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Model name Model equation Equation No.
Newton MR = exp(—kt) ®)

Page MR = exp(—kt") 9

Henderson and Pabis MR = a exp(—kt) (10)

Logarithmic MR = aexp(—kt) + b (11)

Two-term MR = a exp(—kt") + b exp(—k;t) (12)
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Model type Constant value R RMSE
Hot Air
Newton k=438640.506exp(-5378.196/T) 0.9808 0.0418
Page k=2223795.116exp(-6087.289/T), n=1.160 0.9869 0.0346
Henderson and Pabis k=402351.680exp(-5339.323/T), a=1.027 0.9823 0.0398
Logarithmic k=270991.331exp(-5277.445/T), a=1.121, b=-0.109 0.9855 0.0363
Two-term exponential k=0.003exp(-0.204/T),k1=0.057, a=0.232, b=0.777, n=1.288 0.8243 0.1266
IR 500W
Newton k=56731.364exp(-4614.528/T) 0.9949 0.0222
Page k=259224.297exp(-5254.895/T), n=1.137 0.9991 0.0093
Henderson and Pabis k=58107.845exp(-4615.073/T), a=1.021 0.9957 0.0197
Logarithmic k=52122.067exp(-4633.008/T), a=1.091, b=-0.082 0.9978 0.0142
Two-term exponential k=-0.611exp(-0.080/T),k1=0.074, a=0.056, b=0.9475, n=0.00004 0.9977 0.0941
IR 1000W
Newton k=1369.672exp(-3201.535/T) 0.9923 0.0281
Page k=4350.792exp(-3728.99/T), n=1.172 0.9977 0.0155
Henderson and Pabis k=1363.141exp(-3194.001/T), a=1.017 0.9930 0.0265
Logarithmic k=1113.321exp(-3199.338/T), a=1.120, b=-0.114 0.9964 0.0191
Two-term exponential k=0.338exp(-0.100/T),k1=0.264, a=0.314, b=0.729, n=0.000029 0.7860 0.1478

1.0 & Hot Air 50°C 1.0 * IR 500 W 50 °C
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° \\ — — — — Henderson and Pabis = 0 - = = = Henderson and Pabis
= o
o 0.4 - g 0.4 -
'E 0.2 %
o 02 -
ko =02 -

0.0 T T T 1 0.0 T T T T 1

100
Drying time (min)

@0 60, 80 100
Drying time (min)

[535]



‘@ Uszpivinmsanadmnssuinunswissemelne §

-.,/

JTAUNA H"Nﬁ 14 UazITAVUIUIYIA ﬂﬁiﬁ‘ 6 Uszi1l 2556

(n) Hot air 50°C
;zﬂ?i 5

M3197 3 AdudsgansnisunsTuiugamgiiounis

(@) IR 500W 50°C

WS UEUE RS THANTUAULA LN SO UL INNANSYIAABILAYNANLUUI 188 NAIAF AR YaINSaUWIsUa T 19Ens

uvaandseuildluns o a . x 2
Y FUNTFUUSERNTNMSUNS ANUTY R
QUL
Hot air De=2. 177e><p(-24401421/RT) 0.8450
IR 500W Des= 129‘233exp(734857.978/RT) 0.9190
IR 1000W Deff=9.578e><p(-261474173/RT) 0.9023

o < ' 1
N53LATIZRANSNUTZANGNITUNT AN Y

AT 3 uazgUT 6 uansrduuseAnsnisuns

ANNUFNITUS g Touwis nulddudseans

¥
N

ANSLNIAIINTD

a1

JAwiuTy Wegungiiiiadu 13

@
b

UL DUNTUIALN 9019 EJ’J@Jﬂ'IﬁlI'LJ'ﬁ”ﬁV]ﬁ
mﬁLstmmsuuaamwmsaumqmaamau Lll’e)‘W‘U’ﬁﬂJ’]

v v aa

ANUUANATERINAASEBUNTUIA WU ANdUUTY
AvBMsUns AL UNSEeULsteS B uNs LA Ands
1000 96 HA1gandnsalouuiaieSadBunsusn Ade
500 o TnsAnduszavisnisunseglutag 2.47x10° -
4.20x10" m/h (euwisdneauiou) 3.0x10" 6.38x10"
m/h (EUURIsesEBuNs A 500 Y96 ua 5.68x10"
100 x10° m/h (@uuiasness@dumsnsa 1000 Jad)
AP

1.2E-03
—e— Hot air —g— IR 500 —— IR 1000
1.0E-03
8.0E-04
6.0E-04

4.0E-04

coefficient, Deff(mz/h)

