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International Energy Agency 

Implement Agreement for Co-operation in the 

Research, Development and Deployment of Wind 

Turbine Systems (IEA Wind) 

The IEA international collaboration on energy technology and RD&D is organized under the 

legal structure of Implementing Agreements, in which Governments, or their delegated agents, 

participate as Contracting Parties and undertake Tasks identified in specific Annexes. 

The IEA’s Wind Implementing Agreement began in 1977, and is now called the 

Implementing Agreement for Co-operation in the Research, Development, and Deployment of 

Wind Energy Systems (IEA Wind). At present, 26 contracting parties from 22 countries, the 

European Commission, and Wind Europe, participate in IEA Wind. Austria, Belgium, Canada, 

Denmark, the European Commission, EWEA, France, Finland, Germany, Greece, Ireland, 

Italy (two contracting parties), Japan, Republic of China, Republic of Korea, Mexico, 

Netherlands, Norway (two contracting parties), Portugal, Spain, Sweden, Switzerland, United 

Kingdom and the United States are now members. 

The development and maturing of wind energy technology over the past 30 years has been 

facilitated through vigorous national programs of research, development, demonstration, and 

financial incentives. In this process, IEA Wind has played a role by providing a flexible 

framework for cost-effective joint research projects and information exchange. 

The mission of the IEA Wind Agreement continues to be to encourage and support the 

technological development and global deployment of wind energy technology. To do this, the 

contracting parties exchange information on their continuing and planned activities and 

participate in IEA Wind Tasks regarding cooperative research, development, and 

demonstration of wind systems. 

Task 11 of the IEA Wind Agreement, Base Technology Information Exchange, has the 

objective to promote and disseminate knowledge through cooperative activities and 

information exchange on R&D topics of common interest to the Task members. These 

cooperative activities have been part of the Wind Implementing Agreement since 1978. 

Task 11 is an important instrument of IEA Wind. It can react flexibly on new technical and 

scientific developments and information needs. It brings the latest knowledge to wind energy 

players in the member countries and collects information and recommendations for the work 

of the IEA Wind Agreement. Task 11 is also an important catalyst for starting new tasks within 

IEA Wind.  
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IEA Wind TASK 11: BASE TECHNOLOGY INFORMATION EXCHANGE 

 
The objective of this Task is to promote disseminating knowledge through cooperative 

activities and information exchange on R&D topics of common interest. Four meetings on 

different topics are arranged every year, gathering active researchers and experts. These 

cooperative activities have been part of the Agreement since 1978. 

 

 

 

 

 

Carballeira Wind Farm - Spain 

Two Subtasks 
The task includes two subtasks. 

The objective of the first subtask is to 

develop recommended practices (RP). In 

2013 were edited RPs on “Social 

Acceptance of Wind Energy Projects”, 

“Wind Integration Studies” and. “Ground- 

Based Vertically Profiling Remote Sensing 

for Wind Resource Assessment”. 

The objective of the second subtask is to 

conduct topical expert meetings in research 

areas identified by the IEA R&D Wind 

Executive Committee. The Executive 

Committee designates topics in research 

areas of current interest, which requires an 

exchange of information. So far, Topical 

Expert Meetings are arranged four times a 

year. 

Documentation 

Since these activities were initiated in 1978, 

more than 70 volumes of proceedings have 

been published. In the series of 

Recommended Practices 16 documents were 

published and five of these have revised 

editions. 

All documents produced under Task 11 and 

published by the Operating Agent are 

available to citizens of member countries 

participating in this Task. 

Operating Agent 

Planair SA 

Rue Galilée 6   

1400 Yverdon-les-Bains 

Switzerland 

Phone: +34 948 25 28 00  

E-mail: ieawindtask11@planair.ch 
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COUNTRIES PRESENTLY PARTICIPATING IN THE TASK 11 

COUNTRY INSTITUTION 

Denmark Danish Technical University (DTU) - Riso National Laboratory 

Finland Technical Research Centre of Finland - VTT Energy 

Germany Bundesministerium fur Umwelt, Naturschutz und Reaktorsicherheit -BMU 

Ireland Sustainable Energy Ireland - SEI 

Italy Ricerca sul sistema energetico, (RSE S.p.A.) 

Japan National Institute of Advanced Industrial Science and Technology AIST 

Mexico Instituto de Investigaciones Electricas - IEE 

Netherlands Rijksdient voor Ondernemend Nederland (RVO) 

Norway The Norwegian Water Resources and Energy Directorate - NVE 

Republic of China Chinese Wind Energy Association (CWEA) 

Spain Centro de Investigaciones Energeticas, Medioambientales y Tecnologicas CIEMAT 

Sweden Energimyndigheten - Swedish Energy Agency 

Switzerland Swiss Federal Office of Energy - SFOE 

United Kingdom CATAPULT Offshore Renewable Energy 

United States The U.S Department of Energy -DOE 
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 INTRODUCTORY NOTE 

IEA Wind Task 11 Topical Expert Meeting # 88 on Three-Way Verification and Validation 

Between Data, High-Fidelity Models, and Engineering Models 

 

Carlos Rodriguez – Offshore Renewable Energy (ORE) Catapult 

Jason Jonkman – National Renewable Energy Laboratory (NREL) 

 

BACKGROUND 

To support design and analysis—so that wind turbines are innovative, optimized, reliable, 

and cost-effective—the wind industry and research communities rely on numerical 

engineering models capable of predicting the coupled dynamic loads and responses of the 

wind system. Engineering models capture the physical phenomena and system couplings 

important for the application. While models come in a range of fidelities to target specific 

problems and are derived from fundamental physical laws, simplifications and assumptions 

are typically made to ensure the solutions are computationally efficient enough to support the 

often iterative and probabilistic design process and system optimization. As such, verification 

and validation (V&V) of the models is key to ensuring accurate solutions. 

 

Verification involves model-to-model 

comparisons, often confirming the correctness of 

the numerical implementation, and showing the 

influence of different modelling approaches. 

