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Powder Coating: Flow, Particle-Dynamics, E-Static

High Voltage Cascade

High Voltage
Electrode
‘l1
Powder-/Air
Mixture
Loaded Particles Grounded Stbstrate

Acting Forces g
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' Stt()mungsforschunq GmbH

WOV COmmputator f)n-vl

Particle filtration processes
in deformable media

Multiphysics Conference, Manchester, 12.12.- 14.12. 2007
Gernot Boiger, Marianne Mataln

14.12.2007 ... your problems flow to a solution!




ICM 2007 - Manchester

OpenFOAM: Euler - LaGrangian Solver — Blow Off Effect
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14.12.2007 ... your problems flow to a solution!
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Sources: multiphysics.org/past-conferences; agoda.com; h
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Simulation of Filtration Processes in

Deformable media
Part 3: Non-Spherical dirt particle modelling

MultiPhysics, Narvik, 10.12.- 12.12. 2008
Gernot Boiger, Marianne Mataln

... your problems flow to a solution!
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Auxiliary Concepts:

Pressure/Velocity Help Points: | surface > e
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[l . : =
« acting pressure/shear force by, y Y
* collisions x Pressure/Velocity

Help Points

Panel methode:

18 Panels for calculation of:
* local drag force
 rotational effects

12.12.2008 ... your problems flow to a solution!
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Benchmark — Valve Effect

U Magnituds
0.302

Valve.avi

10.12.2008 ... your problems flow to a solution!
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Benchmark — Fibre Vicinit

FibreVicinityModule.avi

12.12.2008 ... your problems flow to a solution!
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Qil/Fibre Test according to ISO 4548 -12
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12.12.2008 ... your problems flow to a solution!
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Evaluation Facility: Sample holding device

1.Sample holding device
2.PIV Cam

3.DriveSet
4.l aser

AL w—

12.12.2008 ... your problems flow to a solution!
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Principle of 3D Macroscopy

Focal Plane is moved through Fibre

Particles entangled in
Fibre structure

12.12.2008

Reconstruction of
Particle Distribution

... your problems flow to a solution!
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Evaluation Results: Matlab Evaluation Algorithm

05-;

Distribution3D.avi

3D Reconstruction of Particle Distribution in Fibre Sample

12.12.2008

... your problems flow to a solution!
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Boiger,G.; Mataln,M.; Brandstatter,W., 2009. Simulation of Particle Filtration Processes in Deformable Media, Part 3.1: Basic concepts and particle-fluid force
implementation of a non-spherical dirt particle solver, (2010), Int.Journal of Multiphysics. 3(4), pp. 407-232(26). DOI: 10.1260/1750-9548.3.4.407.
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ICM 2013 - Amsterdam azv'\} Schoolof

Thermo Fluid- Dynamic Model of Wood Particle
Gasification and Combustion Processes

1st step:
Fully Featured 1D-Solver for
Particle Gasification

2nd step: e .
Experimental Validation e

tohi, A
lame 98: 1.17(}!

International Conference of Multiphysibs,
Amsterdam, December 2013, Gernot Boiger

Ziurcher Fachhochschule



ICM 2013 - Amsterdam

Model Scale: Packed Bed-/ Particle Level
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Source: M. Fatehi, M. Kaviany, Combustion and
Flame 99: 1-17(1994)

07.12.22, G. Boiger, ICP, ZHAW Winterthur
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Boiger,G., 2015. System Dynamic modelling approach for resolving the thermo- chemistry of wood gasification processes, (2015), Int.Journal of
Multiphysics. 9(2), pp. 137-155(19). DOI: 10.21152/1750-9548.10.2.177.
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Source: https://www.multiphysics.org/past-conferences 2
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OpenFoam based Modelling of 3D LaGrangian
Particle Motion and Deposition within E-Static Fields

1st step:
Powder Coating

24 step:
The 3D Model

3rd Step cn-georm | Positvely charged Particles |
Validation and Results = — 5o§m /%
E-Force . " go""{ (205550 0.5)

