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ABSTRACT 

This experiment was conducted in order to determine the hydrodynamic performance 

of a Triangular Winged Bandal-Like (TWBL) structure, which is a combination of the 

Bandal-Like (BL) structure and Triangular Vane (TV). For the purposes of this study, the 

JFE ALEC magnetic velocity meter was used to measure the three components of flow 

velocity under non-submerged hydraulic conditions at a Froude number of 0.24. The 

three considered cases for this measurement were the non-structured case and the BL and 

TWBLs. The results showed that the flow deviation occurred through the impermeable 

upper part of both structures towards the middle of the channel. At downstream of both 

structures, bubbling flows were caused by the collision of upward flows with the near-

surface flow, causing disturbances in the latter. Both the BL and the TWBL structure 

reduced the secondary flow strength along the bend within the structure range. 

Compared to the BL structure, the TWBL structure reduced the secondary flow strength 

by about 20%, which indicates the weaker inclination of the secondary flow toward the 

outer bank in the TWBL structure. The relative maximum shear stress in the TWBL 

structure is on average 17% lower than that of the BL structure.  

 Keywords: Flow pattern, Karun river, Meandering river, Secondary flow strength, Shear stress. 

INTRODUCTION  

River bend migration is a common 

phenomenon that causes substantial 

irreparable damage to the surrounding areas 

in meandering rivers. A field study 

conducted in the Karun River, the largest 

river in Iran, has reported a maximum 

migration rate of 884 meters from 1991 to 

2007 (Morshedi and Alavi Panah, 2010). 

This has been the result of developing a 

secondary flow at the river bend resulting in 

scouring the toe of the outer river bank and 

creation of point bars at the inner river bank 

(Odgaard and Bergs, 1988). In the past, 

extensive flow-altering measures have been 

introduced including spurs (Zhang et al., 

2012), submerged vanes (Odgaard and 

Spoljaric, 1986; Odgaard and Wang, 1991; 

Odgaard, 2009;), bendway weirs (Derrick, 

1996; Davinroy et al., 1998; Abad and 

Rhoalds, 2008; Jia et al., 2009; Jarrahzade 

and Shafai-Bejestan, 2011; 

Cunningham and Lyn, 2016), W-weir 

(Bhuiyan, et al. 2007, 2009); cross-vanes 

(Endreny and Soulman, 2011; Pagliara and 

Mahmoudi-Kurdistani, 2013), and the 

implementation of a bubble screen across 

the flow (Dugue et al. 2013). The high 

sedimentation rate, especially during the 

flood period between the spurs, has led to 

the use of the Impermeable Spur Dike (ISD) 

for bank stabilizing and controlling the river 

bend migration as well as rectifying the 

navigable rivers (Copeland, 1983; Carling et 

al., 1996; Shields et al., 2003). To reduce 

the construction cost in deep meandering 

rivers, Bandal-Like (BL) structures have 

been studied as an option. This structure 

consists of two parts: the upper impermeable 
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part and the lower permeable part (Rahman 

et al., 2003a, b, 2005, 2006; Teraguchi, 

2011; Teraguchi et al. 2011b; Nakagawa et 

al., 2011; Zhang et al., 2013). Studies have 

proven that the BL structure can modify the 

flow pattern along the bend to prevent 

scouring of the outer bank. However, for the 

restoration of the outer bank, the flow vortex 

that causes sedimentation in between the 

two structures is too weak. Triangular vane 

is an environmental flow-altering structure 

extensively studied by Bhuiyan et al. (2010) 

in a sine-generated flume and Bahrami-

Yarahmadi and Shafai-Bajestan (2016) in a 

90-degree flume bend. The results of these 

studies show that the flow overspilling the 

crest of the vane creates a counter-clockwise 

secondary flow in the outer bank, 

counteracting the clockwise main secondary 

flow cell of the bend. In the downstream 

sections of the vane, the downwelling zone, 

located between two secondary flow cells 

and the core of maximum depth-averaged 

velocity, is shifted to the middle of the flume 

and the size of counterclockwise secondary 

flow cell is increased. The average size of 

the counterclockwise secondary flow cell 

was about 30 percent of the flume width. 

