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Abstract of Thesis

When extremely nonlinear waves and/or large-amplitude body motions are involved, various nonlinear phe-
nomena in hydrodynamics of wave-body interaction problems become important in the design and safety of
ships and offshore structures. In the present research, a solver named ALE-HOBEM (Arbitrary Lagrangian
Eulerian, Higher Order Boundary Element Method) is developed based on the potential-flow theory and ap-
plied to study fully nonlinear wave-body interaction problems, in which large-amplitude body motions, moving

boundary, complex geometry, and nonlinear incident waves are involved.

To develop this solver, two problems should be resolved: (i) Proper treatment on a moving boundary, which
requires not only the exact position of the free surface should be tracked, but also the mesh on the free surface
should be able to self-adapt to the large-amplitude motion of a body. (ii) Accurate evaluation on the instanta-
neous hydrodynamic force, which is related to calculation of the temporal derivative of the velocity potential.
Regarding problem (i), an Arbitrary Lagrangian—Eulerian (ALE) scheme is proposed in the present research,
which is regarded as an optimized combination of the mixed-Eulerian-Lagrangian (MEL) and semi-Lagrangian
(SL) scheme. Regarding problem (ii), the temporal derivative of the velocity potential is directly evaluated by
solving a reconstructed boundary-value problem (BVP) with much simplicity as compared to the original
method. In addition, a HOBEM is used as a BVP solver.

Three nonlinear wave-body interaction problems with increase of complexity are investigated in detail; that is,
the nonlinear wave diffraction, the nonlinear wave radiation, and the interaction between nonlinear incident
waves and a freely floating body. In the computation, several body geometries (from a circular cylinder to a
practical ship) are used. By systematic validation, the proposed ALE-HOBEM is proven to be accurate and
robust in the nonlinear wave-body interaction problems studied.

The main conclusions obtained in this thesis are:

1. By taking advantage of the ALE scheme, tracking the free-surface deformation could be successfully per-
formed, with flared body geometries above still waterline and large-amplitude motions of a body taken into
account.

2. The HOBEM used in the present study is proven to be useful for fulfilling the requirements proposed by the
ALE scheme. In other words, the HOBEM fits well with the ALE scheme.

3. The mutual dependence in the fluid-structure interaction is mainly due to the hydrodynamic force propor-
tional to the body’s acceleration. By means of the proposed method, not only the mutual dependence in the
fluid-structure interaction is decoupled but also the pressure distribution can be explicitly calculated.

4. It is shown in both diffraction and radiation problems that the existence of a large flare could increase the
variation of wetted body surface as well as the horizontal projection area of free surface, which makes the
pressure variation around this region rapid and hence increases the degree of nonlinearity.

5. In a motion response problem, when the incident-wave frequency is 1/2 or 1/3 of the natural frequency of
body motion, it is shown that higher-harmonic forces would trigger the springing or ringing phenomenon
and even very small higher-harmonic forces would amplify the motion response of a body because of the

resonance.
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