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Introduction
An important issue in the numerical computation of droplet
deformation is the modeling of the interface. Generally, two
methods are used:

Sharp interface method, see e.g. Bazhlekov’s poster

Diffuse interface method, see e.g. Keestra’s poster

The method presented here is a hybrid between these two
methods. The advantage is that the position of the interface
is accurately known, while time-consuming remeshing of the
finite element mesh is not necessary.

Numerical Method
To determine the droplet deformation, an explicit time inte-
gration scheme is used, as is shown in figure 1. The velocity
field is computed on a fixed finite element grid, whereas the
droplet interface is given by the position of markers which are
tracked in time.
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Figure 1 Schematic representation of numerical method.

Material parameters
The different rheology of the two fluids is taken into account
by using the actual material parameters at the location of the
integration points. An example is given in figure 2, which
shows a Poiseuille flow for two Newtonian fluids of different
viscosity with the interface at one third of the tube radius.
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Figure 2 A sharp interface method is used for the material pa-
rameters. The numerical results (symbols) correspond
well to the analytical solutions (solid lines).

Interfacial tension
In contrast, the influence of the interfacial tension is spread
out over the entire element and its neighbors. The total force
on the element is divided by the element’s volume and im-
plemented in the FEM code as an ordinary volume force.
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Figure 3 Example of interface mesh and its 3D representation.

For the example in figure 3, one can show that the volume
force due to the interfacial tension σ is given by:

2 σ

dz(2drRb + dr2)
[sin(γ) R3 − sin(β) R1 − l1 − l2 − l3]�er

+
2σ

dz(2drRb + dr2)
[cos(γ) R3 − cos(β) R1]�ez

whereR1 andR3 give the locations where the interface inter-
sects with the element boundaries.

Results
Figure 4 shows the relaxation of a droplet. The difference be-
tween the experimentally and numerically obtained droplet
width is mainly due to the different type of flow before t = 0.
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Figure 4 Retraction of elongated droplet in quiescent matrix
(λ = 5.2, σ = 4 mN/m, R = 0.33 mm, L0 = 6.2R).
Experimental (left) and numerical (right) results.

For a more extended droplet (L0 = 7.1R), numerical simu-
lations predict breakup, see figure 5. Since the markers are
always connected, a thin line on the symmetry axis remains.
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Figure 5 The numerical method can also simulate breakup.

Conclusions
� The numerical method accurately describes droplet de-

formation, and is able to predict breakup.
� The method can in principle be combined with any FEM

model, to determine, for example, the influence of vis-
coelasticity on droplet deformation.


