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        6��S 6� 6� � �I C��� .�	��� R��/
� ���/         T� ��� �)� '�)(�� 6)- ��
 �))���0 ?$))�/ *))I�� ���))> )?�))I1( .C
��))����))�0 {�))�� �))� �))!

   C��JI ?JV�������1/330S     � ��)���H/ �)J1��      �)I Y�)1�� �)���/  )
ASAE, 1999 and 2008; Bloomer, 2007 .(    .�)/ �)! 
� �s)�

       '�(�� �� ���V� 6� ���^��� '�(��6�   ��)B        "��)���� T�)�/ 
� �@��$)� 
             �)! ���� ����� 6� �� &� ��
�� �������� R��/
� � &�^��� 6�����-

   �I Y�1�� '�(�� .�/ .        6)<J2 
� ���M,B� ]��� '�(�� �! "�$^4/
 � *-�I      .
�� �� .
�� �b> P.�/ Y�� PC��
�      "x�$)�� "��#�$)� P�)!

               P�)�y � .
�)� 6���
 ����/ "�M,B� ���� � T� ��^� � `�2 P�����
   *�� C����0 ������ *I���� .        .�$)
/ T��)� ���/
 6Vb> �� '�(��

     �- ����� =�I ��)5  ��U! ��  (        �� �V���)/ �)� ��)I ��)� ��2� T��� �
    ����0 =$� ��� '
�� ?��	/.       �������)�� {�)�� �)� �<#� .
�� L�D��� 

  ��-s/60 �����  ��/            ���)����U� {�� ��)HO L�)D��� ])���/ 
� ��x�� 
�B�>  �I C��� ���> C���- �J2 ��! .   �U)��� ��)I�� 6E� ���JM *H2

             �U)<@ 6��S 6� +� 
� �U��� "�I�V��� 
� ���0�<2 � '�(��) ?�)I 1( 
 ����0 C��D��� .  C���- �J2 
�   �����)�� ��)!    C
��)�� ���)� ��    �)! ��)�0

     C���� 6��!� ����� 6- �I C��D���      �b> 6� U�� =� ��10  ����)�   �)�/  
� 
     ����� 6��4/ m,/�- � ����/��� `�2 . C
���� ����   ��
�� �������� ���0
        ?#��@ 6� �V��/ 6�\I +� 
� &�5/2   ����0 C��D��� ��/  .   �� '�)(��

          � �I C��� ���> ���1/ C���- �J2 ��HO ]��       6)� '�)(�� Q�B �! ��
  L�VI35   ��/ )14   N���  (            �B�)> 6�\)I �)! U)-�/ �� � ���� 6�\I
�J2    �I C��� ���> &� ���� . C���- �J2         6)� �U)<@ 6��S 6� ��� �� �!

    ���)k L�D���60  ����)�   �)�/    ���)I C������)>  . ?�)I) 1(    ?)
/874 
�B�>�/ T�4� �� '�(�� � C���- �J2 ��!�!�.  

 C
���� *H2 *M�� ���0        .�)/ ������� Z����� C�E��� +� P��� 
DETUA     T�J�� ��4- *���           6)Vb> ���- �� 6���% �� ��/ +� *>� ��

              �� L�)D��� �� � &� RI�S ��E�� 
� G��� "�4��/
� Y�1�� ?
/ ��/

  ����0 =$� ���/ .     6)b	� �� '�(�� ��-��- ��4@       �� &� *)2 6)- ��

   �<#� .
�� ) .
�� ����0�U� ( �/ C��4@  �� 6� ��I     Z�)� ��4@ +� 6<�
        �� ����� � .���- ���S 6��� �����3   P 4   � 5     �� Y�0 �<�- �����  ��/  ���/ 

 ����0 ��5�� .                ��)M +)� =$)� �)� �U)��� �� ��4)@ .�)��- ���rJ!
     *@�0 Y�1�� �U��� ��� �� Z����4@ .        
� C��D�)�� �� ��� *H2 � *M��

     6	�>� C�U��S ?#��@ �� Z�� ���     ��� ���/ �� L�D��� �� ��  ������ *I�
����0 .               C�)I *)\% Q��)0 
� ��)� *H2 � *M�� ��4�� T���JB� ����

               ?)
/ �)���U� �� 6)- ��)�/ �� L�D��� �� ����I��! C�E���� ]���
             *)>� �)� U)�� *)�� C�I �>�� "�4��/
� Y�1��5      *M�)� �� ��/�)<�- 

 ����0 G��^��� .     ��� R��/
� Y�1�� T�/
40   �� 60   ��� "��D�/ 6	�>�  .
 Y�1�� T�/
            
� �V� 6- �����/ �� P���� �I ��5�/ *M�� +� R��/
� 

  ?>��k40            � *M�� ���I ���z� 6<J2 
� �<<M 6� '�(�� ��-��- 6	�>� 
    *@�� 6J��� R��/
� ��� *H2 .        �B�)> �� C�)I �)J2 &� �1k  ��)!