International Conference of Multiphysics, /S s 0m .2\53353000

50um o oxX 7"

London, December 2015, Gernot Boiger /°g Mso O
/3
f 50um
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ICM 2015 - London
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Boiger,G., 2016. Eulerian-LaGrangian model of particle laden flows and deposition effects in electro-static fields based on OpenFoam (2016).
Int.Journal of Multiphysics; 10(2), pp. 177—194(8); DOI: 10.21152/1750-9548.10.2.177 -




ICM 2015 - London

Modeling the Geometry & FV Meshing

Gun-Casing

Electrode
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ICM 2015 - London

Modeling Particle Dynamics: Particle Momentum Equation
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Boiger,G., 2016. Eulerian-LaGrangian model of particle laden flows and deposition effects in electro-static fields based on OpenFoam (2016).

, Int.Journal of Multiphysics; 10(2), pp. 177-194(8); DOI: 10.21152/1750-9548.10.2.177 33
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Done yet?
... Not quite!
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Coating Lab at ZHAW.

Coating Experiment
ZHAW Winterthur
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Experimental Solver Validation: Pyramid Model

Series C:
30 U-Profiles

39
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Evaluate Experiments - 2016 S

Measuring the Coating Thickness

Thermal Measurement of Thickness
with Coatmaster
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Problems with initial Matching: Coating Patterns

Experiment Attempt: A Attempt: B Attempt: C
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CRAIC CR 929-500/600/700

43

Source: https://www.multiphysics.org/past-conferences
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ICM 2017 - Beijing

Dynamic 3D Modelling of lonized Oxygen
Distribution within Powder Coating Applications

International Conference of Multiphysics, Peijing,
December 2017, G. Boiger, M. Boldrini, S. Weilenmann
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ICM 2017 - Beijing

Evolution Step: Space Charge Model
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ICM 2017 - Beijing
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ICM 2017 - Beijing

Evolution Step: The k-Factor Assumption of
Isotropic Turbulence

k=%(U')2<—> ‘U":\/gik

Modified Flow Velocity
acting on Particles

- . . k - : LN N
k Turbulent Kinetic Energy (J/kg) Urmd =Ur + Y, ‘U ‘,,
r ... Randomly oriented Vector Length 1 (-) \
Ur ... RAS averaged Flow Velocity (m/s) Empirical

U ... Fluctuating Velocity Component (m/s) -K-Factor”

Zircher Fachhochschule
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ICM 2017 - Beijing

Evolution Step: Particle — Substrate Interaction
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Experiment Simulation

Boiger, G.; Boldrini, M.; Lienhard, V.; Siyahhan, B.; Khawaja, H.; Moatamedi, M., 2019. Multiphysics Eulerian-Lagrangian Electrostatic Particle Spray- And
Deposition Model for OpenFoam® and KaleidoSim® Cloud-Platform (2020). Int.Journal of Multiphysics. 14(1), pp. 1-15. DOI: 10.21152/1750-9548.14.1.1



Engineering

Next Stage Validation - 2017 Zh schoot o
aw
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Qualitative Validation: Dynamic Development of Window Frame

Simulation vs. Experiment
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ICM 2018 - Krakow
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ICM 2018 - Krakow

Enhancing the Understanding of Complex Phenomena in Powder-
Coating by Applying Eulerian-LaGrangian Simulation Technology

International Conference of Multiphysics 2018, Krakau, Poland
13-14" Dec 2018, G. Boiger, B. Siyahhan, M. Boldrini, V. Lienhard 52
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ICM 2018 - Krakow

Evolution Step: Dynamic Charging Model

Corona 0%
q.(C/m?3)

Charging model:

dq, ﬂcp(l_ qp(f))[qc(y,t)—l)iqp(f)]

dt ]
p.lim

-1
142202 )
g, +1

) ~
qp1im = me;o ‘E‘

q,(C/m?) ... Particle Surface Charge
Qp im(C/M?).... Max. Particle Surface Charge

q.(C/m3) ... Corona O% Charge Density
Bp(m/s) ... Charge Transfer Coefficient
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EXkaleldosim

