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

8 

!
E

- 
- 
- 
- 

- - - - 
- 
- 

- - - 

!
Fel (Dp

2 )

!
Ff (Dp )

!
Fg(Dp

3 )

Acting Forces 

 1. Overview & Introduction 



Zürcher Fachhochschule 

Main Task? 
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Validation 
Qualitative 

Model 
Industrial 

Application 

Develop 
Experiments 

Measure 

Compare 

Improve  
Model 

Re-Check 
Demands 

Make Model 
Accessible 

Make Model 
User-Friendly 

Physical 
Analysis 

Governing 
Equations 

Boundary 
Conditions 

Model 
Implementation 

Make Model  
Fast 

 1. Overview & Introduction 

The “Long Journey” 
Chapter I 

The “Long Journey” 
Chapter II 

The “Long Journey” 
Chapter III 
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2. Qualitative Modelling, Validation 
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ICM 2007 - Manchester 

Source: https://www.multiphysics.org/past-conferences 
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 3. Qualitative Model - 2010 

14.12.2007 1

Particle filtration processes 
in deformable media

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

Example: Particle Blow Off Effect

ICM 2007 - Manchester 

OpenFOAM: Euler - LaGrangian Solver – Blow Off Effect 
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ICM 2008 - Narvik 

Sources: multiphysics.org/past-conferences; agoda.com; 
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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
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 3. Qualitative Model - 2010 

10

Particle model – Force Interaction

Auxiliary Concepts:

Pressure/Velocity Help Points: 
66 Points for detection of:

• relative fluid velocity
• acting pressure/shear force
• collisions 

Surface
Help Points

Pressure/Velocity 
Help Points

X‘

Y‘

Z‘

Panel methode: 

msHP ,

msn ,

Z‘

Y‘

X‘

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

12.12.2008

ICM 2008 - Narvik 
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Benchmark – Valve Effect

Valve.avi

10.12.2008

Particle Model – Force Interaction

ICM 2008 - Narvik 



Zürcher Fachhochschule 

ICM 2008 - Narvik 



Zürcher Fachhochschule 1414

Benchmark – Valve Effect

Valve.avi

10.12.2008

Particle Model – Force Interaction

18

Particle model – Force Interaction

12.12.2008

Benchmark – Fibre Vicinity Module

FibreVicinityModule.avi

ICM 2008 - Narvik 
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ICM 2008 - Narvik 
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Filter
Pressure sensor

Pressure sensor

Flow 
measurement

Back pressure 
valve

Pressure vessel     

Ventilation

Pressure sensor

Collection vessel

Pressure vessel     

Collection vessel

Pressure sensorFilter

Flow 
measurement

Back pressure 
valve

Compressor with 
pressure control valve

Experiments: Test Facility

Oil/Fibre Test according to ISO 4548 -12 

Partikel counter

Release valve

Compressor with 
pressure control valve   

12.12.2008

ICM 2008 - Narvik 
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ICM 2008 - Narvik 

30

Evaluation Facility: Sample holding device 
1.Sample holding device 
2.PIV Cam             
3.DriveSet                   
4.Laser

Experiments: Evaluation

12.12.2008

ICM 2008 - Narvik 



Zürcher Fachhochschule 

ICM 2008 - Narvik 

30

Evaluation Facility: Sample holding device 
1.Sample holding device 
2.PIV Cam             
3.DriveSet                   
4.Laser

Experiments: Evaluation

12.12.2008

ICM 2008 - Narvik 

34

Focal Plane is moved through Fibre

Principle of 3D Macroscopy 

Particles entangled in 
Fibre structure

Reconstruction of 
Particle Distribution

Experiments: Evaluation

12.12.2008

ICM 2008 - Narvik 
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ICM 2008 - Narvik 

30

Evaluation Facility: Sample holding device 
1.Sample holding device 
2.PIV Cam             
3.DriveSet                   
4.Laser

Experiments: Evaluation

12.12.2008

ICM 2008 - Narvik 

34

Focal Plane is moved through Fibre

Principle of 3D Macroscopy 

Particles entangled in 
Fibre structure

Reconstruction of 
Particle Distribution

Experiments: Evaluation

12.12.2008 363636

Distribution3D.avi

Evaluation Results: Matlab Evaluation Algorithm 

3D Reconstruction of Particle Distribution in Fibre Sample

12.12.2008

Experiments: Evaluation, Results
ICM 2008 - Narvik 
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 Qualitative Model - 2010 

Boiger,G.; Mataln,M.; Brandstätter,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 

Source: https://www.multiphysics.org/past-conferences 
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ICM 2013 - Amsterdam 

Source: https://www.multiphysics.org/past-conferences 
Zürcher Fachhochschule

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

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

2nd step: 
Experimental Validation

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

ICM 2013 - Amsterdam 
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ICM 2013 - Amsterdam 

