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ABSTRACT: In this study, large eddy simulation model (LES)  was used to simulate the 

turbulent flow field around the triangular vanes affected by different permeability rates and 

vanes angle. Depth-averaged velocity and bed shear stress distributions are affected due to the 

local effects of the triangular vanes structure, however by increasing the permeability rate, these 

structures impacts on the flow field have been reduced. On average, maximum bed shear stress 

values around the simulated vanes are 3.47 times the τMean. Tip velocity near the bed region 

for the 70% permeable vane with θ =58° and θ =68° is 1.13 times the Vapp. Thalweg line 

alignment affected by the flow field constriction and local flow structure. Due to the triangular 

vanes cross-sectional opening and smoother flow deflection which varies between 4º-30º, 

thalweg line generally showed a minor deflection from the channel centerline. 
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1. Introduction 

       In recent years, new river restoration 

techniques such as bank-attached triangular 

vanes are proposed not only to protect river 
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banks and stabilize the river bed but also to 

improve river ecosystem regarding the 

growing awareness of the environmental 

issues (Pagliara and Kurdistani, 2017).  
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     Bhuiyan et al. (2010) studied the effect 

of  bank-attached triangular vanes on flow 

pattern and bed topography variations in the 

large-scale meandering channel. They 

concluded that induction of a secondary 

flow near the outer bank, counteracts the 

main spiral flow in the bend and horizontal 

vortices are not formed behind these 

structures. Kang et al. (2011) investigated 

the effect of the different geometry and 

permeability rates on  turbulent flow 

characteristics around the rectangular and 

triangular-shaped groins. Generally they 

concluded that weaker vortices occurred 

around triangular-shaped groins and these 

structures are appropriate for multipurpose 

design. Teraguchi et al. (2011) studied 

scour-deposion process and flow 

characteristics affected by permeable and 

impermeable groins. Results showed that 

velocity has been decreased around 

permeable groins and absence of the strong 

eddies around these structures prevents 

excessive siltation. Fang et al. (2014) 

employed LES model to study the effect of 

groin head shape, aspect ratio and length on 

flow characteristics around non-submerged 

groin in a shallow open channel flow. 

Bahrami Yarahmadi and Bejestan (2015) 

studied scour-deposition and flow patterns 

affected by different triangular vane 

spacing in a 90° mild flume bend. Results 

showed that due to the vanes presence in the 

channel, counterclockwise secondary flow 

near the outer bank forms which counteracts 

the clockwise main secondary flow along 

the bend. Ferro et al. (2019) proposed a new 

technique which is a combination of 

permeable groin and a triangular vane and 

they evaluated the effectiveness of this 

technique in river bends. Different 

combinations and flow rates were 

considered in this study. Results showed 

that triangular vane enhances the 

performance of the permeable groin. Wang 

et al. (2020) investigated turbulent flow 

features in the wide and narrow channels 

using ADV. In this study, turbulent kinetic 

energy, reynolds shear stress and turbulent 

intensities were investigated. Hasegawa et 

al. (2020) focused on the effects of the 

different installation angles and spur dikes 

position on three-dimensional flow 

characteristics. Three-dimensional velocity 

variations, flow depth fluctuations and bed 

shear stress distribution were analyzed to 

evaluate the efficiency of these structures. 

Abdou et al. (2021) used LES to study flow 

characteristics in a 193° sharp laboratory 

flume bend. Water depth fluctuations, 

streamwise and transverse velocity 

distributions at different sections and over 

the whole channel were investigated. Iqbal 

et al. (2021) used FLUENT and RSM model  

to study velocity profiles, turbulent 

intensities and turbulent kinetic energy at 

different selected points in the horizontal 

plane around permeable rectangular spur 

dikes. Results showed that strong turbulent 

flows do not occur around the tip region of 

the permeable spur dikes and turbulent flow 

features have been decreased around these 

structures. Jafari and Sui (2021) studied 

turbulence structure and velocity variations 

around the non-submerged spur dikes 

having different orientation angles under 

the ice covered conditions using ADV. 

Results showed that tip region is critical and 

strong velocity fluctuations mainly 

occurred in this region, also ice cover on the 

water surface effects the bed shear stress 

and turbulence intensities . Haider et al. 

