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ABSTRACT

Computations are performed to investigate the convective and
global boundary-layer instabilities over cone-cylinder-flare at zero
degrees angle of attack. The geometry model and flow conditions are
selected to match the experiments conducted at the Boeing/AFOSR
Mach 6 Quiet Tunnel (BAM6QT) at Purdue University. The BAM6QT
maintains a laminar nozzle wall boundary layer, greatly reducing the
freestream noise levels in comparison with conventional facilities and
approximating those in the flight conditions. The cone-cylinder-flare
experimental model consists of a nominally sharp 5 degrees half-
angle cone, followed by a cylindrical segment and then a 10 degrees
half-angle flare. Additionally, the flare half angles and the nosetip
radii are varied to study their effects on the instability characteristics.
An axisymmetric separation bubble is generated as a result of the
laminar shock/boundary-layer interaction in the cylinder-flare region.
The laminar flow solution and the amplification of disturbances

are compared with the heat transfer, schlieren images, and surface
pressure measurements, which helped to explain the appearance

of low-frequency disturbances over the separation region. The

global stability analysis (GSA) shows that the laminar flow becomes
supercritical for flare half angles larger than 9 degrees. The unstable
global mode for the experimental configuration of a 10 degrees

flare corresponds to a stationary three-dimensional disturbances
that is concentrated in the recirculation region and achieves its
maximum growth rate for an azimuthal wavenumber between 5

and 6, which is well below the wavenumber of 36 measured by
infrared thermography. However, the nonlinear evolution of the
global mode reaches a saturated, three-dimensional solution, which
azimuthal spectrum of the wall heat transfer shows dominance of the
wavenumber 36 along the flare.
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