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Abstract

The mathematical and numerical simulation model of the liquid steel flow in a tundish is presented in this paper. The problem was treated
as a complex and solved by the finite element method. The single-strand slab tundish is used to continuous casting slabs. The internal work
space of the tundish was modified by the following flow control devices. The first device was a striker pad situated in the pouring tundish
zone. The second device was a baffle with three holes and the third device was a baffle without hole. The main purpose of using these
devices was to cause a quiet liquid mixing as well as give directional metal flow upwards which facilitated inclusion floatation. The
interaction of flow control devices on hydrodynamic conditions was received from numerical simulation. As a result of the computations
carried out, the liquid steel flow and steel temperature fields were obtained. The influence of the tundish modification on velocity fields in
the liquid phase of steel was estimated, because these have an essential influence on high quality of a continuous steel cast slab.

Keywords: Solidification process, Application of information technology to the foundry industry, Continuous casting tundish, Molten
metal flow

1. Introduction example the control of melt temperature, composition and melt
flow control to enable non-metallic inclusion separation [3, 4]. In
order to remove inclusions in the tundish, it is necessary to have a
good understanding of fluid flow. Flow behaviour in the tundish
is governed mainly by the size and shape of the tundish and the
location of flow control devices, such as dams, weirs, filters,
striker pad, baffles with holes and turbulence inhibitors. The flow
pattern is also affected by the steel flow rate and its temperature
distribution [5 - 7].

The aim of the paper is to estimate, by numerical simulation
method, the modification effect of the internal space of tundish by
flow control devices on the molten metal flow and the
temperature field within the tundish. The molten steel flow
behaviour characterized by mathematical modelling in the bare

Today, the dominant method of global steel production is the
continuous casting, hence the need for continuous improvement
of this method. The production of quality steel from a continuous
casting machine is dependent on a large number of interlinked
process parameters of main ladle, tundish and continuous steel
casting (CSC) mould [1, 2]. Important continuous casting device
is the tundish, in which a stabilized steel flow has a crucial effect
on the quality and efficiency conditions of the CSC process. The
tundish is not only a storage vessel which guaranty the continuous
casting of steel, but it become an additional metallurgical stage
where other operation are performed. These operations are for
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tundish and in the tundish equipped with the baffles were
analyzed. In each case of a study, the velocity and temperature
distribution were obtained. The velocity field is obtained by
solving the Navier-Stokes equations, whereas the thermal field is
calculated by solving of Fourier-Kirchhoff equation with the
convection term. The problem was solved by the finite element
method [8 - 10].

2. The mathematical model of the heat
transfer during the molten metal motions

The mathematical model of a molten metal flow in the tundish
has been proposed. The superheated metals and their alloys in the
liquid state can be treated as Newtonian fluids [3, 4, 7, 8, 11],
therefore in the paper is used the system of equations (1, 2) which
describe the flow of viscous incompressible fluid. The equation
describes the heat transfer in the region of a tundish is based on
solving the Fourier-Kirchhoff equation with the convection term
[4,7,8,11,12]. It was assumed that the solidification front is
mushy [7 -9, 11 - 13], but sometimes it is assumed that it can be
sharp [10]. The assumption of such model (the mushy zone)
allowed us to introduce the phase transformation enthalpy to the
effective thermal capacity in the energy equation in the problem
solution. The mathematical model is based on the solution of the
following system of differential equations [7, 8, 11]:

dv
p—= ~Vp+uV>v+ pgB(T -T,)+ pg (1)
V-v(x,0)=0 2
v.(WT(x,z))—cef%—cdw-v =0 3)

where: T- the temperature [K], p=p(7) - the density [kg/m’],
A -the thermal conductivity coefficient [W/(mK)], v(u, v) - the
velocity vector of a molten metal flow [m/s], u(7) - the dynamical
viscosity coefficient [Ns/m?], X(x, y) - the coordinates of the
vector of a considered node's position [m], p -the pressure
[N/m?], Cy (Cor=prscrst(psL)/(T;-Ts) [7,8,12]) - the effective
heat capacity of the mushy zone [J/(m’K)], L - the latent heat of
solidification [J/kg], c¢;s- the specific heat of the mushy zone
[J/(kgK)]1, ps, pr, prs - the density of solid phase, liquid phase, and
mushy zone, respectively [kg/m’], g - the vector of the gravity
acceleration [m/s?], 7-time [s], B-the volumetric thermal
expansion coefticient [1/K], T;, - the initial temperature (tundish
inlet) [K].

