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ABSTRACT 

In the electric arc furnace steelmaking process, about 20 kg of dust generated per ton steel produced. These dusts 
are mainly due to the burst of CO bubbles which generated in the process of decarburization period. In this paper, 
numerical simulation with Fluent 12.0 are used to study the buoyancy behaviors of single bubble, two bubbles 
and three bubbles in the simulated high temperature melts in order to provide theoretical basis to reduce dust 
generation. The results show that the average rise speed of the gas bubble increases with its diameter. When the 
diameter of gas bubble is smaller, the shape of the bubble keeps more stable, and its ascending trajectory is a 
straight line. While the diameters of gas bubbles are bigger, it is easier to deform, and the bubble ascending 
trajectory become unstable. Furthermore, both coalescence and separation of gas bubbles exist when two gas 
bubbles rise in the simulated high temperature melts. The critical coalescence space of gas bubbles increases with 
the diameter of gas bubbles.

1. Introduction

The Electric arc furnace (EAF), designed for steelmaking from recycled 
ferrous scrap, co-produces about 20 kg of dust per ton of steel. The dust 
contains hazardous and leachable elements such as zinc, lead or 
cadmium which require EAF dust to be stored in the specific landfills or 
recycled. Therefore, the management of dust accounts for a significant 
part of the EAF running costs which is likely to increase in the coming 
years [1]. The formation of EAF dust proceeds through the vaporization 
of elements or compounds from the high temperature zones, i.e. arc zone, 
oxygen blowing zone and the reaction zone during decarburization, the 
ejection of slag and metal by CO gas bubbles that burst during 
decarburization period and the force of the arc, and the direct capturing 
of charged fines of quartz, lime, fluorite, calcite, nickel metal and graphite 
in the off-gas during the course of charging [2, 3]. Of these dust formation 
mechanisms, the ejection of slag and metal by CO gas bubbles that burst 
during decarburization period is the major source of EAF dust. Both the 
velocity of gas bubbles and the coalescence and separation of gas bubbles 
have significant effects on the dust formation, thus, it is very important 
to study the behaviour of bubbles in the high temperature melts. In this 
study, numerical simulation with Fluent 12.0 is used to study the 
buoyancy behaviour of single bubble, two bubbles and three bubbles in 
simulated high temperature melts to provide theoretical basis to reduce 
dust generation in EAF steelmaking process. 

2. NUMERICAL SIMULATION

The volume of fluid (VOF) model is used in this study. The vertical section 
size of furnace model is 265 mm×267 mm, the geometric model and the 
grid are shown in Figure 1. 

Figure 1: Geometry model and grid of furnace model 

2.1 Governing equations 

The governing equations for steady, incompressible, immiscible two-fluid 
VOF model include the continuity, momentum equations, also regardless 
of the mass transfer and heat transfer, the equations are written as: 
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Where ρ is the fluid density (kg/m3), ν is the fluid velocity vector (m/s), p 
is the scalar pressure (Pa), F is a body force vector (N/m3), g is the 
acceleration vector (m/s2) due to gravity and µ is the viscosity coefficient 
(pa·s) [4,5]. 

3. Boundary conditions and material parameters

The initial velocity of bubble is 0.118 m/s, which is calculated from the gas 
flow of 50 ml/min. The boundary condition of gas phase is velocity inlet, 
and the exit is pressure outlet. The no-slip boundary condition is imposed 
on the ladle wall, the surface tension coefficient is 0.075 n/m. The 
parameters of the simulated high temperature melts (water) and air are 
shown in Table 1. 

Table 1: Parameters of the numerical simulation 

Materials Density（kg/m3） Viscosity（kg/m·s） 

Water 998.2 0.001003 

Air 1.225 1.7894×10-5 

4. RESULTS AND DISCUSSION

3.1 Single bubble rising in the simulated high temperature melts  

The bubbles are very small in the furnace model, in order to observe the 
migration behavior of bubbles clearly, the size of the bubbles in the 
pictures are 2.5 times bigger than the real size. The bubbles rising 
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behavior in the simulated high temperature melts are shown in Figure 2.  
When the diameter of gas bubble is 3 mm, it reaches the surface after 0.9 
s, the average speed is 0.283 m/s. The change of the bubble shape is small, 
and it almost keeps spherical (Figure 2A). When the gas diameter is 4 mm, 
the bubble reaches the surface after 0.86 s, the average speed is 0.297 m/s 
(Figure 2B). When the gas diameter is 5 mm, the bubble reaches the 
surface after 0.85 s, the average speed is 0.3 m/s. The change of the bubble 
shape is obvious, and it gradually becomes flat (Figure 2C). When the gas 
diameter is 6 mm, the bubble reaches the surface after 0.84 s, the average 
speed is 0.304 m/s. In the process of bubble rising, the deformation of 
bubble is very intense, and it rolls up constantly (Figure 2D). The bubble 
rising time decreases with the increase of initial bubble diameter, and the 
average velocity increases with the increase of the bubble size (Table 2). 
Thus, the larger the diameter of the bubble is, the greater the shape 
changes. 

