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Abstract

The purpose of the current study is to increase the understanding of different
steelmaking processes at the decarburization stages by use of mathematical
modeling. More specifically, two De-Laval nozzles from a VOD (Vaccum
Oxygen Decarburization) process, which is used for producing stainless steels
with ultra-low carbon grades, was investigated for different vessel pressures.
Moreover, the post combustion phenomena in a BOF or LD (Linz-Donawitz)
process as well as an AOD (Argon Oxygen Decarburization) process were
studied focusing on the decarburization stage.

Two industrial VOD nozzles were numerically studied and compared at
different temperatures and ambient pressures. Flow patterns of the oxygen jet
under different ambient pressures were predicted and the flow information
at different positions from the nozzle was analyzed. In addition, the effects of
different ambient temperatures on the jet velocity and the dynamic pressure
were compared. The predictions revealed that a little under-expansion
is somewhat helpful to improve the dynamic pressure. The jet dynamic
pressure and its width for the specific nozzle geometry were also studied. It
was observed that a variation in the ambient pressure can influence the jet
momentum and its width. In addition, a high ambient temperature was found
to have a positive effect on the improvement of the jet dynamic pressure.
Furthermore, it was found that a change in ambient pressure has a stronger
effect on the jet force than a change in the ambient temperature. In addition,
it was proved that the profiles of the dynamic pressure at a certain blowing
distance fit well to Multi-Gaussian distribution.

Post combustion in a BOF/LD and an AOD process during decarburization
was also studied. Two mathematical models were created to show the post
combustion phenomenon inside the converters, respectively. For the CFD
modeling of the two processes, the realizable k-# model, the species transport
model and the discrete ordinate were adopted to calculate the turbulence, gas
reaction and radiation present in the gas phase in the converter. For the BOF/
LD modeling, a series of plant tests were conducted to collect data, which were
used in the current model. These include the off-gas information, emissivity
data, oxygen blowing parameters and the chemical composition

of steel. After the simulation, the predicted flow pattern and detailed
information of the gases taking part in the post combustion were compared
to plant data. Specifically, the off-gas data from the plant was used for the
model verification. The measured CO2 concentration was 15-20 wt% and the
predicted value from the modeling was 16.7 wt%.

For the AOD converter of interest in the current work, a fan is installed
in the end of the AOD flue to help extract the off-gas from the converter. The
influence of different fan gauge pressures as well as temperatures of the gas
mixture, containing the generated CO and argon, on the post combustion in
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the whole AOD system was studied. It was indicated from the modeling results
that the post combustion was only present in the flue for the present modeling
conditions. Moreover, a critical fan gauge pressure (approx.. -550 Pa) was
found which could yield a maximum post combustion in the flue gas.

For both two models (BOF/LD and AOD), simulations indicated that a
change of the converter temperature from 1500 to 1700 °C did not influence the
post combustion reaction to a large degree. In addition, these two models can
be regarded as the first step for a future more in-depth modeling work of the
post combustion.
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