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Abstract: The paper presents the results of experimental studies of the motion of a TLP type wind platform on a regular wave and the results 
of calculations in the Ansys AQWA program. Two different available methods of modeling additional damping related to viscosity were used, 
i.e. linear damping and quadratic (Morison) damping. The damping coefficients were determined based on RANSE CFD calculations  
of forced oscillations of the platform for different frequencies and amplitudes. The obtained values indicate that the use of the quadratic  
coefficient gives more accurate results. This is due to the fact that its value does not change significantly depending on the frequency and 
amplitude of the excitation, in contrast to the linear coefficient, where the observed differences are significant. 
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1. INTRODUCTION 

Offshore wind energy is developing very quickly. New platform 
concepts are constantly emerging, such as the floating platform 
with a horizontal axis turbine described by Grzelak [1]. Familiar and 
well-documented platforms are also being developed and modified: 
the classic semi-submersible platform, commonly used in the oil in-
dustry; the spar platform, which operates using the same principle 
as a fishing float; and the Tension Leg Platform (TLP), in which the 
force restoring the equilibrium position results from the positive dif-
ference in buoyancy and the mass of the structure.  

The increase in power production demands cause the required 
turbine size to grow, which necessitates the use of greater opera-
tional depths. Beyond a certain limit, fixed-foundation platforms 
stop being practical and designers must move to floating structures. 
Along with the development of new concepts for wind turbine plat-
forms, new techniques for estimating their motion have been cre-
ated. These methods can be divided into three main groups: model 
tests, RANSE-CFD calculations and calculations based on bound-
ary methods. The third method requires the least time and power, 
but to obtain correct results it must take into account hydrodynamic 
coefficients related to viscosity. There are many examples of such 
an approach in the literature. Ciba et al. [2]  how a  3 column spar 
platform can be modeled using the boundary element method, ex-
tended with linear damping coefficients determined on the basis of 
experimental studies. Otori et al. [3] presented the results of numer-
ical calculations of coefficients for a Barge platform. The correct-
ness of their calculations was confirmed by the results of the con-
ducted experiments. Bhinder et al. [4] presented a methodology for 
identifying and considering the drag damping force in potential flow 
models that is consistent with CFD simulations. Dadmarzi et al. [5] 
considered the problem of forces acting on a restrained structure to 
identify the contribution of viscous forces. For this purpose, they 
used CFD solutions to calculate the forces on the columns and 

potential flow to extract Morison coefficients. Zhang and Paterson 
[6] compared the hydrodynamic forces determined by RANSE CFD 
calculations and the Morison equation using the strip theory, noting 
that in this case the forces determined by the strip theory are un-
derestimated. They pointed out the reason for this to the fact that 
the Morison equation neglects diffraction effects. Clement et al. [7] 
investigated the influence of viscous damping on the motion of a 
floating hybrid platform, finding it significant for the pitch motion. 
The influence of viscous damping was presented by Ciba and Dy-
marski [8] who presented the calculation of hydrodynamic coeffi-
cients for heave plates. The results presented in the paper were 
obtained based on RANSE CFD calculations using a forced oscil-
lation method. Another method of determining hydrodynamic coef-
ficients, based on the forces acting on a stationary object placed in 
an oscillatory flow, was presented by Dymarski et al. [9]. 

Determination of hydrodynamic coefficients is a subject of anal-
ysis not only in the case of floating platforms. There are many works 
available in the literature concerning underwater vehicles, such as 
those presented by Hong et al. [10] or experimentally supported 
calculations by Cely et al. [11]. Landmann et al. [12] determined 
coefficients allowing modeling of ropes covered with crustaceans. 

The research and calculations presented in this article concern 
the Tension Leg Platform (TLP). These platforms are characterized 
by an excess of buoyancy in relation to mass, which causes con-
stant tension in the anchor ropes. This tension is responsible for the 
creation of a restoring force, which causes the platform to return to 
its equilibrium position after the load acting on it is removed. A ma-
jor advantage of this type of platform is the vertical method of an-
choring, which significantly narrows the area of the platform instal-
lation when compared to traditional anchor chains, which are usu-
ally placed far from the platform axis. Another good feature of the 
discussed type of platform is its ease of parametric design, allowing 
the selection of the length of the tendons and the excess buoyancy 
to adapt the structure to the operating conditions. By changing the 
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length of the tendons and their tension, we can influence the fre-
quency of free oscillations of the platform, and thus minimize the 
phenomenon of resonance on the wave. 

