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ABSTRACT 

The dynamics of floating offshore wind turbines (FOWTs) poses a 

great challenge for their coupled analysis. While the model-based 

method is efficient, the computational fluid dynamics (CFD) provides a 

high-order model for FOWTs. In the present paper, a multi-layer mesh 

technique is developed in the CFD framework to deal with the coupled 

FOWT motions. Mesh motion decomposition in translation and rotation 

is the key in the mesh manipulation which helps maintain mesh quality 

during structural movement. The mesh method is then combined with 

the finite element mooring model to form a coupled CFD analysis 

model for FOWTs. 

KEY WORDS:  Floating offshore wind turbines; Computational fluid 

dynamics; Dynamic mooring model; Coupled simulation; Finite 

element method; Dynamic mesh.  

INTRODUCTION 

The advancement of floating offshore wind turbines (FOWTs) 

along with the exploration of offshore wind energy has been ocean 

engineering trends for decades. FOWTs are designed to be deployed in 

deep waters where more stable wind resources abound in comparison to 

onshore and nearshore sites, and have become one of the research 

focuses in the wind energy community. One of the challenges faced by 

the FOWT practitioners is the accurate evaluation of dynamics of the 

complete floating system under wind and wave conditions. The FOWT 

is a multi-body system consisting of the wind turbine, the control sector, 

the tower, the floating platform for supporting the upper structure and 

the mooring system for restricting the drift motion (Liu et al., 2017). 

The aerodynamics of the wind turbine is affected due to the motions of 

the supporting platform in six degrees of freedom (DOFs), showing 

greater uncertainties in the power production and higher fatigue failure 

probability of the blades (Liu et al., 2019; Tran and Kim, 2016a). The 

hydrodynamics of the platform, on the contrary, is modified due to the 

wind-induced constant inclination and variational pitching motion 

(Antonutti et al., 2016). The addition of the mooring systems further 

complicates the coupled effects between different components of the 

FOWTs (Hall et al., 2014). 

Methods for assessing the coupled dynamics of FOWTs generally 

fall into two classes. One is based on engineering models and the other 

is based on the computational fluid dynamics (CFD). The model-based 

method uses empirical formula for the aerodynamic and hydrodynamic 

loads, and owns the feature of fast computation which is suitable for the 

preliminary design purpose (Jonkman, 2009). One well-known model-

based code is the open source FAST which can conduct fully coupled 

time-domain aero-hydro-servo-elastic analysis of FOWT systems. The 

FAST adopts the blade element momentum (BEM) method with 

various empirical and semi-empirical correction models for the 

aerodynamics and the potential flow method with the quadratic 

damping model from Morison`s equation for the hydrodynamics. Both 

loading models are lower-order models with simplification assumptions 

which affect the accuracy and range of application of the model-based 

approach.  

The CFD has long been applied in FOWT analyses (Cheng et al., 

2019; Liu et al., 2017; Tran and Kim, 2016b). In contrast to the model-

based approach, real flow is modeled in CFD so that aerodynamic and 

hydrodynamic loadings can be well predicted by integration of pressure 

and viscous stress with the accuracy dependent on the fidelity of the 

numerical schemes. Particularly for the wave-structure interaction 

problems, wave breaking and run-up, vortex generation and shedding 

are inherently included in the nonlinear governing equations. Besides, 

full-scale modeling of FOWT systems is possible with CFD, and thus 

concerns on the scaling effects can be put aside. It is to note that as the 

structures are treated as boundaries in CFD, fluid-structure interaction 

simulations of FOWTs can be realized with external FEM codes to 

account for the flexibility of the structure (Lee et al., 2017; Liu et al., 

2019). With the above-mentioned advantages, there is a rising number 

of researchers to choose CFD as the tool for FOWT analyses.  

