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Development of Numerical Simulation of Micro Scale Polymer Flows
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Flows of polymeric fluids in complex micro channels can be found in many industrial processes such as
production of components of micro electro mechanical systems (MEMS) and fabrication of polymer composite
materials. The study of flow behaviors in such channels should contribute in the improvement of production
processes, which in turn, improve the quality of end products. In the analysis of flow behaviors, it should be
noted that the flow behavior in micro channels usually deviates from that in macro channels.

In this research, a numerical simulation for analysis of polymeric flows in complex micro channels was
developed. The simulation was developed based on a decoupled method, in which kinematics (velocity and
pressure) fields are computed using a finite element method (FEM), while polymeric stress is computed using
backward tracking Lagrangian particle method (BLPM). This method has a relatively good stability and
relatively low memory requirement. In addition, the method can be implemented easily for various constitutive
models, and thus provides a framework for the future development, in which a new or a more sophisticated
constitutive model can be implemented in the numerical simulation. To account for wall effect, which has been
demonstrated experimentally to be significant as the channel size decreases, a slip boundary condition was
introduced. Using the developed simulation, polymeric flow in macro and micro contraction channels was
analyzed. The results show that the wall slip introduces channel size dependent phenomena such as the
different vortex growths for the flows in macro and micro channels and the dependence of wall shear stress on
the size of channel, which are qualitatively in agreement with those observed in the experiments.

To improve the performance of the simulation, a constitutive model based on network theory was developed.
Using the network theory, a more sophisticated model for wall effect is potentially included in the constitutive
model. The development of the constitutive model was started by developing a Brownian Dynamics (BD)
simulation based on a reversible network model. Using the BD simulation, the capability of the reversible
network model in predicting the rheological properties of polymeric fluids was investigated. It has been shown

that by controlling the association/dissociation rates, the model was able to predict rheological properties of both

— 608 —



associative and non associative polymer. For realistic prediction of elongational properties, FENE connection
force should be used instead of Hookean connection force. Based on the BD model, a constitutive model was
derived. A new approach in the derivation of constitutive model has been proposed, that is by superimposing
the effect of velocity field and association/dissociation processes on the evolution of configuration tensor. This
results in a general form of constitutive model that can be used with various forms of association and dissociation
functions. Therefore, the constitutive model is potentially be used for various polymeric fluids. It has been
shown that predictions of the constitutive model are qualitatively in agreement with predictions of BD

simulation.
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