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One of the significant issues in hydraulic engineering is reducing erosion in
rivers by using groynes to preserve soil. The purpose of this study is to
investigate numerically the groynes' presence on the sedimentary flow
parameters using FLOW-3D software. For this purpose, groynes were
examined at angles 30°, 60°, and 90° under 10 scenarios in various discharge
and hydraulic conditions. Here, the mesh block with dimensions of 5 mm was
chosen as the optimal mesh block for simulating models. In addition, Large
Eddy Simulation (LES) turbulence model was used for simulations. In the
scenarios where two blades are used scouring is observed in the first blade,
while the sedimentation phenomenon was observed in the groyne after the first
groyne in the direction of the flow. In the two blades with a distance of 0.60
m from each other, 48 mm erosion occurred. The highest amount of scour is
related to the arched groyne (LLeft-Q285) with 45 mm. Discharges have an
increased effect on scouring, so by comparing the scenarios with one groyne
(I-Q285, 1-Q200, and 1-Q350), the lowest amount is with the value of 5.5mm
corresponding to 1-Q200. The insufficient erosion in the angled groynes
corresponds to the smaller angle scenario.
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EXTENDED ABSTRACT

Introduction

The spreading of the river water to the sides of the
river and the washing of the walls inward causes
the water to expand on the river's surface. It
destroys the walls and wastes of river water. In
addition, the depth of the river decreases. This
issue leads to problems such as the loss of aquatic
life and disturbance in the movement of floating
vehicles on the river and causing damage to
devices such as turbines. This issue is especially
significant in low-water seasons and dry areas.
This problem can be compensated and prevented
by some structures. The groynes structures are
used to deepen rivers and prevent the destruction
of riverbanks, which is sometimes dangerous in
sensitive  areas. Groynes are structures
perpendicular to the river wall that reduce the flow
velocity depending on their type and placement
angle. On the other hand, these structures direct
the flow to the inside of the river. Since the lands
around the rivers have special agricultural
importance, the restoration of these lands by
preventing water from advancing to the sides due
to the destruction of the walls is another reason for
using groynes. In the current research, the factors
affecting scouring around the groyne structure in
submerged conditions were investigated so that
the performance of different types of groynes
according to various geometric and hydraulic
conditions would be discussed and examined
more closely. For this purpose, in this research,
using the FLOW-3D numerical model, various
types of blade groynes have been modeled under
different scenarios in single and double modes at
different angles and positions in the flow path

with var hydraulic and geometric characteristics
in order to improve the efficiency of groynes.

Material and Methods

To select the optimal mesh, simulations were first
performed with large mesh dimensions; then in
the next steps, simulations were performed with
smaller mesh dimensions than the previous step in
order to obtain acceptable results. Here, the
optimal mesh was selected by performing
simulation in 5 modes, with different mesh
dimensions. Since in the mesh with the
dimensions of 4.5 and 5 mm, the simulation
results were very close to each other and had
similar results in the wvelocity contours and
sedimentation rate; therefore, the mesh with the
dimensions of 5 mm was chosen for the
simulation of other models. In selecting the
boundary conditions, the volume flow rate has
been used for the inlet and the outflow condition
has been selected at the end of the channel. Also,
for the walls and bottom, and upper surface, wall
and symmetry boundary conditions are chosen,
respectively. In this research, the LES turbulence
model was chosen for the simulations. Among the
reasons for choosing this model, we can mention
things such as reliability in answering various
problems, accurate solution of equations, and high
accuracy in showing details of the flow and
review of previous studies. In the definition of the
initial conditions, the pressure distribution is
defined as hydrostatic. A duration of 500 s was
considered for the simulation. The research was
investigated in the discharges of 20, 28.5 and 35
I/s with 10 scenarios. In addition, the sediment
properties of sand were with a diameter of 0.001
m, density of 2650 kg/m3 and thicknesses of 0.06
m (Table 1).

