
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 ISBN: 978-1-63266-927-8 

32nd ASME Wind Energy 
Symposium 2014 

National Harbor, Maryland, USA 
13 - 17 January 2014 

 

Held at the AIAA SciTech Forum 2014 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The contents of this work are copyrighted and additional reproduction in whole or in part 
are expressly prohibited without the prior written permission of the Publisher or 
copyright holder. The resale of the entire proceeding as received from CURRAN is 
permitted. 
 
For reprint permission, please contact AIAA’s Business Manager, Technical Papers.  
Contact by phone at 703-264-7500; fax at 703-264-7551 or by mail at  
1801 Alexander Bell Drive, Reston, VA 20191, USA. 

Printed from e-media with permission by: 
 

Curran Associates, Inc. 
57 Morehouse Lane 

Red Hook, NY  12571 
 

 
 

Some format issues inherent in the e-media version may also appear in this print version. 
 
 
 
 



TABLE OF CONTENTS 
 
 
 

WIND TURBINE AIRFOIL DESIGN AND ANALYSIS 
 
The Flow Field of a Dynamically Pitching Finite Span S809 Blade and its Control ........................................................ 1

K. Taylor, C. Leong, M. Amitay 
 

Influence of 2D Steps and Distributed Roughness on Transition on a NACA 633-418 .................................................. 12
R. Ehrmann, E. White 

 

Experimental and Numerical Investigation of an Optimized Airfoil for Vertical Axis Wind Turbines....................... 24
D. Ragni, C. Ferreira, M. Barone 

 
WIND TURBINE BLADE MATERIALS AND MANUFACTURING 
 
Creep/Fatigue Response of Resin Infused Biaxial (Double Bial) Glass Fabric Laminates in Reversed 
Loading................................................................................................................................................................................. 34

D. Samborsky, J. Mandell, D. Miller 
 

A New Fatigue Analysis Procedure for Composite Wind Turbine Blades...................................................................... 48
W. Hu, K. Choi, O. Zhupanska, J. Buchholz 

 

Effects of Tensile Stresses On The Moisture Diffusion Characteristics of Epoxy Glass Composites ........................... 65
M. Stoffels, D. Miller, D. Samborsky, J. Mandell 

 

Optimal Design of Sandwich Core for Wind Turbine Blade Buckling Resistance......................................................... 80
F. Stoll 

 
BLADE AND TURBINE DESIGN I 
 
Definition of the National Rotor Testbed: An Aeroelastically Relevant Research-Scale Wind Turbine 
Rotor ................................................................................................................................................................................... 101

B. Resor, D. Maniaci 
 

On Calibration of Simpler Alternatives to Statistical Load Extrapolation for Wind Turbine Design ....................... 116
L. Manuel, H. Nguyen, M. Barone 

 

Comprehensive Aerodynamic Analysis of a 10 MW Wind Turbine Rotor Using 3D CFD ......................................... 125
F. Zahle, C. Bak, S. Guntur, N. Sorensen, N. Troldborg 

 

Structural Effciency Analysis of the Sandia 100m Wind Turbine Blade ...................................................................... 140
N. Buckney, A. Pirrera, P. Weaver, D. Griffith 

 
OFFSHORE WIND ENERGY SYSTEMS 
 
Effects of Second-Order Hydrodynamic Forces on Floating Offshore Wind Turbines............................................... 167

T. Duarte, A. Sarmento, J. Jonkman 
 

Development of a Maintenance Option Model to Optimize Offshore Wind Farm Sustainment ................................ 182
P. Sandborn, G. Haddad, A. Kashani-Pour, X. Lei 

 

Wind/Wave Misalignment in the Loads Analysis of a Floating Offshore Wind Turbine ............................................ 189
L. Barj, S. Stewart, G. Stewart, M. Lackner, D. Matha 