Such a flow pattern can result in 

transportation of sediment over the vane 

toward the outer bank. To improve the 

performance of BL structure, Sardasteh et 

al. (2017) proposed a modification to this 

structure type to increase the rate of 

deposition in between the structures as well 

as the depth of the scour hole. The new 

structure is a combination of BL and 

Triangular Vane (TV) structures and is 

called Triangular Winged Bandal-Like 

(TWBL) structure. The purpose was to 

incorporate the advantages of both the BL 

and TV structures. Sardasteh et al. (2020) 

conducted an experimental study on the 

characteristics of bed surrounding in the 

TWBL, BL and ISD structures in a 180° 

flume. The experiments were carried out at a 

Froude number of 0.24 and a constant flow 

depth of 12 cm. The effective Length (   of 

all structures was 14 cm. All tests were 

conducted under clear water conditions and 

in the turbulent flow range. A total of 9 

different alternatives of the TWBL structure, 

three different ratios of the effective Length 

of the BL part (    to the effective Length 

of structure (   (       ), and three 

different TV part angles (α= 20, 30, 50 

degrees) with respect to the upstream bank 

were each tested at a Froude number of 0.24. 

The results showed that the case with 

        and α=    scored the first rank. 

The maximum relative scour depth and the 

relative volume of the scour hole of the 

TWBL structure were calculated to be 31% 

and 54% smaller than those of the ISD 

structure, respectively. The relative 

deposition height for the TWBL structure 

was found to be higher than that of the ISD 

and BL structures for all flow conditions 

with increases of 47 and 96%, respectively. 

Moreover, the relative length of deposition 

in the TWBL structure was higher than that 

of the ISD and the BL structures by 55 and 

386%, respectively. In the TWBL structure, 

the sediments accumulated behind the 

structure along and near the outer bank, 

forming a deposition shape with a larger 

length and better form. 

As shown, the flow pattern in the BL 

structure has been rarely addressed and, 

similarly, there is a lack of study on the 

TWBL structure in the literature. Hence, this 

study was conducted in order to better 

understand the hydrodynamic changes 

caused by installation of BL and TWBL 

structures in 180-degree bends as well as the 

changes in the velocity pattern and shear 

stress distribution. Thus, the aim of this 

study was to further explore the function of 

TWBL as a countermeasure for toe bank 

erosion through laboratory experiments.  

MATERIALS AND METHODS 

Experimental Setup 

A total of 14 tests were conducted in a 

180-degree flume in the hydraulic laboratory 

of the Shahid Chamran University of Ahvaz 

as shown in Figure 1. Uniform sand with a 
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Figure 1. Experimental setup of 180-degree 

flume. 
 

 

Figure 2. The triangular winged Bandal-like (TWBL) and The Bandal-like (BL) structures. 

relative density of 2.63 and median size of 

0.88 mm was used.  

The experiments were carried out for the 

BL and TWBL structures and the non-

structural case, at the flow rate of 18.7 L s
-1

, 

the mean flow Velocity (V) of 26 cm s
-1

 and 

the corresponding Froude number of 0.24 at 

a constant flow depth of 12 cm. The 

threshold velocity of sediment movement 

(Vc) was measured to be 0.307 m/s. 

Therefore the velocity ratio (V/Vc) is equal 

to 0.85 which is less than one, thus all tests 

were carried out at clear water conditions. 

The corresponding Reynolds number was 

equal to 31,200, ensuring a fully turbulent 

flow.  

The WBL structures, as shown in Figure 

2-a, were constructed by attaching a TV 

structure, made of Plexiglas with a thickness 

of 5 mm, to the head of a BL structure. The 

effective length of the WBL structure (i.e. 

the sum of effective lengths of the BL and 

TV structures) was 14cm (≤ 30% of the 

flume width as recommended by DHI 

(1992) and Perdok (2002). In all of the 

structures, the height of the impermeable 

and permeable sections of the BL structure 

was half the depth of the flow (Teraguchi, 

2011). In the BL structure, Figure 2-b, the 

lower half of the structure was made of 

metal wire with a diameter of 5 mm and a 

permeability of 50% (Teraguchi et al., 

2011b; Zhang et al., 2013), and the 

impermeable upper part was made of 

Plexiglas with a thickness of 5 mm. 

