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Numerical investigation of ceramic particle movement for injected gas flow
rate in cyclone separator system
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Abstract Using computational fluid dynamics (CFD) method, we investigated three-dimensional fluid flow field and
particle movement with respect to the injected gas flow rate variation in typical cyclone separator system. The results of
numerical investigation were deduced by coupling the analysis of fluid flow field with Navier-stokes equation and the
tracking of the particle trajectory with Langrangian approach. It was shown that the increasing of injected gas flow rate
resulted in the increasing of pressure loss in the separator. This change of inner pressure had an effect on an aspect of the
fluid flow in the separator. Particle movement was determined by fluid flow in the separator and was fully depended on a
diameter of particles under the fixed flow rate. Increasing of injected gas flow rate was led to an increasing of the trace of
particle, so the particles moved to the lower part of the separator. For this reason, the minimum diameters of the particles
were decreased and increased the separation rate under the fixed particle diameter. In conclusion, the changes of injected
gas flow rate have an important factor to the fluctuation of the fluid flow field and particle trajectory in the separator.
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Fig. 1. Schematic diagram of cyclone separator (KOVACO
model).
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Table 1
Dimensions of separator and properties of gas and particle

Geometric dimensions of cyclone separator (KOVACO)

Diameter of the cyclone separator D, 500 mm
Diameter of the gas exit tube D, 783 mm
Diameter of the inlet cross section D, 78.3 mm
Diameter of the particle settle chamber D, 101.8 mm
Height of the gas exit tube h 395 mm

Height of the upper cylinder of cyclone separator H, 605 mm
Height of the middle cone of cyclone separator ~ H, 351.26 mm

Height of the lower cylinder of cyclone separator
(the settlement chamber of particles) H, 238 mm

Properties of the carrier gas and dispersed particle

Argon gas (Ar) kinematic viscosity 2.29E-005 m’/s
Quarts particle density 2500 kg/m’ coefficient of restitution 0.8
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Fig. 2. Gas velocity vector plot in cyclone separator.
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Fig. 3. Gas velocity magnitude and velocity distribution in sep-

arator (inlet velocity = 17.5 m/s).
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Fig. 5. Particle trajectories (a) for gas inlet velocity = 17.5 m/s
(flow rate =5.05 m3/min) (b) for gas inlet velocity =22 m/s
(flow rate = 6.35 m’/min).
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