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Abstract - The study examines the way that a square cyclone separator separates solid particles. In terms of space 

economy and simplicity of integration into industrial processes, the square cyclone separator is a relatively novel design 

that provides benefits over conventional circular cyclone separators. The study evaluates the separator's particle removal 

effectiveness, pressure drop, and gas flow rate using both numerical models and experimental measurements. The 

construction of a prototype separator and testing of its performance under various operating circumstances comprise the 

experimental tests, while computational fluid dynamics (CFD) software is used for the numerical calculations. In order to 

ultimately increase process efficiency and product quality, the study's findings will offer insights into the design and 

optimisation of square cyclone separators for industrial applications and reduce maintenance costs. In order to separate 

solid particles from gas streams in industrial settings, this project intends to develop and build a square cyclone separator. 

The system has a square chamber that separates the gas flow from the solid particles using centrifugal force. With a 

maximum operating pressure of 10 psi, the separator will be made of a combination of steel and plastic components. 

Measurements of the particle removal efficiency, pressure drop across the separator, and gas flow rate will be used to 

assess the separator's efficacy. The ultimate purpose of this project is to create an affordable, effective square cyclone 

separator that can be quickly incorporated into current industrial processes to enhance overall performance and lower 

maintenance costs. 
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I. INTRODUCTION 

Since the late 1800s, cyclone separators have been employed in several industrial processes to remove dust or other 

particles from gases. They are straightforward to maintain and simple with no moving components, but the physics 

driving the flow process inside of them is complicated. Scaling rules are used to adapt various standard geometries to a 

particular set of operating circumstances. The performance of these standard geometries is well established. To improve 

the cooling stability of electrical equipment, high-quality air preparation is necessary, but filters have a short filtering life, 

need to be cleaned often, and increase air resistance. A low-cost and low-maintenance way of eliminating particulate 

matter from air or other gas streams is to use cyclone separators [1,2,3]. They transform the inertia force of gas particles 

into a centrifugal force, resulting in an outer vortex. Chemical processes involve separation of streams based on physical 

principles, such as Gas-Liquid (vapor-liquid) separation, Gas-Solid separation, Liquid-Liquid separation (immiscible), 

Liquid-Solid, and Solid-Solid separation. Gravitational force or centrifugal force can be used to enhance separation. In 

several sectors, cyclone separators are frequently used to remove particles from the gas flow using centrifugal force. 

They are suitable for a variety of industrial applications and feature a straightforward design [4,3,5]. The main 

components of gas cyclones are pressure drop, fractional efficiency, and collection efficiency. Advanced experimental 

instruments have been utilized to measure airflow parameters. 

 

II. DESIGN CONSIDERATION 

Lapple created the classical cyclone design (CCD) approach in the early 1950s, and it is regarded as a standard 

procedure. The right number of rotations for various types of cyclones cannot be predicted since the cyclone entrance 

velocity is not taken into account. The design engineer must be knowledgeable of the flow conditions, PM 

concentrations, PSD, and the type of cyclone to be developed in order to employ the CCD procedure (high efficiency, 

conventional, or high throughput). All principle dimensions must be provided by the cyclone type as a function of the 

cyclone barrel diameter, and the PSD must take the form of mass-fraction versus aerodynamic equivalent diameter of the 
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PM (D). The performance of the cyclone separator depends heavily on its shape. The input length, cylinder diameter, and 

cone length are all significant variables that have an impact on the separation efficiency [6,7]. The cyclone separator's 

internal flow pattern is impacted by the design of the inlet. The fluid will enter the cyclone separator smoothly, 

eliminating turbulence and facilitating effective particle separation thanks to an effective intake design. Design of the 

outflow: The flow of the separated particles out of the cyclone separator is influenced by the design of the outlet. The 

particles will be effectively collected without being re-entrained into the fluid if the exit is well-designed. The cyclone 

separator's internal flow pattern may be impacted by the presence of a wall close by. The separator should be constructed 

with enough room between the wall and the intake to provide a smooth flow of fluid in order to lessen the impacts of 

walls. Particle size describes while building a cyclone separator, particle size is a crucial factor to take into account. The 

efficiency of the separation and the pressure drop across the separator are both impacted by the particle size. For effective 

particle separation with the least amount of pressure loss, the design should be tuned. Material selection: The resistance 

of the material used in the cyclone separator's construction to abrasion, corrosion, and high temperatures should be taken 

into consideration [8,9,10]. To guarantee that the cyclone separator can survive the forces encountered during operation, 

the material should also be chosen based on its strength and longevity. Operational circumstances for designing the 

cyclone separator, the operating conditions, including the flow rate and pressure, must be taken into account. To 

guarantee that the cyclone separator can function well under the anticipated operating circumstances, the design should 

be optimised [11,12]. 

This work presents a study on a gas–solid cyclone separator used in a complex cement production plant. The main 

objective of the study is based on the performance evaluation and optimization of the cyclone separator in terms of 

particle separation and heat transfer efficiencies, while keeping pressure losses under control. The thermal interaction is 

between two gas–solid mixtures, one at 850°C and the other at 600°C, respectively. The solid phase consists mostly of 

calcium carbonate subsequently intended to the so-called baking process for the production of clinker and ultimately 

cement. A first model has been setup using experimental data as boundary conditions to assess the physical model 

behavior and the CFD solver parameters. After that, five additional models with different geometries have been analyzed 

to evaluate the influence of the vortex finder length on the separation efficiency and on the heat exchange performance 

[13,14,15]. By increasing the length of the results show a global improvement in the separation efficiency of up to 5% if 

compared to the geometry without the. Further, the increase in the length determines a monotonic decrease of 

temperature at the exit but a monotonic increase of pressure losses. In the second part of this work, using one of the 

previous models with a study of the influence of the particle diameter on the separation efficiency has been performed. 

