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1.Ä»|.» 
Ê¼¸� KZ¿ Z% *Y�5�'crocus sativus Ê»Â¼� KZ¿Á saffron,-Y ¾Ì»' .�¯ "Á� �# #Â8Â» Ê�Y�' .ZÌ( ¾)�eZÆ^¿Y�( .*Y�25�'

 ZÌ-M [�£ Á +¿Y�/)|» Ê)YÂ$ Á [M +RUÀ» �# Á ,-Y p^¿' .#YÂ¿Z  'Y_Ê)ZÌ_Y�a8 €�� 'Y30Ze50Ê)ZÌ_Y�a8 :Â4 Á ÊWZ¼� +8�# 
10 Ze Ê%�£ +8�# 80Ê^�� +8�# _*Y�Z% `¯ �ZÌ�% p4ZÀ» �#_#�Y# B�/�( |À/�$ K�( *Z/�%Ze Á #�- *Z/�»' "Y�Y# +¯ *Y�Âe .

% *Y�5�' �=)# xYÂ¿Y |Àm �$Ê» �Y ^ .#Z5/-Y #�Â» VÌ¿ Ê/À)' *Z$ZÌ( *YÂÀ� +% Z^)' "ZÆ¸( *#Â% Y�Y# QÌW# +Ê2�Y�' +2¿Â( ÊWÁ ,|¿�Ì(
.g)Á .Z=)Z8 "#Z6/^Y �<¿ 'Y *M#�Y# "Y.]1Á2[

Ê% Ê�Y�' .ZÌ( *Y�5�' #Â2  xÂ¿ �# +¯ *M |ÌWÂe "hÂWÂÀYe +¯ ,-Y .|� h�Z% *M .g)Á CZÌ!Â6  +¯ ,-Y #�_ +% �6vÀ» Á � <¿
 'Y##�( QR/À» +ÀÌ- +% +ÀÌ- *Y'�ÁZ7¯ ¾Ì% �# Á |�Z% �Y#�Â �% VÌ¿ "#Z)' Ê(|ÌdÌN .'Y Q^^ *M Q( �ÂÆ‰ .ZÌ( ¾)Y '�Z% "ZÆÌ(g)Á 'Y

Á *YÁY�2_ Q2»Z¯ "ZÆ¸( |ÌWÂe qb  �% �Á�Z% �]% |ÌWÂe K|� ,�ZÆ% �# *M |�� "ZÆ/¿Y ,VÌ)ZN �# *M |�� xÁ�� ,�=)# Ê7)Á� KY|¿Y �$
M Q( ,�Y#�% C�Á�OÊ» YÂ$ *|� K�( 'Y Q^^ f^! �# *|�Z%.]1Á2[

.g)Á .Z=)Z8 *ZÆ8 Ê)Á�Y# Á "'�ÁZ7¯ :Â6v» ¾)�/¿Y�( *YÂÀ� +% *Y�5�' #�Y# *Y�2)Y ÊeY�#Z2! CAÂ62v» ¾Ì2% �# "Y .:Z2u �#
'Y ?Ì% Á ,-Y *ZÆ8 �# *Y�5�' .|ÀÀ¯ �#Z! Á .|ÀÀ¯ |ÌWÂe ¾)�/(V% *Y�)Y �OZu90( :Â62v» ¾)Y Ê¿ZÆ8 |ÌWÂe |!�# +2% Z2Æ^¿Y�

#�Y# �Z6/ Y *Y�)Y .:Z- �# *Y�)Y |ÌWÂe *YVÌ»1385 'Y �/7Ì% 200,-Y .|� �#Z! *M .|¼� ?;% +¯ ,-Y .#Â% ¾e .]3[
##�( &7  |)Z% ,�e Ê¿AÂ4 "�Y|Æ=¿ "Y�% .'Ze *Y�5�' .:Â62v» B'�YÁ ,2Ì5Ì¯ �2% "#Z2)' �2LY *#�2¯ &7  #�Y# Ê)Z2Æ¿ .�#

Á� +% *Y�5�' ,i¸/;» p4ZÀ» Á Z$�Â7¯ 'Y +2»Z  Á +2Wb¯ "'Z2- Y|8 'Y ZN *Y�)Y Ê/À- †.ÂÌ� �# #Â� Ê» &7  ÊeÁZ5/» "ZÆ�
 Ê» &7  +)Z- �# Á .|� ¾ÆN ]£Z  ̄Á +m�ZN "Á� �% Ê5)#� C�Â! +% ZÆ¿Y�5�' ,Q(##�( .Ê» Ê^)Z3» "Y�Y# *|Ì¿ZY7  .ÂÌ� ¾)Y-

