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Abstract: Current paper focuses on the CFD study of the behaviour of the two phase flow (processed exhaust
gas flow carrying solid particles) in an industrial cyclone. An analysis of the velocity and temperature fields of the
two phase flow at different geometrical parameters and inlet flow data was presented. Based on the accepted initial
condition a regression analysis of the efficiency of the cyclone was made and significant parameters were selected.
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INTRODUCTION

Most industrial processes are related with the emission of harmful substances in working
premises. Very often these substances are solid particles with reasonable parameters and based on
current environmental norms it is not allowed to be freely released into the environment. Different
types of systems are used to “catch” the solid particles and to evacuate them away from the
working premises. The exhaust air carrying solid particles is actually two—phase flow. The
concerned two-phase flow is an object of mechanical cleaning before the processed air to be
released to the environment. The first step of gas scrubbing is accomplished in a cyclone. The
process of cleaning is because of presence of centrifugal forces in cyclone making solid particles
to sediment and trap at the bottom of cyclone. The efficiency of the cyclone is defined as the ratio
of the solid particles left the cyclone to the total number of particles entering cyclone. Size of the
solid particles and flow rate are the parameters mainly influencing the cyclone efficiency.

Experimental study of the cyclone efficiency is a time consuming process which is one of
the main reasons to study the flow behavior and cyclone efficiency numerically [1, 2, 3, 4, 5].

GEOMETRIC MODEL OF THE CYCLONE

Type and dimensions of the selected cyclone are presented in Figure 1. The presented
cyclone is a middle-size used in industry.

The most important parameter of cyclone is its efficiency. It can be determined either
experimentally or using CFD technology. Because the experimental study is a time consuming
process the focus of the current study is to show if the CFD study is a reliable tool to evaluate the
efficiency of the cyclone.

In a relation with the above a geometrical 3D model of the cyclone has been created (fig. 2).
The generated volume includes in about 860 000 cells. On the figure 2 are pointed the elements of
the cyclone.

The following initial conditions have been applied during the numerical procedure:
- Flue gases temperature at the inlet (3™ stage of flue gases cooling) - 75 [°C].

- Velocity at the inlet Vs — 4, 6, 10 and 15 [m/s];

- Dust density pp - 2100 kg/m?;

- Mass flow rate of two-phase flow —[0,002 kg/s];
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- Minimum diameter of solid particles - 1 [um];

- Maximum diameter of solid particles - 300 [um];
- Average distribution - 130 [um].

Fig. 1. Type and dimensions of selected cyclone
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Fig. 2. 3D model of the cyclone

CFD STUDY. RESULTS

The developed two-phase flow is a swirl flow. The degree of the swirl flow depend both on
the geometrical parameters of the cyclone and inlet parameters of the flow. The flow is turbulent
with a prevailing rotational component of the flow. The RNG second order k-¢ model of turbulence
has been applied during the numerical procedure.

“Discrete phase model” was accepted. The total mass flow rate is 0,002 kg/s. Non-slip
conditions were applied for the surface of the cyclone. A “Trap” Boundary condition for the
bottom of cyclone was accepted.

4 different sections of the cyclone have been selected (Fig. 3) as below are presented the
results of those sections.

Numerical procedure was performed at different initial velocities of the two-phase flow. The
results are presented below.
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Numerical procedure was performed at different initial velocities of the two-phase flow. The
results are presented below.

Different initial velocities of the cyclone do not affect the outlet velocity field distribution
(fig. 4). The velocity profile is very similar particularly with regard to peripheral velocity
distribution.
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Fig. 3. Selected area cross section for the cyclone
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Fig. 4. Velocity distribution for section A-A at4, 6, 10 and 15 m/s.
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On fig. 5 are presented the velocity distribution for the other three sections.
The highest velocity can be observed close to the conjunction section between cylindrical

and cone part of the cyclone.
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Fig. 5. Velocity distribution for sections B, C and D at 4 m/s initial velocity 6,5 m/s
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Fig. 6. Pressure and maximum velocity distribution as a function of inlet velocity
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On fig. 6 is presented information about pressure and maximum velocity distribution in
relation with inlet velocity of the cyclone. The lower pressure is at section “A” since the maximum
pressure is achieved at section “B”. The same conclusion can be made for the maximum velocity
for the selected cross sections.

On fig. 7 is presented the cyclone efficiency at different initial velocities. The figure shows
that if the velocity at the inlet increases 3 times the efficiency decreases with 3%. Further increase
of the velocity goes to the significant decrease of the efficiency of the cyclone.
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Fig. 7. Cyclone efficiency at different initial velocities

CONCLUSION

The current study shows that the applied NRG k-e model can be successfully used for the
analysis of cyclone efficiency. The calculation time for CFD studies is reasonable. With the
numerical study can be determined the velocity range for the cyclone operation for the desired
level of gas cleaning. With the results obtained can be made suggestions for cyclones geometry
improvements.
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