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Abstract: Separation bubbles are ubiquitous in external as well as internal aerodynamics: 
wings and fuselages at high angles-of-attack, flow past external protuberances (turrets, struts, 
nacelles, stores, and armament), shock-wave/boundary layer interactions, diffusers, corners, 
and junctions are just a few examples of this kind of flow. The dynamics of a turbulent 
separation bubble is dominated by two distinct modes: a low frequency “breathing” or 
“flapping” mode (St ~ 0.01) and a medium frequency “shedding” mode (St ~ 0.35). This 
unsteadiness leads to many issues in applications, such as degradation to system performance 
and aerodynamic noise. It also brings additional difficulties to the prediction of flow separation 
due to the complexity of intermittency. Better and more sophisticated tools are required for 
analysis of such unsteadiness. We focus on both natural (unperturbed) as well as perturbed 
laminar separation bubble and separation bubble. High-fidelity numerical simulations are 
utilized to studying the mechanisms that generate and govern the oscillation. These efforts aim 
to improve the understanding of the causal mechanisms, scaling laws, and nonlinear dynamics 
associated with the unsteadiness of flow separation and advance efforts for flow-control 
technology. 
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