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Project background and description
Microengineered devices have recently seen an explosive growth in a wide spectrum of areas, from
microchemical and biological engineering to materials processing and the rapidly growing field of
microfluidics, especially the so-called lab-on-a-chip systems. These devices offer numerous advantages
over traditional technologies, such as small operating volume and excellent control of the fluids involved.
At the same time, advances in microengineering technology have led to the ability to fabricate
microstructures, e.g. membranes and multiscale patterned surfaces, which can be smartly designed to
e.g. create microdroplets, modify the wetting properties of the substrates at will, or to manufacture liquid
repellent (superhydrophobic or superoleophobic) surfaces.
As the system is downsized (microspace) it is possible to achieve a high surface-to-volume ratio which
strongly affects the interaction between the different phases in contact with the solid boundaries. The
resulting multiphase flows are hence largely dependent on the particular properties (either physical or
chemical) of the microstructure, and they may take different forms such as droplets, slugs or wetting films.
This project concerns the mathematical modelling (both numerical and analytical) of such multiphase
flows and how their dynamics depends upon the solid properties. Some particular examples will be
considered, such as spreading of droplets over heterogeneous substrates, or a liquid meniscus advancing
through a microchannel. Suitable students will have a strong background on fluid mechanics and applied
mathematics. If you are interested, contact Marc Pradas marc.pradas@open.ac.uk
Background reading/references
• See on Marc Pradas’ website http://www.open.ac.uk/people/mp22246#tab2 the list of publications,
particularly those about microchannels.
• A very good recent review on this topic: Wetting and Spreading, D. Bonn, J. Eggers, J. Indekeu, J.
Meunier, and E. Rolley. Rev. Mod. Phys. 81, 739 (2009).

