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ABSTRACT 
One of the major challenges in diverting water from rivers is the 

intrusion of sediment into intakes, which can cause operational issues 

and damage infrastructure. Various methods have been explored to 

mitigate this problem, including the use of submerged vanes. This 

study employed simulations to evaluate the effectiveness of 

submerged vanes and the impact of their geometric parameters on 

reducing sediment inflow. Results showed the sediment transport 

estimation error for the optimal computational mesh size (2.7cm × 

1cm) was 0.55%. The findings indicated that the optimal vane height 

and length were 0.5 times the flow depth and 2.5 times the vane 

height, respectively. Additionally, the optimal transverse and 

longitudinal spacing between vanes, as well as the distance from the 

nearest vane row to the intake wall, were determined to be 2.17, 5, 

and 2 times the vane height, respectively. Flow analysis showed that 

near the bed, the maximum velocity cores were directed toward the 

outer bend and the intake, whereas at the water surface, these cores 

became more widely distributed across the channel. Negative vertical 

velocities were concentrated at the intake entrance. In the absence of 

submerged vanes, the maximum secondary flow strength was found 

near the bed across the full channel width. However, when vanes were 

present, the strongest secondary currents shifted to the left side of the 

vanes. 
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1. Introduction  
The continuous growth of the global population and industrial 

development has significantly increased water demand. On the 

other hand, declining water resources and rising pollution 

levels have become major concerns for water resource 

engineers. Among the most accessible sources of water are 

surface waters, particularly rivers. Understanding river 

behavior and sediment transport—especially in meandering 

sections—is crucial for effective river engineering. 
    One common method of water diversion for industrial, 

agricultural, and municipal uses involves the use of lateral 

intake channels branching from the main river flow. However, 

along with the diverted water, mobile sediment also enters 

these lateral channels and is transported to pumping stations, 

treatment plants, and farmland. This sediment intrusion can 

lead to a range of physical, hydraulic, and environmental 

problems. 
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As a result, controlling and reducing 

sediment entry into lateral intakes has 

become a key focus in hydraulic 

engineering over recent decades. Various 

methods and structural solutions have been 

proposed to mitigate sediment intrusion. 

These include the use of skimming walls 

[e.g., 1-4], spur dikes [e.g., 5-8], permeable 

and impermeable groynes [e.g., 9-12], dikes 

[13, 14], and submerged vanes. Although 

the use of these structures has been mainly 

aimed at reducing transported sediment, 

their use can also be mentioned with a focus 

on flow structure [15, 16] and reducing 

scour around the bridge pier [17, 18, 19]. 

Submerged vanes are among the most 

commonly employed sediment control 

structures to the intakes, designed to 

mitigate sediment intrusion effectively. 

Beyond their role in sediment management, 

these structures have proven valuable in 

various critical riverine environments for 

both flow regulation and sediment control. 

For instance, in areas with complex flow 

patterns, submerged vanes can be utilized to 

reduce local scour around hydraulic 

structures such as bridge piers—submerged 

vanes often placed in straight river sections 

due to structural or stability constraints [20, 

21, 22, 23]. Moreover, the accumulation of 

floating woody debris—resulting from 

factors such as flooding and deforestation—

presents a significant challenge to hydraulic 

infrastructure, including the submerged 

vanes [24]. Despite these broader 

applications, the present study is 

specifically focused on evaluating the 

effectiveness of submerged screens in 

reducing sediment inflow into reservoirs. 

Submerged vanes are one of the most 

widely used methods of preventing and 

reducing sediments entering the lateral 

channels in research. Odgaard was one of 

the first researchers in the field of the use of 

submerged vanes, and by conducting his 

laboratory research from 1983 to 2009, he 

provided one of the most comprehensive 

research projects in the field of submerged 

vanes. 

Following other laboratory, field and 

numerical researches such as Odgaard and 

Lee [25] and Odgaard and Mosconi [26], 

Odgaard and Wang [27], Barkdoll et al. 

[28], Marelius and Sinha [29], Gupta et al. 

[30], Tan et al. [31], Ouyang [32], Sharma 

et al. [33], Karami et al. [34], Biswas and 

Barbhuiya [35]. In line with the specific 

application of submerged vanes to control 

and reduce the sediment input to the lateral 

channels, many researches have been done, 

including Nakato et al. [36], Raudkivi [37], 

Wang et al. [38], Ouyang [39], Ho et al. 

[40], Michel et al. [41], Sarhadi and 

Jabbarri [42]. 

Tseng et al. [43] conducted their study in 

a quasi-field-scale laboratory channel, 

where permeable vanes were installed next 

to one of the channel walls under live-bed 

conditions dominated by bed load transport, 

with negligible suspended sediment. 

Estimates of bed load transport along the 

channel showed that the vanes were 

effective in redirecting sediment laterally. 

Under laboratory conditions, the maximum 

rate of lateral sediment transfer ranged from 

9% to 18% of the total average stream-wise 

transport within the domain. Mhsen and 

Hilo [44] investigated the installation angle 

of submerged vanes under various discharge 

conditions. Their results indicated that a 20-

degree angle was most effective in 

deflecting sediment. The optimal 

performance of submerged vanes was 

observed when the lateral channel discharge 

was less than 20% of the total flow. 

Hilo [45] developed a physical model 

comprising a main channel, a lateral sub-

channel, and a sediment feeding mechanism 

to reduce sediment entry into the sub-

channel and redistribute sediment flow. The 

results indicated that vane performance was 

more effective at lower flow rates, with a 

20-degree installation angle identified as 

optimal. Aminian et al. [46] examined the 

impact of submerged vanes positioned at 

angles of 30°, 45°, and 60° relative to the 

main flow direction on sediment diversion 

into a 90-degree lateral channel. Their 

findings revealed that increasing the Froude 

number by 0.3 led to a 22.2% reduction in 
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diverted water discharge and a 53.3% 

reduction in diverted sediment load. 

Additionally, the study concluded that 

under lower Froude numbers and shallower 

flow depths, a 30-degree vane angle offers 

the most effective sediment diversion 

performance. 

Chauhan et al. [47] reviewed recent 

advances in sediment diversion using 

submerged vanes, highlighting current 

limitations and offering suggestions for 

future research. Their study provided a 

detailed analytical foundation on the 

physics governing vane performance and 

thoroughly examined design parameters 

through analytical relationships. 

Additionally, the paper reviewed various 

applications of submerged vanes and 

proposed a research agenda to enhance 

riverine navigation through improved vane 

implementation. In a separate study, 

Gumgum et al. [48] conducted 26 

experimental tests to evaluate the impact of 

submerged vane parameters and discharge 

ratios on bed erosion and morphology at a 

90-degree lateral channel. Their findings 

identified the vane deviation angle and 

water discharge ratio as the most influential 

factors affecting erosion, while other 

parameters showed minimal effects within 

the tested range. The optimal configuration, 

offering the highest efficiency, was 

achieved with a vane angle of 45 degrees. 

Bor [49] conducted experiments to 

analyze three-dimensional flow patterns and 

sediment distribution over a mobile bed in 

the presence of submerged vanes during 

sediment inflow. The study concluded that a 

row of three submerged vanes could reduce 

sediment diversion by approximately 20%. 

Baltazar et al. [50] carried out experimental 

investigations on the role of submerged 

vanes in limiting sediment entry into a 90-

degree lateral channel. Their findings 

indicated that in the presence of submerged 

vanes, the circulating current is not formed 

in the main channel, thereby reducing bed 

load transfer to the lateral intake by about 

75%. Additionally, submerged vanes 

increased the flow separation zone within 

the lateral intake and generated higher 

levels of turbulence kinetic energy. Kalathil 

et al. [51] examined the effect of collars and 

submerged vanes on reducing sediment 

ingress into lateral channels. Their results 

showed the lowest performance at a vane 

angle of 15 degrees, with a 46.82% 

reduction in sediment, and the highest at 40 

degrees, achieving an 85.36% reduction 

compared to conditions without vanes. The 

study also found that collars enhanced vane 

performance at 40 degrees and were 

effective in reducing sediment diversion at 

15 degrees when the collar diameter was 

three times the vane height. 

