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Study on Drying Behavior of Pepper using Superheated Steam Drying
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FNuNEaauNAANERsINTILURY  wasANLsrAVannsunsAnLT s AnBraesEnlng  Tieuwidaeletnieuaantied
fUUNH 120, 140 waz 160°C nseuLeninganANLTuENEuLsTaNaL 410 %d.b. @um'ﬁ@mm%uzﬁ;mﬁmﬂixmm
17 %d.b. warandeyanismaaasldiuuanassnisauuiearuu 7 wuuaass lfun wwudiaes Newton, Page,
Henderson and Pabis, Logarithm, Two — term, AppOX|matlon of Diffusion, WAZLLILAA8Y Midilli et al. LW@MWLLUU@’]@@Q
REGSIN ‘VlmmmmmmummuLm\iwm”l,vmmmi@mi@ummm ‘EﬁmLLuumamﬂwmamiwmwmwmimwmﬂm
dudsrAninmadndwla (R, laauass (XZ) LAZANIINTIABITRIANNARNALARBLANGIdB LR (RMSE) ANNNIANEN
WLIN miammqwsﬂiﬂnﬂmﬂammummmmmumm ‘L‘mammmaauLmqmm’wma@umemmmum WAYANNANIT
AATIINLIN wUUANaas Midilli et al. Mm@mm'\mmauwammmﬂmuLmqwaﬂ"l,mmwm Tneflirdutlsz@nanng
Finaulaga e AL LA AN TIABITBIANNARALARBUINGIAONRAEAN  Lena NN LII AN G s=AYiE NSNS
AT s AnERaTeaEn Ineianusadae latinFauenatia AL ndng 2.90 x 10° = 2.23 x 10 °m?min

ANENATY : ULLIANABINNATAAYERST / AutlsrAnanisunsaanudutlszdnina / TatunFauaana

Abstract

The objectives of this research were to study the drying kinetics of pepper and to find out the suitable thin layer
model and effective moisture diffusivity coefficient for predicting the drying kinetics of pepper using superheated
steam dryer at the temperatures of 120, 140 and 160°C. Pepper was reduced from initial moisture content about 410
%d.b. to final moisture content about 17 %d.b. The several drying models such as Newton, Page, Henderson and
Pabis, Logarithm, Two — term, Appoximation of Diffusion and Midilli et al. were fitted to the experimental data. The
drying models were compared using the coefficient of determination (R2), chi-square (X2), and root mean square
error (RMSE) for determination of the best suitable model. The results showed that the drying rate of pepper
increased with increasing steam temperature. Midilli et al. model
showedbetter fit to the experimentaldata as compared to other models due to the highest values of the coefficient of
determination and the lowest values of the reduce chi-square and root mean square error. It was also found that
effective moisture diffusivity of the pepper dried by superheated steam were in the range of 2.90 x 10° - 2.23 x 10°
m?/min

Keywords : Effective Diffusivity / Mathematical Model / Superheated Steam
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mfaLLmummi@umeﬂmmemmmmmi@u@uq T mi@‘uLLWImﬂhmquImmw (Microwave drying) #7an1s
avualng 1459@3unssm (Infrared drying) dounnsavuudsitlaildannnaiy 2139z utielaeeanliifu 2 dszinn Ae nng
auwislne ¥ auaznnsauuisdnglotnfouenai dwiuniseuusialaeldinmiy fannaaiunld fe Aalulnsey
(N uwazfngansuaulaaanlad (CO,) LL@zluﬁ@f-guuuﬂﬁ?wﬁumm?@uLmemeL@mifaummm (Superheated Steam
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mmn‘uma‘@uLWNmaiﬂmi@ummmmiﬂumi@uLm\‘immmu NANLKEY (f«mmwa 2550) weilila (Elustondo et al.
2001) 1831 (useA wazAne, 2545) SuElsa (Tang et al, 2001, lyota et al. 2001)) 1 (191907 uaTARLE, 2562) Luwu
(Uengkimbuan et al., 2006) Uannszengn (WW1imy, 2553) muummwummﬂamm LW@ﬂﬂmmu‘wammmma
auuseniningdaelatindeuennis  @NTMLLLSNesNNTaLUTRTULNTINTaN  uavdutlsrAnEnnsuInIANAEL
1lse@Ansnavensn nyl4
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lumsmaaesnisauuriandninesiaglevihfeuaandearlifenlalunmaaeivil qnmgiaedleriieusantis 120,
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140 BAT 160°C ANNTUENFALIBININ INLUIENL 410 %d.b. aUWA lFUNARANNTURATIN LTz 17 %d.b. Tearld

