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Abstract: In this paper, numerical prediction of ship motion responses in long-crest irregular waves by the URANS-VOF method is
presented. A white noise spectrum is applied to generate the incoming waves to evaluate the motion responses. The procedure can
replace a decade of simulations in regular wave with one single run to obtain a complete curve of linear motion response, conside-
rably reducing computation time. A correction procedure is employed to adjust the wave generation signal based on the wave spe-
ctrum and achieves fairly better results in the wave tank. Three ship models with five wave conditions are introduced to validate the
method. The computations in this paper are completed by using the solver naoe-FOAM-SJTU, a solver developed for ship and ocean
engineering based on the open source code OpenFOAM. The computational motion responses by the irregular wave procedure are
compared with the results by regular wave, experiments and strip theory. Transfer functions by irregular wave closely agree with the
data obtained in the regular waves, showing negligible difference. The comparison between computational results and experiments
also show good agreements. The results better predicted by CFD method than strip theories indicate that this method can compensate
for the inaccuracy of the strip theories. The results confirm that the irregular wave procedure is a promising method for the accurate
prediction of motion responses with less accuracy loss and higher efficiency compared with the regular wave procedure.

Key words: irregular waves, white noise spectrum, unsteady incompressible Reynolds-Average Navier-Stokes (URANS) equations,

ship motion response, naoe-FOAM-SJTU solver, OpenFOAM

Introduction

Computational fluid dynamics (CFD) has been
one of the most popular tools in the research of ship
hydrodynamics in the past decades. CFD can resolve
sophisticated physical characteristics of fluid motions
and obtain more accurate prediction for ship hydrody-
namic performance than the conventional potential
theories because it is based on physical models that
are more realistic and less simplified. In the field of
ship hydrodynamics, CFD can accurately predicate
ship hydrodynamic performance even for high speed
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ships and big blunt ships, for which the potential theo-
ries suffer from large accuracy loss.

The research of ship seakeeping by CFD can be
divided into two parts: regular and irregular waves.
The regular wave procedure is usually used to validate
the computational methods, predict response amplitu-
de operator (RAO) of ship in one specified frequency,
including amplitude and phase, and investigate the
high-order nonlinear components. The application of
regular wave is usually used to analyze the nonlinear
effects on the ship hydrodynamic performances, such
as slamming, wave breaking, green water on deck,
etc.. In the past decade, many works have focused on
the simulation of ship motion related to regular waves
with fluid-structure interaction. Orihara and Miyatal'
studied a container ship in head waves based on over-
lapping grid system to investigate added resistance
and motion responses. Carrica et al.”! performed a
verification and validation analysis of a surface com-
bat ship DTMB model 5512 in head wave. The over-
set grid method was adopted to treat the large-ampli-
tude motion of ship. Yang et al.”! simulated intera-
ctions of extreme waves and an LNG carrier with fully



or partially filled tanks by the VOF method. An arbi-
trary Lagrangian-Eulerian (ALE) scheme combined
with the moving mesh technique was used to deal with
ship movement.

The other part of CFD computation of seakee-
ping is based on irregular waves. The irregular wave
procedure can be applied to simulate the real sea con-
ditions. It can also be used to predict ship motion re-
sponses in waves by spectral analysis. Carrica et all¥
simulated short-crest irregular waves by using the
Bretschneider spectrum to study broaching event in
high sea state. An autopilot was implemented to con-
trol the rudder angle and propeller rotation to keep the
heading angle. Mousaviraad et al.”! developed two
wave group procedures, transient wave group (TWG)
and harmonic wave group (HWGQG) to predict RAOs.
Validation and comparison were completed with the
DTMB model 5512 at four speeds.

