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ABSTRACT 

 

The hydrodynamic responses of the floating platform, especially the 

heave, surge, and pitch motions have a great impact on the aerodynamic 

performance of the wind turbine. Consequently, the model and 

experiment data of a Y-shaped platform for floating offshore wind 

turbine is provided by University of Plymouth to study the 

hydrodynamics of this platform, namely the 1st FOWT Comparative 

Study. In this study, we investigate the hydrodynamic responses of the 

UMaine VolturnUS-S submersible floating platform based on the 

computational fluid dynamics. The well validated in-house code naoe-

FOAM-SJTU developed for solving marine by Shanghai Jiao Tong 

University based on the open source platform OpenFOAM is employed 

to perform the numerical simulations. The simulation is operated by 

turbulence model k-ω SST employed for closure of RANS equations, 

and the VOF technique is used to track the two-phase flow interface. The 

cases are composed of the static equilibrium loading, the free decay test 

(including heave, surge and pitch motions) and a pair of focused wave 

conditions. From the simulation, the six degree of freedom motion and 

mooring system are in good contrast with experiment in the static 

equilibrium loading conditions. Moreover, the free-decay curves show 

that the heave motion is entirely consistent with experiment, and the error 

of pitch and surge are less than 10%. The motion response at the wave 

crest position is basically consistent, although we use CWA and 

JONSWAP methods to make the focused wave rather than the PM 

recommended from experiment.  

 

KEY WORDS:  Y-shaped platform; floating offshore wind turbine; 

hydrodynamic responses; computational fluid dynamics; naoe-FOAM-

SJTU. 

 

INTRODUCTION 

 

According to the ‘GLOBAL WIND REPORT 2022’ from Global Wind 

Energy Council, in 2021, the new offshore installations accounts for 21.1 

GW, which represents three times more than previous year. The total 

offshore capacity has become to 57 GW (GWEC, 2022). The advantages 

of more resources of wind power with higher speed and less turbulent 

effects, bigger free areas for wind farms being installed, lower noise 

emission to city make the offshore wind energy have a further 

development prospect than onshore wind energy (Esteban et al., 2011). 

The exploit of wind power will gradually develop from onshore to 

inshore and then to offshore. 

 

At present, the basic platform of offshore wind turbine can be divided 

into two categories, bottom-fixed foundation and floating platform (Xu 

et al., 2022). The floating offshore wind turbine (FOWT) platform 

generally contains four categories, spar type, semi-submersible type, 

tension leg type and barge type also called pontoon type. (Micallef and 

Rezaeiha, 2021) Compared with other types, the larger area of water 

plane could provide sufficient restoring force for semi-submersible 

FOWT platform to maintain the stability. Recently, some braceless semi-

submersible platforms are construct and operated. The Fukushima 

FORWARD project implemented by Japanese government  developed a 

V-shaped semi-submersible floating structure for 7 MW wind turbine 

(Ohta et al., 2013). Without complex braces between columns, the 

fatigue effect occur at the welded joints rarely (Karimirad and 

Michailides, 2016). The Y-shaped platform named Volturn-US, which 

has been organized and tested few years was proposed by University of 

Maine in 2013 at first (Viselli et al., 2014). It is suitable for the 

development and application of the large FOWT, because of the superior 

stability and simple structure design. In 2020, a FOWT based on this type 

platform with IEA wind 15 MW offshore reference wind turbine has 

been successfully passed the project application (Allen et al., 2020).  

 

For the design and hydrodynamics analysis research of the Y-shaped 

FOWT platform, significant achievements have been made in recent 10 

years. Luan et al. (Luan et al., 2016) introduced a steel braceless Y-

shaped 5 MW FOWT, named 5-MW-CSC. Through numerical analysis, 

they verified that the well complete stability, natural period, mode and 

moderate rigid-body motions of the model at the extreme environment 

conditions satisfy the design requirements. At the same times, Sauder et 

al. (Sauder et al., 2016) conducted free decay experiments and wind-

wave coupling experiments for it. It is found that the aerodynamic load 

caused by constant wind speed had little influence on the structure 
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movement. However, when turbulent wind interacts with waves, the 

heave motion response is obviously affected by the high frequency of 

waves, and the low-frequency wind damping is disturbed by waves. The 

coupled of aerodynamic and hydrodynamic for this platform have been 

simulated by their colleagues (Berthelsen et al., 2016). The timely 

mooring viscous drag coefficients calculated by Morison’s equation are 

added on the coupled simulative calculation. Simulation results show 

that either mooring data or dynamic motions is good agreement with their 

experiment results. For the VolturnUS Y-shaped semi-submersible 

FOWT platform, University of Marine has done lots of experiment, 

which is mentioned in the previous paragraph (Goupee et al., 2014) 

(Viselli et al., 2016). In 2020, Nation Renewable Energy Laboratory 

(NREL) disclosed the detailed design parameters and relevant 

hydrodynamic data of the latest VolturnUS-S (Allen et al., 2020). 

