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EFFECT OF A 3D SURFACE INDENTATION ON BOUNDARY LAYER STABILITY
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Summary Effect of a three-dimensional (3D) surface indentation on boundary layer stability is studied in a high Reynolds number (Re)
regime. Once the Tollmien-Schlichting (TS) wave undergoes a base flow (with/without a separation flow bubble) distorted by a 3D surface
indentation, the growth rate of the TS wave can be changed downstream and some interesting properties from the 3D indentation distortion
are observed. It is also found that under suitable indentation geometry parameters, it is observed that a global instability can be triggered,

which has a strong impact on boundary layer transition. In this paper, these instabilities are investigated and effect of a 3D surface indentation
is elucidated.

In a boundary layer, the primary unstable mode is a Tollmien-Schlichting (T'S) wave which is a viscous instability. The TS
wave is receptive to surface roughness interacting with free stream disturbances and/or surface vibrations. Once the excited TS
wave propagates downstream and experiences a base flow distortion which is generated by a surface indentation, the growth
properties (energizing or weakening) of the TS wave can be changed. These properties are significantly influenced by 3D
effect of a base flow distortion. When a 3D separation flow bubble appears, 3D effect of the separation flow bubble on the TS
wave varies with respect to indentation geometry parameters, which is remarkably different from that of a 2D separation flow
bubble. This difference has a strong impact on the growth properties of the TS wave. Generally, the boundary layer transition
onset is prompted. Meanwhile, under suitable indentation geometry parameters, it is observed that a global instability can
be triggered, which also has a strong impact on boundary layer stability. In this paper, these instabilities are conducted and
effect of a 3D surface indentation is elucidated. The linear analyses of the TS wave growth properties are investigated by the
parabolic stability equations (PSE) and the triglobal stability is done by the time-stepper-based Arnoldi algorithm. Finally, a
DNS calculation is implemented to simulate the boundary layer transition.
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Figure 1: Wall shear (a), the growth rate (b) of the TollmienSchlichting wave and harmonics calculated by nonlinear PSE (c).
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