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Abstract  
The proposed method by Shiono and Knight (SKM) is able to predict the lateral depth-averaged velocity and 
shear stress distribution in open channels. The SKM is needed to be calibrated. The calibration parameters are 
friction factor f, lateral eddy viscosity λ, and secondary flow Γ. In practical problems, the assumption of λ =0.07 
from among these is considered as a standard value for the eddey viscosity. Thus, the accuracy of the depth-
avergad and the shear stress distributions using SKM will be subject to the determination of f and Γ. In the 
present paper, we present the secondary flow cell pattern (Γ) and friction factor distribution (f) in a straight 
prismatic triangular channel with a uniform roughness. The trial and error approach is used to define the best 
pattern of friction factor to produce the most appropriate results. The results of predicted depth-averaged velocity 
as well as shear stress distributions obtained from SKM as compared to  measured values indicate that SKM can 
accurately predict the velocity and shear stress distributions if the two coefficients of f and Γ are chosen based on 
accurate patterns. 
 
Keywords: Depth-averaged Velocity, Friction Factor, Secondary Flow Cell, Triangular  

Channel, Shear stress 
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( ) 100
N

1i

2

m*

p*m*

N

1
RMSE ×∑

= τ

τ−τ
= 











���PE�m�� #(� YLM �A�& H$�=& ��L@� H$$
& � �;'� !�& +
�;'� !�& '39
�F 

SNRMSE%(ys /Pt) max-m(ys /Pt) max-p

0.52117.00.350.4
02530.10.250.25

N/02527.00.150.15

>2322.40.150.1

i��� '�A ��� m�p�	� �A
�	�
 '���	?� D'	
� a	$&'& � �'	$. 
��		; ��A H$		�=&���		�� .�
�		?� �		T'�RMSE j		T�9 ��		;�� '		&

��� ��
�7 '�6� ���[<���A� '� ��$�=& '���?� |��S�
 .�	� �	��& �	�
 '���?�RMSE P��� �� ��; {��0a$	; Q	B�=� Cd�	F �
'	�

 m�� #$B��( ���
'9YLM +	S?� �� �	;'� !�	& +�A�& H$�=& ��
� a*��� �3B3���� '`� �*� .	� H$	���� m�� H�
���	��
�& ���	7


�F ��(� L@� #*
 �	��� H$�=& 
� �;'� !�& '39 .a$	; �
A
 �	�
 �		� '		�
'� P�		��9 ��
�		�0�N/0m'		� !�		& '39
�		F L		@� ��		?$(�

 ���8� ��$�=& � ���[<���A�#*
 �
A
 �	� �s�	� '	�
'�N/f�>
#		*
 �$T�		� DU�		7
 H		�
 .��		�  :		7 ���		7'� L		@� H�
'				����

S* �� ����5 ����9
�� :7 ���7'� L@� A
 �9 ��
�		�'� Y� �
A� �
�� �� 
� ��E. �	� �
�& �	;'� !�	& �	S?� �
�	�  ��$	<$� ��
�	� ��

���� Y�=��
 )�S?�ML8; ��0.(

J�5^w�  �� � #I	xw%	�*( ��� 
�� P�B* ��[%
 �*�'� ��`�� ��	@� H$	���� � �	����J ��	�'� ��	�

 �'		�A �		� ���		?�� �		3B3� ��		� P�		��9 �� t�8S		,
 ���9�		5 '		$$z& 
�		�A� !		; �#		7
��8� ��[		<�
� j$%���		$� ��[		<���A� �� !�

'5����'. e�b�
 �6<� �*� .�3B3� P���9 P�V\��	� '�� .��L8	;
G��� ��g�	?� � �3B3� P���9 �R'  +S?� �S* Q^� A
 j$&��; �

�A
��
 #*
 ��; ��
� ��<� # '* �'$. .P�$	* �
A� �S	* �' T

P���9 Q9 a$; � ��; ��5'. '`���fffO/f��� .�
�	��
 �� e�	B5
 P���9 �� Y� ���� L@� �9 ���[<���A���� ��	��� !	�
�� �	$F�� �

P�V �� ���'�p/o���� '��#;
� .����'	* �$� P���9 ��6��
 ��
 �� A�	$� ���	� Y� ��	)&�
 � ���
� ���'� ��� �$`�& �� �9 �; �$�
&

���'. H$��& P���9 .:	*��� ��	
�
 �� H; ������T �� )d50(�	� '	�
'�
x/u�00�B$� '�� �<$; C�@), �� ��
�	� ���	�� '	�A ��8�
 ��


���'. ��
'5 C��)�� �'�A �� �� P���9 .'	S( �	� '	�
'� �'	�A ��)&�

 �	�
� :*��� �� H	; ��	� �	; �	�5'. '	`�]>0[.��	b�
 ��	`�� �	�

�<$; C�@), �'�A � �3B3� �
S?� �
P�	��9 P�	V �� ��'* #<4
���'. a^�.P�	��" �	�$��� �'	�A a�'R �	<$; A
 �	" ��%�	F ��

 �;�� ��; ��7�*ff\/f�	� ��	; '	�A C�@)	, A
 �	" ��%�	F �� �
��
� :*��� �A
��
 �� H; ���N/G�00�B$� �	;�� ��	; ��7�* '��
�� a$&'&f0Z\/f�f>>G/f#*
 .P�	��9 ��
�� ����� a$; (s) 
N/f�B3� ]
� �� Y� ��)&�
 �(H0)�0N�>N����* �� '�� '`�

�5'.�; �.P���" �� L	@� �� � ��� �
'('� ���
� � #7
��8� ���'�
�A
��
 �B,�5 �� �9 # '* �'$.\/M+(
� P���9 ��'; A
 �'�� ��;
����U��9 ���'� ���5�� �
*�&���.

���A
�	�
 ��	3B3� P�	��9 �'�A � �*��� ���� ���?�� L$%� �'	$.
�S?� 
 ���'� +S?� �S* A
 ��$� �� :?5 # '* �
#5'. e�b� .A
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5l�����3B3� �R'  +S?� �S* A
 ��$�a=1.0cm �b=1-2cm 
�c=1-2cm 

P�	� W�	* # '* MfG �	" # '	* �	�o#	(� �	�0�	,�� ��
����@� �� # '* #;
�'� ox�&ox� ����* �	$��J '	� '�� ���)�	*


�; .�� # '* '	S( �	� �	�$4 �	%�% :	*�& �	$� Y� �S	* �8����>
�		B$� #		;
�'� �'		�� �		��'. .P��		� ��>� �*�				�� C�		^=<� �

!���A� �� ���'� �8$%���		$� e�b�
 ����;#	*
 ��	��'. '9} �� .
P��� H�
 ��Q��� D'
�#*
.

���PD��3B3� +V�?� �8$%���$� � �*��� C�^=<� 
)
	$�

F%	�*(
sH0

(cm) NU
(m/s) 

Q
(lit/s) 

00.5\/0Mff\f/f0.3253.56
>0.5f/>N0.00800.46614/56
G0.5f/0N0.01780.1571.77
40.5Z/>M0.01780.2317.05
50.5O/0M0.02230.1171.25
60.5>/>N0.02230/1745.52

����; !���A� ���[<���A� W���� A
N��
'	� L8	<� ��'	<&
�'. ���)�*
 �;'� !�& � �?�  :*��� # '* +�A�& H$�=& ����.