.|¼� +¯ |�Z% Ê» *|� &7  *Z»' *|� Ê¿AÂ4 *M ¾)�e|� % .Z% ,*Z2»' ?)YV_Y Á Z2Æ»VÌ¿Z(�YÁ�YÌ» �2ÌjYe Á |2�� *Z2Y»Y h2�
Ê» Ê(#ÂWM *YVÌ» ?)YV_Y##�(].4[

&7  Ê¼)|^ 'Y ÊY) Ê)Y]£ #YÂ» *#�¯ BÁ� ¾)�e .#Z5/-Y "Y�% ZÆ¿M "�Y|Æ=¿ "Z$ Ê» "|3% "Z$|�Z% .&7  •Á�2  h2�Z% *#�¯
 Ê» Ê)Y]£ #YÂ» 'Y [M"�/¯Z% +Y)�ÂU% ,#Â�"�Z¼Ì% Q»YÂ� Á Z$ 2^¿ |�� +% �#Z^ Y' Ê2» "�Ì(Â2¸8 Ê)Y]2£ .#Z2» #Z�2_ 'Y Á .#Â #Â2� .

&7  ¾ÌÀd¼$ ̀ )V¿M ,ÌWZ3_ ?$Z¯ h�Z% *|� Ê» Ê)Z$ Ê» .ÂÌ» Ê3Ì^4 *|Ì-� 98Â» +¯ #Â� i2^Â/» Y� Z2Æ¿M ,2ÌWZ3_ Z»Y ,|¿Â�
Ê¼¿|À¯ .&7  +¯ Zn¿M 'YÊ» ,%Â4� •Á�  h�Z% *|� ̀ ¯ .ÂÌ» *'Á Á .'Y|¿Y ¾)Y�%ZÀ% ,#Â�[M ,.#Z5/-Y KZ=À$ Á .|� .|2� •�Z2  

Ê» 'Z% #Â  +ÌWÁY QY� +% .ÂÌ» Á .|� .|¿Y#�(�% .ÂÌ» +%##�(.Ê)Y]2£ #YÂ» C|» Ê¿AÂ4 .�Ì y, Ê)Y]£ #YÂ» *#�¯ &7  'Y q|$ 
|�Z% Ê» QR¿Á Q¼u "Z$ +À)V$ ?$Z¯ Á "|À% +/�% Á "�Y#�Z^¿Y "Z$'ZÌ¿ *#�¯ Q^Y|u,."Á� �% "#Z)' �ÌLZe *#�¯ &7  CZÌ¸¼�

 ,¼Ì^ Á :Â6v» ,Ì5Ì¯ #�Y]( Ê» *M.|2À)M�_ :Â24 �# +2  ̄Ê)ZÌ¼Ì2�ÂÌ% Á Ê2Y)VÌ_ CY�2ÌÌae *YVÌ» +% Ê)Y]£ CAÂ6v» ,Ì5Ì¯
Y# Ê=/�% |$# Ê» w� *M �# *#�¯ &7 #�.]5[

Ê» .|ÌdÌN |À)M�_ &) [Â4�» #YÂ» *#�¯ &7  ¾ÌÀd¼$Ê» *Z»V¼$ C�Y�u Á K�8 :ZR/¿Y Q»Z� +¯ |�Z% |�Z%]6[j•Õ‰ :Â¼3»
 *#�¯ &7  :|» xÂ¿ +- Ê» �Y�^ .#Z5/-Y #�Â» "'�ÁZ7¯ CAÂ6v» *#�¯ &7  .|)|N iÌ!Âe "Y�% +¯ #�Y# #Â8Á @'Z¿ +)A-

Q»Z� +¯ #�Ì(1(Ê» �Y�^ �<¿ |» .|ÀÀ¯ K�( "YÂ$Á :Â6v» ¾Ì% ,%Â4� :ZR/¿Y +% ,^�¿ Y� Ê¸ Y# ,»ÁZR» PR_ +¯ "�Â>e :|»-
|$# .2("�Â>e +¼Ì¿ :|»3(»ÁZR» PR_ :|» ¾)Y �# +¯ Ê%�ne :|» Ê8�Z  ,Ê» +8Âe #Â�]7Á8[.

