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1 | INTRODUCTION
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Abstract

There are many industrial examples of low Reynolds number non-Newtonian
flows through rectangular ducts in polymer processing. They occur in all types
of manufacturing processes in which raw polymeric materials are converted
into products, ranging from screw extrusion to shaping operations in dies and
molds. In addition, they are found in numerous rheological measurement sys-
tems. The literature provides various mathematical formulations for non-
Newtonian flows through rectangular ducts, but—if not simplified further—
their solution usually requires use of numerical techniques. Removing the
need for these time-consuming techniques, we present novel analytical correc-
tion factors for the drag and pressure flows of power-law fluids in rectangular
flow channels. We approximated numerical results for a fully developed flow
under isothermal conditions using symbolic regression based on genetic pro-
gramming. The correction factors can be applied to the analytical theory that
describes the flow of power-law fluids between parallel plates to include effects
of the side walls in the prediction of flow rate and viscous dissipation.
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in a straight rectangular channel, the analyses provided
exact analytical solutions for the flow rate.

The analysis of polymer-melt flows in rectangular ducts
has been the subject of many studies. Numerous flow situ-
ations of various physical complexities have been formu-
lated mathematically and solved based on different
solution methods. The most prominent examples can be
found in a variety of textbooks.!"™ For rectangular ducts,
pure pressure flow was first addressed by Boussinesq,!”!
while the first mathematical model of a combined drag
and pressure flow was published anonymously!®! and later
extended by Rowell and Finlayson”J and Maillefer.'®!
Assuming the flow of an incompressible Newtonian fluid

The complexity of the mathematical model increases
when the shear-thinning behavior of polymer melts is
included, as the dependency of viscosity on shear rate leads
to nonlinear differential equations. For rotationally sym-
metric geometries, such as pipes and annular gaps, the flow
can be described by an ordinary differential equation with
one independent variable. For rectangular ducts, in con-
trast, the problem cannot be reduced to one dimension
without any further simplifications. Even for a purely vis-
cous fluid, the mathematical problem involves a partial dif-
ferential equation, solving which requires in most cases use
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