The values of the hydrodynamic coefficients for the TLP plat-
form consisting of 4 horizontal and 4 vertical cylinders were pre-
sented by O’Kane et al. [13]. Ren et al. [14] presented analyses of 
the TLP platform performed in the AQWA and WAMIT programs. 
They do not mention additional viscosity coefficients, which may be 
the reason for the significant motion of the platform. Zhou et al. [15] 
presented analyses of the TLP platform performed in the Ansys 
AQWA program. However, based on the presented free oscillation 
tests, it can be seen that no additional damping was taken into ac-
count, because the oscillation decay is small or nonexistent, con-
trary to what the experiments show for this type of structure. Very 
good analyses and high convergence of calculations with the ex-
periment were presented by Vardaroglu et al. [16] who determined 
the hydrodynamic coefficients based on free oscillation tests. Peg-
alajar-Jurado et al. obtained similarly good results. [17] calibrating 
the computational model based on the results obtained by free os-
cillations for a 10 MW TLP turbine. However, they noticed that in-
troducing frequency-dependent coefficients could improve the ac-
curacy of the obtained computational results. The results of inter-
esting model studies of the TLP platform for waves at different an-
gles of inflow were presented by Jin et al. [18]. The analysis of the 
literature shows that in order to obtain correct results of simulations 
of floating objects using simplified models, coefficients related to 
viscosity should be included in them. 

2. ANALYZED PLATFORM 

The tested platform was designed for a 15 MW wind turbine, in 
the Baltic Sea area with a depth of 70 m. Its shape is shown in Fig. 
1, and the basic data are presented in Table 1.  

 
Fig. 1. The shape of the analyzed TLP platform 

 
Tab. 1. Platform parameters 

Mass [t] 3555.3 

Displacement [m3] 12 150 

Draft [m] 26 

Length of leg [m] 54 

Water depth [m] 70 

 

The research was carried out on a 1:65 scale platform model in 
a 40x4x3 m model pool at the Gdańsk University of Technology, 
equipped with a plate and an 8-segment regular and irregular wave 
generator, capable of recreating a given wave specrum,with a max-
imum wave height of 0.25 m, designed and made by Edinburgh 
Design. Platform displacements were measured by a Qualisys sys-
tem based on high-speed cameras, capable of determining the po-
sition and orientation of an object in 6 degrees of freedom.6D ob-
ject, to an accuracy of 0.4 mm. 

The experimental setup is shown in Fig. 2. 

 
Fig. 2 Model of the tested platform 

 
A commonly used method for assessing the behavior of a plat-

form in marine conditions is to determine its amplitude characteris-
tics, i.e. the response of the structure in relation to the frequency of 
the forcing wave. In this process, the behavior of the object on a 
regular wave is examined and based on the obtained results, it is 
possible to predict the movement for a given spectrum of an irreg-
ular wave. Depending on the type of platform, its movements in dif-
ferent degrees of freedom may be of interest. In the case of the TLP 
platform, the horizontal movement in the X direction is considered 
to be most important. 

In the Ansys AQWA program the user has the ability to deter-
mine the platform motion for various environmental excitations. The 
calculations are based on the boundary element method without 
taking into account viscosity. To take viscous effects into account, 
an additional coefficient matrix must be introduced. 

In the case of a TLP type platform, we will be mainly interested 
in the horizontal movement, for which we can write (1). 

(𝑚 + 𝐴11)𝑥̈ + 𝐵𝑒𝑞11𝑥̇ + 𝐶11𝑥 = 𝐹1                                  (1) 

Where 𝐴11-added mass on x direction, 𝐵𝑒𝑞11- damping 

Turbine modeling mass 

Markers for Qualisys 
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coefficient on x direction, 𝐶11- stiffness coefficient  for TLP 𝐶11 =
1

𝐿𝑡
(𝜌𝑔𝑉 −𝑚𝑔) Lt- length of leg 

After seperating the damping term into a linear and quadratic 
part, the equation will then have the form (2). 

