
Figure 1. Comparison of the OAT 15A supercritical airfoil (dotted line) and the FFA-W3-211 wind turbine airfoil (solid line).

widely researched transonic buffet that occurs over supercritical airfoils. This emphasizes that transonic buffet on wind turbine

airfoils could be strikingly distinctive and is, therefore, in need of dedicated research.

For investigating complex turbulent flows, URANS is a popular technique as it offers a good compromise in terms of fidelity

and computational expense between higher-fidelity but extremely resource-intensive techniques – like Large Eddy Simulation65

(LES) or Direct Numerical Simulations (DNS) – and low-fidelity models like XFoil that do not capture shock waves at all.

However, URANS results rely heavily on turbulence modelling assumptions and may struggle to capture the correct physical

behaviour, especially for highly nonlinear phenomena such as transonic buffet (Illi et al., 2012). This highlights the need to

obtain experimental results that can serve for URANS validation.

The present study addresses this research gap by experimentally investigating transonic flow occurrence over the FFA-70

W3-211 airfoil, which is used at the blade tips of both the IEA 15 MW and 22 MW RWTs. Through detailed experimental

characterization, this research aims to provide crucial insights into the transonic flow physics of thick airfoils and build a

foundation for validating numerical tools and informing the design and operation of next-generation, large-scale wind turbines.

2 Experimental Design

In their study, De Tavernier and von Terzi (2022) defined the boundary between the subsonic and transonic flow regimes for75

the FFA-W3-211 airfoil. This boundary was determined in terms of the inflow Mach number, Ma∞, and the angle of attack,

AoA, using isentropic flow theory combined with the Prandtl–Glauert compressibility correction and XFoil simulations. Based

on this transonic envelope, OpenFAST simulations revealed that the tip airfoil of the IEA 15 MW RWT, when operating near

cut-out wind conditions and under high free-stream turbulence levels, can experience large negative AoAs (−10◦ to −15◦)

at moderately high subsonic Mach numbers (Ma∞ ≈ 0.3). Under these conditions, the tip airfoil may intermittently enter the80

transonic flow regime.

Vitulano et al. (2025a) employed URANS simulations to test the predictions of the XFoil-based transonic envelope calcu-

lations. This is illustrated in Fig. 2, where the transonic envelope is represented by the solid black line. Here, the red circles

highlight cases where local supersonic flow is detected, but no shock waves occur. The green squares denote cases where shock

waves occur. It is also important to note that the URANS simulations were conducted for a fully turbulent boundary layer85

over the airfoil. Interestingly, it is evident from the same figure that the Reynolds number (Re) is also a crucial parameter for

determining the onset of shock waves, apart from the inflow Mach number and angle of attack.
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