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AnSim project 
Partners
AnSim project 
Partners

Duration: 2007-2010

Funded by:
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AnSim project 
Aims
AnSim project 
Aims

• Aim: „Simulation“ of the overall process „coating“
– from the process parameters (geometry, electrolyte, current)
– over the distribution of coat thickness 
– to coat functionality (hardness, corrosion resistance ,…)
– by the plant operator 

• Determination of suitable submodels and their 
relationships by
– theoretical considerations (crystal growth) ,
– experiments (coating and measurement), and
– simulations: CFX Berlin (ANSYS CFX) and FEM (CellDesign)

• Integration and combination in a database 

• Model system: Zinc coating
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Simulation of laboratory-scale unit
Purpose 
Simulation of laboratory-scale unit
Purpose 

• coating of metal sheets next to the 
manufacturing line

• four systems in use for
– Zinc coating (SurTec, DR. HESSE)
– Zinc-Nickel coating (WHW)
– Pulse Plating (BFI)

• with rack for
– 5 x 5 sheets à

5 cm x 5 cm
– later 3D curved 

sheets
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Simulation of laboratory-scale unit
What is simulated? 
Simulation of laboratory-scale unit
What is simulated? 

Geometry:

• coating container 

• two inlet tubes with six eductors

• rack with sheets (without fasteners)

• overflow

• anodes inside walls

Simulation of:

• electrolyte flow

• electric current

• Zinc concentration 
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Simulation of laboratory-scale unit
What is simulated? 
Simulation of laboratory-scale unit
What is simulated? 

(Animation)
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Simulation of laboratory-scale unit
Separate container into geometry parts 
Simulation of laboratory-scale unit
Separate container into geometry parts 

container

rack with 25 sheets

6 eductors 2 tubes

electrolyte inletoverflow
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Simulation of laboratory-scale unit
Meshing of geometry parts 
Simulation of laboratory-scale unit
Meshing of geometry parts 

hexahedrons 

tetrahedrons and prisms 
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Simulation of laboratory-scale unit
Detailed view of meshing
Simulation of laboratory-scale unit
Detailed view of meshing

10 µm
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Simulation of laboratory-scale unit
Assembling of geometry parts 
Simulation of laboratory-scale unit
Assembling of geometry parts 

Number of nodes: 14.4 mill
Number of elements:      21.9 mill
Tetrahedrons: 7.6 mill
Prisms: 3.1 mill
Hexahedrons: 11.2 mill

21 GB memory on 16 CPUs
Computing time: few hours to one 
day for steady-state result
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Simulation of laboratory-scale unit
Electrolyte properties 
Simulation of laboratory-scale unit
Electrolyte properties 

• Electrolytes:
– SurTec 700 EK (K-based) + additives
– Dr. Hesse ZINKOR RGV 857300 (Na-based) + additives

• Properties :
SurTec Dr. Hesse

– density r =1.162 g/cm³ r =1.148 g/cm³
– electrical conductivity: k = 0.431 S/cm k = 0.323 S/cm
– Zinc concentration: 10 g/l 12 g/l

is equivalent to: cb = 153 mol/m³ cb = 183 mol/m³
– diffusivity: D = 6.0·10-6 cm²/s D = 6.0·10-6 cm²/s

– kinematic viscosity: n = 1.2·10-2 cm²/s n = 2.0·10-2 cm²/s

• Kinematic characteristics for the Zinc deposition
– Current density-potential curves
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Hydrodynamic simulation 
Streamlines with vertical nozzles
Hydrodynamic simulation 
Streamlines with vertical nozzles

60 s 300 s

6 l/min = 
360 l/h
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Hydrodynamic simulation 
Streamlines with vertical nozzles II
Hydrodynamic simulation 
Streamlines with vertical nozzles II

Vertical velocity upwards: red, downwards: blue

6 l/min = 
360 l/h
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Hydrodynamic simulation 
Streamlines at different nozzle inclinations
Hydrodynamic simulation 
Streamlines at different nozzle inclinations

Vertical velocity upwards: red, downwards: blue

10°outwards 10°inwardsvertically

6 l/min = 
360 l/h
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Simulation of current density distribution 
Primary, secondary, tertiary
Simulation of current density distribution 
Primary, secondary, tertiary

• Primary distribution:
– distribution is computed from total current, electrode geometry and 

electrical conductivity 
– neglecting of overpotential
– Zinc deposition by Faraday´s Law

• Secondary distribution:
– local current density as a function of local overpotential:

i = i(hhhh) (current density-potential relationship)
– Only activation overpotential: no influence of local zinc 

concentration

• Tertiary distribution:
– Expansion of the current density-potential relationship to include 

the concentration overpotential: i = i(hhhh,c) 
– calculation of thin concentration boundary layer necessary 

m
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Simulation of current density distribution 
Setup of electric calculation
Simulation of current density distribution 
Setup of electric calculation

• Using beta feature in ANSYS CFX-12
– see presentation on 16:20 in session “Fertigung” on arc simulation

• Anodes are grounded, at cathode specification of current 
density from current density-potential relationship

Electric potential 
and current density

Electrolyte flow 
(mass, momentum, 

turbulence)

Zinc concentration 
transport equation

Faraday’s 
lawadvection term,

turbulent diffusion
tertiary with 
concentration 
overpotential
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Simulation of current density distribution 
Tertiary potential distribution 
Simulation of current density distribution 
Tertiary potential distribution 

Electric potential in V

Anodes 
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Simulation of current density distribution 
Tertiary current density distribution
Simulation of current density distribution 
Tertiary current density distribution

Current density in A/cm²

Average current 
density: 0.02 A/cm²
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Simulation of current density distribution 
Tertiary current density distribution II
Simulation of current density distribution 
Tertiary current density distribution II

Current density of the metal 
deposition in A/cm²

Current density of hydrogen 
formation in A/cm²

Average current 
density: 0.02 A/cm²
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Simulation of current density distribution 
Tertiary Zinc concentration distribution
Simulation of current density distribution 
Tertiary Zinc concentration distribution

Overpotential in V Zinc concentration in mol/m³

Average current 
density: 0.02 A/cm²
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Summary and OutlookSummary and Outlook

• Hydrodynamic simulation of the coating container 
– realized for different inclinations of the nozzles
– flow visualization shows similar behavior

• Simulation of current density distribution
– validated on a rotating Hull cell 
– first calculations for primary, secondary and tertiary distributions 

with measured current density-potential curves

• Further work:
– consideration of the hydrogen formation

in multi-phase simulation
– Simulation of coating of 3D curved sheets 
– Generation of characteristic curves for 

database
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Simulation of laboratory-scale unitSimulation of laboratory-scale unit

Thank you for 
your attention!

Further questions:

andreas.spille@cfx-
berlin.de

www.ansim-online.org

(Animation)