The initial experiment was conducted on 

the ISD without attaching the triangular 

vane. The experiment lasted for 13 hours at 

a Froude number of 0.24, where almost 90% 

of the maximum scour depth occurred in the 

first 150 minutes. Therefore, considering the 

fact that the aim of this study was to 

compare different alternative structures and 

not developing criteria for bed scouring, a 

duration of 180 minutes was considered for 

all the tests. In addition, by performing 

preliminary tests, an angular position of 113 

degree was determined to install the 

structures on the 180-degree bend. In this 
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Figure 3. 3D flow velocities and the secondary flow in the bend (Shaheed et al., 2019) 

 

position, the largest scour dimension 

occurred, which was also consistent with 

that suggested in other studies (Rozovskii, 

1957). 

For each test, first, the structure (BL or 

TWBL) was installed at the outer bank of 

flume at the position of 113 degree. As 

shown in Figure 1, each test was started by 

flattening the bed, starting the pump and 

allowing water to gradually enter the flume 

whilst the tailgate is completely closed. 

Once the flow depth reached a sufficient 

level, the entrance valve was gradually 

opened at the same time with the tail gate 

until the desired flow discharge and flow 

depth were achieved. These conditions were 

maintained until the change in scour depth, 

which was measured at a half hour interval 

by a point gage, was slowed down to less 

than one mm per hour. The pump was then 

shut down and the flume was gradually 

drained. The scour surface was then fixed by 

using cement powder, small enough to cause 

the stick particles and scour bed profiles 

unchanged, and prepare it for measurement 

of 3D velocity components. 

3D Flow Velocities Measurements 

The three-Dimensional (3D) velocity 

components were measured using the 

electromagnetic velocity meter JFE ALEC 

model ACM3-RS  The accuracy of the 

measurement by the device was 2% or 0.5 

cm s
-1

 with a resolution of 0.1 cm s
-1

. The 

rate of data capture by this device is between 

15 and 60 Hz. At the bottom of the metal 

stem of the speedometer was a detector that 

measured the three-dimensional velocity 

components at each point by creating an 

electromagnetic field around it. Output data 

was stored in RAW format, which can 

convert registered data to CSV format 

through WinLabEM (software provided by 

device maker) and can be read with Excel 

software. The sampling rate was 20 Hz and a 

minimum sampling duration of 90 seconds 

was selected. Thus, a total of 1,800 pieces of 

data were collected for each point, the mean 

value of which was used for analysis of the 

3D flow pattern. The measurement was 

conducted in a total of 560 nodes at 8 cross-

sections, namely, 107-, 110-, 112-, 114-, 

116-, 119-, 124- and 134-degree sections 

from the bend inlet. In each cross-section, 14 

vertical lines with lateral distances of 3, 5.5, 

8, 10.5, 13, 15.5, 18, 20.5, 24, 30, 36, 42, 48 

and 54 cm from the outer bank were 

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

07
3.

20
21

.2
3.

3.
7.

4 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ja

st
.m

od
ar

es
.a

c.
ir

 o
n 

20
25

-0
5-

11
 ]

 

                             4 / 13

https://dorl.net/dor/20.1001.1.16807073.2021.23.3.7.4
https://jast.modares.ac.ir/article-23-34340-en.html


Hydrodynamics of Triangular Winged Bandal-like ________________________________  

741 

selected. At each vertical line, the minimum 

number of the points for recording the 3D 

velocity components was 5 (3, 5, 7, 9 and 11 

cm above the bed). Figure 3 shows 3D flow 

velocities in the bend. 

Bed Shear Stress 

The sediment pattern along the bends 

depends on the distribution of shear stress 

(Dietrich et al., 1979; Rahman et al., 1998). 

In order to better understand the effect of the 

structure on sediment management in the 

bend, the shear stress distribution is needed 

to be studied. To this end, the depth-

averaged two-dimensional hydrodynamic 

equations were used for calculation of the 

bed shear stress measurement data 

(Kilanehei et al., 2011; Ahmadi et al., 2009; 

Wu, 2007; Duan and Nanda; 2006; Hsieh 

and Yang, 2003; Kassem and Chaudhry, 

2002). 

