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Simulation of the ocean waves and appearance of Freak waves
Igor Ten, H. Tomital OO OO OO0 OO

Freak wave is one of the natural disasters in the ocean, characterized by an isolated
majestic wave, which more than 2 times greater in height than its surrounded waves.
In the paper, we study mechanisms of creation of such waves in the ocean by applying
numerical wave tank (NWT). NWT is based on Boundary Integral Equation method
with mixed Euler-Lagrangian condition to satisfy free surface boundary condition
exactly. We consider several mechanisms of creation: focusing waves, Benjamin-Feir
instability, algebraic and breather solitons, which are possible different stages of Freak
wave generation. Finally, we make fairly long time random simulation of the ocean
waves by adopting spectra: Swell, Pierson-Moskowitz spectra.
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CIP

CIP Added-mass, Damping coefficient
Stokes

Ghost Fluid Method

CIP

CIP

T.Yabe, K.Takizawa and T.Tezduyar, HIGHER-ORDER MULTI-PHASE FLOW SOLVER IN MESH-LESS-LIKE SOROBAN
SCHEME, 8th US National Congress on Computational Mechanics
K.Takizawa, Computation of Free-Surface Flows and Fluid-Object Interactions with the CIP Method
Based on Adaptive Meshless Soroban Grids,

, CIP , 287, 55

K.Takizawa, Ship Simulation with the Soroban CIP method,
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Alessandro lafrati INSEAN, Italy Bin Teng, Dalian
University of Technology, China

Numerical Analysis and Visual Processing Using a Particle Method

MPS(Moving Particle Semi-implicit)

3-D Large Eddy Simulation of Wave Breaking and Its Application

LES CIp
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Free-moving Boundary Problem for Large Deformation Solid Analysis

Numerical Simulation of Fully Nonlinear Irregular Wave Tank
Bin Teng Dalian University of Technology, China

New Approach to Solve Higher-Order Potentials in the Interaction Problem of Low-Fregency
Motion and Waves

Wave Drift Added Mass

Numerical Simulation of 2D Floating Body Motions with Deck Water

MPS

A Study of Airfoil Design Suitable for Vertical Axis Wind Turbine and an Application of Wind
Collecting Structure for Higher Performance

DSN

Numerical Investigation of Highly Nonlinear Free Surface Flows through Interface Capturing
Methods
Alessandro lafrati INSEAN, ltaly

INSEAN
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Model Experiments and Numerical Computations on Tsunami Force

CADMAS-SURF VOF

Numerical Analysis of Large Geomaterial Deformation Using CIP Method

Bingham
CIP

Aerodynamic Analysis of a WIG Flying over the Waves

WIG RC

RC
RC

The Extension of CIP-based CFD Method Combined with Multigrid Technique for 3D Simulation
and Its Application to Free-Surface Problems

A computational fluid dynamics method is investigated for numerical simulations of strongly nonlinear
phenomena involving the large deformation of free surface. The numerical solution method of this study is based
on the CIP (Constrained Interpolation Profile) scheme, and the multi grid technique for solving a pressure
Poisson’s equation with high efficiency and robustness. This paper particularly focuses on the strategy of the code
extension from 2D to 3D in the iterative algorithm using the MG technique. The present study has considered the
‘plane by plane’s weeping schedule of iterative solver. The developed method was applied to the dam breaking,
and sloshing in a tank. The numerical computations confirmed that the developed method performs fairly well in
3D simulations.

High-Performance CFD-Based Optimization for High-Speed Ship

The object of the present research is to develop general formulation high-performance CFD-based global
optimization method and overcome the limitations of optimal design tools based on local optimization methods
via the development and application of global optimization algorithms. These include the categories:
CAD-based hull form modification for high-speed ships, multi-objective genetic algorithrm (MOGA) and
scaleable message passing interface (MPI), and CFD method which is capable for application to high-speed ships.
The resulting optimization software will be applied to the solution for high-speed ship design problems and an
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experimental activity will be carried out to assess the success of the optimization process. This research project
is based on close interactions with both IIHR (U. lowa) and Istituto Nazionale per Studi ed Esperienze di
Architettura Navale (INSEAN)

