
 
 
General rights 
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright 
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights. 
 

 Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 

 You may not further distribute the material or use it for any profit-making activity or commercial gain 

 You may freely distribute the URL identifying the publication in the public portal 
 
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately 
and investigate your claim. 
  
 

   

 

 

Downloaded from orbit.dtu.dk on: Apr 28, 2024

F&U som støtte for innovation og konkurrencedygtighed

Madsen, Peter Hauge; Buhl, Thomas

Publication date:
2014

Link back to DTU Orbit

Citation (APA):
Madsen, P. H. (Author), & Buhl, T. (Author). (2014). F&U som støtte for innovation og konkurrencedygtighed.
Sound/Visual production (digital)

https://orbit.dtu.dk/en/publications/2ded81d1-4833-486e-b3fe-bb5401d1f4d4


F&U som støtte for innovation og 
konkurrencedygtighed 
Peter Hauge Madsen & Thomas Buhl 
Institut for Vindenergi, DTU 
 
Offshoreenergy.dk’s årsmøde  
23. og 24. oktober 2014 i Odense 



DTU Wind Energy, Technical University of Denmark 
   

    
   

2 23.10.2014 

DTU’s Mission 
DTU skal udvikle og nyttiggøre 
naturvidenskab og teknisk 
videnskab til gavn for samfundet.  
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FP7 project – Design Tool for Offshore 
Wind Farm Clusters 

Progress is to achieve a robust design tool for planning of offshore wind 
farms. The progress include benchmark analysis of several wake models 
using production data, investigation on some uncertainties on annual 
energy production and study of inter- and intra-array grid possibilities for 
the offshore. 
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EERA DTOC concept 

Main Components 

• Use and bring together 
existing models from the 
partners 

• Develop open interfaces 
between them 

• Implement a shell to 
integrate 

• Fine-tune the wake models 
using dedicated 
measurements 

• Validate final tool 
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  Fuga – wake model for large offshore 
windfarms 

• Solves linearized RANS equations 
• Latest version incorporates: atmospheric 

stability, meandering, effects of non-
stationarity and spatial de-correlation of 
the flow field. 

• No computational grid, no numerical 
diffusion, no spurious pressure gradients 

• Integration with WAsP: import of wind 
climate and turbine data.  

• Fast, mixed-spectral solver: 
– 106 times faster than conventional 

RANS! 
– 108 to 1010 times faster than LES! 

 
 
 
 

 
 
 

 
 

Hornsrev validation  
 
* Søren Ott, Jacob Berg and Morten Nielsen: ‘Linearised 

CFD Models for Wakes’, Risoe-R-1772(EN), 2011 

Fuga ±2.5° bin, meandering, 
decorrelation 
Measurements 
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EERA DTOC portfolio of models 
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TOPFARM 
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TOPFARM is a fundamentally new approach to layout optimization of wind farms. From 
the investor’s perspective the TOPFARM platform answers the fundamental question:  

“What kind of layout results in the optimal economical performance of the wind farm throughout 
its lifetime”. 

The balance between power, loads and costs 

 
Measurement of deficit in atm. 
boundary layer wind tunnel 

Wake meandering assumption in DWM 

Middelgrunden layout as of now 
and as results of the TOPFARM 
optimization. 
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CFD for detailed loads 

Dynamics of floating  
wind turbines 

Load models for highly  
nonlinear waves 

Aero-elastic response  
to waves and wind 

Wind-wave loads and response for offshore 
wind turbines 
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Offshore wind turbine control system 

• Power production 
o Generator torque control  
o Collective pitch control 

 

• Extreme and fatigue load reduction 
o Drive train damper (TG) 
o Exclusion zone (TG) 
o Tower for-aft mode damper (CPC) 
o Thrust peak shaver (CPC) 
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Collective pitch control 
• Thrust peak shaving 
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JacketOpt 
  
 Topologies 
 

– Classical four legged jackets 
– Classical three legged jackets 
– Pod-like structures (three or four legs) 
– Full-lattice towers (three or four legs) 
– Monopiles 
– User defined structures 
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JacketOpt 
 

 Design variables (outer) 
 

– Overall dimensions within bounds   
– Placement of X-braces within bounds 
 

 Design variables (inner) 
  

– Member diameters within bounds 
– Member thickness within bounds 
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JacketOpt GUI 
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A preliminary example for INNWIND.EU 
 DTU 10 MW reference turbine 

– Hub height 119 m 
– Rotor mass 229 tons 
– Nacelle mass 446 tons 
– Tower mass 505 tons 

  
 Four legs and four levels of X-braces 
 
 Minimum mass design 
 Max tower top displacement 2.25 m 
 First and second frequency between 1P and 3P 
 Third and fourth frequency above 6P 
  
 Static loads only! 
 No fatigue constraints! 

21 23 October 
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A preliminary example for INNWIND.EU 
 DTU 10 MW reference turbine 

– Hub height 119 m 
– Rotor mass 229 tons 
– Nacelle mass 446 tons 
– Tower mass 505 tons 

  
 Four legs and three levels of X-braces 
 
 Minimum mass design 
 Max tower top displacement 2.25 m 
 First and second frequency between 1P and 3P 
 Third and fourth frequency above 6P 
  
 Static loads only! 
 No fatigue constraints! 
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105m/s, 

Test  section 2.2 x 3.3m 

F&U og test 
faciliteter 

Validering og Test 
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Østerild Test Centre – Prototype Wind Turbines 
7 Wind Turbines – Max. 16 MW each – Max. height 250 m 

1 EDF / Alstom 
2 Vestas 

3 Vestas 
4 Vestas 

5 Envision 

6 Siemens 

7 Siemens 
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Long range windscanner – Kassel campaign 

25 23.10.2014 

• Measured for 6 weeks with 6 
windscanners, full synchronisation over 
a 3G network 

• Alignment accuracy of about 0.05° (1m 
over 1km) 

• Excellent measurement results in 
scanning mode – within 1% accuracy at 
> 3km Metmast 
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Lidar ways of measuring the offshore 
resource 

2. Windscanner(s) on the coast 
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Spørgsmål 

Colourbox 
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