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ABSTRACT: Various research has confirmed that lead causes serious health risks on 

human. Cyclone separators are highly effective industrial devices used for separating 

material particles from air. The study investigates the influence of particle size and inlet 

velocity on the separation efficiency of lead (Pb) particles in a cyclone separator using 

Computational Fluid Dynamics (CFD). The cyclone separator is designed of a height 

of 0.11m with an outlet height of 0.0625m, inlet height of 0.15m with depth of 0.1m 

using ANSYS Fluid Flow. The net particles used is ranged from 1 µm to 9 µm with an 

inlet velocity of 3 m/s to 8 m/s When operating at an inlet velocity of 3 m/s, the 

efficiency is lowest at 2.2%, for particles measuring 1 µm, while for 9 µm particles, it 

reaches a peak efficiency of 95.4%. When operating at an inlet velocity of 8 m/s, the 

efficiency is lowest at 9.9% for particles measuring 1 µm, while for 9 µm particles, it 

reaches a peak efficiency of 100%. The Simulation results indicate that the performance 

of a cyclone separator is influenced by both particle size and inlet velocity and observed 

as a highly effective tool for the removal of lead (Pb) particles present in air to reduce 

the breathing problems. By capturing particles before they can disperse into the 

atmosphere, the device can substantially reduce risks of respiratory problems and 

related health issues in humans. Cyclone separator plays a vital role in safeguarding 

human health and balancing the ecosystem. 
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1. INTRODUCTION  

Environmental pollution by heavy metals is an alarming global issue. With the 

modernization of industry and technology, the concentration of heavy metals 

in air is increasing rapidly. These heavy metals are toxic and has damaging 

effects on the health of all kinds of life on the Planet. Each year, more than 5.5 

million people lose their lives prematurely as a result of air pollution linked 

to these toxic heavy metals. This figure is about six times higher than the 

number of deaths caused by malaria. 

Minimizing exposure to heavy metal air pollution has the potential to save 

many lives. Heavy metals are non-biodegradable elements having high 
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atomic mass and density. Certain heavy metals, such as iron (Fe) and zinc (Zn), 

are essential and beneficial to human health. While other heavy metals, such 

as lead (Pb) and cadmium (Cd), are toxic and pose serious health risks. 

Separating particulate matter, including lead particles, carries substantial 

biological consequences, especially regarding respiratory health. Various 

research has confirmed that lead causes serious health risks on human. Lead 

is a bluish-grey colored soft metal with an atomic number of 82 and mass of 

207.2 a.m.u. It has a high density of 11.34 g/cm3. Lead (Pb) is a non-

biodegradable, and inhaling them can cause a range of serious health issues, 

such as liver and kidney damage, gastrointestinal and hematological damage, 

cancer, anemia, lower IQ levels, inventiveness among children, and nervous 

system dysfunction [1-4]. 

Heavy metals also produce reactive oxygen species (ROS) inside living cells, 

which damage DNA and proteins, disturbing basic cellular functions. Long-

term exposure can lead to epigenetic changes, where gene expression is 

altered without changing the DNA sequence, and these effects may pass to the 

next generation. Heavy metal contamination in soil harms microbial life and 

reduces biodiversity, disrupting natural ecosystems. Moreover, reproductive 

health is also affected, as lead and cadmium disturb hormonal balance, 

causing infertility and fetal problems [5-9]. 

Lahore is facing a serious air pollution crisis, especially in winter when smog 

levels rise sharply. The city’s Air Quality Index (AQI) often exceeds 300, which 

is considered hazardous to health. This air contains harmful heavy metals like 

lead, cadmium, and arsenic, which come from vehicle emissions, construction 

dust, and industrial waste. These toxic metals enter the human body through 

breathing and can cause serious health problems, especially in children and 

the elderly [10].  

Cyclone separators are highly effective industrial devices used for separating 

material particles from air. They are used widely in many industries for 

removing the solid dust particles, mist, and gas particles from fluid. [11-13]. 

In modern times, cyclone separators are frequently used as filters and fluid 

catalytic cracking units [14]. Effective designs of cyclone separators can help 

to bring down the hovering gravelly exposure, which will safeguard lung 

function and reduce the possibility of systemic lead poisoning [15]. The 

advancements in separation technologies not only improve industrial 

performance, but also help to protect public health and the environment [16]. 

