CENTRO NACIONAL DE
ENERGIAS RENOVABLES

Task 29: Analysis of Wind Tunnel
Measurements and Improvement of

Aerodynamic Models
Sugoi Gomez-Iradi (sgomez@cener.com)

REOLTEC - VII Asamblea General
Saldon de actos de CIEMAT
16 de octubre de 2012

N % Gobierno
E INNOVACION e de Navarra

=8
i
i
2
£
i

EEEEEEEEE



CENTRO NACIONAL DE
: ENERGIAS RENOVABLES

1. Objetivo

2. Organizaciones participantes

3. Planificacion

4. Resultados y conclusiones

5. Documentacion disponible

GOBIERNO MINISTERIO DE MINISTERIO DE Cioavat
DE ESPANA INDUSTRIA, ENERGIA ECONOMIAY e e

YTURISMO ‘COMPETITIVIDAD



1. Objetivo




REOLTEC VII Asamblea General (Madrid) 16/10/2012
1. Objetivo

MexNeXxt

® |nvestigacion de detalle de los experimentos del

proyecto MEXICO
® Tunel de viento de DNW 9.5m x 9.5m
® 3 palas, didmetro de 4.5m, Vtip = 100m/s & 76m/s
e Cp, PIV,...
® Atencién especial a:
® Flujos no estacionarios, efectos 3D, efectos de punta, a la no
uniformidad del flujo entre palas, aerodinamica de la estela
cercana, estela turbulenta, condicion de standstill, efectos de
tunel,...
® Herramientas empleadas:

® CFD, métodos de estela, métodos ingenieriles,...
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1. Objetivo

MexNext I

® Estudio de fenOmemos no resueltos en MexNext
® Geometria, relacion cargas y velocidades,...
® Seleccidn de “antiguos” experimentos
® Nuevos datos experimentales
® Modelos de MEXICO en los tuneles de viento de INTA &
KARI

® Ensayos en DNW del aerogenerador de MEXICO (ruido,
PIV raiz de pala,...)
® Herramientas empleadas:
® Ensayos en tunel, CFD, métodos de estela, métodos

ingenieriles,...
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2. Organizaciones participantes

MexNext
e 20 Organizaciones

® 11 Paises

® 4 Asia, 3 América del Norte y 13 Europa &
4
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2. Organizaciones participantes

MexNext |l

® 19-23 Organizaciones
® 11-12 Paises
® 5 Asia, 2-3 America del Norte y 13-15 Europa

iy EMERGY FOR THE WORLD
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3. Planificacion

MexNeXxt

® \WWP1: Processing/presentation of data, uncertainties.
® 1/06/2010

® \WP2: Analysis of tunnel effects
® 1/06/2008 - 1/01/2010

® \WP3: Comparison of computations with Mexico measurement data.
® 1/01/2009 - 1/09/2010

® \WP4: Deeper investigation into phenomena

® 1/01/2009 - 1/05/2011

® \WP5: Comparison with results from other (mainly NASA-Ames) measurements.

e 1/06/2009 @
- Finalizado el 1/10/2011
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3. Planificacion

MexNext I

® \WP1: Inventory of other experiments/historical research
° 1/03/2014

® \WWP2: Processing/presentation of data, uncertainties, tunnel effects
® 1/08/2012 — 1/06/2014

® \WWP3: Comparison of computations with measured data.
® 1/06/2012 — 31/10/2014

® \WP4: Deeper investigation into phenomena

e 1/10/2012

Finalizacion esperada: 31/12/2014
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4. Resultados y
conclusiones
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4. Resultados y conclusiones
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4. Resultados y conclusiones

® Experimentos (MEXICO) necesarios por incluir cargas detalladas y velocidades del
campo fluido

® | os ensayos en el INTAy KARI ayudaran también a estudiar el efecto del escalado

® MexNext ha aumentado la comprension de los investigadores sobre el flujo no planar
® Predicciones realizadas mas parejas entre ellas que en comparativas anteriores.

® | as diferencias han mostrado la importancia de los investigadores que los emplean
asi como la necesidad de correcciones o0 ajustes mas finos para captar mejor los
fendmenos a estudiar.

