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On a cloudy or rainy day (of which there are no shortages here in the UK) airplanes have to navigate
the local crowded airspace and fly through very humid conditions. Tiny drops of water hit the surface of
the aircraft and start accumulating, forming thin liquid films which may subsequently freeze. Despite fluid
mechanics being essential to the rigorous physical modelling of this complex dynamics, the methodology to
predict the movement and deformation of droplets prior to impact is largely based on particle trajectory
models which ignore the vast majority of the beautiful (and relevant) details of the drop dynamics - see Gent
et al. (2000),1 for a useful review. This happens primarily due to the large aspect ratio in these problems
as shown in Fig. 1, but also due to product-specific designs.

Figure 1: (Left) Aircraft flying through high liquid water content environment. (Right) Schematic of typical aircraft
component such as a wingtip or nacelle lipskin interacting with liquid droplets in the atmosphere.

Recently, experimental equipment (imaging in particular) has improved to the point where capturing the
details of the drop deformation prior to impact (Sor and Magarino (2015)2) is possible, offering useful insight
for the modelling of these high speed systems. Comparisons have been made with some of the early simplified
models, e.g. Clark (1988)3, however there is significant room for improvement given the availability of data
and advances in modelling techniques in the decades since.

Figure 2: Drop deformation evolution2 for a reference velocity of 90 m/s and an initial drop radius of 524 µm.

Furthermore, the project also benefits from computational capabilities via direct numerical simulations
- see Cimpeanu and Papageorgiou (2018)4 for a recent study - which would inform model testing and
development. Enhancing this numerical toolkit can also become a branch of the study, which will involve
state-of-the-art techniques such as adaptive finite volume methods with efficient parallelisation.

The overarching goal of the project is to go beyond traditional modelling of spheroidal (or near-spheroidal)
droplets and advance towards full coupling with the background air flow, realistic drop deformation and
description of the instability mechanisms that are inherent to the competition of forces in this flow. On
the analytical level, progress will be achieved through a combination of mathematical modelling, partial
differential equations and asymptotic analysis, as well as instability studies. However there is much to be
gained from a combined analytical-numerical approach, informed by the available experimental data.
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