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ABSTRACT

In an incompressible medium, columnar vortices are generally stable and sustain only neutral or damped
waves. In a compressible or stably stratified medium, these waves can becomeweakly unstable, and a
new instability, associated with a mechanism of radiation, is active. Le Dizès and Billant [1,2] analysed
this instability in the framework of a stably stratified medium and showed that the instability was always
3D for both Gaussian and Rankine vortices. By contrast, unstable 2D modes were found for a Rankine
vortex in a compressible medium [3] or in shallow water [4].

In this work, we want to analyse the effect of the vortex profile on the existence of 2D instability modes.
We shall consider columnar vortices in a compressible medium withγ = 2. This problem is equivalent
to the flow in shallow water where the Froude number replaces the Mach number. We first show that
when the vorticity is changed from a Rankine profile to a Gaussian profile, the radiative instability
discovered by Broadbent & Moore [3] disappears. However, whenit is the potential vorticity which
is fixed, the instability does not disappear. The results obtained by Ford in [4] for a Rankine potential
vorticity profile can be extended in that case to a Gaussian profile. Nevertheless, we show that there is
a critical Mach number (or Froude number) below which the flow remains stable.

The nonlinear saturation of the instability is also examined and compared to the simulations by Chan et
al [5] and Schecter and Montgomery [6].
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