For CFD analyses of FOWTs, one challenge is to incorporate the 

role of mooring systems. Plenty of researches used the quasi-static 

model for either hydrodynamic-mooring (Tran and Kim, 2015) or 

aerodynamic-hydrodynamic-mooring (Cheng et al., 2019; Liu et al., 
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2017; Liu et al., 2019; Tran and Kim, 2016b) analysis. The quasi-static 

model solves for the mooring line profile and tension analytically with 

the assumption that the line is in static equilibrium. Studies showed that 

the use of dynamic models is in many cases necessary for accurately 

predicting mooring line loads, which is crucial for designing the 

mooring system and assessing the FOWT dynamics. Hall et al. (2014) 

compared quasi-static and finite element mooring models across three 

classes of floating platform designs and found that the platform motions 

are influenced by mooring dynamics only in extreme sea states but the 

mooring dynamics is important to the mooring line tensions in all load 

cases. Thus, a CFD model that includes mooring dynamics is essential 

for thorough understandings of FOWTs` coupling behaviors. Among 

the four types of dynamic mooring models, i.e., lumped mass (LM) 

method, finite element method (FEM), finite difference method (FDM) 

and multi-body dynamics (MBD) method, LM is used the most in the 

CFD simulations of FOWTs (Li et al., 2019; Zhou et al., 2019). In our 

previous research, a coupled CFD-mooring framework using the FEM 

mooring model has been presented and validated against experimental 

and numerical data. The adopted mooring solver is an in-house code 

which uses the local discontinuous Galerkin (LDG) method of arbitrary 

spatial order to simulate flexible cables with no bending and torsional 

stiffness (Palm et al., 2017). The DG formulation allows variables to be 

discontinuous over elements which are related by numerical fluxes and 

is argued to be better suited for handling shock waves (such as snap 

loads) than conventional discretization approaches. In the present paper, 

this hydrodynamic-mooring model is utilized for FOWT simulations. 

Another issue in CFD modeling of FOWTs is the manipulation of 

mesh to deal with the complex FOWT motions. As is evident, the wind 

turbine rotates for energy production while its axis moves in six DOFs 

due to the rigid body motion of the platform. To simplify the mesh 

operation in the rotor zone, immersed boundary method (Nematbakhsh 

et al., 2014) or actuator line model (Cheng et al., 2019) can be used to 

model the aerodynamic effects by wind turbines. For a geometrically 

accurate modeling of wind turbines, sliding mesh is usually employed 

to separate rotor rotation from platform motion (Liu et al., 2017; Liu et 

al., 2019; Tran and Kim, 2016b). In such situation, the platform 

movement is commonly treated by deforming mesh as was done in Liu 

et al. (2017). One challenge for the deforming mesh is to maintain the 

mesh quality in large displacements. The large drift and motions in six 

DOFs of FOWT platforms put burdens on the mesh deformation. To 

treat the issue, mesh motion decomposition can be used. 2D version of 

the method can be referred to Zhang et al. (2016), in which the mesh 

domain is split into two subdomains, i.e., a circular one enclosing the 

structure and an outer one taking the rest of the domain. The inner 

subdomain moves and rotates rigidly following the structure while the 

outer subdomain deforms linearly to accommodate the inner subdomain. 

The removal of rotation for the outer subdomain is realized by sliding 

interface between the subdomains. Although extending the 2D mesh 

split to 3D is straightforward, there is rarely demonstration of the 3D 

mesh decomposition in literature despite a relatively complicated 3D 

multi-domain approach has been applied for FOWTs in Chen et al. 

(2021). It is noted that the above-mentioned mesh approaches are 

designed for forced motion only. In the present paper, a multi-layer 

mesh technique is proposed for both forced and free motion scenarios. 

The mesh manipulation follows the principle of decomposition in linear 

and rotational motions in order to reduce mesh distortion in each 

subdomain. The approach is general such that layers of mesh can be 

operated individually according to the structural motion, and one 

realization of it is applied for FOWT simulations. 

The paper is organized as follows. The section Viscous Flow 

Model describes the equations in CFD simulations. The details of the 

dynamic mooring model and its coupling to CFD are contained in the 

section Coupled CFD-Mooring Model. The section Multi-layer Mesh 

Technique introduces the proposed mesh approach. The results of 

the validation tests including forced and free motion cases are presented 

in the section Results and Discussion. Finally, concluding remarks are 

drawn. 

