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Presentation Outline

Extrusion simulation background
One dimensional (1D) Simulation Approach

Example computer simulation
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Why Simulate ?

Lower cost alternative
A Equipment, raw materials
A Manpower
A Lost production

Personnel safety (e.qg. flight simulator)

Physical constraints
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Why Simulate Twin Screw Extrusion ?

Eval uat el fhowhsactenar i o0s
A Process variables
A Hardware configurations
A Formulation variables

Scale 1 Up

Troubleshoot
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Why Not Simulate Twin Screw Extrusion ?

Complex . geometry Precludes comprehensive
N treatment of complete
process

Complex: rheology

J
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Simulation Approaches

3D Finite Element Method
2D Flow Analysis Network

Rigorous treatment
Accurate, detailed

Resource intensive
Limited to unit ops
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Simulation Approaches

Response Surface
Methodology

Rigorous treatment
Accurate

Resource intensive
Limited extrapolation
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Simulation Approaches

Approximations

Versatile

Cost effective

Integrated cross -section

1D Lumped Parameter
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Simulation Challenge

Intermeshing, modular co -rotating twin -screw extruder
A Solids conveying
A Melting
A Melt conveying
A Pressure generation

Comprehensive FEM, FAN models not yet available for
this fAsimpleodo system

D




SPE MINITEC 2012

Simulation Challenge

Intermeshing, modular co -rotating twin -screw extruder
A Solids conveying
A Melting
A Melt conveying
A Pressure generation

Comprehensive 1D models ARE commercially available
for this Asimpleo system
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1D Lumped Parameter Models

PRACTICAL simulation of twin-screw extrusion should
provide choice of models and opportunity to adjust
theoretical models using empirical or semi-empirical
correction factors

Use of alternative models for 1D simulation provides upper
and lower limits T the exact solution will be somewhere in-
bet weenée
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1D Example Melting Model

Advanced Dissipative Mix Melting Model*

A Thermal heat transfer from barrel

Plastic deformation of solids (compressive/shear stress)
Particle i barrel friction

Particle T particle friction

o To To Do

Viscous dissipation in melt

*Gogos, Tadmor and Kim (1998)
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Advanced Dissipative Mix Melting Model
dA/dz=kMp F(f, d) Nw
+ {k,MAL, + Kk MA } N/g w
+ k,M™{A4,(1-w,)+A, 4,0 }
+ k,(MBh,, (Tg 1 T)

Where kf(m),kc(m),ks(m),kv(m),kH(m are user-defined

| melting model adjusting coefficients




W\ Material Editor

-I-Matenals 0 atabase: Test1 Typical EP Blend
- Palymer Resing

Montell PP [ProFax 6501 4.0 MFI
Montell PP [FroFax 68523) 40MF - froeseee
Dl:l'."'.' PS [Styfl:lrl EEE] .............................
Easztman PET [K.odapak 7352) Plastamer
Allied PAG [Capron 8202) Sotening Temperatine
Ticona Celcon M25
Tizona Celcon k30 i
Bayer PC [Makralon 2605) Softening Fange

Goodrear Pl [Matzyn 2200) 70 Moor \
Tupical PP [4 MF] At

Typical P5
Typical TPE Processing Temperature
Dow LOPE 640 2.3 M MirirriLnm

Dow LDPE 132 0.4 M EEEER:

Chewron LDPE 1409 70 M|
= Solid Additves b airniLirn
Topical Talz [fing) JE0 T
Typical TIOZ [fine
Typical Glazs: Fiber [Chopped Strand Marmal
Typical ATH [fine) 190 T
Typical CaC03 [fine]
= Liquid &dditives _ _
Typical Liquid Additive Melting Shift Factor

Typical Thickening Agent 0 °c

= Palymer Blends

Set to Default

Vigcozity Coefficients
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Adjusting Coefficients
Heat Transfer

Yigzous Dizzipation

Plaztic Dissipation

Heat Transfer
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1D Simulation Example

I, (0)
L L{m) -

Te = Feed temperature of melt

Tg = Inner barrel surface temperature

Density, Specific Heat = canstant, independent .of melt temperature

I Melt viscosity = strong function of temperature and shear rate
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Calculate Axial Temperature, Pressure Profiles

Calculate p(z) and T(z) , 0<z<L

Extruder geometry
Material properties > Defined Values
Operating conditions

Assumes p, T are function of z only

T = neotsison average temp
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Mass, Momentum Balance

qg=AN £ 9B 0 z<1

g = Volumetric melt flow (assumed uniform melt density)

N = Screw rotation speed
A, B = Characteristic for each screw component, function of (z)

Melt viscosity = strong function of temperature and shear rate
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Energy Balance

g—=Cf WN* -DU(T F), 0O<z <L

f = screw il level
U = Heat transfer coefficient between melt and barrel
Tg = Inner barrel surface temperature

C, D = Known functions of geometry and physical properties
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Solving Balance Equations - Problems

Boundary condition 1 P=pPpe at z=L
Boundary condition 2 T=T at z=0
Problems:

IM: = Comni2x functon of (zy, diffarent a4 easv screw consionent
P(z) = Function of viscosity (strong function of temperature)

T(z) = Function of screw fill level ( f =1ifp>0, f <1lifp=0)
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