Validation involves comparing numerical model 

predictions to response data collected 

experimentally or computationally to ensure the 

model accurately captures the underlying physics. 

Computational solutions employing high-fidelity 

modelling (HFM) are a useful complement to 

experimental data as properly validated HFM can 

be used to reliably extract underlying physical 

phenomena that is difficult to measure 

experimentally. Uncertainty quantification (UQ) 

plays a central role in the V&V effort because the 

assessment of model accuracy is generally made 

in terms quantification of errors and uncertainties. 

 

But despite V&V efforts to-date, even the most 

advanced wind energy engineering models are 

struggling to obtain accurate predictions, 

especially in the following areas: 

 Atmospheric flow and wake and array effect modelling for prediction of wind turbine 

power performance and loads in wind farms; 

 Aero-elastic modelling of modern, large, flexible, and aero-elastically tailored rotors; 

and 

 Hydrodynamic fluid-structure modelling of offshore wind support structures in severe 

sea states. 

 

The ongoing WakeBench project of IEA Wind Task 31 is working to produce best-practice 

guidelines for wind farm flow modelling through model intercomparison benchmarks, but 

Engineering
Tools

Test Data Computational 
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Theory



10 

 

little effort has been spent to precisely identify the reasons for modelling discrepancies such 

that the modelling improvements can be identified.  The ongoing Offshore Code Comparison 

Collaboration, Continued, with Correlation (OC5) project of IEA Wind Task 30 is working to 

validate offshore wind engineering models, but uncertainty in the experimental data used and 

lack of HFM solutions has also limited the ability to identify sources of modelling 

discrepancies and needed improvements.  Both of these projects are finishing in the next one-

to-two years. Moreover, there is currently no large international collaborative focused on 

V&V of rotor aero-elastics, despite known prediction discrepancies between the engineering 

models used in industry and research. There are still pending challenges, including the 

limited availability of real-scale experimental data, limited availability of validated high-

fidelity modelling (HFM) solutions, and limited quantification of model uncertainty for the 

above areas. 

 

Further V&V of engineering models based on quantitative metrics—along with the 

associated HFM and experimental data—are needed to ensure model suitability, to classify 

model limitations and quantify uncertainty, and to identify conditions where further 

modelling improvements are needed in the future.  Hence, we emphasize the need to establish 

future international collaborative(s) involving three-way V&V between data, HFM, and 

engineering models in the areas of wind farm aerodynamics, rotor aero-elastics, and offshore 

hydrodynamics. The recent acquisition by Offshore Renewable Energy (ORE) Catapult of the 

Levenmouth 7-MW demonstration wind turbine from Samsung Heavy Industries may make 

it possible to publicly share data from a modern aero-elastically tailored rotor to support a 

future V&V collaborative. 

 

OBJECTIVES 

 

ORE Catapult and the National Renewable Energy Laboratory (NREL) jointly proposed an 

IEA Wind Task 11 Topical Expert Meeting (TEM) on three-way V&V between data, HFM, 

and engineering models in the areas of wind farm aerodynamics, rotor aero-elastics, and 

offshore hydrodynamics.  This meeting will bring together representatives from OC5, 

WakeBench, and other wind energy V&V experts with the primary goals to: (1) share V&V 

experience and (2) discuss pathways and prioritization for establishing future IEA Wind tasks 

in these areas.  Topics will be presented and discussed in the following categories: 

 Lessons learned from prior validation campaigns for wind farm aerodynamics, rotor 

aero-elastics, and offshore hydrodynamics; 

 Deficiencies in modelling approaches that should be improved through future V&V 

projects; 

 Availability of—and challenges obtaining—experimental datasets, and future 

measurement needs; 

 Ranking of the importance of various phenomena and establishment of validation 

metrics; 

 Techniques and technologies needed to measure data required by the model-validation 

effort; 

 Utilization of high-fidelity models to develop/calibrate/validate engineering models; 

 Application of UQ in the model-validation effort; and 

 Opportunities for collaborative three-way V&V projects between data, HFM, and 

engineering models in the areas of wind farm aerodynamics, rotor aero-elastics, and 

offshore hydrodynamics. 
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TENTATIVE PROGRAM 

 

The TEM program will include: 

 Introduction by hosts (ORE Catapult and NREL); 

 Recognition of participants; 

 Presentations from participants covering the topics listed above;  

 Break-out sessions in the areas of wind farm aerodynamics, rotor aero-elastics, and 

offshore hydrodynamics for in-depth discussions on the pathways and prioritization for 

establishing future IEA Wind V&V collaborative(s); 

 Summarizing the results of the breakout sessions; 

 Discussing next steps; and 

 An optional visit to the Samsung 7-MW demonstration offshore wind turbine in 

Levenmouth operated by ORE Catapult. 

 

INTENDED PARTICIPATION 

 

Participants will include representatives from industry (OEMs, consultants, developers, and 

certifiers) and research (laboratories, universities, and government), including from: 

 The OC5 project of IEA Wind Task 30; 

 The WakeBench project of IEA Wind Task 31; and 

 Other wind energy V&V experts. 

 

Each participant is expected to give a brief 15-30 minute presentation, including questions 

and a discussion, of their experience in one or more of the topics listed above. However, the 

length of time available is somewhat dependent on the number of presentations to be given. 

 

EXPECTED OUTCOMES 

 

One of the goals of the meeting will be to gather existing knowledge on the subject and come 

up with suggestions and recommendations on how to proceed with future developments. 

Based on the above, a document will be compiled, containing: 

 Presentations by participants; 

 A compilation of the most recent information on the topic; 

 Main conclusions reached in the break-out sessions; and 

 Plans for IEA Wind’s future role(s) in this topic. 