(2022) used FLUENT to study the turbulent 

flow characteristics affected by the 

permeable spur dikes with different 

staggered pores having varying angles. 

Different permeability rates and staggered 

pores angles were considered. Velocity 

distributions, turbulent kinetic energy, 

turbulence intensity and wall shear stress 

were compared around considered 

permeable spur dikes. Mostafa et al. (2023) 

studied the flow structure and velocity 

around hybrid groins affected by different 

angle and geometry orientation using ADV. 

To understand the effect of the channel 

constriction due the groins presence on flow 

characteristics, longitudinal and transverse 

velocity variations at the groins tip were 

investigated.          
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      Most of the previous works related to 

triangular vanes mainly considered the 

impermeable form of these structures and 

focused on the local scour characteristics, 

morphological changes and bed 

deformations affected by the vanes spacing  

in the straight and meandering channel 

conditions. Detailed results about turbulent 

flow features have not been presented for 

these structures.   

     In this paper, LES model was employed 

to understand the effect of different 

permeability rates and vanes angle on 

turbulent flow characteristics around these 

structures. LES model was used due to its 

capability of modeling the wakes and 

vortices more accurately.  

 

2. Materials and Methods 

2.1. Governing Equations 

     LES is a turbulent model applied in a 

wide variety of engineering applications in 

which by filtering the partial differential 

equations, continuity and Navier-Stokes 

equations for incompressible flows are 

written as:   

 
∂ui̅

∂xi
= 0 

                        (1) 

        
∂ui̅

∂t
+

∂(uiuj̅̅ ̅̅ ̅)

∂xj
= −

1

ρ

∂p̅

∂xi
+ 2v

∂

∂xj
Sij
̅̅ ̅ 

(2) 

                                           

 �̅� in Eq. (2) is the filtered pressure field and 

the term 𝑆𝑖𝑗
̅̅̅̅  is the rate-of-strain tensor. 

𝑢𝑖𝑢𝑗̅̅ ̅̅ ̅ a nonlinear filtered term needs to be 

modeled since the unfiltered velocity field 

is unknown. The term can be split up and 

the filtered Navier-Stokes equations are 

written as: 

 
  uiuj̅̅ ̅̅ ̅ = τij + ui̅uj̅                           (3) 

                 
∂ui̅̅̅

∂t
+

∂(ui̅̅̅uj̅̅̅)

∂xj
= −

∂p̅

ρ ∂xi
+ 2v

∂

∂xj
Sij
̅̅ ̅ −

∂τij

∂xj
    (4)      

                                                                                               

     Smagorinsky-Lilly subgrid-scale model 

was used to model the unclosed residual 

stress tensor 𝜏𝑖𝑗. Eddy-viscosity is modeled 

in this subgrid-scale model and the 

governing equations of Smagorinsky-Lilly 

model can be written as (Smagorinsky, 

1963): 

 

  τij −
1

3
τkkδij = −2μtSij

̅̅ ̅ (5) 

 
   μt = ρ(Cs∆)2|S̅| (6) 

                                                

     S̅ = √2SijSij (7) 

                                                                                                            

𝐶𝑠, 𝜇𝑡, 𝜌 and ∆  in Eqs. (5-7) are the model 

constant (0.1 – 0.2), eddy viscosity, density 

and cube root of the local grid cell volume, 

respectively.  

 

2.2. Numerical Model  

2.2.1. Model Setup 

    The computational domain composed of 

a rectangular channel and non-submerged 

triangular vanes of varying permeability 

rates and angles which was created and 

meshed using GAMBIT. Channel length 

(L) and width (B) were considered 2m and 

0.5m and contraction ratio (LV B)⁄  was 

0.25, where LV is the length of the vane. 

Cylindrical tubes of 6mm diameter with 

different intervals were considered to adjust 

the different permeability rates (P) (Figure 

1).  

     Boundary conditions at the channel inlet, 

outlet and solid surfaces such as vanes, 

channel bed and side walls were defined as 

pressure inlet, pressure outlet and wall, 

respectively. For free surface, pressure inlet 

boundary condition was used. 

