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              ABSTRACT  
Spur dikes are river training structures used for prevention of erosion at river banks and cause distancing of flow from the 
critical zone and creation of local contraction in water flow. In the present study, 2D modeling of the flow pattern around a 
spur dike in a straight canal with 6m length and 0.45m width is presented. Also the finite element method is utilized for 
solving the differential equations. Modeling of the turbulent flow around a single spur dike is performed using k-  model in 𝜺
ANSYS software and the results were compared to those of the experimental study. The results show that the finite element 
method, by incorporating the k-  model, models the flow pattern around the spur dike well and yields an average error value 𝜺
of 12.57%, and this shows a good agreement between the numerical modeling results and those of the experimental study. 
Key words: Spur dike, Flow field, Finite element, LES turbulence model.
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  1. INTRODUCTION
pur dikes are the river structures used to prevent 
erosion of the river banks and cause distancing of 
flow from the critical zone and cause local 

contraction in the water flow (1). This structure affects the 
flow line and when the flow encounters the spur dike, it 
experiences circulation and complicated oscillations. 
Understanding the function of these rotational flows is 
essential for understanding the scouring phenomenon 
around the spur dikes (2). In this respect, various 
experimental and numerical studies have been performed. 
Nagata et al. (2005) have numerically simulated the 3D 
flow pattern around a single spur dike with live bed and, 
while analyzing the structure of mean flow, they 
investigated its relation with occurrence and development 
of scour hole. According to the results obtained by the 
abovementioned researchers, at the start of computations, 
the flowlines are concentrated at the spur dike tip. In the 
case of a balanced bed, due to formation of scour hole, the 
dimensions of rotational zone are expanded and flow lines 
are transferred to the canal center. In the case of the flat 

bed, the rotational flows are not adequately developed but 
by occurrence of scour hole, the rotational flows are 
intensified  and while having intense downstream flow at 
the upstream side of the spur dike, the recirculation flow 
also is intensified at the vicinity of bed (3). Koken and 
Constantinescu (2008) carried out comprehensive studies 
on the structure of 3D currents (averaged and 
instantaneous) around a single spur dike in a straight canal 
in two cases of the fixed flat bed and deformed bed using 
the Large Eddy Simulation (LES) method. They have 
referred to occurrence of two types of horseshoe vortices; 
the first type is formed due to downstream flow at the 
upstream side of the spur dike and its mixture with the 
boundary layer of the incoming flow (4). Duan (2009) 
studied the mean and turbulent flow structures around a 
straight spur dike in a laboratory canal with fixed flat bed. 
She measured the flow field in 8 deep layers and at 
upstream and downstream of the single spur dike. 
According to her findings, the mean velocity is separated 
in both lateral and vertical directions and, at the back of the 
spur dike within the circulation zone, a combination of 
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horizontal and vertical vortices is observed (5, 6). Nagy 
(2005) investigated the angle of vane-shaped dike with 
respect to the bank and Froude number in two submerged 
and non-submerged cases for a spur dike in a straight 
alignment. He found that the flow pattern for the 
submerged spur dike exhibited less turbulence with respect 
to the non-submerged one and the flow velocity around the 
non-submerged spur dike is more reduced with respect to 
that of the submerged spur-dike (7). Uijttewaal and Booji 
(2000, 2005), experimentally investigated the flow pattern 
around a trapezoidal shaped submerged spur dike with four 
side slopes in a straight alignment. The results showed that 
in permeable spur dikes, contrary to the impermeable ones, 
the momentum of flow over the spur dike body disrupts the 
rotational flow structure at the end of spur dike and in fact 
prevents formation of the rotational pattern (8, 9).  
Elawady et al. (2000), by examining the parameters such 
as the  length and height of spur dike, flow rate, 
submergence percentage, and angle of the spur dike with 
respect to the bank, investigated the flow pattern for a 
vane-shaped dike in a straight alignment. They found that 
in case of high submergence upstream of the spur dike, at 
layers close to the bed,   some vortices were formed 
perpendicular to the flow direction and toward upstream of 
the spur dike. At downstream of the spur dike they had the 
shedding state. Whereas in case of low submergence the 
layers close to the bed, flowed with a high velocity 
downward along the spur dike and no vortex was observed 
upstream of the spur-dike (10). Kumar and Malik (2016), 
investigated the flow pattern around a single repelling-type 
spur dike with angles of 45 and 60 degrees with respect to 
the flow axis , and also the T-shaped straight spur dike by 
FLUENT software and presented the flowlines and 
velocity distribution at two levels; one close to the water 
surface and other close to the bed. They concluded that the 
effect of spur dike shape is much more visible at the level 
which is close to the bed in comparison to the water 
surface level. But the effect of Froude number in all cases 
is negligible both in terms of the spur dike shape and angle 
with respect to the flow direction (11). Salamatian et al. 
(2016) experimentally studied the flow pattern and shear 
stress for a triple series of vane-shaped and straight dikes 
in a 90 degrees bend.  They located the triple series in three 
positions of 30, 45 and 90 degrees and measured the flow 
field considering a range of 20 degrees higher and 20 
degrees lower than these values using a 2D velocimeter. 
The results showed that, by movement of the triple series 
downward, the length of separation zone is reduced but its 
width remains constant (12). In the present research 
modeling of the turbulent flow pattern around a single spur 
dike is presented using the ANSYS software and 
application of the finite element method and LES 
turbulence model. Modeling is performed based on the 
experimental study by Asadzadeh (2012), and the obtained 
results of modeling are compared to the results of this 
research. 

