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Introduction

1. Tundish heating is an indispensable part of initiating a new continuous steel casting
sequence.

2. Critical points are the tundish's outlet nozzles, where steel can freeze, disabling one of the
casting streams.

3. The aim of the optimization task was to confirm a shape of the bottom hole by quantifying
the pressure and velocity conditions in the axis of the outlet nozzle, depending on the
opening angle, as well as the temperatures of the exhaust gases passing through the outlet
nozzle in the final heating phase.

4. Forthis purpose, a "surrogate" model was created from the results of CFD calculations in
COMSOL Multiphysics. This model is capable of estimating steady-state exhaust gas
pressures and velocities for any trio of input parameters, without time loss and the need to
initiate a new CFD calculation.

5. Inaprocess context, the surrogate model represents a cybernetic software sensor,
constructed by machine learning algorithms.

6. Software sensors of this type will play an important role in the digitization of the steel
production process at Zeleziarne Podbrezov4, a. s.



Continuous casting machine layout
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Tundish preheating setup




A cut through tundish outflow
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The tundish outflow hole viewed from bottom / outside
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preheating in operation



Typical temperature transients gathered by dataloggers




Example of physical prototype verified in production and by COMSOL model
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Simulation task

» 2D-axisymmetrical approximation of a funnel shape

— Isothermal stationary turbulent fluid flow (k-epsilon turbulence
model)

— Inlet: Average velocity
— Qutlet: Atmospheric pressure
— Walls: No slip condition

* Finding ideal shape of the central “stone”
1)  Running a parametric sweep (r, R, fluid temperature)
2) Bytraining a surrogate model (based on deep neural network)

* Simulation app as an output for engineers




Surrogate model
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Conclusion

* Temperature measurements of combustion gases couldn't verify the
influence of stone shape because of:

* Uncertainties of flame stability
* Actions of pre-heating control system regulation
* Physical distance of temperature measurements

e The simulation model showed fluid flow inside the domain and confirmed the
original hypotheses of pressure loss influence.

* The uncertainties were neglected, and optimal shape was found. The model
is used as a ,software sensor* answering non-measurable quantities.
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