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ABSTRACT: In a number of studies, using submerged vanes as a structure to control sediments 
entering the intake in curved paths has been investigated. Most of these studies were conducted on 
straight channels, or curved channels with a constant width, and no study has been reported on 
convergent channels. In convergent bends, the condition of flow is different from bends with a constant 
width of varied; therefore, the impact of changing the parameters of submerged vanes will be different. 
This study investigates the effect of changing the distance from submerged vanes to the intake on 
performance of the vanes at different installation angle of the vanes and at different intake ratios. 
Therefore, an arch-shaped flume with 90° converging angle, from which an intake channel located at 60° 
is branched with an angle of 45°, is used and 36 tests are performed at different distances of the vans 
from the intake and different installation angles for submerged vanes. Using the test results, the volume 
of the sediments entering the intake and eroded from the convergent channel bed is measured at 
various situations, and the effect of changing the distance of vanes from the intake is investigated in 
different intake ratios and different angles. Based on the results, changing the distance from the intake 
branching from a 90° convergent bend, causes changes in the volume of sediments entering the intake; 
so, the efficiency of the vanes in controlling the sediments is also changed.  According to this study, for      
         and at a constant angle for submerged vanes, the efficiency is almost constant and for      ,    as 
the distance increases, the efficiency is also increased. This effect is more evident at higher intake 
ratios. Intake ratio of 15% has the maximum efficiency in all tests and as the intake ratio increases, the 
efficiency of vanes to control the sediments is reduced.   
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INTRODUCTION 
 

 Using the submerged vanes as a tool to control sediments entering the intakes branching from the rivers is 
a method whose effectiveness has already been confirmed in previous studies(Barkdoll-1999). In this method, 
vanes with a certain height and length are submerged in the front intake with a proper angle.  The incidence of flow 
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to these blades and the pressure difference between the two sides of the vane form a vortex flow behind the 
vanes(Odgaard-1995). This flow prevents the sediment entering the intake. Good efficiency and other advantages 
of the vanes, such as low cost and simplicity of construction, have made this method as one of the best methods 
for a variety of applications (Barkdoll,1999). 

In general, it is assumed that the forces governing flow in a bend are the centrifugal forces. Due to the 
interaction between the secondary flows and non-uniform velocity profile in depth, a flow pattern is formed called 
the spiral flow. This flow pattern causes serious disturbance in the flow and has a great effect on the river bend 
morphology (Rostamabadi, 2010). So that high velocity of flow in the outer bend will result in erosion of the river 
bed and outer bank and consequently its destruction. In contrast, in inner bend, the flow velocity is lower and the 
sediment removed from the outer bend deposits in inner bend. Erosion and sedimentation in successive bends of 
rivers causes changes in the width of the river, so that the width of the river is not constant along the bend, and it is 
gradually reduced. So, the bend finds a convergent shape (Nazari, 2008). 
 

 

Figure 1. Flow in a bend. a) Spiral flow pattern; b) erosion and sedimentation: c) secondary flow (Neyshabouri, 2008) 
 

In convergent bends the condition of flow is totally different from constant width bends, so using the results 
obtained from researches conducted on constant width bend will cause errors in these bend. Thus, to use 
submerged vanes in convergent bends, the appropriate position and angle for installing the vanes must be 
investigated. 

When submerged vanes are used as a structure to control the sediments entering the intake, the pressure 
difference on both sides of the vanes forms a secondary flow behind the vanes. This flow caries the sediments 
inside the river and creates an erosional groove in front intake. So, sediments are prevented entering the intake 
channel (Figure 2). These vanes create a swirling flow in downstream the expansion of which applies a transverse 
shear stress on the river bed, where the sediments are located. Secondary flow created by the installation of the 
vanes is in a direction opposite to the secondary flow caused by the intake and along the flow caused by the bend. 
In addition to erode the front intake, it deflects the bed sediments toward the inner bend, and allows higher intake 
from the surface flow with less sediments (Barkdoll, 1999). 

