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G�/�� �# *+ ?�/ �#)�	 :�=]� �#�� ���F� �W&�%	 ��
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?h# �#��	 6� )0 E7<%	-�#)/# ���P g� n7gh d�� �& 6� -)0 6

?(# o5&�/ 4� .?�/ �#��	 �#7�# 6�;�	 �#�� ?g(& 6�-)g	+ 

&�)I �&O/N�0 6�;�	 �& ����M/O�g� �& 6g�/�q �� �'�B ^__ 

�	 G�/�� G7� �'	 )0�� )M.(

�#)5��)^NY_ (G�/�� �# ?�/ ��!<� ��� #� �����+ �66<�(�

 &�� �(��� �`�5� G)	 o5 .-)g5)� -)g0 6g� � �g`�5� G)g	

 #� ?�/ ��7g" 6g� ��P)g/�	 � X��g0# �)g%� �& ��g5�> og5 

(Steady saturated) �� r#�g�# 8g]<]'	 H��	 �& G�g/ s�gh

 -&�� 8g`�!� �&)g9 d�� �g� #� ��5�> 6B&�%	 ��g� �&�)g�	

(Finite difference) &7=/ 8I?(# -./j5�' -)g	+ ?g(& 6g� �# 

j5�'/ �� ,G�/�� �& �#�� �`�5� G)	-�#)/# ��g�P d��g� ?�g/ 

6c`7I )5&�P 6T5��	 �# .?�/ �#)�	-�#)/# ���P �#�g� -)g0 

�& G�gg/��^Y/^�M/_G)gg	 6ggF�'/ �O^/^�Mt/_mgg%.	�'	 

��� �& �'	��?(& 6�)	+ .G)g	 6g� ?gh�P 6F�'/ :��u �#)5��

 G�g/�� �# #� ?�/ �#��	 ,��7C V�'�T/ m5��� �� -)0 6� � �`�5�


�� �����	)�� )^.(

n#�gg9 �7gg<9)N(G�gg/�� ��� ���gg����� �& �gg� ���ggC �

&�� -)g�5#� )g( ?g(&�5� d�� ���g5��# :=gg` �g� �gg��F� �

&��+�� ,?�/ #� ��!<� 8� �# ?�/ �#��	R/tK4 g( � )g"�& 

#� n�%� � ��]��R/^)"�& &7g=/ &��+�g� .�& ��g!<� Hg(7'	

G�/�� ��,6( 6>�& �JtJ/_���g u 6g>�&,JJO/pmg%.	�'	

 ?g(# -)g0 d�#�P ��� �& ���	�'	��.j5�g'/ 8g�<�� � 6g5�F� 

�9#�� 8fh G7� �& *+ ��!<� �#��	 6� &#& ���/)� ,&#&�C ��

 &#&�	 �(�g�%	 rv'gC# �#�#& �#& �g	 )g0�� .:g5# �& 
��
g� 

d�� :�� �# )0 w]�	 ��6g� og5&�/ d�� :5�' � ���F� �

j5�'/-�#)/# ���P �g� #�Tg�	 d�� ,(Misra) �g	 )g0�� .m5�g`

4� ?�/ 6�(��	 d�� :5# �& �1'T�tO)"�& ?(& 6� -)g	+ 

?(# .a'5�7	 6B&�%	 ,d�� :5# �# )%�(Moritz) %� )5&�P :�� .

4� :��u ��	)/#� 6� x7��	 ��%B�;	 ��5�� �& ���& *+ G�g�'/# �

G�/�� 6.�0 ��&�� -)g�5#� ���C �)g0 E7g<%	 �# ����Tg� 6g� 

G�/�� ���B�g/�� &7g0 �#�gU �P# � )/�#)/ 
07� 6� ���/ ���C �

�y%� �& 6� #�u &70 E�F/# �(��0��� ��� Vv�U )5�� &70 �/7'�

 &�7	 \���	 �# �;	 � 6%B 66�;�	 e�C 8	#79 8�B& G�/�� �# �g� �

G�g/�� 6g� ?�T/ ���W�� G��'/# ��	)/#� ���C �g� �#& 
g07� �

'0#&6)/# .

-#7]gg(�b( � �=B�gg()^^(�gg��F� �W&�gg%	 �gg����� �&

 G�/�� �# *+ ?�/ &��+�� ����'g(# G�=g0 �`#�# �& #� ���C �

�� !"#)?0& �����+ 6.�0 �#7C�� (�gU �(��� &�7	 )g/&#& �# .

abg( � �7Tg<5� g a575& 6B&�%	 ,���F� �W&�%	 :�� �# � /+

 #� �g�	�& ��5 g z�� aB7	 �#7g�9 6g� mg(��	 �W&�g%	 :5�g�

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
85

.1
0.

1.
3.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
13

 ]
 

                             2 / 14

https://dor.isc.ac/dor/20.1001.1.22518517.1385.10.1.3.3
https://jcpp.iut.ac.ir/article-1-521-fa.html


�	"6)! / ��� 345
� �� �	0	� �! 12 /�0 ��,-. *+�	�� '()! 