Serajian et al. [52] conducted 

experiments in a converging arc with a 90-

degree angle to investigate the effects of 

channel convergence, submerged vane 

angle, and Froude number on sediment 

diversion. Their findings indicated that 

while an increase in the Froude number 

leads to greater sediment diversion, the 

installation of submerged vanes reduces it. 

Among the tested configurations, vanes 

installed at the smallest angle (25 degrees) 

were most effective in minimizing sediment 

entry into the lateral channel. Karami 

Moghadam et al. [53] carried out laboratory 

tests using submerged vanes and lateral 

channels with a 55-degree angle, examining 

both round-edged and sharp-edged intake 

openings. Vanes were arranged in a zigzag 

pattern at angles of 10 and 30 degrees 

relative to the flow. Results showed that 

round-edged openings increased scouring 

while decreasing sediment inflow to the 

lateral channel. In another study, Karmi et 

al. [34] calibrated a three-dimensional 

Computational Fluid Dynamics (CFD) 

model with experimental data to assess flow 

patterns, discharge deviation ratios, 

secondary flow intensities, and vortex 

structures. Their results demonstrated that 

increasing the narrowing ratio of the 

channel reduces diverted flow, while greater 

longitudinal spacing between vanes 

intensifies the velocity gradient, causing 

more severe bed erosion near the vanes. 

A review of previous studies reveals that 

most existing research has been primarily 

experimental, with limited use of numerical 
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methods for parameter optimization. 

Moreover, prior optimization efforts have 

largely focused on the dimensions of 

submerged vanes, often within a narrow 

range of values. In light of these gaps, the 

present study aimed to optimize both the 

geometric characteristics of submerged 

vanes—specifically their length and 

height—as well as their longitudinal and 

transverse spacing, including the distance 

between the first row of vanes and the 

intake. The objective function for all 

optimization scenarios was to minimize the 

sediment inflow rate into the water intake. 

 

Materials and Methods 
In this study, the SSIIM software was 

employed as a numerical solver of the 

Navier–Stokes equations to simulate three-

dimensional flow patterns and sediment 

deviation at the entrance of a diversion 

channel. SSIIM is well-suited for sediment-

related studies, capable of simulating both 

suspended and bed load transport, including 

non-uniform sediment distributions. The 

software supports modeling of complex 

sediment processes such as sorting, 

armoring, and bed stratification—features 

that often require significant customization 

in more generic CFD platforms. 

Additionally, SSIIM2 facilitates the 

simulation of morphological changes in 

riverbeds, intakes, and reservoirs through its 

ability to use multiblock and nested block 

grids, reducing the need for extensive user 

intervention or advanced coding. 

 

Governing equations 
The fundamental governing equations used 

in the simulation are the continuity and 

momentum equations. The continuity 

equation, expressed in Cartesian coordinates 

(x, y, z) and assuming constant fluid 

density, is given as follows: 

 

𝑉𝑓

𝜕𝜌

𝜕𝑡
+

𝜕

𝜕𝑥
(𝜌𝑢𝐴𝑥)

+
𝜕

𝜕𝑦
(𝜌𝑣𝐴𝑦) +

𝜕

𝜕𝑧
(𝜌𝑢𝑤)

= 0 

(1) 

 

Here, VF denotes the flow volume fraction; 

ρ is the fluid density; t represents time; u, v, 

and w are the velocity components in the x, 

x, and x directions, respectively; and Ax, Ay, 

and Az represent the surface flow fractions 

in the respective directions. Equation (2) 

presents the momentum equations in three 

dimensions: 

 
𝜕𝑢

𝜕𝑡
+

1

𝑉𝐹

{𝑢𝐴𝑥

𝜕𝑢

𝜕𝑥
+ 𝑣𝐴𝑦

𝜕𝑢

𝜕𝑦
+ 𝑤𝐴𝑧

𝜕𝑢

𝜕𝑧
}

= −
1

𝜌

𝜕𝑃

𝜕𝑥
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𝜕𝑢
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+

1
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𝜕𝑥
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𝜕𝑢

𝜕𝑦
+ 𝑤𝐴𝑧

𝜕𝑢

𝜕𝑧
}

= −
1

𝜌

𝜕𝑃

𝜕𝑥
+ 𝐺𝑟𝑥 + 𝑉𝑖𝑥 

𝜕𝑤

𝜕𝑡
+

1

𝑉𝐹

{𝑢𝐴𝑥

𝜕𝑤

𝜕𝑥
+ 𝑣𝐴𝑦

𝜕𝑤

𝜕𝑦
+ 𝑤𝐴𝑧

𝜕𝑤

𝜕𝑧
}

= −
1

𝜌

𝜕𝑃

𝜕𝑧
+ 𝐺𝑟𝑧 + 𝑉𝑖𝑧 

(2) 

 

where Grx, Gry, and Grz are the 

accelerations caused by gravity; and Vix, 

Viy, and Viz are the accelerations caused by 

viscosity in the x, y, and z directions, 

respectively. 

Sediment transport is composed of two 

components: bed load and suspended load. 

The suspended load is calculated using the 

convective-diffusion equation based on 

sediment concentration: 

 
𝜕𝑐

𝜕𝑡
+ 𝑈𝑗

𝜕𝑐

𝜕𝑥𝑗

+ 𝜔
𝜕𝑐

𝜕𝑧

=
𝜕𝑐

𝜕𝑥𝑗

(ґ𝑇

𝜕𝑐

𝜕𝑥𝑗

) 

(3) 

 

Where ω is the sediment fall velocity, x 

Cartesian distance, and ҐT is the dispersion 

coefficient, which can be calculated as 

follows: 

 

ґ𝑇 =
𝜗𝑇

𝑆𝐶
 (4) 

 

νT is the Eddy viscosity and Sc is the 

Schmidt number, which varies in the range 

of 0.7-1 [54]. 
Additionally, the numerical model applies 
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the van Rijn [55] equation to calculate the 

bed load transport within the layer between 

the bed surface and the foundation surface. 

Turbulence modeling 
The SSIIM software is designed to support 

a variety of turbulence models, including 

the standard k-ε model, the RNG-enhanced 

k-ε model, a localized k-ε model based on 

wind shear, the Spalart-Allmaras model, 

and two versions of the k-ω model—one 

incorporating Wilcox’s wall laws and the 

other utilizing k-ε wall laws. Since the 

software is available in two versions 

(SSIIM 1 and SSIIM 2), the availability of 

specific turbulence models may vary 

between them. Comparative evaluation 

against laboratory experiments indicated 

that the RNG k-ε model yields the most 

accurate results. Therefore, this study 

primarily employed the standard k-ε model. 

The standard k-ε model is a widely adopted 

two-equation turbulence model, where one 

equation governs the turbulent kinetic 

energy (k) and the other governs its 

dissipation rate (ε) [56]. These governing 

equations are expressed as follows [57]: 

 
𝜕

𝜕𝑡
(𝜌𝑘) +

𝜕

𝜕𝑥𝑖

(𝜌𝑘𝑢𝑖)

=
𝜕

𝜕𝑥𝑖
[(𝜇 +

𝜇𝑡

𝜎𝑘
)

𝜕𝑘

𝜕𝑥𝑖
]

+ 𝐺𝑘 + 𝐺𝑏 − 𝜌𝜀 − 𝑌𝑀

+ 𝑆𝑘 

(5) 

𝜕

𝜕𝑡
(𝜌𝜀) +

𝜕

𝜕𝑥𝑖

(𝜌𝜀𝑢𝑖)

=
𝜕

𝜕𝑥𝑗
[(𝜇 +

𝜇𝑡

𝜎𝜀
)

𝜕𝜀

𝜕𝑥𝑗
]

+ 𝐶1𝜀

𝜀

𝑘
(𝐺𝑘 + 𝐶3𝜀𝐺𝑏)

− 𝐶2𝜀𝜌
𝜀2

𝑘
+ 𝑆𝜀 

(6) 

μ𝑡 = 𝜌𝐶𝜇

𝑘2

𝜀
 (7) 

 

In these equations, Gb and Gk represent the 

production of turbulent kinetic energy due 

to buoyancy and velocity gradients, 

respectively. The term YM accounts for the 

contribution of compressibility to the 

production of turbulence. The constants C1ε, 

C2ε, C3ε, and Cμ are empirical coefficients 

with typical values of 1.44, 1.92, 0.09, and 

0.09, respectively. Sk and Sε are the 

turbulent Prandtl numbers for k and ε, 

typically taken as 1.0 and 1.3, respectively. 

