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Ã|Ì°" 
7/» �Y É�Z�Y|m )Ì2ZXT ¾Ë�4 ,<Y. É=$ ,-�_ É$=B�T hZÌ¸5� ÊA ,+ )�Y ÊËZ# Ê/» h$1/" Z# .�/ÌU .C/@Y�» $. É�Z/�Y|m

 T d¸-z» �z] ¾-?Z� }$Z? k|# Z] É$=B� h$1/" |3-�# V1�v» Ê-�Y|/] ZË É$Z64 m�$Y �#Z+ |�Z] ,+ V1�v» �Y ÊËZ#
Ê» .�ÌU .,<Y. ,EH� )�1_ É�Z�Y|m ,-�_ ,Z#1U ,g1_ ÉZ# ,°2 ÉZ# ,-�_ = $Y. É ,¸5m �Y LY|3?�Ìc ÉZ# �/# ,/+ )/�Y .$Y1» ¾ËY 

ÃZ´-�. O�14 É�Z�Y|m ,¸@�» |3Q ZË ^Ë ÊA &Y|+ ÉZ# Ê» &Z6<Y �Z�Y|m .�ÌU .ÃZ´-/�. �Y Ê/°Ë >1�/z» L�= �Z/�Y|m ÉZ/#

 Ã.�-�U $1A ,] ,+ )�Y É�Z�Y|m V=Y|-» .$Y. .�]$Z+ ,-�_ É$=B�T ÉZ#|@Y= $. ÉY .É�Z/�Y|m ,ÃZ´-/�. LZ»|/<Y$ Ê/�$�] )/m
 .�U d/Ë�X4 É�Z�Y|m ÊH�< f?Z� NZ�Y ¾ËY �] = |� ,-T�U �l< $. Z3H» LY13� ,] 8B O�14 V1�v» C»Z+ |/Ë .�Y Ã.Z*-/�Y Z/]

 ÃZ´-�. 7Ìl34 d¸-z» h(Z@ ÉY�] ÃZ´-�. É�Z�Y|m LZ»|<Y$ ,Ã|� dË�X4 f?Z�)LB V=Y|/-» 7Ìl34 C»Z� (È-�/_ &Z/'$Y ÉY�/]
 |Ë.�U ¾ÌX» �Z-5» = Ê'|3T .k�/" = Ã.1] Ê'|3T 7'$ �Y �4(Z] �Z-5» 7'$ $. É�Z�Y|m ÊH�< f?Z� .Y. LZD< ªÌ:v4 ¾ËY �Y �/l<

�4(Z] V1�v» 7'$] $Y|:» ¾Ë ,ÉY�] Ã|»B )�.R.S.I.Z] �]Y  5/64%)�Y .hZ5Ìl34 �ÌÌr4 Z] ,+ .1] LB �Y Ê+Z@ ZËZ-< ¾Ì3n5#
 �Y ÃZ´-�. É�Z�Y|m ÊH�< f?Z� ÉZ:4$Y LZ°»Y ,V=Y|-» )2Z@ �Y ÃZ´-�.79) %8B Z/] É�Z/�Y|m ,] )H�< (,/]93) %,/] )H�/<

 8B Z] É�Z�Y|m (.$Y. .1m= .|� Ã|#ZD» �´Ë. É1� �Y�ËYETY ,] �63» É�Z�Y|m ÊH�< f?Z� ÉZ:4$Y )/m ,-TZË &Z6<Y hY�ÌÌr4
Ê» W�Z3»Z< Êm=�? |Ë|� ..�U.

Ã#YÁ|Ì$¯ :É$=B�T ,É�Z�Y|m ÊH�< f?Z� ,>1�z» L�= �Z�Y|m ,,-�_ 

1-É.�]$Z+ Ê5¸� Ê2Z� m�1»B ,��1» ,Ê��z4 ÉY�-+.^Ì<=�-°2Y )�_ ,É�$=ZD+ .Z/m:sadeghi@itvhe.ac.ir 
2-�-+. ,Ê��z4 ÉYN$ZT ÊXÌHA G]Z3» = É�$=ZD+ hZ:Ì:v4 E+�» ,É�$=ZD+ Ê�|3/» = Ê3T hZ:Ì:v4 �z] 
3-|�$Y NZ3�$Z+ ,�»Ê]Ê3Ì5? &Z»Y Ê��1»B G5-6» ,L1Ì�YEÌ<Z°»)Ã$(.Z/m h$Y�=É�$=ZD+ 
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Ä&|'& 
¾Ì2=Y Z» $1D+ = )�Y LY�ËY Ê4Y$.Z" Ã|5� h(1�v» �Y Ê°Ë ,-�_ = Ã|33+ |Ì214/m RS� $. LB Ã|33+ $.Z"Ê» LZ |�Z]]5[.¾ËY

)�ZÌ� ,] ,m14 Z] V1�v» )Ì5#Y �Y Ê-*< �Ìc hY$.Z" ª<=$ = Ê-*< ÉZ#|»B$. �Y Ê´-�]Y= GS' $. $1D+ .Z�-'Y Ê¸+ ÉZ#

 = ÊD#=ƒ_ hZ��’» ,+ )�Y Ê4Z�1j1» ,¸5m �Y LB h$Z64 = |Ì214 .1H/] = ,X�14 ÉZ#$Z°#Y$ Ê�$�] = Ã.1] $Y.$1?�] ÊËYE�]
ÃZ´-�. B ÊËY�mY ÉZ#Ê_ Y�< Ê» É�ÌU |3ËZ5<]2[.

