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The increase in market demand for small masses of special purpose steel forces its producers to use the technique
of continuous casting with a transition zone. The article presents the results of model tests of limiting the range of
the transition zone as a result of the use of an impact pad and changes in the volume of liquid steel in the tundish.
A water physical model of a Continuous Steel Casting (CSC) device equipped with a two-outlets tundish was used
for the research. The criterion for assessing the range of the transition zone was the value of the minimum time of
complete mixing tome of the tracer in the modeling liquid, determined on the basis of the Residence Time Distribu-
tion (RTD) curves. Visualization techniques of the modeling liquid mixing process were used to identify hydrody-

namic phenomena.
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INTRODUCTION

Currently, for economic and technological reasons,
the process of continuous casting of steel is aimed at
maximizing the length of the sequence. However, in the
case of small orders in terms of the weight of a batch of
steel, in order to optimally use the capabilities of the
device, production plans provide for combining, for ex-
ample, two types of steel with a similar chemical com-
position for casting in one sequence (without replacing
tundish) [1- 2]. The advantage of this technique is that it
avoids wasting time and energy to end the casting pre-
maturely, prepare the equipment, replace the tundish,
and start casting the next sequence. The disadvantage is
the formation of the so-called transition zone. The tran-
sition zone is a mass of cast steel of undetermined
chemical composition, which is formed when two types
of cast steel are mixed. This process takes place in the
CSC tundish and causes defects. Therefore, the basic
problem to be solved in the case of using the casting
technique with a transition zone is to limit the range of
occurrence of this zone. This can be obtained by various
methods. The most common of them are limiting the
volume of liquid steel in the tundish and using the phe-
nomenon of changing the viscosity of steel with tem-
perature, and consequently changing the structure of the
liquid steel flow from plug to layered [3-4]. The size of
the transition zone is also affected by the design of the
tundish and the flow regulators used. Therefore, a set of
procedures for steel casting with a transition zone must
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be determined individually for each CSC device. Most
often, for fundamental reasons, a series of experiments
are performed using water physical models of the CSC
device or numerical modeling programs [5-8].

MATERIALS AND EXPERIMENTAL METHODS

The tests were carried out using a physical model of
the CSC device. It is designed and built in accordance
with the requirements of the theory of similarity [9-10].
This model has a segment structure. The main segment
is a two-strand tundish model (see Figure 1), in which
all conditions of kinematic and dynamic similarity have
been met. This model is described in detail in [11,12].
The model of the tundish was made in 1:4 scale (vol-
ume of the model is 0,130 mq). Tundish is characterized
by a bottom lowered by 0,025 m in the area of outlets.
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Figure 1 The geometric dimensions / m of the tundish

The tundish model is equipped with an impact pad
(IP) described in detail in [13]. The designed impact pad
is characterized by the fact that its working surface is a
cross-section of a sphere. Therefore, unlike a flat sur-
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face, it is less sensitive to washing out. As a conse-
quence, it favors the reduction of turbulence in the
tundish inlet zone and the formation of exogenous non-
metallic inclusions.

The dominant criterion for dynamic similarity was
the Froude number [9,12]. The tests were carried out
assuming that in real conditions the cross-section of
cast continuous billets is 2 000 x 225 mm, at the linear