#�Y# Y� ,+¿Â¼¿ ,)Y|$ ,Ì¸%Z^ ,+¿Â¼¿ K�8 ?;N 9)�O ,+¿Â¼¿ Ê-|À$ CZÌO�_ +% 'ZÌ¿ "�Â>e :|»]9Á10.["Z$|À)M�_ Ê%�ne :|»
 Ê» .|)#Z¿ Y� *#�¯ &7  Ê-Z-Y *ZÌ% *ÂÌ-�(� VÌWZ¿M +¸Ì-Â% *#�¯ &7  *Z»' Á ,%Â4� ¾Ì=¿ZÌ» ¾Ì% `ÌR/�» +U%Y� &) Á #�Ì(

Ê» |À¯]11Á12.[†.�Z2%�# &Ì_ KÁ# *Â¿Z^ "'Z- .#Z- 'Y .|� +nÌ/¿ +¯ #�Y# �Y�^ "�Â>e Á Ê%�ne :|» ¾Ì%ZÀÌ% "�Â>e +¼Ì¿ :|» Á
�# +¯ .�Ì£Á *Â-�|À$ ,¾eÂÌ¿ ,MÌN :|» QÌ^^ 'Y #�YÂ» "�ZÌ�% �# +¯ .|� .#Z- :|» *#Y# QY� �ÌÌae 'Y Z) �Z7/¿Y):Á|281(.|2»M

Ê» .#Z5/-Y ,-Y#Â�.
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8:Á|)1.(:|» @'Z¿ +)A BÁ� +% *#�¯ &7  "Z$ 

i)#� :|» KZ¿ :|» r8�» 
1¾eÂÌ¿ MR = exp(-kt) Westerman et al., 1973 
2MÌN MR = exp(-kt^n) Guarte, 1996 
3*Â-�|À$ ÁZÌ%ZN MR = aexp(-kt) Yagcioglu et al., 1999 
4Ê¼/)�Z=W MR = aexp(-kt)+c Yaldiz and Ertekin, 2001 
5+¸¼8Á#"YMR=aexp(-kt)+bexp(-k1t) Rahman et al., 1998 
6+¸¼8Á#Ê)Z¼¿ "Y MR = aexp(-kt)+(1-a) exp(-kat) Yaldiz et al., 2001 
7?;N 9)�Re MR = aexp(-kt)+(1-a) exp(-kbt) Yaldiz and Ertekin, 2001 
8*Y�ZY¼$ Á Z»� MR = aexp(-kt)+(1-a) exp(-gt) Yaldiz and Ertekin, 2001 
9Â-�|À$*ZÌ%ZN Á

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

10 *Y�ZY¼$ Á Ê¸)|Ì» MR = aexp(-kt^n)+bt Midilli et al., 2002 

Z2» +28Âe +23WZU» ¾2)Y �# ,,�2Ì¿ ��/-# �# *Y�5�' +Wb¯ *#�¯ &7  :|» †.�Z%�# Ê¸65» CZ�b4Y +YÀ)Y ,¸3% Ê2-��% +2%
 �# *|2� &7  "Z$ |À)M�_ "'Z- :|» Á ,%ZL �/�% ¾¯ &7  &) �# *Y�5�' +Wb¯ 'Y @'Z¿ +)A &) *#�¯ &7  CZÌ!Â6 

,-Y .|� qÂU3» ™)�� "YÂ$ ,��-Á C�Y�u +8�# M¿� &).

2.@+�+ {Y »ZÅ
2-1?)Z»'M Q)Z-Á 

"Y�% ,%ZL �/�% Ê$Z=7)Z»'M Êe�Y�u ¾¯ &7  &) 'Y ?)Z»'M ¾)Y �#,2-Y .|2� .#Z5/-Y *Y�5�' +Wb¯ *#�¯ &7 )QY2�1.(
'Y Ê)Z»# �$ "Y�% +¯ #�Y# Y� ¾)Y ,Ì¸%Z^ ¾¯ &7  ¾)Y20Ze120�2)' YV28Y Q»Z2� +¯ ,#Â� `Ì<Àe AZ% ,^# Z% #Y�( Ê/¿Z- +8�# 

,-Y) :1(Ê¼Ì- "�Âe)2(.'Y|¿Y "Z$�Â�À- Z»# "�Ì()3(<Àe Q%Z^ *M #Z3%Y +¯ ¾¯ &7  &^ZeY Z) +<5v» Ê» `Ì |2�Z%)4(+2)ZN
 ¾¯ &7 )5(?)Z»�( |uYÁ)6(�Âe )Y1)�ÂeÂ»Á�/YWY �Á# .|ÀÀ¯ `Ì<Àe) (7(�Â2eÂ»Á�/YWY)8(¾2_)9(&2ÌeZ»ÂeY :�2/À¯ .|2uYÁ

 ÊY)�/YWY ¾¯ K�( &) Q»Z� ?)Z»�( )3CYÁ Â¸Ì¯ (,-Y +/_�( �Y�^ :Z¿Z¯ &) Q Y# �# +¯ ,-Y .¾¯ &7  †+<5v» Z) &^ZeY
  Z- +7Ì� 'YÊ»�Y�^ *M Q Y#�# Ê¼ÌÀÌ»ÂWM @'Z¿ "�Âe &) "Á� �% :Â6v» +¯ .|� +/#�Ì( .�# ¾2¯ &72  "YÂ$ C�Y�u +8�#

