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Mixed-phase clouds (containing both ice and water) play an important role in the correct
determination of the Earth's radiative balance but are not as well understood as warm clouds
(containing only water). They tend to be poorly modelled by general circulation models
(GCMs). For example, GCMs exhibit a positive bias in sea-surface temperatures in the
Southern Ocean and occurs because GCMs cannot produce liquid water and ice
simultaneously: the diagnosis of liquid water depends on the value of the mean
supersaturation over water in a grid box which is typically negative over the Southern Ocean.
However, in a turbulent environment it is possible to have both a negative mean
supersaturation over water and liquid water at the same time.

It is known that turbulence is an important mechanism both for generating and sustaining
mixed- phase clouds. Turbulent velocity fluctuations can produce updraughts of sufficient
strength to activate liquid water and limit the evaporation of droplets and the growth of ice
particles that would result. To date, studies of turbulence in mixed-phase clouds have mostly
been theoretical with various restrictive assumptions.

Direct numerical simulation (DNS) has been used extensively to study the effect of
turbulence on warm clouds (see e.g. Devenish et al. 2012; Shaw 2003; and references
therein) but has had limited application to mixed-phase clouds. The DNS code, SPARKLE,
that has been developed at Imperial College has been widely used to model particles in
turbulent flows especially buoyancy-driven flows (e.g. Nair et al 2021). The code can model
both the condensational and collisional growth of droplets and the aim of this project is to
represent both water and ice formation in the model.

The results of the DNS studies will be used to improve and develop parameterizations of
mixed-phase clouds in large-eddy simulations and GCMs. The DNS results will be compared
with simpler models of turbulent mixed-phase clouds such as Lagrangian stochastic models
(Devenish and Furtado) and associated analytical results. The DNS results will also be used
to develop better models of turbulent collision kernels for mixed-phase clouds. The student
will have the opportunity for an extended visit to the Met Office.
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