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Abstract

Parallel skimming walls are regarded as one of the more e�-

cient methods for controlling inlet sediment to a lateral intake. 

The present study attempts to experimentally scrutinize the 

impact of the angles of parallel skimming walls (θ), the corre-

sponding distance (b), and the discharge variations of the main 

channel of the inlet sediment for the control of an intake. First, 

the impacts of parallel skimming walls incorporating three an-

gles (θ = 0°, 15°, 30°), located in the front section of the intake 

and the distance between the walls (b=10 cm, 20 cm, 30  cm), 

were studied. A dimensional analysis showed the dimension-

less extraction ratios and the relation between the variables in 

a laboratory. The results indicate that parallel skimming walls 

lead to average decreases of 69%, 41% and 26% in the amount 

of inlet sediment to the intake, for walls with angles of 0°, 15° 

and 30°, respectively. With regard to the distance between the 

walls, average decreases of 58%, 70% and 86% were observed 

for walls with placement distances of b/H=2.5, b/H=5 and b/

H=7.5, respectively.
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1 INTRODUCTION 

With regard to the importance of rivers as key water resources, 

the intake and branching of their flow are considered as one of the 
most important topics of the hydraulic engineering discipline. Gravi-

ty intakes are known as the oldest river harvesting systems that have 

various applications. The deviation of water by a lateral intake leads 

to problems, such as the entry of sediment into channels and water 

transmissions systems. As the flow approaches the intake, due to the 
flow separation towards the lateral channel, the stream is accelerat-
ed in a transverse direction and is divided into two portions in such 

a way that one portion will enter the intake, while the other portion 

flows into the main channel downstream (Hashid et al., 2015; Herrero 
et al., 2015; Neary & Odgaard, 1993).

The accumulation and entry of sediments into the intake span is 

known as the most common problem of these systems. The lack of 

control over inlet sediment into intakes leads to the transportation of 

these materials into irrigation channels and facilities, thereby causing 

the emergence of numerous issues due to the settlement of sediment 

in various zones. A parallel skimming wall structure located in the 

main channel at the intake channel span is a desirable solution for pre-

venting the entry of sediment volume into lateral intakes. This struc-

ture consists of two plates; one of these plates has an angle obliquely 
attached to the shore, while the other plate continues parallel to the 

direction of the main stream.

For Barkdoll et al. (1999), the second plate can rotate around 
a θ angle. This structure causes the development of rotations down-

stream, the extension of which exerts a transverse shear stress on the 

river bed (i.e., an area with a maximum sediment concentration). The 
vortices that develop at the low edge of the wall not only rotate, but 

also are transferred to the downstream and lead to the formation of 

bigger vortices. The vortex is formed close to the head of the ending 

Vol. 28, 2020, No. 2, 23 – 29

DOI: 10.2478/sjce-2020-0011

Slovak Journal  

of Civil Engineering

© 2020 The Author(s). This is an open access article licensed under the Creative Commons Attribution-

NonCommercial-NoDerivs License (http://creativecommons.Org/licenses/by-nc-nd/3.0/).



Slovak Journal of Civil Engineering

EXPERIMENTAL STUDY ON THE PLACEMENT OF THE ANGLE AND THE DISTANCE OF...24

Vol. 26, 2018, No. 4, 23 – 29

edge. These vortices are converted into a spiral movement and lead 

to variations in the bed shear stress and the bottom topography of the 

river (Odgaard and Wang, 1991).
Finally, by making a relatively continuous deep groove (slot) 

along the main channel in front of the intake span, the sediments are 

transported downstream; as a result, the amount of inlet sediment into 
the lateral intake is reduced. 

