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Introduction
The aim of this project is to use an axisymmetric
flow field to examine the accuracy of the rheological
equations of polymer melts. The principle behind the
experiment is to use the flow induced birefringence
of polymer melts, combined with the stress-optic re-
lation to measure the stress field by non-intrusive
means. Comparisons between experimental and nu-
merical results will be employed in further developing
these rheological equations.

Objectives
• design a transparent flow cell to create both

elongational and shear deformation at high tem-
perature. Determine the influence of the flow
cell on the refraction and intensity of a travers-
ing laser beam.

• determine theoretically the path of a refracted
laser beam directed through the polymer melt.

• compare the beams predicted path with the ob-
served path and consequently evaluate the pre-
dictions of the rheological equations.

Material and methods
• the flow cell (fig. 1) consists of an inner tube

containing a “torpedo” shaped obsticle, around
which the polymer flows. Material flowing past
the end of the obsticle undergoes either uniaxial
or planar elongation, depending on the direction
of flow (fig. 2). The inner tube is surrounded by
an outer cylindrical cavity filled with heated sili-
con oil which provides temperature control.

fig. 1 Flowcell

fig. 2 Cross-section of flow geometry of inner-tube includ-
ing central torpedo

Results
• the refracted path and transmitted intensity of

a laser beam of finite width through an empty
flow cell are calculated, according to Snell’s law,
Fresnel’s equations and an initial Gaussian in-
tensity distribution.
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fig. 3 Left: cross section of flow cell showing refraction
of beam entering and leaving system. Right: intensity of
beam cast on screen.

• by discretising the central core medium into
rings and using Snell’s law at each interface an
initial attempt has been made to describe the
path of a light ray traversing a material of vari-
able refractive index.

0 2 4 6 8 10
−6

−4

−2

0

2

4

6

0 50 100 150 200 250 300 350 400 450 500
-7

-6

-5

-4

-3

-2

-1

0

1

2
Prediction of final position versus number of discrete rings

number of rings

po
si

tio
n 

of
 r

ay
 a

t s
cr

ee
n

fig. 4 Left: light path through a material of variable refrac-
tive index, in this case n = 2 −

√
r

rtube
. Right: position of ray

at screen versus the number of rings used to discretise the
core region.

Conclusions
The approximation of the light path using a discre-
tised model and Snell’s law (fig. 4) is inadequate due
to the slow convergence of the final position of the
light ray versus the number of rings used. Predicting
the path of the light ray through a material of variable
birefringence will require a more powerful technique.
Possibilities include application of Fermat’s principal
or a discretised Schlieren angle approximation.


