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 É$Z/»B2FR, =RMSE |<|/� ,H/�Zv» V|/» �/# ÉY�/] .V|/» &Z6<Y�/�Midilli Z/] 996795/0,R=22578 0/0=x2
=

004588/0=RMSE|� Ã|ËEU�] V|» ¾Ë�4 W�Z3» LY13� ,] .
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» ÊËY%c .Y1» É$Y|/´< )/m Z# )Ì2ZXT ¾Ë�-5/» �Y Ê°Ë É�$=ZD+ h(1�v» L.�+ ^D? |�Z] Ê]˺[.�Y ;1/j1» ¾ËY )Ì5#Y 
)?1� k��» $. ÊË1m ,T�" )Ì5#Y = k�A ^Ë Y$ ÊËY%/c .Y1/» É|Ì�$1? L.�+ ^D? )/m Ê5-�Ì� Ê@Y�A �´Ë. k�A �Y

|#. Ê» Ã1¸m 7/»= É.Z�-'Y .m=$ ^/Ë |Ì�$1? $1< p�X» $. �Z] ,A1v» $. = Ê-3� h$1" ,] ÊËY%c.Y1» L.�+ ^D? ,Q�UY
 ,¸5@ �]Y�] $. ÊËY%c .Y1» �Y |<Y14 Ê5< m=$ ¾ËY Ê2= ,)�Y ÊËZ-�=$ ªAZ3» $. |Ì*» Z-H�< = Ê5Ë|' LY$Z/] �S? ,hY�D@ ,LZU|<�_

 |ËZ5< )lTZv» ÊU.� ^~+ ,ÊU.� ..$Y. �Z/Ì< ÊËY%/c .Y1» L.�+ ^D? )/m É.ZË� LZ»� = ZiT ,] m=$ ¾ËY ,°3ËY Ã=!� ,] .Z/3]

 Ê5< É.Z�-'Y L.�+ ^D? Ã1v< ¾ËY Y%2 = ,-T$ (Z] Ê¸Ì? ÊËY%c .Y1» hZ*¸4 LYEÌ» )�Y ¾°5» ¾ËY�]|�Z] ]-[.Z/] L.�/+ ^D? 
1? ¾+ ^D? $Z/+ ,/] Z//<B W/Ë�z4 �Y É�ÌU1/¸m )//m ,/+ Ã.1/] ÊËY%/c .Y1» )]1A$ L.�+ 7+ ÉY�] 81? m=$ ^Ë É|Ì�$ 

.=$ Ê»]˼[
)�Y $ZU�Z� ^D? = &�U ÉY1#= 8B Z] ,+ )�Y ÊË=$Y. LZ#ZÌU ¾Ë�-5/» �Y Ê°Ë EH� Ã�Ë� .$1D/+ $. LB |/Ì214 LYE/Ì» ¾Ë�-D/Ì]

 |�Z] Ê» LY�ËY >1�z2Y Ê¸� ,<ZÌ»$=Z? ÉZ# ..=|@95Ê/» LZ/�Y�? ,/:S3» ,] {1]�» LY�ËY $. É|Ì214 EH� Ã�Ë� V1�v» |"$.
|�Z] .VZ� $.2006 .=|@ LY�ËY $. V1�v» ¾ËY )D+ �Ë� RS� C+ 50000.=|/@ $Y|/:» ,RS� ¾ËY �Y ,+ Ã.1] $Z-°# 15000 ¾/4

)�Y Ã|� )�Y.�] ^D? Ã�Ë� .
.�+ ^D? m=$ ,EH� Ã�Ë� L|� ^D? V|» ¾Ë�4 W�Z3» L.�+ Y|Ì_ $1l3» ,] |Ë.�U 8Zz-<Y g�Z< ,Ë( L.)//m V|» ;1< ,�

 .$Y. .1/m= É�$=ZD+ h(1�v» g�Z< ,Ë( m=$ ,] L.�+ ^D? hZ�zD» dÌ"14 :V|/» = É$1/‰4 ,/5Ì< V|/» ,É$1/‰4 V|/»
Ê]�64 .^/Ë = |3+ Ê» �l3T�" L.�+ ^D? É�l< V1"Y �Y Ê]�64 V|» ,.$Y. Ê´-�] Z# ,<Y. Ê°ËEÌT hZ�zD» ,] É$1‰4 V|»

