Dynamics of Unsteady Laminar Separation Bubble Near Stall on a NACA 0012 Airfoil.


Abstract: -

Laminar separation bubbles (LSBs) commonly develop on aircraft wings operating at low
Reynolds numbers and are often responsible for pre-stall behavior. At near-stall angles of
attack, LSBs may exhibit large flow unsteadiness, characterized by intermittent flow separation and reattachment transients. In this study, the dynamics of LSB on a NACA 0012 airfoil are experimentally investigated at a chord-based Reynolds number of 1.8 × , at stall angles of attack (𝛼) ranging from  to . Measurements include surface pressures, particle image velocimetry, and hot-wire anemometry. Surface pressure measurements along the suction surface are used to identify the critical 𝛼 values that mark the transition between attached and separated flows. For this case at 𝛼 = , the flow remains largely attached, with a localized boundary-layer separation and reattachment near the leading edge within approximately 10% of the chord length. At 𝛼 = , the time-averaged velocity measurements show that the flow is fully attached. However, conditionally averaged measurements reveal quasi-periodic low-frequency oscillations between separation and reattachment. At 𝛼 = , the flow is fully separated, indicating the onset of the stall. In the switching case (𝛼 = ), the dominant low-frequency oscillation extracted from the instantaneous velocity fields through planar particle image velocimetry is approximately 4 Hz, corresponding to a Strouhal number of 0.0184. Hot-wire measurements consistently identify the same dominant frequency, confirming that the observed oscillations are directly linked to the alternating global flow separation and reattachment states. Both the streamwise and wall-normal turbulence statistics are significantly higher in the switching regime, indicating enhanced velocity fluctuations associated with the intermittent separation-reattachment cycle.
