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 Context / Motivation:
better understand the heat source

e Aim:
develop a 3—dimensional simulation software
for electric welding arc heat source

« Software OpenFOAM-1.6.x
— open source CFD software
- C++ library of object—-oriented classes
for implementing solvers for continuum mechanics
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Model: thermal fluid part

Main assumptions:
 one—fluid model
* local thermal equilibrium

- mechanically incompressible, and thermally —2(T)
expansible

 plasma optically thin

 steady laminar flow
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(Steady) continuity
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Assumptions (plasma core):

~ _8 .
o Apapye *10 M <<, local electro—neutrality

—

Lol = Iy << Jeong quasi—steady electromagnetic

phenomena ) e
Briar =Viar [V <<1 == J ., =n—J xB<<J

— —

Re, <<l == J =olixB<<]

i cond



(Governing equations:
electromagnetic part

Electric potentiélll
V-(o(T) VW )=0



(Governing equations:
electromagnetic part

Electric potentié(ll
V-(o(T) VW )=0

¢ [A/(V.m)]
1.2E+4

1.0E+4
8.0E+3
6.0E+3
4,0E+3
2.0E+3

0.0E+0

0 10000 20000 30000 T [K]

Argon plasma electric conductivity
as function of temperature



(Governing equations:
electromagnetic part

Electric potentiéfl : ¢ [A/(V.m)]

v.(O-(T) W):O 1.2E+4

1.0E+4
8.0E+3
6.0E+3
4,0E+3
2.0E+3

0.0E+0

0 10000 20000 30000 T [K]

Argon plasma electric conductivity
as function of temperature



(Governing equations:
electromagnetic part

Electric potentidl 6 [A/(V.m)]
1.2E+4
V-(o(T) W)=0
1.0E+4
WlEh 8.0E+3
S vaY; -

j - _O_(T)VV 46.0E+3
4.0E+3
2.0E+3
0.0E+0

0 10000 20000 30000 T [K]

Argon plasma electric conductivity
as function of temperature



(Governing equations:
electromagnetic part

Electric potentiél[l
V-(o(T) VW )=0

with:
E=-VWV

J=—o(T)VV

—_

J . current density

o(T)

. electric conductivity




(Governing equations:
electromagnetic part

Electric potentiél[l
V-(o(T) VW )=0

with:
E=-WV

J=—o(T)VV

J : current density

o(T) : electric conductivity

Magnetic potentiazl
ViA=0o(T) u,VV




(Governing equations:
electromagnetic part

Electric potentiél[l
V-(o(T) VW )=0

with:
E=-WV

J=—o(T)VV

J : current density

o(T) : electric conductivity

Magnetic potentiazl
ViA=0o(T) u,VV
with:

B=VxA




(Governing equations:
electromagnetic part

Electric potentiél[l
V-(o(T) VW )=0

with:
E=-WV

J=—o(T)VV

J : current density

o(T) : electric conductivity

Magnetic potentiazl
ViA=0o(T) u,VV
with:
észA
« Often simplified to

Bg(r)=%f3axia.<l> | dl




(Governing equations:
electromagnetic part

Electric potentiélll
V-(o(T) VW )=0

with:
E=-WV

J=—o(T)VV

J : current density

o(T) : electric conductivity

Magnetic potentiazl
ViA=0o(T) u,VV

with:
B=VxA
« Often simplified to

Bg(r)=%f3axia.<l> | dl

for axi—symmetric
configuration
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Test case: infinite conducting
rod

V=707V

p =3
I
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Test case: Metal Inert Gas welding

Picture of a MIG torch
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(Governing equations:
electromagnetic part

Electric potentidl Magnetic potentiél
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Next sadip D

extend the model to electrode and base metal
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