\

Effective moisture diffusivity

2.0E-04

0.0E+00 : :
40 50 60

70 80

Drying Temperature (°C)

JUT 6 duUseansnisunsveanseuwiaUandiansiieumas

NRWUAN 9 grunilaunis 50-70°C

dsunan1snnaeg

PNNSNNABIBUIIUAITIAITAEAUTOU WAL

v

FEBUNTUTA LNUNITOULAIIUTIOATINITOUUIAS

anad 1gaun)ilaadnIN1ToULINRZEINIINNTOULIIT

gaunnien denalviszeziaitlunseunniaiosad 1ile

]

a

AT MAINGIUNTOULIA L TIFBUNTUTALTES
sgaeisanmssuLisgaian Tudiuveauuudiaes
MIPEIRFNARSUDY Page aunsaltosulengAnssunis
suursUatmanslefianlunnundandaau uazen
FuvseAndnisunsarnduiidnfiudunugungd

DUWAILAL NN IUDIS IFDUNT A

<

ag9lsn

[

7 wihiigumnfeuuis wagindss

=

NG|

Junsusnas Aeflgaumgiiounis 70°C Mdwesded

q

BuNssA 1000 94 azldnanlunIsouwiisEdy wian9

vilFian

AuNILAzANEUUA s AT UUsEnoUN UMY B9

lailaana Wwis1zdaRaanansantadeves

Wuaunzdosdnusell

AnANISHUSZNA

VBVBUAN N1ATVNAINTTULAL AEIAINTTU-
A1dns N1AIYINENE ANEINeIAIEns LAy
UMINYRYAWAUASUNS LATAAIYTINYIFNERNST ABLY
Inmansuazinalulad NrINeIaaIUAIUNS

Wenasdaantl Tlianueyneianuiuasaiede

wialdlun1sinlasenside  wasyuatuayulunis
Uausuluassll
LONANTD19D9
[1] Nathakaranakule, A., Jaiboon, P. and
Soponronnarit, S.  (2010). Far-infrared

[536]




\@/The 14" TSAE National Conferenceand @

~—"

the 6™ TSAE International Conference : TSAE 2013

radiation assisted drying of longan fruit,
Journal of Food Engineering, pp. 662-668.
[2] Abe, T. and Afzal, T. M. (1997). Thin-layer
infrared radiation drying of rough rice.
Journal — of  Agricultural
Research, Vol. 67(4), pp. 289-297.
[3] AOAC The Association of Official Analytical

USA,,

Engineering

Chemists. Inc. Arlington, Verginia,
(1995).

[4] Crank, J. The mathematics of diffusion, Oxford
University Press, U.K, (1975).

[5] Panchariya, P. C., Popovic, D. and Sharma, A. L.
(2002). Desorption isotherm modelling of
black tea using artificial neural networks.
Drying Technol., Vol. 20(2), pp. 351-362.

[6] Tirawanichakul, S., Y.
Sniso, E. (2008). Paddy Dehydration by

Tirawanichakul, and

Adsorption:  Thermo-Physical
Model
Residues. Biosyst. Eng, Vol. 99(2), pp. 249-
255.

Properties

and  Diffusion of  Agriculture

S, and

Tirawanicahkul, Y. (2007). Thermo-physical

[7] Tirawanichakul, Tasara, J.
properties and effect of electrical field on
drying process of paddy. Songklanakarin J.
Sci. Technol., pp. 325-333.

[8] Namsanguan, Y., Tia, W., Devahastin, S and
Soponronnarit, S. (2004). Drying kinetics
and quality of shrimp undergoing different
two-stage

drying  processes.

Technol., Vol. 22, pp. 759-778.

Drying

[9] Shen, F.,, Peng, L., Zhang, Y., Wu, J., Zhang, X.,
Yang, G., Peng, H, Qi, H. and Deng, S.
(2011). Thin-layer drying kinetics and

quality changes of sweet sorghum stalk for

ethanol production as affected by drying
temperature.  Industrial and

Products, Vol. 34(3), pp.1588-1594.

[10] Baysal, T., Icier, F., Ersus, S. and Yildiz, H.

Crops

(2003). Effects of microwave and infrared
drying on the quality of carrot and garlic.
European Food Research and Technology,
Vol. 21(8), pp.68-73.

[11] Wang, J. (2002). A single-layer model for far-
infrared radiation dying of onion slices.

Drying Technol., Vol. 20(10), pp. 1941-1953.

[537]





