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Turbulence modeling in the QR space
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Turbulence is omnipresent in dynamical description of fluids, a huge class of phenomena sharing the
multiscaling complexity which results in a very large number of degrees of freedom. This has made it
impossible to Directly Numerically Simulate systems of engineering interest and is the reason why mod-
elling is the highway.

Starting from incompressible 3D Navier-Stokes, a standard approach is to apply a spatial coarse grain-
ing and solve the equation for the large-scale field. Closing the model means give a shape to the unsolved
action of the small-scales. The energy local flux across scales is then given, so the problem is intimately
related to the hundred-year mystery of the energy cascade.

The velocity gradient tensor, describing the flow local topology, has played a prominent role in recent
developments [1]. As new instrument of investigation, we set the analysis conditioned to the QR space,
the invariants of this tensor. Fig. 1 provides an example of the information highlighted by this analysis:
blue region are backscatter dominated in mean whereas red points are direct cascade. The same can be
done for a modelled flux.

Figure 1. DNS mean flux Π given invariants Q and R of the velocity gradient tensor for Gaussian coarse-graining
at different scales q. Shown are isolines p(Q,R) = 10−4, 10−5, 10−6, 10−7 in white and 〈Π|Q,R〉 = 0 in violet.

Of particular interest for this work is the Clark model, the local-in-scale approximation for a Gaussian
filtering. Fluctuations from the mean are also studied.
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