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To improve the slab quality, it is essential to design an innovativemodel for understanding the bubbles’ behavior
in the continuous casting mold. However, the influence of interaction of bubbles on the motion of dispersed
phases has not been considered in most of mathematical simulation models. The purpose of the current work
was to establish a newmodel to simulate themotion of gas bubbles in the mold. In this paper, the mathematical
model being related to the interaction of bubbles (coalescence, bounce and breakup) was established using the
user-defined functions to predict the behavior and distribution of gas bubbles. Introducing the interaction of
bubbles, the size of bubbles will change in the process of collision and broken, so the results can give a good
explanation to the motion of different size bubbles, and the phenomena of bubbles coalescence, bounce and
breakup actually exist. The results show that the larger bubbles float up to the top surface as soon as they get
out of the ports, while the smaller bubbles following the flow arrive at the narrow surface. The proposed math-
ematical model can described the behavior of bubbles exactly in the steel continuous casting process.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

In the continuous casting process of steel industry, argon gas is
injected into the mold to prevent clogging, encourage mixingand pro-
mote the flotation of solid inclusions from themolten steel. The bubbles
enter the mold from the submerged entry nozzle (SEN), plenty of large
bubbles escaping from the top surface as soon as they getting out of
ports while the smaller sizes being entrapped in the shell, causing pin-
hole defects. Therefore, in order to reduce the defects, it is essential to
design an innovative model for understanding the bubbles’ behavior.

Although great effortsweremade to study argon gas bubblesmotion
in continuous casting mold of steel [1–5], the interaction of bubbles is
still rarely considered in their researches.

Pfeiler et al. [6] have investigated the transport of the gas bubbles in
the SEN and melt pool of steel continuous caster without considering
the interaction of bubbles. It is said that the flow pattern of the steel in
the melt pool is influenced by the buoyancy force acting at the bubbles
and theunevenvelocity profile in thenozzle causes awider spreading of
bubbles.

Thomas et al. [7] developed numericalmodels offluid, heat andmass
transport and applied to study the complex inner-related phenomena of
two-phase fluid flow and superheat dissipation.

Lei et al. [8] develop a numerical simulation model, in which level
set method and modified heat transfer equation is applied to simu-
late the dynamic evolution of gas–liquid interface and solidification
process.

Lee et al. [9] applied a water model to investigate initial bubble
behavior using specially-coated samples of porous MgO refractory to
simulate the high-contact angle of steel-argon refractory systems with
different permeability.

Zhang et al. [10] presented two approaches to predict the particle
entrapment in the full length of a billet caster. The results showed the
calculated inclusion distribution in the billet by the full solidification
approach agreed with the industrial measurement better than the sink
term approach.

Thomas et al. [11] have investigated the behavior of argon bubbles
during continuous casting of steel. According to their researches,
argon bubble size increaseswith increasing gasflow rate and decreasing
steel flow rate. In the former studies, the gas bubble size is set to be con-
stant and remain the same in the process of flowing the melt. The sim-
plicity of bubble size variation in the calculation fails to account for the
effect of bubble size on distribution.

Bessho et al. [12] compared the calculated flow pattern, gas volume
fraction in a full-scale water model with experimental observations,
pointed out that gas created a great change in the flow pattern.

Sanchez-Perez et al. [13] observed two-way coupled flows in water
model experiment and studied the dynamic of coupled and uncoupled
two-phase flows using mathematical model.
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Liu et al. [14] simulated the 3D turbulence model flow of the steel
melt and the trajectories of individual gas bubbles in continuous casting
mold using Eulerian–Lagrangian approach.

Kwon et al. [15] represented bubbles distribution and bubble-
particle attachment in the continuous casting system by employing
the water and CFD model studies.

Liu et al. [16] developed a Euler–Euler–Large Eddy simulationmodel
to simulate the transient asymmetric two-phaseflow in slab continuous
casting mold.

The purpose of this study is to develop an innovative model to de-
scribe the motion of gas bubbles in the steel continuous mold and fur-
ther learn the phenomena of bubbles bounce off, coalescence and
breakup. Because of introducing the interaction of bubbles, the simula-
tion results can describe the motion of different size bubbles. The equa-
tions are solved with the commercial package FLUENT, with the help of
extensive user-defined subroutines developed by the author.

2. Governing equations and models

2.1. Fluid-phase hydrodynamics

Mass and momentum conservation for an incompressible fluid are
given by
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where αl is the liquid-phase volume fraction, ρl is the liquid-phase
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whereVd,i is the volume occupied by the discrete phases and Vcell is the
volume of the grid cell.

μt in Eq. (2) is the turbulent viscosity, which is defined as
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ε
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The standard k–ε model is used to model turbulence, which means
that the following transport equations of k and ε are solved.
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The values of the constants are Cμ = 0.09, σk = 1.0, σε = 1.3, C1 =
1.44, C2 = 1.92.

F
!

k in Eq. (2) is the source term for momentum exchange with the
bubbles, obtained as follows
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Fig. 1. Flow chart for the model of bubbles collision.
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