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What our simulator can do.

Hele-Shaw flow model + finite element method

Fill ratio distribution

Pressure distribution

Strain magnitude Droplet dispersion Fiber attrition Plasticization

Strain rate, velocity, flow rate distribution on whole screw elements 

(C)Kentaro Taki, Kanazawa University
4



Advantage of our software

5

Q1
Q2

Q3
Q4

1. Calculation cost is low as the pressure is the only unknown variable to 

be determined for isothermal condition.

2. It is easy to calculate flow metrics; velocity, strain rate, viscosity 

distribution by the integration along the thickness (r direction) when 

the pressure and temperature are determined.

3. Flow balance satisfies with high-precision.

The total flow rate at a 

node becomes zero for 

any values of pressure.

The summation of flow rate for 

internal nodes calculated by the 

pressure becomes zero.
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Hele-Shaw flow 2.5D model in cylinder

r
Rs

Rb

Ω

Rs: Screw radius

Rb: Barrel radius

θ

sz Rratvv ===   0  ,0θ

bzb RratvRv ==Ω=   0  ,θ

z

vr = 0, vz and vθ are solo function of r.
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Geometry
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Shape function
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Element in cylindrical coordinate Element in computational coordinate
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Eq. of Continuity in cylindrical coordinate

( ) ( ) ( )1 1
0r zrv v v

t r r r zθ
∂ρ ∂ ∂ ∂+ ρ + ρ + ρ =
∂ ∂ ∂θ ∂

As ρ = constant and vr = 0, 

( ) ( )1
0zv v

r zθ
∂ ∂ρ + ρ =
∂θ ∂
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Eq. of Motion
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θ-component
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As steady state, ∂v
θ
/∂θ = ∂v

θ
/∂z = 0, vr = 0, 
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Eq. of Motion (Cont’)
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As steady state, ∂vz/∂θ = ∂vz/∂z = 0, 
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Strain rate
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Velocity
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Flow rate
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Flow balance of each element
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Flow through a 

node of element

Pressure-gradient 

driven flow

Drag-force 

driven flow
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Filled and unfilled calculation
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Head press.

10MPa（given）

Press. at feed

0MPa（given）

Q = 20kg/h (Calc. result)

Q = 40kg/h (Calc. result)

Head press.

5MPa（given）
Press. at feed

0MPa（given）

Completely filled screws

Partially filled screw

Head press.

5MPa（given）
Press. at feed

0MPa（given）

Q = 20kg/h(given)

？

One degree of freedom is added.
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Pressure downstream update scheme
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Screw head position

Z

Screw inlet position

Z

1st step pressure distribution

Corrected  pressure distribution

Z

Filling ratio distribution

f=0

f=1.0

FAN method (1D) 2.5D FEM

：Element to be renew

：Downstream elements

Pressure downstream update scheme
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As the pressure is need to be determined according to the 

two coordinates (z, θ), the pressure downstream update 

scheme is developed.
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Criteria of filled and unfilled
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dp/dx<0  

Pressure gradient Flow balance Fill or UnfillPressure

Q>Qd p>0 Filled1) fe=1

dp/dx>0  Q<Qd p>0 Filled2) fe=1

dp/dx>0  Q<Qd p<0 �p=0 Unfilled3) fe=0

1) Q>Qd, unfilled state is impossible.

2) Q<Qd , p>0 : Filled sate and back flow (pressure gradient driven flow) is larger than the net flow.

3) Q<Qd , p<0 : Unfilled state and correction of p=0,W=fW are applied for FAM method (f=Q/Qd).
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Fill ratio control line
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Correction of pressure distribution

z-axis fill ratio 

determined by 

screw geometry

↑Qext

Average fill ratio 

determined by 

pressure distribution

Adjusting pressure distribution to agree  f av with f z.
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Performing simulation

Viscosity-strain rate model e.g., Cross model

Operation variables  (Feed rate, Q, Head pressure P, Rot speed N)

Automatic meshing

Calculation of pressure distribution by FEM.

Fill ratio distribution

Simple wizard for constructing screw geometry
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Effect of Screw Speed (rpm)

50 rpm

100 rpm

30 rpm

Decrease of screw speed expands filled region backwards.

Fill ratio

Un-filled Filled

Feed rate 0.75kg/h

head
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Effect of feed rate (kg/h)

Speed 30 rpm

Fill ratio

Un-filled Filled

0.25 kg/h

0.75 kg/h

0.50 kg/h

Increase of feed rate expands filled region backwards.
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Experiments
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Material

Homo polypropylene (F-704NP, Prime Polymer, Japan)

Viscosity-strain rate curve was obtained by the Cross model

Cross model
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Screw geometry and barrel temp.

Self-wiping co-rotating parallel twin screw extruder

L/D = 90, φ = 15 mm

(Technovel, Japan)
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Fill ratio distribution

30 rpm

0.5 kg/h

Fill ratio

Low (0) High (1)

Pulled-out screw

Simulation
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Screw speed (rpm) vs. Fill ratio

The calculation results 

agree with the theoretical 

definition, Q/Qd as the fill 

ratio became half when the 

screw speed becomes 

double. 

x2

x0.5
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Feed rate vs. fill ratio

Calculation agrees with 

the theoretical definition 

of fill ratio, Q/Qd as the 

plots exist on the straight 

line from origin.
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Throughput vs. fill ratio

Calculation agrees with 

the theoretical definition 

of fill ratio, Q/Qd as the 

plots exist on the straight 

line from origin.
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Conclusion

• We achieved a development of 2.5D Hele-Shaw model for 

calculation of pressure distribution in twin screw extruder.

• This model has advantage for short-calculation time, possible 

to whole screw elements.

• The fill ratio was calculated based on the FAN method.

• Further experimental validations not only the fill ratio but also 

fiber attrition, plasticization etc are demanded.

• Devolatilization model will be added.
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Contact information

• This software is proprietary and commercially available by the 

HASL Co. ltd., Japan.

• Please contact 

– Dr. Shin-ichiro Tanifuji, CEO of HASL.

– URL: http://www.hasl.co.jp

– E-mail: tanifuji@hasl.co.jp

Thank you for your kind attention.

CEO Dr. Shin-ichiro Tanifuji
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