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Tentative topic of the invited talk
Asymmetry-induced interfacial dynamics of droplets and particles

Abstract of the invited talk

It is correctly stated by Jan Tschichold, “Asymmetry is the rhythmic expression of functional design”.
In the absence of any incipient flow, a suspended droplet or a chemically inert particle in a fluid
medium is expected to sediment due to its own apparent weight or remain in a state of neutral
equilibrium in the absence of any form of asymmetry. It is the presence of any interfacial asymmetry
that leads to the motion of such entities. Precise manipulation of a suspension of droplets is essential
towards achieving controlled cross-stream distributions, with wide applications such as targeted
delivery of drugs, single cell analysis as well as detection of analytes. Such manipulation includes
modulation of the droplet trajectories which can be facilitated with the aid of external forcing agents
such as electric, thermal, acoustic or magnetic fields. These external fields generate a jump in the
tangential component of stress at the interface of the droplet, hence altering the net hydrodynamic
force on the droplets resulting in modified droplet migration characteristics. The present talk will
focus on the effect of externally imposed lateral temperature gradient across the micro-channel
height. Such an imposed gradient inherently induces a variation in temperature along the droplet
surface, thus generating a thermal Marangoni stress which is responsible for the thermocapillary
migration of a droplet, even in a quiescent medium, towards the hotter zone. In the presence of such
a lateral temperature gradient, interesting interactive patterns are observed in droplet emulsions in
the presence of an imposed shear flow. In addition, the above approach can be used for the
development of an efficient size-based droplet sorter device which has direct applications in cell
sorting and isolation.

The present talk also focuses on the surface asymmetry induced motion of chemically active
particles, which when preferentially coated with reactive materials or catalysts undergo selective
reaction with the suspending medium or the ‘fuel” solution. Thus, an asymmetric distribution of the
product molecules is obtained near the vicinity of the particle surface. This is usually followed by
diffusion of the product molecules leading to the generation of a slip flow of the fluid, hence,
resulting in the motion of the particles. These types of particles are known as active particles or
micromotors. As an example, phototactic active micromotors are seen to undergo self-propulsion in
the presence of different types of radiation. Some emphasis on the motion characteristics of
phototactic rod-shaped micromotors and prediction of the trajectory of such active rods with the help
of a self-diffusophoretic model will also be presented. Finally, the talk will be concluded with an
interesting question: whether particle/droplet motion can be achieved under symmetrical conditions.
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