)+�� Ê3T hZ»|? �Y ,-�_ LZU|33+|Ì214 = LY$Y|cZ] Ã�=�»Y É$Z5Ì] ,,Ë%r4 ,gZ? = 8B �»Y $. Ê"1�? ÉZ# = hZTB V�-3+ ,Ê�Z3�
Ã�/] Ê#ZÌU pY�»Y |3-�# |3» .LZ3n5# ,-�_ Ê@Y1< $. ,-�_ V1�v» É$=B�T ÉZ#|@Y= ,+ LZ-�Y Ê-@ = EÌ? ,] $=Z6» ÉZ#

Ã�/] .�]Ã|Ì�$ É$Y |<Y .VZ3Ì»�4 LY13� Z] É$=B�T ÉZ#|@Y= ¾ËY Ê» ,-?Z3� ,-�_ OHj ÉZ# |<1� .,] )�Y.�] �Y u_ ,-�_ V1�v»
Ã.14 C5@ h$1" =.Ê» C:-3» É$=B�T |@Y= ,] |H� $. C5@ = ÉY ..�U .,<Y. É$=B�T |@Y= $. )�1_ Z# = |†Y� .Y1» = Ã|� É�ÌU
e�] L1Q Ê4ZXËZj ,+�4 = Z# �5# ,] Z#Ê» Y|m V1�v» �Y Êm$Z? )�1_ ÃY ..�U .g1_ ,1D-�� .$1» V1�v» ,»Y.Y $.,É�ÌU

7< ,É�ÌU1U ,m$. ,L.�+ ^D? ,É�ÌU Ê-�. h$1� = É|3])Ê3Ì�Z» ‹Z<ZÌ@Y =(Ê» $Y�' .�ÌU]4[.
VZ3Ì»�4 �Y Ê?�] $. g1_ = 1D-�� )/m V1�v» Z# Ê» ,-zË$ 8B ,nj1@ L=$. É�ÌU Ê2Z@ $. = .1� ,-�_ ,+ ÉZ# ÉZËZ:] ,g1_

,-�_ ,Êm$Z? .Y1» = )�1_ )�1_ ÉZ# Ã|D< É�ÌU)Z#1U (,<Y. �Y ÊDz] =,-�_ ,|<$=Z3� 8B É=$ ÊXÌHA 72Z� ‹Y�#Zo ÉZ# ÉZ#

)�1_ = $Y.Er» G5m ,nj1@ d+ )5�' �Y = ,-T$ =�T 8B $. Ã|� É�ÌU Ê» É$=B |<.�U .p1@ ÉY$Y. ‹Z@!S"Y ,+ Z#|@Y= ¾ËY $.
 |3-�# Ê]B p1@ ZË �4Ê» Ã.Z*-�Y EÌ< 8B m=. �Y 1D-�� CÌ5°4 )/m ‹Z»15� .1�]1[.VZ3Ì»�4 �Y Ê?�] $. L1Q Ê¸Ë(|] Z#

= 8B G]Z3» )Ë.=|v» = .1H5+/)/m ^D? p1@ �Y �4 p1@ ÉZm ,] �´Ë. hZl@!» Ê?�] = ,¸"Z@ 8!jZT GT. C°D» ZË
g1_ Ê» Ã.Z*-�Y É�ÌU ..�U .,A1c �4 p1@ |3<Z» EÌ< p1@ ¾ËY $Z+ NZ�Y Ê» É$= ¾ËY $. Ã|33+Y|m VZÌ� ,+ h=Z*4 ¾ËY Z] |�Z]

Ê» Y1# ÃZ´-�. |�Z] .VZÌ� �-�] É=$ �] É�Z�Y|m C5� = Ã|� Ã|Ì». ÃZ´-�. ,] �Ë� �Y ¾T O�14 Y1#1
Ê» h$1" .�ÌU .)+�@

,<Y. ÃZ´-�. Ê�ZX4$Y (Z] ,] =$ ÉZ#=�Ì< |3ËB�] ,+ Y$ ÊËZ#2
L�= =3

Z+ )5� ,] )�Y ¾ÌËZ_ ,] =$ Z/<B É.Z] �Ë� Êm=�? VZ<
)Êm=�?A(4

Ê» )ËY|# Ê2Z@ $. |3+ ,<Y. ,+ €1T É=�Ì< =. |3ËB�] ,+ ÊËZ# ,] ÃZ´-�. WÌ� �YY $. )�Y ¾ÌËZ_ ,] =$ Z/<B $. �+%2Y
 g1_ ZË É.Z]=$ Êm=�? )5�')Êm=�?R(5

Ê» VZ�$Y |<.�U]7[.,<Y. �] Ã.$Y= É(Z] ,] =$ É=�Ì< Ã�Y <Y �Y ÊX]Z4 VZÌ� k�A �Y Z# ,
Ê» ÊvS� É�]� ‹(Z5-@Y = L�= ,C°� |�Z]]11[.7/» |@ Z4 |<Y14 Ê» ,+ Ê°ËEÌT )Ì"Z? ¾Ë�4 .$Y1» hY�YY Ã|<�ÌU�] $. É.=