q
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sasawilatiausnniauLng (Batch Dryer) UsznausagesAlssnauvan 4 d9u Aawiaasuialatin (Boiler) 3u1m
45 kg/h ginsadlipanuden (Heater) 2W1m 13.5 kW 1ia9eLLiauLILNom (Batch Dryer) 21470 10 X 20 X10 cm’ uay
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Hasfuniandugnaasletnnnglussunanisinnnsasuiedasletinfeuaoni mnuuﬂ@@ﬂ@mmu@ummnmemLum
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FULARA T PAnuiSaadlatinteusandalszinn 1 m/s (L1901 WATADLY, 2552) Lmvammm@ﬁﬁ@umw@'q 120,
140 uaz 160°C wdsanniiinen Inemnunn st Gududneaaius Lmvmwm”l,m@@ﬂmmmﬂumem"l 10
u’m faumvmmwﬂmﬂmmm’Lumiwm@mmi@uLm\iwsnimmai@mmummﬁﬂuumv@mmmmwm@mm@wm 3
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fmsunsiansiaaunaaninnseuuilenddell  IganismasiianimesedlutiinnntuGduaui
mm%uzgmﬁmmﬁ TaedmsdIunnLty (Moisture Radio, MR) A1uanuannaunnsf (1)
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e M, A8 ANNTUGUEL (%d.b.), M, An mm%uﬁ'mﬂm (%d.b.), M,, g mw%‘u@u@@ (%d.b.)
23 WUURINRINNANAAEAS
ImmmiﬂaumsmsauLmemmﬂu:uu st mei‘mqwqwﬁﬁé‘qﬁ'ﬁ']mumﬂﬂumﬁmm”ﬁmﬂ LL@”'%u@ﬂ'ﬁmﬂéN
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A9 NN 1 UULANABINNATIAANAATIINI1IALWEITULNN (Qilong et al., 2013)

No. Model Equation Name of Model

1 Newton MR = exp(-kt)

2 Page MR = exp(-kt")

3 Henderson and Pabis MR = a exp(-kt)

4 Logarithmic MR = a exp(-kt)+c

5 Two term MR = a exp(-kt)+b exp(-kt)

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

‘Emmzﬁﬁmﬂ@ﬁiﬁmnmmmamm‘%mm:ﬁumuﬁmmms@uLLﬁq%um\‘i TneldinatianisanzirunAneeLLL
l3liFadu (Nonlinear regression) wazldddutlsz@ninissndula (RY) laauwnnd (Chi-square, ) LALANINTERITEY
ANAANALAARUTNAIFRdRAE (Root mean square error, RMSE) U TNT AN AN NN UDIULILS A0
Tnaundnaasiinagldidudssdnaneiadulaiigenldidn y° uazen RVSE tesfign laefi % uaz RMSE &
AL ALRUS FaanngT (2) uay (3) (TUny uazAUY, 2554)

N 2
5 i;(MRpre _MRexp)
X = N ()
—n
N

2
_;(MRpre _MRexp)
RMSE = =

e MR Ao é”mmmumw%u N ?m uoudays uaz n Ae SNIUAN ATILARZ UL NAD

2.4 ﬂ&lﬂi“‘m/lﬁﬂ’l’iLLW‘iﬂ')’m‘ﬂuﬂ‘a‘“ﬂﬂﬁNﬂ

mmmmﬂumwﬂmﬁmmumemm mim@@ummmmumn@vaﬁlmﬂmmmm S UNANNAN AL UANFN
ga3ANL TN TY (Vapor Diffusion) 1/1L‘flu"l,ﬂ‘lu@ﬂwmvmmnmmmmmmﬂmmmma‘mﬂmmmmﬂ‘lu@ﬁmﬂ
VLmmﬂzmﬂwmmwmmmumﬂuuwuﬁmmmgmmmmm Fick (Fick's Second Law) (41un3, 2554)