 
 

 AGENDA 

 

 

 

 

 

 

 

 

 

Time Topic Presenter Organization

Wednesday, September 6

8:30 Arrival / Check-In
9:00 Welcome and Introductions

9:30 IEA Wind Task 11 - Base Technology Information Exchange Davy Marcel PLANAIR SA

9:45 Introduction to TEM #88 Jason Jonkman / Carlos Rodriguez NREL / ORE Catapult

10:00 Findings from IEA Wind Task 30 "OC5" and Plans for OC6 - Focus on Hydrodynamics Amy Robertson NREL

10:30 Break

10:45 Findings from IEA Wind Task 29 "Mexnext" and Plans for Use of the DANAERO Database Helge Madsen DTU Wind Energy

11:15 IEA Task 31 "Wakebench" V&V Framework for Wind Farm Flow Models: Towards Phase 3 Javier Sanz Rodrigo CENER

11:45 Comparison of Wave Tank Tests, CFD and Engineering Model Computations of Various Floaters and Mooring Line DynamicsTor Anders Nygaard IFE

12:05 V&V Process in the A2e Initiative David Maniaci Sandia National Laboratories

12:25 Lunch

13:20 Calibration and Validation of FAST.Farm Against SOWFA Jason Jonkman NREL

13:40 Deficiencies in Modelling Approaches That Should be Improved Through Future V&V Projects Carlos Rodriguez ORE Catapult

14:00 Real-Time Hybrid Model (ReaTHM®) Testing of a Braceless Semi-Submersible Wind Turbine: Experimental Approach and Validation EffortsErin Bachynski NTNU

14:20 Numerical Wind Farm Flow Simulation - Development and Validation of a New Wake Model for Industrial Application Wolfgang Schlez ProPlanEn

14:40 Experience from Verification of New BEM Implementation in the Bladed Code--The Need for Further Validation of Dynamic Stall TheoryPatrick Rainey DNV GL

15:00 Aeroelastic code validation – A mixed collection of examples Torben J.Larsen DTU Wind Energy

15:20 Introduction to Break-Out Sessions Jason Jonkman / Carlos Rodriguez NREL / ORE Catapult

15:35 Break

15:50 Break-Out Session #1

17:20 Adjourn for the Day

19:20 Dinner at Howies, Waterloo Place 
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 LIST OF PARTICIPANTS 

The meeting was attended by 32 participants from 9 countries. Following is the list of 
participants and their affiliations. 

Name    Initials Organization, Country 
Helge Aagaard Madsen HAM DTU Wind Energy, Denmark 
Torben Juul Larsen  TJL DTU Wind Energy, Denmark 
Frederic BLONDEL  FB IFPEN, France 
PaulineBozonnet  PB IFPEN, France 
Marie CATHELAIN,  MC IFPEN, France 
Jean-Baptiste Le Dreff, JBLD EDF R&D, France 
Carlo L. Bottasso  CLB Technical University of Munich, Germany 
Francisco Navarro Villora FNV Siemens Gamesa Renewable Energy, Germany 
Christian Kress  CK Fraunhofer IWES, Germany 
Philipp Thomas  PT Fraunhofer IWES, Germany 
Arndt Hildebrandt  AH Ludwig-Franzius-Institute of Leibniz Universität 
     Hannover, Germany 
Cristian Guillermo Gebhardt CGG Leibniz Universität Hannover, Germany 
Martin Rädel   MR DLR, Germany 

Thursday, September 7

8:30 Arrival / Check-In

9:00 Comprehensive Field Measurements on Research Turbines and Large Prototypes Christian Kress Fraunhofer IWES

9:20 New Model Tests for V&V of HFM and Engineering Tools Focusing on the Hydrodynamics Response of a Semisubmersible Floating Foundation for Wind TurbinesSebastien Gueydon MARIN

9:40 High-Fidelity Models Used in Wind Industry Francisco Navarro Villora Siemens Gamesa Renewable Energy

10:00 NAUTILUS Semisubmersible Experimental Tests at Ifremer Josean Galvan Tecnalia Resesarch & Innovation

10:20 Wind Farm Engineering Modeling and Validation with CFD - Objectives and Methodology Frederic Blondel & Marie CathelainIFPEN

10:40 Break

10:55 Key Challenges Related to Qncertainty, Modeling, and Validation in Offshore Wind Michael Muskulus NTNU

11:15 Coupled Dynamics of Wind Turbines: a Multi-Perspective Approach Cristian Guillermo Gebhardt Leibniz University of Hannover

11:35 Experience with wake model benchmarking in IEA Task 31: Wakebench Pat Moriarty NREL

11:55 Power Cable Configuration Design Aspects Jacob Qvist 4subsea

12:15 Validation for Multi-Fidelity Structural Analysis Process Martin Rädel DLR

12:35 Lunch

13:30 Break-Out Session #2

15:00 Break

15:15 3D CFD Simulations in Comparisson to Large Scale Tests for Various Types of Breaking Waves - Capabilities and LimitationsArndt Hildebrandt Leibniz University of Hannover

15:35 The Role of Wind Tunnel Testing in the Validation and Calibration of Models Carlo Bottasso TUM

15:55 Wind Farm Blockage: Measurement, Prediction, and Impact on Energy Production James Bleeg DNV GL

16:15 Model Testing and Validation for a TLP Concept Pauline Bozonnet IFPEN

16:35 Continuous Validation of an Inhouse Software for Wind Turbine Load Calculation Philipp Thomas Fraunhofer IWES

16:55 Implementation Aspects of the Blade Element Momentum BEM Model for Aeroelastic Simulations of Large Wind TurbinesHelge Madsen DTU Wind Energy

17:05 CL-Windcon Project Javier Sanz Rodrigo CENER

17:15 Adjourn for the Day

19:00 Dinner at Vittoria on the Bridge
Friday, September 8

8:30 Arrival / Check-In

9:00 Aeroelastic Simulation of Wind Turbines - Tool Development and Validation Oliver Hach DLR

9:20 Characterization of and checks on sensor data for model validation Jean-Baptiste Le Dreff EDF R&D

9:40 Break-Out Session #3

11:10 Break

11:25 Presentation from Wind-Farm Aerodynamics Group Pat Moriarty NREL

11:40 Presentation from Rotor Aeroelastics Group Helge Madsen DTU Wind Energy

11:55 Presentation from Offshore Hydrodynamics Group Amy Robertson NREL

12:10 Group Discussion

12:35 Lunch

13:30 Optional Tour of ORE Catapult’s 7-MW Levenmouth Demonstration Turbine

17:00 Adjourn
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 SUMMARY AND Q&A  