VISCOUS FLOW MODEL 

Governing Equations 

For viscous and incompressible two-phase flows, the continuity 

and Navier-Stokes (N-S) equations forcing the conservations of mass 

and momentum are applied as 

0 =u                                                                                              (1) 
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where u and p are the velocity and pressure of the flow, respectively. ug 

is the velocity of grid points. A dynamic pressure pd defined as pd = p -

 g⸱x is used in the momentum equation to simplify the definition of 

pressure condition at walls.  and t are the molecular and turbulent 

eddy viscosity, respectively. The turbulent eddy viscosity is obtained 

by the Mentor SST k -  model via solving two extra equations, i.e., 

transport equations of the turbulent kinetic energy k and the specific 

turbulence dissipation . 
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where kP  is the production of turbulent kinetic energy. The constants 

in equations (3) and (4) depend on the blending function F1 in the form 

  = F11 + (1 - F1)2, where 1 and 2 are the corresponding constants 

in the original k -   and k -  models respectively. The constants of the 

original models are assigned the following values: C1=0.5532, 

C1=0.075, *=0.09, k1=2.00, =2.00, C2=0.4403, C2=0.0828, 

k2=1.00 and =1.186. 

Pressure gradient due to surface tension at the water surface is 

accounted for by the fourth term on the right-hand side of equation (2). 

The air-water interface is captured with the volume of fluid (VOF) 

model. In VOF, the surface construction is realized through the volume 

fraction which varies between 0 and 1 depending on the percentage of 

water phase in the cell volume. A water cell is marked by  = 1, an air 

cell is marked by  = 0, and the air-water interface is presented where 

0 <  < 1. The advection equation of the volume fraction is given as 

( ) [ (1 )] 0
t


  


+  +  − =


r

u u                                                (6) 

where the third term on the left-hand side is an artificial compression 

used for sharpening the interface. ur is the compression velocity defined 

as the relative velocity between water and air. In order that the 

compression acts in the direction perpendicular to the water surface, the 

compression velocity is a function of the gradient of volume fraction. 

With the introduction of volume fraction, the fluid properties at a cell 

are evaluated by weighted average, e.g.,  = water + (1 - )air.  

Equations (6), (1) - (2) and (3) - (5) are solved sequentially in the 
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numerical time stepping using the finite volume method (FVM). The 

FVM is implemented by integrating each term in the equations over a 

control volume and relating the volume integrals to the surface integrals 

using Gauss`s theorem. The surface and volume integrals are both 

treated with the mid-point integration approximation which yields 

second order accuracy. The convective and diffusive fluxes at cell faces 

are evaluated with second order upwind and central differencing 

schemes, respectively. The Euler scheme is used for time integration. 

The transport equation of the volume fraction is solved with the 

multidimensional universal limiter for explicit solution (MULES). 

The multiphase solver in OpenFOAM is adopted. Details of the 

solver are referred to Zhong et al. (2020a, 2020b). The PIMPLE 

algorithm is used to treat the pressure-velocity coupling problem. The 

principal of the algorithm is as follows: within each time step, both the 

inner pressure correction loop (PISO loop) and outer pressure-

momentum correction loop (SIMPLE loop) are executed. In the inner 

loop, the pressure is recalculated with the new updated flux. In the 

outer loop, the velocity matrix is first rebuilt with the new flux, the 

pressure is then corrected with the new velocity matrix and the flux is 

finally corrected with the new pressure. The calculations are repeated 

until convergence is achieved. The solutions are regarded as being 

converged when the residuals of the velocity and pressure are lower 

than 1E-06. 

Rigid Body Dynamics 

The floating platform is treated as rigid body moving with six 

DOFs, i.e., surge, sway, heave, roll, pitch and yaw. The listed DOFs 

follow the order of linear and rotational motions along or around x, y 

and z axes. The structural motion is computed via the rigid body solver 

in OpenFOAM that uses an explicit time step marching within PIMPLE 

loop. The forces and moments are obtained by integrating pressure and 

viscous stress over the structural surface as 

( ) M

S

p dS= + +F n F                                                                  (7) 

( ( ))CS CM M

S

p dS=  + + M r n r F                                           (8) 

where FM is the restoring force from the mooring model. rCM and rCS 

denote the distance vector of the structural mass center to the mooring 

attachment point and the cell surface center, respectively. 