The aim of this paper is to develop an irregular
wave procedure to predict the motion responses of
ship in waves. Instead of carrying out a coupled com-
putation of several single regular wave conditions, this
procedure just performs a single run to predict the
whole curves of RAOs. Hence, the computational time
can be considerably saved. The irregular wave proce-
dure can achieve good results with the same accuracy
as the regular wave does compared with experimental
data. The irregular waves are generated by a white
noise spectrum with the superposition of a set of linear
waves. The white noise, which does not exist in natu-
ral sea environment, has a flat curve in the range of
working frequencies where the amplitude of the wave
frequencies is constant. This spectrum is designed to
predict the motion responses of ship, widely used in
experiments in physical wave tanks.

Three ship models with distinct hull shapes are
chosen to validate the CFD method. The models in-
clude the slender Wigley Hull, the container ship S-
175 and the fast surface combat ship DTMB 5512.
The Froude number ranges from 0.25 to 0.41. In this
paper, although the linear waves are applied, which
can be easily solved by potential theories, the CFD
aproach can maintain better results in a wide range of
ship speeds, especially for high Froude number. The
CFD method can also achieve good prediction of
ships with blunt shapes or complex geometries.

The computations in this paper are performed
with the naoe-FOAM-SJTU, a solver developed for
hydrodynamics of ship and ocean engineering based
on the open source code OpenFOAM. In our previous
work, the validations of resistance of benchmark ships
fixed in calm water'® and predication of motion respo-
nse and added resistance in head regular wave!”! has
been performed. Good agreements with experiments
were achieved in the previous work. This solver utili-
zes the data structure and CFD libraries in the
OpenFOAM, including FVM, RANS, VOF and PISO
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algorithm. New modules have been developed, inclu-
ding wave generation and damping, six-degree-of-
freedom (6DOF), etc..

1. Numerical methods

1.1 Governing equations

An unsteady incompressible Reynolds-Average
Navier-Stokes (URANS) equations coupled with the
volume of fluid (VOF) method is adopted in this

paper:
V-U=0 (1

ag—tU—s—V-[p(U—Ug)U]:—Vpd _g.xVp+t

V(4 VU +(VU) -V, + £+ f, )

where U is velocity field and U, is the grid velocity,

p, the dynamic pressure field, p the mixture density,

g the gravitational acceleration vector, 1, = p(v +

v,) the effective the dynamic viscosity, in which v
and v, are mixture kinematic viscosity and eddy vis-
cosity, respectively, f, the surface tension term, f,
the source term of sponge layer, which will be discu-
ssed in the following section. v, is obtained by the

SST turbulence model™ for turbulence closure. The
URANS equations are discretized by the finite volume
method, and solved by the pressure-implicit with sp-
litting of operator (PISO) algorithm.

A VOF method with artificial compression tech-

nique is applied”'"

Ooa

a—+V-[(U—Ug)a]+V-[U,,(1—a)a]=O 3)
t

where « is volume of fraction, the relative proportion
of fluid in each cell. « =0 if cell is located in air and
a=1 in water. If the cell is crossing the interface,
0<a<1. The third term in Eq.(3) is the artificial
compression term, taking effects only on the interface
due to the term (1-a)a . U, is the velocity field used
to compress the interface, of which the expression the
expression can be found in Ref.[10].
The surface tension term in Eq.(2) is defined as

f. =oxVa 4)

where ¢ =0.07 kg/s” is the surface tension coeffi-
cient, and x is the curvature of surface interface and
o is volume of fraction, determined by VOF equa-
tion.
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1.2 Wave generation and damping
The irregular waves are assumed as a superposi-
tion of a series of linear waves.

S(x, )= iai cos(kx—awt+¢) (5a)

u(x, y,z,t)=U, + Y a,we” cos(kx—aw,t+¢) (5b)

i=1

w(x, y,z,t)= Zaia)iekz sin(k,x — w,t + @) (5¢)

i=1

in which, ¢ (x,t) is the transient wave elevation, the
subscript i the index of each wave components, a; is
the wave amplitude, k the wave number, @ the na-
tural frequency of wave, ®,; the encounter frequency,
givenby @, =, +kU, where U, is the velocity of
ship.

