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Abstract

Using the numerical modelling, the movement of the solid phase in the form of concentrate particles was analysed in the space of the
reaction shaft and in the settler of the flash furnace. The calculations were carried out using a two-phase flow module. It was found that for
all analysed concentrate particle sizes their share in the reaction shaft decreased over time. The particles moved in the form of one stream
extending along the reaction shaft, accumulating on the side walls of the shaft and settler. Vortices were formed in the region of the settler
tub containing particles to the upper spaces of the reaction shaft. The proportion of concentrate particles along the center of the reaction
shaft after 60 s is 70 pm 1% - 3% for particles, 80 um 0.1% - 0.7%, and for 100 pm 0,2m 0.2% - 0.7%. Along the side walls of the shaft,
the shares of 70 pm particles varied between 40% and 9% over a shaft length of 5.5 m, and over 1.5 m from 12% to 10%. For 80 pm
particles, the shares were 5% to 1%. The shares of 100 um particles over a length of 1.5 m varied between 7% and 3%, and over a length
of 5.5 m from 7% to 2%. Along the 70 um reaction shaft, the concentrate particles moved the fastest at a speed of 8 m/s to 0.23 m/s. The
80 pum particles moved fastest in the range of 13 m/s to 3 m/s, and the 100 pm particles from 0.4 m/s to 2 m/s.
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1. Introduction technology. By using CFD methods, you can optimize the
* process, thereby improving performance and accuracy. Modelling

of phenomena that occur in a flash furnace is still too difficult and
demanding for today's computer equipment. The phenomena in
the reaction furnace of a flash furnace occur very quickly, which
makes them difficult to observe on an industrial scale. Therefore,
computer modelling is a way to study various changes in
parameters affecting transport phenomena and the smelting
process [5-8].

Zhu [9] modeling the behavior of particles in a flash furnace.
Analyzed influence of the particle flow rate for diffrent particle
size. Petteri [10] studied the phenomenon of particle settling in a
flash furnace settling tank by analyzing the effect of particle
coalescence, droplet collisions, and droplet property changes due
to the reaction. Kumar [11] used the discrete phase model (DMP)
to simulate the flow of particles with a fraction of less than 10%
using the Multiple Surface Reaction in the DPM module. He

In copper metallurgy, a flash furnace (Figure. 1) produces
copper stone or metallurgical copper. The concentrate in the form
of particulate particles is fed to the reaction space of the flash
furnace through a concentrate burner located in the reaction shaft
vault. The concentrate burner design, through which the mixture
of technical air and oxygen is supplied, ensures homogenization
of the concentrate and process air. During the passage of
concentrate grains through the reaction shaft, they melt and
oxidize flammable components. The molten reaction products
accumulate in the settler below the reaction shaft, while the
gaseous products flow over the bath and are directed through the
gas shaft to the exhaust gas utilization system [1-4].

In recent decades, computer models used in research and
development have enjoyed great interest in engineering and
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studied the effect of process air/distribution air ration, oxidant
coefficient, particle size. Gao [12] optimized the particle heating
process by studying the effect of convection and radiation, the
high speed preheated oxygen jet, distribution of the SO2
concentration field. Jylna [13] studied the formation of a
channeling flow by using simulated flow in oil model.
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Fig. 1. Schema of flash furnace

The aim of the work was to investigate the movement of
concentrate particles and their distribution depending on the
particle size in the reaction shaft and part of the settling tank of
the suspension furnace using numerical modelling. Characteristics
of concentrate grain distribution and particle velocity distributions
inside the flash furnace were developed.

2. Material and methodology

On the basis of industrial data, the average value of the
technological air flow was assumed to be 38350 nm*h with 100
Mg/h concentrate feed. From the sieve analyzes of the supplied
concentrates the following grain composition was adopted - Table
1.

Table 1.
Grain composition of concentrate

Fraction (mm) Share (%)
undersize < 0,071 65

> 0,071 +<0,080 9

> 0,080 + < 0,160 14

Movement of concentrate particles was analyzed inside the
reaction shaft and above the accepted level of the settler bath. The
developed model does not take into account thermal phenomena
and chemical reactions occurring in the reaction shaft and settler.
It was assumed that the physical properties of the particles during
staying in the reaction shaft and settler do not change. The
physical properties of gas in the entire volume are constant. The
concentrate particles are spherical. Gravity, buoyancy and
resistance are acting on the concentrate molecule leaving the
burner distributor.

Model calculations were performed in the Phoenics program
in transient mode for a total time of 300 s. Results were recorded
at an interval of 5 seconds.
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The developed geometric model consisted of the following
elements: reaction shaft, part of a settler, concentrate inlet,
process air inlet and outlet. The geometric model included the
internal dimensions of the reaction shaft and the settler. The
model had the following dimensions: height 12 m, width 9 m,
length 18 m.

