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ü Topics:
ĔMetallurgy

ĔSolidification / melting

ĔMultiphase flows 

ĔMagnetohydrodynamics

ĔRotating flows

ĔDouble diffusion

ĔElectrochemistry

ĔPlasma Physics

ĔNumerical methods (Lattice Boltzmann-SPH)
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Chair of Simulation and Modeling Metallurgical Processes

Solidification & Melting Slag Interactions

ü Electro-Slag remelting

ü Smelters

ü Electrolysis of metals

ü Foaming

20+ years

Plasma Applications

ü Castings

ü Microstructure

ü Macrosegregation

ü Inclusions

25 years 

ü Electric Arc Furnaces

ü Vacuum Arcs

ü H2-Metallurgy 

15 years



#5

Multiphase phenomena during continuous casting

Turbulent flow and solidification

Free surface behavior

Non-metallic inclusions motion (50 ~ 600 µm)
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Modeling of various types of the CC process
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Mold / strand heat transfer modelling

Melt + ShellGapMold

Cooling

water

z

[ Vakhrushev A, Kharicha A, Karimi-Sibaki E, Wu M, et al.

On modelling conjugated heat transfer in the thin slab CC

mold and solid shell formation under the applied EMBr.

IOP Conf Ser: Mater Sci Eng. 2023;1274(1):012023. ]

[ Bohacek J, Kominek J, Vakhrushev A, Karimi-Sibaki E, Lee T.

Sequential inverse heat conduction problem in OpenFOAM®.

OpenFOAM J. 2021;1:27-46. ]
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Modelling viscoplastic behavior of solid shell
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[ Vakhrushev A, Kharicha A, Wu M, et al.

Norton-Hoff model for deformation of

growing solid shell of thin slab casting

in funnel-shape mold.

J Iron Steel Res Int. 2022;29(1):88-102. ]
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Online Control of the Continuous Casting process using GPU

0.225m

35m

1.5m

0.823m
1.23m

3.49m
5.8m

7.7m
11.46m

21.4m

26m

voestalpine (Dr. Xia)

Molten mass



#11

Validation of GPU Results with Fluent
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GPUFLUENT

GPU FLUENT

Critical size 0.225m section 0.005m 0.005m

Number of Cells 12.5 Million 300 K

Dimension 3D 2D

Simulation time (steady state) 10 minutes 4 hours

Comparisonwith real time 6 times faster!
(2015)
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Modelling of the particles motion verified by water modelling

[ Vakhrushev A, Wu M, Ludwig A, et al.  A Water Experiment Benchmark

to Evaluate Numerical Models for the Motion of Particles in Continuous

Casting Tundish.  steel research int. 2017;88(1):1600276 ]
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Experimental and numerical analysis of the slag entrapment
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[ Vakhrushev A, Wu M, Ludwig A, Tang Y,

Nitzl G, Hackl G. Experimental verification

of the 3-phase continuous casting simulation

using a water model. In: Proc. 8th ECCC

Conference; 2014:10. ]
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Flow simulations verified by water modelling

Probes

[CD-Lab simulations & publications]

Experiment

Simulation

Meniscus velocity at probes:
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Multiphase phenomena during continuous casting

Turbulent flow and solidification

Free surface behavior

Non-metallic inclusions motion (50 ~ 600 µm)

How to control?
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No EMBr With EMBr

Effect of Electromagnetic brake (EMBr) on Solidification

EMBr
schematics
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Summary study on melt flow issues under applied EMBr

[ Vakhrushev A, Kharicha A, Karimi-Sibaki E, et al. Effects of the asymmetric and oscillating turbulent

melt flow on the heat transfer and solidification inside the thin slab continuous casting (TSC) mold

under the applied electromagnetic brake (EMBr). J Phys: Conf Ser. 2024;2766(1):012196. ]
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Development chain from issue to redesign
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[Davidson MHD Book]

(a) (b)

noEMBr EMBr 312 mT

=0.35 m/s

[Kharicha et al., PhysRev Fluids, 2021]

Fundamental MHD studies: development of reverse flow under EMBr 
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[Vakhrushev et al.,
MMTB, 2021]
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Multiphase flows and MHD

B0

[ CD-Lab simulations

& publications ]
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Application of regression methods

Wave height history

[ CD-Lab simulations

& publications ]
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Application of regression methods

History Reconstruction

Average wave

Error Weights

Modes
[ CD-Lab simulations

& publications ]
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