Khanjani et al. (1999) investigated the role of submerged vanes in 
controlling the sediment in an intake span. They attempted to achieve 

the array and dimensions of a submerged vane system for maximizing 

the flow depth in front of the intake. According to this method, the 
longitudinal distance between the plate row, the crossing angle of the 

flow with plates, the transverse distance between the plates, the plate 
heights (altitudes), and the ratio of the plates’ altitudes to the plates’ 
lengths were taken into account as the variables, and the results were 

compared with the estimations of Odgaard and Wang (1991).
The results indicated that it is important to optimize the array and 

dimensions of the submerged vane system in front of the intake span 

to prevent the effect of sediments on the intake span by specifying the 
flow and sediment parameters. Afterwards, the optimized parameters 

are employed to design the submerged vane system to achieve the 

most desirable results; i.e., maximizing the depth of the flow located 
in front of the intake span. Younesi et al. (2005) experimentally stud-

ied the impact of the performance of the longitudinal array of the sub-

merged plates within a direct channel on the topography, the increase 

in the intake’s efficiency, and a reduction in sedimentation within the 
span of the gravity intake.

With regard to the results, it was concluded that the regular array 

of submerged vanes with a longitudinal space of 4H is more appro-

priate, compared to plates with 3H and 6H at a distance (H denotes 
the plate’s height). Hassanpour (2007) studied the effects of compound 
submerged plates on the control of the sediment entry into the lateral 

intake with an intake angle of . The hybrid submerged plates are devel-

oped by combining the submerged plates of the surface of the flow with 
the bottom submerged plates. The experiments were accomplished in 

a flume with a length of 17m and a width of 1m with a horizontal intake 
channel of 2.53 m in length, 40 cm in width, and an intake angle of 90º. 

They also studied the inlet sediment control to the intake span 

for various discharges and ratios in the use of the bottom submerged 

plates in a regular array via the submerged compound plates with 

three different surface vane heights. The results ascertained that 

among the various alternatives for the submerged compound plates, 

the submerged compound plates incorporating a surface vane height 

of 0.5 as the characteristic parameter exhibited a better performance 

in controlling the entry of the sediment into the intake. In fact, this 

option prevents the entry of sediment into the intake span for an in-

take ratio of 8%, while for an intake ratio of 16%, it outperforms the 
alternative solutions.

Rezabandloo (2017) focused on the application of a skimming 
wall structure for controlling the sediment entering the intake. In that 

study, the simultaneous use of two structures, namely, the skimming 

wall and spillway for decreasing the entry of sediment into the lateral 

intake, was studied. The authors experimentally studied the impact 

of the angle of the skimming wall with the shore, a combination of 

the skimming wall and spillway, the effect of the discharge varia-

tions of the main channel on the entry of the sediment into the intake, 

and the ratio of the intake and the bed’s topography. The experiments 
were conducted for four discharges of 30 l/s, 40 l/s, 50 l/s, 60 l/s. The 
placement angles of 10°, 14° and 18° relative to the adjacent shore 
were assumed for the skimming wall. When performing the dimen-

sional analysis, the dimensionless ratios of the extraction and the ex-

periment’s variables were determined. The results indicated that the 
presence of a skimming wall and its combination with a spillway lead 

to an average reduction of 77% and 74% in the entry of the sediment 

into the intake for angles of 10°,14°and 18°, respectively.
Barkdoll et al. (1995) investigated the efficiency of submerged 

vanes for preventing the accumulation of sediment within the intake 

span. They concluded that the use of submerged plates along the in-

take span can prevent almost 70% to 80% of the entry of the sediment 
into the intake. The cross angle of the vanes (plates) and upstream can 
lead to excessive scouring in the base of the submerged vanes, which 

is followed by the overturning of the submerged plates. For a higher 

velocity, the vanes exhibit a better performance in preventing the en-

try of the sediment into the intake. The common form of scouring can 

be changed close to the main channel wall in a downstream intake, 

and the deployment of submerged vanes leads to variations in the sed-

imentation adjacent to the intake. Ramamurthy et al. (2007) demon-

strated that the length and width of the separation zone of the flow for 
the intake channel is reduced, due to an increase in the ratio of the di-

version of the flow. Moreover, the scope of the separation zone in the 
intake channel at the bottom is less than that of the separation zone 

at the surface. Ghohari et al. (2009) examined the sediment control 
in an intake by employing the submerged vanes and a spillway. They 

inferred that the efficiency of the vanes is increased by constructing 
the spillway on the front side of the intake and that the amount of the 

entry of the sediment into the intake is decreased.