€1T |@ )��� ,|�Z] �+%2Y6
.$Y. &Z< ]3[.É�Z�Y|m )/m $ZÌX» ^Ë ,†Y$Y LZ°»Y Ê�$�] $1l3» ,] L1��Ì_ ,+ ÊD#=ƒ_ ÊA

,-�_ ,-�_ �ËZ� �Y LY|3?.=� ÉZ# Z6<Y Z# LY|3?.=� ÉZ# ,-�_ ,+ |Ë.�U &1¸X» .Y. &)$. V1�v» ¾Ì�+14!TB &Z54 É=Z@ ‹ZHË�:4 ,+
|3-�# …Z] ,¸@�» (Ê3X» $1S] ,-�_ �Y É$Y. |<�-°Q1+ 76@ = &�m ,;Z*4$Y ,p�� ,V1A �l< �Y 72Z� ÉZ#]10[.ÉZ#EÌ2Z<B

fÌzD4

7
< ÊHÌ+�4 h$1" ,] ZË ÊËZ/34 ,] €1T >Y1? .Y. LZD< ,É�Z�Y|m $. Ê5= W�Z3» É�Z�Y|m ÉY�] ÊËZ3H» LY13� ,] |3<Y14

,<Y. k%@ |<1� ,-T�U �l<$. LY|3?.=� ÉZ#]8[.m=$ �ËZ� ÃY�5# ,] )'. .1H/] )/m |3<Y14 Ê» >Y1? ¾ËY Ê2= Ã.Z*-�Y .$1» Z#
|<�ÌU $Y�' .,<Y. |"$. €1T É$Z»B ¾Ì5z4 NZ�Y �] VZw» LY13� ,] » hZÌ"1�? $ZÌX» Z] ,+ Ê<Y|3?.=� ÉZ# )�1_ q<$ Z] OH4�

Ê» É|3] ,:HA ÊvÌv" $1S] Ê?Z� €1T hZÌ"1�? ªÌ*¸4 Z] |<1� .=|@ �Y �+%2Y82%.=|@ ,]100%Ê» ^Ë.E< ..�U .,m14

 k%@ LZ°»Y ÉZ3X» ,] €1T W¸S» ..�U100%Ê5< €1T OËY�� Z] LY|3?.=� ÉZ# ,<Y. |�Z] .,+ .15< m$YEU L1��Ì_ ¾Ì3n5#
�1_ ÉZ# ,-�_ Ê-]1A$ ÉY1-v» Êm$Z? )�1_ )»Zzj ,Ê2Z´Q ,Ã|D< É�ÌU ))EH� )�1_(gZ°S"Y WË�j = |@ )��� ,

Êm$Z? )�1_8
,-�_ = LY|3?.=� ÉZ# ,-�_ $.|3-�Ì< É$Y. Ê3X» h=Z*4 ÉY$Y. 72Z� ÉZ#]9[.

1 Fluidized Bed 
2 Lifting or Floating Force  
3 Weight 
4 Accept Outlet 
5 Reject or Blank Outlet 
6 Terminal Velocity 
7 Discrimination Analysis   
8 Hull Friction Factor 
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|<.Y. &Z6<Y >1�z» L�= Ã|33+Y|m ^Ë $. $%] É�Z�Y|m LZ»|<Y$ ÉZ:4$Y )/m Y$ Ê4ZDËZ»�B k12=Z_ = Zn3Ë$. .Z/<B OH4�» >Y1?

m=$ �Y Ã.Z*-�Y Z] Y$ VZÌ� �-�] O�14 ,<Y. É�Z�Y|m Z] |<.15< Ê�$�] Ê�ÌzD4 ÉZ#EÌ2Z<B = ÊjZË$ ÉZ# .Ã.Y. ¾ËY �Y C"Z@ ÉZ#
,<1U ÈËY$Y ,] �63» hZDËZ»�B ªÌ'. = �-/] É�Z�Y|m ÊËZ<Y14 ,+ |Ë.�U >1�z» L�= Ã|33+Y|m �Y |Ë|m ÉY 7#Y�T Y$ É�4

Ê» |ËZ5<]6.[
Ì:v4 $.)�1_ ,-�_ V1�v» É�Z�Y|m Ê]ZË�$Y )/m Z3H» LY13� ,] 8B O�14 C»Z+ É�Z�Y|m �jZ@ ª,-T�U �l< $. Ã|� É�ÌU

É�Z�Y|m ÊH�< f?Z� NZ�Y ¾ËY �] = |�1
)T�U $Y�' �l< .$1» f?Z� ¾ËY �Y Ã.Z*-�Y Z] ^D? p1@ Ê]ZË�$Y = Ã|Ë.�U dË�X4 .