The wave generation method is to impose the
boundary conditions of « in VOF Eq.(3) and U(u, v,
w) in the URANS Eq.(2). The expressions of u, w
in Eq.(5) can be directly adopted as the Dirichlet con-
dition for U(u, v, w). However, the boundary condi-

tion for « is more complicated. If the cell face in the
boundary located below the transient wave elevation
¢(x,t), a=0, otherwise, a=1. If the cell face is

crossing with ¢'(x,t), a can be calculated by

a="x (6)

where S, is the total area of the cell face and S, is
the area of the part below ¢(x,1).

The generation of irregular wave is based on the
wave spectrum S(w,) and the amplitude of each com-

ponent can be calculated by

@, =28(0,)dao, (7

Before the numerical simulation is carried out, a
step of wave spectrum correction is performed in the
numerical wave tank without ship hull.

Sp(@)- S (@)

Sp(w)= S (@)

®)

where S, (@) is the current input spectrum, S,,(®,)
is the new corrected spectrum used to generate the ir-
regular wave in the next period, S,(®,) the target

spectrum and S,,(®,) the measured spectrum reco-

rded by a wave height probe in wave tank, as shown
in Fig.1. In additions, a relaxation factor is introduced
in this process in order to improve the stability and
convergence of this algorithm

SIZI(a)i) = A8, (@) +(1-)S, (@) )]
The solution comes to convergence after performing

3-5 iterations. The measured spectrum closely agrees
with the target.

Wave maker [ ve height probe _ Sponge Ia
I ave hei pon er
e < \|
o

Fig.1 Layout of the numerical wave tank

The results of heave and pitch motions are proce-
ssed by Fourier analysis. The frequency of each wave

component can be defined as: f; =n, f,, where, f, is

the fundamental frequency and #», is a positive in-
teger. A sampling period is defined as: 7, =1/ f,. T,
covers the integral multiple of all periods of wave
components. The spectral leakage is ideally zero if
window functions are simply used over a period 7.

Therefore, the 1st order linear harmonic amplitude of
each frequency can be calculated by the integration

over the period 7. :

X (@)= 2C )+ 0'(@) (10)

s

C) = [ X()cos(n)dr (11a)

0(@)=-[ " X()sin(w)dr (11b)

where £(t) are the transient results to be analyzed,

such as heave and pitch motions.
A sponge layer is setup at the end of the tank to
absorb the wave reflection. The sponge layer method

was used in previous work and had good effects!'""'%.

A source term f, added in Eq.(2) is denoted as:

2
X—X,
f:s(x)_pag( j (U_Uref)
inside sponge layer (12a)
J.(x)=0 outside sponge layer (12b)



where x, is the start position of sponge layer, x the
positions of mesh cells located in sponge layer, L
the length of layer, «, an artificial viscosity coeffi-
cient to control wave damping effect, which is 20 in
current study. U, is a reference velocity to dampen
velocity at the exit to U, -U,, is equal to the inlet

velocity to keep mass conversation of global computa-
tional domain. The layout of the numerical tank with
the wave maker, the sponge layer as well as the wave
height probe are demonstrated in Fig.1.

Fig.2 Demonstration of two coordinate systems

1.3 6DOF module and coordinate systems

A fully 6DOF module has been developed in our
previous work!”! to predict the motions of ship in re-
gular waves. This method utilizes two coordinate sys-
tems to compute and predict ship motions as shown in
Fig.2. The coordinate system of the computational do-
main is the earth-fixed system (x, y, z), which is an

inertial system moving at a constant ship speed U, .

