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Numerical study of the effects of different erosion types over blade surface
of a wind turbine, on the aerodynamic characteristics via 3D simulations
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Abstract

This study presents a comprehensive numerical investigation into the acrodynamic degradation
of the NACA 64618 airfoil, a representative section of modern wind turbine blades, subjected
to five distinct types of leading-edge erosion. To realistically eapture the random distribution,
depth, and width variations of surface defects near the leading edge, fully three-dimensional
simulations were performed. The geometric patterns and dimensional ranges of mild and severe
erosion were defined based on available experimental observations, ensuring that the modeled
damage reflects realistic field conditions. The incompressible flow field was solved using the
SST k-w turbulence model over a wide range of angles of attack, from -5° to 25°, for three
configurations: clean, mildly eroded, and severely eroded airfoils. The results demonstrate that
leading-edge erosion significantly increases drag for a given lift level, resulting in a noticeable
reduction in aerodynamic efficiency. This performance loss becomes more pronounced at
higher angles of attack, where flow separation is more sensitive to surface irregularities. The
severity of erosion plays a decisive role, with severe damage causing substantially greater
aerodynamic penalties compared to mild erosion. Characteristic curves of lift, drag, and
lift-to-drag ratio were generated for all cases, enabling a clear quantitative comparison of the
aerodynamic behavior under different erosion scenarios. Among the five erosion types
examined, longitudinal cracks (aligned with the blade span and perpendicular to the chord)
were found to be the most detrimental. This damage morphology led to reductions of
approximately 43% in maximum lift coefficient and 50% in peak aerodynamic efficiency, while
increasing drag at the efficiency peak by nearly a factor of four. These findings highlight the
critical influence of erosion geometry on airfoil performance and underscore the need for
accurate modeling of leading-edge defects in aerodynamic assessments. The results also
emphasize the importance of timely inspection and mitigation strategies to preserve the
aerodynamic integrity and energy production capability of wind turbine blades.

Keywords: wind turbine blade, aerodynamic characteristics, leading edge erosion, 3D
numerical solution, drag coefficient, blade surface damage.
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Figure 1. Examples of wind turbine blade erosion: A)
roughness formation and erosion, B) pit formation,
C) gouging, and D) leading-edge delamination [3]
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Table 1. Erosion parameters and their values
for mild and severe conditions
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Mild Severe
erosion erosion

Erosion
depth/diameter 4 mm 20 mm

Erosion count 10 25

Chord erosion spread 80 mm 160 mm
Distance .between 24 mm 12 mm

erosions
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Figure 4. Side view of the computational domain
mesh
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Table 2. Mesh independence study for the lift

coefficient at zero angle of attack under severe
pit-type erosion
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Mesh count | Lift coefficient
200,000 0.460
400,000 0.531
600,000 0.552
800,000 0.565

1,000,000 0.567
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Figure 6. Validation of lift coefficient between
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Figure 11. Comparison of lift coefficient versus
drag coefficient for pit-type erosion
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Figure 10. Comparison of aerodynamic
efficiency for pit-type erosion
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Figure 14. Comparison of lift coefficient versus
drag coefficient for gouge-type erosion
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Figure 12. Comparison of lift coefficient for
gouge-type erosion

oS g9 3 Gialw B (sl T cu i dunn lila -1 Y
S a

—e—uncroded
or -&-mild erosion
T SEVETE erosion :
10 I T T T I
-5 0 5 10 15 20 25
Alpha (deg)

Figure 13. Comparison of aerodynamic
efficiency for gouge-type erosion
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Figure 17. Comparison of lift coefficient versus
drag coefficient for delamination-type erosion
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Figure 15. Comparison of lift coefficient for
delamination-type erosion

wiwg g9 3 GRale 8 6l p T 0 cu po dumglio 10 S5

—e—uneroded
or -2 -mild erosion
U gevere erosion
-10 : ; - : :
-5 0 5 10 15 20 25
Alpha (deg)

Figure 16. Comparison of aerodynamic
efficiency for delamination-type erosion
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Figure 20. Comparison of lift coefficient versus
drag coefficient for transverse-crack erosion
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Figure 18. Comparison of lift coefficient for
transverse-crack erosion
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Figure 19. Comparison of aerodynamic
efficiency for transverse-crack erosion
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Figure 23. Comparison of lift coefficient versus
drag coefficient for longitudinal-crack erosion
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Table 4. Reduction in aerodynamic coefficients
of the eroded airfoil relative to the clean airfoil
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Figure 21. Comparison of lift coefficient for
longitudinal-crack erosion
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Figure 22. Comparison of aerodynamic
efficiency for longitudinal-crack erosion
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