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Abstract

This research aimed to apply a hot air drying system combined with an air
dehumidification system for germinated brown rice drying. The study was conducted
to determine desiccant wheel’s operation and effectiveness for air dehumidification
and to investigate drying characteristics, energy consumption and quality of dried
germinated brown rice. Comparison of this drying system to a conventional hot air
drying was also conducted. The hot air drying system with a desiccant wheel (HA-DW)
comprised of 3 main parts including desiccant wheel, drying unit, and heat exchanger.
For the determination of operation of the desiccant wheel in the sections of
dehumidification and regeneration, the desiccant wheel could reduce moisture
content and increase temperature of air following the ideal adiabatic process. The
desiccant in the wheel was also regenerated conforming to the theoretical principle
of desiccant wheel’s operation. For the determination of psychrometric properties of
air and effectiveness in the drying system at the air flow rate of 0.04 m®/s and
temperature of 90°C, the desiccant wheel could reduce the relative humidity from
42.6% (17.5 ¢ water/kg dry air) to 9% (10 g water/kg dry air). The hot air exhausted from
the drying chamber was heat exchanged with the ambient air. Then, the heated air
(9%RH, 17.5 ¢ water/kg dry air) was passed through the regeneration section of the
desiccant wheel. The outlet air of this section had the relative humidity of 22.9% (25
g water/kg dry air). This shows that the desiccant, silica gel, could well absorb and
desorb moisture content of air for the system of study with the adiabatic efficiency of
98.49%. For germinated brown rice drying in the HA-DW system, effects of air flow rate

(0.04-0.08 m?/s) and drying temperature (80-120°C) was investigated. The effects of



these variables were found on drying characteristics, energy consumption during drying
and quality of dried germinated brown rice. Higher air flow rate and drying temperature
resulted in higher drying rate, shorter drying time, and lower energy consumption.
Greater GABA content was obtained when drying at high temperatures of 100-120°C
and low air flow rate of 0.04 m?/s. This level of air flow rate also contributed to lower
hardness of cooked germinated brown rice. In drying modelling, the most suitable
drying model was the Midilli et al. model. The average values of coefficient of
determination and root mean square error were the greatest of 0.9991 and the lowest
of 0.0045, respectively. When compared to the conventional hot air drying at the same
air flow rate of 0.08 m®/s with the drying temperature of 80-120°C along with brown
rice as a control, the HA-DW drying provided higher maximum drying rate, lower drying
time and energy consumption, and greater average GABA content than hot air drying.
The germinated brown rice product had GABA content 9 times higher, had better
texture attributes and was whiter than the control brown rice. The recommended
drying condition for germinated brown rice of this study was the HA-DW drying at the
air flow rate of 0.08 m?/s and drying temperature of 120°C. This drying condition
provided the highest maximum drying rate of 0.0125 ¢ water/g dry matter-min, the
shortest drying time of 45 min, the lowest energy consumption of 0.173 kW-h, high
GABA content of 13.01 mg/100 ¢, and medium hardness, stickiness, and whiteness of

105.77 kef, 13.20 kef, and 59.98%, respectively.
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(Mechanical refrigeration) waz3svugnA1udulagldaisgana1utu (Desiccant
dehumidification) i 2 sruuiidefuasdoidelunisldruuanseiusd
mﬁammw%ué’wszwmﬁﬁﬂmmLﬁuu:uma (Mechanical refrigeration) EEATRIEY
Aududounarsnunsluntsinsuarldau wangdmiunisldenlunsdideanisan
aruduluonefifigumniguazanutuduinggs (amutudinivsiingsndt 45% uly)
nisanal1adudaesruugen1udulaeldaisganaiutu (Desiccant
dehumidification) a¢lWisgavEnauarUszndaniinisanautudie ssUuum ALy
LUUNA (Mechanical refrigeration) Tunsdifigamnuazarmduduinslusinielizann
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(Heated Ain) Le3¥UIEAMUTUDBNINLATBINAANNTUABLY lnanisuananasounlely
N13A9ANNTUDBNIINIATOIRAAIUYULUAINITAIYAINTDUNITLNRBIINNTEUIUNITWER
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Activated Alumina, Natural and Synthetic Zeolite, Lithium Chloride, Titanium Silicate
ey Synthetic
- & D & da Y 1 o v o
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# 2.1 FamegluedoagnuITIneaInnANTY WUTEN1IE YRIReRInaNzgnduIAGion
meuawmaiiiielanudusenaineinanlraniuiiannszuIunsuan lutdigduiasesan
& o & 2 aAa Yy = =
Anugulagldanspannurusuuwlsnfesldlugnavnssuaninsowdela 2 wuu fe A3edan
& & vy o v 1% ' = &
anurulagansgaauduLuunyuldgamesiunislianuieunneinianagldlunsiuy
& o - LY v o & da a 1% 14 [
ANMNAIAANYUAITUN 2.2 insnedunmslidauduiuninuiuauasiiosage1nruinian
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L Lﬂi@ﬂaﬂﬂ'ﬂﬂ%uj;m‘EJﬁ']i@jﬂﬂ'ﬂqusﬂULLUUV@u%Nﬁg‘U‘U‘lﬂﬂ’n&Iﬁ'EJUﬂa‘UﬂJ'ﬂfUWQE‘UVI 2.3



Desiccant
Dehumidifier

-\

)

we? Air

(From Process)

~ o 11
b e N |
‘Regeneration
AirIntak

— ’i

nc

Wet Air
from Process

JUN 22 esesanaiulagansgannuduwuurguldEamesiunislvianuseuun

Y

amanvzldlunishuanmansganmi [11]



Silica Gel

Wet Air
Exhaust

Dry Air

to Process
Regeneration

Air Intake

Wet Alr
from Process

SUN 2.3 1P3898AANNTULABANTANA LT ULV VNN UNLTEUULNANS aUNa UL LY [11]
] ]

Y

2.2 ms@,ﬂmm%u
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AU 3 Snuaiz fe shdud enianeluussqse warernawnden Tullagtuans
pnarwiuiogiefumaissin losurasslinasdandnumsuararumzalunsldnud
unnehafuganty fed

Fan119a (Silica gel) [12] tuarsdumsissilugUvesddnaulasanled (Silicon
Doxide, SIO,) gnitauetnunsvatsluussaiugiamsiasel Jaiuusenaurenssniag
anBundauandlunasd 2.1 Inevaluddniaaiifuiiiaysyann 800 A1s1amnas de 1 ndu
ms@mmms??uﬂum%amLﬁ]aLﬂué’ﬂwmszﬂwmw (Physical adsorption) Tnerfnifiurnuiy
Wilnsdlassadrsiuluganies danmaaunsoneauduldsening 20-50% vesiming
dneaiiudi uasiiuszansnmasanigumgiiiingt 25°C mn@@umﬁgm’hﬁﬂszﬁmﬁmw
1um§@mmww§u%a@aq"l,ﬂﬁaa ‘ u,a3ﬁiamm‘7i%ﬁuamwaﬁammm%yu (Desorption) 88N
ndeatuiy TaswmninslidanmumatuussmaloutudaruussmealneTadessednsets
\usgredaemsiasundasvesgumgiseuinswesussafusidud Tutlagtudanieadild
muagﬂjﬂfﬁﬂlﬂﬁ 2 wilnde Windla 9 vun 2-5 fadwasuazdindiidu (ndicating silica gel)
YAV qmauﬁ’amaa%ﬁmmaﬁgﬂ 2 glinduansnatunsefiinindu Cobalt chloride aq
luvilitiahtuudinganiea dihduiasdes q Wasududvumieanutuduimsseu
fregediuannndt 40% nsAsundasdnuuinaeuduiantogluasied 2.2 §anea
yinidvsslonflumsdaunaldlasieidudflenadosionrmiuinntosdiods vinda

a0 Yo Aa 5 a = A = ! [N & Y A aa v
ﬂ']L"’UaVlsLSUENﬂ\uJﬁU']Nu‘Vﬁ@INLﬂaUuﬁll']ﬂa']ll']5ﬂﬂa']'ﬂﬂ'3']ﬂ'ﬂNGUU5BU°U7QV|Qﬂ%aﬂ']wa@f?ﬂﬂ



a 9 dy [ 1y fd' cl! U 1% a aa d' I = U dy
fsgaumnuguduinsien lunessiuiumindve@aniauasududsuniansinnnugy
% 3.11 = a Ql' a 1 a"aa ¥ [ % al' z': v 1 <@
seutatulivSinananiunInganaazge wazauanlieglussauialaein agralsh
ANUNISIERANIAT IR AYIRY [13] #A255einTeYanisldauduagede Insientieaud
\WNenvasiuavewndieseaulanuiauma WU European Commission Wag Interational Agent
for Research on Cancer l9am Cobalt chloride iifagﬂuﬂixmeuaamsﬁawdaiﬁlﬁmu%q

(Carcinogen) Mnganudnly wazenalinansenusedwindexlussezeila

A1519% 2.1 d@uUsenauvesdaniaa [14]

L3519 Si0, Fe,05 ALOs  TiO,  Cal ZrO, Na,O  lg.loss

U (%) 99.71 - 0.01 0.19 0.09 0.01 0.02 0.02 0.02

(%
a1 oA

M13190 2.2 AUaTuarUIinaaNunganagalila [14]

a USinauenaiiu (% siothmindanieasudu)
&l 20%
TN 35%
dvay 50%

a

Inevmawuoa 1355 (Diatomaceous earth) viaiizenindulnasneu WWuAuiLAa

= ¢ o Ao v & 2 o A v vy = a
MngniivEanfgInillasasulugnuunadndiuiuin Welasunswngumgiigaay
Wna1sssuRiseueetinu uraldeuaaslia (Calcdum chloride) aglinaudalunisgn

& ya = H v o = = Y aa v [ <
ANNBULARLINGS 70-80% vewminIles Waliguiudiniaaudy dnsuitlunisga
& =~ ac ° oAl a ). & o o ed aa
AuruvedlaeznouNuadisasAnI el 25°C uagANNYUALIMSH 75% FAnaa
& a o Y = o v o oA & A
zgaauduauaNisInglunalaindilus lwvuziferiudeddnamaretunseiluieu
dmsulaeznounndeua WBisnazgaaudnaududl egelsinunisgaausuvedlnezney
WWAya 13TolILTRATedlilaNaReulNMIN ASAUANINETAAAIINTY LiTBaumnilTey
14 g = A YV L Ia dg{ v gj = as = o 3 49.1 dld
P19gauddidessnnviseliiinfuias daulpegneuuiBea 135s3dnduasgaauund
ANNAINNI0lUNTAAANTUNIN SR TIveINsaaAuTuILnaTs waglenialunisAu
& Ao w = o =~ as & = Ao

40 MEATRAANNTUNAT srewmaiiTeililaesneundea Bssilumadeniidvesaisgn
AT uaglasuniseensuegieninawnnslunisvudsduiseninysenea

woudli3alalud wnad (Montmorillonite clay) lufusssumanilassasindugnguy
Puun Aulssianilidelafunisingumngiige (Calcination) agviliimuanunsalunis
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dgj ’OJ L% s a a U ! U ¥ ﬁl
ANAINTUUTEUI 25% Youmtndales UssAnSaindinaisvanairaudieuiniile
a 1% = & v S a s ¢ o 9 v ¢ A
gaumniiseudvasluisesq lagimainisldusudlusalalud inaddmsuussadaeiiients
YudzAosiTantedindeiliduiediunslidaniag
lanaans 3w (Molecular sieve) #3ailiienin Synthetic zeolite {WuasduATI29
aa wa & da = Y - VIV v o o
nuaudRlun1sgamNTunAuIntanznelinuTuduinssoutalusEaua (10% -
30%) lngiluszanSnmlunisaaanududszunn 22% venimindaies lasaseiimwinli
Lanaans FndnuRdudaysyana 800 asnuunssie 1 NSy uarllusaRaganNuAann
Y Ao 1 o % A dy 4 I aa a i3 L3
Joffananvililgvinishuanimaisgaaudutesnit@dnivaiazueudlatalalusd 1nad
Wiegaungiisoudnegetu wisglsinuluanaals andslulisunisiusesannmiienuaes
sglunsldnuiuommsiazen Javiiansvliaddaldunsvaieunntin
waaLgey 8anlen (Calcium oxide, CaO) n38kT8N11 Caustic lime / Quick lime
< A wa & £% ! - v v a & wa
Juasillnaaudilunsgennudulduinnii 28.5% vesdmindaies asviiniiauauds
widluN13RAINIUTIANUTUTIIMEAUAZIERTINSAUAN NATARANUT TR ULAE U
Tuanaans @ egnlsimuaruisalunsgeanuiunsuiidiliadsuivasyiniu 4 wae
& =t d' & U a W & =g
gnatesduarsnaunal (Swell) eanAINTUINATENIBUM a17aAANTUYTELANTS
AuautRlunsiansaugs (Corrosive) AsNUTIYAIIvRIANIgAANTUUsTLANdfa sy
llviansgeanudungasensenilalaginne
IS ) o < ay v a ) a va &
wAaLFey Fawn (CasO,) Luasnlanusdudu Tneflguaudilunisgaainuy
ABUTIINUIENI0N 10% voeumiingates luasiasaniuglad liluiiy waglidnnseu
lutlagduansgaauduiiasinisomsiazeuislsemalne Suses (Thailand FDA)
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%ﬁﬂ%aﬁaqiﬂﬂﬂﬁquiu VI%LﬁﬂuLaﬂlﬁ 28.

Fanavinnszaau ;[7/10-3-10948-1-0001/
FANUAAUVUAYDI K—I7/10-3-10948-1-0004/
auaﬂm’m%u%ﬁﬂﬂﬁzaauLLazGZIaq <[710-3-10948-1-0003/

auaﬂm’m%u%ﬁﬂﬂﬁzaauLLazGZIaq <1'7/1 0-3-10948-1-0002/




2.3 auuanelglasunsn

2.3.1 unugilelasumnin

Psychometric {uununiuanitisnuduiusvesnuautAremause ninee N Awae
lovh Feezianudrfyedrannsemsuiuennia wWesanormaluussenmelalduisain
wiazillotuueg [16] Inedmiunsanarutulurieseuuianzinszuiumsiiiunisuind,
poNAINATUNALYEIe A LitelWasuunNsauusliusyAnEnmiumny

Tuthytuuunilalanuninldfinsadiatuiitenlds 2 wundn fo wwugfives The
American Society of Heating, Refrigerating, and Air-Conditioning Engineering %3 ©
ASHRAE uazunugiivasuasise (Carier) dslunnuniiendasiissazidoauandosunnsinaiu
wiazilasasniiddauniioutu Inevhluuundlalasmninldlidmiuanuduasiidmis

Wil Fepnuauvesunugillelaswssniliodldiuhe Anusunseiuimea [17]

oA

AkansauRvesanAiuledtuemantluwnugilelaswesn [18] Ussnaumae

ARNIATUN 2.4

Wet-Bulb
lemperature

Enthalpy LS entve
‘ Humidity
Dewpoint ;!
Temperature —_
Humidity
\ Ratio
Dry-Bulb el \_Spccu‘ C
Temperature Volume

gﬂﬁl 2.4 wunwlelasiunsn [19]

gaungiinsziunguia (Dry bulb temperature, db) AR @ UM ANB1UAIIIN

¥
U =

wioslufiwesfinszurzwiia [20] Ingluwkugiilelaswninaziludunuwuifiidaniiasises

AausiteslumunAeandeleludiwntensgun 2.5
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Absolute humidity
(¢ water/kg dry air)

0 10 20 30 40 50
Dry bulb temperature (°C)

UM 2.5 Wdueamgiinszisuieuuunugilelasiunsn (daudasain [19))

aaungiinsziurzilen (Wet bulb temperature, wb) Ag g AN 81u31N

Y

wesluflwesfinszilizuseinddniulaesodinssuaauinrunszis Joniinnnusaly

Wagnin 5 m/s Iaglunszuliun1snasseingasaluduvesiiyuinninegnlany

WS LU hUUNT L UL UEANUILANAINNSDUTBU & AANTEsU1sdvvANuT UL UReY
Y

anuzanvasmadnatedule dwuiwihlieamglinialevsesamnlinszizilenszangy

9 Y
¥

punpinszewts lunsdifluenmafinnautusgann msFuiidiidunssiugliazszme
1§ faduennudeuiillunisssmediiasliosdmaliaifnldasindidssfugunad
nszazuis Jsnsdldeafiapinlienmginszirzuisiunssinzdondawinfudedidy
91NABNAA (Saturated temperature) w3agafinaTuuduinsivindy 1009 Tneluunugs
lelanuninidugnmadnssglonandsmussaindslurruazmandutuaindesluun

neuggludaeuuin [19] Aegui 2.6
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Absolute humidity
(¢ water/kg dry air)

0 Dry bulb temperature (°C)

JUN 2.6 duramginssilwilenuuusunitlelasiunin (Gauvasain [19))

(Y] 1 dy o A & (Y] 1 %’ Y] 1 ?5 1
ONIEIUALAU (Humidity ratio) AvenTidiulaguininszninglaurlueiniese

2 nAuie 1 ke Tneluwsunfilelasun3ndudngaiuauiiu (Humidity ratio line) {Wudu

'
a o

Nanantduloundu@a (Saturated vapor) anarudeiielidsniueiie Fep1dnsidiu

a [ 1

ANUTUALLUSHUATIAUAIRMUY T Tnga ua1998dA18n1dIuANTUANNTIZOUN AN

a [ | a

Tuva v duduigamglias dasidiunudunaziingauunulufeguiu fagy

Y

2.7

34

30 £ 3
.g %
c v
OIIEINS
= )

10 _,g +=

8 2 =
< =

4

2

0 Dry bulb temperature (°C)

SUT 2.7 Wdusnsndnninudu (Humidity ratio line) (fuUasan[19])

Jg
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ANTuluenA (Relative humidity, RH) Aa8ns181uAINAUTENI19ANAUTDILD

'
a Y

ulegluanniatu wazaududuiivedlournoungiiviednu tnsluukugilalasunin
duwsnnedeileanvsaidunogiuuenABduAUTUEURNS 100% nToLduINABURT
(Saturated air line) FATANIINEUAINTUFNINS 100% A1AIUTUFNIINSAITAAAIRINT

1398 9 A9gUN 2.8

100%

> =
= 3
O

IS
£E <
>

< 2
Q NS
5 2
b4 ©
A 2
2 =

0 Dry bulb temperature (°C)

SUT 2.8 1dumNFudLIIS (Relative humidity line) (daktasatn [19)

USUIR TIUNZUB991N AT (Specific volume) ApUSHINTUDIDINIATUV L TUAD
a1meus aeluunugiilalasiuninduusunnsdnnizyetemaulzidemiesangely

YuazARsiNTuNdegluNn Asgun 2.9



Absolute humidity

0 Dry bulb temperature (°C)

(¢ water/kg dry air)

U7l 2.9 WEuURIAsTImE (Specific volume) (FauUasain [19])

(%
o v

grunniigaunn

1%
] o [

disenmavugnibiduas lWugeiiennia o gauuglitu 9 aimisasessuusunaleunliled

&

a

WINNFARIFUN 2.10

Absolute humidity

0 Dry bulb temperature (°C)

JUN 2.10 LdugathAnfan1iziivue (Faudasain [19])

(¢ water/kg dry air)

13

19 (Dew point, DP) Aogaungiiileuituerniasuaiuuimuveni
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AAUTDUTNNIZVBIDINA (Specific enthalpy, h) AUSuaANLSoUNYINTRDINALAS
1 Alandy dunanaszavAteanalluwnugiilalasiunsntuazegiudieiionsemuninues
duenaduda lnefiAeamadasiiinaindeslumuinmuseduvetsgungiivesainiadn

WinT Faanunsouanalanagun 2.11

120
90

60
50

30

Absolute humidity
(g water/kg dry air)

0 Dry bulb temperature (°C)

U7 2.11 dunansdeamall (Faudasann [19)

2.3.2 nssvumsifsuutasannvesenielaglfununilelasiunin

nsruIunsasunasannzvesenialasldunugdlelasiueInaiunsaudsls
nIPUILN VAL 8 navuaunIT (211§l

nszuunsliueufiuennie (Heating process) fonssuinnisfinanuseuses
91IN1FAALADY duTudiannzausiuned Tnodleeneldsuanuseuiiniusunaad
puvnivesemmgiiutunagdsmaliviumssungvesemamfistuviooinatiimn

LWUNTULWNS1EDINALNANTSUL18H2 Tuv ez Lot lue N AT LAY hazAIANLTUALNNS A

v oo
o A

anaamnszaIMaaInIasessuletnvsdueglaiiudy dmsunssuiunsidmlnginagny

v v =) a

lunsruIuMIBuLieanANUBLiUIaAVIaNaANaN1INITNEATANN o lnganusouiinuly
& & o o o . o Yy A oqu A a £

nsvvunsiaziluanuioududa (Sensible heat) wsaanusounvilvigamgiliiug@udy

drulung Fenssuarunslianudeululalasiundnvisatduasiduduluiulrvuiuiuinu

gaumaiinsziizuiis (Ty) lufieneineenluaniduemadumidegui 2.12
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Absolute humidity
(g water/kg dry air)

e

Dry bulb temperature (°C)

JUN 2.12 nsrurunislimnuseuiueinia (Aaudasann [22])

nszurunslialruuiuenia (Cooling process) ABNszuUIUNITTRUNY VBT
91NAILYNANAIILATINAUAIT FeanansauanadunszuIumslanegun 2.13 wu lussuy
n13U5UaINA IngRan3931NNITanA M Ta ULy liUTIINITImIEeeINIFanas 3e

DINALAUAUILULTY 992 AINaYINIANUTUTUNNS LU INARNNUINTY [23]

=

Dry bulb temperature (°C)

Absolute humidity
(¢ water/kg dry air)

U*?'ll 2.13 NzUIUNSIANULEURUINA (Fandatain [22])

N32UIUN15¥11A1UTU (Humidification) nsguiun1siiindulilelauigndaidng

Y

81n1¢l (Humidification) Tnedilyfinsldaiiudou (Heating) nion1svimanudy (Cooling)

Wawsninleundrluvguuluenia leunfagidevuegivenmealussuuinliniglussuy
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AananIdaNTuIINTUAINNfeens dnsulunnugiilelasiuninersntuazuansiaguin

'
=

2.14 Tnefinszuiunsazisuiioamadisuduiazidelouines o wlulussuundianuguluy

9 Y

a

i a a ) A ) A a A & o o e
ig‘U‘Uﬂgﬂ'@EJs]LWlII@EJV]@ﬂJ‘ViﬂﬂJﬂﬁz U UM IAIN a'ﬂu@nLLUi‘WLﬂaﬂu‘lﬂﬂ@ﬂqﬂgqﬂfﬁuaﬂv\lﬂﬁ

9 Y

a =

LazaunAlnseUIzllen

9 Y

°
Absolute humidity
(g water/kg dry air)

0 Dry bulb temperature (°C)

JUN 2.14 ATEUIUNSATNTUY (audasan [22))

[ 1

N3¥UIUNITAAAINUTU (Dehumidification) NSEUIUNTINAVULABIABINANARNIY

4139AAI1UTU (Sorbent dehumidifier) fin1sAruANanIIEBINIALTTA1AINYUTURANS

¥ [
=) s

taeas Msaaauukuuililunsldiagaaduninudu (Absorption material) 1y F&nLaa

€

Juiannudueenaineinia leisdniangaaiuduuing Jangamiuduizgaleul

Y

(%
&Y

wispuduluenieeananeImealuszuutiy Iunabinuuluomniranaslaefigamngl

YDIDNAAINFIFUN 2.15
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Absolute humidity
(¢ water/kg dry air)

0 Dry bulb temperature (°C)

JUN 2.15 NIeUUMIANAINTY (Fiandasann [22))

NTrUIUNITIAAIINS O URAZAITLANAITNY Y (Heating and humidification)

a v I

Ha X4 % . E h a ° v
ﬂi%‘U’J‘Uﬂ']§ULﬂ@TULN@1@u7QﬂQ@L‘?J']ﬂ@']ﬂﬁlﬂ (Humidification) LagdN1INIAINUTDU

Y
£

(Heating) msUsuanmadnwaziaviunisusvennanigluiestn eniaaguenidunayil

By = 2 = b A = 4 19 o v = v a
ANNTURT (Winter air conditioning) @saztludnwaznisusueiniAaniglutnunieiasi
AodaMTanikarANNIuNden1s dndesldssuuilulssmanauglsy asnneuuu uas

igeneuuulunguun?