In the motion solver, the fluid forces and moments calculated with 

equations (7) - (8) together with the gravity force are posed onto the 

structure to obtain the linear and angular accelerations with Newton`s 

second law. Velocities and displacements of the platform are calculated 

with the Newmark method (Belytschko et al., 2014) as  

1 1[(1 ) ]i i i it  + += +  − +d d d d                                                        (9) 

2
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where the symbol d denotes the displacement vector, and single and 

double dots over d mean its first and second derivatives respectively.  

and  are numerical parameters specified to 0.25 and 0.5 respectively 

representing the implicit and unconditionally stable scheme. 

COUPLED CFD-MOORING MODEL 

Mooring Dynamics 

The mooring dynamics represented with LDG FEM is used (Palm 

et al., 2017). The dynamics of flexible mooring lines is governed by a 

vector-valued wave equation formulated in the global inertia frame as 

2
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where 0 is the mooring line mass per meter. r denotes the cable 

position in the inertia frame and s is the curvilinear abscissa along the 

unstretched line. In the mooring dynamics, only the extensional 

stiffness is included and the bending and torsional stiffnesses are 

ignored. Thus, the internal moment M is set to zero in the modeling, 

and the axial tension force vector T is always tangential to the cable as 

( , )
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where  is the axial strain. T is the magnitude of tension which contains 

the constitutive relation of the mooring line as a function of strain and 

strain rate. For a linear elastic cable, the tension force expresses as  

( )T EA =                                                                                       (15) 

The symbol f in equation (11) represents all external forces on the 

mooring line as 

a b c d= + + +f f f f f                                                                      (16) 

fa includes the inertia force and the added mass force which exist 

for structures accelerating in fluids as 

0 , ,( )a f at r t an r n fA C C= + +f a a a                                                   (17) 

where Ca is the added mass coefficient, and subscripts t and n mean the 

tangential and normal directions respectively. a is the acceleration 

vector. A0 is the cross-sectional area of unstretched cable line. 

fb is the net force from buoyancy written as 

0
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where c and f are the material density of the mooring line and fluid, 

respectively. 

fc is the contact force between the mooring line and the ground. 

The bilinear spring and damper model is used for the normal force to 

the contact plane and dynamic friction is implemented for the tangential 

force. For a horizontal sea floor, the contact force vector is given as 
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where zG is the vertical position of the ground. KG and G are the 

stiffness and ratio of critical damping for the cable-ground interaction, 

respectively, and are chosen as 3.0e6 Pa/m and 1.0 respectively.  is 

the friction coefficient with a velocity v for the maximum friction.  

fd is the drag force proportional to the square of the relative 
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velocity between the structure and fluid as 

, , , ,1 ( ) / 2d f Dt r t r t Dn r n r td C C = + +f | v | v | v | v                      (22) 

where CD is the drag coefficient, and v is the velocity vector. 

The LDG FEM with Legendre basis functions k of arbitrary order 

p is used to spatially discretize the dynamic equation of mooring line. 

The discontinuity between elements emerges when deriving the weak 

form of the governing equation with the numerical flux represented by 

terms with overbar on the right-hand side of equations (23) and (24). 

These equations are manipulated on the eth element with the boundaries 

denoted by sl
e and su

e as shown in Fig. 1. Note that equations (23) and 

(24) correspond respectively to the nondimensionalization of equations 

(11) and (13) by scaling r and s with a characteristic length Lc and by 

scaling the time with a characteristic time tc. c denotes the nonlinear 

and nondimensional celerity of the wave propagation and is defined in 

equation (25).  
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To utilize the finite volume possibility via the numerical flux term 

in LDG, the approach in Cockburn and Shu (1998) is used as given by 

{ } [ ]h h h= −r r r                                                                                (26) 

2 2 2

1{ } [ ] [ ]h h h h h h hc c c = − +q q q r                                                 (27) 

where  defined in [−1, 1] controls from which direction to weight the 

numerical flux. 1 is a case dependent penalty parameter.  

