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FESTO

Festo

is a global market leader for Industry Automation
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FESTO

Festo

successfully invested in its fast growingMedLabbusiness field
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FESTO

Festo

extends its global R&D footprint with a new R&D site for Liquid Handling near Boston, MA

New R&D site near Boston, MA

AFocus on ouMedLab
business field (Liquid and
Sample Handling)

Alocated in298 Concord
Road,Billerica, MA 01821

ARamp up frorbeginningof
2018

ADevelopment capacity for

customer solutions and
catalogue products

You are welcome to visit

us in our new R&D site
near Boston !
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FESTO

Motivation

Fastgrowth of microfluidic market ->desire for CFDassisted development
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Motivation
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Can CFBimulations sucessfully be included into the development
processof microfluidic multiphase applications?

Hans Heimel From research to industBgerrisfor microfluidic multiphase application development Basili€dérrisUs er s = M&6& Novemier 2057

14



FESTO

Simulative challenges® Overview
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Simulative challenges® Overview
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FESTO

%o Y8
Surfaceforces Multiple scales Contactangles
Volume of Fluid (VOF Gerris Phase Field (PF)
A sharpinterface _ A diffuse interface
A simpletransportequation ~ interFoam(2.31) A complextransport equation
A massconservation(+) A massconservation(-)
A parasiticcurrents(-) StarCCM (10.4) A parasiticcurrents (+)
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Simulative challenges® Parasitic currents

A Undesiredflow velocities

A Worstcase Tt »+ v} &
->severeimpact on mlcrofIU|d|c simulations

i JL

A Sources

1. Inconsistentimplementation of
nandlj . I

2. |Inaccuratecurvatureestimationin

B .9

3. Residualtoleranceof solver 1
4. Errors ininterface advection

5. Inaccurateinitialization (capillary wave)
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FESTO

Simulative approach

Transition formresearchto industry

A bubble B Taylor bubble C oscillating D bubble mixer application
at rest bubble

N
Parasitic currents Lubrication film Surface effects Verification
Bubble pressure el Caregime += Contact angle =+ mechanism
(Interface thickness) Bubble dynamics dynamics/hysteresis >
(Mass error) complexity
Simulation application-related
Simulation Simulation Simulation modelling effort
computational effort
Experiment Experiment
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FESTO

Bubble at rest® Case description

A 2Dsquaredomain, L pd &

A Centeredair bubble (symmetry) 'Y it uw &
In quiescentwater

A Water air at standard conditions
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FESTO

Bubble at rest® Case description

A 2Dsquaredomain, L pd &

Centeredair bubble (symmetry)'Y it W &
In quiescentwater

A
A Water air at standard conditions
A Meshinfluencein solverson
A parasiticcurrents® 7Y Y
A Bubblephysics® 3 B , TY(Laplace)
A Gridrefinementstudy
A 16 £ cellsdlO
A 4 £ ceBsOR -

-> Scaling behaviour of parasitic currents and bubble physics with mesh size
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FESTO

Bubble at rest® Parasitic currents over resolution

Umax Over mesh size
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FESTO

Bubble at rest® Parasitic currents over resolution
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FESTO

Bubble at rest® Parasitic currents over resolution

Star-CCM+ Umnax Over mesh size

A 7Y increasewith 30 © Tt 1.0e+01 ¢ . N — ‘ .
1.0e+00 | B B —

1.0e-01 E /\ :

1.0e-02 3 _
i) L
E 1.0e-03 a -
é 1.0e-04 - geris —&—  _
- : interFoam =——fe—
1.0e-05 ¢ Star-CCM+ —HB— 4

Star-CCM+ w. art. visc. —Ji—

1.0e-06 - 2nd order conv.
1.0e-07 £
1.0e-08 | '

10 100

number of gridpoints

Hans Heimel From research to industgrrisfor microfluidic multiphase application development Basili@érrisUs e r s =~ M&6E November 2057 24



FESTO

Bubble at rest® Parasitic currents over resolution
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FESTO

Bubble at rest® Parasitic currents over resolution

Gerris Unax OVer mesh size
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FESTO

Bubble at rest® Parasitic currents over resolution
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FESTO

Bubble at rest® Parasitic currents over resolution
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FESTO

Bubble at rest® Parasitic currents over resolution
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FESTO

Bubble at rest® Laplace pressure over resolution
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