ASTUINMTYIIANUEUAgaRANLTLY (Cooling and dehumidification) nSzUIUNT
L a £ & YR ¢ & ) P PRIy ~ & = v ~
WNATY LHODINNANANIUABYALEU ImamlﬂLmemﬂmm%umwmuqq \Weoanluwaiazdl
ANUTULAZANULTUAIAT N1TUSUBINIARN YAl TWNILAMSUNISUSUAN1IZ8INAYD I B9
Ua Inganianisuansauwasin 1wty easudnwuznsusvainanielutiusoulu

Usznelng

o < = 1 . . s &
N52UIUNITYIIAMNEULABLANAIINAU (Cooling with humidification) nszUIUNTTH
Andwdeloungndaidigeinia (Humidification) waginisyiaiuiéu (Cooling) AonTswiiy
muauluvaevitnsangaumgilulunanseliu degiweanseuiunsilauninauuuud
fiveslduudsegiauninvesluin lnadoeinaudiiluinediludes dedmausuviau
o < e awld & & I o q a o & I
Wnaunz i lihudssmenateidulelduseny vilieamgiseuninauiueey 9 1y
as uvazenfuTuUSinalaidAinanmssemenazaey o nTurilianutudusimslu
1 X 14 ° [y a a [ N a [
a1maeiee 9 1nTuluaie dmsunseurunmsluunugilelasuninazsiduluuaziieniads

WuNTEUIUN1TAINTA N LU ¥ As3UN 2.16
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NTEUIUNITEINAIINTBULAZNITaAAIIUTY (Heating and dehumidification)
nsruaIUnsiiAndulnensiiauseau (Heating) wagn1sanAl1u8uW (Dehumidification)
Tiuennanian1L NsUSuanmAsnwarilazsidun1susuanizen1Avewiodln G9anunse

wandlanadunszuIun1sange A LU 9 Asgun 2.16

\

*o

N

Absolute humidity
(g water/kg dry air)

Dry bulb temperature (°C)

——»  uanudunszuaun1s Cooling with humidification
--------- > uaAnuEUNTEUIUNIT Heating and dehumidification
] o [ - & ¥ v
?;'U‘VI 2.16  NSTUIUNISTIIAMULEULABLNNAINUY Y LLazﬂszmumﬂmmmauuazmia@

AMNTY (Aawdasann [22])

2.4 MylaTeilsednsnarosszuunisanauduluenAlagldansgannuauy

2.4.1 fpfnsmsvhanuvesannaauti 8]

ndnnsvhauresszuy Ae Woaudulothiiiivesansgaauduiidsiiniini
suletluenmea arsgarrmiuazdunszuaumagaeridulueinia Tusuedidlelafinud
arudulednfifivesansgaauduiidgandmuduledlueinia asganaduasis
nsguaunns Aemelotheenuilueinia n1siiasganadusnAuaninansgna sy
feidunszuiunisevansgaanuduliusidasldauiounarangungiivesasgaanuduls
anasauiiuguniveseniaund danrudulothiiinaisganuduazulsiunsai
U31uAutufiiivesansganutudgud 2.17 uazainguil 218 lefiansaniinns
Wasuuasgamniivesansgaaudy axnuinrmiulotiioasgeautuasiusiungs

U iivesasgnAITUIUiY
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INCREASING WATER VAPOR PRESSURE
AT DESICCANT SURFACE

INCREASING DESICCANT MOISTURE CONTENT
JUN 2.17 enuduiusserinauiulaiiiudiinaaruuluaisgenudu (@awdasan
[8])

INCREASING WATER VAPOR PRESSURE
AT DESICCANT SURFACE
S 8
M a

INCREASING DESICCANT MOISTURE CONTENT

JUN 218 AanuduiiussevninenusulediiuuTunannuduluaisgaainuiuileinig

Waguwlatumgiveswansganudu (AakUasain [8])

1NFUN 2.19 wansdanasnuildluiginsansgaanudu azdsenaume 3 nasnu
NANFIMTUNTEUIUNITRUAITANANTULTLAY A navuaduTeulun1siiugamgl
V813N AINTUIUTI I ANAUloU TR ve A saaAuTudA1gandtauduladnly

81M1# (310997 1§ 2) wasunldlunsAuanInasnanuTu A NENIUAIINTBUNY
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Tiausunatedule wazndanuaudenlunisidnuisenainaisganiudy (:1ned 2

f4 3) uagndanunldlunisangaumgiivesasgennuiy (Ngei 3 89 1)

120°C

L
o
=
7 3
Ly
O -
E £ 4F
O o E
a =2 )
< v O
> = L:

= =
o g g
</ O
= @ /Lj_ _
S ® 10°C
z = v
[¥o]
o - ¢ 1
o
U
< /

INCREASING DESICCANT MOISTURE CONTENT

JUT 2.19 J9dnsnsvhnwresansgan Nl (@andadan [8])

2.4.2 UseAvnalunsanauturensdeganimiiu
auanu1satuntsanauiuluadogaauiuaiuisafiansanldainans
nsvUIuNVANTIAaTY Aanszuaumsneloudsnauaynsdomanuiou [24]
MseRRANILSEsTUUBULT L UYaNTauT i UIdegan Ty Rallusruunisan
AU UBRELUAN [25] lneszuuaglifinisdamanudeusasanaasliiuduandey
Fsanngiet veaneslulaundind (Aeushdndsm) Aonszuiumsla 94 ndau
p1aAsuntasgUld wildansnsogymeviaindulmily Tnsmnufouilssuuagldsumingy
ndsuneluressruuiiviuvanfueuiissuuldduanduanden 26 Fadmiung
ausn¥nasuEInIalisueglugUluuaung (2.1)

ngvenl veaweslulauniind (ngeusnundsa) [24]

AU = AQ + AW (2.1)
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= = o @ o a X @ =
W U Ao NE3UAElY (+ WRINUATRLTY, - waeuNanas)
W fie auivhlagszuy (+ auivilagszuy, - uiliiussuu)
Q Ao AUTOUNIUNETEUU (+ AUTBUTLING YUY, - AINSBUTIDRNESYUL)

a o

nsrUIUNITARAINTURULBzIRBLURNd mSuLAagauaRasdulUmuurunidegun

Y

a

2.20 Weufaveefianusung v, 1u v, uiassyiaudmalindsnuniglusasgumgl
YDIAAANAWIY UAZHNN a wiuanIENRuTeguduisotherm (T+dT) udagn b dadu
an1zdnvgazag UL isothermflgaumgisnid (T) dwsuuiiagauad anguasiiulean
UlAREALLUAN Bl 99tA 9 AzdiAutuInNINFUlAIMUY isotherm kWALl
a A aaa a = @ A v Ay v a 1Y)
gauniiaan (UAsenialun1vugianunsainwigamilveile lneusunsuasainuiuae
Wasuwlasly) [28] nsruiunsoafikuuasiguanainusunng V, ou v, azanunsadu

) Y I~ a S X vy oo
LLUUNUﬂa‘ULLagﬂqm‘ViquﬂﬁLW@JEUU"L@IL'YIUﬂu [29]

P
+——72>"|50therms
e
Pa |- ] a
\ Adiabatic process
%‘-. i
\r
N
~
, _
1 by % V
Va Vb

JUN 2.20 uruiluanin1sudsullatanenssuIuNIsozRgLuRnd mMI UL idgALAR

(FauUasann [29))

lunsruiunisanauduluvesifeiuin ssuvarldiinuieulvadiviesenain
55UV (AQ=0) FuAnlalunsdinlianuunssuueg1asing ¥se szuugneniIvauIu &9

anansadeulasaunisi (2.2) [30]

AU = AW (2.2)
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AU = -PAV (2.3)

d' & o
LB P A8 AIMUAUY

v Ao Usums

'
[ a

1AgAINSUNTEUIUNTBLLALLUANAITUN

Y
[

U93981N1ANIUILALRBNIINWFDAAAIUT UL AUAUE Aosruuazliifinnuseulnait

2.21 LANIAINULANFNNTEIINANLDUNAU

PYI0BNIINTLUU NN NISIUEUUUVBIANBUN AT IITNARDA1USEANTHATBINTLUIUNNS
DLLAURUAN TIa11150AMNIAULAMINANNTITTA 2.4 TernudunTzUIunaLRanuAnAuld
AN B WA ZEAUNTZUIUNITBZALLUANNLAIINNITNAADY BIT2UUILEINITONINITAN

autuldegsauysal e Uszansnadianlu 100% [25]

Wheel inlet
hal

Absolute Humidity
(g water/kg dry air)

0 Dry bulb temperature (°C)

JUN 2.21 unugiilelasiusinlunsyuiunsanninudumeisaennnautududuluniy

Y

ASYUIUNTBLLALLUAN (AAWUaI91N [25])

Useansuanseuiunisagiisuwuan (Adiabatic DW 's effectiveness)

(haz - hAl) 2hat - haz
8 = 1— =

(2.4)
hat hat
o Y | v A v [ dg‘, A
19 hy 4ag hy, fie AteuTialveeIMANIudILareanaNN&enan N Tuduly
G]']llﬂ’]iaﬂﬂ’ﬂw?mLL‘U‘UﬂiB‘U’J‘L!ﬂ'ﬁBSLa‘EJLL‘Uaﬂ LLazmLauﬁa’ﬂmmmmwé’aaaﬂmmqa”aam

ANMUTUNLARINNTNABDITI AUEIRU

2.5 NHUNITBULIN
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|

NaULIA (Drying) [31] fie nTzulIuNsNANNTaugnaemiudaianniinnuiulay
Wladsudaiieldlunisaisanuduesnainianlaeidnisssive Fsauseuiilasuiedu

ANTOULHIBINTTELY

a J 14
2.5.1 nguuarnsiuinlunizuiunsauuia
USunaunnuiiuanunsaesunals 2 sukuunuaunsaai

USunauanuaugiuden ( Moisture content on wet basis, % MC,,)

MV\/
% MCszmxlOO (2.5)
+

W S

e % MC,, Ao Wesidudnutugiulen

M Ao waunludan

w

M Ao WAWAIYBIIEn

S

USU0UAUTUFIUW ( Moisture content on dry basis, % MCy,)

MV\/

S

do % MCy, Ao UasifusmnuTugIuLAs

M Ap waatiludan

w

M B UIAUVINDIIER)

S

1% (]
A aAaa a

M51A13YIUIAS (Drying rate) A9 11aT0UMAINTELUEADNUNNLAANITIZLINEADLIA

AUNTVDIONTINITHIAT AU ananelaRsaLnIsSh (2.7)

1 dm
R=--— (2.7)

A dt

We DR A9 9NSINITOULMUIERTINITEINE |, ke/mZhr

T~ Aa a 2
B NUNNNRNTTISLNAY .M

x>
o))

dm - Y A | ) '
d— AD UIAVDIUINTLENYHDNUINUILLIAN , kg/hr
t
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NIINTZNINONTINTOULKS (Drying rate) wazAudiuluasiu (Moisture content)
wUsoanidu 3 929A93UT 2.22 uay 2.23 fie

A

Moisture content
(kg Hz20/kg dry solid)

XE
- >
Time
JUN 2.22 psmluansnnuduiuiIa [31]
B2 AT A N
= Falling rate ( Constant rate
™~
=
P=) C B
i~
T
=14 \
i
@ A
o Critical moisture
:n content
&
Ty
(]

L 4

XE Moisture content

(kg H20/kg dry solid)
SUT 2.23 nsmluanssnsmseuuriaiuna [31]

fran1suSuanzeedu (Initial adjustment period-AB) w9 3uAUNDMTTLY

(% =

TanwaueJgnyuunn 1A

lumssuuisiiauusUAY (A) Y010m138%g908 RIU0901M159
nMsaemaNTausENINFINaaNsauiueIms vilraamiing

Rr97m1sdANlnaLAeeiu
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gaunndnsziUnzilon (Wet bulb temperature) vasnszusausounliidudnans snsinisi

9 Y

WAZADY 9 LNTU UTIYIDRTILIIANT (constant rate)

¥

$248m5IN15U3HaAsi (Constant rate period-BC) iutsiithnelutasadeudiuni
Raih wdauaudeuiitanldsuarlflumssameiheenainvestagedisdeiiies anudy
\ndvvesianazanandudadiuiunailuniseunsia granvnevesianseuLTan T IR
Saruialuniseuuisaziuanas anuturesiag w nani Send Anuduings (Critical
moisture content)

NIAUIAUSATINTOULATIUAT aunsaeutduaunislasail

h
RC=X(TV—T1) (2.8)

W R. A8 n51nsounielugianinusined

€

8 duUsgansnisanewmainuseu (heat transfer coefficient, w/m? °C)

o))

o))

8 RauuQAveIRNIeY, °C

o)

h
Ty
T

uniNkvesdan Wity Ty, °C

o))

3

o)

4199m31N150UUAIaNaY (Falling rate period-CD) tutisfimudulueinisinde

Wogauuwnsluddmiemsegralisieiilos Aamdvesemmsisuuna vilvgamginiives

[

911115897ULTY | BNTINNTOULMINTLANRIAIINTUILAANILTOY 7 AURIAIANTUAUAA

a

(Equilibrium moisture content, XE) uuninudiuiidige aeldaniienltdedluvaeiu

Auaull dnsnasvhwiadugud diluemsldannsassmesenuiledn

[
a L) a =

2.5.2 Anuanansalumsgaduattuvesianduiunalnnisindeun (2]

9

& Aa Y} a g v Ao o 4 Aaa a
aﬂqwmﬂﬂﬂquﬁumuﬂﬂﬂqUIU??{@O@LUU{]Q"UH aqﬂmﬂaﬂwma‘mﬁwam@ﬂalﬂﬂqi

Y 9 o q
v v

A d' & Y] a )~ & o a Y u & A
imdeunivesnuy Tuianenuananaslinnuduluglindassuds dllmnuiuioglugy
v9411 Adsorption water MinnzRnduNuR1199LTe A1NTYU Bonding water wazlonlu
¥84779 1AgAINA5I99 2.4 @u1308sUIEnalnnIseaouveslInIgluTarn B9a1m1509%UN

[y

anoanls 3 Uselnnuanae
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a9 Non-hydrophilic vnegiansainiuinmiussdusznevvesesudiliaunsaga

q

1
) IS

AN T viseneANNUlateEuN AUUTINMANTUEER (USuna) dedesunnidlowiey

AULadUUTAIVDIVDILT

Y

¥
L o A A &

Yan Hydrophilic nunefiaTaniiuiiveswdsiluesddsznavvesianiiaudign

9 9

' v
A o a

AL winTanimveudaesdiaud® Adsorption futh

faniiloiien (Homogeneous) lianat-lufanileifen 1y arsavanslelndiues
ay ma+ Ineialuazavans videiAn Affinity fuasAusznavuaauds vnedithiinududugs
wdarwdulofouniiuihdasy uddethilenududuanas ausilovanasegssnd

Ly U a b a1 ! b2 a ﬁl = %)’
LLEWUiiﬂ(ﬂi‘sﬂ’e}\ﬂ51QW‘U‘DS‘VW]G]’JQU@JﬂWLWWﬂUUiN’]@iLN@I&J@JUW

A15790 2.4 aarnnisguannsunteluanden (daudasann [2])

ﬂimﬂmmaqﬁwﬁﬁag" mié;ﬂfﬁ nalnnisipdoudfivesaiiuiy faedrainghiv
iin1gfafnida TERERT nsunivesloth Nuiieyn1AneY
Capillary | Funicular Capillary n1sipdeuiiludausueunad %uaigmﬂﬁg
water water suction force ‘vaﬁLL‘ﬁﬂigW‘gu
L Suspended | w53fA nrsunsvedleth
%_ water
% Osmotic water Osmotic n1stAdeufiuaniusve s man ﬁ?uaumﬂam?}m
C& (luaniwuwviuase) suction force slag
§ = funieafiduning
’“g r. Adsorption water Adsorption n1sunsvedleth Activated alumina
- E power
‘% ? Bonding water Affinity 321319 MTAAsuAiudnIuzve Al fuinien (Inday
«E, ;; ﬂ‘vuﬁwaqaumﬂ n1sunsveslath Wwirs)
> futh
wlolien | Bonding water (fisu Affinity 51119 NN5UNSVBIAITNTY ansazanslalng
animfuiaauda) Tuagaduth o3
AMELELRE] N1TUNIVeIAIUTY arsavarsluhves
a1358unse
arsavarsluhves
MGEGRRG
fagAvududs | dhuds n1sunsvedloth (n1slvaves
o)

2.5.3 U99eNiDNSNasadnsIN15ouLig

'
(% v v )

dnwursIINmAvesianeuwiy Tannldnvauziugngu (Porosity) F9iagniiaau

q
£%
¥

] 1 [y - | d' H [ d'
WIUNIN [32] ¢EINANDDHTINITOUBRINEIIVY Luaamﬂuﬂma@mmsamaaumnmdu

[
[y

sonuneuenlaite uenanildmsutanninuniuinfazdmalionsnnsauuiaiuse

€

'
[y a

Wald@uduiy nedfidesaniiufimsszmevesiiluiagiinduinniues Jadadendnd

[

AIaNENIINTDUMAEINNTONUALA 4 A nanAs
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A JUTN USHas waziiuniivesian uandfnanmeninvesianiiiinadenis

YT YFANTINTIEIUTENININUNRIFBUSUIPTUIN ALTNUNTLIEUININ danariiliie

9

£% £% ' '
U aa

993IN9UIALTITY AatumnFanfianuruiuin svdwalionsiniseuwiedininiannd

<

AMUNUNLBYNINLBINNDANTINTYINAIVLLUUAR A IUNNRUNUAINUNUIVDIDNNNS

[

Usunavesianuiuiouwina Jagniiuiouwisluuiuiauin q a8ignsinisounnad

v @ d‘

Fulosanainiaseuldaunsadudadiuianmiuiouuialaegienafs Fdldarunsaaiewm
rudeulvitiuiants aduanmyilidnsniseuuistias
ANFURUSVeRAUNAT AMNTUENIVS AULEIaN waTAILTUT NI (Specific
humidity) veserniaLludsdifguin nssswmgtieanainianasyintaanie liduegiv
ALTUVBIDINIARAZAINLSIAN
o A ) 5 A = o o H = N
AR REILTITUNTIEIMEYRIUT LesanluAa LAY 9 A UI9Eiien AT

[%
Y o

gaumaiianad Asunsiwineldnnuduasiiisnsnisinuiasuuiu

2.5.4 LUUTIABINNANAFAIEANTAIVNSUNITAULIAS

=

NTIATIAUUUTIRDINNALAAIERNT NITMFURUUNITTERIEUNITNREIAFAIARN TN
WNNZENAI NS UN TEUIUNITOULALN B TN A L UAUSTEWININIIEI UM LT ULAY
TELIAINITRULAT FIN1FLELUUTIa0MARAMAATIULUUAIN 9 811150LARAIAIN1T197
2.5 lagd1nsun19naaesnill N1TMIENAITAITOULAILUUTUUINAZYIINITOURAIAUNTY
%:’ CY U n:l' = ° Y 1 dy a0 1 LY 4
Wmtinvesiagan Iimualicnuuaugadawinduaud [33]

N13NAAINTTAULITAANIIN TN BATAINTAUNITOLANANITNABDINTIATIEVLINE
MALNITOUURIAI8T5N15WUULNLTS (Non-linear regression) IAgiuUIa8IN1TOULKIITYL

(% IS o

ldlunsfinwemsvisedandinimamndnuasnald lawa wuudiaeddugUuuuvesaunis

q

WUNTAR (Empirical equation) [34] ULk UUIIR09UB9 Lewis, Page, Henderson and Pabis,
Logarithmic waz Wang and Singh 1Judu lagnisidenauniseuniduuisiiimnzauiign
111507315 b annAduUseEnsvesn1sandula (Coefficient of determination, R?) 91

' a ] A o w a
FNER WAEAIIINVIADIVDIAIAINUARINLAZDUNIAIEHBILRY (Root mean square error, RMSE)

'
al

ﬁs‘i’mqm [35]
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M15199 2.5 sUkuuNIIINReENIeAtinansamTuNITaULAY (AnkUasan [36))

adudi Fouuusae WUUTNA0INITOULIAY
1 Lewis MR=exp (-kt)
2 Page MR=exp (-kt")
3 Henderson and Pabis MR=aexp (-kt)
aq Logarithmic MR=aexp (-kt)+c
5 Two term MR=aexp (-kot) +bexp (-k;t)
6 Approximation of diffusion MR= (aexp (-kt)+ (1-a)exp (-kbt))
7 Midilli et al. MR=aexp (-kt")+bt
8 Wang and Singh MR=1+at+bt?