As background, physics-based models of varied fidelity are needed to advance wind-energy 

technology.  Computationally efficient engineering tools can support an iterative and 

probabilistic design process and optimization, but simplifying assumptions bring limitations, 

so verification and validation (V&V) is key to their accuracy.  High-fidelity modeling (HFM) 

also supports technology development and is a useful V&V compliment to experimental data 

by extracting underlying physical phenomena, but HFM also requires V&V.  Limitations in 

wind energy applications requiring further tool development and V&V include: 

 Atmospheric flow and wake/array modelling for power and loads of turbines in wind 

plants; 

 Aero-elastic modelling of modern, large, flexible, and aero-elastically tailored rotors; 

and 

 Hydrodynamic fluid-structure modelling of offshore wind support structures in severe 
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sea states. 

 Offshore Renewable Energy (ORE) Catapult and the National Renewable Energy Laboratory 

(NREL) co-hosted IEA Wind TEM #88 in Edinburgh, UK on September 6-8, which focused 

on three-way V&V between data, HFM, and engineering models in the areas of wind-farm 

aerodynamics, rotor aero-elastics, and offshore hydrodynamics.  The meeting brought 

together 32 experts from 9 countries to share V&V experience and to discuss pathways and 

prioritization for establishing future IEA V&V collaboratives.  Further collaborative V&V of 

models of varying fidelity based on quantitative metrics is needed—along with the associated 

experimental data—to ensure model suitability, to classify limitations and quantify 

uncertainty, and to identify future development needs.  Presentations and break-out group 

discussions covered: 

 Lessons learned from prior validation campaigns; 

 Deficiencies in modelling approaches that should be improved through future V&V 

projects; 

 Availability of—an challenges obtaining—experimental datasets, and future 

measurement needs; 

 Ranking of the importance of various phenomena and establishment of validation 

metrics; 

 Techniques/technologies needed to measure data required by the model-validation 

effort; 

 Utilization of HFM to develop/calibrate/validate engineering models; 

 Application of uncertainty quantification (UQ) in the model-validation effort; and 

 Opportunities for collaborative three-way V&V projects between data, HFM, and 

engineering models. 

Based on break-out group discussions, the meeting resulted in a clear direction for future 

collaborative V&V under IEA Wind, including the following (further details will be worked 

out in each area of the next several months): 

 Wind-Plant Aerodynamics: The group agreed to extend Task 31 (WakeBench) once 

the original Task concludes in 2018.  A Task extension proposal will be submitted to 

the IEA Wind Executive Committee (ExCo) at the spring 2018 ExCo meeting.  

Characteristics of the extension include (1) development of an international 

phenomena importance and ranking table (PIRT); (2) inclusion of a range of model 

fidelities, including industry engineering tools; (3) improved benchmarking process 

(OC5-like) with clear calibration, blind comparison, and iteration steps; (4) better 

time-resolved higher resolution quantitative comparisons; (5) inclusion of new 
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validation metrics for power and loads; and (6) use of new datasets; 

 Rotor Aero-Elastics: The group agreed to extend Task 29 (MexNext), which recently 

concluded, and will submit a Task extension proposal to the IEA Wind ExCo at the 

fall 2017 ExCo meeting.  Characteristics of the extension include (1) use the 

DANAERO data base initially, perhaps with addition phases using data from ORE 

Catapult or DLR; (2) focus on aerodynamic and aero-elastic response to turbulent, 

sheared, and yawed inflow; (3) investigation of 2D and 3D airfoil characteristics and 

the laminar-to-turbulent transition; (4) consideration of aero-elastically tailored 

blades; and (5) consideration of extreme loading of blades in standstill conditions. 

 Offshore Hydrodynamics: The group agreed to extend Task 30 (OC5) once the 

original Task concludes in 2018.  A Task extension proposal (for OC6) will be 

submitted to the IEA Wind ExCo at the spring 2018 ExCo meeting.  Characteristics of 

the extension include (1) more focused validation objectives, with a clear distinction 

between hydrodynamics and aerodynamics; (2) quantification of experimental 

uncertainty; (3) inclusion of high-fidelity models to understand and improve 

deficiencies in engineering models; and (4) use of new datasets (including from the 

MaRINET2-funded retesting of the OC5-DeepCwind semisubmersible at MARIN). 

The following summarizes the main results and Q&A discussions from each presentation in 

the agenda. 

Davy Marcel – IEA Wind Task 11 

 Promote information exchange for emerging wind energy R&D 

 In future, all countries in IEA Wind will be part of Task 11 

 

Q&A: - 

 

 

Carlos Rodriguez and Jason Jonkman – Introduction to TEM #88 

 Advantages on uniting Offshore, Aero-elastics, and Wind Farm in one TEM because 

they try to solve similar V&V problems with similar methods and tools. 

 There is room for better modelling and understanding discrepancies between 

engineering tools e.g. Bladed, FAST and HAWC2. 

 There is a need to collaborative use data and HFM to validate engineering tools. 

 

Q&A: - 

 

 

Amy Robertson – IEA Wind Task 30 OC5 

 For Aero: FAST, Bladed, HAWC2. For Hydro: OrcaFlex, Sesam, … 

 Description of OC3, OC4, OC5; proposal for a new C for OC6. 

 We need to assess simulations, understand deficiencies on codes. 

 Verification with OC3 and OC4: comparing tools one another. Different offshore 

platforms. 

 Validation: OC5: experiment with tow tank and real WTs. Unfortunately, only 3rd 
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party measurements are available. Need to set a good metric (tolerances) to validate. 

 

Q&A:  

SG – Need both uncertainty in data, and uncertainty in simulation 

MM – Uncertainty due to physical limitations, as well as numerical inaccuracies 

AR – All models need to get to a converged solution 

PM – Are all models similar fidelity? 

