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1) Pulling free-standing films

Side view Front view
(experimental)

Liquid bath

Break-up mechanism: intermolecular forces (van der Waals)
= Important when the film thickness < 100 nm



Pulling free-standing films

(U I*at rupture ?

e pulling velocity: U
fiber half-width: A

Film pulling parameters:

* density: p
i o . * viscosity: 7]
e = 4| — Liquid ties:
c 09 T Properbies » surface tension: Y

 Hamaker constant: Ay



Lubrication model for an extensional flow
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* pulling velocity: U

Film pulling parameters: e fiber half-width: &

* density: p
i o . * viscosity: 7]
e = 4| — Liquid ties:
c 09 T Properbies * surface tension: Y

Hamaker constant: Ay



Lubrication model for an extensional flow
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Time-dependent simulations 1D
COMSOL: PDE solver + Moving Mesh (ALE)
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Results of the model: film height at break-up

(Fixed liquid properties)
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Experiments with silicone oil films

Experimental setup

Pure liquid?
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Film pulling parameters:

* density: p

o ) * viscosity: 7]
Liquid properties: .

e pulling velocity: U
fiber radius: H

surface tension: 7Y

 Hamaker constant: Ay

U (mm/s)



Experimental results
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Changing the liquid viscosity

— Hypothesis to explain the deviation at
high capillary numbers: fiber coating

— Small height: max 1 cm for Ca =1
unless surfactants are added...

2H =11 pm (model)

D = 57 ym (experiments)
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Changing the fiber diameter D
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2) Ligament

)

Static meniscus

Radial curvature\..}...
- destabilizing

Longitudinal curvature
- Stabilizing (as for film)

Liquid bath ey — (Ri Ri)
1 2

(Laplace pressure)

Break-up mechanism: Rayleigh-Plateau
- Always present during stretching



Ligament drawing

H,, at rupture ?
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No analytical solution!
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e=0.1
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Hi(e,0) ~ —sinflne + sinf (n — 2lnsing)
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Hy/o(e) = lng +n

n = 0.108.

Ligament drawing
(Quasi-static approach
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Ligament drawing: dynamics
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Ligament stretching dynamics
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Ligament stretching: experiments

1) Vertical translation plate

2) Cylindrical rod

4) Fixed platform
5) LED lamp
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6) High-speed camera




Ligament stretching:
Experiments vs 1D modeling
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Changing the liquid viscosity

Ca
Changing the rod radius R



Ligament stretching: 2D modeling

Comsol 2D axisymmetric + ALE for moving mesh with moving boundaries



Ligament stretching: comparison

r

- Good prediction of the 1D model despite the 2D effects



Ligament stretching: 2D effects 7
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True 2D effects !



Ligament stretching: Volume entrained?
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Liquid bath

Small variation of the entrained volume !!!
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Conclusions

Unsteady dynamics for vertical stretching of liquid films and ligaments

o Strong influence of the break-up mechanism: van der Waals vs.
capillarity

Good prediction of the 1D, provided Ca <1 and € < 1
Small deviation at Ca > 0.1 due to fiber coating effect
Prediction of break-up heights: quantitative agreement with experiments
e Always small and maximum for Ca ~ 1 :
o For films: about 10 times ¥,
o For ligaments: about 10 times £

How can we pull stable films or ligaments?



Pulling stable liquid films

Film of pure material soap film
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