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Fig. 1 Numerical simulation model
(a): proposed field synergy torsion element; (b): screw element; (c): kneading block element
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Tab.1 Physical model geometry parameters

Parameter Value/mm

Screw length 36
Screw diameter 36
Screw root diameter 232
Screw pitch 18
Screw groove depth 6.4
Center distance 30

Staggered angle 45°

Kneading block thickness 8.6
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Parameter Value/mm

Flight number of field synergy torsion element 8
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Tab. 2 Fluid physical parameters

Parameter Symbol Value
Density p 900 kg/m?
Natural time A ls
Specific heat capacity C, 1860 J/(kg-K)
Thermal conductivity k 0.207 W/(m-K)
Viscosity at an infinite shear rate Neo 0 Pas
Zero shear viscosity Mo 1000 Pa-s
Non-Newtonian index n 0.408
Coefficient of temperature sensibility f 0.0025 K*!
Reference temperature Ts 453.15K

WIS Gambit AT 4, B X T #Hah A\ 0 (Inlet). ¥izsh B O (Outlet) ML N #F1H (Barrel
wall). WEFFANERE (Screw wall) PUANIA R, HAKIL A &AW Tab.3 Fias.



BAFHERESTIE
POLYMER MATERIALS SCIENCE & ENGINEERING

Tab. 3 Boundary conditions

Position Flow conditions Thermal conditions
Inlet Fn, Fs=0 473.15 K(200°C)
Outlet Flow outflow 473.15 K(200°C)
Barrel wall Stationary, no-slip wall 473.15 K(200°C)
Screw wall Screw speed 60r/min 200 W/(m?-K)
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Fig.2 Mesh independence validation of fluid model
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Fig.3 Temperature cloud map and axial average temperature
(a): temperature cloud map of field synergy torsion element; (b): temperature cloud map of screw element; (c):
temperature cloud map of kneading block element; (d): axial surface average temperature curves
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Fig. 4 Avg. convective heat transfer coefficient
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Fig. 5 Mixing performance characterization

(a): probability distribution curves; (b): time-averaged efficiency curves; (c): instantaneous mixing efficiency curves
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Fig. 6 Synergy between velocity and temperature gradient fields
(a): convective heat transfer coefficient and synergy f along the flow direction; (b): temperature gradient contours

and axial velocity vector with the screw channels for screws
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Fig.7 Synergy between velocity and velocity gradient fields: (a) synergy a along the flow direction; (b) streamline

trajectory contour map
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Mechanism of Co-Rotating Twin-Screw Field Synergy Torsion Screw
Enhancement for Mixing and Heat Transfer

Peng Zhang!, Zexin Wang!, Qixin Song!, Shilong Wang!, Xingyue Wei', Shilin Wang', Xiankui Zeng',

Ranran Jian!:2-

(1. College of Intelligent Manufacturing, Qingdao University of Science and Technology, Qingdao 266061,
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China; 2. En-Learn Laboratory, Beijing University of Chemical Technology, Beijing 100029, China; 3.
Postdoctoral Workstation, Yiyang Rubber & Plastics Machinery Group Co., Ltd, Yiyang 413064, China)

ABSTRACT: Based on the field-synergistic principle of polymer plasticization, conveying, and mixing, a
novel co-rotating twin-screw field-synergistic twisting element was designed and developed. This study
aims to address technical bottlenecks such as low heat transfer efficiency, non-uniform temperature
distribution, and local degradation of heat-sensitive materials during the co-rotating twin-screw extrusion
process, thereby improving plasticization quality and mixing uniformity through structural optimization.
Numerical simulations were conducted by using the computational fluid dynamics (CFD) software
ANSYS Polyflow to compare the heat transfer performance, mixing performance, and synergistic effects
among the twisting element, conventional screw element, and kneading block element. The results indicate
that the twisting element exhibits superior heat transfer and mixing performance compared to the other
two types of elements, attributed to the improved synergy between its velocity field and temperature field.
By introducing a 90° twisted surface, the twisting element alters the direction of the velocity field,
generating make the material flow radially along a twisted surface. This enhances the synergistic
interaction between the velocity field and the temperature gradient field as well as the velocity gradient
field, thereby intensifying heat and mass transfer. The unique structure of the twisting element facilitates
effective local heat and particle mixing, improving the plasticization quality of the material.

Keywords: field-synergistic principle; enhanced heat transfer; twisting element; numerical simulation
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