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Abstract Surface temperatures of cast slabs at small radius segments in front of as well as at the un-
bending point belong to parameters that affect the surface quality of continuously cast slabs. Older ma-
chines for continuous casting were designed with regard to the performance (to amount of cast slabs)
rather than to the quality. Therefore, the adaptation of secondary cooling is required in order to accom-
plish the desired surface temperatures. The modification consists in the dynamic control of secondary
cooling, surface temperatures monitoring by means of the numerical model of temperature field as well as
in a prospective replacement of cooling nozzles. In order to optimize and control the secondary cooling,
characteristics of nozzles and especially the influences of water flow rate, air pressure, casting speed and
surface temperatures to the heat transfer coefficient under nozzles have to be known. Moreover, the heat
transfer coefficient can be also influenced by the age of nozzles. The paper deals with relationships of
described influences and their impacts to the temperature field of cast slabs. The results are presented
for the 1530 x 250 mm slabs that are cast in Evraz Vitkovice Steel where the main author’'s dynamic 3D
solidification model is used to control the production interface and runs in off-line version. Its results can
be used as a preparation tool for the real casting process.

1 Introduction

The presented in-house model of the transient temperature field of the blank from a slab caster
(Fig. 1) is unique in that, in addition to being entirely 3D, it can work in real time. The numerical
model covers the temperature field of the complete length of the blank (i.e. from the meniscus
inside the mould all the way down to the cutting torch) with up to one million nodes [1].

The concasting machine (caster) for the casting of slabs [1] has the secondary-cooling zone
subdivided into thirteen sections, due to the convection of a greater amount of heat from the
voluminous slab casting. The first section engages water nozzles from all sides of the slab. The
remaining twelve sections engage air mist cooling nozzles, which are positioned only on the
upper and underside of the concasting. It is therefore very important to determine the correct
boundary conditions for the numerical model of the temperature field [2]. Regarding the fact that
on a real caster, where there are many types of nozzles with various settings positioned inside a
closed cage. Real caster contains a total 8 types of nozzles and geometrical layouts. The aim is
to modify the secondary cooling zones 6, 8 and 10 so as to increase the surface temperature of
the slab in a small radius at point of straightening. Currently in cooling zones 6, 8 and 10 noz-
Zles installed air mist nozzles Lechler 100.638.30.24 (Fig. 1 and 2).

2 The heat transfer coefficient of the nozzle

The cooling by the air mist water nozzles has the main influence and it is therefore necessary to
devote much attention to establish the relevant heat transfer coefficient of the forced convec-
tion. Commercially sold models of the temperature field describe the heat-transfer coefficient
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beneath the nozzles as a function of the incident quantity of water per unit area. They are based
on various empirical relationships. This procedure is undesirable. The model discussed in this
paper obtains its heat transfer coefficients from measurements of the spraying characteristics of
all nozzles used by the caster on a so-called hot plate in an experimental laboratory and for a
sufficient range of operational pressures of water and a sufficient range of casting speeds of the
slab (i.e. casting speed). This approach represents a unique combination of experimental
measurement in a laboratory and a numerical model for the calculation of the non-linear bound-
ary conditions beneath the cooling nozzle.
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Fig. 1 Diagram of measurement configuration of the Fig. 2 Characteristics of nozzles Lechler
cooling effects of nozzle 100.638.30.24 and 100.528.30.24

This laboratory device enables the measurement of each jet separately. It comprises a steel
plate mounted with 18 thermocouples, heated by an external electric source. The steel plate is
heated to the testing temperature, than it is cooled by a cooling jet. On the return move the jet is
covered by a deflector, which enables the movement of the jet without cooling the surface. This
device measures the temperatures beneath the surface of the slab—again by means of thermo-
couples [3].

The laboratory device allows the setting of:

. The nozzle type

. The flow of water

. The air-pressure

. The distance between the nozzle and the investigated surface
. The surface temperature

. The shift rate

Since the cooling nozzle 100.638.30.24 for minimum water flow appears to be too intensive and
measurements were made for such a small nozzle 100.528.30.24 (Fig. 1).

