21.21
15 Ash Conveying 1 1.3 0.68 7.87
Summation 45 78.6 41.37 476.68

Remark : Cos O for Power Factor 0.8
Conversion for Electricity Factor to Primary Energy 3.2

Electricity Energy = Power x Factor to Primary Energy x 60 x 60
Electric Power = \/3 IV Cos O
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M13191N R.5 ﬂ’n&lﬁuLﬂﬂ@\‘IWfﬂ\‘l\‘l']uvLWW'ﬂlE]\‘]‘Sz‘ll‘Uﬂ']’iE]‘ULL%OQ@]@]’]’]N“H%ELW‘UTJLﬂa@ﬂﬁﬂi@ﬂﬂ’]'ﬂ“ﬁ

Lﬂ%adaULLUUWQS@IVLWfL‘U@] N8I3R 20 t/h

Name Plate Ampere Electrical Power Primary energy
item Description

(kW) (A) (kW) (MJ/h)

1 Elevator 1 3 4.9 2.58 29.72
2 Cleaner 3 5.1 2.68 30.93
3 Elevator 2 3 4.7 247 28.50
4 Blower Drying 1 30 53.6 28.22 325.11
5 Blower Drying 2 30 53.1 28.11 323.90
6 Elevator 3 3 54 2.84 32.75
7 Blower Cond. 2 9.1 4.79 55.19
8 Shuttle Vale 3 5.5 2.89 33.35
9 Elevator 4 3 5.3 2.79 32.14
10 Belt Conveyor 3 5.5 2.89 33.35
11 Screw Feeder 1 1.6 0.84 8.69
12 Husk Feeding 1 1.5 0.78 9.08
13 Blower Feeding 2 3.5 1.84 21.21
14 Blade Reducer 2 3.6 1.89 21.83
15 Ash Conveying 1 1.4 0.73 8.49
Summation 93 163.80 86.39 995.29

Remark : Cos O for Power Factor 0.8

Conversion for Electricity Factor to Primary Energy 3.2

Electricity Energy = Power x Factor to Primary Energy x 60 x 60

Electric Power = \/3 |V Cos O
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