Sandua-Fernández et al. (Sandua-Fernández et al., 2022) simulate the 

drag coefficient and motions response of this type platform. Mei and 

Xiong (Mei and Xiong, 2021) found that the fatigue damage over 25 

years of the tower-base is overestimated by 16.92 % only simulating by 

first-order wave loads, and the fatigue damage of the tower-base at 

dangerous conditions is underestimated by 57.1 %. Liu et al. (Liu et al., 

2022) calculate the hydrodynamic performance of VolturnUS-S platform 

with 90 % - 110 % spacing distance and diameter of outer columns, and 

give an optimal design under reasonable analysis, which could reduce 

17.98 % surge response and 13.35 % mooring line tension. While due to 

the lack of experimental and computational data for the newer model, the 

research which have been done have little data to compare with others. 

Besides, the results calculated based on potential theory could not really 

simulate the motions response process under extreme conditions.  

 

Therefore, in this paper, the motion response and structural dynamic of 

a 1:70 model scale VoturnUS-S Y-shaped FOWT platform whose 

parameters provided by 1st FOWT Comparative Study (Ransley et al., 

2022) are studied. The working conditions of static equilibrium, decay 

tests and focused wave is simulated by naoe-FOAM-SJTU solver based 

on computational fluids dynamic (CFD) method. naoe-FOAM-SJTU is 

developed on the basis of open source software OpenFOAM (Wang et 

al., 2019). In section 2, the numerical methods composing of governing 

equations, mooring theory, 6 degrees of freedom (DOF) motion theory 

of platform and coupled of hydrodynamic and mooring system 

simulation producer. The section 3 introduces the model, mooring and 

mesh griding properties of this platform. The section 4 shows our 

simulation results. The static equilibrium either with or without mooring 

show an agreement with experiment on the initial pitch angle and 

coordinate of mass. By initial displacement perturbation on the motions 

of surge, heave and pitch, the natural frequency and mooring tension has 

been tested. The JONSWAP method to make the focused wave is used 

in this simulation. Although there is a little difference between the 

monitoring data of wave height and the experiment with PM method, the 

peak height at focused location is consistent with the experiment, which 

could provide more hydrodynamic information.  

 

NUMERICAL METHOD 
 

Governing Equations 
 

The governing equations of fluid mechanics is Navier Stokes (NS) 

equation. The incompressible N-S equations contain the continuity and 

momentum equations, which is used to solve the problems of three-

dimensional incompressible and viscous Newtonian fluid:  

∇ ⋅ 𝐔 = 0 (1) 
𝜕𝜌𝐔

𝜕t
+ ∇ ⋅ (𝜌𝐔𝐔) = −∇p

d
− 𝐠 ⋅ 𝐱∇𝜌+∇ ⋅ (𝜇eff ∇𝐔) + f

ε
(2) 

where, 𝐔 represents the velocity of flow filed;  is the density of the 

fluid (water), which unit is kg/m3; g is the acceleration vector of gravity, 

which unit is m/s2; p
d

= 𝑝 − 𝜌𝐠 ⋅ 𝐱 is the dynamic pressure by 

subtracting hydrostatic component 𝜌𝐠 ⋅ 𝐱 from total pressure p; eff  is 

the effective dynamic viscosity coefficient of the water, which unit is 

N∙s/m2;  f
ε
 is the surface tension term. 

 

Turbulent Model 
 

RANS is a commonly used turbulence solution method, which could 

describe the statistical average turbulence motion. The velocity and 

pressure terms are decomposed into time-average and pulsation values 

by Reynolds decomposition method.  

 
𝑢𝑖(𝑥, 𝑡) = 𝑢̅𝑖(𝑥) + 𝑢𝑖

′(𝑥, 𝑡) (3) 

𝑝(𝑥, 𝑡) = 𝑝̅(𝑥) + 𝑝′(𝑥, 𝑡) (4) 

 

Bring them into the N-S equation Eq. 1and Eq. 2, 

 
𝜕𝑢̅𝑖

𝜕𝑥𝑖
= 0 (5) 

𝜌
𝜕𝑢̅𝑖

𝜕𝑡
+ 𝑢̅𝑗

𝜕𝜌𝑢̅𝑖

𝜕𝑥𝑗
= −

𝜕𝑝̅𝑑

𝜕𝑥𝑖
− 𝑔𝑖 ⋅ 𝑥𝑖

𝜕𝜌

𝜕𝑥𝑖
+ 𝜇𝑒𝑓𝑓  

𝜕2𝑢̅𝑖

𝜕𝑥𝑖𝜕𝑥𝑗
−

𝜕𝑢′
𝑖𝑢

′
𝑗

̅̅ ̅̅ ̅̅ ̅

𝜕𝑥𝑖

(6) 