Coupling of CFD and Mooring Line Model 

During the coupled simulation, the mooring attachment points on 

the platform are used as Dirichlet boundary conditions for the mooring 

solver. Then the resultant force from each mooring line is returned to 

the CFD solver for the rigid body dynamics. The force and moment are 

represented by the last term in equations (7) and (8), respectively. Since 

difference in time step length exists between the coupled solvers, 

interpolation in time is required for imposing the boundary conditions. 

In the coupling, the mooring solver is lagging a fraction  of the latest 

time step in the CFD solver as (e.g., at the kth time step) 

1(1 )k k k

m f ft t t  −= − +                                                                         (28) 

where tf and tm denote the kth time in the fluid and mooring solvers, 

respectively.  

The mooring line boundary conditions at the fairlead are 

interpolated using the latest mooring attachment point position Pk based 

on constant acceleration as 
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where  in [0, tm
k- tm

k-1] is the local time in the interpolation interval, 

and Δtk is the time interval of constant acceleration. 

 

Figure 1. Discontinuity across segments in the LDG FEM dynamic 

mooring line model. 

MULTI-LAYER MESH TECHNIQUE 

A multi-layer mesh technique is proposed for the CFD analysis of 

FOWTs. The concept is depicted by Fig. 2. As shown, the multi-layer 

mesh manipulation starts with the partition of the domain into the inner 

zone covering structures and the outer zone. Generally, the number of 

zones is unlimited but chooses to two for demonstration purpose here. 

For the zone with the structure in it, the local mesh moves rigidly 

following the structure including both translational and rotational 

motions. This is a preferable strategy as the quality of the mesh 

surrounding the structure is unaltered during simulations. For the outer 

zone mesh, the rotational component is removed before deriving the 

deformation. The removal of rotation is realized through the arbitrary 

mesh interface (AMI) technique which allows mesh mismatch across 

the interface. The translational mesh deformation decays away from the 

interface in the radial direction with the weight value calculated as  

1 1
cos( )

2 2

o

o i

d d
w

d d


−
= −

−
                                                                (32) 

where do and di are respectively preset outer and inner radii (see Fig. 2), 

between which mesh deformation occurs. d is the radius calculated for 

each mesh cell center. The radius is simply the straight-line distance to 

the center of the inner cylindrical (2D) or spherical (3D) zone. Equation 

(32) guarantees that the mesh cells with radii smaller than di move with 

the same pace as the inner zone (blue colored region in Fig. 2) while 

the mesh cells with radii larger than do remain static throughout (red 

colored region in Fig. 2). Note that di is set larger than the radius of the 

inner zone to guarantee smooth mesh motion transition near the zonal 

interface.  

The scenarios considered in the present study include forced and 

free motions. For the forced motion, the inner zone mesh undergoes 

predefined translation and rotation while the outer zone mesh deforms 

only with translation. Parameters of motion are known and can be 

manually split into translational and rotational components before 

imposing onto each mesh zone. For the free motion, the motion details 

are only provided in run time, and splitting of the transformation matrix 

that is updated for structural kinematics is needed before distributing 

displacements to each mesh region. The fundamental concept is the 

same in both situations while the details of implementation differ.  

The multi-layer mesh technique has been coded into OpenFOAM 

dynamic mesh library in a general manner such that zones as more as 

needed can be partitioned with the mesh motion preset separately. This 

paves the way for complete FOWT simulations, in which three zones 

are needed. Care should be taken to make sure that mesh motions 

coordinate among zones. Moreover, mesh in the outer zone deforms 

rather than moves rigidly. Thus, the quality of the outer zone mesh is 
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the only uncertain element although motion burden has been largely 

removed before loading on them. 