The coordinate system has the origin located at the
fore perpendicular. The x -axis points along the longi-
tudinal direction from head to stern, y -axis is in star-

board direction and z -axis points vertical upwards
with water line located at z=0. An other coordinate
system (x',)',z") is fixed with ship with the origin
fixed at the rotation center of the ship. At the initial
condition, the system parallels with the earth system,
but translates and rotates with movement of ship. The
forces and moments are computed in the earth system
and then they are transformed to ship-fixed system to
solve the rigid body equations:

¢ .
=Sy g, (6 ) <y, (pg =)

z,(pr+q) (13a)
._Y 2 2 .
v=—twp—urty, (7t p)=z,(qr-p)-
x,(gp+7) (13b)
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. Z )
w=;+uq—vz7+zg(p2 +q*)—x,(rp—¢) -

¥, (p+ ) (130)
p=[ix{1<—(12 —1)gr—mly, Gi—uq-+vp) -

2, (= wp +ur)]} (13d)
q%{M—ux—fz>rp—m[zg(a—vr+wq>—

x, Gi—1ug +vp)]} (13¢)
r':%{zv—(ly—Ix)pq—m[xgw—wpwr)—

Y, (i —vr+wq)]} (13f)

The obtained accelerations are integrated over
time to get velocities, which are projected to earth-
fixed system later. The predicted velocities are sent to
the mesh motion solver to compute the positions of
mesh nodes for the next time step. The detailed proce-
dure of the 6DOF solver can be found in Ref.[7].

2. Geometries and conditions

In order to validate the irregular wave approach,
three different types of ship models are involved in
this study, the Wigley hull, S-175 and DTMB 5512.
The three models represent three different ship types.
The Wigley hull is a slender body, S-175 is a contai-
ner ship and DTMB 5512 is a fast surface combat ship
with a sonar dome and a transom stern. The Froude
numbers for all the cases range from 0.25 to 0.41. The
different types and speeds are chosen in order to prove
the robustness and flexibility of the current approach.
The motion responses of heave and pitch of the three
models are computed by the irregular wave procedure.
In additions, the computations of wave regular condi-
tion are also included to compare with the regulars ob-
tained by irregular waves. All the computational re-
sults are compared with those given with existing
measurements and strip method.

2.1 Wigley

The first model adopted for validation is a modi-
fied Wigley hull. The vertical motions of four modi-
fied Wigley hulls in head wave are investigated expe-
rimentally by Journée!'®!. The model III, which is clo-
sest to the original Wigley hull, is chosen for simula-
tion in this paper. Two speeds are performed in this
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work with Fr=0.30 and 0.40. The principle dimen-
sions of the hull are shown in Table 1.

Table 1 Principle dimensions of modified Wigley hull'¥

Main particulars Value
Length, L (m) 3.0000
Breath, B (m) 0.3000
Draft, d (m) 0.1875
Displacement, A (kg) 39.000
Vertical center of rotation from keel, KR (m)  0.1875
Vertical center of gravity from keel, KG (m)  0.1700
Radius of inertia, K, /L (m) 0.2500
Fig.3 Geometry of S-175 container ship
Table 2 Main particulars of S-175 ship model!"
Main particulars Value
Scale factor, A 1:40
Length between perpendiculars, L, (m) 4.375
Breadth, B (m) 0.635
Depth, d (m) 0.385
Draught, 7 (m) 0.238
Displacement, A (kg) 370.94
Block coefficient, C, 0.572
Longitudinal center of gravity, fwd.+, LCG (m)  -0.055

Vertical center of gravity from keel, KG (m) 0.220

Pitch radius of gyration, K /L, 0.245

228175

The S-175 was used for the comparative numeri-
cal study of wave-induced vertical motions and wave
loads during the 15th and 16th ITTC Seakeeping
Committees. The ship is a modern container ship with
a bulbous and a block coefficient of 0.572. Fonseca
and Guedes Soares!'*'™) carried out the experimental
and numerical studies of the nonlinear vertical motion
and loads on this model in regular head waves with di-
fferent wave lengths and wave steepness. A scale fa-
ctor of 1:40 was adopted in the experiment and the

Froude number of model ship is Fr =0.25. The main
particulars of the ship model used in present work are
presented in Fig.3 and Table 2.

