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ABSTRACT

The flow past a circular cylinder is one of the most studied problems in fluid dynamics. The
configuration where the cylinder is placed in an infinite medium under uniform flow has been
explored in detail. Many studies can also be found on the effect of proximity to a wall boundary.
However, only a few studies can be found on the effect of both wall and free surface boundaries,
the configuration which represents an open channel. The aim of the present study is to numerically
investigate this configuration using the incompressible smoothed particle hydrodynamics method.
Smoothed particle hydrodynamics (SPH) is a Lagrangian mesh-free method originally developed to
simulate phenomena in astrophysics. Later it is found that the Lagrangian nature of SPH makes it
suitable for free surface tracking. However, the lack of inlet and outlet algorithms and inaccurate
pressure field due to noise and checkerboarding prevent wide application of the method to fluid-solid
interaction problem. In the present study, we developed an incompressible SPH (ISPH) method
based on the incremental projection to obtain more accurate pressure field. In the SPH method,
the continuum is discretized into a set of particles. Each particle carries velocity and pressure.
Therefore, the pressure and velocity are defined at the same location similar to the collocated grid.
As a consequence, it also suffers from the checkerboarding problem found in collocated grid -based
method. In order to treat this problem, we adopted the velocity interpolation method proposed by
Rhie and Chow[1] to the current ISPH method. We implement a simple inlet and outlet treatment
by dragging the particle that moves beyond the outlet back to the inlet. We conducted a parameter
study to investigate the effect of Froude number and the gaps to the free surface and the bottom
boundary to the flow pattern and hydrodynamic force while the Reynolds number is held constant.
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