2� 

�� �#�� *+ ?�/ :�=]�G�/ ���� !g"# G�=g0 ?g0& ���C �

)/&7=/ �h�%	 .?�g/ �5&�g�	 ?g���;	 r)g� �� �`�I �(���

 G�/�� �& ?�/ ���F� �W&�%	 �# -)0 &��+�� �����C �#�#&�

?h�� ��4�#�� ����{<']	 ?�/ �5&��	 �� ����P-�#)/# ��g�P 

-)0)�%U#� (m(��	 :��%� �G�g/�� �#�g� �W&�g%	 :5�� �g� �

�� !"# ��'(# n�0 \���	 �& ���C)?g0&�� ���g��+ 6.�g0 (

?(# -)0 E�F/#.

�!�� �c�� 	�

�!�S� 

345
� ����� *	V;�� 

6�;�	 ?0&�� :�� 7�G����5��h#�|> }�6>�& ��}�6g>�& �

~} 6��U& �U�0 �2�6>�& ��36��U& ��2�6>�& �2}6g��U& 

s�9 �B�=0 �#�U &�#&.?g0&�� �g� ?%g(� ���5g��~��#�g� 

��'.� �.5 �#?0& ���6/�P�� u �� !"# 6���=0 �	)g5+)�(.

:5#6�;�	 6��&n�0 � 0 �� !g"# & ��U�g0 �?=TgU :5�g�

�U#� &�� -)�5#� 6`7I -)g0 ?g(# ,�#�#& *+��#7g� E�gP �

o�C )-
57� �&��g � ���'Tg���(�4�g<U# 6g=�/ �/�g���� )5)g0 

�	 )0��.D�(#�� d�#�gP �g(��0#7� ���g	+�36B�g( 6g�;�	 ,

�& �P)/��� :�1/��	 6%B�;	 &�7	 �&�)�	���<�	 G�g( �& �g'	

�#�P?(# -)0 d.�#)�	 ��]�� �n�%� (ET0) �& -�1'T5# 6/��� 

�}2� �<�	 �'	 �& G�( d�#�P -)0 ?(# )�.(

mU� 
!,A! ',� 

&#)%� 6/ G�/�� �&\���	 -��=> ,{5�0 ,&��+ ,��5� ,�7��g0 6g%<U 

,�#)g�9 g(��5��,,��g��&�	 ���g�=U ��c�g( �gU#� �&n�g0 

��'(� 0 �� !"# �&Z�� 6.�0 �����+ )5)> ?0&�� *�]'/#

-)5&� ?(# )8.0�(.

�� E#)� �#:5# \���	 D�(#�� 6��/ �<�f!� ��gC ��'g(# �

-�#)/# ���P ���E�F/# -)0 �#�#& ?h�� �g��:�1�g( ,Hg(7'	 �

o�( -&7� �4�:��u ��E#)� �#-��P ������C �#�#& 
g07� 

����P 4g� )�3i�3(%Hg(7'	)}3i2}(%�&�g5� )�}i�3%(

�	 )�0�� .j5�'/ 65�F� �.�/�.	 ��gC �g��\��g�	 6g/ 6g/�P �&

G�)> �6l#�# -)0 ?(# .

12 /�0 ���2,� ��,-. *+�	�� 

d�� � �W&�%	 ����#�g�	 :�g=]� �7g@�	 6� �&)%'	 ���F� 

G�/�� �# *+ ?�/ ��)0 6l#�# ��/& {<']	 x��/ �& -)�(�& 6g� ,

6� 6B��	 �# ?=TU :5#��	 -��0# � /+ &�7	 70&:

iE� 1�5# 6B&�%	(Ingham)  

]�[)/H)((CPL/q 50610550 −=

6B&�%	 :5# �&qG�g/�� G7g� �& ?�g/ �#��	 (m3/S) ,H\g=9 

G�/�� �& *+ ��5�>(m) ,P-)g0 a�gC H��	 (m) �LG7g� 

G�/��(m) �	)0�� .C# ��5�` :�g� ��gC X7g/ 6� 6'T� 6� ?(

}/���}/}��|'	 ?(#.

iz�� aB7gggg	 6ggggB&�%	 i�gggg�	�& �gggg�5 (Molesworth-

Yennidumia) 
]�[50486 /)R.(C)/(q =

6B&�%	 :5# �&q*+ ?�/ (m3/m2/day) ,R�.�B��)g�� X�%g0 

(m) �C��C �#�� 6� ?��q &)9 �g� �g(� �33�}/3�#�g� �

��C ���0 ��332/3�	)0��.

i#�T�	 d�� (Misra) 

�#)g�	 G�g/�� �'Tg� a�g> :'h�P �@/ �& �� d�� :5# D�(#��

 *+ ?�/ ��!<�(m3/m2/day) ��g0 E7gB �'T� �#�� 2/3i}/3,

?T( ��0 ��C}/3i�/3�B�#�P ��C ��i�-)5&�P &��+�� 

?(#.

i�)�1�h+ 6B&�%	 (Affengendon) 

]2[100/SQLq =

]~[mAqS −=

6B&�%	 :5# �&S,�'	7g<�� og5 G7g� 6g� �B�/�� �# *+ ?�/ L

G�/�� G7�(Km) ,Q��5�> -)�(m3/S) �qG�/�� �# *+ ?�/ 

mTI��(m3/S) �	)0�� .A�mm5�g` 6� 6� )�'T� ��5#�` 

:�� m���� 6� � )/�#& �1'T� ��C �& *+ ���1�+ 2/3i}/3�

�/3i~/2?(# ��(7/ �& .

