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Figure 11. (a) Lift coefficient as a function of the effective angle of attack for M∞=0.25, M∞=0.35, M∞=0.45; k=0.6 and Re=9× 106:

downstroke (solid line), upstroke (dashed line). (b) Drag coefficient as a function of the effective angle of attack for M∞=0.25, M∞=0.35,

M∞=0.45; k=0.6 and Re=9× 106: downstroke (solid line), upstroke (dashed line).

Figure 11 (a) shows the hysteresis loop of the lift coefficient for varying inflow Mach number. For M∞ up to 0.35, no

substantial changes are observed in terms of aerodynamic load, while a sharp decrease in the amplitude of the hysteresis

cycle is observed at M∞ = 0.45, which is consistent with the presence of a plateau in the pressure distribution, as previously

discussed. Furthermore, during the downstroke, the lift coefficient increases in magnitude with a constant rate, pitching from

an incidence of α=−5◦ up to α=−15◦. In contrast, during the upstroke, the coefficient Cl decreases almost linearly until280

α=−7.5◦. Beyond this point, the slope of the curve is increasing considerably, corroborating the hypothesis of the presence

of an onset stall at this angle of attack. By inspection of Figure 11 (b), the presence of a hysteresis loop for the aerodynamic

drag coefficient is confirmed, with an amplitude that appears unaffected by the inflow Mach number. However, Cd decreases

in absolute value with M∞.

The following discussion focuses only on the analysis of the inflow Mach numbers at which the onset of transonic flow was285

demonstrated, i.e. M∞ = 0.35 and 0.45. By inspection of the local Mach number contours plotted in Figure 12 for the angle

of attack of −15◦, a local supersonic flow appears for both Mach numbers. For M∞ = 0.35 (Figure 12 (a)), a small supersonic

pocket arises close to the leading edge, while for M∞ = 0.45 (Figure 12 (b)), the supersonic pocket appears enlarged. In

the latter case, a clearly defined boundary between supersonic and subsonic flow regions exists, suggesting the presence of

a strong shock wave. A similar flow configuration is also observed for α=−10◦ in the upstroke phase. For M∞ = 0.45, a290

significant drop in the velocity field appears, confirming the hypothesis of separated flow (Figure 12 (e)), while a decrease in

the inflow Mach number down to 0.35 leads to a significant reduction of the supersonic flow region (Figure 12 (b)). During the

pitching downstroke phase, instead, the supersonic region completely disappears for both M∞ = 0.35 and 0.45, as shown in

Figure 12 (c) and Figure 12 (f), respectively. These results clearly suggest that an increase in the inflow Mach number promotes

the occurrence of transonic flow for wind turbine tip airfoils.295

15

oo