(𝑀 + 𝐴11)𝑥̈ + 𝐵11𝑥̇ +
1

2
𝜌𝐶𝐷11𝐴𝑥̇|𝑥̇| + 𝐶11𝑥 = 𝐹1             (2) 

The Ansys AQWA program calculates part of the Beq attenua-
tion coefficient based on the diffraction theory, but the viscous part 
is omitted. Hence, the user has the option of introducing additional 
attenuation, in the form of a matrix of linear additional attenuation 
coefficients Badd, or quadratic Morison additional attenuation coef-
ficients CD. 

Calculations performed without the additional damping term 
give greatly overestimated values of platform movements in relation 
to the actual ones, so this is a step that cannot be omitted. 

The methods for determining hydrodynamic coefficients are 
presented in the diagram below (fig. 3). 

 
Fig. 3.    Division of methods for determining hydrodynamic coefficients  

depending on the way of defining the variable speed 

 
In the case of RANSE CFD calculations, the forced oscillation 

method is the best as it allows determining the value of the coeffi-
cients depending on the forcing period, while the free oscillation 
method only provides the value of the coefficients for the free oscil-
lation period of the object. Moreover, the free oscillation method 
gives higher values of the damping coefficients, due to the decreas-
ing amplitudes of successive oscillations. The use of oscillatory flow 
in the case of RANSE CFD calculations may cause numerical dis-
crepancies. 

For model tests, the free oscillation method is prefered, as it 
does not require the use of an additional motion forcing device, re-
lying only on an initial forcing., The disadvantage of this method is 
the great difficulty in isolating the motion in a single degree of free-
dom. The appearance of additional coupled motions changes the 
values of the determined coefficients. 

 
3. DETERMINATION OF HYDRODYNAMIC COEFFICIENTS 

BY FORCED OSCILLATION METHOD 

 
The first stage of the calculations was to determine the hydro-

dynamic coefficients of the platform using forced oscillation tests. 
The calculations were performed using the STAR CCM+ program 
based on the RANSE CFD method. 

The main features of the model are: 

− Volume of Fluid model (Fig. 4) allowing for modeling of two-
phase flow, 

 
Fig. 4.   View in the plane of symmetry, blue color - volume cell com-

pletely filled with water, red color - volume cell filled with air 

 
− Overset mesh (Fig. 5) allowing the object to move along a given 

trajectory, 

 
Fig. 5.  View of the mesh in the plane of symmetry, divided into a moving 

mesh - marked in green and a stationary mesh - marked in black 

 
− K-ε turbulence model. 

The computational mesh was refined in the platform's motion 
region and on the free surface. To enable the representation of the 
large velocity gradient at the platform walls, a prismatic mesh com-
posed of five layers was constructed. A free-slip wall condition was 
assumed for the walls surrounding the stationary domain, and an 
atmospheric pressure inlet condition was assumed for the top of the 
domain. An overset mesh condition was assumed for the wall con-
necting the stationary and moving domains, allowing the program 
to determine conditions based on a given area of the stationary do-
main. 

To check the independence of the mesh (fig. 6), calculations 
were performed for meshes with the following numbers of ele-
ments: 1 million, 10 million and 70 million. Since no significant dif-
ference was observed between the values of the coefficients ob-
tained from calculations for 10 and 70 million, it was decided to per-
form calculations on a mesh with 10 million elements. 
 

 
Fig. 6.   The values of the determined coefficients depend on the  

number of mesh elements used for the calculations 
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The main difficulty in determining the hydrodynamic coefficients 
is that they can varry in time. The value of the hydrodynamic coef-
ficients in oscillatory motion depends on both the amplitude of the 
motion and the frequency of the excitation. Because of this, a series 
of calculations had to be carried out, the results of which can be 
seen on Fig. 12. The hydrodynamic coefficients were determined 
by matching the  force function acting on the moving object with the 
given amplitude and frequency using the least squares method. 
Comparing the individual runs, it was clearly visible that a force 
function based on the linear damping coefficient gives better results 
than one based on the quadratic (Morison) damping coefficient. 
However, the greatest differences do not appear at the moment 
when the velocity of the structure is the highest, but when the struc-
ture is affected by forces related to both velocity and acceleration. 
Example runs for an excitation amplitude A = 5 m and frequency ω 
= 0.4488 rad/s are shown in Fig. 7. Additionally, the auxiliary axis 
shows the given velocity of the structure. 

