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Figure 1. Basic ductile deformation and its vector relation.
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Figure 2. Schematic of the synergy between flow and thermal transport.
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Figure 3. The studied screw: (a) Single-thread screw; (b) BM screw; (c) Pin screw;
(d) Wavy screw; (e) Maddock screw.
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Figure 4. Single-thread screw and working fluid model.
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Table 1. Geometric parameters of the physical model.
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Table 2. Properties of EPDM used in the simulation.
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Figure 5. Mesh independence validation of fluid model.
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Figure 6. (a) Melt flow patterns in the rotating reference frame: velocity streamline in
the axial direction; (b) the axial velocity in the cross-section A-A.
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Figure 7. (a) Mixing performance evaluation: segregation scale; (b) time-averaged

mixing efficiency; (c) instantaneous mixing efficiency.
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Figure 8. Axial velocity streamlines with the screw channels for STD and Maddock.
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Figure 9. Mixing synergy and ductile deformation for screws: (a) synergy angle a
along the flow direction; (b) shear rate distribution and (c) stretching rate
distribution.
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Figure 10. Heat transfer performance: (a) temperature fields for various screw
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nE 11b)FrR. GREY, STD AT R R EJLF-FAT T4 2k, R
AR R 2 [0 L AAE T RIVE D o AR R rh, Sl AR e Ao
BAFEARIA AL, a0 BM BRFF RS BIRSIMT AT . A AT WRAT B AS T I3 DA R
WRURFT A IETE R LR IEAL, XA A% 18 5 1 33 J3E 37 AR E B0 158 37 2 T F) By TR A
Mo $5572 Maddock Toft A (R g 3 BUBE AN RIEIE T R AR A fwAs, R
HE55 T AR AR

5. 4%

AN EBETE T REBT R AR E g . RS AR
BERE Z BRI R &, IR TR GV AR, 5% IS AL, R
A MRTTIEBR Y 1 DURR R URAF sl . RE AL B ERe, JFEEAT T I A
Hro ZHRHTE:

1) 5 STD W /= A FE 2 TRt AHEL, BM BRI i B RS0 s 1 [ 44 R

A7 8 B ETIEAT I8 I Bk A RS ST SE B 1 W B 00T BOIRIRFT Y

iU 27 R A A2 [ JEEL SR 52 O R S I AR A, AT AR IR AL 7 A2 1
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3l); Maddock JUPFHURF TR IR B IE A & G5/ et h =42 T I8 ieim sh A=, 18
S 7 BTY)ARARAE R o Ak, BR T Maddock JCAF AR MEAT VAR R E IE AL
AL, FARBEAT A2 1A IR ER AR 55 -

2) L STDUBFFAHLL, B BUSRAT ok 51 &M A R s a3 i R A e ik
RS . At Maddock TG4 51 2 1 I8 5E i 3 AT 5 B0 AR AR ) B G, 3
SRR AL T [N AR K AR T T g R A 3 2 TR R RIAE A
Mg s VIRA TR R,

3) AE#IIHTERB, Maddock JTAF 51T A IS E I B0 AT (i 2k v I X AL P RE SE
fift o RIIFE @ AL 20 5 | S 3 B 7 [l AR A A3 1 T P 3 AR B P 37 2 TR )
EMER, B 7 REMTENERZCR, Wi Epe R %,
IR T R AV R EE AR, W T REYET R A E

AR R NENE, AREREEVHH R ETIRE T 2R ae A H %

AT HERIES.

R TTRR: ML, WBEG TREY, WERAEAHE, RE, R g
s SIF—RRMES, WEL P RERE; SIE—HEMEmE, .
MR, GREEMERA, AT, R LS RS,
SR TUHAEE, S, @RGSR, AR ORI RET
A 40 EH RSO AS

REWH: ZLESIERARBFESTHE HHES 52206095) « ILAREH
RE RS (S ZR2021QE232) ML A A &K H FE 0 ¥ W H
(2023KJ102) FIEH.

B AR K 246 2 K1) Mohini Sain, B BIIRATE G T A
I B TR S

FIZEIR: 1E 75 A TEER R 2 v 28 .

RiE:

P density kg/m?

v fluid velocity vector m/s

7 stress tensor Pa

P pressure Pa

g gravitational acceleration 9.80 m/s?

Vv velocity gradient vector s

t time S

o interaction angle between velocity and velocity gradient

Cy constant-volume specific heat capacity J/(kg'K)
fluid temperature K

q heat flux W/m?

VT temperature gradient vector K/m
heat transfer coefficient W/(m?-K)
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s interaction angle between velocity and temperature gradient °

L; barrel length mm

L screw length mm

D screw diameter mm
screw root diameter mm
screw pitch mm

ui i-velocity component in rectangular coordinate system m/s

Xi i-coordinate component in rectangular coordinate system m

Xj j-coordinate component in rectangular coordinate system m

n apparent viscosity Pa's

Cp constant-pressure specific heat capacity Ji(kg K)

17 viscous dissipation term -

7o zero shear viscosity Pa's

N viscosity at an infinite shear rate Pa's

A natural time ]

7 shear rate s7!

n non-Newtonian index -

Ta reference temperature K
thermal conductivity W/(m-K)

f coefficient of temperature sensibility K!
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Polymeric field synergy principle: Revealing the intrinsic mechanism of
screw channel optimization to enhance thermal management and process
efficiency
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Abstract: The process efficiency and energy efficiency of extrusion equipment emerge as pivotal challenges constraining the
development of the polymer extrusion industry. This article presents a new principle of polymeric field synergy to guide the solution
to the low mixing efficiency and energy utilization efficiency of traditional extrusion equipment. Finite element analysis was
conducted on four novel unconventional screw configurations and compared with the traditional single-thread screw. Results
revealed that more complicated melt flow patterns generated in the modified novel screw configurations enhanced the stretching
deformation or helical flow. The stretching or helical flows to varying degrees during the melt extrusion process thereby improved
the mixing and heat transport efficiency. Among them, helical flow induced by the Maddock element exhibited the most significant
impact on stretching flow and ductile deformation in the flow field. Simultaneously, the helical flow caused radial motion of the
internal material, significantly promoting the synergy between the velocity field, velocity gradient field, and temperature gradient
field. This enhanced radial heat and mass transport efficiency within the screw channel, subsequently improving the overall
operational efficiency of the equipment. The results of the finite element analysis have substantiated the scientific validity of the
polymeric field synergy principle.

Keywords: polymer extrusion; mixing efficiency; heat and mass transport efficiency; energy utilization efficiency; field synergy
principle
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