Dancing droplets:

the physics of post-impact retraction dynamics
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Jumping nanodroplets
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Retracting drop

Today's talking points

Bubble entrainment

Jumping drop




Simulation details
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Numerical Simulations setup

Boundary outflow
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Governing equations and boundary conditions

Boundary outflow
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Hydrophilic substrates
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Hydrophobic substrates
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How do we estimate when a droplet takes oft?
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Factors affecting takeoff:
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Aspect ratio dependence
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Viscous inhibition: is it enough?
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When does an impacting drop stop bouncing?
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Drop 1nertia
We = -
Capillary pressure

Weber number < Aspect ratio

Superhydrophobic substrate

e No We dependence

e Oh.+ Bo,.~ 1 scaling
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Oh + Bo = 0.1 Oh+ Bo =1
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What happens if the substrate is hydrophilic?

Hydrophilic substrate

e | dependence is observed

e No jumping is observed for Oh.+ Bo,. <« 1

Superhydrophobic substrate
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Contact angle effect on dissipation

Proximal
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Smaller contact angles result in larger
dissipation
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Scaling to determine O#h,

Surface energy ~ Bulk viscous dissipation + Contact line dissipation
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Large Oh regime

At large Oh, velocity gradients develop
immediately throughout the bulk.
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Small Oh regime

At small Oh, viscous effects remain localized
near the contact line.
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Bubble entrainment
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Air bubble entrapped 6
under an impacting ~
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)

surface

FIGURE 8. Sketch (based on figure 7) of the proposed pinch-off of a droplet inside the
bubble, with arbitrary, but greatly exaggerated, vertical scale.

S. T. Thoroddsen, K. Takehara, H. D. Nguyen & T. G. Etoh, J. Fluid Mech., 848, R3 (2018)



Singular jet & bubble during drop impact
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Bubble entrainment
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o o o e o o o
o o e o o o
o o o o e o o o
O O
O O
0O o © © o 0 o
o o O O O © © 0 o
r) 3 1024 @ © 00 © @ © @
3 16 32 3 16 32
I T

For low Oh, bubbles formation suppressed at low as well as large aspect ratios
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Singular bubble entrainment?
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Stood-Up Droplet Technique (SUD)

Doris Vollmer Diego Diaz Thomas Willers

Applied pressure P,,,
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Comparison to experiments
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Contact line singularity



Non-integrable energy dissipation
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Each decade in r contributes comparably
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Numerical slip: A ~ A/2

For accurate contact line velocities, we need
the smallest grid cells to be order of the
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Grid dependence in contact line simulations
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Our subgrid modeling schematic

- \ Zooming in

near the contact line

N o
Subgrid region Outer region
(generalized lubrication) (DNS)
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Summary

® 2 regimes for transition from surface oscillations to jumping:

Small aspect ratio: Oh, ~ I'? Large aspect ratio: Oh, ~ 1

e Retracting droplets entrain air bubbles in a “sweet spot’ range of moderate I

® Developing a mesoscale contact line subgrid model in basilisk
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