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ABSTRACT

Introduction: Rapid urbanization and industrialization have made controlling particulate matter pollution
critical. Cyclones and electrostatic precipitators (ESPs) are two widely employed technologies. In this
study, the efficiency, quality factor, pressure drop and energy consumption of these two systems were
measured in the same dimensions and under different laboratory conditions. In addition, the energy
consumption of the reinforced DBD coaxial ESP was also investigated. The aim of this study is to provide
detailed information for comparing two particle collection systems with different operating conditions.

Material and Methods: Both devices were designed with the exact dimensions to investigate the
collection efficiency, pressure drop, quality factor, and energy consumption. A standard Stairmand cyclone
and a similarly sized ESP enhanced by coaxial DBDs were constructed. Experiments were conducted under
isokinetic conditions according to the ASTM D3685 standard. Particle concentrations were measured using
a Grimm 1.108 particle counter, and pressure drop was measured using a manometer. The performance
of the two systems was evaluated by sampling both upstream and downstream of the cleaning devices
and applying analytical formulas.

Results: A comparative analysis of cyclones and ESPs revealed that increasing temperature negatively
impacted the collection efficiency of both systems. While cyclones benefited from higher particle
concentrations, ESPs coaxial DBDs demonstrated optimal performance at intermediate concentrations.
The study also found that increasing flow velocity significantly improved the collection efficiency of
cyclones, whereas ESPs achieved their best performance at a lower, optimal velocity. However, the
changes in particle collection efficiency in ESP were approximately 4-10% higher than in cyclone and
have an optimum energy conception. Moreover, doubling the voltage above the corona threshold in ESPs
resulted in a notable enhancement (about 16.3%). The energy consumption of the reinforced coaxial DBD
ESP was measured at 12.09 J/L.

Conclusion: The results of this study indicated that ESP’s quality factor was significantly higher than
cyclones when operated and consumed less energy than usual ESPs under the same conditions. The
maximum quality factor achieved for ESPs highlighted their superior collection efficiency, lower pressure
drops, and energy consumption.

Keywords: Cyclone, Electrostatic precipitator (ESP), Collection efficiency, Pressure drop, Quality factor, Energy
consumption
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1. INTRODUCTION

Due to increasing urbanization and
industrialization, air pollution has become a
significant global concern. Particulate matter
(PM), a major component of air pollution, poses
serious health risks. Various control technologies,
including cyclones and electrostatic precipitators
(ESPs), have been developed to mitigate the
impact of PM. While cyclones are simple and cost-
effective, their efficiency in collecting fine particles
is limited. In contrast, ESPs efficiently capture
fine particles with high energy consumption. This
study compares cyclones and ESPs equipped with
Coaxial DBDs with the exact dimensions under
varying laboratory conditions to evaluate their
relative performance regarding particle collection
efficiency, pressure drop, quality factor, and energy
consumption. The findings of this study will
provide valuable insights for selecting the most
appropriate particle collection system for specific
industrial applications.

2. MATERIAL AND METHODS

This section will initially describe the design
and construction methods of these devices.
Subsequently, the specific experimental procedures
and the required instruments will be detailed.

1-Device Design: A high-efficiency cyclone
model was employed in this study. The cyclone
body was constructed from conductive aluminum
with a uniform thickness. The body diameter was
5 cm, while other dimensions were determined
based on this diameter. An aluminum cylinder
with a diameter matching the cyclones was utilized
for the ESP, which was enhanced by the coaxial
DBDs. This cylinder was used as the anode covered
by Mica DBD, with its ends connected to two cones
that function as the inlet and outlet for the gas air
stream. The tungsten electrode was grounded and
covered by glass DBD and positioned within the
middle of the cylinder to ionize incoming particles,
which was used to induce corona discharge as a
cathode. The length of the electrode was calculated
to be 12 cm.

2- Sampling method: A full factorial design
was used to determine the number of sampling
repetitions. The variables included inlet particle
concentration, air velocity, temperature, and
applied voltage.