μt denotes the eddy viscosity. 

 

Boundary conditions and gridding 
In this study, the flow field was simulated 

using SSIIM2, employing two 

computational blocks: one for the main 

channel and one for the lateral intake. The 

main channel consisted of two straight 

sections—upstream and downstream—

connected by a 180-degree bend. For the 

hydraulic boundary conditions, the 

discharge and cross-sectional flow area 

were specified at the upstream and 

downstream ends, respectively. Sediment-

related input parameters, including particle 

size, sediment type, and fall velocity, were 

also provided to the software for sediment 

transport calculations.  Since SSIIM2 does 

not independently support the complex 

meshing required for this geometry, 

auxiliary tools such as AutoCAD, 

MATLAB, and Excel were used to generate 

the computational mesh. The mesh density 

was adapted to the significance of different 

regions, with finer mesh elements placed 

near the submerged vanes and coarser 

elements at the channel's inlet and outlet. 

Based on the main channel width, intake 

width, and vane positioning, a grid 

resolution of 2.7 × 1 cm was selected in the 

longitudinal and transverse directions, 

respectively. The computational domain 

included 235 longitudinal sections, 34 

transverse sections, and 11 vertical layers, 

which were imported into SSIIM2 for 

simulation. 

The boundary conditions for the main 

mesh block included specified inflow 

discharge, water depth, and the Manning–

Strickler roughness coefficient at the 

channel entrance; an outflow condition at 

the downstream end; and wall boundaries 

applied to the channel bed and sidewalls. 

For the diversion channel, boundary 

conditions included symmetry at the 
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entrance and upper boundary, outflow at the 

exit, and wall conditions for all remaining 

surfaces. 

 

Model verification 
The numerical simulation was verified 

using experimental data from Shirali et al. 

[58]. In that study, a rectangular main 

channel with a relative curvature of R/B = 

4.7 was used. The intake was positioned at a 

120° angle along the outer arc of the bend, 

with an intake alignment angle of 70°. Eight 

submerged vanes were installed in the main 

channel, arranged in two longitudinal rows 

of four, positioned opposite the intake (Fig. 

1). The main channel inflow rate was 20 

L/s, with a water depth of 12 cm and a 

Froude number of 0.26. The intake flow rate 

was measured at 4.27 L/s. 

To validate the simulation results and 

mesh quality, the output from the SSIIM 

software (after reaching convergence) was 

compared with the experimental results of 

Shirali et al. [58]. Upon identifying 

discrepancies attributed to the mesh 

resolution, the mesh was refin ed, and the 

simulations were rerun. The optimal mesh 

was selected when the results from two 

consecutive simulations showed minimal 

variation, indicating mesh independence. 

The percentage error was calculated using 

the following formula: 

 
|𝑃𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑 𝑆𝑒𝑑𝑖𝑚𝑒𝑛𝑡 − 𝑀𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑆𝑒𝑑𝑖𝑚𝑒𝑛𝑡| 

𝑀𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑆𝑒𝑑𝑖𝑚𝑒𝑛𝑡
× 100 = % 𝐸𝑅𝑅𝑂𝑅 

(8) 

 

Parameter variations 
In line with the stated objectives, this study 

investigated variations in five key 

parameters: vane height, vane length, 

longitudinal spacing between vanes, 

transverse spacing between vanes, and the 

distance of the first row of vanes from the 

water intake. The variation ranges for these 

parameters were selected based on the 

recommendations from Odgaard [59] and 

are summarized in Table 1. 

In this table, H represents the height of 

 
Figure 1. Position of submerged vanes in the channel 

 

Table 1. Recommended and used range for parameters [59, 39] 

The range used Recommended range Parameter 

0.5 ≤ 𝐻
𝑦⁄ ≤ 0.2 0.2 ≤ 𝐻

𝑦⁄ ≤ 0.4 𝐻(𝑐𝑚) 

2𝐻 ≤ 𝐿 ≤ 3𝐻 3H 𝐿(𝑐𝑚) 

4𝐻 ≤ 𝛿𝑠 ≤ 12𝐻 10𝐻 ≤ 𝛿𝑠 ≤ 30𝐻 𝛿𝑠(𝑐𝑚) 

2H ≤ 𝛿𝑛 ≤ 3𝐻 3H 𝛿𝑛(𝑐𝑚) 

3H 3H 𝛿𝑏(𝑐𝑚) 
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the submerged vanes, L is the length of the 

vanes, 𝛿𝑠 refers to the longitudinal spacing 

between vanes, 𝛿𝑛is the transverse spacing, 

and 𝛿𝑏 indicates the distance of the vanes 

from the intake. Throughout these 

parameter variations, the angle between the 

flow direction and the vanes, along with key 

hydraulic parameters such as flow depth 

and discharge, were kept constant. 

The following steps were taken in this 

study: 

a) Vane Height Optimization: In the first 

step, the height of the submerged vanes 

was varied between 3 and 6 cm to 

evaluate its effect on sediment inflow to 

the intake. The sediment discharge 

values obtained from SSIIM simulations 

were used as input to the PSO algorithm. 

The PSO algorithm, implemented in 

MATLAB, was then used to determine 

the optimal vane height. 

b) Vane Length Optimization: After 

determining the optimal height, the vane 

length was varied between 12 and 18 cm 

(corresponding to 2 to 3 times the vane 

height). Sediment discharge results from 

SSIIM were again used as input to the 

MATLAB-based PSO algorithm to 

identify the optimal vane length. 

c) Spacing Optimization: In the third step, 

spacing parameters were investigated. 

The transverse spacing between vanes 

was varied from 2 to 3 times the vane 

height (12–18 cm), longitudinal spacing 

from 4 to 12 times the vane height (24–

72 cm), and the distance from the first 

vane row to the intake from 2 to 3 times 

the vane height (12–18 cm). Sixteen 

different scenarios were simulated to 

identify the optimal combination of 

spacing parameters. 

 

3. Results and Discussion 

3.1. Optimal mesh and sediment 

diversion efficiency to the side 

channel 
To ensure simulations are accurate and 

reliable, the optimal mesh size was first 

determined. Meshes were categorized into 

five different classes regarding their grid 

dimensions (i×j): 5.4×2cm, 4.1×1.5cm, 

3.5×1.25cm, 2.7×1cm, and 1.3×0.5cm. It is 

noteworthy that i values (5.4, 4.1, 3.5, 2.7, 

and 1.3 cm) correspond to the grid spacing 

along the flow direction, while the j values 

(2, 1.5, 1.25, 1, and 0.5 cm) show the 

spacing across the channel width. Among 

these configurations, Scenario 4—with a 

mesh dimension of 2.7×1cm, and sediment 

simulation error of less than 1%—was 

identified as optimal. Simulations were 

performed under flow conditions consisting 

of a 20 L/s discharge in the main channel, a 

4.27 L/s intake flow rate, and a Froude 

number of 0.26. 

The primary goal of the SSIIM 

simulations was to estimate both the 

sediment transport rate and the amount of 

sediment entering the intake. The optimal 

mesh was selected by comparing the SSIIM 

results for each mesh configuration against 

experimental data reported by Shirali et al. 

[58]. These comparative results are 

presented in Table 2. In this table, QSM 

denotes the sediment flow rate at the end of 

the main channel, while QSI refers to the 

sediment flow rate entering the water 

intake. 

As can be seen, mesh refinement does 

not necessarily lead to optimal results. The 

reason for this can be stated as follows: One 

of the main limitations of the SSIIM 

software—and a significant challenge in 

mesh generation—is the restriction on the 

number of computational cells. Specifically, 

the grid dimensions in the i and j directions 

must not exceed 300 × 300 cells. 

Additionally, the number of cells in the j 

direction must remain constant along the 

entire channel length. During simulation, 

when the mesh is refined, especially near 

submerged vanes, the lack of compatibility 
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between adjacent cells can lead to 

convergence problems, large numerical 

errors, or even cause the simulation to fail 

entirely. This limitation was evident in the 

simulation results: as the mesh resolution 

was increased from 1 cm to 0.5 cm, the 

network error (or result divergence) rose 

sharply. 