The cyclone separator has an incontrovertible advantage due to its non-

complex geometry, high durability, safety, operating cost, maintenance, 

environment friendly, and wide range of operating conditions. It can also 

https://doi.org/10.58619/pjest.v5i2.186
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operate at high temperature and pressure [17]. The cyclone separator, instead 

of using filters works on the principle of vortex separation [18]. 

 

 
Fig. 1 Cyclone Separators used in industry [19] 

 

The working principle of cyclone separator is the use of centrifugal force for 

settling the particles [20].  

A cyclone separator typically consists of a rectangular inlet through which the 

gas–solid mixture enters the main body of the unit. The body itself is 

cylindrical in shape, tapering downward into a conical section. Separated solid 

particles are discharged from the bottom outlet, while the cleaned gas exits 

through a central outlet located at the top of the cyclone, as shown in the figure 

[21].   

 

 
Fig.2 Schematic Diagram of cyclone separator [22] 

https://doi.org/10.58619/pjest.v5i2.186
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When the polluted air enters the cyclone separator, then the circular shape of 

the cyclone separator forces the particle to move in a circle and under the effect 

of centrifugal force. As a result, the dust particles assemble at the wall and 

collect in the collector bin under the action of gravity [23]. 

Removal efficiency of a cyclone separator is highly influenced by the particle 

size of dust particles as well as inlet velocity. As the inlet velocity increases, 

the centrifugal force on dust particles also increases, resulting in the 

enhancement of filtration efficiency of the cyclone separator. The size of 

particle also enhances the filtration efficiency of the cyclone separator. Larger 

particles, due to higher inertia than small particles, are more likely to be 

collected, hence improving filtration efficiency [24-27]. 

Due to such importance of efficiency of cyclone separators, many researches 

and experiments are done in this field of the efficiency of the cyclone 

separator. In 1997, B. Yücesoy et. al investigated how occupational exposure 

to lead and cadmium affects immune function in men [28]. In 2005, J. Jiao et. 

al studied the efficiency of separation and flow field of a dynamic cyclone [29]. 

In 2005, J. Gimbun et al. studied about the prediction of efficiency of cyclone 

collection by using CFD [30]. In 2008, M. Mori et. al analyzed the cyclone 

separators that were connected in series by using Computational Fluid 

Dynamics (CFD) [31]. In 2016, A. Surjosatyo et. al examined how the vortex 

binder dimensions affect the performance of a cyclone separator in a biomass 

gasification system [32]. In 2017, P. K. Ithape et. al used Computerized Fluid 

Dynamics (CFD) to analyze the impact of various geometric parameters on 

cyclone separator performance [33]. In 2017, K. Jolly etal studied the Sex-

specific impact of lead exposure on the imune-neuroendocrine network in 

mice [34]. In 2018, H. Saputro et. al conducted an analysis of CFD simulations 

on cyclone separator equipped with a counter cone in the updraft gasification 

process [35]. In 2018, S. Wang et. al investigated how the inlet angle influences 

the performance of the cyclone separator through CFD-DEM [36]. In 2019, D. 

Misiulia et. al analyzed the efficiency of industrial cyclone separator by using 

CFD [37]. In 2019, K. K. Arun et. al used CFD technique to analyze the pressure 

drop in the cyclone separators [38]. In 2019, studied the numerical validation 

and rough flow in separator by using Commercial CFD Code [39]. In 2019, S. 

Gençoğlu et. al analyzed the performance of turbulence models of cyclone 

separators for CFD simulations [40]. In 2020 M. Ebrahimi et. al investigated 

the impact of lead and cadmium on immune system and the progression of 

cancer in humans [41]. In 2020, K. Subramanian et. al studied the impact of 

reducing pressure drop holes on the performance of cyclone separator [42]. In 

https://doi.org/10.58619/pjest.v5i2.186
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2021, J. R. Pastran et. al analyzed the performance characterization of new 

model for cyclone separator of particles using CFD [43]. In 2022, M. 

Wasilewski et. al analyzed the cyclone separators with various cone shapes 

and heights by using CFD [44]. In 2023, Y. R. Kang et. al studied the efficiency 

of cyclone separator with numerical approach [45]. In 2023, T. Dziubak et. al. 

conducted a numerical analysis to investigate the impact of axial cyclone inlet 

velocity and geometrical parameters on pressure drop and separation 

efficiency [46]. In 2024, R. Yadav et. al examined how lead exposure affects 

DNA in pregnant women [47]. In 2024, T.V. Paganel et al. conducted a study 

on the CFD Simulation of an industrial dust cyclone separator, comparing it 

with empirical models. The study focused on the impact of inlet velocity and 

particle size on Performance Factors in a highly concentrated particle situation 

[48]. Different researchers use ANSYS and Fuzzy simulation for different 

researches and get very useful results [49-61]. 

