
Consequently, we choose to perform our measurements at Ma∞ of 0.5 and 0.6 for Re ∼O(106). This allows us to confirm105

predictions made by Vitulano et al. (2025a) and shown in Fig. 2 regarding the transition to transonic flow with (Ma∞ = 0.6)

and without (Ma∞ = 0.5) shock waves as the AoA is reduced for the same wind speed.

Figure 3. The transonic envelopes showing the separation between complete subsonic flow and transonic flow (i.e., with pockets of local

supersonic flow) over the FFA-W3-211 airfoil as a function of the inflow Mach number (Ma∞) and the angle-of-attack (AoA), all at a

Reynolds number of 1.8× 106. Different envelopes pertain to different simulation methods: XFoil with transitioning boundary layer, i.e,

clean airfoil (solid black line), XFoil with fully turbulent boundary layer, i.e., tripped airfoil (red dashed line), and URANS with fully

turbulent boundary layer (blue diamonds). Yellow circles represent the experimental data points selected for the current study.

The choices of AoA are then decided based on the transonic envelope. For comparison, three different versions of the tran-

sonic envelope are presented in Fig. 3. All the transonic envelopes are for a Reynolds number of 1.8× 106, i.e., close to the

actual value of our experiments. Two different versions of the transonic envelope calculated with XFoil (and Prandtl-Glauert110

compressibility correction) are shown: one with a fully turbulent boundary layer (equivalent to a tripped airfoil with a fixed

transition location, shown as a red dashed line) and the other with a freely-transitioning boundary layer (equivalent to a clean

airfoil, shown as a solid black line). These two display no remarkable differences, except at high AoAs. The third transonic

envelope is based on URANS simulations conducted at the same Reynolds number of 1.8× 106, with a fully turbulent bound-

ary layer, marked as blue diamonds. Compared to the XFoil calculations, the URANS envelope shows a more conservative115

prediction at negative AoAs steeper than −6◦ and positive AoAs steeper than 8◦. However, for AoAs between −5◦ to +5◦, the

URANS envelope predicts transonic flow to occur at lower inflow Mach numbers compared to the XFoil envelopes.

The experiments in the current study have been conducted on a clean airfoil model, given that there is no significant dif-

ference in the prediction of transonic flow occurrence for clean versus tripped airfoils (according to XFoil). Three geometric

angles of attack (AoAs) for each inflow Mach number are tested: −4◦, −6◦, and −10◦. The selected combinations of inflow120

Mach number and AoA allow investigation of the transition from subsonic to transonic flow, either through increasing negative
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