 Ì¸v4= ,ËE64 |ËZ5< Ê» .Z6ËY LB L|� ^D? LZ»� = ,<Y. )]1A$ LYEÌ» ¾Ì´<ZÌ» ¾Ì] Ê<1Ì��U$ C.¾Ì] Ê3Ì´<ZÌ» É$1‰4 ,5Ì< m=$

 &=. L1<Z' �Y ,+ )�Y É$1‰4 = Ê]�64 m=$Fick É.Z/Ë� LYE/Ì» ,/] = |3+ Ê» ,†Y$Y CÌ¸v4 = ,ËE64 ÉY�] Y$ ÉY Ã|� Ã.Z� V|» 
.�ÌU Ê» $Y�' Ã.Z*-�Y .$1» .ÉZ# V|»Page, Midilli, Henderson=... V=|m $. ,+1)�|] m=$ ¾ËY �Y ,|<Y Ã|� Ã.$=B 

|<Y Ã|»B]7o8[.
Ã|D/< m$YE/U Y1/# ,<ZU|3Q LZË�m )v4 EH� Ã�Ë� É|Ì�$1? ¾+ ^D? L.�+ V|» É=$ �] Ê4Z:Ì:v4 ,X2ZS» ,<1U •Ì# L13+ Z4

)�Y .)�Y ,-T�U &Z6<Y ,]ZD» h(1�v» É=$ É.ZË� ÉZ# $Z+ Z»Y .,ÌH� |ËZ� |/�Z] Z<�/] Ê2Z/� ,EH/� Ã�/Ë� ,/] V1�v» ¾Ë�4 .
Basunia =Abe]?[VZ� $. Z<�] É|Ì�$1? ¾+ ^D? .$1» $. Ê�$YEU2001|<.�+ �D-3» .$. $Z/+ ¾/ËYMatsuyama 

)�Y ,-T�U h$1" O�1-» Ã�Y|<Y $. Z<�] ÉZ# ,<Y. É=$ �] ¾_Y0 .)/2Z@ $. É|Ì/�$1? ¾/+ ^D? ÃZ´-�. ^Ë �Y ªÌ:v4 ¾ËY $.
*-�Y O¸-z» V|/» Z/] )/2Z@ ¾Ë�/4 W�Z3» $. �ËZ»�B ¾ËY �Y C"Z@ ZËZ-< ,+ |� Ã.ZPage |<|/� Ã.Y. ª/ÌHS4 .RMSE ¾/ËY 

$1+%» V|» $. �ËZ»�B00378/0.1] ¾Ë�-5+ Z# V|» �´Ë. ,] )H�< ,+ |� m$YEU .�-»Y$Z_ =.n=k)/]1A$ = Z». �Y ÊS? G]Z4 
|<.1] Ã|33+ ^D? ÉY1# ÊH�< .1] �Ë�  �� ,] C"Z@ ZËZ-<|<.:

n=0.68293+0.01094T+0.17036RH 

k=0.00561-0.000073T-0.0469RH 
LB 86/0.1] . 2R LYEÌ» ,+ 

2.Z/ �Á� Á {Y-&  

$Z/] $. LY�ËY €�� $. G'Y= N=.�T LZ-��/� ;$YE» �Y ªÌ:v4 ¾ËY $. Ã.Z*-�Y .$1» EH� Ã�Ë�86�/z] $. hZDËZ»�B = |Ë.�U ,Ì/4 
°» Ê�|3/» LZ-�]Z4= $Z/] $. �Y�Ì� ÃZ´D<Y. É�$=ZD+ Ã|°D<Y. É�$=ZD+ ÉZ/3Ì�Z» ^Ì<Z86)T�U &Z6<Y .

V1A $. = Ã|� EÌ54 )�. Z] V1�v»21ÉZ». )v4 VZnzË $. �ËZ»�B h|» �=$4|� É$Y|/´< .Y�´Ì-<Z� ,m$. .,/Ì2=Y )/]1A$
 Z# ,<Y.5/43|"$.)^D? ,ËZ_ (.1].
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 33+ G5m ,Ë=Y� ÊËY$Z+ ¾Ë�-DÌ] )/m |ËZ] ªTY Z] Ã|15ÊËZ/ÌTY�rm p�/� ,+ ÊËZ6<B �Y |�Z] Cv» ÊËZÌTY�rm p�� �Y �-DÌ] ,m$.
 �Y�Ì�30,Ë=Y� ¾ËY )�Y ,m$.45|Ë.�U 8Zz-<Y ,m$. .

