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assumed to be incompressible and viscous with mass and momentum fluxes being
conserved. The Computational Fluid Dynamics (CFD) software ANSYS Fluent which
makes use of the finite volume method (FVM) is employed to solve continuity and the
unsteady Reynolds Averaged Navier-Stokes (RANS) equations with a Shear-Stress
Transport (SST) k-w turbulence model. The air-water interface is modelled via the
Volume of Fluid (VOF) method. An UDF (User Defined Function) is set to simulate only
these two degrees of freedom for the ship motion and different sea conditions are
simulated with Response Amplitude Operators (RAOs) being compared to
experiments, with a good agreement being found. The Campos Basin wave from the
Southwest direction with a 1-year occurrence period is a wave with the highest

Keywords: dimensionless value resulting in a 0.172 of heave and the wave that has a North
Ship motions; RAO; Hull; Sea waves; direction with a 1-year occurrence period is a wave with the highest dimensionless
Computational Fluid Dynamics (CFD) value resulting from the 0.097° pitch.

1. Introduction
1.1 Purpose and Motivation

Studies related to the sea motions and its interactions with hull’s vessels comprise one of the
major areas of interest in naval engineering and the offshore industry, especially for Brazil, which has
a huge use of ships in military activities, logistical support, and in activities from oil & gas exploration
and production.

In the last century, relevant studies were observed in this area when Froude [1], Krylov [2], and
others developed mathematical models and experimental studies trying to describe problems of
resistance to the advancement and the ship's behavior in the open sea. From 1950 onwards, a
relevant focus was directed to the study of the ship’s behavior, both in the open sea and in shallow
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waters to develop mathematical models that could describe the actions of the hydrodynamic forces
on vessels and the equations of the motion.

The continuous research for mathematical models and motion equations to describe the
hydrodynamic forces acting on ships resulted in the publication of papers from Tasai [3] and Ogilvie
and Tuck [4]. Vossers et al., [5] tested the hull models from the 60’s Series using one wave height and
five different wavelengths. Borodai and Netsvetayeve [6] went deeper into the study of heave and
pitch movements, while Salvesen, Tuck, and Faltinsen [7] also covered equations of movements in
the horizontal plane. Nakamura and Naito [8] tested the propulsion and resistance of a container
ship in regular and irregular waves.

The literature shows that several researchers have been investigating the movements of vessels
induced by waves using different hulls and wave conditions. Journée [9] carried out experiments to
determine the vertical movements for 4 different models of the Wigley hull, under the influence of
various wavelengths and wave amplitudes. Shigemi and Zhu [10] comment that most projects of
vessels use known environmental loads for convenience, however, the real sea conditions faced by
these vessels in their operating locations are different from those considered at the design stage.

Dalane [11] mentions that, when designing offshore structures such as an oil and gas platform,
safety is an important part of the process, being essential that the structure can support all the loads
acting on it. To ensure that the structural design is within the safety level approved by the authorities,
the designer must ensure that the design complies with rules and regulations for the location where
a structure will be installed. The traditional methods of ship design have been using experimental
studies with test tanks and models of vessels built on a small scale, which require a considerable
amount of time and costs to be able to design, assemble, test, and maintain.

Until the development of hardware and software capable of solving the Navier-Stokes equations,
the solutions proposed by mathematicians, physicists and engineers were restricted to
approximations. With technological advances from computers with greater processing capacity, the
use of Computational Fluid Dynamics - CFD techniques has become an important tool for predicting
the movements of a ship under the influence of sea loads. The application of the CFD will require
only hardware and software whereas the traditional experimental model will require a large
infrastructure such as: a laboratory with ample space, test tanks, models of vessels, sensors,
hardware, software, and personnel, then the CFD has become a favorable alternative from the
financial and deadlines point of view.

Weymouth et al., [12] carried out simulations using a computational code to solve the RANS
equations and predict the heave and pitch movements of a Wigley hull for a specific number of
Froude, different wave lengths, and different wave amplitudes. The authors Yan et al., [13] applied
CFD tools to predict heave and pitch movements also for a Wigley hull while the authors Zhu et al.,
[14] the movement of the roll. Ghasemi et al., [15] investigated the heave and pitch movements of a
Wigley hull and two other forms of the hull (S60 and DDG) by modifying the strip theory using the
Maxsurf © software.