AR – Differing fidelities for hydro and structure, but no CFD yet in OC5. 

SG – Importance of the calibration of the waves – will have large impact on calculated 

loads; uncertainty/sensitivity/inaccuracy in measured data. 

CR – What scales are involved e.g. k*R? 

AR – k and R refer to wavenumber and cylinder radius; k*R refers to wave steepness 

PM – Verification – Were the verification studies of OC4 used to identify the needed 

validation in OC5? 

AR – OC4 semi and OC5 validation where for the same system, but otherwise we used 

the data we had 

CGG – Are the models coupled? 

AR – All models where fully coupled, but different tests focused on different coupled 

interactions. 

  CGG – Two way strong coupling? 

   AR – In most cases, yes 

SG – Perhaps the sixth “C” in OC6 could stand for “coupling”? 

 

 

Helge Madsen – IEA Wind Task 29 MexNext 

 History: task 14-18-20 NASA-AMES wind tunnel - aerodynamic model enhanced. 

 Testing in Mexico and New Mexico in controlled conditions. Additionally testing in 

low speed wind tunnel in Germany.  

 Sought correlation between experiments and axial momentum theory.  

 Take into account participants code-model characteristics. Loads validation BEM, 

FVW, AM, CFD_turb, CFD_trans. 

 Synergies detected between different Tasks. 

 Data delivered to different countries. 

 Aerodynamics for 10MW+ are challenging. 

 Old data sets are not characteristic for large WTs (structurally, aerodynamically,). 

 Tests with surface pressure and inflow probes in one blade (LM 38.8). 

 Comparison measurements with Ellypsis CFD code.  

 Uncertainty introduced from different St. Dev. Coming from measurements and 

Simulations. 

 

Q&A:  

JJ – What is meant by “uncertainty” here? 

 HAM – Std deviation of data; std deviation b/n codes. 

PG – What structural measurements were included? 

 HAM – Strain gages and accelerometers. 

JSR – Is the DANAERO turbine still installed? 

HAM – The test blade has been removed; can’t do more tests; would like to do 

standstill tests under extreme parked/idling conditions, but haven’t done it yet. 

SG – Low Re# in wind tunnel versus full-scale Re; lessons learned? 
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HAM – There is uncertainty in transition between laminar and turbulence; RANS 

needs to be improved in transition, especially under turbulent inflow. 

 

 

Javier Sanz Rodrigo – IEA Wind Task 31 WakeBench 

 WP0, WP1 (meso-micro), WP2 (NREL), WP3 (VV & VQ). 

 Establish a model evaluation protocol.  

 Maybe try to go from operational problems to theory explanations, instead of the 

usual. 

 Ambidextrous V&V (NEWA).  

 GABLS3. Boundary layer characteristics. Rotor equivalent wind speed.  

 Published results and tools for validation. 

 Towards Phase 3 so far. 

 Maybe LES needed? 

 Data from Alpha Ventus, A2e-SWIFT.  

 

Q&A:  

TJL – Benchmarks are tied to model being applied; focus on RANS or linear flow models e.g. 

steady-state power, but not on 10-minute time series; missing focus on LES or DWM; more 

focus on energy production, not loads. 

JSR – Yes, the focus was on energy production up front, will move into other areas in 

the future. 

PM – This reflects importance of PIRT; including unsteady models as important will raise 

importance in this task. 

JSR – The current R&D focus on wind-plant control is also making this important. 

 

 

Tor Anders Nygaard – Comparison of Wave Tank, CFD, and Engineering Models for 

Floaters 

 Using 3D floats, FEM, Euler-Bernuilli beam theory.  

 Code to code verification: OC3, OC4, OC5.  

 Data available for validation with NOWITECH.  

 Pulleys may introduce uncertainties during tests. 

 Used dlc ‘surge heave’ as characteristic. 

 Hydrodynamics for regular wave loading match nicely. CFD is doing well. 

 

Q&A:  

SG – Do the pulleys induce friction in moorings? 

TAN – Yes, problems required change in moorings; pulley’s brought about hysteresis 

in moorings; hysteretic damping is included at the anchor point. 

TAN – CFD focus is on how to generate the correct wave kinematics at the structure. 

AR – What are the engineering models missing compared to CFD? 

SG – Engineering models miss suction behind the cylinder. 

TAN – CFD quite good at capturing damping in free-decay. 

 SG – Yes, but the CFD result is still not perfect 

TAN – Yes, but this may be to inaccuracies in the mooring modeling, not CFD. 

SG – Has had frustration with CFD, e.g. checking that the calculation is correct. 

 TAN – CFD has been misused a lot; but experts can get correct results. 

  AR – We need a recommend practice on how to do CFD correctly. 
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AR – Damping for engineering models; should it be set based on free-day; how about 

frequency dependence? 

 TAN – Yes, frequency-dependent damping would also be useful to calculate. 

 

 

David Maniaci – A2e V&V Process 

 V&V Overview: real environment range always wider than tested/validated. 

 Established a prioritization process. 

 PIRT leads to validation hierarchy. 

 PPEM: Prioritized Phenomenon Experiment Mapping 

 Full scale > scale down to simple model, find statistic correlations > back to full scale 

(surrogate). 

 

Q&A: - 

 

 

Jason Jonkman – FAST.Farm Development and V&V 

 20 coefficients used to fine-tuning this model. 

 Capable of real time simulations. 

 9 SOWFA calibration cases took 1 year. 

 Differentiate unstable \ stable \ neutral. 

 Defects on axial wake model/predictions. 

 

Q&A:  

TAN – How is wake superposition done and is equilibrium reach in the far wake? 

JJ – Yes, FAST.Farm uses a root-sum-squared approach, so, it the wake loss tapers 

off to equilibrium downstream. 

HAM – LES is used in place of TurbSim? 

 JJ – Yes, to capture the varying ambient flow across the entire wind farm. 

 

 

Carlos Rodriguez – Deficiencies in Modelling Approaches That Should be Improved 

Through Future V&V Projects - Carlos Rodriguez - ORE Catapult 

 Had to rely on DNV data (not as many loads cases as wished, we had to rely on wind 

speed measurement etc.) 

