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< U�22< $� 22���� +,22� >�,22�% ��22P 
(Butler et al. 1996; 2003).
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=�$a -��$�
) $� !%
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2F� $� �2- .,��2�� >
� >� 
�
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< �%=�$a -��$��$ 
�2�- $�
��* ��P�U,* O*�� ,��% �"#'���" � "!%
< �����5"�* "�,���-

.(Safari et al. 2011; 2013; Novak & Nalluri 1984; 
Mohammadi 2005; Bong et al. 2013; Camp 1946).
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�+,2� �2��$� 
�2�- $�2- �,2�� .(Macke 1982; Arora et al. 1984; 

Mayerle et al. 1991; Ab Ghani 1993; May 1993; 1996; 
Ota & Nalluri 2003; Vongvisessomjai et al. 2010) .
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�� U���%�+
�#* +������2�.(Butler et al. 2003; Nalluri & Ab 

Ghani 1996).
��U,* >�
- 7b  �"#+,2� ���$� 
��- $�- ,2�� .(Nalluri & Ab 

Ghani 1996; Nalluri et al. 1994) .
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Fig.1. A lab flume and channel cross section 
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�h?" .��?���
- 4>#?"� K��� K��� 
��-�2* @��$ +��,�� !�K��2�

- +��,�� 
�*�$�N�-��$ +$a ,�-�)Dgr �- �$ (�����* .��?� � �S� E�-
�P�5 �� �� �%ν� !)1��*���D���$� U� �2����* Dgr �2- �2� $ $�2%
* 4!���K���ν�� �$�����* x�� $� .��2?� �j2<��2P �2����* x�2-
� OD��]� 
��
�*,�T 

)y(f(Vn, R, g, ρ, ∆ρ, d, Cv, λ, Dgr)=0 

$��� �� +��3��� �-#N�%�-�d��'�n�2"
�*�$�N @�W��� �#Vn4d

�ρ�- ]�* K���I��"
#4+,���$�
D������* }�-* !���5�,

1 Buckingham π

www.SID.ir

WWW.SID.IR
WWW.SID.IR


Arc
hive

 of
 S

ID

���3 ;#' � 4�� l# �m���.... dx.doi.org/10.22093/wwj.2017.45893 

88 ���������	
������������ � �� ����

)}(





 λ=

−
ν ,

R
d,D,Cf

)1s(gd
V

gr
n

�"
�*�$�N 
- +�RI#-�,�-λ4C4DgrB6� K�
2- $�2% �2- �- 2� O
��222�-�#$�222�� 	�$ �222-#222N�%�-�+$a ��
222  �,222I d�222�'�

)1s(gd/V( n −+��,�� �/���+$a(d/R) ���- 1* !���5��2- .,�
+��� �� +��3��� �"#�*�5�"�'��d�P���� $� �� ��b6� >2�4H�2����* 

���- 
K���I�����: U,* ����
-#���a .2Ab* �- U���% 2b��#
2- 
e��� �*�$�d,I ��������-
��- ?���
- 1#���$� 
��- $�-�*��� 

)w(
97.0R

R
dDC28.1

)1s(gd
V

2

1.0
42.0

11.0
gr

14.0n

=

λ





=

−
−

−
−

ν

�$�%��N U,*������#�-=E��2�*|4��~�$ 
2-#+��� �2"#
�*�5�"�'2��2�$
- 4�,2�.(Mayerle et al. 1991; Ab Ghani 

1993; Vongvisessomjai et al. 2010) 
>�� �- $�*5 i:�� �� $�F�*#$�* �2� 2�'����2A: =�2�-
* >

)RMSE* ,&$� � (�'���) �A: HBA* >MAPE�- ( .,2� +�
2- $�2%
RMSE 22- �R�22:����,"�22�* !I
22� >���/22��6* ��K�22�� �$

*��� � ,"������* ���- 
* !���5�,

)|Y(
n

i∑
=

−
=

n

1i

2c
n

m
in )VV(

RMSE
 

K5 $� �% 
m
nV��,"�22�* !I
22���22*�5 $��04�22"c

nV��/22��6* !I
22��
� U,* 7���n+��� ��,�� �"!��.MAPE (2�< 
- �$ U,* ![�
* K��� ,&$���� � ,"������* ���/��6* 
�*��� 

)||(100VV
n
1MAPE

n

1i

m
n

c
n *

Vm
in

ii∑
=

−
=

U�,22) $�|��22b*�+,22� �/22��6* 
RMSE �MAPE �
22-#
=E���* w4|4��~+������ .!�� +,���- �U�,2) �� +,*5 !��

|* K�����% ,"������* wB-�[�
��- �/��6* !#� �2- !/2���
2'