 

2. SIMULATION 

 

ANSYS is an exceptionally impressive and inventive software for multi-

physics simulations. It is usually the most precious and extensive software 

design that is used to illustrate the cooperation of overarching controls of 

pulsation, simple and physical skills, warm exchange alongside 

electromagnetic alteration, and fluid for engineers. 

Computational Fluid Dynamics (CFD) is an excellent tool ANSYS provides for 

multi-physics simulations. In this research, the effect of particle size and inlet 

velocity on the lead (Pb) particles removal efficiency of a cyclone separator is 

examined using Computational Fluid Dynamics (CFD). The structural steel is 

used to design the geometry of the cyclone separator in the designed modeler 

of the ANSYS workbench. For filtration, the designed cyclone separator 

consists of 0.11m height and 0.81m width with vertical cylindrical width 

having a dimension of 0.41m. The outlet of the cyclone separator has a height 

of 0.0625m and a width of 0.05m. The face of the inlet structure has a height of 

0.15m and a width of 0.05m with a depth of 0.1m. The structure of the collector 

bin where all particles will be gathered has a depth of 0.15 m and a diameter 

of 0.15 m. The geometry of the cyclone separator is given below: 

https://doi.org/10.58619/pjest.v5i2.186
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Fig. 3 Geometry of Cyclone Separator 

 

For precision and approximating the real-time results, the geometry of the 

cyclone separator is finely meshed. The setting used for meshing in this 

research consists of high smoothing, the relevance center is fine, and the span 

center is fine. The meshed geometry has 46470 elements, and 9615 nodes in 

total. The element number can be increased for more precise results, but this 

exceptional meshing has disadvantages of processing time in simulation. The 

geometry of the cyclone separator having meshing is given below: 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.4 Meshing of Cyclone Separator 

 

 

The wireframe model of this meshing of cyclone separator is given below: 

https://doi.org/10.58619/pjest.v5i2.186
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Fig.5 Wireframe meshing of Cyclone Separator 

 

After properly meshing up the designed geometry, the boundary conditions 

for the CFD analysis are set. For this research, boundary conditions of this 

cyclone separator are inlet flow parameters at a velocity of 3 m/s to 8 m/s at 

the inlet, intensity and hydraulic diameter of 0.067 m, and discrete phase B.C 

of reflecting type. For the outlet, the backflow hydraulic diameter is 0.1 m with 

discrete phase B. C of escape type. For wall-solid, wall motion kept stationary 

and no slip of shear condition with discrete phase B.C of reflect type. For the 

collector bin, DPM is set on trap type as tabulated in the given table: 

 

Table 1: Position parameters and boundary condition 

Positions parameter Boundary Conditions 

Inlet 
Velocity inflow 

(3m/s-8 m/s) 

Outlet Backflow (escape) 

Wall-solid Reflecting (no slip) 

Collector-bin Wall (trap) 

 

 

 

https://doi.org/10.58619/pjest.v5i2.186


  

______________________________________________________________________________ 

______________________________________________________________________________ 
PJEST Vol 5 Issue 2, 2024, 5 (2) https://doi.org/10.58619/pjest.v5i2.186                    Page 65 of 77 https://pjest.net/index.php/pjest/index 

 

3.  RESULTS AND DISCUSSIONS 

 

Ansys Fluid Flow (Fluent) is used to filtrate lead particles from the air. The 

velocity range for this simulation is set from 3 m/s to 8m/s. The particle size 

ranges from 1 µm to 9 µm. The flow rate for this research is set to be 0.00001 

kg/s. The designed cyclone separator is observed as a highly effective tool for 

the removal of lead (Pb) particles present in air. When operating at an inlet 

velocity of 3 m/s, its performance varies with particle size. For particles 

measuring 1 µm, the efficiency is lowest at 2.2%, while for 9 µm particles, it 

reaches a peak efficiency of 95.4%. The efficiency increases progressively with 

particle size: 2.2% for 1 µm, 6.4% for 2 µm, 14.2% for 3 µm, 22.6% for 4 µm, 

35.6% for 5 µm, 57.4% for 6 µm, 77% for 7 µm, 88.3% for 8 µm, and 95.4% for 

9 µm. The graph related to these efficiencies with respect to their particle size 

at the inlet velocity of 3 m/s is shown in figure:  
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When operating at an inlet velocity of 4 m/s, its performance varies with 

particle size. For particles measuring 1 µm, the efficiency is lowest at 2.8%, 

while for 9 µm particles, it reaches a peak efficiency of 99%. The efficiency 

increases progressively with particle size: 2.8% for 1 µm, 7.6% for 2 µm, 13.7% 

for 3 µm, 25.5% for 4 µm, 51.7% for 5 µm, 79.6% for 6 µm, 90.3% for 7 µm, 97% 

for 8 µm, and 99% for 9 µm. The graph related to these efficiencies with respect 

to their particle size at the inlet velocity of 4 m/s is shown in figure: 

