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Minimization of intermixing length during continuous casting of steel is a crucial step towards higher productivity and
yield of a continuous casting technology. For such a complex mass transfer problem, physical simulation using scaled-
down water models might become indispensable tool to quantify the liquid steel parameters in the tundish. In this
paper, such an advanced, water-based model of tundish from Zeleziarne Podbrezovs, a. s. is used to model the inter-
mixing process of two consecutive heats with different chemical composition. Obtaining the non-standard F-curves
while manipulating the liquid level and the casting speed simultaneously gave us a valuable insight into the process
of intermixing and allowed us to make preliminary conclusions on the intermixing optimization problem.
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INTRODUCTION

Physical modelling of steel flow in a three-strand,
T-type, twelve-ton tundish used in Zeleziarne Podbre-
zova, a. s. (ZP, a. s.) is the key modelling process of the
joint laboratory SimConT, cooperatively built by ZP
VVC, s. 1. 0. and Faculty of Materials, Metallurgy and
Recycling (FMMR), Technical University of KoSice in
2016 — 2018. This laboratory is located at the Institute
of Metallurgy, FMMR TU Kosice and is based on a
scaled-down (1:2) water model of tundish in ZP, a. s.
(hereinafter referred to as “tundish”). The model itself
is equipped with a comprehensive sensing and control
system to perform automated series of steady - state as
well as transient steel flow experiments, Figure 1 [1]. In
this paper, physical simulation of experimental steel in-
termixing in the tundish during continuous casting is
described and evaluated. During the experimental inter-
mixing process, steel level in the tundish was deliber-
ately manipulated so to minimize the intermixing length
in the casting strands.

In SimConT laboratory, the high level of automation
and control system allowed us to fully control both the
steel level and the casting speed. This made possible the
full reconstruction of the non-trivial transient flow pro-
cess in the real tundish and evaluate rigorously the in-
termixing process using well-proven water modelling
analogy.

For the validity of the tundish water model, obtain-
ing the RTD (Residence Time Distribution) curves for
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Figure 1 SimConT laboratory with operator’s control station
(front left), water model of ZP tundish (right) and
water model of U. S. Steel tundish (rear left)

all casting strands and comparing them to the ones ob-
tained during actual casting is of funda -mental impor-
tance. These curves represent the basic characteristics
of the steel flow in the tundish and correlate strongly
with the final quality of the cast steel [2-4]. The F-
curves characterize the flow dynamics during transient
casting state, i.e., when the steel level rises during fill-
ing from a set minimum to the nominal value. From F-
curve can be directly predicted length of slab transition
area [5-6]. This part of slab is in many cases, depending
on chemical composition of casted steel qualities, does
not meet with standards required for given steel quality.
Therefore, we need to know allocation and length of
this transition area, especially in multiple strand con-
tinuous casting machine (CCM). For the validation of
F-curves for the tundish model, a series of experiments
were performed in ZP, a. s., where two consecutive
heats with different chemical compositions were cast so
that the F-curves could be reconstructed from the longi-
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tudinal concentration profile of the target chemical ele-
ment in the casting strands.

EXPERIMENTAL WORK

Evaluation of the intermixing process in a real
tundish. The aim of the experiment was to analyze the
concentration transient phenomenon in the tundish dur-
ing casting of two consecutive heats (No. 2775 and
2774) with different chemical composition. Since it is
not possible to take synchronous steel samples from the
molds during casting, it was decided to use additional
chemical analysis of the cast billets. Chromium (Cr)
and molybdenum (Mo) were used as tracking elements.
[7] On the basis of the time relations during casting and
the lengths of individual billets it was possible to recon-
struct the longitudinal concentration profiles in all three
strands from the beginning of the casting (i.e., opening

the 2774 - heat).
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Figure 2 Steel weight in the tundish during the intermixing
phase, with time intervals T, - T,

In Figure 2 we can see the graphical representation
of the intermixing casting phase in the tundish. Each
color segment of the weight curve represents the “vir-
tual billet”, i.e., the material to be solidified in the given
billet and subsequently cut from the casting strand. Pri-
or to opening the 2774 - ladle (62 nd minute) the steel
weight in the tundish was reduced to approx. 5 tonnes.
After opening, filling of the tundish commenced, reach-
ing the weight level of 8 tonnes (65th minute), changing
the casting speed and hold time until the concentration
changed to the desired level (80th min.) Finally, the ref-
erence weight of steel in the tundish (10 — 11 tonnes)
was reached. During 18 minutes of transition casting,
approximately 18,9 m of billets were cast on the 1st
strand. The changes in casting speed were different for
each strand, Table 1.

