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Numerical investigation of pressure distribution and
wave propagation in a stepped shock tube

Abstract: The shock tube, as one of the most widely used laboratory devices, is
capable of generating shock waves with very short rise times by creating a controlled
pressure difference between two regions and removing the diaphragm. In this study,
the shock wave phenomenon resulting from the rupture of the diaphragm in a stepped
shock tube has been numerically investigated. To examine the pressure distribution
and wave propagation phenomena in a shock tube, ANSY'S Fluent software was used.
The simulations were conducted at Mach numbers of 1.3 and 2.4 for different end-
wall geometries, and flow parameters including pressure distribution, velocity field,
and temperature variations were carefully analyzed in the computational domain. The
results demonstrate that modifying the end-wall geometry can significantly reduce the
intensity of reflected waves. This effect has been quantitatively evaluated by
comparing pressure variation diagrams at the moment of shock wave impact and
reflection for different geometries. Quantitative results indicate that while optimizing
the end-wall geometry (Design €) leads to an approximately 33% increase in the
pressure gradient across both sides of the reflected wave, it ultimately results in a
significant reduction of approximately 73% in the overall reflected pressure slope
compared to the simple geometry (Design a). This reduction signifies extended test
duration, enabling a more detailed study of transient phenomena.

Keywords: Shock tube, Shock waves, Expansion waves, Mach number, CFD
simulation
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