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International Energy Agency
Implement Agreement for Co-operation in the
Research, Development and Dégyment of Wind
Turbine Systems (EA Wind )

The IEA international collaboration on energy technology and RD&D is organized under the
legal structure ofmplementing Agreements, in which Governments, or their delegated agents,
participate as Contracting Parties and undertake Tasks identified in specific Annexes.

The | EAOG s Wi nd | mpl ementing Agreement beg
Implementing Agreene for Co-operation in th&kesearch, Development, and Deployment of
Wind Energy §stems (IEA Wind). At present, ntracting parties from2countries, the
Europea Commission, and Wind Eurogearticipate in IEA Wind. AustrieBelgium,Canada,
Denmark,the European Commission, EWEA, France, Finland, Germany, Greece, Ireland,
Italy (two contracting parties), JapaRepublic of China,Republic of Korea, Mexico,
Netherlands, Norway (two contracting parties), Portugal, Spain, Sw8datzerland, 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 thiprocess, IEA Wind has played a role by providing a flexible
framework for coseffective joint research projects and information exchange.

The mission of the IEA Wind Agreement continues to be to encourage and support the
technological development and gidldeployment 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 etivities 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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1. INTRODUCTORY NOTE

IEA Wind Task 11 Topical Expert Meeting # 88 ThreeWay Verification and Validation
Between Data, Higifridelity Models, and Engineering Models

Carlos Rodriguet Offshore Renewable Energy (OREatapult
Jason JonkmaiNational Renewable Energy Laboratory (NREL)

BACKGROUND

To support design and analy®iso that wind turbines are innovative, optimized, reliable,
and costeffectived the windindustry and research communities rely on numerical
engineering modelsapable of predicting the coupled dynamic loads and responses of th
wind systemEngineering 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 arderived from fundamentahysicallaws, simplifications andssumptions

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 ensuramgurate solutions.

Engineerin
Tools

Test Data Computational
Solutions

Verification involves modeto-model

comparisons, often confirming the correctness of
the numerical implementation, and showing the
influence of different modelling approaches.
Validation involves comparing numerical model
predictiors to response data collected
experimentally or computationally to ensure the
model accurately captures the underlying physics.
Computational solutions employing hidjdelity
modelling (HFM) are a useful complement to
experimental data as properly validhtéFM 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
assessmeraf model accuracy is generally made
in terms quatification of errors and uncertainties.

But despite V&V efforts tedate, even the most
advanced wind energy engineering models are
struggling to obtain accurate predictions,
especially in the following areas:

1 Atmospheric flow and wake and array effect makdidg for prediction of wind turbine
power performance and loads in wind farms;
1 Aero-elastic modellingof modern, large, flexible, and aeetastically tailoredotors;

and

1 Hydrodynamic fluidstructure modelling of offshore wind support structures inrgeve

sea states.

The ongoing WakeBench project of IEA Wind Task 31 is working to producephssice
guidelines for wind farm flow modelling through model intercomparison benchmarks, but



little effort has been spent to precisely identify the reasonmmdotelling 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, batertainty 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, theredsirrently no large international collaborative focused on

V&YV of rotor aeraelastics, despite known prediction discrepancies between the engineering
models used in industry and research. There are still pending challenges, including the
limited availability of realscale 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 modelsased on quantitative metricsalong with he
associatetHFM and experimental dadaare needed tensuremodel suitability, to classify
model limitations and quantify uncertainty, and to identify conditions where further
modeling improvements are needed in the futusence, we emphasize the nd¢ecestablish
future international collaborative(s) involving threy V&V between data, HFM, and
engineering models in the areas of wind farm aerodynamics, roteelastas, and offshore
hydrodynamicsThe recent acquisition l9ffshore RenewablEnergy (ORE) Cataputif the
Levenmouth MW demonstration wind turbine from Samsung Heavy Industries may make
it possible to publicly share data from a modern -aastically tailored rotor to support a
future V&V collaborative.

OBJECTIVES

ORE Catapuland the National Renewable Energy Laboratory (NREL) jointly proposed an
IEA Wind Task 11 Topical Expert Meeting (TEM) timeeway V&V between data, HFM,
and engineering models in the areas of wind farm aerodynamics, rotalastios, and
offshore hydodynamics. This meeting will bring togethrepresentatives from OC5
WakeBench, and other wind energy V&V expeavith the primary goals to: (BhareV&V
experiencaand(2) discuss pathways and prioritization for establishing future IEA Wind tasks
in these areasTopics will be presented and discussed in the following categories:
1 Lessons learned from prior validation campaigprswind farm aerodynamics, rotor
aeroelastics, and offshore hydrodynamics;
1 Deficiencies in modelling approaches that shouldnigroved through future V&V
projects;
1 Availability ofd and challenges obtainidgexperimental datsets, and future
measurement needs
1 Ranking of the importance of various phenomena and establishment of validation
metrics
1 Technigues and technologies neettetheasure data required by the medsidation
effort;
Utilization of highfidelity models to develop/calibrate/validate engineering models
Application ofUQ in the modeivalidation effort and
Opportunities for collaborative threeay V&V projects between data, HFM, and
engineering models in the areas of wind farm aerodynamics, rotoekstas, and
offshore hydrodynamics.

E
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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;

Breakout sessions in the areas of wind farm aerodynamics, rotoreteestics, and
offshore hydrodynamics foridepth discussions on tpathways and prioritization for
establishing fuire IEA WindV&V collaborative(s);

Summarizing the results of the breakout sessions;

Discussing next steps; and

An optional visit to the SamsungMW demonstration offshore wind turbine in
Levenmouth operated by ORE Catapult.

= =4 =4 -9

= =4 =

INTENDED PARTICIPATION

Participants will include representatives from industry (OEMs, consultants, developers, and
certifiers) and research (laboratories, universities, and government), including from:

1 The OCS5 project of IEA Wind Task 30;

1 The WakeBench project of IEA Wind Task;3and

1 Other wind energy V&V experts.

Eachparticipantis expected to give a brids-30 minutepresentationincluding questions
and a discussigrof their experience in one or more of the topics listed aldéoeever, the
length of time available isomewhat 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 devatpmen
Based on the above, a document will be compiled, containing:

1 Presentations by participants

1 A compilation of the most recent information on the tppic

1 Main conclusions reached in theeakout sessios; and

TPl ans for | EA(SWithnsdopic fut ure rol e

2. 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 RoiINREL / ORE Catapult
10:00Findings from IEA Wind Task 30 "OC5" and Plans for OC6 - Focus on Hydrodynamics Amy Robertson NREL
10:30 Break
10:45Findings from IEA Wind Task 29 "Mexnext" and Plans for Use of the DANAERO Database Helge Madsen DTU Wind Energy
11:151EA Task 31 "Wakebench" V&V Framework for Wind Farm Flow Models: Towards Phase 3 Javier Sanz Rodrigo CENER
11:45Comparison of Wave Tank Tests, CFD and Engineering Model Computations of Various Floaters and Mooring Tor Anders Nygaard IFE
12:05V&V Process in the A2e Initiative David Maniaci Sandia National Laboratories
12:25 Lunch
13:20Calibration and Validation of FAST.Farm Against SOWFA Jason Jonkman NREL
13:40Deficiencies in Modelling Approaches That Should be Improved Through Future V&V Projects Carlos Rodriguez ORE Catapult
14:00Real-Time Hybrid Model (ReaTHM®) Testing of a Braceless Semi-Submersible Wind Turbine: Experimental A|Erin Bachynski NTNU
14:20Numerical Wind Farm Flow Simulation - Development and Validation of a New Wake Model for Industrial Applid#idigang Schlez ProPlanEn
14:40Experience from Verification of New BEM Implementation in the Bladed Code--The Need for Further Validation Patrick Rainey DNV GL

15:00! SNR St 2aiGA0 O2RS Ol tARFGAZY ¢ ! YAESR O02ftf SO0GA2y 2Térbef Ellarganit S a DTU Wind Energy
15:20Introduction to Break-Out Sessions Jason Jonkman / Carlos RoiINREL / ORE Catapult
15:35Break

15:50Break-Out Session #1
17:20Adjourn for the Day
19:20Dinner at Howies, Waterloo Place




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 Sem Sebastien Gueydon

MARIN

9:40 High-Fidelity Models Used in Wind Industry

Francisco Navarro Villora  Siemens Gamesa Renewable Energy

10:00NAUTILUS Semisubmersible Experimental Tests at Ifremer

Josean Galvan Tecnalia Resesarch & Innovation

10:20Wind Farm Engineering Modeling and Validation with CFD - Objectives and Methodology

Frederic Blondel & Marie Ca IFPEN

10:40 Break

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

Michael Muskulus

NTNU

11:15Coupled Dynamics of Wind Turbines: a Multi-Perspective Approach

Cristian Guillermo Gebhardt Leibniz University of Hannover

11:35Experience with wake model benchmarking in IEA Task 31: Wakebench Pat Moriarty NREL
11:55Power Cable Configuration Design Aspects Jacob Quvist 4subsea
12:15Validation for Multi-Fidelity Structural Analysis Process Martin Rédel DLR
12:35 Lunch

13:30Break-Out Session #2

15:00 Break

15:153D CFD Simulations in Comparisson to Large Scale Tests for Various Types of Breaking Waves - Capabilities

Arndt Hildebrandt

Leibniz University of Hannover

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

Carlo Bottasso

TUM

15:55Wind Farm Blockage: Measurement, Prediction, and Impact on Energy Production

James Bleeg

DNV GL

16:15Model Testing and Validation for a TLP Concept

Pauline Bozonnet

IFPEN

16:35Continuous Validation of an Inhouse Software for Wind Turbine Load Calculation

Philipp Thomas

Fraunhofer IWES

16:55Implementation Aspects of the Blade Element Momentum BEM Model for Aeroelastic Simulations of Large WinHelge Madsen

DTU Wind Energy

Friday,

11:10 Break

12:35 Lunch

17:05CL-Windcon Project Javier Sanz Rodrigo CENER
17:15 Adjourn for the Day
19:00 Dinner at Vittoria on the Bridae
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
11:25Presentation from Wind-Farm Aerodynamics Group Pat Moriarty NREL
11:40Presentation from Rotor Aeroelastics Group Helge Madsen DTU Wind Energy
11:55Presentation from Offshore Hydrodynamics Group Amy Robertson NREL
12:10Group Discussion
13:30h LIGAZ2YFE ¢2dzNJ 2F hw9 /Gl LA Q38 Tma? [S@SyY2dziK 5SY2yadNI GA2Y ¢dNBAYS

17:00 Adjourn

3. LIST OF PARTICIPANTS

The meeting was attended 8% participants fron® countries. Following is the listf

participants and their affiliations.

