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Playing ping-pong with liquid droplets

Ever wondered how astronaut Scott Kelly (link here) played ping-pong with water drops in space?
This phenomenon reveals fundamental physics of liquid-solid interactions that we're only beginning
to understand.

TL;DR

Investigate how liquid droplets bounce off superhydrophobic surfaces through computational
simulations, exploring phenomena from Scott Kelly's space ping-pong (link here) to hydro-
dynamic singularities. Using in-house CFD code, you'll map bouncing dynamics across the
control parameter space, quantify force profiles and dissipation mechanisms, and investigate
Worthington jet formation. The project addresses fundamental questions about viscous dissipa-
tion anomalies and singular behaviour in droplet impact, with applications in spray technology
and microfluidics. Join the CoMPhy Lab to develop skills in computational fluid dynamics, data
analysis, and open-source scientific computing while working with international collaborators
at Durham University and University of Twente.

Description

Droplet impact on superhydrophobic surfaces exhibits remarkable behaviours — from complete bounc-
ing to singular jet formation — that challenge our understanding of fluid mechanics. Despite over a
century of research (Sanjay and Lohse, 2025; Worthington, 1877), critical questions remain about
force transmission, viscous dissipation anomalies, and hydrodynamic singularities during impact. This
project aims to quantify the dynamics of bouncing droplets through high-fidelity computational fluid
dynamics (CFD) simulations, focusing on the interplay between inertia, capillarity, and viscous dissipa-
tion. Using an in-house developed simulation code, you will explore parameter regimes from inertial-
dominated to capillary-dominated impacts, characterize force profiles and coefficients of restitution,
and investigate the formation of Worthington jets and bubble entrainment. Expected outcomes in-
clude a comprehensive map of bouncing behaviors across dimensionless parameter space and insights
into dissipation mechanisms in the vanishing viscosity limit. This work advances our fundamental
understanding of droplet dynamics with applications ranging from spray coating to inkjet printing
and microfluidics.

Deep dive

A typical sequence of events is shown in Figure 1. The impact process involves multiple stages:
(a) approach with constant velocity, (b) inertial shock upon contact, (c,d) radial spreading with
pyramidal deformation due to propagating capillary waves, (e) air cavity formation from converging
waves, and (f,g) cavity collapse leading to bubble entrainment and Worthington jet formation—a
hydrodynamic singularity. The dynamics are governed by the Navier-Stokes equations with surface
tension, characterised by the Weber number We = pV2D/~ (inertia vs. surface tension), Reynolds
number Re = pV D/n (inertia vs. viscosity), and in the low-velocity limit, the Ohnesorge number

Oh =n/+/pyD) (viscous vs. capillary timescales).
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Figure 1: A typical simulation of a drop bouncing off a superhydrophobic substrate: (a) impacting
drop with a constant velocity, (b) inertial shock as the drop hits the substrate, (c, d) the drop spreads
on the substrate forming pyramidal shape owing to the propagating capillary waves on the surface
of the drop (Renardy et al., 2003; Zhang et al., 2022), (e) converging capillary waves create an air
cavity, and (f, g) collapse of the air cavity entrains a bubble inside the drop and forms a thin and fast
Worthington jet reminiscent of the hydrodynamic singularity (Bartolo et al., 2006).

What will you do and what will you learn?

In the Physics of Fluids group, we are looking for enthusiastic students to work on this topic.

1. You will learn about fundamental fluid dynamics.

2. You will get hands-on experience with Computational Fluid Dynamics (CFD).
3. You will learn how to do basic and advanced data analysis.
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. You will learn how to document and publish read-to-use codes and share them with the com-
munity, similar to Sanjay (2022a,b,c).

5. As a part of the CoMPhy lab, you will learn and adapt open-source coding principles.

As a part of your assignment, we would like you to explore the field and come up with exciting
avenues. To get you started, here is a list of open questions:

1. How much force does the drop apply on the substrate? How does this force depend on the
properties of the drop and the substrate properties?