2.6 NsanANuTUlULEnT17

)

n1sanANTWLEn [32] Anuduluadadiilianudidgsestgnisiiuine &9
MRIINLAVLAEINLIATILGIAITANANNTUNEALTL IR T1Udonnfaislininudueg
Tut 13-14% Fenssnernnudulussaviiazddiamnsaiivinwaenlilauiuiu 2-3

= Y v — Y i a & I v o i
wau uigmindeINIstAUSNwLIlAuILNINNGT 3 WeuASANAINITUYBINAALAINI 12%
Tnemsananuduluiiadiansautale 2 35van e ABsssumuas nsldnIesey

I

75555097@ (Natural drying or Sun drying) TtiasuaalulnainiusaunazoInia
Fldauduanas invasnsannNTuvesdlngisssneR 2 33 fe mamadnaieliluwn
vamsiAuier msthdnllweuileglimadnlluunaglddniaunmnnsddign s
pndnisiluuninailiannimnsavasinanas nnsnnliluuuiutiuasdahliaunw
nsAvesianas taznsmaluaiunduandniuds MsaneuTussuduAn T18anAIY

¥

a [ ¥ ¥ 1 ¥ ¥ v aa v a o A
denngvasudntilaaniinisnindaliluwn nmsandiluaulilanafiveujiRdasilee

N A 1% Y T N A A % 1 1 v & o s A
AsiTanaze1kazwieseesu i dilunserdeiianuiieldll ldarsanduiudiuuavse

[ Vo v dﬁl a o Y a % @

auulaenss szwdnealasuauseuaniuaniuluyiliianisunninaeluwéalaly
o @ - U oa A & & a 1da a o § v
auIAATHTan sy Wedssiudaiovu wazauduaniuAuIzunTINeg NIy vinlv

& da o a a a & £ d' 1 a [
WAANAARURIALTIAIINYUEY AUNUIVRIT1ITAINAITIAY 5-10 9. MINNITAINLUER
wunAuluildnmsszuigemeldd dnwiddh nmsmnwdauisiuluazyiligamgivesdn
=2 o = o ] = a v X I a o d 1%
4984 55-70°C FedinasionmunInnisd msiziian1suansnTunsluudauasiinudeniosls
FENINNITANNAITUAUNGUNBITIINN 9 2 Talua ieduay 4 asa Lievielranaauduld

9819590157 ANUTUFUIMSVUZANALTUAITINNIANUTUFUIMSTIZAUAAEVOUNEA N3
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[ % ¥
v A A v W

dy = 1Y ] a = Yo
annNTUIalana Yellaududuimslunisasiiu 60% L’Jﬁ’]ﬂﬁ?\iﬂﬂﬂ’lﬂﬂﬂﬁﬂﬂqmﬂaﬂ

wiindrudtetdestuindnenieru uazamndnldasmnuiuAuly Wefarutuyssana
12-14% Tsivgamndniiiulfdumdeiug anfuinunlduiu Sanusengannauiures
winsh wasvsfudoameieuimulissduauturenudaiegiaue winiusdniii
Pvitugastiauamiloanaudaulvinge 9-10%

nsldiaSesau (Artificial drying) n1sldiesesauiided fe anunsavitlannaniiy
pmAuvnriuanutefiuasunntos ludasaumn arursamugunisanauduliogu

szaufinensla Tdhanisananuduliviunazdianunsadesiunisgydennninnisdla

a a 1ay o A& A v = a Ay A
S0TTUVIALLANVDLE Y ﬂ@LaEJﬂ']I%"U']EJQQ ﬂ']iLTJiEJUL‘V]EJU?’]ﬂJﬂ']Wﬂ"liam'm‘mﬁnﬂa@

)

a J
N3

e

& v oA v I aa P PEY =3 < v '
AMUTULAETTLATDIBULIINUIN I5NSHILARALLATUILANUAALAZAUYIITENING 40-50%
WartesnI 40% N15LYLAT DI UL AT NAULUAATENINE 50-60% N1TAAAINUTUVD
Trdenaumnginldlinisazaaiu 50°C wazdnluwaaiusliasguiu 43°C Toidoves

& 2 v | Al | ar - & A v < ~
N158AANTUIULAAT1IA 1AL AL AR AL 88T DY LRI UANLNEDY WAy
@ v 6 d" @ ds(
LUANUSLAONAINNNDNLTITY
o [ (=3 [ =3 £ 1 aa =3 [ v Y @ =
A5 uNISIAUSNEILLERT1Y @UsanURsMSNUSAwITIeantaty 4 Uszan A

a

=3 (] a dy % v 4 .
nastiuluanindndlifinisalvauaunginagAlnududusing (Uncondition
storage) aelulsaiu 1udsnlenldlulssmalvamszamuiles uazideaildines
[ Aa a 1 A o o s 1 [
nsivlunimsaiuateamall MeauauauBudRTImsvesena iy nsiulily
vy oA & v aa 1 2 @ | v
adunselulalafiutnandinmsdiaudu s
I = - VI 1 a v ! < v [
nssivluiinruauaRuduivg ldaiuauaumgll ok nsutlilunivusiv
findnanunsatosiunisipdeuiiuidnesnveseniald (Hermetic conditon) 1y n1siiu
=3 o f o = = (2 a [V ¥ aad & [ ' 3
wianuglilududengd vSe dwaraiin n1siiushwimedsil aruuvesudat ey
sosliitAy 10% lnansanauiurestdaiugtnlimde 6% udaiululudinzdUaning
T thusnwlulsafusssuniegarunsainumdanugdnlilauiuts 8 ¥ arusenves
wananavie 80% druudniuinguuninlgnlulsenealne Weiusnulududingd

Tnvanaudulsivde 9% wBaeumaidenenasenuiu 40 ifeu uardmiuiiusnuiuge

ustmiinuty 100% ludmanafnuiedaiiuua 200 Ansasiuinuldug 2 ¥
maivlufimueugamgfivazarududining aunsatiosfuaranaudemevos

wanduazasgaunndlauiunatedul uiideaildaglunisguasnwagannn Jedeuld

o o o L3 dlll v s 1 Qg.JI
ANIVNUNMTBYINBIDNUG (Germplasm bank) U
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2.7 U1INADYON

F19nde930n (Germinated brown rice %50 GABA-rice) tHundnstainilsfifdalasu
auauladuegrannluiagiu annmsdnwiniesnieninuaznsdauaiinud 41indessen
Usenaumeasomsdnuauan wu leems nsalw@n (Phytic acid) 3aniud In1dusd way
GABA (Gamma aminobutyric acid) [37] Tnganiuidenuindmndasiitiunisimzsensd
a1snunnIdmnassun@ne 15 Wi [38] msuslaatnindessendulsesiazaiunsatae
Jastulsadng q 1 iesannarsniviludindessenidunseesilufindnainnssuiunis
decarboxylation s8ansnezily (Glutamic acid) [39] Fensaiazilunuinddalunissii
wihifuansdeuszain (Neurotransmitter) lussuuUssamanunans %’ﬂmamamaams%a
Usvamiluaues [40] uenanddaduansdeuszamussanansduss (inhibitor) Snwnaunaly

o

aueanlasunIsnIzAudhsiniausainn sieuaasuazueunduauiy Josiunisiinlse

o |
§ & v o o Y A

anoadeuvielsndalewes anveduimthndiensedusieulivie (Anterior pituitary) i

a

ninange sluufgielunisasgiiule (HGH) vilafiansasaldottie vilinanuiowin
v a i A = (% £ [y g

ANNNTETULaAnGS lipotropic Faluanstlesiunisasauludiu [41] muanszauiinialy

\dom [42] waz NITLIINITLNINAIYUBanNe8ea (Preventing chronic alcohol-related

Y RN |

diseases) [43] Wisiimaindadus s fuumneldlng Jostuunsalduazaninisvioyn
[aa] sty fsdudsldiinahansmunrldluasnisume [45] denisinuilsaieatussu
Usgamane 9 vatelsa W lsainnneaa lsaueulindu lsaaudn Jusu
Tagdumnenugd 105 feiluiusimilunyaniiaalunisimisson Wsinuans
fuoyyadaszgegailofisuiunisimzsendmieadnaz d1venda [46] an1azd
wangaufiagvilidnndesenldifonsindnndesiriiunisnsimedenuliuiuhu 2
Fpsiutta 48 - 72 Falasdlumilous Tnedniseuaugangi nislyaiouth Anuduuas
arundunsassvasiegaihiase [47] Suudatndesfiiiumsinizsonudrazanunse
wanensAsundasuanudndnlddesy 224 venandannsfinuvesannuidouas
WannumIngrdemalulagsvusaastyys [48] segU 2.25 nuitnisiizsendiinde sy
nan 24 $3lus A 4 Flusdmsunsuddnndeduiharenauay 20 dalusdmiunisualy
Aug (naeswanain) axlddndessendiiuiinaansniuigsga Tnovdsminnseuusia fe
msthinndoseniikiumaimssenluauuiufioannutusasinengniafiuinvasdasa

onuAvMNeIsTIanasesinndeseniisndniioy
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(kauana) [38]

16
14
12

10

P
RRnnaaas
Helotaletotiles

#1501 (me/1009)
[=4]
o
L
§?+ S50

-
¢ XKD
IR
0"0¢' 2 '00‘. o
e <
ﬁ&p
ety

»‘*

X
b A
bt
e
e
A
e
e
s
o

i
bl
3

%
w2
5%
3
5

o

st
2%

e
0%
2535

5

”

ATV ojele! KRN

R e L

3 XX X2 KX

SRR b0 e

0 LA oS L
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P1INABIUNA PINADILYUT 24 T3S d1ndeaudiin 4 Falua Y1INADINDNDULLNY

+ Unl 20 Tlug

JUN 225 USunauansniul (GABA) 39491INd08nINTUABUNITNAAYIWN 9 (48]

[ LY =

Tutlagiuuszinalnedolainluddsonn 91" ududund

Y

avadlan [49] laglul
w.el. 2548 yarnsaseendumdnuazndndamiwussuiiyadigeds 98,777 v ddlu
$ruruiliunisdseannindusilugues "dnans Alaildinnsuussudeiosar 95 vaq
wAn st tue Mnfinaniandieiu wuidndunsdseenlusurestdnfusiulszain
dniunangramnssudmlneifivsfesay 5 vioAnduyac 5858 v Ky ninus
annsaanndanslinanendundnsusiuinnssuitannsaaiisyarfiliiulsemals
unnINL 1-5 W Sedsraliszmaiidnenwvnanisudaduiugpamnssudialunaialan
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2.8 g@19n1uUn

815 “GABA” [50] 811310ANI1 “Gamma — Amino Butyric Acid” (uwnuui-ozdily
Fnlninuede) ansiilvihmiindiiu Neurotransmitter vidpansdeuszamluauestssinnans
U (Inhibitor) ﬁmﬁﬂﬁ%’ﬂmamaLLasmU@mmiﬁNmmaaamm a13n11u7 [51] wunnly
Tususks unaaey uzidiewna Aud (Kimchi) Fonlauan (Chocolate) uazdnindes Fsluin
n&oInUNIzLiiuTugenIEnIenIEUILAITIeN

TngUndasnudadieglussuudsramaiunasuasuyudynausguds dearsn
vnansaiRatuldnnsr LIS ATAsuaangaam (Glutamate) Tuauasly
nanetfuansmuntules uinslasuarsngaiunainsssuvAdfissegaien envaziinim
wUsUmuludiuiin uarluneedsenaluiifiesworonnufesnisvesiumenyud dewme
dlosfsiininfunuiasuadlundnduriomnssiasig 4 delsfuslaaldsuansniuily
USnaudiismeneauiaze

arsmuiliidnlusdndsionsiisananeion vieauHeunmeenual sinay
wunanegluedoshu Yiwald Tewidn gnon vannsds ténsen suntl Ja undamdoanie
fa widonwiwdaudn uenanil oveglusunuvveindnSustevnaaiueiada ieni
azadnlumsiudszniuandaed1991u3devea Nakamura [52] wuiniiletrdenlnuandil
dunave sENsNMUITINERIINNIANgAlinUTHI 0.28 Siadnsu W Aiknunisifiunnaaden
Iagn1sikuunaaeulseian Arithmetic SUUSENIU LAn5I9TAAIAULATEANIUAY HRY

wae CGA MelunaINNMuALn Nan1SNAaUNUI1 USUnaiidinnddaadinisilasuwladlunig

[ o
1 = o v =]

ArTuedaiifddy minnassitvatuayudeiiansiiin denlnuanmauniuianunsntie
anANALASEALIATY

nsuBamuitusedugnainnssugnvad uaiioneulandaudosnislunis
Usggnaltlundnfasionms ileneuausinimsiosnisveenguiuslnaiiussaunnziadon
Az den1sudnanmnsovinldtennsdnainingivuaznssadinisssauend luaudanis
duaswianingivusznntlngad Inevnduasniuiiindnainnsanganiin (Glutamic
acid) Tnel938msminmnesssuwd avdunsuandeide Lactobacillus hilgardii K-3 w&23
thuvhusiaiteiuluguuuuneazden

91915700 9INUANFIUNRNUITENUD [53] UTuran1uiwaLiissuszaa 20-30
fadnsusotu Aftssnesonisiounatsanuaion Famnlideanissudszniuniunly
sUMUUT AT fannsomiudssnuldnuvasemsmusssund (541 wu Tun
WIS (100-200 mg GABA /100g), Luaau (74.5 mg GABA /100g), UzLTalnel (62.6 mg GABA
/100g), AN (59.4 mg GABA /100g), Fonlnuan (14.5 mg GABA /100g), 411naassan (10
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mg GABA /100g), finn1a1 (9.7 mg GABA /1009) 138LA1% (6.4 mg GABA /100g) 1Uusu f

11150978 TUNNSHAUARNYANULAS AR AL BI LA

U

2.9 U3 MNYITD9

2.9.1 AERAsfusEUUanauduluene
nsAnwdvEnavesisnseuwieidenasonauninuesindnsa [4] nsnaassiinig
AuAugumgfiAldlun1souuieogd 50 + 2°C imuTuduinsuni 58-63% uazauty
Fasan (28-30%) wuth Tnseuwiauuuauieusufuansgaautuiienutuduinge
ylvansiueyyadassludndilfalidgeninisnisevuianuvaufouund iadsgaesne
AnuENTAMIMEAT Lavesduseneumaaiivasindsouuis
MsAnuBnSNaTesIMIsULILUUANSonT N UIsdegAm NI uTidskasr SN
MsouuILarANNINTBYIAY [7] sruvouuisuUUaufauTmiusdegamutuansan
nanlumseuwiaAIasauieasie 25% WelfisufuszutaulisaniounuuUn 9anansa
Pwannsoandunumsuuisly Tneidemsundsuluamzdiuouuis TiAnsamdsnuly
dumInsALANNANIRRA LYY FnussuLURaLaElind s uend mIs UL LU
vl ilesannldnalunissuniitiesnin daduladevdnfiudsiunssiundanudly us
ynAnanndsnuililuszuoiamnazauisuunuuralingdsaunnniiniseuuiuuy
saluseing 40-80% Fedhundsufidiudul inanndiuAvanmaisganrududs 40% veq
sl
msanasznsrharsliuresszuuUSuemalasldansgaaududientsysenin
n&aau 18] Wnsansgearagudithanldlunmsvnass Tdun aseuen (Ory act) uazdlanse
(Co dry) e?fqLﬂumi@mmm%umﬂﬁimmaLLaz Fan1Laa (Silica gel) %QLﬂuaﬁ@mmm%u
FAs19h 91NN1INAReINYIIa1TAAAINTUIINETINTIRLABIaNIza1 5B TAnT 161
Auannsnlun1sgeduaIELAnIIaIgAALuEEN e druauannsoluntsae
auduiinnulndiAssiu fafuanmisninaisganutuansssusfldnaunuasgn
AruduIInsduaseilunsdifitiluussgnadldsiufussuuufuorneald denisldarsge
AruTnfuszUUUSUeMAaI T aeUsEndandseuluimesaiesUsuaniaadldan

Ju 5-10% WewlFeuiisuiunsdiiiliinisldansgaauiiusiuiussuudivenna
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2.9.2 yAisafumMssuLietandessen

NAUBINTBULTILUUAIATBIT1INEDININENLEE 105 endeusaaseongnsnig
Faaw [55) nsnmansiinsAnwiniseuuisinandeaiusuninenuya10s fgumaiinig
JUWT 40, 50 way 60°C Tuanisouwsis 10, 12 uay 14 1l WUINBVENAT IV

wazia llinaeg19tnlausa USUIAT 50N NEN19TININ WidNSNavetaunnlinasie

a

UYSunauansniuiag Y-tocopherol agaiitiudfisy Inefigaumqil 40°C 13an 14 Faluaveyinly

Y

a a o 1

11IN70IBNV1INBNULE 105 HUTU00 GABA gean?l 15.83 Tadinsusie 100 Ny uaziile
WeuillaaneuunuigInuaznuInieiingumvginiseuwiazdmalyaisniuiiivsunuan
WRIEN

s

/NSNS EULAENITRURRRAN AN BN NLaZATYRIT1I871990N A1NT1INUG

Y1INDNUEA 105 [56] 1MINMITNAR0WIINTANYIENINaveta0sdadendn Ao Bnanaveenis
a £ ! 14 & o a ° 1A < °

W38UY1I81998NABUNITBUWAS (MTUILEUNMNAN 5°C uagn1Tudiganuds -20°0) uag
BNTNAVDITTNITOULTL (WUUNIA LATWUUBUNTITA) FON1TBULNITII81998N 27N
HANTSINLNUTINITOULMIAIULATBIDUINMUUBUNT I T AT dNalrd1I8199enTd15n 11
gegefe 23.37 Tadnu fe 100 nsu TuvaiziiAsetsauwikuuna T inaEasniu e
19.40 {aan¥y sia 100 N3y

HAYRIITNIIVIIFBUSIUNTARNUNN B H LTSN (Nu7) Lazaudiniwalintenn
Y83U1ING018N [57] Wui1ITN1sinasiauTuIa1sN1UIlULINAB198NNIEN N1519T7
menderstniviwuulifinisgnalednsdiutiade ity 1:2 (w/w) Ingfeuyinnisys
d1andewen Mnsuitnnigamgivietduan 1 galus nasaintwiinisdnndesen
sunszandevedn i dalndnlud® waslirnufoudnaluniieiluan 10 ui a1niu
wnaednn waglinnufoudiseduna 5 wiitegliuTinanmuigeniinsneeisdug

ANSNAVBININUWAIDA1500NNTNYINN UazANAINYBIT1 IO TR 98N
[58] annvnaeseuL it vioudasgnsen wuidvswaveseumnl warAussauililunis
o Y av 1A | N v o W aa 1 v a a =
MuisilliifinasgeddvdAgnnanadeiosaznisiasunlaslsnianiul wazasusznauil
wednvianualudmensen lnenuimainsiwiusinaniuiazanasantes LHee1nn1un
& - ay v S A o = = Y  aa o 1% ] =
Juansanunsanugamgiilags luvaeiilerinisiuTouiisumeisnsvinuiauuusingg fe
NIAMNUARN TLUUBULINGITULAININGLUUQLINARY LagTEUUBULIINAN UL TINE

WuUULsoUNIZTANNUINIsNsouLilldnaegslidudAynsedianeusuanuludnesen

PAINTITNTVILAY U
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ANSAMRUIUITY

3.1 fhegeildlunismaaes
mAfeilddniugumeenugd 105 Tnaufuannsidndenaniunszuiuns
Foulsiutnndeaiumda degrsirandesgnusselugegyiniaiigumgld 4°C fou
Wnldlunszuiumssely desddegranndilvliannvemmniivies 25°C
3.2 NFTUIUMINILIBNT1INADY
ihdndenduudnundruindedednuniuig dnisuduazunlugiainfuy
gaunnd (W350, Memmert, Germany) Tuthszana 5 30 figamnil 35°C
nsnzdndessenannsontdld 2 Tuneundn fe nisuludilune ¢ dalus

¥ U 4

warnsustunan 20 Falue Tagluseninanssuiunsingd1nnandeeniodinn15a19017

QI} ﬁl a a dy a a 6 d! a o d‘ dl ¥ 1 1
1N 4 FaluaileannnsiasysAulavewtedunId 419109338 7nEITee [59] WuINITWY
wagUatIndesenfiaamginaviinifinaniszdralidnaese niivsuina InuIgean
oY UAUADEI9UIINA DI N ALTLAZTUNTILIAID U TUABUNTITINIZI1INADIONLAZU7

NABIBNNEINITNITUN 24 TILusasauandlanaguil 3.1 uae3.2 muainu

U1INADINUTU1INRNULE 105

A 4

A19928UNELDN0 WATVIONIYRIVIIUI

A 4

insurlugraihuugamgil MeamniizseC

)

Wuran 4 las

yinsunlugnauugaumgil Nigaumgil 35°C
Juvian 20 Halus @sdamng 4 43lu9)

v

91INa8198N

JUN 3.1 TupeuN1smSENTIINaBIIeN



36

SUN 3.2 913NA99DNNAINITHNITUN 24 F21819

4

3.3 \pSetauuiiuuvanfousmiurdonaa iy

1N3UT 3.3 ununWLaRsdIulsEnaUTesiATe UL I YAL fauT A UITdagn
ATIuUsENoUE 3 daundnfe 2denanududehviriflunisanaadulueseuus
insesimnufeuiovihonniadeulieseunts waziasesuanideuanusouiiethonnis
YourneaninvieseunianuaniUdsuiueiniaund wagthetmafeuilaluldlunisiide
ArudueenInaTIgamNtulsdegaa i udely

Tudauvesisdegrentu wéoMnaunuaaadadivund s Eusna 0.7 m
v 1 em 1deazgniuindeumeanessinsuyuegsellos Jedousyneusny 2 diu
ndnfle drugnauTy uerdiuRuanmarsnamiutiu Tuduganudy ornaniazgn
thinananufusnsndigidegaammuionrlUdlunssuanouwis snsfidufuaninas
pAANTY e n1AUnRagninauaniUisuenuioutuieissuaniudsuninufouaud
qmmﬂﬁqasﬁu diethenmafeulumeatusenaindanaasioly

dmsunanaaesil eseuuisdidnuusidunsnszuensunadusingudnais 0.2 m
812 0.3 m @ msuihiagiin-oanainieseuuis lnssadrsenedoseuuisianuayinn
NALAULAAARA ﬁauﬂixﬂauéuﬂlﬁud WaauwuIn 0.5 L3egn (U MAGOB, EuroVent,
Thailand) il sinuvameiterilfiAnnsivaveseinaseusiuislugsviosauusis Tu
diuvesyanirvaugunaiazldgunsalinenniaseuvuin 1 Alaine (Technology
Instruments, Thailand) snifiAdpauaniudsuanudourinunanegiifeniiiuiuandasy

ANTOUTINNINUA 50 A1TINUAT
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lununsiandanuniseuuis IdgunsalninAimdsanulnidmiussuuln 3 wa

(U KM-06-N, Pm PRIMUS, Thailand) iotammdsaulniinluniag kwh

DW regeneration section

___________

y 3

: -— . . —h ’
Blower2 T-=eE = a5 -y P-4 ¥ gl g — | T """ % -
- AW ETELR o 1 Outlet air after regeneration
T @ ____________ 4
. \/Air dehumidification section
Intet air for Heat exchanger
regeneration
Inlet air for drying
= v 1l /—\
L= =T
RpPchama Heaterl Blowerl Desiccant wheel

JUN 3.3 LHURLATEID UL UUANTDUTINAIETEUUNABANAIINTY

qg

913U 3.4 3.5 uansszuuaULTIlUUauSeu IR IIzuUNTanA L TLluT oY
UL 2edopRAT TR gNUTIIRBEAN AT LN SgaR s dur AL g T 3 Alanu
Tngludhunisanaudu Fumnenaunddigmizunldlunseuuieedamiutuduinggs
gUnsalanmududaiivifiddglunmsaneuardudiivdlueniadeudngiessuus

LU DRI INITOULTILAZARNLIAT LUNITOULIAT LI NTEUU
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S IS R -
Blower A .-} ki é

Heat exchanger

= .
, /)
Drying Heaterl  Blower

Desiccant wheel

JUN 3.4 SEUUNTRULINKUUANSBUSWITUIRBNARINAY

- T

2
4 )

JUN 3.5 19de0AALTY

lunsldiaseseuunslaglifinisanainutiulueinia daudsznaunianuuaniagun
3.6 SYUURUWINHULANTauYsENaumedINUsEnauvan bakn finay aunsalvinenniafeu
WAy MOI0UNI SEULARIINISaUWIdlagne N aUnAIInaeueniingrieseuliaiielgly

ANSRULNTNNNADNaNFD U

Heaterl

)
)

e @Q

Drying chamber

A

Blowerl

JUN 3.6 srUvBULLUUANTOU
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3.4 UNUNITNAQDY

MuiTendseanidu 2 dau lawn 1. n195@ne1n199191uv099d0uarIATIvI
UszAnsnarensdonaanutuiaszuuluannizieseuuiayan way 2.013fnyInisouuis
dnndonenluszuvsuuiuuanieuiuividegaauiu lneseasdeanisnismaaesd