�Á� Á {Y-& Z/
�:-�» ^D? p1@ É=$ �] �#=ƒ_ ¾ËY ,] ,-�]Y= VZ3Ì»�4 É$=B�T O? =. �Y Ê°Ë $."ÊËZ�ZË ,�$E»"LZ»�+ ,»1@ $. G'Y= 

|Ë.�U &Z6<Y .,<1U ,] LB )?Z� = Ê@Y�A ,Ã.1] LY�Z-5» )+�� )?Z� �#=ƒ_ ¾ËY $. �l< .$1» ^D? p1@ ,+ )�Y ÉY
 �ÌU.1z< ,] k=�X» VZ]�c Ê�1< G'Y= $. ,+ ÃZ´-�. ÊËY|-]Y )5�' �Y ¾-�%U �Y u_ V1�v» )ËY|# Ê¸"Y ,l*v» L=$. ,] )�Y

Ê» ..�U .Ê» ,l*v» ¾ËY ^HD» d+ ,] �Ë� �Y Y$ .Z] ÃZ´-�. ¾T |». .WÌ� ÃZ´-�. Ê¸"Y ,l*v» d+ ‹Z35j Ê» $Y. |�Z] .$.

V|» V|» $. = Êm=�? ,� �] C5-D» ÃZ´-�. Ê5Ë|' ÉZ# |�Z] Ê» Êm=�? =. ÉY$Y. ÃZ´-�. �4|Ë|m ÉZ# .V|» $.�Ì?Y ÉZ#
. Ê¸"Y Êm=�? É.Z]�Ë� V1�v» )/m ÃZ´-�)Êm=�?A(,-�_ C»Z� V1�v» É.Z]=$ �z] )/m ÊH<Zm Êm=�? =g1_ ÉZ#

 g1_ Êm=�? LY13� ,] L�= 7+ hZXËZj = |†Y� .Y1» =)Êm=�?R(Ê» C5� |Ë 5< .,nË$. €1T Êm=�? =. �Y &Y|+ �# $..1m= ÉY
LZ°»Y Z/<B O�14 Êm=�? V1�v» )ËY|# = V�-3+ ,+ .$Y. Ê» �Ë%_ |�Z] .

Ê» $Y.$1?�] Ê�ZX4$Y )+�@ �Y q32 7-�Ì� ,] VZ�4Y �YY $. ^<Z4 ,�156» C+ 7/» ,+ |�Z] �Y |34$ZH� LB hZ�zD» ¾Ë�4:
1-Ê�ZX4$Y )+�@ .Z6ËY )/m q32 $1v» LY$=. .Y|X4 :340,:Ì'. �] $=. 
2-^<Z4 )DU�] = )T$ )��� ,3ÌDÌ] :18Z421,:Ì'. �] �-» 
3-q32 ;ZX� �w+Y|@ :145Ì-<Z� �-

4-¾T LY$=. .Y|X4 :2400,:Ì'. �] $=.
,nË$. 7Ìl34 C»Z� ,� �YY ªÌ:v4 ¾ËY $.A,nË$. 7Ìl34 ,R,] É�Z�Y|m ÊH�< f?Z� �] C:-�» ÉZ#�Ìr-» LY13� ,] 7'$ =

)T�U $Y�' Ê�$�] .$1» ,-�]Y= �Ìr-» LY13� .V=Y $1-+ZT),nË$. 7Ìl34A(RS� ,� $.))ÌXj= ÉZ# �,�=�(&=. $1-+ZT ,
),nË$. 7Ìl34R(RS� =. $.))ÌXj= ÉZ#�=�(RS� =. $. EÌ< 7'$ $1-+ZT =)�Z-5» = Ê'|3T &Z'$Y ($Y�' �l< .$1»

)T�U)C°�1.(€1T &Z'$Y ,<Y. C°� )Ì5#Y ,m14 Z] �+%2Y VZÌ� O�14 É�Z�Y|m �»Y $. Z#)�ËZ� = |@ )��� $. hY�ÌÌr4 Z] �oZ3-»
h=Z*4 �YY $. Ê°Ì»Z3Ë.=�ËB >Y1? #,<Y. C°� = .ZX]Y ÉZ Z#(,-�_ Ã=�U =. �Y |<|Ë.�U 8Zz-<Y Ã|ÌD+ = .�U ÉZ# .,] ,m14 Z]

€1T ÉZ#$1-+ZT ‹Z�156» &Y|+ �#  1S� = �+%2Y12|� ,-T�U �l< $. ÊDËZ»�B $Z5Ì4 .8Z�-@Y Z]3�ËZ» B ,$Z5Ì4 �# ÉY�] $Y�°4 
C»Z�36 �A W2Z' $. CË$1-+ZT h$1�] ,+ .1] ÊDËZ»�B |@Y= g1¸] ÊT.Z�4 C»Z+ ÉZ#2)RCBD ()T�Ë%_ &Z6<Y.

