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Abstract

Spur dikes are used to protect river banks from erosion and also keep the main channel navigable. These
structures are built from the river bank into the stream flow and usually they are built in group. A spur
dike may be submerged during the flood conditions or to be exposed during the low flow. Spur dikes may
be classified into two types: impermeable and permeable. Present paper illustrates results of numerical
study on flow field around a series impermeable and non-submerged spur dikes with the vertical attitude
to the flow axes. In this study the CFD program namely FLOW-3D has been used to simulate the flow
field around the spur dikes. In additions, several turbulence models have been applied in order to achieve
the best numerical simulation. Finally longitudinal, transverse and vertical component of flow velocity,
velocity vectors and streamlines caused by numerical simulation were compared to experimental results.
Achieved results can prove that Flow pattern simulation around the spur dikes could be done by
FLOW-3D numerical modeling, very well.
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1. INTRODUCTION

River banks are often exposed to erosion and destruction. Destruction of banks depends on the type of
erosion and characteristics of banks like their shapes and their mechanical properties. Using spur dikes as an
indirect technique for erosion protection is one of the common and economic methods. A spur dike is a
structure that projects from a stream bank into the river channel and causes a redirection of flow away from
the bank toward the tip of the spur dike. These structures are usually preferred to be built in group. Spur dikes
benefit the stream by reducing velocities near the banks and create still water areas that encourage deposition
and channeling flow to reduce the width and create a defined channel. Construction of spur dike against the
flow causes significant changes in flow pattern in channel. For example, spur dike causes a difference in
hydrostatic pressure at upstream and downstream of the structure which will cause a whirlpool disturbance
around it. These changes result in scour phenomenon around spur dikes which may lead to structure failure.
Therefore investigating the characteristics of flow pattern around spur dikes have been a great interest in river
engineering. Numerous researchers like:, Hao Zhang et al (2009), Beheshti (2010), Duan (2009), Naji (2010),
Karami (2011) [1,2,3,4] made a variety of experiments in order to determine the flow pattern around spur
dikes. Most of these researchers studied effect of single spur dike, while using series of spur dikes is more
effective in protection of rivers. Besides experiment studies, variety of CFD models have been developed for
computing flow pattern around hydraulic structures; like Fluent, FLOW-3D and SSIIM. Herein FLOW-3D
numerical modeling has been used to investigate flow pattern around a series of spur dikes and streamlines
and components of velocities have been studied.

2. EXPERIMENT

For verification the numerical model, the results of experiment which was carried out by Karamil (2010) was
used. The experiment was carried out at the porous media laboratory of Amirkabir University of Technology
(Tehran polytechnic). A rectangular section flume of 14 m length, 1 m width and 1 m depth was used for the
experiments. The bed and sides of the flume were made of glass supported by a metal frame. Three 25 cm
length, impermeable, non-submerged and perpendicular to the flow direction spur dikes were installed in the
flume. After the first spur dike was installed in 6.16 meter distance from the flume entrance, the space
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between them was fixed equal to twice of the spur dike length, (2L, L is spur dike’s length). The flow
discharge was regulated by an inlet valve. It was measured by a rectangular weir at the flume. An Acoustic
Doppler Velocimeter (ADV) was used to measure the three components of velocity in longitudinal, vertical
and lateral directions. Figure (1) indicates the experimental spur dikes and ADV in laboratory. Figure (2)
shows a schematic view of the experimental flume and the spur dikes.
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Figure 1. Experimental spur dikes and ADV in Laboratory
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Figure 2. Schematic view of the experimental flume and spur dikes
3. NUMERICAL

In the present study a CFD model namely FLOW-3D was used to solve the flow around spur dikes. The
commercially available computational fluid dynamics software, FLOW-3D solves the transient
Navier-Stokes equations by the volume-of-fluid method [5]. In addition to the basic abilities, the model
supports several turbulent closure using a number of advanced and widely accepted numerical schemes
[6,7,8] for simulating turbulent flows. These include Prandtl's mixing length theory, one equation turbulent
energy (K), the two-equation (k-£), Renormalization-Group (RNG), and Large Eddy Simulation (LES)
closure schemes. The RNG k-£ model of Yakhot and Orszag (1986) is an extension of the k-£ model [7,9].
However, it requires less reliance on empirical constants and provides a better solution in areas affected by
high shear [10]. Standard values of turbulence parameters [7,9] have been used to develop FLOW-3D. The
model also has a number of other features, such as the ability to construct non-uniform grids, automatic time-
step selection, graphical post-processing, etc. Several turbulence models have been used in simulating three-
dimensional flow field around spur dikes. Mendoza-Cabrales (1993) used the k-&turbulence closure model to
solve three-dimensional flow around circular piers and computed the associated bed shear stress [11].
Melville (1975) found a large discrepancy between the experimental data and his numerical model results
showing inadequacy of the k-¢ turbulence model for vertical three-dimensional flow [12]. Smith and Foster
(2005) compared the result of LES and the standard k-& turbulence model to solve three-dimensional flow
around a cylinder over a scoured bed and predicted the accuracy of the k-£ model [13]. Haltigin et al. (2007)
and Bradbook et al. (2001) showed that the RNG k-&£ model gives a good estimation of the velocity field
[14,15]. The present study will examine various turbulence models using the FLOW-3D software and the
appropriate turbulence model will be used for simulating flow field around the spur dikes.