Chen et al., [16] simulated the waves generated around a moving Wigley vessel by solving the
RANS equations with the k- turbulence model and the Volume of Fluid (VoF) method for the free
surface. Mousavi, Khoogar, and Ghasemi [17] present a CFD simulation of a DTMB 5415 ship model
with four degrees of freedom using the unsteady RANS method. Nasseroleslami, Sarreshtehdari, and
Salari [18] investigated the hydrodynamic pressure field caused by a ship oil tanker using CFD to solve
numerically the governing equations including the continuity equation, the momentum equations,
and the K-€ turbulence model.

The development of methodologies capable of simulating real parameters, even on small scale,
in a virtual environment is one of the most interesting subjects of research related to hull designs.
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The design of a hull is a complex task that involves the application of different engineering
disciplines, mostly, based on the rules of a ship Classification Society. The ships are designed and built
to operate for an average of 20 years, which leads to a great susceptibility for these structures to
experience undesired effects due to the motions arising from sea conditions. Drilling Rigs used in oil
and gas industry are composed of Risers that are also subjected to external loads such as wave and
current which is a critical factor to these structure due to the potential level of fatigue [19].

The methodologies applied to estimate the effects of waves and currents on hulls are based on
these international standards, such as API RP 2Sk [20] and DNVGL-RP-C205 [21], which can induce an
overestimation of the forces applied to the structures, since they were not developed with the
conditions of the specific environmental loads in Brazil.

The main objective of this article is to evaluate, through Computational Fluid Dynamics (CFD)
techniques, the heave and pitch movements introduced by waves and currents from a specific area
in Brazil that are well known in the Qil and Gas industry and is called “Bacia de Campos” (Campos
Basin). Even though the sea waves are different from location to location the ship motions can be
simulated considering the data collected from measurement devices installed in the ocean. From
those waves that have the highest energy concentration, waves generated by the wind as highlighted
by Zuan [22] it is possible to build a reduced scale simulation to predict the heave and pitch motions.

The wave around the hull produces resistance according to the generated wave that has
interaction as per Ali [23]. Stappenbelt [24] states that a simplified approach, using simulation which
does not analyze the full hydrodynamic complexity from the 6 degrees of freedom also provides a
clear indication of floating structure performance trends. Figure 1 illustrates the heave and pitch
motions.

piteh

.
ve
s
]

Fig. 1. Heave and pitch motions

Sahak, Sidik and Yusof [25], mention that several characteristic must be taken in consideration
when performing a simulation of fluid flow and the development of models with numerous
discretization points with the resolution of complex algebraic systems hence special iterative solvers
also highlighted by Gomaa and Kasem [26].

In this study was applied the Computational Fluid Dynamics (CFD) software ANSYS Fluent which
makes use of the Finite Volume Method (FVM) is employed to solve continuity and the unsteady
Reynolds Averaged Navier-Stokes (RANS) equations with a Shear-Stress Transport (SST) k-w
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turbulence model. The air-water interface is modeled via the Volume of Fluid (VOF) method. An UDF
(User Defined Function) has been used to simulate only these two degrees of freedom (heave and
pitch) for the ship motion. Different sea conditions are simulated with Response Amplitude
Operators (RAOs) being compared to experiments [27].

2. Methodology
2.1 Problem Overview

Different methodologies can be used to predict vessel movements in the six degrees of freedom
(6DOF): surge, sway, heave, yaw, pitch, and roll. This work aims to focus on the prediction of the
heave and pitch motions illustrated in Figure 2.

Heave
Pitch
' )
—
" Regular waves 4 Air
.-"'H--_-H"'\
Y N
—> N L .
~—_ Free surface

Water

Fig. 2. Study Case

Heave is defined as a vertical translation movement that, positively or negatively, causes a change
in the displacement volume. The heave movement means that the ship loses its floating stability then
regains it by gravity forces. Pitch is defined as a rotation movement that causes instantaneous
variations of trim (inclination of the body) and with this, variations in the distribution of the
submerged volume.

