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ABSTRACT

Recently there has been a growing need for the treatment of the nonlinear water wave
problems. In this paper we will present an overview on the finite element method
applied to the nonlinear water wave problems, i.e., in ship motions, wave resistance,
lifting problems, and initial value problems. The present numerical scheme can be used
for the validation of the existing approximate theories, i.e., the KdV and the Boussinesq
equations or Green-Naghdi equation as well as for a better prediction for more realistic
physical models.
In the paper we discuss the following applications: The finite element method applied

to a two dimensional hydrofoil problem. An initial-value problem for a physical model
of an axi-symmetric container filled with water freely falling into a flat solid surface.
The generation of solitons in shallow water towing-tank near the critical speed as well
as a numerical towing tank simulation for arbitrary tank conditions. A sloshing and a
diffraction problems. Finally, a brief concluding remark is given. A full account of this
paper can be found in [1]

NONLINEAR STEADY WAVES DUE TO A TWO-DIMENSIONAL
HYDROFOIL

An application is described of the localized finite-element method to a steady nonlinear
free-surface flow past a submerged two-dimensional hydrofoil at an arbitrary angle of
attack. It should be noted that in the earlier treatment of the linear hydrofoil problems,
the velocity potential formulation was used. However, in the following treatment of the
nonlinear problem, a stream function formulation is used since it has a distinct
advantage in the numerical treatment. A detail can be found in [2,3]
      
Variational principle
      The Lagrangian L for the above nonlinear boundary value problem can be defined as
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with the kinematic constraints.



Numerical results
     The computations are made for several values of Froude numbers and the depths of
submergence. Figures 3.4 show the result for Froude numbers 0.989 with a depth of

submergence, ch  = 0.2.

Figure 1.  Pressure distribution ( 2.0/,6/,989.0 === chcHFc )

AXI-SYMMETRIC TRANSIENT PROBLEM

Here the time dependent motion of a fluid in a vertical circular cylindrical container
with a free surface subject an impact is discussed.. The free surface abruptly rises very
high just after this impact. Therefore it seems to be necessary to apply the nonlinear free
surface condition for the problem.  This problem was originally investigated
experimentally by Milgram in [4], who performed a series of experiments and linear
analysis for a vertical impact due to the collision between a free falling container filled
with a fluid and the ground. The fluid is assumed to be inviscid and incompressible with
its motion being irrotational. However, the surface tension is included since it plays an
essential role in unique restoring force during the free fall of the container. A detail
account can be found in [1].



Physical Model and Assumptions
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Figure 2. Perfect plastic collision of the container

Numerical Results

            

(a) t=0.0, 0.1,···, 1.0                           (b) t=1.0, 0.3, 1.9

Figure 3. Free-surface elevation

NUMERICAL TOWING TANK SIMULATION

Here we describe a finite element method applied to a nonlinear free surface flow
problem for a ship moving in three dimensions given in [5,6].

Variational Formulation
     We introduce a variational formulation which is equivalent to the above problem.
First we define the variational functional, J and the Lagrangian L as
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Where FS is the projection of FS  on Oxy plane and *t is the final time as given in

[7,8].



 The model is a vertical wall-sided wedge-shaped bow and stern extended from the free
surface to the bottom of the tank.
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Figure 4. Computed free surface elevation for 0.1=hF

NONLINEAR SLOSHING AND DIFFRACTION PROBLEMS

Here  a nonlinear sloshing problem in LNG tanker in [9]and a diffraction problem in
[10] in Stokes wave are numerically simulated.
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Figure 5. Impact force on the pillar versus time: h= 4 m
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Fig 6.  Wave profile for 4m depth at t=37.084 sec

Diffraction by a vertical circular cylinder
Table1 Maximum run-up compared with numerical results of Ferrant in [11]

H/h 0.1 0.2 0.3 0.4 0.5
F.E.M. 1.90 2.12 2.38 2.68 2.99

Ferrant (1998) 1.87 2.06 2.38 N/A N/A

  

Figure 7. Snapshots of surface elevation around a cylinder.

CLOSING REMARKS

In paper the applications of the finite element method to various nonlinear free surface
flow problems are described. The finite element method has been proven to be a useful
method of solution for highly nonlinear free surface flow problems.
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