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Keynote Presentation 9:
Development of advanced CFD tools for turbulent multiphase flows and wave-structure
interaction

Turbulent multiphase flows where two or more fluids have interfacial surfaces are often found in
environmental and industrial engineering applications. The objective of this study is to investigate
the fluid dynamics of three-dimensional (3D) two- and three-phase multiphase flow problems, such
as bubbles, droplets, liquid jet, falling liquid films, breaking waves and their interaction with fixed or
moving complex geometries. In this talk, three numerical codes developed (one for finite volume
method, one for control-volume finite-element method, and the other for finite difference method)
for solving 3D Navier-Stokes equations with interface capturing are briefly introduced first, with
different techniques to deal with the solid and air-water boundaries. And then the FVM code
Xdolphin3D will be presented in detail, with a focus on the 3D wave-structure interaction. The large-
eddy simulation approach has been adopted for turbulent multiphase flows, for which the spatially
filtered Navier—Stokes equations are solved and the dynamic Smagorinsky sub-grid scale model is
employed to compute the unresolved scales of turbulence. Both algebraic and geometric volume-of-
fluid methods together with the continuum surface force model for the surface tension have been
implemented to capture the air-water interface, which can accurately simulate a range of free-surface
flow problems, including the turbulence statistics and coherent structures. For the simulation of
complex geometries in a fixed Cartesian grid, a novel Cartesian Cut-cell method has been developed,
which allows the representation of fixed or moving bodies in the flow. The code has been parallelised
using MPI and a domain decomposition technique. Some numerical examples are shown to provide
some insight into physics and also to demonstrate the capability of the numerical tool developed.
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