® |ndicado direcciones de mejora para modelos ingenieriles: el retraso de la pérdida, la
dependencia del la relacion de velocidad de punta en el factor de pérdida en punta de

Prandatl, la induccién debida a la geometria 3D en condiciones de parked,...
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4. Resultados y conclusiones

® Todos los modelos ingenieriles subestiman las cargas en condiciones de pérdida
igual que ocurria en los anexos de la IEA Task 14/18 y 20.

e E| CFD predice las cargas con y sin yaw mejor que la mayoria de modelos
ingenieriles cuando la pala ha entrado en pérdida.

® Predicciones de las velocidades, incluso para condiciones con yaw, han sido buenas.
® Relacion de cargas y velocidades desconocida, que puede ser debido entre otras
cosas al vortice que se forma cerca del 60%R por las variacion geomética de la pala

® | 0os datos del experimento de MEXICO son accesibles para los que firmen un NDA
con DTU/RIso

® Diseminacion de resultados en articulos, documentos técnicos y conferencias.
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5. Documentacion disponible
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Research Center of the Netherlands, ECN, February 2007

* H. Snel, J.G. Schepers, B. Montgomerie: ‘The MEXICO project (Model Experiments in Controlled Conditions): The
database and first results of data processing and interpretation’, The Science of Making Torque from the Wind, 28-31
August 2007, Technical University of Denmark

* Kay, A. Investigating the Unsteady Aerodynamics associated with a horizontal axis wind turbine, with reference to the
recent measurements gathered during the Mexico project. TU master project report

* L. Pascal Analysis of Mexico measurements, ECN-Wind Memo-09-010, January 2009

* H. Snel, J.G. Schepers and A. Siccama, Mexico, the database and results of data processing and analysis 47th AIAA
Aerospace Sciences meeting, Orlando, USA, January 2009

* A. Bechmann and N. Sgrensen CFD simulation of the Mexico rotor wake, European Wind Energy Conference,
March 2009, Marseille France

* A.K. Kuczaj Virtual Blade Model Simulations of the Mexico experiment, NRG-12810/09.97106, NRG Petten, The
Netherlands

* Daniel Micallef, Menno Kloosterman, Carlos Ferreira, Tonio Sant, Gerard van Bussel Validating BEM, Direct and
Inverse Free Wake Models with the MEXICO experiment, 48th AIAA Aerospace Sciences meeting, Orlando, USA,
January 2010

* S Breton, C Sibuet, C Masson Using the Actuator Surface Method to Model the Three-Bladed MEXICO Wind Turbine
48th AIAA Aerospace Sciences meeting, January 2010

* J.G. Schepers, L. Pascal and H. Snel. First results from Mexnext: Analysis of detailed aerodynamic measurements
on a 4.5 m diameter rotor placed in the large German Dutch Wind Tunnel DNW. European Wind Energy Conference,
EWEC, April 2010, Warsaw Poland

* Wen Zhong Shen et al Validation of the Actuator Line / Navier Stokes technique using Mexico measurements, 'The
Science of Making Torque from the Wind', June 2010

CENTRZ MAWCICEAL 2 SO FIRETIR LT HISETIN D DD Chpamnk
LHLEGHAS REMOVATLLS Ly FLIETLs PR ICTRTRLY g —
TR RTINS =




REOLTEC VII Asamblea General (Madrid) 16/10/2012
5. Documentacion disponible

* Yang Hua et al Determination of Aerofoil Data and Angle of Attack on the Mexico Rotor using Experimental Data
‘The Science of Making Torque from the Wind', June 2010

* S. Schreck et al Rotational Augmentation Disparities in the UAE Phase VI and MEXICO Experiments 'The Science of
Making Torgque from the Wind', June 2011

* S. Gomez-lradi and X. Munduate: A CFD Investigation of the Influence of Trip-Tape on the MEXICO Wind Turbine
Blade Sections 'The Science of Making Torque from the Wind', June 201

* B. Stoevesandt et al "OpenFOAM:RANS-Simulation of a wind turbine and verification " 'The Science of Making
Torque from the Wind', June 2011

* S. Breton, C. Sibuet, C. Masson, Analysis of the inflow conditions of the MEXICO Rotor : comparison between
measurements and numerical simulations, 'The Science of Making Torque from the Wind', June 201

