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Introduction
CFX Berlin
Introduction
CFX Berlin

• Engineering company
focussed on fluid flow and 
thermal analysis 

• Established in 1997

• Located in Berlin,
Germany

• 15 employees

• Distributor of ANSYS Software

• Arc simulations since 2001
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Introduction
Arc Welding
Introduction
Arc Welding

Power supply 
unit

Welding gun for GMAW

Welding gun for GTAW

tungsten electrode

Pictures from

work pieceelectric arc

gas nozzle

contact tube

inert gas

wire 
transport

power 
supplyweld seam
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Introduction
Welding Simulation
Introduction
Welding Simulation

Source: 
Radaj, Inoue, 

Wang, Karlsson

Process 
Simulation

Local temperatures

Arc stability

Weld pool geometry
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Introduction
Simulation and Validation
Introduction
Simulation and Validation
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Introduction
Validation at TU Dresden
Introduction
Validation at TU Dresden

Validation with

• PIV
(particle
image
velocimetry)
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Introduction
Validation at TU Dresden II
Introduction
Validation at TU Dresden II

Validation with

• PIV

• spectrally selec-
tive photography
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Introduction
Validation at TU Dresden III
Introduction
Validation at TU Dresden III

Validation with

• PIV

• spectrally selective 
photography

• dynamic pressure

piezoelectric
pressure
transducer

cooled plate
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Introduction
Validation at TU Dresden IV
Introduction
Validation at TU Dresden IV

Validation with

• PIV

• spectrally selective 
photography

• dynamic pressure

• heat flux and electric
current distribution

two separated 
cooled plates

I1 I2
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Introduction
Validation at TU Dresden V
Introduction
Validation at TU Dresden V

Validation with

• PIV

• spectrally selective 
photography

• dynamic pressure

• heat flux and electric
current distribution

• oxygen concentration

with burning arc!
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Introduction
Research Activities
Introduction
Research Activities

Research Cluster on Arc Physics:

• 8 projects for 3 years:
– 5 for fundamental research on arc physics and modeling
– 3 for applied research on improvements in arc welding

• CFX Berlin is supporting use of ANSYS CFX in 3 projects!

Funded by:Partners:
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ContentsContents

• CFX Berlin

• Process Simulation of Arc Welding

– Multi-Physics

– Pulsed GMA welding

• Applications of Arc Welding Simulation

• Setup in ANSYS CFX-12
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Arc Welding 
Multi-Physics
Arc Welding 
Multi-Physics

• Two phases with free surface
– Metal and gas

– Surface tension
– Adhesion

– Marangoni convection

• Multi-component phases
– Metal (solid and liquid): 

Alloy, galvanized sheet steel

– Gas: 
Argon + Air + Metal vapor

– Diffusion and demixing

Solid Wire

Inert Gas

Liquid
Metal

Liquid
Metal

Arc

Inert Gas
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Arc Welding 
Multi-Physics
Arc Welding 
Multi-Physics

• Two phases with free surface

• Multi-component phases

• Heat conduction and transport
– Radiation
– Melting / Solidification

– Evaporation

• Electro-Magnetics
– Electric potential

– Current density
– Magnetic field

– Lorentz force

– Resistive heating

Solid Wire

Inert Gas

Liquid
Metal

Liquid
Metal

Arc

Inert Gas
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Arc Welding 
Multi-Physics
Arc Welding 
Multi-Physics

• Two phases with free surface

• Multi-component phases

• Heat conduction and transport

• Electro-Magnetics

• Plasma Physics
– Thermoemission at cathode
– Dissociation of molecular gases

– Ionization and recombination

– Arc Column in local thermo-
dynamic equilibrium (LTE)

– Non-LTE effects in cathode and 
anode sheath layers

Solid Wire

Inert Gas

Liquid
Metal

Liquid
Metal

Arc

Inert Gas
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Frequency: 30 Hz (33 ms)

Current in pulse: 255 A

Length of pulse: 2 ms

Base current: 18 A

Arc Welding 
Pulsed GMA welding
Arc Welding 
Pulsed GMA welding

C
ur
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nt
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Time in s
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Arc Welding 
Comparison to spectral measurements
Arc Welding 
Comparison to spectral measurements

top mid

bottom

T
em

pe
ra

tu
re

in
 K

— measurement 250ms after start of pulse

— simulation without sheath layers

— simulation with sheath layers

Measurements at Institute for Low Temperature 
Plasmas, Greifswald, Germany
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ContentsContents