&
U

e

3.4.1 MIANYINTNINUVRINTOUALIATIEMUTEANTHAVDINTOARINUTUTIY
szuuluanmevipsauuialan

3.4.1.1 MmveaasgarutulueInIAvessdagaa iy
93U 3.7 wwunwlaezunsaludaugaanuturesssuuMIa UL LU oy
Swifuisdegarmiutu Tngasdogarnutugnussadedaniaadiiiuaniilidautuaa
agU3una 3 Alansu lunsveaedlddnsnisivaveteinisuayainuniiseuresisdendu 0.04
m?/s waz 0.5 rom auaeu dennielaeseullu 35.9°C, 50.2% RH uag 0.019 kg water/kg
dry air Inglusgninsguiunsinsingamgliuazeududuivsvesemelasiaiosin

s

QUNILAZANNTUFTTS (KT320, Kimo, France) 0 9 1 #179UATU 10 W9l kaEnaeaIn

9 Y
[

CY o v = =
UUNINITIN NN € SUMIUATU 30 U

Heaterl
N o ) S~

X
= @_Q L—

Drying chamber

Blowerl
Desiccant wheel

JUN 3.7 uNuRATER UL UUANTUTINMETE U NGaRAA LTl ud U ALY

3.4.1.2 MAaRINTISANAN AN IRaRNulude gAYy
31n3U7 3.8 uu1lagzunsUlUAIUANANINATITANAINTUYDITLUUNITOULIS
WUUANTBUTINTINAUIIROYAAIINTY 1ALIRDAAAIINTUYNUTIINIETANUIAUTU I 3

Alansu neunameaesirualidaniaagaauduauiuiiigamgivenduian 5 Falusau

fidwuy vnsmaaeddaglisnsinisivareteiniauasausiseuresasie 0.04 m*/s
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waz 0.5 rpm AUAIRY wagyin1sNnuAgungiauseulun1sANaNINEITYARINTUAD
60°C Fslusgninnseuiunsvinisineamgiivasauiuduivsvesoiniaduial 30 wid

W nuludIunsEUINNIANAINYY

N (OI(OIOIOIO) T
Blower2 e e T

Iaiagugtag fnfl : Heater2

Heat exchanger
Desiccant wheel

SSOOXKKK

UM 3.8 WNUNIATOIOUMANHUUANITBUTINATETE VYRR AA LU UAINN AU 1WaNT

ARAIILTY

3.4.1.3 msfnwaudavesenidluszuvsuiminuvauiauduiuidogn

aruluangiosauuiaan

903U 3.10 wruANlADTUATHLARITEUUNTBURSLU VLT o UM AU g0
A fuitesE U ‘Lumwmaaw‘hmimiaﬁamLf\]aﬁhiﬁmm%uazaw%mm 3 Alansu
pvhanlugunsaiynaiuvouaiaseuuisuuuanieusauiuaisdannaiutu nglisasing
Ivavase1niefe 0.04 m¥/s Anmsiseuvedvaaliu 0.5 rpm wazaamalauseudu 90°C
%qiuizdeQﬂizuauﬂﬂsﬁwms’iﬂqmmﬁLLasmmﬁﬁyué’mﬁwémaqmmmqﬂ 9 5 UIMauUATU 30
W9

szuvaneutuluriaseuuissznaude 2 drumdnde daunmsnanutu (Funse
1N A) UazdIuMaRuANINEIgARILTY (Funszuauns B) Tudiunisgaanuiuliy
MneMAUNATion Al axgninaaaaudlasiiuasdegaauiy Suilieinmaiiosnann

AAAANNTUNYA A2 TANUTUFNINSAT Ingananlatazgnluiiugumgiineseeii

9 Y

a

o = I =~ Yo Y] v = A a &
ﬂ'l']lli@u%u&l'qmﬁﬂiﬂﬂu 90°C LW@I%ﬁWW?Uﬂi%‘U')UﬂWi@‘ULL‘VNG]@‘IU FIDINIANLAADNNIN

Y
=

NITUIUNTOULIIABIA A3 FzgniunuaniUisuanuseuiuoniaung Aega B1 ludiuves
NILUIUNTAUANINATYAAIUTUTUTIATRANUABUAUTEY vl ATlvdeTs
9 a % v A = a o - VNV A 2
MAIINNSUANUREUANNTOURAINYA Ad Haamgiiauasanududuimsas vuendiuau

& aa ° N aad A a %
ANMATAAANUTU 8INAUNANIYA B1 AzgniuiiigaviiniaIesuaniuisuninuseuau

1%
a =

fgaunnilau lngomasountareyn B2 sxgnirluldlunsauaninaisanninuaueanain

Y Y
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Fanaa Pedanalie1niAnioanaNIdenanNTLludINNTANENINAITANANNTUNIN B3

Tgaumngiluaraududuingen

y \

| e O

Drying chamber Heaterl Blower1

A3 Ad
0N )
A R § —— = — >
B]- : :::::::::::!_— """""""""""" ><
Bl 2 b
ower Heat exchanger é
A2 Al
X

Desiccant wheel

JUN 3.9 unulsuansgalun1sinandfie1n1AvrenIotauLiluUaLsauTINme Uy

19NAAIIUTY

3.4.14 miﬁ’ﬂmmﬂssﬁw%wa%naé’ag\ﬂmm%uﬁy’qsswiuamwﬁm
puuRYEn
ﬂis?ﬁn%mamaq3zumq5'@@mmms’??ummaaﬁwmaﬂ,uudﬁuaamimammm%@uuas
nsleudsnannaunsemelud [25]
UsgaNSHan1anIsanemaIInieu (Thermal effectiveness) @1u15aA1uIndlaniy
aunsil (3.1)

o Taz-Tar

= (3.1)
Te2-Tat
d' a a 1% | &
W19 Tay, Tay $8E Tgy AD 9UNAEINIGYIUAEN1900NYDI0INALUAIUNITANAIINTY
WAz NI VDI IMAIAIUNSAUANINENTAARAINTY (°C) AUAGTY
UsgANSHan19INITAUAAINEITANAINYY (Regeneration effectiveness) 11138

AulanuaNn1sA (3.2)
(Wat-Waz) hre

€ (3.2)
he2-hs1

WD W Ay h A9 ANUTUTUNILLAY AINUTULHSIUNTIEEYRIEN ANUETGY
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UseanSuan1an1sann1uau (Dehumidification effectiveness @1u1saa1uIale

AUELNNTT (3.3)

e Wa1-Wa2
—— (3.3)
Wa1-Wazjdeal

dlo Wy, uag Wy, o mm%uai’%wnwm%’wLLaszaaﬂmaqmmﬂ’[,uehumi@m
ALY YW et RO mm%yua‘hwamqqmmﬂaﬁuaqmqaaﬂmaqmmﬁiuﬂ':}umiam
Ay Fedidviify 0 nie izwmmiaﬁflmﬁamm’m%yulé’asi'laamyﬁai

I@wm:uLLmﬂm"mwdwﬁ%auﬁaﬂﬁummmﬂwLS?J"]LLazaammNé’a@mﬂ’nwﬁyu

ansaanalaragun 3.9 lngnisigauuvesinewrialinadouse AnSuaveanssuiunis

DLLABWURANANNNTAAIUIULAGILANNITNA (3.4)

Wheel inlet

Absolute Humidity
(g water/kg dry air)

0 Dry bulb temperature (°C)

JUN 3.10 waugiilelaswnsnlunssuiunisanainudusieisdennaadudaduluny

Y

ASYUIUNITOLRBLUAN (ALUaIIN[25])

UszAnSranszuiunsosmewuin (Adiabatic DW 's effectiveness)

. ( haz - hAl) _ 2hai- ha

hat hat (3.4)

e=1

A N 1 o A ¥ (% & Az
19 hy 4ag hy, fie AteuialveeIMANIudILareanaNN&ennm N Tuduly
AIUNTITANAIUTULUUNTEUIUNITOLLABLURN LLazﬂl’]L@u‘ﬁﬁﬂ%@ﬂ@’]ﬂﬂﬂﬁﬁﬂ@@ﬂ%ﬂﬂ'ﬁﬂéj@aﬂ

ANMUTUNLARINNTNABDIT AUEIRU
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i a

Ingd19daannunuilalasuainlugui 3.9 NTUIUNTANAIINTUAILIIABAA

dy kL 1 ¥ = a = -] dy ¥ 1
AnuuAeuduliaudunssuiunisesiAsuwuin AesyuuaINITaNINIsanANNTUlABeNa

¢ A

auysad dAUseansna 100%

3.4.2 N13ANBINITOURIINTMINGRBN IUTEUUBULTILUUANT BUS WA UINTgN
ANNTY

a

maneassiUteanilu 2 mmaaeman laud 1. 8vdwavessnsinisivawazaungll

Y

1 1Y v

AEANYULNITOULTILALAMNINVBIT1INAB BN DUl UTEUUDUWAL ULANT DUTINAY
ABAAANNYUTIAUNTOUAAIAITUN 3.11 Uag 2. MsTeufigussuuauwiesiiaunJuriu

STUUBULILUUaNTRUUNT LAgs18aiagnnTvnaalanisagui 3.12

413INaD%99N

ANASLFY 30-33% (w.b)

v

FLUUBULINLUUANTBUTINAUIRBYAAINA

g 3
* gn31nslnaveteIne: 0.04, 0.06 wag 0.08 m /s

* gaungiiluviosouuis: 80, 100 uag 120°C

A\ 4

v ANYULNTOURTNTINGE 89981

I1INADNBNBULIAY e Tr—

ANUTUFAVINEY 12% (W.b) Ty 4

* SRNIINTTOULIAY
A 4

ANAINVBITTINGDIEN

* paanunlglunisauLk

A\ 4

¢ @1sn1un

< =
¢ AYULLUILAEAIULAUYT

= ' * MIASNUUUTIADIWNN
®  ANALAZAIAIINVIY

AINFENSAINSUNITOULI

\ 4

LUUTUUNY

JUN 311 uHudansnaaednsnavednsinisirauazaumginednuaen15oULIawaE
AMAMYBITINADNBNTIDU lusEULBULTLUUaNTauT I UIsHenR

ALY
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91INa0999N

AMUTUSUAY 30-33%

(w.b)
|
FEUUBULMLUUaNTBUIWAUNRDAAAIINTY FPUUBUWRLUUANT DY
o 3 . 3
* §n51N15have9eINA: 0.08 m /s * gm51NThare9@INA: 0.08 m /s
* gaungilluviesauniia: 80, 100 kay 120°C * gaumngilluriesauuiis: 80, 100 uag 120°C
\ 4
Y1INRRINbUNIUNITINZIDN I1INFDNBNDULIS
((;]J'JGEJINWUUQN) mm%uﬁjmﬁw 12% (w.b) AAWUZNISOULIATNINE DDA
: | * JSunaumnuau
> GRSIEIUANTY
s ® JMIINITOUMI
AN NVDIU1INGDIBN b . .
* WRINUTGIUNITAULIAS
* #1500
@ =
*  ANULTILATAULNATED
*  AFLAYAIAINNYTI > pgaaunbglunITaULI

JUN 3.12 UWKUAIN15VAa8IN1SUSe UL BUTE UUUUAIINAILI TR UTEUUD LA U LAY
Jouun

a | U v

3.4.2.1 DB NaV0IONTINITINA LAS R UNAN ADANYINENTITBULNLATAUNTN

Y

1 [ v

vasimndesenfleuuilussuvsuuisnuuaniousuiuadogarmiuiu
spuvitldlunisfinuifessuvevuiauuvanieusuivadeganaiuiu lny
yhmsfnwdvnavesdnsnisivaveseiniauazgumgiviese ulriaidiwarodnwauznis
FULILAAMAINYBITINGDI%RN TAYANUANAINYBIUINGDIIBNALYININITIATIBYIUTU
a3 anuuds mnumilen Ad uageimuunvesinndessenilivasinnszuiuns
oUW AN TLB BT edlddahded 3.5, 3.6 wae3.7 mudidu Fogefivhanld
Tunisdnwide fegrstnndosseniiinuniseuursdagud 3.12 idnsnisinavesernia

UBIAIUAAAIINTUAD 0.04, 0.06 Uaz0.08 m*/s uaraunnilunioiauuina 80, 100 uay



a5

120°C uonanidsinsadaazdenuvuiassadamansvesniseuuiauuduui i
wizauilelflunisiunednvagnsouwiivesinndossensigss uuauLT LU UL B Y
Smiudennnuty

nsneaesrhmItIuaALEITEUTEIERAAAILTLA 1.5 pm Sammsluates
DINAYDIAIUALANTNANIRARNTLT 0.04 m¥/s uavemmnivesdrufuan i 90°C dou
nsneassimunemAteuteudigadenaautuliiauauogiinutuduing 45-559%
TnndowenillflunisAnudednndesiusvnnenuyd 105 mzsonidunan 24 Falusaud
mm%uasﬂmm 30-33% (w.b) N15NAABIWINNITBULTIUUUTUUI (Thin-layer drying) it
Ariuvu 1 eufnmsinagliiSeviausiu Winndeweniimuduaninedu 12% (w.b) s

Wusesuanutuiivasasde As 10-13% (w.b) [60] TunisiiusSheidninasssen

JUN 3.13 dnndesentuaiumviun 1 lwuiuesindglnSyuiaueiu

3.4.2.2 mswWSeuilsuszuusuwieiimuntuiussuusuusuuuandeudnd
TunsnaassaginnIsAnwinasilssuiiouiiag191INadd UL 3 AB819an A
fhegrsmunu (Fnndesiiliiunisimeson) fegeinndasseniiumseuuaisssuy
puLuUUaNFauT A UIdogRnT Iy wariagndnindeseniikiumsouuisiaessuy
puwisuuuaufeu dwegreiamunazgminniuieudioulusudnuasnsounts wasdu
AaAAldun Usinaansniun anuuds anumien dd wagaianurnilindaain
AszuIunsauwiaiel i nseuwiaTiuanansty Tnadretafivhuldlumsineie fets
%nﬂé’awaﬂﬁmumsauLLﬁQﬁaaé'mﬂmﬂmsummmﬁLﬁa’;ﬁ’uiueiau@mﬂmu%u Aofions

mslwavesenedu 0.08 m*/s uazaamniiluiesouwiadu 80, 100 uaz 120°C Aua1Ay
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3.5 N1TIATITNENWULNITOULIAS

3.5.1 USunminnudy

FBstaUsinmanuBugnimunlag AOAC [61] Tasvhnstsinindessantdasly
freiaannuty vdsaniuiidieieseuuis (UF260, Memmert, Germany) figaunadiax
¥au 105 srwaldoa Wunan 24 $alus ndentanhiindesiidunseusenundaimin
wazthlUmuamautueusaziigldfauns (3.5) way (3.6)

MFIATIRIIANNTU NI saAIlaRaINT (3.5)

W

MR = x100 (3.5)

WMS

NMIIATRINIANNYUFIUWATENNN AW ILARIENNTT (3.6)

MW
MR = —x100 (3.6)

MS
= & a - H ” W ' v o w
We M, uag My A9 YSUIaIUT (S wate) HAZUIMNUNRIDYIUIAN (S Gy matte) N IUAIAU

3.5.2 9957@7uMNTU (The moisture ratio, MR)
PAINALAAMUFUAUEBULINABINIT AIUITOUNUIAIUINIIDRTIFIUANUTULA A

aunis (3.7)

MR = (3.7)

o M, Mokag M, Ag USU1auAa U1 714381109 (8 water/8 dry matter)s USHIUAINTY
FIIIRNTUOU (S woter/S dy matter) $AE UTUIUANUTULIINGNRNG (S 1yater/S dry matter)INAIGU

a1 !

Fedmsunseuwialug g iigeasnuindl Meazllawiriuo [62]

3.5.3 8M31NNTOULIN (Drying rate, DR) LiaAIUIMMISRNTIAIUAIILTULAIT
A1N501NLATIUN RSN TEULAS LR IELNTT (3.8)
My gi- M
DR = —&t (3.8)
dt
WD Me,gr, M; bag dt Ain USUIaUAMUTUT 1IN NTUAY (S ate/S dry matter)s UTHIE

E A i v . o w
AUTUTIITIANN (S sater/S iy matter) $8E LIAMLFLUNITOUWR (min) uddy
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3.6 MTIATIEANSNIUTUNIZVOINITOULIAY

A1nsldndsausmg (Specific Energy Consumption: SEC) vlusnflazviouds
UszAnSnimnslondanu wasdiaunsolanafefununIanund 1LYl N IUenaI NI sy
¢ Tnevtluen SEC ansnsafuraldanysunamdnuilssildlutasantu deusuna

NANAMNINUA LTI RN [63] @unsasandlansaunis (3.9)

Energy

SEC = (3.9)
Product

e Energy Ao Watunldusalneadesiunisndnduailugie 1 saumsinanunse
9294781 (kwWh) Tuaaie® Product s USUNadpanadninanlabutlg 1 59UN1591197U %50

Y981 TnedaaduriuianferfunIsTuinnasu

37 ﬂ'ﬁﬂ%}'mLLUUﬁTﬂa@ﬂﬂﬂjmﬁqamg‘Uﬂﬂﬂ"liE]‘ULLﬁQLLUU‘BJUU'N
1NN1INAADNADNLTULUUINADIAINFAIENSVDINITOULIAITINADIID N UUT UL

317U 8 LuAalRIn15199 3.1

A1519% 3.1 LUUIIADINNANAAIEANTVDINITD UL

Model No. Model name Model

1 Lewis MR=exp (-kt)

2 Page MR=exp (-kt")

3 Henderson and Pabis MR=aexp (-kt)

4 Logarithmic MR=aexp (-kt)+c

5 Two term MR=aexp (-kgt) +bexp (-k;t)

6 Approximation of diffusion.  MR= (aexp (-kt))+ (1-a)exp (-kbt))
7 Midilli et al. MR=aexp (-kt")+bt

8 Wang and Singh MR=1+at+bt?

§991NN15A5 LUV 180N AGAAIENSUDINITOULKIT1INEDIBN LUV LU
ansafwInmAduUsEAnswansnsindule (Coefficient of determination, R2) waz 1
sinfidewesmaunanndeuidasdade (Root mean square error, RMSE) [36] leiei
aumsft (3.10) waw (3.11) mudiy Tnefuusisaesshannsailugnisdenuuudanimg

AdlnFansnAnaaialdlunIsaule fie wuuTassilemdudsydnsuaninisindulogs was

ANSINTNADIVDIANAINUAAIALARDUNAIFDIREH
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AMsANUINNIAIFUUSEANShanan1sindula (Coefficient of determination, R?)

anunsarualafsannis (3.10)

Ziﬂzl ( MRex [ MR re.i)2
R=1-—= — (3.10)
" (vR )

exp,l MRbar, exp

NISATUINIANTINNFDIVDIAIAINABIALARDUAIRIAD LAY (root mean square

error, RMSE) @1unsamunadlandannis (3.11)

! n P 1/2
RMSE = [= D7 (MRyg MRoy ) (3.11)
A & Y] \ X Ay v
119 MResp» MRuar exps MRye; 812 N A9 8039d7uA218TUNLA1NN15NA8 0,
INTIAIUAUTULRALNLAFINAITNAADY, TNTIAIUAIIUTUNLAIINAITAIANITAIAE

WUUIABINARINFAIANS LAY INUIUFINAEDY ANLAINU

3.8 MIUATIENANNMNYBITIINGDNEN
aanmd1andesseniiinisiianziluauided Ihud @r3n1u1 anuuda aana

v

I A a gj a 6 1 dy
Wiyl AduarA12 InelltunaunisiAseingde LU

3.8.1 mawsendandewenand miumsiiassimiuudwazauwmilen

Bnsstnndesenimnganiian de 3Bnsansedninesluntensdndadu
BrsnetnndeseniiimuniseuwiudindiuimmmsmuigagaslewIeuiisuiunme
F1dneisaug 159] InsUsunahilddet nndasende 0.8:1 uaznafimanzaslunisvdo
12 windsntuion

Fadnnansuiinu 25 nfuwezdninuTunn 20 n¥u Easrarudiadei 1:0.8) ldadly
drunesaunn 100 fadans ier 4 SnuneslasndedalfiTeuiauedu antudai i
400 n3uldaslulunsianst (RC-100, Toshiba, Thailand) Uneuaanans (Cook) danman
lorufenudvinnstunadeludn 12 und udnaenidn (Cancel) ¥insudesiisllunie
nad1adiedn 10wt ieasunaniinivaatandmieudninesairasuunzunssiaeiisly
Wunan 40 unit $1andessenyaandsgud 3.14 lensunaniidmunudridniiegnssnans

Tanaswmanadnusuiunassay 3 nSu
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JUN 3.14 ImndevonndsiunsesgSnsnsanaednines

3.8.2 @191U1

WIA9E199INADIMAIHIUNTLUIUNTOULAS U URazLDEnlrlldnwaug TunL e
Ul 3.14 ntiutfegensldganatainladuiendaatingay 25 nfu fegeas 2 ga d
A519E3N AT UALA A TR HAR ST s uvinedeinunsa1ansiieds in-
house method based on Journal of Chromatography B712 (1998): 43-49

M iiInaasnIu fegsinndeweniigaunasiden 2.5 nfugnifuasly
Tuh 1.8 ml uaznsasulfosalicylic 200 L dhunausiezgnAulAdIfumensyuIumMs 1o
A duiaan 20 w1 wdrhnisdunissdaeanusaseu 4200 rpm 1uiian 10 und
n¥rnturomaNIFgANIaLfnTesLn 0.5 m dwlamiongnou 50 pLargninan
Nauu 100 mmol sodium bicarbonate 50 pL tag 4 mM Dabsyl-Cl 200 pL tUE1UDINE
wazfiudnunlifiganad 70°C iunan 10 il anduidsethanal 250 pLuay potassium
hydrogen phosphate fifnaudunsne1a 6.8 Usuia 250 pL nsesansuaudild dndqula
wilonzneudaitisyuy HPLC Migumgdl 28+1°C wagilinsganduuasiinnuenadu 630
nm

TéAadutl Supelcosil LC-DABS 1u1n8yA1A 3 pm AIAI1181IxEURugUdnans
meludu 150x4.6 mmadumansdi Inefuaindoud (sradient mobile phaseliu soduim
acetate AR dunsnA"g 6.8 :acetonitrile #8msinslva 1 mL/min Tnearududuves

acetonitrilefil#lussuuwzfo 0-40 urfifilinear gradient 35-40% : 40-80u" filsocratic
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40% gavineansneauliig soduim acetate :acetonitrile ludnsdu 5:95 WWuan 20 wid

LAEYiNINNSUSUSEUUIVNAIE soduim acetate :acetonitrile Tuamsdu 75:35

3.8.3 ﬂ’l’]ﬁJLL‘ﬁQLLaSﬂ'NiJLﬁﬁEJ')

NIl dNAEYIU1INADIA18LATDITR Texture analyzer (TA HDplus, Stable
Micro System, UK) Taglaiguanaugounau (Back extrusion) F9Usznauaiauviuinnaz i
NAAIFUT 3.16 AMmuUATTIRgEAINKYIL 100 Hadwes wagsiog1anldlunismaasnetinds
1ifed1say 3 nfuldasluwnuinlngmes 9 naluanaseeneti 9 wsanldlunisnadandes 1
a o A o I a a i3 < a a = o [ 1 g
176U suzNvNIgnnAe 99 Hadns AN 1 Jadwns/un [64] laevinn1sinAgn

faggay 3 91 YN19IAITENAANAINULDY (Hardness) wasAdainiien (Stickiness)
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L% - B\ - o s A

gﬂﬁl 3.16 1p303A Texture analyzer

3.8.4 ANdLazAIAIINYN7

nsnAgeUMIUARIMMIYBsTIINdBIRELATesIAd Hunter lab fagUl 3.17 uag
3.18 ¥msindvesinndaslumenvesiius L, a” uay b’ lnsusaziegainnsinaen 3
41 flefndaadnsflaiafaudafithdnuldnsndndmiunisied soirdoseruadszazinan

19 9glaAends L a” wag b @eanunsatinuniesiznaiannuen [59] leasaunis (3.12)

Whiteness = 100- [ (100-L")*+a"%+b ™42 (3.12)



)

100

o))}
©
3.