 .'Y|¿Y QNÂ¯Â»�e Z% `ÌR/�» �ÂU% &^ZeY Ê» .#�ÁM ,-|% ÊY)�/YWY ,»ÁZR» ?)Z»�( +¸Ì-Â% Á .|� "�Ì( +¸Ì2-Â% ¾Ì2Àd¼$ Á ,#Â2�
 Z% &ÌeZ»ÂeY :�/À¯ |uYÁ5/0±"Z»# �# C�Y�u +8�# "�Â2e fU2- "AZ% "�/» Ê/¿Z- &) �# Ê8Á�  "YÂ$ ,��- Á �<¿ #�Â»
 Z% .|� +/-YÂ  �Y|R» �#03/0±Ê» Ê^Z% ,%ZL +Ì¿ZL �% �/» |¿Z» .`Ì<Àe +¯ Ê8Á�  "YÂ$ ,��- �Âe�ÂÀ)Y P-Âe +% +¯ �ÂeÂ»Á�/YWY 
Ê» KZn¿Y ,-Y Q6/»#Â� .Â¯Â»�  Z% C�Y�u +8�# Á ÊWZ/Ìn)# MÀ- ,��- Z% ,��- ¾ÌÀd¼$ xÂ¿ QNT,^# Z% 1±Ê/¿Z- +8�# 

.'Y|¿Y #�Â» #Y�(Ê» �Y�^ "�Ì(#�Ì( .,^# Z% ÊWZ/Ìn)# "Á'Y�e &) 'Y Á001/0±.'Y|¿Y "Y�% K�( ,-Y .|� .#Z5/-Y K�8 "�Ì(.

2-2?)Z»'M #YÂ» 
�Y|R» 'ZÌ¿ #�Â» *Y�5�' +ÌÆe �Â<À» +% 10r^YÁ "Y +��V»'Y ,,�Y#�% Q6_ �# *Y�5�' Q( K�( Â¸Ì¯ *Z/2-�Æ� "�/»Â2¸Ì¯ |Àm �#

#Á|u +¯ �¼�Z¯2/0#Á|u .Y�¼Æ% Z$ +Wb¯ .Z=7)Z»'M +% :ZR/¿Y 'Y ZN Á +ÌÆe ,�Y# ,3-Á �Z/Y$ 3�)Z2- 'Y +2»Z  'Y �2/» Ê2¸Ì» 
#Á|u "Z»# �# :Zd;) �# "�V)�_ *Â¸)Z¿ *Á�# Á |)#�( Y|8 Q( †YV8Y4|)#�( "�Y|Æ=¿ CZ7)Z»'M xÁ�� Ze #Y�( Ê/¿Z- +8�# .

1- invertor 
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Â/v» C�Y�u +8�# �# *ÁM BÁ� Z% *Y�5�' Ê/%Â4� "Y°C2±100�# Á3@b»,|� ¾ÌÌ3e �Y�Ye +¿Â¼¿ *|¿Z» Ê^Z% *Z»' �# Z2$
,*ÁMÁ+¿Â¼¿ *'Á *|� ,%ZL #Â% |À$YÂ  Z$ .:Â»�_ 'Y .#Z5/-Y Z%)1(|� ¾ÌÌ3e *Y�5�' +Wb¯ Ê/%Â4� "YÂ/v» |!�# .
100]Q¯ *'Á) /*ÁM �# .|� ,%ZL *'Á–'ÁQ¯ *[(=,%Â4� |!�# 

*Y�5�' +Wb¯ Ê/%Â4� "YÂ/v» eÂ_ +U%Y� �Z-Y�%5/0±75|»M ,-|% .

QY�)1.(,%ZL �/�% ¾¯ &7  
2-3?)Z»'M BÁ� 

"Z$Z»# �# *#�¯ &7  "ZÆ7)Z»'M30,40Á50"YÂ$ ,��- Á #Y�( Ê/¿Z- +8�# 5/0,1,5/1Á2¾2¯ &72  Z2% +Ì¿ZL �% �/» 
|� KZn¿Y ,%ZL �/�% .+¯#Á|u +¿Â¼¿ ,»Z;O3#Á|u *M *'Á Á �/» Ê¸Ì» 5/1Ê» K�( .'Y|¿Y "Y�% |�Z% ¾Ì2u �# +¿Â¼¿ *'Á "�Ì(

 Ê» •�Z  ¾¯ &7  &^ZeY 'Y +¿Â¼¿ "ÁZu "�Âe ,?)Z»'M Ê» *'Á ÊWZ/Ìn)# "Á'Y�e &)'Y .#Z5/-Y Z% Á ##�( &^ZeY +% .�Z%Á#Á ##�(
 Ê» .|¿Y#�(�%#Â� .+% &)#V¿ Ê¸Ì  ÊWZ/Ìn)# "Á'Y�e Ê» ¾¯ &7  |uYÁ|�Z% ..'Y|¿Y |À)M�_ �$+2Ì¿ZL .# #Á|2u +2¿Â¼¿ *'Á "�2Ì(