 

k-ω SST is a common RANS turbulent model. The turbulent kinetic 

energy 𝑘 and the turbulent dissipation rate ω can be described as:  

 
𝜕(𝜌𝑘)

𝜕𝑡
+

𝜕(𝜌𝑢̅𝑖𝑘)

𝜕𝑡
=

𝜕

𝜕𝑥𝑖
(𝛤𝑘

𝜕𝑘

𝜕𝑥𝑖
) + 𝐺𝑘 − 𝑌𝑘 + 𝑆𝑘 (7) 

𝜕(𝜌𝜔)

𝜕𝑡
+

𝜕(𝜌𝑢̅𝑖𝜔)

𝜕𝑡
=

𝜕

𝜕𝑥𝑖
(𝛤𝜔

𝜕𝜔

𝜕𝑥𝑖
) + 𝐺𝜔 − 𝑌𝜔 + 𝐷𝜔 + 𝑆𝜔 (8) 

 

where, 𝛤𝑘 and 𝛤𝜔 are the effective diffusion coefficients for the turbulent 

kinetic energy 𝑘  and turbulent dissipation rate 𝜔 ; 𝐺𝑘  and 𝐺𝜔  are the 

turbulence generation terms; 𝑌𝑘  and 𝑌𝜔  are the turbulent dissipation 

terms; 𝑆𝑘 and 𝑆𝜔 are the source terms; 𝐷𝜔 is the cross-diffusion terms. 

 

Volume of Fluid (VOF) Method 
 

The VOF method was proposed to capture the free surface by Hirt and 

Nichols (1981). The transport equation of VOF can be described as:  

 
𝜕α𝑣

𝜕𝑡
+ ∇ ⋅ (α𝑣𝐔) = 0 (9) 

 

where, 𝐔 represents the velocity of the fluid field; The volume fraction 

α𝑣 represents the relative percentage of the fluid in each cell grid. 

 

{

α𝑣 = 0        air                
0 < α𝑣 < 1 freesurface
α𝑣 = 1        water          

(10) 

 

Wave Generation and Absorption Module 
 

Wave generation and absorption are the key points of wave numerical 

simulation. In naoe-FOAM-SJTU solver, there are three types of the 

three-dimensional focusing wave could be generated (Cao and Wan, 

2014), which are called constant wave amplitude (CWA), constant wave 

steepness (CWS), and JONSWAP. 

 

For the three-dimensional case, according to the linear superposition 

principle, the free surface of water can be described as:  
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𝜂(𝑥, 𝑦, 𝑡) = ∑ ∑ 𝑎𝑖𝑗 cos(𝑘𝑖𝑥cos𝜃𝑗+𝑘𝑖𝑦sin𝜃𝑗 − 𝜔𝑖𝑡 + 𝜑𝑖𝑗)

𝑁𝜃

𝑗=1

𝑁𝑓

𝑖=1

(11) 

 

where, 𝑁𝑓 and 𝑁𝜃 are the numbers of the frequencies and directions; 𝑎𝑖𝑗 

is the amplitude of the component wave with the i-th frequency and the 

j-th direction; 𝜃𝑗  is the j-th direction; The dispersion relation of each 

wave number 𝑘 and wave frequency 𝜔 can be described as: 

 

𝜔𝑖
2 = 𝑔𝑘𝑖tanh(𝑘𝑖ℎ) (12) 

 

For each direction, when the wave focuses at (𝑥𝑓, 𝑦𝑓, 𝑡𝑓). The (𝑥𝑓, 𝑦𝑓) is 

the focus location, and 𝑡𝑓 is the focus time.  

 

cos(𝑘𝑖𝑥𝑓cos𝜃𝑗+𝑘𝑖𝑦𝑓sin𝜃𝑗 − 𝜔𝑖𝑡𝑓 + 𝜑𝑖𝑗) = 1 (13) 

 

Thus, the free surface expression of wave: 

 

𝜂(𝑥, 𝑦, 𝑡) = ∑ ∑ 𝑎𝑖𝑗 cos (𝑘𝑖(𝑥 − 𝑥𝑓)cos𝜃𝑗+𝑘𝑖(𝑦 − 𝑦𝑓)sin𝜃𝑗

𝑁𝜃

𝑗=1

𝑁𝑓

𝑖=1

− 𝜔𝑖(𝑡 − 𝑡𝑓))                                                          (14) 

 

If the focus location and focus time is confirmed, all of these depend on 

the 𝑎𝑖𝑗. 