1 Relative Separation  Index 
2 Randomized Complete Block Design  
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6°71L·Y -dÌFmÁ ÊmÁ�y Ä‡2�{ Ä0Z= Ä� )Z/ ){Z]�2*)�-f¯Z9 t-`�A(

6°71Z-dÌFmÁ ÊmÁ�y Ä‡2�{ Ä0Z= Á{ )Z/ ){Z]Á�)�-f¯Z9 t-`� B(

Ê» $Y�' É$=B�T .$1» Y$ �l< .$1» &Z'$Y �Y Ã.14 ^Ë É$=B�T O? ,+ Ê»Z´3# ÃZ -�. .Y. hZ5Ìl34 �Y &Y|+�# $. ^D? p1@

�� Ê» $Y�' ,<ZU ‹ZHË�:4 �Y u_ = )T�U5V1�v» É�Z�Y|m ,] &Y|'Y |Ë|m hZ5Ìl34 NZ�Y �] = Ã|Ì�$ V.ZX4 ,] ÃZ´-�. ,+ ,:Ì'. 
Ê» ,-�_ L�= ,] ‹Z�156» ,<15< �Ë� |3Q ¾-T�U Z] ÊDËZ»�B |@Y= ^Ë ,.15<4Ë.�U %?Y ÃZ´-�. É.Z] �Ë� Êm=�? �Y &�U1¸Ì+ |.

Ã�Y|<Y ,<15< �Y &Y|+�# ÉY�] É�Z�Y|m ÉY�] 8B L.1] Z3H» ,] ,m14 Z] É�Z�Y|m ÊH�< f?Z� É�ÌU $Y�' �l< .$1» Ã|� %?Y ÉZ#
)T�U .,<Y1-�Y ‹ZHË�:4 = e$E] $ZÌ�] CS� ^Ë L=$. ,¾Ë�14 �Y u_ V1�v» $1l3» ¾Ì5# ,] .1] Ã|� �_ 8B �Y ,+ ÉY)LY13� ,]

É�Z�Y|m ^<Z4 (= Ã|� ,-zË$,<Y. L|�Y|m �Y u_ Ê]B=$ ,Z# Ê]B�Ë� = Z# |Ë.�U ¾Ë�14 ‹Y.|6» ,<ZUY|m h$1" ,] Z# .¾Ë�14 ÉY�]
,<15< �z] = É�Z�Y|m �Y CH' Z# VZ-Ì6Ë. É=�Y�4 ÃZ´-�. ^Ë �Y ,8B $. É�Z�Y|m �Y u_ Ê]B�Ë� = Ê]B=$ ÉZ#1

¾Ë�14 )Ì�Z�@ Z] 
|� Ã.Z*-�Y &�U ^Ë C'Y|@ .S]Y$ �Y É�Z�Y|m ÊH�< f?Z� ,Ws+Wf )]×100 R.S.I. = [Ws / ($Y�' ,H�Zv» .$1» 

)T�U .€1T ,S]Y$ $.R.S.I. ,|"$. W�@ �] ÃZ´-�. É�Z�Y|m ÊH�< f?Z� Ws= ,-T$ 8B �Ë� ,+ V1�v» �Y ÊDz] L�= 
WfV1�v» Ã|� $=Z3� �z] L�= )8B É=$ (Ê»|�Z] .É$=B�T ‹Z�156» �ËZ»�B ¾ËY6)�1_ ,-�_ V1�v» Ã.14 Ã|D< É�ÌU)3

1 Digital Scale, Model: Gm-5001 (Lutron Inc)  



8-7

 = �Z-5» 7'$ �Y Ã.143Ê'|3T 7'$ �Y Ã.14 ()T�U�] $. Y$ .g1¸]  �A �Y Ã.Z*-�Y L=$. h=Z*4 L.Y. LZD< ¾5j ÊT.Z�4 C»Z+ ÉZ#
g1¸] Ã.14 ¾Ì] ,-?Z3�Z< hY�ÌÌr4 Z# Ê» V�-3+ Y$ Z# |ËZ5<.

S3» $. V=Y|-» 7Ìl34 )2Z@ $. ^D? p1@ ÃZ´-�. É�Z�Y|m ÊH�< f?Z� ªÌ:v4 ¾ËY &=. �ZT $.É�Z�Y|m ÊH�< f?Z� Z] ,:
)T�U $Y�' ,�ËZ:» .$1» �4 p1@ .V1�v» �Y LZ�°Ë 7'$ ^Ë É$=B�T {1S? �Y &Y|+�# ,+ Ê»Z´3# $1l3» ¾Ë|])Ê'|3T (.$1» Y$
 &Y|+�# �Y |<.1] Ã.Y. $Y�' É$=B�T9|Ë.�U %?Y É�Z�Y|m ÊH�< f?Z� ¾ÌÌX4 )/m ,<15< .Êm=�? ,¸@�» ¾ËY $. )�Y �+%] &�(

 Ê]B �Ë�)T�U $Y�' Ê]ZË�$Y .$1» É.Z]=$ Êm=�? ^D? p1@ $. =.,<15< L=$. É|3] ,-�] �Y u_ �4 p1@ Ê]B�Ë� Êm=�? ÉZ#
,-�] 7< É$=B�T O? É=$ V1�v» Z] ÃY�5# ^HD» ÉZ# )T�U $Y�' Ê]ZË�$Y .$1» u~� = Ã|� É�ÌU .Z] � T �Y ¾ËY �Y C"Z@ ZËZ-<

 L1»�B �Y Ã.Z*-�Yt|<|Ë.�U ,�ËZ:» 7# Z] .
2Äf9Z Z/

g1¸]  �A W2Z' $. CË$1-+ZT �ËZ»�B ^Ë LY13� ,] V=Y �ZT �ËZ»�B ,Q�U ÊT.Z�4 C»Z+ ÉZ#)RCBD (Ê2= |� ,-T�U �l< $.
g1¸] ¾Ì] ‹!5� ,+ .Y. LZD< u<ZË$Y= ,ËE64 V=|m Ê3X» h=Z*4 ÊDËZ»�B ÉZ# .$Y|< .1m= É$Y. .L.�] (Z] $1l3» ,] ‹ZH'ZX-» ¾ËY�]Z3]

