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Thermoplastic profiles are widely used in a large range of application fields, like medical,
building, automotive, electric and electronic, among others. Typically, these profiles have
constant cross-section, being produced by extrusion. In order to fully exploit their potentialities
and due to the high degree of geometrical flexibility given by thermoplastics, the profiles have
usually complex cross-section geometry, designed to fulfil the needs of a specific application.
Common examples employed to illustrate these facts are the window frames or the medical
catheters, which usually comprise intricate cross section geometries.

There are many variables and phenomena involved in the design stage. Therefore, die design
is usually strongly dependent on the designer’s experience, being more an art than a science [1].
The development of adequate computational fluid dynamics (CFD) codes, allowed achieving
significant improvements in the die design procedures. As a consequence, nowadays this trial-
and-error design approach is being transformed from an experimental to a numerical based
operation [2-4].

The complexity of the die design problem increases when small and complex cross sections
are involved, as happens frequently for medical catheters, since the interaction between the
forming tools and the polymer melt promotes the deformation of the first, mainly due to the
high pressure gradients involved and the relatively weakness of the (very thin) mandrels that
shape the hollow lumens, see Figure 1. These conditions promote deformations in the weakest
parts of the die, thus modifying the flow channel geometry. Consequently, to obtain accurate
results, the CFD tools employed to aid the design of this type of dies must be able to predict the
above mentioned deformation of the flow channel, i.e., they must incorporate the usual
designated Fluid Structure Interaction (FSI) [5].
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Typically, in FSI algorithms, the initial flow field variables (pressure and velocity
distribution) are computed assuming an non-deformed flow channel, being the computed
pressure gradients used to predict the deformation promoted in the flow channel, which is then
employed to compute the new flow field variables. The process is repeated until convergence is
achieved [5].

The main purpose of this research project is to employ OpenFOAM to model this process,
considering the FSI issues. Due the complex behaviour of the material involved (Viscoelastic)
some additional features have to be implemented in the code.
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Figure 1 — Extrusion of a catheter (a) Cross section geometry (dimensions in mm), (b) velocity
distribution computed in the flow channel (half of the geometry due to symmetry)
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