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� #1� %�     ��<*� de<� � E<$   <- .  ,5<K %�
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       �� 
^��N� "�;%�5�� ��� ���� 0:(-         E<B% "��<1 ���� ��%� TN;� � 4��U� 4��;� %��= ^�$�� �M� �<1  
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              �<� 0<-�$ k<�#U� 7���� 7<�F� 41 �� �� ��<6�� 7<1�B E<&!

   �� % ; 41 l�@���% .       
4P<��� ?�! %� "�;%��$ %�  ��P*�<K
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9<��1 0-���1 �    ?�<! %�    �� 
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�C   �� DC       �1 � 0�� EF�� 9��1 05�B  G%�    �<1 .<* /��� �%��


����             ?�<� %� ��) ��#�� %� ��N� � * I ,*� �� �-�� �F�� ��*� 

��[[ �� !�n���1 ����� �%����� 0��]�[ .
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���M� �% . ,<*� ��        �N$ �S� ����5� �g*� 0�5;� 41 46�� �1 �%

    �- 7* 8� ����5� 4��5&� %�         7<��� �� �<J� H���� ,*� %� 
L�#

41 �N�-�� 4��;� %��= � ,$ �S� ��%� 41 ���� ��%� TN;� "�����

           4<1 �<5B% 7<��� .<* �<J� � ���#�� 4��U�     4<$ 4<��� 7(<- ��<<�

   41 �5B% 7��� ,*��%� *�I �� %�5-��%]�'[        0<:(- %� <�� �<1 
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3. Perforated sheet
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  �*�N�% ^*�K � #1�� 4���        4<1 � �<��� ��<P1� ,�<�P� �<1 L�#�- "�;

 - ,��P� �*� 4Q1�% .5$]�2[:

 9�1%�� �*�5�,$ �S� ��F�� ����� ���#�� 4��U� 4��;� %��= %� �� 

 0�� ���Y� 71�B  TNF "�% 4��� �*�&1�6 .5$ 41)PF =
4*XY� %��=

PC =� ,$ �S� 4��U� 4��;� %� kF�U� %��=mP =7* 8� %��=(]��[.

)�(
w
le =

,*� %� 4$4Q1�%    :

1. Jet Pearler
2. Engelberg 
3. Slenderness Ratio

e =       
�*�N�% ^*�Kl =   4��� ?�i)mm (      �w =   4<��� {�<�

)mm(

     4<��5� 7<5� ��&�� 0�6   <�� 
"%���<1<    <�b 4<1 ��<.  ���<$

#�-<< ��1 L� . ,*� �� 5� �%<�b 7<. <#�- ���$< 4<1 L� <5$< .

.* b .� �1��b ,$<    p�S�%� �� � c'C &��  <<<  0<=�) �� .  V�<K��

    "%�8G H���� 4(��)��q� (   ��� ����    L�#�- 01�i%  G%� 4$

 4*+ %�    H5� 41 "�;c'C   .�b �#:1 ��       l#<b� 
� <�1��b ,<$

�NP�  �%� � "%��]�D[ .��< .�b "�   <�� %� ,$< ��� °C2C��D

<<�MN�<E <<*��)]�o[ . �<<;�D  �� ���S#<<�� �<<1 
%�<<1 .<<* 4<<��B� 

01�i%    4��� 01�i%  G%� 
L�#�- 9N�  �� ,��P� �; - . d<I ��

<<G%� 4<<1 � �<<�%< 0<<1�i%  <<N��1< 4) ��� <<��q�n <<G%� ( 


G�=1< .�b 
4�$< b ,<  h���   -   4:�$ ��%� ��$�#�- �  "�<;

�(�#�I
B <���� %��-<,* 1 ��  �     �<1 0<1�i% ?��<8� �� ^����

      ��<- "��)�<�6 a�<�� "��; .         ��<<����� 0<�� �<$| 4<1 ��+

  "����=)��q' (        0<1�i% 4<<$ ��� ��<<��q�n     ,*�<#�1  <G%� 

    "��1 �#1�i% ��� ��    �1 
%]b ��B%� L�#�- 7* 8�   ^<*�3 � ��<�

���10��]�[[.