        G��/ 6������ 
� C��D��� �� C���- �J2100   � 250 �����   �)�/   �)\V�/ 
        �� � +� *>� �� =���� 6������  ��/   C
��)�� =V�/    �)���0 ��)�0 .  �)�

   6� 62�����  6-             '�)(�� +)� Q��)B� �� RI�S T�U�/ R��/
� ��� �� 
 C
���� ��D�/  *�� C�I ���0 .      ��@�0 �5� �� *H2 �s���%[� '�(��  �! �

            Q��B� �� RI�S ��E�� � �J�<>� ]���I T��� T���� ��@ �� ���1/
  � � '�(��6      ��)%� P�
�� 6�\I +���� ���0��-  " '�)(��   �)!   ���)1/ �

         ��������- �������� =��_ � ��
�� �������� � *�� C����0��5�/
     � ?)#��@ ���� '�)(��   �)!      �)I 6\)��
/ N)<�^/ � .    ����)	/ `()�

           6)� C�I 6\��
/ ��������- �������� =��_ � &� ��
�� ��������
       N<�^/ ?#��@ ���� �
�� 6�\I '��'�(��  �!   *M�� � ��4@ P  ��)!

 �� ��� N<�^/��U@� Y�� 
� C��D���SPSS ����0 ?�<
� � 6�U1�.  
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 %��1-�&$' ()*�+ �	�' %,�  %.	$* �� ��� /�0�	 ��2� ��3� �# "�4�� 
 5� ��22
 7�� ���5/2�)� .  

  
 <,� 
 =��)�  

�� ����� 	
���
��  
          - ��� T�4� &� ��
�� �������� =��_ ?�<
� � 6�U1� Z����  
� 6

   ��V/ Q,��� ���/� �5�   ab)� �� ����� ���/ ��!��J�� ��� ����5 
  ���� ��2� �#�� .�� ���  {���  '�(��  �!    �/ �� ����� ���/ �  �� T���

        ��)J� ���� 6	\B C �� N�� C��0 Z�S )   .��)21 .( '�)(��   �)!  �  *)J-
.�/162   .�/ T��<� �80F    6�
�� ��         �����)��� =��)_ �)� =���� 6�

 &� ��
��2/82  �6/81    �)��@�0 ���)> PN)�� C��)0 �� �#��  . '�)(�� 
 .�/ T��<�80F    &� ��
�� �������� =��_ �� 6�
�� +� 8/79 P�#�� 

     6	\B & C��0 �� ���H�� 6�        �)�
�� �����)��� =��_ ���� P�I ����
  �)�V/ "��)D� ���/� �5� 
� '�(�� ��� &�  '�)(�� �)� ����   �)��155 

*I��� .   �������� =��_'�(��  �!  �)-�� �  �)�� P�       =)���� 6)� � ��)�
1/78  P9/77     6- ��� �#�� 6�  ��B        6��h '�(�� PG C��0 �� ;��4/ 5  �� 

  ��������8/74    �� �#��  � C��0 P  '�(�� �         =��)_ ���)�J- �)� Y��@ 
�������� )4/73 (    ���I ���� 6	\B C C��0�� .     =��)_ ?>��k 6O �0�

  ��������80      ����� �k��B ���V/ T���M 6� �#��  ����� ��!  ������ �
    C�)I 6�)#�� ��)		
/ �)|-� ]��� *)��  ) Christiansen, 1942; 

Keller and Ron, 1999;Demirel and Sener, 2009.(  �)� ���� 
   6� 62�����  6-   ��)� '
� ]���I 6� i���/ m���JM C�I 6}��� ��!�#�� 

    �)�V/ "��D� � C���    ��)� ����80          �� &� �)�
�� �����)��� � �)#�� 
'�(��  �!   / & C��0 � �J� C�!�4    
� C��D��� P��I'�(��  �!   N�� C��0 �

    �/ 6�#�� ?��> & � �)I�� .       .�)/ Y��)@ '�)(��180RC     ���)�J- �)� 
           T��)� ����)S 6)� 6)2�� �)� � *)@�0 ���> C C��0 �� �������� =��_
              �)�� P=)���/ R��)O �����)��� Y�M � &� ��
�� �������� =��_

�I�� �J� 6�#�� ?��> '�(��.  

