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�7/	& ����� '�� 	A!.



�

��	رم آ����� 
��ار �ب ���ذ آ�د� در ز
	�� آ� ��ا��   �� ����	�
MAD !ا 


��ار �ب ���	ري %$ از ا�#"�  ����	�
MAD �'	� ��' ان�)* 
PELQ=

 ����	�
��	رم  �آ����� 
-	ه�ات ���ذ آ�د��
DU=

�� �ب ���ذ آ�د���	�


























































−×−×= ∑
∑

∑
∑

=

=

=

=

n

i
iin

i
i

n

i
ii

i

n

i
ic SV

S

SV
VSCU

1

1

1

1

1100

  4
 ��	��55* ����556 7��55( &3-8�55	 &�9�55	�

)PELQ:(

         �2! /	���"  ��7�"� P��"K =�N��� =/���

        �"  ��7�"� P��K =/��� �$ ��$ ;��G�   O"��0 /	��

     %��6(� �����! _� �7 �$ S�Ri    {�"@� 2! � 

            $� 2! O0$�"i �"  %-i�".� c��>K �7 �/ �-��7

 %� ���7�/          �"��9� /�"GC  �$�"N� �"� 	�$	� ��( 

 P�""""A(SMD)�""""���  . �""""��9� /�""""GC 

P�A(SMD)    �"��9� /�"GC  �$ ��$ ;��G� 

  ��d�)MAD (        �"  �	I� /��� =��&  P�A �$	�

 ��$ ��C��/�����! 	� �7�C� 	��v�    =/��"� �"7$

          2! �$�"N� �7	"-C  c��>K �7 ��6���� �  %-0

          �"��9� /�"GC  	"�$	� =�"� =	"�A{  =/	  {�@�

  ��d�)MAD ( �� �����     �"� 	"7� ;��":  �"�/

%"��7!)]]:(

[]]

4
 /�93� �=>�30'�%(Du):

47��� %-A$�(�7)DU ( �$ %RA��

%� �����! �/ 2! 47��� %-A$�(�7 �5�/  ����

%� �G��3� 	7� �,�$� �$/��)]]:(

1-Potential efficiency of low quarter
2-Distribution uniformity

[k]

�  �$�N� DU    "� ���"��! �"  %���": �/ �  �$�"N�

     ���� =�� c�d�$ %��        O�"� �"� 2! ;�@�� 8	��

�
�	� ��$ %NC� .  ��)�)]k (   /	  _�$'& � 

 	7/�N�DU�$ 	-C  T^%�.�� S�G0 O��0.

?� @��A��=B��* �=>�3C�1D)(CUc

 �7 W7	<   %-A$�� ��-".7	 �"�CUc

     �7 */$/ *�
� �$	� %��A zA��   4"7��� %-A$��

   �/ 2!�����*�
@�!  %� �$/       	"7� �,�$� �$  ����

��/ ��%� �7!)b(:

[U]

n=��C� %9�"0 ���� CUc  �"7 W7	"<  %-A$�"�

��-.7	 ���Si  %9�0 =��C�      2! =�"((  4C5 ���

  *�".�7 O":$�� �� � Vi    �/ =�"� 4"C5 2! �"di

%9�04C5 ��� ��:�� �/ 2! =�((  Si���� %� .

���	��	 � ����� �����

       2! ��6���� ��� ;�@� %�$��� �����! �/

 ���C� 2! �$�N� ��6����  =�� =/$/   %""9�0 �/ �"�

3- Christiansen coefficient of uniformity



�

%�            �"� =�"� D"�� 2! �$ %G7	N� *$�"(� �� ��$��

         �$�"N� //	& 2�.3� %&/	� /��  	�EG� �,�$

           ":�/ W".i	� %"&/	� /�"�  	"�EG� ;�@��  �$ �

 	7� �,�$���/ ��%� �7!)]n(:

E=DU-PELQ                                                                                
 [b]

