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ABSTRACT 

The application of the reverse circulation structures (or spur dike which has a space at the bottom) for concave river 
bank protection becomes popular in recent years in Vietnam. In order to understand the mechanism and effectiveness of 
such hydraulic structures, the investigation on turbulent flow field around the structures is essential. Furthermore, it is 
important to determine the significant turbulence properties for prediction of the local sediment transport regime and 
hence the river evolution. In this study, a three-dimensional numerical model was used for simulating the velocity field 
around a series of reverse circulation structures in the (180o) channel bend. The 3D hydraulic model based on RANS 
equations using a non-linear k-ε turbulent closure was adopted in a generalized curvilinear coordinate system with 
moving coordinate technique for estimation of water surface variation. The simulation results of flow structure were 
then compared with a physical experiment and their good agreement confirms the capability of the numerical model in 
simulating the velocity field of such complex structures. 
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1. INTRODUCTION 

Erosion of the banks and bed of natural and manmade 
channels is a common problem in water resources 
management. “Reverse circulation” structures in rivers 
such as the Dinh River, Ninh Thuan Province in Vietnam 
are used to prevent bank erosion and to keep the main 
channel navigable (Fig 1). These structures are G-shape 
groins which have a space at the bottom and placed on 
concave bank of a channel bend. Most of these structures 
are emergent from the water surface only during low 
flows, then becoming submerged during flood events. 
The impacts of this type of structure could be shown in 
Figure 2 where the deposition box was form inside the 
groin after several years of construction. These effects 
were significant and in order to understand the 
mechanism and bank protection effectiveness of such 
hydraulic structures, how flow field and sediment 
transportation are influenced in surrounding region must 
be answered. The better understanding of flow field will 
aid river engineers in designing better embankments for 
preventing bank erosion and scour. 

To examine the flow around such complex structures, the 
3D numerical simulation is crucial. There have been 
many theoretical and numerical studies modeling flow 
fields in fully three directions (Jamieson E. C. et. al, 
Kimura I. & Hosoda T., Kuhnle R. A. et. al, Nagata et. 
al.,… ) and often these studies are validated with 
experimental observations. In 2013, Anh T.N et. al. (2013) 

developed a 3D model to simulate the flows around spur 
dikes and this model was tested with the experiments of 
Tominaga et. al (2000). But in that study the model was 
only verified with the flow field around both emerged 
and submerged solid spur-dikes. Although the good 
agreements between experimental and simulation results 
was obtained, it is still necessary to confirm the model’s 
capability in the reverse circulation groins’ cases. In order 
to validate the model, in this study an experiment was 
conducted in laboratory to observe the 3D flow field 
around using Acoustic Doppler Velocimeters (ADVs) 
then the measured flow field was compared with 
simulation results.  

 
Figure 1. Reverse circulation structure in concave bank of Dinh 
river, Ninh Thuan Province, Central Vietnam (just constructed in 
2003) 
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a) 2005 

 
b) 2008 

Figure 2. The deposition block was formed (upper: 2005; lower: 
2008).  

2. EXPERIMENT SETUP AND RESULTS 

2.1 Experiment setup 

The experiments were conducted in an U-shape flume. The 
lengths of two straight segments are 3.0 m and the curve radius 
of concave bank in meandering segment is 1.6 m (Fig. 3). The 
cross section of the flume is rectangular with 0.6 m wide. 
The slope of the flume (slp) was set as 1/2000. 

 
a) Plan view 

 
b) 3D view 

Figure 3. The experimental setup 

 
Figure 4. The reverse circulation structure  

The series of reverse circulation groins were attached 
against to the vertical wall in concave side of the bend 
segment (Fig. 3). Each reverse circulation groin has 
dimension of L1 = 20 cm, L2 = 20 cm, h = 10 cm and a 
(distance from the bottom) = 10 cm (Fig. 4).  

The velocities of the flow around those groins were 
measured at total 84 verticals, 15layers in each vertical, 
using a Nortek’s Vectrino-II Profiling velocimeter 10-
MHz micro-ADV. The positions of the verticals are 
shown in Figure 5.  The water discharge at upstream and 
the flow depth at downstream were kept constant, Q = 
32.1 l/s and H = 35 cm, respectively. 
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Figure 5. The positions of mesurement verticals  

2.2 Experiment result 

Figures 6, 7, 8 show the results of the measurement 
around each spur-dikes in which (a) is total view and (b) 
is focusing on the inner part of the spur-dike. 

 
a) Total view 

 
b) Focusing on the inner part of the groin. 

 Figure 6. Observed flow field around groin No.1  

 
a) Total view 

 
b) Focusing on the inner part of the groin. 

Figure 7. Observed flow field around groin No.2 

 
a) Total view 

 
b) Focusing on the inner part of the groin. 