C�	 UV
 �� �		?�  :	*��� # '		* ���[	<���A� L�	;MsQ		%

#*
 ��; ��
� ��<� .m�� ��SKM�� �P�
�	�� C��,λ�	� '	�
'�

fZ/f���� ��5'. '`� ��; .'	�
'� ����	J t�8S,
 ���9�50>>/f
��
��� �
'� !���A� H�
 �� �$� �; ��5'. '`��� �� .�	� a�'	R H	�


 H�5'. '`� ��f>>G/f=n� ���
�
 C�^=<� �� Y� ��)&�
 �+S?
 A
 ���)�*
�S�
� 0���	�� #*� .H�
'��	��Γ��	���$(�� '��
��	4 �	6�&

�
'� �?�  :*��� # '* H$�=& ��	� �	9 ��	� eAd 	; �'�$%�	9��.
��		; ��A H$		�=& � ���[		<���A� C�		 UV
 ��		$� |�		�S�
 H�'		�6�
 
1 Low Speed Probe  403 

�� P�� �B$*��H�5'. '`��� ��fΓ=�'. L,�F��)L8;MsQ	%
 .(
� ��� �	� ��	; ��A H$	�=& +	S?� :	*��� # '*SKM �	� a	$&'&
�� '�
'� >/0�$��J '� '�$% �00G/f��	� �$��J '� '�� .A
 '���	?� H	�


 �
(
� # '* � ���M/G�,�� '��9��� )P���0s!��	�A�N.(
��	`��
 �� H	�
 A
 � ��	� ��	�A ��
�	� �'	�A ��)&�
 !���A� H�
 ��

�� #5� ���'� C�; �9 ��J ��� �	;�� ��	�A �	$� �	�� .L	$%� H	�
 �	�
 Y�=��
0Γ='��
��4 H�
 �
'� P��( L��( ��
�?����� .!�
�	5
 �	�

�
�?�ΓA
 ���)�	*
 �	� ��	; ��A H$�=& ��� � +S?� :*��� # '* �
SKM � ���[		<���A� C�		 UV
 ��		$� DU�		7
 � #		5�� !��		9

 !�
�5
 ��$�=&�'" 
�$4.
��A H$	�=& �	
� �	� �	;'� !�& +�A�& :	*�& ��	;SKM �	�

 L8; �� ���[<���A� '���?�Ms#	*
 ��	; ��
� ��<� Y]>>.[��
L8			; H			�
*τ�			� '			�
'�( )00HgSρτ#			*
 .�			;'� !�			&

 ��	�� H	�
 �� #*
 '), �� '�
'� P���9 �;�. �� ���[<���A�SKM 
�� ���	7'� L	@� �	�
� �	S?� H	�
 �� 
� �;'� !�& '39
�F ���	�9

#		*
 ��A H$		�=& �		3B3� +		S?� .���9�		5 H�5'		. '		`� �� H�
'��		��
�� a�* #��J t�8S,
 �9 ��'. SKM� ��
�����;'� !�& ��*�� 

��,�^=� 
� �	��� H$	�=& +	S?� ���	?& ��	@� L@� �� .�� H	�
 A

 �	� �b$�� ��'	. �	� �	" P�B	* A
 �@$@	, ��	[%
 �	���
 L	$%� ��	�

���'� C
'$$z& � �����J ��� �	�5'. '	`� �� ��
�� ���S,
 ���"�5
 ��	�'� C�; � �;'� !�& H$�=& 
E% #*
 ��<� �	����J ��	�)Γ(�

#		*
 #		*���� �		�$�=&.�� ��		R�� �� H		�
 ��� '		� X		$?@& 
E		%
�		^=<� ��		*�@� �� �		3B3� +V�		?� �		� :�&'		� �8$%���		$� ��		�

P���9 #*
 �
���7'� ����A #$��
 A
 A�� ���.

