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Abstract

One of the ways to protect beaches is to use pile breakwater. Simple pile
breakwater is like rigid cylindrical obstacles. In this study, considering the simple
piles on the coast with constant slope, their effects on waves were investigated by
numerical modeling in OpenFOAM software. In line with flow turbulence
modeling, Reynolds average method of Navier-Stokes equations (RANS) and k-
®,3ST models were used. 15 models were performed in scenarios with and
without piles for 3 different heights of input wave. The piles had a diameter of
0.9 cm and a height of 32 cm and were contracted at widths of 30 and 60 cm and
distances of 5x5 and 15x15 cm and with staggered layout. According to the
results, in all the models with piles, there is an average increase of 75.16% in the
power consumption of waves and a decrease of 62.88% in the energy transfer
coefficient of waves compared to the case without piles. At the same width and
distances, the piles have attracted more power by increasing the height of the
wave, but the energy transfer coefficient has increased. In the same width and
height of the entry wave, by reducing the distances of piles from 15x15 to 5x5,
the absorption of force increased and the wave energy transfer coefficient
decreased. The results were compared with laboratory data. The closest results
for wave force were models with width of 60 and distances of 5x5 with the mean
square root of normal error of 0.15 and correlation coefficient 0.96 to the
laboratory model, which indicates the good accuracy of numerical model and
appropriate performance of OpenFOAM software in modeling.

1. Introduction

Coastal areas form dynamic ecosystems at the land-sea interface. An important feature of these areas is
their variability due to the exposure to many natural and human-made pressures. Among several non-
structural and structural coast protection methods, the latter have detrimental effects on coastal

environment.

With climate change, coastal regions around the world are more exposed to extreme events and natural
hazards such as storms and floods. Therefore, considering the importance of beaches, increasing
knowledge in coastal engineering and protecting coastal shores with different and efficient techniques
is necessary. One of the ways to protect beaches is to use pile breakwater. Simple pile breakwater are
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like rigid cylindrical obstacles. In this study, considering the simple piles on the coast with constant
slope, their effects on waves were investigated by numerical modeling in OpenFOAM software.

2. Materials and Methods

Setting and executing the numerical model was done by Open Foam software. Since in this problem,
the flow is a two-phase type, interFoam solver which extended by Volume of Fluid method was used
for modeling. In line with flow turbulence modeling, Reynolds average method of Navier-Stokes
equations (RANS) and k-®,SST models were used. 15 models were performed in scenarios with and
without piles for 3 different heights of input wave. The piles had a diameter of 0.9 cm and a height of
32 cm and were contracted at widths of 30 and 60 cm and distances of 5x5 and 15x15 c¢cm and with
staggered layout. Then, the results of this numerical model were measured by other research laboratory
results by the criteria of the mean square root of normal error squares and the correlation coefficient of
the accuracy and efficiency of the numerical model. The waves studied in this research were created
based on the dam break phenomena.

3. Results

In all the models with piles, there is an average increase of 75.16% in the power consumption of waves
and a decrease of 62.88% in the energy transfer coefficient of waves compared to the case without piles.
At the same width and distances, the piles have attracted more power by increasing the height of the
wave, but the energy transfer coefficient has increased. In the same width and height of the entry wave,
by reducing the distances of piles from 15x15 to 5x5, the absorption of force increased and the wave
energy transfer coefficient decreased

4.  Discussion and Conclusion

According to the results, in larger widths and denser arrangement of piles, the force changes, energy
transfer coefficient and speed are higher and the efficiency of the obstacles has improved. The results
were compared with laboratory data. The closest results for wave force were models with width of 60
and distances of 5x5 with the mean square root of normal error of 0.15 and correlation coefficient 0.96
to the laboratory model, which indicates the good accuracy of numerical model and appropriate
performance of OpenFOAM software in modeling.
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