Ê4$Y�@ ÉZ#$1�3� ,¸Ì�= ,] Y1# ÉZ».1)7.|� (Z#�´�@ ¾ËY )'. |� É�ÌU Ã�Y|<Y 7-�Ì� d¸-z» ÉZ# )5�' $.°C5/0Ã.1/] 
_ 7-�Ì� O�14 Z». =Z# Ã.Y. m�Y.�

2
|� Ã�Ì?P = Ã.Y. �ËZ5< �41Ì~»Z+ $..G/5m ,/] Y1# É.=$= C?|» $. Z#�´�@ ¾ËY �Y .|� =.

^D/? �Y Y1/# Êm=�? )5�' $. �´Ë. ÉZ4 =. = ¾+ ^D? ^'Z4Y ,] Y1# É.=$= C?|» $. Z# ¾ËY �Y .|� ,� = É|Ì�$1? Ã|33+
|<|� W�< ¾+ .�# $. Z». É�ÌU Ã�Y|<Y ¾ËY5&Z6<Y ,:Ì'. )T�U .�# $. = ZH4�» EÌ< |Ì�$1? $1< h|�5Z3�|Ì� ,¸Ì�= ,] ,:Ì'. 3

|Ë.�U )HY �41Ì~»Z+ $. = |� É�ÌU Ã�Y|<Y .,Ë=Y� )v4 LB |3<Z» = Ã|33+ G5m = É|Ì�$1? ¾+ ^D? $Z3+ $. ÃZ´-�. ¾ËY45,m$. 
|� Ã.Y. $Y�' .ÉZ». $. L=B ÃZ´-�. O�14 Z# ,<Y. )]1A$ LYEÌ»105] .Y�´Ì-<Z� ,m$. h|» ,16|� Ã.$=B )�|] )�Z� ]F[.

�ËZ»�B �# $.6Ê/#. )/]1A$ É(Z/] v�/< C/Ì2. ,/] �ËZ/»�B ;=�� $. É$Y.�] ,<15< C"Y1T ,+ )T�U h$1" É�ÌU ,<15< $Z] 
.1] �-5+ V1�v» .

C°� ª]ZS» Ê-3Ì]Z+ É|Ì�$1? ¾+ ^D? ÃZ´-�. ^Ë �Y ªÌ:v4 ¾ËY $.1|� Ã.Z*-�Y .

6°71-�Y {�-& )|Ì7�-y E¯ 1:y Ã{ZNf eÌ'@e �{ 

.1] V1�v» É$Y|/´< )/m |H� ^Ë = )3Ì]Z+ ^Ë ,)z4 É|Ì�$1? Ã|33+ G5m ^Ë C»Z� ÃZ´-�. ¾ËY .Ã|33+ G5m É=$ �Y Y1#
 |� Ê» Ã|Ì°» ,Ã|3°» ¾T O�14 ,.1] kZ*� ,DÌ� ^Ë LB É=$ ,+ É|Ì�$1? .LB ÉZ/?Y$1/� �Y V1�/v» |H/� �Ë� �Y Y1# u~�

Wm1» = Ã.�+ $1H�|� Ê» EH� Ã�Ë� ÉZ# ,<Y. ,] h$Y�@ VZ:-<Y .
)T�U &Z6<Y EH� Ã�Ë� É|Ì�$1? L.�+ ^D? ÉY�] ÊjZË$ V|» ¾Ë�4 W�Z3» ¾ÌÌX4 )/m �-DÌ] ,X2ZS» ¾ËY .7-�Ì� Ê]ZË�$Y ÉY�]

 )�Y É$=�j V1�v» L|� ^D? v�< L.$=B )�|] ,¾+ ^D? .h(1�/v» ,/5# ÉY�/] hZDËZ»�B &Z54 &Z6<Y hZ'=Y Ê#ZU Z»Y
�-'Y |�Z] Ê5< É.Z .C@ ÃY$ ^Ë d¸-z» h(1�v» L|� ^D? v�< ÊË1U �Ì_ )/m É�Z� ,ÌH� ÉZ# V|» �Y Ã.Z*-�Y ¾ËY�] Z3]

)�Y |Ì*» = LZ�B]L[.

Z/ Ã{Y{ 6Ì$@eÁ Ä2SUe:

,S]Y$ ª]ZS» Ê-]1A$ )H�< ,Q �UY)/()( 0 ee MMMMMR ��]O[&=Y|/» hZ<Z�1< CÌ2. ,] Ê2= ,.1� Ê» dË�X4

H�< )]1A$ $.,S]Y$ ,] Ê-]1A$ )H�< ,Ã|33+ ^D? ÉY1# Ê0/ MMMR .1� Ê» Ã.Z� ]˺˹[.

