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A two-dimensional model of the film casting process of incompressible semi-crystalline polymers that accounts 
for the molecular orientation and the crystallization of the polymer macromolecules and the heat exchanges 
with the surrounding gases is presented. The polymer’s rheology is assumed to consist of Newtonian and poly-
meric contributions that depend on the temperature, molecular orientation and crystallization. The molecular 
orientation model is based on the Doi-Edwards probability density function model, uses a moment expansion 
and results in a symmetric orientation tensor, whereas the crystallization model is based on Ziabicki’s approxi-
mation and depends on the velocity, temperature and degree of molecular orientation. A compressible bound-
ary layer approximation is used to determine the velocity and temperature fields of the gases that surround the 
planar film. The unknown curvilinear geometries of the film and the boundary layer for the gases that surround 
the film were mapped into unit squares, and the governing equations were written in strong-conservation law 
in their respective (mapped) domains where they were discretized by means of second-order accurate finite 
difference formulae because of the low Reynolds numbers that characterize planar film casting and solved it-
eratively using a pseudo-time formulation until specified convergence criteria were satisfied. The grid spacing 
was not uniform and grid points were concentrated in regions where large gradients occurred. The numerical 
results show that the polymer’s molecular orientation depends mainly on the film’s strain rate which increases 
sharply near the die’s exit if the heat exchanges with the surrounding gases are large, or near the take-up drum 
if heat exchanges are small. It has also been found that an increase in the molecular orientation results in an 
increase of both the degree of crystallization and the effective dynamic viscosity of the polymeric planar film.