 Operator is SgurrEnergy 

 

Q&A:  

MM – Are the differences between measurements and simulations because of the software?  

Could it not be the model inputs e.g. uncertainties? 

 CR – Yes certainly; the SCADA data has not been well calibrated. 

MM – Is there a strategy to improve the models? 

 CR – Controller is a big source of uncertainty. 

MM – Can the controller be updated to better match the results? 

CR – Currently the controller is a black box; engaging in DNV-GL to 

perhaps open-up the controller so that ORE Catapult can play with the 

controller; also, an open-source controller could be tuned to mimic the 

behavior of the real controller. 

AR – Do you have access to the controller? 
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CR – We have access to what the SCADA data is measuring; have access to the 

controller DLL; may not be the same logic in the real turbine 

  AR – Suggests doing more tuning of the controller up front. 

SG – Is the same controller used in FAST and Bladed? 

CR – No, the controller so far has been different, but will be the same going forward. 

 

 

Erin Bachynski – Real-Time Hybrid Model Testing 

 0.004 s. delay from procedure adds some damping > pitch discrepancies. 

 In the experimental model, we measure tensions also at the mooring 

 When the actuators are turned on but no load is applied, surge gave our best results 

 In case of constant wind, there was a change we expected 

 Coefficients give both drag and damping  

 

Q&A:  

SG – Can you explain why surge is so much better than pitch for this system? 

EB – Pitch frequency is higher, so, a delay in aerodynamic actuation influences the 

level of damping. This is being addressed by better predictive control; better 

measurements of the delay can also be compensated. 

PR – Are you closing the loop e.g. measuring accelerations? Is the rotor inertia physical or 

numerical? 

 EB – Yes, inertia is physical; numerical inertia would require better actuation. 

SG – Are gyroscopic effects included? 

 EB – Not found to be important, but could be captured by a spinning disk. 

TJL – Does the inertia of the actuator lines cause problems? 

 EB – The actuator lines are pretensioned. 

 

 

Wolfgang Schlez – Numerical Wind Fam Flow Simulations for Industrial Applications 

 Wake blaster: time domain. 10 min. averages.  

 Intention to fill gap between widely used Jensen\Park model and LES. 

 Feeding model with historical SCADA data, filtered and analysed. 

 Useful for 30 min. forecasting. 

 

Q&A:  

SG – How are the wind turbines modeled? 

 WS – Wind turbines induce a momentum deficit, based on a Ct curve. 

TJL – How is turbulence variation accounted for? 

WS – TI is an input parameter; turbulence is captured through an eddy viscosity 

model. The solution is steady-state, but solved via time stepping. 

 

 

Patrick Rainey – Experience from Verification of a new BEM implementation in 

Bladed; Need for Further Validation of Dynamic Stall 

 Bladed 4.8 includes structural deflection in the calculation of section orientation. 

 Dynamic stall model based on Theodorsen theory. 

 Beddoes – Leishmann, Kirchoff flow. 

 Lack of data to validate these models. CLOWT could answer these questions. 
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Q&A:  

TJL – Agrees with the deep stall problem, and limitations of the Beddoes-Leishman model; 

problem in load case 6.2; CFD simulations have shown that edgewise vibrations because of 

VIV and high wind-speed, but the CFD calculated amplitudes of oscillation are much smaller 

than engineering models; very few real word data, which is need data at this condition 

PR – Haven’t seen many practical industry examples of problems in this area, so, 

little funding has been available for testing; even though models predict it, industry 

just doesn’t believe it will happen and believes the models are wrong in this area. 

 PR – Any work to turn CFD into an engineering model? 

  HAM – DTU has done some work; can provide references. 

CR – ORE Catapult may be able to measure this. 

 

 

Torben Larsen – Aeroelastic Code Validation – A Mixed Collection of Examples 

 Able to linearize lidar measurements to build a 3D measured turbulent windfield. 

 

Q&A: - 

 

 

Christian Kress – Comprehensive Field Measurements on Research Turbines – Smart 

Blades 

 Fraunhofer IWES intro. 

 Smartblades2 intro: 1) bend twist-coupling, 2) active TE flaps and 3) passive and 

active flaps included. 

 Manufacturing 4 blades heavily instrumented. 1 to be tested including calibration of 

instrumentation.  

 Planned measurements of performance, loads, deflections (optical SSP sensors), lidar, 

met mast, incident flow probes, usual load cases. 

 Future projects with Adwen 180m 8MW WT. Internal FEM model, CFD and 

engineering models to be validated. 

Q&A: 

JJ – What are the range of model fidelities being validated? 

 CS – FEM models 

 PT – FEM, CFD, and engineering models. 

 

Sebastien Gueydon – New Model Tests of the DeepCWind Semisubmersible at MARIN 

 Large underestimates of surge and drift loads.  

 Drag loads measured on a floater with different shaped elements. 

 1 week of testing. Focus on drag loads. Based on OC4. 

 Numerical uncertainty for surge motion, human intervention is a source of 

uncertainties too. 

 

Q&A: 

EB – The initial condition in CFD is at the offset position; may not match experiment? 

SG – Yes, the technician has some influence; helps to look at coupling between surge, 

pitch, and heave. 

TJL – Benchmark comparisons, treat structure as rigid, don’t look at internal loads needed 

for design; can this be included in model tests? 

SG – Don’t consider because semi is rigid; MARIN can consider structural flexibility 
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for structures that are flexible e.g. container ship; calibrate frequencies to design; 

don’t reproduce design e.g. steel thickness, but mimic global response. 

  TJL – Is the full-scale semi really stiff? 

SG – It may be easier to capture the full-scale stiffness at larger model 

scales. 

 

 

Francisco Navarro Villora – HFM Used in the Wind Industry 

 Idea generation > industry, universities, experts > innovation portfolio. 

 Start design implementation with very simple models > engineering models > HFM 

models. 

