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ABSTRACT

Introduction: Generally, geometrical parameters of the cyclone have a profound effect on determining its
performance. The air outlet (Vortex Finder) as one of the cyclone’s components has a significant impact
on the cyclone’s internal flow pattern, pressure drop and even dust removal efficiency.

Material and Methods: Two different air outlets were designed in order to be easily installed and
removed. The ribs (both in the opposite and the same swirl direction with the air flow) were inserted at
the inner wall of the vortex finder. The step length of the blades was calculated to be 1.5. The dust feeder
was injected the silica particles with a concentration about of 2.1 gr/m? into the inlet air. The results of
dust removal efficiency of the cyclone were calculated and compared for three groups of total dust, PM, |
and PM,  in different experimental conditions.

Results: Installation of spiral blades in same swirl direction as the air flow inside the cyclone increased
7.75,7.73 and 6.75 percent in total efficiency, PM, and PM, ., respectively. The dust removal efficiencies
for total dust, PM, and PM, . increased by 2.6%, 2.33% and 1.5%, respectively, when the swirl direction of
ribs and air flow was the opposite. The effect of helical blades on pressure drop for the first experimental
setup (same direction) decreased by (-2.5%) and in the second one (opposite direction) increased by
(+2.03%). The best quality factor was also calculated for the cyclone with the blade aligned with the air
flow direction.

Conclusion: Use of ribs in the inner wall of the cyclone vortex finder, especially when the rotation direction
of the ribs and airflow are the same, leads to a decrease in pressure drop and increase in dust collection
efficiency which finally leads to improvement of cyclone performance.
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1. INTRODUCTION

Cyclones are one of the most widely used
and inexpensive equipment in the control of
airborne particles. In cyclones, the mechanism
of separation of solid particles from the two-
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phase solid-gas flow is done by centrifugal force.
Cyclone can be manufactured in various sizes
and does not require regular replacement of its
components, providing much less maintenance
than filter-based method. Despite many
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advantages of cyclone-based particle separation,
insufficient removal efficiency limits its use in
fine particle removal. Since cyclones have been
widely used in various industries, a considerable
number of experimental and theoretical studies
have been performed on their performance. The
air outlet (Vortex Finder) as one of the cyclone’s
components has a significant impact on the
cyclone’s internal flow pattern, pressure drop and
even dust removal efficiency.

2. MATERIAL AND METHODS

This study was performed with a high efficiency
Stairmand cyclone. Two different air outlets
were designed in order to be easily installed
and removed. The ribs (both in the opposite and
the same swirl direction with the air flow) were
inserted at the inner wall of the air outlet. The step
length of the blades was calculated to be 1.5. The
dust feeder was injected the silica particles with a
concentration about of 2.1 gr / m® into the inlet air.
Furthermore, a dust counter was measured particle
concentration; cyclone’s pressure drop was read
using a manometer. The results of dust removal
efficiency of the cyclone were calculated for three
groups of total dust, PM, and PM,, in different

experimental conditions. Each experiment was
repeated at least 3 times for three cyclones. The size
distribution of the particles entering the cyclone
was from 0.23 to greater than 20 micrometers. In
order to design these two models of air flow outlet,
a wire with diameter of 2 millimeters was used to
create spiral blades. the ratio (P/D) was used to
calculate the pitch length of the spiral blades, where
Pisequal rib pith and D is the diameter of the vortex
finder. The value of this ratio was calculated as P/D
= 1.5. the inlet airflow rate was 108 m3/h, which was
provided using a back centrifugal fan with a power
of 1 hp and rotation speed of 1450 rpm.

3. RESULTS AND DISCUSSION

The average particle size distribution
concentration is showed in 16 ranges in Table 1. The
average of inlet and outlet particle concentration as
well as pressure drop in cyclones are presented in
Table 2. The highest capturing efficiency increase
was observed for the overall capturing alongside the
PM,, and PM,  particles in cyclone with the same
internal blade rotation direction as the cyclone
air outlet flow. The normal Stairmand cyclone
had the lowest particle capturing efficiency for all
three states (overall efficiency, PM,, and PM, ).

Table 1. The average size particle distribution

(um)Particle size range Concentration (mg/m?)

0.23-0.3 2.973+0.3
0.3-0.4 3.614+0.1
0.4-0.5 3.322+0.05
0.5-0.65 0.864+0.02
0.65-0.8 6.964+.22
0.8-1 19.764+0.61
1-1.6 8.687+0.72
1.6-2 44.216+2.1

(um)Particle size range

Concentration (mg/m?)

