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�, Y�;��8
 \��"3

 �. �;� � ?C"G� (���. ��Z5
 ����E (��X3 �Z�b

����* (-� �E ���6 �;� ���16  �H_ �j� �6 ��
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������ (
 �B��� (���H��**�) .���;3� �G �Z�b ���)

:���� (55
  �g �* ����E �#>�
 k��g �� ()*�"7�

EC �"
 k�s* (+�"�	�* �Z�b �. ���� ��#�
 ?�@6�� � 

��16 �* .�7��U� Y��J�  ����E � �H_ ����E (-�

�G"5
�
 (l7� ����3 �* ��jF6 �6 (E�� ����3 � �

(
 ���8�� �;3��U� ��
 �* ����5�.;���3  

 �;E 2- ��*�l
 (�9�. ��
 (�>  �g �@�3 :���� (55
) ()*�"7�
pdXmax

����� � *��7 *�;�� :"7�) �Z3 �* �. ((���H�� �. 

(�E�*) �����  
 *;�*��7 

15 30 60 90 

5/18 86  5/87  4/98  9/160  
9/34 175  195  5/252  5/257  
3/57 5/267  295  320  345  
6/63 320  5/362  5/352  425  
2/72 350  375  400  425  
8/89 5/362  5/362  5/412  430  
7/119 425 495 5/512 5/517 

 �;E3- ��*�l
  ��
 (�>  �g �@�3 (5����:���� (55
) ()*�"7�
pdXmin

����� � *��7 *�;�� :"7�) �Z3 �* �. ((���H�� �.  
(�E�*) �����  

*��7 *;� 
15 30 60 90 

5/18 50  25/51  65  25/101  
9/34 126  134  154  162  
3/57 170  188  200  230  
6/63 216  246  250  250  
2/72 220  250  270  294  
8/89 250  246  280  276  
7/119 300 320 350 352 

  
A2� 5 - ����� �j� �6 *�;= Y����m6 (���H�� ������ �*  �H_ *��7 *;� �. �@�3 (���H�� �15 �30 �60  �90 �E�*.  ;= (0+�)

 (�9�. �;= (/) (5����.  

 �. ����
 (��;".� �1. �* �� (��3 ���� A�+*

"5
�
 ����3���  ����E �>�=�.  �* � (l7� Y��J

 �j� �;� [> �. \��;6 �. .*�. ;���G /, y-� �. Y���	


���3 :��� (
 ���> �E ����E ���8�� ���� �* .;.��

����� :��� "5
�
 ����3 �. ����5� ����3��*��3 �@�b �� 

����E�  � �*�* ��* �� /, *��, y-� �. �� *�G ?�@6��
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�. ����E�m6 w�m"�
 Y��J(
 A2��� ���#7� �. .;.��

����� "5
�
 ����3 ��E  ��3� ����E ���8�� D@� �> �

(
(
 ���#7� �**�) �E ����E ����� ���#7� :�� .;.��

(
 ��E �. �X56 ���E � ();�81� �J�7 � ;3���. (��E

 �2+�
 �. ^�3 Y��� /�� /, �> �;3��U�  ��� ���

(
(�3 �� ;��. A2� .;�*6 ��835�*;�  ]�r�
 :��

(
  A2� �* .;��.6� A�7�������� ���. �Z�b ��� ���

15 �30 �60  �90 �Z�b ���. �E�* ���15 �30  �60 

 DI2
�"
 �. ��)���>[�� �;� :�� �* �> ��-3��� .���

(
 �;�* A2������ �*�� �90  �� �Z�b :��"8�. �E�*

(
 ���*"5
�
 ��#�
 ����� :�� �* .;��.� ����E ?�-G �

�. ����� �* (3�X)�3 ��� �;� *��� A�+*�  (���H��

(
 �{>�;=(
 D@� A
�� :��� � ;��. �* �> *��

 �#>�
 �G �Z�b ������ �� �� ���. ���2� �����

���� �* ��+�� �Z�b �. �@�3� 90  .;��. :��"8�. �E�*

�. � �*�> ?�l� (55
 ����5� ����3 ���#7� �. \��;6

1� D@� �> �;� ����E ();�8(
 DE�
 **�)  �Z�b

(55
 �#>�
 �G�  �� ���. ���X3 �* � �"7�� ���>

��X_ -l3 �* �������  ���2� �Z�b ��#�
 ��"�. �. *��G�.

