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Project background and description
Clouds play a central role in determining weather and climate, but many aspects are poorly understood. In
particular, there is no satisfactory theory for the rapid onset of rainfall from clouds that are do not contain
ice crystals.
The project will address two aspects of this problem. The first concerns the mechanism for microscopic
water droplets to achieve sufficient size to undergo runaway growth. Attempts to explain this by collisional
mechanisms have not been successful. Non-collisional mechanisms, involving transfer of water from one
droplet to another by evaporation and condensation of water vapour, are a promising alternative approach
[1]. Analysing these mechanisms depends upon understanding the supersaturation field of water vapour,
how droplets move through this field and sample it [2]. This will be approached by defining and analysing
models involving the fractal structure and turbulent motion of a cloud [3].
The second aspect concerns the growth of microscopic water droplets to form raindrops. After droplets
reach a critical size, they grow by sweeping up smaller droplets in their path. This is a ‘runaway’ process
where the droplet size diverges in a finite time. This problem has been analysed using the Smoluchowski
equation, a standard mathematical description for collision processes, and it has been found that the
singularity occurs at zero time [4]. There is something wrong with applying the Smoluchowski equation to
this problem. The project will identify the problem and formulate an alternative treatment of collisions.
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