Table 1 Casting parameters during intermixing

Parameters in the transient casting phase

Time intervals T, T, T, T,
Absolute time / min 62 65 87,1 89,2
Level Change /t ! LT L

5 8 10-1
Casting speed / m/min Vv, (-T) v, (T,-)
Strand No. 1 0,9 1,05
Strand No. 2 0,9 0,95
Strand No. 3 0,9 1,15
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Transient characteristics have been created for every
casting strand and compared with the real data on the
level and casting speed. For clarity, characteristics of
casting speed are shown for 1st strand only in Figure3.
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Figure 3 Casting speed during actual casting, with

corresponding transition phase in the billets,
strand No. 1, change in casting speed from 0,95
to 1,05 m/min att, = 64,75 to t, = 65,35/ min

Modelling of the intermixing phase of continuous
casting using tundish water model. Intermixing of
two consecutive and chemically different heats in the
tundish has been evaluated via F-curves. Using these
curves, it is possible to determine the location and
length of the transition area under specific conditions
(casting speed, tundish configuration, liquid steel level
at which tundish filling begins, and tundish filling
mode) [8-9]. For each F-curve, it is possible to calculate
at which time, under the given conditions, the concen-
tration of the monitored element decreased or increased
to the desired value. It is also possible to calculate, how
much steel has been cast and where the transition area is
located. An example of an F-curve is shown in Figure 4.
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Figure 4 Example of F-curves for a three-strand tundish

It is necessary to know the dimensions of the mold,
which together with the casting speed, are used to cal-
culate the amount of steel cast per unit of time. The sec-
ond option is to directly enter the cast amount of steel
per unit of time (machine productivity per hour or min-
ute). It is also necessary to consider the change in the
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volume of steel during the transition from liquid to solid
state (i.e., specific weight difference), which may differ
depending on the cast quality. Using the similarity crite-
rions, we can deduce outcomes as in [10-11]. For a
scaled-down (1:2) physical model of the tundish, the
length scale M1 =0,5 and the volume scale MQ =0,176.
The volumetric flow through the tundish will be Qv *
MQ * 1 000.

For the tundish model experiment, it was necessary
to recalculate the parameters from the real tundish to the
model. The recalculated values are in Table 2. Due to
the non-standard procedure of filling the tundish from
the B-ladle while keeping the reduced liquid steel level
and changing the casting speed of the strands simulta-
neously, the correct conversion of flow parameters us-
ing similarity criteria was crucial. In general, flow
measurements can be made even with user-defined flow
and liquid level courses; we obtain the so-called non-
standard F-curves. The three measurements above faith-
fully copied the casting process during the measure-
ment of the F-curve on the real tundish according to the
compared data.

Table 2 Description of physical simulation parameters
for a steady flow

Selected physical model parameters for a constant-level steel
flow in the tundish

Time intervals T T T, T,
Theoretical Time /s 0 127 1066 1152,6
Level change / mm 175-‘5 T22;0Ts 2:;0
Water flow / I/m (...=T) (T,-..)
1%t casting strand 73 8,5
2" casting strand 73 77
3" casting strand 73 9,3

RESULTS AND DISCUSSION

The theoretical and real time required to refill the
tundish from 155 mm to 230 mm water level is given in
Table 3. The theoretical time was deter-mined based on
the data provided by ZP, a. s. and recalculated according
to the similarity criteria for the physical model. Flow
rates were recalculated accordingly.

In Figures 6 — 8 is graphical comparison of F-curves
(water conductivity measurement) measured on water
model with dimensionless concentration of Cr in real

Table 3 Length of the time period of the water level
in-crease from the value of 155 mm to 230 mm
and the flow rate at the tundish inlet -
Measurement No. 1

Theoretical time /s 127
Actual time /s 135
Change of input speed when T T
the time changes 1 2

Inlet flow / I/min 46,20 29,3
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conti - cast slab. It must be taken into account that pre-
sented measurement outputs are unique, involving not
only a change in the height of the steel level in the
tundish, but also changes in the casting speed of the in-
dividual casting strands. In practice, it is very difficult
to exactly identify points on slabs that correspond ex-
actly to the critical time period.

