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INTRODUCTION

The presented paper describes the results of numerical 
simulations of gas injection to the metal bath during the 
ladle process and the dissipation of the marker after the 
introduction of the alloy addition. The distribution of the 
vectors of liquid steel velocities in the ladle furnace has 
been presented, and then marker mixing time has been 
determined. The simulations of alloy addition dissipation 
were carried out for two cases corresponding exactly to 
the conditions of industrial experiments carried out. The 
industrial tests were carried out on the ladle furnace using 
an identical mass of the alloy addition, but two different 

-
metrical porous block incorporated in the ladle bottom. The 
facility under investigation is a 100 ton ladle furnace. The 
furnace is supplied by a 15 MVA-power transformer.

MATHEMATICAL MODEL

The model of steel motion in the ladle relies on the 
system of differential equations [1, 2].

k
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in the classical turbulence modeling (RANS) formulation 
includes a stress tensor encompassing the stresses result-
ing from molecular viscosity and the turbulent stresses - 
Reynold’s stresses. Reynold’s stresses cannot be expressed 

and require to be modeled. In the performed computation, 
the k-  turbulence model was employed, which is widely 

viscosity, T
of turbulence and the rate of turbulence energy dissipation 
according to relationship [3]:

2

,T
kC

(1)

where:

k - kinetic turbulent energy,
- dissipation rate.

INITIAL AND BOUNDARY CONDITIONS

The argon injected to the steel takes on the form of gas 
bubbles, whose motion in the liquid is described by the 
discrete phase model (DPM) [4].
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The boundary conditions of the model applied are 
shown in Figure 1.

The computations were performed using the Fluent
commercial code relying on the control volumes method.

COMPUTATION RESULTS

Determination of
the distribution of velocity and temperature vectors

The numerical compu-
tation of the distribution of 
steel velocity vectors were 
performed for two cases: 
with and without argon 
injection, respectively. 
Guide by the data recom-
mended in references [5 

were set as the boundary 
conditions, respectively 
for particular ladle planes. 
These values are given in 
Table 1.

When considering 
Case 1 - without argon 

injection, it can be seen that the main role in forming the 
bath movement is played by natural convection currents. 
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The liquid steel movement is induced by temperature 
gradients occurring in the bath. Figure 2. shows the metal 
velocity distribution that will establish after 5 minutes of 
“holding” the ladle. Figure 3., on the other hand, illustrates 

The steel of higher temperature is raised by convection 

ladle walls towards the ladle bottom. This causes a gradual 
“cooling down” of the steel in the vicinity of the bottom 
and the formation of a characteristic, layered distribution 

of bath temperature, as 
can be seen in Figure 3. 
The deformation of the 
layers in the axial zone 
is the confirmation of 
the existence of a con-
vection mechanism of 
movement of the bath in 
a stagnant condition.

A different situation 
is in Case 2. Here, when 
the metal  movement is 
forced by injecting argon to the bath, forced convection 
caused by the circulatory motion of the steel starts to pre-

dominate, changing the distribution of temperature. This 
becomes uniform within almost entire facility, with any 
differences observed being negligible. The distribution of 
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steel velocity vec-
tors, as the steel is 
blown with argon 
at a rate of 330 
dm3/min, is illus-
trated in Figure 4.

Determination of 
the distribution 
of marker
concentration 
and the time of 
metal bath
homogenization

The next stage 
was to perform 
numerical simula-
tions correspond-
ing to the industri-
al experiments carried 
out. In the tests, an 
attempt was made to 
determine the mixing 
time ( m) for the mark-
er after introducing the 
alloy addition to the 
steel, by recording its 
variations in time.

The values of the 
basic parameters of 
the performed simu-
lations and the physi-
cochemical properties 

-
dustrial tests are given 
in Tables 2. and 3.

In the industrial experiments, variations in the concen-
tration of the marker introduced to the steel were monitored 

time intervals. As the dissipation of the marker added is 
-

tion to accurately identify the location of introducing the 
alloy addition and the sampling location. The diagrams 
below (Figures 5. and 6.) indicate the locations of introduc-
ing the alloy addition and taking metal samples.

The role of the marker was performed by chromium 
introduced with ferrochromium. The average sampling in-
terval was approx. 22 s. The sampling frequency and probe 
immersion depth were accomplished in a comparable and 
rhythmical manner owing to the mechanical drive of the 
probe. The results obtained from the experiments carried 
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already been the subject of publication [10]. The zero time 
represents the time of ending the addition introduction.

For the numerical simulation of the ladle process, 
-

mental monitoring point), which were positioned both in 

the regions of expected high velocity gradients, and in 
the so called dead regions of the ladle. The arrangement 
of monitors, together with their coordinates, is shown in 
Figure 9.

For the transient conditions of bath movement, com-
putations were done, which allowed the evaluation of 
variations in marker concentration in the steel during its 
blowing with argon. The computations were carried out 

with a time step of 0.1 sec. The computations were carried 
out on a double-processor (2  2,0 GHz) server.

Figures 10. - 12. show the obtained distributions of 
chromium concentration in the ladle blown with argon at 
a rate of 330 dm3/min for respective times.

T w o 
steel bath 
homogeni-
zation lev-
els, result-
ing from 
the metal-
lurgical ex-
perience, 
were ad-
opted: the 
first level 
- 95 % (Cb

0,95; 
1,05 ) for 
mass-us-
age steels, 
and the sec-
ond level - 
99.5 % (Cb

0,995; 
1,005 ) for quality steels. When using this criterion, we 

-
tions, as shown in Figures 10. - 12., cannot be regarded as 

regions in Figure 12., which correspond to the conditions 
Cb < 0,95 and Cb > 1,05.

Figures 13. and 14. indicate that the time of homog-
enization depends clearly on the monitoring location. The 
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monitoring point (1), corresponding to the sampling loca-
tion in the industrial facility, is not representative for the 
determination of the steel homogenization time.  For the 
determination of this time, the longer of the times should 
be taken. For both simulations, the time of homogeniza-
tion in the entire ladle was determined. Time difference, 
in relation to the longest time from 9 monitors, was below 
20 seconds for both cases.

CONCLUSIONS

Numerical modeling applied to the determination of 
temperature distribution in liquid steel yields very precise 

of the technical parameters of the ladle.
The mathematical model makes it possible, with little 

time expenditure, to determine the distribution of steel 
velocity vectors, the distribution of steel temperatures and 
homogenization time.