Ship Simulation with the Soroban CIP Method

CIP

CIP

Recent Development of RIAM-CMEN

RIAM-CMEN: Computation Method for Extremely Nonlinear Hydrodynamics

validation

The Effect of Freeboard on the Seakeeping Performance of a Ship

CIP MPS

INSEAN  Alessandro lafrati
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Numerical Investigation of Highly Nonlinear Free Surface Flows through
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CFRP
CFRP CFRP/
CFRP/ CFRP/
SS400 CFRP T700S/#2500
CFRP AF126-2 AF163-2K M
SS400 300mm x 300mm X 3mm CFRP
[0/90/90/0] 130 300mm X
300mm CFRP 0.6mm
L150mm x W25mm
SS400 CFRP
100mm 12.5mm
— Steel
B
CFRP/Steel B CFRP
CFRP
AF126-2 50psi  2.45kg/mm? 250°F 121.1 60
AF163-2K 35psi  3.5kg/mm? 235°F 112.8 90
> CFRP SS400
210><10.7 1.09 1.57 AF126-2 0.19
210>=<25.5 1.09 3.00 AF163-2K 0.14
300>=<25.5 2.14 2.24 AF126-2 0.05
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[1] CFRP 34
FRP (2005).

[2] K. Ogi and Y. Takao, “Characterization of piezoresistance behavior of a CFRP unidirectional laminate,”
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Study on deformation and fracture mechanism of bone fixation implant materials

Fig.1
3
3 FEM
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113900 4 29337 FEM MARC
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3) (2 c 3
4 (3) d 4
a,b,c,d 1,2 3,4 Fig.2 1) (2 y4
10mm (3) (4) z 5mm
Table 1
Ti-6Al-4V 2mm 200mm>=<10mm
SENB
Imm/min  SENB
Umax I Glmax
Gimax = Umax/ BW¢ (1)
B W ® a W
10mm/min 50mm
8mm 3
Fig.3 1 4
Fig.4  Fig.3(4) 4 STEP a,b,c

31



Fig.1 Bone fixation material in oral surgery.

Fig.2 Boundary conditions.

Table 1 Material properties.

Material p (kg/m®) E (GPa) v oy (MPa)
Ti alloy 4420 113 0.31 900
8% d 7%
Fig.5 Q) deformed
Glmax Glmax
G|max 65%
Glmax
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Equivalent plastic strain
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Fig.3 Equivalent plastic strain distributions.
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Fig.4 Maximum equivalent plastic strain value.
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Fig.1 The experimental setup using this study.
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Analysis of mechanical behavior of artificial hip joint by computational
and experimental mechanics
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Fig.1 FEM model geometry.

Table 1 Material properties for FEM.

Material E (GPa) v p (kg/m®)
Al,O; 400 0.24 3.97
Ti alloy 113 0.29 4.40
10 |

=

=

s

.|

0 1 th. L

300 400 500 600 T00 800 900
Time(usec)
Fig.2 Load-time curve obtained from impact test.
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Fig.3 Impact fracture behavior of alumina femoral head.

Fig.3

300 [

250 [

200 [

1st Principal Stress(MPa)

15']_|||||||||||||||||||||||||||||
-3.5 -3 -2.5 -2 -1.5 -1 -0.5

x-¢coordinate
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(a) The maximum principal stress distribution

T0owray 4 ¥
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(b) z-axial stress distribution

Fig.5 Stress distribution in alumina femoral head.
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Succeeding to the previous papers (Tatsumi 2004, Tatsumi et al. 2004), which dealt with the inertial and dissipative sim-
ilarities of the one- and two-point velocity distributions of homogeneous isotropic turbulence using the cross-independence
closure hypothesis, the local equilibrium similarity of these distributions in the inertial and viscous sub-ranges are worked
out systematically. The velocity-sum and velocity-difference distributions are expressed, except for the longitudinal com-
ponent of the latter, in terms of the inertial normal distributions each associated with the self-energy dissipation rates.
These distributions satisfy the coincidence conditions for vanishing distance and the separation conditions for infinite
distance. The longitudinal velocity-difference distribution is obtained as a slightly asymmetric and non-normal variation
of the inertial normal distribution. The physical significance of the results and the scope for the future developments of
the theory to the more complicated turbulent flows are discussed.
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Outline of National Project on Advanced Materials & Process Development for Next Generation Aircraft
Structures

