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Abstract—In the present study, we have developed a new screw (termed “Chaos Screw') as the mixing-enhancing
device for the single-screw extrusion process. The basic idea in the new screw design lies in the spatially periodic bar-
riers inserted in the channel to break closed streamlines in regular flows, which induces chaotic mixing. The present
paper describes the basic machanism of the chaotic mixing in a single-screw extruder and presents experimental evi-
dence of the chaotic mixing using the Chaos Screw. Experimental mixing patterns due to the chaotic flow clearly in-
dicate that the chaos screw drastically enhances the mixing performance compared with the conventional screw in a
single-screw extruder. In addition, the present chaos screw has many advantages over the previously patented screw
mixing devices: easiness in manufacturing, thus low cost, and high screw characteristics and finally from the com-
putational viewpoint, easy numerical predictions of screw characteristics, residence time and mixing measure.

Keywords: Single-Screw Extruder, Chaos Screw, Mixing, Chaos, Chaotic Flow, Spatially-Periodic Flow. Deformation
Measure, Screw Extrusion.
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Fig. 1. Schematic diagram of the conventional single-
screw extruder.

The Korean J. of Rheology, Vol. 8, No. 1, 1996



32 A
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Fig. 2. Geometric model of the single-screw extruder, ig—
noring the curvature effect.
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Fig. 3. Typical patterns of stream lines over the entire
cross section of the channel.
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Fig. 4. Conceptual diagram of a chaos screw design for a
spatially chaotic mixing.
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One Eliiptic Point

(a) without barrier

One Hyperbolic Point

Two Elliptic Points
(b) with barrier

(c) Composition of (a) and (b)

Fig. 5. Representation of the spacially periodic flows: (a)
without barrier, (b) with barrier and (¢) pos-
sibilities of chaos by combinations of (a) and (b).
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Fig. 7. Mixing patterns on the cross-section of the ex-
truder channel for the standard screw at several
positions from the initial stage(a) to the final
stage(d) of the metering zone(screw speed : 5.6
rpm): 1(mm) : length along the screw axis from
the beginning of the metering zone.
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(a) 1 = 0 (mm) (b) { = 20 (mm)

(c) 1 = 40 (imm) (d) I = 60 (mm)

(f) { = 100 (mm)

(h) I = 140 (mm)

(k) ! = 200 (mm) (1) I = 220 (mm)

{(m) I = 240 (mm) (n) ! = 260 (rom)

i

(o) I = 280 {mm)

{p) ! = 300 {mm)

Fig. 8. Mixing patterns on the cross-section of the extruder channel for the Chaos-Screw taken from the center of the

no-barrier zone and the barrier zone, alternately, along the down channel direction(screw speed : 5.6 rpm): 1
same as Fig. 7.
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(r) I = 340 (inm)

Fig. 8. Continued.
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