Salemnia and Shafaei-Bajestan (2011) studied the impact of the 
intake ratio on the amount of sediment within the inlet bed of the 

intake for a trapezoidal channel (z=1.5) with an intake angle of , rela-

tive to the flow direction with and without the submerged vanes. The 
results showed that any increase in the intake ratio from 7.5% to 16% 
leads to an average increase in the volume of the entry of the sediment 

into the intake up to 23%, for both cases with and without the utili-
zation of the submerged vanes. Atarzadeh et al. (2014) conducted an 
experimental study on the impact of a sill, spillway, and submerged 

vanes on the control of the sediment and the bed topography for in-

take discharge ratios of 0.12, 0.15 and 0.18 for lateral intakes. They 
concluded that a spillway plays an important role in controlling the 

sediment, compared to other alternatives.

The combined use of a spillway and sill leads to a 90% reduction 
in the amount of sediment deviated toward the intake, compared to 

the use of a sill alone. Jafari-Mianaei and Ayyoubzadeh (2014), con-

ducted an experimental survey regarding the impact of the slope of 

the wall of the main channel on the amount of the entry of the sedi-

ment into the lateral intake with and without using submerged vanes; 
they found that the use of submerged vanes for both cases, namely 

the vertical wall and the sloping wall of the main channel, leads to 

a mitigation in the amount of  the entry of sediment entry into the 

intake. However, such a reduction for a sloping wall, particularly for 
a low intake ratio, is greater than that of a vertical wall and that in the 

case of deploying submerged vanes for a sloping wall with a diverted 

discharge rate of 12%, up to a 100% reduction can be observed in the 
amount of inlet sediment to the intake channel.

Abbasi and Nejad-yazdi (2014) reported that the utilization of 
a sill and submerged vanes leads to a decrease in the amount of the 

entry of sediment into the intake up to 72% relative to the mere de-

ployment of a sill and up to 45% relative to the mere deployment of 
submerged vanes. Moradinejad et al. (2017) experimentally studied 
the flow patterns and sediment control using a skimming wall and 
spillway at the input section of the lateral intake.

They conducted an analysis for two experimental groups. The 

first experimental group aimed at determining the impact of the place-

ment and angle of both the spillway and skimming wall, while the 

second experiment attempted to investigate the impact of the skim-

ming wall’s angle in combination with the spillway on the deviation 
of the flow and sediment for the lateral intake. The results demon-

strated that when a skimming wall is coupled with a spillway, it is 

possible to observe an average 81%, 78% and 76% reduction in the 
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inlet sediment for a wall with angles of 10°,14°and 18°, respectively. 
Tabrizi et al. (2017) assessed the impact of a spillway’s structure on 
the modification of a deviated flow pattern to the intakes located at 
an arc. The results verified that the sediment deviation ratio is high-

ly influenced by the intake ratio and that any increase in this ratio 
may lead to a severe increase in the deviation ratio. The presence of 

the spillway structure upstream of the intake along with applying the 

modification on the flow pattern around the intake leads to a reduc-

tion in the sediment deviation rate. 

Moreover, Nakato et al. (1990) focused on an array and angle of 
submerged vanes, while Barkdoll et al. (1997) studied the combina-

tion of submerged vanes with a skimming wall. In addition, Naka-

to and Odgen (1998) investigated the array of submerged vanes and 
their combination with a sill, while Barkdoll et al. (1999) analyzed 
an array of submerged vanes, the combination of these vanes with 

a skimming wall, and a modification of the intake span. With regard 
to the available literature, it is obvious that the preceding studies are 

mostly concerned with studying the submerged vanes, sill, and spill-

way or a combination of these structures. Hence, further studies and 
research with a focus on implementing parallel skimming walls in 

front of the intake are required.
In addition, it is essential to use two parallel skimming walls and 

make a comparison between cases with and without this system in 

order to study the impact of a skimming wall’s angle () and the as-

sociated distance () between the walls on the amount of the entry of 
sediment into an intake. For this purpose, the present study uses two 

parallel skimming walls to study the possible impact on inlet sedi-

ment control to the lateral intake with an angle of for a rectangular 

channel. Fig. 1 shows the schematics of the structure.