The following technological properties were assumed for
calculations air: density 1,189 kg/m’, flux 38500 nm’/h,
concentrate properties density 3000 kg/m?, feed 100 Mg/h, the
share of particles of a given grain size in the concentrate feed,
grain diameter 70 pm, 80 pm and 100 pm.

To analyze the movement of concentrate particles in a flash
furnace, a two-phase flow model was used in the particulate-gas
system. For this purpose, the IPSA (Inter Phase Slip Algorithm)
module was used [14]. This module is based on solving Navier-
Stokes equations for each phase separately. The equation of
continuity for each phase is described by the formula in the
general notation:

d (R p)/dt+div (R p Vi— Grigrad (R)) = n e

where:

R — phase participation

p — phase density [kg/m?]

Vi— phase velocity vector [m/s]

Gr i — phase diffusivity coefficient [ns/m?]

nij — indicator describing the mass flow velocity of phase i from
phase j [kg/(m?s)].

Calculations were performed for the k —¢ model.

3. Results and discussion

Figures 2 - 3 show the distribution of concentrate grains with
a diameter of 70 um passing through the reaction shaft and settler
after 5 s and 60 s. The concentrate particles introduced through
the inlet spread in the central part of the reaction shaft creating
two zones after 60 s. The first with a 3 % share extends along the
center of the reaction shaft into the settler. The second zone
occurs on the sides of the reaction shaft, where particles with a 30
% - 46 % share accumulate.
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Fig. 2. Distribution of 70 um particles during 5 s
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Fig. 3. Distribution of 70 pm particles after 60 s

The bar chart (Figure. 4) shows how the proportion of
concentrate with a diameter of 70 pm changes during 300 s. After
just 5 s the share of particles was 42 %. Over time, the proportion
of concentrate particles decreased. And so after 60 s we have 3 %,
and after 300 s 0.07 %.
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Fig. 4. Residence time 70 um of concentrate particles in the
reaction shaft
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Fig. 5. Share of 70 um concentrate particles along the reaction

shaft

The change in the share of concentrate particles along the
height of the reaction shaft and in the bath area just above the

shaft after 60 s for three different planes is shown in Figure 5. In
the plane passing through the center of the reaction shaft, which
corresponds to the length of 3.5 m, the share of solid phase from
the outlet - height 12 m to the bottom of the settler is at the level
of 2 - 3 %. At a length of 1.5 m, the share of particles at the outlet
of the shaft from 12 % decreases to 6 % at a height of 10 m to 2
m. At a height of less than 2 m, the share of the phase increased to
10 % at a height of 0.6 m. For length 5.5 m the share of particles
is 43 % at a height of 8 m, and then decreases reaching 30 % at 3
m height of the shaft. The closer to the settler, the share of
particles decreases reaching 0.6 m 9 %.

The concentrate particles move forming a central jet reaching
up to half of the reaction shaft. In the outlet area, the particles
move at speeds of 4 m/s - 17 m/s. In the remaining shaft and
settler, the particles move at a speed of 1m/s to 2 m/s. The
movement of the particles is directed towards the side wall of the
settler, where some of them fall down, and the remaining amount
moves along the settler. In the cross-section of the settler, the free
fall of particles along the center of the reaction shaft is visible,
followed by two-way flow of particles towards the front and rear
walls of the settler, resulting in two vortices. The presence of
vortices below the reaction shaft in the settler has also been found
by Xia [15]. As a result, some of the concentrate particles are
carried above the settler, moving up the reaction shaft (Figure. 6).
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Fig. 6. Movement of 70 um concentrate particles in the settler
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The speed of the particles along the height of the reaction
shaft is shown in Figure 7. At a 2.3 m shaft length, the particles
move near the outlet at a speed of 0.33 m/s. As they decrease
further, their speed increases, reaching 3 m/s at a height of 6.4 m,
and then they slow down. On the other hand, along the 3.25 m
shaft length, the particles at the outlet move at the highest speed,
because 8 m/s and their speed decreases as they decrease. In the
plane passing through the center of the shaft over a length of 3.5
m, as the speed decreases, the particle velocity decreases from 4
m/s to 0.12 m/s at a height of 1.3 m.

Concentrate particles with a diameter of 80 pum after 5 s
diverge on the side walls of the shaft and in the settler forming a
characteristic zone reaching up to half the height of the shaft, in
which the share of particles is 1 % - 2 %. After 60 s in the central
part of the shaft and in the settler just above the shaft, no particles
are found. In the amount of 4 % - 6% they occur along the side
walls of the shaft.