* J.G. Schepers, K. Boorsma, H. Snel, |IEA Task 29 Mexnext: Analysis of wind tunnel measurements from the EU
project Mexico, 'The Science of Making Torque from the Wind', June 2010

* T. Lutz, Near Wake studies of the Mexico Rotor 'EWEA Annual Event', March 2011

* J.G. Schepers, K. Boorsma, C. Kim, T Cho, Results from Mexnext: Analysis of detailed aerodynamic measurements
on a 4.5 m diameter rotor placed in the large German Dutch Wind Tunnel DNW, 'EWEA Annual Event’, March 2011

* R. Pereira, J.G. Schepers, KM. Pavel, VAlidation of the Beddoes Leishman Dynamic Stall model for Horizontal Axis
Wind Turbines using Mexco data, 49th AIAA Aerospace Sciences Meeting Orlando USA, January 2011

* S.K. Guntur, C. Bak and N.N. Sorensen, Analysis of 3D stall models for wind turbine blades using data from the
Mexico experiment, 13th International conference on Wind Engineering, ICWE, Amsterdam Holland, July 2011

* D. Micallef et al, The relevance of spanwise flows for yawed horizontal-axis wind turbines, 13th International
conference on Wind Engineering, ICWE, Amsterdam Holland, July 2011

G CENER S, @mm pemecc | wmen — Gobierno

&Y de Navarra



REOLTEC VII Asamblea General (Madrid) 16/10/2012
5. Documentacion disponible

e Réthoré, P.-E., Sgrensen, N.N., Zahle, F., Bechmann, A., Madsen, H.A., "CFD model of the MEXICO wind tunnel”,
'EWEA Annual Event', March 2011

e Réthoré, P.-E., Sgrensen, N.N., Zahle, F., Bechmann, A., Madsen, H.A., "MEXICO Wind Tunnel and Wind Turbine
modelled in CFD". AIAA Conference. Honolulu, Hawaii, USA. June 2011

* K. Meister "Grid dependency studies on tip vortex preservation in wind turbine CFD simulations". Wake
Conference. Gotland University, Sweden. June 2011

* W.Z. Shen "Actuator Line / Navier Stokes Computations for Flows past the Yawed MEXICO Rotor". Wake
Conference. Gotland University, Sweden. June 2011

* N. Sorensen "Near Wake Predictions Behind the MEXICO Rotor in Axial and Yawed Flow Conditions". Wake
Conference. Gotland University, Sweden. June 2011

* R. Szasz "LES of the near wake of the MEXICO wind turbine". Wake Conference. Gotland University, Sweden.
June 2011

* S. Breton "Numerical Analysis of the Vorticity Structure of the MEXICO Rotor in the Near Wake". Wake
Conference. Gotland University, Sweden. June 2011

* K. Nillsen "The wake behind the Mexico rotor". Wake Conference. Gotland University, Sweden. June 2011

* Yang Hua et al "Extraction of airfoil data using PIV and pressure measurements” Journal of Wind Energy, 14,
2011, pages 539-556 .

* S.P. Breton, C. Sibuet Watters, C. Masson, S. Gomez-Iradi and X. Munduate “On the prediction of tip vortices in the near
wake of the MEXICO rotor using the actuator surface method, International”. Journal of Engineering Systems Modelling and
Simulation Vol. 4., Volume 4, Number 1-2/2012 , pp. 11-26.

® J.G. Schepers, K. Boorsma, T. Cho, S. Gomez-Iradi, P. Schaffarczyk, A. Jeromin, W.Z. Shen, T. Lutz, K. Meister, B.
Stoevesandt, S. Schreck, D. Micallef, R. Pereira, T. Sant, H.A. Madsen, N. Sorensen,” Final report of IEA Task 29, Mexnext
(Phase I), Analysis of Mexico Wind Tunnel Measurements, ECN-E-12-004, February 2012

G CENER S, @mm pemecc | wmen — Gobierno

&Y de Navarra



GRACIAS POR VUESTRO
TIEMPQO!!!

Sugoi Gomez-Iradi
ENERGIAS RENOVABLES sgomez@cener.com