 ZËZ-< )'.)�YY $.ZS? É.Y�B ,m$. �ËYETY (Ã.Y. CÌ¸v4 = ,ËE64 ÊT.Z�4 ‹!»Z+  �A NZ�Y �] Z#1)CRD ()T�Ë%_ h$1".
V=|m $. ,+ ,<1´<Z5#1$1-+ZT ,� �# �YY ,+ .Y. LZD< u<ZË$Y= ,ËE64 ,..�U Ê» Ã|#ZD» EÌ< ),nË$. 7Ìl34A,nË$. 7Ìl34 ,R

7'$ =(VZ5-@Y RS� $.99%)�Y Ã|Ë.�U $Y. Ê3X» .5#Ê» Ã|#ZD» C]Z:-» hY�YY .$1» $. ¾Ì3n ¾Ì] �3+ 7#�] �YY ..�U
 ÉZ#$1-+ZT1=2),nË$. 7Ìl34A×,nË$. 7Ìl34R(ÉZ#$1-+ZT ¾Ì] =2=3),nË$. 7Ìl34R×7'$ (Ê3X» )�Y Ã|Ë.�U $Y..

,Á|m1->0Z2�YÁ Ä2SUe ,Á|m )ANOVA ()*Z�Y|m Ê4Q0 …yZ7 �2{Z'& 
FValue Mean  Squares Sum of  Squares Degrees of Freedom Source 
**789/18487/56974/1122Factor A 
**196/19709/57709/571Factor B 

**011/8083/24167/482AB 
**142/29610/87610/871Factor C 

973/0925/2871/52AC 
**409/11301/34301/341BC 

833/0505/2009/52ABC 
006/3151/7224Error 

772/42335Total 
** RS� $. 99Ê3X» |"$. $Y. 

C°� $. ,+ ,<1´<Z5#2Ê» Ã|#ZD» ,nË$. 7Ìl34 ..�UA)ÌXj= $. �=�L|Ì�$ = É�Z�Y|m ÊH�< f?Z� �ËYETY ,] �63»

 .=|@ ,] LB63%Ê».1� .)ÌXj= $. É�Z�Y|m ÊH�< f?Z� ¾Ì´<ZÌ» €1T C°� NZ�Y �]�Ê» Y|Ì_ Y$ LYEÌ» ¾Ë�-5+ |3+ .
¾Ì´<ZÌ» ,�ËZ:» # Z#Ê2Z@ $. f?Z� ¾Ì´<ZÌ» ,+ .Y. LZD< ¾Ì3n5 ,nË$. ,+R)ÌXj= $. �Y.=|@ .$Y. $Y�' 2�Y �-5+ |"$. 

)ÌXj= $. ,nË$. ¾ËY ,+ )�Y Ê<Z»��|�Z] ,-�Y. $Y�' .

1 Completely Randomized Design 
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6°72-)*Z�Y|m Ê4Q0 …yZ7 )|.�{ DQu�](
C°�3Ê» LZD< k�" ,+ |#. H�< f?Z� �ËYETY ÉY�] )ÌXj= ¾Ë�-/] ,7'$ �Y �l< ,nË$. ,+ )�Y Ê-ÌXj= É�Z�Y|m ÊA$.

)ÌXj=�,nË$. =R)ÌXj= $.�|�Z] ,-�Y. $Y�' .,] É�Z�Y|  ÊH�< f?Z� LYEÌ» )2Z@ ¾ËY $.5/64%Ê» |"$. |�$ .¾Ë

 7'$ ÉY�] É�Z�Y|m ÊH�< f?Z� �Y �4(Z] �Z-5» 7'$ É�Z�Y|m $. ÃZ´-�. ¾ËY É�Z�Y|m ÊH�< f?Z� ‹!5� ,+ .Y. LZD< �ËZ»�B

T|�Z] Ê» Ê'|3 .�Ë1�4 RS� ¾Ì] fzD» h=Z*4 ,] LY14 Ê» Y$ �»Y ¾ËY1
.Y. )H�< $1+%» 7'$ =. $. |@ )��� =.ÊH�< f?Z�

 Ê'|3T &Z'$Y ÉY�] O�1-» $1A ,] É�Z�Y|m59%Ê» .Z] &Z'$Y ÉY�] =62%Ê»|�Z].

,Á|m2-dÌFmÁ �{ )*Z�Y|m Ê4Q0 …yZ7 Ä‡2�{ L$fK& )Z/AÁ Ê&Y{Z] OZ\�Y �{ Ê\|À9 
É�Z�Y|m ÊH�< f?Z� V1�v» 7'$ Êm=�? ,nË$. )ÌXj=A

aÊ»Y.Z] 4/64
aÊ'|3T 3/59
bÊ»Y.Z] 9/59
bÊ'|3T 7/58

1 Projected Area 

8/8L

L/?- 7/?-



8-?