 

 

 

 

 

 

 

 

 

 

 

 

Graph 2 

 

When operating at an inlet velocity of 5 m/s, its performance varies with 

particle size. For particles measuring 1 µm, the efficiency is lowest at 3.8%, 

while for 9 µm particles, it reaches a peak efficiency of 100%. The efficiency 

increases progressively with particle size: 3.8% for 1 µm, 10.3% for 2 µm, 19.7% 

for 3 µm, 42.1% for 4 µm, 75% for 5 µm, 94.1% for 6 µm, 98.8% for 7 µm, 99.6% 

for 8 µm, and 100% for 9 µm. The graph related to these efficiencies with 

respect to their particle size at the inlet velocity of 5 m/s is shown in figure: 
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Graph 3 

 

When operating at an inlet velocity of 6 m/s, its performance varies with 

particle size. For particles measuring 1 µm, the efficiency is lowest at 9.7%, 

while for 9 µm particles, it reaches a peak efficiency of 99.2%. The efficiency 

increases progressively with particle size: 9.7% for 1 µm, 16% for 2 µm, 24.1% 

for 3 µm, 51.1% for 4 µm, 86.3% for 5 µm, 96.7% for 6 µm, 99.6% for 7 µm, 

99.91% for 8 µm, and 99.92% for 9 µm. The graph related to these efficiencies 

with respect to their particle size at the inlet velocity of 6 m/s is shown in 

figure: 

 

 

 

 

 

 

 

 

 

 

 

 

 

Graph 4 

 

3.8
10.3

19.7

42.1

75

94.1 98.8 99.6 100

0

20

40

60

80

100

120

0 2 4 6 8 10

Ef
fi

ci
en

cy
 (

%
)

Particle Size (μm)

Efficiency (%)

9.7
16

24.1

51.1

86.3
96.7 99.6 99.9 99.92

0

20

40

60

80

100

120

0 2 4 6 8 10

Ef
fi

ci
en

cy
 (

%
)

Particle Size (μm)

Efficiency (%)

https://doi.org/10.58619/pjest.v5i2.186


  

______________________________________________________________________________ 

______________________________________________________________________________ 
PJEST Vol 5 Issue 2, 2024, 5 (2) https://doi.org/10.58619/pjest.v5i2.186                    Page 68 of 77 https://pjest.net/index.php/pjest/index 

 

When operating at an inlet velocity of 7 m/s, its performance varies with 

particle size. For particles measuring 1 µm, the efficiency is lowest at 9.8%, 

while for 9 µm particles, it reaches a peak efficiency of 100%. The efficiency 

increases progressively with particle size: 9.8% for 1 µm, 17% for 2 µm, 27% 

for 3 µm, 57.6% for 4 µm, 83% for 5 µm, 96% for 6 µm, 99.4% for 7 µm, 99.6% 

for 8 µm, and 100% for 9 µm. The graph related to these efficiencies with 

respect to their particle size at the inlet velocity of 7 m/s is shown in figure: 

 

 

 

 

 

 

 

 

 

 

 

 

 

Graph 5 

 

When operating at an inlet velocity of 8 m/s, its performance varies with 

particle size. For particles measuring 1 µm, the efficiency is lowest at 9.9%, 

while for 9 µm particles, it reaches a peak efficiency of 100%. The efficiency 

increases progressively with particle size: 9.9% for 1 µm, 15% for 2 µm, 29.7% 

for 3 µm, 64.1% for 4 µm, 90% for 5 µm, 98.4% for 6 µm, 99.7% for 7 µm, 100% 

for 8 µm, and 100% for 9 µm. The graph related to these efficiencies with 

respect to their particle size at the inlet velocity of 8 m/s is shown in figure: 
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Graph 6 

 

