
 

Rethinking compressible turbulence: from isotropic 
flows to shock-turbulence interactions  

ABSTRACT 
Compressible turbulence is much more common than incompressible 
turbulence, and it plays a critical role in countless natural and 
engineering systems such as astrophysical flows, high-speed 
aerodynamics, turbulent combustion, among many others. However, 
much less is about compressible turbulence due to its larger 
parameter space, the additional complexity associated with coupling 
between hydrodynamics and thermodynamics, and the greater 
challenges to develop theory, attain realistic conditions in simulations, 
and conduct carefully controlled experiments. 

In this talk I will review recent work that highlight the qualitative 
differences observed in compressible turbulence using a massive 
database of very well-resolved direct numerical simulations of 
canonical flows. We will briefly mention some of the computational 
challenges in these computations. After some illustrations of specific 
compressibility effects on turbulent flows, I will show why current 
approaches as “corrections'' to well-known laws in incompressible 
turbulence present fundamental problems and provide a new 
alternative interpretation of statistical equilibria in an expanded 
parameter space in which new compressible universal scaling laws 
can be found. Part of the qualitatively different behavior observed in 
these flows is the appearance of shock waves which may be self 
generated and short lived (shocklets) or imposed by external 
conditions such as geometry (large scale shocks). New results on 
understanding these interaction between turbulence and shocks will 
also be presented.  
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