
Cold Model Bath Behavior Study in LD Converter With Bottom Blowing 

 
Breno Totti Maia1, Rafael Kajimoto Imagawa, Roberto Parreiras Tavares2  

 
1Lumar Metals Ltda 

Rod. MG 232, km 09, Nº 100, Santana do Paraíso, MG, Brazil, ZIP Code: 35.167-000 
Phone: +55(31) 9399 3200 

breno.totti@lumarmetals.com.br 
 

2Universidade Federal de Minas Gerais (UFMG) 
Av. Antônio Carlos, 6627, Pampulha  

Belo Horizonte, Minas Gerais, Brazil ZIP Code: 31.270-901 
Phone – +55 31 3409-1806 

E-mail: rimagawa@gmail.com; rtavares@demet.ufmg.br 
 

Keywords: BOF, Sopro, Bottom Blowin, Cold Model 
 

INTRODUCTION 

The basic oxygen converter (BOF) is the most common route to produce steel.  During this process, pure oxygen is blown 
into the liquid bath, and reacts with several elements, specially excess carbon, which is removed as oxides, such as CO and 
CO2, until the liquid bath reaches the desired chemical composition to be called steel.  

There are many kinds of converters, which can be classified in three general categories according to the type of oxygen blow, 
top, bottom or combined. (1-3): 

• Bottom Blown 
• Top Blown 

Figure 1 shows a schematic drawing of a typical converter with combined blow at two tuyeres bubbling flows, high flow and 
low flow. 

 
Figure 1 – Combined blow schematic drawing considering two bubbling flow:a) high and b) low. (Source: Lumar Metals). 
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The blow stage of the converter steelmaking process is responsible for approximately 60% of total time required to produce 
one heat. To increase the productivity it is very important to reduce the blow time. Reducing blow time means increasing the 
decarburization rate. Important parameters related to blow time are oxygen flow, bath-lance distance (DBL), kind of blow 
(top, bottom or combined blow), design of the lance . Gas injection at the bottom using tuyères contributes to mixing the 
oxygen with the liquid bath increasing the total surface area,  number of sites available for the C + O = CO reactions, which 
increases the decarburization rate, reduces blow time and reduces the total amount of oxygen required. The target of this 
paper is to analyze the impact of these parameters on jet penetration, bath behavior and mixing time. 

 

MATERIAL AND METHODS 

Cold Model  

A plexiglass 1/8 scale model of a 220 ton BOF converter was used to simulate the processes for the purposes of th study.  
The dimensions of the model are shown in Figure 2. 

 

 

Figure 2 – Cold model dimensions (Maia, 2013) 

A 22,5kW compressor with maximum flow rate of 189,2m3/h was used for top and bottom blow simulations. Individual top 
and bottom flows were controlled using appropriate fast-open valves, controllers and rotameters. This procedure was 
necessary to obtain good visual images because strong turbulence in the water increased opacity very fast. The DBL was 
fixed at 380mm and tuyeres configurations are the same used in a previous publication Lima(4). 

Lance tip configuration 

The lance tip configurations used in the present paper have 3,4,5,and 6 nozzles with angles 8, 10, 15 and 17.5º, respectively. 
The nozzles had parabolic shaped convergent sections, very short cylindrical throats and parabolic shaped divergent sections 
Figure 3 a). 
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Figure 3 – Internal nozzle design(5). 

 

Comparison between cold model and industry 

To guarantee similarity between the flow conditions in the industrial BOF and in the cold model, the modified Froude and 
Weber numbers were adopted. As shown in Table I, in reduced scale models, it is impossible to simultaneously have the 
same values of the three dimensionless numbers. In the present work, it was decided to use the Froude and the Weber 
numbers.  The same dimensionless numbers were adopted by Meidani(6), Diaz-Cruz(7) and Maia(8,9) in papers to study bath 
behavior. 

 

Table I – Dimensionless number. 

  
Industry Cold Model  

Fr* Modified Froude  0,089 0,089 

Re* Modified Reynolds  5,588*105 1,014*105 

We* Modified Weber  1,731*104 1,395*103 
 

Experimental 

Initally, the physical model was filled with water to a level of 250 mm. The tuyeres flow rates were set to 4 or 6m3/h, and the 
top lance flow rate to 160Nm3/h. With a stable bath level, the video camera was turned on and the experiment was started by 
opening  the tuyeres valves followed by the top lance valve. A light reflector was positioned on the opposite side of the 
camera to enable good contrast and appropriate detection of the jet penetration. 