Figure 2: Bubbles rise in the water: (A) D=3mm;(B) D=4mm;(C) 
D=5mm;(D) D=6mm 

Table 2: Rising time and average speed in the water 

Diameter/mm 3 4 5 6 

Rising time/s 0.9 0.86 0.85 0.84 

Average velocity/(m/s) 0.283 0.297 0.3 0.304 

3.2 Two bubbles rising in the simulated high temperature melts 

Critical merge distance exists while double horizontal bubbles rises in the 
water, bubbles are hard to coalesce beyond the distance of aperture. 
Repeated experiments are conducted to confirm the relationship between 
the critical merge distance and the initial distance of two bubbles (Table 
3).  

Table 3: Parameters of two bubbles in the simulated high temperature 
melts 

Diameter/mm Aggregate /mm No aggregate /mm 

3 5.0 5.2 

4 5.8 6.0 

5 6.6 6.8 

As shown in Figure 3A, the bubbles contact after 0.045 s when the bubble 
space is 5.0 mm. The coalesced bubble rises slowly and turns to an oval 
gradually, then it reaches the surface of melt after 0.884 s. When the 
bubbles space is 5.2 mm, these two bubbles never contact with each other, 
they rise gradually and reach the surface of melt after 0.93 s (Figure 3B). 
It indicates that the critical merge distance of bubbles is between 5.0 mm 
and 5.2 mm when the diameter of gas bubbles is 3 mm.  

When the space of two bubbles is 5.8 mm, they contact after 0.015 s, 

coalesced bubble rises gradually until it reaches the surface of melts after 
0.85 s (Figure 3C), when the bubbles spacing is 6.0 mm, these two bubbles 
rise alone without touch until they reach the surface of melts after 0.92 s 
(Figure 3D). Thus, the critical merge distance is between 5.8 mm and 6.0 
mm when the diameter is 4 mm.  

Figure 3: Double bubbles rising behaviors (A) D=3mm, s=5.0mm;(B) 
D=3mm, s=5.2mm;(C) D=4mm, s=5.8mm;(D) D=4mm, s=6.0mm;(E) 
D=5mm, s=6.6mm;(F) D=5mm, s=6.8mm 

When the bubbles spacing is 6.6 mm, the two bubbles contact and merge 
after 0.02 s. The coalesced bubble rises gradually until it reaches the 
surface of melts after 0.842 s (Figure 3E). When the bubbles space is 6.8 
mm, these two bubbles never contact until they reach the surface after 
0.918 s (Figure 3F). Thus, the critical fusion distance is between 6.6 mm 
and 6.8 mm when the diameter of gas bubbles is 5 mm.  

The simulation results are shown in Table 4. It indicates that the bigger the 
diameter of the bubbles, the greater of the critical fusion distance. In the 
process, the shape of the coalesced bubble is concave first and finally 
becomes a tabular ellipse, and it rolls up constantly. 

Table 4. Critical merging distance of different bubbles 

Diameter/mm 3 4 5 

Critical distance/mm 5.0~5.2 5.8~6.0 6.6~6.8 

3.3 Three bubbles rising in the simulated high temperature melts  

As shown in Figure 4, when the diameters of bubbles are 3 mm, different 
bubble spaces have different phenomena [6]. While the bubble space is 5.2 
mm, these three bubbles get together and become a large one (Figure 4A), 
when the bubble space is 5.3 mm and 5.4 mm, these three bubbles never 
contact, and rise to the surface of melts respectively (Figure 4B, Figure 4C). 
When the diameters of bubbles are 4 mm, and the space is 6.0 mm, these 
three bubbles get together to be a large one (Figure 4D), when the space is 
6.2 mm, these two bubbles on the left get together, but never contact with 
the bubble on the right (Figure 4E), when the space is 6.4 mm, these three 
bubbles rise without contact respectively (Figure 4F). 

From these results above, while two bubbles and three bubbles rising in 
the water under different conditions, both coalescence and separation of 
gas bubbles exist. In the EAF steelmaking process, As the ejection of slag 
and metal by CO gas bubbles that burst during decarburization period is 
the major source of EAF dust, the CO gas bubbles generated from the 
decarburization reaction, which typically include nucleation at furnace 
walls, inclusions or slag droplets and growth inside the melts. The CO-
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bubble size is between 2 and 20 mm [1].  Guézennec suggested that it 
would be better to reduce dust formation to control the decarburization 
reaction in order to decrease the CO-bubble size between 1 and 4 mm. 

Figure 4: Three bubbles rising behavior: (A) D=3mm, s=5.2mm;(B) 
D=3mm, s=5.3mm;(C) D=3mm, s=5.4mm;(D) D=4mm, s=6.0mm;(E) 
D=4mm, s=6.2mm;(F) D=4mm, s=6.4mm 

5. CONCLUSIONS 

When the initial diameter of the bubble is bigger in the process of bubble 
rising, the change of the bubble shape is more obvious. When the initial 
diameter is 3 mm, it presents a circular. While the initial diameter is 5 mm, 
it likes a cap. Also, the average velocity increases with the increase of the 
bubble size, so the bigger the bubble size, the more the dust making. 
Critical merge distance exists while double horizontal bubbles rise in the 
water, bubbles are hard to coalesce beyond the critical merge distance. 
When the initial diameter of the bubble is bigger, the critical merge 
distance is greater. While two bubbles and three bubbles rise in the 
simulated high temperature melts, both coalescence and separation of gas 
bubbles exist.  
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