Name

Helge Aagaardladsen
Torben Juul Larsen
Frederic BLONDEL
PaulindBozonnet
Marie CATHELAIN,
JeanBaptiste Le Dreff,

Initials Organization, Country

TJL
FB
PB
MC
JBLD

IFPEN, France
IFPEN, France
IFPEN, France
EDF R&D, France

HAM DTU Wind Energy, Denmark
DTU Wind Energy, Denmark

Carlo L. Bottasso

CLB Technical University of Munich, Germany

FNV
CK
PT
AH

Francisco Navarro Villora
Christian Kress
PhilippThomas

Arndt Hildebrandt

Cristian Guillermo Gebhard€EGG
Martin Radel MR

Siemens Gamesa Renewable Energy, Germany
Fraunhofer IWES, Germany

Fraunhofer IWES, Germany
Ludwig-Franziusinstitute ofLeibniz Universitat
Hannover, Germany

Leibniz Universitat Hannover, Germany

DLR, Germany
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Oliver Hach
Sebastien Gueydon

Erin Bachynski

Tor Anders Nygaard
Jacob Quvist

Michael Muskulus
Josean Galvan
Javier Sanz Rodrigo
Davy Marcel

Peter Greaves
Patrick Rainey
Carlos Rodriguez
James Bleeg
Wolfgang Schlez
David Maniaci
Patrick Moriarty
Amy Robertson
Jason Jonkman
Michael Robinson

OH
SG

EB
TAN
JQ
MM
JG
JSR
DM
PG
PR
CR
JB
ws
DM
PM
AR
JJ
MR

DLR - German Aerospace Center, Germany
MARIN (Maritime Research Institutdetherlands),
Netherlands

NTNU, Norway

Institute for Energy Technology, Norway
4subsea, Norway

NTNU, Norway

Tecnalia Research & lmvation, Spain

CENER, Spain

IEA wind task 11, Switzerland

ORE Catapult, United Kingdom

DNV GL, United Kingdom

ORE Catapult, United Kingdom

DNV GL, United Kingdom

ProPlanEn, United Kingdom

Sandia National Laboratories, United States
NREL, United States

National Renewable Energy Laboratory, USA
National Renewable Energy Laboratory (NREL), USA
DOE/WETO, USA
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4. SUMMARY AND Q&A

As background, physidsased models of varied fidelity are needed to advanceeviedyy
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. Hifglelity 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 developmedt\A&V include:

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

1 Aero-elastic modelling of modern, large, flexible, and aelastically tailored rotors;
and

1 Hydrodynamic fluidstructure modelling of offshore wind goort structures in severe
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sea states.

Offshore Renewable Energy (ORE) Catapult and the National Renewable Energy Laboratory
(NREL) cohosted IEA Wind TEM #88 in Edinburgh, UK on Septemb&; @&hich focused

on threeway V&V between data, HFM, and engimeg models in the areas of wifdrm
aerodynamics, rotor aesastics, 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¥ collaboratives. Further collaborative V&V of
models of varying fidelity based on quantitative metrics is needdoing with the associated
experimental datato ensure model suitability, to classify limitations and quantify

uncertainty, and to identify fure development needs. Presentations and {mnaadroup
discussions covered:

1 Lessons learned from prior validation campaigns;

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

1 Availability ofd an challenges obtaimyd experimental datasets, and future
measurement needs;

1 Ranking of the importance of various phenomena and establishment of validation
metrics;

1 Technigues/technologies needed to measure data required by thevaimlidion
effort;

9 Utilization of HFM to deelop/calibrate/validate engineering models;
1 Application of uncertainty quantification (UQ) in the modelidation effort; and

1 Opportunities for collaborative thraeay V&V projects between data, HFM, and
engineering models.

Based on breakut group discssions, 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):

1 Wind-Plant Aerodynamics: The group agreed to extend TagWakeBench) 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-relved higher resolution quantitative comparisons; (5) inclusion of new

15



validation metrics for power and loads; and (6) use of new datasets;

1 Rotor AereElastics: The group agreed to extend Task 29 (MexNext), which recently
concluded, and will submit a Tasktension 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 adastic response to turbulent,
sheared, and yawed inflow; (3) investigation of 2D and 3D airfoil characteristics and
the laminatto-turbulent transition; (4) consideration of aealastically tailored
blades; and (5) consideration of extreme loading of Bladstandstill conditions.

1 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 meetiiwracteristics 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 higfidelity models to understand and impeov
deficiencies in engineering models; and (4) use of new datasets (including from the
MaRINET2funded retesting of the O&@BeepCwind semisubmersible at MARIN).

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

Davy Marcel T IEA Wind Task 11
1 Promote information exchange for emerging wind energy R&D
1 In future, all countries in IEA Wind will be part of Task 11

Q&A: -

Carlos Rodriguez and Jason Jonkmati Introduction to TEM #88
1 Advantages on uniting Offshe, Aereelastics, and Wind Farm in one TEM because
they try to solve similar V&V problems with similar methods and tools.
1 There is room for better modelling and understanding discrepancies between
engineering tools e.g. Bladed, FAST and HAWC?2.
1 There is aneed to collaborative use data and HFM to validate engineering tools.

Q&A: -

Amy Robertsoni IEA Wind Task 30 OC5
T For Aero: FAST, Bl aded, HAWC?2. For Hydr o:
91 Description of OC3, OC4, OCS5; proposal for a new C for OC6.

1 We need to assessnulations, understand deficiencies on codes.
1 Verification with OC3 and OC4: comparing tools one another. Different offshore
platforms.

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

Q&A:
SGi Need both uncertainty in data, and uncertainty in simulation
MM 1 Uncertainty due to physical limitations, as well as numerical inaccuracies
ART All modelsneed to get to a converged solution
PM1 Are all models similar fidelity?
AR Differing fidelities for hydro and structure, but no CFD yet in OC5.
SGi Importance of the calibration of the waviewill have large impact on calculated
loads; uncertainty/sensitivity/inaccuracy in measured data.
CR71 What scales are involved e.g. k*R?
ART k and R refer to wavenumber and cylinder radius; k*R refers to wave steepness
PM1 Verificationi Were the verification studies of OC4 used to identify tee ed
validation in OC5?
ART OC4 semi and OCS5 validation whefa the same system, but otherwise we used
the data we had
CGGi Are the models coupled?
ART All models where fully coupled, but different tests focused on different coupled
interactions.
CGG 1 Two way strong coupling?
ART In most cases, yes
SGiPerhaps the sixth ACO0O in OC6 could stand f

Helge Madseni IEA Wind Task 29 MexNext
9 History: task 1418-20 NASA-AMES wind tunnel aerodynamic model enhanced.
1 Testing in Mexico and New Mexico in controlled conditions. Additionally testing in
low speed wind tunnel in Germany.

1 Sought correlation between experiments and axial momentum theory.
1 Take into account participants ceawdel characteristics. Loads valicen BEM,
FVW, AM, CFD _turb, CFD _trans.
1 Synergies detected between different Tasks.
1 Data delivered to different countries.
1 Aerodynamics for 10MW+ are challenging.
1 Old data sets are not characteristic for large WTs (structurally, aerodynamically,).
1 Tests wih surface pressure and inflow probes in one blade (LM 38.8).
1 Comparison measurements with Ellypsis CFD code.
1 Uncertainty introduced from different St. Dev. Coming from measurements and
Simulations.
Q&A:
JiWhat i s meant by Auncertaintyo here?

HAM 1 Std deviation of data; std deviation b/n codes.
PG1 What structural measurements were included?
HAMT Strain gages and accelerometers.
JSRI Is the DANAERO turbine still installed?
HAMi The test blade has been remdeed; canot
standstill tests under extreme parked/ i dl
SGIi Low Re# in wind tunnel versus fsltale Re; lessons learned?
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HAM There is uncertainty in transition between laminar and turbulence; RANS
needs to be improved iransition, especially under turbulent inflow.

Javier Sanz Rodrigoi IEA Wind Task 31 WakeBench
1 WPO, WP1 (mesmnicro), WP2 (NREL), WP3 (VV & VQ).
1 Establish a model evaluation protocol.

1 Maybe try to go from operational problems to theory explanatiostgad of the
usual.

Ambidextrous V&V (NEWA).

GABLS3. Boundary layer characteristics. Rotor equivalent wind speed.
Published results artdols for validation

Towards Phase 3 so far.

Maybe LES needed?

Data from Alpha Ventus, A28WIFT.

= =4 =4 -8 -4 -9

Q&A:
TJLT Berchmarks are tied to model being applied; focus on RANS or linear flow models e.g.
steadystate power, but not on dflinute time series; missing focus on LES or DWM; more
focus on energy production, not loads.

JSRI Yes, the focus was on energy productiprirant, will move into other areas in

the future.
PM1 This reflects importance of PIRT; including unsteady models as important will raise
importance in this task.

JSRi The current R&D focus on wirplant control is also making this important.

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

Floaters

Using 3D floats, FEM, EuleBernuilli beam theory.

Code to code verification: OC3, OC4, OC5.

Data available for validation with NOWITECH.

Pulleys may introduce uncertaes during tests.

Used dlc O6surge heaved as characteristic.
Hydrodynamics for regular wave loading match nicely. CFD is doing well.

=4 =4 =4 -8 -8 -9

Q&A:
SGi Do the pulleys induce friction in moorings?
TANT Ye s, problems required chaaoughysteresis moor i
in moorings; hysteretic damping is included at the anchor point
TANT CFD focus is on how to generate the correct wave kinematics at the structure.
ART What are the engineering models missing compared to CFD?
SGi Engineering models missiction behind the cylinder.
TANT CFD quite good at capturing damping in frdecay.
SGi Yes, but the CFD result is still not perfect
TANT Yes, but this may be to inaccuracies in the mooring modeling, not CFD.
SGi Has had frustration with CFD, e.g. ebking that the calculation is correct.
TANT CFD has been misused a lot; but experts can get correct results.
ART We need a recommend practice on how to do CFD correctly.
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ART Damping for engineering models; should it be set based ordfrgehow abat
frequency dependence?