2. NUMERICAL MODELING
ANSYS software is among the analysis tools in which the 
finite element method is incorporated for modeling and 
analysis. The finite element method is developed for 
solution of complex problems with arbitrary geometries 
and varying material types, and loadings. In this method 
the complex models are first divided into smaller solvable 
elements. Then, by combining the results of solving each 
element, the total response of model is obtained for each 
point. The capability of analyzing various problems and 
enhancement of computer tools have caused widespread 
use of the finite element method and the software produced 
based on it (13). 

3. GOVERNING EQUATIONS
For modeling of this problem the finite element method is 
used, and to account for the flow turbulence effects, the k-

 model is applied. The governing laws of an 𝜺
incompressible viscous fluid flow are stated by a 
continuity equation and three momentum equations along 
the three coordinate axes which are known as Navier-
Stokes equations. These equations in fact state the 
consistency of mass and momentum in mathematical 
language. The continuity equation or the conservation of 
mass equation in a fluid flow is stated as equation (1) (14):

                                                                                                                 
∂ρ
∂t +

∂
∂xi

(ρui) = 0

(1)

Navier-Stokes equations are the governing momentum 
equations for a viscous, Newtonian fluid flow and the 
tensor form of these equations is stated in the Cartesian 
coordinates as equation (2): 

                                                                                      ρ(∂ui

∂t + uj

∂ui

∂xj
) =-

∂P
∂xi

+
∂τij

∂xj
+ ρgi

(2)    

The left hand side of the above equation states the fluid 
acceleration which includes the temporal and spatial 
changes of the velocity. The terms at the right hand side 
state the force per unit mass. The basic idea behind LES is 
that all turbulent structures which could be computed using 
a computational grid are directly computed and only very 
fine structures which could not be computed are 
approximated. When using LES, care must be exercised 
that this model is a 3D model and time dependent. 
Furthermore, the oscillations should be initialized or 
defined at input boundaries. In this model the turbulence 
effects that are very small and could not be computed, 
should be represented by the turbulence viscosity which is 
proportional to a length scale multiplied by a criterion of 
the oscillations in that scale. This model uses a geometric 
mean of the grid cell dimensions for the length scale (15):
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L = (δx.δy.δz)
1
3 (3)

And it scales velocity oscillations by multiplication of L 
magnitude and the mean shear stress. These quantities are 
combined to present the kinematic eddy viscosity of the 
LES model:

𝜈𝑇 = (𝐶.𝐿)2. 𝑒𝑖𝑗𝑒𝑖𝑗 (4)

Where C is a constant coefficient ranging from 0.1 to 0.2 
and   is the rate-of-strain tensor.𝒆𝒊𝒋

