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Dispersive Mixing under Action of Perturbation Ring Elements in Co-rotating Non-twin Screw Extruder
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Abstract : Regarding the dual-speed co-rotating non-twin screw geometries with the speed ratio of 1 : 2, a new type of
perturbation ring element was proposed. to enhance the dispersive mixing. On the self-developed visual experimental prototype, the
experimental investigations on a co-rotating twin extruder and a dual-speed extruder were carried out. Using sodium carboxymethyl
cellulose solution (NaCMC) of concentration 1.5% as the simulated viscoelastic fluid, and a drop of the red oily colorant injected
as an incompatible tracer droplet, a pulling film at the speed equal to the extrusion speed was used to collect extrudates, and then
high-speed cameras with high-precision were adopted to capture the mixing process and the mixing patterns on the pulling film. For
different screw elements, rotation speeds and initial tracer positions, the mixing process and the dispersive mixing of the exit tracer
droplets were studied under the full-filled conditions of screw channels. Visualization experiment results showed that the two
kinds of screw elements shared the similar droplet breakup mechanism. When the droplets passed through the gaps between the
flights and the barrel, the necking effect resulted in large-scale breakup ; the alternating asymmetric step structures appeared in the
upper and bottom intermeshing regions of the perturbation ring elements, which led to more folding and larger stretching action.
Even if the rotation speeds of the perturbation ring element couple were lower than those of the traditional twin screw element, the
new perturbation ring elements still achieved more excellent dispersive mixing. Moreover, the higher the rotation speed, the more
significant the advantage of droplet breakup. The perturbation ring element also followed the sensitivity of mixing to the initial
positions, and a droplet released from the single-tip screw side experienced more uniform dispersion.

Keywords : co-rotating non-twin screw extruder ; perturbation ring element ; pulling film method ; visualization
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