Table 1 The examined scenarios

No. Scenario Name Geometric Conditions Q (I/s)
1 T-Q285 1 T-shaped groyne 28.5
2 1-Q285 1 I-shaped groyne 28.5
3 LRight-Q285 1 L-shaped groyne 28.5
4 LLeft-Q285 1 L-shaped groyne 28.5
5 130-Q285 1 I-shaped groyne with an angle of 30° 28.5
6 160-Q285 1 I-shaped groyne with an angle of 60° 28.5
7 DI80-Q285 it}ll-esraped groynes with a distance of 0.80 m from each 28.5
3 DI60-Q285 2 I-shaped groynes with a distance of 0.60 m from each 28.5
other

9 1-Q200 1 I-shaped groyne 20
10 1-Q350 1 I-shaped groyne 35
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Investigation of the Performance of Blade Groynes on Scouring

Results

In Table (2) by examining the results obtained
from the modeled scenarios, the highest scouring
is related to the single scenario with arc mode
(LLeft-Q285) by 45 mm. It shows the effect of the
operation of opposite blades in the flow direction.
In other words, if the shape of the blade is not in
accordance with the direction of the flow, more
erosion will occur in its vicinity. By comparing I-
Q285, DI60-Q285, and DIS0-Q285 scenarios, we
can see the highest scour rate for DI60-Q285 and
then the DI80-Q285 scenarios. Discharge changes
have a high effect on scouring, so by comparing
the single mode scenarios such as [-Q285, 1-Q200,
and 1-Q350, the lowest amount with the value of
5.5 mm is related to the I-Q200 scenario.
Therefore, with the increase in the discharge, the
scouring rate increases. In addition to the local

scouring that occurred in the vicinity of the blade,
knowing the amount of sediment removed from
the channel also provides valuable information.
For this purpose, the changes in the volume of
sediment on the bottom of the channel after the
completion of the simulation have been
calculated. Among the 10 mentioned scenarios,
the highest amount of sediment removed is related
to the DIS0-Q285 scenario, in this scenario due to
the presence of two blades in the channel, the
eddies between them lead to high erosion of the
bed. So that in the two blades with distance of 0.60
m from each other, 48 mm erosion has been
occurred. In contrast, 130-Q285 and [-Q200
scenarios have the lowest amount of erosion,
which for the first case is due to the direction of
the blade flow. In addition, for the second case,
the root is in the reduction of the inlet discharge.

Table 2 General results of the examined scenarios

Erosion of the

Scenario No. Scenario Name

Channel Bottom

Maximum Dune Maximum Scouring

(cm?) Height (mm) Depth (mm)
1 T-Q285 5780 14 36
2 1-Q285 1320 13 11
3 LRight-Q285 2340 22 20
4 LLeft-Q285 5670 45 45
5 130-Q285 1010 14 12
6 160-Q285 1260 26 16
7 DIS0-Q285 6210 22 24
8 DI60-Q285 5750 12 48
9 1-Q200 810 6 5.5
10 1-Q350 2520 6 23
Conclusions addition to the mentioned case, the maximum

The range of scours generally occurred near the
blade. The eddy current in the area of the blades
has created dunes with a height proportional to the
scour depth in its vicinity. In the scenarios where
the angular mode of the blade is used, in the upper
wall, repeated scours and dunes can be seen,
which is the reason for the change of the flow
gradient towards the upper wall. In the scenarios
where two blades are used, severe scouring occurs
in the first blade, while sedimentation
phenomenon is observed in the second groyne. By
comparing the first to the fourth scenario, it can be
seen that the lowest amount of erosion is for the I-
shaped groyne, while the highest amount of
erosion is related to the T-shaped groyne. In

Environment and Water Engineering

scour depth is related to the L-shaped groyne.
Among the scenarios in which the two groynes are
used, the amount of erosion for the case where the
distance between the two groynes is 0.60 m has
been assigned a lower value.

Data Availability
The data can be sent by the correspounding author
via email.
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Table 1 The examined scenarios

No. Scenario name Q (Us)
1 T-Q285 28.5
2 1-Q285 28.5
3 LRight-Q285 28.5
4 LLeft-Q285 28.5
5 130-Q285 28.5
6 160-Q285 28.5
7 DI80-Q285 28.5
8 DI60-Q285 28.5
9 1-Q200 20
10 1-Q350 35
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Table 2 Results of the examined scenarios

Erosion of the

Scenario No. Scenario Name

Channel Bottom

Maximum Dune Maximum Scouring

(cm?) Height (mm) Depth (mm)
1 T-Q285 5780 14 36
2 1-Q285 1320 13 11
3 LRight-Q285 2340 22 20
4 LLeft-Q285 5670 45 45
5 130-Q285 1010 14 12
6 160-Q285 1260 26 16
7 DI80-Q285 6210 22 24
8 DI60-Q285 5750 12 48
9 1-Q200 810 6 5.5
10 1-Q350 2520 6 23
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