 Certify design and build up a prototype. Very difficult to differentiate measure from 

simulation inaccuracies during validation. Virtual prototyping (checking ACs with 

HFM) may be a solution. 

 CFD used to tune up LFM. 

 

Q&A: 

JB – Is the RANS/LES software for aerodynamics and aeroacoustics based on commercial or 

open-source software? 

 FNV – Unsure. 

 

 

Josean Galvan – NAUTILUS Semisubmersible Tests 

 Company intro.  

 Concept advantage: is smaller than other semisubs.  

 Active ballast to guarantee a stable platform for WT.  

 WTs air side not yet implemented. 

 A bigger scale experiment planned.  

 Used Hydrodyn, Ocraflex, OpenFoam, DualSPHysics with MoorDyn 

 

Q&A: 

AR – Trim system; active ballasting? 

JG – Include sensors to active control water ballasting to keep platform horizontal. 

JJ – How do you use engineering models and CFD to complement each other? 

JG – If CFD is shown to work well, use CFD in lieu of tank testing to calculate 

hydrodynamic coefficients 

JBLD – Have you checked the ballast system for resonance with waves? 

JG – Active ballast is too slow (15 minutes), so no direct interaction with wave 

frequencies; the active ballast system is not modeled directly. 

SG – Does the draft change with active ballast? 

 JG – Heave changes very little (less than a meter). 

CR – Will you include a wind turbine in your tank testing? 

 JG – Small motion permits most any turbine. 

 

 

Frederic Blondel – Improving BEM Yaw Model with NewMexico and CFD 

& Marie Cathelain – Wind Farm Engineering Modeling and Validation with CFD 

 Alternatives to BEM: Vortex methods (CASTOR, lifting line method) have 

drawbacks > CFD. 
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 Propose to include contribution of hub vortex in yaw model simulations. 

 

Q&A: - 

 

 

Michael Muskulus – Key Challenges Related to Uncertainty, Modeling, and Validation 

in Offshore Wind 

 Describes all measurements uncertainties (wind hub – met mast, max,..) and comes to 

a 10% between model and measurements. 

 Big uncertainty coming from: measurements are capturing low freq. signals, while 

rigid matrix that we want to describe is driven by high freq. effects. 

 

Q&A: 

AR – The bias in measurements can be eliminated through calibration; some biases are hard 

to identify because repeating tests can’t resolve it; How to resolve bias? 

MM – Some terms e.g. bending moment easy to address through yaw tests; often need 

different kinds of tests aiming to measure the same thing. 

 

 

Christian Guillermo Gebhart – Coupled Dynamics Models – A Multi-Perspective 

Approach 

 FEM, multilayer, multibody, time-domain, boundary method. 

 Beams + Surfaces: topology incompatibilities. 

 Validated against Abaqus and Ansys. 

 In publication process. 

 Conclusions: advances and multidisciplinary approaches are still necessary 

 

Q&A: 

JG – Are the tower designs conical or straight? 

CGG – Building 3 towers, including a conical; need strong actuators – looking at 

real-time load application. 

PB – How does tight coupling compare to loose coupling between aero and structural 

models? 

CGG – In loose coupling, you can predict flutter onset, but beyond onset, loose 

coupling doesn’t work; need tight coupling for post critical behavior. 

CGG – Can use the same Boundary Element Method code for hydrodynamics; added-

mass effect complicates coupling e.g. tight coupling needed. 

 

 

Pat Moriarty – Experience with Wake Model Benchmarking in IEA Task 31: 

WakeBench 

 14+ models studied for benchmarking. 

 Wind Parks used depend on interest of funders. Classical Wind Park “Horns Rev” 

among them. 

 Comparing models for Δ=5°and Δ=30° gives a contra-intuitive result: models are 

more similar for the latter. Explanation: presumably they are tuned for that.  

 Different models show similar behaviour. Results translated to mean error to quantify 

differences.  

 LES not always better, only if fine-tuned. 
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 Uncertainty quantification is necessary 

 

Q&A: 

TJL – In the Horns Rev data, why is there bigger uncertainty in the narrow wind band than 

wider band; the wider the band, the more you capture the free stream effect. For a given 

downstream distance, does the plot show the average of all turbines, or only one row of the 

wind farm? 

 PM – Processing of the data is a key part of the model validation challenge. 

PM – Measurements show average of all rows except the end rows; the modeling 

results are influenced by how the modelers chose to make use of the data. 

 

 

Jacob Qvist – Power Cable Configuration Design Aspects 

 Dynamics just not included in cable testing 

 

Q&A: 

FVN – Cable failures? 

 JQ – Includes infield cables to turbines. 

FVN – Has some concern about cables inside monopiles. 

JG – Can spectral analysis be useful for cable design? 

 JQ – Hysteretic nonlinearities important; time-domain simulation important 

CGG – Is Hysteresis influenced by cable extension or multiple layers within cable? 

 JQ – Both. 

 

 

Martin Radel – Validation of Multi-Fidelity Structural Analysis Process 

 DLR existing tools to combine aero and structural analysis now used for wind. 

 Combine shell and more detailed models. 

 

Q&A: - 

 

 

Arndt Hildebrandt – 3D CFD of Breaking Waves 

 Combine FEM (which simulates wave until braking) with CFD (which takes it from 

there, where FEM brakes down). 

 Boundary layers across wave must be taken into account and be parametrized. 

 CFD are CPU expensive but richer than measurements. 

 

Q&A: 

SG – Does the CFD model account for air compressibility? 

AH – A volume of fluid method has been applied, but the fluids are not compressible; 

with air bubbles, the numerical solution starts to flutter. 

 

 

Carlo Bottasso – The Role of Wind Tunnel Testing in the Validation and Calibration of 

Models 

 You must accept that your model will have limitations. 

 Wind tunnel at Milano University includes active pitch (control) WT and WP models 

(G0.6, G1, G2). 
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 All 3 models with control, collective and IPC. Capable of testing terrain roughness 

 

Q&A: 

CGG – What kind of control strategy?  PID? 

