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Instabilities and transition in three-dimensional flows with rotation A STUDY ON THE 3D INERTIAL INSTABILITY MECHANISM IN THE SUB-MESOSCALE OCEAN

. Inertial instability (hereafter II), which is a centrifugal instability mechanism in the presence of the Coriolis force, is a destructive mechanism that acts only on anti-cyclones, and therefore is hypothesized to cause this asymmetry. Furthermore, since II is in fact the growth of the overturning vorticity, thus creating vertical mixing, it is expected to contribute to nutrient enrichment from the deep, affecting primary production and the oceanic carbon cycle.

. Axis-symmetry seems to be a proper simplification, as it was shown by [1] that the growth rates of axis-symmetric disturbances are larger than non axis-symmetric ones, and the latter are completely stable above a relatively low cut-off azimuthal wave number. Recent fully non-linear numerical simulations show that the area of the instability is breached [5] into the anticyclone core from the outside [3] in the nonlinear phase.

) with large-scale laboratory experiments studies, performed at the LEGI-Coriolis platform.

A good case study for II is expected in Island wakes, where the forcing that generates the anticyclones is strong. Then they are created, but destructed far more rapidly than their cyclonic counterparts in the wake. For that reason, we conducted experiments of island-wake vortices instability on the 14-meter diameter rotating platform at the LEGI-Coriolis in Grenoble with quantitative PIV measurements of the wake flow.

On the left, vorticity field of experiment C50 006 calculated from the PIV. The cylinder and its direction is shown schematically. Small scale patterns that can easily be seen with dye cannot be detected by 2D PIV measurements, therefore the signature of the II is extracted by the mesoscale evolution of individual eddies, in this case the velocity profiles of anticyclones taken when the vortex is at a distance of eight times the diameter of the cylindrical island model (in experiment C50 006 the profile is taken where the line A is indicated). Panel (A) and (B) show the velocity profiles for experiments C50 006 and C50 001 respectively. Experiment C50 001 is predicted by its place on the stability diagram (1b) to be stable and indeed, the anticyclone in this experiment is unperturbed. Experiment C50 006 is predicted to be unstable and indeed the anticyclone is perturbed at the edges, where the parameter χ < 0 (the cyclones, not shown, in all cases are unperturbed as the instability is asymmetric).
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 12 Figure 1: Panel (a) -First (top) and second (middle) horizontal modes for a sample Rankine vortex (Ro = -3). This is the solution of a modified bessel equation of order unity inside the vortex and of imaginary order outside. On the bottom is the χ parameter, and it is evident that the instability, in both modes, is localized to the area where χ < 0. Panel (b) -Marginal stability curves (σ = 0) -on the (1/E k , |Ro|) plane, for three stratification values S = 0, 8, 20 and δ = 0.2. Not shown are curves for different types of non-isolated vortices, which on this parameter space, are very close to the ones shown for the Rankine vortex. The parameters of experiments C50 001 and C50 006 from the experiments performed at the LEGI-Coriolis platform are both marked with red dots. Both are with δ = 0.2 and S 8, which means that C50 001 should be stable and C50 006 should be unstable as they are on either side of the marginal stability curve. See figure 2 for the results.