             �]���<(� �� 
,$ �S<� ��%� 4<1 ���� ��%� TN;� ���Y� "��1

  7(-' ���S#��   -  .     �- .<#�3 .* 7��- 4���� ,*�<%��%� 0��

    
�F�I 0S6 .* H*�i�� 4$      ��#(F� .* �� �% ��b 0$�!  %����

  �� 0=�*%� .W�$ N$.       �� 
���<� 4<*XY� TN;�    �*�<&1�6 H<*�i

  �%�5- 4��-' %��%��- .#�3 ��  �%�5- �0�� E�MN� 71�B  . 4�G�=

               ���<� ��%� k<�#U� �*��<�� ,��j<� "��<1 .<#�3 �� %�$X� 4��-

)  ���B 9��1 O��U�  L�#�- � "�  (  ,$ �S� ��%� 41
    ��<B%� "��1 

��%�1 �%�� k�#U� 
,��P�  - .
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9�17���S#�� �%�� E:�� }�]6�  :��X1 y� NG  %'� 4��- �� .#�3 

%��%��-

   7(- H1�Q��          �� ]�� ,$ �S� 4��U� 4��;� %��= ���Y� "��1 
 

       *��) ���S#�� TNF � 4��� �]���(� .* .41    <�� ,��j<� %�MN�< �*��

#U�<�= k�<;� %�< �%�5- 4��� 
,$ �S� 4��U� 4��� ~�I "�% �1 

   �%�5- 7��!' 1�6 46< �� �-  .�* 1<    <$ 0<�� �<  <1 4<   ,#<-�� �

-   
�;%��#�) "��1 ?��P� O� ��         "��<1 �<*� �*�<�� ?���= 41 ����

 ��% 4��U� 4��;� %� %��= %� �� 48����:

P=
( )

×









×

+







4

2
2Da

MgLmgL
X

π
)'                          (�C

 ,*� %� 4$4Q1�% :

M =   4<��� ��6)g(    
  m =       4<��� 7<��! ~�<I ��<6)g(    
  g =

,�<<<�� 7<<<�J >�#<<<- )2s
m

q/n(  
 L = <<<i<<<<I ?�<~�)cm(  


LX =    4<��U� 4<<��;� �<� 4<<��� �F�<i 4�<G�=)cm( 
 a = 4�<<G�=

     4<��U� 4<��;� �<� 4<��� 7<�J ]$�� "��5�)cm( �   D = <QB< �

 4��U� 4�*%�)cm(.

 9�13�]���(� 4���TNF  � :�� 4���'�  "��; ~�I ��  4�*%�2�

,$ �S� ���#�� 4��U� 4��;�

     ,$ �S� 4��U� 4��;� %��= 4#8F� 4$(P)   %�  4<Q1�%    �<1 %�$X<� 

      -  <;��b 48���� ?�(��I ���$ ^:! .        %� 4<(N*� 4<1 4<6�� �1

            4<��;� %��= %�J� �� 4$ ,$ �S� 4MS�� ��%� %��= 
��6�� \1�N�

 �� 4��U�      ���1 \1�� �#5�#��� �1 ��) ^:!�1 
 -�1� -0��]q[ 


 ,*� ��    �! H���� %� ����6�� �%       ,��� 7�J >�#- lX! �1 �K)g (

   ^*�K ��C             %� %�<<�= %� <�� 48<���� "��<1 �*� ���� ?���= 


1 ,$ �S� 4��U� 4��;�4 ��  ;��b 0�� .

P=
( )









×

+







4

2
2Da

MLmL
X

π
)�(

  
���S#�� �%�� ��*���� Z�i   �<1 7<*%�#$�= c*���� �� �%�8� 

       ,$ �S� ��%� 41 ���� 4*XY� TN;� %�#$�= 4�)      VQ<� %�<�W %�

kg�CC 
'DC 
'CC 
�DC 0��<<� %� (
   4<<��U� 4<<��;� %�<<�= 

 ,$ �S<<�) VQ<<� %�<<�W %�g/c 'CC 
�[D 
�DC 
�'D ( E<<B% �

  L�#�-)       N�1 � a��#� 
����$ VQ� 4� %�(      4<*�I Z�i ^F�B %� 


      �� %��(� 4� �1 �=��@� 7��$ "��$��1 -�1 .   4*XY� TN;� Z�Q�

   
,$ �S� ��%� 41 ����  /�<���1          "��N$ �S<� �<1 41�<�� �*��<�� 

4<<Y�� �<<NP* 
���%�<<�$ %� ��<<��� "�k�CC��DC0��<<� %� 


  *��) >�U#��]�q[�  /�<���1 ]�� ���� 4��U� 4��;� %��= Z�Q�

  �#�-���* �;���*���� H����� ���)� '     <- >�<U#��  .   ��%� %�<�=

    %� ,$ �S� 4MS��  ���*�����*     �8*��� ��� �� %� �����;�gI ,

g/c �[q��CD0-�� %��B ]q[ .