TANT Yes, frequeneglependent damping would also be useful to calculate.

David Maniaci i A2e V&V Process
1 V&V Overview: real environment range always wider than tested/validated.
1 Established a prioritization process.
1 PIRT leaddo validation hierarchy.
1 PPEM: Prioritized Phenomenon Experiment Mapping
1 Full scale > scale down to simple model, find statistic correlations > back to full scale
(surrogate).

Q&A: -

Jason Jonkmani FAST.Farm Development and V&V
1 20 coefficients used tiine-tuning this model.
1 Capable of real time simulations.
1 9 SOWFA calibration cases took 1 year.
1 Differentiate unstablgstable\ neutral.
1 Defects on axial wake model/predictions.

Q&A:

TANT How is wake superposition done and is equilibrium reach ifaheake?
JJT Yes, FAST.Farm uses a remtmsquared approach, so, it the wake loss tapers
off to equilibrium downstream.

HAM1 LES is used in place of TurbSim?
JJT1 Yes, to capture the varying ambient flow across the entire wind farm.

Carlos Rodriguezi Deficiencies in Modelling Approaches That Should be Improved
Through Future V&V Projects - Carlos Rodriguez- ORE Catapult
1 Had to rely on DNV data (not as many loads cases as wished, we had to rely on wind
speed measurement etc.)
1 Operato is SgurrEnergy

Q&A:
MM i Are the differences between measurements and simulations because of the software?
Could it not be the model inputs e.g. uncertainties?
CRi Yes certainly; the SCADA data has not been well calibrated.
MM Is there a strategto improve the models?
CRi Controller is a big source of uncertainty.
MM i Can the controller be updated to better match the results?
CR1 Currently the controller is a black box; engaging in DI&V to
perhaps opetup the controller so that ORE Catapua#n play with the
controller; also, an opeisource controller could be tuned to mimic the
behavior of the real controller.
ART Do you have access to the controller?
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CR1 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.
SGi Is the same controller used in FAST and Bladed?
CRi No, the controller so far has been different, but will be the same going forward.

Erin Bachynski i RealTime 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 gdasbrasults
In case of constant wind, there was a change we expected

Coefficients give both drag and damping

= =4 =4 -8 -9

Q&A:
SGi Can you explain why surge is so much better than pitch for this system?
EBT Pitch frequency is higher, so, a delay in aerodynarotaation influences the
level of damping. This is being addressed by better predictive control; better
measurements of the delay can also be compensated.
PR1 Are you closing the loop e.g. measuring accelerations? Is the rotor inertia physical or
numericaP
EBT Yes, inertia is physicahumerical inertia would require better actuation.
SGi Are gyroscopic effects included?
EB1 Not found to be important, but could be captured by a spinning disk.
TJLT Does the inertia of the actuator lines cause probféms
EB1 The actuator lines are pretensioned.

Wolfgang Schlezi Numerical Wind Fam Flow Simulations for Industrial Applications
1 Wake blaster: time domain. 10 min. averages.
1 Intention to fill gap between widely used JenBamk model and LES.
1 Feedingmodel with historical SCADA data, filtered and analysed.
1 Useful for 30 min. forecasting.

Q&A:

SGi How are the wind turbines modeled?
WSIi Wind turbines induce a momentum deficit, based on a Ct curve.

TJLT How is turbulence variation accounted for?
WSI Tl is an input parameter; turbulence is captured through an eddy viscosity
model. The solution is steadtate, but solved via time stepping.

Patrick Rainey i Experience from Verification of a new BEM implementation in
Bladed; Need for Further Validati on of Dynamic Stall
1 Bladed 4.8 includes structural deflection in the calculation of section orientation.
1 Dynamic stall model based on Theodorsen theory.
1 Beddoed Leishmann, Kirchoff flow.
9 Lack of data to validate these models. CLOWT could answer theseaqse
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Q&A:

TJLT Agrees with the deep stall problem, and limitations of the Beddsiseman model;

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

VIV and high winespeed, but the CFD calculated amplitudessifikation are much smaller

than engineering models; very few real word data, which is need data at this condition
PRiHavendét seen many practical i ndustry
little funding has been available for testing; even thouglets predict it, industry

just doesndt believe it wildl happen and

PR Any work to turn CFD into an engineering model?
HAM1 DTU has done some work; can provide references.
CR1 ORE Catapult may be able teeasure this.

Torben Larseni Aeroelastic Code Validationi A Mixed Collection of Examples
1 Able to linearize lidar measurements to build arB@asuredurbulent windfield.

Q&A: -

Christian Kress 1 Comprehensive Field Measurements on Research TurbinésSmart
Blades
1 Fraunhofer IWES intro.
1 Smartblades?2 intro: 1) bend twisbupling, 2) active TE flaps and 3) passive and
active flaps included.
1 Manufacturing 4 blades heavily instrumented. 1 to be tested including calibration of
instrumentation.
1 Planned masurements of performance, loads, deflections (optical SSP sensors), lidar,
met mast, incident flow probes, usual load cases.
1 Future projects with Adwen 180m 8MW WT. Internal FEM model, CFD and
engineering models to be validated.
Q&A:
JJi What are the rage of model fidelities being validated?
CSi FEM models
PT1 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 floateth 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.

= =4 -8 -9

Q&A:
EB1 The initial condition in CFD is at the offset position; may mattch experiment?
SGi Yes, the technician has some influence; helps to look at coupling between surge,
pitch, and heave.
TILiBenchmar k comparisons, treat structure
for design; can this be included in modetts?

SGiDondét consider because semi i's rigid;
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for structures that are flexible e.g. container ship; calibrate frequencies to design;
dondédt reproduce design e.g. steel thickne
TJILT Is the fultscale semi really stiff?
SGi It may be easier to capture the fgltale stiffness at larger model
scales.

Francisco Navarro Villora i HFM Used in the Wind Industry

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

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

1 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.

1 CFD used to tune up LFM.

Q&A:
JBT Is the RANS/LES software for aerodynamics and aeroacoustics based on commercial or
opensource software?

FNVT1 Unsure.

Josean Galvari 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
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Q&A:
AR’ Trim system; active ballasting?
JG1 Include sensors to active control water ballasting to keep platform horizontal.
JJT How do you use engineering models and CFD to complement each other?
JG1 If CFD is shown to work well, use CFD in lieu of tank testing towdate
hydrodynamic coefficients
JBLD1 Have you checked the ballast system for resonance with waves?
JG1 Active ballast is too slow (15 minutes), so no direct interaction with wave
frequencies; the active ballast system is not modeled directly.
SGi Doesthe draft change with active ballast?
JGi Heave changes very little (less than a meter).
CR71 Will you include a wind turbine in your tank testing?
JGi Small motion permits most any turbine.

Frederic BlondelT Improving BEM Yaw Model with NewMexico and CFD
& Marie Cathelain i Wind Farm Engineering Modeling and Validation with CFD
1 Alternatives to BEM: Vortex methods (CASTOR, lifting line method) have
drawbacks > CFD.
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1 Propose to include contribution of hub vortex in yaw model simulations.

Q&A: -

Michael Muskulus i Key Challenges Related to Uncertainty, Modeling, and Validation
in Offshore Wind
91 Describes all measurements uncertainties (windihulet mast, max,..) and comes to
a 10% between model and measurements.
1 Big uncertainty coming from: meamments are capturing low freq. signals, while
rigid matrix that we want to describe is driven by high freq. effects.

Q&A:
ART The bias in measurements can be eliminated through calibration; some biases are hard
to identify becauseerp e at i n g resolvesittHew t@ rasnhée thias?
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 1 Coupled Dynamics Models A Multi -Perspective
Appr oach

1 FEM, multilayer, multibody, time&lomain, boundary method.

1 Beams + Surfaces: topology incompatibilities.

1 Validated against Abaqus and Ansys.

1 In publication process.

9 Conclusions: advances and multidisciplinary approaches are still necessary

Q&A:

JG1 Are the tower designs conical or straight?
CGGi1 Building 3 towers, including a conical; need strong actuatol@oking at
real-time load application.

PBi How does tight coupling compare to loose coupling between aero and structural

models?
CGGi In loosecoupling, you can predict flutter onset, but beyond onset, loose
coupling doesndét wor k; need tight couplin
CGGi Can use the same Boundary Element Method code for hydrodynamics; added
mass effect complicates coupling e.q. ttigbupling needed.

Pat Moriarty T Experience with Wake Model Benchmarking in IEA Task 31.:
WakeBench
1 14+ models studied for benchmarking.
T Wind Parks used depend on interest of fun
among them.
f Comparing models for intGitheresdt mpdeBard gi ves
more similar for the latter. Explanation: presumably they are tuned for that.
1 Different models show similar behaviour. Results translated to mean error to quantify
differences.
1 LES not always better, only if finiined.
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1 Uncertainty quantification is necessary

Q&A:
TJILT 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 streamfedfezigiven
downstream distance, does the plot show the average of all turbines, or only one row of the
wind farm?

PM1i Processing of the data is a key part of the model validation challenge.

PM1i Measurements show average of all rows except the ergj thevmodeling

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

Jacob Qvisti Power Cable Configuration Design Aspects
1 Dynamics just not included in cable testing

Q&A:
FVNi1 Cable failures?
JQ1T Includes infield cables tturbines.
FVN1 Has some concern about cables inside monopiles.
JG1 Can spectral analysis be useful for cable design?
JQ1 Hysteretic nonlinearities important; tirglomain simulation important
CGGi Is Hysteresis influenced by cable extension or mullgylers within cable?
JQT Both.

Martin Radel T Validation of Multi -Fidelity Structural Analysis Process
1 DLR existing tools to combine aero and structural analysis now used for wind.
1 Combine shell and more detailed models.

Q&A: -

Arndt Hildebrandt i 3D CFD of Breaking Waves
1 Combine FEM (which simulates wave until braking) with CFD (which takes it from
there, where FEM brakes down).
1 Boundary layers across wave must be taken into account and be parametrized.
1 CFD are CPU expensive but richer than measargs.

Q&A:

SGi Does the CFD model account for air compressibility?
AHT A volume of fluid method has been applied, but the fluids are not compressible;
with air bubbles, the numerical solution starts to flutter.