𝐴𝑐 = ∑ ∑ 𝑎𝑖𝑗

𝑁𝜃

𝑗=1

𝑁𝑓

𝑖=1

(15) 

 

where, 𝐴𝑐  is the focused wave crest elevation. It can be described as: 

 
𝑎𝑖𝑗 = 𝐴𝑐𝑆𝑎(𝜔𝑖)𝐺(𝜃𝑗)𝑑𝑓𝑑𝜃 (16) 

 

𝐺(𝜃𝑗) is the directional spreading function (Li and Liu, 2015),  

 

𝐺(𝜃𝑗) =
cos2𝑠(𝜃𝑗 2⁄ )

∑ cos2𝑠𝑁𝜃

𝑗=1 (𝜃𝑗 2⁄ )𝑑𝜃
 |𝜃| < 𝜃max 

 

where s is the parameter that describes the directional concentration,  

𝑆𝑎(𝜔𝑖) is the amplitude distribution which has different types. For CWA 

spectrum method in naoe-FOAM-SJTU solver, 

 

𝑆𝑎(𝜔𝑖) =
1

𝑁𝑓𝑑𝑓
       𝑎𝑖𝑗 =

𝐴𝑐

𝑁𝑓
𝐺(𝜃𝑗) (17) 

 

For CWS spectrum method in naoe-FOAM-SJTU solver, 

 

𝑆𝑎(𝜔𝑖) =
1

(𝑘𝑖 ∑ 1/𝑘𝑖
𝑁𝑓

𝑖=1
)𝑑𝑓

      𝑎𝑖𝑗 =
𝐴𝑐

(𝑘𝑖 ∑ 1/𝑘𝑖
𝑁𝑓

𝑖=1
)

𝐺(𝜃𝑗) (18) 

 

For JONSWAP spectrum method in naoe-FOAM-SJTU solver,  

 

𝑆(𝜔) = 319.34
ℎ𝑆

2

𝑇𝑝
4𝜔

exp [−
1948

(𝑇𝑝𝜔)4] 𝛾
exp[−

(𝜔𝑇𝑝/2𝜋−1)
2

2𝜎2 ]

𝑆𝑎(𝜔𝑖) =
𝑆(𝜔𝑖)

∑ 𝑆(𝜔𝑛)
𝑁𝑓

𝑛=1 𝑑𝑓
     𝑎𝑖𝑗 =

𝐴𝑐𝑆(𝜔𝑖)

∑ 𝑆(𝜔𝑛)
𝑁𝑓

𝑛=1

𝐺(𝜃𝑗)

(19) 

 

where, 𝑆(𝜔) is the energy density spectrum of JONSWAP spectrum; ℎ𝑆 

is the significant wave height; 𝑇𝑝 is the peak period, 𝑇𝑝 = 2𝜋/𝜔𝑝; 𝛾 is 

the peak elevation parameter, probably equal to 3.3. 𝜎  is the peak 

parameter, when 𝜔 ≤ 𝜔𝑝, 𝜎 = 0.07; when 𝜔 > 𝜔𝑝, 𝜎 = 0.09. 

 

In order to resolve the wave reflection on the outlet boundary produces, 

a damping zone which also called sponge layer is set at the end of the 

tank in naoe-FOAM-SJTU solver. A source term 𝑓𝑠 is added in Eq. 2. 

 

𝑓𝑠(𝑥) = {
−𝜌𝛼𝑠 (

𝒙 − 𝒙𝑠

𝐿𝑠
)

2

𝐔   inside sponge layer  

 0                                                     outside sponge layer

(21) 

 

where, 𝛼𝑠  is a dimensionless artificial viscosity parameter to control 

wave damping effect, 𝛼𝑠 = 10; 𝐿𝑠 is the length of sponge layer; 𝒙𝑠 is the 

start position of the sponge layer. 

 

Mooring System 

 

In naoe-FOAM-SJTU solver, the spring module, catenary method, 

piecewise extrapolating method, lumped mass method has been applied. 

Due to lack of Young’s MoudleThe catenary method is used in this paper. 

Considering a section of catenary lying on the bottom of the sea like Fig. 

1. The catenary can be described as: 

 

𝑧 = {
 𝑎 (𝑐𝑜𝑠ℎ

𝑥

𝑎
− 1)     0 ≤ 𝑥 ≤ 𝑋 − 𝑝

0                             − 𝑝 ≤ 𝑥 < 0  
(22) 

 

where, is the 𝑇𝑣 vertical force of mooring tension, and is the horizontal 

force. Thus, it can be derived as: 

 

𝐹(𝑞) = exp [(𝑋 − 𝐿 + 𝑞) ∙
2𝐻

𝑞2 − 𝐻2] −
2𝐻

𝑞 − 𝐻
− 1 = 0 (23) 

 

q can be solved by Newton iteration method, and the mooring tension be 

resolved, 

 

{
 𝑇ℎ = 𝑤𝑎
𝑇𝑣 = 𝑤𝑞

(24) 

 

where, 𝑤 is the submerged mass.  