In the plane passing through the center of the reaction shaft
for a length of 3.5 m, the share of the solid phase after 60 s from
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the outlet to the settler changes at the level of 0.1 % - 0.7 %. Ata
length of 1.5 m, the share of particles from a 7 % share at the
outlet of the shaft decreases to 3 % at a height of 1 m. Similarly at
a length of 5.5 m, where from 5 % - 6 % of the share in the
highest part of the reaction shaft is gradually reduced particle
share.
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Fig. 7. Graph of particle velocity 70 um along the reaction shaft

The solids phase of the concentrate at the outlet moves at 8
m/s - 19 m/s creating a central jet directed downwards and
reaching the settler. In the reaction shaft White [7] observed the
same nature of the jet with recirculation below the burner and
upwards on the shaft walls. In the area of the settler, particles
move along the settler and reversely return to the reaction shaft
(Figure. 8). Zhou [16] reported such a reverse movement of the
droplets in the settler and lifting them up to the surface of the side
walls as a result of blocking by the settler walls. As a result, some
of the particles begin to move upwards, and the remaining ones
dissolve towards the settler. Two whirlpools are visible in the
settler just above the shaft. From the side of the back of the settler
and the side wall of the shaft, particles are carried up.
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Fig. 8. Velocity distribution of 80 pum particles in cross section

At the 2.3 m and 4.5 m shaft length, the particle speed
increased slightly at 1.27 m, reaching 1.4 m/s and 0.83 m/s,
respectively. At a shaft length of 3.3 m, particles fly out with a
maximum speed of 13 m/s and as they fall, their speed decreases
reaching 1.27 m 3 m/s. In the middle of the shaft length, the
particles reach a speed of 10 m/s and as they fall, they move
slower at a speed of 3 m/s at a height of 1.27 m.

The distribution of concentrate particles with a diameter of
100 pum passing through the reaction shaft and settler after 5 s and

60 s is shown in Figures 9 - 10. After 5 s, a zone reaching up to
half of the reaction shaft is formed in the outlet area. The share of
particles in this area is negligible. After 60 s, the solid phase
remains are visible only in the upper part of the shaft and on the
side walls. Their share in these areas is 5 % - 10 %. The change in
the share of concentrate particles during their stay in the reaction
shaft is shown in Figure 11. After 5 s, the share of particles is 9
%. Their share decreases over time.
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Fig. 9. Share of 100 pum particles after 5 s
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Fig. 10. Share of 100 pum particles after 60 s
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Fig. 11. Residence time of 100 um concentrate particles in the
reaction shaft
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As for the change of shares along the reaction shaft, over a
length of 1.5 m and 5.5 m, the share of the phase from the outlet
begins to decrease. Only for a length of 5.5 m the share of
particles at a shaft height of 8 m reaches a maximum share of 8
%. At the length of 3.5 m, the share of particles along the shaft is
constant and amounts to 4 % (Fig. 12).
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Fig. 12. Share of 100 um particles along the shaft

In the outlet area, the concentrate particles move at speeds of
4 m/s - 18 m/s. The stream reaches the level of the settler. In the
remaining shaft and settler, the particles move at a speed of 1 m/s
to 2 m/s. Movement of particles in a moving stream is curved
towards the side wall of the settler. In the settler, some of the
particles move horizontally, while others move vortically.
Reverse movement of concentrate particles reaching the top of the
shaft was also found.

The velocity of particles along the reaction shaft over a length
of 3.5 m is uniform (Fig. 13). The particles move from 0.53 m/s to
0.68 m/s from a height of 11 m to 1.27 m. A similar nature of the
speed change along the shaft occurs at a length of 4.5 m. Only at
the length of the shaft 2.5 m particles they fly out at a low speed
of 0.4 m/s, then increase the speed to 3 m/s over a length of 4 m
and then slow down.
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Fig. 13. Velocity graph of 100 um particles along the shaft
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4. Conclusion

For all analyzed concentrate particle sizes, the share of
particles residing in the reaction shaft and in the settler decreased
with time. Over time, the share of the solid phase decreases in the
form of a zone propagating from the outlet of the particles from
the distributor along the shaft. The particles accumulate on the
side walls of the reaction shaft and in the settler.

Based on the speed distributions, it can be stated that the
particles move in the form of one stream extending along the
reaction shaft, diverging in the region of the settler towards the
side wall and the remaining length of the settler. In the region of
the front and rear walls of the settler, vortices form particles that
form the upper spaces of the reaction shaft.

The share of concentrate particles along the center of the
reaction shaft after 60 s is 70 um 1 % - 3 % for particles, 80 pm
0.1 % - 0.7 %, and for 100 pum 0,2 m 0.2 % - 0.7 %. Along the
side walls of the shaft, the share of 70 um particles fluctuated in
the range of 40 % - 9 % on the shaft length 5.5 m, and on 1.5 m
from 12 % - 10 %. For 80 um particles the shares were 5 % - 1
%. The share of 100 um particles over a length of 1.5 m varied in
the range of 7 % - 3 %, and over a length of 5.5 m from 7 % to 2
%.

Along the 70 um reaction shaft, concentrate particles traveled
the fastest along a 3.25 m shaft length at a speed of 8 m/s to 0.23
m/s. The 80 um particles moved the fastest along a 3.3 m shaft
length in the range of 13 m/s to 3 m/s, and 100 um particles at a
2.5 m length from 0.4 m/s to 2 m/s.
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