Y. Yamaguchi R&D Institute of Metals and Composites for Future Industries

The research and development project on advanced composite materials & process development for next

generation aircraft structures has performed since FY2003 as a 5-year project, sponsored by the Ministry of

Economy, Trade and Industry (MET]) in Japan. This project aims to develop innovative lightweight materials

& process technologies for civil aircraft structures and consists of 3 technical areas, radiation-curing

technology of polymer matrix composites (PMC) structures, structural health monitoring (SHM) technology of

PMC structures, and advanced magnesium alloy technology. This paper introduces briefly the activities and
typical results up to FY2004 of the project.
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Processing and characterization of graphite nanofiber reinforced aluminum composite

J.H. Jang and K.S. Han POSTECH)

The graphite nanofibers (GNFs) reinforced aluminum metal matrix composites were fabricated successfully

through conventional powder metallurgy routes. The mixing conditions were established by microhardness

tests and microscopy observations. The high density of composites could be achieved by hot isostatic pressing

(HIP). As results of the mechanical tests, which are microhardness and compression tests, the optimal contents

of nanofibers were determined. The physical properties of the GNF-AI composites were measured by thermal

and electrical transport tests. The results of physical tests indicated that nanofibers give reasonable promise of

being successful in functional nanocomposites. This preliminary research may help to propose the design and
the fabrication of the functional metal matrix nanocomposites.

Debonding effect on vibration control of the active constrained layer damping in the shell models

H.S. Seonghyun and H.C. Park POSTECH)

Active constrained layer damping (ACLD) treatments have been widely studied to improve vibration

control of structural behavior. The ACLD method consists of the viscoelastic damping material (VEM), the

piezoelectric sensors/actuator and host structure. It is assumed that the VEM which is sandwiched between the

piezoelectric actuator and a host structure is perfectly bonded onto the surface of the host structure. However,

debonding may occur between the VEM and piezoelectric actuator or piezoelectric sensor/actuator and the

host structure. It may affect the control efficiency or the energy dissipation of the VEM, which leads to an

unstable closed loop control system. Purpose of this study is to investigate the effect of debonding between
layers of the structure.

Off-axis creep recovery behavior and its modeling for unidirectional CFRP laminates at high temperature
M. KAWAI (U. of Tsukuba)
Effects of loading history on the creep strain recovery behavior of unidirectional carbon/epoxy composites
under stress-free conditions at high temperature are examined. To observe the creep strain recovery upon
complete unloading just after a single off-axis loading of virgin specimens, creep tests are first performed for
five hours on plain coupon specimens with various fiber orientations: = 10, 15, 30, 45°. Creep strain
recovery responses are clearly observed in all kinds of off-axis fiber orientations tested. The creep strain
recovery rate tends to vanish as the axial strain decreases. A part of the axial strain developed by the prior
single loading eventually remains, which indicates that a certain amount of inelastic component has been
involved by the total strain due to the prior load. Then, to elucidate the effects of loading history on the off-axis
creep strain recovery behavior, the cyclic recovery tests with intermittent stressing are performed at the same
test conditions. The test results reveal that the amount of the off-axis creep strain recovery of the unidirectional
system is governed by the age hardening of the matrix material and it is also affected by a softening due to
cyclic loading.

CFRP

0.01ppm/K
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A new cohesive model for simulating delamination propagation in composite laminates under transverse
loads
N. Hu, Y.Zemba and H.Fukunaga (Tohoku U.)
In this paper, we have proposed a new cohesive model to stably simulate delamination propagation in
composite laminates under transverse loads. In this model, we set up a pre-softening zone in front of the
original softening zone. In this pre-softening zone, the initial stiffness is gradually reduced as the interface
strength decreases. However, the onset displacement for starting the real softening process is not changed in
this model. The energy release rate for determining the final displacement of complete decohesion is not
changed too. This cohesive model is implemented in the explicit time integration scheme for evaluating the
delaminations. Also, a stress-based criterion is employed for judging various in-plane damages, such as matrix
cracks, fiber breakage etc. Moreover, two examples are employed to illustrate the validity of the present
method. The first example is a square cross-ply GFRP plate with 3 layers under the quasi-static transverse load,
and the second one is a square pseudo-isotropic CFRP laminated plate under the low-velocity impact. The
experiments are carried out to verify the numerical results of the present model.
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Review