 �� �;3��U�  ��� �l3 �> /�� /, �Z�b �. � �;�*�)

�.(
 ^�*#3 �*��* �;X� .*�� :�� 0�"1
 ��� ���s �*

�A2� ����l
 �Z�b �� �15 �30  �60  �. ��)���>

 ������ ���. DI2
�"
15 �30 �60 �90  (.* �. �E�*

0378/0  ��3�j �. DI2
�"
 .��� �;� [�� A��6

�*�*   ��� �Z�b ���#7� �. �> *�* ��83 (��H8��
�, ���

 ��  �H_15  �.60 �"�+ �. ��)�   �g �* �Z�b ��#�


:���� (55
 �#>�
 �G�� �Z�b �. �@�3 ()*�"7� ��+

52 (
 ���#7� ;J�*.;.�� ���X3 �*�  �G �Z�b ��#�


����� ���#7� �. �E p>C7 �#>�
 �� (���H�� �15  �.

90  ��E�*46 (
 ���#7� ;J�*;.��.  

  
A2� 6- �X@E ���8������� ��jF6 �6  �H_ ����E �(���H�� � �Z�b �*  (0+�) ���15� (/) 30 (}) � 60 �"
 �. ��)���>DI2
.

  �;E4 �3��3���;3� ����"
���� �� �� �* �;� ���)

���
�,(
 ��83 �� �� �;E :�� �* .;�*�  �Z�b ��#�


(
 *�E�
 �E ���8�� �*�;
 �* �. �E�6 �. .;��.

 �;E �* *�E�
 Y��Cg�� (
 �;��8
 �_�� �> *��

�� �Z�b:���� (55
 �;��. �"8�. �E  ��� ��+ ()*�"7�

 �H_:�H5� � �6 �> ("+�= �. ����l
 �* � *�. ;���G �6

��+�� �Z�b[> �E  ��� ��*�;
 ���� �6 ���8�� �

(
 �"�> �E ����E:���� (55
 � ;��.K��� ()*�"7�  �6
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(
 ?�l� ��E �*�;
 �"8�. ���8�� �. :�5a�� .;���3

�Z�b ��#�
 :���� (55
 �#>�
 �G ���> ()*�"7�

(
�. .;.���H�* Y��@�� (3�
�  (g  �= �* �E p>C7 �>

(
 �;3��U�  ��� �* *�G ���
 �*�> �� �J�7 :�� ;��.

(
 �;�� �� � *�� ?��1
 �;3��U�  ��� �. ;3��". �6 ;5>

 �"8�. ���8�� �*�;
 :�� �_�� .*�� �"��> �, �Z�b

 ��"8�. �J�7 �;��. �. �;� D�>�6 � ?��1
 ���.

(
 AJ�= �;3��U�  ���.**�)  

 �;E 4-  �* ����E �#>�
 �G �Z�b Y����m6�*�;
   0�"1
 ���
pdx  ������ �*15 �30�60  �90 �E�*.  

0+�-  ���+�� �Z�b15 DI2
�"
 �. ��)���>
  

  /-  ���+�� �Z�b30 DI2
�"
 �. ��)���>
  

�*�;

pdx  

(�E�*) �����  
1-0 2-1  3-2  4-3  5-4  

  �*�;

pdx  

(�E�*) �����  
1-0  2-1  3-2  4-3  5-4  

15  14/0  08/0  06/0  06/0  -    15  4/0  19/0  05/0  -  -  

30  25/0  16/0  07/0  07/0  07/0    30  42/0  25/0  1/0  038/0  -  

60  28/0  19/0  13/0  08/0  08/0    60  43/0  25/0  13/0  038/0  -  

90  31/0  23/0  15/0  12/0  08/0    90  43/0  26/0  15/0  04/0  -  

  
  
  
  
  
  
  
  
 

  

 �� ���"
���� :�. �-.�� �*��3 �18
 ���.��3  ��#7�

���
,13
14SPSS �3�) �. �;� �"7�) ��X. T�� �> ��  ���

 �. ���
, ��
�, *��
 (-G��b � (-G 0�"1


 ;
 c�"��X3 � �7�) ���s �"�.�� ����"
����   ���. ���

;� }��1"�� ���"
����.  

  �;E �*5�  D���r :��"X.a �b �c �d  �*�f"�� �.

��3 �� ���
, ��#7�SPSS  ���. (-G��b �����)� T�� �.

