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Abstract

Non-metallic inclusions in molten steel have received worldwide attention
due to their serious influence on both the steel product quality and the steel
production process. These inclusions may come from the de-oxidation process,
the re-oxidation by air and/or slag due to an entrainment during steel transfer,
and so on. The presence of some inclusion types can cause a termination of a
casting process by clogging a nozzle. Thus, a good knowledge of the inclusion
behavior and deposition rate in steel flows is really important to understand
phenomena such as nozzle clogging. In this thesis, inclusion behaviors and
deposition rates in steel flows were investigated by using mathematical
simulations and validation by experiments.

A ladle teeming process was simulated and Ce2O3 inclusion behavior
during a teeming stage was studied. A Lagrangian method was used to track
the inclusions in a steel flow and to compare the behaviors of inclusions of
different sizes. In addition, a statistical analysis was conducted by the use of
a stochastic turbulence model to investigate the behaviors of different-sized
inclusions in different nozzle regions. The results show that inclusions with
a diameter smaller than 20 μm were found to have similar trajectories and
velocity distributions in the nozzle. The inertia force and buoyancy force were
found to play an important role for the behavior of large-size inclusions or
clusters. The statistical analysis results indicate that the region close to the
connection region of the straight pipe and the expanding part of the nozzle
seems to be very sensitive for an inclusion deposition.

In order to know the deposition rate of non-metallic inclusions, an
improved Eulerian particle deposition model was developed and subsequently
used to predict the deposition rate of inclusions. It accounts for the differences
in properties between air and liquid metals and considers Brownian
and turbulent diffusion, turbophoresis and thermophoresis as transport
mechanisms. A CFD model was firstly built up to obtain the friction velocity
caused by a fluid flow. Then, the friction velocity was put into the deposition
model to calculate the deposition rate.

For  the  case  of  inclusion/particle  deposition  in  vertical  steel  flows, 
effects  on  the deposition rate of parameters such as steel flow rate, particle
diameter, particle density, wall roughness and temperature gradient near a wall
were investigated. The results show that the steel flow rate/friction velocity has
a very important influence on the rate of the deposition of large particles, for
which turbophoresis is the main deposition mechanism. For small particles,
both the wall roughness and thermophoresis have a significant influence on
the particle deposition rate. The extended Eulerian model was thereafter used
to predict the inclusion deposition rate in a submerged entry nozzle (SEN).
Deposition rates of different-size inclusions in the SEN were obtained. The
result shows that the steel flow is non-uniform in the SEN of the tundish. This
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leads to an uneven distribution of the inclusion deposition rates at different
locations of the inner wall of the SEN. A large deposition rate was found to
occur at the regions near the SEN inlet, the SEN bottom and the upper region
of two SEN ports.

For the case of an inclusion/particle deposition in horizontal straight
channel flows, the deposition rates of particles at different locations of a
horizontal straight pipe cross- section were found to be different due to the
influence of gravity and buoyancy. For small particles with a small particle
relaxation time, the gravity separation is important for their deposition
 behaviors  at  high  and  low  parts  of  the  horizontal  pipe  compared  to
 the turbophoresis. For large particles with a large particle relaxation time,
turbophoresis is the dominating deposition mechanism.
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