The remaining four degrees of freedom: surge, sway, roll, and yaw were kept fixed by an external
User Defined Functions - UDF inserted in the ANSYS Fluent© software. The hull applied in this is study
is the Wigley Ill ship model heading over regular waves, which means that the free surface is
composed of two fluids: air and water.

Flows that occur around bodies immersed in fluids without boundaries (physical wall limitations)
are defined as external flows. External flows are influenced by the Froude Number (Fr), which is a
dimensionless parameter that represents the ratio between the forces of inertia and gravitational.
This parameter is used in this study to estimate the hydrodynamic performance of the vessel,
calculated using Eqg. (1).

U
Fr=—— (1)

JoL

In Eq. (1), the variable U (m/s) is the flow velocity; g (m/s?) is the acceleration due to gravity; L
(m) is the length of the vessel under study and Fr is a parameter considered in the calculations of
stability and hydrodynamic performance of the vessel. The model used in this work was previously
validated through the simulation of input data used in an experiment published by Journée [9].
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According to the variable ak given by Journée [9], where the amplitude of the incident wave is a
and the number of the wave is k, the heave and pitch movements were simulated during a period of
14 seconds for Froude Number Fr = 0.2. All simulations were performed with constant amplitude a
as given by Journée [9], so only the variation in the wavelength changes the ak.

The wave number k was given by Eq. (2).

k=" (2)

The heave movement is represented by z, which is measured in meters and z, which does not
have a unit of measure.

Zg = - (3)

The pitch movement is presented by 8, which is measured in degrees and 6, that does not have
unit of measure.

6, L .
27 360a (4)

The variables z, and 6,, were obtained by calculating the vertical oscillation center.
Zg = Zmax = Zmin (5)

00 = Omax — Omin (6)

The value of Z,,,4x and 0,4, are the maximum value of Z e 8 in the simulated period. The Z,,;;n
and 0,,,;, are the minimum value of Z e 8 in the simulated period. The dynamic response from a range
of frequencies with a unique wave amplitude related to a floating structure is known as Response
Amplitude Operators (RAO).

Regarding the movement of the hull under the influence of regular waves, the RAO represents a
transfer function, for a given wave frequency. In this study, the RAO is measured from the responses
of a floating structure to waves with different characteristics. Considering the conditions simulated
in this study, Eq. (7) and Eq. (8) expose the analytical expressions for each of the RAOs evaluated in
the time domain:

{ = Cmax c0s(Q,t + ;) @)
0 = Omax cos(Qyt + d)y) (8)

The variables ¢ and O represent the heave and the pitch. The parameters ;4 and 0,4, are the
amplitudes of each movement; (), and {,, are the angular frequencies in rad/s; ¢, and ¢,, are the
corrections for vertical translation and rotation around the transverse axis in radians. The critical
levels of periods and amplitudes from waves that occur in Campos Basin are determined based on
historical data extracted from a technical specification from CENPES [28].
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Table 1 presents: Hs (m) is the significant height, TPHs (s) is the period of significant height, HMAX
(m) is the maximum height, TPHMAX (s) is the period of maximum height and U (m/s) is the current.
The value of the wavelength represented by A (m) exposed in Table 1, was calculated for each wave
direction based on the period (s) associated with the significant height.

Table 1

Wave directions and parameters

Wave direction Wave period  Hs TPHs U A k a ak
(years) (m) (s) (m/s)  (m) (m)

Southwest(SW) 1 6.37 13.93 147 30296 0.021 3.185 0.066

South (S) 100 7.1 1435 2.06 321.51 0.02 3.55 0.069

East (E) 100 487 104 1.13 168.87 0.037 2.435 0.091

West and Northwest (W-NW) 100 3.88 8.51 1.26 113.07 0.056 1.94 0.108

Southeast (SE) 10 5.72 10.28 1.62 165 0.038 2.86 0.109

Northeast (NE) 1 455 9.13 0.81 130.15 0.048 2.275 0.11

North (N) 1 444 8.81 1.12 121.18 0.052 2.22 0.115

Table 1 details the selected waves in the Campos Basin considering the ak, or slope of the wave,
of the highest value for each direction. The wavelength A (m) and the amplitude of wave a were
scaled to a reduced scale, enabling computational simulation.

