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Introduction

Wave breaking can occur in dam break phenomenon. These waves can be summarized as an
uncontrolled release of water flow instantaneously from rest by the sudden removal of a vertical
barrier that initially contains water. This occurrence usually causes huge loss of lives and
destructions of properties and environment. Therefore, prediction of water level position, velocity
and pressure is essential.

Recently meshless methods have been used for numerical modeling of free surface flows. One of
the oldest meshless methods is the Smoothed Particle Hydrodynamics (SPH). This method is robust
to simulate problems with large deformations. Furthermore, SPH method has used successfully to
model the fixed-bed dam break waves on a dry-bed and wet-bed downstream channel (Lee et al. 2008
and Khayed & Gotoh, 2010). SPH simulations of the incompressible flows can be performed by two
methods: 1) approximately simulating incompressible flows with a small compressibility, namely
Weakly Compressible SPH (WCSPH); 2) simulating flows by enforcing incompressibility, namely
Incompressible SPH (ISPH). In WCSPH method, the flow is considered as slightly compressible,
with a state equation for the pressure calculation (Monaghan, 1994). In ISPH method the pressure-
velocity coupling is generally achieved by the projection method (Hu and Adams, 2007). This paper
presents a two-dimensional ISPH model to simulate dam break waves in a bed with a hump.

Numerical model
The governing equations contain the Navier—Stokes equations (mass and momentum conservation
equations) that are written in 2D Lagrangian form as:
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Where p is flow density, u is flow velocity, p is pressure, x is dynamic viscosity, f,

represents the body force and t is time. Eq. (1) is in the form of a compressible flow.
Incompressibility is enforced in a correction step of the time integration by setting Dp /Dt =0

at each particle. The motion of each particle is calculated by Dr / Dt =u , with r being the position
vector. These equations were solved by ISPH method.

Results and discussion

The numerical accuracy and validation of the proposed ISPH model are examined by laboratory
measurements and numerical modeling (using finite difference method (FDM)) of dam-break waves
in a bumpy channel with an open and close end. In order to access the above purpose, the test case is
selected from the experimental results of Ozmen-Cagatay et al (2014) and Soares-Frazao (2002).

In Figure (1), pressure field and particles position for the results of numerical modeling and
comparison with experimental data at t=4.74 s are shown. In Figure (2), the comparison between
non-dimensionalized water depth in the present model and experimental results at T =29.69 are
shown. The time t was multiplied by (g / h, )°*° to obtain dimensionless time T =t(g / h,)*°. For

more comparison, the wave height in a channel with a closed end is also investigated and presented.
Figure (3) shows these results. In this figure, the present model results are compared with the
experimental results of Soares-Frazao and Numerical modeling results of Marsooli et al (2002). The
good agreement between the computational results and the experimental measurements show the
ability of the model in simulation of dam break waves in an uneven bed. Also, the ISPH model
presents better results in comparison with the results of Marsooli et al. (2011).
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Fig. 1- Pressure field and particles position in the present model and comparison with
experimental measurements of Ozmen-Cagatay et al (2014).
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Fig. 2- Comparison between the free surface profile in the present model and experimental
measurements of Ozmen-Cagatay et al (2014) at dimensionless time T=29.69
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Fig. 3- Comparison between the free surface profile in the present model, numerical modeling
of Marsooli et al. (2011) and experimental measurements of Soares-Frazao (2002) at time t=3.7

Conclusion

In this paper, a numerical modelling of waves breaking in a bumpy channel with the different is
developed. An ISPH Method is presented to simulate dam break flows with free surface in the bumpy
bed. SPH is a Lagrangian particle method which does not require a grid to simulate free surface
flows. The method employs particles to discretize the Navier—Stokes equations and the interactions
among particles simulate the flows. Thus, because of the Lagrangian nature of this method,
numerical diffusion error that is due to the advection term of N-S equations does not arise. The
numerical accuracy and validation are performed through laboratory experiments to prove the
capability of the ISPH model to simulate dam break flows in uneven beds. The result of the
comparison shows that ISPH computations are in good agreement with experimental data.
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