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Introduction
The interaction of drops during manufacturing process can

greatly affect the final properties of a product. That can be

done in many different ways, such as coalescence

or changes in drop shape, that can affect the flow. The

distance between interfaces of the drops can get up to five

decades smaller than the original radius and thus making

simulations very challenging. To achieve this, an adaptive

locally refined mesh is required.

Fig 1. The final result of a polyurethane foam greatly depends on the

drop interactions that happen during the foaming process.

Method
To describe the flow dynamics we assume that inertia can be

neglected and that the fluid is incompressible. For now, we

study the case of Newtonian fluid. The interface between the

drop and the fluid is modelled as a sharp interface and we

apply appropriate boundary conditions. The resulting

equations are discretized in space using the finite element

method employing a mesh of quadratic triangles for the bulk,

whereas the interface mesh consist of quadratic lines while

maintaining conforming geometry. For the time discretization

second order backwards differencing is used. Remeshing is

performed when the mesh becomes too distorted.

Multilevel adaptive local refinement
The interface mesh is refined by splitting elements into two

as shown in Fig. 2. The rest of the volume is refined by locally

defining the element size in Gmsh. For each element level

the parent and the sibling element is stored. This way it is

possible to move back and forth through levels easily.

Fig 2. For each new level of refinement the element splits into two new

while storing the number of the parent and the sibling element.

Coalescence and film drainage
In modelling of coalescence two aspects have to be considered.

Firstly, if the drops are going to collide within a given process

time and secondly if the film between the bubbles drain

sufficiently during the available interaction time. In Fig 3 we can

see two bubbles compressed under axisymmetric elongational

flow. The distance between the interfaces can be up to five

decades smaller than the radii of the drops.

Fig 3. The difference of the element size can get up to five orders of

magnitude. The color indicates the pressure.

Bulk rheology
Using the same model we can also study the bulk rheology of a

suspension of bubbles. We impose the volume of the bubbles to

be constant and also apply a periodic meshing method. By using

the Batchelor formula we can calculate the average stress of the

system and thus obtain the apparent viscosity.

Fig 4. A suspension of bubbles is sheared in a periodic domain. The color

again indicates the pressure.

Conclusions
Using an adaptive multilevel local refinement technique the

mesh is refined where and when it is needed. It is possible to

deal with a large range of scales. We can accurately describe

the flow in the thin layer between drops. This can be used to

predict changes of the properties of the final product that caused

by the interaction of drops.
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