2.2 Governing Equations
The unsteady incompressible and viscous flow with a free surface is modeled in three dimensions

with momentum and mass being conserved in the fluid domain [29]. Continuity and the unsteady
RANS equations are satisfied.

0w, _ .
axi - ( )
ow;  0(wwy) 10P  0%*w; 0 —

Sy ANV e 27 . 10
ot~ ox, VT pox  VoxE ox Y (10)

where the subscript i indicates the direction of an orthogonal axes system; t is time; x; is the
position; u; = U; +u£ is the fluid velocity decomposed, respectively, in mean and fluctuating
velocities; f; = (0.0.—g) is the acceleration due to gravity; p is the fluid density; P is the mean
dynamic pressure; v is the kinematic viscosity.

2.3 Turbulence Model

The shear stress transport k — w turbulence model, proposed by Menter [30], is used to solve
the closure problem.

d(pr)  d(pruy) . 0 0K

Frani ox, =P —p PwK+a—xi[(#+Uxﬂt)a—xi (11)
d(pw) Jd(pwu;) 5 , 0 ow p 0k dw

FYIR o pas® — pfw” + o [(M + 0uht) a_xl] +2(1—Fyog 3%, 9, (12)
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where k is the turbulent kinetic energy; w is the rate of dissipation of the eddies; u is the molecular
viscosity; U is the turbulent viscosity. The term S and Sij are below defined.

The term B, is defined by Eq. (15).
p — . aui Oui n au] 5o . 108 15
e =min| y; ox, \ax; | ox, o2 10wk (15)

and the term F; is defined by Eq. (16).

_ vk 500v\  4po,,k !
F, = tanh{{mm(max (,B*wy ; y2w> ; CDmy2>} (16)

where y is the non-slipping distance, and CD,,, is defined by Eq. (17)

1 0k dw
) (17)

chw = max <2p0’w25 a—xla—xl H 10710

The other constants are: f = 0.075; $* = 0.09; g, =0.5; 0, =0.5; 6; =0.856; a = 5/9.
2.4 Interface Air-Water Model

Air-water interface is modeled via the VOF - Volume of Fluid method, proposed by Hirt and
Nichols [31].

o
ot U V=0 (18)

where @ represents the volume fraction of the liquid phase, 0 < @ < 1.
2.5 Finite Volume Method

The computational fluid dynamics code ANSYS Fluent © uses the Finite Volume Method (MVF).
Four steps are performed: discretization of the fluid domain in control volumes, application of the
conservation equations in each volume, approximation of the derivatives in the applicable equations
in linear terms, and solution of the linear equations by an iterative method.

The unknowns of the problem are solved in the centroid of each control volume and inside the
balance of the variables is preserved. The selection of linear approximation models must be made
taking into account the characteristics of the transport phenomenon involved.
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2.6 Computational Model

Fluid dynamics techniques have experienced great advances through the development of
computers with greater capacity for processing numerical simulation of any physical or chemical
process. In this work, the real and continuous problem of the movement of vessels discretized in the
domain in finite volumes is approached. The simulation is based on the principles of conservation of
energy, mass, and amount of movement. The CFD consists of an accurate forecast of fluid flow

through:

I.  Mathematical modeling (partial differential equations)
II.  Numerical methods (discretization and solution techniques);
lll.  Tools and software (solvers, pre and post-processing).

2.7 Geometry

The geometry analyzed in this study is the reduced Wigley Il hull model, which was also analyzed
in the works by Journée [9], Yan et al., [13] Ghasemi et al., [15], and Chen et al., [16]. Figure 3 presents

the Wigley Il hull model.

