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In the present paper, CFD simulations using ANSYS-Fluent 14.5 were accomplished to study 
the effect of distributor plates’ geometry on fluid dynamics characteristics like pressure drop 
along the riser and distributor, suspension density variations along the riser of the Circulating 
Fluidized Bed (CFB). 3D CFD simulations were performed on the CFB riser of cross section 
0.15 m × 0.15 m and height 2.85 m. Modeling and meshing were done using ProE and 
ANSYS ICEM CFD software, respectively. RNG k-ε model was used for turbulence 
modeling. Eulerian model with Syamlal O’brien phase interaction scheme was used to 
simulate the two phase flow (air 
+ sand mixture flow). Modeling and simulation were performed for perforated distributor 
plate and results obtained were compared with available experimental data. In this way, after 
validation of computational results, further CFD simulations were performed for novel 
geometry of distributor plate. Results obtained for different distributor plates were compared 
for pressure drop and suspension density variation. 
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Abstract. In the present paper, CFD simulations using ANSYS-Fluent 14.5 were 
accomplished to study the effect of distributor plates’ geometry on fluid dynamics 
characteristics like pressure drop along the riser and distributor, suspension density 
variations along the riser of the Circulating Fluidized Bed (CFB). 3D CFD simulations 
were performed on the CFB riser of cross section 0.15 m × 0.15 m and height 2.85 m. 
Modeling and meshing were done using ProE and ANSYS ICEM CFD software, 
respectively. RNG k-  model was used for turbulence modeling.  Eulerian model with 
Syamlal O’brien phase interaction scheme was used to simulate the two phase flow (air 
+ sand mixture flow). Modeling and simulation were performed for perforated 
distributor plate and results obtained were compared with available experimental data. 
In this way, after validation of computational results, further CFD simulations were 
performed for novel geometry of distributor plate. Results obtained for different 
distributor plates were compared for pressure drop and suspension density variation.
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1 Introduction

Present paper in a broad way is associated with energy sector - power plant 
engineering. In this domain, it is concerned with Circulating Fluidized Bed (CFB). 
CFB has several applications and can be used as a boiler (heat exchanger), dryer, 
gasifier, combustor etc. A large number of CFB units are installed for power 
generation throughout the world [1]. In different application areas of CFB, many 
researchers reported the heat transfer characteristics are the function of fluid dynamic 
characteristics [2–10]. Hence it is important to study the fluid dynamic characteristics 
of a CFB riser. 
      Large numbers of papers are available on experimental studies to study the effects 
of distributor plate design on bed hydrodynamics [11-19]. One of the fluid dynamic 
characteristics such as pressure drop across the distributor plate affects the pressure 
drop in a CFB riser, hence it is the critical parameter in designing any CFB unit for its 
different application areas [11-19]. Also for a given operating conditions, particles’ 
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distribution of the material (sand or coal etc) across the riser and along the height of 
riser varies based upon the density of particles, different designs of distributor plate, 
and percentage opening area in the distributor plate [11-22]. Also proper design of the 
distributor may significantly reduce the auxiliary power consumption and affects 
economics [23]. In addition, most fluidized beds have to deal with the problems of 
non-uniform fluidization and back-sifting of solids [23]. 
      Hence with above discussion it is clear that distributor plate’s design affects 
hydrodynamics characteristics and subsequently heat transfer characteristics in many 
application areas of CFB. Therefore a good rational design of the distributor plate is 
very important from an operational as well as an economic standpoint of CFB. 
However numerical studies (2D CFD simulations) on effects of distributor plate 
design on hydrodynamic characteristics are limited to few papers only [20-22]. 
Therefore present paper aims to study numerically (3D CFD simulations) the effects 
of existing design (perforated vertical cylindrical pathways) and novel design 
(inclined cylindrical pathways) of distributor plates on fluid dynamic characteristics 
of a CFB riser. Also, through literature review, it is observed that dead zones 
formation on the upper surface of distributor take place in each corner of the riser 
using the perforated distributor as shown in Fig. 1. Swirl flow will not be generated 
by the geometry as shown in Fig.1 because all cylinders were kept perpendicular to its 
base hence horizontal component of velocity causing generation of swirl flow was 
absent. Hence new design as shown in Fig. 2 has been proposed to avoid formation of 
the dead zones and hence to increase the suspension density with increase in height of 
the riser.  