54
56
58
60
62
64
66

a a b b c c

a b a b a b

R,A #4;ήs Ύ̵ϫ (t_5+ e%uv;

̵c
Ύ&
*<4

#w
xϧ

y
sΎ
]

6°73-dÌFmÁ �{ )*Z�Y|m Ê4Q0 …yZ7 Ä‡2�{ L$fK& )Z/ Z/

¾Ì´<ZÌ» ,�ËZ:» = C]Z:-» hY�YY Ê�$�] ÉY�] É�Z�Y|m f?Z� ¾Ë�4(Z] ,+ .Y. LZD< Z#,nË$. ,+ Ê-2Z@ $. = Ê»Y.Z] 7'$ ,] Z#

)ÌXj= $. WÌ4�4 ÉZ# �=�Ê» €Z*4Y |3�Z] ,-�Y. $Y�' |-TY .,] É�Z�Y|  ÊH�< f?Z� )2Z@ ¾ËY $.3/67%Ê»|�$ .¾Ë�-5+

,nË$. ,+ Ê-2Z@ $. = Ê'|3T 7'$ ÉY�] €1T $Y|:» ÉZ# A=R)ÌXj= $. WÌ4�4 ,] ÉZ#�=�Ê» v$ |3�Z] ,-�Y. $Y�' ,+ |#.

 V.ZX» LB $Y|:»6/55%|�Z] Ê» .�Y Ê'|3T 7'$ ÉY�] É�Z�Y|m ÊH�< f?Z� �w+Y|@62%Ê5< �=Z64 ÉY�] ,°3ËY W2Zm = |ËZ5<
 €1T €Z*4Y EÌ< 7'$ ¾ËY)f?Z� L|� �w+Y|@ (Ê» v$ Ê-2Z@ $. ,nË$. ,+ |#. ÉZ#A=R)ÌXj= $. WÌ4�4 ,] ÉZ#�=�$Y�'

|3�Z] ,-�Y.)C°�4.(

,Á|m3-dÌFmÁ �{ )*Z�Y|m Ê4Q0 …yZ7 Ä‡2�{ L$fK& )Z/AÊ\|À9 Á Ê&Y{Z] OZ\�Y �{ 
É�Z�Y|m ÊH�< f?Z� V1�v» 7'$ Êm=�? ,nË$. )ÌXj=A

6/60 Ê»Y.Z] a
4/56 Ê'|3T a
28/64 Ê»Y.Z] b
37/61 Ê'|3T b
43/61 Ê»Y.Z] c
23/59 Ê'|3T c
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6°74-�{ )*Z�Y|m Ê4Q0 …yZ7 dÌFmÁ OZ\�Y Á Ä‡2�{ Á{ L$fK& )Z/ 

.=|@ V=Y|-» hZ5Ìl34 Z] ^D? p1@ $. É�Z�Y|m ÊH�< f?Z� O�1-» ,+ .Y. LZD< �ËZ»�B &=. �ZT57%Ê»|�Z] .$. ¾ËY

 ,] WË�' �4 p1@ $. É�Z�Y|m ÊH�< f?Z� ,+ )�Y Ê2Z@72%|Ë.�U ¾ÌÌX4 .W2ZS» �]Z3] ..�U É$=B.ZË )�Y &�( ,-H2Y
�Ì_ � ,,-*UÊ» ,V1�v» 7'$ ,] ,-�] ÃZ´-�. hZ5Ìl34 �Y Ã.Z*-�Y Z] ^D? p1@ $. É�Z�Y|m ÊH�< f?Z Z4 |<Y143/67%

|]ZË �ËYETY.

ÄUÌf0 IY{ZVÀ:ÌW Á )�Ì= 
1-,<1U ,] ^D? p1@ ÃZ´-�. $. V=Y|-» 7Ìl34 ^D? p1@ $. É�Z�Y|m ÊH�< f?Z� ,+ )�Y ÉY79%Ê» �4 p1@ |�Z].
2-? p1@ ÃZ´-�. 7Ìl34 Z] Ê» ^D Z4 Y$ �4 p1@ f?Z� ,] p1@ ¾ËY f?Z� )H�< LY1493%.Y. Z:4$Y .¾ËY $. )�Y RjY=

,-�_ C»Z� = ,-TZË �ËYETY h|� ,] ÃZ´-�. W�Z3»Z< Êm=�? h$1" Ê» EÌ< g1_ �Ìc = 72Z� ‹Y�#Zo ÉZ# ..�U)=$ V1�v» ,ÌH�
�4 p1@ $. Ê]B.(

3-Ê3X» h=Z*4 .1m= &|� ,] ,m14 Z] _ Ê2Z´Q $. $Y.,-� ,-�_ = LY|3?.=� ÉZ# Ê» �l< ,] 72Z� ÉZ# NZ�Y �] É�Z�Y|m |�$
 Ê2Z´Q)Y1# LZË�m ZË 8B O�14 (ªÌ'. ,-�_ É�Z�Y|m ÉY�] m=$ ¾Ë�4 $. 8B O�14 É�Z�Y|m $. LB �] L=ETY = )�Y g1_ ÉZ#