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
85

.1
0.

1.
3.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
13

 ]
 

                             3 / 14

https://dor.isc.ac/dor/20.1001.1.22518517.1385.10.1.3.3
https://jcpp.iut.ac.ir/article-1-521-fa.html


����� ��	
� � 
���	�� ��
� � ���� /�	���� /��	� ��! /�	"� #$%& 

2� 

��
��

�.
�

	

�

�	

�

	�
�

�
�

�
�

�	
��

�
��

�
�	

�	�
��

 �
� 

�
!

"
�

#
�$

%&
'


	�

��
���

�
�

�	
��

Sa
nd %

C
la

y
%

Si
lt %



��

�

��

��
���

��
��

��
��



��

�

��

�
��

�
��

��
�

��
��

�
��

��
��

�

���
� 

!
�"

#$
%/

'(
)/

*+
,/

(*
C

la
y

,
-

�.
�/

��
01

2�
3

�4
$

(5
,%

'%
C

la
y

,
-

�.
�/

��
01

��
6�

�
'7

,)
((

Si
lty

C
la

y
(

-
�.

�/
8�

9:
 4

�
(+

;7
,;

Lo
am

,
<

/�
=�

8�

2�
��

��
�

;;
;+

*7
Si

lt
lo

am
,

<
/�

=�
<

/�
=�

��
01

,+
;*

(*
Lo

am
(

<
/�

=�
<

/�
=�

��
�>

?
0@

�
%+

'*
'*

Lo
am

y
sa

nd
,

A
 /

<
/�

=�

2�
0@

�/
**

'*
(+

Sa
nd

y
lo

am
,

A
 /

8�

�
B

�/
5+

;+
;+

Sa
nd

y
lo

am
(

A
 /

��
01

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
85

.1
0.

1.
3.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
13

 ]
 

                             4 / 14

https://dor.isc.ac/dor/20.1001.1.22518517.1385.10.1.3.3
https://jcpp.iut.ac.ir/article-1-521-fa.html


�	"6)! / ��� 345
� �� �	0	� �! 12 /�0 ��,-. *+�	�� '()! 

22 

m> #.���,� ���� W�	
� /��H��)/ ��� 
�	��2 3>� (

i�7T<5� � a575& 6B&�%	 (Davis-Wilson) 

]}[31450 /H
G

LPwC/q ×
×

××=

]�[
















+×

+×
=

36506104

5036506104 /VG

6B&�%	 :5# �& q�/ G7� 6� �B�/�� �# *+ ?L(m3/S) ,H\=9

 G�/�� �& *+ ��5�>(m) ,Pw-)g0 a�gC H��	 (m) ,LG7g� 

G�/��(m) ,V*+ ��5�> ?9�((m/s) �C6g� ?g��q m5�g` 

�(� �	7B ����'T� �#���},�	7B }/����g0 �	7B ��}�&

6'h�P �@/�	&70.

ia'5�7	 6B&�%	 (Moritz) 

]�[5001860 /)V/Q(C/q =

q�'	7g<�� og5 G7g� 6� �B�/�� �# *+ ?�/ (m3/S) ,Q�#)g�	

 *+ ��5�>(m3/S) ,V��5�> ?9�( (m/S) �C?g��q m5�` 

�	7B �(� � D� �#)> �#�� 6�~�/3E7B ,}2}/3��g0 E7B �

��/3�	)0��.

i)�� *�F�� 6B&�%	 (Indian) 

]�[)d)(a)(C(q =

6B&�%	 :5# �&aG�/�� -)0 a�C ?I�T	 )�g��	 �7h �7�<�	(,

d*+ \=9 (ft) ,qG�/�� �# 8� ?�/ (cfs) �C?g��q m5�g` 

:���/�i�/�.

c�� 	S� 

d�� �# \���� :5# �&�#)/# -���P ��5�> �&��� g6g� �>��C

?(# -)0 -&�!'(# *+ ?�/ �#��	 6�(��	 �7@�	.�&:5# d�� 

�#)�	 *+ ����&��>��C �-��� G7� �g�)G�)g>�,2�~(

-�#)/# ���P �	&70.�7g@�	 6� -�#)g/# ��g�P �# ��g5�> ?9�g( 

6gg��B7	 ��gg.�	Aott-c20 )gg0 -&�!'gg(# �Tgg����|	 X7gg/ �# .

