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PREDICTION OF AERODYNAMIC PERFORMANCE LOSS OF A WIND TURBINE BLADE SECTION
DUE TO CONTAMINANT ACCUMULATION

TH. Yang, JH. Choi, D.O. Yu and O.J. Kwon'
Dept. of Aerospace Engineering, KAIST

In the present study, the effects of contaminant accumulation and surface roughness on the aerodynamic
performance of wind turbine blade sections were numerically investigated by using a flow solver based on
unstructured meshes. The turbulent flow over the rough surface was modeled by a modified k-w SST turbulence
model. The calculations were made for the NREL S809 airfoil with varying contaminant sizes and positions at
several angles of attack. It was found that as the contaminant size increases, the degradation of the airfoil
performance becomes more significant, and this trend is further amplified near the stall condition. When the
contaminant is located at the upper surface near the leading edge, the loss in the aerodynamic performance of the
blade section becomes more critical. It was also found that the surface roughness leads to a significant reduction of

lift, in addition to increased drag.
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Fig. 1 Computational mesh
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Fig. 2 Result of grid dependency test
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Table 1 Computational grids for clean S809 airfoil

Coarse grid | Medium grid Fine grid
Grid point 32,038 39,614 60,435
Grid element 40,125 49,274 80,882
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Table 2 S809 airfoils with contaminant accumulation

Name Position Height
CLEAN None 0.0000c
DU125R03 0.0060c
DUI125R05 0.0125¢ 0.0100c
DU050R03 surface 0.0060c
DUO50R05 0.0050c 0.0100c
DU050R07 0.0140¢c
DLO00R03 ) 0.0060c
DLOOOR05 |  leading 0.0000c 0.0100¢
DLO0OR07 £ 0.0140¢c
DLO50R03 0.0060c
DL050R05 0.0050c 0.0100c
DL050R07 Lower 0.0140c
DL125R03 surface 0.0060c
DL125R05 0.0125¢ 0.0100c
DL125R07 0.0140c
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Fig. 3 Distribution of pressure coefficient along airfoil surfaces
with varying contaminant sizes
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Fig. 4 Pressure and streamline distribution with varying
contaminant sizes (angle of attack: 9.22°)
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Fig. 5 Pressure and streamline distribution with varying
contaminant positions (angle of attack: 9.22°)
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Fig. 6 Velocity distribution change due to contaminant
accumulation (angle of attack: 9.22°)
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Fig. 7 Computed lift and drag coefficients for wind turbine blade
sections with contaminant accumulation
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Fig.8 Computed skin-friction coefficients for rough plates
compared with the semiempirical formula
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Table 3 S809 airfoils with surface roughness

Name Roughness height Roughness area
DLO0ORO03 0.0000x10™
DLO00RO3HI 1.0000x10™ 0.1500c
DLO00R0O3H2 2.0000x10™
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(a) computed lift coefficients at several angles of attack
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(b) computed lift and drag coefficients

Fig. 9 Computational result for wind turbine blade sections
with surface roughness
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