Introducing Massive Simultaneous Cloud Computing (MSCC)
for Multiphysics-Simulation Applications

International Conference of Multiphysics 2020, Online
10-11t Dec 2020, G. Boiger, D. Sharman, M. Boldrini, M. Everitt 1



ICM 2020 - Online

/\ N ’ ; S
Boal Kaleidosim ““7 Up to 224 vCPUs
~ ~++' per machine

| CaseN
7 N=500

EX IT*

T* .... Wall Clock Time to calculate one Single Case 56
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ICM 2020 - Online

Advancing the Validation and Application of a Eulerian-
Lagrangian Multiphysics Solver for Coating Processes in Terms
of Massive Simultaneous Cloud Computing

International Conference of Multiphysics 2020, Online
10-11t Dec 2020, G. Boiger, B. Siyahhan, M. Boldrini, V. Lienhard 1
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ICM 2020 - Online

Cloud Simulation based Prototyping
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ICM 2020 - Online

Experimental Solver Validation: Vary Process Parameters

-

Voltage: 0kV-100kV Flow-Rate: 2m3/min — 5m3/min

Angle: 0° - 90° 50




ICM 2020 - Online

Quantitative Validation
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ICM 2020 - Online

Quantitative Validation
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A Massive Simultaneous Cloud Computing Platform
for Multiphysics Simulations

Case 1

. Case2

Case N
N <500

— el
QT

16" International Conference of Multiphysics 2021, Online
oth-10th Dec 2021, G. Boiger, D. Sharman, D. Drew, D. vanOerle, S. Delbari
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Workflow: Motorbike

ENKaleldosim

+ Case: Motorbike

+ Size of mesh: 300k cells

+ Solver: simpleFoam

» Parameter Study: 160 cases

+ MSCC on KaleidoSim: AMD Epyc Rome; 2.25-2.7GHz

» Each case parallelized on: 4 vCPU
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3. Towards Industrial Application
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A Semi-Automated Multiphysics Simulation Software
for Process Design in the Powder Coating Industry

Bercan Siyahhan (siya@zhaw.ch)
Prof. Dr. Gernot Boiger (boig@zhaw.ch)
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The International Society of Multiphysics

‘Certificate of Recognition’

This is to certify that

Bercan Siyahhan

is awarded

Multiphysics Student Award
at

MULTIPHYSICS 2021
Virtual Conference

‘A Semi-Automated Multiphysics Simulation Softwaresfar,
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coatSim
Set Working Directory
Geometry

Motion / Align Interface

Solver Definition

Material & Process Properties

Simulation

Quit

Motion Def on

Pistol:
Motion Type:

Motion Function:

A 4

Motion Start Time [s]:
Motion End Time [s]:

Motion Period [s]:

Sine Coeffs. separated by "," bn n=1,..

—»f(r):i

Cosine Coeffs. separated by "," an n=0,..
Translation Direction X component:

Translation Direction Y component:

Translation Direction Z component:

pistol_O
Translational

0.2
0.5

T
T

]0.1

10.23,-0.039,-0.022
|0.43,-0.33,-0.10,0.05,-0.02

0.1

b |

n=0

Towards Industrial Application - User Interface
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Time: 0.050

o3
Time: 0.375
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£urcher Hochschuie
for Angewsndte Wissanschaften

CoatSim in Action - 2022 2:2?:éé’fing
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CoatSim in Action - 2022 y 4 |
aw

Time: 8.000

normalized_thickness
0.0e+00 0.1 02 03 04 05 06 07 08 09 10e+00

| e—

ccccccccccccccccccccc



School of
Engineering

ICP Institute of
Computational Physics

4. QOutlook

Zircher Fachhochschule



OUtIOOk School of

Engineering

ICP Institute of
Computational Physics

Production: Pharma:
Galvanization Mixing
Environment: R > — BioTech:

Fine Dust Distributiov Modular Blood Vessel Flow
- e T P Physical Model
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So what is it all for?

IRHYSICS"
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Thank you for your attention!

Zircher Fachhochschule