 

 
Fig. 1 Catenary mooring mode figure 

 

Six-DOF Motions of Platform 
 

The 6 DOF includes the degrees of freedom of movement along the three 

rectangular coordinate axes of x, y, z and the degrees of freedom of 

rotation around three coordinate axes. For offshore engineering object, 

these six motions are called surge, sway, heave, roll, pitch and yaw. In 

naoe-FOAM-SJTU solver, two coordinates system are set up in the 

procedure of solving 6DOF motion equations, which are earth-fixed 

coordinate system and body-fixed system.  

 

As above introduction, naoe-FAOM-SJTU have combined the wave 

maker, mooring system and 6DOF motions module. Fig. 2 showed the 
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methods used in this article. 

 

 
Fig. 2 The coupled of mooring system in naoe-FAOM-SJTU 

 

NUMERICAL COMPUTATION MODEL 
 

Y-platform Model 

 

The model of Y-platform is provided by 1st FOWT Comparative Study 

(Ransley et al., 2022), which is about 1:70 scale model of a 15 MW 

VolturnUS-S semi-submersible FOWT platform. The body-fixed 

coordinate system is defined with the center of central column at the 

bottom. Key parameters of the platform and the mooring fairleads are 

shown in Table 1 ~ 2 and Fig. 3 ~ 4. It is noticeable that the mooring 

fairleads will transform with the platform in different cases of initial 

conditions. 

 

 
Fig. 3 Geometric parameters and mooring point location (in body-fixed 

system) 

 

 
Fig. 4 Mooring systems (in body-fixed system) 

 

Table 1. Key parameters of the Y-platform 

 

Item Value 

Diameter of central column 0.143 m 

Diameter of outer columns 0.1778 m 

Height of columns 0.500 m 

Distance between central and outer 

column axes 
0.7393 m 

Width of pontoons 0.1778 m 

Depth of pontoons 0.100 m 

Mass 56.3 kg 

Center of Mass (CoM)  (-0.00477, 0.0, 0.26369) 

Moment of Inertia about x-axis (Ixx) 26.68 kg∙m2 

Moment of Inertia about z-axis (Iyy) 26.68 kg∙m2 

Moment of Inertia about z-axis (Izz) 14.18 kg∙m2 

 

Table 2. Mooring system 

 

Item Value 

Fore fairlead position  (-0.8392, 0.0, 0.08571) 

Aft-Port fairlead position (0.4196, -0.7268, 0.08571) 

Aft-Starboard fairlead position (0.4196, 0.7268, 0.08571) 

Fore anchors position  (-9.525, 0.0, -2.86) 

Aft-Port anchors position (4.412, -7.555, -2.86) 

Aft-Starboard anchors position (4.412, 7.555, -2.86) 

Fore mooring length 9.685 m 

Aft-starboard mooring length 9.017 m 

Aft-Port mooring length  9.017 m 

Submerged mass 0.125568 kg/m 

 

 

 

Table 3. The initial CoM and pitch angle for static and equilibrium 

 

Number ID Test name CoM Initial pitch angle about CoM 

Case 1 FOWT1_EQ_unmoored No moorings (-0.00477, 0.0, -0.00126) 0°* 

Case 2 FOWT1_EQ_moored With moorings (-0.00477*, 0.0, -0.02386) 0°* 

Case 3 FOWT1_Decay_heave Heavy decay (-0.03528, 0.0, -0.17116) -1.031° 

Case 4 FOWT1_Decay_surge Surge decay (0.33132, 0.0, -0.02506) -2.2682° 

Case 5 FOWT1_Decay_pitch Pitch decay (-0.02348, 0.0, -0.050760) -11.2528° 

* There on some discrepancy between the organizer’s providing and used in this paper. 

 

Conditions of Simulating cases 

 

On account of the requirements of organizer, the hydrodynamic of this 

Y-platform must be tested, including static equilibrium, decay tests, and 

focused wave cases. The purpose of static equilibrium test is to calculate 

the initial stability of the platform at static free surface without mooring 

systems and the influence of mooring lines on the initial stability of the 

platform. Thus, it is composed of two tests, which are no moorings and 
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with moorings. The CoM and initial pitch angle are shown in Table 3.  

The next set of load cases consider decay tests in the three principle 

DOFs (heave, surge and pitch), which is based on the static equilibrium 

with mooring test (Case 2). In addition to perturb a prescribed 

displacement initially in the three main DOFs, there are a few 

transformations on the other DOFs.  