 

 
Fig. 7.   The value of the force acting on an oscillating object obtained 

from calculations and its approximation using a linear and  
quadratic equation 

 
The values of the dimensionless damping coefficient defined as 

𝐶𝐵 = 𝐵 (2𝑉𝜌𝜔)⁄  are shown in the graph (Fig. 8). 
 

 
Fig. 8.   Values of the dimensionless linear damping coefficient as a  

function of frequency for different motion amplitudes 

 

 
The values of the added mass coefficient defined as 𝐶𝐴 =

𝐴 (𝑉𝜌)⁄   are shown in  Fig. 9. 

 
Fig. 9.   Values of the dimensionless added mass coefficient depending 

on the frequency for different motion amplitudes 

 
The values of the Morison drag coefficient are shown in the 

graph (Fig. 10). 

 

 
Fig. 10. Morison coefficient values depending on the frequency for  

different movement amplitudes 

4. FREE OSCILLATION TEST COMPARISON  
OF CALCULATION AND EXPERIMENT RESULTS 

A surface model, separated into above-water and below-water 
sections, was introduced into the ANSYS AQWA program. The ge-
ometry was divided into 3,500 elements (Fig. 11). The bottom depth 
and anchor line attachment points were defined. 

Based on the determined values, the additional damping coef-
ficients related to viscosity were entered into the program. Then, 
free oscillation tests were performed for different initial deflection 
amplitudes and the results were compared experimental data  
(Fig. 12). 
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Fig. 11. Surface model divided into underwater and above-water parts,    

and its division into surface mesh elements 

a) 

 

b) 

 

 

c) 

 

Fig. 12. Oscillation patterns of free structures for various initial  
deflections. Comparison of experimental results with calculations 
where damping is modeled using a linear or quadratic coefficient 

 
Analyzing the results of free oscillations, it can be seen that the 

oscillations are very strongly dependent on the initial displacement 
of the structure. Therefore, none of the methods which assume a 
constant damping coefficient , achive good accuracy when model-
ling late-time behaviour. It can also be seen that using linear coef-
ficient causes the oscillations to die out much faster than when 
quadratic coefficients. 

 
5. AMPLITUDE CHARACTERISTICS COMPARISON  

OF CALCULATION AND EXPERIMENT RESULTS 

 
The platform's behavior was tested and calculated in the con-

ditions of regular waves of different frequencies. The calculations 
were performed in the Ansys AQWA program using the linear and 
quadratic damping model. The results are presented in the graph 
in Fig. 13. 

 

 
Fig. 13. Comparison of Response Amplitude Operators obtained from  

experimental studies of the platform motion on a regular wave 
and calculated using the program where the damping is modeled 
using a linear or quadratic coefficient 
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 When comparing the results it can be seen that both linear and 
quadratic damping coefficients reproduce the experimental results 
well. However,  the quadratic damping factor gives much better re-
sults in the region of the highest values of the Response Amplitude 
Operator.The largest difference between the measured value and 
the one calculated using the square factor was 1.5%, while the lin-
ear factor gave a difference of 11%. 

6. CONCLUSIONS 

Several important conclusions can be drawn from the calcula-
tions performed and their comparison with model tests: 

− The method of determining hydrodynamic coefficients using 
forced oscillations, in which the coefficient values are deter-
mined based on the results of RANSE CFD calculations gives 
good results. 

− Calculating the force acting on an object moving in oscillatory 
motion using a linear damping coefficient gives a more accurate 
result than using a quadratic coefficient. 

− The value of the linear damping coefficient increases strongly 
with the increase in the amplitude of the excitation. 

− Using a constant damping coefficient (both linear and quad-
ratic) does not allow for very good prediction of the object's 
movements during the free oscillation test. 

− It is possible to model the platform's motion  with a reasonable 
degree of accuracy, using the boundary element method ex-
tended by the influence of viscosity by assigning an additional 
matrix of constant damping coefficients, although in reality their 
value depends on the amplitude and frequency of the oscilla-
tory motion. 

− Using a quadratic damping coefficient allows for more accurate 
calculations of the amplitude characteristics, because unlike 
the linear coefficient, it does not change significantly with the 
amplitude and frequency of the motion. 
In summary, Ansys Aqwa, with its quadratic damping coeffi-

cients, is a very good tool for assessing platform behavior. The sur-
face mesh is easy to create and doesn't require significant compu-
tational resources. This allows for long simulation times, which is 
particularly important when studying the behavior of objects under 
irregular wave conditions. 
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