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Abstract

In the present thesis a study on the thermal state of steelmaking ladles
was undertaken. The transient hot wire method was verified for thermal
conductivity measurements on metallurgical slags and applied to ladle
slag measurements. Temperature measurements on ladles in an industrial
environment were carried out. The emissivities of the outer and inner shells of
steelmaking ladles were investigated. Two dynamic models were developed to
predict the heat transfer and fluid flow in a preheating and teeming ladle. The
gathered thermal conductivity values for ladle slag were used to study the effect
of the slag layer on the top surface of the melt on heat transfer and fluid flow in
a teeming ladle.

In the first stage, the transient hot-wire method was verified to measure
the thermal conductivity of metallurgical slags at steelmaking temperatures.
A numerical model was developed, cold model experiments were conducted
and test measurements using a high temperature experimental setup were
carried out. To minimize natural convection and to obtain more reliable
measurements, the crucible diameter, the hot-wire diameter, the applied
current, the position of the wire in the crucible and the cooling on the upper
surface of the crucible were studied. Investigations into the choice of sheathing
material of the circuit exposed to the slag were also made. It was found that
only certain materials were suitable for slag measurements depending on slag
composition and temperature. The electrical resistivity of the hot wire was
measured to make the thermal conductivity calculation more reliable. The wire
diameter also played a major role due to the heat generation per surface area.
The thermal conductivity should be derived from the values measured during
the first seconds. In this initial stage, the effect of the natural convection as a
function of the wire position in the crucible, the cooling on the top surface and
the diameter of the crucible are negligible. A compromise has to be made in
choosing the electrical current, since higher current results in higher sensitivity
but at the same time in more natural convection.

In the second stage, the thermal conductivities of four different ladle slags
were measured at 1773 K, 1823 K, 1873 K and 1923 K using the transient hot
wire method. Very good reproducibility was obtained. The thermal conductivity
did not vary substantially with the variation of slag composition at 1873 K
and 1923 K, at which the slag samples were all entirely liquid. The thermal
conductivities were low. It was found that the precipitation of solid phase
resulted in a considerable increase of thermal conductivity.

In the third stage, a two dimensional model was developed in order to
predict the temperature distribution in the ladle wall during the preheating
process. The model calculated the heat transfer and the velocity field in the gas
phase inside the ladle as well as the heat transfer in the solid walls during the
preheating process. Measurements of the temperature profiles in an industrial
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ladle were carried out using an infrared thermography. The measurements
were made both inside and outside the ladle. The model predictions were found
to be in reasonably good agreement with the measured temperatures. It was
found that the preheating time could be minimized when the working lining
became thinner. The effect ofthe distance between the lid and the ladle was
also studied by the model. The results indicated that there was no significant
temperature change on the upper side wall of the ladle. On the lower side wall
and bottom the temperature changed slightly. The temperature difference in
the lower part of the ladle could be explained by the larger flame distance from
the bottom layer.

In the fourth stage, a two dimensional axisymmetric model was developed
to predict the heat flux in a steelmaking ladle during the teeming process. The
model predicts dynamically the flow fields in both the liquid phase and the gas
phase along with the movement of the liquid upper surface. The model also
predicts the temperature distributions in the liquid metal, gas phase and all
layers in the ladle wall. Again, industrial measurements were performed using
an infrared thermography, both inside the ladle after teeming and at the wall
outside the ladle during the whole process sequence. The model predictions
were found to be in agreement with the measured data. It was found that the
heat transfer to the surrounding atmosphere and the conductivity of the highly
insulating layer were the most important factors for the heat loss. The decrease
of the thickness of the working lining was found to have limited effect on the
total heat flux.

In the fifth and final stage, the effect of the slag layer on the top surface of
the melt, on fluid flow and on heat transfer in a teeming ladle was investigated
theoretically. The two dimensional axisymmetric model developed in the
fourth stage was used. To predict the effect of the slag layer a stationary heat
conduction boundary condition including thermal conductivity and slag
layer thickness was employed. Different calculations with differing thermal
conductivity values for the slag layer were carried out. The calculations showed
that the effect of the slag layer was insignificant. This could be explained by the
similarity of the thermal conductivity of slag and gas phase.
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