1ANUAINLANRILE 0-100

'
1A

ANLERIAINULTUE LAIS L TE
A9 uanapdudnna

Ao wanepnududiden

Ao miluansaududidewdendu

= 3 = A
AD LERNIANUUUFLADY

(%
S o0 a

Ao wansAuduFEy

JUN 3.18 Myindveasesind Hunter lab
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3.8 MFIATIEItayanNaia
lumsfnwdvinavesdnsnisivavesonAkaz g liausoudoUsuI@15N U
ANAINLTY A1ANMTET AIELATAIAINYIIEINTUNITOULTIAIETEUUNTE UL UUAY
Sousrufuasdenaniutu Galduusdu 2 & s Sannisinavesenmenazgamgiiay
$ou FuuisiissidoanisadfiseitnishinseiauunusUsuanmis (Two-way
ANOVA) waziU3suLiisuainuunnansvesaiadslng3sn1s3ias1eduuy Least Significant
Difference test (LSD) fiszduaudesiu 95% drmunsiouiiisuszuusuuissninassuy
mMseuufiuuUaufeuTiusdegamutuuarsruusuL LU UANSauUNR deuiunans
MU1 AIAINRDS AIAINMEE) AIdaZANAIINYY YN TS sideyansadiAciedsnis
EinuLUTUTIUMaFe) (One-way ANOVA) uaziU3ulfisunmuansi1svesaLade

1n835N15LATIZALUU Duncan’s multiple range test (DMRT) M152AUAMULTOIU 95%



AGIMPY 13N

4.1 A9RGB LaEIATIETIUTEENSHATR NGB AANTUTN ST ULTY

AnMevinaauwidUan

4.1.1 magammivlueniAvenidegnnuty

Tusswrianssuiunagaeudy 2sdeganuitiugnussiedaniaadtGuandild
Arduazan ieidarvauemediuganutudsldud Waaugaoinidludiuganuiud
§nin15lvaee1nid 0.04 m¥/s nunAITLUdNTINS Y8 N N dI0on91N19E 0N
arudulunsguiunisgamatuiiuuiusssuionailunisgaaudusinuly Tnedudy
MnemAUnRRE AT SLAY SRS ELA LT IGLT 50.29% uay19 g water/kg dry air
Sloenimgnluar ey mnsduduivsuaysnanduautiuresenmeanun
anasluaudls 33.9% wazl6 ¢ water/kg dry air mNaIAU s?i"qmﬂgﬂﬁ 4.1 naaldinAnuiy
FuivsuassnsaaunuT eI AETnanaUsEInal 16% uaz 3 ¢ water/kg dry air
padrdUlutae 1 unfiksneesnisinutensde Mntuanutuduivsvaseniading
anasedseiflesauzudngrnailuniii 25 Famuniadsunasinaaududuius
voseMAtiosnd1 1.5% uasldamnududuivginat 30 wifivesnisinurendeidy
37.9% Taouanslddasudt 4.2 Fauszlentininnisiassmagaanutulusinisvosnsdege
ATty il soaansalauaansalunisanauturessdeainmeiinssuuous
szuuld llesnnszuuasdeidievmaaiauisuy 1edeargnuyuiisniuiiisouasd
seridugamaTularduAuan gAML Tuaduiueeeiasnglunailiiu 1
unit Tnsarnnismeaesaaa iy nuinsdeannsnanestuliaiaiulununszuaunis
anPNTuLULBsRELURANnTuY 1 wifivesmsineu

dnfunanisTngamnivioenainisdennnutuveseina (Ul 4.2) wuihgamgl
Y990 INIARNTUUTEAIN 5% 91 35.9°C T 41.1°C Tudas 1 widiusnitufinunisvine
1992980 AevdsaineiniAiiuInIsdogaauiuiiieananutulunsruiunsganady
n¥sntugangiveseinmeaooniidunanuinazeglutag 40-01°C naoANIITITLTDNI
%o Ssanunsonanldinszuvisdeganuduiifauiuaninsoildanududuivsves
pINAARRIAzg Mg ivese N IARiNT UANNTTUIUN e RiouURn Tnsatnaan1 I FeTild

ANWUINBUNTNT [3] NA1I7IN STUVARAINNTULUTDIDULIIAINITOYIDANLIATLUNIT DU

5]
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1 [~ 42
’ ( ' . ‘E-Qc ~—~
™~ | | [~ a4 &n
& L\ X ?¢—< - ™
/N - 4 NN o=
. i} A " o
\7 ‘F [ 1 T NCe
- AL ! 36 ;
, 4inya/in S =
T ‘. 32 =2
A TTANTNT: 5
Al ‘ ﬁ k . N4 RS\ IN @ T
S < 26
R a . NS
4 35.9°C, 50.2% RH , W\Jr 7} H N ! W, =19 g water/kg dry air
4 ‘:io y I8, ‘ ‘_\&_, s T -b‘ / -Yh- -
| L | 4 S it
s N < - = _é_ I — _~_\_- 4
h 4= T B i e W =16 g water/kg dry air
s .
4 3L TN 0110, 33.9% AR el N
= . jx.._, ~ Fy4 P i
-~ L;}\' —~¥\\ 31 H i Iy oS s - T 2
T ' T I S I S B N B P

1214 16 182022 2426230523436 3330 4244464250 5254 56586062 646662 TO72T47672

Dry bulb temperature (°C)

JUT 4.1 wuiilelasiuninuansanizeinAlussninnssuiunisgeanuy

RH (%)

gﬂﬁ 4.2
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50

45

a0

35

30

O
ogd ot !
¥ On L
o
o
4.0 -
o [}
PY - ®
— . —
°
[IJ [ o ° 5 ° - [ I}
] | ] 1 I |
0 5 10 15 20 25 30
Time (min)
e Outlet RH o Outlet T

ANUANTUTTEVINAIUBUANITING gaunnll uaztalun1sAANLTUYDIN

20ANANNTUNENTINITIVG 0.04 m?/s

45

43

a1

39

37

35

Temperature (°C)
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4.1.2 msfuanmansgarudulusdegaanuty

TudrufuanimansgaauduresszuuniseukiaLuuaniousausiuisdoga
A ﬂ'aumimmaaqﬁmuﬂiﬁ%émLaa@mmwﬁmwﬁuﬁ lusgninanseuiunmsvimsin
punpinazautuduivdussainia 93Ul 4.3 wugflelaswninuansannzermely
sErinsEuIUMsAuanmansgan T ufsoiniafeulidnanislnauazgangiidu 0.04
m%/s uay 60°C nudneutuduindveseiniaiiiuderiiethnrudussnandaniaai
wnlnfutudonarlunsfuanmansgaarutuinly nanutudainsisuduil 15.5%
(60°C way 19 g water/kg dry air) Lﬁammﬂlwaw'1mqé’aammm%ﬂuﬁwmﬁumwwms
ARATNTY NUIANTUdLIMS UeIe N AL TuUsEIal 27% 9 15.5% LU 42.6%
(26 g water/kg dry ainlugaa1 1 WIAVIN1TYINNUVBINAD AL udLTIEaziS
ngenasiluundidl 20 Famumsidsunlasuesmarududuivsiioondt 1.5% uazileds
undiit 30 9ean1TIIuLBIdeRgURl 4.4 mrmduduinsuesernadiandu 19% lng
AT LTINS VI8 NAfiNTZUUNTSAUANNATTAAAINTUINE DAL AN T uT
Uszanal 3.5% 91ne1n1eUni (51.7%) senunsananldinisdeldsunisivaninaisga
ATt wonIINTINNIVRABIEEnIaRAMINiANaIITaluN SAuAN METTALTY
Salinhnusderiiszuuls rdoannsafuaninansgrenuduldasaduluaunszuaunis
ovifuuBindaustag 1 uiiksnvesnsvieuueatutunsyuaunisge ey

ei’m%’umamﬁmqmmﬁmaaﬂmﬂNé’a@mm'm%usuaqmmﬂ WU VeI INA
anas91n 60°C LUy 44.8°C Tuunitil 1983 visuvensdeluiuiinnuvdnnisviisuves
21doganutu Tnsarnnsinnuin ienainullgumgivesernmaniseniidananueg

Tu229 59-60°C FasiAlnaLPgenuaINIAS aURLTAINAIILTUY

\ . V| TAL [ 36 ;071
= VA Z TN \AR: = 34 oh
N N &Y .. =
o - -~ ™~ 32
e . 4 ane D B %
&, | 44.8°C, 42.6% RH ~L = g O
* £ e v a % - E—— ~ — 1
2 4 ’< & ~= /5 WBZ_26 g water/kg dry air
/ ™ TS N DA L, €
A RS & 2
X A vasS AR .2 18
. 7S
56‘ = S G V8 S S e £ : W _=19¢ water/kg dry air
£ Bl NS 2}% B2 12
358, 51.7% RH TRt  60°C, 155% RH S 10
n \‘ \ﬁ - 2
2 24 26 28 303234 363840 42 Aa 46 4350 Ezia 6520062 64666370 727476 72 20

Dry bulb temperature (°C)

JUN 4.3 wruniilalasiussnuanian 1z InaAluseninnssuIuM IALEN WA IANAIUTY

Y
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50 65

40 _I:] L . o 0 60
. —~~
., Lo : 55 &
30 °go” w
e\c: o oo ° ® o . - 50 "g
= 20 4 @ ° L ° of
o - 45 £
10 a

40

0 , 35

0 =) 10 15 20 25 30
Time (min)
e Outlet RH o Outlet T

v
ISy LY v 6

JUN 4.4 AnudiusTendennuaudning gamgll uaziarlunisAuan1maisgn

Y 9 Y
b4

ATLAUYBINTBANANNTUNENTINIT NG 0.04 m?/s Uazgaumgil 60°C

4.1.3 audhvasemielussuvsuuiwuvandouufuadegaeiuiuluaniiees
aulaLUa

lunsveassiimsussdaninadildiiautuazay Wedavienuluguasainnasn
voaiATee UL AR mfUdagaaNdy Tnefmuslisnsnisivavesainiely
dugnaETuLazAuAnmanIgRALtudy 0.04 m¥/s wavgunnioufouluiasa Ui
Ju 90°C %aluawdwqmzmum31/T'm'1'ii’mmmﬁLLazmm%ué’uﬁm‘suaqmmmqﬂ 95U
ATU 30 W7 9IN3UT 4.5 nemiansnTsdiiussEiauBuduivg gamgl uazina
Tussuuaadegaanaduiidnsnisivna 0.04 m¥s uaggumni 90°C nudilunszurunisgn
ATty rutuduivsiuuliuanasesusadalunm 5 uniiksnveamsvihen Snsndiy
auduiiAAsiiieaWauly é’mﬂmummgﬁymsﬁﬁmgj‘luﬁzm 9-10 g water/kg dry air
nanldinsnsdiunnutuetenMAEnsaanalsTIna 7.5 g water/kg dry air 9911810A
Unf vaisfinszuiumsfuanmansgaaudu arududuinsunTdufiuiuogesngily
A 5 uiiiksnvesnsvinieu Guanddiifuiddnueanisluidogenruiuausogauay
Auanmansgeadusenldlunanfsafuduiulunuununflelasueinvomgui
NIPUILNIIRALALALAN AT IRAATILTY

msfnwautfvesenmalumsitnuveaadosounisiiianntuisssuy Fatmun
Tigaiivhnistananududuivsuasgaungivosoinamduniusud 4.6 unufiuansauds

21N1ALULATEIBULTILUUANT D UTINAIETEUUINEBRARILTY TudIuNITanAIINTY
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(Dehumidification Process) 13131n8101AUNG Al 3¥QNaAAINTUNRIIINHIUIABAA
ALY B1NA A2 Nldazdrnududuingsn Feavgnihluiivsamgiiidu 90°C wWielddmsu
NILUIUNTOULY Lo Aimaensanieseuwieiign A3 aggninluuaniuisuninusou

fuomMmaUnfange B1 ludiunshuanna1snnauay (Regeneration Process) ilviannie

o w

P198n91NATBMaNUABUAIINToUNYA Ad 9zliAndu 27%RH waz 53.7°C AuaIAU

TuggdIuNTANANNEIANANNYY LHoTiaNsaNAINAIANTUFLINS LAY MTINA B3

a1 A

A 81NIATNIEANIINWABYAAINNTY ANUTUFUIMSUaroumgives N AdiAninTuluns

I

FENINNTAUANINAITAAANNTY AUTUFUINSVRIBINATIYA B3 AwilA1iTu 22.9% RH
WA 56.5°C MUaWU
e 1sauluuIN 30 Y0INTEUIUNIIAAAINTURAENTEUIUNTAUAAINATAN

[

AUYUVDITLUUNITOULNILUUANTBUTINTINAUNRBNAANNYUAITUN 4.6 WU NS
WasuuUatgnsdiunuyvetenaludiunisgaadiuiulazludiufuaninaisgn
AMuTuliAlndfesiu Fauandiiugi 1440nnANTURINITANALALAANTNETTAN

&-/ a U ! U ! =
ANNTUBENLAlUIA LR U 1AU9T

40
5 60
. 8 2 A x X - 9
~ 30 ; 2
& 25 |50 B
T o o & o o O o g
- 45 &
15 @
a0
10 ? 5 ¥ P o a W
5 : . 35
0 5 10 15 20 25 30
Time (min)
o RH (A2) o RH (B3) a T(A2) x T(B3)

[ v 6

JUN 45 ANUENTUSTEMNANUBUELTING 9l kazlia1luszuuIRenAANNYUT

ee

8n3M3bva 0.04 m3/s wargauunqil 90°C
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A3 A4
88.9°C, 2.25% RH 53.7°C, 27% RH
B3
— B2
" 56.5°C, 22.9% RH
A1 69.4 °C, 9.1% RH g{
A N E _— = = )
38°C, 42.6% RH:! e R I I §<' """"" =
L?Q------.----J ><
Blower2
Heat h
eat exchanger A2 ;2 AL
57.4°C, 9% RH Y 38°C, 42.6% RH
| {0 —

Drying chamber Heaterl = Blowerl Desiccant wheel

JUN 4.6 wruslauansaniionnAluiasosauliaiuuaNsous 1M ETEUUNADAAALTY

4.1.4 UssAvnavenndogannuiuiszuuluanneesouuiaa

P15 4.1 udnaUsyansnavessruUdogamLty TnsiaieseuLefifmututis
szuuimualilisnsinsivavese iy 0.04 m¥/s uavaampivesauiouluiaseauuss
Dy 90°C anuansfinwanudn Ysedvisnanemsniemauieu Usgdnsuaniensauanin
ma@mmm%u Uisﬁm%wamqmi@mmm%ﬂu LazUseAnSranszuIUNToLIRBUUANTIANT
wnzaniiasinnldlunszuiumsannufuessanysainieluvioseuuds dlssavinaes
2dopnnuTuliaeglutae 49.39-98.49% uandiodimamnufinssuIuntsutosifeuuin

=

AUsEANSNADY 98.49% LaaA1UTEANTNANTLUIUNTOLLASLURNTU UL AU AUNTo bl

—s

v
a a A

TuediuUsrAnSHan1INITAUANINAIRAANTY kardTeananan1en1sgaadNtudy

Y

@15y [65] A19NITINTSAAAIUTUYBITANUIALUNTLUIUNIIANAIUTUAD 2.64 g water/kg

dry air-kg silica gel-min

dl a a ¥ dy
19199 4.1 ﬂisawﬁmamandaa@jﬂmwmu

Effectiveness Percentage (%)
Thermal effectiveness 69.28
Regeneration effectiveness 61.42
Dehumidification effectiveness 44.39

Adiabatic DW's effectiveness 98.49
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4.2 dnswavesdnsnisivaemAuavgungiauiousodnyaensouLLay
WA UNElUN1TE ULINTIINGDNBNAIYTEUUD UMM UUANTBUT I UNABYR

mm%u

szuvauuIUUaNSountUdagamLTy feunsmaassihnisusTedanaaiil
fauduazaungludegaeutu ednvienlugunsaimnaiurenaiaseuuiauuuan
Sousamfunadegannuiy fvuaaauiiseutessdegaruduil 1.5 pm snsnslva
Y998INIAYDIAIUAUANINA 0.00 m¥/s wazgungivesdruAuanini 90°C luszning
nIzvIuNITULTIIN s TngangRaratuduinsvesenialudunisgaa Ly
AIUN1TALANINATIQAAINTUAURLAANTHUIUNS 2INAT319T 4.2 uanIdnTINITOULTY
duazinailuniseuuisdnndestentaeldssuveuuiuuvaudousuiuisdonnauiy
mvasostmuashIMslvaTesoNIATsTIugARINTURAD 0.04, 0.06 kA¥0.08 m?/s WA

gaumnillumesoulits 80, 100 kag 120°C WuUINAMAITUININIINTINAUDIDINIARN 9 1D

9 Y

[

Snsnsivaresomadicuniuadmalisasniseunisadefidiivastuuaslfinalunis
ouwiafosas luvaziilefionsanigumgiluoseuursiiunndsfuidnsanisinaves
omAEIfiy wuifigamgilureseuwisgaarldnaniuniseuusisiosninguvailuesey
whaisning1 uazanensied 4.2 uanslidiuinszuveuuiauuuanseusiuiundagannuiy
fidminisinaveseiniauazgungiluieseuuvadu 0.04-0.08 m*/s uaz 80-120°C
MEIAY danalirndniiniseuwivgegauaziaituniseuuaeegluyie 0.0039-0.0125 g
water/g dry mattermin iag 45-130 uiinuasiu Taefishsimslnavesenauazgumgsl
auseudu 0.08 m%/s uar120 °C dwalidnsnniseuwiaiamaannazldiaanluniseuud
tfosdian luvaizidnsnnsinavesenalasgamniiaufousigade 0.04 m*/s uaz 80 °C
danaliisnsniseuuisdidmaauarlinarluniseuwianniiamsuiu Senanldindeiy
Snsnslvavesemaungguungiluiossuudis awviilinrduasasedrsmniuarlfina
ISIERIIAGTER

91n3U7 4.7 uaz 4.8 uansAmdanunazA AU AlddmIunseuLedn
n&owendssrutauLiUUAN U AUd oA LTS nsinavaseniauas
gaumilurieseunising 4 wui Wefnnsaniidnsinslvaveseiniaieniu Weangamail
Tutiosouusts Amdsnuillidmsunseuuisdnndossonaedianfiugeiu Tedanalddn ns
Tonmgilureseuuisiidasdmasioszesnarlunsouuiednndesseniiuniy uazile
finsanigumgilufeseuuiaferfuiisnsinisinavesornmeafiunnsiaiu aznuin lean
Snsnsimavesemaludiugaaududssaliamdnuilddmiunseuukimndasen

AN UWAEIiU Fauansiiuinalumseuwisiinalaensssenmasunldlussuy



61

ouus lnefisnsnnisivaveseniauazgamgiluessuurisgega Ae 0.08 m¥/s Lag120 °C
dsnalimmdsnuilddmiunsouuisinndesenimeigade 0.173 kwh

913U 4.9 uanaduldsmsesuuieiigamailuieseunsisineg dmsusnsnisiva
Y999INAAILYAAILTY 0.04, 0.06 uaz 0.08 m¥/s AU TNTIMMELNUTI ATy
anawunaiivAsuuladly Snsdmautuiunlduanaedimniilutiuinuonis
ULt Lasnindindessendanudueginn uaranudutuanatednedn 1 Wenakiuly
mMaAsuuasdinsdnanutudatosadudisiisveanszuaunis nsgamgiluioseu
wianagdmsnisivavesenmadisagldinauuniilunisaneuiuauniernutugariie
yosinndessendidesns

1N3UT 4.10 wanadulAssasniseunisvestindewonsesyuusuuatuuanieu
Sfuasdogamiudulunndnsnisinasiniauasynaamadoniou aswufies 2 129013
ouuivdne TranasuSuan1zileedu (Heating up) kaz 129 BRTINITOULAanaY (Falling
rate) (Y744

Mnmsnaasstanslinfisnsinislnavesernianazgamniianiewdu 0.08 m/s

1a120 °C paady azdanalsnniseuwiilagagauarlinailunseuuisiiosiigade
0.0125 ¢ water/g dry matter-min waz 45 WNNINEIAU UONIINBLUFILNE 19U SO ULTRS
nudnseUwiILLUaNeuTmAUdagRAu ueeuluding 1nagldndasulunns

U Ngauiu

M3 4.2 anldlunseuniiagnIIN1seuLINEIand S UNITEULNTITING D98N
WUUANTRUTINAUIIRBRAAAINIUNENTINIT INaTeIe I NAdIUAAAINHTY

wazaunnalunesauuriesng 9

Drying condition  Drying time Maximum DR Energy SEC
Q T (min) (g water/g dry matter consumption (kWh/1 kg water
(m?/s) (O ‘min) (kwh) removed)
0.04 80 130 0.0039 0.452 0.0118
100 120 0.0043 0.432 0.0102
120 95 0.0047 0.345 0.0084
0.06 80 95 0.0055 0.321 0.0079
100 70 0.0083 0.249 0.0060
120 50 0.0087 0.196 0.0049
0.08 80 70 0.0074 0.226 0.0058
100 50 0.0100 0.187 0.0050

120 a5 0.0125 0.173 0.0042
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%o.d | §O.43ZO'345 0.321 ?E{E
N S !
g_ : § §0,2490.1% 0.2260 -
202 1 \ § § 0.173
=, I \ \

Air flow rate (m?/s)

AR I UN TN SUNNTBUMAIUIINABIIDNAYTEUUD UL UUALS DUTIUAU

o)
.
=
N
\l

A NAAINUTUNOUNYHRULNAIT 9 LN 1N Iave18IN1Ad1UgA

AuTdy 0.04 m%/s 0.06 m*/s Lag 0.08 m/s ALEIRU

B 0014

g 0.012 - o.og - ?ZOCC

5 0010 - § ’ Elzoc

;EU,, 0.008 1 § 0,29

S 0006 - § § 0'0058‘0.0050

(TR \ N |/
I I\ N NGl

0.04 m3/s 0.06 m3/s 0.08 m3/s

Air flow rate (m%/s)

JUN 4.8 AMFUTLINEATETUNTRULIITIINABIBNAIYTEUUB UL UUANS DU
FAVNFIYAANUTUTQUNN TRV 9 Walldnsisiravesaniediuge

AuTuL 0.04 m¥/s 0.06 m*/s uag 0.08 m/s AUEIRU
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(@)
U 49 duldsniseunievesinndessensiesruueuuisuuuanieusmiuisdonn
AuTuiigumafiovuisdng 1 Wefinsnislnaveserinadiuganiududy

(1) 0.04 m*/s () 0.06 m*/s ag (A) 0.08 M*/s AN
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0.014
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LEULAIDNSINTOULVDITNINADIBNAIYTLUUD U AL UUALS U INAUI98D
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(

APNTUTRUgTauWRNg 9 Wedldnsinsivaveseniadiugaeududy

A1) 0.04 m%/s (1) 0.06 m?/s wag (A) 0.08 M3/s IUaIAU
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4.3 BnSnavesdninisivasnialazgungiauseudeaudivesonialunis

suwisimndenendesruueuwiiLuvanfeuTuiuldonnn iy
lodavinuedeseuuiauuauieusuiuisdeganuduisssuu 913Ut 4.11
wansnsUBsuuanududuimsvesonidludiugaautundsoanainideganiuy
PABATYYLIAVBINMIOUWTS Nsvaaeafmuar T udiivduee mMAneuonIudue,
oglutne 45-550% adnuhanutudiinsvesemeaiuultuasuulasegenniiluiag
10 wifusnvesnszurumsgaauduluynideuliveiniseuuisdnndessen fofidnsnig
Inavesenimdu 0.04 m/s, 0.06 m*/s wag 0.08 m¥/s wazgamgiluiessunindu 8o,
100 uag 120°C puady ansusrdanaldindenaniuluemduduivsveseniead
unliiudes 9 anasuifeunsilugasingvesnszuiums Tngluyniteulvmsouuis A
Juduimsvesenmaludugaarduluiisievenssuiunseuuieliaoglutag 9-15%
Fofiansaniidvwavessniimsinavesernmeuazgumgilusieseuuisasiiiulei
Anududuiivivnsoiniafifaldudanineenanidegrainudulinaliunndisfuluyn
Soulunseuuis armiuduivdvssoiniaazizusoudnanailuundit 10 veenszuauns