1- Thermistor 
2- Data acquisition system 
3- Solarimeter 

ƃŹƺų ƵŶƴƴĩ ƖưūǀŶƽ

Ʋĩ ĨƄų ĨƣŚţř

ƪưů ƪŝŚƣ İſŚƃ
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 h(Z/:» $. Ã|/� ,/†Y$Y .$Y|<Z-/�Y ÉZ# V|» ¾Ì] �Y V|» Ã.�ZË ,V1�v» L|� ^D? v�< ¾Ë�4 W�Z3» 8Zz-<Y = Ê�$�] $1l3» ,]
 |<|� 8Zz-<Y ZÌ<. �H-X»)V=|m1.(

,Á|m1-Z/ E¯ 1:y ÊmZ2� )Z/ ,|& 
&+»2µ|» µ|» 6Z( )�Z/*#!{Z"» 

Westerman, et al, 1973[11])exp( ktMR �Newton1
Guarte, 1996[12]    )exp( nktMR �Page2
Yaldiz et al, 2001[13]nktMR )exp(�Modified page3
Yagcioglu et al, 1999[14])exp(. ktaMR �Henderson and pabis4
Yaldiz et al, 2001[13]cktaMR � )exp(.Logaritmic5
Rahman et al, 1998[15])exp(.)exp(. 10 tkbtkaMR ��Two term6
Yaldiz et al, 2001[13]  )exp()1()exp(. kataktaMR ���Exponentioal two term7
Ozdemir et al, 1999[5]21 btatMR Wang and sing8
Yaldiz and Ertekin,2001[16]  2)ln()ln( MRbMRat Thompson9
Yaldiz and Ertkin,2001[16])exp()1()exp( kbtaktaMR ���Approximation of diffusion10 
Sacilik et al, 2006[1]btktaMR n � )exp(Midilli et al11 

V|/» �/# $. ,Z# V|» ¾ËY ¾Ì] �Y V|» ¾Ë�-/] 8Zz-<Y ÉY�]RMSE,
2F=R|/� ,H/�Zv» .,/Q �/# 7Ì/<Y. Ê/»RMSE  =

2F= Ã.1] �-5+R)�Y �-DÌ] �ËZ»�B ÉZ# Ã.Y. Z] V|» LB ª]ZS4 LYEÌ» ,|�Z] �-DÌ] ,]˺˼[.
Y$Z_ ¾ËY �Y &Y|+ �#O]Y=$ �Y Z# �-»|3ËB Ê» )�|] �Ë�]˺F[.
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3.G@] Á H2Zf0:

EH� Ã�Ë� g�Z< ,Ë()10�-» Ê¸Ì» (Y1# LZË�m ,� )v4 Ê-3Ì]Z+ É|Ì�$1? ¾+ ^D? C?Y.}004/0)Y1# LZË�m1(,006/0)LZË�m

Y1#2(=007/0)Y1# LZË�m3(,Ì<ZY�] WX°» �-» {|<|� ^D? ÊT.Z�4 !»Z+ ÉZ# g1¸]  �A W2Z' $. $Y�°4 ,� $..�ÌYZ4 CÌ2. ,] 
|/Ë.�U 8Z/z-<Y EH� Ã�Ë� L.�+ ^D? ÉY�] 7Ì:-�»�Ìc �]Z4 )2Z@ ,Z# ,<Y. )Ì*Ì+ �] |Ì�$1? $1< 7Ì:-�» �]Z4 Ê*3» .)/]1A$

 V1�v» ,Ì2=Y5/43|"$. )^D? ,ËZ_ �](¾Ì´<ZÌ» ÊËZ/< )]1A$ Z4 V1�v» = Ã.1]8|� ^D? |"$. .ÉY�  L.�+ ^D? LZ»�
 |� ,-�Y. ,´< )]ZY h(1�v» ,5#)90,/:Ì'. (

=ÉY1# v�< ,] V1�v» ÊËZ/< )]1A$ ¾ËY�]Z3]
)�Y. Ê´-�] É$1H�.

LZ»� h|» V1A $. ,<Y. )]1A$ �ÌÌr4 $Y.15<
 C°� $. L|� ^D?2Ã|� Ã.Y. �ËZ5< 
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6°72-Y-/ IÁZNf& 3Z2�m Ä� �{ 3Z&* �]Y�] �{ ,-J@& d]-�� IY�ÌÌBe 

LZ»� ,] )H�< Ê2=E< v�< Z] V1�v» )]1A$ Z# $Y.15< ¾ËY $.O/�14 ,-T�U &Z6<Y ÉZ#$Z+ Z] !»Z+ ,+ |3+ Ê» �ÌÌr4 L|� ^D? 
)�Y ª]ZS4 $. ,]ZD» h(1�v» É=$ �] �´Ë. ¾Ì::v» .