2      Modeling and Grid Independence Test

A riser with perforated distributor of cross section 0.15 m × 0.15 m and height 2.85 m 
was used for simulation purpose because experimental data was available for 
validation purpose. In the riser geometry as shown in Fig. 3, return leg (mass inlet) is 
of cross section 0.15 m × 0.15 m with its bottom end located 0.225 m above the 
distributor plate and the gas outlet is of cross section 0.15 m × 0.15 m with its center
located at a distance of 0.075 m from riser top. A perforated distributor plate as shown 
in Fig. 1 has thickness 5 mm and 456 orifices. Each orifice of 4 mm diameter and
pitch 7 mm causes 25.46% opening area in the distributor plate. Novel distributor has
5 mm thickness and total 440 orifices. Each orifice of 4 mm diameter, pitch 6.5 mm,
tilted at an angle of 450 to form inclined cylindrical pathways. Novel design of a 
distributor plate has inclined cylindrical pathways, which were divided into four 
groups. Orientation of incliation of cylinders of different four groups is made in such 
a way that swirling flow will be obtained in the riser. Novel distributor has a core 
orifice (cylinder) of radius 8 mm. This cylinder will not contribute to the generation 
of swirl, however will help in generating central core (cylindrical) air path which 
helps to maintain swirl flow around it because of its cylindrical shape. Because of 
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swirl flow formation due to horizontal component of velocity, dead zones formation
in the riser will be reduced.
       The percentage opening area is the same for both distributor plates (25.46%).
Meshing was done with ANSYS ICEM CFD. A hybrid mesh (tetrahedral cell near to 
wall and hexahedral in the center) with 378427 nodes was used for the riser having 
perforated distributor plate with a cell size of 10 mm in the central region. A hybrid 
mesh (prismatic near to wall, hexahedral in the center, and tetrahedral cells used to 
connect prismatic and hexahedral cells) with 404082 nodes was used for the riser 
having novel distributor plate with a cell size of 10 mm in the central region. Prism 
layers increases node number by large amount. Prism mesh layer were added at walls 
of riser to account for higher velocities (larger y+) and swirling effects that are caused 
due to inclined pathways in the distributor. 
      ANSYS Fluent 14.5 was used for simulation. 3D CFD unsteady simulations were 
performed. The continuity and momentum equations for the solid and fluid phase 
were solved. Pressure based solver was used. RNG k- model was used for turbulence 
modeling of the flow inside the riser [24]. RNG turbulence model has a calculation 
for effective viscosity. It can also be used for swirling flows and as the aim of this 
work is to simulate swirling flow due to novel distributors. Y+ value was maintained 
below 100 for all simulations. To deal with low Y+ values, scalable wall function was 
used [25].Scalable wall function was used to ensure proper application of wall 
function to areas which have Y+ values less than 30.Gas-solid two phase flow was 
represented by Eulerian-Eulerian i.e. two fluid model with air as the primary phase 
and sand as the secondary granular phase [26]. In this case, the drag force on sand due 
to air was specified by a correlation. Drag correlation calculates drag coefficient 
based on slip velocity. This value is then used to calculate forces on the secondary 
phase. The Syamlal-Obrien drag correlation was used in the simulation [27]. Granular 
phase (sand) was defined as size of 0.461 mm which was the mean diameter of 
particles in experimental data [28] with Syamlal-O’Brien granular viscosity model, 
solids pressure described by Lun-et-al’s model. The collision restitution coefficient 
was set to 0.9. Boundary conditions used were as follows-inlet velocity as 16.24 m/s 
and pressure 0Pa, inlet turbulence intensity as 5%, gas outlet as pressure-outlet with 
gauge pressure 0Pa, mass inlet with a mass flow rate of 0.438 kg/s with a volume 
fraction of 0.6, initial bed with volume fraction as 0.62, static bed height of 19.6 cm 
above the distributor plate. Phase coupled SIMPLE pressure-velocity coupling was 
used. Discretization scheme used was first order upwind. Under-relaxation factors 
used were 0.1 for momentum, 0.5 for turbulent kinetic energy, and 0.6 for turbulent 
dissipation rate. Hybrid initialization was used with a time step of 0.01 sec for both 
simulations.
        A grid of 254267 and 378427 nodes were used for simulation of riser having 
perforated distributor at its bottom. As shown in Fig. 4, the pressure drop along the 
height of the riser i.e along the three sections, each of 60 cm with midpoints at 0.9 m, 
1.5 m, and 2.1 m above the distributor were plotted for the purpose of validation.
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Existing regular geometry of normal 
distributor having cylindrical air pathways of 
4 mm diameter perpendicular (900) to the 
base of the plate:

Fig. 1(a). 3D view of normal distributor of 
0.15 m × 0.15 m

Fig. 1(b). Top view of normal distributor

Novel geometry of distributor (air pathways 
inclined at 450 to base of plate. Four groups 
of pathways are inclined at 450 in different 
directions to obtain swirl flow):

Fig. 2(a). 3D view of novel distributor 
type 1 & 2 of 0.15 m × 0.15 m

Fig. 2(b). Top view of novel distributor

Fig. 2(c). Side view of novel distributor

Fig. 3. Riser geometry
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The pressure drop for the grid with 254267 nodes deviated from the experimental 
results [28] in the lower, middle and upper region as shown in Fig. 4. Simulations 
with 254267 nodes over predict the results. This was because overestimation of drag 
by the drag model in grids due to larger cells’ size in the riser, as reported by [29]. 
Hence refinement of cells was done for the entire riser, which resulted in smaller 
cells’ size and increases total number of cells and considerable (almost double) 
computational time of simulations. Total number of nodes increases from 254267 to 
378427. Mesh used has hexahedral elements in most of the riser core along with 
tetrahedral elements near the wall and triangular elements on the wall surfaces. After 
refinement of the cells to 378427 nodes, results match with published literature both 
qualitatively and quantitatively than 254267 nodes.

Fig. 4. Pressure drop above distributor 
plate, perforated distributor

Fig. 5. Suspension density above 
perforated distributor

Fig. 6. Static pressure of mixture in Pa Fig. 7. Volume fraction of sand
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Fig. 8. Pressure drop above distributor 
plate, novel distributor

Fig. 9. Suspension density above novel 
distributor plate

3      Results and Discussion

3.1     Perforated Distributor Plate

Pressure drop along 5 mm thickness of distributor plate was 0.10 cm. As shown in 
Fig. 5, suspension density shows a similar trend as pressure drop. Suspension density 
is dependent on pressure drop, and plays a major role in heat transfer between two 
phase flow (air + sand mixture flow) and water flowing in the riser tubes of boilers.
Contours for static pressure and volume fraction of sand were obtained as shown in 
Fig. 6 and Fig. 7, respectively. Voidage (1-volume fraction of sand) is the only 
variable used while calculating suspension density.