 

Figure 2. Mesh domain and motion decomposition of the multi-layer 

mesh technique. The mesh cells in the blue colored region move with 

the same pace as the inner zone while the mesh cells in the red colored 

region remain static throughout. 

 

RESULTS AND DISCUSSION 

Forced Motion of the NACA0012 Airfoil 

For the forced motion, the flow over a plunging and pitching 

airfoil is simulated (Liang et al., 2014; Zhang et al., 2016). In Zhang et 

al. (2016), a similar mesh trick was proposed, but demonstration cases 

only indicate its applicability to forced motions. Note that due to the 

lack of case details, parameters used in the present simulations may be 

different from those in Liang et al. (2014). For validation purpose, 

numerical results obtained by the moving mesh and the proposed multi-

layer mesh are compared. The airfoil section used is the NACA0012 

with a chord length c of 1m. As shown in Fig. 3, the computational 

domain has a total dimension of 30c×10c with the coordinate origin set 

at the airfoil leading edge. In simulations, the airfoil simultaneously 

undergoes plunging (h0cos(2πft)) and pitching (0sin(2πft)) motions 

around c/3 location. The plunging and pitching amplitudes are 0.25m 

and 45°, respectively. The motion frequencies are 0.4Hz. The Reynolds 

number based on the free-stream velocity, viscosity, and the airfoil 

chord length is 1000. A background Cartesian mesh is generated before 

splitting and morphing around the airfoil and cylindrical sliding 

interface, and grids are highly clustered around the airfoil. The sliding 

interface has a radius of 1.5m measured from the pitching center of the 

airfoil. For the mesh convergence, three grids with total cells of 105696, 

277160 and 483660 are compared. Note that the moving mesh is used 

for the convergence. It is found that the medium mesh is sufficient to be 

satisfactory and is used in the validation test. 

The lift and drag coefficients obtained with the deforming-only 

mesh and the multi-layer mesh are shown in Fig. 4. As seen, the two 

mesh techniques give generally consistent results. Comparisons of the 

vorticity field obtained with the two mesh techniques are shown in Fig. 

5. The displaced mesh is also shown in these figures. It is seen that the 

comparison on vorticity field at two instants is as good as the forces, 

thus conforming the reliability of the mesh technique. Moreover, it is 

noteworthy that the moving mesh method which relies solely on mesh 

deformation causes high cell distortion leading to numerical errors. The 

implication of mesh distortion is reflected in the forces. As shown in 

Fig. 4, the force curve corresponding to the deforming-only mesh 

exhibits dramatic unphysical fluctuations while a smooth curve is 

obtained with the multi-layer mesh technique. This demonstrates the 

strength of the multi-layer mesh treatment in decomposing the mesh 

motion such that mesh distortion spreads and wanes across the 

computational domain. 

 

Figure 3. Computational domain of the flow around the NACA0012 

airfoil undergoing both plunging and pitching motions. 

 

  

Figure 4. Force results of the flow around the NACA0012 airfoil with 

plunging and pitching amplitudes of 0.25m and 45° respectively: (a) 

Lift coefficient; (b) Drag coefficient. 

 

 

(a) 

 

(b) 

 

(c) 

Figure 5. Instantaneous vorticity field around the NACA0012 airfoil 

with plunging and pitching amplitudes of 0.25m and 45° respectively: 

(a) t = 1/4T; (b) t = 3/4T; (c) Legend. 
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Free Motion of a Box-Shaped Floating Object 

For the free motion, the wave propagates to a box-shaped floating 

structure is modeled (Islam et al., 2019). The case setup is modified 

with regards to the literature such that the domain dimension is taken to 

21.0m×10.0m and the structure is adjusted to be rectangular to increase 

the hydrodynamic response as shown in Fig. 6. The box-type structure 

is dimensioned 0.5m×1.0m with the center of mass located 0.2m below 

the centroid, and the mass is set to keep half-submerged in equilibrium. 

One horizontal spring is used for resisting the net downward movement. 

