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Abstract
State-of-the-art direct numerical simulations of rotating turbulence at changing Reynolds and Rossby numbers are presented. Flow is also seeded with millions of particles, with and without inertia, light and heavy.  We study two regimes, at high and low rotation. Heavy and light particles are injected along different axis of rotations, allowing to study the combined effects of preferential concentration in presence of Coriolis and Centripetal forces. 
EULERIAN ROTATING TURBULENCE

Turbulence under rotation is a paradigmatic problem involving complex physics and complex flow behavior. In presence of high rotation, i.e. low Rossby numbers, the flow tends to become more and more two-dimensional, being dominated by the presence of strong large-scale coherent vortical structure aligned along the direction of rotation [1].  The transition is triggered by the presence of a non-vanishing inverse energy flux, as for genuine two dimensional flow.  Here, we present state-of-the-art direct numerical simulations of 3d turbulent flows under rotation at changing  Reynolds number, up to record resolution (for the rotating case) of 40963 collocation points.  Both the case of weak anisotropy (only forward energy cascade) and strong anisotropy (both forward and inverse transverse) are investigated, with assessment of scaling properties in different sectors of the group of rotation [2].  
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Figure 1. Sketch of the intensity of a 2d cut of the velocity field in presence of strong rotation, where the section of a few large-scale coherent vortex structure is clearly visible.
LAGRANGIAN ROTATING TURBULENCE
The presence of cyclonic and anti cyclonic structures is key also for the dispersion and advection of inertial particles [3]. We present the first systematic investigation of dispersion of tracers, light and heavy particles in rotating turbulence,  at high resolution and with a high number of particles trajectories (up to millions for particles' family).  Both single particles quantities (acceleration, Lagrangian velocity structure  functions) and two-particles quantities (Richardson dispersion) are studied, together with conditional statistics with respect to the underlying flow structures (preferential concentration). 
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Figure 2. Sketch of the dispersion in the plane perpendicular to the axis of rotation of tracers (left) and heavy particles (right). The black line on the right panel represents the location where heavy particles are injected. Heavy particles feel also Coriolis and Centripetal forces according to the equations in [3]. 
CONCLUSIONS

We presented the first combined study of Eulerian and Lagrangian statistics for turbulence under strong rotation at high Reynolds and with a huge set of tracked particles' trajectories. Both single and multi-point statistics are investigated and the importance of the presence of stable coherent vortical structures for particles' distribution and particles' dispersion is analyzed. The work has been done within the PRACE Project Pra09 num. 2256 and within the activity of the ERC AdG NewTURB, num 339032

References

[1] A. Pouquet and P.D. Mininni, Phil. Trans. R. Soc. A 368, 1635,  (2010)
[2]  L. Biferale and I. Procaccia Phys. Rep. 414 43, 2005.
[3] T. Elperin, N. Kleeorin and I. Rogachevskii, Phys. Rev. Lett. 81, 2898 (1998)