Fig. 3. Wigley Il hull model
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Table 2

presents the main design data from the hull

Main data from hull Values
Amidships section coefficient, Cm 0.6667
Length to breadth ratio, L/B 10.0
Length, L (m) 2.3600
Breadth, B(m) 0.3000
Draught, d (m) 0.1875
Trim, t (m) 0.0000
Volume of displacement, V (m3) 0.0780
Center of rotation above base, KR (m) 0.1875
Center of gravity above base, KG (m) 0.1700
Radius of inertia for pitch, Kyy (m) 0.7500

The computational model used in the simulation was similar to a Tank [32] with the following
dimensions: length 15m, width 6m, and height 4.5m. Despite the apparent similarity to a tank (Figure
4), the model is in fact an open channel, because all walls were defined with a damping condition,
avoiding the reflection of the waves.

Fig. 4. Model similar to tank but with open channels

According to Yanuar et al.,[29], prismatic meshes generate better results than tetrahedral meshes
in free surface regions. Therefore, unstructured prismatic meshes (see Figure 5) were used in the
vicinity of the air-water interface and unstructured tetrahedral meshes in the other regions [33].

Ay

Fig. 5. Mesh
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2.8 Boundary Conditions

Boundary conditions (see Figure 6 and Table 3) give the solution found by the CFD method a
unique character, dictating how the solver addresses the problem and interprets the various

geometries involved.

R

Fig. 6. Boundaries

The flow in the liquid phase is defined in the positive direction of the longitudinal direction in the
“Input”, with the regular waves generated at the level of the air-water interface, the average value
of 0.02 meters was adopted for the one obtained from the amplitudes resulting from the experiment
by Journée [9], therefore the height was fixed at 0.04 meters and the wavelength changed according

to each simulation performed.

The “Exit” was considered an open channel, with a pressure specified at the level of the air-water
interface. The entire air phase was treated with a constant pressure equal to 1 atm. The side walls
were defined with a damping condition so that there was no reflection of the waves. The bottom of
the fluid domain and the reduced hull model were treated with conditions of impenetrability and

non-slip.
Table 3
Boundaries
Boundary name - condition Position
inlet - velocity x=4.5m
outlet - outflow X=6.5m
port side - symmetry y=3.0m
starboards side - symmetry y=-3.0m
up - symmetry z=1.5m
down - symmetry z=-3.0m

the hull - no-slip wall
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2.9 Validation of the Case in Study

The model used in this work was previously validated through the simulation of input data used
in an experiment published by Journée [9]. All simulations were performed and the ship motions of
heave and pitch for a Wigley-Ill model were reproduced numerically and validated with experiments
(see Figure 7 and Figure 8) carried out by Journée [9].

Fr=0.2

Heave dimensionless

0.00 0.25 0.50 0.75 1.00 1.25 1.50 175 2.00 2.25 2.50

O— Experimental data Journée (1992) —8—NMumerical data Fluent

Fig. 7. Heave from Numerical data fluent versus Experimental data Journée [9]

Fr=0.2
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0.00 .25 n.En n.75 1.00 1.35 1.50 1.75 700 175 750
AfL
&— Experimental data (lournée) —B— Mumerical datz Fluent

Fig. 8. Pitch from Numerical data fluent versus Experimental data Journée [9]
A good agreement is found between experimental and numerical results except for 1.0 < A/L <

1.25 for Fr = 0.2. Sea conditions with wave lengths similar to the size of the hull cause high changes
in the vertical orientation of the ship model.
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3. Results

In this work, heave and pitch motions forced by waves and currents from the Campos Basin were
evaluated using computational fluid dynamics (CFD) techniques for a Wigley Il hull model.

The periodic behavior of the waves was observed after the initial three seconds due to the
formation of a transient in the fluid domain. This trend happened for both heave and pitch
simulations, as shown in Figures 9 and 10 respectively. The selection criterion used to determine the
period of interest was based on the use of AT > 4 (s); Z,;,qx < 0.00159 (m) and Z,,;,, = - 0.00141 (m)
for heave; 0,4, <0.22 (°) and 8,,,;,, > - 0.23 (°) for pitch.

