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Integrated FEM simulation
based on generalized Hele-Shaw flow formulation
for single screw extruder
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Table 1. Comparison of analysis method for single screw extruder

Method | Accuracy Comlz Tsttional Availability | Operability
3D O X A X
1D X O A O
2.5D A A O A

QO :Good, A :Moderate, X : Bad
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Fig.1 Analysis model for hopper
and solid feed zone.

i
Copyright© 2010 Hyper Advanced Simulation Laboratory Co., Ltd. All Rights Reserved @ éﬂrﬂﬁg



e i o] B34 FREk
@ FHHYEHEE TV @ M G v

A

y
———————————————————————— »

«— [T 3T, : melt temperature
B -
H 7,
X * |
T “—> <« >
c w i

@ Solid bed

Copyright© 2010 Hyper Advance

Fig.2 Tadmor model ; melt film/solid bed interface
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Solid phase

Temperature on the spherical surface:
T(R)<Tm; melt temperature

0000 Ooo-

Time sequence

T(R)=Tm

Melting phase

Thermal equation and boundary condition

c Dr_10(, .0
P s~ ps -2 s
Dt r°or or
oT oT
—=0atr=0, A, —=n(T,-T(R,t))atr =R

or or

Ps - Solid density

C,: Solid thermal capacity

A+ Solid thermal conductivity

T,: Liquid temperature surround the spherical model

Thermal equation and boundary condition

DT 1 0 oT
C — | Ar—
s Dt P 87”( ’ 01”)

8—T:O atr=0,T=T atr=R
or
Kinetic equation for time evolution of spherical radius
oT dR

H: heat of fusion

A —=h(T,-T, )+ pH —
or ( TP dt

Fig.3 Lagrangian spherical melting model.
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®) Generalized Hele-Shaw formulation

7, ///////////
/ Barrel /
A e < i__> ________ - ‘
l\ Chdnnel ; thhtJ h
_________________ 7777
Leakage flow = //%
(Considered ) : \ L
h<<W Pressure gradient flow & (Neglected)
(Neglected) Drag flow (Considered)

Fig.4 Circulation flow in a cross section of the screw channel.
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Fig.5 An efficient method for generating of the FEA model
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@ UV mapping

9 Geneation of the base model

=
=
=

@ Modification of the UV mapping information 27 5D wound model

Fig.6 FEA model generated from UV unwound mapping information.
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Fig.7 FEA model for experimental verification.

Table 2. Computational conditions

Material LDPE
Friction Pellet/Barrel:0.35
parameter Pellet/Screw:0.25
Screw rotational
speed 20,60,100,140rpm
Temperature Barrel:180°C

fizE AT 6 HH —

PLABOR condition Inlet:0MPa,Outlet:0Mpa
BRAHTSAF vy o TLMEH
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20rpm: output;4.1kg/h
Fig.8 Predicted solid bed distributions
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Fig.9 Experimental verification of predicted pressure distributions
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Hopper (Height:200mm,Diameter:120mm)

Shear Spiral : Maddock Ellneapplz ISVthng
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n : cEEE -
“

AN U N _
~~ —~ ~~ ~~
Solid Feed Zone Melt.ing Zone: . M@lting Zone: Melt Conyeying Zone: Die
(L/D:5,225mm) Barrier (Double) Flight Triple Flight Single Flight (Annular;L/D:1,45mm,
’ (L/D:10,450mm) (L/D:10,450mm) (L/D:5,225mm)

Circular; L/D:3,135mm,
Diameter:15mm)

Fig.10 FEA model for a practical screw extruder with
complicate mixing elements.
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Table 2. Computational conditions

Material HDPE (Power law fit)
Heat of Fusion: 201189 J/kg
Melt temperature:130°C

Friction Pellet/Barrel:0.35

parameter Pellet/Screw:0.25

Screw rotational

speed 100rpm

Temperature Barrel:170~200°C

condition Inlet:30°C

PreSS}l e Inlet:0MPa,Outlet:0Mpa

condition
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Numerical results:
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Fig.11 Predicted pressure distribution
( Min:0MPa,Max:30MPa)
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Fig.12 Predicted Temperature distribution
( Min:30°C,Max:230°C)
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Fig.13 Predicted residence time distribution
( Min:0sec,Max:50sec)
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Fig.14 Predicted solid bed distribution
(Red:solid bed,Blue:melt pool)
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Time sequence of particle's trajectory
and diameter (Initial diameter : 5mm)

Animation 1: Lagrangian spherical melting model simulation
(Initial particle’s diameter:Smm)
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Time sequence of particle's trajectory and diameter
(Initial diameter:2mm)

Animation 2: Lagrangian spherical melting model simulation
(Initial particle’s diameter:2mm)
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