        √        (1) 

        √        (2) 

   √   
     

    (3) 

   
 

   
   

 
 
 

   (4) 

Where, u and v are, respectively, the mean 

velocity (m s
-1

) along the x and y directions, 

    and     are, respectively, the bed shear 

stresses (N m
-2

) along the x and y directions, 

   is the resultant bed shear stress (N m
-2

), ρ 

is the density of the fluid, g is the gravity 

coefficient,    is non-dimensional Chezy’s 

coefficient, n is Manning coefficient, and h 

is the depth of flow. 

Secondary Flow Strength 

As shown in Figure 3, the secondary flow, 

i.e. the movement of the surface layers 

towards the outer bend and the lower layers 

to the inner bend, is the most important 

factor in the change in the distribution of 

shear stress and thus the distribution pattern 

of the deposit in the bends. The strength of 

this secondary flow affects the bed shear 

stress and, therefore, studying this strength 

and its changes in presence of a structure is 

important. In other words, the secondary 

flow strength expresses the flow tendency 

for deviation to the outer bank in the curved 

paths. By conducting studies on flow in the 

river bend, Shukry (1950) defined the 

strength of secondary flows as follows: 

    
        

     
 

∑   
    

     

∑   
    

    
     

  (5) 

Where,     is the Strength of the 

secondary flow,   ,   , and    are the 

longitudinal, transverse, and vertical 

components of velocity in the cells of the 

section, respectively, and     is the cross-

sectional Area of each of the cells. In a 

given transverse section, this criterion is 

defined as the ratio of the kinetic energy of 

the transverse flow to that of the main flow. 

RESULTS AND DISCUSSION 

Velocity Distribution 

The streamlines along the surface water 

for the BL and TWBL structures are shown 

in (Figure 4 a-b), respectively. The flow 

deviation occurred through the impermeable 

upper part of both structures towards the 

middle of the channel. At downstream of 

both structures, bubbling flows are caused 

by the collision of upward flows with the 

near-surface flow, causing disturbances in 

the latter. In the BL structure, the bubbling 

flow moved towards the structure at low 

velocities and along the back-side alignment 

of the blockage plate towards the main 

channel. The diverted flow from the back-

side is preventing the recirculation currents 

in this region. The field velocity in the BL 

structure is attenuated after passing through 

the structure, but the magnitude of the 

velocity vectors is increased along the main 

channel. This finding is consistent with the 

results reported by Teraguchi et al. (2011b), 

Nakagawa et al. (2011), and Zhang et al. 

(2013). In the TWBL structure, the bubbling 

flow moved towards downstream at a low 
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(a) 

 

(b) 

Figure 4. The streamlines on the water surface and longitudinal velocity contour(a) (BL), (b)(TWBL). 
 

velocity. The flow of scouring sediments in 

the direction of the triangular plate moved 

towards the outer bank, which was effective 

in increasing the sediment deposited near the 

outer bank. At downstream of the triangular 

vane, part of the velocity vectors moved 

towards the structure, and a 

counterclockwise vortex was formed behind 

the upper part (impermeable region), 

continuing its path towards the downstream.  

Figure 4-a shows that flow (at high 

velocities) is diverted towards the main 

channel and the inner bank. Figure 4-b 

shows the velocity vectors (at low 

velocities) at the downstream of the 

structures and near the outer bank, 

consequently, causing deposition in this 

region.  

Bed Shear Stress 

The results of the calculations (bed shear 

stress distribution pattern) at cross-sections 

of 107, 110, 112, 114, 116, 119, 124 and 134 

degrees and a cross-section of the straight 

path of the bend are shown in (Figure 5-a, b 

and c) for the non-structured case and the 

BL and TWBL structures, respectively. For 

the non-structural case, it is observed that in 

the second half of the bend, the shear 

stresses were gradually transferred from the 

middle of the channel to the outer bank. The 

maximum stresses occur near the outer bank, 

which is also consistent with the field tests. 

It is also observed that a smaller share of the 

stresses is distributed in the vicinity of the 

inner bank compared to the outer bank, 

which is due to the presence of centrifugal 

forces in the bend and the transfer of higher-

velocity flows to the outer bank. 