     FLUENT was used to simulate turbulent 

flow around triangular vanes. Inlet flow 

depth (H), approach flow velocity (Vapp), 

flow Froude and Reynolds numbers were 

0.15, 0.66, 0.54 and 61875, respectively. 

    Streamwise distance from the vanes, 

transverse distance from channel side wall 

and vertical distance from channel bed are 

defined by X, Y and Z. Negative and 

positive values refer to sections located 

upstream and downstream of the vanes.  
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Fig. 1. Computational domain and Dimensions of 

simulated vanes 

 

 

2.2.2. Data Validation 

     In this paper, results of the tip velocity 

(Vtip/Vapp), flow separation angle (β° ) and 

downstream flow separation width (WS/B)  

of impermeable triangular groins of Kang et 

al. (2011) experimental study were used to 

evaluate the applied numerical model 

accuracy and determine the appropriate 

number of nodes. Numerical simulations 

were performed under the same conditions, 

except for channel length which was 

reduced to 3m to avoid large mesh numbers. 

Since the relative error values of the 

compared parameters are less than 10%, 

thus LES model can resolve turbulent flow 

field accurately (Table 1). 

     Furthermore, mesh independence test 

results for impermeable triangular groin 

(θ =45°) showed negligible difference 

(4.6%) between experimental and simulated 

values of the tip velocity by increasing the 

number of nodes, thus a mesh composed of 

approximately 151400 to 170600 nodes has 

been applied to all models (Figure 2).  

 

Table 1. Numerical simulation validation 

results 

 

Crest angle (θ)  Vtip Vapp⁄   β°  WS B⁄    

35 5.86% 6.25% 6.52% 

45 4.6% 6.06% 6.66% 

 

Fig.2. Average relative error of experimental and 

simulated tip velocity of impermeable triangular 

groin (θ =45°) 

 

3. Results and Discussions  

3.1. Depth-Averaged velocity 

    Velocity distribution in all simulated 

models clearly showed that due to the local 

effects of vanes structure and channel 

constriction as a result of the vanes 

protrusion, two zones are formed in the flow 

field which are main flow field, upstream 

and downstream separation region (Figure 

3). These zones are separated by a fully 

turbulent and dynamic flow named 

detached shear layer. In the upstream of the 

impermeable vanes, −1.6 ≤ X Lv⁄ ≤ 0, 

flow velocities near the channel side wall 

reduced due to the backwater effect. At the 

X Lv⁄ = 0 section, local flow has been 

affected and velocity values have been 

increased due to the flow deflection. In the 

downstream region, presence of the 

recirculation zone, detached shear layer, 

different wakes and vortices significantly 

affected the flow field and maximum 

velocities occurred in this region. On 

average, maximum velocity values are 

1.46Vapp.  

     Generally presence of the horseshoe 

vortices and high velocity zone near the bed 

and vanes tip region effects the local scour 
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hole characteristics. Tip velocity in this 

critical region  has a declining trend with 

increasing permeability rates and decreases 

up to 25% for the 70% permeable vane with 

θ =58° and 31.8% in the θ =68° case. 

  

     

(a) P= 0% 

 

(e)  

 
 

(b) P=30% 

 

(f)  

 

(c) P=50% 

 

(g)  

 

(d) P=70% 

 

(h) 

 
 

  
Fig.3. Depth-averaged velocity distribution around triangular vanes; 

(a), (b), (c) and (d) θ =58° ; (e), (f), (g) and (h) θ =68° 
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3.2. Bed shear stress  

In this study, bed shear stress variation 

around the triangular vanes are plotted 

using the dimensionless parameter (τ/
τMean), where τMean is the average bed 

shear stress of the impermeable rectangular 

vane at the channel entrance (Figure 4). 

    Generally due to the complex condition 

of the downstream region such as flow 

deflection within the different layers of the 

flow field, formation of the strong eddies, 

secondary flows within the recirculation 

zone and their subsequent interaction with 

different wakes or vortices, maximum bed 

shear stress values mainly occurred at 

X Lv⁄ = 2.4 section. Maximum bed shear 

stress decreases up to 45.6% for the 70% 

permeable vane with θ =58° and 30.3% in 

the θ =68° case. Furthermore, maximum 

bed shear stress values shifted to the 

channel centerline by increasing the 

triangular vanes permeability rates. 