Based on the temperatures measured in dependence on time, the HTCs are calculated by an
inverse task. They are then processed further using an expanded numerical and an identifica-
tion model and converted to coefficients of the function HTC(T,y,z) (Fig. 3), which expresses the
HTC in dependence on the surface temperature, and also the position of the concasting with
respect to the nozzle. The Lechler air mist nozzles have low dependence of heat transfer coeffi-
cient on the slab surface temperature. The value of the HTC coefficient on the surface of the
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slab, as it enters the secondary-cooling zone, significantly affects the process simulation from
the viewpoint of the temperature field, the technological length, and also other technological
properties. It therefore affects prediction of the quality of the slab.
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a) Nozzle 100.638.30.24 water flow 2.2 I/min, air b) Nozzle 100.528.30.24 water flow 1.5 I/min, air
pressure 0,2 MPa pressure 0,2 MPa

Fig. 3 The heat transfer coefficient for the air mist nozzle Lechler

In order to be able to simulate this boundary condition within the numerical model as accurately
as possible, it is necessary to conduct experimental measurement on each jet in the secondary-
cooling zone individually.

Each of the eight nozzles had been measured separately on the hot model, on which the hot
surface of the slab, which is cooled by a moving jet, can be modelled. The temperatures meas-
ured on the surface of the model can be entered into an inverse task to calculate the intensity of
spraying, which, in turn, can determine the HTC by a special mathematical method.

Fig. 3 presents the measured values of the heat transfer coefficients processed by the tempera-
ture model software. For nozzle configuration, there is a graph of the 3D graph of the heat
transfer coefficient beneath the nozzle. These graphs are plotted for a surface temperature of
800 to 1000 °C.

3. Temperature field
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a) Nozzles 100.638.30.24 water flow per one c) Nozzles 100.528.30.24 water flow per one
nozzle 2.2 I/min nozzle 1.5 I/min

Fig. 4 Temperature along caster for different configuration of secondary cooling in zone 6, 8 and 10

The setting of the secondary cooling and its optimization is a very complicated problem. The
graph in Fig. 4 shows the resultant temperature field for individual cooling curves. This basic set
of graphs serves the user in that it is possible to assess which of the cooling curves is optimal
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for the given cast steel [4]. The Fig. 4a shows the surface temperatures of the slab in the caster
using 100.638.30.24 nozzles and current setting secondary cooling to flow 2.2 I/min per nozzle.
The last Fig 4b showing the surface temperature for the water flow 1.5 I/min per 100.528.30.24
nozzle in zones 6, 8 and 10. These calculations show that the criteria of the new nozzles in-
crease the surface temperature at the straightening point of the small radius about 100 °C, while
at higher flow water rates and the new nozzle can be cooled as intensively as the original noz-
Zle.

4. Conclusion

The value of the heat transfer coefficient on the surface of the slab, as it enters the secondary-
cooling zone, significantly affects the process simulation from the viewpoint of the temperature
field, the metallurgical length, and also other technological properties. It therefore enables the
prediction of the quality of the slab. In order to be able to simulate this boundary condition within
the numerical model as accurately as possible, it is necessary to conduct experimental meas-
urement on each nozzle in the secondary-cooling zone individually. Each nozzle had been
measured separately on the hot model, on which the hot surface of the blank, which is cooled
by a moving nozzle, can be modelled. The temperatures measured on the surface of the model
can be entered into an inverse task to calculate the intensity of spraying, which, in turn, can de-
termine the heat transfer coefficient using a special mathematical method.

The 3D numerical model of the temperature field is used for optimization of the surface tem-
perature of the concast slab [5]. The results are presented for the 1530 x 250 mm slabs that are
cast in Evraz Vitkovice Steel where the main author’'s dynamic 3D solidification model is used to
control the production interface and runs in off-line version.
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