  ��$��  ��$	�)^ (    O"��3�  �"7'd� ~�"�$ 	�

 �$ O"":�i Q7�""-�^nn  %""
7���! _�""M�! /��""� 

            	"�EG� ;�"@�� �G"��3� �$	� $� %�$	&�C�  /�"�

   �|$�$ %&/	�	   /�        �"(��� ��"�	-�$��� �-"�$/ ��

               /�"� ��	"� �_�"M�! �/ 2! ��"
� �S��"� 	,0

�""��9� $�""� %G"".�    	""�EG� ;�""@�� 	7/�""N� 

   //	& %� ����� %&/	�/�� .  	C7	�)]T (   =/�@-"�$ ��

   O��3�  �7'd� �$       c$	&�"C� �� �"  �/�7� ���

    ��$��  ��$	�)m (�  �  ;)/��� /�! OC�   	"7� 

�    ����� �$	� $         %"&/	� /�"�  	"�EG� ;�@��  �"|$�$

/	 :

es-ea=0.61×exp[17.27×T/(T+273)]×
(1-RH)            
[X]
Ls=[1.98D-0.72+0.22(es-
ea)0.63+3.6×10-4×h1.16+0.144×u0.7]4.2
[T]

 �" D    W".i S��"� 	",0 mm �es-ea  /�"GC 

      W".i ��"E� ��
�kpa  �T     W".i $�"� ��"�/ 

 /$	& %-���  �h         W".i S��"� �/ 2! ��
� kpa �

U           ��"�� +,� �$ �	-� / #�@��$ �/ /�� ��	� 

W.i) m/s(  �Ls          %"&/	� /�"�  	"�EG� ;�"@�� 

�"":�/ W"".i  RH W"".i %G"".� �""��9� 

��
�$���� %� .



�

EF	 � G��=C

� �  	�EG� ;�@�� ����� ��I(�

%&/	�/���  2! /	���  ��7�� P��K =�N��� =/��� 

 �/ 2! 47��� %-A$�(�7��� ?7���! D�-E� 

�7/	& �����. ��  �7$ �$	� $�-�$ 2! JC� 	7/�N� 

%9�0��G� ���7/	& ���� . 	7/�N� _� �7$ �/

%9�0 OA$/ 2! 2	< �>�! O3� =��C� �/ ��

%����� . ��G� 2! 	7/�N� �$ =/�@-�$ �� LM�

  =�� �������/��] P��K =�N��� =/��� 	7/�N� 

  =��& ��� D�-E� Oi$	� �/ 2! /	���  ��7��

 �/�� ��	� 	I� �$ %C��0$ D�-E� F7$	� �/

$�� ���9�� ;�@-� ��� ��	� ��  $�� ���/ 

 �/ *! Q7�-� �  �7/	& ����� �$/ *�
@�! =�6-�/

 S�5]��$ =�� �|$�$ . 	7/�N�PELQ �/ 

 =��C� ��� ?7���!] �� mD7/� ��  ���A �

B�C    D�� ����� .%� *�
� Q7�-� �  ��/

?7���! ���  �/ ��7�� P��K =/��� �7 =�N��� =/���

 �$ 	-C  %�$�� OR� S�9 �/  ��Tn %   =/��

%C� S�G0 O��0����. ?7���! ��(7$ �� �5�� �� 

 =��C� ���] �U �b �T �^  mD7/� ��  ���

A  B  ��� ?7���! =��C� k �X �T  ^

)��� ?7���!T  ^ #��� ��>K 	� �� AB,

C,D, /��  (D7/� �� ���C  D W�� ��

 8Z-A$ ��$ =�7/	& c�d�$ 	-C PELQ �7$ �/ 

 /�i W�� /X % %� ��$ *! 8	�� �  ����

 �� /�5�� F7$	� �/ #�@��$ 8Z-A$ 	�a�� � 

PELQ�.�� /�7� *$�(K  . �$�N�PELQ �/ 

�	� �bn %  �� 	�$	� =�6-�/Xm %  ��	� �/ 

]nn %  �� 	�$	� =�6-�/bm % � ���$ =��! ��/ .

 ?A	K ��	� ��  ��$ �7$ 	6���� #�<�� �7$

 	� =�6-�/PELQ/�7� ��	�  �-�$B& 	a$  	�

 ?��  x��� =�6-�/]n % *$'�� �/PELQ =�� 

��$ .	7/�N� ��6����PELQ  =�N��� =/��� �7 

 �/ ��7�� P��K 	�$	� %�$�� OR� S�9XX % ��

��/ �$	� �  ��! =�6-�/ �$�N� �7$ �$/ *�
@�! 

%� � ����) . �$ 	-C m]�� ^b 2�9	� J9�(� �$	� 

 �
A �� (%� *�
� �7$  �  ��/����� /�5�� 

 %��A �N��,� /�5�� %�$�� F7$	�  ���� ��

��$ =�
� %i$	9 2�A  /�$�� .%� /�>(
�� /��

,0 ?��  �� � ���� 	 /	 ��  ��
� ?7$'�$  ��

����� /�� c$�0$ �=�N��� *����$� rZ:$ �>5 �/ 

 O:�i �	�)�� *����$� ;��: �7$ �/ � 

%�//	&.