3.2     Novel Distributor Plate

Pressure drop between Tap 1(0.62 m above distributor plate) and Tap 2 (1.18 m), Tap 
3 (1.22 m) and Tap 4 (1.78 m), Tap 5 (1.82 m) and Tap 6 (2.38 m) was plotted 
corresponding to the lower (0.9 m), middle (1.5 m) and upper region (2.1 m),
respectively as shown in Fig. 8. Pressure drop and suspension density show a different 
trend in the novel distributor plate as compared to the perforated distributor plate as 
shown in Figs. 4 & 8 and Figs. 5 & 9, respectively. Pressure drop along 5 mm 
thickness of novel distributor was 3.85 cm, which was around 40 times more than 
perforated distributor, which clearly indicates that more power will be consumed by 
blower to lift the sand in the upward direction inside the riser of CFB. The pressure 
drop values show an increasing trend for the novel distributor plate as shown in Fig. 8 
along the height of the riser which is opposite to the trend obtained experimentally
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and numerically for perforated plate as shown in Fig. 4. Suspension density follows 
the same pattern as shown in Fig. 9. Reason for having higher suspension density in 
the upper region of the riser with novel distributor is the swirling effects, the velocity 
in lower regions is higher and also has its one of the components in horizontal 
direction, which causes the lower concentration of sand in the lower (bottom) riser 
section. Also axial velocities decrease to a value of 4 m/s as the riser height increases.
Hence, more sand concentration i.e suspension density may be observed in the upper 
region. The results for novel distributor plate were plotted as shown Fig. 8 and Fig. 9
for a simulation time of 23 sec.

4 Conclusions

Novel distributor plate causes a change in the suspension density trend in fluidized 
beds having regular perforated plate. The average suspension density in the lower 
section (0.6 m to 1.2 m above distributor) for perforated plate is 135 kg/m3 where as 
in the case of novel distributor; it is 34 kg/m3. The numerical data predicts suspension 
density value of 64 kg/m3 in the upper region of riser (1.8 m to 2.4 m above novel 
distributor) which was 10 times suspension density value for the perforated 
distributor. This prediction also suggests that formation of dead zones was reduced 
with novel distributor plate on the upper surface of distributor near the four corners of 
riser. It is also observed that pressure drop along 5 mm thickness of novel distributor 
was around 40 times pressure drop value evaluated for the perforated distributor, 
which clearly indicates that more power will be consumed by blower to lift the sand 
in the upward directing inside the riser of CFB.
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Abstract. In the present paper, CFD simulations using ANSYS-Fluent 14.5 
were accomplished to study the effect of barrel wall fin on cyclone separator’s
performance in terms of collection efficiency and fluid dynamic characteristics 
like pressure drop along the height of the cyclone separator, tangential velocity.
3D CFD simulation were accomplished on a Lapple model of cyclone separator
with barrel diameter D = 0.2 m with and without fins. Pressure drop along the 
height of the cyclone separator and collection efficiency for the different par-
ticle sizes was evaluated for finned cyclone separator and compared with non-
finned cyclone separator. Modeling and meshing were done with ProE and 
ANSYS ICEM CFD software, respectively. The discrete phase Lagrangian 
model was used to simulate the gas-solid flow. Computational results were va-
lidated using published numerical and experimental data for the cyclone separa-
tor without fins, and further CFD simulations were performed for fin based cyc-
lone separator.