Jet Penetration Measure 

The images captured by the video camera were processed with the commercial software Adobe Premiere  to increase contrast 
and to facilitate the measurement of the jet penetration. It was established that the desired image frame to evaluate the jet 
penetration was the one taken after 3 seconds of the beginning of the jet flow. The penetration distance in comparison with 
the 250mm of static liquid bath was determined using the commercial software ImageJ, as shown in Figure 4.  
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Figure 4 – Jet penetration measure using ImageJ. 

 

RESULTS AND DISCUSSION 

Effect of the number of nozzles on jet penetration 

Figure 5 shows of jet penetration in a top blown converter with 160Nm3/h flow for different number of nozzles. It is clear that 
when the number of nozzles was increased, the jet penetration was reduced and the dimple for jet impact was decreased.  This 
is typical for a soft blow and is potentially good for dephosphorization. A reduction of number of nozzles leads to deeper 
penetration, used to increase decarburization. In this comparison, the DBL was kept constant at 380mm above the static bath 
level.  Another point observed was the splashing phenomenon. When the number of nozzles was increased, the splashing is 
well distributed around the converter diameter, potentially leading to less sparking and less sloping during blow. When the 
number of nozzles is decreased, the splashing is concentrated around the lance, reaching higher heights, and possibly more 
skull formation around lance and converter mouth, and a longer heat time time due reflexive lines narrows around lance. In 
the case of 3 and 4 nozzles the blow was very hard and touched the bottom of the converter, which would lead to refractory 
damage in real conditions.  Furthermore, it is easy to see a dead zone, or slow bath circulation around trunnion areas, 
reducing the decarburization rate. 
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Figure 5- Top blow with 160Nm3/h flow. 

Analyses of the influence of the tuyeres Jet Penetration 

Combined blow in comparison with top blow promotes more pronounced jet penetration. One possible reason for that is the 
reduction of the bath density. The jet penetration results are presented in Table II and Figures 5, 6 and 7.  For a flow rate of 
160 Nm3/h in the top lance  and with 3 and 4 nozzles, the jet penetration reached the bottom of the converter, and  the effect 
of the tuyeres could not be evaluated. However, with 5 or 6 nozzles, as the flow rate at the tuyères were increased, the jet 
penetration increased as well, indicating that the tuyeres increased jet penetration for a given top blow flow rate.  

 

Table II – Combined blow jet penetration (in meters) 

 
Number of lance tip nozzles 

Tuyere flow 3 4 5 6 

0Nm3/h 0,250 0,250 0,140 0,090 

4Nm3/h 0,250 0,250 0,150 0,087 

6Nm3/h 0,250 0,250 0,170 0,105 

 

3 Nozzles 
4 Nozzles 

5 Nozzles 6 Nozzles 
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Figure 6 – Combined blow with top blow flow 160Nm3/h and bottom blow flow 4Nm3/h. 

 

 

Figure 7 - Combined blow with top blow flow 160Nm3/h and bottom blow flow 6Nm3/h. 

Figure 8 shows the effect of the number of nozzles and tuyères on jet penetration presented in Table 5. The data for 3 and 4 
nozzles are the same since for these numbers of nozzles the jet reached the bottom of the model vessel. 

3 Nozzles 4 Nozzles 

5 Nozzles 6 Nozzles 

3 Nozzles 4 Nozzles 

5 Nozzles 6 Nozzles 

1088 AISTech 2016 Proceedings. © 2016 by AIST.



 

Figure 8: Jet Penetration vs. Number of Nozzles for Various Tuyere Flow Rates. 

The jet penetration as a function of tuyere flow proves the effect of the parameter of bath density as described by Maia(9). 
With an increase in tuyere flow, bath density decreases as shown in Table III. The smaller the liquid bath density, the higher 
the jet penetration, when all the other parameters remain constant. 

 

Table III – Tuyeres flow effects at liquid bath density. 