=E���* �$�� �$!���b* .�
RMSE �MAPE �����* w�2- �
� 2� (
�- 
-�
-YX�/Y����c 
- 
�* �w~/x!2�� ,&$� �2- . ��2�� O2�>�2%
�����* w�N 
-�+��� ��2"#�*�5�"�'2���2- U�2��% �2b���a .2Ab* �#

����� 4!�� +,� ��P��- �bA�* +,*5 !����-2* 
2F���2����* .,2�$
����:��N��* 7��� +,� �������$�% K�$�D?" � U
��O2-�[ Z��/��

��/[��
-#N�0-���
) !I
���
� $� K������: 7��e�2�� 
-
�*��� d,I $� �����?� 
�2�- �2- 2� �$�� �$ 1!2��.(Mayerle et al. 

1991) 
����A: $�,b*#�1���2- �|~,2&$� � U�2?�<���
2� ��2P�7

�� @�BA*�� �����.,�% J"�
  !�� >D?* �$�����* |�
-#U���% �2"
A��* .Ab* ^A� OD� �- (B& +$�,) �-�B�K5 �
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(Vongvisessomjai et al. 2010) >�� . �����*~�
2-#U�2��% �2"#
���+
�#B-�[ � +,� ���$����/��6* !��S��
2�#�
2- �$#!I
2�

����:��U���% $� �- �"�b���a .Ab* �#.�$�� 

T!�U��U,* ���$�% +��� #�$ 
- ������: #�" U���% #�"

�b���a e��� 
- #�RMSE �MAPE 
Table 1. Efficiency of self-cleansing models as 

applied to the data from channels with trapezoidal 
sections based on RMSE and MAPE 

Reference Cross-section RMSE
(m/s) 

MAPE
(%) 

(Mayerle et al. 1991) Rectangular 0.097 14.86
(Ab Ghani 1993) Circular 0.090 13.11

(Vongvisessamjai et 
al. 2010) Circular 0.108 14.93 

Present study Trapezoidal 0.043 6.95
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�2�#!2��.(Mayerle et al. 

1991) ��,�� $� �;
�#+��� �� 
) !I
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Fig. 2. Comparison of observed self-cleansing flow rates 
and those calculated by Mayerle et al’s equation 

(Mayerle et al. 1991) 
B:���7��� ���/��6* � ���,"��* ������: K��
) !I
� ����b*

 �����*n(Mayerle et al. 1991) 

Fig. 3. Comparison of observed and calculated self-
cleansing flow rates by equation 3 (Ab Ghani 1993) 

B:�Y�7��� ���/��6* � ���,"��* ������: K��
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� ����b*

 �����*v(Ab Ghani 1993) 
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Vongvisessomjai et al. 2010) .
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[ ��,�� � +��- �2F<R* O-� �#+��� �� �1� �2" 2� � 72: ���,2/* ��2�?

* =�M�W*�.,���- 
K�?" ��]-� 7��� ZR/[ �% $���
32& �#+,2� 	$�12 K�$�2D?" �

2?�* O2*�I U�2��% .Ab* ^A� OD� � +��,�� 4!����
2-#2<�
��
* U���%�,��- .(Mayerle et al. 1991; Ab Ghani 1993; Safari 

et al. 2015).
�$��-��U,* �"#����:��* K����
2� �2% ,2"� �$�2% �2;��

U,* �"#� ��)�*�O-�[ Z��/�� 1�- U�/[ * 
F��2�� 4,2�$�U,2* 
2" 

Fig. 4. Comparison of observed self-cleansing flow rates 
and those calculated by Vongvisessomjai et al.’s 

equation 5 (Vongvisessomjai 2010) 
B:�]�7��� ���/��6* � ���,"��* ������: K��
) !I
� ����b*

 �����*m(Vongvisessomjai 2010) 

0

0.2

0.4

0.6

0.8

1

0 0.2 0.4 0.6 0.8 1

C
al

cu
la

te
d,

V
n

(m
/s

)

Measured, Vn (m/s)

Eq. (1)

0

0.2

0.4

0.6

0.8

1

0 0.2 0.4 0.6 0.8 1

C
al

cu
la

te
d,

V
n

(m
/s

),

Measured, Vn (m/s)

Eq. (3)

0

0.2

0.4

0.6

0.8

1

0 0.2 0.4 0.6 0.8 1

C
al

cu
la

te
d,

V
n

(m
/s

),

Measured, Vn (m/s)

Eq. (5)

www.SID.ir

WWW.SID.IR
WWW.SID.IR


Arc
hive

 of
 S

ID

���3 ;#' � 4�� l# �m���.... dx.doi.org/10.22093/wwj.2017.45893 

90 ���������	
������������ � �� ����

Fig. 5. Comparison of observed and calculated self-
cleansing flow rates by equation 9 
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