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Numerical Simulation of Unsteady Hypersonic Shock Wave in Expansion Tube Using Sliding Mesh
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Unsteady flow dynamics driven in an expansion tube was numerically reproduced by solving the axisymmetric
compressible Navier-Stokes equations. A carbuncle phenomenon appears when a propagation of an extremely
strong shock wave is numerically solved by shock capturing scheme. A sliding mesh approach was used to

suppress the carbuncle phenomenon in the expansion tube. The numerical instability was suppressed by reducing
a mesh aspect-ratio around the strong shock wave. However, a speed of the shock wave obtained in our simulation

was higher than that obtained in a past experiment because of neglecting a real gas effect.
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Fig. 1: Simulation domain.

Table 1: Initial conditions.

Conditions Pressure Density Temperature
High-pressure region 55 MPa 10.9 kg/m? 17583 K
Shock tube 30 kPa  3.75 x107! kg/m? 300 K
Acceleration tube 300 Pa  3.75 x107% kg/m? 300 K
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Fig. 2: Sliding mesh.
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Fig. 3: Suppression of carbuncle phenomenon by sliding
mesh.
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Fig. 4: Radial velocity errors.
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Fig. 5: Axial velocity contours of the viscous flow.
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Fig. 6: Velocity distribution around the boundary layer.
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Fig. 7: Comparison between experiment and simula-
tion.
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