Carlo Bottassoi The Role of Wind Tunnd Testing in the Validation and Calibration of
Models
1 You must accept that your model will have limitations.

1 Wind tunnel at Milano University includes active pitch (control) WT and WP models
(G0.6, G1, G2).
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1 All 3 models with control, collective and IPC. @ble of testing terrain roughness

Q&A:

CGGi1 What kind of control strategy? PID?
CLB 1 Depends on the experiment; turbines can be PID or LQR; controller is plug
and play; likewise for windarm controller, including moddtee and modebased
controls.

JamesBleegi Wind Farm Blockage: Measurement, Prediction, and Impact on Energy
Production
1 row is considered fAcleand (independent f
T This is not true: we cal/l this effect AWi
1 We estimate an undperformance of 2% because of WP blockage.
1 Because WP performance is referredtedw performance, we estimate a general
underperformance of 2% in every WP

Q&A:
FNVi Have you checked sensitivity of blockage to spacing?
JBT Yes, definitely sormmgnificant sensitivity.
TANT Twoway coupling would be more expensive.
JB1 Agrees.
DM Have you considered modeling this with induction? E.g. vortex models would be able
to predict deficit upwind of the rotor
JBi Yes, but there is some differencensstn individual turbine induction and wind
farm scale blockage; doesndt think this w
CLBT There are simplified models that are a step change in roughness; could this be
applied?
JBi It may work and this is worth looking at, but JB is skeptileat it will work.

Pauline Bozonnefi Model Testing and Validation for a TLP Concept
1 Floating platform based ongdtantCentre ofRotationto guarantee stability.
1 Now validating model with test campaign.
1 Deficiencies in dowrescalating air side (betweemaintaining Re or St, chose the
latter).
1 Modelled with Orcaflex (hydreelastic) and aerserveelastic DeepLinesWind.
1 Tests (CFD and tank) show that nacelle stays stable with low waves.
Q&A:
TANT Is the loss of line tension and snap loads somethiogu 6r e | ooki ng at ?
PB1 Yes, were looking at that.
JJ1 Negative damping is a common problem for FOWT, but this system moves the opposite;
what is the implication?
PBi Something to look at.
JG1 The platform has many elements; is the-fosguency respuse dragdominated, or is
this 2%-order hydrodynamics?
PB1 Likely some combination of both, but CFD would help here.
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Philipp Thomasi Continuous Validation of Inhouse Software for Wind Turbine Load
Calculation

1 Fraunhofer intro.

1 Coupled with DynalLab foHIL tests

Q&A: -

Helge Madseni Implementation Aspects of BEM for Aeroelastic Simiations of Large
Wind Turbines?

Q&A:
JJT 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.
TJLT For collective pitch, one can just pick the nearest blade; for independent pitch,
you can apply a sinusoidal variation.
EBiT Why 1P excitation in turbulence?
HAM1 Rotational sampling

Javier Sanz Rodrigoi CL-Windcon Project

Q&A:
PM1 What kind of sensing will you use in the clekmap controller?
JSRi Scanning LIDARS, plus usual turbine measurements in the test.

Oliver Hach i Aeroelastic Simulation of Wind Turbines

Q&A:

HAM1 What is he timeframe for the new experimental turbine?
OH1 Plans have been delayed a bit, but the design is finished and waiting for funding
to construct

TJLT What are the sight conditions?
Flat, 40-m rotor on 56m tower; no nearby obstructions.

JeanBaptiste Le Dreff i Characterization and Checks on Sensor Data for Model
Validation

Q&A:
JJT What turbine and substructure is considered here?
JBLDT Monopile, grouted transition piece, 2MW turbine; UK wind farm.
ART What is the longerm goal?
JBLDT Currently focused on validation of models;-&eluation of wind turbine
data could follow.
TJLT 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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JBLD1 Working with the strain gagestallers; still need to look into it.
EB1 When were the gages installed?
JBLDT Unsure.

Break-Out Group Presentations
Pat Moriarty T Wind-Farm Aerodynamics

Q&A:

TANT Why is windplant blockage shown in green in the PIRT?
PM1 This is focused orné deeparray problem.
PM1 Loads are not specifically mentioned in the PIRT.

Helge Madseni Rotor Aeroelastics

Q&A:

JJ7 What is the proposal to IEA?
HAM1 To use the Task 29 extension as proposed, start with the DANAERO
experiment, perhaps adding ettturbine datasets e.g. Levenmouth in the future.

Amy Robertsoni Offshore Hydrodynamics

Q&A:
CGGT1 What is important regarding sedltructure interaction?
ART Flexibility at mudline, expanding beyonéyurves; need for highdidelity
models.
TANT The Norwegian Geotechnical Institute is working on superelements
derived from HFM to account for flow hysteresis etc.; communicate through a
single node
JG1 Wind farm aerodynamidslikely to have local wave elevation in floating offshore wind
farm; howwould local waves be included in the wifaglm models?
HAM i Engineering models have both wind and waves, but no direseaiinterface
HAMT The aerodynamics of a tilting of rotor perhaps should be tacked by IEA Wind
Task 29.
TANT OC6 will be more focged on pure hydrodynamics; are tests done without rotor? How
to capture aerodynamic damping?
ART MARINET?2 tests are with fixed or prescribed motion.
ART There is still need for the aetoydro coupling, but would like to initially start
with ahydrodynamics focus; there will likely be both hydro only and-agdyo
cases in the OC6
TANT Recommends to at least consider the effect of mean thrust and aerodynamic
damping in the hydro tests
AR/JJi Some tests are performed at the displaced posgifidine structure.

Feedback?
SGi Too much content for a threkay days; could be extended to longer time.
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FVN1 Will notes will be summarized and presentations compiled into a proceedings?
JJT Yes.

5. PRESENTATION
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IEA Wind Task 11

Base Technology Information Exchange

Presentation for TEM on «Three-Way Verification and Validation
Between Data, High-Fidelity Models, and Engineering Models»

Scotland

Task 11 OA, Planair 54, Switzerland,
06.09.2017

iea wind

Activities within Task 11

* Main objective : promote and
disseminate knowledge on emerging
wind energy topics

* Main activities :

— Help identify new topics of
interests

— Organization of 4 topical experts
meetings (TEM) a year on new
topics of high interests

-~ Coordination the approval process
of Recommended Practices
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countries
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Activities within Task 11

* Recentand future TEMs:
— #86: Downwind Turbines: 11.201& hosted by Hitachi (Japan)
— #87:Smart Blades: 04.2017 hosted by DTU (Denmark)

— #88: Three way VEV: 09.2017 hosted by NREL & ORE Catapult {Great
Britain)

= #89: Grand Vision for Wind Energy: Next Technology and Infrastructure
Challenges to Realize Wind's Full Potential: 10.2017 hosted by NREL (USA)
* Recommended Practices:

= RP17: Wind Farm Data Collection and Reliability Assessment for O&M
Optimization (Task 33)

— RP 18: Floating Lidar Systems (Task 32 in coordination with the Offshore
Wind Accelerator initiative)

New developments

* Planair SA from Switzerland, operating agent since the
beginning of 2017
s Clarification of the organization processes for future TEMs

* Online community platform integrated in the brand new IEA
Wind's website (launch foreseen in Autumn 2017):

= Eachexpert attending an IEA wind meeting will gain access to the platform =
creation of a profile, ability to connect with other experts involved within IEA
‘Wind and to share cantent

= Each TEM will have its own dedicated community to facilitate ante- & post-
communication around the meeting, exchanges among participants and foster
future collaborations

= The event manager taol an the platform will facilitate future TEMS
organization = dedicated website (TEM#E9 example)

— A dedicated community will be created for TEM#&88, you'll be informed per
email as soon as the website has been launched
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Background

*  Physics-based models of varied fidelity are needed to
advance wind-energy technology development

* Computationally efficient engineering tools can support
an iterative & probabilistic design process & optimization,
but simplifying assumptions bring limitations, so
verification & validation (V&V) is key to accuracy

* High-fidelity modelling (HFM) also supports technology
development & is a useful V&V compliment to
experimental data by extracting underlying physical
phenomena, but HFM also reqguires V&V

* E.g. limitations requiring further tool
development & VEV:

o Atmospheric flow & wake/array modelling for
power & loads of turbines in wind farms

o Mero-elastic modelling of modern, large, flexible,
& aero-elastically tallored rotors \

o Hydrodynamic fluid-structure modelling of Test Data Computational
offshore wind support structures in severe sea states Solutions

HATICMAL RENEWABLE EMERGY

*  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 model limitations & quantify uncertainty, & to
identify future development needs

New Design
*  TEM HEE goals: Capability and
o Share VBV experience Technolo
o Discuss pathways & prioritization for EY
establishing future IEA V&V '
collaborative(s) involving
three-way V&Y

engineering models
* Aftendees:
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o |EAWind Task 30 OC5 — Offshore Hydrodynamics/Support Structures
o |EA Wind Task 31 WakeBench — Wind-Farm Aerodynamics
o Other wind-energy V&V experts

HATICHAL REMEWABLE ENERGY LABCRATDRY
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Topics for Presentation/Discussion

= Lessons learned from prior validation campaigns

= Deficiencies in modelling approaches that should be improved

through future V&V projects

future measurement needs

Availability of—& challenges obtaining—experimental datasets, &

* Ranking of the importance of various phenomena & 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 UQin the model-validation effort

* Opportunities for collaborative three-way V&V projects between
data, HFM, & engineering models

Agenda — Wednesday, September. 6
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Agenda — Thursday, September.7
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TINREL (4O

MAL NENEAADLE EWET oy 1977 - 2017

Findings from IEA Wind Task 30 "OC5" and
Plans for OC6 - Focus on Hydrodynamics

Amy Robertson

Septemnber 6, 2017

WEEL b5 2 rathanad labaratary of the U5, Department of Energy. 0Mce of Energy EMclancy and Resewadle Enengy. aperated by the AlRance Sor Sustaleable Energy. LUC

Background — Offshore Wind Modeling

For the design of floating wind systems and to better optimize fixed-
bottom offshore wind systems, modeling tools are needed that
consider the coupling between aerodynamic and hydrodynamic
loading.

Appliod | System
Loads Response

i

Foundaten
Dyvaraaioeds
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Background — Coupled Modeling Tools

* Coupled modeling tools for the design
of offshore wind systems are ones
that consider:

o Aerodynamics

o Hydrodynamics

o Structural dynamics

o Control of offshore wind systems.