 

The final load cases are a pair of focused wave interactions with the Y-

platform. The theoretical wave parameters are listed in the Table 4. The 

CWA and JONSWAP focused wave spectrum are used for each wave 

load waves to generate respectively. Both frequencies of these two load 

cases are spaced between 0.15 and 2 Hz by 112 components, which is 

used to generate focused wave referenced Eq. 17 and Eq. 19. In other 

words, the frequency interval dω is 0.05/3 Hz. 

 

Table 4. Wave parameters and platform position for focused wave case 

 

ID FOWT_FW1 FOWT_FWT2 

Number Case 6 Case 7 

Water depth 2.86 m 2.86 m 

Peak period 𝑇𝑝 1.3831 s 1.9380 s 

Significant wave height ℎ𝑆  0.069 m 0.139 m 

Crest elevation 𝐴𝑐  0.064 m 0.127 m 

Focus location 𝑥𝑓 0 0 

Focus time 𝑡𝑓 50 s 50 s 

Generating wave spectrum CWA JONSWAP 

CoM (-0.02038, 0.0, -0.02386) 

Initial pitch angle -1.502 ° 

 

Simulation domain and grid structure 

 

In order to use less computational resources, different simulation 

domains and grid division are adopted for each case. The same 

simulation domain is applied to the static equilibrium and decay tests 

from case 1 to case 5, which is shown in Fig. 5. The domain is set as 13 

(X) × 9 (Y) × 4.86 (Z). The distance between inlet boundary and center 

of Y-platform is 5 m. Here, the distance between bottom of 

computational domain and initial water free surface is 2.87 m equal to 

water depth, and the height of domain above the water surface is 2 m 

equal to 5 times the height of columns. The both sides boundary 

condition is symmetry plane. Each side of them 4.5 m away from the 

platform center. It is worth noticing that the sponge layer is set around 

domain. While, multiple conditions of decay tests put forward more 

requirements for mesh grid. Thus, the grid structure of static equilibrium 

and decay tests are different, which is exhibited in Fig. 6. Despite all this, 

there are six boundary layers around the surface. The minimum mesh 

thickness is 0.001 m in the static equilibrium cases, and 0.003 m in decay 

tests. And the total number of grids is about 3.51 million and 2.40 million 

respectively. 

 
Fig. 5 Simulation domain of static equilibrium and decay tests (Case 1~5) 

  
(a) Static equilibrium (Case 1) (b) Pitch decay test (Case 5) 

Fig. 6 Mesh griding of static equilibrium and decay tests 

 

Limited to 𝑥𝑓 and 𝑦𝑓 to generate theoretical focused wave, the distance 

between inlet boundary and Y-platform must be consistent with the 

experiment strictly. Thus, the domain is set as 27.3(X)×9(Y)×3.5(Z) 

shown in Fig. 7, which indicates the distance from the platform to the 

inlet boundary and outlet boundary is 17.3m and 10m. The bottom is 2 

m away from the water surface, and the height of domain above the water 

surface is 1.5 m. The sponge layer only set in front of the outlet, whose 

length is 3 m. The mesh grid structure is exhibited in Fig. . Near the free 

surface, there are at least 16 grids within a wave height range. There are 

also 6 boundary layers near the structure surface, and the minimum mesh 

thickness is 0.003 m. The total number of grids for focused wave cases 

is approximate 3.48 million. 

 

 
Fig. 7 Simulation domain of the focused wave tests (Case 6~7) 

 

 
Fig. 8 Simulation domain of the focused wave tests (Case 6 ~ 7) 

 

RESULTS AND ANALYSIS  
 

Static equilibrium (Case 1 ~ 2) 

 

Figure 9 shows that the 6 DOFs motion response of the static equilibrium 

with or without mooring system in body-fixed coordinate system, which 

are used red solid line and blue dotted line to draw. The long and short 

dash line parallel to the X-axis represents the experimental data. The 

simulation time of both is set as 60s, which is only displayed in the first 

45s. From these figures, it is indicated that with mooring line tension, Y-
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platform could reach to the stable state better, especially for the surge 

and sway motion. The relative error between the experiment data and 

simulation is 6.62 % which has written in Table 5. According to the 

preliminary analysis, to a large extent is caused by different calculation 

methods of mooring methods. Therefore, the error analysis of mooring 

tension is also written in Table 5.  In addition, the sway motion can be 

approximately regarded as stable which is very little compared with 

surge and heave. It is the most noticeable for the heave motion to show 

a great agreement with the experiment. Both cases relative errors are 

compared smaller than 1 %, which the ratio of absolute error to column 

height T = 0.5 m. 

 

Due to the pitch angle at static equilibrium, the relative error of both two 

cases nearly 10%, but smaller absolute errors have little influence on the 

hydrodynamic performance of the Y-platform. Similar to the sway 

motion, the value of roll and yaw motion is too small to consider. 