The equations above (1 - 3) create a closed, coupled system of
equations describing the molten metal flow. The momentum
equations (1), continuity equation (2) and equation of heat
conductivity (3) are completed by the appropriate initial
conditions and the classical boundary conditions [7 - 14]. For the
energy equation is: the pouring temperature and the boundary
condition of type III. For the momentum equations are: - the
pouring velocity and the velocity components normal and
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tangential to the walls are set at zero [7]. The above problem was
solved by the finite element method in the weighted residuals
formulation [7 - 11].

3. Example of numerical simulations

The calculations were performed for the tundish with a cross-
section 3.3%1.44 and the length 4.7 m. The overheated steel with
temperature 7;, = 1906 K was poured with velocity v;, = 0.45 m/s
into the tundish with the initial temperature 7,= 1300 K. The
thermophysical properties of the cast steel and tundish were taken
from works [1, 3,8, 14, 15]. The characteristic temperatures of
the molten steel were equal to: 7;=1810, T53=1760 K and
ambient temperature 7, = 305 K. The heat-transfer coefficient (o)
between the tundish and ambient was equal a, = 30 W/(m’K) and
between the slag and ambient a; =3 W/(m’K) [1, 14, 16]. The
thermal and fluid flow phenomena proceeding in the considered
system were analyzed. Examples of calculation results are shown
in the form of the temperature and velocity fields (Fig. 1, 2). The
internal working space of the tundish has been modified by the
location of added flow control devices, such as the striker pad
(Fig. 1), baffle with three holes (Fig. 2a) and baffle without hole
(Fig. 2b). An influence of the interaction of this flow control
devices on the velocity fields in the liquid phase of steel were
estimated. The main objective of the velocity field change was to
enable non metallic inclusion separation and give directional
metal flow upwards which facilitated inclusion floatation.

4. Conclusions

This paper presents the coupled model of solidification for the
transient evaluation of fluid flow and heat transfer in the tundish
during continuous casting processes. The problem was treated as a
complex and solved by the finite element method. Numerical
simulation results are shown in the form of the temperature and
velocity fields (Fig. 1, 2). It was noted, that the velocity field of a
liquid phase has a significant influence on the temperature field.
A small intensity of the molten metal motion near the slag layer
causes the formation of dead zones and the local temperature drop
in the outflow tundish zone (Fig. 1). Next, two modification
variants of the internal work space of the tundish were performed
(Fig. 2). In the second variant, the minimum dead volume is
visible because the baffle gives a directional metal flow upwards
allowing the inclusions to float toward the slag layer (Fig. 2a). In
the third variant, the excessive flow directed across the top
surface can produce vortex flow and lead to reoxidation and slag
entrainment (Fig. 2b). This variant turned out to be worse, to
enable non metallic inclusion separation than the second variant.
Generally summarize, the flow field inside the tundish is
frequently unsteady and is an important mechanism for inclusion
elimination from liquid steel allowing the inclusions to float
toward the slag layer. It has an essential influence on obtain high-
quality of the continuous steel cast slab. It is very important for
the practice casting.
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Fig. 1. Velocity vectors (a) and temperature field (b) after time 720 s, I variant
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Fig. 2. Velocity vectors after time 720 s: a) II variant, b) III variant

ARCHIVES of FOUNDRY ENGINEERING Volume 14, Issue 1/2014, 103-106 105



www.czasopisma.pan.pl P
T

References

[1] Pardeshi, R., Basak, S., Singh, A.K., Basu, B., Mahashabde,
V., Roy, S.K. & Kumar, S. (2004). Mathematical modeling
of the tundish of a single-strand slab caster. ISLJ
International. 44(9), 1534-1540.