Source: https://www.multiphysics.org/past-conferences 
Zürcher Fachhochschule

Source: M. Fatehi, M. Kaviany, Combustion and 
Flame 99: 1-17(1994) 

3

Basics of 1D Gasification Solver

07.12.22, G. Boiger, ICP, ZHAW Winterthur

Model Scale: Packed Bed-/ Particle Level 

Pellets

vA

vFF

Particle ~ 10-2 m

Model Particle

msHP ,

msn ,

Z‘

Y‘

X‘

Hybrid Bulk- Particle Model
Counter – Current “Up-Draft”

Wood Gasifier

vWG

ICM 2013 - Amsterdam 

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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ICM 2015 - London 

Source: https://www.multiphysics.org/past-conferences 
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OpenFoam based Modelling of 3D LaGrangian 
Particle Motion and Deposition within E-Static Fields 
 
 

1st step:  
Powder Coating 
 
2nd step:  
The 3D Model 
 
3rd step:  
Validation and Results 

International Conference of Multiphysics, 
London, December 2015, Gernot Boiger 

ICM 2015 - London 
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πel,g :      Ratio of E-Static to Gravit    

E-static 

Flow & 
Gravity 

π el/g

Gravity 

Flow & 
E-static 

Flow 

πf,el,inert : Ratio of Viscosity to E-Static * Inertia
  

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 

π f /el,inert

ICM 2015 - London ICM 2015 - London 
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Electrode 

Gun-Casing 

Corona 
Formation 

0.0cm 

30cm 

0.0cm 2.0cm 

Modeling the Geometry & FV Meshing 

 3. Qualitative Model ICM 2015 - London 
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Aerodynamic Coupling 
to Flow Field 

Modeling Particle Dynamics: Particle Momentum Equation 
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!
E(N /C) … Electric Field 

… Particle - Flow   
     Relative Velocity 

… Particle Relaxation Time 

!
UFP (m / s) qp (C /m

2 ) … Particle Surface Charge 

 3. Qualitative Model ICM 2015 - London 

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 
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 3. Qualitative Model - 2015 ICM 2015 - London ICM 2015 - London 
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ICM 2016 – Winterthur/Zurich 

Source: https://www.multiphysics.org/past-conferences 
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ICM 2016 - Winterthur 
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 3. Qualitative Model - 2016 

Done yet? 
 ... Not quite! 

ICM 2016 - Winterthur 
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Coating Lab at ZHAW: 

Coating Experiment  
ZHAW Winterthur 

                                                    

 Validation Experiments  - 2016 
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Experimental Solver Validation: Pyramid Model 
 
 

Series A:  
600 Small Plates 

Series B:  
120 A4 Plates 

Series C:  
30 U-Profiles  

29.5cm 

21
cm
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10cm 

10
cm

 

 Validation Scheme - 2016 

25
cm

 

10cm 



Zürcher Fachhochschule 

1"

2"

3"

4"

5"

0.0"

50.0"

100.0"

E"

D"

C"

B"

A"

37.0"
53.4"

72.3"

82.1"

72.1"

44.4"
58.3"90.6"

85.8"

0.0"

47.6"71.5"100.0"

84.8"

45.2"67.5"84.6"

76.8"

42.3"67.8"89.1"

88.7"

84.3"

1"

2"

3"

4"

5"

40 

Measuring the Coating Thickness 

Thermal Measurement of Thickness 
with Coatmaster 

 

   Validation & Results 

Front Side 
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 Evaluate Experiments - 2016 
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Coating 
 
 

Measurement 
 
 

Image Processing 
 
 

Data Processing 
 
 

Ensemble Data 
 
 

Statistical Data Analysis 
 
 

Development of Instant Evaluation Procedure: 

Wrap-Up 
 
 

41 

 Evaluate Experiments - 2016 
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Attempt: B   Attempt: A   Experiment 

 Comparing - 2016 

Problems with initial Matching: Coating Patterns 

Attempt: C   
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ICM 2017 - Beijing 

Source: https://www.multiphysics.org/past-conferences 
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ICM 2018 - Beijing 

Source: https://www.multiphysics.org/past-conferences 
Zürcher Fachhochschule

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

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

ICM 2017 - Beijing 
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19.12.22,  
G. Boiger 
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Video! 

q(C/m3)  
along x-axis 

Etot (N/C)  
along x-axis 

Evolution Step: Space Charge Model 

ICM 2017 - Beijing 
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19.12.22,  
G. Boiger Video! 3.    Space Charge Model 

3.7. Results: Charges on Inner Casing 

Charged 
Walls 

Corona 

Electrode 

q(C/m3) 
along x-axis 

1.3cm 0.0cm 

ICM 2017 - Beijing 
0.0cm 1.3cm 
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Empirical  
„k-Factor“ 

