Chair: Physics of Fluids group

Gravity-defying liquids
Description
Viscoplastic/yield-stress fluids are commonly observed in our daily life, like toothpaste, ketchup, and
hair gel, which, unlike Newtonian liquids, do not flow under the influence of gravity when inverted. A
new class of yield-stress fluids is thermoresponsive viscoplastic gels, which are frequently used in inkjet
printing applications. These gels show viscoplastic shear-thinning behavior at low temperatures due to
the presence of a gel network. However, at high temperatures, the gel network breaks down, and the
liquid shows Newtonian behavior. In this project, we aim to understand what happens when a droplet
of such liquid impacts on a flat, horizontal substrate (Figure 1a). The droplet is initially at a high
temperature exhibiting Newtonian behavior. However, when it impacts a substrate at low temperature,
the droplets starts cooling down and the gel network begins to form, resulting in viscoplastic behavior
(Figure 1b). Furthermore, as the droplet recoils, a clear distinction between a Newtonian and a high
yield stress drop can be observed (Figure 1c). For this work, we will use Direct Numerical Simulations
of the drop impact of yield stress fluids. One of the deliverables will be to understand the effect of yield
stress and shear thinning behavior on the droplet’s post-impact morphology. The work is part of an
academic-industrial collaboration and provides the opportunity to study interesting, complex physics,
and solve real-world problems.

Newtonian drop impact

High yield stress drop impact

(a) Initial condition

(b) Maximum spreading

(c) Recoil stage

Figure 1: Yield stress drop impact on solid substrate.

What you will do and what you will learn?
In the Physics of Fluids group, we are looking for enthusiastic students to join our newly established
project on thermoresponsive gels.
1. You will learn about rheology of complex non-Newtonian fluids.
2. You will work with experimentalists and our industrial collaborators at Canon Production Printing.
3. You will learn about the Computational Fluid Dynamics (CFD) fundamentals, and use the free
software program Basilisk C (http://basilisk.dalembert.upmc.fr).
4. You will learn how to do basic and advanced scientific data analysis.
For any questions, please feel free to contact Vatsal or Udo (details below).
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