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Abstract: In the accompanying paper, we have developed a new screw (termed “Chaos Screw') as the mixing-
enhancing device for the single-screw extrusion process. Experimental mixing patterns due to the chaotic flow clear-
ly indicate that the chaos screw drastically enhances the mixing performance compared with the conventional
screw in a single-screw extruder. In the present paper, numerical simulations were extensively carried out on the
chaotic flows via the chaos screw and their results are presented in terms of particle trajectories, Poincare sections,
and shell mapping method suggested by the present paper for important dimensionless parameters. The shell map-
ping method turns out to be very effective to determine the mixing patterns and invariant manifolds. The num-
erically obtained invariant manifolds are found to be in good agreement with those experimentally obtained.

Keywords: Single-Screw Extruder, Chaos Screw, Mixing, Numerical Simulation, Chaotic Flow, Poincare Section,

Particle Trajectory, Invariant Manifold, Spatially-Periodic Flow.
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Fig. 1. Conceptual diagram of a chaos screw design for a
spatially chaotic mixing.
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Fig. 2. Geometric model of the single-screw extruder, ig-
noring the curvature effect.
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a ' length of barrier region

b length of no-barrier region

D ' inside barrel diameter

D; : components of rate of deformation tensor:
Dy= 1/2( vi; t V,;,')

H : height of the screw channel: reference
length

b height of barriers

n  power-law index

D . pressure

p reference pressure

p* ' dimensionless pressure

@:p  net flow rate

¢p  dimensionless flow rate

Gsp  another dimensionless flow rate
incorporating aspect ratio W/H

Vi barrel velocity

V. : z-component of barrel velocity (reference
velocity)

W @ width of the screw channel

u, v, w ' velocity component in the x, y and z
direction respectively
x, v, z - local coordinate system

a2jA 2xt

Y . generalized shear rate

fust A8 WA 135, 199

=

4

0
(S}

n

L8

: helix angle of screw fight
. temperature
. viscosity

X

. dimensionless quantiety
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