80 �*�* ;J�*  �@��
 D���r e����. .;3;� }��1"�� ��

 ;
 ���. �;� ���
, ����  ����E �I��6 [X
 Y��J�dG

 .;�*�) �X3, �s* *��,�. �. ��;s� ��;3��U�  ��� �* �E

�8�� T�� �� �*�f"�� �. �"��� :�� �* � �UE ��-G

                                                 
13-Statistical Package for Social Science-14  

Y�I.�
 :�H3��
 )14RMSE15 Y9*�I
 �� ^��� ��-G (

;�*�) *��,�. �;� *��.  

) �����)� D��r �25�� �. �E�6 �.R2 (��X56 �. (

 ���. (@��5
 ���I
(�3 Y9*�I
 �. ?�.�
 �s*  �;��.

T�� �� (2� �+*�I
 ^� �s* *��,�. �XE  ��;"
 ���� 

(
 ���-G ]��	
 Y���U	
 ���"
 �8�� T��  .;��.

  �;E6� �	�"3 Y9*�I
 �� ^��� ���.  �s* �;� ���)

 e����. �� �g�.�
20 �*�* ;J�*  }��1"�� �* �> (���

�"��;3 (8l3 ���
,  ;
 ;3�� (
 ��83 *.;�  

(7�g ���  ;
 �� �*�f"�� �. k�l6 :�� �*  ���

 ���
�, �� ���. �;� �*�* ��. ���
, �.��� �. �E�6 �.

)3) �6 (6 �(��*�l

0CC m

� 
pp dX �

pdX max
  �

                                                 
15

14- Root Mean Summation of Square Error (RMSE) 

} -  ���+�� �Z�b60 DI2
�"
 �. ��)���>
  

 �*�;

pdx  

(�E�*) ����� 
1-0  2-1  3-2  4-3  5-4  

15  27/0  04/0  -  -  -  
30  32/0 07/0  -  -  -  
60  45/0  07/0  02/0  -  -  
90  51/0  21/0  03/0  -  -  
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pdX min
 ���;3� ��*�l
 A.�l
 �* � �@��
;� ���)� 

 :�� �* #�3 �����)� D��r .;�*�) [���6 �X3, ���5"


�+�=� ����3  ;
 �� ^��� �s* ��#�
 �� ��  ���
, ���

.*�. ;���G  

 �;E5- ;I. ��;. ����"
���� D���r :��16.  

�"
����  
pd

Xmax

  pd
X min

  p

P
d

X

  0C
C m

  

a 071/59  323/40  765/47  188/0-  

b  258/1-  164/4-  231/1-  172/  

c  312/4  397/4  17/0  45/0  

d  081/7-  188/13-  712/6-  121/0  

)3(  2 0 936max
F d

p

X
a Wb b Fr c d R .

d
θ= + + + =  

)4(  2 0 903min
F d

p

X
a Wb b Fr c d R .

d
θ= + + + =  

)5(  2 0 956p
F d

p

X
a Wb bFr c d R .

d
θ= + + + =  

)6(  2

0

0 82cm

p

C x
aLn( ) b( ) d R .

C d
θ= + + =  

  �;E6-  ;
 �s* *��,�.  ���I
 �. ���
, ���RMSE.  

�"
����  
pd

X max  
pd

X min  
p

p

d

X  
0C

C m  

RMSE  43  8/41  6/44  5/38  

MSE  9/1990  7/1917  4/530  08/0  

�s* (;J�*)  84  83  86  81  

�-G (;J�*)  16  17  14  19  
  

 A2�7� ���;3� ��*�l
 ;� ���)�  �� ^���

 (6�@��
 ���5"
 ��*�l
 A.�l
 �* �� w�7 ����"
����

���
�, ���> ���. �*�*) �;� ��	3� ���  �. ?�.�
 ���

�J � }��1"�� (
 ����3 ((	5� ;�* . �� (2�

 Y9*�I
 �s* (���. �����2������
,�  �G �� �*�f"��

45 ���;3� ��*�l
 Y����m6 (���. � �E�*  A.�l
 �* ���)

��� (6�@��
 ��*�l
.  A2� �* Y����m6 :��7  (���.

