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Because boundary-layer transition in hypersonic flows has many complicated factors such as density and
temperature fluctuation, and also their interaction, detailed elucidation on the vortex dynamics is expected.
Also from the viewpoint of application, transition promotion is important for the design of a scramjet
engine.

In order to develop a new theory to control the spatial development of disturbance in the late stage of
hypersonic transition, a study was conducted with numerical simulation. An interface condition based on
the characteristic lines at non-conforming interfaces, which is necessary for generating disturbance by a
train of wedge-shaped surface protrusions, is developed. The spatial development of longitudinal vortices
was clarified at Mach 6. A system of completely nonlinear disturbance equations which can quantitatively
and precisely elucidate the disturbance evolution was derived. Stability and formation conditions of
symmetric/asymmetric hairpin vortices were elucidated for its sustainable development to turbulent flow.
Based on the Hon & Walker model proposed in the field of Lagrangian vortex method, a hairpin
disturbance model which can continuously vary its vortex parameters in the field of direct numerical
simulation are proposed for the first time. Effects of the circulation and inclination of a vortex tube on its
stability and near-wall flows are clarified. It is shown that near-wall mode and off-wall mode exist from
the viewpoint of the linear stability, and the emergence of both modes is important for the generation of
small scale disturbance and turbulence promotion.