Evolution Step: The k-Factor Assumption of 
Isotropic Turbulence 

U
!"
F

γ k U
' !r

k = 3
2
u '( )2 + v '( )2 + w '( )2⎡

⎣⎢
⎤
⎦⎥

Modified Flow Velocity 
acting on Particles 

... Turbulent Kinetic Energy (J/kg) 
 

... Randomly oriented Vector Length 1 (-) 
 

... RAS averaged Flow Velocity (m/s) 
 

... Fluctuating Velocity Component (m/s) 

U
!"
F

!r
k

U '

 4.4 Evolve Model ICM 2017 - Beijing 
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 3. Qualitative Model - 2016 ICM 2017 - Beijing 

Evolution Step: Particle – Substrate Interaction 
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Qualitative Validation: Coating Process in Motion 

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 

 Next Stage Validation - 2017 
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Qualitative Validation: Dynamic Development of Window Frame 

 Next Stage Validation - 2017 
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ICM 2018 - Krakow 

Source: https://www.multiphysics.org/past-conferences 
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Enhancing the Understanding of Complex Phenomena in Powder-
Coating by Applying Eulerian-LaGrangian Simulation Technology

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

ICM 2018 - Krakow 
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19.12.22,  
G. Boiger 
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Corona O2- 
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O2- 

O2- 
O2- 

O2- 
O2- 

O2- 
O2- 

O2- 

O2- O2- 

O2- 

O2- 

O2- 

O2- 

dqp
dt

= βcp 1−
qp (t)
qp,lim

⎛

⎝
⎜

⎞

⎠
⎟ qc

!
X ,t( )− 6

Dp
qp t( )

⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥

qc (C /m
3)

qp(C /m
2 )

qc(C/m3)    … Corona O2- Charge Density 
qp,lim(C/m2)… Max. Particle Surface Charge 

qp,lim = Dp
2πε0

!
E ⋅ 1+ 2 ⋅

εr,p −1
εr,p +1

⎛

⎝
⎜⎜

⎞

⎠
⎟⎟

Evolution Step: Dynamic Charging Model 

 4.4 Evolve Model ICM 2018 - Krakow 
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ICM 2020 - Online 

Source: https://www.multiphysics.org/past-conferences 
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ICM 2020 - Online 

Source: https://www.multiphysics.org/past-conferences 

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

International Conference of Multiphysics 2020, Online 
10-11th Dec 2020, G. Boiger, D. Sharman, M. Boldrini, M. Everitt 1
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T* .... Wall Clock Time to calculate one Single Case 56 

Up to 224 vCPUs 
per machine 

T* 

Case 1 

Case 2 

Case N 
N ≤ 500 

 5. Towards Industrial Application - MSCC ICM 2020 - Online 
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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 
10-11th Dec 2020, G. Boiger, B. Siyahhan, M. Boldrini, V. Lienhard 1

ICM 2020 - Online 
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17th Int. Conference of Multiphysics 2022, Oslo 
G.Boiger; Keynote;  15.12.22 
 

 5. Towards Industrial Application - Prototyping ICM 2020 - Online 

Cloud Simulation based Prototyping 
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Experimental Solver Validation: Vary Process Parameters 
 
 

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

Distance: 10cm – 25cm Angle: 0° - 90° 59 

 Quantitative Validation - 2019 ICM 2020 - Online 
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Quantitative Validation 

 Quantitative Validation - 2019 ICM 2020 - Online 
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 Quantitative Validation - 2019 

Quantitative Validation 

ICM 2020 - Online 



Zürcher Fachhochschule 

62 

ICM 2021 - Online 

Source: https://www.multiphysics.org/past-conferences 
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A Massive Simultaneous Cloud Computing Platform  
for Multiphysics Simulations 

 

16th International Conference of Multiphysics 2021, Online  
9th-10th Dec 2021, G. Boiger, D. Sharman, D. Drew, D. vanOerle, S. Delbari 
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ICM 2021 - Online 

Source: https://www.multiphysics.org/past-conferences 
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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) 

66 

ICM 2021 - Online 
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ICM 2021 - Online 
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Industrial Application - User Interface 

68 

Towards Industrial Application - User Interface 

ICM 2021 - Online 
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ICM 2021 - Online 
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 CoatSim in Action - 2022 
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4. Outlook 
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BioTech: 
Blood Vessel Flow 

BioTech: 
Blood Vessel Flow 

Environment: 
Fine Dust Distribution 

Environment: 
Fine Dust Distribution 

Pharma:  
Mixing 

Pharma:  
Mixing 

Production:  
Galvanization 
Production:  

Galvanization 

Modular  
Physical Model 

 Outlook 
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So what is it all for? 
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Thank you for your attention! 


