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o Introduction

• Floating platforms, originally employed as solutions for the 
offshore oil and gas sector, have been used recently in the 
offshore wind energy industry to give support to wind 
turbines in mid and relatively deep waters;

• In the case of floating platforms with circular columns, 
Vortex-Induced Motion (VIM) can be an important 
phenomenon;

• Computational Fluid Dynamics (CFD) modeling might be 
used as a prediction tool for VIM. However, the high 
computational time usually impairs this approach, at least 
during design stages;

• Alternatively, phenomenological models, based on non-
linear oscillators, such as on van der Pol equations are 
proper to wake dynamics modeling. 
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o Introduction
o Early studies

Authors Description

Hartlen & Currie (1970) 
One of the pioneering studies, proposing the use of the Rayleigh oscillator in 
order to model the lift coefficient. The coupling with the cylinder dynamics 
was made through velocity.

Facchinetti et al. (2003) 
Concluded that the interaction between wake and cylinder dynamics 
equations might be modeled as dominated by inertial terms, proposing then 
a coupling in terms of acceleration.

Ogink & Metrikine (2010)

Relaxed an important hypothesis of Facchinetti et al’s model, namely, the 
linearization of the instantaneous relative velocity of the cylinder with respect 
to the flow, modifying the coupling parameters, according to the 
experimentally observed vortex emission regime. 

Franzini & Bunzel (2018) 
Extended the approach by Ogink and Metrikine to two degrees of freedom 
(2-dof), allowing both crosswise and in-line oscillations. A second van der 
Pol oscillator, vibrating twice as fast as the crosswise one, was introduced. 
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o Motivation

• The present work was motivated by the recent experimental results of 
Gonçalves et al. (2019), on the existence of VIM on a small-scale 
multicolumn FOWT-OC-4 model;

• If proved to be relevant in full scale, VIM might consist in a significant 
factor to the operation of wind turbines;

• CFD might be computationally demanding;
• The intent henceforth is to verify whether reduced order models based 

on wake oscillators could be successfully applied to multicolumn 
platforms;

• In the present work, using the formalism of Analytical Mechanics and 
based on wake oscillators phenomenological approach, a reduced-order 
mathematical model (ROM) is derived to assess the motion on the 
horizontal plane;

• The FOWT-OC-4 Phase II is used as case study and numerical results are 
confronted with the experimental data by Gonçalves et al. (2019); 

• A full-scale FOWT with pontoons is used as a second case study.
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• Nonlinear inertial terms

Coordinates and general definitions. At origin, platform is 
shown at 0 degrees current heading. 
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• Generalized restoring mooring forces

• Generalized hydrodynamic forces (vortex shedding)

• Generalized coordinates (rigid-body motions):

• Lagrange’s equations of motion:

• Kinetic energy (including the added mass effects):

• Equations of motion: 
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Pesce et al. (2018)

o The Reduced Order Mathematical Model
o Equations of motion on the horizontal plane



Polytechnic School of
University of São Paulo

IOWTC
International Offshore Wind 
Technical Conference

, ,

,

2 2
, ,

2 2
, , , ,, , ,

1 1
; ,

2 2

; ; ,

 

   

 

  

  

 

 

     

kv vk kk k k k k

C C k kk kk kk

F F

U

D H C U D H C U

U v U v UU U U

| ,  v v ω rC A p C Ak k

,
1

1,2,3.;



 


 v

F


c
k

N
Cv

j v k
k j

jQ
q

o The Reduced Order Mathematical Model
o Phenomenological model and hydrodynamic forces

Forces diagram for the k-th column. Cylinder 
moving left and down.
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• Body-fixed components of the hydrodynamic forces:

• Velocity of the k-th column center:

• Generalized viscous hydrodynamic forces:

• Body-fixed hydrodynamic coefficients:
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Hydrodynamic interferences are not considered
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• Two forced van der Pol oscillators for each column, 
aligned with the body-frame directions

• Coupling with body-fixed hydrodynamic coefficients:

• Lift and drag coefficients as functions of the wake 
variables:
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1
1

Vortex wake shed from each cylindrical column. 
No wake interference is considered.

o The Reduced Order Mathematical Model
o Phenomenological model and hydrodynamic forces
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• A 11-dof reduced-order model is obtained (3 rigid body dof + 2 x 4 columns wake oscillators):

• Generalized coordinate vector, q;
• Augmented inertia matrix, M෪;
• Generalized conservative forces and nonlinear inertia terms, Q෩c;
• Non-conservative term, Q෩nc.
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o The Reduced Order Mathematical Model
o The coupled fluid-structure interaction ROM
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o Experimental Study of a FOWT (Gonçalves et al., IOWTC 2019)
o FOWT-OC-4 Phase II

• Reduced scale model (1:72.72):

1.67L D H D 

• Schematic diagram of the experiment:

Springs

0 (°), 90 (°), 180 (°) U
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o Experimental Study of a FOWT
o FOWT-OC-4 Phase II

The platform is rotated relative to the 
support ring to set up the different heading 
angles.0o

90o

180o

Y

X
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Y
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U
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o Numerical Simulations
o Simulations’ setup

• Simulations were carried out at least for 30 reduced velocities 
(3 < VR < 24 and 8,000 < Re < 70,000) for each incidence angle;

• The simulations were performed in a MATLAB® environment, 
numerically integrating the coupled equations in the state 
space form;

• A fixed time step of 0.1 seconds was used, applying the 4th 
order Runge-Kutta algorithm;

• The results obtained are:

1) Natural periods at the trivial equilibrium position 
(origin, q = 0);

2) FOWT’s trajectories on the horizontal plane;

3) Dimensionless motion amplitudes and oscillation 
frequencies.
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o Numerical Simulations
o Parameters  Parameters

 Results
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o Results
o Trajectories of the FOWT’s center on the horizontal plane
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X is the current direction, in-line; Y is the direction 
transversal to it, cross. Yaw scaled as in the colored bar.

