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ABSTRACT

In this study, performance analyses have been conducted for a SMW 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-e 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. Predicted acrodynamic performance considering

structural deformation effect of the blade show different results compared to the case of rigid blade model.
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Fig. 1 Aeroelastic engineering feedback mechanism
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Fig. 2 Fluid-Structure coupled computational process using the
second-order time-accurate staggered method
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Fig. 3 Geometric configuration of 5 MW
wind-turbine blade model
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a) Configuration of 5SMW-class the wind turbine blade
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Fig. 5 Geometric configuration of blade
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Table 1 Material Properties of composite blade
UD
E11(GPa) | E22(GPa) | Gl2(GPa) v12 p(kg/m3)
431 132 3.62 0.241 1,939
SIT(MPa) | S2T(MPa) | SIC(MPa) | S2C(MPa) | SS(MPa)
916 41 759 124 38
Balsa Wood
E(GPa) v p(kg/m3)
372 0.1 151

Table 2 Calculated natural frequencies for the SMW wind turbine blade

(Unit : Hz)
Pitch angle(®) PFmode | 2mode | 3%mode | 4™mode
0 0.9586 1.4856 2.8740 4.9865 (b) Computational domain grid
-3 0.9581 1.4858 2.8740 4.9865 Fig. 7 CFD grid of SMW turbine blade
-35 0.9580 1.4859 2.8739 4.9866
-4 0.9579 1.4860 2.8740 4.9866
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Fig. 8 Performance of Rigid wind turbine blade
according wind speed and pitch angles
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Fig. 6 Natural vibration mode shapes

FERES} e

Fig. 72 $5ol4 S $13t Bdlol=

dlol= 91 54 A2E e
25 2 AxL=
Frame) 7|¥& 8-85to] #5780l (-)x
spIkE Flek F4ad
= ALgsto] xSk Inlet flow &£E5
k—e GERYS Has}dct ZF 27| gis)A
BARAE veste] 3
Holew Sdol=g

o wHAA} 2
Aew f-FARt A 2l
= 117,3117]}0]t}, MRF(Multiple Reference
Heko 2 12 RPMY)
2 Velocity Inlet Boundary
27kt Aol
Efol=E

Zamz S|4g AT Fig. 8ol Uk
AR F1gste] suwel Eee 2
© Ed0|=9] X Zof ug FHA T sHe 3

61 Pitch Angl Pitch Angl L Rigid
itch Angle itch Angle -
.0.42 deg 3.5 deg W Flexible

Power (W)

14 16
Wind Velocity (m/s)

18 20
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Table 3 Comparison of calculated power between the rigid
and the flexible models

Wind Pitch |Power (Rigid|Power (Flexible |Difference
Velocity(m/s) |angle(®)|  Model) Model) (%)
13 -0.42 497 MW 511 MW 2.82
16 -35 491 MW 4.32 MW 12.02
-2.8 543 MW 516 MW 497
4 z

|/

(a) Isoperimetric view (b) X-Z plane view (c) Y-Z plane view
Fig. 10 Instantaneous aeroelastic deformation shapes

7

Fig. 11 Instantaneous velocity contours with vector plot
for different span point
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