casting speed V__= 0,6 m/min. Therefore, after calcula- Figure 2
tion, the flow rate of the model liquid (water) in the Visualization
model was 18,3 I/min. of the model liquid
In order to determine the F-type RTD curves flow for the
(planned in the research program) and the visualization analyzed variants
tests the step method of forcing the signal (Heaviside) for50s
on the inlet into the tundish model was used. An aque-
ous solution of KMnO, and NaCl was used as a tracer.
The aim of the conducted research was to determine
the characteristic (curve) enabling easy prediction of
the duration of the transition zone depending on the
mass degree of filling the tundish with liquid steel.
To achieve this goal, the research was carried out in
two stages. In the first stage, they had the form of visu-
alization of the way of mixing the model liquid in the
tundish model depending on the degree of its filling. Figure 3
The course of the experiments was recorded using vid- Visualization
. - . . of the model liquid
eo cameras. The obtained film material was analyzed in flow for the
terms of determining the most favorable parameters of analyzed variants
the experiments planned in the second stage. Based on for80s
the obtained visualization results, a plan of further re-
search was developed, presented in Table 1. steel is approximately 4,2 Mg/min, and its nominal ca-
pacity is 60 Mg, the upper value of the tundish weight
Table 1 Parameters adopted for model tests of steel was 43 Mg. The lower value was determined so
Variant of | Massof water | Mass of steel | Water Steel as to minimize the risk of creating a vortex on the sur-
experim. | " themodel | inthe tundish | flow rate/| flowrate | face of the liquid steel mirror, and consequently the risk
/Mg /Mg m¥s | [ms of slag being sucked into the mould. During the visuali-
al 0121 090 zation, it was observed that the initiation of vortex for-
A2 0,093 43,1 ; . .
e 0,074 46 0,0003 | 0,0098 mation takes_place ata \_/olume of approximately 57 Il_t-
v 0,056 261 ers of water in the tundish model. The mass of steel in

In the second stage of the research, the RTD resi-
dence curves were determined. They were used to de-
termine the minimum times of mixing the tracer in the
model liquid as a function of the filling degree of the
tundish model.

RESULTS AND DISCUSSION Figure 4 Initiation of the formatio ofa votex |

Figures 2-3 show exemplary results of visualization of
successive variants of the experiment in the form of im-

-

ages. These images were taken at equal time intervals for 0.8

each variant, measured from the start of the experiment i

after 50 s (Figure 2) and 80 s (Figure 3), respectively. '
The results of the visualization confirmed the ex- 0,4

pected shortening of the transition zone duration along
with the lowering of the liquid level in the tundish mod-
el. However, their main purpose was to determine the
safe range of liquid mass values of steel in tundish. As 0 500 1000 1500
the time needed to replace the main ladle at the CSC Time /s

station is approximately 4 minutes, the flow of liquid  Figure 5 RTD curves for the analyzed variants

Dimensionless concentration / -
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tundish is then approximately 26 Mg. In Figure 4 shows
the observed vortex formation.

Figure 5 presents the developed F-type RTD plots
for individual variants of the experiment. Appropriate
conversions were made to obtain the curves [14, 15].

The values of the minimum mixing time were deter-
mined when the degree of mixing the tracer in the liquid
reached 90 %. The test results are presented graphically
in Figure 6.
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Figure 6 Values of the minimum mixing time for variants
of the experiment

After converting the obtained results of model tests
into real ones, the curve of the minimum duration of the
transition zone was determined as a function of the de-
gree of mass filling of the tested tundish with liquid
steel. The curve is shown in Figure 7.
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Figure 7 The minimum duration of the transition zone as a

function of the degree of mass filling of the tundish
with molten steel

The equation describing the mathematically deter-
mined curve has the form of a polynomial:

y = -0,0045x2 + 0,8721x - 7,0044 1)

CONCLUSIONS

The tests carried out using the water model of the
CSC device equipped with a two-strand tundish showed
that the unfavorable phenomenon of the occurrence of
the transition zone can be significantly reduced in in-
dustrial conditions by applying the results developed in
the course of the research. This can be achieved by judi-
ciously limiting the weight of the liquid steel in the
tundish during this stage of the casting process. A useful
tool in this case is the determined curve of the minimum
duration of the transition zone as a function of the mass
degree of filling the tundish with liquid steel. By intro-
ducing its equation into the algorithm of the process
control system in the CSC device, it is possible to flex-
ibly adjust the range of the transition zone.

Further work on limiting the range of the transition
zone will take into account the phenomenon of chang-
ing the viscosity of steel with temperature, and conse-
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quently changing the flow structure of liquid steel from
a plug to a layered one. This will further limit the range
of occurrence of this unfavorable phenomenon.
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