 Ê» :Â4|7¯ .Ê» Y| N +»Y#Y Ê¿Z»' Ze *#�¯ &7  |À)M�_ #Á|u +% +¿Â¼¿ ,%Â4� "YÂ/v» +¯ |À¯1±10|2%Z) ?$Z¯ |!�# .Ê2À3)
|ÀY¿ �ÌÌae �=)# ,%Â4� "YÂ/v» +¯ Ê/^Á ªZ^)�Re .Ê» �Y�Ye �Z% +- ?)Z»'M "Y�8Y �$#Â�.

2-4"�Â>e CZ�ub» 
2-4-1ÊÀvÀ» "'Z- :|» @'Z¿ +)A *#�¯ &7  "Z$:

`ÌÀ¯ "'Z- :|» Y� *#�¯ &7  "�LÂ» �ÂU% +¯ ,-Y `Æ» *Y�5�' +Wb¯ *#�¯ &7  CZÌ!Â6  Ê-��% "Y�% .+23WZU» ¾2)Y �#
C�Y�u +8�# �# +¯ *Y�5�' +Wb¯ *#�¯ &7  "Z$#Y#,��- Á Z$M ,-|% Ê%�ne �ÂU% i¸/;» "Z$.|» .# Z2% :Â2¼3» �ÂU% Y� |¿Y

 �# @'Z¿ +)A *#�¯ &7  †.|� +0Y�Y :|»):Á|81(Ê» ,Ì_|¿Â�.
:|» ¾)Y �#,Z$MRÊ» |3% *Á|% ,%Â4� ,^�¿ †.|À$# *Z7¿ |�Z%.   ee MMMMMR �� 0/¾)Y "Z$�/»Y�ZN +¯ 

'Y |Àe�Z^� +U%Y� :M=+<vW �$ �# :Â6v» ,%Â4� "YÂ/v» .0M=:Â6v» �# +ÌWÁY ,%Â4� "YÂ/v».eM=,%Â4� "YÂ/v»
ÊW#Z3e .�Y|R»eMZ2% +�2)ZR» �#MZ2) 0M*Z2»' C|2» "Y�2% ¾)Y�%Z2À% ,2-Y &2mÂ¯ ªZ/^�2¿ *#�2¯ &72  Ê¿AÂ24 "Z2$

   ee MMMMMR �� 0/+% |¿YÂe Ê»0/ MMMR #Â� .#Z- ]13Á14.[

2-4-2ZU  VÌWZ¿MÁ Ê=/�^¼$ 9)Y�O :
:|» eZ^U¿Y *YVÌ» .#Y# Z% .|� ,�e ÊOZ)� "Z$ Ê=/�^¼$ 9)�O Z% Ê%�ne "Z$ 2R �Z2Ì3» 'Y qY�2v¿Y (RMSE) Á# "Z2¯ Á

2F
Ê» Ê%Z)'�Y|¿Â� .�Y R» +m�$2R�)#ZR»Á |�Z% �/7Ì%(RMSE) Á2F,2-Y �/72Ì% eZ^U¿Y *YVÌ» |�Z% �/¼¯ .2Fp2)�4 'Y Á

Ê» +^-Zv» �)' P%YÁ� |¿Â�:
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aE:Z3_ "h�¿Y "'Z- molKkJ /
Tp¸U» C�Y�u +8�#  K

`ÌR/�» P  9Ì� 'Y .#Z5/-Y Z%effDln�ÂY3» Q%ZR» �#T:Z3_ "h�¿Y ,Ê» "'Z-#Â� +^-Zv» |¿YÂe.
3.JZ¿1 + <ËZf¿ZÅ^Ì 
3-1*Y�5�' +Wb¯ *#�¯ &7  CZÌ!Â6  VÌWZ¿M :

"Z$Z»# �# *Y�5�' +Wb¯30,40Á50"YÂ$ ,��- Z% Á5/0,1,5/1Á2Ê$Z=72)Z»'M :|» ,%ZL �/�% ¾¯ &7  �# +Ì¿ZL �% �/» 
#Á|u ,»Z;O Z% Á @'Z¿ +)A C�Â6%3Ê» &7  �/» Ê¸Ì» #Â� .ÌWÁY ,%Â4� "YÂ/v» #Á|u *Y�5�' +Wb¯ +1/0±08/3K�(Â¸Ì¯ 

ÊW#Z3e ,%Â4� "YÂ/v» |7¿ .|$Z7» +¿Â¼¿ *'Á �# "�ÌÌae +¯ Ê¿Z»' Á &7  .#Z» K�(Â¸Ì¯ �$ �# [M01/0±12/0[M K�(Â2¸Ì¯ 
|»M ,-|% &7  .#Z» K�(Â¸Ì¯ �$ �#.