Keywords: CFB, Cyclone Separator, Fins, Efficiency, CFD Simulations

1 Introduction

The cyclone separator used in the recent technology boiler like Circulating Fluidized 
Bed (CFB) boiler handles a large volume of gas at high temperature. Therefore the 
outer skin temperature of the cyclone separator is relatively high; therefore more heat 
losses occur by natural convection and radiation. To overcome this problem, some 
cyclone separators are water or steam cooled. This heat recovery can enhance the 
capacity of the boiler [1]. Therefore proper design of cyclone separator of CFB is 
essential which subsequently affects fluid dynamic characteristics of cyclone separa-
tor. It is observed that heat transfer characteristics of the cyclone separator are the 
function of fluid dynamic characteristics [2]. Hence it is important to study the fluid 
dynamic characteristics of a cyclone separator in a CFB system. Literature is also 
available to predict the fluid dynamic characteristics numerically [3-7].
Major function of the cyclone separator is the separation of the solid particles from 
gas; in this regard it is important to evaluate the performance of cyclone separator in 
terms of cyclone efficiency. Literature is available on gas-solid flow structure and 
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collection efficiency of the cyclone separator [8-10]. It is reported that the cyclone 
efficiency decreases with increase in cyclone separator’s diameter, gas outlet duct 
diameter, gas inlet area [8-10]. A mathematical model for the calculation of cyclone 
efficiency is reported by Avci and Karagoz [11].
Nag and Gupta [12] reported the effect of fins suspended the cylindrical portion of the 
cyclone separator on the average heat transfer coefficient for the different operating 
parameters like solid circulation rate, gas superficial velocity, and pressure in the 
cyclone separator. Exterior fins have been used on the vortex finder (top gas outlet) of 
the cyclone separator for enhancing heat transfer [13].
Fins were also used on barrel wall of the cyclone separator for controlling the turbu-
lent conditions [14].
Hence from the above discussion it revealed that lot of literature is available on expe-
rimental and numerical studies which predict hydrodynamics and heat transfer charac-
teristics, cyclone efficiency of the cyclone separator without fins [1-11]. Few research
papers are available on experimental studies to predict the effect of fins on heat trans-
fer characteristics and turbulent conditions [12-14]. However effect of fins (helical 
pathway which will carry water or steam) mounted on the inside wall surface of the 
cylindrical portion of the cyclone separator on collection efficiency and thermal effi-
ciency of CFB boiler has not reported through experimental or numerical study. Ar-
rangement of the fin on the inside wall surface of the cylindrical portion of the cyc-
lone separator will help in heat recovery from the hot gas flowing outside the fin be-
cause of possible heat transfer between hot gas and helical fin. However cyclone se-
parator’s main function i.e. separating particles from gas should not be affected. 
Therefore present paper mainly focuses on the numerical study to predict the effect of 
barrel wall fins on the cyclone efficiency and other fluid dynamic characteristics. 
Results obtained were compared with cyclone separator without fins.

2 Modelling and Grid Independence Test

The geometry used in this paper was Lapple 2D2D type cyclone separator with the 
cylindrical section of diameter 200 mm. This cyclone separator is called 2D2D be-
cause its barrel height and height of the conical section is twice the diameter of the 
barrel.  Fig. 1 corresponds to the normal cyclone separator. Helical fin with bullet 
shaped cross-section with a pitch of 40 mm was created on the inside surface of the 
barrel of the cyclone separator as shown in Fig. 2. Fig. 3 illustrates the geometry of 
fin. In both the geometries as shown in Fig. 1 and Fig. 2, the height of the cyclone 
separator is considered along the Y-axis, and the mixture (air + solid) will enter the 
cyclone separator in a direction along the X-axis. A structured mesh with hexahedral 
cells was used for the non-finned cyclone separator. This mesh is being created by 
blocking and O-grid techniques in the ANSYS ICEM CFD software. Due to the high-
ly swirling flow in the cyclone separator, the mesh needs to be finer near the wall for 
the resolution of near wall effects. 
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Fig. 1. Geometry of normal (non-
finned)cyclone separator (all dimensions in 

mm)

Fig. 2. Geometry of finned cyclone separa-
tor (all dimensions in mm)

Fig. 3. Cross-section of helical fin (all dimensions in mm)