For the BL and TWBL structures, due to 

the deviation of the surface layers through 

the upper impermeable part of the structure 

towards the middle of the channel, larger 

stresses are distributed at the middle of the 

channel section. However, due to the 

permeability of the lower part of the 

structure and the possibility of passing of the 

flows in the lower layers, the flow velocity 

behind the structure is reduced, causing a 

smaller portion of the stress to be distributed 

near the outer bank. 

In both structures, the shear stress in the 

scour hole experiences an increase and the 

largest shear stress occurs at the bottom of 

the scour hole, which is consistent with the 

research by Dietrich et al. (1979). However, 

compared to the BL structure, the amount of 

the maximum shear stress and its extent are 

lower in the TWBL structure, which in turn 

prevents occurrence of scouring unlike the 
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(a) 

 
(b) 

 
(c) 

Figure 5. Shear stress distribution pattern a): 

(non-structured), b): (BL), and c): (TWBL) 

 

BL structure. The largest depth of the 

scouring and its extent occurred before the 

installation of the structure compared to the 

BL structure. 

According to some researches, the 

secondary flow in the channel bends causes 

a large shear force compared to the straight 

path, meaning that the bed shear stress 

analysis is more complicated in the bend 

compared to the straight path (Smith and 

McLean, 1984). In order to investigate the 

maximum relative shear stress variations in 

the upstream and down-stream of a single-

structure position, the ratio of the maximum 

shear stress in the bend to the shear stress at 

the straight part was calculated. The reason 

for this is the higher efficiency of secondary 

flows in the bend compared to that of the 

straight path as well as the high shear force 

generated due to the existence of these flows 

(Smith and McLean, 1984). 

For the non-structural case, as shown in 

Figure 9, the maximum relative shear stress 

is higher than 1, which indicates that the 

shear stress in the bend is greater than that in 

the straight path, confirming the results 

reported by Smith and McLean (1984). The 

difference between the minimum and 

maximum relative shear stresses in the non-

structured case is about 13%, which 

represents the roughly uniform distribution 

of the relative maximum shear stress in the 

non-structured case in the upstream and 

downstream regions of the single-structure 

position. 

As shown in Figures 10 and 11, for both 

the BL and the TWBL structures, the 

relative maximum shear stress is greater 

than 1. It can be seen that by approaching 

the position at which the structure is 

installed, the shear stress is increased 

relative to the non-structured case, which is 

due to the narrowing of the flow duct and 

the subsequent increase in velocity and flow 

per unit width. Table 1 shows the variations 

of relative maximum shear stress for the 

three cases. The maximum relative shear 

stress are increased by 56 and 30%, 

respectively, relative to the non-structured 

case. The relative maximum shear stress for 

the TWBL structure is, on the average, 17% 

lower than that of the BL structure.  
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(a) 

 
(b) 

 
(c) 

Figure 9. Variation of the maximum relative shear stress a): 

(non-structured), b): (BL), and c): (TWBL) 

Table 1. The relative maximum shear stress variations. 

Cross-section BL to NS TWBL to NS TWBL to BL 
107 ° 10 1 -8 

110 ° 28 8 -15 

112 ° 51 24 -18 

114 ° 84 59 -14 

116 ° 85 51 -18 

119 ° 85 38 -26 

124 ° 60 32 -17 

134 ° 47 24 -16 
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(a) 

 
(b) 

 
(c) 

Figure 9. Variation of the secondary flow strength a): (non-

structured), b): (BL), and c): (TWBL) 

 

Compared to the BL structure, the 

scouring and its extent occurred before the 

installation of the structure in the TWBL 

structure.  

Secondary Flow Strength 

In this section, Equation (5) was used to 

calculate the secondary flow strength in 

Sections 107 to 134 and plot the changes. 

Figures 12, 13, and 14 show the variation of 

the secondary flow strength along the bend 

in the upstream and downstream of the 

single-structure position for non-structured, 

BL, and TWBL cases. As seen for the non-

structured case, the distance between the 

positions of 107° and 134° along the bend is 
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Table 2. The secondary flow strength variations. 

