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Structures in the natural world are often formed by a rich interplay between fluid flow and the evolving
shape of a dissolving or eroding solid [1]. When an object dissolves or erodes in a flow, it tends towards a
self-similar terminal shape that can be predicted from similarity solutions to the Prandtl boundary layer
equations and free-streamline theory [2, 3]. These dynamics create a beautiful back-and-forth interplay
between the evolving free interface of the solid boundary and the fluid mechanics.

For the case of a dissolving object, dissolution sets up density differences between the solute-laden
fluid and the ambient fluid, resulting in buoyancy-driven flow. Depending on the stability of the
buoyancy-driven flow, the shape of an object can change or remain the same with time [4]. This
project will conduct mathematical and experimental analysis of the evolution of a dissolving object
surrounded by a stable buoyancy-driven flow. The methods will involve a combination of mathemat-
ical analysis and laboratory experimentation. Experiments will consist of dissolving 3D candy shapes
(cylinders and cones of varying angles) in a tank of water and examining the evolving shape of the upper
surface. Concurrently, a mathematical model based on coupling the evolution of the surface shape with
a boundary-layer theory for the buoyancy-driven flow can be developed and analysed using analytical,
asymptotic and numerical approaches.

• A video of some dissolving candy.

• More information about Megan Davies Wykes.

• More information about Sam Pegler.

Figure 1: A partially dissolved candy stick (left) and sphere (right).
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https://www.youtube.com/watch?v=Ou_mw4eqYec
http://www2.eng.cam.ac.uk/~msd38/index.html
https://physicalsciences.leeds.ac.uk/staff/72/dr-sam-pegler
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