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ABSTRACT

The continuous casting of the steel can cause cracks on the surface or inside,
which arise due to thermal and mechanical stresses. To eliminate these defects,
mathematical models are drawn up with which temperature fields, expansions and
stresses can be determined. The purpose of making these models is to locate the
areas with a high risk of cracking so that, finally, the continuous casting machines
and working conditions can be modified, so as to eliminate, or at least diminish, the
defects. The knowledge of the thermal state of the steel in the continuous casting
machine is necessary for the transposition on mathematical bases of the
technological process and the elaboration of some simulation models of the
solidification, which would allow the optimization of the afferent plant.

The proposed mathematical model takes into account - when studying the heat
transfer phenomena in the tundish - the convective motion of the steel, which
influences the thickness of the solidified crust and the evolution of the temperature
in the section of the continuously cast steel thread.

By running the simulation program were determined the variation of the
thickness of the solidified crust as a function of time, overheating in the crystallizer
and convection coefficient.

KEYWORDS: continuous casting, thermal state, solidification crust

1. Introduction - adaptation of the rolling to the new conditions:

direct deformation (with the minimum decrease of the

The process of continuous casting of semi-
finished products is characterized by a number of
parameters that condition both the design and
construction of specific installations-machinery-
equipment, as well as the quality of the products on
the flow-casting. In addition to the “classic”
processes, more and more efficient manufacturing
processes are constantly appearing: casting thin slabs,
casting with the deformation of the steel wire in the
machine or casting.

The most important difficulties - which must be
overcome when adopting such technologies - can be
grouped into:

- casting of semi-finished products with
minimum defects;

- conservation of thermal energy for the purpose
of direct rolling;

- reduction of the thickness of the semi-finished
products with or without deformation in the
continuous casting installation (with the correlation of
their components);

temperature between casting and deformation),
reduced corrosion to rolling, etc.

To study the thermal state of continuous cast
steel thread, empirical models can be used - obtained
by correlating experimental value results with
mathematical simulation models. In general,
empirical models cannot be extrapolated to conditions
other than those for which the experiments were
performed, when some parameters (temperature of
the steel inside the thread, thickness of the solidified
crust, etc.) are difficult to follow. Mathematical
models have the advantage that, once verified, they
have generalization possibilities.

Kohn and Morillon studied the solidification of
steel taking into account the heat exchanges by
convection in liquid steel; for this, they considered
that the liquid consists in of two media, one -
corresponding to the dendritic solidification zone - in
which the heat exchanges are made by conduction
and the second one - corresponding to the equiaxial
solidification zone, the convective displacement of
the liquid leading to a constant temperature [1].
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Tozoshima and Takasashi proposed a model for
"semi-solid" materials, by applying Darcy's law to the
movement of liquid steel through interdendritic
spaces - in the case of the biphasic solid-liquid zone

[2].

Miyazawa developed a mathematical model for
estimating the solidification profile and slab surface
temperature, using the integration of the continuous
cast thread section and took into account the different
effects of cooling rate and cooling conditions on the
upper and lower slabs, respectively.

Although the number of continuous casting
machines has increased a lot, however, the complex
processes regarding the solidification and cooling of
the related semi-finished products are still in the
research phase, not being elaborated a unitary model,
generally valid for the respective processes.

Taking into account the presented aspects, we
proposed a mathematical model for determining the
evolution of the crust solidification and heat flux in
the tundish, as well as a model for determining the
temperature in the continuously cast steel thread - on
the path to the exit of the machine.

The alloy used for the research is a general-
purpose carbon steel for construction S235J2G4,
according to EURONORM 10025 (OL 37-4k,
according to STAS 500). The thermophysical
parameters of steel solidification were calculated
according to studies and research in the literature [3].

2. Theoretical considerations on the
convection phenomenon at the solid-liquid
interface

The thermal state of liquid steel is characterized
by overheating (the difference between the
temperature of the steel at a given time - at a given
level - and the temperature of the liquid). It is
important to know, at different levels of the machine,
the thickness of the solidified crust and the
temperature distribution in the liquid steel, as well as
the temperature of the liquid steel as the solidification
front advances.

At the solid-liquid interface (at the boundary of
the solidification front) a convection heat transfer
takes place. The existence of convective motion can
lead to a reduction in the thickness of the solidified
crust at the respective level in the tundish, as well as
to a significant increase in the temperature on the
surface of the product, at the exit of the tundish. For
these reasons, it is necessary to take into account the
convective motion when studying the heat transfer
phenomena in the tundish.

To solve this problem, mathematical analysis
solutions can be used for the case of free border
systems. The model must allow the numerical

evaluation of the thermal state of the steel, in
accordance with the experimental results that can be
obtained at a certain level of the tundish, during an
industrial casting. In order to reduce the perforations,
a sufficiently thick and uniform solid crust must be
ensured at the exit of the tundish.

3. Results obtained

Based on the mathematical relationships in the
literature, the variation of the solidified crust of
continuously cast steel was determined [5]. By
running the program, the variations of the
thermophysical  parameters depending on the
temperature characteristic of the studied steel were
determined (Figures 1-4), respectively, the variation
of the thickness of the solidified crust as a function of
time.
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Fig. 1. Variation of the coefficient of linear
expansion of steel as a function of temperature
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Fig. 2. Variation of specific heat of steel as a
function of temperature
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_§ 30 \ ", understanding of the phenomena that take place in the
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£ / the solidification process of the continuously cast
25 slabs.
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Fig. 3. Variation of thermal conductivity of steel
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Fig. 5. Variation of the crust thickness solidified
over time

The thickness of the solidified crust increases -
along the path in the tundish - being favored by the
following factors:

- the lower the overheating is;

- with the decrease of the convection coefficient;

- with the decrease of the casting speed.
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