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ABSTRACT:

The ability to accurately predict and control the transition process from
laminar to turbulent flow will provide significant advances in air-vehicle
design, with applications ranging from high-altitude long-endurance
unmanned aerial vehicles, to energy-efficient transports, to hypersonic
systems. The development, validation, and introduction of physics-based
approaches for stability and transition prediction will lead to smaller and more
manageable uncertainties in the design of vehicles. Moreover, control may be
applied for two different reasons. First there is the desire to delay transition,
which contributes to aerodynamic heating load reduction and range and/or
endurance. A second desire is to encourage transition for enhanced mixing or
separation delay, such as over control surfaces and the inlet of a scramjet
engine. The most effective strategy for control is to capitalize on the flow
physics, identify the relevant instability mechanisms and what affects them,
and modulate the most unstable disturbances as they are just beginning to
grow. Our team has successfully applied linear and nonlinear parabolized
stability equation and global methods to these problems, and also considered
the effects of 2-D surface excrescences and formulated a physics-based
correlation for forward-facing steps in 3-D boundary layers. Through
mechanism identification, verification, and validation activities, several
lessons have been learned in applying stability formulations.
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