? p1@ $. ,+ )�Y Ê2Z@ $. ¾ËY = ,-�Y. Y$ 8B RS� É=$ L|� $=Z3� ,] CËZ54 EÌ< Z#1U �4 p1@ ^D)V=Y|-» hZ5Ìl34 Z] (
Êm=�? ,nË$. �Y Z#1U AÊ» }$Z? |<.�U .Ê» W¸S» ¾ËY ,Ìm14 Y$ �4 p1@ $. Ê]B=$ Êm=�? $. ÊU.12B Ê2Z5-@Y L.1] �4(Z] |<Y14

|ËZ5< .,nË$. �Y Êm=�? V1�v» ^D? p1@ $. ..�U É$=B.ZË )�Y &�( ,-H2Y AÊ» $Y�' É�ÌU1U .$1» ›ZH'ZX-» .�ÌU.
4-Ê» .Z/3DÌ_ .$1» É�Z�Y|m �] C»Y1� ¾ËY �ÌYZ4 = ,l*v» WÌ� = ÃZ´-�. Ê�ZX4$Y hZ�zD» Z"1�? Ê3T hZ�zD» �ËZ� ..�U

.�ÌU $Y�' Ê¸Ì5°4 hZ:Ì:v4 = Ê]ZË�$Y .,<Y. É�Z�Y|m LYEÌ» Z-�Y$ ¾ËY $. Ê» EÌ< C°� |] ÉZ# .�ÌU $Y�' �l< .$1» |<Y14.
5-,<Y. É�Z�Y|m LZ°»Y VZ»�< �Y �-°Q1+ ÉZ#)< k%@Z#=.1z ((Z] |�Z] ,+ )�Y É.$Y1» �Y ^D? p1@ ÊËY|-]Y VZ]�c É=$

Ê» V1�v» É�Z�Y|m )Ì*Ì+ L.�] ..�U .Ê» �l3] �»Y ¾ËY ,] )ËZ3� Z] É�Z� Y|m |#Z� ,¸@�» ¾ËY $. �l< )'. h$1" $. |�$
7Ì�Z] V1�v» $. É�-/].

A

R
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6-/3DÌ_ ,ÃZ´-�. É=$ É.=$= V1�v» )?Y13°Ë ,Ë%r4 )Ì5#Y ,] ,m14 Z] Ê» .Z ¾Ì»Z4 LZ°»Y ,�ZÌ< .$1» hYEÌ/64 W�< Z] ..�U
..�U 7#Y�T ÃZ´-�. É=$ &=Y|» = )?Y13°Ë É.=$=.

)�YS´�Z~� 
È-�_ $1»Y �-T. &�-v» LZ�Z3�$Z+ = C+�Ë|» h|�Z�» �Y |3<Y. Ê» &�( .1? �] LZU|<$Z´< = É�$=ZD+ .Z/m h$Y�= Ê<ZHcZ] )<=ZX»

�Ë|» &�-v» LZ�Z3�$Z+ = �Ë|» ¾Ì3n5#|3ËZ5< �°D4 LZ»�+ LZ-�Y É�$=ZD+ .Z/m LZ»�Z� Ê<ZHcZ] )Ë.
LZ°»Y ÊËZ�ZË ,�$E» &�-v» )Ë�Ë|» ^5+ = É$Z°5# L=|] �#=ƒ_ ¾ËY &Z6<Y ‹Z3Ì:Ë �Ë%_<.1H .N|3/» ÉZ'B 8Z3m �Y ,¸Ì�13Ë|]

Ê» É$YE´�Z~� �#=ƒ_ ¾ËY &Z6<Y ÊA É$ZË = ÊËZHÌ°� CÌ2|] ÊËZ�ZË ..�U.
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An Investigation on pistachio separation efficiency by specific gravity 
separator through processing 

 
Sadeghi1 A., Roustapour2, O.R. and S.M. Sedaghat Hoseini3

Abstract 
 

Separation is one of the most important actions in pistachio nuts processing. It is conducted 
in different stages of processing to eliminate some undesirable parts of crop such as unhygienic 
or commercial low-value nuts. Removing hulls, blanks, unhulled, stained and closed- shell 
pistachio nuts are the actions that carried out during steps of separation by equipment. One of 
these equipment is specific gravity separator that is widely applied in pistachio processing units. 
Complete separation by water was considered as separation criteria to evaluate separation 
efficiency and a Relative Separation Index was defined. Separation efficiency was evaluated for 
different adjustments (including regular adjustment) using the index for two varieties (Fandoghi 
as well as Momtaz variety). This study indicated that Relative Separation Index of Momtaz 
variety was significantly higher than Fandoghi. Regardless of the variety, the highest value of 
R.S.I. was 64.5%. The results showed increasing of R.S.I. from 79% to 93% (compared with 
water separation) can be achieved by changing the facility adjustment. It was revealed that any 
changes in adjustment can cause remarkable increase in the weight of rejected nuts. 
Keywords: Pistachio, Specific gravity separator, Relative separation index, Processing 
 

1 Institute of Technical & Vocational Higher Education of Jihad-e-Agriculture, Tehran, Iran. 
Email:a_msadeghi@yahoo.com 
2 Agricultural Engineering Research Department of Fars Province, Zarghan, Shiraz. 
3 Mechanization instructor, Educational Center of Jihad-e-Agriculture, Karaj, Iran. 


