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Introduction
A well-known method for obtaining plastics with specific
material properties is to blend multiple existing polymers.
In this project, the evolution of the droplet morphology of
immiscible dispersive mixtures of viscoelastic fluids (see
Figure 1) is studied.

Model
The starting point for this work is the macroscopic
constitutive model of [2], that couples the droplet
morphology to the flow and stress (see Figure 2). Droplets
are grouped together in monodisperse droplet populations.

This model is being implemented in TFEM, which is a finite
element code developed in-house within the Polymer
Technology group.

Results
Simulation results for a simple shear flow problem are
shown in Figures 3 and 4. In Figure 4, experimental data
from [3] is shown alongside our modelling results.

Conclusion and future work
The current numerical implementation is behaving within
expectations. Future work is as follows:
q Complete the TFEM implementation of the model.
q Extend the model with droplet polydispersity by using

the method of classes.
q Express the extra-stress tensor directly in terms of the

orientation vector.
q Extend the model with viscoelasticity of the blend

constituents.
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Figure 1. Drops of PIB inside a matrix of PDMS. Deformation, break-up 
and coalescence of the drops occurring during processing [1].

Figure 2. The interaction between the flow, morphology and stress 

problems. The flow problem yields the velocity gradient tensor 𝛻𝒗. The 

morphology problem yields the (undeformed) droplet size 𝑅$, the droplet 

stretch ratio 𝛽, the number of droplets 𝑁 and the orientation vector 𝒎. The 

stress problem yields the extra-stress tensor 𝑻.  

Figure 3. The droplet stretch ratio versus time. Initially, 
relatively large droplets are deformed until break-up occurs, 
after which these relax towards a (dynamic) equilibrium.

Figure 4. First-normal stress difference versus time. There
is good agreement between the simulation and experiment. 