 
WIND TURBINE AEROELASTICITY AND STRUCTURAL DYNAMICS I 
 
Modal Dynamics and Stability of Large Multi-Megawatt Deepwater Offshore Vertical-Axis Wind 
Turbines: Initial Support Structure and Rotor Design Impact Studies ........................................................................ 201

B. Owens, D. Griffith, J. Hurtado 
 

Aeroelastic Vibration Suppression of a Rotating Wind Turbine Blade Using Adaptive Control ............................... 222
N. Li, M. Balas 

 

FAST Modular Wind Turbine CAE Tool: Nonmatching Spatial and Temporal Meshes ........................................... 231
M. Sprague, J. Jonkman, B. Jonkman 

 

Model-Based Aeroservoelastic Design and Load Alleviation of Large Wind Turbines ............................................... 255
B. Ng, H. Hesse, R. Palacios, J. Graham, E. Kerrigan 

 



WIND FARM AND TURBINE-WAKE INTERACTION I 
 
Experimental Quantification of the Entrainment of Kinetic Energy and Production of Turbulence in 
the Wake of a Wind Turbine with Particle Image Velocimetry..................................................................................... 276

L. Lignarolo, D. Ragni, C. Ferreira, G. Bussel 
 

Evaluation of the Effect of Realistic and Synthetic Inflow on the Power and Loading Pattern of Wind 
Turbine ............................................................................................................................................................................... 288

H. Gopalan, D. Chandar, C. Gundling, J. Sitaraman, W. Henshaw, J. Mirocha, S. Wharton, W. Miller, J. Newman, 
P. Klein 

 

Analyzing Effects of Turbulence on Power Generation Using Wind Plant Monitoring Data ..................................... 305
J. Zhang, S. Chowdhury, B. Hodge 

 

Optimal Control of Wind Farm Power Extraction in Large Eddy Simulations........................................................... 319
J. Goit, J. Meyers 

 

The Effect of Various Actuator-Line Modeling Approaches on Turbine-Turbine Interactions and 
Wake-Turbulence Statistics in Atmospheric Boundary-Layer Flow ............................................................................ 330

P. Jha, M. Churchfield, P. Moriarty, S. Schmitz 
 

Modelling Extreme Wind Events in a Wind Farm using Large Eddy Simulation ....................................................... 351
R. Storey, S. Norris, J. Cater 

 
WIND TURBINE AEROELASTICITY AND STRUCTURAL DYNAMICS II 
 
Cyber-Physical Energy Harvesting through Flow-Induced Oscillations of a Rectangular Plate................................ 363

K. Onoue, A. Song, B. Strom, K. Breuer 
 

Floquet Stability Analysis ofWind Turbines using Input-Output Models .................................................................... 376
C. Bottasso, S. Cacciola, R. Riva 

 

Aerodynamic Sensitivity Analysis of Rotor Imbalance and Shear Web Disbond Detection Strategies 
for Offshore Structural Health Prognostics Management of Wind Turbine Blades.................................................... 388

N. Myrent, D. Adams, D. Griffith 
 

Wind Turbine Structural Model Using Non-Linear Modal Formulations ................................................................... 415
L. Bernhammer, R. Breuker, M. Karpel 

 

Aeroelastic Study of a Vertical Axis Wind Turbine with Troposkien Shape................................................................ 429
A. Fereidooni, F. Nitzsche, E. Matida 

 

Wind Turbine Fluid-Structure Interaction using an Actuator Line Solver and a Structural Dynamics 
Solver in a Tightly-Coupled Implementation .................................................................................................................. 442

J. Motta-Mena, P. Jha, R. Campbell, S. Schmitz, J. Brasseur 

 
ATMOSPHERIC PHYSICS AND INFLOW 
 
Blade Boundary Layer Response to Atmospheric Boundary Layer Turbulence on a NREL 5MW 
Wind Turbine Blade with Hybrid URANS-LES ............................................................................................................. 453