4. MODEL PREPARATION
The experimental study of this research was performed in 
2012 at Tarbiat Modares University in a canal with 6m 
length and 0.45 m width. The used spur dike in this 
experiment has a length of 10cm, width of 5cm and side 
slope of 75 degrees and the tip slope is zero. Also the mean 
flow velocity before the spur dike is 0.3m/s and the flow 
depth is 11cm. The crest center is located 2.5m away from 
the beginning of the canal and the flow field is measured 
30 cm upward from the upstream spur dike and 1.14m 
downward from the crest center. Thus for modeling the 
problem , the intended geometry with a total length of 
3.64m and width of 0.45m was built using ANSYS 
software. It was performed in a way that, first, according to 
the experimental study, the two dimensional figures of 

canal and spur-dike were drawn and gridding was 
performed with 1cm distance between lines. Then, the 
boundary conditions for velocity and pressure were applied 
at different surfaces so that the velocity at the input surface 
was taken 0.30m/s and velocity gradient at the output 
surface and wall surfaces was taken zero also the pressure 
at the output surface was taken zero and the pressure 
gradient at the input surface and wall surfaces was taken 
zero. Modeling of the turbulent flow in this solver was 
conducted by the LES model. 

5. RESULTS AND DISCUSSION 
By moving toward the spur dike, the flow was affected by 
the spur dike and the flow lines were gradually diverted 
from the walls of the spur dike toward central part of the 
canal. The highest value of longitudinal velocity 
component was at the front of the spur dike which was due 
to contraction of the flow width. The highest value of 
negative longitudinal velocity and the highest value of 
negative transverse velocity occurred at the back of the 
spur dike and this indicates the occurrence of rotational 
flow at the back of the spur-dike. Constriction of flowlines 
at upstream edge of the spur dike is completely evident and 
transverse diversion of flow at upstream edge of the spur 
dike indicates the highest value of positive transverse 
velocity component. The results show that, in terms of the 
flow pattern, numerical modeling is compatible with the 
experimental research (Figure 1 and Figure 2). 

(a)

(b)
Figure 1. Velocity contour around a single spur dike for the longitudinal velocity component at the level of 2cm from the bed; a) Experimental study; 

b) Numerical modeling
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(a)

 (b)
Figure 2. Velocity contour around a single spur dike for the transverse velocity component at the level of 2cm from the bed; a) Experimental study; 

b) Numerical modeling

For quantitative comparison of velocity values, variations 
in the longitudinal and transverse velocity components at 
the flow centerline are shown in Figure 3.  The results 
indicate that, in addition to the flow pattern around the spur 

dike, the values of longitudinal and transverse velocity 
components along the flow centerline also exhibit a good 
compatibility.

(a)
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 (b)
Figure 3. Velocity values in the experimental and numerical models along the canal centerline, a) longitudinal velocity; b) transverse velocity

For quantitative investigation and comparison between the 
experimental results and the present model results, the 

error values are calculated by the following expression 
(16):

Error =
1
N

N

∑
i = 1

φi - φ'
i

φ'
i

× 100 (5)

In this equation, N is the number of data,   is the quantity ∅𝒊

value obtained from the present model and   is the ∅'
𝒊

quantity value from the experimental study. Using the 
experimental data and the results of numerical model 
(Figure 3), the corresponding error of simulating the 
longitudinal velocity component is 10.31% and that of the 
transverse velocity component is 14.83%. Thus the 
presented model has a mean error of 12.57% which is in 
the acceptable range.

6. CONCLUSION
In this research the modeling of the flow pattern and also 
distribution of longitudinal and transverse velocities 
around the spur dike were performed using ANSYS 
software. The results indicate that the maximum positive 
longitudinal velocity occurs at the front of the spur dike. 
Also the maximum positive transverse velocity occurs at 
the upstream edge of the spur dike. The maximum negative 
longitudinal and maximum negative transverse velocities 
occur at the back of the spur dike which in turn cause 
rotational flow. Also distribution of longitudinal and 
transverse velocity components exhibited good 
compatibility and the results obtained by comparison 
between values of longitudinal and transverse velocities at 
the canal centerline showed a mean error of 12.57% which 
is within the acceptable range.
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