Table 5 Error analysis of the static equilibrium (The experiment data is 

from Ransley et al. (2022)) 

 

Items Simulation Experiment Error 

No 

moorings 

Heave 0.003025 m 0 m 0.605%* 

Pitch -1.729° -1.490° 13.82% 

With 

moorings 

Surge 0.01903 m 0.02038 m 6.624% 

Heave 0.004832 m 0 m 0.9664%* 

Pitch -1.502° -1.355° 10.85% 

Mooring 

tension 

Fore  7.350 N 7.6 N 3.289% 

Port 7.368 N 7.2 N 2.333% 

Starboard 7.368 N 7.2 N 2.333% 
* Due to the experiment data equal to 0 m, the error value is ratio of absolute error 

to column height. 

 

 

    

(a) Surge (b) Sway (c) Heave 

   

(d) Roll (e) Pitch (e) Yaw 

Fig. 9 The 6DOF motions response of static equilibrium with or without mooring (Case 1 ~ 2) (The experiment data is from Ransley et al. (2022)) 

 

 

The influence of mooring conducted to the period can be seen from Fig. 9 

(e), which indicates that the decay speed with mooring is significantly 

higher than that without moorings. The average decay period of the first 

three peaks is 3.78 s without moorings, 0.33 s larger than with moorings. 

In addition, through the relative error analysis, it can be determined that 

the numerical simulation method by our code could carry out an accurate 

result. 

 

Decay tests (Case 3 ~ 5) 

 

Figure 10 shows the curves of heave motion in heavy decay test case 3. 

Fantastically, the results of simulation almost prefect coincidence with the 

experiment value. Which means that the simulation result and mesh grid 

meet the computational requirements. It is observed that the average 

period of heavy decay is 1.2365 s, nearly none error compared with 

experimental value. The Fig. 11 shows the curve of extinction, which can 

be fitted by data point to derive the extinction coefficient. The extinction 

coefficient of CFD is 0.609, and the experiment is 0.6328. 

The absolute mooring tension in z-direction of three lines which make 

great contributions for heavy decay are shown in Fig. 12. It can be seen 

that the mooring tension also tends to decay with the attenuation of the 

platform, and the decay period of its total tension is consistent with that of 

the platform.  

 

 
Fig. 10 Decay curve of heave motion in heavy decay test (Case 3) (The 

experiment data is from Ransley et al. (2022)) 

 
Fig. 11 Heave motion extinction curve in heavy decay test (Case 3) (The 

experiment data is from Ransley et al. (2022)) 
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Fig. 12 Mooring tension in z-direction in heavy decay test (Case 3) (The 

experiment data is from Ransley et al. (2022)) 

 

Figure 13 shows the curves of surge motion in surge decay test case 4. 

Obviously, the decay period of simulation is a little bigger than 

experimental. The relative error of each decay period between peaks and 

valleys is less than 8%. It is inferred that the mooring tension in X 

direction might be lower than experiment. Because, for any offshore 

structure, it doesn’t have the recovery characteristics along the X and Y 

direction, so the surge decay period is only related to the mooring line 

tension and platform motion resistance.  

 

 
Fig. 13 Decay curve of surge motion in surge decay test (Case 4) (The 

experiment data is from Ransley et al. (2022)) 

 

Figure 14 shows the pitch motion response of pitch decay tests. 

Unfortunately, the value of decay period relative error is much larger than 

heavy and surge decay tests evidently. Besides, it can be observed that 

both of the extreme maximum and extreme minimum are lower than 

experimental and the absolute errors are very high, which indicates that 

the forces of port and starboard mooring lines in computational simulation 

model must play a greater role. 

 

 
Fig. 14 Decay curve of pitch motion in pitch decay test (Case 5) (The 

experiment data is from Ransley et al. (2022)) 

 

Focused wave (Case 5 ~ 6) 

 

The first focused wave type is generated by CWA method in Eq. 18. There 

are 4 wave gauges to check the wave making. They are shown in Table 6. 

Although different methods will affect the amplitude distribution, like Fig. 

2, the wave amplitude at peak position can confirm each other. While, it 

must be recognized that the amplitude of the two sides of the spectrum 

peak is quite different, which will lead to a large difference in the motion 

of Y-platform. 

 

Table 6. Coordinate of wave gauges 

 

 WG2 WG4 WG6 WG9 

X coordinate / m -7.5 -0.4 0 0 

Y coordinate / m 0 0 0 0.75 
*Notes: The name of wave gauges are consistent with the experiment 

 

Fig. 15 shows the monitoring data of WG6 wave gauge. Just like what 

have said before, the value at crest position is better than the tough. For 

the CFD numerical simulation, the characteristic of real fluid field and the 

load of structure in real-time are in focus. 

