
 

Drop deformation in confined geometries

Citation for published version (APA):
Janssen, P. J. A., Anderson, P. D., & Meijer, H. E. H. (2006). Drop deformation in confined geometries. Poster
session presented at Mate Poster Award 2006 : 11th Annual Poster Contest.

Document status and date:
Published: 01/01/2006

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
DOI 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: 04. Oct. 2023

https://research.tue.nl/en/publications/d0bb6d6c-8df4-4e16-93c3-cb9ab371fe37


12

/department of mechanical engineering PO Box 513, 5600 MB Eindhoven, the Netherlands

Drop deformation in confined geometries
P.J.A. Janssen, P.D. Anderson, and H.E.H. Meijer

Materials Technology, Dutch Polymer Institute, Eindhoven University of Technology

Introduction
With the ongoing miniaturization of various equipment, the
understanding of the behaviour of blends in confined geome-
tries has become increasingly important. In recent experi-
ments, many interesting observations have been made for
these systems, but lack a decent explanation [1,2].
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Figure 1 A drop between two parallel plates.

Objective
Develop a model to investigate how a drop deforms in shear
flow between two parallel plates, and to explain of the ob-
served phenomena.

Method
2 Boundary integral method, that defines the velocity:

(λ + 1)u = 2u∞ −
1

4π

∫
S

f (x) · G (x,x
0
) dS

−
λ − 1

4π

∫
S

u · T (x,x
0
) · n (x) dS.

2 Prescribed shear flow: u∞ = (z, 0, 0)
T
.

2 Green’s functionsG andTmodified to obey the no-slip
condition at the wall [3,4].

2 Only capillary pressure included:

f (x) =
1

Ca
2κ (x) n (x) .

Results
Deformation
For shear flow, increasing the confinement ratio R/W leads
to enhanced deformation (Fig. 2a) and a non-ellipsoidal drop
shape (Fig. 2b). The effects are more pronounced at high Ca.
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Figure 2 Drop deformation for Ca = 0.2 as function of R/W (a) and

the stationary drop shape for R/W = 0.9 (b).

Breakup
One interesting aspect of the confinement is how it affects
breakup behaviour. There is a minor influence on the criti-
cal capillary number, above which the drops breaks up (Fig.
3a). Remarkably, the breakupmode changes from binary into
ternary (Fig. 3b). Breakup occurs as the drop is retracting. All
these effects are also seen experimentally [1,2].
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Figure 3 Cacrit as function of R/W (a) and the breakup behaviour

for Ca=0.44 with R/W = 0.75 (b).

Non-unit viscosity ratios
For viscosity ratios λ > 1, Cacrit is significantly reduced with
increasing R/W , and even highly viscous drops can be bro-
ken (Fig. 4), which is impossible under unconfined condi-
tions.
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Figure 4 Experimental data from [1] (a) and our simulation results (b)

for Ca = 0.6, λ = 10, R/W = 0.75.

Conclusions
2 The presence of the walls significantly alters the drop

shape and deformation.
2 Cacrit for λ = 1 only slightly affected, but a change in

breakup mode. Breakup for λ � 1 enhanced.
2 Numerical method available to simulate drop be-

haviour between parallel plates.

Future work
2 Comparison with experiments from KU Leuven.
2 Effects of surfactants.
2 Theoretical analysis.
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