Journal of Wind Engineering and Industrial Aerodynamics 96 (2008) 1425- 1443

Contents lists available at ScienceDirect

Journal of Wind Engineering
and Industrial Aerodynamics

journal homepage: www.elsevier.com/locate/jweia

Evaluation study of a Navier- Stokes CFD aeroelastic
model of wind turbine airfoils in classical flutter

C.A. Baxevanou?, PK. Chaviaropoulos®, S.G. Voutsinas ¢, N.S. Vlachos **

2 Department of Mechanical & Industrial Engineering, University of Thessaly, Athens Avenue, 38334 Volos, Greece
b Centre for Renewable Energy Sources, Pikermi Attikis, Greece
€ Department of Mechanical Engineering, National Technical University of Athens, Greece

ARTICLE INFO

ABSTRACT

Article history:

Received 2 June 2006
Accepted 20 March 2008
Available online 19 May 2008

Keywords:

CFD

Aeroelasticity

Wind turbine blades
Classical flutter
Stability

This paper describes a new aeroelastic numerical model, which
combines a Navier-Stokes CFD solver with an elastic model and
two coupling schemes for the study of the aeroelastic behaviour
of wind turbine blades undergoing classical flutter. The basic
characteristics of the aerodynamic and elastic models are
presented together with the coupling schemes. The present model
is evaluated by comparing with previous numerical results and
the corresponding linear analytical solutions. Consequently, a
parametric study is carried out. Conclusions are drawn about the
ability of the model to handle the aeroelastic behaviour of an
airfoil and about the most appropriate coupling scheme in terms
of predicting the modal damping and the flutter limiting point.
The present study shows that the predictions are only slightly
affected by the coupling or the space discretization scheme and
mainly by the turbulence model used.
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1. Introduction

The interest in the study of the aeroelastic stability of wind turbines has been recently renewed
when cracks were observed on wind turbine blades (Moeller, 1997). Linear analysis performed on
rotating typical blade sections undergoing a coupled flap-lag motion has shown that cracks would
appear as a result of negative aerodynamic damping in stalled flow conditions when low tempe-
ratures or material aging may have degraded the inherent structural damping (Chaviaropoulos,
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Nomenclature S; static moment about elastic axis
U wind velocity
Symbols U non-dimensional wind speed
. o il fluid velocity mean value
E : ;/ Egc(l)ligeiiciiiggd(ér)iv;i\(/éz/ ¢ v fluctuating velocity value
) : - u fluid velocity vector
() d_enot;s time averaging Hj airfoil surface velocity at point (&)
() time derivative u airfoil surface acceleration at point
. (<9
Latin letters u, w flap and edge displacements, re-
Lo spectively
Vi omponen of it i sian
S velocity
body force . . . y* non-dimensional distance from the
G qerodynamlc coefficient (i =L for wall (y* = yu./v)
lift, M for moment, D for drag, u for u* friction velocity
g;legeﬂ&clllii\(/jir;‘gmflogrz(e)ice and w for the U, friction velocity
c airfoil chord
D damping ratio (D = P;/wq) Greek letters
D; structural damping coefficient .
Fuw aerodynamic load a dlsp-lacement vector
I inertia tensor E torsion angle
k stiffness coefficient € turbulence dissipation rate
k turbulence kinetic energy K reduced frequency « = Qc/U
kg roughness height H fluid viscosity
M pitching moment e tgrbuleqt v15§051t.y .
MD modal damping ratio (MD = —D/ v kme'matlc ﬂvuld' v1sc051t3_/
27) (&0 sectlopal prl.nc1pal elastic axes
m airfoil mass per unit length Epi pon—dlmer?smnal structural damp-
P, P, the real and imaginary part of the ing coefficient 2¢piw; = Difm
eigenvalues T rgduced time (= Ut/c)
D the fluid pressure T viscous stress tensor
p fluid pressure mean value Q rotat.lonal. sp.eed. o
P fluctuating pressure value o specific dissipation rate
Po initial pitch angle @ uncoupled harmonic oscillation fre-
R airfoil radial position quency @;(= wi/Q)
Re Reynolds number @o natural frequency
R¢ mass ratio Rf = p.ic?/m
P mass scaling (r/m) (wo =/P? +pi2>
2 inertia mass scaling (I,/m)

1999). In order to overcome this problem industry introduced stall strips to avoid negative
aerodynamic damping (in spite of the penalty on the produced energy) and by revising the structural
design in order to increase structural damping (Chaviaropoulos et al., 2004). However, because the
available margins for design modifications are narrow, it became necessary to reconsider the
aeroelastic problem in more detail on the basis of more accurate non-linear models so as to gain
better understanding. In this connection viscous aerodynamic models have been introduced, classical
and stall flutter problems have been considered at the level of wind turbine blade sections and
results have been compared to linear theory (Dowell et al., 1995). Following the analysis in
Chaviaropoulos (1999) the 3D flow conditions are mapped on typical sections and the flexibility of
the blades is introduced by means of concentrated stiffness. Although such an approach deals with a
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