0.012 Fr=0.2
0010 i
0.008
0.006
0.004
£ o002
N
0.000 AN AN ARV EVAY
0 2 3 g 5 9/ V1o 1 13 Vi
-0.002
-0.004
-0.006
-0.008
Time (s)
Fig. 9. Simulation of 14 seconds for heave movement
2.000 Fr=0.2
1500 |
1.000
£ 0,500
el

0.000

-0.500

-1.000

Time (s)

Fig. 10. Simulation of 14 seconds for the pitch movement

Figure 11 presents the heave results for each simulation scenario of akand A / L > 0.5.
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Fig. 11. Heave results for A/ L> 0.5

As presented in Figure 11 the A / L = 0.588 where the wavelength is above, however, still close to
half the length of the vessel, the movement relative to the heave tends to be less, with the peak value
below 0.001 meters. For the simulation of A / L = 0.768, the value in meters of the heave exceeded
0.001 after 10 seconds. In both cases, 0.588 and 0.768, a similar behavior is observed in terms of
frequency, since there is the formation of at least 3 peaks and 3 valleys every second, with spacing
from peak to peak being similar.

For A / L = 0.806, a lower frequency is noted, but the amplitude of the heave is considerably
greater than the other two A / L analyzed in this group. The peak value for this A / L exceeded 0.003
meters.

Table 4

Calculated RAO of heave results under A /L> 0.5

U(m/s) A (m) AL ak ta
1.13 1.39 0.588 0.091 0.032
2.06 1.81 0.768 0.069 0.066
1.47 1.90 0.806 0.066 0.172

Comparing these three results, it is possible to see the Campos Basin wave from the Southwest
direction and a 1-year occurrence period is a wave with the highest dimensionless value resulting in
a 0.172 of heave (see Table 4)

The Figure 12 presents the heave results of A / L < 0.5.

0,015
0.010
0,005
E .
E 0,000  ssesszvmec;zaes=s Tl e e e S AT T L s s T L r e e s e L T S LR RIS T g S T e
£ & q 10 11 12 13 14
-0,005
-0.010
-0.01%
Timme (5]
ak=0.115: )/ L= 0.463 ak=0,110; A/ L=0,485
———ak=0.109; 1/ L= 0.489 ~--—-alk=0.108; A f L= 0.494

Fig. 12. Heave results forA /L < 0.5
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All A / L presented in the graph have values below 0.5, which means that the wave length is less
than half the length of the vessel, therefore, the heave values tend to be relatively low. The peak
values found for these cases were around 0.001 meters.

There is a significant difference between the frequencies presented for each A / L, the current
variation being one of the possible influences on this wave behavior. As the value of the length from
these waves obtained a small variation, the behavior shown in Figure 12 corroborates the expected
result for this simulation.

Between seconds 12 and 13 can be seen three of the four cases with similar peak-to-peak values,
except for A / L =0.485. In the latter case, the peak value was the highest in this group, being the only
one to exceed the value of 0.001 meters. Table 5 shows the respective RAO values for this group of
simulations.

Table 5

Calculated RAO of heave results under A/ L< 0.5
U(m/s) A (m) AL ak ta
1.12 1.09 0.463 0.115 0.028
0.81 1.14 0.485 0.110 0.037
1.62 1.15 0.489 0.109 0.031
1.26 1.17 0.494 0.108 0.045

When comparing these four results, can be seen that the Campos Basin wave has a West-
Northwest direction and 100-year period of occurrence with the highest wave value for heave
resulting in 0.045.

Figure 13 shows the ascending RAO related to heave data versus A/ L

0.20 -

0.08 +

0.06 + *
0.04 A &

0.02 +

Heave dimensionless

0.00

0.45 0.50 0.55 0.60 0.65 0.70 0.75 0.80
AL

¢ Heave / {a

Fig. 13. Heave RAO versus A/ L

The pitch results for cases of A / L > 0.5 (see Figure 14) followed the same characteristics found in
the heave.
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Fig. 14. Group of pitch results for A /L > 0.5

The most critical case was the A / L = 0.806, which presented the highest 6 peak results, around
0.6°. In the case where the wavelength is close to half the length of the vessel A / L = 0.588, the
relative pitching movement also showed the lowest value, resulting in 6 = 0.1°. For A /L = 0.768 is
noted that the peak wave value is around 0.2°. For A / L = 0.806, the pitch values close to 0.6° were
observed. Table 6 shows the respective RAO values for this group of pitch simulations.

