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Multiphase phenomena during continuous casting

Velocity, U (m/s)
H“Di'li Ilo'zl 03 |?i'|‘l IDSH
0 : :

0.6

Turbulent flow and solidification

Temperature, T (K)

Velocity isosurface
1U1=0.3m/s

Velocity, U (m/s) Time: 20.0 sec

004 008 01 02 O‘.2 02 03

SEN

™~

Shell thickness (m)

Free surface behavior

Solidified shell

Non-metallic inclusions motion (50 ~ 600 pum)

#5



OUTLINE

U Introduction

U Solidification during CC processf)
U Modelling multiphase phenomena

U Flow control with EMBr

U Conclusions & Outlooks



Modeling of various types of the CC process
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Mold / strand heat transfer modelling

[ Vakhrushev A, Kharicha A, Karimi-Sibaki E, Wu M, et al. _
On modelling conjugated heat transfer in the thin slab CC Coollng
mold and solid shell formation under the applied EMBr.

IOP Conf Ser: Mater Sci Eng. 2023;1274(1):012023. ]
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[ Bohacek J, Kominek J, Vakhrushev A, Karimi-Sibaki E, Lee T.
PRIMETALS Sequential inverse heat conduction problem in OpenFOAM®.
e OpenFOAM J. 2021;1:27-46. | #8




Viscoplastic viscosity uVP, (MPa-s™)
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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.
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Online Control of the Continuous Casting process using GPU
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Validation of GPU Results with Fluent

FLUENT GPU
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
Semperare Comparisonwith real time 6 times faster!
(2015)

Distance to meniscus [m]
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Modelling of the particles motion verified by water modelling
D,=35 mm - D,=0.285mm

© (a) experiment @
(b) simulation
(c) error
[ 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 ] #13



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

Modelling of the non-metallic inclusions and injected gas bubbles

Stopper

Time: 512

Flow simulations

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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SEN:01

Flow simulations verified by water

modelling
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Multiphase phenomena during continuous casting

Time: 20.0 sec
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Summary study on melt flow issues under applied EMBTr

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)

A Vakhrushev!, E Karimi-Sibaki', M Wu’, Y Tang’, G Hackl’, J Watzinger*,
J Bohacek® and A Kharicha!

!Christian-Doppler Lab for Metallurgical Applications of Magnetohydrodynamics,
University of Leoben, Franz-Josef-Str. 18, 8700 Leoben, Austria

Chair of Simulation and Modeling of Metallurgical Processes.

University of Leoben, Franz-Josef-Str. 18, 8700 Leoben, Austria

SRHI Magnesita GmbH, Technolgy Centre, Magnesitstrasse 2, 8700, Leoben. Austria
*Primetals Technologies, Turmstrasse 44, 4031, Linz, Austria

’Heat Transfer and Fluid Flow Laboratory, Faculty of Mechanical Engineering, Brno
University of Technology, 61669 Brno, Czech Republic

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

Misaligned

SEN

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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development of reverse flow under EMBTr

Fundamental MHD studies
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Fundamental MHD effects: influence of the solid shell on the MHD flow

induced electric current flow velocity

1) Isothermal model:

strong flow oscillations
and instabilities!

Applied EMBr

2) Including solidification:

flow more stabilized
due to interaction of
the induced e-current
with conductive shell.

[CD-Lab simulations & publications] #24



Multiphase flows and MHD
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Application of regression methods
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Application of regression methods
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