Three meshes were created for grid independence test, having 490962 nodes (490k), 
252276 nodes (252k) and 133468 nodes (133k). The mesh created for the finned cyc-
lone separator is an unstructured hybrid mesh with the core of the cyclone separator 
having hexahedral cells; the prismatic cells were used near the wall, and the tetrahe-
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dral cells were used in between hexahedral and prismatic cells. Mesh density near the 
wall was higher. 197k, 357k and 571629 nodes (571k) were tested for finned cyclone 
separator.  Nodes 357k and 571k gave very close results, however results obtained 
using finer mesh i.e. results of 571k nodes are presented in the present paper (Fig. 6 
and Fig. 7).  Y+ value measured was around 100 and it is suitable for Reynolds’s 
Stress Model (RSM) model.
The Continuity and the momentum equations were discretized with steady state simu-
lation. The turbulence model used was the Reynolds’ Stress Model. The turbulence in 
the highly swirling flow in the cyclone separator cannot be modelled by using the k-ε 
models because they were unable to resolve anisotropic stresses and rapidly changing 
strain rate [3, 4, 6, and 7]. The linear pressure strain sub-model was used for modeling
the changing strain rate. For the near wall treatment of the gas flow in the cyclone 
separator, the scalable wall function was used because it can resolve near wall physics 
for arbitrarily refined meshes by using the log-law along with the standard wall func-
tion. The two phase flow in a cyclone separator is generally modelled using the Eule-
rian-Lagrangian approach which is implemented in ANSYS Fluent 14.5 as the Dis-
crete Phase Model (DPM). This model was basically chosen because the volume frac-
tion of solid was less than 0.1 and the interaction of solid phase with the gas phase or 
the continuous phase was not very significant. This model was used for the calcula-
tion of the collection efficiency of the cyclone separator. The Discrete Random Walk 
model was used to count the effect of velocity fluctuations on the forces acting on the 
particles.
Coupled scheme was used for the pressure velocity coupling. The spatial discretiza-
tion used was the second order upwind scheme for updating the momentum, turbulent 
kinetic energy, turbulent dissipation rate, and Reynolds’ stresses. Green Gauss node 
based scheme was used, which calculates the flow field fluxes through the face from 
average of the variable values at nodes in the mesh instead of the cells. 
The pressure outlet boundary condition was given to the exit point where the air exits 
the cyclone separator. The inlet of the cyclone separator is velocity-inlet with velocity
20 m/s normal to the inlet surface. The solid outlet was the bottom of the cyclone 
separator that collects the solid particles and had the boundary condition as wall. The 
cyclone separator wall had a boundary condition as a wall and it reflects the particle 
from the wall, and the normal and tangential reflection coefficients set at 0.85 and 
0.75, respectively. Boundaries of the finned cyclone separator and the normal cyclone 
separator were same.
The grid independence test was conducted on three different mesh densities of 
490962 nodes, 252276 nodes, and 133468 nodes for the normal i.e. non-finned cyc-
lone separator. As shown in Fig. 4 the result shows that the simulation result gives 
extremely close result for the two higher mesh densities. Hence study had continued 
using 252k nodes mesh. The simulation results of the tangential velocity magnitude in
case of non-finned cyclone separator for the intermediate density (252k nodes) was 
validated with the experimental data from Wang et al. (2006) and found to be consi-
derably close as shown in Fig. 5. The results were closer to the experimental values 
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Fig.  4.  Grid independence test for normal
(non-finned) cyclone separator

Fig.  5.  Validation of tangential veloci-
ty using data from Wang et al. (2006)

near the wall while in the central portion; the deviation increases due to the “wall” 
boundary condition at the solid outlet of the cyclone separator. The tangential velocity 
in the simulation was taken along the X-axis (parallel to the inlet direction) at a height 
of 650 mm (Y = 650 mm) from the solid outlet present at the bottom.

3. Results and Discussion

3.1 Pressure Drop along Height and the Pressure Field

The pressure drop along the height (ΔP) as shown in Fig. 6 was obtained by taking 
difference of total pressure value at the height of 100 mm and 300 mm, 300 mm and
500 mm, 500 mm and 700 mm, 700 mm and 900 mm measured from the bottom (sol-
id outlet) of the cyclone separator, at the negative x extreme along the x-axis in that 
plane. The total pressure (Fig. 8 and Fig. 9) in the cyclone separator increases from 
the centre to its wall. The total pressure at the centre of the cyclone separator is lower 
than the atmospheric pressure because the highly swirling flow creates a vortex 
around the central region. The pressure drop (Fig. 6) for the fin-based cyclone 
separator has increased slightly in the cyclindrical region in comparison to the
pressure drop in the non-finned cyclone separator. This is because of the helical fin 
that is located on the barrel wall. The fin creates an obstruction to the flow of gas (air) 
leading to higher dissipation of dynamic pressure. This can be explained by the in-
crease in turbulence observed in the turbulence intensity contours as shown in Fig. 10 
and Fig. 11.
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Fig. 6. Pressure drop between discrete points 

on cyclone wall along the height

Fig.  7. Cyclone efficiency for normal

(non-finned) and finned cyclone separator

The increase in the turbulence intensity in the barrel region also supports that the 
boundary layer has become more turbulent for the finned cyclone separator due to the 
addition of the helical fin. This leads to a higher pressure drop in the upper region of 
the cyclone separator.