2 MATERIALS AND METHODS

Due to the high number of effective parameters for the entry of 
bed load sediment into an intake span, dimensionless figures have 
been assumed in order to make the parameters dimensionless and to 

determine the experimental procedure. Using the dimensional analy-

sis of Buckingham’s method, which considers the effective parameters 
on the phenomena, a series of a dimensionless group was developed, 

and the dimensionless relations were obtained by accomplishing the 

calculations. Numerous parameters have an impact on the entry of the 
inlet sediment stream into the intake, which are as follows:

Q
m
 represents the flow discharge for the main channel; Q

l 
is the 

flow discharge in the intake channel; D refers to the depth of the flow 
for the main channel;  U

m
 denotes the velocity of the flow in the main 

channel; U
L
 denotes the velocity of flow for the intake channel; B

m
 

represents the width of the main channel; S
m 

is the width of the intake 

channel; represents the slope (gradient) of the main channel; g is the 

gravitational acceleration; ρ is the density of the flow; υ denotes the 

kinematic viscosity; γ is the angle of the intake channel with the main 

channel; β is the angle of the skimming wall with the shore; H rep-

resents the height of the skimming wall plates; L
0
 refers to the length 

of the initial (primary) branch of the skimming wall; while L refers to 
the length of the secondary branch of the skimming wall. T represents 

the duration of the experiment; d50 denotes the mean diameter of the 

sediments; is the density of the sediment; K
s
 denotes the toughness 

of the bed; b refers to the distance of the walls; θ is the angle of the 

skimming wall’s secondary branch with a horizontal axis, and V is the 

volume of the inlet sediment to the intake.

As the parameters, including γ, B
L
, B

m
, β, d50, ρs

, ρ, t, υ, S
m
, K

s
, L0, 

L and H are constant, the effective parameters of the phenomena were 
identified, and the dimensionless ratios were specified.

Based on Buckingham’s method and the elimination of constant 
dimensionless parameters, the final dimensionless relation was ob-

tained by applying algebraic operations on the dimensionless ratios:

  (1)

 refers to the discharge ratio of the intake channel to the 

discharge of the main channel (intake ratio); Fr denotes the Froude 
number of the upstream of the intake;  represents the volume of 

the inlet sediment to the intake with a stream depth to a power of 3; 
 is the distance between the skimming walls with a wall height out 

of the bed; and θ denotes the angle of the secondary branch of the 

skimming wall with a horizontal axis.

The associated experiments were accomplished at the Soil Con-

servation and Watershed Management Research Institute (SCRI) of 
Tehran in a flume 12 m in length, 1.5 m in width, and 0.9 m in height 
and incorporating a water circulation system. The intake was realized 

through a lateral channel with a width, length, and angle of 0.6 m, 
2.5 m and 60°, respectively, relative to the direction of the stream 
within the main channel. The main channel with a gradient/slope of 
0.002 and a horizontal intake, were aligned with the sedimentary bed 
of the main channel. The intake channel was located at a distance of 

9 m from an upstream stilling pool and a distance of 3 m from the 
adjustment valve/gate of the surface water within the end section of 
the flume. A closed water circulation system was used for the flume, 
which provides the required water from the linked ground storages 
embedded beneath the flume. The inlet discharge is controlled at the 
pumping station using adjustable control valves. The stream depth is 

adjusted via valves located at the end of each main channel and in-

take. For measuring the flow of the main and intake channels, sharp-
edged rectangular and triangular overflows were adopted, while for 
measuring the water depth, a point gauge was used.

The parallel skimming walls consisted of two branches in such 

a way that the oblique branches were adhered to the wall of the main 
channel, with lengths of 30 cm and 70 cm, and an out-bed height of 4 
cm, whose one side was attached to the coast side of the intake with 

an angle of , while the other side was attached to the second branch 

of the skimming wall. The second branch of the skimming wall with 

a length (L) of 90 cm and an out-bed height of 4 cm forms an angle 
of   with the direction of the main stream. Figs. 2 presents a view of 
the flume used in the experiments and the location of the placement 
of the parallel skimming walls.