5l�"���� ����?� m�� W�SKM ���[<���A� '���?� ��)Q%
(
� �?�  :*��� # '*)Y(�;'� !�& f=0.122 �λ=0.07 �Γ=0 

S���8: 2�x0� #§8§� km�� 
� �%�'	B �	%�P 2	I 
		??@���L		&�4 � #		��� �		B�� A
 ���		�Ap#$
		R� ��		^7 ��
P�B* �	?�A�} +	S?� �S	* �� A�� ���b� �� �����J ���'� ��� � �


 
2 Patel 
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?@& �B$S�������� X$ ��
 ]0f �>G[.�
��8�� � �.��$��&o���5���� 
�" ���'� �	� �	����J ��	� �[�)	;� ��'[��	��� '	$K L	$%����	b�

�� �	��'. ]>M[.��
�	�� � '�	�� �'	�A �Y� �
A� �S	* ��	�� ��	�

��)&�
 � 
'b� �*��� ��	�'� H$	���� � P�$* �[�);� '� Y� ��	�
 �	��
E. '$J�& �����J .�
��	8�� � �	%�pP�B	* ��	[%
 �	�
�
 �	� ��	�

 & L8	; �3B3� ���� ���b� �� �����J ���'����	�� �	9 �	����� �	$�
�6� P�$* �
A� �S* ��	[%
 � # '	* +	�A�& '	$$z& '	� L��  H�'&

���'� �	����J ��	�'� ��	[%
 �� H�
 A
 � #*
 +S?� �� �����J ���
��� 
� ���� �3B3� ���b� �� �� A�	� �	3B3� ���	b� �
'� �
�& '	`�

#5'. ]>N[.
'��9�4 � m��;
�7u& 
� ��R�� H�
 ��7 C�?$?@& �� �$���	$�

 P�	��9 ��
�	� '	� X	�S�� �	;'� !�	& '39
�F ��(� L@� �9 ���'9
 �S?��� �3B3�M#*
 )L8;0(.�S?� H�
 L	,�F A
 �S7 ���7'�

 �S	* �$	�?& :	7 ���	7'� L@� A
 �9 ���� P�	��9 ��
�		� '� ��� 
 		* �		� ��		�'� +		S?��		� �		$� Y� �
A� �S ��E		. ]>O[.� �		.��$��&

 �
��	8�� ��		�'� � �	;'� !�		& +	�A�& �		9 +V�		?� �� �		����J ��	�
�?�A�} ��
� �
'	( �	*�'� ���� QB�=� Cd�F �� 
� �B$S��� � �


 �9 ���5'. �b$�� ������ ��	�'� #	6� ��	.'� #�	* �	� �	����J ��	�
 !�
�	5
 ��
�	� ��� '	� �	;'� !�& ��;�� P���" ��
�� �	� � �	���

���'� ��.'� ���. �� �����J ��� P�	��" ��
�	�� A
 �	" ���" #"'F �

 #	;
� �	�
�7 ��
�	�� P�V �� �<��" ���� '��
��4 H�
 ����; ���

]>M[.�� H�
'���� P�B	* �	9 #5'. �b$�� �
�& ��	�'� �B	,
 ��	�
�[%
 � ���� ��  �� ��3B3� �
S?� �S* A
 ��$� �� �����J�X��S� �

L8;N�� ��^�7
 ��7 �� 
� ���� .P�B	* �� H	�
 #9'F #		6�
 �S?� � ��
��� #�* ��M�	S?� ���� �			;'� !�	& �	9 ��� ��
�7

#*
 '39
�F .�@		), �
��		�
 �� P�B* �� H		�
 ����		� �R'5 �

 �S?� A
 �9M�� ��E	.)L8	;N.(:	7 �	� ���	@� �	9 P�
 P�B	*

� +S?� ���$� � A
 ����E. �R'5 �@), �			S?M#*
 �B,
 P�B* �
& �
�
� ���^=<� �� '�<$� '$J #*
 ���'� �8$%���$� ��� .P�B*

 �	� ��	$��� ����9 P�B* �9 e�� � �	R'5 �@)	, �	� ���	@� ���	;
 	& C�; A
 � ���� P���9 ��
����B	,
 P�B	* �	� #�	�� �'	��9 '$J