    4#:1 
c*���� ��&�� 4�!�� %�     L�#�<- ���)���$ 0:�1 "�;

 � N$ 0��I             E�<MN� ���#<�� �%�� 
c*�<��� 4<��� �<1 H1�Q� � -

  *��) 4*XY� .    �� ! �� dI�    
,$ �S� %�$ �� 4��B�      E�<� �� <! 

    ��� �� "��1  �S� 9��1 ��)���$    
0<:(-  <G%� "��)    7<�� �� 

  \56 ���#�� 4��U�  - "%�� .4��5�  4:�$ ��%� �;  �(�#�I "�;
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k*�P�  �<� y<i� "�    �� ?�<i 4<$ ��<- ��
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EB% ×     ,$ �S� 4��;� %��=ACo*  CC�/C

�1����6 ×         4��;� %��=BCn**  CC�/C
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**P� �N?�5#!� VQ� %� %���  %

ns�NP� ��3  %��
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0�� ��:S� 71�B 
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,$ �S<� ��%� 41 ���� ��%� TN;� c*�]=� �1 4$ 0:�� " *���

      0=�*  ;��b c*�]=� 
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             Z�<Q� ]<��  �S<� 9��1 4��U� TN;� c*�]=� � * I 
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1. Moment of Inertia
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  -�1 �#��1 �� %� ���� ��%� .   ��<N�1 E<B% "��1 0�� �#�1 
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 ���� � ,*�#�1  4F��P� ,*��
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sh = a1 × S + a2 × P + a3 × D + a4 × P × S + a5 × D × S + a6 × D × P + a7 × S × P × D + a8
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%�
(
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 =	�>39��1 0:(-  G%� "��1 �;%�5�� 7$ "��N������ 4:*��� 

EB%� ���� ��%� TN;�' 4��U� 4��;� %��=� 0:(-  G%�2 �NP� Z�Q� "%�� *

K D4 P4 qo/�q A
K D3 P4 C�/�q AB
K D4 P3 n[/�[ AB
K D4 P2 �n/�[ ABC
K D3 P3 �C/�[ ABCD
K D2 P4 n�/�o ABCD
K D2 P3 qD/�o ABCDE
G D1 P4 q2/�o ABCDE
K D1 P4 [n/�o ABCDE
B D4 P4 D'/�o ABCDEF
G D2 P4 '2/�o ABCDEFG
G D4 P4 ��/�o ABCDEFG
B D3 P3 ��/�o ABCDEFG
B D2 P4 Co/�o ABCDEFG
B D4 P2 n�/�D ABCDEFG
B D3 P4 [o/�D ABCDEFGH
K D3 P2 oo/�D ABCDEFGHI
K D1 P3 DC/�D ABCDEFGHI
G D1 P3 q[/�2 ABCDEFGHIJ
K D2 P2 o[/�2 ABCDEFGHIJK
B D4 P3 D[/�2 ABCDEFGHIJK
K D4 P1 2D/�2 ABCDEFGHIJKL
B D2 P3 ��/�2 ABCDEFGHIJKL
G D4 P3 nC/�� BCDEFGHIJKLM
G D3 P4 qC/�� BCDEFGHIJKLM
K D3 P1 qC/�� BCDEFGHIJKLM
B D3 P2 [n/�� BCDEFGHIJKLM
B D1 P4 no/�' CDEFGHIJKLMN
K D1 P2 q[/�' CDEFGHIJKLMN
B D2 P2 [C/�' DEFGHIJKLMN
G D2 P2 �o/�' EFGHIJKLMN
B D4 P1 '2/�' FGHIJKLMN
G D4 P2 �[/�' FGHIJKLMN
B D1 P3 n'/�� GHIJKLMN
G D3 P3 DD/�� HIJKLMNO
K D1 P1 2'/�� IJKLMNO
B D3 P1 n'/�C JKLMNOP
K D2 P1 D[/�C KLMNOP
B D1 P2 �q/�C LMNOP
B D2 P1 ��/�C LMNOP
G D4 P1 �q/�C MNOP
G D2 P3 �o/n NOPQ
G D3 P1 ��/n NOPQ
G D3 P2 nn/[ OPQ
B D1 P1 o2/[ PQ
G D2 P1 2n/[ PQ
G D1 P2 �'/o QR
G D1 P1 �n/2 R

