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Uniformity of the oxygen concentration field results from 
the intensity of mixing of liquid copper with the flowing gases. 
The gaseous phase moves upward by the action of buoyancy 
force and it is carried by the liquid phase.

The distribution of its velocity is shown in Fig. 5. The 
velocity values are presented by the  color scale while the 
vectors refer to the liquid phase. Formation of rotary motion 
in the liquid which is stirred by the gaseous phase can be 
observed.

The distribution of the gaseous phase in the vertical plane 
is shown in Fig. 6.

In the next part of the paper results of calculations 
produced for the second variant with application of a tuyere of 
larger diameter - 54 mm and the velocity of gas at the tuyere 
outlet of 50 Nm/s are presented.

The distribution of oxygen concentration in copper which 
was reached after two hours of reduction process is in the 
range 0.0648 ÷ 0.0687% and is lower than for the variant 1 
tuyere (Fig. 7).

Fig. 8 shows progress of reduction process as determined 
for the tuyeres of two different diameters. Comparison of the 
progresses shows that in the first 40 minutes the reduction 
process with the tuyere of 38 mm diameter is more intense. 
After 40 minutes application of a tuyere with a larger diameter 
results in more intense reduction. With the larger tuyere better 
use of the reducer is achieved. This is not, of course, a general 
conclusion but related to the modeled system, defined tuyere 
diameters and flow parameters.

Justification for this result can be observed in making 
comparison of the velocity distributions and distributions 

Fig. 2.  Oxygen concentration distribution in copper after 60 min

Fig. 3.  Oxygen concentration distribution in copper after 90 min

Fig. 4.  Oxygen concentration distribution in copper at the end of reduction process
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of a gaseous phase (Rg) in the considered variant. Velocity 
distributions in planes perpendicular to the axis of the furnace 
are shown in Fig. 9. As in the previous variant, the velocity 
distributions in the transverse sections of the furnace are more 
uniform; the furnace space is better used when a tuyere with a 
larger diameter is applied.

Comparison of the shares of the gaseous phase in the 
variant 1 (Fig. 6), and in the variant 2 (Fig. 10) shows presence 
of the gaseous phase in the wider area in the variant 2.

When taking reduction process progress as a decisive 

criterion the superiority of the tuyere of larger diameter 
was demonstrated. In practice, the physical phenomenon 
of tuyere fouling and the associated need for its periodic 
clearing takes place. Therefore, there are two opposing 
factors to be considered. On one hand, larger diameter 
of the tuyere brings better utilization of the reducer and 
intensifies the process, on the other hand it increases the 
tendency for tuyere fouling. In this case, relevant studies 
have to be carried out to determine the optimal parameters 
of the tuyere.

Fig. 5.  Distribution of gaseous phase velocity

Fig. 6.  Share of the gaseous phase in vertical section

Fig. 7.  Oxygen concentration distribution in copper at the end of reduction process (variant 2)