In recent decades, researchers have conducted many studies about using submerged vanes as a structure 
to control the sediment entering the intake control, most of which were for straight path intake and few studies have 
been reported in intake from bends. Studies in bends were also for rivers with a constant width. So, there is no 
study about convergent beds. 

 
Figure 2. The pattern of inflows and vortex flows induced by submerged vanes at lateral front intake in a straight channel 

(Barkdoll, 1999 and Neary, 1999) 
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An important parameter in installation of submerged vanes is the distance between the vanes and the 

intake. This distance, which is dimensionless and is considered as a coefficient of the height of the vane ( ), has 

been investigated in several studies. Nakato et al. (1990) considered to control sediments in the 

intake of pumping unit III at Cansilbelafes power plant in Missouri River at 12% intake ratio. Edgard and Wang 

(1991) determined 20° as the optimum ratio at 4% intake ratio. Wang et al. (1996) according to previous 

studies, estimated  at angle of 20° and intake ratios from 0.12 to 0.15. Barkdoll (1999), using results of 

Wang (1991) as a guideline to increase the efficiency of submerged vanes at angle of 20° and the intake ratios 

from 20% to 30%, introduced . Frank Mitchell et al. (2006), for angle of 20° and the intake ratios from 0.16 to 

0.4, selected   . About the application of vanes to control the sediment to intake the river, Adel Azim et al. 

(2010), using the results of Edgard (1991), considered 
 
at angles from 35° to 40° and intake ratios from 0.1 

to 0.3 for utilizing the submerged vanes to control the sediments entering the intake in a straight path. Jang Seok 
Ho et al. (2010) in a study on the effects of submerged vanes to prevent sediment entering the intake (Rio Grande 

Intake of Mexico) considered 
 
as the optimum ratio at the angle of 35° and the intake ratio of 0.15. 

In above studies, which indicated the efficiency of the submerged vanes at direct paths to control 
sediments entering the intake, a distance equal to 0.34 to 4 times the vanes height was considered as the optimal 
distance from the intake to install submerged vanes at different intake ratios and the direct paths. 

However, in most researches, according to Edgard (1991), 
 
was used as the optimal ratio. Few studies have 

also been conducted on utilizing these vanes in bends. We can mention to studies conducted by Montaseri et al. 
(2009), on controlling sediments entering the lateral intake using submerged vanes at a 180° bend, and Rostam-
Abadi et al (2009), on numerical simulation of effect of submerged vanes at 180° bend on a lateral intake. In both 

studies 
 
was suggested as the optimum distance from the intake to install the vanes at angle of 20° and 

discharge ratio of 20%. 
In the context of application of submerged vanes in convergent bend, few studies have been conducted on 

the condition of flow and on using the submerged vanes as a structure to modify the river section and for river 

engineering purposes. However, no study has already been reported on using submerged vanes in convergent 

bends to control sediments entering the intake. Due to the different characteristics of convergent beds compared to 

constant width bends, using the results of previous studies will result in an error. Therefore, the effect of changing 

the distance from submerged vanes to the intake is investigated at different angles of the vanes in a 90° 

convergent bend, different intake ratios, and various distances of vanes from each other. 

 
MATERIALS AND METHODS 

 

 In order to conduct tests in this study, a 90° convergent channel with the average radius of 170 cm and with a 

variable width of 60 cm at the beginning and 40 cm at the end of the bend is used. Figure 3 shows a view of the 

channel used in the test. In upstream of the bend, there is a 4.5- meter straight channel and in downstream of the 

bend, there is 2-meter straight channel. Channel walls and floor are made of Plexiglas and the intake channel is 

made of galvanized iron with length of 1 m and width of 10 cm. this channel is installed, as the optimal location for 

placement of the channel (Nazari 2008), in the location of 60° and with an angle of 45° relative to the bend wall. 
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Figure 3. A view of channels and the submerged vanes installed in front of intake 

