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i)# :  K : r8 
1 MR = exp(-kt) Westerman et al., 1973 
2M N MR = exp(-kt^n) Guarte, 1996 
3* - $ Z % N MR = aexp(-kt) Yagcioglu et al., 1999 
4/) =W MR = aexp(-kt)+c Yaldiz and Ertekin, 2001 
5+ 8 #"MR=aexp(-kt)+bexp(-k1t) Rahman et al., 1998 
6+ 8 #)  " MR = aexp(-kt)+(1-a) exp(-kat) Yaldiz et al., 2001 
7?;N 9) R MR = aexp(-kt)+(1-a) exp(-kbt) Yaldiz and Ertekin, 2001 
8* Y $  MR = aexp(-kt)+(1-a) exp(-gt) Yaldiz and Ertekin, 2001 
9- $*Z % N 

.  …b! 
MR = aexp(-kt)+bexp(-gt)+cexp(-ht) Karathanos,1999 

10 * Y $ ) MR = aexp(-kt^n)+bt Midilli et al., 2002 
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8:)2.(, -  $ # " % *  &7  * ' Ci /;  " $ 
T)# ( / - +8 #( V(m/s) t(+R ^#)

30 0.5 550 
30 1 510 
30 1.5 480 
30 2 420 
40 0.5 120 
40 1 110 
40 1.5 100 
40 2 90 
50 0.5 70 
50 1 60 
50 1.5 50 
50 2 40 

'  # /^30+%40/ - +8 # - # ( ' $ ,5/02N ?) V_  + L % /  +% *  &7  * ' C  ?$  
 .'5/0±5/78! # r^  # 3) % ,-  +/  m L  $ , - a  +  ,5( * .' # +  ' W

40 +% 50/ - +8 # ' $ , - # (5/02+ L % /  N ?) V_  92  +2% *  &7  * ' C  ?$  
66/4346/455056/55! # 7) V_  ) # .' % )  # $ , - a  3) %% .
3-2 *#  , _ *#  &7  " $:

.# #+%  ,- % * 5 ' +Wb  *#  &7  ?) '  # +  ,% 4  " /  +% S %  " $  ,% 4  MRQ)  
 : 8 # +  :  .# %)1(, _  +0 :  "  M) /   " 2$ 3  *#  &7  :  90 O Q  +  i /;  " $

 ^ .# 5/-  #    e U  % )'  " % +  + ) R'  (2R2F(RMSE): 8 # +  )2(.  , W .
#$)# R  #  +2R'  /7 %983/0)# R  2F(RMSE) ' /  9  +% 000331629/0037998/0/ $ .

)# R  2R:  #* 2Y $ 2  " $ 2- $*2N?2;N 92) R  . 2  …b2!  Z % '  /72 % /) 2=W994/0
)# R2F(RMSE) ' /  9  +% 000045324/0024146/0* 7  +  % .# # 2% :  m )  $# " 2$

 .  , _     U% $ =7) ' .: 8 d $)3(2% 4  , 2  2% + ) R C 2  +28 # # $ =72) '  ,2$
, -  * 7   .#  :  m P-  .  .#' ;  ,% 4  ,  *#  &7  i /;  " $ + 2) R  2)  ' +2  2$#

 .# # % %   e U  +/  * Y $   :  +  ,_ ( + /  * * %  .  + -  $ =7) '  " $ .) % 2 %
* 5 ' +Wb  ' @'  +)A &) *#  &7  C ! 6  i !  " % 9-  :  &) *  +% * Y $  :%.

, -  C  +8 # L  *#  #  <  +%,% L 90 O "  % *#  &7  " $ 3) * Y $   :  " $ k, g, a 
): 8)3( (.# 5/-  * - (  V W  '… +% +   # )   , - C  +8 # Q% R  # $ / N )  % P%   #

 )'%.
* Y $   :MR = aexp(-kt)+(1-a) exp(-gt) 

+U%)7()922.12283exp(18088.3 897.0

T
VEa �

+U%)8()4.25978exp(353527.1 687.4

T
VEg �

 �

+U%)9()56.16807exp(26746.5 77.2

T
VEk �

3-3L  ?;N 9) O 3  :
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 * 7  M) /  : /   *#  &7  * ' C  K 8 : R/  # , R  +  $# # 2W V  w 2  &2)  , 3% +  
  *#  &7  . #% .L  (  ?;N 9) O )# R  ) % %)effD(C  +8 # #, - $ &72  i2 /;  " 2$

 *#+U%  ' .# 5/-  % )4()5()  ,- %.
C  +8 # # *#  &7  ) _ &) # * 5 ' +Wb  L  (  ?;N 90 O P- /  )# R , - $ # C 25/  " 2$

 : 8)4(,-  . .</  +  4 * $  )# R  M) /  9 % ,_)effD(&72  " 2$ , - C  +8 # ?) V_  %
 ?) V_  *#% ) .%  , - ?) V_  '  /7 % 9 % C  +8 # ?) V_  L  W.

3-4: 3_ "h  3  "' -:
3 4 `/) =W ` -  %)effD(6%  # 8 %  U  +U%  &) C  +8 # Y3  Q% R  # 3%  C+2U%  ' +  #)6(

 M/  )  +W# 3  3)# .: 3_ "h  )# R  U  +U%  )  9  *#  ,- % +U- % &72  2W V  w  " % "' -
 ,-  ^ )  +% * 5 ' +Wb  *#." $ # " %304050- +8 # " $ , - % # ( /5/0% % + L % /699/105 

 molKkJ /" $ # " % 304050+2 L % /  " $ , - % # ( / - +8 # 12% %988/106 molKkJ /
" $ # " %304050" $ , - % # ( / - +8 # 5/1L % /  % % +181/106 molKkJ /" $ # " % 30

40 50" $ , - % # ( / - +8 # 2% % + L % /  906/98 molKkJ /%.
4.4 

, ;O % * 5 ' +Wb  C ! 6 3&7  ,_ ( ^ +3W U  #  ,% L / %  &7  &) # /   +2)A )  *#  
 V W  * 5 ' +Wb  @' .# d $10.# # "  % @V  +)A *#  &7  M)  O )  :   , _ $ =7) '  " $ .