1. Time-Dependent Linear Wave Scattering for a Circular Shallow Plate
Michael MEYLAN (Auckland University, New Zealand)

The time-dependent linear wave problem can in theory be solved by an expansion in eigenfunctions. The eigenfunctions in
turn are nothing more than the standard single frequency solutions for which extensive methods of solution have been
developed. However, implementing the solutions numerically is complicated and for this reason it is natural to concentrate
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on the simplest situations. In this talk, | considered the problem of a circular elastic plate floating on shallow water. For this
problem the single frequency solution is very straight-forward to compute and can be reduced to solving a four dimensional
matrix system. The time-dependent solution is then found by expanding the solution in terms of the single frequency
solutions. To calculate the coefficients in the expansion we require a special inner product which in turns is derived from an
energy argument. Formally this means that the operator is now self-adjoint and allows us to use Hilbert space theory to write
down an expansion. Once the expressions for the time-dependent problem have been written down the numerical
calculation of the time-dependent motion is not computationally challenging. We presented some example calculations
which showed the effect of an incident plane wave on circular elastic plates of various properties.

2. Wave Drift Force in a Two-Layer Fluid of Finite Depth

Based on the momentum and energy conservation principles, a compact calculation formula is analytically derived for the
wave drift force on a 2-D body floating in a two-layer fluid of finite depth. In a two-layer fluid, two different wave modes
(the surface-wave mode with longer wavelength and the internal-wave mode with shorter wavelength) exist not only in the
incident wave but also in the body-scattered wave, and these wave characteristics are properly incorporated in the obtained
formula. It is noted that, unlike the single-layer case, the wave drift force can be negative in the incident wave of
surface-wave mode, if the transmitted wave with internal-wave mode is large. Numerical computations are implemented for
a Lewis-form body by means of the boundary integral-equation method with Green’s function for the two-layer fluid
problem. The effects of density ratio, interface position, and body motions on the wave drift force are studied, and some
important features are found for two-layer fluids.

3. Hydrodynamic forces on a two-dimensional multi-hull structure in waves

The diffraction and the radiation problem of the two dimensional multi-hull structure is investigated. To obtain this result
the scattering matrix theory is applied. The scattering matrix theory is widely used to analyze the wave interaction problem
in various scientific fields. The research is focused on the zeros of the wave exciting force and the near resonance, which
occurs bath in the diffraction problem and the radiation problem. At the zeros of the wave exciting force, the wave exciting
force for the overall structure is zero while each demi-hull gets the wave excitation. At the near resonance frequency, the
amplitude of traveling wave between adjacent demi-hulls becomes very large and the demi-hulls get very large wave force.
A number of simple equations for representing the hydrodynamic properties of the multi-hull structure at the zeros and the
near resonance frequency are obtained. The numerical examples show that these simple equations well explain the
hydrodynamic forces as well as the wave system among the spaces between the demi-hulls.

4. AStrip Method for a Ship Obliquely Moving in Waves
Faizul Amri Adnan

Lateral drift occurs due to the effects of wind forces and/or wave drifting forces in ships sailing in actual seas. It is
important therefore to investigate the influence of lateral drift on seakeeping performance to attain a rational design for ships.
The velocity potential is expanded in asymptotic series in power of lateral speed parameter t, defined by weV0/g where we
refers to the frequency of wave encounter, VO denotes the lateral velocity assumed to be sufficiently small, and g the
acceleration gravity. By combining this technique with the strip method, two sets of motion equations of all hydrodynamic
force coefficients for ship seakeeping are derived. The first set is for ships without lateral drift which is completely similar to
the equations in the New Strip Method, and the second set is for additional motions induced by lateral drift. It is found that all
ship motion modes except surge are coupled when the ship drifts laterally in waves.

5. Numerical Simulation of Violent Sloshing by CIP Method with Experimental Validation

Kishev Zdravko
Evaluation of sloshing loads is a key point in the design of ship liquid cargo tanks since when the tank is excited at
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near-resonance frequencies, violent motions of the liquid can occur. This implies large impact pressures and resulting
additional forces on the structure, which could possibly lead to structural damage or ship capsize. In this paper a new CFD
simulation approach is used to challenge the sloshing problem. The method can treat simultaneously liquid, gas and solid
phases. It is essentially a variation of the CIP method with a recently developed CIP-CSL3 scheme for capturing sharply the
gasliquid interface. Results by the original CIP method are also presented. Computations for pressure time histories and
free-surface profiles in a 2-D rectangular tank are compared to experimental results. Several frequencies and several filling
heights are investigated.