2-1- The Particle Collection Efficiency: The
collection efficiency was determined under
isokinetic conditions by ASTM D3685 using a
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Grimm 1.108 particle counter and direct reading
method. It was calculated as the ratio of the
remaining particle to inlet particle concentrations:

rl — My — Mgyt 5 100 (1)
My

(m_ ): The outlet particle concentrations (ug/m?’)

(m, ): The inlet particle concentrations (ug/m?)

2-2- Pressure drop: The pressure drop across
the devices was measured directly using a Pitot
tube and manometer. The difference between the
two readings represents the system’s pressure drop.

AP: Ap out Ap in (2)

Ap : The pressure drops after a device (Pa)

out”

Ap ., : The pressure drops before a device (Pa)

2-3- The quality factor: The quality factor, a
metric used to evaluate the performance of an air
cleaning device in removing suspended particles,
simultaneously considers the impact of particle
emission into the environment and the pressure
drop across the device. It is calculated using
equation 3.

Q=1 (3)
F L_p

Ap: The pressure drops (Pa)

P: Emission of particles into the environment (%)

2-4- Specific input energy (SIE): SIE can be
used as a macroscopic parameter to describe
the running of the chemical process in the ESP
cylinder by which the efficiency was determined.
SIE is calculated using equation 4.

P
SIE = G (4)

SIE: Specific input energy (j/1)

P: The discharge power (W)

Q: The gas flow rate (1/s)

3. RESULTS AND DISCUSSION

Temperature plays a crucial role in the
performance of both cyclone and ESP systems
(Figure 1). Maintaining lower temperatures at
20°C is essential for maximizing particle collection
efficiency in these air pollution control devices
to above 65%. Higher temperatures reduce gas
density and increase viscosity, hindering particle
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Fig. 1: The collection efficiency at various temperature
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Fig. 2: The collection efficiency at various concentration

capture by centrifugal and electrical forces. Studies
by A.Jafarnezhad et al. confirmed this, with
temperature increases leading to notable efficiency
drops.

The preceding analysis highlighted the complex
interplay between inlet particle concentration and
collection efficiency in cyclone and ESP systems.
Increasing concentration initially enhanced cyclone
efficiency (1TLV). ESP demonstrated optimal
efficiency at intermediate concentrations at 0.5TLV
(P<0.05) (Figure 2). Qorbani et al. demonstrated
a significant positive correlation between inlet
particle concentration and cyclone collection
efficiency (P<0.05), indicating more impact with
the wall and inter-particle collisions. For ESPs,

[ DOW!

the relationship between collection efficiency and
increasing concentration is inconsistent, with some
studies reporting no change and others reporting a
decrease.

Increasing the inlet velocity to 15 m/s
significantly improved the collection efficiency of
cyclones. This could be attributed to the increased
centrifugal force acting on the particles, forcing
them towards the cyclone walls. However, for
ESPs, a decrease in inlet velocity to 5 m/s increased
collection efficiency (P<0.05) (Figure 3). Higher
velocities in ESPs lead to increased turbulence,
reducing the residence time of particles in the
ionization and collection stages.

The results consistently demonstrated that
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increasing the applied voltage significantly
enhanced particle collection efficiency across all
particle sizes (P<0.05). For instance, when the
applied voltage was increased from 0.5Vc to 2Vc,
the average collection efficiency improved by
18.36% across all particle size ranges (Figure 4).
The pressure drop in cyclones is significantly
higher than that in ESPs. This is primarily due
to the higher resistance to airflow in cyclones
caused by the severe deflection of the flow and the
centrifugal forces required for particle separation.
As the inlet velocity increases, the pressure drop
in cyclones increases exponentially. In contrast,
ESPs, which rely on electrostatic forces to collect
particles, have much lower pressure drops (Figure
5). As a result, the quality factor, a measure of
system efficiency, is considerably higher in ESPs

Journal of Health and Safety at Work 2025; 16(2)

(0.73 1/pa). Pressure drop is caused by resistance to
airflow. In cyclones, this pressure drop is attributed
to the sharp deflection of the airflow and the
centrifugal force required for particle separation.
As the inlet velocity increases, pressure drop rises
exponentially due to the quadratic relationship
between frictional force and velocity. According to
Bernoulli’s equation and fluid dynamics principles,
turbulence and internal friction increase at high
flow rates, further contributing to pressure drop. In
contrast, ESP requires minimal airflow deflection,
as electrostatic forces collect suspended particles
on charged plates, resulting in lower pressure drops.