CLB – Depends on the experiment; turbines can be PID or LQR; controller is plug 

and play; likewise for wind-farm controller, including model-free and model-based 

controls. 

 

 

James Bleeg – Wind Farm Blockage: Measurement, Prediction, and Impact on Energy 

Production 

 1st row is considered “clean” (independent form lateral and downwind influence).  

 This is not true: we call this effect “Wind Park blockage”. 

 We estimate an under performance of 2% because of WP blockage. 

 Because WP performance is referred to 1st row performance, we estimate a general 

underperformance of 2% in every WP 

 

Q&A: 

FNV – Have you checked sensitivity of blockage to spacing? 

 JB – Yes, definitely some significant sensitivity. 

TAN – Two-way coupling would be more expensive. 

 JB – Agrees. 

DM – Have you considered modeling this with induction? E.g. vortex models would be able 

to predict deficit upwind of the rotor 

JB – Yes, but there is some difference between individual turbine induction and wind-

farm scale blockage; doesn’t think this would work. 

CLB – There are simplified models that are a step change in roughness; could this be 

applied? 

JB – It may work and this is worth looking at, but JB is skeptical that it will work. 

 

 

Pauline Bozonnet – Model Testing and Validation for a TLP Concept 

 Floating platform based on Instant Centre of Rotation to guarantee stability. 

 Now validating model with test campaign. 

 Deficiencies in down-escalating air side (between maintaining Re or St, chose the 

latter). 

 Modelled with Orcaflex (hydro-elastic) and aero-servo-elastic DeepLinesWind. 

 Tests (CFD and tank) show that nacelle stays stable with low waves. 

 

Q&A: 

TAN – Is the loss of line tension and snap loads something you’re looking at? 

 PB – Yes, were looking at that. 

JJ – Negative damping is a common problem for FOWT, but this system moves the opposite; 

what is the implication? 

 PB – Something to look at. 

JG – The platform has many elements; is the low-frequency response drag-dominated, or is 

this 2nd-order hydrodynamics? 

 PB – Likely some combination of both, but CFD would help here. 
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Philipp Thomas – Continuous Validation of Inhouse Software for Wind Turbine Load 

Calculation 

 Fraunhofer intro. 

 Coupled with DynaLab for HIL tests 

 

Q&A: - 

 

 

Helge Madsen – Implementation Aspects of BEM for Aeroelastic Simulations of Large 

Wind Turbines? 

 

Q&A: 

JJ – NREL splits the annulus ring into three (one per blade); how is thrust considered when 

split into more than three? 

 HAM – This approaches applies to generalized dynamic wake. 

TJL – For collective pitch, one can just pick the nearest blade; for independent pitch, 

you can apply a sinusoidal variation. 

EB – Why 1P excitation in turbulence? 

 HAM – Rotational sampling 

 

 

Javier Sanz Rodrigo – CL-Windcon Project 

 

Q&A: 

PM – What kind of sensing will you use in the closed-loop controller? 

 JSR – Scanning LIDARs, plus usual turbine measurements in the test. 

 

 

Oliver Hach – Aeroelastic Simulation of Wind Turbines 

 

Q&A: 

HAM – What is the timeframe for the new experimental turbine? 

OH – Plans have been delayed a bit, but the design is finished and waiting for funding 

to construct 

TJL – What are the sight conditions? 

 Flat, 40-m rotor on 50-m tower; no nearby obstructions. 

 

 

Jean-Baptiste Le Dreff – Characterization and Checks on Sensor Data for Model 

Validation 

 

Q&A: 

JJ – What turbine and substructure is considered here? 

 JBLD – Monopile, grouted transition piece, 2.x-MW turbine; UK wind farm. 

AR – What is the long-term goal? 

JBLD – Currently focused on validation of models; Re-evaluation of wind turbine 

data could follow. 

TJL – Trouble with strain gages; a yaw rotation test could be used to convert strain to 

bending moment; how do you calibrate? 
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 JBLD – Working with the strain gage installers; still need to look into it. 

EB – When were the gages installed? 

 JBLD – Unsure. 

 

 

Break-Out Group Presentations 

 

Pat Moriarty – Wind-Farm Aerodynamics 

 

Q&A: 

TAN – Why is wind-plant blockage shown in green in the PIRT? 

 PM – This is focused on the deep-array problem. 

 PM – Loads are not specifically mentioned in the PIRT. 

 

 

Helge Madsen – Rotor Aeroelastics 

 

Q&A: 

JJ – What is the proposal to IEA? 

HAM – To use the Task 29 extension as proposed, start with the DANAERO 

experiment, perhaps adding other turbine datasets e.g. Levenmouth in the future. 

 

 

Amy Robertson – Offshore Hydrodynamics 

 

Q&A: 

CGG – What is important regarding soil-structure interaction? 

AR – Flexibility at mudline, expanding beyond p-y curves; need for higher-fidelity 

models. 

TAN – The Norwegian Geotechnical Institute is working on superelements 

derived from HFM to account for flow hysteresis etc.; communicate through a 

single node 

JG – Wind farm aerodynamics – likely to have local wave elevation in floating offshore wind 

farm; how would local waves be included in the wind-farm models? 

HAM – Engineering models have both wind and waves, but no direct air-sea interface 

HAM – The aerodynamics of a tilting of rotor perhaps should be tacked by IEA Wind 

Task 29. 

TAN – OC6 will be more focused on pure hydrodynamics; are tests done without rotor?  How 

to capture aerodynamic damping? 

 AR – MARINET2 tests are with fixed or prescribed motion. 

AR – There is still need for the aero-hydro coupling, but would like to initially start 

with a hydrodynamics focus; there will likely be both hydro only and aero-hydro 

cases in the OC6 

TAN – Recommends to at least consider the effect of mean thrust and aerodynamic 

damping in the hydro tests 

AR/JJ – Some tests are performed at the displaced position of the structure. 

 

 

Feedback? 

SG – Too much content for a three-day days; could be extended to longer time. 
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FVN – Will notes will be summarized and presentations compiled into a proceedings? 

 JJ – Yes. 
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