Cross-section BL to NS TWBL to NS TWBL to BL 

107 ° -15 -38 -27 

110 ° -42 -58 -28 

112 ° -51 -72 -44 

114 ° -50 -50 -1 

116 ° -32 -42 -14 

119 ° -13 -19 -7 

124 ° -7 -16 -10 

134 ° -1 -11 -10 

 
ascendingly increased. This is due to the 

collision of the flow with the outer bank, as 

well as the increase in the square of the 

transverse velocities and the reduction of the 

square of the longitudinal velocities. 

By comparing Figures 13 and 14 with 

Figure 12, it can be concluded that the 

presence of the BL and the TWBL structures 

reduces the secondary flow strength along 

the bend in the upstream and downstream 

range of the single-structure position. Table 

2 shows the strength variations of the 

secondary flow for the considered three 

cases. Compared to the non-structured case, 

the BL and TWBL structures reduce the 

secondary flow strength by about 26 and 

38%, respectively. Compared to the BL 

structure, the TWBL structure reduces the 

secondary flow strength by about 20%, 

which indicates the lower inclination of the 

secondary flow toward the outer bank in the 

TWBL structure.  

CONCLUSIONS 

The flow deviation occurred through the 

impermeable upper part of both structures 

towards the middle of the channel. At the 

downstream of both structures, bubbling 

flows are formed by collision of upward 

flows with near-surface flows, ultimately 

causing disturbances in the latter. Both the 

BL and the TWBL structures reduced the 

strength of the secondary flow along the 

bend within the structure range. The TWBL 

structure, compared to the BL structure, 

reduces the secondary flow power by about 

20%, which indicates the lower inclination 

of 

the secondary flow toward the outer bank in 

the TWBL structure. Therefore, in this 

structure, the outer bank protection, 

deposition, and coastal development are 

better than the BL structure. The relative 

maximum shear stress in the TWBL 

structure is, on the average, 17% lower than 

that of the BL structure. Compared to the BL 

structure, the scouring and its extent 

occurred before the installation of the 

structure in the TWBL structure. 
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 درجه 081عملکرد هیدرودینامیکی سازه باندال لایک باله مثلثی در قوس 

 ع. سردسته، م. شفاعی بجستان، س. ع. ایوب زاده، و ج. م. و. سامانی

 چکیده

ایي هطالعِ تجربی بِ هٌظَر تعییي عولکرد ّیدرٍدیٌاهیکی سازُ باًدال لایک بالِ هثلثی اًجام شدُ، کِ 

ٍ صفحِ هثلثی هی باشد. برای اًجام ایي هطالعِ، از سرعت سٌج هغٌاطیسی  ترکیبی از سازُ باًدال لایک

JFE ALEC  برای اًدازُ گیری سِ هؤلفِ سرعت جریاى در شرایط ّیدرٍلیکی غیر هستغرق در عدد

استفادُ شد. برای ایي اًدازُ گیری، سِ حالت بدٍى سازُ، سازُ باًدال لایک ٍ سازُ باًدال  22/0فرٍد 

ثی در ًظر گرفتِ شدُ بَد. ًتایج ًشاى داد کِ اًحراف جریاى از طریك لسوت فَلاًی لایک بالِ هثل

غیرلابل ًفَذ ّر دٍ سازُ بِ سوت ٍسط کاًال رخ دادُ است. در پاییي دست ّر دٍ سازُ، برخَرد 

جریاى ّای رٍ بِ بالا با جریاى ًسدیک سطح، جریاى ّای جَشاى را ًاشی شدُ کِ باعث تلاطن هی 

دٍ سازُ باًدال لایک ٍ باًدال لایک بالِ هثلثی لدرت جریاى ثاًَیِ را در طَل لَس داخل  شًَد. ّر

هحدٍدُ سازُ کاّش هی دٌّد. سازُ باًدال لایک بالِ هثلثی در همایسِ با سازُ باًدال لایک، لدرت 

 دیَارُ سوت بِ ثاًَیِ جریاى کوتر توایل دٌّدُ ًشاى کِ دّد، هی کاّش ٪20جریاى ثاًَیِ را حدٍد 

ی ًسبی در سازُ باًدال لایک بالِ برش تٌش حداکثر. باشد هی هثلثی بالِ لایک باًدال سازُ در بیرًٍی

 است. لایک باًدال سازُ از کوتر ٪11هثلثی بِ طَر هتَسط 
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