 

In order to analyze the hydrodynamic response of Y-platform, the heave 

motion of present simulation and experiment are draw in Fig. 16. The 

interaction between waves and structures can be expressed by 

dimensionless treatment. Therefore, 𝜁𝐴 which equal to the focused wave 

crest elevation 𝐴𝑐  in Eq. 16 is used as the dimensionless parameter of 

translational motion. In Fig. 16 we can see that the heave motion has a 

great agreement with experiment, expect for the two sides of the wave 

crest.  

 

 
Fig. 15 The sixth wave gauge WG6 in Case 6 (The experiment data is 

from Ransley et al. (2022)) 

 

 
Fig. 16 Heave motion response of focused wave test Case7 (The 

experiment data is from Ransley et al. (2022)) 

 

Due to the small amplitude in Case 5, the motion has a relatively large 

deviation affected by the initial position. Thus, in Case 6, a larger 

amplitude has been input. Fig. 17 shows the value of two wave gauges. 

Which indicates that the amplitude of two sides of the peak in simulation 

are bigger than experimental. 
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The Fig. 18 and Fig. 19 shows the motion response and hydrodynamic 

force of the Y-platform. Like translational motion, rotation uses wave 

inclination 𝛼0 = 0.741 as a dimensionless parameter in Fig. 18 (c). From 

the Fig. 19 (a), it can be seen that, there is a small shock changes at 50.6 s 

~ 50.8 s. The reason of that can be explained the pitch angle is close to the 

maximum in Fig. 18 (c) at this time. While the torque around Y-axis 

oscillates, resulting in a reverse trend of pitch motion in Fig. 19 (b).  

 

 

 
(a) WG2 

 

 
(b) WG6 

 

Fig. 17 The monitoring value of wave gauge in Case 7 (The experiment 

data is from Ransley et al. (2022)) 

 

 

 

 
(a) Surge motion 

 

 
(b) Heave motion 

 

 
(c) Pitch motion 

Fig. 18 The major motion response of Case 7 (The experiment data is 

from Ransley et al. (2022)) 

 

 

 
(a) Force monitoring in X-direction of different columns 

 

 
(b) Torque monitoring around Y-direction of different columns 

 

Fig. 19 The monitoring value of hydrodynamics in Case 7 (The 

experiment data is from Ransley et al. (2022)) 

 

 

Figure 20 ~ 21 on the next page shows the flow field and structure pictures 

rendered according to wave height and dynamic pressure. Through the 

figure (a) ~ (b), it can be observed that the working condition of Case 6 

has almost reached the degree of severe sea conditions. Under the 

condition of large pitch angle, the upper surface of fore column has been 

close to the wave surface, which is very easy to cause the slamming or 

overturn. However, guaranteed by its restoring force and mooring tension, 

the Y-platform can restore to a stable state quickly, which proves it has an 

excellent stability. 

 

CONCLUSIONS 
 

In this paper, the hydrodynamic performance of this Y-shaped platform is 

calculated by the CFD numerical simulation code naoe-FOAM-SJTU 

developed by our team. The first two cases are analyzed for the hydrostatic 
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stability of the structure with or without mooring system. The tension 

forces are calculated by catenary equation method. Through error analysis 

with experimental data, less relative error of heave motion and tension of 

three mooring lines prove the accuracy of numerical method could be 

guaranteed. The next cases are the decay tests about three major motions, 

which are heave, surge and pitch. Surprisingly, the heave motion is 

completely consistent with the experimental, and the decay period 1.2365 

s. Besides, the extinction coefficients are respectively 0.609 and 0.6328. 

However, the pitch and heave motions have a large difference, and the 

decay period error is 8% and 9% respectively. Especially, the pitch motion 

also has a significant difference in amplitude change. The preliminary 

analysis is caused by the different calculation of mooring force. The last 

two cases are the focused wave tests which are generated by CWA and 

JONSWAP method. Although the sides of peak position are different from 

the experimental, the crest wave amplitude is similar. In addition, the 

rougher condition in Case 7 would cause stream heave and pitch motion, 

almost close to green water of fore column. Honestly, there are much 

difference between PM, CWA and JONSWAP method. Later, it will be 

developed and introduced in our code to simulate compared with 

experiment. 

 

 

   

   
(a) Wave crest at fore column (b) Wave crest at central column (c) Wave crest at port / starboard column 

Fig. 20 Color nephogram rendering of wave evaluation and dynamic pressure of Case 5 

 

 

   

   

(a) Wave crest at fore column (b) Wave crest at central column (c) Wave crest at port / starboard column 

 

Fig. 21 Color nephogram rendering of wave evaluation and dynamic pressure of Case 6 
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