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Abstract: Taking the NACAO0012 airfoil as the research object, the control rules and physical
mechanisms of bio-inspired herringbone groove array on airfoil stall were explored through numerical
simulations. The herringbone groove array was placed on the airfoil's upper surface near the trailing edge,
and the effects of groove depth and deflection angle on the control effectiveness were investigated. The
results showed that different designs of herringbone groove array can effectively broaden the stable
operating range of the airfoil, and the implementation of herringbone groove array with a depth of only
0.001 35 chord length and a deflection angle of 45° can increase the stable operating range by 28.57%.
Detailed flow field analysis revealed that, due to the accumulation of small-scale vortices inside the
grooves and the combined effect of the spanwise migration flow above the grooves, a pair of induced

vortices with equal strength but opposite directions were formed near the airfoil's convergence lines. The
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induced vortices enhanced the mixing of the boundary layer with the mainstream flow, providing enough

energy for the boundary layer to resist adverse pressure gradients under high angles of attack and

effectively delaying airfoil stall.
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Fig.2 Geometries and positions of herringbone groove array
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Table 2 Computation schemes of herringbone groove array
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