The simulation results observed that the filtration efficiency of cyclone 

separator is highly influenced by the inlet velocity. The efficiency of cyclone 

separator increases with the increase of inlet velocity. For the particle size of 4 

µm, the minimum efficiency of 22.6% is observed for the inlet velocity of 3 m/s, 

and maximum efficiency of 64.1% for the inlet velocity of 8 m/s. The Graph 

which illustrates the efficiency is shown in figure: 

 

 

 

 

 

 

 

 

 

 

 

 

 

Graph 7 

 

The Simulation results indicate that the performance of a cyclone separator is 

influenced by both particle size and inlet velocity. As either the particle size or 

the inlet velocity increases, the removal efficiency also improves. Larger 

particles, due to their higher inertia are more easily to separate from the air, 

leading to increase in filtration efficiency. While particles lower in size are 

difficult to filter due to lower inertia. As the inlet velocity increases, the 

centrifugal force on dust particles also increases, resulting in the enhancement 

of filtration efficiency of the cyclone separator as shown in the table: 
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Table 2: Efficiency with respect to particle size and inlet velocity 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The below diagram is showing how particles are entering from the inlet of 

cyclone separator, colliding with solid wall of the cyclone separator and then 

ended up in trapping in the collector bin in ANSYS Fluid Flow. 

 

  

 

 

 

 

 

 

 

         Fig: Particles trapping in collector bin Fig: Particle shaped results 

 

The 3-D surface graphs shows that the filtration efficiency increased with the 

increase in particles size as well as inlet velocity.  

Air 

Flow 

Inlet 

Velocity 

(m/s) 

Particle Size (μm) 

1 m 2 m 3 m 4 m 5 m 6 m 7 m 8 m 9 m 

3 m/s 2.2% 6.4 % 14.2 % 22.6 % 35.6 % 57.4 % 77 % 88.3 % 95.4 % 

4 m/s 2.8 % 7.6 % 13.7 % 25.5 % 51.7 % 79.6 % 90.3 % 97 % 99 % 

5 m/s 3.8 % 10 % 19.7 % 42.1 % 75 % 94.1 % 98.8 % 99.6 % 100 % 

6 m/s 9.7 % 16 % 24.1 % 55.1 % 86.3 % 96.7 % 99.6 % 99.9 % 99.9 % 

7 m/s 9.8 % 17 % 27 % 57.6 % 83 % 96 % 99.4 % 99.6 % 100 % 

8 m/s 9.9 % 15 % 29.7 % 64.1 % 90 % 98.4 % 99.7 % 100 % 100 % 
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Graph 8s 

 

 

 

 

 

 

 

 

 

 

 

Graph 9 

 

The Simulation results indicate that the performance of a cyclone separator is 

influenced by both particle size and inlet velocity. It is concluded that the 

designed cyclone separator is observed as a highly effective tool for the 

removal of lead (Pb) particles present in air. 

 

4. CONCLUSION 

The study investigates the influence of particle size and inlet velocity on the 

separation efficiency of lead (Pb) particles in a cyclone separator using 

Computational Fluid Dynamics (CFD). For CFD analysis, a cyclone separator 

of 0.11 m height and 0.81 m width with an outlet consisting of a height of 

0.0625m and a width of 0.05m is designed. The face of the inlet structure has a 

height of 0.15m and a width of 0.05m with a depth of 0.1m. The structure of 

the collector bin where all particles will be gathered is designed of 0.15m 

diameter and a depth of 0.15m using ANSYS Fluid Flow (Fluent). Simulations 

were carried out in ANSYS Fluent to evaluate how varying particle sizes (1–9 

µm) and inlet velocities (3–8 m/s) affect the performance of the separator. 

When operating at an inlet velocity of 3 m/s, the efficiency is lowest at 2.2%, 
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for particles measuring 1 µm, while for 9 µm particles, it reaches a peak 

efficiency of 95.4%.  When operating at an inlet velocity of 8 m/s, the efficiency 

is lowest at 9.9% for particles measuring 1 µm, while for 9 µm particles, it 

reaches a peak efficiency of 100%. The simulations results shows that the 

efficiency of the cyclone separator is highly influenced on the size and inlet 

velocity of the lead particles due to strong centrifugal force acting on the 

particles. The study concludes that the designed cyclone separator is an 

effective system for removing toxic airborne lead particles. By capturing 

particles before they can disperse into the atmosphere, the device can 

substantially reduce risks of respiratory problems and related health issues in 

humans. Cyclone separator plays a vital role in safeguarding human health 

and balancing the ecosystem. 
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