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Recent advances in supersonic and hypersonic aerospace technology have led to a renewed

interest in the stability and transition to turbulence of high speed flows. The last 30 years have

intermittently witnessed some vigorous attempts to understand some of the fundamental routes

to transition for incompressible flows. While a fairly comprehensive picture of the initial stages

leading to the breakdown of an incompressible laminar boundary layer has emerged (mostly under

controlled conditions) the non-linear effects responsible for transition at high speeds are still very

much a mystery. However, the current nonlinear incompressible theories, numerical simulations and

experiments will, hopefully, serve as a guide in gaining a better understanding of the mechanisms

present in the supersonic and hypersonic regimes.

Compressible linear stability theory diverges from incompressible linear stability theory in sev-

eral ways. Incompressible inviscid instabilities, linked with the existence of an inflection point in

the mean streamwise velocity profile are replaced by a correlation between inviscid compressible

instabilities and a generalized inflection point, which brings into play the mean density profile.

Furthermore, as the Mach number increases, the growth rate of the 3-D modes begin to overtake

those of the 2-D modes. Beyond Mach 2.2, multiple unstable modes (at fixed Reynolds number

and frequency) can coexist. The higher modes are inviscid in nature and have different behaviors

with regard to wall cooling. Not only are they more unstable than their first mode counterparts

(viscous in nature) above a certain Mach number, but they are destabilized by wall cooling, which

is detrimental for high altitude hypersonic aircraft.

Itisofvitalimportance that the nonlinearnature of thesesecond mode instabilitiesbe under-

stood,and that theirroleinthe contextof transitionbe elucidated.The objectiveof the work is

to understand the possibleequilibriumstateof a second mode wave, before initiatinga study of

3-D wave interactions.

Two years ago, a spectral code was developed to perform direct simulations of subsonic and

supersonic flows over flat plates. In this paper, we present several direct simulations of one 2-D

second mode perturbation wave, superimposed upon a prescribed mean flow. Periodicity is assumed

in the streamwise direction (Fourier) and the variables are expanded in Chebyshev series in the

direction normal to the plate. The code is fully explicit and is time advanced with a 3rd order

Runga-Kutta scheme. The second mode wave (R6. = 8000), interacts with itself to generate higher
streamwise harmonics. Physical parameters are chosen to maximize the linear growth rate at the

prescribed Reynolds number. Initial results indicate that the nonlinear processes begin in the

critical layer region and are the result of the cubic interactions in the momentum equations, rather
than due to the higher streamwise harmonics. Analysis of the various terms in the momentum

equations combined with numerical experiments in which various modes are artificially suppressed,

lead to the conclusion that asymptotic methods will produce the saturated state in one or two

orders of magnitude less computer time than that required by the direct numerical simulations.

https://ntrs.nasa.gov/search.jsp?R=19910001535 2020-03-19T20:24:10+00:00Z
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