The sedimentation used in the present experiments was selected 

in such a way that it does not undergo suspensions and moves as a bed 

load. Therefore, sand with an average diameter of 1 mm, a specific 
density of 2.65 g/cm3, a standard deviation of 1.47, and a uniformity 
coefficient Cu of 2.2 was utilized. 

With regard to the shield parameters and the Reynolds of the 

computational boundary for the aforementioned conditions and 

Fig. 1 General schematics of the experimental flume and placement 
of parallel skimming walls
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shield curves, the parameter of the shields is greater than the critical 

shield parameter, and the bed sediment motion can be observed for 

a discharge of 25 l/s or greater values.
The experiments and tests were performed to assess the impact of 

the angle of the skimming wall’s second branch (θ) and the distance 
of the placement of the two skimming walls from each other (b) on 
the entry of the sediment into the intake. Angles with values of θ = 0°, 
15° and 30° relative to the direction of the flow within the main chan-

nel were assumed. Moreover, it was assumed that the skimming walls 
are placed from each other with distances of 10 cm, 20 cm and 30 cm. 
For each placement, experiments with discharge values of 30 l/s , 40 
l/s , 50 l/s , 60 l/s were performed. After each experiment, the volume 
of the entry of sediments into the intake (V) was measured. Tab. 1 
presents information about the experiment and the range of variations 

for each variable.

Tab. 1 Variable values for experiments

Parameters
Q

m
 

(l/s)

Q
L
 

(l/s)

D 

(cm)
Fr Q

R
b(cm) Θ(°) 

Case #1 30 4.8 7.7 0.30 0.16

10 0

20 15

30 30

Case #2 40 11.2 8.1 0.37 0.28

10 0

20 15

30 30

Case #3 50 17.5 8.2 0.45 0.35

10 0

20 15

30 30

Case #4 60 25.8 8 0.56 0.43

10 0

20 15

30 30

3 RESULTS

The coefficient of determination (R2) and the Root Mean Square 
Error (RMSE) were used for validating the relations. R2 denotes the 

statistical measurement of the closeness of the data to the fitted re-

gression lines.

R2 is defined as the square of the correlation coefficient between 
y and  (i.e., the second order of the correlation coefficient between 

the actual values of the depended variable and the values estimated 

by the model):

  (2) 

Where y
i
 refers to the observational value, denotes the computa-

tional value, and  represents the mean value.

The mathematic declaration of the RMSE index is as below:

  (3) 

y
cal 

and y
obs 

refer to the calculated and observed values, respectively, 

for the variables of the validated data. N denotes the amount of avail-
able data. The low and near-zero value for the aforementioned index 

is highly desirable.

3.1  Variations in the deviated sediment volume ratio 

 () with changes in the Froude number (Fr) for 

skimming walls with different distances

In this section, the pattern and impressionability of  due to the 

various distances of the skimming walls and Froude numbers are 

studied, and the associated relation with the Froude number of the 

main channel for various distances is expressed. For this purpose, 

relation with the Fr for distances, including b=10 cm, b=20 cm and 
b=30 cm is analyzed, assuming a constant length for the skimming 
walls (L=90 cm), a constant angle for the second branch of the skim-

ming walls (), and a constant height for skimming walls (H=4 cm). 
Fig. 3 and Tab. 2 present the associated results.

With regard to the results of the analysis presented by Fig. 3 and 
Tab. 2, it can be concluded that:

1)  For a constant distance, any increase in the Froude number 
leads to an increase in . That is, there is a directional relation 

between and the Froude number.

2)  For a constant Froude number, an increase in the distances of 
the walls from each other leads to a reduction in .