[2] Szajnar, J. & Sebzda, W. (2011). Simulation of the ingot
extraction in the continuous casting process. Archives of
Foundry Engineering. 11(3), 93-100.

[3] Lopez-Ramirez, S., Barreto, J. De J., Vite-Martinez, P.,
Romero Serrano, J.A. & Duran-Valencia, C. (2004). Physical
and mathematical determination of the influence of input
temperature changes on the molten steel flow characteristics
in slab tundishes. Metallurgical and Materials Transactions
B. 35B(10), 957-966.

[4] Miki, Y. &. Thomas, B.G. (1999). Modeling of inclusion
removal in a tundish, Metallurgical and Materials
Transactions B. 30B(4), 639-654.

[5] Cwudzinski, A. & Jowsa, J. (2012). Numerical analysis of
liquid steel flow structure in the one strand slab tundish with
subflux turbulence controller and dam. Archives of
Metallurgy and Materials. 57(1), 297-301. DOI: 10.2478/
v10172-012-0026-3.

[6] Liu, S., Yang, X., Du, L., Li, L. & Liu, Ch. (2008).
Hydrodynamic and mathematical simulations of flow field
and temperature profile in an asymmetrical T-type single-
strand continuous casting tundish. ISLJ International. 48(12),
1712-1721.

[7] Sowa, L. & Bokota, A. (2012). Numerical simulation of the
molten steel flow in the tundish of CSC machine. Archives of
Metallurgy and Materials. 57(4), 1163-1169. DOI: 10.2478/
v10172-012-0130-4.

[8] Skrzypczak, T. & Wegrzyn-Skrzypczak, E. (2011). Three-
dimensional numerical model of solidification with motion

106

ARCHIVES of FOUNDRY ENGINEERING Volume 14,

N

www.journals.pan.pl

of the liquid phase. Archives of Foundry Engineering. 11(2),
127-132.

[91 Dyja, R. & Sczygiol, N. (2011). Method for determining the
formation of shrinkage defects in the castings. Archives of
Foundry Engineering. 11(4), 35-40.

[10] Skrzypczak, T. & Wegrzyn-Skrzypczak, E. (2012).
Mathematical and numerical model of solidification process
of pure metals. International Journal of Heat and Mass
Transfer. 55(15-16), 4276-4284.

[11] Sowa, L. (2010). Mathematical modelling of the filling
process of a slender mould cavity. Scientific Research of the
Institute of Mathematics and Computer Science. 2(9), 219-
2217.

[12] Majchrzak, E., Mochnacki, B., Dziewonski, M. & Jasinski,
M. (2008). Identification of boundary heat flux on the
continuous  casting surface. Archives of Foundry
Engineering. 8(4), 105-110.

[13] Sowa, L. (2012). Numerical modeling the pressure die
casting process of an angle plate. Archives of Mechanical
Technology and Automation. 32(1), 55-63.

[14] Grzymkowski, R., Pleszczynski, M. & Hetmaniok, E.
(2013). Problem of the moving boundary in continuous
casting solved by the analytic-numerical method. Archives of
Foundry Engineering. 13(1), 33-38.

[15] Piekarska, W., Kubiak, M. & Saternus, Z. (2012). Numerical
modeling of thermal and structural strain in laser welding
process. Archives of Metallurgy and Materials. 57(4), 1219-
1227. DOI: 10.2478/v10172-012-0136-y.

[16] Konopka, Z., Lagiewka, M. & Zyska, A. (2007). Evaluation
of the heat transfer coefficient at the metal-mould interface
during flow. Archives of Foundry Engineering. 7(4), 101-
104.

Issue 1/2014, 103-106



	Abstract