6.  Numerical study on slosh-induced impact pressures on three-dimensional prismatic tanks

Yonghwan Kim (Seoul National University, Korea)
Sloshing flows in two- and three-dimensional prismatic tanks are considered in the present paper. A finite difference method
is applied for simulating violent sloshing flows and impact occurrence. The computation focuses on the global flow and
assumes a single-valued free surface profile. For the simulation of impact occurrence near sloping boundaries, the concept of
a buffer zone, previously used for impact simulation on the tank ceiling, is extended to sloping boundaries near the tank
ceiling. For validation of the present numerical method, a comparison is made between the computational results for
two-dimensional tanks and available experimental data, for which favorable agreement is shown. It is observed that the
application of a buffer zone and a time-averaging scheme mitigates the sensitivity to grid resolution and time segment.
Impact pressures on sloping boundaries and the tank ceiling for three-dimensional tanks are then compared with the results
for two-dimensional tanks, which show higher peak pressures for the case of three-dimensional tanks.

7. CFD Simulation of 3-D Water-Entry

In this research, we study the dynamics of three-dimensional water entry by means of CFD simulation. Our
research interest is the cavity dynamics associated with a complicated 3-D body when penetrating into a free surface.
Such water entry problem can be found in some ocean engineering applications, such as accidental dropping of an object
from the deck of a platform. In the case, we need to know if such accidentally dropping body can hit the important
device installed on the seabed. Our CFD method to challenge this 3D water entry is a CIP based Cartesian Grid Method.

In this presentation, the numerical method is briefly introduced at first. Then an experiment for validation of the
numerical code, which is about a cylinder dropped from air with different angles between the cylinder axis and the still
free surface, is described. The dropping cylinder event can be divided into 3 phases. The first is the free—fall phase that
describes the cylinder moving in air. The second is the water-entry phase that represents the cylinder penetrating the
free surface. The third is the submerged phase that means the cylinder fully submerged in the water. The water-entry
phase is most complicated hydrodynamic process, which is the target of this research. In this phase, the air cavity
formed behind the cylinder and its dynamics are most important phenomena to be predicted. Numerical simulations
on the water entry phase for the experimental problem are carried out. Comparison on variation of the air cavity and
motion of the cylinder between the computation and the experiment are made.

8. ACFD Simulation of Dam Breaking by CCUP Combined with Multigrid Method

In order to achieve favorable seakeeping performance, physical phenomena that involve strong impacts due to water
clashes with a ship need to be clarified as a multiphase (liquid, gas, and solid) flow field. From this viewpoint, this study
concerns a CFD method in which the CIP (Constrained Interpolation Profile) scheme is adapted for calculating advections of
momentum, and density, and for capturing a fine structure of free surface. One of focuses of the present work is a solving
procedure of a linear system (a simultaneous equation in numerous dimensions). The present work utilizes the multigrid
method (MG) as a fast solver, and as a preconditioner in a Krylov subspace method, for solving a linear system derived from
a finite-differentiation of a pressure Poisson’s equation. This is because computing accurate pressure field is indispensable
for estimating hydrodynamic forces acting on a ship, and because a robust solver is necessary especially for solving a
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pressure Poisson’s equation in a multiphase flow field that contains various values of fluid density (The density of water is
about 1’000 times larger than that of air). The developed CFD method is applied to a free surface problem that involves
strong water impacts. The result obtained reveals that numerical calculations using the present method can fairly well
reproduce free surface variations, and time histories of the measured pressure. The analyzing of iterative operations
demonstrates that the MG s able to contribute the improvement of the robustness. Namely, the developed linear system
solver is able to converge solutions well even just before, and just after an impact phenomenon.

9. Computation of Free-Surface Flows and Fluid-Object Interactions with the CIP Method Based on
Adaptive Meshless Soroban Grids

CFD
CIP(Constrained Interpolation Profile/Cubic Interpolated Propagation)

semi-Lagrangian
CIP

preconditionor CIP

CIp

10. ASimulation of Tidal Current and Ecosystem in Ago bay and its Consideration

11. Experiment of Motions of a 2D Floating Body with Shipping Water

MPS
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