Fig. 2 View of the parallel skimming walls installed in front of the 
intake span with an angle of 0° and a distance of 20 cm

Fig. 3 Variation in with the Fr for various distances of the skimming 
walls from each other



Slovak Journal of Civil Engineering

EXPERIMENTAL STUDY ON THE PLACEMENT OF THE ANGLE AND THE DISTANCE OF... 27

Vol. 26, 2018, No. 4, 23 – 29

3.2  Variations in the deviated sediment volume ratio 
V/D3 with changes in the Froude number (Fr) for 
different angles of the skimming walls

In this section, the pattern and impressionability of due to the var-

ious angles of the skimming walls and the Froude number are studied, 

and the associated relation with the Froude number for different angles 
is declared. For this purpose, the  relation with the Fr for the angles, 

including θ = 0°, θ = 15° and θ = 30 is scrutinized, assuming a con-

stant length for the skimming walls (L=90 cm), constant distance for 
skimming walls from each other (b=20 cm), and a constant height for 
the skimming walls (H=4 cm). Fig. 4 and Tab. 3 present the results.

With regard to the analysis of the results (Fig. 4 and Tab. 3), it can 
be concluded that: 

1)  For a constant angle, an increase in the Froude number leads to 
an increase in , i.e., there is a direct relation between  and 

the Froude number.

2)  For a constant Froude number, an increase in the angle of the 
second branch of the wall, relative to the direction of the flow 
of the main channel, leads to an increase in .

3.3  Variations in the deviated sediment volume 
ratio (V/D3) with distances in the height of the 
skimming walls of b/H in for different Froude 
numbers

The present section is dedicated to a study of the pattern and impres-

sionability of  due to the distance between the two skimming walls 

from each other with a height of  and the Froude number. The  as-

sociated relation with  for the Froude number is expressed. The  

relation with  for the Froude numbers, including 0.30, 0.37, 0.45 and 
0.56 is studied, assuming a constant length for the skimming walls 
(L = 90 cm), and the angle of the second branch for the skimming 
walls (θ = 0). Tab. 4 and Fig. 5 present the results.

Based on the analysis of the results (Fig. 5 and Tab. 4), it can be 
concluded that:

1)  For a constant Froude number, an increase in  leads to a re-

duction in , implying that there is a reverse relation between  

 and .

2)  For a constant , an increase in the Froude number leads to an 

increase in .

4 DISCUSSION

To make a comparison between the results of the present study 

and comparable works, the results and findings of Barkdoll et al. 
(1999), Raudkivi (1993), Hassanpour (2007), and Moradinejad et al. 
(2017) were studied. Fig. 6 illustrates the relation between the intake 
ratio (Q

R
) and the ratio of the deviated sediment to the intake (G

R
) in 

the absence of a sediment control structure. The results obtained by 

previous studies ascertained that an increase in the intake ratio (Q
R
) 

leads to an increase in the deviated sediment ratio (G
R
) to the intake. 

In the results obtained by Barkdoll et al. (1999), a turning point 
exists in such a way that any increase in the intake ratio leads to a re-

duction in the ratio of the deviated sediment to the intake. According 

to the experiments conducted by Raudkivi (1993) on an intake with 
an angle of , there are turning points after which any increase in the 

intake ratio leads to a lower reduction in the amount of the sediment 

entering into the intake. With regard to the curve plotted by Hassan-

pour (2007), there is a linear relation between the intake ratio and the 
deviated sediment ratio for an intake ratio of less than 25%.

Due to the fact that the intake ratio has a significant impact, com-

pared to the Froude number, Hassanpour did not conduct the exper-

Fig. 4 Variations in with the Fr for different angles of the second 
branch of the skimming walls towards direction of the main stream 

Fig. 5 Variation in  with  for different Froude numbers

Tab. 3 Statistical information of with the Fr for different angles of 
the second branch of skimming walls towards the direction of the 
main stream direction

Tab. 4 Statistical information on the  relation with  for different 
Froude numbers
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iments for a single Froude number, but he focused on a range of 0.4 
to 0.6 for the Froude number. Moradinejad (2017) assumed that the 
value of varies Q