*l#b� ?�5#!� VQ� %� ,(��� ����� H8i 
 N#:; 41��� l��! "�%�� 4$ �*�;%�5�� D %�NP�%��0:�� .

� %]b EB% 4� 7��- EB% =K
 ��N�1 =B� ^*�3  =G

'   VQ� %��W 7��- ���� ��%� TN;� �DCD1=
'CCD2=
'DC =D3��CC= D4$��)���0��� %� 

�  7��- 4��U� 4��;� %��= %��WVQ��'DP1=
�DCP2  =
�[D= P3�'CC = P4��)�#��� �1 \1�� �#�
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2�

=	�>?���� ��%� TN;� � ,$ �S� 4��;� %��= ^:!�1 
 �S� 9��1 0:(- 7B� ! "��1 �;%�5�� ��8�$�� ,*�#�1 

^*�3�1���%]b

4��;� %��=

)g/cm2(

   ���� ��%� TN;�

)kg/h(

 4��;� %��=

)g/cm2(

 ���� ��%� TN;�

)kg/h(

%��=4��;� 

)g/cm2(

 ���� ��%� TN;�

)kg/h(

�'D�DC�'D�DC�'D'CC

�DC�DC�DC�DC�'D�DC

�'D'CC�DC�DC

�'D'DC�'D'DC

�'D�CC

�DC'CC

 =	�>@�K *�� �����)% ^ "%��� "��@b�-9��1 0:(-  G%� "��1 4i�1��

7��������)% ^*�K�%� ��#�� "�Qb �����t?�5#!� VQ� 

D
'–�C×o�[/[C'�/CDDq/�CC�/C**

P'�'/CC�q/CD2o/DCCC/C**

Sq�'/2��'/�o'q/�CC�/C**

P*D2–�C×D/��CCC/Co['/'�C��/C*

P*S'–�C×q/��CCq/C'qD/'�C'[/C*

*�NP� �� ?�5#!� VQ� %� %D% ^*�K ,��8�? �:qD/ C='R

**�NP�  ?�5#!� VQ� %� %���  %? � 01�J � �=q2/�C�

 41 de� ��� .5$%�]=�SPSS  
  �NP� ��3 ^*��K    �<�N�� lX! %��

 �NP� ^*��K     ?� <6 �<1 H1�Q� %��D     4<#=�) �<M� %�   � <- .  ,* <1

41 �*� 7(- 41 %�$X� 4Q1�% ^����0�� �� :

Sh=- o�[/[+q2/�C × '��C ×D+ '�'/C ×P+ q�'/2 ×S- D/� × 2�

�C×D.P- q/� × '��C ×S.P           (R' qD/C= )

4Q1�% ,*� %� 4$ :

Sh =    9��1 0:(- %� ��) G%� (    
D =       4<1 ���<� ��%� T<N;�

,$ �S<<<� ��%�(kg/h) 
P =,$ �S<<<� 4<<<��U� 4<<<��;� %�<<<�=

 )'(g/cm � S = �*�N�% ^*�K) P1 �� 1(.

              �<1 �JR<� 7<���� 41 O�1�� ���i� 4$ ,*� 46�� 71�B 4#(�

� G%   �  �S� 9��1 0:(-   �<NP� Z�Q<�    �<��� "%��)   �<1 H1�<Q�

  d��*%�� 4*]&� ?� 6 (   4<1 ? <� %� %�$X� �%��� �1   � <�� 0<��

 �%�� ��N;�5; .  ^*�K  m�U�� �* ,��8�      4$ 0�� �� �����1 ? � 

    �� ! \B�� %�qD %      ,*� �1 0:(- �*���� ��      4<�6�� 7<1�B ? <�

0��.

