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Abstract 
 
The physical wave tank has been used in hydraulics laboratories for many years to study 
coastal and offshore hydrodynamics. In the last two decades, due to the fast advancement 
of computer technology, the approach of numerical modeling became widely adopted by 
researchers in this area. The concept of numerical wave tank (NWT) was first introduced 
a decade ago. The philosophy behind a NWT is to build up a virtual wave tank within 
which a set of governing equations are solved by an accurate numerical model to describe 
physical flow phenomena. The flow parameters (e.g., free surface displacement, velocity, 
and pressure) that are conventionally measured by experimental devices can now be 
obtained directly from the simulation results. In addition, the NWT can easily provide 
information of the derived variables such as vorticity, strain and stress, and turbulence 
intensity, which are important in understanding flow phenomena.  

In the last five years, we have been working on the development of a general-purpose 
NWT. The NWT solves the generic 3D Navier-Stokes equations (or Reynolds equations 
for turbulent flows) for multiple-phase incompressible fluids. The model can simulate 
both 2D and 3D water wave problems ranging from complicated wave transformation 
over changing bathymetry to nonlinear wave-structure interaction. In this seminar, the 
concept and methodology of the NWT will be introduced. A wide range of selected case 
studies will be presented to demonstrate the application of the NWT in studying water 
wave problems. These case studies include tsunami runup on a plane beach, wave forces 
on porous structures, free surface flows induced by a moving object, wave interaction 
with submerged and floating structures, etc.     
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