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TABLE 3

Parameters of liquids used in the modelling research

Modelling 
and real media

Density, 
kg×m–3

Kinematic viscosity, 
m2×s–1

Water 998.2 1.10-6

Oil 830 1.5.10-5

Air 1.225 1.5.10-5

Research of slag continuity was carried out by introducing 
a 10 mm layer of paraffin oil onto the surface of the modelling 
liquid (water). Its properties were selected according to the 
conditions of similarity.

The course of the experiment was recorded in several planes 
by means of cameras.

3. Results and discussion

Fig. 3 presents the results of visualization research of the 
formation of slag eyes on the surface of the model liquid surface. 
The analysis of these results concerned the effect of the inert 
gas flow rate and the configuration of the purging porous plugs 
operation on the size of the surface of forming slag eyes. During 
the experiments the expected increase in slag eyes area with the 
increase of the gas flow rate was observed.

In order to quantify this phenomenon, the summaric surface 
area of the formed slag eyes for particular gas flow variants was 
determined. Then they were referenced to the total value of the 
free surface of the modelling liquid. In this way, the percent-
age share of the slag eye surface in the surface of the liquid 
free surface was obtained. The results of these calculations are 
presented in Table 4.

To mathematically determine the trend of the effect of the 
inert gas flow rate on the surface size of the formed slag eyes, 
the research results for porous plug A are presented graphically. 
The graph shows that the increase in the percentage of slag eye 
surface in the total surface of the liquid steel free surface under 
the influence of the outgoing gas bubbles is exponentially grow-
ing according to the equation shown in Fig. 4. 

Determination of the above mathematical dependence of the 
growth of the slag eye surface on the flow rate of the gas stream 

allows to conclude that with the expansion of the gas flow rate, 
the expansion of the slag eye surface increases. From this point 
of view, it seems more beneficial to insert gas bubbles through 
two purging porous plugs, since the sum of their surfaces at 
a given gas flow rate should be smaller than the eye slag surface 
created when introducing the same amount of gas through one 
purging porous plug. This phenomenon is illustrated in Fig. 5.

The slag eye created in the variant P1, where the gas was 
introduced by one porous purging plug, covers a larger surface 
of the modelling liquid free surface than the sum of the eye slag 

Fig. 2. Designation of purging plugs in physical model of the steel ladle

Fig. 3. The influence of flow rate of gas and configuration of purging 
plugs work on the size of slag eye – upper view

TABLE 4

Percentage share of the slag eye in the surface of the whole free 
surface of the modelling liquid 

Percentage of eye 
slag area on the 
free surface, %

Value
Experiment variant

P1 P2 P3 P4 P5 P6
above the purging 

plug A 17.8 16.8 14.2 12.6 9.5 6.8

above the purging 
plug B — 0.6 1.7 2.7 5.1 7.8
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area in the other variants with two purging plugs, at the same 
value of gas stream in all variants.

However, when analyzing the problem from the point of 
view of the danger of secondary contamination of steel with 
atmospheric gases, it was found that the size of the generated 
slag eyes in any variant of the experiment does not exceed the 
standard values.

Another problem is the danger of secondary contamination 
of the bath with inclusions from slag. For analysis of this issue it 
was used the observation of the behavior of the modelling liquid 
at the border of the metal-slag division (see Fig. 6). During the 
modelling research, no breaking out of drops of the slag layer 
and their penetration in the modelling liquid were observed. 
Therefore, the gas flow rate used from this point of view is safe.

The results of the tests were supplemented with the results 
illustrating the mechanism of the gas bubble cone (gas column) 
formation and their dispersion level in the modelling liquid for 
the considered variants (see Fig. 7). It was observed that in case 
of variant P1 only one cone is created, and it is not so wide in the 
upper side. When applying two purging plugs the homogeniza-
tion is better, because in two places the cone of gas bubbles is 

created, however variants P2 and P4 seems to be characterized 
by the widest cone of gas bubbles created by plug A. In variants 
P5 and P6 the size of cone of gas bubbles created by purging 
plug A and B seems to be comparable. 

4. Summary

The results of laboratory tests presented in the article enable 
to formulate the following statements and conclusions:
• In the research concerning the influence of the inert gas 

flow rate on the size of the forming slag eyes, the expected 
increase in their area was observed along with the increase 
of the gas flow rate. This increase is exponential.

Fig. 6. The influence of the flow rate of gas and configuration of purging 
plugs work on the behavior of slag surface – side view 

Fig. 4. The influence of the flow rate of gas on the percentage participa-
tion of the slag eye area in the entire surface (for porous purging plug A) 
of the modelling liquid free surface

Fig. 5. The value of the total surface area of the slag eye in the particular 
variants of the experiment
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• Analyzing the issue from the point of view of the danger of 
secondary contamination of steel with atmospheric gases, 
it was found that the size of the generated slag eyes does 
not exceed the standard values.

• The risk of secondary contamination of the bath with inclu-
sions from slag also in the range of studied gas flow rates 
is minimal.

• The correct way of creating the circulation zones of model-
ling liquid in the volume of the steel ladle model for the 
entire range of the gas flow rate was observed.
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