
 

Qualification of innovative floating substructures for 

10MW wind turbines and water depths greater than 50m 

Project acronym LIFES50+ 
Grant agreement 640741 

 Collaborative project 
Start date 2015-06-01 
Duration 40 months 

 

Deliverable D4.8 Validation of advanced models and methods for cascading into simpler models 

 

Lead Beneficiary DTU 

Due date 2018-12-31 

Delivery date 2019-01-02 

Dissemination level Public 

Status Final 

Classification Unrestricted 

 

Keywords Numerical models, advanced, validation, floating wind turbines 

Company document number Click here to enter text. 

 

 

The research leading to these results has received funding from 

the European Union Horizon2020 programme under the agree-

ment H2020-LCE-2014-1-640741. 

 



                                    D4.8 Validation of advanced models and methods for cascading into simpler models                

 LIFES50+ Deliverable, project 640741 2/117 

Disclaimer 

 

The content of the publication herein is the sole responsibility of the publishers and it does not neces-
sarily represent the views expressed by the European Commission or its services. 

While the information contained in the documents is believed to be accurate, the authors(s) or any other 
participant in the LIFES50+ consortium make no warranty of any kind with regard to this material includ-
ing, but not limited to the implied warranties of merchantability and fitness for a particular purpose. 

Neither the LIFES50+ Consortium nor any of its members, their officers, employees or agents shall be 
responsible or liable in negligence or otherwise howsoever in respect of any inaccuracy or omission 
herein. 

Without derogating from the generality of the foregoing neither the LIFES50+ Consortium nor any of its 
members, their officers, employees or agents shall be liable for any direct or indirect or consequential 
loss or damage caused by or arising from any information advice or inaccuracy or omission herein. 

Document information 

Version Date Description 

1 Click today Draft 

Prepared by Pegalajar-Jurado, A.; Madsen, F.J.; Sarlak, H.; Bredmose, 

H.; Lemmer, F.; Faerron-Guzman, R.; Borisade, F.; Kretsch-

mer, M. 

Reviewed 

by 

Thys, M.; Andersen, H.S.; Marley, M.; Rodriguez-Arias, R.; 

Galvan, J.; Nava, V. 

Approved 

by 

Bredmose, H. 

 

2 Click today Final version submitted to project coordinator 

Prepared by Pegalajar-Jurado, A.; Madsen, F.J.; Sarlak, H.; Bredmose, 

H.; Lemmer, F.; Faerron-Guzman, R.; Borisade, F.; Kretsch-

mer, M. 

Reviewed 

by 

Bredmose, H. 

Approved 

by 

Enter names 

 

3 2018-12-28 Final version for QA before submission to EC 

Prepared by Pegalajar-Jurado, A.; Madsen, F.J.; Sarlak, H.; Bredmose, 

H.; Lemmer, F.; Faerron-Guzman, R.; Borisade, F.; Kretsch-

mer, M. 

Reviewed 

by 

Jan Arthur Norbeck 

Approved 

by 

Petter Andreas Berthelsen 

 

 

 

 

 

 



                                    D4.8 Validation of advanced models and methods for cascading into simpler models                

 LIFES50+ Deliverable, project 640741 3/117 

Authors  Organization 

Pegalajar-Jurado, A. DTU 

Madsen, F.J. DTU 

Sarlak, H. DTU 

Bredmose, H. DTU 

Lemmer, F. USTUTT 

Faerron-Guzman, R. USTUTT 

Borisade, F. USTUTT 

Kretschmer, M. USTUTT 

  

 

Contributors Organization 

Yu, W. USTUTT 

Müller, K. USTUTT 

 

Definitions & Abbreviations 

DoF Degree of freedom 

PSD Power spectral density 

QTF Quadratic transfer function 

DLC Design load case 

CFD Computational fluid dynamics 

VOF Volume of fluid 

RANS Reynolds-averaged Navier-Stokes 

MBS Multi -body system 

OMA Operational modal analysis 

RAO Response-amplitude operator 

FOWT Floating offshore wind turbine 

BEM Blade-element momentum 

GDW Generalized dynamic wake 

 

  



                                    D4.8 Validation of advanced models and methods for cascading into simpler models                

 LIFES50+ Deliverable, project 640741 4/117 

Executive Summary 

The design process for floating wind turbine substructures can be aided by application of design mod-

els at different levels of fidelity. This is due to the generic proportionality between model accuracy and 

computational effort. The present deliverable of LIFES50+ focuses on the validation of advanced 

models developed in work package 4. The validation is made against model test data, mainly from the 

Ocean Basin tests within LIFES50+. The deliverable further gives examples of cascading (application) 

of results from the advanced models into models of lower fidelity.  

 

The model validation consists of 

 

- Validation of the inclusion of floater flexibility in dynamic response calculations in the HAWC2 

aero-elastic model. The methods ability to predict response at the natural structural flexibility is 

demonstrated in a generic setup with a flexible monopile subjected to loads from steep waves. 

 

- Validation of a second-order FAST model for the OO-Star Wind Floater Semi 10MW with full QTF 

quadratic wave forcing and damping calibration in the modal space. It is demonstrated that a good 

match can be obtained if a sea-state dependent damping calibration is applied. The second-order for-

cing of the Newman approximation is found to be generally smaller than the one obtained from full 

QTF analysis.  

 

- Validation of an OpenFOAM hydrodynamic CFD setup for the OO-Star Wind Floater Semi 10MW. 

A good agreement is found for a heave decay test. A simplified mooring representation is developed 

and a further good match for surge motion in a regular wave case is shown.  

 

- Validation of a second-order FAST model for the Nautilus-DTU10 floater with full QTF quadratic 

wave forcing. A damping approach based on calibrated Morison drag coefficients is utilized and a 

generally good match is found for pink noise tests. For larger sea states, the combined role of forcing 

and damping of the Morison drag term is found to prevent a good calibration for all degrees of free-

dom. 

 

- Validation of an Ansys CFX hydrodynamic CFD setup for the Nautilus-DTU10 floater. Forced 

heave motion is utilized to compute added mass and damping coefficients. A good match with linear 

potential flow theory is found for the added mass. Free heave decay is compared to test results and the 

effect of viscous flow separation is discussed. 

 

- Validation of an OMA (Operational Modal Analysis) based method for damping detection. The 

method is applied to the ocean basin tests of the Nautilus-DTU10 floater in combination with a QTF-

driven second-order hydrodynamic model. The damping levels found by OMA agree well with those 

based on modal calibration for pink noise tests. Differences are found for the extreme sea states and 

are discussed in relation to the assumptions associated with OMA theory.  

 

- Validation of a free vortex aerodynamic model against wind tunnel tests of POLIMI for a scaled 

model of the 10MW DTU reference wind turbine. Detailed comparison of aerodynamic damping from 

oscillatory tests are presented. It is found that the free vortex approach is generally more accurate than 

the BEM (Boundary Element Momentum) method. 
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