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ABSTRACT 

 Cyclone separators are commonly used for separating dispersed solid 

particles from gas phase. This paper reports, the effect of parameters like inlet 

velocity on pressure drop and collection efficiency of cyclone separator using a 

RANS CFD code. Incompressible RANS  equations  are  solved  with  SST k-ω 

model for the turbulence modelling A discrete phase consisting of spherical 

particles of anthracite dispersed in the fluid –Air are considered for the purpose 

of analysis of cyclone efficiency. The calculation shows that collector efficiency 

is poor, for particle size less than 120 µm. 

 Finally to improve the efficiency, optimization study is carried out 

considering the diffuser angle and direction of the flow in the divergence section 

of the flow. Reducing the collector diffuser angle by 4 degree improves the 

efficiency of the cyclone separator 
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NOMENCLATURE 

CD  drag coefficient 

d  particle diameter 

U  Velocity 

k  kinetic energy 

  ω  Specific kinetic energy Dissipation 

  µ  Viscosity of fluid 
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INTRODUCTION 

 Cyclone separators are commonly used for separating dispersed solid 

particles from gas phase. These devices have simple construction, are relatively 

inexpensive to fabricate and operate with moderate pressure losses.  

 Therefore, they are widely used in many engineering processes Dispite its  

simple  operation,  the  fluid  dynamics  and flow structure are very complex. 

The driving force for particle separation in a cyclone separator is the strong 

swirling turbulent flow. The gas and the solid particles enter through a tangential 

inlet at the upper part of the cyclone. The tangential inlet produces a swirling 

motion of gas, which pushes the particles to the cyclone wall and then both 

phases swirl down over the cyclone wall. 

 The solid particles leave the cyclone through a duct at the base of the apex 

of the inverted cone while the gas swirls upward in the middle of the cone and 

leaves the cyclone from the vortex finder. The swirling motion provides a 

centrifugal force to the particles while turbulence disperses the particles in the 

gas phase which increases the possibility of the  particle entrainment Therefore, 

the performance of a cyclone separator is determined by the turbulence 

characteristics and particle-particle interaction. 

 In order to understand the important features of a well designed cyclone, it 

is necessary first to study the flow pattern and particle separation efficiency. 

Prediction of gas flow and performance of cyclone by Computational Fluid 

Dynamics (CFD) have become increasingly popular. CFD helps to understand 

the complex flow patterns in cyclones and develop efficient cyclone with low 

pressure drops and high separation efficiency. 

 One of the first CFD simulations was done by Boysan et.al. (1982), Ref 

no[1]. He found that the standard k–e turbulence model is inadequate to simulate 
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flows with swirl because it leads to excessive turbulence viscosities and 

unrealistictangential velocities. The standard k-e, RNG k-e and realizable k-e 

model was not optimized for strongly swirling flows found in cyclones (Gimbin 

et.al (2005), Ref no[2]. 

 However, to reduce the computational effort, the RNG k-e model can be 

used with about 12 % deviation on experimental data (Griffins and Boyson, 

1996), Ref no[4]. The pressure-strain correlation in Reynolds stress model 

(RSM) with linear model by Lauder, Reece and Rodi (LRR model) (Lauder  

et. al, 1975), Ref no[7]. under-predicts thetangential velocity component close to 

the axis and with the quadratic model by Speziale, Sarkar and Gastski (RSM 

model) (Speziale et. al. 1991) is qualitatively correct (Montaven et. al., 2000), 

Ref no [8]. 

 In the industry, the major challenge is to increase production and reduce 

manufacturing cost. In order to achieve these objectives, cyclones are operated 

well beyond the design conditions resulting in the increased pressure drop and 

reduced separation efficiency. In thepresent work CFD simulation of cyclone 

were undertaken to understand the flow pattern and the complex interaction 

between gas-solid flow to improve the cyclone performance, i.e., higher solid 

separation and reduce pressure drop. 

CFD MODEL  

 Cyclone separator geometric details are given in below Table1 & Cyclone 

Separator geometry in Figure1. In this project structured hexahedral grid is used 

based on multi block mesh. There were 285600 cells in the grid.  Figure 2 shows 

the meshed micro cyclone separator. 

Table 1. Cyclone separator geometric details 

Parameter Value in mm 

Body diameter-D 6400 
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Length-L 18130 

Inlet Diameter-ID 1600 

Flow outlet diameter-OD 1900 

Diffuser angle-A 8 degree 

 

Figure 1 : Cyclone Separator Geometry 

 Incompressible RANS equations were solved in Fluent version 6 with SST 

K-ω model for the turbulence modelling. The K-ω model uses two equations to 

represent the turbulence, but instead of ε, it calculates a specific turbulence 

dissipation rate, which can be considered the ratio of ε to K. The SST (Shear-

Stress Transport) K-ω model takes into account the transport of turbulent shear 

stress, and makes a gradual change of solution variables from the standard K-ω 

model in the inner region of the boundary layer to a high Reynold’s number 

version of the K-ε model in the outer part of the boundary layer. The SST   K-ω  

model  is  more  reliable  for  flows  which  have  adverse pressure gradients, and 

most widely adopted in swirlinf flow applications. A segregated solver with 

SIMPLE as the velocity-pressure coupling was selected, and Second Order 

UPWIND scheme was used for the discretization of the momentum equation. 
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BASELINE RESULTS 