@ =p VM (4)
at eff
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wuyladEewdu (Nonlinear regression) wasnnuuaef Mg flﬁ"\wi’ﬁi_lquﬁ (Prachayawarakorn et al., 2002) WanlneA5Ax
1A (r,) Winriy 2.64 mm
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3.2 Nﬂﬂﬂ'i‘ﬂ'lﬂﬁﬂQﬂ‘H‘Wﬂﬁﬁﬂﬂiﬂ']‘i’a‘uu‘ﬁ\iﬂQﬂLLUUQﬁﬂﬂQﬂ’]’a‘ﬂULLMQﬂ'IQ‘]
i"?il@ L@ﬂﬂN@ﬂ’]ﬁ‘QLﬂﬁ"]u,‘m)?’]LLUU"’Q’]@@\?T]’W@‘LILLM\? 'VlLMQJ’]y@NﬂqMﬁ“Uﬂ’ﬁ‘@ULLMQW?ﬂiV]EIV]‘ﬂm%ﬂﬁW’N"] uanalu
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[51’1?’]\‘11’1 1 TagaziiudniuLaIaa9aas Midilli et al. @ﬂm@mammmmwmmmuma@mmqmmmu 120°C Taal¥iFn
R Nqﬂ‘ﬂ’&ﬂ Iummm X waz RMSE u@mmmum@muj eIl R X Ay RMSE winfid 99.942%, 0.000078 LAY
0.007363  FNNATAL sﬁ\‘i‘ﬂ’mLLUU@’]@@\‘]V]VLQ?N’WNW?GLﬂ?‘ﬂULVIHUN@ﬂ’W?Vﬁu’mLL@”ﬂWi%ﬂ@ﬂQNﬂﬁlﬂ@Lﬂﬂ\mu 1%TEM”W
UULANA88T89 Midilli et al. ’Q“’lﬂm@ﬂ’]i‘i’ﬂu’]ﬂﬂ%@ﬂ@’mi“].lﬂ’]ﬁ“ﬂ‘]_lLL‘M\WI'P]ELMJ’]N 140°C TaaifiAn R X Ay RMSE winfu
99.922%, 0.000265 az 0.012619 WWN@’]@U@Q‘LAW@MMJ’]QJ 160°C wuLANa8s1a9 Midilli et al. @”Iﬂﬂ\l@ﬂ’]ﬁ‘%’]u’]ﬂﬂ‘ﬂ'&ﬂ
Inadan R, X uaz RMSE N 99.888%, 0.000241 Laz 0.010981 ATNAIAL

a

F115799 1 A1 R®, % Wy RMSE 289ULLR1A8IN198 LUINTR U A 18]

a

Model Temperature (°C) R’ e RMSE
120 0.985910 0.001420 0.036206
Newton 140 0.990542 0.001074 0.031097
160 0.989508 0.001298 0.033704
120 0.995306 0.000515 0.020882
Page 140 0.995585 0.000565 0.021268
160 0.996543 0.000501 0.019377
120 0.992913 0.000779 0.025682
Henderson and Pabis 140 0.991817 0.001044 0.028906
160 0.990523 0.001026 0.032032
120 0.993291 0.000812 0.024992
Logarithmic 140 0.991837 0.001194 0.028904
160 0.990781 0.001596 0.031582
120 0.992913 0.000953 0.025682
Two term 140 0.991817 0.001393 0.028906
160 0.990523 0.002052 0.032032
120 0.997881 0.000256 0.014032
Approximation of diffusion 140 0.996064 0.000575 0.020054
160 0.996723 0.000569 0.018850
120 0.999420 0.000078 0.007363
Midilli et al. 140 0.998441 0.000265 0.012619
160 0.998880 0.000241 0.010981
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g (°C) D, (m?/min) R* Y RMSE
120 2.8975x10°  0.848130  0.015303  0.118852
140 11208 x 10°  0.920045  0.009088  0.090438
160 2.2290x10°  0.933156  0.008278  0.085105
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