 
 The water level in the main and lateral channel and the volume of the flow deflected toward the intake are 
adjusted using two sliding gate, one located at the end of the intake channel and the other at the end of main 
channel. Discharge in the main channel is measured using a trapezoidal weir and the deflected discharge is 
measured using a standard 90° triangular weir, which are located at the end tank of the main channel and at the 
end tank of the lateral channel, respectively. 
 Submerged vanes used in this study are made of 3 mm thick Plexiglas. The range for parameters of this 
channel to be studied are selected based on the results of previous studies conducted on straight paths and bends 
with constant width, also results of studies of Odgaard(1991,1995) for straight paths and Montaseri(2008) and 
Rostamabadi(2009) for curved paths, have been selected. Considering the properties of the channel used in this 
study, the tilted submerged vanes model is selected. According to table 1, submerged vanes are constructed with 
the constant length of 4 cm and height of 19 cm (at the beginning of the test 4 cm of the vanes was above the 
sedimentation surface). According to the studies on the application of vanes on the straight paths and constant 
width bends, the vanes are installed at the intake with different angles and distances so that at least two vanes are 
located at upstream and one vane at downstream of the intake. Vanes are located on a Plexiglas vane and the 
angle of vanes is adjusted relative to the flow direction within the channel. 
 

Table 1. Range of parameters 

n    
  

  

 
  

  

 
  

  

 
  

 
 

  

 
       

--- --- 8-10 3 2-3 0.33-0.5 0.2-0.5 20 Straight River (Odgaard) 

2 0.2 10 2 1.5 0.5 0.33 20 180° bend (Montaseri) 

1 0.15-0.3 2-8 0.75-3 --- 0.5 0.33 15-30 This Study 

 
 The floor of the main channel is covered by a uniform sand layer with average diameter of 1 mm from 1 meter 
before the band to the end of the channel with a depth of 15 cm. at the beginning of the test, the flow enters the 
main channel with very low discharge while the gated are closed, so that the water velocity in the channel is 
approximately equal to the water velocity in the sediments. After sediments are consolidated and the water fills 
about 25-30 cm depth of the channel, the discharge is gradually increased and simultaneously the gate at the end 
of the main channel and the gate at the end of the lateral channel are gradually opened so that flow has the 
intended discharge. In this test, the flow is considered as constant and equal to 18.45 cubic meters per second in 
the main channel, and the deflected discharge is considered as variable. 
In these tests, since after about 60 minutes from the start of the test a scour depth, is formed and developed at 
front intake and submerged vanes considerably reduces the volume of sediments entering the intake, time duration 
of each test was selected as 60 minutes. After the test period, the profile formed in the bed of the channel is 
measured using a laser measuring device mounted on a chariot. Using the gathered data, channel bed profiles are 
plotted using SURFER software. The volume of sediment removed from the bed channel before the intake is 
determined using the rate of changes in bed channel profile compared to the initial condition. The volume of 
sediments deflected into the intake is also measured after accumulation at the end tank of lateral channel. 
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RESULTS AND DISCUSSION 
 

 This study investigates the effect of the distance between the submerged vanes and the intake on the 
volume of sediments entering the intake for a constant distance of vanes and different angle of the vanes relative to 
the flow path in a convergent channel. To this end, performing a dimensional analysis, two parameters are studied 
as independent parameters for efficiency of the vanes, including the ratio of the volume of deflected sediment to 
eroded sediment before the intake (deflected sediment ratio) and the ratio of intake discharge divided by the ratio 
of deflected sediment to intake discharge (efficiency of sediment control by submerged vanes). Besides, the impact 
of a dimensionless parameter defined as “the distance between the vanes and the intake divided by the vanes 
height” is also investigated in different angles and intake ratios.  

In order to study the effect of changing the distance between the vanes and the intake on the volume of 
sediments entering the intake, the graphs for changes in the volume of sediments entering the intake, and the 
efficiency of vanes to control the sediments are plotted at a constant distance from the intake and at different 
angles of the vanes. 