#*
 �
���7'�.
C
'$$z& #�U (UW)d��	�'� '��
��	4 #	�U  �	� ���<� �	����J

 #*
)�	S�
� G.(# '	*U	� � ��	�'� �%�	V ���	*
� ���#�	*
#*
 #�3� #�U  �
�
� #*� H$��4 .��. '�W��	[�� �;�� #�3�

(UW)d>0 #		"'F #		6� �� P�B		* !7'		T #		6� �		�
� #		*

�		�'?  ��		.'� � ��		� �		�
�7 # �		* ��		�W��		[�� �		;�� �		)��

 
1 Tominaga et al. 
2 Aly et al. 
3 Paquier 

(UW)d<0 #		"'F #		6� DU		7 �� P�B		* !7'		T #		6� �		�
�
? �		�' ��		� �		�
�7 # �		* ��		� .L8		; ��NP�B		* #		$
(�� ��		� 

���'� #*
 ��; ��
� ��<� �����J ��� .A
 j	� '	� ���64 P�B	* �	�
m1�m2A
 �
��		& �s�H0� #		*
m1+ m2=T/2 #		*
.�		����T 

�� '�
'� �B3� ]�� A
 �B,
 P�B* :*� �B,�5m1/2 ��	��$� �B,�5
 P�	��9 ��
�� �& ����9 P�B*m2/2  �	;���'	`� �� ��	[%
 ]�	*
'�

P�B* �
'� ��; ��5'. �	�64 �	* �	3B3� +	S?� A
 �	�$� �� ��� �
'	� 
#	*
 A�$� ���� �����J ���'� '��
��4 Q�'
&.L8	; �	� �	��& �	�N

�� ���� �	����J ���'� �B,
 P�B* ����9 '� P���9 ���$� :7 �9 ��;
 X�S��#*
 
(�� H�
 �� �b$�� �� 	$ #f=W���	� �	b$�� �� �f=
(UW)d#*
 .�����J ���'� �B,
 P�B*�#	9'F #6� �� �<7'T
��'?  P�B	* H�
 �9'� �� �� H�
 A
 ��
� # �* ����(UW)d�
�
�

 #�3� �
�?� H�'�<$� #	*
 .DU	7 �	<7'T �
�
� ���	�9 P�B	*
��'?  #6� H�
'��	�� � #	*
 # �	* ��	�(UW)dH�'�	<$� �
�
�

 P�B			* H�
 �9'� �� �)�� �
�?� #	*
.C
'	$$z& ��	@� � #	�U  
(UW)dL8	; �� ��64 '� ��N#	*
 ��	; ��
� ��	<� .�	� �	��& �	�

 H$	���� � �	3B3� +V�	?� �� �;'� !�& +�A�& ��[%
 ���� ���8�
���'� ��[%
 ��
�
 �� ��; '9} P�,
 �+	S?� ��� H�
 �� �����J ���

 	�A � +	S?� �	*��� ��	
�
 '$$	z& �� �[	%
 H�
 �9 ��'. �� �	b$�� �'
��
�� ��� '$$	z& �� �� �[�);� a�'R C�		; ��
 ��������)&�
 A
 'J

#*
 ��
�� �'�A.

g�¨	^m\� 
�M�	1 k%*�� 
8;	LOsQ%
 	�		� � �
�?		5 C
'	$$z& ��@	t�8S	,
 ���9�f�� 
� 

����; !���A� �3B3� +S?� ��
���N�� ��<� ��� .�� C� UV
 H�

 �S�
� A
 ���)�*
( )2

dU8f ρτ=�A
��
 '���?� ���		; �'$.Ud�τ

5l�S�P�B* ��[%
 �
�
& ��3B3� +S?� �� �����J ���'� ���
��64 �����J ���'� '��
��4 #�U  � �� 

����� � ����������	
��

www.SID.ir



Arc
hi

ve
 o

f S
ID

77

5l�-�)Q%
 (���S,
 ���"�5 C
'$$z&)Y(� �?�  :*��� # '*
){(�;'� !�& 

�� �9 �� a		$&'& ��6B�;Os� YOs�
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