�. k.�-
 .��� �;�  A2�7 ;
 ����  ���
,:��16 

 �g (-� �E ���">4��6 (55
 �* �*�@
�3 ���

 ��  �H_ (+�@s A.�s �s* �.��� (5�.�*��3  �20 * ;J�

�*�*��� ��� A.�l
 �* (6�@��
 (5�.(2�*#3 �*  �G

45 �;� Ks�� �E�* .;3�  

4- �C	1' ��	�  

(���. �. k�l6 :�� �* ��� �X@E  �Z�b � �;3��

(��X3  ����E/, �* (-� �Ek��� ���  .;� �"G�*��
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 �-l3 ��Is�
 A
�� (-� �E ����"
���� ���>

 ��E����5�8�.  �g :�5a�� � :���� � 9�. ��
 ���

����� �j� �6 ��E p>C7 �#>�
 �G �Z�b ��#�
 �

���16  ��3 (���H��.�7�) ���s (.����� *��
 �;55>  

  
A2� 7 - ��� ��*�l
���;3� � (5�..�;� ���) (0+�)  �g �5�8�. :������
� (/)   �g �5�8�.�E���� (})  �g �5�8�. 9�. ��
 �  (*)

.(��X3 �Z�b

(���.���� �_�� �> *�* ��83 (��X3 ����� 

���16  ��3 (���H�� �. � �"8�. �;55>90 ^�*#3 �E�* �6

*��� ��* �XE ���16 *�2��� �*��3 X@E�   �H_ ����E

���16 K@5
 ��� /��-
(
 Y��J �6*��U� . AJ�= \��"3

�> *�* ��83 �;� ����� �_�� ���16  ��3 (���H�� �

;.�� ���#7� ����E �;55>�  ���8��  �H_ �E ����E

�. .*��* ��"8�.�H�* Y��@��  A
 �� ()*�+, �X@E

���16(
 ��"8�. ��J�7 �;55> �Z3 �� ]�r�
 :�� �> *��)

���� /Cr�7 ���16 �* (-�
 :�5a�� � :�H5� ���

 �����* �* Y�	3�G��> /��� ���16 ��* � (., K.�5
 �

 (7�g �� .��� ����� ����* A=��� �� �X3, �*��3

����� ���#7� �. ;�*�) �18
 �G �Z�b �(���H�� �

:���� (55
 �#>�
��� ����E ()*�"7�  ���#7� �;3��

(
A=��� ()*�+, �+��
 �* �> �>�	3, �� �
� .;.���  ��*

 A=�� � ���16 K@5
 �� ()*�+, �"8�. �_�� �*��3

(
 ���+�� ����* �3�G*��:�� �� �;��.�� �� �*�f"�� �

 ��3 ���16 ����;55> ��#. ������ �. ���+�� �* �6

(
 .;��.  

(
 �r�= ����� A��26 �* �� (6�*�X58�� ���6

�. .*��3 ��-
 �;I. Y�I+�-
 ���.(
  �{
 ���5� �. ���6

��
 �* (-� �E ����E (���. k�� [> (., ���

.�G�*�� �. :�5a��  ��3 �� �*�f"�� ��E���16 ���  �;55>

����* ����E �*�f"�� (�;5�  �2�� ���� �.  ��3 �� ���

 ��3 �� �*��3 �*�f"�� .*��3�. �3�);5_ ���  ��3 ��E

(
 *�f5
(���. \��"3 ;3��6��� �X@E ���  �6 �� �;3��

6�. .;�* ���s ��jF(���. ��C� [� ���> �XE (��� ��
� 

 �"8�. �_�� ���8�� ���#7� �  �H_ �E ����E �Z�b

*��U� Y��J ()*�+, �X@E.  
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The Investigation of Progressive Front and Super-
ficial Jet Final Concentration in Deep Water 
 
The ability how to predict concentration and pollution front pro-
gressing in receiving water resources is environmentally essential, 
especially adjacency to the water resources entrance. Hence, this 
study analyses the pollution progressive front and its rate of con-
centration affected by discharging nozzle with various convergence 
angles. In this research, the conduct of experiments schedule is 
based on geometrical and hydraulic variable effect. The main pur-
pose of this study is to analyze the convergence angle of flow dis-
charging nozzle. The results obtained, showed that the convergence 
angle of flow discharging nozzle increase from 15 ̊ to 90 ̊ degree has 
a remarkable impact on pollution front progressing increase. Data 
analysis showed that increase in dense fluid leads to 52 percent 
increase in concentration rate through the trajectory center line in 
comparison with initial concentration. Eventually, the jet flux cen-
ter line concentration rate rises by 46 percent as convergence angle 
increases. 
 
Keywords:   Progressive front of pollution, Superficial jet, Convergence 
angle nozzle, Deep water, Final concentration of center line.  
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