3.2 Collection Efficiency

The collection efficiency of the normal and finned cyclone separator was calculated 
using the discrete phase model (DPM) with injections of 15000 particles of cement   
(ρ = 3320 kg/m3) sent as in [7], but the diameters used were 0.1 µm, 0.5 µm, 1 µm, 2 
µm, 3 µm, 4 µm, 5 µm, 10 µm. It is observed that collection efficiency increases with 
increase in particle size as shown in Fig. 7, because larger size particles were heavier 
hence collected at solid bottom outlet of cyclone separator. As shown in Fig. 7, it is 
observed that for the same particle size, cyclone efficiency decreases from the normal 
(non-finned) cyclone separator to the finned cyclone separator. This is because as 
explained in previous section 3.1 the higher pressure drop in the upper region (cylin-
drical region) of the finned cyclone separator causes lower intensity of swirling flow 
in its outer vortex, thus causing a reduction in the tangential velocity of the gas (air). 
Also the helical fin directly affects the axial velocity, which reduces in the downward 
direction in the outer vortex near the wall where particles concentration was high.
Due to the reduction in axial and tangential velocity, possibility of particles’ trapping 
in the inner vortex of air moving in upward direction increases. Also addition of fins 
causing a change in the effective diameter of the finned cyclone separator which sub-
sequently causes the reversal of the air at a higher height (refer Figs. 8-9) above the 
solid outlet in the finned cyclone separator than the normal non-finned cyclone sepa-
rator causing more particles to escape through the gas-outlet.
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Fig. 8. Total  pressure (Pa) 
contour for cyclone sepa-

rator without fins

Fig.  9. Total pressure (Pa) 
contour  for finned cyclone 

separator

Fig. 10. Turbulent intensity 
(%) contour for cyclone 
separator without fins

Fig. 11. Turbulent intensi-
ty (%) contour for cyclone 

separator with fins

Fig. 12. Turbulent kinetic 
energy (m2/s2) contour for 

cyclone separator without fins

Fig. 13. Turbulent kinetic 
energy (m2/s2) contour for 
cyclone separator with fins

4. Conclusions

It is observed that the helical fin attached to the barrel wall changes the hydrodynam-
ics of the mixture (air + solid) flow in the cyclone separator significantly. The veloci-
ty field was drastically modified due to the helical fin as it is observed that increase in 
the axial velocity in the upward direction inside the central vortex in comparison with 
normal non-finned cyclone separator. The helical fin also increases the pressure drop 
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along the height of the cylindrical portion of the finned cyclone separator which sub-
sequently decreases the intensity of swirling in the outer vortex hence tangential ve-
locity decreases. Because of these reasons the particles entrained in the gas (air) up-
ward inner vortex flow and subsequently the cyclone efficiency shows a marginal 
decrease when the fins are attached to the barrel wall.  Hence the pitch (40 mm) used 
for the present fins should be considered extremely critical because the interaction of 
the fin with the continuous phase (air) affects the hydrodynamics and hence the cyc-
lone separator’s performance (collection efficiency).  Therefore changes in the value
of the pitch of the fins should be made in such a way that the cyclone efficiency of the 
finned cyclone separator will increase and number of turns taken by the gas flow in its
cylindrical portion may decrease. However for any value of pitch, the increased sur-
face area because of added fins (helical pathway carrying water or steam) on the in-
side wall of barrel allows a possibility of heat recovery as heat transfer will occur 
between outside  hot gas and fluid flowing inside fin (helical pathway) and hence will 
enhance the capacity of the CFB boiler.
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