Figure 8. Observed flow field around groin No.3 
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The flows were apparently influenced by the groins. The 
flow outside the groins tended to move to the convex side 
of the channel (Fig. 5a, 6a, 7a) instead of concave one as 
usual. Meanwhile the flows inside the groins were 
slowed down and became fully turbulent (Fig. 5b, 6b, 7b). 
The vortices were formed especially in the layers above 
the structure’s aperture although the measured data were 
not detailed enough to show them clearly. Therefore, the 
3D numerical simulation is needed to examine the flow 
field and these data would be used to verify the model. 

3. APPLICATION OF NUMERICAL MODEL 

3.1 Numerical model 

The three-dimensional model used in this study was 
originally coded by Nagata et al (2005) then developed 
and improved by Anh T.N., et.al. (2013). It solved the 
Reynolds averaged Navier-Stokes equations (RANS) with 
contravariant components of velocity vectors in a moving 
generalized curvilinear coordinate system. The RANS 
equation system was closed with the nonlinear k- 
turbulence model. The governing equations were solved 
by applying the finite volume method on a full-staggered 
grid system. The QUICK scheme was used for the 
convection terms (Leonard, 1979) and the central 
differencing is applied for the diffusion terms of the 
momentum equations. The hybrid central upwind 
scheme was applied to the k and  equations. The 
pressure field was solved using the iterative solution 
algorithm (SOLA) of Hirt et al. (1975), and the wall 
function approach was applied for the wall boundary 
conditions for k and . This 3D model were applied for 
simulating the flow field around a triangle shape spur-
dike in Hong river in Vietnam ( Anh T.N., et.al., 2010) 
and a series of two spur-dikes in a straight channel in 
Tominaga’s experiments (Anh T.N., et.al., 2013).  

3.2 Simulation results 

All the above experiment conditions were simulated 
using the developed model in a domain including i x j x k 
= 140 x 24 x 20 = 67200 cells in which i = streamwise 
direction, j = cross-streamwise direction, k = vertical 
direction with a higher resolution of cells nearest the 
groins (Fig. 9). 

 
Figure 9. The simulation domain. 

 

 
a) Total view 

 
b) Focusing on the inner part of the groin. 

Figure 10. Flow field around groin No.1  

 
a) Total view 

 
b) Focusing on the inner part of the groin. 

Figure 11. Flow field around groin No.2  
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a) Total view 

 
b) Focusing on the inner part of the groin. 

Figure 12. Flow field around groin No.3  

Figures 10, 11, 12 show time-averaged images of velocity 
vectors of flow around the groins which were calculated 
by the 3D model in compared with the observation 
results. 

Those figures showed that the simulation results are quite 
similar to observation in both direction and magnitude of 
the velocity vectors especially in the out side region of the 
groins. The flows inside the groins were strongly 
influenced by the structures despite some small 
discrepancy between simulation and observation.  

Figure 13 shows flow field in plan-view at the different 
depth: a) near the bed (i.e under the structure’s aperture);; 
b) in the middle (in structure’s body);; and c) near the 
water surface (above submerged structure). Since the 
structure is located in the middle of water depth therefore 
flows could reach the concave bank (Fig 13a, c) while it 
could not in the mid-layers (Fig. 13b). 

In order to consider the properties of flow field in cross-
section view, we consider three cross-sections (A-A, B-B, 
C-C). The positions of these cross-sections are shown as 
in Figure 14. The Figure 15 shows velocity vectors in 
cross-sections view at the position having groins. Some 
large vortices were formed inside the groins with 
opposite directions (anti-clockwise in near-surface layer 
and clockwise in near-bed layer) and all resulted in the 
decreased flows against the concave wall. 

 
a)  Flow field in near-bed layer 

 
b)  Flow field in middle layer 
 

 
       c) Flow field in near-surface layer 

Figure 13. Flow field in plan view 

The simulation results also confirmed that with the 
presence of reverse circulation groins, the concave bank 
of the channel was protected from the strong velocity 
vectors but it still allowed the near-bed flow to reach the 
bank. This might explain the mechanism of deposition 
box forming in Fig. 2 since the near-bed flows tend to 
bring more sediment than the flows in higher layers. 



189 

 
Figure 14. The positions of cross-sections A-A, B-B, C-C 

 
a) Cross section A-A 

 
b) Cross section B-B 
 

 
c) Cross section C-C 

Figure 15. The velocity vectors in cross-section view 

 
a) Positions of vertical V1 and V2 

 
b) Velocity profile at vertical V1 

 
c) Velocity profile at vertical V2 
Figure 16. Velocity profiles at vertical V1 and V2 

Groin 
No.1 

Groin 
No.1 

Flow 

Flow 
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Figure 16 shows velocity profiles at vertical V1 (at 
upstream of groin No.1) and vertical V2 (at downstream 
of groin No.1) in compared between observations (Obs) 
and simulation (Sim). Through this figure, we can see the 
agreement in values of velocity between observations and 
simulation. In addition, we also can see the effect of the 
groin in flow direction. 

4. CONCLUSIONS 

In this study, the flow field submerged reverse circulation 
groins in steady conditions was analyzed both by 
experiment in laboratory and numerical simulation. The 
model could show its capacity to explain the mechanism 
of deposition inside the groins although it still needs to be 
improved by verifying with the case of emerged groins. 
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