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Abstract

The flow pattern has widely been recognized to have an impact on the
exogenous non-metallic inclusion generation in the gating system and mold
flux entrapment in the uphill teeming process. Thus, a well-controlled flow
pattern during the teeming process can improve the quality of ingots and
further increase the yield during steel production. The current study focused
on investigating and optimizing the flow pattern of steel in the gating system
and molds to improve steel cleanliness during the initial filling moment.
A mathematical model considering a trumpet was initially compared to a
reduced model only considering part of the runner channel. Thereafter, the
influence of swirl blades implemented at the bottom of the vertical runner on
the improvement of initial filling conditions in the molds was investigated in
a model considering the entire mold system including a trumpet. The effects
of a swirl blade orientation on a swirling flow were further discussed. The
simulation results, when utilizing swirl blades, were also verified by plant trials
performed at Scana Steel. In addition, a new novel swirling flow generation
component, TurboSwirl, was studied in a model considering the entire mold
system including a trumpet. The model was based on modifications of the
refractory geometry at the elbow of the runners near the mold without the
usage of an inserted flow control device in the gating system. Owing to its
great potential for improving the flow pattern of steel during the initial filling
moment, the effect of TurboSwirl on steel cleanliness was also studied. The
results showed that the initial filling conditions during the uphill teeming
process can be improved by using a swirl blade or a TurboSwirl in the gating
system. This makes it possible to further decrease the initial position of mold
powder bags. In addition, it reduces the possibilities of exogenous non-metallic
inclusion generation in the gating system as well as mold flux entrapment in
the mold during the uphill teeming process. However, the utilization of swirl
blades created a considerable amount of droplets when steel entered the molds
during the first couple of seconds, which also was verified by the plant trials.
The introduction of TurboSwirl showed a greater potential than a swirl blade
due to a more evenly distributed swirling flow. The DPM model adopted in
the simulations revealed that the TurboSwirl can improve steel cleanliness by
increasing the non-metallic inclusion collision rate both with respect to Stokes
and turbulent collisions.
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