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Motivation
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Motivation
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Particle Tracking Algorithm

Electromagnetic

calculation

 ANSYS (commersial software)
* GetDP (open-source software)

B | Lorentz force density: Joule heat:
J - Lorentz force: ,
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I F EM — \J B X B
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Particle Tracking Algorithm

Electromagnetic Hydrodynamics

calculation (LES)

OpenFOAM-1.6
modified pisoFOAM solver

Averaged flow velocity:

volVectorField FF = - F/rho0 + beta*(T0 - T)*q; x : =
/[ Momentum predictor
fvVectorMatrix Uegn
(

fvm::ddt(U)

+ fvm::div(phi, U)

+ turbulence->divDevReff(U)

Umean, m/s
0.14950672732

0.11213004549

0.074753363658

=TI

);

UEqgn.relax(); 0087376681829

if (momentumPredictor)

{ 0.0000000000
solve(UEqn == -fvc::grad(p)-EF);

} ’
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Particle Tracking Algorithm

Electromagnetic Hydrodynamics Lagrange

calculation (LES) tracking

OpenFOAM-1.6
developed solidParticle library

LES-based Euler-Lagrange one-
way coupled model (in the limit of
dilute conditions)

Assumptions:

= Non-conductive spherical particles;

» The particle-particle interaction is
negligible;

= The particles do not affect the pattern
and the velocities of the flow.
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Particle Tracking Algorithm

Electromagnetic Hydrodynamics Lagrange

calculation (=) tracking Postprocessing

ParaView + self-made tools

Trajectories Concentrations

time, s

I30.00

25.01

C,1/m3
7.7e+06

5.8e+06

20.01
3.8e+06

15.02
1.9e+06

10.02
0.0e+00

]
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The Structure of solidParticle Library

void Foam::solidParticleCloud::move{ const dimensionedVector: g

The defects of the library:

for each particle in cloud

= Problems in parallel calculations;
void Foam:solidParticle:move! solidParticle::trackData® td) - Particles should not exceed the size of

template=class particleType= the cells.

template=class tiackData-
Foam:scalar Foam::Paiticle=PaiticleType=trackToFace
{ const vector®: endPosition, trackDatal: td)

template=class ParticleType=

vold Foam::Particle=ParticeType=:findFaces

{ const vector®: position, DinamicList=label-& faceList)
const

no Move to
endPosition

vold Foam::solidParticle: hitWallPatch
{ const wallPolyPatch wpp,
solidParticle;:trackData® td)

change velosity
move to

1%
neighbour cell o
4
calculate velocity ( solve Lagrangian equation)| ) ; :
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The Structure of solidParticle Library

void Foam::solidParticleCloud::move{ const dimensionedVector: g

The defects of the library:
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template=class ParticleType=

vold Foam::Particle=ParticeType=:findFaces

{ const vector®: position, DinamicList=label-& faceList)
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endPosition
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The Development of solidParticle Library

solidParticle library (solidParticle.C):

dt p

du
—p:E:D - (u; —up2+[ —g—f]-g, Cp, = 1;31/ i (1+0.15- R60687) (Schiller & Naumann, 1933)
p

drag force

buoyancy force

‘ ‘ M. S&epanskis, A. Jakovigs, E. Baake J. Phys.: Conf. Ser. Forthcoming 4th quarter 2011 ‘ ‘

N N
du
1+CA Pr | 25 _ P 'g_ﬁifem-i_ o 1+CA Pr | Du;
2 p,) dt ol 4 p, 2 p,) Dt

-
buoyancy force EM force acceleration +added mass

. dup/dt+add\gd mass force
N

* Cp(U) — Schiller & Naumann, 1933; C, — Odar & Hamilton, 1964; C, (U) — Legendre & Magnaudet, 1997
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The Development of solidParticle Library

pp :pf /
d=0.05 mm

N — number of Lagrangian
steps of time (LST)

/- Trajectory of the particle for different LST

Relative residual

Ir(2N)—r(N)|
I(N)

(%0)
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Results and Analysis of the Model

EM force

diameter of
particles
d=50 ym

-Fem, N
'2.06-12

' 1.5e-12

9.8e-13

4.9e-13

Vector of -Fem force

1.2e-17

trajectories
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200 pm

Results and Analysis of the Model
|

150 um

100 ym

80 um

50 um

— Buoyancy force

Added mass force

Acceleration force
Drag force

Lift force

10!

102 10°

F/Vu N/m3

104

10°

10°

10! 102 110°

F/Vu N/m3

104 10°

S=p;/p,=1: d<80um
- drag, lift and M forces;

S=15: d<100pm
- drag, lift, buoyancy and EM forces;

S=15: d>100pum
- drag, buoyancy and EM forces;
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Conclusions

| ES-based Euler-Lagrange model is created for non-
conductive particles in EM induced flow inside the

metallurgical furnaces by development of solidParticle
library and pisoFoam solver.

The model takes into account draqg, buoyancy, EM, lift,
acceleration and added mass forces.
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