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The Reynolds stress model (RSM) provided by FLUENT software was applied to study flow dynamics of a
cyclone separator used for a circulating fluidized bed. The effect of the depth of the exhaust pipe on the flow
field and performance of cyclone separator was investigated computationally. The cyclone flow field pattern
has been simulated and analyzed with the aid of velocity components and static pressure distribution. The
simulation results reveal the strong swirling flow in cyclone separator. The exhaust pipe depth has an
insignificant effect on the pressure drop and velocity distribution.
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1. Introduction

Gas cyclone separators are widely used in industries to separate dust from gas due to their geometrical
simplicity and relative economy in power consumption (Elsayed and Lacor, 2011). Cyclones may also be
adapted for use in extreme operating conditions such as high temperature, high pressure, and corrosive
gases. Since there are no moving parts. cyclones are relatively maintenance-free. Therefore, cyclones have
found increasing utility in the field of air pollution, the power plant and process industries.

The cyclone separator plays a major role in circulating fluidized bed boiler operation in power plant. A large
number of solid materials were separated from the flue gas, and then taken back into the furnace chamber,
establishing furnace material circulation (Zhao (2010)). This can ensure the fuel and desulfurizer in cycling
combustion reaction repeatedly for many times. So, the circulating fluidized bed boiler has good combustion
and desulfurization efficiency and the circulating fluidized bed boiler can run in full load. The separation
performance and operation status of cyclone separator has direct relationship with the combustion,
desulfurization and circulating rate of circulating fluidized bed boiler (Hui et al. 2008).

Until now, a considerable number of investigations has been performed on small sampling cyclones (Souza et
al. 2015, Safikhani et al. 2010, Chen et al. 2010, Lu et al. 2015 and Bhasker, 2010).The investigation of full
size cyclone separator was seldom reported in the literatures. In addition, the exhaust pipe depth displays a
great effect on the flow conditions and performance of the cyclone separator during process of use in power
plant. However, the analysis of the effect of the exhaust pipe depth on cyclone separator is very rare.
Therefore, the effect of the exhaust pipe depth on the cyclone separator used for a certain 240t/h circulating
fluidized bed boiler of a power plant was investigated in this paper is. The numerical simulation method is
applied to simulate the flow field of full size cyclone separator. The research results can provide guidance for
industrial application of cyclone separator.

2. Models and boundary conditions

2.1 Computational domain and domain discretion

Fig. 1 shows the schematic of the cyclone separator which is applied to some 240t/h circulating fluidized bed
boiler. The size of the cyclone separator is the same as the size in industry without any simplification. The
cyclone separator consists of inlet segment, straight cylinder segment, conical barrel segment, exhaust pipe
and ash discharging pipe.
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Fig. 2 shows the grid of cyclone separator. The hexahedral grid is used to the whole calculation region
according to the structure characteristics of the cyclone separator to improve the calculation accuracy and to
control grid number effectively. Several sets of grids were used to determine if there are sufficient grid points.
There is no obvious difference in pressure distribution when the grid cells are further increased. Therefore, the
grid set is independent grid that ensured sufficient accuracy of the simulation results. The total grid number is
320000 in this model.

Figure 2: Schematic diagrams of grids of filter vessel.

2.2 Simulation model and boundary conditions

The FLUENT code has provided the k-¢ and the Reynolds stress transport model (RSTM) and other turbulent
models for the users to choose. The RSTM accounts for the evolutions of the individual stress components
(Wang et al. (2010), Liu et al. (2005) and Yu et al. (2002)), and thus entirely avoids the use of an eddy
viscosity and is well suited for handling the anisotropic turbulence fluctuations (Oh et al. (2015)). So, in this
work, it is applied to simulate the gas flow in view of the flow condition in cyclone separator. The volume
averaged conservation equation in the cyclone separator is discretized by the control volume finite element
method (Khedher (2014) and Bounaouara (2015)). The pressure drop of the cyclone separator obtained from
the numerical simulation agrees well with the pressure drop measured by experiment in power plant. So it can
be concluded that the simulation model suggested in this study is useful to predict the flow dynamics of the
cyclone separator. The upwind 2nd order discretization scheme was applied when the governing equations
were iterated, till the maximum target convergence value of order .0001 was reached.