�Y�2u +8�# �# *Y�5�' +Wb¯ "Y�% *#�¯ &7  *Z»' C|» Q%ZR» �# Ê^�¿ ,%Â4� *YVÌ»C�# .|2� [Z2;/¿Y "Z2$ ,��2- Á Z2$
QY�)2(QY� ,)3(QY� ,)4(QY� Á)5(,-Y .|� .#Y# *Z7¿ .ÊW#Z23e ,2%Â4� "YÂ2/v» +% *|Ì-� "Y�% *#�¯ &7  *Z»' C|»

 :Á|8 �# *Y�5�' +Wb¯ "Y�%)2(,-Y .|� .#Y# *Z7¿ .Ê2» ,��- *#�¯ &7  |À)M�_ +% YÂ$ ,��- Á C�Y�u +8�# ?)YV_Y Z%-
» ¾)Y�%ZÀ% |7;% Ê» `¯ *#�¯ &7  *Z»' C|#Â� ..'Y|¿Y +% C�Y�u +8�# Ê/^Á10+¸!Z_ Z% #Y�( Ê/¿Z- +8�# 'Y *Z�2Y) "Z$30

Ze50Ê» Y|ÌN ?)YV_Y Ê¼¿ ?$Z¯ *Z�Y) *YVÌ» +% ªb%ZR/» `$ *#�¯ &7  *Z»' C|» |À¯ "Z»# 'Y *Z»' ?$Z¯ +Y¸% |%Z)30+2% 
40#�Y# "�/7Ì% �ÌLZe 9eY�» +% .
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|8:Á)2.(,��-Á Z$Z»# "Y�% *|� &7  *Z»' C|»i¸/;» "Z$ 
T)#Y�( Ê/¿Z- +8�#( V(m/s) t(+RÌ^#)

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 

'Y Z»# Ê/^Á30+%40Ê/¿Z- +8�# ��- Á #Y�( 'Y YÂ$ ,5/0Ze2Ê» Y|ÌN ?)YV_Y +Ì¿ZL �% �/» +% *|� &7  *Z»' C|» ?$Z¯ |À¯
 .'Y|¿Y5/0±5/78Ê» |!�# Ê» r^YÁ �# ÊÀ3) ,|�Z% ,-Y +/�Y|¿ Ê¿Y|Àm �ÌLZe YÂ$ ,��- �ÌÌae +¯ ,5( *YÂe .'Y Z»# +¯ Ê¿Z»' ÊWÁ

40 +% 50Ê/¿Z- +8�# 'Y YÂ$ ,��- Á #Y�(5/0Ze2+Ì¿ZL �% �/» Ê» Y|ÌN ?)YV_Y 92Ìe�e +2% *|� &7  *Z»' C|» ?$Z¯ |À¯
66/43,46/45,50Á56/55Ê» |!�# Ê» Ê7)YV_Y Ê)Z»# .'Z% ¾)Y �# YÂ$ ,��- �ÌÌae ÊÀ3) ,|�Z%|�Z% .
3-2ÊÀvÀ» *#�¯ ,Ì_ *#�¯ &7  "Z$:

.#Y#+% |»M ,-|% *Y�5�' +Wb¯ *#�¯ &7  ?)Z»'M �# +¯ ,%Â4� "YÂ/v» +% SÂ%�» "Z$ Ê^�¿ ,%Â4� MRÊ» Q)|^e Á |¿Â�
 :Á|8 �# +¯ :|» .# Z%)1(Ê» ,Ì_ |� +0Y�Y :|» "�Z»M M)Z/¿ |¿Â� "Z2$�ZÌ3» Á *#�¯ &7  :|» 90Y�O Q»Z� +¯ i¸/;» "Z$

Ê» �Y�^ .#Z5/-Y #�Â» [Â  eZ^U¿Y Ê%Z)'�Y "Y�% +¯ +�)ZR»'Y |Àe�Z^� |¿�Ì(2R,2F,(RMSE):Á|8 �# +¯ )2(.|� ,�ÌW|¿Y .
�#$�)#ZR» #�YÂ» +¼2R'Y �/7Ì%983/0�)#ZR» Á2FÁ(RMSE) 'Y �/¼¯ 9Ìe�e +% 000331629/0Á037998/0|À/�$ .

