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Different faces on continuum mechanics

Wrinkling of viscous surface bubble Wrinkling of elastic surfaces
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Why do we care about polymeric flows?
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How do we model polymeric tlows?



How to model polymeric flows?
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Cauchy momentum equation: - V- ( ,O’U,U) —V o
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Order parameter

for “polymer stretch”



Oldroyd-B family of models
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. Oldroyd-B family
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. Oldroyd-B family
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Bursting soap bubble %:ﬁ,%%-&éf

Video from https://fyfluiddynamics.com/2011/10/high-speed-video-of-a-soap-bubble-being-popped/



https://fyfluiddynamics.com/2011/10/high-speed-video-of-a-soap-bubble-being-popped/
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What happens it the film is
non-Newtonian’



Friday afternoon experiment

D. Tammaro, R. Pasquino, M. M. Villone, G. D'Avino, V. Ferraro, E. Di Maio, A. Langella, N. Grizzuti & P. L. Maffettone,
Langmuir, 34:19, 5646-5654 (2018)
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This is still viscous liquid
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No relaxation limit
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What is going on?
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Elastic mapping

R = (R, Z)
r=(r,2)
® Kinematic
: : V4 Z : .
® Elastic mapping 770 omogeneous vertical stretching
r
®Shear-free Hy(R* — Rj) = 2/ h(7)rdr Volume conservation

J. H. Snoeijer, A. Pandey, M. A. Herrada & J. Eggers, Proc. R. Soc. A, 476:2243, 20200419 (2020)



Elastic stresses
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Side View

What is going on?

TopView
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What is going on?
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Taylor-Culick retractions: from viscous to elastic

14+

12-

L

101

h;/ho

hj(t — OO)/h()

2-

0 50 100

150

t/\/ ph/~

200

0

250 300 0 50

I

Fe=0,De=0

Ec=0.01,De — o0
Ec=10.10,De = oo
FEec=10.25, De — o0
Ec=0.50,De — o0
Ec=1.00,De = oo

—

100

150 200 250

t/\/ phi/~

300



Taylor-Culick retractions: from

viscous to elastic
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Summary: bursting viscoelastic sheets
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~~ Singular perturbation for Ec = 0+
» Capillary pressure determines elastic jump height
o Large elastocapillary numbers arrests film retraction

o Deborah number: solid-like to liquid-like behavior
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https://www.youtube.com/watch?v=TLbhrMCM4_0

Soft impacts
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Today, we look at forces: Wagner vs Hertz
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Liquid impacts Solid impacts



Let us look at the liquid impacts



Typical result for impacting drop
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Zhang, Sanjay et al., Phys. Rev. Lett., 129, 104501 (2022)



Summary of liquid impacts
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@ Liquid impacts
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From liquids to soft solids
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From liquids to
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Can we explain this dependance?

Wagner Hertz

F ~ pVZR? F ~ (GR2)™” (pV2R2)*”
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One more thing ...



Computational Multiphase Physics Lab
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Computational Multiphase Physics Lab

Theory:

- Scaling analysis

. o _ - Reduced order models
High-fidelity numerical codes

- Basilisk C framework

- Extended to non-Newtonian liquids

CoMPhy Lab Active experimental collaborations

See: comphy-lab.org/team

Partners:

@ ASML Canon
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http://comphy-lab.org/team

Computational Multiphase Physics Lab

High-fidelity numerical codes

Theory:

- Basilisk C framework - Scaling analysis

- Extended to non-Newtonian liquids - Reduced order models

CoMPhy Lab




Computational Multiphase Physics Lab

High-fidelity numerical codes

Theory:

- Basilisk C framework - Scaling analysis

- Extended to non-Newtonian liquids - Reduced order models

CoMPhy Lab

Open source codes are the way to go

£ .v2.5: ElastoFlow - Complete 2D/3D Viscoelastic i ¥ WorthingtonVE
Framework

+# ViscoBurst v1.0: Viscoelastic Worthington Jets & Droplets
Simulator

+# Release v2.5 - Improved Documentation and Code
Organization

— icense [EPES0) PN AR s [T pull requests [§8peA) DOl 10.5281/zen0do. 14210635
release vZ.5.1 ||censem a a ssues ISIOPEI  pull requests ‘Uoper DOl 10.5281/zenodo.14210635 rasia lonti O 0 B P 2 ——



Computational Multiphase Physics Lab

High-fidelity numerical codes

Theory:

- Basilisk C framework - Scaling analysis

- Extended to non-Newtonian liquids - Reduced order models

CoMPhy Lab

Open source codes are the way to go

£ .v2.5: ElastoFlow - Complete 2D/3D Viscoelastic i ¥ WorthingtonVE
Framework

+# ViscoBurst v1.0: Viscoelastic Worthington Jets & Droplets
Simulator

+# Release v2.5 - Improved Documentation and Code
Organization

— icense [EPES0) PN AR s [T pull requests [§8peA) DOl 10.5281/zen0do. 14210635
release vZ.5.1 ||censem a a ssues ISIOPEI  pull requests ‘Uoper DOl 10.5281/zenodo.14210635 rasia lonti O 0 B P 2 ——



3D Viscoelasticity

3D Viscoelastic




Newtonian filament Viscoelastic filament
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Thank you!

Liquid impacts . Solid impacts
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