-�#)/# ���P ��n�g=9# �#�g� �#�.� �& �& � �`�9 �;�	 6( �& 

�# �gg'=�}3�& �gg'	 �'/�gg( y�/3&�7gg	 �& � *+ �;gg( �# 

=9\���# �'��� �}3�& �'	 �'/�( y�/3�y�/3*+ �;g( �# 

)0 E�F/# .���<=9-�#)/# ���P G�/�� �& ?9�( �g� )g"�& �g� �

&7g� -#�g=� ��v.�	 �� W�� ����P 
07� :5#���g�� �# �%��g�	 

��g;C 8U#)gI �g� 6��B7	 ?l#�U ��.	# 6� )5&�P *�]'/# G�/��

 -�1'(& � �f]0)�# �g'=�}(%6'g0#& &7g>� )g0�� .:g5# �&

 8"�I �# �>��C � �&��� -)� 
��
� ��5�> ?9�( *�`

 �>��C � �&��� ��5�> �;�	 �& ?(& 6� ?(# -)	+ .�5&�g�	

?(# -)0 6�(��	 �5� 6;�#� �# -&�!'(# �� ��!<�.

]�[
LP

)Q(Q
aq

×

−
= 2186400

6�Q1,Q2,L,P�qa,�g>��C -)g� ,�&��� -)g� mg���� 6g� 

�� G7� ?�g/ � G�/�� -)0 a�C H��	 ,-� -�#)g/# ��g�P -)g0 

�	 )0�� .���!� :�� �#��	 -)� �&?=TgU �&��� ��g>��C �#

G�/�� ,��!<� *+��<� �	&70.

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
85

.1
0.

1.
3.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
13

 ]
 

                             5 / 14

https://dor.isc.ac/dor/20.1001.1.22518517.1385.10.1.3.3
https://jcpp.iut.ac.ir/article-1-521-fa.html


����� ��	
� � 
���	�� ��
� � ���� /�	���� /��	� ��! /�	"� #$%& 

2~ 

��
��

�.
��
	�


�
�

��
��

�
�
��

�
�
�

��
�
��
��
�
��

�

�
�
�
��

��
��
��
��
	�

�
�
�




��
�	
�
��
�
�
	

�
��
�

��
��
��
��
	�

�
�
�

��
��
�	
�
��
�
�
	

�
��
�

�
�
	�
��

��
���


�
 
�!
"#
$
�%

��
�	

(m
)

A (m
2 )

V
(m

/s
)

W (m
)

P (m
)

R (m
)

D (m
)

Q
1

(m
3 /s

)
A (m

2 )
V

(m
/s

)
W (m

)
P (m

)
R (m

)
D (m

)
Q

2
(m

3 /s
)

"&�
�'
(
")
#*

+,
-

../0
12/0

,/,
3-/,

,4/0
+/0

1,/0
3,/0

,.
,

/0
-/1

4-/1
,3/0

,4/0
11/0

��
�
�5
*

3-
-

,6/0
34/0

-3/1
4/1

1./0
16/0

1,
6

/0
3,
-

/0
,4
1

/0
4/1

2,/1
,,/0

,-/1
11
-

/0


7
8�
9

,1
+

14/0
+,/0

1-/1
,6/1

1+/0
1-/0

0-
3

/0
3./0

10
.

/0
-/1

6./1
,-/0

+1/0
03
2

/0

�:
'5
�

1-
00

32/1
16/0

+/,
0,/+

32/0
.-/0

,.
4

/0
-/0

31/0
1/,

,6/,
,,/0

,3/0
,0/0

��
�

��
	

46
-

,6/0
34/0

-3/1
4/1

1./0
16/0

1,
2

/0
-/0

,/0
+/,

3,/,
,/0

,,/0
1/0


�
;�

+4
0

31/0
,./0

3-/1
4-/1

,3/0
,6/0

10
6

/0
+1/0

+0
-

/0
,/,

+/,
13/0

13/0
02
-

/0

9
��
!<
=
;�

24
23/0

16/0
-/,

6-/,
++/0

+6/0
14/0

6/0
,0
-

/0
+/,

,/,
+./0

+-/0
1.
-

/0

��
;�
�>

30
0

4+/0
-+/0

+
13/+

,+/0
,3/0

+2/0
-4/0

.3/0
4/,

00/+
12/0

,1/0
+.
-

/0

�
?
�>

23
1/0

++/0
2./0

03/1
1/0

11/0
0+
-

/0
2,/0

+./0
2-/0

00/1
02
1

/0
02
.

/0
0+
+

/0

��
��

�.
�
��

�
�
�

��
	�


�
�

��
��

�

��
�
�

��
�
�

�
�
�
��

��
��
��
��
	�

�
�
�




��
�	
�
��
�
�
	

�
��
�

��
��
��
��
	�

�
�
�

��
��
�	
�
��
�
�
	

�
��
�

��
���
�
�
	�
��


�
 
�!
"#
$
�%

��
�	

(m
)

A (m
2 )

V
(m

/s
)

W (m
)

P (m
)

R (m
)

D (m
)

Q
1

(m
3 /s

)
A (m

2 )
V

(m
/s

)
W (m

)
P (m

)
R (m

)
D (m

)
Q

2
(m

3 /s
)