The gas inlet boundary is set as velocity boundary condition with velocity of 15m/s. The values for turbulence
intensity and length scale are critical and carefully assigned for inlet boundary conditions. The full
development boundary condition is applied for the gas outlet boundary condition. The wall boundary condition
is no slip boundary condition.
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3. Numerical simulation results and analysis

3.1 Pressure distribution

The flow field was studied by analyzing the pressure and velocity distribution in different height section in
cyclone separator. z=-2m is located in circular region. z=-5m is located in straight cylinder region. z=-8m is
located in conical barrel region. z=-12m is located in ash discharging region.

The depth of the exhaust pipe was changed to investigate the effect of its length on the flow characteristics in
cyclone separator. The distance between the bottom of the exhaust pipe and the bottom of the inlet of the
cyclone separator were -700mm, Omm and 350mm, respectively. The minus means that the bottom of the
exhaust pipe is relative lower than the bottom of the inlet of the cyclone separator. For example, -700 means
that the bottom of the exhaust pipe is 700mm lower than the bottom of the inlet of cyclone separator. Omm
means that the bottom of the exhaust pipe and the cyclone inlet are at the same horizontal plane.

Fig. 3 presents the pressure variation with the depth of the exhaust pipe alone radial direction at different
heights section. It can be seen that the static pressure is higher near cyclone separator wall than the pressure
in the central part of the cyclone separator. The internal swirl flow appears in central region of the cyclone
separator. Therefore, the lowest pressure occurs in this region. The static pressure distribution is essentially
symmetric in radial position. The deviation from symmetric part is mainly due to the cyclone inlet airflow which
enters the cyclone separator tangentially. The static pressure decreases from the ash discharging tube to the
gas exhaust pipe entrance. The pressure in the central position of the inlet segment decreases with the
decrease of the depth of exhaust pipe. The pressure difference across the surface of the exhaust pipe is the
largest at the case of Ah=350mm. In this case, the exhaust pipe should suffer the most large pressure force.
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Figure 3: The distribution of pressure at different insertion depth of exhaust pipe.

3.2 Velocity distribution

Fig. 4 shows axial velocity varying with the depth of exhaust pipe along radial position at different height
section. The axial velocity distribution is essentially symmetrical in the straight cylinder and conical barrel
segment (Song et al. (2005)). Gas flows downwards near cyclone separator wall while gas flows upwards in
the central of cyclone separator. The axial velocity in central part of the inlet segment increases as the depth
of exhaust pipe decreases. The axial velocity distribution at Ah=350mm will lead to more little particle escape
from exhaust pipe. The axial velocity is almost the same at annular separation space. The maximum axial
velocity does not occur at the center part of the ash bucket, therefore, there is no obvious retention of particle
in this section.
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Figure 4: The distribution of axial velocity of different insertion depth

Fig. 5 shows radial velocity variation along radial position at different heights. The radial velocity decreases
with the radius increasing. The distribution trend of radial velocity changes little at different heights. An
identical flow phenomenon was observed at the cyclone. The radial velocity profiles show that the flow in
cyclone separator is rotational and approximately symmetrical, which enhances the transport of particles onto

the cyclone walls.
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Figure 5: The distribution of radial velocity of different insertion depth

The tangential velocity profiles are shown in Fig. 6 at different cross sections for different exhaust pipe depth.
The tangential velocity increases with the increase of radius in the central of cyclone separator. In this region,
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the fluid has the same angular velocity at different radial location. The swirling flow in this region is called
forced vortex flow. The tangential velocity decreases with the increases of the radius at the region outside the
central of cyclone separator. In this region, the fluid momentum is in conservation and the flow is described as
free vortex flow. The depth of the exhaust influences the tangential velocity distribution more in the place of
the inlet segment and surrounding the inlet of the exhaust pipe.
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Figure 6: Tangential velocity variation with radial position at different insertion depth.

4. Conclusions

The Reynolds stress model (RSM) provided by FLUENT software was applied to study flow field of a cyclone
separator used in some circulating fluidized bed.

The static pressure distribution is essentially symmetric in radial position. The static pressure decreases from
the ash discharging tube to the gas exhaust pipe entrance.

Gas flows downwards near cyclone separator wall while gas flows upwards in the central of cyclone separator.
The swirling flow in this central region is forced vortex flow and the flow is free vortex flow.

The depth of exhaust pipe influences the pressure distribution and velocity distribution near the bottom of the
exhaust pipe. The pressure difference will increase when the bottom of the exhaust pipe is located at the top
of the inlet of cyclone separator. The axial velocity is higher at the central part of exhaust pipe in the inlet
segment when the exhaust pipe inlet is upper than the inlet bottom of the cyclone separator.
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