 

3.2 Optimal values of parameters 
According to the ranges provided in 

previous research, parameter values were 

considered for each parameter at each stage, 

and by keeping other parameters constant, a 

simulation was performed using SSIIM 

software. Thus, a total of 29 scenarios were 

defined and simulated (Table 3). Based on 

the proposed range parameters in previous 

studies, values were assigned to each 

parameter, and simulations were performed 

while keeping the others constant. In 

general, a total of 29 simulation scenarios 

were defined and executed (Table 3). 

 

 

Table 3: Range of submerged vane heights investigated 

𝑄𝑆𝐼(%) 𝛿𝑏(𝑐𝑚) 𝛿𝑠(𝑐𝑚) 𝛿𝑛(𝑐𝑚) 𝐿(𝑐𝑚) 𝐻(𝑐𝑚) Scenario 

31.36 18 48 18 18 3 1 

30.69 18 48 18 18 3.5 2 

29.78 18 48 18 18 4 3 

29.26 18 48 18 18 4.5 4 

28.91 18 48 18 18 5 5 

28.43 18 48 18 18 5.5 6 

27.40 18 48 18 18 6 7 

29.05 18 48 18 12 6 8 

30.26 18 48 18 13.2 6 9 

26.97 18 48 18 14.4 6 10 

25.64 18 48 18 15.6 6 11 

29.06 18 48 18 16.8 6 12 

27.4 18 48 18 18 6 13 

25.69 18 48 12 15 6 14 

25.46 18 48 13.2 15 6 15 

25.78 18 48 14.4 15 6 16 

26.18 18 48 15.6 15 6 17 

26.61 18 48 16.8 15 6 18 

26.84 18 48 18 15 6 19 

25.15 18 24 13 15 6 20 

21.46 18 36 13 15 6 21 

25.77 18 48 13 15 6 22 

Table 2. Dimensions of meshing, review, and comparison of laboratory results with SSIIM 

software 

Error % QSM+QSI(gr/s) Number of cells 
Cell Dimensions 

Transverse 

direction(cm) 
Longitude 

direction(cm) 
No. 

5.81 4189.52 60750 2 5.4 1 
4.09 4265.95 66440 1.5 4.1 2 
2.33 4344.13 72290 1.25 3.5 3 
0.55 4423.43 78300 1 2.7 4 

10.09 4896 117720 0.5 1.3 5 
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𝑄𝑆𝐼(%) 𝛿𝑏(𝑐𝑚) 𝛿𝑠(𝑐𝑚) 𝛿𝑛(𝑐𝑚) 𝐿(𝑐𝑚) 𝐻(𝑐𝑚) Scenario 

23.13 18 60 13 15 6 23 

23.93 18 72 13 15 6 24 

14.8 12 30 13 15 6 25 

16.31 13.2 30 13 15 6 26 

17.53 14.4 30 13 15 6 27 

19.57 15.6 30 13 15 6 28 

20.38 16.8 30 13 15 6 29 

 

The water depth in all simulations was 

fixed at 12 cm, and according to the 

inequality proposed by Odgaard [59], the 

height of the submerged vanes was set 

within the range of 3 to 6 cm (Scenarios 1–

7). Considering the optimal depth value, 

Vane length values were evaluated between 

12 and 18 cm (Scenarios 8–13). Similarly, 

with the optimal depth and length of vanes 

and according to Odgaard’s suggestion, the 

vanes' transverse spacing was varied from 

12 to 18 cm (Scenarios 14–19). Using the 

optimal values for vane height, length, and 

transverse spacing and regarding the 

recommendations of Odgaard [59] and 

Ouyang [39], longitudinal vane spacing was 

varied between 24 and 72 cm (Scenarios 

20–24). Finally, considering the optimal 

four parameters mentioned, the distance 

from the intake to the first row of vanes was 

selected in the range of 12 to 18 cm 

(Scenarios 25–29), also in accordance with 

Odgaard’s inequality. 

The objective function of all simulations 

was to minimize the percentage of sediment 

entering the water intake. After each 

simulation, the percentage of sediment 

entering the intake was calculated as a 

proportion of the total transported sediment 

and recorded in Table 3. Results from the 

seven scenarios for vane height changes 

illustrated that increasing the height from 3 

to 6 cm reduced sediment entering the 

intake from 31.36% to 27.40%—a 3.96% 

decrease. Both the SSIIM simulation and 

the PSO algorithm results identified a vane 

height of 6 cm as optimal, which was then 

used in subsequent simulations. Simulation 

results of decreasing vane lengths exhibited 

oscillatory behavior in performance. A 

minimum percentage of sediment entering 

the intake was observed at 15.6 cm in 

SSIIM simulations, while the PSO 

algorithm recommended a length of 15 cm 

as optimal length. This value was used for 

the next stages. 

Increasing the transverse spacing from 

12 to 13.2 cm caused a decreasing trend for 

the sediment entering the intake. However, 

beyond 13.2 cm, further increases of 

distance led to a decrease in vane 

effectiveness, with sediment entering the 

intake increasing to 26.84% at 18 cm. Thus, 

the lowest sediment entering the intake 

occurred at 13.2 cm, by 25.66%, while the 

PSO algorithm revealed an optimal spacing 

of 13 cm, which was selected for further 

analysis. Changes in the longitudinal space 

of vanes demonstrated an oscillatory pattern 

in sediment intake. Based on SSIIM results, 

the minimum sediment entering (21.46%) 

occurred at a longitudinal space of 36 cm, 

but the PSO algorithm recommended 30 cm 

as the optimal longitudinal distance. The 

different distances between the intake and 

the first vane row were also investigated. 

Results showed that as this distance 

increased from 12 to 18 cm, vane 

effectiveness decreased, and sediment 

intake increased from 14.8% to 21.98%. 

The PSO algorithm proposed 12 cm as the 

optimal distance. 
 

3.3 Velocity Contours 
After determining the optimal values for the 

five parameters, in this stage, the horizontal 

and vertical velocity contour lines 

associated with each parameter were 

investigated. Due to the high similarity 

among the contour-line plots and the large 
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number of diagrams, only the contour lines 

related to the optimal vane height are 

presented in the main text. The other 

contour-line plots for the remaining 

scenarios are included in the appendix, 

while their explanations are provided in the 

main text. It should be noted that consistent 

depth levels were used across all stages of 

the analysis. 

 

3.3.1 Vane Optimal Height 
Figures 2 and 3 represent the streamwise 

and vertical velocity contour-line plots at 

five depth levels for a vane height of 6 cm. 

The mentioned levels include: (a) bed, (b) 

h/y = 0.3, (c) h/y = 0.6, (d) h/y = 0.8, and 

(e) h/y = 0.975, where h represents the 

vertical distance from the bed to the 

specified level. 

The velocity variations displayed that by 

moving flow from the bed towards the 

water surface, the highest velocity gradients 

occur in the adjacent of submerged vanes 

and also the intake. As shown in Figure 2c, 

the flow above the submerged vanes 

remains influenced by the vane structures 

yet, and high stream wise velocity gradients 

are observed. 
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Figure 2. Stream-wise velocities in main channel and intake (Vane Height is 6cm) a) h/y=0, b) 

h/y=0.3, c) h/y=0.6, d) h/y=0.8, e) h/y=0.975 

 

A comparison of streamwise velocities 

at five levels in the main channel, as shown 

in Figure 2, revealed that the minimum 

velocities occurred on the side opposite the 

vane-induced (inner wall bend). These 

velocities increased from the bed toward the 

water surface, likely due to the presence of 

the submerged vanes and the effect of bed 

friction. 

Analysis of maximum streamwise 

velocities at different levels showed an 

initial increase from the bed up to h/y = 0.8, 

then decreased toward the water surface. 

The highest streamwise velocities were 

observed near the outer bend of the main 

channel, just downstream of the first row of 

four paired submerged vanes and in front of 

the intake. However, the minimum 

velocities occurred near the inner bend of 

the main channel, after the end of the 

intake. 

Notably, near-bed maximum velocity 

cores tended toward the outer bend and 

intake, while at upper levels, these cores 

became more dispersed. From the beginning 

of the channel bend, the trend of increasing 

velocity with depth was evident; the 

minimum streamwise velocity decreased, 

and the maximum streamwise velocity 

increased.  