")
#*

"&�
�'
(

.4
-

--/0
,.
4

/
+/,

36/,
,3/0

,./0
13
4

/0
+/0

3,/0
--/1

4/1
1.
3

/0
16/0

1,
-

/0

��
�
�5
*

.3
0

,-/0
-3/0

./1
4/1

1-/0
1./0

1+
-

/0
3,/0

,4
+

/0
4/1

2+/1
,,/0

,-/0
11
-

/0


7
8�
9

+0
0

,,/0
,6/0

./1
43/1

12
3

/0
16/0

0.
1

/0
14/0

+0
-

/0
./1

2./1
1-
,

/0
12/0

0-
,

/0

�:
'5
�

1+
-0

6,/0
32/0

+/,
.,/,

+1/0
+./0

3/0
34/0

4,/0
2/,

+
1-
4

/0
1.
,

/0
++/0

��
�

��
	

1+
,0

,,/0
.+/0

,./1
31/1

1-
3

/0
14
+

/0
1+
2

/0
12/0

-+/0
3/1

-1/1
12/0

,0
1

/0
10
,

/0


�
;�

-4
0

3,/0
,6/0

4/1
2+/1

,,/0
,-/0

11
2

/0
16/0

--/0
3/1

-/1
12/0

,/0
10
0

/0

��
!<
=
;�
9

-0
0

.6/0
+/0

+/
0+

1+/+
,,/0

,+/0
,/0

23/0
16
1

/0
-/,

6-/,
++/0

+4/0
14/0

��
;�
�>

11
00

./0
,./0

+/,
3./,

,3/0
,./0

1-
.

/0
+0
2

/0
++/0

,/,
,4/,

13/0
13/0

10
0

/0

�
?
�>

12
0

13/0
++/0

1/1
12/1

11
3

/0
1,
3

/0
03
4

/0
10
.

/0
+2
.

/0
1/1

1-/1
02
,

/0
02
.

/0
03
,

/0

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
85

.1
0.

1.
3.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
13

 ]
 

                             6 / 14

https://dor.isc.ac/dor/20.1001.1.22518517.1385.10.1.3.3
https://jcpp.iut.ac.ir/article-1-521-fa.html


�	"6)! / ��� 345
� �� �	0	� �! 12 /�0 ��,-. *+�	�� '()! 

2} 

��
��

�.
��
	�

�
�

�

�
�
�

�

�
�

�
�


�

�
��
��
�
	�

�
�

�
�

�

��
��
��
��
	�

�
�
�




��
�	
�
��
�
�
	

�
��
�

��
��
��
��
	�

�
�
�

��
��
�	
�
��
�
�
	

�
��
�

��
���
�
�
	�
��


�
 
�!
"#
$
�%

��
�	

(m
)

A (m
2 )

V
(m

/s
)

W (m
)

P (m
)

R (m
)

D (m
)

Q
1

(m
3 /s

)
A (m

2 )
V

(m
/s

)
W (m

)
P (m

)
R (m

)
D (m

)
Q

2

(m
3 /s

)

"&�
�'
(
")
#*

+,
,

-/,
/-/,

/0//
1-//

/1/,
/-/,

23
+

/,
/0/,

1+/,
31/2

+/2
2-
1

/,
20/,

24
2

/,

��
�
�5
*

-2
,

30/,
/-/,

///
1//

/1/,
/-/,

23/,
--/,

26/,
///

11//
/+/,

4/,
2/
3

/,


7
8�
9

03
,

/6/,
/+
3

/,
-/2

+1/2
2+/,

20/,
,0/,

2/
3

/,
1+
/

/,
2/2

20/2
2,
3

/,
22
1

/,
,3
6

/,

:'
5�

�
2,
/,

++/,
3//,

+//
6//

/+/,
/0/,

1,
3

/,
1//,

04/,
/3//

43//
20/,

20/,
43/,

��
�

��
	

22
-,

0//,
16/,

4//
-2//

4//,
4-/,

1/,
1+/,

-6/,
6//

66//
23
+

/,
2-
/

/,
4//,


�
;�

+,
,

/0/,
1+/,

31/2
-6/2

2-
1

/,
20/,

2/
0

/,
42/,

4//,
///

4//
21/,

21/,
2/,

��
!<
=
;�
9

-/
3

31/,
46/,

/3//
4-//

/4/,
/3/,

/2/,
04
,

/,
/2/,

0//
6+//

/0/,
/6
6

/,
2+
1

/,

��
;�
�>

+3
,

61/,
20
3

/,
3///

03//
44/,

4+/,
2+
1

/,
/0/,

1+/,
31/2

-6/2
2-
1

/,
20/,

24/,

�
?
�>

4-
3

1-/,
21
3

/,
0/2

,2//
/4/,

/3/,
,-
+

/,
21
/

/,
4+/,

2/2
/3/2

22
4

/,
24/,

,3
/

/,

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
85

.1
0.

