
Why this study?

Wind turbine blades face harsh environmental conditions. That is
the reason that many blades today are mounted with leading
edge protection (LEP) solutions in the form of flexible coatings
and erosion shields. However, the LEP can cause adverse
aerodynamic effects. Especially for the erosion shields this is
due to backward-facing steps (BFS) on both sides of the aerofoil,
caused by the thickness they add around leading edge when
wrapped around the clean blade surface. Using a 2D CFD-RANS
workflow validated against wind tunnel measurements from the
Poul la Cour Tunnel (PLCT) it is investigated how well the
aerodynamic losses due to BFS can be modeled.

How did we study it?

The starting point were wind tunnel tests in the Poul la Cour
Tunnel, PLCT, on a NACA 633-418 aerofoil with a chord of 1m,
Reynolds numbers between 3 and 7 million and with different
configurations of LEP. The LEP covered the leading edge
surface from 10% to 50% chord length, where the step location
at the surface is illustrated below. This work is already published,
see Bak et al.*.

The modeling was carried out with the 2D version of DTU Wind’s
in-house incompressible finite volume Computational Fluid
Dynamics (CFD) solver EllipSys using the k-ω SST to model the
turbulence and the eN transition model or the correlation-based
γ-Reθt model to predict the transition from laminar to turbulent
flow. The inflow turbulence intensity was set to 0.1%,
corresponding to the level measured in the PLCT. An example of
the computational mesh is seen below with resolved LEP with
l/c=10%, h/c=0.050% and chamfer ratio of 10. In the upper panel
only every second grid line is shown.
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tunnel. In WindEurope Annual Event 2025. IOP Publishing. 2025. 012009. (Journal of Physics:
Conference Series; No. 1, Vol. 3025).
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What did we find?

The predictions made with CFD were compared to the measured 
polars (Exp.), see e.g. the plot below. The agreement between 
predictions and measurements was very good in the attached 
flow region. However, approaching stall, the 2D simulations are 
known to diverge from wind tunnel measurements as reflected in 
the plot.

Based on numerous computations an investigation of how well 
CFD predicted the performance with different positions of BFS. 
Plots of Dcl and Dcd are shown below,

Based on numerous computations carried out on the aerofoil 
with different LEP configurations and at different Reynolds 
numbers the figure below shows the local step Reynolds 
numbers as function of the step height, normalised by boundary 
layer thickness, δ, (left) and displacement thickness, δ⋆, (right). 
The red dots show the critical events, where transition is 
triggered and the blue dots show the subcritical events.  The 
step Reynolds number allow identifying a transition safe zone. As 
long as it remains below 900, transition is avoided. The 
experimental data indicate that a step height limit lies around 
h/δ=0.8, h/δ⋆=3.2. 

More results can be found in the paper, where it is shown how cl
decreases and cd increases the closer the BFS is to the leading
edge. Also, results from simulations with chamfer show how
chamfers significantly mitigates the aerodynamic impact.

Conclusion

Aerodynamic losses from LEP are almost entirely attributable to 
premature laminar-turbulent transition occurring at the backward-
facing steps (BFS). The further forward the step and the higher 
the Reynolds number, the smaller does the step have to be to 
avoid transition. A critical step Reynolds number provides a 
reliable indicator for transition triggering. A safe limit of 900 was 
reconfirmed, below which the steps remain subcritical. Adding 
chamfers significantly mitigates the aerodynamic impact.
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