The incoming wave is set to have a period of 1.62s and a height of 

0.25m. In the multi-layer mesh layout for the boxlike structure, the 

cylindrical sliding interface covering the structure has a radius of 1.0m 

measured from the centroid of the box. For validating the multi-layer 

mesh technique, simulation with the moving mesh is conducted. For the 

mesh convergence, three grids with total cells of 167600, 419000 and 

639040 are compared. It is seen that the medium mesh is sufficient for 

the present validation purpose. 

The comparisons of dimensionless lift and drag obtained with the 

deforming-only mesh and the multi-layer mesh are shown in Fig. 7. As 

seen, general agreement is achieved between the results by the two 

mesh techniques. The reason to the slight deviation is probably the air-

water interface modeling errors induced by mesh distortion when only 

mesh deformation is allowed as shown by Fig. 8. As the wave pushes 

the box forward, the mesh downstream of the structure is squeezed and 

further distorted when combined with the rotational motion. Thus, free 

surface fluctuations occur at some distance downstream of the structure. 

In contrast, with the splitting technique, both the meshes in the inner 

and outer zones exhibit higher quality than the deforming counterparts, 

leading to improved interface capturing. This, combined with the airfoil 

tests, demonstrates the invaluable and promising property of the mesh 

splitting procedure as excluding the rotational motion largely releases 

the burden on the outer mesh zone to treat the linear motion while 

maintaining the initial fine mesh in the compliant inner mesh zone 

throughout.  

 

Figure 6. Computational domain of the wave impact on a box-shaped 

floating structure. 

  

(a)                                         (b) 

Figure 7. Force results of the wave impact on a box-shaped floating 

structure with wave period and height of 1.62s and 0.250m respectively: 

(a) Lift; (b) Drag. 

 

(a) 

 

(b) 

Figure 8. Instantaneous free surface and motion of the wave impact on 

a box-shaped floating structure with wave period and height of 1.62s 

and 0.250m respectively: (a) t = 0.5T; (b) t = 1.0T. 

 

Free Motion of the DeepCwind Semi-Submersible Platform 

The coupled CFD-mooring model has been validated in our 

previous research. In the present paper, the coupled CFD-mooring 

model and multi-layer mesh technique are combined. To confirm its 

effectiveness, the DeepCwind semi-submersible platform under wave is 

simulated with the assembled model (Jonkman et al., 2009). The 

platform consists of three offset columns with larger diameter base 

columns functioned as heave plates, one central column connecting to 

the tower base, four sets of level pontoons and three cross braces. The 

three mooring lines are evenly distributed around the platform with the 

fairleads attached at the top of base columns, i.e., 40.868m from the 

centerline and 14m below the still water level, and the anchors 837.6m 

away from the centerline at a water depth of 200m. Gross properties of 

the platform and mooring systems are shown in Table 1 and Table2, 

respectively. For details see Jonkman et al. (2009). The mass property 

of the structure has been adjusted in the present numerical study to 

account for the mounted wind turbine to keep in line with the 1/50 scale 

model test by Coulling et al. (2013).  

While application of the CFD-mooring model is straightforward, 

the extension of the multi-layer mesh technique needs some care. 

Specifically, for the semi-submersible platform, the cylindrical sliding 

mesh interface used in 2D cases is altered to spherical interface, while 

for the FOWT, nested cylindrical subdomain in spherical interface is 

needed to separate the rotor spinning from the platform motion. The 

computational layout with a total dimension of 900m×500m×400m is 

used as shown in Fig. 9. The origin of the coordinate system is placed 

at the intersection of the platform centerline and the still wave level 

with the x axis aligned with the wave propagation direction. The inlet 

and outlet locate at 300m and 600m away from the origin respectively, 

and are used for wave generation and active absorption respectively. 

The structural surface and the seabed are modeled as no-slip and no-

flux walls. The top boundary acts as connecting to the atmosphere 

permitting only outward fluxes. Front and back sides of the domain are 

treated as slip patch. Note that only the semi-submersible excluding the 
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rotor, nacelle and tower is modeled while the effect of the wind turbine 

on the mass property has been considered. The multi-layer mesh for the 

DeepCwind semi-submersible platform is displayed in Fig. 10. The 

radius of the spherical region covering the platform is set to 85m. Note 

that to reduce the computational costs, the pontoons and cross braces 

are not included in the modeling. 

