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Abstract

The study of supersonic flow and flow separation over slender bodies have been studied

extensively in the past where research towards fuselage and projectile body applications were

common. However, the research of supersonic flow separation requires emphasis in the 3D

domain using computational analytical tools to contribute towards the extensive research

of such topic. The purpose of this research is to analyse, in detail, three-dimensional (3D)

supersonic flow separation while utilizing computational tools to assist with flow visualization.

The supersonic flow separation characteristics and properties over the shoulder of a cone-

cylinder and hemisphere-cylinder are investigated at various angles of incidence and Mach

numbers.

The hemisphere-cylinder and cone-cylinder have a diameter of 16mm and the cone-cylinder

has a cone deflection angle of 25◦. The selected flow conditions were M2.8 and M3.2, corre-

sponding to high Reynolds numbers where turbulent flow separation conditions are present.

Computational fluid dynamics (CFD) results are validated qualitatively with experimental

data obtained from wind tunnel testing. Optics and surface oil flow visualization techniques

were used to gather experimental results. Flow separation characteristics and properties are

presented as surface flow streamlines, cross sectional contours, flow field streamlines, planar

vectors, and 3D surfaces.

The hemisphere-cylinder encountered more complex flow separation characteristics over the

shoulder compared to the cone-cylinder at high angles of incidence. The angle of incidence of

the slender bodies affected the initiation of flow separation over the shoulder hence generating

complex vortical flow structures downstream of the shoulder. The variation of freestream

Mach number flow conditions did not indicate significant differences in the flow separation

characteristics.
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