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Structure and Rheology of Complex Fluids

Introduction

When two fluids are combined with particles new materials
can be created with unique properties. For example in the
widely used Pickering emulsions, drops of one fluid are stabi-
lized in a second fluid by particles at the interface (see Figure
1).
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Figure 1: A Pickering emulsion consisting of drops of one fluid inside
another fluid which are stabilized by solid particles at the interface.

Recently, it has been shown that particles can also be used to
stabilize polymer blends (see e.g. [1]), but the mechanisms
remain not well understood. We use computational modeling
as a tool for better understanding the exact mechanisms of
stabilization of the interface by particles.

Method

We model the interface between the fluids (or “phases”) as a
diffuse interface by using the Cahn-Hilliard theory [2]. Stokes
flow is assumed to describe the flow dynamics. The interface
between the particle and the fluids is modeled as a sharp in-
terface by creating a boundary fitted mesh and applying ap-
propriate boundary conditions. The Arbitrary Lagrange Euler
(ALE) method is used where the mesh close to the particle is
moved with the particle, while the mesh further away is sta-
tionary. Remeshing is performed when the mesh becomes too
distorted (see Figure 2) and the phase-field variables are pro-
jected onto the new mesh.

Figure 2: An initial mesh (left) is moved in the ALE method (middle)
and when it becomes too distorted, remeshing is performed (right).

Results

Following Choi and Anderson [3], who used the Extended Fi-
nite Element Method (XFEM) to handle the sharp interface, we

simulated a particle at an interface that is pulled out of equi-
librium by a force F = (0,−Fy) during forcing time tF . For
t > tF , the external force is removed, and the system is al-
lowed to go back to its equilibrium state.
Results are presented for simulations with a Cahn number
C = 0.01, where the Cahn number is a dimensionless mea-
sure for the interface thickness. In Figure 3 the phase field
is shown for the beginning of the simulation (left) and after a
forcing time tF = 0.1 (right).

Figure 3: The phase field at t = 0 (left) and at t = tF (right).

In Figure 4 the y-coordinate of the particle is shown as a func-
tion of time for several forcing times.
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Figure 4: The y-coordinate of the particle as a function of time (left:
t ≤ 1, right: t ≤ 50) for several forcing times.

The results show good agreement with the results of Choi and
Anderson [3].

Conclusions and future work

A numerical method that combines ALE with the diffuse-
interface model was successfully implemented to simulate a
particle at an interface. Future work includes extending the
model to axisymmetric and 3D, and using a viscoelastic model
for the fluids.
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