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ABSTRACT

In this study, aeroelastic performance analyses have been conducted for a 10MW class wind turbine blade model.
Advanced computational analysis system based on computational fluid dynamics (CFD) and computational structural
dynamics (CSD) has been developed in order to investigate detailed dynamic responsed of wind turbine blade.
Reynolds-averaged Navier-Stokes (RANS) equations with k-0 SST turbulence model are solved for unsteady flow
problems of the rotating turbine blade model. A fully implicit time marching scheme based on the Newmark direct
integration method is used for computing the coupled aeroelastic governing equations of the 3D turbine blade for
fluid-structure interaction (FSI) problems.
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Table 1 Material Properties of composite blade

UD
E11(GPa) | E22(GPa) [G12(GPa) | v12 | p(kg/m’)
43.1 13.2 3.62 0.241 1,939
S1T(MPa) | S2T(MPa) | S1IC(MPa) | S2C(MPa) | SS(MPa)
916 41 759 124 38
Balsa Wood
E(GPa) v p(kg/m’)
3.72 0.1 151

Table 2 Calculated natural frequencies

Fig. 3 Geometric configuration of 10MW
wind-turbine blade model
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Fig. 4 Finie element structural model for the
10MW class blade

RPM | 1% mode | 2" mode | 3 mode | 4" mode
8 0.74 1.14 2.22 3.85
13 0.76 1.15 2.25 3.87

Hl

Mode 3

Mode 1 Mode 2

(0.76 Hz) (1.15 Hz)

(2.25 Hz)

Mode 4
(3.87 Hz)

Fig. 5 Natural vibration mode shapes (12 rpm)
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Fig. 7 CFD grid of I0MW turbine blade
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Table 3 Comparison of calculated power between the rigid
and the flexible models

Wind P P
= . Pitch O,‘N_er Ow.er Difference
Velocity 1e(®) (Rigid (Flexible @)
angle
(Vs) 8 Model) | Model) ¢
9 -0.42 | 3.14 MW | 3.33 MW 6.0
13 -0.42 | 9.45 MW | 10.68 MW 12.0
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Fig. 11 Instantaneous aeroelastic deformation shapes

(a) Rigid blade model (b) Aerolelastic blade model

Fig. 12 Comparison of instantaneous pressure contours with
stream lines (rigid vs. elastic blade)
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