* These tools were adapted from land-
based wind modeling tools and
offshore structural tools.

* Coupled design tools are relatively
new and need to be verified/validated
to ensure their accuracy and give
confidence to the users.

* Examples:
o Wind: FAST, Bladed, HAWC2

- Offshore: OrcaFlex, Sesam,
Deeplines, OPASS

IEA Wind Tasks 23 and 30 — OC3, OC4, OC5

* Three research projects were initiated under |IEA Wind to
address this issue: OC3, OC4, and OC5.

0C3 = Offshore Code Comparison Collaboration
0C4 = Offshore Code Comparison Collaboration, Continued

0C5 = Offshore Code Comparison Collaboration, Continued,
with Carrelation

* 0C3 operated under IEA Wind Task 23 (2005-2013)
* 0C4/0C5 operated under IEA Wind Task 30 (2014-2018)
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OCx Objectives

= Assess simulation accuracy & reliability
* Train new analysts how to run codes correctly

* Investigate capabilities of implemented theories

* Improve modeling tools/methods

Identify further R&D needs

0C3/0C4

0C3/0C4 focused on verification

* Coupled modeling tools verified through code/code comparisons of simulations
of fictional offshore wind systems in a variety of conditions

* Helped to identify errors in the tools and see influence of differences in
modeling theories and approaches

0G4 Jacket 0C4 Deep(wind

Semisubmersible

0C3-Hywind Spar
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0C5

OCS focuses on validation

* Simulations from coupled modeling tools compared to measurements from a test
campaign

* Results from different tools show advantages/disadvantages of modeling
approaches

* Data was not generated in the project, but rather relied on shared data

Phasel Phasell Phaselll
2014-2015 2015-2016 2017-2018

* Phase la — Rigid Monopile o
o Potentlal for a lot of variation In tuned

hydrodynamic parameters - look-up tables can have
different values

o Best tuning approach was found to be weighted
least-squares

a Farlarger waves, important to have models that
capture the 2 and 3™ order harmaonic force ; 158
companents - -

o For larger k*R values, nonslender diffraction effects
reduce Znd harmonic forces in experimental data,
compared to simulations

o 3rd harmonic forces are key in prediction of ringing
loads, under-predicted - aspacially for higher K*R
values

o Caleulating loads up to the instantaneous wave
elevation importantin capturing 2! harmonic force,
mare than higher-order potentials ISOPE 2015 Paper

o Meed at least 2 order wave loads 8 gt Pl b Vet af Mt Lamftag wan Pl Cftnter
and calculation of the force up to the LA O S S s o s e e

K™, Torswm der Sy Famsbine Baveomar'. Barin dgula”. Rager Bergen . Ko (v Wamg e’

e vt

IWL to capture most of the 3+ e e B Do Tog 1% i Teog Pt L, Lot B
harmaonic force.

s,
[ o 18 Al Wl Srmars T1 Dimplan
Fror=siirs Pyt 3 rermm Larmel o Sorms md Irbaekyy. Smvenn
i [ PP, Frasst
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OCS Phase Ib Takeaways | Procedia
* Phase |b — Flexible Monopile
a IHl'gher—ord er wave theory is Vith e Sea C1edies Wind REINConirennce, FERA, DeerWind 1016 3012 Jasuaiey 015
Importantin capturing the higher- Trondbeim, Koy
order componentsof the WS Praject Pliase IV alidlation #f ydiodynssib: Losding sin Fimed,
hydradynamic force Flenahle Cylimlvr For Ofshere Winid Applicatioms

Ay B, Wobarime®,
Beew’, Horeik Rredimos, Flamr

o Complexity of nonlinearwave
transformation over a sloped
seabed (for this case) has shown a
potential need for higher-fidelity
approaches to accurately model
the wave kinematics

o Toolsdo not presently capture tatal
force applied to the structure
during a breaking wave event—
adding additional impulsive foree?

L ErnE
Hymkyosng S, Tjeord van der Zood, Matilue

Palsian Wand®, lason B Jonkman®, Weicsch Popko®, Michsal
Schltier, Tncoks {ie®. Roger Rermed, Boh
» Teor Anders Kugaand, Javobis Benpedus e ViaP, Lacs

Fiadbenski, Wing Tu®, Thuas Flaye®, Friedeon

§ A p v

g

OCS Phase |l Takeaways

Phase Il - Semisubmersible

2 Under-prediction of both fatigue and ultimate
loads both wave-only and wind/wave

o Pitch natural frequency excitationin wave-
only conditionssignificantly under-predicted
by most

o Dynamic mooring models needed to capture
mooring loads (not necessary for sys.
dynamics?)

o Tower frequency excitationin wave-only over-
predicted by ME {diffraction effects not
captured)

o No focus on aerodynamics, since differences
in wave excitation dominated the differences

a Uncertainty in the wind characteristics —
broad-band frequency excitation of the
system

Need to do a proper uncertainty assessment
to determine differences between exp and
sim

Need planned validation campaigns=
modelers involved in tests, and modeling done
before testing starts

NATIONAL RENEWABLE EMERCY LABORATORY

i Procedia

148 D Secn Ofbne W ki RAD Coirun, EERA Dvay Win017, 1030 Lusasy 3917

O Pragect Phone 11 Y alidation of Glabeld Lasds of the Doept wnd Floting
Semnabmcrsible Wand Tarbio
Ay N Robwneonr, Fablen Weedr, bae M Sadumn’, Wekcied Pophe” Tl
Dagher’. Sebusties Oneydor”. feced Qvis?’, elipe Viekory'. Feve Ascoes’. rere
U aawghd Culin Comdin Sonned R6 Andirs Vi, Chrbens Gl Kows
Hermmay. Jucebo Bemerdn ée Vs Pudee Bacresct, Livlerx: Boay™, (ks
Baper, Ragor Rerpay, i Gainu, [Kige Meadhaw’, Cues Bamors Sasctus
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0OC5 Phase lll Takeaways

* Phase Il = Jacket = Full-5cale

o On-going . 126 m robar s
, diarmsies
o IPissues can definitely be difficult to
Haelicapte plarteom
contend with, and may limit the aorua. 91 m b BN e
fidelity of the data that you receive Hacelie
o Examining a full scale system has .
. " Lol
different characteristics than model r
scale systems=and our ability to \
maodel them will change (needed) !
o High uncertainty in open ocean tests o >
- ) High tide [, Mosring puint
= no controlled environment and i g
= =
difficult to measure — relegated to lackst
more statistical-type analyses
TEm ]

0C6 Topic Areas

* Goals of this meeting are to:
o Determine objectives of OCB

o Determine how to integrate with other tasks on aerodynamics
and farm-level analysis

o What the 60 "C” is
= 0OC6 objective ideas:

o More in-depth focus on hydrodynamics and aerodynamics
individually

o Integrate higher-fidelity modeling (3-Way Validation)
o Uncertainty assessment
o Own testing

= Focus on specific phenomena

o Simplified testing (compenent-level, hybrid, etc.)
o MNew design concepts
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PIRT — Phenomena l|dentification Ranking Table

* What are the phenomena in the modeling that we
do not fully understand?

* Focus validation campaign on answering specific
issues
o EX: Low-frequency excitation in wave-only conditions

LTy [ s | it | ienien | vt mee
i (e

Ensimpitaey sy
[Ty ———

Validation Phenomena

* Nonlinear excitation of frequencies from waves
o Difference and sum (high and low)
o Mean offset

* Breaking wave and/or steep wave response

* Change in hydrodynamic coefficients for different wave
frequencies

¢« VIV
* Negative damping from blade pitching
* Wind damping characteristics

« Variation in hydrodynamic loading for a still body versus one
that moves in flow field (location not velocity influence)

= Moorings
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Data for OC6

* Coordination with other validation tasks:

o Consider looking at aerodynamics separately and coordinate
with those interested in land-based wind validation

- Participants of OCS could potentially participate in a new
research task in this area

s Or, OC6 could create a WP focused on aerodynamic force
validation only, and invite others to join

* Our own testing:
o Would like to pursue developing our own datasets
o MaRINETZ2
o Lower-cost UMaine W2 or similar research tank

* Other datasets:
o MNautilus — semisubmersible — Tank Test — Jan 2018
o Stiesdal TetraSpar = 3 Tank Tests

* Suggestions?
o System totest in MaRINET2?

MARINET2

Ultimate Loads - All Cases
00 [ e Participarts

* Received funding to do 1 week 250 | I zermen
of testing at MARIN this fall % om0
(just tank test time covered) 2 o
= Testing of OC5 semisubmersible ﬁ 1000
without turbine (wave-only) 500
* Focusof testsis totry to L33 LG3M L0 L4 LO42 LOA3 044 L0AS
determine reason for Faigue Loads - All Cases
differences seen between tests B e Fariopas
and simulations in Phase Il of e e
0cs % 1000
g
£

w0

LCE LCM LC3S LG4 LC42 LO43 LG4 LC4S
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0C5 Modeling Issues

« 108 LC33

5L Under-prediction of i
low-frequency |
excitation (outside !