  
 >
��1- =��)� �? �# 5� �)@	$2�� A�"�4�� �� ������* 
 

 �B�)C�)�.�#.(  
���*  

(Kg/cm2)  "�4�� F$�  
5  4  3  

RC .�/ Y��@180  -  5/73  -  
 6��h5  5/73  7/75  0/68  

 .�/ *J-162  0/81  5/82  5/71  
��-��  -  8/75  1/73  

 ���155 9/79  2/76  5/76  
.�/ T��<�80F6�
�� +�   4/81  6/78  7/70  

���.�/ ���80EHD -  9/76  -  
.�/ T��<�80F6�
�� ��  4/84  8/82  4/76  

  
�� ����� 	
���
�� �� ���� �����  

            ��!��4)@ �� &� ��
�� �������� 
� ?#�k Z���� ?�<
� � 6�U1�
       ��V/ Q,��� 6- *�� T� 
� �-�k N<�^/    ���)/ ��!��4@ ��� ���� 

    ab� �� �����5   *�� ��2�/ �#��  .     '�)(�� ��4@ ��� 6b��� ����� 
           *M�)� � ?)#��@ Y�J� ���� &� ��
�� �������� ]���/ �    ��)� ��)!

            
� ��4@ ��>� 6- ��� T�4� ��	
� ��� �� ����� ���/3    �)� Y�0�<�- 
�����  ��/    6� ���/ 4    �� Y�0�<�- �����  ��/   ���/ )33  �)#��  (  R��U)@�

        T�U�/ 6� U�� &� ��
�� �������� P6�@��9/5     *)�� 6�)I�� �I� �#��  .
  U@� �� ����    ��4@ ��4�� R��
� 4   6�5 Y�0�<�-    �� �����  ��/  �)��/  )25 

  ��4@ R��U@� �#��(      ]	@ &� ��
�� �������� P9/3     �� R��U)@� �#�� 
 �/ T�4��!� .                � ��4)@ ��)� i�)\��� 6)- *)�� T� 
� �-�k Z���� ���

    �J� �b� &� ��
�� ��������   ��4@ �� � �I��       �)�� =�)I ����)S ��!
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� �� 6- *�� ��4�� ��
�/  ���� *)	��b/ T�		
/ ���� Z���)Li and 
Rao, 2003; Li et al., 2005; Demirel and Sener, 2009 .(

     
� ��4)�� ��4)@ ��	
� ��� �� 6O�0�5   �)� Y�0�)<�-  ����)� ��/  �)��/
               t�
� 6)� &� �)�
�� �����)��� R��U)@� ���� ���� *�� C�4� R��/
�

          �4)�� ��4@ R��U@� 6- *�� T� 
� �-�k ��4@ R��U@�  
� �5  Y�0�)<�- 
  �������  ��/ ��%[�  65k,/ ?��>           �)!��^� &� �)�
�� �����)��� �)� ��

*I�� .             6)O �)! P��)V/ '�(�� �! �� ���������- "�V��b/ {��� ��
         �/ R!�- '�(�� R�-��S L�VI � ��� P��I ��J- ��4@   ��� ������%[� 

          "�I 61��� �� � ��� �!��� ��4�� ��� R!�- 6� *\�� ab� R!�-
R^S        �/ G��� &�<b/ *��k 
� R^S ��E�� �       ?�4)/ �)�� � ���0

       �)/ &� �)�
�� �������� R!�- �M�� ���)0 .     �)�� Z��)�� {�)�� �)�
  ��	
��%F/            ����)S ��4)@ �� �����)��� =��_ R!�- ?/�M ����)3 

   ���/��/ ����� �� Y�0�<�- (          �)b�
/ �k��)� �� &� ��)�
 m��\�� '���
*�� .       k��)� �� &� '��)� P��4@ R��U@�        � C��� R!�)- �� �)b�
/ �

     �/ A,#� ����k �� RI�S ��E��       �����)��� R��U)@� �M�� � ���0
  �/ &� ��
����I .           "��)D�/ '�)(�� L�)� 6� 6��� =���/ ��4@ 6O�0�
   P���� *��6�  ��B      �� 6- ����# �� �<-'�(��  �!    ��4@ ����� ���/ �

  ���4   �� 5     �)� Y�0�<�-  ����)�   �)�/        =��)_�� P���)0 &�)^��� �)��/  
    
� R�� ��������80      6- ��� �!��� �#��         6)� ��)		
/ �)|-� ])���

����� ���� �\���/ ���V/ T���M*�� C�I 6�#�� ������ ������ ��!  
)Christiansen, 1942; Keller and Ron, 1999;Demirel and 

Sener, 2009(      
� �)�J- ��4)@ 6)- ����)# �� �)�� 4   �)� Y�0�)<�- 
�����  ��/   � ��I &�^��� ���/          �����)��� =��)_ �-s)�� ~�)@ ?�x� 6

  *@�� �!��� R!�- .            6�)#�� =)���/ ��4)@ T��)- ��)�S ���� 6O�0�
�/    ���� N�B 6- ��I          ���)S *<M 6� ���� P���0 ����� ��4@ 
� ���

        
� ��4�� ��4@ �� &� "��� T�I5    �� Y�0�<�- �����  ��/    � ���/  ��%[)� 
          -s/ �>� 
� ��4�� ��4@  P"��� ��� �� ��� *M��   ���� �� '�)(��   �)! �

�J� 6�#�� ����� ���/���0 .  
                �)� '�)(�� �! �� 6- *�� T� �E���� ��4@ � '�(�� L�� ?��	�/ �%�
            �)��� ��� ���� *�� 6�@�� R��U@� &� ��
�� �������� P��4@ R��U@�

      �J� �b� C�I 6V��b/ ��4@ 6�/�� ��  �I��)  .��21 .(�!    Z��)�� ���O
�6      6- ��� T�4� ����'�(�� �!    .�/ *J- �162   P    .�)/ T��)<�80F 

    .�/ T��<� � 6�
�� ��80F  6�
�� +�         &� �)�
�� �����)��� =��_ 
� 
'�(�� �E�� Q�B 
� ����� ������� ��x��  ���155��V/ Q,���   ����

  ��'�(��  �!    *�� 6�I��� �-s�� ~�@ � .      L�� ��� 
� C��D��� �s�'�(��   �)! 
�/ ����J� 6�#�� T���.  
  
������� ����� 	
���
�� �� ����� :  

       �� ��4)@ � ?#��@ ��� i�\��� '�)(��  �)!   .��)2 �� N)<�^/ �2 
    *)�� C�I C��� T�4� .             ��E��)�/ .��)2 �)�� �� C�)I 6)}��� =���)_

       *M�� � �!��4@ Y�J� �� &� ��
�� ��������      R��)/
� ���)/ ��� ��!
�/�I�� .�!   ���O��%[�           �� &� �����)��� =��)_ �)� N<�^/ ?#��@ 

/                =��)_ 6)- *)�� T� 
� �-�)k �4)��/
� ��)!��J�� ]���I ]���
       �)/ ������ '�(�� �! ]��� 6- ��k��/ �� C�,M ��������   6)� ��)I

        *�� 6����� m,/�- U�� �! '�(�� ?#��@)  ?�I2 .(     �� .�)|/ T���M 6�
 '�(�� ?#��@5/22×5/22            ���)��� '�)(�� +)� ])��� 6)- ��k��/ 

�/   P���0506  �/ ���/��/  �)I�� .�          '�)(�� ?)#��@ �� 6)- ����)# �
25×20       �/ ������ '�(�� �! ]��� 6- ��k��/     C��)�� ��)��z� ��I 

)500 ��/  (      *)�� 6)�@�� R��U@� &� ��
�� �������� =��_ ���� .  6)�
   ?#��@ �� �E�� "���\M25×20           ?)��> R!�)- C�)I ���)��� *k��)/ 

65k,/�� )1 �#��  (         �����)��� =��)_ 6- ����# �� *�� 6�I���
��
������ ��V/ R��U@� &�  )4�#��  (�/ T�4� ���!� .  
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 >
��2- �)@	$2�� A��? "�4�� �� �#�� "�
 MN�K JK$)� 
 �O� #�$� %.	$* ����* �# B�)C� �)�.�# (
 %.	$*"�4�� ��) �)�(  ���*  