         =�"� ���� ��G� 2! 	7/�N� �$ =/�@-�$ ��

 /��� ��k   4"7��� %-A$�(�7    �$/ *�"
@�! =�6-"�/ 

 �7/	& ����� D�-E� F7$	� �/.  %-A$�"(�7 F��-�

 47���)DU( D"7/� �$	� ��"� A  B 	"�$	�Tk

 �$	�  �:�/�� D7/�� C  D 	�$	� TX  �":�/ 

 ��/ �� ��!  .   %"� *�
� Q7�-�      %-A$�"(�7 �"  �"�/

 4"7���)DU( �/  �"� D"7/��A   B   �$�$/ �" 

  �""� �G"".� �	-""
�� W�""��""� D""7/� �C  D

%�  �(���U   ��$ 	-C  �:�/  .    �"�� �$ %"�7  ��"�

 47��� %-A$�(�7 ?�� )DU ( �/D7/���� A 

B �(� W�� /�5   ��"� 	-"
�� #�@��$ 8Z-A$  	�

     ��$ �����! S�� ��>-�$  $�-�$ .  8Z-A$ ���7�d�! �$

 �/ �����! S�� ��>-�$  $�-�$ #�@��$ �"� D7/��A 

 B �� 	�$	�b �$ ?�� #�@��$ 8Z-A$ �7$  /�� 	-� 

kn %     _�M�! �7	A! ��
�)kX/k 	-�  (   ��>-�$ �/ � 

 /�� S��)      	-"
�� 	"&$ S�� �>-�$  $�-�$ #�@��$ 8Z-A$

  �$kn  %           	"�` 4"7��� x"��� �"��� S�� ��>-�$ ��
�

�A$�(�7            �"� �"�$�A S�"� S�"9 �/ 2! 	� (  $B"�

      2! 4"7��� %-A$�"(�7 �� /�5�� #�@��$ 8Z-A$

        ?��"  x"���  �-�$B& 	a$DU    �"�$ =�"�  . �/

�� D7/��C   D   ��">-�$  $�"-�$ #�@��$ 8Z-A$ 



�

  S��X/n       o�G7	N� 40$ �/ �  	-� XT/U    ��"
� �:�/ 

        #�@��$ 8Z-A$ 	�a�� $B� �/�� _�M�! �7	A! D7/�

�""��C   D �� 	""�DU �$ 	""-C  ���"".� 

D7/���� A   B/�� .  	7/�"N� �K 	&$DU "�  �

   �/ =�"�! �"�/  �"� D"7/��C   D   �$ 	-"
��

�� D7/�� A B 	7/�N� ��$ /�� DU �"�/ ��

       2��,� �i �/ =��!    �$	"� S�"G0 O��0 =�6-"�/

�$/ *�"""
@�!�""".��  .  %-A$�"""(�7 ��6��"""��

 4"7���)DU  (  �"�/ �"�    O"R� S�"9 �/ =�"�! 

 	�$	� %�$��TU %            ��"������ �"� �"5�� �"� �"  /�"�

  /�$���-""�$ /�""5��(ASAE)�)) � ( )f� (( �"" 

 47��� %-A$�(�7)DU( �$ 	-C T^  	"�` $� �:�/ 

%� S�G0 O��0 ��$/DU��/ ��/ *�
� =��!  =�(�

    W"��(��� ���< ��"��� %"�  �"��� .  	7/�"N�DU

          ?��  ���  �-�$�� =�6-�/ ��	� �� %9�G��$

  ?7$'�$DU         =�6-"�/ ��	"� ?7$'�$ �7 ?��  �� 

�.�� *�.�7.

S�5]–=/���  %-A$�(�7 W7$	< 	7/�N� � � %&/	�/��  	�EG� ;�@��  ��7�� P��K =�N�%�$�� OR� S�9 �/

  	"""�EG� ;�"""@��

�"""�%&/	�/ =�$�"""�$ 

=�� �	�&�:�/

  	"""�EG� ;�"""@��

%&/	�/��  �G"��3�

 =���:�/*

� =/����� =�N

��7�� P��K

�:�/ 

%-A$�(�7

4"""""7���

�:�/

 W7	"""""""<

%-A$�""""(�7

�:�/

  /�� ��	�

����a 	� 	-�

 ��	""""�

 =�6-""""�/

�:�/

=��C�

?7���!