     Maximum values of the friction 

coefficient for all of the simulated triangular 

vanes varies between 0.006 ≤ Cfmax ≤
0.018 along the −2.4 ≤ X Lv⁄ ≤ 2.4 

region. 

  
 

(a) P= 0% 

 

(e)  

 

(b) P=30% 

 

(f)  

 
(c) P=50% 

 

(g)  
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(d) P=70% 

 

(h) 

 

Fig. 4. Bed shear stress variations around simulated triangular vanes; 

(a), (b), (c) and (d) θ =58° ;(e), (f), (g) and (h) θ =68° 

 

 

3.3. Thalweg line variation 

   Maximum streamwise velocity line which 

is considered as the deepest flow line in the 

alluvial rivers is defined as the thalweg line. 

   Upstream of the impermeable vanes, as 

flow reaches to the vicinity of the structure, 

it begins to bend and velocity magnitude 

values increase, the highest velocity values 

occur at the X LV = 0⁄  section. In the 

downstream as the vanes presence impact 

on the main flow field decreases, thalweg 

line gradually returns to the channel 

centerline. Main flow field constriction and 

local flow structure affected by the vanes 

protrusion mainly deflect the thalweg line 

from the channel centerline. Generally by 

increasing the permeability rate of the 

vanes, downstream recirculation zone does 

not form due to the smaller flow deflection 

angles (Figure 5 a), thus for 70% permeable 

triangular vanes thalweg line is almost 

coincident with the channel centerline 

(Figure 5 b,c).     
    

(a) 

 

(b) 

 
(c) 

 
 

Fig. 5. Flow deflection angle and thalweg line 

variations; (b) θ =58°; (c) θ =68° 
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well, since the average relative error values 

were less than 10%. 

    Depth-averaged velocity distribution and 

bed shear stress variations showed that 

presence of the impermeable triangular 

vanes significantly affected the downstream 

0

1

2

3

4

5

-2.4 -1.8 -1.2 -0.6 0 0.6 1.2 1.8 2.4
X/Lv

𝛕
/𝛕

𝐌
𝐞

𝐚
𝐧

0

1

2

3

4

5

-2.4 -1.8 -1.2 -0.6 0 0.6 1.2 1.8 2.4
X/Lv

𝛕
/𝛕

𝐌
𝐞

𝐚
𝐧

0

10

20

30

40

0 30 50 70

β
º

P%

Vane with θ=68°

Vane with θ=58°

0

0.5

1

-2.4 -1.6 -0.8 0 0.8 1.6 2.4

Y
/B

X/Lv

P=0%

P=30%

P=50%

P=70%

Center

Vane

0

0.5

1

-2.4 -1.6 -0.8 0 0.8 1.6 2.4

Y
/B

X/Lv



 

8 
 

flow field due to the formation of the strong 

and stable vortices. Maximum velocities in 

all cases generally occurred in the 1.6 ≤
X LV ≤ 2.4⁄  region. 

    Furthermore, at the near bed region, tip 

velocity increased up to 10% for the 

impermeable triangualr vane with θ =68°.  

      Depth-averaged velocity variations 

clearly showed the presence of two different 

zones in the flow field, flow separation and 

turbulence due to the interaction of different 

wakes and vortices affected the flow 

velocities and sediment deposition process 

in these regions.  

     Bed shear stress variation results showed 

that by increasing the vane angle from 58° 

to 68° in impermeable cases, maximum bed 

shear stress decreases up to 16.3%. 

Generally for all simulated vanes maximum 

shear stress ratio (τMax/τMean) varies 

between 2.6 to 4.9. Furthermore, maximum 

shear stress values shifted towards the 

channel centerline in permeable cases, thus 

this could be considered as one of the 

advantages of these structures in 

comparison to the impermeable ones for the 

river bank protection, however it must be 

noted that vanes with higher permeability 

rates do not have a noticeable effect on 

controlling the local flow characteristics 

and velocity decreasing. 

     Channel lateral constriction reduced due 

to the triangular vanes cross-sectional 

opening, thus weaker vortices occurred in 

the flow field and in all of the simulated 

cases, thalweg line shifts closer to the 

channel centerline. 
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