EINDHOVEN
e UNIVERSITY OF
TECHNOLOGY

Boundary integral simulations of drop coalescence

Citation for published version (APA):
Janssen, P. J. A., Anderson, P. D., Peters, G. W. M., & Meijer, H. E. H. (2004). Boundary integral simulations of
drop coalescence. Poster session presented at Mate Poster Award 2004 : 9th Annual Poster Contest.

Document status and date:
Published: 01/01/2004

Document Version:
Publisher's PDF, also known as Version of Record (includes final page, issue and volume numbers)

Please check the document version of this publication:

* A submitted manuscript is the version of the article upon submission and before peer-review. There can be
important differences between the submitted version and the official published version of record. People
interested in the research are advised to contact the author for the final version of the publication, or visit the
DOl to the publisher's website.

* The final author version and the galley proof are versions of the publication after peer review.

* The final published version features the final layout of the paper including the volume, issue and page
numbers.

Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

» Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
* You may not further distribute the material or use it for any profit-making activity or commercial gain
* You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above, please
follow below link for the End User Agreement:
www.tue.nl/taverne

Take down policy
If you believe that this document breaches copyright please contact us at:

openaccess@tue.nl
providing details and we will investigate your claim.

Download date: 08. Feb. 2024


https://research.tue.nl/en/publications/2f416e0e-7085-4c0e-9136-1ad455db26c8

technische universiteit eindhoven

Boundary integral simulations of drop coalescence

P.J.A. Janssen, P.D. Anderson, G.W.M. Peters and H.E.H. Meijer

Introduction

Most numerical studies on drop coalescence use asymptotic
thin film descriptions, since methods for full drop analysis
lack accuracy to handle the small interfacial distances. Head-
on viscous drop collisions driven by external flow or buoyancy
are simulated using a full boundary-integral method (BIM),
that can give accurate results for realistic length scales. Also
the influence of an insoluble surfactant in shown.

Objective
To investigate the parameter space where asymptotic theo-
ries can be applied.

Method

O Axisymmteric BIM model.

O Contour-integration for single-layer potential [1].

O Near-singular subtraction for Marangoni contribution.

O Five-point FDM for solving surfactant convection-
diffusion equation.

Results

Buoyancy
Our method can reproduce the partially-mobile asymptotes
found with thin film descriptions [2] (Fig. 1 left).
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Figure 1 Left: film drainage for a buoyancy driven collision (Bo =
0.05). Right: external flow driven collision.

External flow
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Figure 2 The counter-rotating vortex disappears for Ca = 0.05 (left),
while it remains for Ca = 0.005 (right).

The film drains as i ~ t—*/° (Fig. 1). Constant approach force
and constant approach velocity cases give other asymptotes.
A vortex appears above the film, that is counter-rotating the
large, external flow induced inside the drop. For high capil-
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lary numbers, the drainage stops altogether, and the vortex
disappears (Fig. 2). Critical film thickness is the same as
for asymptotic theory [2]. The drainage time scales as Ca®/?
between 3.1073 < Ca < 3.1072 and is constant at lower
values of the capillary number, which also experimentally is
reported [2].
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Figure 3 Left: film rupture due to van der Waals forces (A’) occurs for
same hir as asymptotic theory [2]. Right: drainage time is similar
to experiments [3].

Surfactants

The main difference with asymptotic film descriptions is an
increase in surfactant concentration, due to transport of sur-
factant from the drop tip into the film, which locally lowers
the interfacial tension beyond the initial equilibrium situa-
tion and increases the film radius.
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Figure 4 Film radius a and hy.., in time for multiple surfactant
amounts, all for Ca=0.005.

Conclusions

We can accurately simulate head-on collisions for small Ca
and describe film thicknesses up to 1.10~*R, while retaining
a full drop description. External flow proved to have a major
influence on film drainage and is not simulated correctly in
asymptotic theories.

Future work

O Non-unit viscosity ratios.

O Full range of capillary numbers for multiple surfactant
coverages.

O Unequal drop radii.
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