BUUIY uazilA1aglunie 9-15% RH AaanauauganIsuIUNMTOULA
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ANduTusvaIAuTuduTnsluenAludIugnANNTUTRTINToRAA LYY

NIZUIUNNTOULTITIINADNBNAIYTTUUBURA I UUANTDUTINAUIIR BN
) = a Y o A o I

ANNTUAUIANIAMY TR UL 9 Wednsinisiuaveterniedu (n) 0.04

m>/s (¥) 0.06 m>/s Laz (A) 0.08 Mm?/s AIUGIRNU
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4.4 N15AS9UUINADIAMAAIANSTUDINITOUBAITIINADIDNBLUUTUUNPAIETEUU

DUWIILUUANTBUTINAUNABANAINTY

N15E31UUUINRBINNANAAIEASVBINITOULAIUIINA DIBNAIYTEUUNITBULIAY
quau%fam"mﬁ'uwé’a@mm’m%uuw%uma A10150A UM ANFUUS LAV LARINIS
snaula (Coefficient of determination, R?) wag ANINTid0sU0IAIAINARIALARD RS @01
\de (root mean square error, RMSE) 1Ffaansnfl 4.2 Feanaseiivinnisideniuudiaes
nndinraniidfiansiuiu 4 linaiifiduusyansuansnisdadulaunnndi 0.998 laun
LUUS1889U04 Page, Logarithmic, Midilli et al. ka® Wang and Singh waziiayiinas

WIBULBULUUTIE09619 9 LNDWILUUTIa097ANgn Adulszansuansnisdndula uazen

q

'
a1

INfigesasAraNuAaIndauiatdeads daduamisifiweslunadAnusuenainy
LANANNTENINTOLARALIUUTIADINNANAAEAT AIUULUUTIRBINNANAAEATNITBULIN
AAIsHAEANUTEANTLAAINISARARLAEY LagA1IINTIABIYBIAIAIUARIALATOUNE I DY
Wwaee Fauansliiiudnuudiaemadinmansniseuwiniguuuutiu duseansamadlu
o [ a & = < o A a ' o a1
nMsugdnsInsilagullasanudu esanniduiuudnaesidanuuiugiuazilaiaiy
RANaAm
d‘ o a = gj o I o/ a Qr v a 1 dl
WevinNSUSEUWEUNY 4 kuudnassnarduyseansuaninisindulawazensind
A04UDIAIAINNARINLAGOUAISIADILAREY WUITIMUUI1899U89 Midilli et al. (MR=aexp
(-kt)+bt)- Tauwmdnzanlun1sviugnsiuasukUaInTUYeINTAULRTINAB9IeN
AILTTUVDURIMLULANSBUTINTURRgARLTUlaATIgn tnellAnaderduussdnsuans
N13AnAUlIEIEARAL AT INTIADIVBIAINITNARIALATOUNAIADLRAEAER AD 0.9991 LAy
0.0045 M3d1wu taganguel 4.12 WievinsiuSeuliie uldulAte Uk TenINedeyans
BULIIIT AT TayaINNTaULINTLAINATYIWIeMIBKUUTIae Midilli et al. wuindeya
uldsmseuwisiandilndiulunngnsinasivasinieuaznngamgiiauseulunnyienaan
YBINITBULYY JURUUVRIANNTT Midilli et al. AenduUszansuananisindulaagsening
0.99298 - 0.99998 \ilpLiigUiUNANITNAADS
= A o = = v ] & v Y a
31N3UN 4.13 HevIN15USeUEUAERNI1AIUAINTUTENITOYANI TR UK
wazdayanliannsvihuesigiuuitaes Midilli et al. ynantayadandilnauuiwnuidy
wue 1:1 Tumnaniizniseuwdis uenanntillietgndayaunasiaunisidunss wudn Anay
Furansmilandnlng 1 uagArsnfiaesweAinnunaIaAdouinaIdoLafelaas Sauans
fansianuduiusiuasesteya Wulumudnwarvsawuudtassndlunisldiiuedeya

ANTOUWIAG
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A5 4.3 LUUTIABINNARINAIEATUBINTBULNTIINABNBNMETLUUNITOUWAY
WUUaNSUTINAUNROANANUTURUUTUU TSR IS IaTateINAkAE

QUNNTBULIIANY 9

Model. Condition

Q T Constant and coefficient R? RMSE
(m%s)  (°C)
1 0.04 80 k= 0.0083 0.99840  0.00964
100 k= 0.0096 0.98489  0.03023
120 k= 0.0114 0.99498  0.01660
0.06 80 k= 0.0117 0.99901  0.00729
100 k= 0.0165 0.99822  0.00923
120 k= 0.0209 0.99164  0.01977
0.08 80 k= 0.0158 0.99961 0.00417
100 k= 0.0216 0.99891  0.00697
120 k= = 0.0251 0.99440 0.01536
2 0.04 80 k= 0.0063 n=1.0620 0.99957  0.00500
100 k= 0.0047 ps’ o 1.1700 0.99273  0.02097
1207 |l (L0 O n=1.1150 0.99934  0.00601
0.06 80 k= 0.0096 n= 1.0500 0.99995 0.00164
100 k= 0.0132 n= 1.0620 0.99983  0.00281
120 f=let=04551 nF < i1a50 0.99994  0.00164
0.08 80 k= 0.0143 n=_ 1.0280 0.99997  0.00113
100 k=  0.0186 N=rrr1:0460 0.99991  0.00204
120 k= 0.0179 n= 1.1070 0.99990  0.00208
3 0.04 80 k= 0.0084 a=  1.0070 0.99883  0.00824
100 k= 0.0100 a=  1.0200 0.98814  0.02679
120 k= 0.0119 a=1.0170 0.99729 0.01219
0.06 80 k= 0.0119 a=  1.0090 0.99967  0.00419
100 k= = 0.0168 a=  1.0090 0.99896  0.00704
120 k= 0.0221 a=  1.0240 0.99638 0.01301
0.08 80 k= 0.0160 a=  1.0050 0.99988  0.00234
100 k= 0.0221 a= 1.0080 0.99948  0.00482
120 k= 0.0262 a=  1.0200 0.99754  0.01019
a4 0.04 80 k= 0.0065 a=  1.1900 c= -0.1895 0.99967  0.00435
100 k= 0.0055 a= 15130 c=  -0.5057 0.99186  0.02219
120 k= 0.0078 a= 1.3390 c= -0.3324 0.99931  0.00615
0.06 80 k= 0.0105 a= 1.0900 c= -0.0844 0.99991  0.00215
100 k= 0.0132 a=  1.1750 c=  -0.1734 0.99996  0.00131
120 k= 0.0137 a= 14160 c=  -0.4056 0.99952  0.00472
0.08 80 k= 0.0150 a=  1.0460 c= -0.0431 0.99995  0.00147
100 k= 0.0193 a= 1.0950 c= -0.0917 0.99980  0.00298

120 k= 0.0186 a= 1.2640 c= - -0.2560 0.99968  0.00364
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M15199 4.3 (118) WUUT180INANAAIENSYDINITBULTIYIINADI90NAIETEUUNITOULNY
LUUANTRUTINAUNAAAAMIUTULUUTU VNN TNTIN15INaT0 901N ALAY

QUUNTBULIIANY 9

Condition
Model. Q T Constant and coefficient R? RMSE
(m%s)  (°C)
5 0.04 80 ko= 0.0111 ky= 0.0137 a= 23630 b= -1.3620 0.99963  0.00461
100 ko= 0.0121 ki= 0.0438 a= 1.2050 b= -0.2106 0.99310  0.02043
120 ko= 0.0166 ki= 0.0226 a= 2.1880 b= -1.1850 0.99934  0.00603
0.06 80 ko= 0.0547 ki= 0.0125 a= -0.0420 b= 1.0450 0.99995  0.00165
100 ko= 0.0221 ki= 0.0267 a= 2.4840 b= -1.4800 0.99988  0.00242
120 ko= 0.0205 ki= 0.0206 a= -6.0790 b= 7.0850 0.99375  0.01709
0.08 80 ko= 0.0102 ky="0.0103 a= -22.7800 b= 23.7300 097115  0.03569
100 ko= 0.0229 ky= 0.1524 a= 1.0310 b= -0.0323 0.99991  0.00197
120 ko= 0.0327 ki= 0.0627 o= 1.3950 b= -0.3922 0.99991  0.00193
6 0.04 80 k= 0.0084 a=  0.4612 £S5 0.9670 0.99840  0.00965
100 k= 0.0096 a= 1.0000 b= 0.5931 0.98489  0.03023
120 k= 0.0370 a=  -0.2358 b= 0.3852 0.99932  0.00609
0.06 80 k= 0.0997 a=  -0.0279 b= 0.1232 0.99993  0.00187
100 - k= 0.0298 a=  -0.8494 b= 0.7307 0.99996  0.00145
120 k= 0.0218 alf 92598 b= 0.9418 0.99162  0.01979
0.08 80 k= 0.0146 a= 1.7790 b= 0.9076 0.99967  0.00384
100 k= 0.0213 a= 1.3170 b= 0.9451 0.99892  0.00693
120 k=  0.0199 a=  2.0280 b= 0.7764 0.99629  0.01250
7 0.04 80 k=" 0.0066 n= 1.0320 a= 0.9989 b= -0.0003 0.99969  0.00423
100 k= 0.0036 NZa\\ 1825 ko) a= 0.9907 b= 0.0004 0.99298  0.02061
120 - k= 0.0077 n=_ 1.0760 a= 1.0010 b= -0.0005 0.99941  0.00567
0.06 80 k= -0.0004 A= _ =l 57260 a= 1.0040 b="-0.0119 0.99990  0.00234
100 k= 0.0138 n= 1.0250 a= 1.0000 b= -0.0007 0.99998  0.00108
120 k= -0.0219 n=_0.9003 a= 1.0000 b= -0.0358 0.99992  0.00187
0.08 80 k= 0.0144 n= 1.0270 a= 1.0010 b= 4.951x10°  0.99998  0.00102
100 k= 0.0181 n= 1.0600 a= 0.9985 b= 0.0002 0.99991  0.00197
120 k= 0.0183 n=  1.0870 a= 1.001 b= -0.0005 0.99994  0.00161
8 0.04 80 a=  -0.0074 b= 1.691x10° 0.99964  0.00460
100 a= -0.0079 b= 1561x10° 0.99182  0.02224
120 a= -0.0098 b= 2.643x10° 0.99916  0.00681
0.06 80 a=  -0.0107 b= 3.726x10° 0.99988  0.00256
100 a= -0.0148 b= 6.849x10° 0.99995  0.00151
120 a= -0.0179 b=  8.149x10° 0.99914  0.00634
0.08 80 a=  -0.0147 b= 7.338x10° 0.99988  0.00228
100 a= -0.0200 b= 1.312x10* 0.99989  0.00226

120 a= -0.0219 b= 1.380x10°* 0.99961  0.00403
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NMSSPUNg UL ULAIULNTENINNUBYANTBULINIT AL UBYAINNNTR UL
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(o) I |
£ 04 | P
8 . @/K@(a/
G U %77
8 0.294 e
s H -~
0.0 | o Y/ e N Somvo— 0L 1]
0.0 0.2 0.4 0.6 0.8 1.0
@ Experimental moisture ratio
gl
1.0
o ‘ + 80°C MRyey=1.0001MR,, R2=1
£ 08 .
= | o 100°C MRyeq =0.9998MReyp, R?=0.9999
(O]
2 06 1 0.120°C “MR,eq =1.0002MR,,, R2=0.9999
-6 D/
= s —
7° ==
8 02 -
[a
7
00
0.0 0.2 0.4 0.6 0.8 1.0
@) Experimental moisture ratio

JUN 4.13  nsiieuiiguAdnsdiuanuduseninedeyaniseuniaaiaiasdeyaannns

Y

Y Al v ¢ v ° R A v
DU EPIINNITAANISIPIELUUINEDY Midilli et al. 19mns1n1stravasarnia

(1) 0.04 m?/s (¥) 0.06 m*/s uag (A) 0.08 m*/s My Tuusiazgungl
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4.5 dVwaveedninsivasiniaLasgunglaniounenun WYl 1INGaweNT

auWsluaUUlUTEUUB VLW U VAN TR UTINAUNDAAANTU

4.5.1 @150

mIvanpseuLiindonenfesrutauuiuu VAN oL donnnLTy Tay
yhnsAnundvdnavessnsnsinaveseniauarguvniivieseuliaiidsnasoUIuamsn
U1U83919INA0998N INNANITILATIENUITUIUAIINIUIVDIU1INABIIDNMEHINTEUIUAT
puLILUUaNFauTAUEogAA1NTL TABI1IUNLNITVIAADILUUNITILATIE AT

wusUsrudmivaostlade (Two-way ANOVA) LaztU3autisuauuana19asaaaslay

a L4

A8N193LAT1EMRUY LSD (p<0.05) WUIQUNY B URAINaEdnI1N15bnavetaInie bl
Ufduiusiudeusunasniuttudiandessen wsenanlaiinan1siaseiusuaa1sniu

Y99 1INABNBNNAINTLUIUN TRULINAIN A AUNITDI0UMAILAL BN IN T avD 0N AN

Y

9 TinafiuanAeiusg Wlos 2 AsaUSIIUEITNIUNTRI91INA 038N NTYEN

[

YNEnR

(p<0.05)

(%
Y

MildeunfiansanfiArusinuasniuInmMsUdsullasgnnislvaveseniAag
eIl uNITAUWAINIEIENITIATIERAINLUTUS WdmMSUTaT Ao One-way ANOVA

(Duncan’s multiple range) fan15199 4.4 WUINUINIUAIINIVIVBIVIINADIDN L ULAAZEY

= ' Y 1 N v o W aa @ v A A 14
NAADIUAIULLANATNINUBY WNUUYAIALUNIADR (p<0.05) LLﬁS’“ﬂBL%UI@’N‘VI@iUMﬂNIUViBQ
&

9 Y

QUWR 100 waz120°C tiukudldursudsdniaunagnuliniaasuigean lunusiidle
#9130 AIUTIIMENIN VNN TWABULUaIR N T InaYeseInIA WuITgnsINIsiva

< 3 3 b4 ! £ o P a di = LY
Y939811eLUY 0.04 m?/s winiuiltudeudadalaunasnudsinaasnuigsgailameuiu

Nuszaudu
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M50 4.4 BNSNaTesRUN)ToUWardnTIN1TiareI N AR USIINAIINIUIYEITT

NAD998N

Drying condition

GABA (mg/100 g)

Q (m%/s) T(°0)

0.04 80 12.25+0.21¢
100 14.98+0.18°
120 14.32+0.37%

0.06 80 12.56+0.50%
100 13.48+0.40°
120 13.74+0.44

0.08 80 10.78+0.65'
100 13.88+0.74°
120 13.01+0.16%%¢

4.5.2 anuuduazanunde)

NNANTIATIZRMINLTIRaz AL TEIRIRI5NT 4.5 AETBN1sIAT gAY
wlsUstudmSuaeslady (Two-way ANOVA) Wudtgungieulnikagdniinislvaves
oAU fduiusdeiu LazidiafiasaiAiAuLimaz AU teIn183snaas uwuy
Simple main effect {iorUfduNussenitsgun)ioulakagdnI1NITinavete1niei
danasiafiAuLlILaza UMl UeItINaasIenegn Mltunltuaeudtnauindns

a' 3 ! vy 1 ~ < v Y

N15k1avasaINIAN 0.04 m¥/s dmalitnindenenyaniaunlaoanitgnsinisivaves

P o A o A a o A al o i
9INANTE AU Ve aNAs NI sUasuLUasgaumgiilun1seulie nudinanis
Wisuiflsuneadadiulve ldnuanuusnassenisiudguwdasmanuudanazanumien

YBITINADIIBNNAN
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ANSNT 4.5 Bndnavesgaumgleuwiiwazdnsinsivavessmanemuudiasaiy

Wilg 199U 1INABNBNYEN

Drying Hardness (kgf) Stickiness (kgf)
condition T(°Q) T(°0O)
Q (M%) 80 100 120 80 100 120
0.04 93.04+2.73P 75.62+1.365P 89.29+1.21A¢ 12.24+0.14%  12.67+0.41N2  12.50+0.22N50

0.06 103.67+£2.87%2  111.57+3.00%  114.58+1.53*  12.77+£0.23Nns  13.27+0.54N52  12.48+1.49N5ns
0.08 108.69+9.52%82  11323+3.75%  105.77+3.495° 12.96+0.074" 10.40+0.248°  13.20+1.16A"™

shfiunilngjuansienuliuandnsfiuegefideddymaifluwaniendiu (mawSeuiisudnswavesgumgieuwis, p=0.05)

Y e ea = i u Ao e W = o v e o S A Ao o
mwmwLammmmmmimLmﬂmaﬂuamamuamﬁiymaam‘luﬂaamummﬂu (ﬂ'ﬁLUiEJ‘ULWHU@WﬁWﬁﬂJ@Qa(ﬂi’]ﬂ’ﬁlﬁﬁsﬂaﬂﬁﬂﬂ’lﬂ, p=0.05)

4.5.3 AALAZAINYIY

9INANS197 4.6 LaRIBYEWATDIRNNYTsUIIHAL RTINS vaYasoIN AR A
719 (L) Andunsfudiden (a9) Ardvdesiudinbu (b%) wazA1nnuun (Whiteness) vos
P1INFDNON HAZIINHANITILATIZUAIFLAZ ALV INIYIDNITIATIZRANLLUSUTINE M5
aoelade (Two-way ANOVA) wudiiufaunusiuseyminaaumalioviisuasdnsinisivaves
Ao AuaraNIIvedIndenen lnadlefiansanaiduazanuradieisneasy
WUU Simple main effect Wil WiduRUSsEnsgamaTisuwiaazsnsInsinavesernia
fidmadarduazaurnvestnndesten neranisiuieudieunisadfdiulve linuenu
uanAsanmsasulasenmgilumseuusuazdnsmsivavesennadenisiuasunlag

VIAUNNALAZANUY I VITALAY



75

1597 4.6 BviEnavesgaumilouniikardnsnsivareseniAdednarAINUIIVeIT7

NABIION
Drying L* a*

condition T(°C) T(°QC)

Q (m%¥/s) 80 100 120 80 100 120
0.04 66.82+0.49%°  68.16+0.56"°  67.91+0.320 4.73+0.16%"  4.54+0.178"™  5.06+0.194°
0.06 68.50+0.4952 69.46+0.0342 69.10+0.04482 4.72+0.067 4.36+0.118ns 4.38+0.098P
0.08 67.58+0.16° 68.03+0.26P 69.33+1.02h2 4.99+0.147" 4.51+0.08%" 5.05+0.37A2

Drying b* Whiteness (%)
condition T(°Q) T(CO

Q (m%/s) 80 100 120 80 100 120
0.04 23.54+0.158P 24.41+0.48%2 24.35+0.20%° 59.04+0.47N>P 59.62+0.69N%°  59.40+0.39N>P
0.06 23.28+0.028P 23.38+0.198P 23.92+0.25%°  60.55+0.38V>7  61.29+0.15"%7  60.68+0.16N>?
0.08 24.41+0.46°%2 23.79+0.04°P 25.20+0.07A2 59.11+0.398P 59.90+0.194°  59.98+0.7942b

fhaftuilngjuaesfenuliunndnsiuegnedideddymsaifluwoafieniu (MswSsuiisudvsnavesanmgieuwi, p=0.05)

Y s oz = \ PISTIGUN 5 W 5% W, Y = P Y S A Ao o
m‘wuwLanu,amammmhumﬂmanuaaNmmmmym&aamuﬂaamummm (msmswmwawswa‘vadamwmﬂwawammﬂ, p:0.05)
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4.6 N15:USYUTIBUTEUUDUBLANAIUITUNUTEUUD UL UUANTIUUNR

4.6.1. MmawSouifisudnuasaseuuiaussndsendildluniseuusia

AN99 4.7 MIIUTIUTBUdN YNENTOULITIUBIT1INdB99BNTENINITEUUBUUNY
wuuanfeusiuivIdagaruTunassTUURUT I ULAN oY 2 nMRaesiINITSBuLTiey
dvEnavesgamgiluieseuwisigumgil 80 100 uay 120°C dauan1azdu 1 luszuwyinis
susliidenasi Inevinstivualiianuiiiseurensdegaauiuuasasinisivaes
mmﬂmuammmﬁﬁuﬁmﬂu 1.5 rpm 0.08 m%/s amdsy luvaigiisnsnsinaveseinia
wazgaugiludrufuanimansgaauduiianiu 0.04 m¥/s uag 90 °C muddy

Slofiansaniidnswasesgumgiiovuriaforiu nanismaasuandiifiuinszuvey
whuuaudoudmfuasdegaaiutuaynudasiniseuwisgianiidiaindissutouuiauuy
aneulunninsgungil lassruveuiisuuvauseusuiudonnnudunumsninisey
uwisaagaegluyie 0.0063-0.0093 ¢ water/g dry matter-min TuvuefiszuvsuLiaLuuay
FOUNUPAIBATINTRULAIgIanaglutae 0.0074-0.0125 ¢ water/g dry matter-min #39913
nanlddssuusuuknuuaniouduiuasdegaanuduriilisnsniseunisgeaniunis
puwisdiAufiugeluuszana 17-35% vesszuvauuiiuvaniou wesdlowiaudouludy
vosalluniseuniis wui seuveuwiuUaNSeusmiuIdgaadUldinaluns
pulisflantiosndnssuueuwianuuanouuty sruveuwisiianntuaisnanialy
n1seuwfslianatiie 10-23% vaesguuauwiNiuuansou nga1nauidy [7] nuiinisld
sruvauWRLUUANSauTINfUNEaRRAL Tl a s snanalunse UL sldanasds
25% woeszuuithiliasdognnudu wegllefiarsaniianinavesgamniovuisanssuy
ouwsriiaeniu wuifigumgilunseuusisgaaslfinanlunisevuisdosnitgumgiily
MseuuaiaIngT Inefisnsnisivavesermatasgumgiiauseufe 0.08 m*/s uaz120 °C
wnusnsnseuuisdmasanuarldinarluniseuuristiosflanluftsansssuuniseuu

N3UA 4.14 uag 4.15 uansAmdsuazndsnus iz ilidmsunsouuisin
ndessenseninasruuauLRIitaL T ufUsTUUB UL IuUVaNSouUNd efinnsaniissuy
UL 2 90U sruUpUILUUaNSeuT U dannALTY nuAEswAlEamMIunIs
suuainndesseniidmnitssuusuniuuuvanoulunndrsgamad Taedleriugamaiiay
Youluwieseunridmaliamanuilidmiunseuniidnndosseniidranas Liesannis

WingaumgilauSeulviiuviese uwisdmalidnsiniseuuisasanieniugunagldailunis

o a o [ PN

auwiteras Jsnanlideamgiluieteuwialuladendnidmademwasnunlddmsu

N1FOUMIIT1ING BN TAUTEUUDUWINKUUANTRUTINAUNE 0YAAIUTUNUAING 1T U LY
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dmsuniseuniaaglugae 0.173-0.226 g water/g dry mattermin luagNTsUUBULAILUY

ausaunuAnasUlddmsunsouwiveylugie 0.289-0.411 g water/g dry matter-min

AN 4.7 NMSLUSYUNBUTEUUD UL AINAILNTUAUTE UUB UL L UUaNS o UUNRTIER S
NIBULAsgegALasL ANt uNTaULITINA DN N T UL 9
Hensnsinavesemeadiuganuduly 0.08 m*/s

Treatment  Drying condition  Drying time Maximum DR Energy SEC

Q T (min) (g water/g dry  consumption (kWh/1 kg water
(m*/s) (°C) matter min) (KWh) removed)
HA-DW 0.08 80 70 0.0074 0.226 0.0058
100 50 0.0100 0.187 0.0050
120 a5 0.0125 0.173 0.0042
HA 0.08 80 80 0.0063 0.411 0.0109
100 65 0.0074 0.295 0.0076
120 50 0.0093 0.289 0.0075
0.5
& 0.411
< 04 | E100C N
S . N
3 I 120°C
< \ 0.295  (0.289
8 \ 0.226 \
22 \
g 0187 4473 N N
2 0.2 N ~ NN
5 N N
o N N
S 01 NN NN
2 NN N
NN NN
0 P Y
HA-DW . HA
Drying method
JUN 414 nsiUTeuiig uAMEaSUAlgE IS UNITaULITIINA D98N TENINTEUUBUIAS

ANAUNITUAUTZ UV UL U VAN OUUNG NNV o WolldnT1nIs

Inavesoniediugaaudy 0.08 m*/s

9 Y
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0.012
- Je0C 0.0109
g 0010 | muwoc \
é s m:);j; § 0.0076  0.0075
_:\4” 0.006 4 S 0.0050 0.0042 §
) NEm N
’ 0.000 § &

HA-DW HA

Drying method

JUN 4.15  MsiUTeuiiguAmasud g nlddniun150uuie 1 INaewensEninese Uy
DULNIWAUITUAUTZ VU ULAILUUALTOUUNR N9 uLAeaIg o Wil

9 Y

dnsinsivavesenadiugarududu 0.08 m/s

91307 4.16 LlevnsIsuiflsudnuagniseuniais 2 szuu Ao szuy
punauvanouTmfusdogarutiu warssvuauLiiuUUaNSaufisn 1N slnates
81N1AAD 0.08 m%/s wazamngiituietauwiady 80, 100 uaz 120°C WUIITEUUDULIY
wuuanonufuldeganduanInstetieenintagldfininssuusuuialuuay
Foulunnaniiznseuuis

93U 4.17 uanadulAadnamssuurisresinndostensssrinessuua UL
wuuandousuiudonamiutiu usrssuvsuwiwuuanouuni wud lunisouutedn
néoBNIMIIABISEUURUWIIENULREY 2 Taamseuuindnie Fumsusuanndoi
(Heating up) WA 248n3MMTEULHIARAY (Falling rate) ity Feszuvsuwisuuuanou
Sifuisdegaautu asdsalidnmniseuuisrasinndesoniidgainitsruusuuiauuy

ausaulunNan1ILNITOUWA
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1.00
\"'% o HA
0.80 - 3
3 o HA-DW
0.60 - i

MR

0.40 - %

0.20 -

0.00 , , , :

0 20 40 60 80 100
Time (min)

1.00
% o HA
0.80

o HA-DW

0.60

MR
B

0.40

0.20 -

0.00 , , :

0 20 40 60 80
Time (min)
()

1.00
K‘%&q o HA
0.80 -

o HA-DW

H¢
HH#

0.60

R
CR
#

=
0.40 .