4+ wave region) i

TwrBsFut (kNiHz)

gt “C” for “OC8”

» Offshore Code Comparison Collaboration

o Continued
o with Correlation

o and unCertainty

o and Certainty

and Computations
and CFD

Qo

o

- and Co-validation
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Findings from IEA Wind Task 29 "Mexnext" and Plans
for Use of the DANAERO Database
in an |IEA Task 29 extension

Helge Aagaard Madsen, DTU and Gerard Schepers, ECN
IEA Wind task 11 - Topical Expert Meeting #88 - 6th-8th of September in

Scotland

iea wind

History

Since 1991, |IEA has played a very important role in
aerodynamic model improvement

1991-1997: |[EA Task 14 (Field Rotor Aerodynamics)

1997-2001: |IEA Task 18 (Field Rotor Aerodynamics, enhanced)
2001-2007: |IEA Task 20: (NREL Phase VI, NASA-Ames wind tunnel
measurements

- 2008-2017: IEA Task 29: Phases 1 to 3 ({New) Mexico wind tunnel
measurements)

«

o talus and propasal lar . 54
DANAERD dala bage iea wind
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Mexico and New-Mexico

* Mexico = Model rotor EXperiments In COntrolled conditions

* Collaborative projects, coordinated by ECN
- Mexico: December 2006
= New Mexico: July 2014

* Measurements in Large Low Speed
Facility (LLF) of German Dutch
Wind tunnel (DNW)

- Open test section: 9.5x 9.5 m?
-~ Diameter of rotor: 4.5m

- 3 blade turbine

ZECN

6-Component DNW balance @ tower foot (time
averaged force including nacelle and tower
contribution)

Tunnel measurements: freestream velocity (re-
calibrated), collector pressures, temperature

1P sensor (renewed by DNW)

Blade root strain gauges (renewed by ECN)

PIV (sheet size from 337x394mm -> 380x610mm)
ABB signals: generator torque and HSS rpm
Acoustics: far field mics and microphone array
Blade pitch angle, accelerometer and inclinometer
Blade unsteady pressure sensors (calibrated)
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Z ECN
New Mexico (Test matrix)

Tet it ety | Ao | el | dial ] Dyt | Tawtd Bkt Fch Foad: | Badel!
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New Mexico (Configurations)

Legend number  Configuration

Roughness on full blade
Guerney flaps long

Guerney flaps short
Qutboard blade clean
Spoilers

Serrations

Pitch misalignment 82 {-20°)
Qil flow: sensors taped off
Blade off

N O E WA e O

<
o

48




Corrcl-atmn of experiment with Z ECN
the axial momentum theory
135
\1E %=avgl-.3,4.3), v local, Az = avgl0/B0/80/100 deg) ik
. .
105 e
=) / O _
Zoas a :
S ¥
Sors A 'y —Cdatalla) (2028 1w
+ =[5 m
0es = =0.79 m
i < =135 m
055 #1=185m
4 & =307 m
045 / # mfor avg
P —MEXICO
035 Vi i — HewMEXKO {configei]
038 /" | —lipsys2n
0o 015 05 2 pss 0.45 0.55

First round of calculations: Z ECN
Selected cases

Visesa | Pitch L2[rpm] i) Yaw B ADA o_mial

[mys] | angle [kg/em®] | angle |Njme @ @BO0NR | SBONR

[deg] IE] appre appres

[deg) [=)

415.1

1197 00 101358
1506 -23 4251 1.191 00 101345 7.0 030

2405 -3 4251 1195 00 101407 14.0 ni13
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First round of calculations: ZECN
Participants code/model characteristics

# DLR: Tau, CFD

* DNW-GL: BEM, VL

* DTU: EllipSys3D CFD, HAWC2, AL

® ECN: ECNAero BEM

» |[FE: CFD

* Onera: ElsA, PUMA

® Suzlon: BEM

» Technion: BEM (, CFD)

» Uppsala: CFD, AD

o USTUTT: Flower, CFD with AL/full and URANS

Fr Jm]

153 ano

as0

o 300

100

an

Z ECN
New Mexico (Mexnext loads validation)
* fxial flow, 425 rpm, pitch=-2.3deg
¥ im0 oy Fii W), L, =16 e Fin Wl L= s
#  FeaViesiog E T4 hembdoes [ *  Rewbbiozs .
“ BEM o BEN & BEN
A 8- %
-w- CFOL bt -r_." § T-v- CFO_ed [ CFO_hes
Y S o fir—t
s o f;'_,--"‘" g Fa
g ' 'y
/f'/ ¥ 7 T /_.- f
¥ 3 Vi & ¥/
/'.'.’ .'
SR 4 L
8-
[ H] 18 13 F2) y i i Y § : i L .
- [13 U 1 [13 boom H
Turbulent [ fitacees e 11
oo !
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_ _ ZECN
New Mexico (PIV overview)

Rl

»

- O

U [mfs) 15 10 15| 4 -

Rot. speed frpm) 24 424 424 a4 -
Pitch angle [°] 23 23 23|23 :

Blade config (Tabde 3} 0 3 3 3

Axial flow -
Axial x X x -
Radial x| x [at] x -
Momentum S

e o l. 0 w0 - o« W
(=== ]

Yawed flow =

[+/-30°) =0
Aial x :
Radial x. | % | o ol

Z ECN

New MEXICO (PIV)

+ Coordinate system

Rofor azimuth

ange I
Zunrs
Wrmadel
e Yaw % J’Yumul
;"ﬁ:d: ange ¥ Rotor axis
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ZECN
New Mexico (PIV)

« Radial traverse 15m/s, config=3 - u, v, w

ZECN
New Mexico (PIV)

+ Difference between 10, 15 and 24 m/fs - u
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ZECN
New Mexico (PIV)

» Difference between 10, 15and 24 m/s - v

uh)_configd_»_ ey vien{ 12 _contgl v ideg v a4 configd_n_Ycey -
ax ) - a s
4 Tl
pron 200 — - £
L = B
: =1 P —
Broee 4 =i b= - s
= N =
- ,-.5;. o ol
8 -, - i~ .i-hr . r -~
RS = L . - < . L b = s = o

New Mexico (PIV) — operation at 30 deg. yaw ZECN

u [, a=e0 3 m, L= 10 s, Fawsa00ag v i), xeefl3 m, U590 i, Yaws3ideg

o
Comrn_ P

Uppsa_AD
—- UETUTT_PRAKE
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N
A
=z

Loads — operation at 30 deg. yaw

o [N, (082, Yaw=30003 U, =10 3% FLINYH, ARS02, Yiwe3038), U403 1%
Ppre— | PRT—
" o o |-
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ECN

New Mexico (Mexnext velocity validation)
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New Mexico (Guerney flaps)

« Effect of Guerney flaps
(red up r/R<0.6, blue r/R<0.46)

o pie
| P—— ® HowNENCO2S I
L 008 ISR )
e,
i /
" & 713 g, | ¥ ¢
A\ L /—-1
i ™ -y ; P . - B | /
Sy ! | | o
1 gt e P
jaY & / 4 ¢
> \
7:\ ¥ \
« X — :
o \ ) “ o & \\ x» - 4] i\

5%R pressure dsstribution 60%R prassure dsstribution normal force detribution

Synergies with Tasks, TCPs ZECN
& Others

Task 19: “Wind Energy in Cold Climates’ (effect of
aerodynamics on iced turbine blades)

Task 28: “Social Acceptance of wind energy projects”
(Acoustics)

Task 30 “Comparison of Dynamic Computer Codes and
Maodels for Offshore Wind Energy” (partly aerodynamic
driven)

Task 31, "Wakebench’ (far wake determined by near wake)

Task 37 "Wind Energy Systems Engineering: Integrated R,
D&D" (partly aerodynamic driven)

Task 38 "Quiet noise technologies” (Acoustics)
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Appendix A: (New) Mexico ZECN

data delivered to:
. University of Liverpool |UK)
. Forth (Greece)
. University of Hamburg (Germany)
. Lund University (Sweden)
. University of Wyoming (USA)
. University of Louvain (Belgium)
. University of Darmstad [Germany)
. ETH Zurich {Switzerland)
9. Oxford University [UK)
10.University of Californie (USA)
11.University of Naples, Frederico |1 (Italy)
12 University of Michigan (LSA)

00 =i @ W B W R e

Pition: Tha |EA Wird spresrart, aisc bncwn st impla msantng Agamant for Co-oprsticn in tha Fassarch, Dwvwkoz mant, snd Depioyrant of Wind 3
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TSRS PR (OSEN T EW/5 7 [RRC S 01 Tom A SAratariat o7 011505 1o ki A 74 DEF O LTS iea wind

—=GEl+ISll~ =l e »MITIEETOIIDERE

Appendix A: (New) Mexico ZECN
data delivered to:

13. University of Tennessee at Chattanoog (USA)
14. Pennsylvania State University (USA)
15. Hitachi {Japan)

16. FluiDyna [Germany)

17. University of Malta (Malta)

18, RWTH Aachen University (Germany)
19, TU Berlin (Germany]

20. University of Central Lancashire (UK)
21. Chalmers University (Sweden)

22, Engys (UK)

23, VUB (Belgium)

24, University of Massachusets (USA)

Piticn: Thar [EA 'Wird mgresare, aiss bnown sa tha imphi et Agssmant for Co-operaticn in #ha Fassarch, Developrsant, srd Depioyrant of Wind *
Energp Sygiens, Tuncions wirin B Tommessr ceamsd by the Inmemanonsl Eneige Sgency |IES). Visws, fndings ard publaaions of IEA Wind o ot
TSRS PR (9SSR el S 0 [ 00 1o 58 Syt 0013 15 0 Lt PO 7 DY LTS jea wind

—=EBNl+Iis il - il e o IS OIS EREE
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25,
26.
27
28.
29.
30.
31,
32
33
34,
35.
36.

Appendix A: (New) Mexico ZECN
data delivered to:

Shahrood University of Technology (Iran)

Universidad Politecnica de Catalanio- CTTC (Spain)

UAS Windesheim (ML)

Arizona State University (USA)

KTH Stockholm (Sweden)

ETS Montreal {Canada)

Research Center of Computational Mechanics, Inc, Tokishi, Tokyo, Japan
University of Botswana, Botswana

Suzlon Denmark

Pensylviana State University, USA

Korea Advanced Institute of Science and Technology (KAIST)
Duke University, USA

Picticn: Tha [EA 'Wird mgresrans, aiss bnown s tha impls mantng Apmarmant for Co-oparstion in tha Fassarch, Dwvlozrant, snd Depioymant of Wind
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BRI P2 [FSEN T2 44 BWE A (MRS O T IER SETTAT i OF (T A1AES ) RALEN P 63 DS DLW S

iea wind
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Conclusions from the last IEA Task 29
Meeting at ONERA, Nov. 2016

Consensus to continue because

1. Important outcomes:

+ Better agreement between calculations and measurements
«  Recommendatang on how 1o use aeradynamic madets in design codes
+  |EL Apmdynamics

* Measurement knowledge
* Validation platform
2. Aerodynamicsis not finished
+ Aercdynamics for 10MW+ wind turbines in inflow conditions is a particular
challenge
3, Pure scientific and technical focus on wind turbine
aerodynamics

4. Cooperation between continents

@«

iea wind
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Project Meeting ONERA, ctd