G. Vijayakumar, A. Lavely, B. Jayaraman, B. Craven, J. Brasseur 
 

Transition in Atmospheric Turbulence Structure from Neutral to Convective Stability States ................................. 466
B. Jayaraman, J. Brasseur 

 

Toward a Blade-Resolved Hybrid URANS-LES of the NREL 5-MW Wind Turbine Rotor within 
Large Eddy Simulation of the Atmospheric Boundary Layer ....................................................................................... 483

A. Lavely, G. Vijayakumar, B. Craven, B. Jayaraman, P. Jha, T. Nandi, E. Paterson, J. Brasseur 
 

On the Use of Site Data to Define Extreme Turbulence Conditions for Wind Turbine Design .................................. 499
J. Moon, W. Sahasakkul, M. Soni, L. Manuel 

 
WIND TURBINE LOADS, DYNAMICS, AND CONTROL I 
 
Synthetic Jet based Active Flow Control of Dynamic Stall Phenomenon on Wind Turbines Under 
Yaw Misalignment ............................................................................................................................................................. 506

S. Tran, O. Sahni, D. Corson 
 

An Active Fault-Tolerant Control Approach to Wind Turbine Torque Load Control against Actuator 
Faults .................................................................................................................................................................................. 517

H. Badihi, Y. Zhang, H. Hong 
 



Effects of Gain-Scheduling Methods in a Classical Wind Turbine Controller on Wind Turbine 
Aeroservoelastic Modes and Loads .................................................................................................................................. 529

C. Tibaldi, L. Henriksen, M. Hansen, C. Bak 
 

Sizing and Control of Trailing Edge Flaps on a Smart Rotor for Maximum Power Generation in Low 
Fatigue Wind Regimes ...................................................................................................................................................... 541

J. Smit, L. Bernhammer, S. Navalkar, L. Bergami, M. Gaunaa 
 

Wind Turbine and Wind Farm Control Testing in a Boundary Layer Wind Tunnel ................................................. 558
C. Bottasso, F. Campagnolo 

 
BLADE AND TURBINE DESIGN II 
 
PIV-Based Analysis of 2D and 3D Flow Phenomena of Vertical Axis Wind Turbine Aerodynamics ........................ 570

G. Tescione, D. Ragni, C. He, C. Ferreira, G. Bussel 
 

Cross-Sectional Analysis of Composite Beams with Distributed Loads........................................................................ 584
W. Yu 

 

Structural Optimization of Multi-Megawatt, Offshore Vertical Axis Wind Turbine Rotors...................................... 601
M. Schelbergen, L. Bernhammer, E. Ferede, C. Ferreira 

 

Effects of Defects Part A: Treatment of Manufacturing Defects as Uncertainty Variables in a Wind 
Blade Probabilistic Design Framework ........................................................................................................................... 620

T. Riddle, D. Cairns, J. Nelson 
 

Effects of Defects: Part B—A Comparison of Progressive Damage Modeling of Fiberglass/Epoxy 
Composite Structures with Manufacturing Induced Flaws ........................................................................................... 638

J. Nelson, D. Cairns, T. Riddle 
 

An Experimental Investigation on the Aeromechanics and Near Wake Characteristics of Dual-Rotor 
Wind Turbines (DRWTs).................................................................................................................................................. 655

A. Ozbay, W. Tian, H. Hu 

 
WIND FARM AND TURBINE-WAKE INTERACTION II 
 
Wind Farm Simulations Using a Full Rotor Model for Wind Turbines ....................................................................... 679

J. Sitaraman, D. Mavriplis, E. Duque 
 

Sensitivity Analysis of Wind Plant Performance to Key Turbine Design Parameters: A Systems 
Engineering Approach ...................................................................................................................................................... 697

K. Dykes, A. Ning, R. King, P. Graf, G. Scott, P. Veers 
 

Scaled Wind Farm Technology Facility Overview.......................................................................................................... 723
J. Berg, J. Bryant, B. LeBlanc, D. Maniaci, B. Naughton, J. Paquette, B. Resor, J. White, D. Kroeker 

