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Summary

We report results from the observation of cyclones in our experiment involving water in
a precessing cylinder: it creates a radical change of topology and induces a strong change in
the differential rotation profile. We propose a mechanism explaining their generation from the
mode coupling of two inertial waves with azimuthal wavenumber m = 0 and m = 1 (mode forced
by the precession) in the inviscid regime. This nonlinear coupling creates a differential rotation
regime which has been observed in the same experiment at small enough Poincar number ε (ratio
of the precession to the rotation angular speed). We apply a generalized criteria with axial flow
from Billant & Gallaire. Then, we show that when the parameter ε is increased from low values
one mode becomes the most instable which can induce further the observed cyclones. Radial
jets coming from the lateral boundary layers have been also observed which can drive additional
instabilities in the boundary shear layer.

1 Description of experimental results

Our study is motivated by the fluid dynamo context, since it has been proposed that precession
could be a good candidate for driving dynamo action in a conducting fluid. The system consists
of a right cylinder filled with water and put into rotation at the angular velocity Ω0 around its
symmetry axis (defining the z direction). It is mounted on an horizontal platform rotating at the
angular velocity ΩP (in the x direction). The cylinder spin axis is tilted relative to the rotation
axis of the platform with a fixed angle of π/2. Each rotation can be independently varied. All
measurements were obtained by usual PIV techniques. We have observed in the laminar phase of
our flow three well identified regimes according to the values of the forcing parameter [1]: laminar
steady flow, instability at a critical value ε = εth and then a regime dominated by cyclones at higher
ε. For very small ε ranging up to about 10−3 to 10−2, the flow appears as a quasi-steady solution
in the precessing frame and vorticity distributions remains smooth: the flow behaves closely to the
stationary linearized solution(dominance of the forced by precession m = 1 inertial mode (m is
azimutal wavenumber).
Keeping here a fixed aspect ratio of the cylinder, when ε exceeds a critical value εth here of about
0.025, the flow changes radically and a new regime sets in (Fig.1). In a cross section of the flow
normal to the rotation axis, a few vortices become visible, rotating in the same direction as the one
of the container [1]. We can notice the global increase of the differential rotation as a function of ε.
Furthermore, one can notice inflectional points (not shown here, see [2]) on the axial vorticity ωz of
the mean flow.

We also observed radial jets coming from the lateral boundary layers. They can drive additional
instabilities in the boundary shear layer (Fig.2).

2 Theoretical analysis for the instability mechanism

From weakly nonlinear coupling between a base flow (vbf ) and two inertial waves, we can calculate
the differential rotation profile. Using the explicit expressions for the Kelvin inertial modes radial



Fig. 1: Change of topology : apparition of cyclonic vortices from instability (magnitude of the 2D
velocity field). [1]

Fig. 2: Instability from boundary layer. [1]

profiles, we get the azimuthal velocity correction v
(2)
bf (and Ω(r)(2)) at 2nd order perturbation as [2]
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= 1/R. Here, Ji stands for Bessel

function ; ω the pulsation of Kelwin waves ; m the azimutal wavenumber ; kz the axial wavenumber.
For the numerical coefficients (coupling point coefficient), we have : a10 = 0.878 ; c0 = −0.451 ;

λ = 3.83 ; µ = 3.05.[2]
From this differential profile, we apply a generalized Rayleigh criterion for system with axial

flow [3]. We derive new growth rates for the unstable mode and we can predict a threshold for the
observed instability. This is in good agreement with the experimental results.
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