Graphs 1 and 2 show the ratio of deflected sediment and the efficiency of vanes to control the sediments 

for different distances at   and   . According to the graphs, the result is different at different intake 

ratios; however, as 
 
increases, the volume of sediments entering the intake shows a decreasing trend and the 

efficiency is increased. At intake ratio of 15%, as 
 
increases, the volume of sediments entering the 

intake is increased; so, the efficiency is decreased. For , not much change is observed in the volume of 

sediment entering the intake and in the efficiency. At higher intake ratios, the volume of sediment entering the 

intake is reduced and the efficiency is increased. Thes changes are more severe for . According to 

laboratory observations, at , the inflow to the intake and the induced by submerged vanes interact and 

increase the volume of sediments entering the intake. In this case, the maximum efficiency belongs to the intake 
ratio of 15%, and as the ratio increases, the efficiency is reduced. 

 

Figure 4. The ratio of deflected sediment   and   

 

Figure 5. The efficiency of vanes to control the sediments at   and    
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Figures 6 and 7 also show the ratio of deflected sediment and the efficiency of vanes to control the sediments for 

and . According to the Figure 6, for intake ratios of 15% and 30%, as 
 
is increased from 3 to 4, the 

ratio of deflected sediment is decreased and then for , this ratio has no change. At intake ratios of 20% and 

25%, the ratio of deflected sediment is constant first, and then is decreased for . According to the Figure 7, 

for intake ratios of 15%, as 
 
is increased, the efficiency is increased, while at higher intake ratios and for , 

the efficiency has no change. For  the efficiency is increased. In this situation, the maximum efficiency of 

vanes to control the sediments belongs to the intake ratios of 15%, and as the intake ratio is increased, so, the 
efficiency is decreased. 
 

 

Figure 6. The ratio of deflected sediment   and   

 

Figure 7. The efficiency of vanes to control the sediments at  and    

Graphs 8 and 9 show the ratio of deflected sediment and the efficiency of vanes to control the sediments for 

and  . According to these graphs, regardless the intake ratio 25%, as 
 
is increased from 4 to 5, 

the ratio of deflected sediment is decreased and efficiency is increased. In this situation, the maximum efficiency of 
vanes to control the sediments belongs to the intake ratios of 15%, and as the intake ratio is increased, so, the 
efficiency is decreased. 
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Figure 8. The ratio of deflected sediment   and   

 

Figure 9. The efficiency of vanes to control the sediments at  and    

As noted before, in previous studies on using submerged vanes as structures controlling the volume of 

sediments entering the intake in constant width bend (Rostamabadi, 2010), the distance  was introduced as 

the optimum distance between the vanes and the intake. Comparing the results of this study with studies 
conducted on constant width curved paths, we can conclude that as the distance increases at a constant angle, the 

efficiency is increased and the volume of sediments entering the intake is decreased. For , the efficiency is 

almost constant and  for , it is increased, this effect is more obvious at higher intake ratios. For intake ratio of 

15% and angle of 15°, where the inflow to the intake is steady and the power of both the flow entering the intake 
and the vortex flow behind the vanes is lower, the effect of increasing the distance on the efficiency of vanes is 
lower. This effect is observed for angles greater than 15°. The greater optimum distance for convergent bends may 
be due to the different condition of flow in such a bends. In this type of bends, the velocity distribution of flows in 
bend is different from flows in bends with constant width, and secondary flow is more powerful (Nazari, 2010). 
Therefore, installing the vanes at higher distances from the intake let the strong secondary flows in convergent 
bends be formed at higher distances from the intake; so, the volume of sediments entering the intake is reduced. 
 

CONCLUSION 
 

In these tests, the effect of changing the distance from submerged vanes to the intake on sediment 
deflected into the intake have been investigated at 90°convergent bends for various angular positions of the vanes. 
The results of these tests indicate the effect of the distance from submerged vanes to the intake on control of 
sediments entering the intake. As the distance is increased, the volume of sediments entering the intake is 
decreased; therefore, the efficiency of vanes to control the sediments is increased. 
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At intake ratios higher than 15%, for , the efficiency is increased and the volume of sediments entering the 

intake is decreased; while, at intake ratios lower than 15%, the condition is different. This can be due to the low 
power of the flow entering the intake. The results also indicate that as the intake ratio increases from 15% to 30%, 
the volume of sediments entering the intake is increased for all distances; therefore, the efficiency is reduced. 
Again, the maximum efficiency is observed at the intake ratio of 15%. 
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