�/� ]/T ^/XU TU U/^T ^gk Xn ]

]/l l/X ^/X^ m/TT m/^m X/bgU bn k

X/] ^/k U/Tn m/T] ]/^b l/ngn XU U

X/X l/k U/X^ ^/Tk b/^X k ln b

b/X ]/b l/Xb k/Tn ]/^^ k T^ X

X/]^ k/X k/bm T/TX ^/^X X/k ]nn T

^/T ]/k b/Xb T] T/^U ]g]/n ln ^

^/^ T/X X/XU k/T] ]/^] kgX/] ln m

 *	C7	� _� ��



	

 �""� =�6-""�/ %-A$�""(�7 W7	""< 	7/�""N�

�$    ��/��� �$ =/�@-U         �/ *! Q7�"-� �"  �7/	& ����� 

  S�5]  �� �|$�$  ��$ =.    W7	"< 	7/�N� ��6����

�7  %-A$��(CU)     	�$	� %�$�� OR� S�9 �/ ^X %

/��             ��"��(>� �"Cd�$ /�$���-"�$ �"� �"5�� �� �  

   ��7	�! ����
 )  /�$���-�$ASAE( ) T(   �$	"� 

=�6-�/*�
@�! �$/ )ln   =�"� ��:�� �:�/ (  �"  �

�""� W""��(��� /	""��C� =�""(�/ *�""
�  =/��""���

%����� .  %� 	I� ��         O"7)/ �$ 	"67/ %"�7 �  ���

�""7 W7	""< */�""� ��7�""� %-A$�""�(CU) 	�a�""� 

=�$�""�p	""� ��""d� ��""� %��""C� $	""7� �""��� �""�

_�M�!  ��� p	� ��d�    "� $� 2! ��  �   ;��":]mn

 %� ?E�  � Q7�-� �((   �    %"� *�
� =��! ��/  �"�/

=�6-""""�/ ?A	""""K ��	""""� W7	""""< 	""""� 

�7%-A$��(CU) /�$�� �	�a�� .

���	��	 � ����� �����

   /��� �$ =/�@-�$ �� �"��   ;�"@��   %"����$

	�EG�     %&/	�/��       =�"� �	"�& =�$��$  �/ =�6-"�/

 �$/ *�
@�! �7/	& �����  *! Q7�-� �   S�5 �/ ]

  ��$ =�7/	& �|$�$.  %� *�
� Q7�-�    O0$�"i �  ��/

     %&/	�/��  	�EG� ;�@��   #�@��$ �/U     S��"� �	"-� 

 �""�X/] % *! 	u $�""i X/]^ % S�""9 �/ O""R�

%�$��  ��$ =/��  .        /�"� �)�"� 	7/�"N� ��$ %>7��

 =	""�A{ �""A$�(�7 4""7��� ?��""  x""��� %""&/	�

     �� ��$�A ���'� +,� �/ %-��9�.    *�"
� Q7�"-�

%�     �� =�6-�/ ?A	K ��	� �  ��/ 	"�EG�  

        �����! *���  �-�$�� �	�a�� %&/	� /��   F7$	"� 

            �"�$ 	-�$��"� �"7$ 	"� 	a�"� O��� �>(� ��5.   �"� 

           �G"��3� %&/	�/�"�  	"�EG� ;�"@�� ����� ��I(�

   	C7	� _� �� =��  %G".� ���9�  ��/ �-�$/ ��

     ��/��� �$ =/�@-�$ �� X /�GC    ��"E� ��"
�  ��"��� 

�7/	& .    �-�$/ �� LM�  ��E� ��
� /�GC � "�	 ��

/��  �          /�@-"�$ �"�  S��"� 	",0  ��
�     �"�/��� �$ =T

             	"C7	� _� �"� %&	�/�"�  	"�EG� ;�@�� 	7/�N�

�G��3�         S�"5 �/ *! Q7�-� �  �7/	& ]   _�$'"& 

  =�7/	& �"�$ . 	7/�"N�       %&	�/�"�  	"�EG� ;�"@�� 

         	7/�N� �$ 	-C  %��A �	C7	� _� �� =�� �G��3�

=�$��$ %&/	� /��  	�EG� ;�@��=�� �	�& (DU-

PELQ) �""�$.�	""6� 	""I� �/ *! �""��  	""a$ �-

 ?E� %-A$�(�7	�`          	"�EG� ;�"@�� �G"��3� �/ 

��$ 	C7	� _� F��� %&/	�/��.