0.20 -

OOO T T

0 20 a0 60
Time (min)

(M)
JUN 4.16  1HUlAINITOULIITTINGDNBNAILTEUUNTOULIILUUAN 9 N8n31N15lnares
81717 0.08 m*/s Uazaaumgiausausinia (n) 80°C () 100°C uag (A) 120°C

ANUAINU



ol

DR

(n)

DR

()

(m)
Ui .17

0.008

0.006 -

0.004 -

0.002 -

0.000

o HA

o HA-DW FH e 1y

0.0

0.012

0.010 -
0.008 {
0.006 |
0.004 |
0.002

0.000

o HA

o HA-DW o B

0.0

0.014

0.2 0.4 0.6 0.8
MR

0.012 -
0.010
0.008

“ 0.006 -
0.004 -
0.002 -
0.000

R

+ HA o
o HA-DW .

0.0

v

[

0.2 0.4 MR 0.6 0.8

(M) 120°C uaInu

1.0

80

LEULAIENIINITOULINTBINITOUWIAITIINABIIONAIETZUUNITOULASLUUAN

18n3n15kaveteInIe 0.08 m*/s uazgaumgiiausau (n) 80°C (v) 100°C waz
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4.6.2 NMFUSHUWIEUAMAINYDITIINGDIBN

4.6.2.1 @130
HANI9ILATIERUTUIUEITNIVIVDIT1INA DIIDNTENTNTEUUBULIAIUUUA LT DU
ffursdegaauduiasssuvouniauuuandeu annsauandldfinaed 4.8 uazannua
ATIATIERUIUIUEITNIUIMIATIERAINLUSUTIUE MSUTadBLRE7 One-way ANOVA
(Duncan’s multiple range) 7l p<0.05 nuitAYSIMaIsNIUIveItIndossenluudazds
NAADINAINLANFAN AU NTTYAAYN19ads TnelinuilunAsud9TaAlauAD 919Na0998N
ynfeg1eliInnTeUNRILUTAN 9 SUinauaisnuiinnIdndesnAildsunis

Y= 1

Wgsen (Meg1eniuaw) FeUglaftanaAmslaguinsnaTuvestIndewenieiisy

futnndesund wezidefiansandydwavesgampiluniseuniuiouiinuansniuivestn
n&oeenNNITNITEULT I AeNsEUY NansIUSsULsunainaulng ldwueuuansis
fifauresnindsuntasiuiamsniuaindndnavesgamndluniseuuts sisiidle
finsaunaTinamsniuivestnndewenandvsnavesisnisouuisiwanssiudmiy
srUUBUWRaRssruY nuwnHudnaufiasnuUiinaasniugeaaiiniseuuiainindas

19NAIYIFUUDUMIIKUUANSOUTINAUIRBAAAIINTY

AN 4.8 UTUIAEIINIUITBIIINABNDNTIIDNITOULIAIAN 9|

Drying method Drying condition Drying time GABA (mg/100 ¢)
Q (m?/s) N (*Q (min)

HA-DW 0.08 80 70 10.78+0.65¢
100 50 13.88+0.74°

120 45 13.01+0.16%

HA 0.08 80 80 12.46+0.30"

100 65 12.72+0.48°

120 50 11.39+0.34<

Brown rice - - 1.34+0.04¢
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4.6.2.2 A1udeuazaunden
MNHAMTAATIZHFITNT 4.9 FeTBmslenzianuulsusudmivtadofen
One-way ANOVA (Duncan’s multiple range) Wu11ANuLILarANLUUTdeIv09919n8 04
sonysgnluusiazAmmnassdiamuaniiuegsdifodfyn1eadi (0<0.05) uagaziiulsn
Imndessenyanyniegisdimundesniuagiaumisnnnnitinndesnfvsani

Va2

Ladsinunisizeen (Fegranuaw) Faiadlantanuninlunissulsemuifturesininges
sondlaisududmnassund Mllidlefiansaniieuudawazanumieiveadindessenns
gneneIsN1sURINILANA 1Y Han1siSsuisunsadfdiulng ldnuanuuanssdec

AuLakazAUmdevediandesenungnainnisuasunuasisniseuniitindessen

13197 4.9 AuduazALmileIuetINABNBNYNENTIREN TRV 9

Drying method Drying condition Hardness (kfg) Stickiness (kfg)
Q (m?/s) T(CO
HA-DW 0.08 80 108.69+9.52°¢ 12.96+0.07°
100 113.23+3.75° 10.40+0.24°
120 105.77+3.49°¢ 13.20+1.16°
HA 0.08 80 110.46+2.94°¢ 12.99+1.13°
100 104.80+2.91"° 13.50+0.77°
120 103.73+2.91¢ 12.98+0.74°
Brown rice - 5 164.70+2.04° 8.66+0.07¢

4.6.2.3 A1ALAZAIAIINYIT
INNANITAATIZAAALAZAIINVIIVIITING DIDANILITNITILATIZUAITY
wsUTIud U987 One-way ANOVA (Duncan’s multiple range) ansnsataninals
Fapn51971 4.10 InenuiTluudarmeaedinauwnnanstueg1aiiedfymneada (p<0.05)

= 1

dusuAmduazAuvvestandesen wandbiiuldindindeswenyndiegieliniuadng
wazmLrIINIdndesunifliiunisinigien (Fethanuey) St leRTdnuae
Usngiifaturesinndesendeifieuiuimndewnd waedlevinsieudisudvinanes
FnseuuisieAnuadng Aduasiuiides mAmdestudiGu wagAr et
naswen wansiuTsuisudulng numILuanA19INENENAYBIIBTNITOULKITIINA DY
sondonITAsuLlasesiAunafudider edimdestuiindy uazAanurivesiindes

a' 1%
ﬂ@ﬂi‘u‘VJ nidaulunTaULS



a " ! v Y Aaa v
#1519 4.10 ANELLAEAINUAINYDIVIINADIIDNNITNTTDULIIFANE)
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Drying Drying condition L* a* b* Whiteness (%)
method Qm’s  TCO

HA-DW 0.08 80  67.58+0.16™ 4.99+0.14™  24.41+0.46°  59.11+0.39"
100 68.03+0.26™  4.51+0.08°  23.79+0.04°  59.90+0.19%

120 69.33+1.02°  5.05+0.37°  25.20+0.07°  59.98+0.79%

HA 0.08 80  67.22+0.14°  4.90+0.10°  23.75+0.24°  59.22+0.21%
100 68.02+0.44° 491007  24.26+0.26°  59.56+0.50

120 68.35+0.72°  4.75+0.06™  23.78+0.07°  60.13+0.55°

Brown rice - . 62.83+0.54°  4.72£0.05™  24.92+0.18"  55.00+0.52°




ayunanmInnaey

5.1 HAN13ANYINTNNUVBIRBUALIATIZVUTEENTNAYRIIRBRAAINTUNS

seuuluanmevieseulialan

WegaruFuannsaanauFuduiniuardnsdmanutunssivgamgiives
91N1A31N 50.2%, 19 ¢ water/kg dry air wag 35.9°C Ju 33.9%, 16 g water/kg dry air Wag
41.1°C audrdu sausiialfszuvanauduluoinmeieuluuniiusn uazasdoaunse
Snwinsvhauganwduluoinaldegseiiosauinii 30 Sdanududuinsdy
37.9% niguaunsanmutuluoniatianinisanmutusasifinguvnivesenianss
punszUINNIsenABuUAn e1masoufithulifuaninasgnaruduianinisfuaautiy
nansgaaaduld Tasfinmsidsuslatenirnnarududuivg Snsndaunuiy uas
Qm‘mg:ﬁ 15.5%, 19 ¢ water/ke dry air ey 60°C W 42.6%, 26 g water/kg dry air Wag
44.8°C 3E9Y

desruuisdagarmutuinldsiuiussuuauuiis Tnehuuasnsnislvaves
pImafiiuIsdegaautuliu 0.04 m¥s wazgnngianieuluiesauuiadu 90°C 29de

& o ; & o
@mmwmmmmmamamiwmummﬁuuiummﬂawizmm 7.5 g water/kg dry air %9

=

aonAdasUSnIIEIUANUTUTL LAY 7.5 g water/kg dry air ¥8301nATIRALASAUAAIN
ansgarTiy uandidiuidanuanneluisdegenruduansagauazmemiutuoontd
Tunanfertuludpdndivintu

UszAnBratesadonaniutueglurag 44.39-98.49% Fueefunguiildluns
Arsedt Wodsmumguinszurunisiutesfeuudn TiseAvsuaia 98.49% uansinnede

a

= = o o &
cﬂmmwmuuuﬂizawﬁwaqqmmumiammﬁmﬂummﬂ

5.2 HaN13ANYIBNENATB18nIIN1T a0 AkaE M NauTa UMD NYwENIT
sulsuasndanuililuniseuukiinndesendessuusuuiuvandousuiy
2&gANTY

913N MATDIINALAL RN TOUIY 0.04-0.08 m*/s Uag 80-120°C mua AU
TWmsniseuniegegn natluniseunis wazndsudldlunseunsiseglugia 0.0039-

0.0125 g water/g dry matter-min, 45-130 Y19 wag 0.173-0.452 kWh a1ugd1siu 59857
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N17l1aY899INALAL QUMD ULIIES BRNTINITBUWANEIES Latkaznasunlylunis

DUWINEIAN F9U 9RI1NTEau991n1@ 0.08 m3/s kazaunniiouwiig 120°C uduaniig

9 Y

v

Ao a
ﬂ’l'ia‘ULmﬂWﬂV]Ej(ﬂ

5.3 Han1sAnwavinavessnsnisinaenianaraavgiausoudeauifives

9INALUNTBULINTIINABNBNAIYTFUUB UL UUANTBUTINAUNTDAAAUTY
AnsFudiindvesenialasseudililumsEudunisvaasseylutag 45-550% wilevi
MIMAABIBUNIT AmNuTudNTMsYasoIMAanatetiTInEILazAsudaigAAsilui

10 ¥ensEUIUMToUL lnglimnududiinseglugit 9-15% naenauduannszuiuns

5.4 HaN1SANYINITAS1UUIIADIAMAAIEATUDINITOULTIUIINADIDNLUUTY

UNFETEUUB UL auT iU doRnA Ty

WuuS1aesadina1ansvee Midilli et al. (MR=aexp (-kt")+bt) fio wuusiassi
wngauigaianansnyihuneduldsnsouuisdmiuniseunisdndostendessuua UL
LuvapumUsdeRamNTLT S ITNslnavese Akazgamg TauwKs 0.04-0.08 m?/s
uag 80-120°C mudrdu Inefadulssaviuaninisfnaulauazarniiaesuosainiig

Aaaedeuidsaealnduoglutis 0.99298-0.99998 uaz 0.00102-0.02061 AsdIfy

5.5 Han13AnwdnEnavewnsMslveeniALargamaliauTausonmnWYet?

n&evanilouwsilusuuislussuusunisuuuandousuivadegaeuiu
USuaansniunvestnindesenaglugag 10.78-14.98 me/100 g AMLULTLazAIN
wileeglugig 75.62-113.23 kef war 10.40-13.27 kef muasiu A3MY138glude 59.04-
61.29% Snsnsivavaseinauaz g aufeuiidnsnaseu3inaansniun anuwduas
Al uarendnasairnavasimndessenilsunuuuauiousuiuisdonaauty
gaumgilauusisgs 100 waz 120°C wagdmsnislvavedeinias 0.04 m¥/s Tasniunganin
ann¥n1seuLady  dasmsluavesennie 0.04 m¥/s Sadwalitindessenyaaniaiy
wadesnindnsinisinavesenniafisedudu q anurnvesdnindeseniinnuwand ety

P1sadRLe lUnUw IHUAYARULININ
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5.6 Han1sANYINSISEUWIBUTEUURUWRLUUANSauswiuNaegaANuiy

JEUUBULILUUANTBUUNG
szuvauLsuUTanouTmiudogaautulisnniseuiigean rarluns
UL LLazwé’wuﬁiﬁﬂumiauLLﬁaag”Luezm 0.0074-0.0125 ¢ water/g dry matter-min, 45-
70 undl ua 0.173-0.226 kWh snuaddu Ssfintrsruueuuiauuuaufouuniidavanior
Tut13 0.0063-0.0093g water/g dry matter-min, 50-80 U1 wag 0.289-0.411kWh auadiu
F1ndessenilovursuvuaniousiufuisdegnainudu uuvaufouund wazdndesd
USunaansnmunlaeade Ao 12.56, 12.19 uaz 1.3¢ mg/100 ¢ mudsu auudslaewde
fio 109.23, 106.33 waz 164.70 kef mua1iU muwienlaeiade Ao 12.19, 13.16 uay

8.66 kef muddU wazAmalagiade fie 59.66, 59.64 LAy 55.00% AUAIN

5.7 aNME MU ANEINTUNITOULTNTINADWDNAIYTEUUB ULAILUUANS DU

ffuszuvaneutulune

szuvaUMILUUaN U AU amLTuTiEnT s Inave s M ALAzuMnT
ouwiaidu 0.08 m¥/s way120°C muddy Wuaneznseuwiiiinyauianlunsa UL
11Indessan laglrdnsiniseunisgdn 0.0125 ¢ water/g dry matter-min 13a1lun1s
puuvisduan 45 uiil wdsewilldnisauniaiign 0173 kwh Jimiaarsniuigs 13.01
mMg/100 g AuLTY AUWTET WazANNYIIYIUNENS 105.77 kef, 13.20 kef uaz 59.98%

AUAIAU

5.8 UBlAUBLUL

nMIsNeABtTFULaULTILUaN U NI 9d gAMLY WU SEUUa ULl
ynnsAnwianunsoannudulueinalffuiiuifenela lun1sdnwidelusunanans
nsfnwsruveuwisiifimsananuduluemenuuduiinfudeduiu wu szuunisan
aruduluviosouuiauuuaedu e IBnseuuisimnyaufigauasdussansnimasan
ABENITBULIITINAB9DN

dmiun1sfinuinisiaiuresisdeganudu enauivannenamaasdlusUuuy

AU 9 19U MIANTUAIUNUIVDITANNAA Lo lilinan1TIuTetdenanNunRTY Ty

ANFHANTUAIUNUIVBIRANKIA AITHNITUSUVUIANAAUT AT WSITNUINTUAE
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Thin-Layer Drying Models for Dehumidified Hot Air Drying of Germinated Brown Rice
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Abstract

This study aimed to evaluate suitable thin-layer drying models for germinated brown rice (GBR) undergoing
dehumidified hot air drying. Dehumidified hot air drying of GBR to the final moisture content of 12% wet basis was
conducted in a hot air drying system with'a desiccant wheel (HA-DW). Drying.curves as influenced by drying temperature
(80,100, and 120°C) and air flow rate (0.04, 0.06, and 0.08 ms/s) were plotted. The shortest drying time of 45 min was
achieved by drying GBR at the highest drying temperature of 120°C-and the greatest air flow rate of 0.08 m’/s. Comparison
of K" and RMSE values of selected 8 drying. models showed that-the Midilli et al. model gave better fit. The average K
and RMSE of of 0.9991 and 0.0045 were achieved respectively.

Keywords: Drying modeling, Desiccant wheel, Hot air drying, Germinated brown rice.

1. Introduction several advantages such.as low initial costs, environmental

Thin-layer drying_is- the process of removal of water ' friendliness, and energy saving (Madhiyanon et al., 2007).

from a material by passing drying air through a thin layer of
the material until reaching the desirable maisture content.
Moisture removal from agricultural products typically
presents direct relationship. among "drying temperature,
drying .air velocity, relative air humidity, and variety. and
maturity (Yadollahinia et al, 2008). One of the most
important studies on-thin-layer drying of materials is the
study ‘on mathematical modeling of the drying process.
Dbrying model is significantly useful in selection of the ideal
drying conditions. It can be used to estimate a drying curve
and predict drying behavior of materials such as moisture
content, drying time, and._heat and mass transfer. It also
provides important parameters of drying optimization and
produet quality improvement (Giri-and Prasad, 2007).
Although thiwlayer drying <ququngy has been reported

in numerous tesgarch there-is no stydx, n moetehn)g-,eﬁ-
o .

dryn% pﬁess*’g it drying §
wheel (HA-DW). HADW system was d
provide de idified air in the drying system. Low relal

/i the drying cha l&u}e to higher

re homogeneity'

Regardingto. the drying -material of this study, i.e.
germinated brown rice (GBR), it is promoted for high
nutrients such as Y-aminobutyric acid (GABA), dietary fibre,
oryzanol, vitamin. E-and vilamin B (Kaosa-ard and
Songsermpong, ' 2012). ' GABA. has-several physiological
advantages such as being an inhibitory neurotransmitter in
the cerebrospinal fluid of mammals (Liao et al., 2003),
reducing plasma cholesterol. level (Miura et al.,, 2006),
improving blood glucose level (Seiki et al, 2005), and
preventing - chronic alcohol-related diseases (Oh et al.,
2003).

Therefore, study - was
developing thin-layer drying models of drying of GBR using
the HA-DW _ system. Drying characteristics of GBR drying
using the HA-DW system were also discussed.

"ﬁ)ﬁtegals and Methods
1 Experiment
Broﬁﬁ rice of

stored at 4'C.

the  present focused on
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20 h. The GBR has a moisture content up to 30-33% (w.b).
The final moisture content required for dried GBRis 10-
13% w.b. for  safe
Cheevitsopon, 2016).

storage (Jongyingcharoen and

2.2 Experimental Dryer

Figure 1 shows an experimental set-up of the HA-DW
system. The system is composed of three main com-
ponents including a rotary DW, a dryer, and an air-to-air
heat exchanger.

The rotary DW with silica gel (a desiccant material) was
combined to a hot air drying system. The stainless steel
DW was 700 mm diameter x50 mm thickness. It was
divided into two equal sections,
sections.  These
simultaneously by means of continuous rotaion between

i.e. adsorption and
regeneration sections'. were run
the ambient humid air through the adsorption-section and
the heated regenerative air through  the regeneration
section. It was driven by a motor (RS Molor Industry,
Taiwan) at 0.5 rpm. Lower relative humidity of 3-13% was
achieved in this system.

The cylindrical drying chamber was 200 mm inner
diameter x 300 mm length. The blowers (1 HP, MA4OB,
EuroVent, Thailand) were used to supply air for drying and
regeneration, respectively. The air was-heated to required
temperatures by 3.74-kW. electrical heaters (Technology
Instruments, Thailand).

The heat exchanger was made - of ‘aluminium with a
heat exchanging arca of 50 m2. It was designed Lo receive
the inlet heated air from the drying unit and exchange the
heat to the inlet ambient air for regenerating the DW.

0.04, 0.06 and 0.08 m3/s. The fixed temperature of 90°C
and flow rate of 0.04 m3/s was used for the regeneration
process. GBR of 1-cm grain bed depth (180 g) was fed into
the drying chamber and dried until reaching the final
moisture content of 12% w.b. During the process of drying,
the sample was weighed at each predetermined interval
for moisture content measurement. To determine its dry
matter content, the sample was dried in a hot air oven at
105°C for 24 h (AOAC, 2005). The experiments were
duplicated.

24 Theoretical Considerations

2.4.1 Calculation of Moisture Ratio and Drying Rate
The moisture ratio. (MR) and drying rate (DR) were
calculated as follows:

M;- M,
Meiae- My
DR = Y TR (2)

where Mi, ML, Me and-Mt+dt are moisture content (g
water/g dry matter) at initial, specific time, equilibrium and
t+dt, respectively and 't is drying time (min). However, Me
was assumed to be zero for drying at high temperature
(Sripinyowanich and Neomhorm, 2011).

2.4.2 Mathematical Modeling of Drying Curves

The drying characteristics of GBR drying using HA-DW
were modeled based on 8 thin-layer drying models as
shown in Table 1.

