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a) Multi-phase flow of interest in > o

oo : ...
metallurgical processes w

b) Bubbles/particles/slag/melt

c) Considerable impact on flow pattern

d) Detaild knowledge of interplay between
phases to enhance steel quality

e) Magnetic field used to control the melt /Z\
flow \—/
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iﬁ Discrete phase model (DPM)

<</
%
-
ot
'?EIBEQ\

a) Liquid as continuum

b) Disperse phase in Lagrangian-way

N
)

c) Disperse phase as mass point

d) Bubbles or soild particles

(o)
>/

e) Without transient shape deformation

f) Two-way coupling
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; Discrete phase model (DPM)

Equations in OpenFoam

One-way coupling
Two-way coupling
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: Model Validation

Bubble column

[
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free surface

a) Experiment by Deen et al.
b) Water/air bubbles A

c) Sparger with 47 holes

d) 3200 bubbles/second AT HT=0 5m

e) Bubble diameter 4 mm e

H=0.45 m R

f) VOF to capture free surface

y
A
g) DDES model x
h) Forces: F.,Fp,Fp,Fyy,F;,F
) el Ipfym L, My | ay
1) Comparison between drag models RN —
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Model Validation

Drag coefficient

a) Tomiyama drag model [2]

48| 8 Eo
CD = max {mm [— (1 + 0. 15Re°687) ] 3 Fo T 4}

b) Ishii and Zuber [3]

24 4 8
CD = max{—— (1 + O.15Re£‘687),min [—\/ZEO,—]
Reb 3 3
c) Roghair drag model [4]

CD
CDoo (1 - aloc)

18
= f(EO; Apoc) = 1+ <E_0> Xioc

= /Cd(Rep)? + Cd(E0)?
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Conclusion

a) Drag model impact on results quality

b) Good agreement compared to experiment
c) Bubble induced turbulence model

d) Optimize condtions at inlet

e) Change of bubble diameter
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Ladle flow

a) Enhancement of steel homogeneity

B 05m _
b) DDES model ! Slag
c) Three inlets at the bottom e - ::.:: e e
0.16 m ::: .::.- :::
d) 490 bubbles/second -~ b -
:.: :' 5 Steel :...
e) Bubble diamater 4 mm Y T. ‘f -T
Gas Gas Gas

f) Slag behavior captured by VOF
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Ladle flow

U (Mm/s)
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I
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Bubbly flow under magnetic field

a) Argon bubbles/ melt (= ==

b) 2300 bubbles/second \,F'\ Y

c) Bubble diameter 4 m

d) Bubbles isolated 0.45 m :-'.';.._' <

e) DDES model

f) Frorentz=J "B
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- % = Bubbly flow under magnetic field
Mean vertical velocity profile of liquid metal for B=0.05T
Plane 2 Plane 1
Plane 3
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iﬁ = Induction crucible furnance
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a) Alternating magnetic field

coil

b) Skin effect W

c) High frequency

d) Lorentz force constant

e) Magnetic field by MaxFEM

f) Lorentz force interpolated

g) Flow driven by Lorentz force

h) Solid particles in steelmaking —
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> Induction crucible furnance

Slip wall

Flow field Particles motion
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- Mold flow with particles and bubbles

a) 4 different phases

b) Solid particles and bubbles at mold inlet

c) Solid particle diameter 20 pm

70 c

d) Bubble diameter 3 mm

e) Particle density 2000 kg/m3

f) 30 particles/second

g) 60 bubbles/second ”
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- Mold flow with particles and bubbles

a) Solid particles: blue
b) Bubbles: red

c) Jet:iso-surface U=0.5
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- Bubble — particle attachment

a) Particle attaches to bubble

b) Sliding time longer induction time
c) Velocity, contact angle, area

d) Detachement

e) Collision, turbulence

Attachment Detachement
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- Bubble — particle attachment

Test case <

a) Particle diameter 20 um

b) Bubble diameter 4 mm

c) Simple model

d) Particles deleted from domain
e) Detachement not considered

f) Model must be developed

7
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% Discrete phase model in OpenFOAM formulated

» Model validation by means of bubble column experiment

» Ladle flow

s Bubbly flow under effect of magnetic field

¢ Induction crucible furnance

* Mold flow with particles and bubbles

% Bubble- particle attachment
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: Model Validation

Mean vertical bubble velocity at a height of 252 mm
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Bubbly flow under magnetic field

Mean vertical velocity of liquid at a height of 252 mm
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