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Figure 12. Instantaneous contour maps of local Mach number at Re = 9× 106 and k=0.6 for varying free-stream velocity: M∞ = 0.35 at (a)

α=−15◦, (b) α=−10◦ upstroke and (c) α=−10◦ downstroke; M∞ = 0.45 at (d) α=−15◦, (e) α=−10◦ upstroke and (f) α=−10◦

downstroke. The iso-line corresponds to Ma=0.99.

3.2.2 Shock waves occurrence for varying Mach number

The present section focuses on the investigation of the occurrence of shock waves for varying inflow Mach number. Only

M∞= 0.35 and 0.45 are considered, since it was previously demonstrated that transonic flow does not arise at M∞ = 0.25. The

trend of the maximum normal Mach number versus the angle of attack, during the pitching motion, is shown in Figure 13. The

presence of a shock wave can be detected when the normal Mach number exceeds the value of one, i.e. points above the red300

line in the graph. The occurrence of shock waves is demonstrated for both M∞ = 0.35 and 0.45. Notably, even at an inflow

Mach number of 0.35, shock waves occur alongside the establishment of a transonic regime. This represents a novel finding

for the present dynamic case, because the previous static analysis performed by Vitulano et al. (2025) found that, at the same

Mach number, a transonic flow occurs without the formation of shock waves, even at α=−15◦. In particular, an increase

in the inflow Mach number leads to a rise in the normal Mach number, as well as to an expansion of the range of angles305

of attack where shock waves appear. Figure 13 (a) shows that at M∞ = 0.35 shock waves are observed only at α=−15◦
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