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Microfluidics for biotechnology

My research focuses on the solution of inverse problems that arise in the sensing and control of lab-on-a-chip chemical analysis and chemical reactor applications, and path-lab-on-a-chip biomedical analysis. The work involves modelling flow in micro channels and is carried out in collaboration with the Microfluidics Group from the Department of Chemical and Process Engineering at the University of Sheffield.
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Interfacial transport processes

Hi-tech materials and microfluidic devices achieve effective processing, analysis, sensing, and chemical reactions due to interfacial transport processes.  In some cases, such as electronics material fabrication, interfacial instabilities are undesirable; in other cases, such as mass transfer and reaction, substantial enhancement of rates are driven by interfacial process.  This programme focuses on nonlinear waves at interfaces with a view to characterizing surface tension gradient driven instabilities, with immediate application to microfluidic crystallization and sensor development, under terrestrial and reduced gravity conditions. 
Effects of hormones on speech: Microacoustic and microbehavioural systems

Human communication comprises an integrated set of neural, cognitive and behavioural processes that can be divided into the domains of speech input, speech output and higher order integrative functions. In collaboration with the Department of Human Communication Sciences at Sheffield University, Fourier and wavelet analyses are used to study the temporal and spectral dimensions of speech output.
Highlights: 
We have derived a new nonlinear evolution equation for solitary internal waves excited in high Richardson number waveguides. These are predicted to have a half-width inversely proportional to the Scorer parameter  (Zimmerman and Rees, 2004). 
We have successfully modelled the dynamics of the eleckrokinetic flow of a Carreau-fluid in a T-junction microchannel and used the statistical properties of the pressure profile at the end wall to predict to infer the rheological properties of the fluid from the corresponding inverse problem. 
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