1.
3.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
13

 ]
 

                             7 / 14

https://dor.isc.ac/dor/20.1001.1.22518517.1385.10.1.3.3
https://jcpp.iut.ac.ir/article-1-521-fa.html


����� ��	
� � 
���	�� ��
� � ���� /�	���� /��	� ��! /�	"� #$%& 

2� 

-�#)/# ���P ��!<� *+G�/�� ���&-�	 ���&�C,&# ��� �&#&�	 

E�F/# -)0 ?(# .:5#��!<� 8	�g0 ?�g/ *+��g�]�� �n�g%� 

�	 )0�� 6� 6��7@�	 6�(��	 �g�]�� �n�g%� �# ,��g	+ �g�]�� �# 

?�� Dv� {B# -�1'T5# ����g(��0#7� ?g0&�� � &�g�+��7��

)�	 �&��/�	� �& -�#)g/# ��g�P �g� ��g� G�g=9# m5�g` ?�g�

�~/3=Kp-&�!'(# -)0 ?(#)�.(�g	 H(7'	 �5&��	 ���g�]�� 6g/

 6�;�	)-�1'T5# �& H(7'	 (-�	 �& ��,&#&�C �6g� &#&�g	 � �g��

 m�����~,�3���3��<�	 ?(# -)0 d�#�P �'	.���C ���/ 

�	 &��( 6� �#)�	 (Kc) �#�� Z7;g( ��g��� 6g�<� 6g�#��+ �g� �g� 


07� �!<9 �/� �#�� \��g�	 o�gC ��g�#�� ��C&�g� �/��&

6'h�P�@/ -)0 ?(# )�.(-�#)g/# ��g�P ���g�P 
g07� )g"�& 

��7u �%<`�� u 6<�(7� (Quadrant) ?g(# -)g0 E�F/# .:g5#

 :�g�%� #� ?g]B �;g( 6� �/ � {<9 �#�#& �;( ?�T/ 6<�(�

�	 )��.

�� :'0#& ���)"�& 
07� ����P ��G�/��,�#)�	 ��]�� �

n�%� 6�(��	 ��#�� 6��� �;( G�/�� 6g� )gU�h 
g07� ���g�P 

?(# �#)�	 ��]�� �n�%� ��7" 6� ��]�� �# �;( &#�+ 6�(��	 

-)0 ?(# .��f]�	 �.�B��)�� G�/�� ��� 8	�0 ���C �;g( 

�;�	 (A)?9�( ,(V) ,s�9 6g��& W�g� (W) ,H�g�	 a�gC 

-)0 (P) �.�B��)�� X�%0 ,(R) �.�B��)g�� �;�	 ,(D) �)g� �

��5�>(Q)G�)> �& ������~?(# -)0 6l#�# .

qF	N0 

3��	U� �!G�� /�0 12���	0	� 	�
��	D 

?�gg/ �#�gg�	-�#)gg/# ��gg�P -)gg0 )G�)gg>}(:�gg�2�/�i��/�

��� �& ���	�'	 �� m%.	�'	):�1/�g�	�}/��g'	�� mg%.	�'	 

��� �& ���	 (]�� �#)�	 ��& {gB# Dvg� ?�� �# �# �g5-�1'T

 � ?0&���:3�}�/3i323�/3)	�1/��:3���/3�g� m%�	�'	 

��� �& ���	 �'	 (	�)0�� .:�1/�g�	 �&7g� ��u�g/ 6g� 6g>7� ��

 6g��	 6( n�%� � ��]��)3�~�/3=�/�*�~/3*3���/3(6g�

}/�8�.�g� #� ��g!<� 8� �# )"�& �g	 :g5# �& ��g!<� ,)g�&

 *+ ?�/ 8	�0 H�h 6%B�;	�	)0��.

()!'gF!,8 *+�	�� ��,-. 

�� -&�!'(# �#�W&�%	 ���F� 6�Z�0 �+-&#& )0?�g/ �5&�g�	 

*+ �#�� d�� ���E� 1�5# (Ingham),#�T�	(Misra),�)�1�h+

(Affengendon),a57gg5& �7Tgg<5� �(Davis and Wilson),

a'5�7g	(Moritz),aB7g	 z�� ��g�5 �g�	�&(Mols worth 

Yennidumia)�*�F�� )�� �& -�	 ���,&#&�C �g�� �&#&�g	 �& 

8���	 �5&��	 -�#)/# ���P -)g0 6�g(��	 -)g5&�P ?g(# .�5&�g�	 

:�1/��	 8�-��& 8fh �9#�� �?�g/ ����g(��	 �&G�)g>}

6l#�# -)0 ?(# .�&�W&�%	 ���F� H�h �q# ?h�� ��C �8	#79 

�.�B��)�� �/��G���&�@/ 6'h�P -)0 ?(# 
��
� :5# �& �B�


07� ���g�P &�#� -)g0 Zvg"# �W&�g%	 �& ��=g` �7g;�

)0-)/#.��-&�!'(# �#�5&��	 -�#)/# ���P -)0 ?�/ *+,m5#�g` 

�)5)> �#�� �W&�%	 ���F� ?(& 6� -)	+ ?(# :5)� ��7"

 ?�g/ �5&��	 6�-�#)g/# ��g�P -)g0 (qm)�& �g��F� �W&�g%	

��> E�gU�# :g5# �#�g� �g��F� �W&�%	 m5#�` � -)0 ��#�P

 ?g(# )5&�P 6�(��	 V#&)F	 .G�)g> �m5#�g` Zvg"# -)g0 

�W&�%	 ���F� ?�/ *+#����g�P 
g07� {<']	 H5#�0 �&

��C ?h�� ��7;� 6/�P#)> 6l#�#�	)�&.