Within the intake as flow entering the 

water intake, streamwise velocity patterns 

showed that, as the flow moved from the 

bed to the surface, minimum velocities 

decreased while maximum velocities 

increased. The highest velocities were 

recorded at the intake entrance and along 

the right wall, whereas the lowest velocities 

occurred along the left wall of the intake. 

As shown in Figure 3a, the maximum 

vertical velocity cores occurred near the 

first pair of vanes, with the higher values 

occurring near the vanes. Moving away 

from this region—both laterally and 

longitudinally—the vertical velocities 

decrease. 
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Figure 3. Vertical velocities in main channel and intake (Vane Height is 6cm) a) h/y=0, b) h/y=0.3, c) 

h/y=0.6, d) h/y=0.8, e) h/y=0.975 

 

After the flow passed the first pair of 

vanes, the vertical velocity contour lines 

around the other vane pairs showed lower 

velocities compared to those near the initial 

vanes. At higher levels above the bed, the 

maximum vertical velocity cores shifted 

toward the inner bend, even though they 

initially occurred near the first vane pair. 

Notably, at the last measured depth (Figure 

3e), the maximum velocity core moved 

toward the inner bend, and the influence of 

the vanes became negligible. 

As seen in Figures 3a and 3b, negative 

vertical velocities occurred near the initial 

pair of vanes and extended widely across 

the channel width. In contrast, above the 

submerged vanes (Figures 3c and 3d), 

negative velocity cores appeared near the 

outer bend, particularly in the vicinity of the 

first row of vanes. This pattern indicates the 

presence of localized pressure gradients and 

vertical flow directed toward the bed, 

resembling scour-inducing conditions 

observed around bridge foundations [60]. 

Closer to the water surface, although 

negative vertical velocities were still 

observed near the outer bend, their cover 

extent diminished, and the velocity contours 

also became more parallel. This observation 

indicates a decreased influence of the 

submerged vanes. The variation in 

minimum vertical velocity from the bed of 

the main channel to the water surface 

showed an oscillatory trend. In such a way 

that initially, the absolute value of the 

vertical velocity decreased up to h/y = 0.3, 

then increased at h/y = 0.6, and finally 

decreased again as it approached the water 

surface. The highest concentration and 

gradient of velocity contour lines were 

observed at the same level of h/y = 0.6. 

Maximum positive vertical velocities 

were detected near the first pair of vanes 

and at the inner bend of the channel, 

indicating an upward flow direction toward 

the water surface in these regions. 

Negative vertical velocities were 

observed at the intake inlet, with their 

absolute values decreasing as the flow 

moved away from the bed. At all levels, 

velocity contours representing negative 

values extended across much of the intake 

area, shifting toward the right wall. The 

maximum positive vertical velocities 

increased with increasing levels from the 

bed up to h/y = 0.8, after which they 

decreased as the flow neared the water 

surface. The overall maximum absolute 
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vertical velocity in the main channel 

occurred near the bed, where negative 

velocity values indicated a downward flow. 

 

3.3.2 Vane optimal length 
For the optimal vane length, considerable 

stream-wise velocity gradients were 

observed near the submerged vanes and at 

the intake inlet (Figure App.1 in the 

appendix). Moving away from the bed, the 

concentration of average velocity cores 

formed around the submerged vanes, 

indicating their continued influence on the 

flow field. Even beyond the footprint of the 

vanes, their impact persisted, as evidenced 

by the presence of distinct velocity cores 

above them. However, this influence 

diminished at h/y = 0.975, where the 

velocity contours became nearly parallel 

and the lower velocity values were observed 

near the inner bend. 

It is also noteworthy that the 

concentration of maximum velocity cores 

consistently tended toward the outer bend 

wall. As the flow approached the water 

surface, these cores extended toward the 

upstream section of the bend, indicating a 

wider dispersion of high-velocity regions in 

the upper flow layers. 

Additionally, a comparison across 

different levels revealed that, as the distance 

from the bed increased, the minimum 

stream-wise velocity in the main channel 

also increased, while it decreased within the 

intake. The lowest stream-wise velocities 

were observed along the inner bend of the 

main channel and near the left wall of the 

intake. In contrast, the highest stream-wise 

velocities in the main channel occurred 

along the outer bend, just downstream of 

the first pair of submerged vanes. Within 

the intake, the maximum velocities 

originated near the left corner of the inlet 

and extended toward the central axis and 

right wall. Furthermore, the results 

indicated that reducing the vane length from 

18 cm to 15 cm led to a general decrease in 

stream-wise velocity in both the main 

channel—particularly in the region 

influenced by the submerged vanes—and 

the intake. 

Analysis of the vertical velocity contours 

illustrates that near the bed, maximum 

vertical velocity cores formed around the 

submerged vanes and extended toward the 

inner bend (Figure App.2 in the appendix). 

From the bed up to y/h = 0.6, strong 

velocity cores remained visible around the 

first pair of vanes, while velocities around 

the subsequent vane pairs gradually 

decreased. lose to the bed, the minimum 

vertical velocities—characterized by 

negative values—were concentrated near 

the outer bend and in a small area behind 

the first pair of vanes. Moving away from 

the bed to y/h = 0.3, the extent of negative 

velocity regions expanded, still 

concentrated near the outer bend and behind 

the first pair of vanes. At this level, the 

negative vertical velocities covered a larger 

section of the main channel width, including 

areas behind all the vane rows and near the 

outer bend, indicating a notable downward 

flow up to the vane height. Beyond the 

height of the submerged vanes, the 

influence of the vanes diminished, and the 

negative velocity cores became smaller, 

primarily near the outer bend and 

downstream of the vanes. As the flow 

passed the lateral intake and exited from the 

bend, the vertical velocity contours became 

more uniform and parallel, with maximum 

positive velocities observed near the inner 

bend and minimum (negative) velocities 

persisting near the outer bend. 

A comparison of the vertical velocity 

contours within the intake at different levels 

revealed that, near the bed, maximum 

vertical velocities originated from the left 

corner of the intake inlet and aligned 

parallel to the intake wall as the flow 

progressed. The maximum positive vertical 

velocities were concentrated near the left 

wall, while the lowest (negative) velocities 

were observed along the right wall. Moving 

away from the bed, the contours 

representing minimum velocities originating 

from the left corner and extending 

diagonally toward the far-right corner of the 

intake. As the vane length decreased from 

18 cm to 15.6 cm, negative vertical 
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velocities continued to appear in the regions 

influenced by the submerged vanes, near the 

outer bend of the main channel, and at the 

intake inlet. In the main channel, the 

variation in absolute negative vertical 

velocities from the bed to the water surface 

exhibited an oscillatory pattern, whereas in 

the intake, this trend showed a consistent 

decrease. Similarly, the maximum vertical 

velocity in the main channel followed an 

oscillatory trend with depth, mirroring the 

behavior of the absolute minimum values. 

In contrast, within the intake, the maximum 

vertical velocity increased up to y/h = 0.6 

and then decreased as the flow approached 

the water surface. 

 

3.3.3 Vane optimal transverse 

distance 
Stream-wise velocities in different levels 

revealed that the maximum velocities 

occurred near the outer bend, with the 

highest concentrations found close to the 

bed, particularly around the submerged 

vanes and the intake (Fig. App.3 in the 

appendix). As the flow approached the 

water surface, these high-velocity regions 

expanded and extended upstream toward the 

beginning of the bend. In contrast, the 

minimum velocities were observed along 

the inner bend wall, gradually shifting 

toward the water surface and extending 

downstream after passing the intake, 

eventually covering the entire width of the 

main channel. The velocity contours 

indicated that the maximum velocity core 

was concentrated around the first pair of 

submerged vanes, on the side opposite the 

flow direction. As the flow continued past 

the subsequent vane pairs, the streamwise 

velocities decreased. Moving upward from 

the bed, the velocities around and 

downstream of the vanes declined, showing 

strong velocity gradients. Further along the 

channel, stream-wise velocities continued to 

decrease, and the velocity contours tended 

toward the inner bend. Near the water 

surface, the velocity gradients became 

weaker, and at the highest depth level, the 

velocity cores associated with the 

submerged vanes and intake disappeared—

indicating the diminishing effect of the 

submerged vanes. The results also indicated 

that the highest stream-wise velocities 

within the intake, near the bed, originated 

from the left corner of the intake and 

developed parallel to the intake wall as the 

flow progressed. Maximum vertical 

velocities were observed along the right 

wall of the intake, while minimum 

velocities occurred near the left wall. This 

pattern persisted with increasing height 

from the bed, where the minimum velocities 

consistently appeared near the left wall and 

the maximum velocities near the right wall. 