Figure 5 shows a scheme of the tundish water mod-
el, through which the measurements of verification F-
curves with real data were carried out.

Inlet

'

CSNo. 3

Figure 5 Geometry of 3-strand T-shaped tundish water model
and its parameters
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Figure 6 Conductivity measurement / Cr content Strand No. 3
- Measurement No. 1
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Figure 7 Conductivity measurement / Cr content Strand No. 2
- Measurement No. 1
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Figure 8 Conductivity measurement / Cr content Strand No. 1

- Measurement No. 1

CONCLUSION

Based on the tracer concentration characteristics ob-

tained on the tundish water model and their comparison
with the tracer element (Cr) concentration profiles on
the real billets, it is possible to conclude:

 The recalculation of flow rate, liquid level and sim-
ulation time based on similarity criteria is correct

» Evolution of the concentration of the tracer dur-
ing physical simulation, despite the complexity of
the measurement, copies the real-world values
quite precisely

» Measurements of selected quantities during simu-
lated casting on the SimConT water model accu-
rately represent transients on the real tundish

+ During measurements on the real tundish as well
as on the model, there is a disordered swirling of
steel / water in the ladle (due to a change in the
casting speed), which causes significant variance
in the measured data. For further verifications, it
would be advisable not to change the casting
speed during the experiment.

In conclusion, it seems that holding the steel level

down while intermixing two successive heats does not
lower the intermixing length. This is contrary to what
had been expected so far.

190

REFERENCES

[1] B. Bulko, P. Demeter, Laboratory of simulation of flow
processes, Technical University of KoSice, Institute of Me-
tallurgy, Department of Metallurgy, https://ohaz.umet.
fmmr.tuke.sk/Ispp/index _en.html

[2] D. Chatterjee, Designing of a novel shroud for improving
the quality of steel in tundish, Advanced Materials Rese-
arch Trans Tech Publications, (2012), 359-363.

[3] D. Kalisz et al., Influence of selected deoxidizers on che-
mical composition of molten inclusions in liquid steel,
Journal of Materials Engineering and Performance, 29
(2020) 3, 1479-1487.

[4] M. Tkadleckova et al., Numerical analysis of rtd curves
and inclusions removal in a multi-strand asymmetric tun-
dish with different configuration of impact pad, Metals, 10
(2020) 7, 849.

[51 A. Cwudzinski, J. Jowsa, B. Gajda, Physical Simulations
of Macromixing Conditions in One-Strand Tundish during
Unsteady Period of Continuous Slab Casting Sequence,
steel research international, 91 (2020) 8, 2000027.

[6] J. Pieprzyca et al., The influence of parameters of argon
purging process through ladle on the phenomena occuring
in the area of phase distributions Liquid steel-slag, Archi-
ves of Metallurgy and Materials, (2019).

[71 P. Saeidy, A. Mohammad, S. Hassanpour, Steel Cleanli-
ness Depends on Inflow Turbulence Intensity in Tundishes
and Molds, Metallurgical and Materials Transactions B, 51
(2020) 5, 2199-2210.

[8] K. Michalek et al, Physical modelling of tundish slag en-
trainment under various technological conditions, Archi-
ves of Metallurgy and Materials, (2017) 62.

[91 M.LH. Siddiqui, M.H. Kim, Two-phase numerical mode-
ling of grade intermixing in a steelmaking tundish, Metals,
9 (2019) 1, 40.

[10] L. Socha et al., Evaluation of slag regime in ladle during
utilization of briquetted synthetic slag in VHM, Internatio-
nal Scientific journal, (2012) 57, 80-87.

[11] K. Gryc, J. Falkus, Refining and Casting of Steel, Metals,
10 (2020) 2, 295.

Note: The responsible for the translation to English is Miriam
Val¢akova — Translations and interpreting, Kosice, Slovakia.

METALURGIJA 62 (2023) 2, 187-190


https://ohaz.umet.fmmr.tuke.sk/lspp/index_en.html
https://ohaz.umet.fmmr.tuke.sk/lspp/index_en.html