,H�=C���

/�""� �""� �""5�� �""��""N,(� */�""� '""�A  

=�$��$�	�&  /�� ��	� ���    /	"& /�5  � �"�/�� �

��-    �N,(� �/ =�� =���
� /�    %>5�� O��0 �:�/ �

  �$        =�$�"�$ %&/	�/�"�  	"�EG� ;�@�� 	7/�N�  �	"�&

=��)  ��� 8Z-A$DU  PELQ(    /�� �� t��	� 

 %� %&/	�����.   ��(7$ �� �5�� ��   �/   	"C7	� _�

   ����� �$	�   %&	�/��  	�EG� ;�@���  	a$  %&/	� /��

  ?""E� %-A$�""(�7	�` �""�$ =�""
� ��""3� $B""�

  �� �$ =/�@-�$�  ��/)b (       /�"�  	�EG� ;�@�� ����� �/

  %&/	�  J"�0/ 2$�5     /$/ �"�$�A $� �	"� . /�>("
��

%�          %&/	�/�"�  	"�EG� ;�@�� ����� �$	� �  /��

  �$/ *�
@�! �����        �"�/��� �$ 	"C7	� _� ��d� 

)b(  //	& =/�@-�$  . ����� �$	��! �$/ *�
@  ��:�� 

%�   �$ 	-
�� ���/�� ��	� �/ �  /��X/b  	"� 	-� 

               W"� �/ ���"��! �"7  /�"
� c�"d�$ ���"��! ����a

 /	�& ;��:. ��(K ��/�>(
�� %� /��    *�"�� �  

        %-A$�(�7 	�` 	�a�� �  /�� 2�E-�$ ���9 �����!

      �(  %u(A $� /�� _� 	a$ �/ .      	"&$ S�"u� *$�(� ��



�


   �����! *���]k      �  ��$ 	->� ���� ����  ��"���

     W� �/ �/ �7)]k ����  (      �� �/ �/ �"7 

)]k ���"�  (     �� �/ 	"&$ %"(�7 �"(  �" 	i �""�

�/�""�  	""�EG� ;�""@�� =/�""� )�""� �""� �""5�� �%&/	

  ��7�� =�6-�/ %-A$�(�7     W"� �/ ��"���      O"��/ �"� 

       %-A$�"(�7 %"&/	� /�"�  	�EG� ;�@�� */�� ��7��

   ��$/ ��$�A ?7$'�$ =�6-�/ . ��(K ��   *��� 	&$ 

  �����!kb    �G��3� ���� //	&  %C� ��:�� �/ /��

  � kb              �"7$ �/ $	"7� /�"� c�"d�$ ���"��! ���"� 

         ?"E�  �� �/ =�$�C� ���'� �$ %
E� ;��:

     %"� �����! W� �/ =�$�C� ���'� �$ �	67/  /�"�

   %� x��� �7$         =�$�"C� �"��'� �$ %
E� �  /��
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Center pivot irrigation machine and determination of evaporation 
and wind drift losses

Abstract
With developing and advance in farm machinary and hydraulic science, 

huge irrigation machines invented that can irrigate a wide range of fields with 
high efficiency. on the other hand the limitation of water resources and the 
necessity of water productivity made the use of these machines unavoidable. In 
this reseach the evaporation and wind drift losses of Center pivot irrigation system 
identified in different climate condition. Inorder to determine evaporation and 
wind drift losses according to ASAE standard four radial line of cans with 6 m 
spacing were installed. Then the amount of water in the cans, soil moisture and 
climatic and hydraulic parameter were mesured with deffernt speeds of center 
pivot system. Result showed that the average distribution uniformity during the 
griowin season was 63 % this shows that this system is not suitable. The average 
amount of PELQ during the griowin season was 55%. This shows that this system 
dose not copatiblethe farm and farming condition. The evaporation and wind drift 
losses were between 2%-17%. The evaporation and wind drift losses calculated by 
Trimer method were too less than the measured value. This is the because of not 
considering the effect of noununiformity in calculating evaporation and wind drift 
lossesby Frost, Schwalen and Trimer it is recommended not ot irrigate in wind 
speeds more than 4.5 (m/s) or to do it at night. 

Key words: Center pivot, Sprinkler, Wind drift losses


