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The classic set-up for convection is due to Rayleigh and Bénard: a box or cylinder
with an ideal gas is heated from below and cooled from the top. Depending on the
temperature gradient the dynamics can become more or less turbulent. We aim to
study this dynamics under the extra constraint of strong rotation, which can lead to the
formation of Taylor columns. The idealised dynamics described above applies to
meso-scale weather in the extra tropics.

The goals of the project are as follows:

to review derivations of simplified models using asymptotic theory (Julien et al.
1998, 2006, 2012, Sprague et al 2006); relation with stratified quasi-geostrophic
(QQG) theory;

to investigate linear instability theory for these models, where possible using the
literature, comparison with QG-theory;

to explore some nonlinear dynamics with numerical models, time permitting; and,
to investigate the dynamical effects of adding an extra phase to the fluid, as solid
(ice/snow) and/or gas (vapour); or, a laboratory analogue thereof with air and
iodine (vapour).
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Short summary:

Accurate prediction of (rotating) convection is important in numerical weather
prediction. Convection is also coupled to the phase changes of water in the
atmosphere and, hence, the notoriously difficult prediction of cloud dynamics and
precipitation. The aim of the project is to consider numerical modelling of convection
under strong rotation. Both spectral and finite element type numerical discretisations
will be developed/investigated, for models with and without phase changes, in
idealised domains. In this project, we aim to collaborate with the Met Office by
extending our current contacts.