 * 7  M) / * Y $  :  m +  $#- $*?;N 9) R  .  …b!  Z % N " % + R% ' / % /) =W
.# # , _ $9-  + R% '  * 5 ' +Wb  @V  +)A *#  &7  " % * Y $  :  + 2  2 %.+2  2/^

  ?) V_  *#  &7  " $ , - C  +8 #  ?$  *  &7  * ' C  % ) L 2  ( 2  ?2;N 9) 2O  % )
  ?) V_ 9 % C  +8 # L  / _ # ) # +  % ) ,-  $ , - L  ' /7 % .&2) # *# 2  &72  ) _ K

 w  W V  w  % . #$# .

: 8)3.(* 5 ' +Wb  @'  +)A *#  &7  "  % O )  :  m *#  , _ M) / 
:  " /% L , - # . 

X^2 R^2 RMSE a b c H g k 
1E-05 0.999255 0.007297 0.9764 2.966 0.0972 0.5 30 1 

8.42E-06 0.99903 0.009311 4.051 0.1301 0.1246 1 30 
1.73E-06 0.999528 0.005928 0.7025 0.2797 0.1006 1.5 30 

1.4E-06 0.999559 0.005693 0.9691 2.20E-09 0.1774 2 30 
3.24E-05 0.995415 0.023411 0.03339 0.6895 3.71E-09 0.5 40 
2.21E-06 0.999016 0.009234 0.9418 0.03893 0.9589 1 40 
6.02E-06 0.998149 0.013042 0.916 0.1064 1.175 1.5 40 
1.53E-05 0.996962 0.016476 0.9234 0.1183 1.32 2 40 
2.89E-08 0.999848 0.0037 0.06665 1.986 0.08333 0.5 50 
1.63E-08 0.999883 0.003345 0.0468 2.092 0.01504 1 50 
3.56E-09 0.999942 0.002522 0.9445 0.03348 2.393 1.5 50 
1.24E-08 0.999893 0.003447 0.03973 2.604 8.50E-08 2 50 
4.77E-05 0.998418 0.01092 0.7169 0.146 0.1404 0.09233 0.2209 0.08987 0.5 30 2 
3.34E-06 0.999418 0.007576 0.6999 0.2531 0.03628 0.2364 0.1048 0.1053 1 30 
2.61E-07 0.999825 0.003773 0.09868 0.04252 0.8588 0.1412 2.044 0.0421 1.5 30 
1.19E-05 0.998771 0.009945 0.1491 0.4535 0.3943 0.1914 0.1963 0.06613 2 30 
5.16E-05 0.99528 0.029093 0.9886 0.03649 0.00078 0.7278 0.0056 0.7112 0.5 40 
1.86E-06 0.999187 0.009316 0.1925 0.7555 0.04128 0.00078 1.028 0.6041 1 40 
4.92E-06 0.998532 0.012628 0.8439 0.1052 0.04392 0.00335 3 0.995 1.5 40 
1.08E-05 0.997761 0.01538 0.1621 0.03634 0.7931 1.062 2.22E-14 3 2 40 
3.98E-08 0.999848 0.004343 0.2581 0.0656 0.6766 2.066 0.08004 1.781 0.5 50 
1.68E-07 0.999687 0.006552 0.9364 0.00023 0.06462 0.1129 2.21 2.159 1 50 
5.86E-09 0.999941 0.003213 0.8032 0.05428 0.1426 2.047 0.02777 2.456 1.5 50 
6.88E-08 0.9998 0.005947 0.7742 0.03888 0.1861 2.603 0.00491 2.562 2 50 

1E-05 0.999255 0.007297 0.02377 0.03449 2.817 0.5 30 3 
1.73E-06 0.99956 0.006273 0.02062 0.04203 2.537 1 30 
1.73E-06 0.999528 0.005927 0.2932 0.3575 0.2822 1.5 30 
2.68E-06 0.99939 0.006606 0.9691 6.53E-08 0.1774 2 30 
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4.53E-05 0.994581 0.024146 0.9666 3.05E-09 0.6895 0.5 40 
2.21E-06 0.999016 0.009234 0.9418 0.04079 0.9591 1 40 
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: 8)4.(, -  $ # # (  ?;N 9) O M) /i /;  " $ 

#)+8 ## = / - , -)+ L % /( (  ?;N 9) O 
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50 2 1.56584E-06 
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Mathematical modeling on hot air drying of thin layer crocus sativus 
Kamran Abbasi, S. R. Hasan-Beygi , M. H. Kianmehr * 

Abstract 
The hot air convective drying characteristics of thin layer crocus sativus were evaluated in a 
laboratory scale dryer. The drying experiments were carried out at 30, 40 and 50°C and at the air 
velocity of 0.5, 1, 1.5 and 2 m/s. Different mathematical models were tested with the drying 
behavior of crocus sativus in the dryer. The results indicated that the verma et al, Henderson and 
Pabis, Approximation of diffusion and Logarithmic model can present better predictions for the 
moisture transfer than others; increasing temperature and velocity lead to decrease drying time 
and increase Effective diffusivity.  
 the drying process took place in one falling rate periods, the general relationship of moisture 
ratio against drying duration in the thin-layer convective drying of crocus sativus were found.  
 
Keywords: Crocus sativus; Hot air convective drying;; Effective diffusivity; Activation energy.
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