In this study the geometry of channel was made in Auto Cad an then it transferred to FLOW-3D for
generating the grids in channel. After generating the grid a sensitivity analysis was carried out for
investigation of effect of various turbulence models. It appeared that the RNG k-£ model and standard k-&
model, performed better than the Prandtl’s mixing length model and one equation model. Then the two
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equation; k-£ model was used. Based on a sensitivity analysis of effect of two k- standard and k-& with
some RNG extensions turbulence models, the k-& turbulence model with some RNG extensions showed the
best agreement with experiment measurements. Table (1) indicates the amount of the errors for the
turbulence models at several sections around first spur dike for three velocity components. It can be seen that
the k- RNG model shows best agreement with measured velocities. After selecting the k-£ RNG turbulence
model the flow pattern around spur dikes was simulated. The results are showed in next part.

Table 1- Amount of errors between computed velocities and measured velocities around first spur dike

Velocity component U V W
k-£ standard 6.8 22 29
k-e RNG 8.5 28 36

4, NUMERICAL RESULTS

Figure (3) indicates comparison of numerical values with experimental values and Prandtl values at x=5.5 m,
y=0.5 m, it can be seen that numerical model could simulate the velocity in flow direction with sufficient
accuracy. Figure (4) illustrates amount of computed velocities components and measured velocities
components around first spur dike at two sections, and figure (5) indicates the streamlines achieved from
experimental method and numerical method. These results indicate the accuracy of the numerical model in
calculating the flow pattern around spur dikes.
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Figure 3. Comparison of numerical values with experimental values and Prandtl values at x=5.5 m, y=0.5 m.
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Figure 4. Comparison of computed velocities and measured velocities around first spur dike:
(a) U (velocity in flow direction) (b) V (velocity in lateral direction)
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Figure 5. Stream lines at z=2cm : (@) Numerical (b) Experimental

It can be seen in figure (5) that there is a backward water area at upstream side of the first spur dike. It can be
seen in this figure that a still area and clockwise horizontal vortex is formed within the zone between two

spur dikes.

Encountering the approaching flow to the first spur dike caused a difference in pressure between the water
surface and bed level, which made the flow move downward, then moved in the opposite direction of
approaching flow. This phenomenon caused the formation of principal vortex, which is considered as the
main reason for scouring around spur dikes. Figure (6) indicates the downflow which achieved by numerical
model. The results proved that the maximum amount of velocity was occurred at the tip of the first spur dike
and at downstream side of that. Figure (7) indicates the streamlines in X-Y plane, it can be seen that the
dimension and power of vortexes is higher at the vicinity of bed surface in compare to water surface.
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Figure 6. Downward flow at the upstream side of the first spur dike
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Figure 7. Stream lines at: (a)z=0.5cm((b)z=2cm(c)z=5cm(d)z=8cm

5. CONCLUSION

In this research, flow pattern around three non-submerged, impermeable, and perpendicular to the flow
direction spur dikes was studied with numerical method. By comparing the 3D model with the experimental
measurements, the model was found to reproduce flow pattern around spur dikes with sufficient accuracy.
The following main results were found in this research:

- The FLOW-3D model was able to resolve the spur dikes correctly and reproduced the three-dimensional
flow field around the spur dikes for the rigid bed condition.

- From the comparison of the simulated velocities with the measurements, the best turbulence closure scheme
was investigated. It appeared that the RNG k-& model and standard k-& model, performed better than the
Prandtl’s mixing length model and one equation model for the complex flow field around the spur dikes for
rigid bed condition and comparison of the results from the RNG k-& model with the standard k-& model
showed that the predictions of the k-¢ turbulence model with some RNG extensions agreed better than other
turbulence models when compared with the existing experimental results for the rigid bed condition.

- It was achieved that maximum velocity in flow direction occurred at the downstream side of the first spur
dike and close to the tip of the spur dike.

- It was achieved that the dimension and power of the vortexes in X-Y plane within the zone between two
spur dikes is higher close to the bed in compare to water surface.

- It was observed that a downward flow was formed at the upstream corner of the first spur dike which is
considered as the main reason for scouring around spur dike.
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