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Revised: 2019/07/03 Introduction: Scouring depth due to dam break flows as one of the
Accepted: 2021/05/28 important engineering problems can be investigated numerically by
means of an appropriate multiphase model. Smoothed Particle
Hydrodynamic (SPH) model is a Lagrangian Mesh-free based method
that has been introduced to solve such complicated flows.

Methods: A Multiphase version of this model is modified in this
study to predict scouring depth after dam break flows. At first, the
introduced model is validated via comparing the results with
experimental data and it is confirmed that the model can well predict
turbulent multiphase flows. Then, the performance of a scour
protection structure with different length and heights is simulated
against dam break flow to find an optimum geometry for this
structure.

Findings: Based on the results, it is concluded that the effect of
structure height on scour reduction is more sensible than the effect
of structure length. In contrast to the structure length, a small edge
atthe end of the protective structure can efficiently decrease the final
scoured depth. However, there exists an optimum height with the
best performance. A too high scour protection structure can even
result in a higher scouring depth than an unprotected -case.
Therefore, it is necessary to use a protection structure with an
appropriate height and the introduced model can be utilized as a
helpful tool to check the required performance of this structure.
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Extended Abstract

Introduction

Dam break flow may generate destructive
floods and cause many casualties. Free
surface boundary and its interaction with
the generated turbulent flow leads to
complex two (or multi-) phases flows with
strong nonlinearly. Dam break flows on
impermeable and fixed beds have been
investigated by many researchers. However,
few studies have been done for such flows on
moving beds (due to scouring) and more
investigations are required accordingly. The
fluid-solid interaction is a common problem
in hydraulic engineering, especially in
erosion caused by flow. Other examples
include port hydrodynamics, scour caused
by ship motion, wave breaking in coastal
area, and scour around structures.

Dam break flow creates a shear force on the
surface of sediments and ultimately leads to
the movement of sediments and the
formation of suspended particles. Modeling
this phenomenon with Eulerian methods is
difficult due to the complexity of boundary
conditions and nonlinear deformations
(between fluid and sediment and at the free
surface boundary), as well as the continuous
movement of these boundaries. Therefore,
the Lagrangian approach Smooth Particle
Hydrodynamics has been developed in the
last two decades by Monaghan and Gingold
(1977) and Monaghan (1994) as a mesh-less
method for such applications

Materials and Methods

The computational cost of multiphase SPH
models may be increased significantly due to
the number of simulated particles. In recent
years, parallel graphics processing units
(GPUs) have been used as a reliable method
to speed up the simulation in problems with
huge number of particles, such as some
industrial problems. The Lagrangian nature
of SPH has made this method not only
capable of simulating flows with large
nonlinear deformation at the boundary of
two phases, but also the possibility of
implementing parallel processing in GPU to
decrease computational cost. In this
research, by modifying the open source

model, SPHysics, the solid-liquid two-phase
problem has been solved.

The purpose of this research is to investigate
the effect of the length of protected rigid
floor and the barrier on it on the
downstream scouring due to dam break
flow. In addition, the effect of the distance of
the barrier to the dam on the scouring has
been investigated. For this purpose, at first
the model has been validated and then a base
case with a length of 3 meters has been
modeled. The depth of the scouring layer is
considered equal to 0.1 meter to provide the
enough depth for possible scouring. Also, the
water height is considered 35 cm, and these
dimensions have been considered constant
in all the simulations.

Since a rapid flow occurs after a dam break
or after sudden release of reservoir valve, a
protected surface is usually provided in
front of the dam to prevent bed erosion.
Many parameters affect the performance of
such protected surface such as its length.
Therefore, 3 conditions have been
considered for this parameter (lengths of 25,
50 and 75 cm immediately after the dam). On
the other hand, in order to dissipate the flow
energy, a cube-shaped barrier is installed at
the end of the protected floor. To investigate
the effect of this barrier on the scouring
depth, it is located at different distances
from the dam, i.e. 25, 50 and 75 cm. In all
cases, the length of the barrier in the flow
direction is chosen to be 10 cm. In addition,
4 different water depths (2.5, 5, 7.5 and 10
cm) have been provided in each case to study
the energy dissipations at different
conditions. It should be noted that initial
particle spacing is considered 0.005 cm
according to the performed sensitivity
analysis.

Findings

The running time of each model was chosen
to be 2 seconds and the amount of scouring
was detected along the entire duration.
According to the obtained results, the
maximum amount of scouring occurs in
almost 1.2 seconds in all different cases. In
order to avoid the effect of fluid return on the
results, the erosion pattern is displayed at
the moment of 1.8 seconds.
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Discussion

The amounts of erosion after the protected rigid
floors with different lengths have been
recorded and compared with each other. In
addition, the bed scouring in the case of
using no barrier has also been investigated.
In the case with a protected length of 25 cm,
the case without the barrier and the case
with a barrier with a height of 2.5 cm have
more favorable conditions than the others.
Among the above two cases, because if there
is no Dbarrier, scouring will occur
immediately after the protected bottom, the
case with a barrier is a more suitable option.
In the cases with the protected length of 50
cm, as in the previous cases, the barrier with
a height of 2.5 cm had less scouring depth.
Relatively the lowest scouring depth among
other heights is related to the state with a
barrier with a height of 2.5 cm.

For the simultaneous comparison between
different cases, the maximum scouring
depth was measured in each model under
three different lengths of protected bed.
Then, the maximum scouring depth was
compared for different heights of barriers. At
the barrier heights of zero and 2.5 cm, the
model with a protected length of 50 cm, has
the least erosion of the sediment, but at the
barrier heights of 5, 7.5 and 10 cm, the model
with a protected length of 75 cm has shown
the least erosion than the other lengths.
Although the effect of the protected length of
the barrier on the scouring depth is not
significant, it can be seen that with the
increase in the barrier height, the length of
the protected bed and actually the distance
of the barrier from the dam must increase to
have a more suitable condition. Based on the
simulated cases, the least scouring depth
occurs for the case with the protected length
as 50 cm and the barrier height as 2.5 cm.
By reducing the height of the barrier, the
depth of erosion increases, and on the other
hand, its excessive increase can increase the
erosion too. Therefore, it is important to find
an optimal barrier height independent of the
length of the protected bed. Based on the
investigated cases in this research, the
optimal barrier height is estimated to be
around 2.5 cm. Considering that the best
length of the protected bed among the
simulated casesis 50 cm, it can be concluded

that for the studied conditions (i.e., water
column with a length of 1.0 m and a height of
35 cm); The optimal ratio of the length of the
protected bed to the barrier height is 200.

Conclusion

-Not providing a barrier at the end of the
protected rigid floor causes scouring just at
the end of the protected floor and eventually
leads to erosion in front and beneath the
rigid floor. This is important in terms of
stability and the maintenance of the
constructed (or naturally existing) rigid
floor. Therefore, the use of a protected bed
alone is not recommended at all.

- Providing a barrier even with a low height
can also be effective in reducing erosion.
However, there is an optimal height that
leads to the maximum scour reduction.

- Increasing the barrier height too much
causes the formation of jet flow over the
barrier and ultimately increases the
scouring depth. Therefore, providing an
optimal height is one of the important
factors in proper design because increasing
the height does not necessarily lead to a
better performance.

- Compared to the barrier height, the effect
of the length of the protective floor on the
amount of erosion is insignificant, and
although an optimal geometry can be
calculated for each flood volume, it is
recommended to determine the barrier
height accurately.
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