Overall, it can be concluded that 

decreasing the transverse spacing between 

the submerged vanes led to a reduction of 

the maximum streamwise velocity. 

Furthermore, the results revealed that the 

highest stream-wise velocities occurred not 

only at the outer bend of the main channel 

and the intake inlet but also in the region 

between the first two pairs of vanes facing 

the flow. In the main channel, both 

minimum and maximum velocities 

generally increased with height. However, 

while the maximum stream-wise velocity 

increased up to the level of y/h = 0.8, it 

declined beyond this point toward the water 

surface. In contrast, the minimum velocity 

continued to increase throughout the 

vertical profile. Analysis of the vertical 

velocity contour lines revealed that the 

maximum vertical velocity cores formed 

near the bed around the second pair of 

submerged vanes facing the flow. As the 

distance from the vanes increased, vertical 

velocities progressively decreased (Fig. 

App.4 in the appendix). However, as the 

distance from the bed increased, velocity 

gradients intensified. Minimum velocity 

cores developed on the left side of the 

vanes, while maximum velocity cores 

formed on the right, extending toward the 

outer and inner bend walls, respectively. 

Notably, even in regions without submerged 

vanes, their influence persisted, as 

evidenced by the continued presence of 

velocity cores. At y/h = 0.975, although 

prominent velocity gradients remained 
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around the submerged vanes and the intake, 

the velocity cores appeared more localized. 

In this layer, the maximum vertical 

velocities tended toward the inner bend 

wall, while the minimum velocities moved 

toward the outer bend wall. Within the 

intake, the vertical velocity gradients 

consistently decreased from the bed to the 

water surface, with maximum velocities 

observed near the left wall and minimum 

velocities concentrated near the right wall. 

Overall, the results indicated that 

positive vertical velocities near the bed and 

around the submerged vanes were higher 

than at other depth levels within the main 

channel. The minimum vertical velocities, 

which were negative, were observed at 

various levels—near the bed at the 

downstream end of the submerged vane 

region, and near the water surface beyond 

the zone influenced by the vanes. In the 

intake, the maximum vertical velocity 

occurred near the left wall at a depth 

corresponding to y/h = 0.6, which is 

approximately above the height of the 

submerged vanes. In contrast, the minimum 

vertical velocities—also negative—were 

present across the entire width of the intake 

at all evaluated levels. As the flow 

progressed, these negative velocity regions 

expanded laterally toward the right wall of 

the intake. Near the bed, the area covered 

by negative velocities was relatively 

limited, but this area increased with 

elevation, occupying a larger portion of the 

flow field at higher levels. 

 

3.3.4 Vane optimal longitude distance 
Compared to the previous sections, the 

results for the optimal longitudinal spacing 

of the vanes show that reduced spacing led 

to greater concentration and density of 

stream-wise velocity contours. The 

maximum velocity cores were observed 

near the outer bend wall, within the region 

influenced by the submerged vanes and the 

intake (Fig. App.5 in the appendix). Around 

the submerged vanes, velocities decreased, 

and as the flow moved toward the inner 

bend wall, a continued reduction in velocity 

was observed. With increasing distance 

from the bed, the maximum velocity cores 

expanded upstream, toward the entrance of 

the bend and the approaching straight 

channel. Up to y/h = 0.8, the presence of 

significant velocity gradients indicated that 

the influence of the submerged vanes 

remained pronounced. However, by y/h = 

0.975, this effect had nearly dissipated, and 

the velocity contours became nearly 

parallel, reflecting a diminished impact of 

the vanes. At the intake inlet, the maximum 

stream-wise velocities covered the entire 

width of the intake, with the highest 

velocity contours gradually tending toward 

the right wall. As the flow progressed along 

the intake, the minimum velocity contours 

appeared near the left wall and persisted to 

the end of the intake—this pattern was 

consistent across all levels. In the main 

channel, the minimum stream-wise velocity 

showed an increasing trend from the bed 

toward the water surface. In contrast, in the 

intake, an oscillatory pattern is exhibited in 

its minimum velocity distribution with 

depth. Similarly, the maximum stream-wise 

velocity in the main channel followed an 

oscillatory trend with increasing depth, 

whereas in the intake, it increased steadily 

as the flow approached the water surface. 

The results indicated that for the vane's 

optimal longitudinal spacing, the maximum 

vertical velocity cores formed around the 

vanes from near the bed up to the top of the 

vane height, particularly near the vanes 

located adjacent to the inner bend wall (Fig. 

App.6 in the appendix). Moving laterally 

away from the vanes toward the outer bend 

wall, vertical velocities gradually decreased. 

Similarly, near the bed, velocities also 

declined when moving toward the inner 

bend wall. However, at the depth of y/h = 

0.3, the region of maximum vertical 

velocities expanded toward the inner bend. 

In this region, the area occupied by negative 

vertical velocities also widened, covering a 

larger portion of the main channel width. As 

the distance from the bed increased, the 

velocity cores continued to reflect the 

influence of the submerged vanes, although 

the vertical velocity gradients became 
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weaker closer to the water surface. At the 

upper three depth levels, the maximum 

velocity cores tended toward the inner bend 

wall, while the minimum (negative) 

velocity cores were concentrated near the 

outer bend wall. A comparison of vertical 

velocity contours at different depth levels 

revealed that, at the intake inlet, the 

minimum vertical velocities initially 

covered the entire width of the intake. As 

the flow progressed, these low-velocity 

regions expanded and occupied a larger 

portion of the flow field. Conversely, the 

maximum vertical velocities were 

concentrated near the left wall of the intake 

and gradually extended toward its 

downstream end. In the main channel, both 

the maximum vertical velocity and the 

absolute minimum vertical velocity (the 

latter being negative) displayed oscillatory 

trends with increasing depth. In contrast, the 

absolute minimum vertical velocity within 

the intake decreased consistently from the 

bed to the water surface. Meanwhile, the 

maximum vertical velocity in the intake 

also exhibited an oscillatory pattern, similar 

to that observed in the main channel. 

 

3.3.5 Optimal distance of the first row 

from the intake 
As previously noted, the maximum stream-

wise velocity contours were concentrated 

near the outer bend wall (Fig. App.7 in the 

appendix). The results further indicated that 

these maximum velocities extended not 

only along the outer bend but also into the 

region between the submerged vanes. In 

contrast, lower velocities were observed 

around the vanes. As the flow progressed, 

low-velocity cores developed around the 

vanes and gradually tended toward the inner 

bend wall. With increasing distance from 

the bed, the general trend remained: 

maximum velocities were concentrated near 

the outer bend wall, while minimum 

velocities were directed toward the inner 

bend wall. However, the stream-wise 

velocity gradients decreased with height. 

At the intake inlet, the highest stream-

wise velocities initially occupied the entire 

width of the intake but progressively tended 

toward the right wall as the flow moved 

downstream. Meanwhile, the minimum 

stream-wise velocities were observed near 

the left wall, farther from the intake 

entrance. A comparison of the maximum 

velocities at various distances from the bed 

in the main channel revealed an increasing 

trend up to y/h = 0.6, followed by a gradual 

decrease toward the water surface. This 

decrease occurred with significantly smaller 

gradients compared to the lower levels. In 

contrast, the minimum velocity decreased 

up to y/h = 0.3 and then increased toward 

the water surface. In the intake, the 

maximum stream-wise velocity consistently 

increased with height. However, the 

minimum velocities showed an oscillatory 

pattern—initially decreasing, then 

increasing, and finally decreasing again as 

the flow approached the water surface. 