On the other hand, the results indicate that with
the increase in voltage consumption in the ESP
using the coaxial DBD mechanism, the intensity
of the current flowing through it increases. As
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Fig. 5: The Pressure drops and Quality factor of the cyclone and ESP

Table 1: SIE in ESP Coaxial DBD

SIE discharge power
J/L
0.64 6.3
2.19 21.6
5.49 54
12.09 118.8

the current intensity and voltage consumption
rise, the SIE in the ESP with the coaxial DBD
mechanism also increases. Studies show that the
SIE of the ESP under optimal testing conditions
is approximately higher than the amount reported
in this study with ESP using a coaxial mechanism.
This study achieved efficiencies close to 70% at
flow 75 lpm, with SIE between 0.64 to 12.09 (j/1)
(Table 1).

4. CONCLUSIONS

This study investigates the collection efficiency
of submicron zinc oxide particles (0.5-10 microns)
in the cyclone and ESP under varying operational
conditions. Both devices were examined under
identical dimensional constraints. The SIE of ESP
coaxial DBDs was calculated. The results obtained
for particle collection efficiency and quality factor
are summarized as follows:

o The Cyclone exhibited a significant decrease
in collection efficiency for PM2.5 particles at
elevated temperatures, with a less pronounced

[ DOW!

Current Voltage
A
0.007 900
0.012 1800
0.020 2700
0.033 3600

reduction for larger particles. Conversely, the ESP
demonstrated a more gradual decline in efficiency
with increasing temperature. The reduced gas
density at higher temperatures accounted for the
decreased collection efficiency in both devices.

o Increased gas velocity enhanced collection
efficiency in the cyclone due to the increased
collision of particles with the wall and the intensified
centrifugal force. In contrast, ESP achieved high
collection efficiency for all particle sizes at lower
velocities, owing to sufficient residence time for
particle charging.

o The Cyclone displayed higher collection
efficiency for lower concentrations of PM2.5
particles, increasing efficiency with both
concentration and particle size. The ESP exhibited
optimal collection efficiency for all particle sizes at
0.5TLV concentrations.

«The ESP utilizes electrostatic forces to separate
particles from the gas stream. Increasing the
applied voltage enhanced collection efficiency,
while decreasing gas velocity improved efliciency
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by increasing particle residence time in the electric
field. However, excessive particle concentration
reduced efliciency due to charge saturation and
decreased ion density.

« The ESP demonstrated a higher quality factor,
indicating better collection efficiency and fewer
pressure drops, which in turn resulted in better
energy consumption than usual ESPs.

o The choice between cyclones and ESPs
depends on various factors, including particle size,
concentration, gas velocity, spatial constraints, and
operational costs. Cyclones are suitable for larger
particles and high-velocity streams. In comparison,
electrostatic precipitators are more efficient for
smaller particles and lower-velocity streams due
to their higher collection efficiency and lower
pressure drop.
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1. Coaxial dielectric barrier discharge
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! Diameter of cyclone body

? Diameter of Vortex finder body

* Diameter of Hopper body
* Length of cyclone body

® Length of hopper body

¢ Height

7 Wide

8 Maximum length of vortex finder
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2. Full factorial

KW

1. Threshold limit value
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! Diameter of cylinder body

% Height of cylinder body

* Height of cone

4 Thickness of dielectric barrier
5 Height of cathode

6 Gap discharge
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3. Pressure drop
4. Quality factor
5. Specific input energy
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1. Corona discharge threshold voltage
2. Effeciency
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2. One way ANOVA sample test
3. Post hoc
4. Tukey
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1. The kruskal-wallis test
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1. Tangential inlet reverse flow cyclone
2. Axial inlet reverse flow cyclone
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1. Filamentary discharge
2. Diffuse discharge
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