Consensus to continue because

= Mew measurements are expected to become (publicly)
available
« DANAEROC (detailed aerodynamic field measurements on
MMB0 turbine)
+ Good aerodynamic measurement data in wind energy

society are still far too limited (as stated by subgroup
aerodynamics of EERA and research agenda of European Academy
of Wind Energy)

o

iea wind

Background for initiation of the DANAERO
project in 2007

1 Field rotor experiments in the period from 1987-1993 — |[EA
Annexes XIV and XVIII
*= MREL (US), Risoe (DK), ECM (NL), DELFT (ML), MIE Univ. {(Japan),
Imperial College (LK)

1 NREL Unsteady Aerodynamics Experiment (UAE)on a 10 m
diameterrotorin the NASA Ames 80 foot by 120 foot in year
2000 — |IEA Annex XX

d MEXICO experimentin 2006 in DNW 9.5 m x 9.5 m wind tunnel
on a 4.5 m diameter rotor - IEA Annex 29

iea wind
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Shortcomings of old data sets

a Blade and rotor designs not representative for modern MW
rotors
a Mo influence of shear and atmosphericturbulence in the

inflow to the rotor not presentin the wind tunnel experiments

a Mo operation in wakes

a Low Reynolds number

a Mo influence of control actions, e.g. variable speed and blade
pitch

he DAMAERD dala base iea wind

Objectives of the project

Provide experimental data that can be used for
investigations of:

O correlation between 20 and 3D airfoll characteristics

O boundary layer transition characteristics in 2D wind tunnel flow
environment compared with full scale 3D rotor flow transition
characteristics

O inflow characteristics (shear and turbulence) on MW rotors with
particular focus on the high frequency content

U dynamic induction characteristics
U wake flow characteristics

U pressure fluctuations in the boundary layer influencing turbulent
inflow noise and trailing edge noise

he DANAERO data base iea wind
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The DANAERO MW experiments

Carried outin collaboration between DTU the industrial partners
Vestas, Siemens, LM and DONG Energy from (2007-2010)
and (2010-2013)in projects funded by EUDP in Denmark:

1. Wind tunneltests of airfoils in three different wind tunnels — LM,
Velux and Delft

2. Measurement of inflow characteristics on a MW wind turbine at the
Hoevsoere test site - the Siemens 3.6 MW turbine

3. Measurement of blade surface pressure and inflow ena MW
turbine in the small Tjaereborg wind farm in Jutland - NM80
2MW turbine

1EA Wind Task 28 - Status and prapasal far . N
afenaion using the DAMAERD data bage iea wind

Pressure and inflow measurements on the
NMS8O turbine in the Tjaereborg wind farm

O surface pressure and
inflow measured at 4
radial stations

O the outboard station
also instrumented with
around 60 microphones
for high frequency
surface pressure
measurements

Q high frequency
measurements of the
inflow

O measurements from
June to September
2009

1EA Wind Task 29 - Status and proposal for

stension using the DANAERD dafa base iea wind
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The DANAERO experiments were carried out on a
NM80 turbine in the Tjaereborg wind farm

12

v Task 29 - Status and proposal for L &
ion using the DANAERD dafs base iea wind

A new LM 38.8m test blade was manufactured,
instrumented and installed
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Pressure and inflow measurements on the
NM8O0 turbine in the Tjaereborg wind farm

high frequency inflow sensors five hole pitot tubes

0 data base iea wind

Measured pressure distributions in comparison
with EllipSys3D simulations
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Transition: yawed operation at 60deg
14:40, 19/8, 2009
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Work Packages (Preliminary)

WP1: Establishing the DANAERO data base

WP2: Comparison of simulations with selected
DANAERO cases
« Aerodynamics, aero-elastics, aero-acoustics

WP3: Detailed analysis
+ Aerodynamic response to turbulent inflaw
+ Sheared and yawed inflow
« 2D30 airfeil characteristics
+ Aercelastic effects
+ Wake flow operation
« Transition characteristics in realistic fiow conditions

+ Characterization of noise sources by high frequency surface pressure
measurermeants

« Standstill

WP4: Synthesis of results/observations from present and
previous |[EA Task 29 work

iea wind

Management issues

« OA: ECN with contribution from DTU

+ Anticipated countries

— Metherlands, Denmark, Germany, France, USA, China, Spain,
Sweden, Norway

— Interest expressed from ltaly, Greece, |srael
- Whoelse?

iea wind
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The DANAERO MW Experiments

Acknowledgement:
Fundedby the Danish

EUDP programme
ENS 1o, 33033-0074
EUDP:64009-0258
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IEA Task 31 "Wakebench" V&V Framework for Wind Farm
Flow Models: Towards Phase 3

Javier Sanz Rodrigo
IEA TEM#88, Edinburg, 6 September 2017

IEA Wind Task 31 s
Wakebench = = == = oo
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I
IEA Task 31 “Wakebench”: Objectives

= To improve wind farm modeling techniques and provide a forum for industrial,
governmental and academic partners to develop, evaluate and improve
atmospheric boundary layer and wind turbine wake models for use in wind

energy
3 from flat to complex terrain,
3 from single to multiple wakes, Phase 1 (2011-2014)
3 from near to far wake, Phase 2 (2015-2018)

 from mesoscale to microscale,
3 both onshore and offshore,

2 using wel defined test cases from the literature and test wind farms
("research” conditions) as well as from indusirial sites ("reaHife” conditions)

« To build consensus on flow model evaluation procedures, including
uncertainty quantification

... same as Task 31 phase 1, wider scope in phase 2

OCENER SEE, o= e = o [ Qe

Task Structure and Deliverables

(VP o GNR) hen

Windbench.net
= Inventory of
moxdels
= Repository of
benchmarks
WP3: VWEUQ framework and user guidelines (SNL) .»hd edition of )

Task 3.1: Rview of U methods and integration on 2 VV&UQ famework MEF + BPG

Task 3. Best practice procedres N

Formal deliverables:

Model Evaluation Protocol (MEP)

Best Practice Guidelines (BPG)

€ cener s == = == Hou




Modeling Scope

Domain site 107 m 10* m 10° m
Juti & hr 1 by 1 i
1% m

i _ Regional

Climate

Ood Pcrdely

Climatciogy, Roglional Wind Atlay, Long-term
Ereductshiitg (reatnsel oo deoadal)

g

%[ Madal Bualuation 8 Verification, Validstion and U

3‘[ S Uil Planning, J[ Bk Ol Adsessiment, J[ it Faarmm J[ efind Turbine ]

wind Resource Variability Hite Suitabiliny Dasign Dt

: oo - —

= Stea

4 {neftwe-way e ———— |

s fllRessr ]

Task 36 Forecasting Task 31 Phase 1 Task 30 0C3

O cener s = = = o B,

Expected Outcome

= Extend modeling scope from Phase 1, "microscale”, to
Phase 2: “meso-micro” and “near-wake”

» Greater focus on reducing the spread using high quality
experiments and evaluation procedures

* Uncertainty Quantification added to the Wakebench Model
Evaluation Protocol (MEP)

» Unified validation strategy (built from Ae2 and NEWA
projects) that can be further executed into Phase 3
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[
Model Evaluation Protocol (MEP): V&V strategy

= Whatever model we develop it will be as good as the wvalidation data it is
based upon

«  Validation Objectives

O Identify relevant physics that the model should Ineorporate

O Define a targeted validation strategy to determine how the model is succesfull
at incorporating those phenomena (subsystem validation)

3 Undersiand where are the knowledge gaps

O Evaluate the model at system level to assess the impact of these gaps in the
gquantities of interest

O Categorize performance metrics in terms of site and wind climate conditions

* Adopt a formal verification and validation (V&Y) framework adapted fo the
specific needs of our application
3 Identify end-user requirements in terms of target quantities of interest
3 ldentify modeling scope that will meet the end-user requirements
3 Define fit-to-purpose metrics
3 Provide orientation on how to best use the model in terms of its validation range

Building-Block Validation Approach

Operational Conditions
= Calibration & integration
g 5
Z| SystemLevel E
2
4
Expaviments 'E
v Fiow Cases B
N A :
= | SubSystem g
3| Lover In the field Experiments | 5
£ Tesing | o
E / Scaled model E‘
F In wind tunnel ]
5| Prosiom Sy | €
| Lever Theary

a
m
=
m
k]
fl
Ef

= = = o o,
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|
Wakebench Phase 1: “Microscale” WF-scale building blocks
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I
Phase 2: V&V Framework

= Full system validation of

wind energy systems is not
possible

PR R W SR R e i e Ry
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« Meed for a planning process
that prioritizes the
phenomena and a validation
hierarchy with the largest
impact on improving the
predictive capacity of the
models

« Adopted in A2e and NEWA
projects, unified in
Wakebench

Hik RG. Maniaci DC., Maughtan JW. VEV Framesword. SANOLS Repaort SANON1S-T4ES, Eapbamier 2115

OCENER T, = = = Tt im

[
Phase 2: “Multiscale” building blocks

Power System Climate
+ Grd control (curtaiment, efc) + Cimate change
+ Feedback on cimate +Interannual varabdity
« Wind power predictabity +» Seasonal vanabdity

* Envircnmental factors
affecting performance
(wing, dust, etc)

Wind Farm Cluster Mesoscale
* Cluster (farm-farm) wakes » Weather events.
*Wind farm “canopy’ drag » Coastalmountains
« Deep-array (equiibrium) * Meso-micro forcing
« Wind farm boundary-layer » Terra-incognita
« Wind fam control turbulence
«Far-wake *Free-atmosphere

Wind Farm O picroscale
+Waike nteraction « Terrain flow-separation
+ Wake meandering +Elevation changes
« Turbine control «Forest canopy
*Near-wake »Roughness changes
+ Flud-structure » Atmospheric stabiity

mteraction D8 '\ . Ar-sea interaction

Turbine
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I
The “ABL” Building-Block Hierarchy

O Theory
[ Wealized forcing
Realistic forcing

Ambidextrous V&V: the NEWA “Meso-Micro” case

",

End-Liser
Ranuiramants

Operaﬁénal
Carvpalgns

W& Hierarchy
“Flows Casas”
(complaxity range}

Integration Flow Models
|oparational

range]

Maosdal

Methodology
Performance Gaps & Sclentific Performance
{application metrics) Challanges Insights (b retrics)

;
AEP, PO0/PS0 g
LCOE, #1c
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I
NEWA Meso-Micro Challenge
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GABLS 3
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GABLS 3: Boundary-layer characteristics (Bosveld et al., 2014)