Fig.4 Geometry of DTMB model 5512

Table 3 Geometrical properties of DTMB Model 5512/

Main particulars Value

Scale factor, A 1:46.6

Length between perpendiculars, L, =~ (m) 3.048
Breath, B (m) 0.409

Draught, 7 (m) 0.132
Displacement, A (kg) 86.4

Block coefficient, C, 0.507

Wetted area, S (m?) 1.371
Longitudinal center of gravity, fwd+, LCG (m)  -0.0208

Vertical center of gravity from keel, KG (m) 0.162

Pitch radius of gyration, K, /L, 0.250

2.3 DTMB model 5512

The third model ship is David Taylor Model
Basin (DTMB) model 5512. This model was concei-
ved a preliminary design for USA Navy surface com-
batant. It has been adopted as a recommended bench-
mark for CFD validation in the latest Ship Hydrody-
namics CFD Workshops in Gothenburg in 2010. This
model has a sonar dome and transom stern. with scale
of 1:46.6 and length L =3.048 m. Irvine et al.l'®
performed the experiments of DTMB 5512 free to
heave and pitch in head waves, providing experime-
ntal data and strip method results for CFD validation.
Figure 4 and Table 3 show the geometry and principal
dimensions of the model. Two ship speeds are investi-
gated in this paper, medium speed (Fr=0.28) and

high speed (Fr=10.41).

2.4 Irregular wave conditions

All the irregular waves in this study are genera-
ted through the white noise spectrum. Table 4 summa-
ries the irregular wave conditions for all cases, where

Somn and f, . represents the range of working fre-
quency, S, is a constant spectral density in working

range and H_ is the significant wave height, estimated
by



Table 4 Summary of irregular wave conditions (in model scale)
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No. Ship model Fr fomin (H2) S (H2) S, (m’s/rad) H, (m)
1 Wigley 0.30 0.6 22 1.4x107° 0.0475
2 Wigley 0.30 0.6 25 2.5x107° 0.0673
3 S175 0.25 0.5 1.6 7.7x107° 0.0923
4 DTMB 5512 0.28 0.5 22 1.36x107° 0.0482
5 DTMB 5512 0.41 0.5 22 1.36x107 0.0482

H, =4.0 /ZS(a)ei)Aa)ei
i=1

(14)

S, 1s set to be a small value in order to avoid nonli-

near motions of ship, which affects accuracy of the ir-
regular wave procedure. All cases has df, =0.1 Hz

andand T, =1/df, =10s.

(b) Wigley hull

Fig.5 Global mesh and local mesh for Wigley hull mesh

2.5 Meshes

All of the meshes used in this paper are generated
by snappyHexMesh, a mesh generation tool provided
by OpenFOAM. SnappyHexMesh can automatically
generate mesh on an original Cartesian background
mesh by splitting hexahedral cells into split-hex cells.
This tool is also capable of adding local refinement
and extruding boundary layer cells from hull surface.
Local refinements are applied at the free surface and
in the vicinity of the ship hull. The computational do-

main extends to —l.OLPP <x< 4.0L

pp 2

0 <y<lL0OL,

Fig.7 Local mesh for DTMB model 5512
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and -1.0L, <z<10L,, . Figures 5-7 show respecti-

vely the mesh for the global computational domain,
and the local meshes for the Wigley hull, S-175 and
DTMBS5512. The total cell numbers of these meshes

are around 1.5x10°.