�� 6>7� 6�m5#�g` Zvg"# ,-)g0 �5&�g�	 ?�g/ *+�#�g� 

G�/�� ���6�;�	 ?0&�� �� !g"# �#�W&�g%	 6�g(��	 �g��F� 

-)0 ��&G�)> �k�& -)5&�P ?(#.�W&�%	 �7�(�P� �;C 

:�� �5&��	 qm)?�/ *+-�#)/# ���P -)0 (,qc�qcm )?�/ *+

?(& 6�-)g	+ �#�W&�g%	 �g��F� 6g�B�# �ag� �#Zvg"# (�

m5#�` :��%� 6�7��	 �&G�)g>�6gl#�# -)g0 ?g(#.-)���g	 

)5&�P d�� E�=� ���#)g�	 �# �'=� #� ?�/ �#)�	 -�#)g/# ��g�P 

:�=]��	�B� )�/�d�� E� 1�5# 8�U �#Zv"# :5��W�� m5�` 

:��%� )��(%�m�0 HC�g�#�� �}}/3#�6'g0#& ?g(#.)g%� �# 

Zv"# �W&�%	 ��/)0 6@Iv	 6� �W&�%	 E� 1�5# �a'5�7g	 

:5��W�� m5�` w�]�� 6'0#& #� )��(%�m�0 HCo5&�/ 6�

)I#� ?(# :=` :5# 6��)�	 �# s�9 �#)�	 �g�/ ��u�g/ ?g(#.

4� :��u d�� �)g%� 6g� 8g��U -&�!'g(# ?g(# d�� #�Tg�	 �g� 

m5�` :��%�)�2(%�m�0 HCog5&�/ 6g� )gI#� �g	 )g0�� .

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
85

.1
0.

1.
3.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
13

 ]
 

                             8 / 14

https://dor.isc.ac/dor/20.1001.1.22518517.1385.10.1.3.3
https://jcpp.iut.ac.ir/article-1-521-fa.html


�	"6)! / ��� 345
� �� �	0	� �! 12 /�0 ��,-. *+�	�� '()! 

2� 

��
��

�.
�	


��



�
��

�
�

��
��



��

��
���



�


�
�


��
��

��
�

��
�

 !
�"

)
�

$�
�%

&
'

()
��

�
*

+,
�


(

��
���

��
�

�
��	



��

�

�

��
�

��

�
��

��

��
���

��
�

(m
)

�
��

� ���
�� SE

�
��

�
��

��
�

 !
"�

�"
 �



#

$�
�

m
3 /m

2 /d
ay

%&�
��

�

��
'(

)*"

m
3 /m

2 /d
ay

"$
+
��

,
-�

m
3 /m

2 /d
ay

%&�
��

�

.�
)(

)��

m
3 /m

2 /d
ay

-
/

*�
*�

%&�
��

�

.�
+
0*-

m
3 /m

2 /d
ay

%&�
��

�

/
1*�

��

m
3 /m

2 /d
ay

/
&�

�%
&��

��

���
-�

�
)*

-
2

�-

m
3 /m

2 /d
ay

%&�
��

�

�)
�

�
�3

)�

m
3 /m

2 /d
ay

%&"
�4

5
%�

06
C

L.
78

9:
;

<;
<

/<
>;/8

<?
?

/<
@9/<

<:
:

/<
8@

<
/<

<7
>

/<
<9

;
/<

<>
8

/<

.�
�
�A

6
C

L.
?9

9:
7

<>
:

/<
?9/8

<>
;

/<
@9/<

<;
@

/<
<B

>
/<

<7
?

/<
<?

?
/<

<@
8

/<

�

��

�
C

L.
>/

87
?9

9
<?

@
/<

>7/8
<>

7
/<

@9/<
<?

B
/<

8<
<

/<
<;

9
/<

<?
@

/<
<@

@
/<

 C
4A

D
L.

89
8@

B<
<7

<
/<

:8/8
8@

<
/<

9/<
@7

;
/<

8>
B

/<
88

>
/<

88
9

/<
<9

B
/<

.�
��

��
�

Si
.L

.
?9

8<
77

8;/<
;;/8

<B
<

/<
?/<

@@
B

/<
8:

8
/<

<7
;

/<
<7

?
/<

<@
B

/<

��
*!

L.
>/

;7
9?

;
<9

B
/<

:@/8
<7

;
/<

9/<
@?

8
/<

8<
9

/<
<7

:
/<

<7
@

/<
<>

8
/<

��
	�

E
*$



L.

S.
?<

?8
?

<;
@

/<
7B/8

8;
@

/<
:9/<

9>
>

/<
87

:
/<

89
B

/<
8:

8
/<

<:
:

/<

.�
*$

�F
S.

L
8@

;9
<

<?
8

/<
;7/8

8@
B

/<
:9/<

:?
;

/<
89

@
/<

<B
:

/<
8@

>
/<

<?
>

/<

�
G

�F
S.

L.
:9

@8
:

<7
8

/<
B:/8

@<
?

/<
:7/<

9:
;

/<
8>

B
/<

@8/<
<7

8
/<

<7
9

/<

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
85

.1
0.

