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The interaction between the shock wave and the Air-SF6-Air gas curtain, and the associated instability
of the reshocked interface are numerically studied using high resolution finite volume method with Minimum
Dispersion and Controllable Dissipation reconstruction. To improve the efficiency of the three-dimensional
numerical simulation, the moving grid algorithm based on the Arbitrary Lagrangian—Eulerian formulation is
adopted. A region with finer grid covering the mixing zone moves in a suitable velocity to guarantee the flow
structures produced by the interfacial instability can be computed with sufficient resolution during the whole
process of the numerical simulation.

The evolution of flow structures shows that, although the initial perturbation of interface is
two-dimensional, the reshock process will lead to an asymmetrical instability and enhance the mixing of
fluids dramatically. The exponential scaling laws for the growth of mixing width are observed both before
and after the reshock. The nearly homogeneous fluids mixing at the late stage after the reshock is confirmed
by the temporal asymptotic behaviors of mixing parameters such as local anisotropy and density-specific
volume correlation. Both the decoupled length scales as well as the broadened inertial range of turbulent
kinetic energy spectrum and density fluctuation spectrum imply that the turbulent mixing transition is
triggered at the late stage.

Just after the reshock, the energy transfer in Fourier space indicates there is intense backscatter in the
transportation of kinetic energy and at the later stage, the forward scatter quickly becomes dominant.
Additionally, the approximately constant energy transfer in inertial range, which is analytically reported by
Aluie (PRL 106: 174502, 2011) and numerically manifested by Chen for compressible single-component
turbulence flow (PRL 110: 214505, 2013), is also achieved in the shock driven multi-component turbulent
mixing flow in the present study. The extended inertial range of approximately constant energy transfer is
highly in consistent with the broadened range of wave numbers with decaying law of k-5/3 of turbulent
kinetic energy, which also indicates the appearance of turbulent mixing. The analysis of SGS energy transfer
also manifests the above properties of energy cascade in physical space. Furthermore, the investigation on
the role of coherent structures in SGS energy transfer indicates that the backscatter of SGS energy is most
prominent in the regions with washing motion induced by nearly 2D vortical structures. However, the intense
forward scatter of SGS energy occurs in the regions where two washing motions collide with each other
leading to highly 3D motions.
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