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The numerical modelling technique is successfully used for simulation of steel flow
through the tundish [1–6]. Numerical programs used in simulation studies are not only
furnished with modules designed for illustrating model liquid motion, but also enable the
carrying out of heat exchange simulation [7–14]. The CFD (Computational Fluid Dynamic)
method allows information on steel motion, flow, flow turbulence and steel temperature
distribution in the tundish to be obtained. In the continuous steel casting process, where the
tundish performs the function of a device batching steel to the mould, the monitoring of
steel temperature is essential, which is closely related to the casting temperature of a parti-
cular steel grade. Numerical computation makes it possible to estimate the distribution of
steel temperature fields within the facility to reveal the thermal state of the device. An ideal
tundish should successfully protect flowing steel against the excessive loss of heat from the
steel to the environment. The appropriate thermal insulation of the metal should be provided
by refractory materials used for the construction of the tundish and insulating powders co-
vering the liquid metal. The present article provides numerical computation results for the
distribution of steel temperature in a tundish used for the casting of concast slabs in a Polish
steel plant. The numerical computations were compared with measurements made under
industrial conditions.
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Figure 1 shows the geometry of the tundish investigated of a nominal capacity of 30
tonnes. Steel flows to the tundish through a ceramic ladle shroud of a diameter of 70 mm.
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The tundish incorporates a baffle with two overfall holes and a stopper rod system for con-
trolling the outflow of steel to the mould.
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Computer simulation of heat exchange was performed within the Fluent program. Nu-
merical computations were made using the Bussinesq approximation defining the rela-
tionship between liquid steel density and metal temperature. The k-ε model was applicable
for turbulent flow. On the tundish inlet were assumed following initial boundary conditions
for steel: velocity inlet 2,1 m/s and turbulence intensity 5.. Boundary conditions in the
form of heat losses were assumed to be –2600 W/m2 on the tundish walls and bottom and
–15000 W/m2 on the free surface, and –1750 W/m2 for the devices within the tundish, by
using literature data provided in work [15–16]. The distribution of steel temperature fields
in the tundish was simulated during the pouring of the tundish with two successively poured
steelmaking ladles, each of a capacity of approx. 100 ton. It was assumed in the simulation
that the temperature of steel flowing out from the first steelmaking ladle was 1829 K
(1556oC). This assumption was based on the measurement of steel temperature at the pour-
ing of the first steelmaking ladle under industrial conditions, during which the temperature
of the steel in the tundish was 1829 K. This value was obtained from the measurement taken
in the tundish pouring zone. The steel temperature in the tundish, as measured during the
experiment, was lower by 10 K than the steel temperature measured prior to the departure of
the first steelmaking ladle from the ladle treatment stand 1839 K. Based on this result, the
temperature of steel flowing out from the second steelmaking ladle was taken at 1825
(1552oC) in the numerical simulation, because the temperature of steel in the steelmaking
ladle, as measured during the experiment immediately prior to the ladle leaving the ladle
treatment stand, was 1835 K. Time of numerical simulation was such as real time of casting
ladles during continuous casting slabs sequence. Figure 1 shows thirteen measurement
points, at, which steel temperature was monitored during simulation. The points were si-
tuated in the tundish pouring and emptying zones and in the location of baffle installation.
Additionally, the steel temperature was monitored at the tundish nozzle. In the vicinity of
points 11 and 12, measurements of steel temperature were taken under industrial conditions,
which allowed the verification of the numerical computations in respect of numerical result
consistence with the industrial experiment. Thermal sensors supplied by Heraeus Electro-
Nite, used for experimental measurements, measured steel temperature at an accuracy of ±2 K.
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As a result of numerical computations, steel temperature fields in the tundish were
obtained. Figures 2 to 4 illustrate steel temperature fields in the selected planes of the
tundish. Figures 2a, 3a and 4a represent temperature fields for non-stationary conditions
during the flowing of steel at 1829 K to the tundish, whereas Figures 2b, 3b and 4b illustrate
temperature fields during the pouring of the tundish considered above with steel at a tem-
perature of 1825 K.
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When comparing the temperature fields in selected tundish zones, a moderate change
in the distribution of the isotherms and a reduction of steel temperature in the tundish after
starting the pouring of the second steelmaking ladle (Fig. 2b, 3b and 4b) by approx. four
degrees in the tundish zones presented is observed.
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Figures 5 and 6 represent the distribution of metal temperature at particular measure-
ment points depending on the time of second ladle pouring. Figure 5a illustrates the effect
of the constant-temperature stream supplying the tundish on the variation of steel tempera-
ture at point 2 that is located in the supplying stream axis, but is positioned below and in the
immediate vicinity of the tundish bottom. At points 3 and 4, a similar character of tempera-
ture decrease was noted, which, at the end of the casting reaches the level of 4 K (Fig. 5b).
Figures 5c, 5d and 5e illustrate the distribution of steel temperature in the region of the
baffle and the stopper rod system. The graphs shown in the above-mentioned figures indi-
cate that the liquid steel has a higher temperature in the central tundish part compared to the
steel temperature measured at the sidewalls. The arrangement of monitoring points in the
tundish made it also possible to assess of to what extent the steel temperature field distribu-
tion is symmetrical to the central plane passing through the tundish gate and nozzle axes.
The temperature characteristics shown in the figures indicate that the steel temperature
varies in a similar way on either side of the tundish. The steel temperature measurements
made under industrial conditions were compared with the numerical simulation results in
the form of a diagram (Fig. 5e). The difference between the temperatures in the real facility
and the virtual facility was 4.5 K as a maximum. The results obtained from the industrial
experiment were not only burdened with an error in the form of the measuring inaccuracies
of the probes used for the tests, but were also distorted by the temperature monitoring sys-
tem, for which a tendency to increasing the temperature value by 3 K was found. Figure 6
shows the distribution of steel temperature at the tundish nozzle. It can be seen from this
figure that the temperature decreases monotonically for the whole duration of the process
and the maximum temperature drop is 4 K at the end of the process (after 41 minutes).
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The mathematical model employed for numerical computation, despite the adopted
simplifications in the form of a constant value of heat losses in particular planes (the tundish
walls and bottom and the free metal table surface) and not allowing for the decrease in the
temperature of steel flowing to the tundish, was subjected to industrial verification. Com-
parison of the industrial measurement and computation results showed a satisfactory agree-
ment between the experiment and the simulation, so the applied numerical code could be
successfully used for predicting the distribution of temperature fields in the tundish. The
computations carried out indicate that the temperature of steel during the pouring of the
second steelmaking has lowered by 4 K, when taking the tundish nozzle as the point of
measurement.
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