Table 5 Parameters of white noise spectrum of DTMB 5512

at Fr=0.28
Parameters Model scale Full
scale
Froude number, Fr 0.28
Minimum encounter frequency, 0.5 0.0732
<f;.min ( HZ) ’ ’
Maximum encounter frequency, 5 0.3222
f;,max (HZ) ’ '
Constant spectral density, s
S, (m’s/rad) 1.36x10 0.2016
Significant wave height,
0.048 2.247

H, (m)

---Uncorrected — Corrected  Target

Fig.8 Comparison of measured corrected wave spectrum with
the target (full scale)

3. Results

3.1 Irregular wave generation and correction

The wave condition of DTMB model 5512 is
taken for example to validate the wave generation and
correction procedure. The parameters of white noise
spectrum are listed in Table 5. The results of the mea-
sured wave spectrum by wave height probe are shown
in Fig.8. The spectrum is measured at the longitudinal
location of ship’s center of gravity. The dashed line
presents the initial uncorrected spectrum recorded by
wave probe. Severe oscillation and deviation from the
target at the working frequency are observed. How-
ever, the new spectrum (solid line) is achieved after
the wave maker signals have been adjusted according
to Egs.(8) and (9) Compared with the uncorrected one,
the corrected spectrum precisely matches the target.
Figure 9 illustrates time histories of wave elevation

measured by the wave height probe after the corre-
ction step is converged. The measured elevation clo-
sely agrees with the analytic one and no noticeable
discrepancy has been observed. The results indicate a
large improvement over the wave spectrum measured
by the correction step, providing incoming wave with
high quality for the simulation of seakeeping.

3.2 Motion responses
Figure 10 hows the time histories of heave and

pitch motions for DTMB 5512 at Fr =0.41 over 27, .

The histories are processed by Eq.(10) to obtain the
first-order harmonic amplitude of have and pitch, X, ,

X, . We define the transfer functions of heave and

pitch motions as

X

TF,, =_3% (15a)
X

TF, =—- (15b)
" oak

where the subscript i denotes the index of each wave
component, 7F , and TF_ are the transfer functions

of heave and pitch motions, the results of which are
shown in Figs.11-15.

Figures 11 and 12 present the transfer functions
of the Wigley hull at Fr =0.30 and 0.40. The results
obtained by irregular waves are compared with exi-
sting experimental data, strip theory and other results
by regular wave. The data of regular wave are also
achieved by naoe-FOAM-SJTU, but in regular wave.
The data of experiment and strip theory are provided
by Journée!*. The computational results for both irre-
gular and regular waves agree very well with the ex-
periment data at both Fr=0.30 and Fr=0.40. The
differences between the results of irregular and regular
are small except for 7F ; at f, = 1.08 Hz, where TF

by regular wave is overpredicted. The CFD methods
give better results than the strip theory. Poor results
were obtained by the strip theory for the pitch motion
at the two speeds, while the CFD methods can predict
both heave and pitch motions well agreed with measu-

rements. The peaks of 7F, and TF_ occurat f, =
1.1 Hzat Fr=0.30. At Fr=0.40, TF, shows peak
at f, =1.2 Hz while TF reaches maximum at f, =
1.0 Hz. In low frequency range (f, <0.7 Hz), both
TF, and TF, are close to 1.0 while at high freque-
ncy range (f, >1.5 Hz), they are approaching to zero.

Figure 13 illustrates the results for S-175 model.
The experiments were performed by Fonseca and
Guedes Soares''™ in regular head waves at Fr = 0.25.
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Fig.10 Time histories for heave and pitch motions for DTMB 5512 at Fr = 0.41 over two sampling periods
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Fig.12 Comparison of transfer functions at Fr = 0.40 for
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Fig.13 Comparison of transfer functions at Fr = 0.25 for S175
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Fig.14 Comparison of transfer functions at Fr = 0.28 for
DTMB model 5512

The wave steepness of H /L =1/80 is used in this
study, where H is the wave height and L is the

wave length. The results by strip theory was given by
a nonlinear time domain strip method!"®. The transfer
functions achieved by the irregular waves are compa-
red with the results in regular waves for H, /L =1/

80. As is shown in the figure, the computational data
by both irregular and regular fairly agree with experi-
mental results. However, the peaks of both TF, and