?& C���8���D 	 <��4�

       � 4<��U� 4<��;� %�<�= �N�-�� 7����  - mU�� H���� ,*� %�

     7<1��#� ���J� � ���� ��F�� ,$ �S� ��%� 41 ���� ��%� TN;�

              �S<� 9��1 0:(- %� �� �1 ��Jj� �M� �� E�� "�;%�#$�= �� ����

140��� ��
 ��  N-�1 .    *�<#�1 ��� ���� ����%�1     T<N;� ^<�$�� ,

        ���� ��F�� ,$ �S� 4��U� 4��;� %��= � ���� ��%�
  4<1   ^<����

%]<<b ��<<B%� "��<<1
�<<1 � ��<<� �� �%�<<8� ^<<*�3)kg/h �CC �
'g/cm�'D(
)kg/h 'DC     � 'g/cm�'D ( �) kg/h�DC�
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'g/cm�DC (�� -�1.

     ���� � ,*�#�1 ��� ���� ����%�1   4<F��P� ,*�<�     %� <�� 4<$ "�

4��� 0:(- �S� 9��1 "�;1 �%<:! �<4� ^ ��%� TN;� ��Y#� 

           ,$ �S<� 4<��U� 4<��;� %�<�= 
,$ �S� ��%� 41 ����  ^*�<K �

  L�#�- 4��� �*�N�%  k�G���� N$      46%� ���Y#� 4� 4F��P� .* 


 ?��0�� �*� 7(- 41:

Sh=- o�[/[+q2/�C × '��C ×D+ '�'/C ×P+ q�'/2 ×S- D/� × 2�

�C×D.P- q/� × '��C ×S.P     (R' qD/C= )

E*%�� 4Q1�% ,*� %� 4$ :

Sh =    9��1 0:(- %� ��) G%� (    
D =       4<1 ���<� ��%� T<N;�

,$ �S<<<� ��%�(kg/h) 
P =,$ �S<<<� 4<<<��U� 4<<<��;� %�<<<�=

 )'(g/cm � S = �*�N�% ^*�K) P1 �� 1.(

@&���EF�G

     �<1 "%�<(5; �� 4����N* 1     0<5!� 7N<��I �<*%�    4<:�R� c<$

 41 
%��$ 9��1 �������  u�<@b     �<K%  <5�� / <N�� ��<*�B�

        �<�B 4<F� / <N�� 
 "%�8<G  5G / N�� 
 ���]���   E��<b 
%�<I

          
%�<�$ 9��1 ������� 4:�R� ��#�� 0��*% � �N�:! / N��

��� �#$� "�B� >�N6�� ���� % B ������) .
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The Effect of Feed Rate and Outlet Pressure on the kage of  
Rice Kernels in a Rice Jet Pearler

Firouzi S.1∗, Minaee S.2, Payman M. H.3 & Fotohi H.4

1- Ph. D. Student in Mechanics of Farm Machinery, Science & Research Branch, lamic Azad University, 

Tehran, Iran

2- Assistant Professor , Tarbiat Modaress University, Tehran/Iran.

3- Assistant Professor , Guilan University. Guilan/Iran.

4- Assistant Professor , Guilan University. Guilan/Iran.

Rice breakage  is a major concern in Iran. The price drop due to breakage is about 30 to 50 percent. Thus, 

research on the influence  of effective parameters on kernel breakage is essential. There fore a research 

was conducted in the Rice Research Institute of Iran to  study  the effects of feed rate and pressure of  the 

Jet Pearler outlet on kernel breakage. The feed rate levels were 150, 200, 250, 300 kg/h and the outlet 

pressure levels included 125, 150, 175, 200 g/cm2 . Rice varieties studied were Khazar (long grain), 

Binam (medium grain) and Gharib (short grain). The results indicated that with increasing feed rate, at the 

first, the kernel breakage decreased and then significantly increased. Also with increasing outlet pressure, 

the rice breakage increased. Breakage of  khazar variety was more than Binam and Gharib Varieties, 

respectively. The results showed that the appropriate combination of feed rate and outlet pressure for 

Khazar, Binam and Gharib varieties were (300kg/h, 125g/cm2) , (250kg/h, 125g/cm2) and (150 kg/h , 150 

g/cm2), respectively. The best and simplest regression model for predicting the breakage percent of rice 

was found from the independent varieties. 

Keywords: Rice milling, Jet Pearler, Pressure Inside the Milling Chamber.

∗ Corresponding author E-mail address: saeed firouzi @yahoo.com
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