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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.

& 2008 Elsevier Ltd. All rights reserved.

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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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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Nomenclature

Symbols

( � )� chord scaling: ( � )� ¼ ( � )/c
( � )0 reduced time derivatives
(�) denotes time averaging
(d) time derivative

Latin letters

ang0 initial angle of attack
angeff effective angle of attack
~b body force
Ci aerodynamic coefficient (i ¼ L for

lift, M for moment, D for drag, u for
the flap driving force and w for the
edge driving force)

c airfoil chord
D damping ratio (D ¼ Pr/o0)
Di structural damping coefficient
Fu,w aerodynamic load
I inertia tensor
k stiffness coefficient
k turbulence kinetic energy
kR roughness height
M pitching moment
MD modal damping ratio (MD ¼ �D/

2p)
m airfoil mass per unit length
Pr, Pi the real and imaginary part of the

eigenvalues
p the fluid pressure
p̄ fluid pressure mean value
p0 fluctuating pressure value
p0 initial pitch angle
R airfoil radial position
Re Reynolds number
Rf mass ratio Rf ¼ rairc

2/m
r̄ mass scaling (r/m)
r2 inertia mass scaling (Ip/m)

Si static moment about elastic axis
U wind velocity
Ū non-dimensional wind speed
ū fluid velocity mean value
u0 fluctuating velocity value
~u fluid velocity vector
uI
!

airfoil surface velocity at point (x,z)

uI
!
�

airfoil surface acceleration at point
(x,z)

u, w flap and edge displacements, re-
spectively

Vi i-component of input air stream
velocity

y+ non-dimensional distance from the
wall (y+

¼ yut/n)
u� friction velocity
ut friction velocity

Greek letters

a displacement vector

a torsion angle
e turbulence dissipation rate
k reduced frequency k ¼ Oc=U

m fluid viscosity
mt turbulent viscosity
n kinematic fluid viscosity
(x,z) sectional principal elastic axes
xDi non-dimensional structural damp-

ing coefficient 2xDioi ¼ Di/m
t reduced time ð¼ Ut=cÞ

t
2

viscous stress tensor
O rotational speed y

�

o specific dissipation rate
ōi uncoupled harmonic oscillation fre-

quency ōið¼ oi=OÞ
o0 natural frequency

o0 ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
P2

r þ P2
i

q� �

C.A. Baxevanou et al. / J. Wind Eng. Ind. Aerodyn. 96 (2008) 1425–14431426



Download English Version:

https://daneshyari.com/en/article/293209

Download Persian Version:

https://daneshyari.com/article/293209

Daneshyari.com

https://daneshyari.com/en/article/293209
https://daneshyari.com/article/293209
https://daneshyari.com

