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ABSTRACT

Hypersonic technology plays an important role in high-
speed propulsion for both commercial and military 
applications. A major challenge in the design of high-
speed vehicles is the prediction and control of boundary 
layer transition. Transitional and turbulent boundary 
layers induce increased wall-loading on the vehicle, with 
detrimental effects on propulsive efficiency. The focus 
of this seminar is our research on various regimes of 
evolution of a key instability that induces transition in 
hypersonic boundary layers (HBLs) - the second-mode 
or Mack-mode. The first regime involves linear evolution 
of the second-mode, which we analyze using a thermo-
acoustic framework. This has helped identify an intricate 
structure within this instability wave, including vortical 
cells and trapped acoustic monopoles, along with thermal 
precursors to transition. The nonlinear regime is studied 
using perturbation analysis and modal decompositions, 
that identify new regions of instability growth, beyond 
those predicted by linear theory. These regions make 
the second mode susceptible to secondary instabilities, 
and eventual breakdown. High-fidelity simulations are 
then utilized to simulate the breakdown of the second-
mode, resulting in fully turbulent HBLs, with a focus on 
frequency broadening within the fundamental instability, 
and near-wall topology resulting from the turbulent flow. 
The evolution of the second-mode in this regime is highly 
dependent on the wall temperature, which determines the 
statistical properties of near-wall structures that result in 
peak skin-friction and heat-transfer.
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