 Computational Fluid Dynamics approach is used to simulate the flow within 

the cyclone. Pressure drop is a major factor contributing towards the collection 

efficiency of a cyclone. The effect of inlet velocity on pressure drop is the 

cyclone is observed. As the flow is turbulent with SST K-omega turbulence 

model is used in analysis. The prime objective of the study is to observe the 

effect of velocity on pressure drop and cyclone efficiency. Also, a cyclone cut 

off particle size is found out. 

 

Figure 4 : Velocity Vs Pressure graph 

 Finally, to improve the efficiency, optimization study was carried out 

considering the diffuser angle and direction of the flow in the divergence section 

of the flow. The next chapter discusses the effect of direction in the cyclone 

separator. 
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Figure 6 : Contours of Velocity vectors Magnitude at velocity of 8 m/s. 

 Countours in Fig 6 indicated the presence of  flow separation, resulting in 

lower Cyclone efficiency. It will be seen later avoidence of which result in 

higher efficiency 

   
(a)                      (b)   

 
(c) 

Figure 7: Representative particle traces for particles of diameter (a) 100 

µm, 120 µm and (b) 150.0 µm.   
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Figure 10 : Collection Efficiency Curve Comparison between diffuser angle 

8 and 4 degree 

 Fig 10, indicate a drastic improvement in cyclone efficiency for diffuser 

angle of 4 degree. 

CONCLUSIONS 

1. Cyclone efficiency can be improved by maintaining higher velocity, but this 

operating velocity is limited to 12 m/s due to plant operating condition. 

2. Optimum efficiency can be obtained by reducing the core angle from 8 to 4 

degrees.   
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Figure 2: Cyclone Seperator Mesh 

  Hyper Mesh is used to create the flow domain and the grid. In the separator 

near wall mesh is fine in order to improve the resolution of boundary layers. Fig. 

3 shows a schematic of the cyclone separator computational domain with 

boundary conditions.  

 

 

Figure 3: Computational Domain and Boundary conditions 

 A constant velocity boundary condition was specified at the inlet 

boundaries. On the exit boundary, the static pressure was set to a constant value 

zero. On the outer boundary, the no slip boundary condition was imposed. In the 
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DPM conditions specified as the particle reflected via in wall in the outer wall of 

the domain. And the particle escape through the boundary. The particle is lost 

from the calculation at the point where it impacts the boundary outlet. Finally 

The particle trapped is used at the gas outlet as shown in Figure 3. 

 Inlet velocity  is  a  major  factor  affecting  the  swirl  in cyclone separator. 

The amount of swirl affects the pressure gradient created in the particle. Pressure 

gradient is a very important factor effecting the force balance on the particles 

and hence the collection efficiency of a cyclone separator. Thus, inlet velocity 

becomes a major parameter effecting cyclone collection efficiency. In  this  

study,  inlet  velocity  is  varied  from 4 m/s to 12 m/s. Effect of increase in 

velocity is observed on pressure drop is shown in Figure 4, flow field and swirl 

in the cyclone. 

 Collection efficiency is the ultimate performance measure of the cyclone. 

For this micro cyclone, the efficiency is calculated from the results of DPM 

model in fluent. The mass of particles injected and particle trapped is easily 

obtained . 

COLLECTION EFFICIENCY  

 

Figure 5 : Collection Efficiency Curve 
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 Further analysis of effect of inlet velocity on collection efficiency was done 

considering size of 50 to 200µm. From Figure 5, it can be seen that there is not 

much increase in  efficiency  after  operating  inlet  velocity  of  

 8 m/s. This is due to size limitation on cyclone separator. Due to such a small 

size even if we increase inlet velocity it does not contribute much on efficiency 

due to the fact that particles may start colliding and deflected from assumed 

path. Also the time for which fluid stays in cyclone is so little that there is very 

less scope of developing higher swirl by increasing velocity after a certain point.  

The efficiency of the collector is poor before 120µm of the particle size. 

 It can be observed from fig 7, that larger particles are more efficiently 

trapped in the cyclone, while most of the smaller escaped more in outlet. 

DIFFUSER ANGLE 4 DEGREE RESULTS 

 Optimization study was carried by reducing the diffuser angle from 8 degree 

to 4 degree, As shown in Fig.8. The velocity magnitude, in the diffuser section 

reverse flow is reduced as shown clearly in Fig.9. This improves cyclone 

efficiency and it is shown in Fig.10, compared with diffuser angle 8 degree. 

Base line -diffuser angle 8o

Optimization-diffuser angle 4o

 

Figure 8 : Diffuser optimization of Cyclone 
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Figure 9 : Contours of velocity vectors magnitude sectional view at 

diffuser angle 4 degree 
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