• Introduction

• Process Simulation of Arc Welding

• Applications

– Electric arc

– Gas flow

– Solid body

– Coolant flow

– Welding wire and pool

• Setup in ANSYS CFX-12

Welding 
gun for 
GMAW
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Applications 
Electric arc
Applications 
Electric arc

Electric arc:
• Temperature dependent 

gas properties in local 
thermodynamic equilibrium

• Electro-magnetics
• Radiation
• Sheath layer models

� Stability
� Heat and pressure impact
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Applications 
Gas flow
Applications 
Gas flow

Gas flow:
• Heat transfer
• Diffusion, mixing of air and 

shield gas
• Influence of electric arc
• Particle transport possible 

(e.g. for thermal spraying)

� Shielding conditions
� Extraction of weld fume
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Applications 
Solid components
Applications 
Solid components

Solid components:
• Heat transfer

– to coolant liquid
– to/from gas
– absorbed radiation

• Resistive heating with 
contact resistance

� Thermal impact
� Electrode erosion



���������	
�
��
�
���������������
�����

���������
���
��
�� !"��#������$ �����
����
��
��%
�&'��#�(
�� )�* Slide 23

Applications 
Coolant flow
Applications 
Coolant flow

Coolant flow:
• Heat transfer from solid 

components
• Heat conduction
• Evaporation

� Pressure loss
� Cooling capacity
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Applications 
Welding wire and pool
Applications 
Welding wire and pool

Welding wire and pool:
• Electro-magnetics
• Melting / solidification
• Surface tension
• Marangoni convection

� Seam formation (without 
structural change)

� Spatter generation
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Applications 
Arc impact on work piece
Applications 
Arc impact on work piece

Source: 
Radaj, Inoue, 

Wang, Karlsson

Process 
Simulation

Local temperatures

Arc stability

Weld pool geometry
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Applications 
Arc impact on work piece
Applications 
Arc impact on work piece

One aim: Simulation results as input for structural  mechanics
Results for GTAW are compared to experiments at TU Dresden
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• CFX Berlin

• Process Simulation of Arc Welding

• Applications of Arc Welding Simulation 

• Setup in ANSYS CFX-12
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Setup in ANSYS CFX-12
Overview
Setup in ANSYS CFX-12
Overview

• Geometry and mesh

• Define material properties

• Setup fluids and solids as usual

• Use electromagnetic beta-feature

• Define ignition region

• Define radiation

• Implement sheath model and further models

• Start run
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Setup in ANSYS CFX-12
Geometry and Mesh
Setup in ANSYS CFX-12
Geometry and Mesh

• Assumption of rotational 
periodicity: 6°-model
– time reduction
– reduction of needed 

memory

• Geometry clipping:
– Clipping within gas nozzle 

(leaving out the upper 
part of the welding torch)

– Small part of the 
surrounding 

cathode

open boundaries

nozzle

anode

inert gas inlet

flow volume
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Setup in ANSYS CFX-12
Geometry and Mesh
Setup in ANSYS CFX-12
Geometry and Mesh

• structured mesh with
72,000 nodes:
• 200 prisms

• 35,000 hexahedrons

2

1112

2.5

Ø1.5

Ø10

Ø17

60

30

Ø20

in mm
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Setup in ANSYS CFX-12
Define material properties
Setup in ANSYS CFX-12
Define material properties

• Definition of functions or 
expressions for
– density
– specific heat capacity
– dynamic viscosity
– thermal conductivity
– electrical conductivity
– radiation properties
– diffusion coefficients

• assuming local thermo-
dynamic equilibrium (LTE)

Source: 
Tony Murphy, CSIRO
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Setup in ANSYS CFX-12
Setup fluids and solid as usual
Setup in ANSYS CFX-12
Setup fluids and solid as usual

3 domains: 
1 fluid, 2 solid

5 Interfaces: 
2 fluid-solid and 
3 periodic

4 materials: 
Argon, Air and 
mixture + Solid

Argon inlet
opening 
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Setup in ANSYS CFX-12 
Use electromagnetic beta-feature
Setup in ANSYS CFX-12 
Use electromagnetic beta-feature