(Kg/cm2) 30×25  5/27×25  25×25  20×25  5/27×5/22  25×5/22  5/22×5/22  
3  6/69  8/71  4/73  9/76  3/73  7/74  1/74  
4  6/75  6/76  3/77  3/80  0/78  4/78  5/77  
5  0/78  2/79  0/80  9/83  0/81  9/81  9/80  

  
  �����%[�     *�� "��D�/ N<�^/ ?#��@ ��  .   R!�)- .�|/ T���M 6�

       ?)#��@ �� ���)��� *k��/30×25      6)� *\�)�  ?)#��@ 5/27×5/22 
  T�J!1                ?)#��@ �� �����)��� =��)_ 6)- ����)# �� *)�� �#�� 

30×25  P2     *�� 6�@�� R!�- U�� �#�� .    ��)�rJ!    �@ Z��)�� �)� ?)#� 
25×20     � ����� *	��b/ 6  R!�- �#��    �/ T�4� ���!� . �<- ��B 6�

    ?#��@ R��U@� ��'�(��  �!     �/ R!�- &� ��
�� �������� ���� .  Z��)��
   R!�oS ���            ?)#��@ �� &� �)�
�� �����)��� 6)- ��� T�4)�25×20 

6�  ��B        R��)/
� ]���I 6�<- �� ��E���/ ) *M�)�      P��)� N)<�^/ ��)!
    � "��D�/ ��!��4@'�(��  �!  �5� ���/ � (  �x��80 �#��  *��.  Y
x 

      �
�)� 6�\)I 
� C��D�)�� �)� .��2 �� C�I 6}��� Y�>�� 6- *�� �-� 6�
��%[� '�(��  �!   ���1/ �6�  *�� �/� C        ?)JM �� �����)��� =��_ � ���

     .��2 �� C�I 6}��� ����	/ 
� ��J- ��4@ "����V� *<M 6�2��� �!���  .
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Effect of Wind Speed and Hydraulic Characteristics on Water Distribution 
Uniformity under Sprinkler Irrigation Systems 

M. Akbari1*., S. H. SadrGhaen2., Gh. Zaraei1 and M. M. NakjavaniMoghadam2

Abstract:
In this study, the water distribution uniformity of different sprinkler used in solid set systems were 

determined at different operating pressures, sprinkler spacing and under varying wind speed conditions The 
experiment was conducted in the Agricultural Experimental Station of Seed and Plant Improvement Institute 
(SPII) in Karaj, near the meteorological station during 2008-2009. The experimental design was randomized 
complete blocks design (RCBD) in factorial layout with different replications. The experimental treatments were 
combinations of 8 sprinklers (Farm-RC180, Jaleh 5, Komet 162, Luxor, VYR 155, Nelson24�F80 with one 
nozzle, Rain Bird 80EHD and Nelson F80,18�with two nozzle), 3 operation pressures (3, 4 and 5 Kg/cm2), 4 
wind speed range (0-5, >5-10, >10-15, >15-20 Km/hr) and 7 sprinkler spacing (22.5*22.5, 22.5*25, 22.5*27.5, 
25*20, 25*25, 25*27.5 and 25*30 meter). The outdoor single sprinkler test method was used to determine the 
water distribution pattern distorted by wind action uniformity. In order to determine the water distribution 
uniformity under varying wind speed conditions, a set of catch-cans was set around the individual sprinkler in 
2.5*2.5 arrays. The volume of water in the catch-cans was measured after 1 hour operation for each treatment. 
The overlapping of sprinklers was simulated and water distribution uniformity for seven sprinkler layout was 
calculated and the Christiansen’s coefficient of uniformity (CU) and distribution uniformity (DU) values for 
each treatments were determined Results showed that the sprinkler type, sprinkler spacing, operating pressures 
and wind speed treatments had significant effect on water distribution uniformity (P� 0.01). Sprinklers type were 
classified in five group from A to E. Sprinklers type of Komet 162 and Nelson F80 with two nozzle had high 
water distribution uniformity and classified in group A. Nelson F80 with one nozzle and VYR 155 types 
classified in second group. Based on the results, with increasing the operation pressures, water distribution 
uniformity was increased non-linearly. Also, water distribution uniformity was decreased when wind speed 
increased more than 5 Km/hr. According to the results, the sprinkler type that classified in group A and B with 
the operation pressures of 4 to 5 kg/cm2 and 20*25 meters spacing was recommended for overall agricultural 
conditions.  

 
Key words: Sprinkler irrigation; distribution uniformity; wind speed; operation pressure. 
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