Cabauw (Netherlands) 5 , o2 e w- w0 2.0

8

Wind directicn (0)

c
30 km g
« Stationary synoptic g
« Clear skies g
« No fog 3
« Substantial LLJ e e N e Y S e M
6 years - 9 days - Time (UTC) Time (UTC)

night of 1-2 July 2006

Basvel et al (2014) The third GABLS Wtercomparison case for evaluation siodies of Boundary-Layer Modek Pat A Case
Salaction and Set-Up. Boundary —Layer Metaorol 152 123-156

OCENER aEnEa, == = St im

Wind Energy Quantities of Interest

+  Hub-height wind speed and direction Sy, WD
+ Rotor Equivalent Wind Speed REWS

e i 40, 80, 140, 200} ’ 13
¢ — _ 3
- D= 160m REWS = [EZ{ AS?cos g ﬂ
I
5 ; Zhup = 120 m A, veer angle with respect to lub-
“ height wind direction
S

+ Wind speed shear, o, and direction veer v

£
Si:SMb[i] B =WD, -WD,p =y(2; - Z)
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GABLS3: Benchmark Guide
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[
GABLS3: Open Science Approach
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Towards Phase 3 (June'18-June’21): Wish list so far

=« High-Fidelity Modeling (LES) and building better design tools
+ Integrated model validation (flow + turbine response)

* Unified strategy for V&Y. targeted research experiments as well as
industry data procurement

+ Data mining for model improvement

« More systematic study of wake models

« Wind farm phenomena: yaw misalignment, blockage (acceleration
within wind farm gaps), wake dissipation (interaction with background
turbulence), heterogeneous inflow (coastal for instance), curtailment,
large wind farm boundary layer (interaction with free-atmosphere
conditions), wake effects at mesoscale (North Sea), etc.

« Numerical scanning lidar for apples-to-applesvalidation

* Collaboration with neighboring IEA Tasks, Tasks, notably Task 30
{offshore design codes) and Task 32 (lidar)
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I
Towards Phase 3 (June'18-June’21): Available Data

« Wind and Site: NEWA Experiments, flow cases and AEP
Kassel forested hill
Hormamossen forested hilly-terrain
Perdigao double-hill
Alaiz hill-mountain
Ferry lines (Baltic Sea)
RUNE coastal transition
Balcony heterogeneous canopy
+ Turbine Performance
3 Alpha Ventus (with Task 30}
Q A2e-SWIFT experiments, wake steering
+ Wind Farm Performance
*  Homs Rev, Lillgrund: UQ engineering wake models
+  OWA-Rodsand 2 scanning-lidarexperiment, heterogeneous inflow

Lo ouoo

GCENER L = = = o Pow

www.cener.com
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Comparison of Wave Tank Tests, CFD and Engineering
Model Computations of Floaters with Mooring Lines

[EA WIND TASK 11 TOPICAL EXPERT MEETING #88
THREE-WAY VERIFICATION AND VALIDATION BETWEEN DATA, HIGH-FIDELITY
MODELS, AND ENGINEERING MODELS
Edinburgh, September 6 - B, 2017

-

Tor Anders Nygaard
Luca Cggiano, Fabio Pierella, Jacobus de Vaal and Roy Stenbro

IF2
25 09 2047 h

3DFloat Integrated (Engineering) Model

Survival at ultimate limit

Stability and fatigue at
state

rated power
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3DFloat

Finite Element Method (FEM )

Currently Euler-Bernoulli beams with 12 degrees of freedom
(DOFY), but framework is general and can later accept other
types of elements

Newmark and Generalized Alpha implicit time integration
schemes. Central difference explicit scheme.
Eigen-frequency analysis

Geometric nonlinearities accounted for by corotated approach.
Reference configuration is recent deformed state
Consistent (distributed) loads from gravity, waves, current,
buoyancy and wind

Point forces can be applied to nodes

Wind turbine rotors (BEM) (several if so desired) can be
associated to nodes

Maoring lines can be represented directly in the FEM model

2500 2097 “ [ .

More information, 3DFloat

* Nygaard, T. A., De Vaal, J., Pierella, F., Oggiano, L.
and Stenbro, R. (2016). Development, Verification
and Validation of 3DFloat; Aero-Servo-Hydro-Elastic
Computations of Offshore Structures. Energy
Procedia (DeepWind 2016).

» This paper is available online and has references to
the verification and validation history of 3DFloat

= The verification/validation history involves all offshore
windturbines since the OC3-HYWIND in the |IEA
OC3/4/5 projects and wave tank tests.

2500 2017 “ [
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Code to code verification:
IEA OC3/0C4/0C5

2010 2012 2014

— |
== i

L
, IF2

- R
—

« 3DFloat was compared with OrcaFlex (time-domain)
and NovaFrame (frequency domain) for the phase 2
version of the Bjernafjorden K7 End-Anchored
Floating Bridge (5km)

|
25002007 [
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Data available for validation within
NOWITECH (NTNU, SINTEF, MARINTEK and IFE)

Wawve tank fests of fixed, rigid and flexible cylinders at MARINTEK. and DTU (IEA OC5)
Wave tank tests of semisubmersible at MARIN (IEA OC5)

Full-scale data, bettom-fixed wind turbines from Alpha-Ventus (IEA OCS5, engoing)
Wawve tank test of Tension-Leg-Buoy at IFREMER, Brest (IFEMMBL) MARIMET

Wave tank test (software-in-the loop) of OO0 Star Sermi at ECM, Nantes
(CEMERAFE/NMEL) MARINET

Wave tank test of catenary mooring line with forced motion of fairkead, ECN, Mantes
(CENER/FE/NMBU) MARIMNET

Wave tank test (software-in-the leop) of semi-submersible at MARINTEK (MOWITECH)
Wave-tank test of monopile at MARINTEK (ongoing) (NOWITECH)

Wind tunnel tests of wind turbine roters at NTMU (NOWITECH)

MEXICO and MEXNEXT wind tunnel tests, IEA projects

; IF2

Fixed, flexible cylinders DHI and DTU.
IEA OC5 _

=

JHeck Bemd,

[

Robertson, A., Wendr, F., Jonkman, I., Popko, W., Borg, M., Bredmose,
H.. Schlutter, F.. Quist, J., Bergua, R., Hamries R., Yde, A, Mygaard,
T.A., De Vaal, I.B., Oggiano, L., Bozonnet, P, Bouy, L., Sanches, C.B.
Garcia, R.G, Bachynski, E., Tu, Y., Bavati, L., Borisade, F. Shin, H..
van der Zee, T., Guerinel, M. {2016). OCS Projecr Phase Th: Falidarion
af Hvdrodvnawiic Loading on a Fived, Flexibie Cvlinder for Offihore
Wind Applications. Energy Procedia 2016 ;Volume 94. pg. 82-101

; IF2
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3DFloat: Rainey and 10" order stream =
function for “mild” cases, full potential SIS
kinematics imported for cases with :
strong nonlinearities
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Tension-Leg-Buoy, IFREMER, Brest, 2012

i (Y { | x [
Myl A, and Mygaard, T. A, (2014), Egperimental Results for Tenston-Leg-Buoy Ofhoe Wind Turbine Platfoems.

Jovrnal of Ocean and Wiisd Energy. 2004, Vol 1. No. 4

Myhr, A, and Mygnard, T, A, (2013), Comparison of Evperimental Results and Congrictations fov Tension-Leg-Buey
fithere Wlnd Nebives. Jonngl of Ocesn and Wind Energy. 2015, Vol 2, Mo 1

Orpgano, Lo, Adeis, E. Myhe, A, Nygaard, T.A. and Evans, S.(2015). OFD Simulations o a Tension Leg Buoy

Flatform for Offshore Wind Turbines and Comparison with Experiments, Procesdings of the 25th (201%)
Internationnl Ceffshore med Polar Enginesrmg  Conference (IS0PE), Kona, Big Island, Hawnii, June 2015,
IF2
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Experiments Brest - France

IF2

TLB models

TLBB [[LB X3

TLB S

IF2
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Mooring system
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3DFloat Decay Tests
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Result examples, regular waves

250920107
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Result examples, irregular waves
Mooring line forces
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CFD Wave Generation

+ STAR-CCM+ provides several wave models:

For initialization of volume fraction, velocity and pressure
fields:

For a transientinlet boundary condition.

= Currently available models:
1 st-order linear wave theory
+ Man-linear 5 th-order Stokes wave theory (Fenton, 1985)
+ Pierson-Moskowitz and JONSWAF long-crested wave
spectra
+ Superposition of linear waves with varying amplitude, period
and direction of propagation (can be set-upvia Excel-file)
IF2

TLB - Setup

IF2
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LOADS LC15 (Marintek) h=10,H=0.52, T=2.1
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LOAD CASE 12 - Surge Heave
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LOAD CASE 12 Mooring lines foces

Model T =1.85 H=0.3m
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Software-in-the-loop system
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OO0 Star CFD Computations

Oggiano, L., Picrella, F., Nvgaard, T.A., De Vaal, 1.B. and
Arens, E.(2016) Comparison of Experiments and CFD
Simulations of a Braceless Concrete Semi-submersible
Platform. Energy Procedia 2016, Volume 94, pg. 278-289
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General wave tank setup (BC)
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Setup Regular waves Fixed

Half Model

Fixed mesh
Model postioned 1L from the inlet
5th order Stokes waves

Ca.500.000 cells
» Refinement in the free surface area

IF2

Load cases

hull h H T f

m m 5 Hz
LC 1 fixed 5 0.15 1.26 0.794
LC 2 fixed 5 .15 1.42 0.704
LC 3 fined hi .15 1.58 0.633
L4 fixed 5 .15 1.74 0.575
LC 5 fixed 5 .15 237 0422
LC 6 fixed 5 .15 ila 0316
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Mesh details
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Results
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Free hull results
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Conclusions

Simple engineering models such as Monson's equation or
Linear Potential Theory, can provide a good match between
expenments and computations for the floater types tested so far,
if the coefficients are tuned from decay tests in the wave tank

The eigen periods can be funed by adjusting the added mass
coefficients. The damping of the first part of the decay can be
tuned by adjusting the quadratic drag coefficients. The damping
later in the decay can be tuned by adjusting the linear damping
coefficients

CFD has recently demonstrated good results that rely less on
tuning for several floater configurations (inertia dominated loads)
It is encouraging that CFD seems to provide correct damping,
which is a problem to determine in the engineering models.
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