Table 17Thin layer drying models applied for HA-DW
drying of GBR

Model No. 1 Model name I Model
- — sy 3 Lewis MR=expl(-kt)
_ it 2] Page MR=expl-kt)
-ZEQ L ( 3 Henderson and MR=aexp(-kt)
* '\L"’ —— y
| flowerz” Heal exchanger R s . ‘V:a MR=aexpl-ki+c
e ¥ é % ,=t. E:g’c/f.ﬂ y‘ 5 4 Loganth Wwo term _MR=aexp(-k0t) +bexp(-k1t)
‘.,_/\_ @' —(aexpleki)+

——

k

LIM T Hedterl Blower]
ﬂl A schematic di

Desiccant wheel 9’

Wang and Slngh

5 Bpenmental Pmceﬂéa
ts were coMucted at the drying

emor (RMSE) were

o evaluate g

A - 5
Wsystem = - .
CoefiEnt of dMRZ) and root mean square ‘“
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the lower the RMSE were indicated the best the model fit. 109
&80°C
These statistical criteria were calculated as follows: \ &
08 : = & 0100°C
o Sn%
Z MRprei X MRexpji 26 o i ©120°C
R%= 1 3) £ . * | Y
n n
JZH(MR""")ZXZx-l(MR"‘P-')Z o *e I o Eoa.
o , 12 02
RMSE - IEZHMRW-MR%,) ] @) .
Q 20 0 60 80 100
where MRexp,i and MRpre,i are the ith experimental and Time (min)

predicted moisture ratio, respectively. N is the number
of observations.

3. Results and Discussion N
880°C

3.1 Drying Characteristics 02 \ z o100°c

Drying curves of HA-DW drying of GBR at different drying - L ; ; z 0 120°C
temperatures are shown in Figures.2-4 for the air flow rates < x 'y
of 0.04-0.08 ms/s, respectively. The. results: show that — Sa ' ry
increasing drying temperature and air flow rate increased 02
the drying rate_and consequently decreased the drying o5
time. As shown in Table 2, the shortest drying time of 45 X 2 . :gm . %

min was achieved by drying-GBR at the highest drying
temperature of 120°C and the greatest air flow rate of 0.08
m’/s. The greatest maximum  drying rate of 0.0125 g
water/g dry matter-min was achieved at this condition as

Figure 3 Drying curves of HA-DW drying of GBR at 0.06
m’/s-and different drying temperatures.

Figure 4 Drying curves of HA-DW drying of GBR at 0.08
m’/s and different drying temperatures.

Table 2 Drying time and maximum DR for HA-DW system

well. of GBR.
L9 A80°C Drying condition Drying time Maximum DR
08 “!! o 100°c Qm/s) | 7O (min) (g water/g dry matter min)
2 - o oty 80 130 0.0039
< ' g = 0.04 100 120 0.0043
0s $ SbuimeTe 120 95 0.0047
), T W 80 95 0.0055
: 0.06 100 70 00083
5l 120 50 0.0087
0 0 100 150
e Chig 80 70 0.0074
- 5 ¢ B d f GBR-at"0:04 0.08 100 50 0.0100
|gure Drylng curves of ryl 9.0l
oW E ef 120 as 00125
3 _— 'JFRSm Figures 5-7, like general pattemn of drying rate
c hot air d ultural material, there

weret\w d

rying

é?’ :

el
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Figure 5 Drying rate curves of HA-DW drying of GBR at 0.04

m’/s and different drying temperatures.

Figure 7 Drying rate curves of HA-DW drying of GBR at 0.08

m/sand different drying temperatures.

Figure 6 Drying rate curves of HA-DW drying.of GBR at 0.06
m’/s and different drying temperatures

Table 3 Constants, coefficients and statistical crieria (R2 and

0010 agere 3.2 Mathematical drying method
adoe 2“’”:5 .t :,," The results of drying model constant and coefficients
» 1F . * % " '-"’q and statistical crieria (R2 and RMSE) expressing goodness to
< o + oy s " "“." fit of the models are shown in Table 3. This table shows
0.002 W A | ad only four models having the R values greater than 0.998
¥ A w'&.,.m : (Page, Logarithmic, Midilli' et al. and ‘Wang and Singh
models, respectively). Comparison of R and RMSE values
. i - o Ay A 1=,c of the selected drying models showed that the Midilli et al.
R model.. gave- better fit. The. average values of two

parameters (R’ and RMSE) were 09991 and 0.0045,
respectively. Figures 8-10 present the comparison between
the experimental data of HA-DW drying of GBR to the
predicted data given by the Midilli et al.model at each air
flow rate and different drying temperatures. It can be seen
that there was a very good agreement between the
experimental and predicted moisture ratios at each drying
time.

RMSE) for HA-DW drying of GBR.

Model Condition - i . ~ a

No. Q (mJ /s) TC0 nstant and coefficient MSE

2 0.04 80 k=0.0063 n=1.0620 0.99957 0.00500

100 k=0.0047 n=1.1700 0.99273 0.02097

120 k=0.0072 n=1.1150 0.99934 0.00601
0.06 80 k=0.0096 n=1.0500 0.99995 0.00164

i 100 k=0.0132 n=1.0620 0.99983 0.00281
i . 120 k=0.0131 n=1.1450 0.99994 0.00164
0.08 80 k=0.0143 n=1.0280 0.99997 0.00113
.— 100 k=0.0186 n-=1.046 0.99991 0.00204
120 k=0.0179 0.99990 0.00208

n=1.1070
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Model Condition & ’ Py & S
No. Q (m3 /s) TC0 onstant and coefficient E
4 0.04 80 k=0.0065 a=1.1900 c=-0.1895 0.99967 0.00435
100 k=0.0055 a=1.5130 c=-0.5057 0.99186 0.02219
120 k=0.0078 a=1.3390 c=-0.3324 0.99931 0.00615
0.06 80 k=0.0105 a=1.0900 c=-0.0844 0.99991 0.00215
100 k=0.0132 a=1.1750 c=-0.1734 0.99996 0.00131
120 k=0.0137 a=1.4160 c=-0.4056 0.99952 0.00472
0.08 80 k=0.0150 a=1.0460 c=-0.0431 0.99995 0.00147
100 k=0.0193 a=1.0950 c=-0.0916 0.99980 0.00298
120 k=0.0186 a=1.2640 c=-0.2560 0.99968 0.00364
7 0.04 80 k=0.0066 n=1.0320 a=0.9989 b= -0.0003 0.99969 0.00423
100 k=0.0036 n=1.2510 a=0.9907 b=0.0004 0.99298 0.02061
120 k=0.0077 n=1.0760 a=1.0010 b= -0.0005 0.99941 0.00567
0.06 80 k= -0.0004 n=1.5260 a=1.0040 b= -0.0119 0.99990 0.00234
100 k=0.0138 n=1.0250 a=1.0000 b= -0.0007 0.99998 0.00108
120 k= -0.0220 n=0,9003 a=10000 b= -0.0358 0.99992 0.00187
0.08 80 k=0.0144 n=1.0270 a=1.0010 b=0.0000 0.99998 0.00102
100 k=0.0181 n=1.0600 a=0.9985 b=0.0002 0.99991 0.00197
120 k=0.0183 n=1.0870 a=1.0010 b=-0.0005 0.99994 0.00161
8 0.04 80 a=-0.0074 b=0.000017 0.99964 0.00460
100 a=-0.0079 b=0.000016 0.99182 0.02224
120 a= -0.0098 b=0.000026 0.99916 0.00681
0.06 80 a=-0.0107 b=0.000037 0.99988 0.00256
100 a=-0.0148 b=0.000068 0.99995 0.00151
120 a=-0.0179 £=0.000081 0.99914 0.00634
0.08 80 a=-0.0147 b=0.000073 0.99988 000228
100 a= -0.0200 b=0.000131 0.99989 0.00226
120 a=-0.0219 b=0.000138 0.99961 0.00403
80°C L 80°C.
100°C a_ 100°¢
120°C o 120°C
DASGENRdledb iR EEEEREF LIl WO T -, 200 TION 80°C,predicted
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Figure 10 Experimental and predicted drying curves of
HA-DW drying of GBR at 0.08 m’/s and different drying
temperatures.

4. Conclusions

Drying characteristics of HA-DW drying of \GBR were
provided at the air flow rates.of 0.04-0.08 m’s and the
drying temperatures of 80-120°C.. Air flow rate and drying
temperature had a considerable effect on drying time and
drying rate. Increased air flow rate and drying temperature
led to increased drying rate-and short drying time. The
shortest drying time of 45 min was achieved by drying GBR
at the greatest air flow rate of 0.08 m’/s and the highest
drying temperature of 120°C. The best fitted drying model
for HA-DW. drying of GBR was the Midilli et al- model
(MR=acxp(t")+bt). It resulted in: the highest average K of
0.9991 and the lowest RMSE of 0.0045.
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Abstract

A hot air drying system combined with a desiccant wheel (HA-DW) was developed in this study to provide
dehumidified air in the system. The rotary desiccant wheel (DW) with silica gel could reduce humidity of fresh air
as shown by its lower relatively humidity (RH) and humidity ratio of 33.9% and 16 g water/kg dry air, respectively.
The RH and humidity ratio of regenerative air at the temperature of 60°C exiting the DW were increased from 15.5%
to 42.6% and from 19 g water/kg-dry air to 26 g water/kg dry air, respectively. In the HA-DW system with a given
drying temperature of 90°C, the RH of 42.6% (17.5 g water/kg dry air) at the inlet decreased to 9% (7.5 g water/kg
dry air) at the outlet of the DW during dehumidification, In the section of DW regeneration, the RH increased by
13.8% (7.5 g water/kg dry air-added) after passing through the DW. The HA-DW system was proved to provide this
drying system with lower humidity following the theoretical dehumidification and regeneration process in a
psychrometric chart.

Keywords: Desiccant wheel, Hot air drying, Desiccant, Silica gel, Psychrometric properties

Therefore, this study was focused on development
1 Introduction

Using a dehumidification process in hot air drying is

of a HA-DW system and determination of psychrometric

propetrties of air in the system.
advantageous for improvement of drying characteristics

and dried product quality. Low RH which promotes the .~ 2 Materials and Methods
efficient water removal could be observed in this drying

2.1 A hot air drying system with a DW
system. Naidu et al. (2016) has shown that lightness,

Figure 1 shows the experimental set-up of the HA-
greenness, and yellowness of dill greens dried by low
humidity hot air were higher than those of the samples
dried by hot air. The tow humidity_air. drying of dill
greens (50°C, 28-30%RH) also contributed to its higher
anti-oxidant activity as compared to conventional hot
air drying at the same temperature (50°C, 58-63%RH).

A rotary DW is one of the most promising

DW system. This_system is composed of three main
components including a rotary DW, a dryer, and an air-
to-air heat exchanger.

The rotary DW with silica gel (desiccant material) was
equipped with_a hot air drying system. The stainless
steel DW was 700 mm diameter x 50 mm thickness. It

was divided into two equal sections, i.e. adsorption and

dehumidification of air conditioning system. It could be regenerationy sectidk@\. ThesgPsaffions were run

WEopaEtEd NG DO A VIR, systeny &5 on simultaneously by means of continuous rotaion

attemative: way ORggiNag, Resai¥ing Forl i gesy between the ambient humid air through the adsorption

devslaprin, deanint IggEINiginn Syt b section and the heated regenerative air through the

offer severl. advantages Such gy STIRISSI regeneration section. It was driven by a motor (RS Motor

environmental friendliness, and energy saving

Industry, Taiwan) at 0.5 rpm.
(Madhiyanon et al, 2007).
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The cylindrical drying chamber was 200 mm inner
diameter x 300 mm length. The blowers (1 HP, MA40B,
EuroVent, Thailand) were used to supply air for drying
and regeneration, respectively. The air was heated to
required temperatures by 3.74-kW electrical heaters
(Technology Instruments, Thailand).

Rotary DW Heat exchanger
RSy
) \ &g\ |

Outlet air after heat exchanging

Inlet air for
Heat exchanger
regeneration

The heat exchanger was made of aluminium with a
heat exchanging area of 50 m’. It was designed to
transfer receive the inlet heated air from the drying unit
and exchange the heat to the inlet ambient air for
regenerating the DW.

Cross sectional view of the DW

Heater2

Qutlet air after regeneration

Inlet air for drying

4—'—

— (2 V)

2N
NV

Drying chamber Heater1 Blower1

Figure 1 A schematic diagram of a HA-DW system.

Desiccant wheel
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2.2 Performance of a DW dehumidification system

2.2.1 Dehumidification process

Figure 2 shows the schematic diagram of the
dehumidification process unit. The DW contained 3-kg
fresh silica gel with the thickness of 1 cm. The ambient
humid air (daytime, 35.9°C, 50.2%RH and 19 g water/kg
dry air) passed through the DW at the flow rate of 0.04
m%s (0.044 kg dry air/s). During the process, a
temperature/ hygrometer (KT320, Kimo, France) was
used to measure RH and temperature of the processed
air. The experiment was conducted for 30 min with the
measuring intervals of every 1 min for the first 10-min
and every 5 min for the last 20 min.

1= [ ) =

Drying chamber ~ Heatzr1 | Blowerl

Desiccant wheel

Figure 2 A schematic diagram of the dehumidification
process unit.

2.2.2 Regeneration process

Figure 3 shows the schematic diagram of the
regeneration process unit. The silica gel inside the DW
was allowed to absorb moisture at the ambient
condition for 5 hrs untit it became pink ‘prior to
experiment. The heated air with the temperatures of
60°C and the flow rate of 0.04 m?/s (0.041 kg dry air/s)
was used to regenerate the silica gel. The air supplied
in this process was heated up by a supplement heater
2. The RH and temperature of this process were
measured at the same intervals as stated.in 2.2.1

Blower2
T e

Heater2

Heat exchanger

Desiccant wheel

Figure 3 A schematic diagram of the regeneration
process unit.

2.3 Psychrometric properties of air in a hot air drying
system with a DW

Figure 4 shows the schematic diagram of a HA-DW
system. There are two simultaneous process including
the dehumidification process (line A) and the
regeneration process (line B). In the dehumidification
process, the ambient air was introduced to the process
at A1, reduced its moisture by the DW, heated by the
heater, used for drying, and then passed through the
heat exchanger for exhanging its heat with the ambient
air from line B. In the regeneration process, the ambient
air was inletted at B1, incresed it temperature using the
heat exchanger and passed through the DW for
regenerating the silica gel. The heater 2 was closed
during this experiment. The experiment was conducted
at the temperature in a drying chamber of 90°C and the
flow rate of 0.04- m*/s for both lines (0.044 kg dry air/s
for line A and 0.040 kg dry air/s for line B). During the
process, the RH and temperature of this process were
measured-at every 5 min for 30 min.

A3 A4

BL_ i
Blower2
Heat exchanger

O

Drying chamber Heater1 Blowerl

Heater2

Desiccant wheel

Figure 4 A schematic diagram of a HA-DW system with
points of air condition assessment.

2.4 Desiccant wheel effectiveness

=== T .@ -~ R¥z-z=-oy) - Effectiveness of the DW was determined using four

Pahlavanzadeh (2009). The DW effectiveness could be
defined in terms of heat .and mass transfer processes.
The first equation is considered as thermal effectiveness

as follows:
ToeTa
= (1)
Ter T
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where Ta, Taz and Tg; are inlet and outlet
dehumidification process air and inlet regenerative air
temperature, respectively.

the DW

effectiveness could be derived from the heat exchanger

Assuming DW as a heat exchanger,

effectiveness as given by Eq. (2):

(war-waz) hrg

e 8
where w and h are the specific humidity and the
vaporization latent heat of water, respectively.

Based on the ideal dehumidification of DW in which
the air is completely dehumidified and the humidity
ratio of the outlet air of DW (Wazjgeal) is zero, the
expression of DW effectiveness could be:

WAL-WAZ

€ g (3)
WAL-WA2 Jdeal
where wa; and waz was the specific humidity of the inlet
and outlet air of DW.

As the theoretical operation of DW . would be
adiabatic, the following equation expresses the DW
effectiveness with respect to the enthalpy deviation
from the adiabatic condition, in which the effectiveness
value reaches to 100% (Figure 5).

(hrz=ha)

€_ ) —— ()
hay o'
Wheel inlet ;g =

h £%

Al '9@6{ 2 o

Aor Fath o <

66’/&‘ h” = 1]

A, ° °

) G h _g r3

/ds"(l AL <9

0
0 Dry bulb temperature (°C)

Figure 5 Adiabatic and
psychrometric ‘chart: ( Modified from Mandegari and
Pahlavanzadeh, 2009).

real DW _processes on

3 Results and discussion
3.1 Performance of a DW dehumidification system

3.1.1 Dehumidification process

During the dehumidification process, DW could
reduce RH and humidity ratio from 50.2% and 19 g
water/kg dry air to 33.9% and 16 g water/kg dry air after
running the process for 1 min, respectively. The
temperature dramatically rised about 5% from 35.9°C
to 41.1°C for the first 1-min process as well. As can be
seen in Figure 6, the experimental dehumidification
process aligned well with the theoretical adiabatic
dehumidification process.

Figure 7 shows the relationship of RH and
temperature of DW outlet air with dehumidification
time. It was found that the RH tended to reduce
throughout the process. The RH was decreased by 16%
approximately after running the process for only first
min, which was. correspondent to the reduction of
humidity ratio by 3 g water/kg dry air. The RH was
slightly increased and its value was 37.9% at 30 min,
which was reduced by about 12% from the ambient RH
of - 50.2%.

dehumidified air condition in the system. These results

It is- obvious that the DW successfully

were agreed with Dina et al. (2015). They reported that
solar_drying with desiccant thermal energy storage,
which provided lower humidity inside the drying
chamber and hence contributed to decrease in drying
time. However, the temperature tended to be stable
for the whole process operation. After 30 min, the

temperature was 40.3°C, which was increased by about
4.4% from the ambient temperature.

4” ""'."ff'ab,‘%'a?

umidity ratio @K

——

e
.fé"’a

W_=16 ¢ water/kg dry air

‘Tf : \ H

WM=19 ¢ water/kg dry air

,I‘A‘II-Q cqlﬁ -
D-ybulnnmperam:e(o

g T

Figure’ /6" A bw

dehumidification.

psychrometric - process of
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Figure 7 Relationship of RH and temperature at the
outlet of the DW with adsorption time

3.1.2 Regeneration process

The psychrometric process of DW regeneration is
shown in Figure 8. The changes of RH and temperature
of DW outlet air during the regeneration process.at 60°C
are presented in Figure 9. An increase in.RH.of about
27% was observed when regenerating the silica gel for
first 1 min from hot airof 60°C (15.5% and 19 g water/kg
dry air). At this time, the corresponding humidity ratio
was 7 ¢ water/kg dry air for exiting DW of 42.6% (26 g
water/kg dry air). After 30-min operation, the RH was
19%, which was increased by about 3.5% from the
ambient RH (51.7%). It is obvious that the DW could be
regenerated under this regeneration condition.

As expected, the temperature decreased by about
15% from 60°C to 44.8°C after regeneration the DW for
first 1 'min. After 30 min, the temperature of the outlet
air was almost equal to that of the heated air supplied
to the DW.

50 65
a0 H® o, o © 60 &
3 o, u} (]
&304 Oegr =5
T i 50 &
e 20 L4 . o
2 as &
10 40 £
]

0 T T T T T T 35

0 5 10 _15 20 25 30
Time (min)
® Outlet RH O Outlet T

Figure 9 Relationship of RH and temperature at the
outlet of the DW with desorption time at the
regeneration temperature of 60°C.

3.2 Psychrometric properties of air in a hot air drying
system with a DW

Figure 10 shows the relationship of RH and
temperature of outlet air of the DW at the fixed drying
temperature of 90°C. Similarly, dramatic decrease in RH
was obtained at the five minute dehumidification. It is
interesting that the desirable low RH was constantly
observed for the whole period of dehumidification. The
corresponding humidity ratios were in the range of 9
and 10 g water/kg dry air, which was reduced by about
7.5 g water/kg dry air from the ambient humid air. The
RH' changes during the regeneration process was
obvious at the first five minutes as well. Dramatic
increase and decrease in temperature of the outlet air
were also observed at the first five minutes for the
dehumidification and regeneration process.

The air condition at each point in the HA-DW system
is shown in Figure 11. Humidity of air was reduced after
passing through the DW from A1 to A2. The air was then
heated to the temperature of 90°C and introduced to
the heat exchanger at A3. After exchanging its heat, the
air condition was determined at A4 to'be 53.7°C and
27%RH. For the regeneration process, the inlet ambient

- T .
B3 E 8 . W”-26gvﬂt=r/kgdryaw
A43°C, 42.6%RH 2
A =
,; “lg
- = x
LI 34 1 “2
% = oF
- »
— et %t
81 P B2 o |
.
358, SLT%RH 5 60°C, 15.5%RH
W_‘=19 € water/kg dry air
L 2o % B W Soleko &) LN AR IARSE

I:i;butb tanpaﬂtum ('Cv)-
Figure 8 A psychrometric process of DW regeneration.

lair was supplied to B1, passed through the heat
exchanger at B2 to increase its temperature, and then
used to remove moisture from silica gel in the DW. It
was observed that the outlet air condition of this
process (B3) was 56.5°C and 22.9%RH.

The air properties observed in Figure 11 could be
plotted in the psychrometric chart. The psychrometric
process of air passing through the DW for both
dehumidification and regeneration sides followed
typical adiabatic process. The heater is used to

10
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regenerate the DW and to control the process of air

conditioning. The adiabatic efficiency will have an
optimum value that depends on dehumidification and
regeneration efficiency (Misha et al. 2012).

45

65
0 60 O
35 Iy Iy & x x o
30 55 @
=2 50 %
o o o a =
e 45 g
15 £
aw &

10 ° ° ° ° °
5 : : : . : + 35
0 5 10 15 20 30
Time(min)
© RH (A2) O RH (B3) AT(A2) X T(B3)

Figure 10 Relationship of RH and temperature at the
outlet of DW during dehumification ' (A2)
regeneration (B3) with processing. time at ' the drying
temperature of 90°C.

and

A3 A4
88.9°C, 2.25%RH _53.7°C, 27%RH

B3
56.5°C, 22.9%RH

B2
g 69.4.°C, 9.19%RH
38°f, B2.6%RH et | N SR RS

Heat exchanger

57.4°C, 99%RH

Drying chamber, peater1, Blowert) (' pesiecarit wheel
Figure 11 Schematic diagram of a HA-DW system with
the air condition.at each point after running the process

for 30 min.

3.3 Desiccant wheel effectiveness
shown .in ' Table3.. The
properties of air in a hot air drying used in-this study at

DW's effectiveness are

90°C. The effectiveness results showed that thermal,
regeneration, dehumidification and adiabatic . DW's
would be gained by an optimum value operation which
provided completely lower humidity inside the drying
chamber.The specific absorption of silica gel for
dehumidification process was 2.64 g water/kg dry air- kg
silica gel-min

11

Table 1 Effectiveness of DW.

Effectiveness Percentage (%)
Thermal effectiveness 69.28
Regeneration effectiveness 61.42
Dehumidification effectiveness 44.39
Adiabatic DW's effectiveness 98.49

4 Conclusions

The RH and humidity ratio decreased from 50.2 to
33.9% and from 19 to 16 g water/kg dry air during
moisture adsorption by the DW, respectively. The
temperature increased from 35.9 to 40.3°C

In the regeneration process at 60°C, the RH and
humidity ratio increased from 15.5 to 42.6% and from
19 to 26 ¢ water/kg dry air, respectively. The
temperature decreased in the first period to 50°C and
kept constant at 60°C in the last period.

In the HA-DW system, the RH and humidity ratio of
the dehumidification process decreased from 42.6 to
9% and from 17.5.to 10 g water/kg dry air, respectively.
The RH and humidity ratio-of the regeneration process
increased from 11 to 22.9% and from 175 to 25 g
water/kg dry air, respectively.

The performance of the HA-DW system that thermal,
regeneration, dehumidification and adiabatic desiccant
wheel's effectiveness were 69.28, 61.42, 44.39 and
98.49%, respectively.
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