Abstract

In this research project, we have considered two different kinds of free surface
flow problem. One problem is the steady free surface flows past a semi-infinite flat plate
and another problem is the unsteady free surface flows due to pressure distribution. In
these problems, the fluid is of finite depth but it is infinite in extent in the flow direction.
The fluid is assumed to be inviscid and incompressible while the flow is irrotational. By
these, we can then analyze the problem via the complex potential theory. Some important
findings for each problem are as follows.

For the free surface flows past a semi-infinite plate problem, we analyze the
problem by three different approaches: Linear theory, Weakly nonlinear theory, and the
fully nonlinear model. The weakly nonlinear theory is based on the famous partial
differential equation called the Korteweg-de Vries eqation (KdV) whereas the fully
nonlinear model is solved numerically by an accurate boundary integral equation method.
Behaviors of nonlinear waves are presented for various values of draft. We have shown
the limitations for each approach and made some connections between the analytical and
numerical results. Moreover, we found that breaking wave occurs when draft is very large.

Another problem we have considered is that the unsteady free surface flows due
to an external forcing which is in the form of applied pressure distribution. We apply two
different models for this study. These are the weakly nonlinear theory based on the forced
Korteweg-de Vries eqation (fKdV) and the fully nonlinear model which is solved
numerically by the Mixed Eulerian Lagrangian approach (MEL). The main objective of the
study is to investigate the stability of steady gravity-capillary wave when external forcing is
applied. It is found that the depression waves perturbed by the uniform flows are stable
while the depression waves perturbed by the solitary waves are unstable. In addtion, the
elevation waves perturbed by the uniform flows are stable when the forcing magnitude is
small. Both the fKdV and the fully nonlinear models are able to predict these numerical
findings, except in the case that the fKdV predicts oscillatory instability for depression

waves whereas the fully nonlinear model predicts instability in the form of breaking wave.
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