0°

Animation of the FOWT’s motion at the corresponding reduced 
velocities. Platform drawing in augmented scale (6x).

(a)

(b)

(d)

(e)



Polytechnic School of
University of São Paulo

IOWTC
International Offshore Wind 
Technical Conference

o Results
o Trajectories of the FOWT’s center on the horizontal plane
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X is the current direction, in-line; Y is the direction 
transversal to it, cross. Yaw scaled as in the colored bar.

90°

(a)

(b)

(d)

(e)

Animation of the FOWT’s motion at the corresponding reduced 
velocities. Platform drawing in augmented scale (6x).
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o Results
o Trajectories of the FOWT’s center on the horizontal plane
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180°

X is the current direction, in-line; Y is the direction 
transversal to it, cross. Yaw scaled as in the colored bar.

(a)

(b)

(d)

(e)

Animation of the FOWT’s motion at the corresponding reduced 
velocities. Platform drawing in augmented scale (6x).
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0° 90° 180°

o Results
o Dimensionless amplitudes and frequencies
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o Numerical Study of a Full-Scale FOWT
o FOWT with pontoons
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o Numerical Study of a Full-Scale FOWT
o FOWT with pontoons

The platform is rotated relative to the fixed 
frame to set up the different heading angles.

A ROM FOR THE CURRENT-INDUCED MOTION OF A FOWT 23

   

   

0

0

ˆ ˆ

ˆ ˆ

T

T





 

 





M R M R

K R K R

0o 90o 180o



Polytechnic School of
University of São Paulo

IOWTC
International Offshore Wind 
Technical Conference

o Numerical Simulations
o Simulations’ setup

• Simulations were carried out at least for 20 reduced velocities 
(1 < VR < 36 and 1.6 × 10 < Re < 34 × 10) for each incidence 
angle;

• The simulations were performed in a MATLAB® environment, 
numerically integrating the coupled equations in the state 
space form;

• A fixed time step of 0.1 seconds was used, applying the 4th 
order Runge-Kutta algorithm;

• The results obtained are:

1) Natural periods at the trivial equilibrium position 
(origin, q = 0);

2) FOWT’s trajectories on the horizontal plane;

3) Dimensionless motion amplitudes and oscillation 
frequencies.
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o Numerical Simulations
o Parameters
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o Numerical Simulations
o Parameters
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0o 90o 180o

Mooring stiffness matrix calculated at the 
trivial equilibrium position (origin, q = 0)
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o Results
o Trajectories of the FOWT’s center on the horizontal plane
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X is the current direction, in-line; Y is the direction 
transversal to it, cross. Yaw scaled as in the colored bar.

0°

Animation of the FOWT’s motion at the corresponding reduced 
velocities. Platform drawing in augmented scale (3x).

(a)

(b)

(c)

(d)
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o Results
o Trajectories of the FOWT’s center on the horizontal plane
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X is the current direction, in-line; Y is the direction 
transversal to it, cross. Yaw scaled as in the colored bar.

90°
(a)

(b)

(c)

(d)

Animation of the FOWT’s motion at the corresponding reduced 
velocities. Platform drawing in augmented scale (3x).
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o Results
o Trajectories of the FOWT’s center on the horizontal plane
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180°

X is the current direction, in-line; Y is the direction 
transversal to it, cross. Yaw scaled as in the colored bar.

(a)

(b)

(c)

(d)

Animation of the FOWT’s motion at the corresponding reduced 
velocities. Platform drawing in augmented scale (3x).
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o Results
o Dimensionless amplitudes and frequencies

0° 90°
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o Results
o Dimensionless amplitudes and frequencies

180°
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Comments
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• A reduced-order mathematical model (ROM) was proposed to address the Vortex-Induced Motion (VIM) of 
moored (circular) multicolumn FOWTs;

• Viscous fluid forces induced by vortex-shedding are modeled through a phenomenological approach, such that 
the dynamics of the vortex wake that is shed from each cylindrical column is represented through a pair of 
wake-oscillators, of the van der Pol type; 

• All wake interferences that may occur among columns have been simply ignored in the presented version of 
this ROM, for simplicity;

• The preliminary results obtained with the proposed ROM turn it into a very promising approach with good 
experimental comparisons;

• Future improvements should involve the effects of wake interferences between columns, dependent on the 
spacing between them and thought to be an important issue in some incidence angles and at higher reduced 
velocities;

• The hydrodynamic effect of the heave plates and braces are other points that certainly deserve further 
investigation; 

• The pontoons additions into the ROM result in damped cross-flow oscillations;

• CFD simulations are on-going tasks: 2D and then 3D.
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