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Evaluation of the distributive mixing performance of
the mixing screw element for single-screw extruder
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Synopsis

In this study, the distributive mixing performance of Dulmage screw (DS), which is a type of fin mixing screw for
a single screw extruder, was evaluated experimentally and numerically and the distributive mixing mechanism was
investigated. The performance of DS increased basically with increase of the screw rotation speed, but the performance
decreased under the certain extrusion conditions. In the fin section, the positions of pigment changed by the circulation
flow inside the fin groove and the degree of the change depended on the screw rotation speed. On the other hand, in the
torpedo section, the flow velocity of pigment in the circumferential direction showed distribution in the radial direction.
Thus, the distances moved by each pigment in the torpedo section were different. Moreover, the size of these differences
determined whether or not splits occurred in the distribution of pigment on the fin inflow surface in the next stage.
Especially, the DS distributive mixing performance tended to increase when a lot of pigment was distributed on the flight
surface. From these results, it became clear that the performance depends on the amount of pigment that is distributed in
the radial direction on the fin outlet surface.
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Dimension Symbadl | Value
Diameter D 50 mm
Length L 150 mm
Channel depth H 4.5mm
Number of fin section N 4 parts
Number of groovesin fin section N, 12 grooves
Length of fin section Le 10 mm
Length of torpedo section Ly 12 mm
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Condition Value
Throughput 30.7kg/h
( LDPE) (30kgrh)
(MB) (0.7kgth )

Screwrotation speed 40~100 rpm ( by 10 rpm)

Barrel temperature 200°C
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Condition Symbad Value

Density p 750 kg/m?
Thermal conductivity k 0.335 J/m.sec.°C
Specific heat Cp 2800J/kg.°C
Cross model parameter Ac 2.01

Cross model parameter n 0.33

Zero shear rate viscosity Mo 37819.5Pa.sec
Arrhenius’s law parameter B 0.331/°C
Reference temperature T, 150°C
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Condition Flowanalysis Heat analysis
Inlet Constant flow rate Constant temperature
(30.7 kg/h) (200°C)
Barrel surface | No slip wall Constant temperature
(200°C)
Screwsurface | Tangential velocity Adiabatic
(5~100rpm by 5 rpm)
Outlet Out flow Adiabatic
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