�-5+ ÉY1# v�< ,] ª¸X-» $Y.15< ¾Ë�4 WÌ� �_)004/0()�Y .Ã|/33+ G/5m �Y É$1/H� ÉY1# ÉZ». ,+ |�Z] =$ LB �Y |<Y14 Ê» ¾ËY
 ,Y1# LZË�m �-5+ )��� CÌ2. ,] É|Ì�$1?)�Y �-DÌ].

|<|� 7Ì��4 ÉY ,<ZUY|m $Y.15< $. L|� ^D? LZ»� �]Y�] $. Y1# v�< �# $. Ê-]1A$ ÉZ# )H�< u~� .�] É$Z»B V|» ¾Ë�-/]
É$Z»B ÉZ# �-»Y$Z_ NZ�Y )RMSE ,2F=R(V|»Midilli |� 8Zz-<Y)V=|m2.(

,Á|m2-,|& *Y Ã|&8 d�|] )�Z&8 H2Zf0 3{�¯ 1:y L$fK& )Z/ 

V|» ¾ËY�] Z3]Midilli Ê-��� = ÊËZ». d¸-z» ÉZ# )2Z@ $. EH� Ã�Ë� L|� ^D? VZ@ $. g�Z< ,Ë( hZ�zD» ¾ÌÌX4 )/m 
|� ,-?Z3� V|» ¾Ë�-/] Y1# LZË�m .

|<$Y. Ê´-�] Ã|33+ ^D? ÉY1# )��� = Z». ,] ,+ .$Y. .1m= WË�j $Z/Q V|» ¾ËY $..L.�+Y|Ì_ = Ê´-�]Y= ¾ËY ¾ÌÌX4 )/m
 ÉZ/21»�T|»B )�|] �Ë� ZËZ-<= |� Ã.Z*-�Y �Ìr-» |3Q L1Ì��U$ �Y ,&Y|+ �# ,] {1]�»:

a=-0.003lnv-0.006lnt+1.024  ,                 905.02 R
b= -0.002lnv-0.003lnt+0.013  ,                939.02 R
k= 1.503lnv+0.2lnt-0.774v       ,              997.02 R
n= -2.665lnv-0.107lnt+1.372v  ,             12 R

2FRMSER
V|» WËY�j V|» Ã$Z5� 

åéééêæ/åæææ/å̂PO˻˻,/ k= 0.035602 1
ååèééí/å ˻OQÔ/ ̂̂PRS̊/ k=0.234183,n= 0.450329 2
ååèééí/å ˻OQÔ/ ̂̂PRS̊/ k= 0.0398,n= 0.4503 3
 ̊Q̊Q˻/ R RQRR/ ̂̊˻̂P̂/ a=0.894384,k= 0.029743 4
  PQSS/  , ÔR/ ̂̂̊ ,/ a=0.775738,k=0.081182 ,c=0.216791    5
 ̂˻̂˻,/ R RQRR/ ̂̊˻̂P̂/ 

0k =0.029743, a=0.447192, 1k =0.029743, b=0.447192 6

åèèéìî/ååíëçêé/åîìåå/åa=0.222129, k=0.121909 7
åìéìèê/åæææ/åîéèíéç/åa=-0.02789, b=0.000218 8
ååéåèæ/å ˻̂̂˻S/ îîéêæì/åa=0.008813, b=0.337745 9
åçíììì/ååæî/åîîéêêê/åa=0.766617, k=0.11179,b=0.053014 10
ååéêíí/å˹˻˻̋̀́/˹̂̂̌̀̂̋/˹a=1.000105, k=0.163617, n=0.600566, b=0.001252 11
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Abstract 
In this research mathematical modeling of thin layer forced convection solar drying for 
Cuminum Cyminum in indirect method were conducted at different operating 
conditions. The initial moisture content of the product was 43.5%(d.b) and the product 
was dried to  average 8%(d.b) for roughly 90 minutes in a solar cabinet dryer. In order 
to find the most suitable form of thin layer solar drying model, eleven different 
mathematical models were fitted against the experimental values to determine pertinent 
coefficients in each model. The degree of fitting goodness was determined by 
calculating and comparing the values of R(correlation coefficient), w2(reduced chi-
square) and RMSE(root of mean square error) for any of the models. The Midilli model 
with 0.996795R , 0.0045882 F , 0.022578RMSE  showed the best results.   
Key words: Active, thin layer model, mathematical model, Cuminum Cyminum 