2-3 175.754+6.13
3-4 240.028+0.64
4-5 240.198+3.01
5-7.5 945.156+12.24
7.5-10 137.140+1.09
10-15 24.774+0.02
15-20 13.619+0.1
20< 428.728+31.43

Table 2. Performance result of experimented cyclones

Inlet Particle Concentration (mg) Outlet Particle Concentration(mg) Pressure

Total dust PMio PM2s
Cyclone 1 2057+0.11 1573+0.06 224+.13
Cyclone 2 2214+0.04 1792+0.09 241+0.01
Cyclone 3 2271+0.08 1820+0.02 261+0.02

Total dust PMio PM2s Drop(pa)
524+0.02 521+0.07 107+0.01 406.7
693+0.04 691+0.06 123+0.05 424.6
745+0.01 744+0.01 140+0.09 416.2

Cyclone 1: Cyclone with ribs in the same swirl direction as the air flow, cyclone 2: cyclone with the ribs in the opposite swirl direction of the air flow,

cyclone 3: cyclone without ribs

Journal of Health and Safety at Work 2022; 12(2): 324-338

325




Z. Tarin et al. / Investigation of the effects of using ribs on cyclone’s ...

HCyclone1l M Cyclone?2 Cyclone 3

80 74.63
70 _ 68.77 67.19 66.87

) I

S\; 6143 5915
60

2 * 5223
50 -g 7° 4636

& I
40 ©

©

3
30

€

g
20

(%]

=)
10 O
0

Total Efficiency PM 10 PM 2.5

Fig. 1. Comparison of particle collection efficiency in three cyclone

As a result of the alignment of the directions in the
first version, the particle momentum is reduced,
resulting in a greater amount of particles falling,
thereby increasing the efficiency of the collection.
Additionally, studies show that the turbulence
intensity of fluid inside the cyclone near the vortex
finder causes more pressure differences inside the
cyclone than in the conical section. This pressure
difference traps the particles in the outlet tube by
creating a negative effect, thus negatively affecting
the collection efficiency. According to the reports
on flow pattern and turbulence intensity in the
studies up to now; it is possible to consider that
the spiral blades within the vortex finder create an
obstacle that causes the particles that are flowing
to the cyclone’s outlet due to the forced vortex,
as well as the particles that have been dragged to
the outlet and out of the cyclone due to the short-
circuit current, to lose their kinetic energy and be
separated from the airflow because of the better
flow direction and friction between the particles
and the blades. This means that any factor capable
of controlling the effect of short-circuit current at
the entrance of the vortex finder can affect particle
collection efficiency. In the second cyclone design
in which the direction of the spiral blades is in the
opposite direction of the cyclone flow, although the
collision of particles with the spiral blades leads to
the particles losing their kinetic energy and being
separated from the airflow, given that the airflow
is not aligned with the direction of the blades, the
turbulence created in the flow causes the particulate
matter expected to fall to exit the cyclone along
with the airflow. As a result, despite the increased
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collection efficiency, it is still lower compared to
the first version. Comparison of particle collection
efficiency in three cyclones showed in Fig. 1. The
cyclone with the swirl ribs coherent to air flow had
the lowest pressure drop while the cyclone with
the swirl ribs opposite to air flow had the highest
pressure drop. When the blades are aligned with
the airflow, the results indicate a 2.5% reduction
in pressure drop; however, when the blades are in
the opposite direction, it increases by 2.03%. As a
result of the augmented centrifugal force and better
flow direction, the amount of resistance to the flow
is predicted to be lower in the first version, thus
reducing the pressure drop. Alignment decreases
secondary flows of fluids, which, in turn, causes
pressure drops to decrease. Possibly, the spiral
blades in the vortex finder contribute to better and
more uniform flow, hence, helping to determine
the vortex flow. Ultimately, given that the change
in pressure drop inside the vortex finder plays an
effective role in the overall pressure drop of the
cyclone, as expected, the pressure drop plummets
in the first cyclone compared to the normal cyclone.
Because the spiral blades in the second version face
in the opposite direction to the cyclone flow, there
is an increase in the pressure drop due to secondary
flow within the flowing fluids, as well as turbulence
generated in this part of the design

The results show the outlet air flow with a spiral
blade increased the capturing efficiency, whether
inline or opposite to the flow. But the pressure drop
test showed different results. It is predicted that
the first state has a lower flow resistance because
of its increased centrifugal force and better flow
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guidance, which leads to a lower pressure drop.
While, the second state that is in the opposite
direction of the cyclone because of its spiral blades
has a higher pressure drop because it creates
secondary flows in the passing fluids, which leads
to chaos in this area.

4. CONCLUSIONS
The results showed that the use of ribs with a
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step length of 1.5 in the inner wall of the cyclone
air outlet can improve the dust removal efficiency
for all of sizes. Ribs with the same direction with
air flow showed more efficiency compared to the
ones with the opposite direction of the air flow.
Not only does the use of ribs with the same swirl
direction increases the dust removal efficiency, but
also it decreases the total pressure drop of cyclone
and enhance the quality factor.
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