 

Implementing the Dynamic Wake Meandering Model in the NWTC Design Codes ................................................... 738
Y. Hao, M. Lackner, R. Keck, S. Lee, M. Churchfield, P. Moriarty 

 

Wind Turbine Performance Losses in Array Operation as a Function of Turbine Spacing and 
Upstream Wake Number .................................................................................................................................................. 757

B. Ennis, D. Adams, S. Fleeter 

 
WIND TURBINE AEROELASTICS 
 
On Modeling Coupled Influences of Wind, Wave, and Current Loads on an Offshore Wind Turbine 
during a Hurricane ............................................................................................................................................................ 775

E. Kim, L. Manuel, J. Michalakes, P. Veers 
 

Computation of Two-Dimensional Wind Turbine Airfoil Characteristics Using Advanced Turbulence 
and Transition Modeling Methods and a GPU-Accelerated Navier-Stokes Solver...................................................... 783

T. Rinehart, S. Medida, S. Thomas, J. Baeder 
 

Time-Varying Flexible Airfoil Shape Effects on Flapping Airfoil Power Extraction .................................................. 799
C. Hoke, J. Young, J. Lai 

 

Improved Power Coe cient of Horizontal Axis Wind Turbines Using Optimized Lift Control .................................. 819
J. Cooney, T. Williams, T. Corke 

 

Flow-Induced Instability of Wind Turbine Blades ......................................................................................................... 834
P. Pourazarm, Y. Modarres-Sadeghi, M. Lackner 

 
 
 



WIND TURBINE LOADS, DYNAMICS, AND CONTROL II 
 
Gain Scheduled Active Power Control for Wind Turbines ............................................................................................ 844

S. Wang, P. Seiler 
 

An Experimental Investigation on Dynamic Wind Loads Acting on a Wind Turbine Model in 
Atomspheric Boundary Layer Winds .............................................................................................................................. 859

W. Tian, A. Ozbay, H. Hu 
 

Optimal Control for Load Alleviation in Wind Turbines .............................................................................................. 867
B. Parys, B. Ng, P. Goulart, R. Palacios 

 

Investigation of the Effect of Off-Axis Spar Cap Piles on Damage Equivalent Loads in Wind Turbines 
with Superelement Blade Definition................................................................................................................................. 879

M. Gozcu, M. Olgun, A. Kayran 
 

Nonlinear Legendre Spectral Finite Elements for Wind Turbine Blade Dynamics ..................................................... 909
Q. Wang, M. Sprague, J. Jonkman, N. Johnson 

 
WIND TURBINE MONITORING AND PERFORMANCE 
 
Wireless Structural Health Monitoring of Wind Turbine Blades Using an Energy Harvester as a 
Sensor ................................................................................................................................................................................. 922

D. Lim, S. Mantell, P. Seiler 
 

Wind Turbine Rotor Blade Monitoring using Digital Image Correlation: Assessment on a Scaled 
Model .................................................................................................................................................................................. 932

J. Winstroth, J. Seume 
 

Employing Wind Farm Performance Data for Model Validation and Turbine Layout/Geometry 
Optimization ...................................................................................................................................................................... 948

B. DuPont, J. Cagan 
 

Exploration of Modal Decomposition Techniques for Wind Turbines ......................................................................... 958
A. Mittal, K. Sreenivas, L. Taylor 

 

FENSAP-ICE Simulation of Complex Wind Turbine Icing Events, and Comparison to Observed 
Performance Data .............................................................................................................................................................. 973

D. Switchenko, W. Habashi, G. Baruzzi, I. Ozcer 
 

Characterizing the Effects of Inflow on a 2.5 MW Research Utility Turbine............................................................... 994
K. Howard, M. Guala 

 

Author Index 