Tuyeres flow (Nm3/h ) Bath density (kg/m3) 
0 1000,0 
4 491,1 
6 391,8 

 
Values presented in Table III were calculated considering the following assumptions: a) static bath flat during bubbling, and 
b) stationary conditions, i.e., all gas bubbles stayed well distributed and in the liquid bath. Applying these considerations, the 
calculated values for density in cold model are smaller than in industrial conditions, but they were used to create a reference 
behavior for cases with or without tuyeres. 

Splashing 

Comparing Figures 9, 10 and 11, it can be observed that spashing and slopping are significantly reduced when tuyères are 
used. This effect can be easily seen in the case of 6 nozzles. The splashing is uniform around all the diameter as well as at the 
trunnions, similar to observations made by Lee (10), and does not reach higher levels in the model. Also, slopping is less 
intense, which can lead to  more adequatefoaming time and less slopping in actual conditions. 
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Figure 9 – Top blow splashing effect (DBL 0,38m,Top Blow flow 160Nm3/h). 

 

 

Figure 10 – Combined blow splashing effect (DBL 0,38m, Top Blow flow 160Nm3/h, Tuyeres - 4Nm3/h) 

 

3 Nozzles 4 Nozzles 

5 Nozzles 6 Nozzles 

3 Nozzles 4 Nozzles 

5 Nozzles 6 Nozzles 
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Figure 11 - – Combined blow splashing effect (DBL 0,38m, Top Blow flow 160Nm3/h, Tuyeres - 6Nm3/h) 

Factor K calculations 

Equation 3.1, developed by Maia(8), was used to calculate the Factor K. This factor means jet effects of no described 
parameters over jet behavior.  

      (3.1) 

Where: ρg – Gas Density, ρl – Liquid Density, Vs – Gas Velocity in Nozzle Exit, Ds – Exit nozzle diameter, n – number of 
nozzles, θ – Nozzles Angle, Pj – Jet Penetration, DBL – Distance Bath Lance, g – acceleration due to gravity. 

The values of the K factor for different conditions are shown in Table IV. 

 

Table IV – K values after trials. 

 
Number of nozzles 

Tuyere flow rate 3 4 5 6 

0Nm3 6,92 7,01 4,35 3,18 

4Nm3 4,85 4,92 3,22 2,35 

6Nm3 4,33 4,39 3,18 2,22 

 
The number of nozzles reduces the factor K. This behavior is already expected as is the impact of nozzle angle. Increasing the 
tuyere flow rate reduces the values of the factor K, in this case due to the effect of the reduction of bath density. 

Figure 12 and Figure 13 show the effects of tuyère flow rate and number of nozzles on factor K. For 3 and 4 nozzles, the 
behavior of factor K is the same due to the fact the jet reaches the bottom of the converter. When combining 6 nozzles and 
high tuyere flow rate, the factor K was minimum.  

This result can be interpreted as an increase in mass movement and can be good for heat homogenization, which can 
potentially reduce the blow time.  

3 Nozzles 4 Nozzles 

5 Nozzles 6 Nozzles 
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Figure 12 – Factor K x number of nozzles x tuyere flow rate. 

 

 

Figure 13 – Factor K for each tuyere flow. 
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Figure 14 – Tendency curve of factor K. 

In Figure 14, the values for three nozzles were not considered. In this case, the jets reached the bottom of the converter. For 
four nozzles, a jet penetration of 250mm was considered. The values for the factor K for three nozzles were estimated by 
regression and are presented in Table V. 

 

Table V – Static regression for factor K to different tuyeres flow. 

Tuyere flow Factor K 

0Nm3 9,59 

4Nm3 6,66 

6Nm3 5,92 
 

With these values for the factor K and using equation 3.1, it is possible to choose the best configuration for industrial 
converters. 

 

CONCLUSIONS 

The main conclusions are: 

Top blow 

a. For constant flow rate and DBL, the jet penetration decreases when the number of nozzles increases ; 
b. For three nozzles lance tip, jet penetration reached  the bottom of the converter; 
c. When the number of nozzles is increased ,splashing and slopping were well distributed and with less height around 

the lance; 

Combined blow 

a. Comparing combined and top blow, it is observed that combined blow promotes more jet penetration due less liquid 
bath density; 

b. The tuyere flow reduces slopping in the converter due to a reduction in the superficial tension; 

Factor K 

a. The factor K reduce with increase of tuyeres flow like a consequence of low liquid bath density; 
b. Factor K increase when decrease the number of lance tip nozzles; 
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