�)#ZR» 2R:|» �#,*Y�Z2Y¼$ Á Z2»�Á "Z$ Â2-�|À$*2N ÁÁ ?2;N 92)�Re ,.|2� …b2!Y ZÌ%Z 'Y �/72Ì% Ê¼/)�Z2=W994/0Á
�)#ZR»2F,(RMSE) 'Y �/¼¯ 9Ìe�e +% 000045324/0Á024146/0Ê»Ê» *Z7¿ +¯ |�Z% .#Y# Z2% :|» �ZÆm ¾)Y |$# "Z2$

 .|� ,Ì_ [Â  Ê¸Ì  �ÂU% Ê$Z=7)Z»'M|¿Y .:Á|8 ¾ÌÀd¼$)3(2%Â4� ,^�2¿ ¾Ì2% +�)ZR» C�Y�2u +28�# �# Ê$Z=72)Z»'M ,Á Z2$
,��- Ê» *Z7¿ Y� .#�^»Z¿ :|» �ZÆm P-Âe .|� .#' ¾Ì¼;e ,%Â4� ,^�¿ Á *#�¯ &7  i¸/;» "Z$ +�2)ZR» ¾2)Y 'Y +2¯ |2$#

Ê» .#Y# ¾Ì% Ê%Â  eZ^U¿Y +/�¿YÂe *Y�ZY¼$Á Z»�Á :|» +¯ ,_�( +nÌ/¿ *YÂe|À¯ *ZÌ% Y� .|� +^-Zv»Á Ê$Z=7)Z»'M "Z$ .¾)Y�%Z2À%
»Ê» *Y�5�' +Wb¯ 'Y @'Z¿ +)A &) *#�¯ &7  CZÌ!Â6  iÌ!Âe "Y�% 9-ZÀ» :|» &) *YÂÀ� +% *Y�ZY¼$ Á Z»  :||�Z%.

,��-Á C�Y�u +8�# �ÌLZe *#�¯ #�YÁ �Â<À» +%,%ZL Á 90Y�O "Á� �% *#�¯ &7  "Z$ ÊÀ3) *Y�ZY¼$Á Z»�Á :|» "Z$ k, g, a 
):Á|8)3( (Ê» .#Z5/-Y *ÂÌ-�(� VÌWZ¿M 'Y…�� +% +¯ ,|À¯ #Zn)Y Y� ,��- Á C�Y�u +8�# Q%ZR» �# Z$�/»Y�ZN ¾)Y ¾Ì% P%YÁ� Ze #Â�

Ê» �)'|�Z%.
*Y�ZY¼$Á Z»�Á :|»MR = aexp(-kt)+(1-a) exp(-gt) 

+U%Y�)7()922.12283exp(18088.3 897.0

T
VEa �

+U%Y�)8()4.25978exp(353527.1 687.4

T
VEg �

 �

+U%Y�)9()56.16807exp(26746.5 77.2

T
VEk �

3-3�LÂ» ?;N 9)�O ¾ÌÌ3e :
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Ê» *Z7¿ M)Z/¿ Ê» :�/À¯ Y� *#�¯ &7  *Z»' C|» K�8 :ZR/¿Y Ê¿Á�# ,»ÁZR» +¯ |$# �# Ê2WÁV¿ w�2¿ &2) �Â�u ,¸3% +¯ ,|À¯
 Ê» *#�¯ &7  .�Á#|�Z% .�LÂ» Ê(|� ?;N 9)�O �)#ZR» ¾)Y�%ZÀ%)effD(C�Y�u +8�# �#,��- Á Z$ &72  i2¸/;» "Z2$

Ê» *#�¯+U%Y� 'Y .#Z5/-Y Z% |¿YÂe)4(Á)5(|)M ,-|%.
C�Y�u +8�# �# *#�¯ &7  |À)M�_ &) �# *Y�5�' +Wb¯ �LÂ» Ê(|� ?;N 90Y�O P-Â/» �)#ZR» ,��- Á Z$ �# CÁZ25/» "Z2$

 :Á|8)4(,-Y .|»M .�Z</¿Y +¯ �Â4 *Z¼$ Ê» �)#ZR» M)Z/¿ 9�u�% ,_�)effD(&72  "YÂ2$ ,��- Á C�Y�u +8�# ?)YV_Y Z%
Ê» ?)YV_Y *#�¯|%Z) .|�Z% Ê» ,��- ?)YV_Y 'Y �/7Ì% 9eY�¼% C�Y�u +8�# ?)YV_Y �ÌLZe ÊWÁ.