Table 6

Calculated RAO of pitch results under A /L > 0.5
U (m/s) A (m) AL ak ta
1.13 1.39 0.588 0.091 0.087
2.06 1.81 0.768 0.069 0.100
1.47 1.90 0.806 0.066 0.402

Comparting these first three results, can be seen that the Campos Basin wave has the Southwest
direction and lyear occurrence period with the highest value resulting from 0.402. The following
scenarios values of ak were equal to or greater than 0.1 and the A / L less than 0.5.

The A / L shown in Figure 15 demonstrate the vessel has a low relative response to pitch under
simulated wavelength and hull conditions. The peak values of 8 were below 0.2° and a value of -0.2°
for all these four simulated cases. It is noticed that of these 4 simulated cases, three of them had
similar peak-to-peak values, except for A / L= 0.489, being the only one to approach the value of 0.2°.
Table 7 shows the respective RAO values for this group of pitch simulations.

L00
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0,60
0,40

0,20

000 i W, PR R RS T e o s

Pitch ()

o0 8
0,40
0,60
0,80

1,00
Time |5}

——-alk=0,115; A/ L= 0,463 ak=0,110; A/ L=0,485
gk =0,109: A/ L=0,489 —--—ak=0,108; A/ L=0,494
Fig. 15. Group of pitch results for A /L < 0.5
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Table 7

Calculated RAO for the group of pitch results under A / L< 0.5
U (m/s) A (m) AL ak ta
1.12 1.09 0.463 0.115 0.097
0.81 1.14 0.485 0.110 0.048
1.62 1.15 0.489 0.109 0.020
1.26 1.17 0.494 0.108 0.044

Comparing these four results is clear the Campos Basin wave that has a North direction and a 1-
year occurrence period is a wave with the highest dimensionless value resulting from the 0.097°
pitch. Figure 16 shows the RAO pitch data concerning to A / L in an increasing way, maintaining the
same scales presented in the validation of the model used for simulation.

Pitch dimensionless
o
N
o

0.15
010 A A
A
0.05 + AA
0.00 A
0.45 0.50 0.55 0.60 0.65 0.70 0.75 0.80
AfL

A PitchxL/360xZa

Fig. 16. Pitch RAO versus A/ L

The pitch for the first four points on the graph are A / L = 0.463; 0.485; 0.489; 0.494 was less than
0.1°, and for the three cases of A / L > 0.5 there was an upward trend in the curve at these points.

4. Conclusions

In this work, heave and pitch motions forced by waves and currents from the Campos Basin were
evaluated using computational fluid dynamics (CFD) techniques for a Wigley Il hull model.

The critical levels of wave periods and amplitudes were determined for each direction of the
Campos Basin waves, which are simulated on a small scale using the ANSYS Fluent© software. The
vessel's responses to sea conditions were measured using the Response Amplitude Operators (RAO).
The Finite Volume Method (MVF) was used to solve the mass conservation and momentum equations
(Reynolds Averaged Navier-Stokes), with turbulence represented by the k-w SST model (Shear Stress
Transport) and the Volume method Fluids (VOF) for the analysis of the air-water interface. The
calculations and processing were performed using the computational fluid dynamics code ANSYS
Fluent© 19.0. with customizations performed via UDF.
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The numerical results of this study demonstrate that simulations via CFD can offer a good
prediction of RAOs distant from A / L <1.0. Cases in which the incident waves have a length less than
that of the hull size A / L £ 0.5 showed precise numerical results, both for heave and for pitch.

Experimental studies can benefit from the numerical results, helping to dimension the
experimental apparatus and foresee possible problems. The development of methodologies for
simulating real parameters in a virtual environment is of great interest for vessel hull projects, making
it possible to evaluate different scenarios with less demand for time and costs. This work is an
example of the use of real data from the Campos Basin and the application of this methodology can
be expanded to carry out studies on the other regions of Brazil that also have offshore structures or
relevant maritime traffic, such as “Bacia do Espirito Santo”, “Bacia de Santos”, “Bacia de Sergipe”,
“Bacia de Pernambuco-Alagoas” and others.
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