R
 between 0.1 to 0.2 and that an increase Q

R 
in leads 

an increase in the ratio of the deviated sediment to the intake. He 
showed that a 14% increase in a stream’s Froude number causes an 
increase in the ratio of the inlet sediment ratio to the intake up to 

118%. The present study demonstrated that an increase in the intake 
ratio (Q

R
) leads to an increase in the deviated sediment ratio to the 

intake (G
R
). The G

R
=V/V

canal
 relation yields the G

R
 value, where V

Canal 

denotes the sediment volume trapped in the end section of the main 

channel, and V refers to the accumulated sediment volume in the lat-
eral intake. After measuring these volumes, the required calculations 
were carried out, and the associated curve was plotted. It is obvious 

that the findings and results of the present paper are in line with those 
of previous studies. Tab. 8 summarizes the governing equations of the 
previous studies.

The validation and comparison of the results for the present study 

were accomplished based on the experimental data and governing 

equations of the previous research, and the result are depicted in 
Fig. 7.

With regard to Fig. 7, the computational relation yields an RMSE 
equal to 0.2579, based on the equation obtained by Barkdoll, while 
it yields an RMSE equal to 0.2083 based on the equation presented 
by Raudkivi. Moreover, the computational relation yields an RMSE 

equal to 0.5499, based on Hassanpour’s equation, and it yields an 
RMSE equal to 0.2013 based on Moradinjead’s equation. Therefore, 
the relations of the present paper are close to the relation presented by 

Raudkivi and Moradinejad.

5 CONCLUSION

In the present study, the variations of the distance of two the 

skimming walls from each other, the impact of the angle of the second 

branch of the parallel skimming wall structure relative to the direc-

tion of the stream in the main channel, and its role in the control of 

the  inlet sediment to the lateral intake were studied. The results are 

presented as follows:

1)  An increase in leads to an increase in the inlet sediment to the 
intake.

2)  An increase in the Froude number of the stream of the main 
channel leads to an increase in the volume of the inlet sediment 

to the intake.

3)  In the case of the presence of parallel skimming walls with 
distances of  , and , the amount of the inlet sediment to the 

intake will be decreased on average by up to 58%, 70% and 
86%, respectively.

4)  The presence of parallel skimming walls with a distance of  
from each other exhibits a desirable performance in controlling 

the volume of the inlet sediment, compared with the other cases.

5)  In the presence of parallel skimming walls with an angle of, 
parallel to the direction of the stream within the main chan-

nel, the amount of the inlet sediment to the intake is reduced 

on average up to 69%. In the presence of parallel skimming 
walls with angles of , the amount of the volume of the inlet 

sediment to the intake is reduced on average up to 41%, while 
in the presence of parallel skimming walls with angles of , the 

amount of the inlet sediment to the intake is reduced on aver-

age up to 26%.
6)  The presence of parallel skimming walls with angles of relative 

to the other angles exhibits a desirable performance in con-

trolling the inlet sediment to the intake.

7)  The variations in the distance of the skimming walls from each 
other have a great impact on controlling the sediment, com-

pared to the angle of the second branch of the walls.

8)  The parallel skimming walls reduce the bed load of the sedi-
ment inlet of the main channel to the intake, while there will 

be an increase in the turbulence around the wall due to the 

collision with the stream at the bottom for high intake rates, 

which will result in the elevation of sediments from the bottom 

and their entry into the intake.

9)  By making a comparison between the results of the present 
article and those of Rezabandloo (2017), Moradinejad et al. 
(2017), and Barkdoll et al. (1999), it can be inferred that the 
presence of parallel skimming walls with a distance of and a 

0
angle can lead to a reduction in inlet sediment to the lateral 

intake up to 86%, which is in line with the findings of the pre-

ceding studies.

Fig. 6 Comparison of the results obtained for the ratio of the 
deviated sediment to the intake (G

R 
) and the intake ratio (Q

R 
) 

between the previous studies and present research, in the absence of 
a sediment control structure

Fig. 7 Relation of the computational G
R 

based on the governing 
equations of other scholars with the observational G

R  
of the present 

paper

Tab. 5 Statistical information for the relation between G
R
 and Q

R  

based on previous studies
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