TF 5 are larger than those in the experiment. Acco-

rding to the experiment, the transfer functions of S-
175 are sensitive to wave steepness and nonlinear
components have large effect on peak value. Because
the wave amplitudes generated by white noise spe-
ctrum are identical, it is difficult to keep wave steep-
ness of all wave frequencies identical to that in the ex-
periments. The results indicate good agreements bet-
ween irregular wave and regular wave. Similar with
the results of the Wigley Hull, the strip theory agrees
well with experiment for heave motion, but larger dis-
crepancies are observed for pitch motin.

o Exp. —o— Imegular A Regular - - - Strip
15 o

o 1O e
E
05
0
0 0.5 1.0 1.5 20
f./Hz
(a) Heave response
15
% 1.0
&
05
u " A " "
0 0.5 1.0 1.5 20

£,/ Hz
(b) Pitch response

Fig.15 Comparison of transfer functions at Fr = 0.41 for
DTMB model 5512

Figures 14 and 15 present the transfer functions
for DTMB 5512 at Fr=0.28 and Fr=0.41, respe-
ctively. The experimental results were from Irvine et
all'" with ak =0.025, where a is wave amplitude

and k& is wave number. The experiments also provi-
ded results by a linear strip theory from the ship mo-
tions program (SMP). The results by regular wave are
included here to validate the irregular wave method.
At Fr=0.28, the computational results in irregular
and regular waves closely agree with experiments, but
discrepancies occur at f, <1 for TF,. The results for
Fr=0.41 show much better comparison than Fr =

0.28. Good agreements are obtained between irregular
and regular waves, indicating that the irregular wave
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(e) DTMB 5512 at Fr=041

Fig.16 Snapshots of wave surface of all cases

procedure can obtain as good results as in the regular
wave. The linear strip method shows the same trend as
experiments, but still presents larger errors than CFD
predication. It may be due to the complex geometry of
this model. At higher speed ( Fr =0.41), the irregular
wave procedure can hve good agreement compared
with experiments while the strip theory presents larger
errors compared with the case of lower speed (Fr =
0.28).

Figure 16 illustrates the wave patterns for all
three ships in different wave conditions. It is difficult
to compare wave patterns among different ship mo-
dels on the same condition since the incoming wave is
irregular. Herein it is just a simple demonstration of
ship moving in irregular waves. All of the figures are
captured at 7=12.0 s. The induced waves show much
difference due to the different bow shape. The ship
speeds also influence bow waves. For the DTMB
model 5512 at Fr=0.41, a distinct overturning of
bow wave is clearly observed due to the highest
speed.

4. Conclusions

The purpose of this paper is to present an irregu-
lar wave procedure to predict the motion responses of
ship in waves. This procedure can obtain the whole re-
sponses curves by a single run instead of a decade of
runs in regular waves so that the computational time
can be considerably saved. The procedure can obtain
as good motion responses as in regular waves with
less accuracy loss compromised.

Three different types of ship models model in
five irregular wave conditions have been performed to
validate presented methods, including the slender
Wigley Hull, the container ship S-175 and the surface
combat DTMB 5512. Good agreements between regu-
lar and irregular wave procedures are achieved, indi-
cating that less accuracy loss is resulted for the irregu-
lar wave method. The computational results by irregu-
lar wave procedure closely agreed with the measure-
ments even for F7>0.40, showing the robustness and
flexibility of the CFD method at high speed. The CFD
method can obtain higher accuracy at higher Froude
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number and for complex geometry although the pote-
ntial theories can also handle the linear waves applied
in the work.

Future work will focused on the seakeeping pro-
blem in irregular waves including short-crest waves
and nonlinear waves. More emphasis will placed on
the large-amplitude waves to investigate the nonlinear
effects of nonlinear waves and the nonlinear intera-
ctions with ships in 6DOF motions in a rough sea.
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