First step:

Switch on „Beta 
Features“ at
„Edit“ � “Options“
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Setup in ANSYS CFX-12 
Use electromagnetic beta-feature
Setup in ANSYS CFX-12 
Use electromagnetic beta-feature

Second step: Define electromagnetic properties for each 
material 
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Setup in ANSYS CFX-12 
Use electromagnetic beta-feature
Setup in ANSYS CFX-12 
Use electromagnetic beta-feature

Third step: Choose electromagnetic model in Fluid/Solid 
Models



���������	
�
��
�
���������������
�����

���������
���
��
�� !"��#������$ �����
����
��
��%
�&'��#�(
�� )�* Slide 36

Setup in ANSYS CFX-12 
Use electromagnetic beta-feature
Setup in ANSYS CFX-12 
Use electromagnetic beta-feature

Fourth step: Set electromagnetic boundary conditions for 
one electrode…
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and for the other electrode in case of voltage specification:

or for current specification:

Setup in ANSYS CFX-12 
Use electromagnetic beta-feature
Setup in ANSYS CFX-12 
Use electromagnetic beta-feature
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and for electrically isolating boundaries:

Setup in ANSYS CFX-12 
Use electromagnetic beta-feature
Setup in ANSYS CFX-12 
Use electromagnetic beta-feature

or Zero Flux
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Setup in ANSYS CFX-12 
Define ignition region
Setup in ANSYS CFX-12 
Define ignition region

• Ignition in reality is far
away from LTE
assumptions

• Ignition process is 
modeled by a local
temperature increase
above 7,000 K
– by temperature 

initialization or
– with a local energy 

source
ignition region
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Setup in ANSYS CFX-12
Define radiation
Setup in ANSYS CFX-12
Define radiation

• Plasmas have very complex 
radiation characteristics
– lots of spectral lines

• Net emission radiation model
– work good for most hot plasmas

(optically thin)
– energy sink as function 

of T and p

• Radiation transport model
under consideration for plasmas
containing metal vapor

Spectrum of
Argon gas with 
CuAl5Ni2 wire 

Bauder
1968
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Setup in ANSYS CFX-12
Implement sheath model
Setup in ANSYS CFX-12
Implement sheath model

• Sheath layers 
– thin regions at electrode surfaces (10 -100 µm thick)
– high gradients (e.g. temperature from 4,000 to 20,000 K)
– ionization / recombination not in equilibrium
– LTE electrical conductivity almost 0 S/m below 7,000 K
� plasma in sheath layer not in local thermodynamic equilibrium

• Sheath models
– simplest sheath model: adiabatic boundary conditions at 

electrodes
– also simple: coarse mesh at electrodes
– more complex and realistic sheath models available
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Setup in ANSYS CFX-12
Implement further models
Setup in ANSYS CFX-12
Implement further models

• models for metal evaporation and the influence of metal 
vapor

• model for demixing effects due to gradients in 
temperature, pressure or electric potential

• more realistic computation of mixture properties

• models for other non-LTE regions (arc edge)

• …

What you implement is what you get!
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Setup in ANSYS CFX-12
Start run
Setup in ANSYS CFX-12
Start run

2 A in 6° ��� � 120 A

max T: 15,000 K
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Setup in ANSYS CFX-12
Make beautiful pictures
Setup in ANSYS CFX-12
Make beautiful pictures

Temperature
(contour plot)

Velocity up to 55 m/s
(streamlines) 

Electric current 
(vectors)

and other variables:
- Electric Potential
- Electric Field
- Current Density
- Magnetic Induction
- Electromagnetic Force
…
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Summary and OutlookSummary and Outlook

• Arc Welding is Multi-Physics:
– Multi-phase multi-component fluid flow
– Electro-magnetics with resistive heating and Lorentz force
– Complex plasma gas properties with radiation
– Special treatment of sheath layers necessary

• Good agreement with experiments
• Process simulation of Arc Welding with ANSYS CFX is 

possible and feasible

• Outlook:
– Improved radiation model and sheath model
– Improved consideration of metal vapour
– Simulation of weld pool and droplet transfer
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Further information:
www.cfx-berlin.de

andreas.spille@cfx-berlin.de

Process Simulation of Welding and CuttingProcess Simulation of Welding and Cutting


