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Abstract—S. J. Kim and T. H. Kwon(1,2) have found that mixing in a single screw extrusion process can be enhanc-
ed by inserting spatially periodic barriers in the screw channel. They termed this new screw Chaos Screw, since the
mixing due to this new screw is chaotic in nature. We exploited the connection between the kinematics of mixing and
the theory of dynamical systems in a single-screw extrusion process with the Chaos Screw. From the study via Poin-
care section we found that the periodic array of barrier is strongly related to the size of the islands. Continuous de-
formation of a shell clearly shows the mechanism of chaotic mixing, namely repetition of stretching and folding,
which induces the exponential growth of stretching in the chaotic flow. The local specific rate of stretching of a ma-
terial line and the mixing efficiency can be evaluated in principle, but with some numerical difficulty. In contrast to a
regular flow, the particle tracking is quite sensitive to the time step during the Runge-Kutta integration in the chaot-
ic flow. Therefore the accuracy in determining the local rate of stretching and the mixing efficiency is not guaranteed
with a realistic time step. In this regard, as a new measure of mixing, we propose 6, which is related to the stretch
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rate of a relatively long line along the channel direction. The shorter the period of barrierregion is, the larger o, be-
comes. But according to the study via Poindcare section, when the period is too short, two large islands are found to
exist. This fact shows that the large stretch rate of material does not always mean good mixing performance. In this
respect, it is desirable to use the o, together with Poincare section in designing the mixing screw.

Keywords: Single-Screw Extruder, Chaos Screw, Chaotic Mixing Mechanism, Mixing Measure, Modified Liaponov

Exponent.
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Fig. 1. The geometry of Chaos Screw.

(b) In barrier zone

Fig. 2. Particle-trajectory of several points: Real geome-
try, 6=12, Cross model, h/H=0.6.
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(a) The cross section and the map
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(b) a closed orbit

Fig. 4. Poincare section: reduction of a flow to a mapping.
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Fig. 8. Poincare section when initial positions are dis-
tributed over all region.
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(b) Pacticle tracking in zxy axis

Fig. 9. Particle tracking of five initial points (1., -0.3, 0.),
(1.1,-0.3, 0.), (0.9, -0.3, 0.), (1., -0.28, 0.), (1.,
-0.32, 0.) inside KAM region, a/H=b/H=5.
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(b) Particle tracking in 2xy axis

Fig. 10. Particle tracking of five initial points (1., 0.3, 0.),

(1.1, -0.3, 0.), (0.9, 0.3, 0.), (1., -0.28, 0.), (1.,
-0.32. 0.) without KAM region, a/H=b/H=10.
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Fig. 11. Deformation of a shell containg the point (0., -0.33)
in the first barrier zone, a/H=b/H=20.
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C  : Green Deformation tensor: F'F

Dy components of rate of deformation tensor :
(V,-' ity 1)/ 2

DC : deformation characteristics

H  : height of the screw channel: reference
length

n  : power-law index
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P pressure

Vs barrel velocity

Vi * z-component of barrel velocity: reference

velocity

Wt width of the screw channel

WADC : eighted average deformation charac-
teristics

: generalized shear rate

- reference viscosity

: helix angle

* temperature

: local length stretch: |dx|/ [dX|

: viscosity
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