2. In the limit of zero impact velocities, capillarity dominates over the inertia of the impacting
drop. We would like to understand the dynamics (including normal contact force and coefficient
of restitution) in this limit of capillary oscillations.

3. One of the critical features is this process of impacting drops is viscous dissipation. For example,
the dissipation occurs in the boundary layer inside the drop attached to the drop-air interface
in the limit of zero viscosities. Surprisingly, the viscous dissipation does not vanish even in the
vanishing viscosity limit, a behavior attributed to the dissipation anomaly. We would like to
understand the role of viscous dissipation in this process.

4. Hydrodynamic singularities in drop impact. See: Mandre and Brenner (2012) for impact time
singularity and Bartolo et al. (2006), Sanjay et al. (2021), and Zhang et al. (2022) for singular
jets.

If you have any questions, feel free to contact us vatsal.sanjay@comphy-lab.org /
vatsal.sanjay@durham.ac.uk or drop by Ph255 (Rochester building) at the Department of Physics at
Durham University.

Last updated: August 23, 2025


https://comphy-lab.org
mailto:vatsal.sanjay@comphy-lab.org
mailto:vatsal.sanjay@durham.ac.uk

References

Bartolo, D., Josserand, C., and Bonn, D. (2006). “Singular jets and bubbles in drop impact”. Phys.
Rev. Lett. 96.12, p. 124501.

Mandre, S. and Brenner, M. P. (2012). “The mechanism of a splash on a dry solid surface”. J. Fluid
Mech. 690, pp. 148-172.

Renardy, Y., Popinet, S., Duchemin, L., Renardy, M., Zaleski, S., Josserand, C., Drumright-Clarke,
M. A, Richard, D., Clanet, C., and Quéré, D. (2003). “Pyramidal and toroidal water drops after
impact on a solid surface”. J. Fluid Mech. 484, pp. 69-83.

Sanjay, V. (2022a). Code repository: Drop impact on viscous liquid films. https://github.com/
VatsalSy/Drop-impact-on-viscous-1liquid-films (Last accessed: April 1, 2022).

Sanjay, V. (2022b). Code repository: Impact forces of water drops falling on superhydrophobic sur-
faces. https://github.com/VatsalSy/Impact-forces-of -water-drops-falling-on-
superhydrophobic-surfaces.git (Last accessed: February 4, 2022).

Sanjay, V. (2022c). Code repository: When does a drop stop bouncing? https://github.com/
VatsalSy/When-does-a-drop-stop-bouncing (Last accessed: April 20, 2022).

Sanjay, V. and Lohse, D. (Mar. 11, 2025). “Unifying Theory of Scaling in Drop Impact: Forces and
Maximum Spreading Diameter”. Phys. Rev. Lett. 134.10, p. 104003. DOI: 10.1103/PhysRevLett.
134.104003.

Sanjay, V., Lohse, D., and Jalaal, M. (2021). “Bursting bubble in a viscoplastic medium". J. Fluid
Mech. 922, A2.

Worthington, A. M. (1877). “XXVIII. On the Forms Assumed by Drops of Liquids Falling Vertically
on a Horizontal Plate”. Proc. R. Soc. Lond. 25.171-178, pp. 261-272.

Zhang, B., Sanjay, V., Shi, S., Zhao, Y., Lv, C., and Lohse, D. (2022). “Impact forces of water drops
falling on superhydrophobic surfaces”. Phys. Rev. Lett. 129.10, p. 104501.


https://github.com/VatsalSy/Drop-impact-on-viscous-liquid-films
https://github.com/VatsalSy/Drop-impact-on-viscous-liquid-films
https://github.com/VatsalSy/Impact-forces-of-water-drops-falling-on-superhydrophobic-surfaces.git
https://github.com/VatsalSy/Impact-forces-of-water-drops-falling-on-superhydrophobic-surfaces.git
https://github.com/VatsalSy/When-does-a-drop-stop-bouncing
https://github.com/VatsalSy/When-does-a-drop-stop-bouncing
https://doi.org/10.1103/PhysRevLett.134.104003
https://doi.org/10.1103/PhysRevLett.134.104003