1.
3.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
13

 ]
 

                             9 / 14

https://dor.isc.ac/dor/20.1001.1.22518517.1385.10.1.3.3
https://jcpp.iut.ac.ir/article-1-521-fa.html


����� ��	
� � 
���	�� ��
� � ���� /�	���� /��	� ��! /�	"� #$%& 

2� 

��9Ai._	D /�	� � ��	�I B �C M�N;� OF!,  �� ��,-. *+�	�� �9  '()! gF!,8 

����P 
07� 
6B&�%	 ��C ?h�� -)�/ Zv"# m5#�` 

4� H(7'	 &�5� 

E� 1�5# 

:�1�( 

H(7'	 

o�( 

}/�

}/2

}/}

}/}~

~� 

�/�}

�/}�

�/��

~/�3

�/~�

�/�}

�/}�

�)�1�h+ 

:�1�( 

H(7'	 

o�( 

�/3

�/�

~/2

�/��

�/�3

2/�

�~ 

�/�~

�� 

}/�~

�/��

�/��

a'5�7	 

:�1�( 

H(7'	 

o�( 

~�/3

}~/3

��/3

}/�

�/�

�/��

�/�

�� 

�/�

�/�

�/�3

�/�

z�� aB7	 i��	�& ��5 

:�1�( 

H(7'	 

o�( 

33�}/3

33��/3

332/3

3~�/3

32�/3

3~2/3

3~�/3

3~�/3

32}/3

32�/3

3~2/3

3�2/3

)�� *�F�� 

:�1�( 

H(7'	 

o�( 

�/�

~}/�

�/�

�� 

}/2�

}/�~

�/�}

}/��

}/}�

�/~�

�/�}

}/~�

�7T<5� � a575& 

:�1�( 

H(7'	 

o�( 

�} 

}/��

�} 

�3� 

�32 

��� 

�22 

��� 

�}~ 

��� 

��3 

2}� 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
85

.1
0.

1.
3.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
13

 ]
 

                            10 / 14

https://dor.isc.ac/dor/20.1001.1.22518517.1385.10.1.3.3
https://jcpp.iut.ac.ir/article-1-521-fa.html


�	"6)! / ��� 345
� �� �	0	� �! 12 /�0 ��,-. *+�	�� '()! 

2� 

��
��

�.
�
	
�
�


�
��
��
�
��

�
��
	
�
��
��
�

��

�
�
�
��
�

�

�
�
�
 
!
�"
��
#
$%

&'

(
�
��

�
��
�
)'

��
���

��
�

�
��

	

��

�

	

�
� ��
��

��
��

�
�

��
�

m
3 /m

2 /d
ay

��
��

���
���

��
 

m
3 /m

2 /d
ay

��
!

� 
"

#$

m
3 /m

2 /d
ay

%�
��

�


���

��
 

m
3 /m

2 /d
ay

#
&

�'
��

���
��

 

%'
!

(�#

m
3 /m

2 /d
ay

&
)�$

' 
���

��
 

m
3 /m

2 /d
ay

� 
*

$#
&

�'
 �

���

�� 
#�

+
��

#

m
3 /m

2 /d
ay

�
�,

�-
���

��
 

��
.

m
3 /m

2 /d
ay

���
�/

0
��

(1
C

L.
23/5

23/5
67/8

52/5
23/5

9/5
35/5

2:/5

%�
�

�;
1

C
L.

97/5
97/5

67/8
9</5

99/5
95/5

<8/5
99/5

$'
=�

�
C

L.
2</5

2</5
67/8

9:/5
2:/5

6>/5
35/5

2</5

�?
/;

@
L.

:5/5
7:/5

7/8
:2/5

7</5
:7/5

:>/5
:8/5

%�
�$

��
 

Si
L.

33/5
39/5

9/8
89/6

39/5
39/5

<9/5
33/5

$�
��

L.
:6/5

75/5
7/8

:5/5
:6/5

7>/5
:3/5

:5/5

��
�


A
��

�
L.

S.
<>/5

<3/5
:7/8

:3/5
<:/5

>/5
<3/5

<8/5

%�
��

�B
S.

L.
3</5

37/5
:7/8

98/5
96/5

</5
<2/5

33/5

+
C

�B
S.

L.
>:/5

<6/5
:</8

76/5
>:/5

>/5
>3/5

>7/5

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
85

.1
0.

1.
3.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
13

 ]
 

                            11 / 14

https://dor.isc.ac/dor/20.1001.1.22518517.1385.10.1.3.3
https://jcpp.iut.ac.ir/article-1-521-fa.html


����� ��	
� � 
���	�� ��
� � ���� /�	���� /��	� ��! /�	"� #$%& 

~3 

��9A%.
,@0 /�0 ,F�	4� K���. gF!,8 � *+�	�� ��!90! /�0 ��9  
,�I 

���F� d�� �5 6B&�%	 E�/ �;C �7�(�P� ���� 6B&�%	 :��%� m5�`(R2)

�W&�%	 Zv"# �# 8�U 

E� 1�5# qm�}}/3+2��/3i=qc��/3

a'5�7	 qm���/3+�~�/3i=qc��/3

�)�1�h+ qm�~�/3+�}/�i=qc��/3
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