
V11.9: Wedge Oblique Shocks and Expansions

(Related to Textbook Section 11.7 - Two-Dimensional Compressible Flow)

Shock waves compress a supersonic flow (i.e. decelerate the flow, decrease velocity and increase pressure) whereas expansion fans expand a supersonic flow (i.e. accelerate the flow, increase velocity and decrease pressure).

The difference in density associated with shock waves and expansion waves is made visible by a color Schlieren technique that utilizes the fact that the speed of light is a function of the air density. Regions of different density bend the light by different amounts creating the colored regions in the flow that reveal the shock and expansion waves.

This video shows a simple example of flow that contains both a compression shock and an expansion fan. This is a Mach 3 flow past a wedge shaped body. The free-stream flow approaches the body along the center-line of the body. The nose of the wedge can be thought of as a corner that turns into the flow. This produces an oblique shock at the nose. So long as the nose wedge angle is small enough then the oblique shock remains attached to the nose and the flow behind the shock is uniform. The corner downstream of the nose turns away from the flow and accelerates the flow. The acceleration is produced by a Prandtl-Meyer expansion fan, i.e. the wedge shaped flow structure centered at the corner. The Prandtl-Meyer expansion fan consists of a continuous series of Mach waves that originate at the corner. Each Mach wave produces a small amount of acceleration.
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