The analysis of vertical velocity contour 

lines showed that the maximum vertical 

velocity cores were concentrated around the 

submerged vanes at the three levels closest 

to the bed. As the distance from the bed 

increased, the velocity gradients around the 

vanes decreased (Fig. App.8 in the 

appendix). Closer to the water surface, with 

decreasing velocity gradients in the region 

influenced by the submerged vanes, the area 

occupied by the maximum velocities 

expanded laterally and tended toward the 

inner bend wall, consistent with 

observations from previous sections. The 

minimum velocity contours were 

consistently located near the outer bend 

wall at all examined levels. At the intake 

inlet, the minimum velocities covered the 

entire width of the intake at all levels. As 

the distance from the bed increased, these 

minimum velocities occupied a larger 

portion of the intake cross-section and 

tended toward the right wall. Conversely, 

the maximum velocities consistently 

appeared farther downstream from the 

intake inlet, near the left wall, and extended 

toward the end of the intake. The negative 

values of the minimum vertical velocities in 

both the main channel and the intake 

indicate the presence of downward flow. In 

https://jhs.scu.ac.ir/


 The Optimal Selection of Submerged Vanes Geometric Dimensions… 

Journal of Hydraulic Structures  

93 

the main channel, these negative velocities 

were concentrated near the outer bend and, 

at levels y/h = 0.3 and 0.6, covered a 

significant portion of the channel width. 

However, closer to the water surface, the 

extent of the area affected by negative 

velocities decreased. At the intake inlet, all 

vertical velocities were negative. As the 

flow progressed, negative velocity contours 

tended toward the right wall, while positive 

velocities developed near the left wall. The 

analysis also revealed that with increasing 

distance from the bed, a larger portion of 

the intake became dominated by negative 

vertical velocities. In the main channel, the 

absolute minimum vertical velocity 

increased with height up to y/h = 0.8, 

beyond which it began to decrease toward 

the water surface. Similarly, in the intake, 

the absolute minimum vertical velocity 

increased up to y/h = 0.6, followed by a 

gradual decrease near the surface. Notably, 

the trends in maximum vertical velocity 

differed between the intake and the main 

channel. In the intake, the maximum 

vertical velocity increased with height up to 

y/h = 0.8 and then decreased toward the 

water surface. In contrast, the maximum 

vertical velocity in the main channel 

exhibited an oscillatory pattern throughout 

the flow depth. 

 

3.4 Vorticity and Secondary Flow 
When the water flows in a channel with the 

aspect ratio of less than 5, or when the flow 

path is curved—causing centrifugal forces 

to become dominant—secondary flows are 

typically intensified. Additionally, the 

presence of submerged vanes on the bed of 

the main channel further enhances these 

secondary and vortex flows, significantly 

influencing the overall flow structure [61, 

62, and 63]. On the other hand, installation 

of submerged vanes caused modification in 

formed secondary flows from the outer wall 

to the inner wall, near the bed. This 

modification caused a reduction in the 

strength of secondary currents and reduced 

bank erosion [64] 

Figure 4 illustrates the streamlines 

interacting with the submerged vanes and 

their deflection toward the intake at two 

levels: the channel bed and the water 

surface. As evident from the figure, the 

combined influence of the submerged 

vanes, channel bend, and intake generates 

strong eddy currents. 

 

Given the significance of the vortices 

formed within the flow, vorticity contour 

lines are presented in Figure 5 to 

quantitatively illustrate this flow parameter. 

In the figure, the direction of flow is 

oriented downward. 
In Figure 5, the stream-wise vorticity is 

defined as: 

 

𝑉𝑜𝑟 =
𝜕𝑤

𝜕𝑟
−

𝜕𝑢

𝜕𝑧
 (8) 

 

The channel with a 180° bend is shown for 

the simulation run. 

 

 
Figure 4. Streamlines at (a) the bed and (b) the water surface. 
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Figure 5. Vorticity in three cross-sections a) in the middle of the curvature of the bend, b) in front of 

the water intake, and c) after the water intake in line with the last pair of submerged vanes 

 

Vorticity contour lines were analyzed at 

three cross-sections: in the middle of the 

bend, in front of the water intake, and 

downstream of the intake near the last pair 

of submerged vanes. As shown in Figure 5a, 

in the middle of the 180-degree bend, two 

positive vorticity cores appear near the 

inner and outer walls. Vorticity values 

decrease toward the center of the main 

channel width. The presence of negative 

vorticity in the middle of the channel and 

near the bed suggests stronger longitudinal 

velocity gradients compared to vertical 

velocity gradients. The contour lines are 

mostly parallel, with steeper gradients 

observed near the channel bed. 

In contrast, the vorticity distribution at 

the cross-section aligned with the midpoint 

of the intake reveals a different pattern due 

to the influence of the submerged vanes 

(Fig. 5 b). In this figure, the submerged 

vanes are represented by two bold black 

vertical lines. Positive vorticity cores are 

clearly concentrated around the vanes, with 

the highest vorticity occurring near the vane 

closest to the intake. Since turbulence 
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intensity is derived from velocity 

fluctuations, and vorticity also arises from 

changes and fluctuations in velocity; it 

discussed that there is a relationship 

between turbulence intensity and vorticity 

and turbulence intensity increased near the 

intake inlet. This indicates strong vertical 

velocity gradients and intensified secondary 

flow in the vicinity of the vanes as showed 

in Figure 3a previously. Elsewhere in the 

flow field, negative vorticity dominates, 

suggesting that longitudinal velocity 

gradients exceed vertical gradients. 

Additionally, positive vorticity values are 

observed near the bed and are inclined 

toward the inner bend. 

As previously noted, the final cross-

section was selected downstream of the 

intake, aligned with the midpoint of the last 

pair of submerged vanes (Fig. 5c). The 

contour lines in this section indicate that the 

maximum vorticity occurred near the bed 

and tended toward the inner wall of the 

bend. In addition, positive vorticity values 

were present in the region between the two 

vanes and in the upper flow layers above 

the vane closest to the intake, reaching 

toward the outer bend wall. Negative 

vorticity cores appeared on the right side of 

both vanes (moving in the direction of the 

flow), reflecting the dominance of 

longitudinal velocity gradients over vertical 

ones in those regions. Observation of 

Figures 5b and 5c clearly highlights the role 

of the presence of the water intake. The 

presence of the intake induced strong 

secondary flows and concentrated positive 

vorticity near the bed in the cross-section 

aligned with the center of the intake. 

However, downstream of the intake, these 

intensified flow patterns shifted upward, 

with strong currents observed closer to the 

water surface. 

From another perspective, spiral flows 

induced by centrifugal forces in a curved 

channel are another clear manifestation of 

secondary flow development [65]. The 

strength of these secondary flows can be 

quantified using the following equation: 

 

𝑉𝑠 = 𝑉𝑖 − 𝑉𝑖−1 (9) 

 

Where Vi is the transverse velocity 

component at the upper layer of the water 

column, and Vi-1 is the transverse velocity 

component at the adjacent lower layer. The 

index i corresponds to the vertical 

discretization levels used in the depth-wise 

mesh. Figure 6 illustrates the variations in 

the dimensionless secondary flow strength 

(Vs/V), where V is the average transverse 

velocity component in the main channel, 

across three different cross-sections. 

As shown in Figure 6, at the first cross-

section—located in the middle of the 

bend—the secondary flow strength was 

greatest near the bed and gradually 

decreased with depth, reaching a minimum 

value of -0.05 at the water surface. 
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Figure 6. dimensionless strength of the secondary flow for three cross-sections a) in the middle of 

the curvature of the bend, b) in front of the water intake, and c) after the water intake in line with 

the last pair of submerged vanes 

 

Additionally, a comparison of secondary 

flow strength between the inner and outer 

walls of the bend reveals that, although the 

difference was small, the strength was 

slightly higher along the outer wall. In the 

second cross-section, located opposite the 

midpoint of the intake, the presence of 

submerged vanes and the intake itself 

significantly influenced the formation of 

secondary flow strength contours. In this 

section, the cores of maximum secondary 

flow strength were observed on the right 

side of the submerged vanes (assuming flow 

direction is used as the reference). The 

results also indicated that the positive 

secondary flow strength values above both 

vanes extended all the way to the water 

surface. Unlike the previous section, no 

negative values of secondary flow strength 

were present at the surface. Furthermore, 

the maximum strength of secondary flow in 

this cross-section was greater than that in 

the previous one. At the intake inlet, the 

highest secondary flow strength occurred 

https://jhs.scu.ac.ir/


 The Optimal Selection of Submerged Vanes Geometric Dimensions… 

Journal of Hydraulic Structures  

97 

near the bed, with positive values observed 

both near the bed and at the water surface, 

while negative values appeared in the mid-

depth region. This distribution clearly 

reflects the presence of vortex and spiral 

flow structures. In the third cross-section—

located downstream of the intake within the 

main channel—the pattern of secondary 

flow strength, including its minimum and 

maximum magnitudes around and above the 

submerged vanes toward the water surface, 

was generally similar to that observed in the 

second section. However, at the intake inlet, 

although the overall pattern remained 

consistent with the second section, the 

maximum value of the secondary flow 

strength was decreased, and the core of 

negative flow strength values was 

positioned closer to the channel bed. 