3-4:Z3_ "h�¿Y ¾ÌÌ3e "'Z-:
Ê3Ì^4 `/)�Z=W `Ì-�e Z%)effD(�Â6% Ê» #Â8Â% Y� ÊU  +U%Y� &) C�Y�u +8�# �ÂY3» Q%ZR» �# Ê3%Ze C+2U%Y� 'Y +¯ #�ÁM)6(

Ê» M/À» �ÂÌÀ)�M +W#Z3» ÊÀ3)#Â� .:Z3_ "h�¿Y �)#ZR» ÊU  +U%Y� ¾)Y 9Ì� *#�ÁM ,-|% +U-YÂ% &72  Ê2WÁV¿ w�¿ "Y�% "'Z-
 ,-Y �Y�^ ¾)Y +% *Y�5�' +Wb¯ *#�¯."Z$Z»# "Y�%30,40,50¿Z- +8�# ,"YÂ$ ,��- Z% #Y�( Ê/5/0�%Y�% +Ì¿ZL �% �/»699/105 

 molKkJ /"Z$Z»# "Y�% ,30,40,50+2Ì¿ZL �% �/» "YÂ$ ,��- Z% #Y�( Ê/¿Z- +8�# ,1�2%Y�%988/106 molKkJ /,
"Z$Z»# "Y�%30,40,50"YÂ$ ,��- Z% #Y�( Ê/¿Z- +8�# ,5/1¿ZL �% �/» �%Y�% +Ì181/106 molKkJ /"Z$Z»# "Y�% ,30,

40 ,50"YÂ$ ,��- Z% #Y�( Ê/¿Z- +8�# ,2�%Y�% +Ì¿ZL �% �/» 906/98 molKkJ /Ê»|� %.
4.Ä4Ìf¿ 

,»Z;O Z% *Y�5�' +Wb¯ CZÌ!Â6 3&7  Á ,,_�( �Y�^ +3WZU» #�Â» ,%ZL �/�% ¾¯ &7  &) �# �/» Ê¸Ì» +2)A ¾)Y *#�¯ 
|� VÌWZ¿M *Y�5�' +Wb¯ @'Z¿ .�# ¾ÌÀd¼$10.#Y# "Á� �% @V¸¿ +)A *#�¯ &7  M)Y� ÊOZ)� :|» |¿|� ,Ì_ Ê$Z=7)Z»'Y "Z$ .

Ê» *Z7¿ M)Z/¿ ,*Y�ZY¼$ Á Z»�Á :|» �ZÆm +¯ |$#Â-�|À$*Á ?;N 9)�Re ,.|� …b!Y ZÌ%ZN Á"Á� �% +ÌR% 'Y �/Æ% Ê¼/)�Z=W
.#Y# » ,Ì_ Z$Ê9-ZÀ» +ÌR% 'Y *Y�5�' +Wb¯ @V¸¿ +)A *#�¯ &7  "Y�% *Y�ZY¼$ Á Z»�  :|» +¯,|¿Â� Ê2» �e|2�Z%.+2¯ Ê2/^Á

 Ê» ?)YV_Y *#�¯ &7  "YÂ$ ,��- Á C�Y�u +8�# Ê» ?$Z¯ *|� &7  *Z»' C|» |%Z) �LÂ2» Ê(|2� ?2;N 9)�2OÁ |%Z)
 Ê» ?)YV_Y 9eY�¼% C�Y�u +8�# �ÌLZe �Â/¯Z_ Á# ¾)Y�# +¯ ,|%Z) ,-Y YÂ$ ,��- �ÌLZe 'Y �/7Ì% .&2) �# *#�2¯ &72  |À)M�_ KZ¼e

Ê» w� ÊWÁV¿ w�¿ Z% .�Á#|$# .

:Á|8)3.(*Y�5�' +Wb¯ @'Z¿ +)A *#�¯ &7  "Á� �% ÊOZ)� :|» �ZÆm *#�¯ ,Ì_ M)Z/¿ 
:|» "ZÆ/%ZL ,��- Z»# .�Z¼� 

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 
6.02E-06 0.998149 0.013042 0.9161 0.09036 1.175 1.5 40 
1.53E-05 0.996962 0.016476 0.9236 0.0893 1.32 2 40 
2.89E-08 0.999848 0.0037 0.9333 0.04196 1.986 0.5 50 
1.63E-08 0.999883 0.003345 0.9532 0.007188 2.092 1 50 
4.77E-09 0.999933 0.002713 0.05937 40.63 0.05929 1.5 50 
4.63E-08 0.999793 0.004789 0.0437 73.35 0.03575 2 50 
8.35E-06 0.999321 0.006969 0.9865 0.01 0.09474 0.5 30 4 
2.65E-06 0.999456 0.006976 0.9857 0.00054 0.1077 1 30 
3.77E-06 0.999304 0.007201 0.9433 0.02916 0.136 1.5 30 
2.29E-06 0.999435 0.006444 0.9636 0.0297 0.1755 2 30 
3.36E-05 0.995333 0.023621 0.9907 0.03512 0.71 0.5 40 

1.6E-06 0.999164 0.008511 0.9416 0.04423 0.9221 1 40 
5.88E-06 0.99817 0.012967 0.9372 0.04679 1.09 1.5 40 

1.4E-05 0.997096 0.016111 0.9393 0.04088 1.219 2 40 
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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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