The wave with a period of 12.1s and an amplitude of 3.79m is 

used in the validation case. Quantitative comparison of the motion 

responses between the deforming-only mesh and the multi-layer mesh 

is shown in Fig. 11. It is seen that the motion responses predicted with 

the two mesh methods are generally in agreement though difference is 

seen in the surge motion. This discrepancy is regarded as being the 

result of the mesh rotation impact on the deforming-only mesh which is 

absent for the linear mesh motions in the multi-layer mesh method. 

After all, the real-time matrix splitting is realized. The visualization in 

Fig. 12 confirms the capability of the new mesh method in splitting the 

mesh motion which offers the method the strength for preserving mesh 

quality in large mesh displacements. It is noted that the multi-layer 

mesh technique is so flexible that multiple subdomains are allowed and 

each zone can be controlled individually following the structural 

motion, and thus is well suitable for complex motions of FOWTs. 

 

  

(a)                                                     (b) 

Figure 9. Computational domain of the dynamic responses under 

regular waves of the DeepCwind semi-submersible platform: (a) View 

from top; (b) View from outlet. 

 

  

(a)                                                (b) 

 

(c) 

Figure 10. Multi-layer mesh arrangement for the DeepCwind platform 

under regular wave: (a) Global view; (b) Local view; (c) Cutaway view. 

 

Table 1. Main parameters of the DeepCwind semi-submersible 

platform. 

Parameters Value 

Depth of platform base below SWL 20 m 

Elevation of central column above SWL  10 m  

Displacement 13986.8 m3 

Mass (including ballast) 1.3473×107 kg 

Center of mass location below SWL 14.4 m 

Platform roll inertia about CM 8.011×109 kg·m2 

Platform pitch inertia about CM 8.011×109 kg·m2 

Platform yaw inertia about centerline 1.391×1010 kg·m2 

 

Table 2. Main parameters of the mooring system for the DeepCwind 

semi-submersible platform. 

Parameters Value 

Unstretched length  835.5 m 

Diameter  0.0766 m 

Equivalent mass density  113.35 kg/m 

Equivalent axial stiffness  7.536×108 N  

 

  

(a)                                         (b) 

Figure 11. Motion response comparison of the moving mesh and multi-

layer mesh for the DeepCwind semi-submersible platform under the 

regular wave with a period of 12.1s and an amplitude of 3.79m: (a) 

Surge; (b) Pitch. 

  

(a)                                            (b) 

  

(c)                                            (d) 
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(e)                                            (f) 

  

(g)                                            (h) 

Figure 12. Visualization of the motion response and multi-layer mesh 

motion for the DeepCwind semi-submersible platform under the regular 

wave with a period of 12.1s and an amplitude of 3.79m: (a) and (b) t = 

351s; (c) and (d) t = 354s; (e) and (f) t = 357s; (g) and (h) t = 360s. 

 

CONCLUSIONS 

In this study, a multi-layer mesh technique has been developed for 

the coupled CFD modeling of FOWTs. The mesh technique utilizes the 

arbitrarily mesh interface for splitting the domain into subdomains such 

that specific mesh control is allowed to impose individually. Mesh 

motion decomposition into translation and rotation is the key in the 

mesh manipulation which helps maintain mesh quality during structural 

movement. The motion decomposition is realized via splitting of the 

translational and rotational components in the transformation matrix. 

Two-dimensional flow past a plunging and pitching airfoil and wave 

impacting a box-shaped structure are simulated to validate the proposed 

mesh technique in forced and free motion scenarios, respectively. The 

mesh method has also been combined with the LDG FEM dynamic 

mooring line model to constitute a coupled CFD analysis model for 

FOWTs. This combined model has been applied for the DeepCwind 

semi-submersible platform hydrodynamics. Overall, a CFD framework 

for dealing with complex structure motions has been provided and its 

application in FOWTs has been demonstrated. 
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