 

4. Conclusion: 
This study investigated the flow structure of 

sediment-water in an experimental channel 

with a 180-degree bend and a lateral intake 

positioned at a 120-degree angle. To reduce 

sediment entry into the lateral intake, two 

rows of submerged vanes (each consisting 

of four vanes) were installed at a 45-degree 

angle relative to the main channel flow 

direction. The optimal computational mesh 

size was evaluated to be 2.7 × 1 units in the 

flow and channel width directions, 

respectively, yielding a sediment transport 

estimation error of only 0.55%. Results 

indicated that the optimal vane height and 

length were 6 cm and 15 cm, respectively—

corresponding to 0.5 times the flow depth 

and 2.5 times the vane height. Furthermore, 

the optimal transverse and longitudinal 

spacings between the vanes were 2.17 and 5 

times the vane height, while the distance 

from the closest vane row to the intake was 

twice the vane height. 
A comparison of this study’s results with 

previous research reveals that Ouyang [32] 

identified the optimal vane height as 

ranging from 0.58 to 0.7 times the flow 

depth. The present study's result (H/y = 0.5) 

are in complete agreement with the 

presented range, but remains closely aligned 

with values reported by Odgaard and Wang 

[27]. Conversely, Tan et al. [31] reported a 

smaller optimal height range of 0.125 to 

0.33 times the flow depth, which differs 

significantly from the findings of this study. 

Additionally, Tan et al. [31] investigated 

vane length and found the optimal range to 

be 2.5 to 10 times the flow depth, whereas 

the current study determined a ratio of 1.25. 

A key factor contributing to the discrepancy 

may be that Tan et al. [31] accounted for 

bed form development in their analysis, 

which can significantly influence flow 

structure, depth, and sediment transport. 

Although international studies have not 

extensively investigated the effects of 

varying the longitudinal and transverse 

spacing between submerged vanes, or their 

distance from the intake, local research 

provides some insights. Davoudi and Shafai 

[66] found that the optimal longitudinal 

spacing between vanes was eight times the 

vane height. Similarly, Montasseri et al. 

[67] reported that the optimal distance from 

the first row of vanes to the outer wall of 

the bend was two times the vane height, 

while the optimal transverse spacing 

between vanes was 1.5 times the vane 

height. 

Kalathil et al. [51] reported that the use 

of collars and submerged vanes reduced 

sediment ingress into lateral channels by 

46.82% and 85.36% at vane angles of 15° 

and 40°, respectively. Moradinejad et al. [7] 

demonstrated that combining skimming 

walls with spur dikes enhanced sediment 

reduction efficiency at intakes, achieving up 

to 81% effectiveness. Farshidnia et al. [3] 

found that optimizing the length and height 

of parallel skimming walls significantly 

improved sediment control at lateral 

intakes, with sediment reduction 

efficiencies reaching up to 74%. Fahmy et 

al. [68] employed baffle columns as an 

alternative to avoided walls, achieving a 

71% reduction in accumulated sediment 

within the intake. Ezz-Aldeen et al. [69] 

investigated sedimentation at a pumping 

station in the Mosul Dam reservoir through 

simulations. Their results showed that using 

a combination of dykes and strategic 
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placement reduced sediment deposition 

within the intake and pumping station by 

42%. Despite variations in the experimental 

conditions across different studies, the 

reported reductions in sediment inflow to 

intake using different countermeasure 

structures were generally consistent with the 

findings of the present study. Here, by 

optimizing key design parameters, sediment 

inflow to the intake was reduced by up to 

63%. 

Analysis of the flow structure across all 

scenarios with optimal parameters revealed 

that near the bed, the cores of maximum 

stream-wise velocity were directed toward 

the outer bend and the intake. As the flow 

approached the water surface, these high-

velocity cores expanded and became 

evident from the onset of the bend. The 

minimum vertical velocities (negative 

values) were concentrated at the intake inlet 

and decreased with increasing distance from 

the bed. At all depth levels within the 

intake, negative velocity streamlines 

covered a significant portion of the intake 

cross-section and tended toward the right 

wall. The findings also indicated that the 

highest stream-wise velocities in the intake 

occurred near the right wall, whereas the 

maximum vertical velocities were 

concentrated near the left wall. Reducing 

the vane length from 18 cm to 15 cm led to 

a decrease in stream-wise velocity both in 

the main channel—particularly in regions 

influenced by the submerged vanes—and 

within the intake. A reduction in the 

transverse spacing between vanes also 

resulted in lower maximum streamwise 

velocities. Karami et al. [34] demonstrated 

that increasing the longitudinal spacing 

between consecutive submerged vanes leads 

to greater velocity gradients—a finding 

corroborated by the results of the present 

study. Additionally, while reducing the 

distance between the submerged vanes and 

the intake had minimal impact on the 

velocity distribution at higher elevations 

above the bed, it generally contributed to a 

reduction in streamwise velocity throughout 

the flow field. 

This study also examined the presence 

and intensity of secondary currents. In the 

absence of submerged vanes, the maximum 

secondary current strength was concentrated 

near the bed and extended across the entire 

width of the main channel. However, the 

introduction of submerged vanes altered the 

distribution pattern of secondary current 

strength. With the vanes in place, the cores 

of maximum secondary current strength 

shifted to the left side of the vanes, and the 

region exhibiting negative current strength 

near the intake showed a noticeable 

reduction in surface area. This research’s 

findings provide engineers and designers 

with valuable guidance for the effective 

implementation of submerged vanes, 

enabling a substantial reduction in sediment 

ingress. This improvement not only lowers 

operational and maintenance costs but also 

contributes meaningfully to the sustainable 

management of water resources. The 

findings of this research, when combined 

with economic considerations and analyses, 

can open new avenues for future studies in 

river engineering. By identifying the 

optimal dimensions and installation spacing 

of submerged vanes, these results can 

support more effective implementation in 

river management and planning projects. 
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Fig. App.1 Stream-wise velocities in main channel and intake (Vane Length is 15cm) a) h/y=0, b) 

h/y=0.3, c) h/y=0.6, d) h/y=0.8, e) h/y=0.975 
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Fig. App.2 Vertical velocities in main channel and intake (Vane Length is 15cm) a) h/y=0, b) 

h/y=0.3, c) h/y=0.6, d) h/y=0.8, e) h/y=0.975 
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A.1. Influence of the transverse distance of Vanes 
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Fig. App.3 Stream-wise velocities in main channel and intake (transverse distance of Vanes is 13cm) 

a) h/y=0, b) h/y=0.3, c) h/y=0.6, d) h/y=0.8, e) h/y=0.975 
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Fig. App.4 Vertical velocities in main channel and intake (transverse distance of Vanes is 13cm) a) 

h/y=0, b) h/y=0.3, c) h/y=0.6, d) h/y=0.8, e) h/y=0.975 

 

A.2. Influence of the Longitudinal Distance of Vanes 
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Fig. App.5 Stream-wise velocities in main channel and intake (longitudinal distance of Vanes is 

30cm) a) h/y=0, b) h/y=0.3, c) h/y=0.6, d) h/y=0.8, e) h/y=0.975 
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Fig. App.6 Vertical velocities in main channel and intake (longitudinal distance of Vanes is 30cm) a) 

h/y=0, b) h/y=0.3, c) h/y=0.6, d) h/y=0.8, e) h/y=0.975 
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A.3. Influence of the distance of the first row from the intake 
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Fig. App.7 Stream-wise velocities in main channel and intake (distance of the first row from the 

intake is 12cm) a) h/y=0, b) h/y=0.3, c) h/y=0.6, d) h/y=0.8, e) h/y=0.975 
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Fig. App.8 Vertical velocities in main channel and intake (distance of the first row from the intake is 

12cm) a) h/y=0, b) h/y=0.3, c) h/y=0.6, d) h/y=0.8, e) h/y=0.975 
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