The increase of particle diameter causes an increase of the separation and thermal exchange performance, decreasing at 

the same time the pressure drop. The numerical approach for all the cases is based on implicit unsteady simulations using 

the Eulerian Multiphase model [18, 19]. Modeling cyclone separators continues to be a significant challenge despite 

being a widespread and crucial component in many different sectors. Unsteady flow dynamics (CFD) simulations have 

been proven to be a successful method for predicting the circular flow pattern in such a separator device. Although CFD 

simulations are very realistic, the amount of computer power needed to run them prevents wider usage. This is how this 

work introduces a data-driven reduced-order model that considers the flow, known as Physics-Informed Neural Networks 

(PINN). The field behaviour and the conservation of mass and momentum in the Navier-Stokes equations. The results 

demonstrate that PINN can faithfully represent complex flow behaviour by combining pressure and velocity fields. PINN 

Conservation's momentum is valued and used as an output [20]. Modeling cyclone separators continues to be a 

significant challenge despite being a widespread and crucial component in many different sectors. Unsteady flow 

dynamics (CFD) simulations have been proven to be a successful method for predicting the circular flow pattern in such 

a separator device. Although CFD simulations are very realistic, the amount of computer power needed to run them 

prevents wider usage. This is how this work introduces a data-driven reduced-order model that considers the flow, known 

as Physics-Informed Neural Networks (PINN). The field behaviour and the conservation of mass and momentum in the 

Navier-Stokes equations. The results demonstrate that PINN can faithfully represent complex flow behaviour by 

combining pressure and velocity fields. PINN Conservation's momentum is valued and used as an output. [17,21,25]. The 

cyclones, one of the dust collection devices, are used to separate particles or liquid from the carrier gas by centrifugal 

forces. Their simplicity, lack of moving parts, and adaptation to high pressure and temperature conditions make them 

durable and efficient. In the operation of cyclones, the effects of particles, carrier gas, cyclone dimensions, and other 

factors are important operational requirements. The geometric structure of a high efficiency standard cyclone is studied 

and modelled in this study using the Solid works program. Computational Fluid Dynamics (CFD) was used to determine 

cyclone separation performance. Flow analysis was performed, and cut-off diameters were determined using statistical 

learning methods. 

 

III. COMPUTATIONAL FLUID DYNAMICS (CFD) 

A square cyclone separator's behaviour in terms of gas and particle flow may be modelled using computational fluid 

dynamics (CFD). The design and operating parameters of the separator may be optimised with the use of CFD 

simulations, which can offer insights into the fluid dynamics and particle behaviour inside the separator. A CAD 

programme must be used to simulate the separator's shape in order to do a CFD simulation of a square cyclone separator. 

The fluid and particle parameters, inlet conditions, and boundary conditions are then specified in a CFD programme once 
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the geometry has been imported. In order to forecast flow behaviour and particle separation efficiency, the CFD 

programme solves the governing equations for fluid and particle motion. Particle paths, particle concentration 

distribution, and pressure drop through the separator may all be predicted using CFD models. The separator's shape and 

operating parameters may be optimised using the simulation findings to obtain the highest particle separation efficiency 

and the lowest pressure drop. CFD simulations may be used to analyse the impact of various factors on the separator's 

performance in addition to improving the separator's design [22, 23]. CFD simulations may be used, for instance, to 

examine how inlet velocity, particle size, and particle concentration affect separation efficiency and pressure drop. 

Overall, square cyclone separators may be designed and optimised using CFD models, which offer insights into the fluid 

dynamics and particle behaviour inside the separator and help increase its effectiveness and performance. The present 

study is mainly focused on proposing an effective way to improve the efficiency of a square cyclone separator. For this 

purpose, a dipleg is attached under the square cyclone to investigate its effect on the performance of the square cyclone. 

A three-dimensional Computational Fluid Dynamics (CFD) simulation is done by solving the Reynolds-Averaged 

Navier-Stokes equations with the Reynolds Stress Model (RSM) turbulence model and applying the EulerianLagrangian 

two-phase method. The turbulent dispersion of particles is predicted by the application of the Discrete Random Walk 

(DRW) model. The numerical results demonstrate that using dipleg produced an increase in pressure drop but it 

positively enhances the separation efficiency of the square cyclone. Using dipleg significantly increases the separation 

efficiency of the square cyclone, especially at higher inlet velocities. This can be more obvious when using dipleg which 

is minimized the 50% cut size of square cyclone by about 26.3%. The main objective of the present study was to analyze 

the effect of varying the inlet shape on the flow field and overall performance in a square cyclone. Three diferent inlet 

shapes, namely straight, inclined, and bend inlets, were specifically proposed to improve the low separation effeciency of 

the square cyclone. A three-dimensional numerical simulation was done by solving the Reynolds averaged Navier–

Stokes equations with the Reynolds stress model turbulence model and applying the Eulerian–Lagrangian two-phase 

method. The turbulent dispersion of particles was predicted by the application of the discrete random walk model. 

Comprehensive comparisons of pressure drop, separation efficiency, 50% cut sizes, and flow feld were performed to 

demonstrate the mechanism of how the inlet shape infuenced the square cyclone performance. The results extracted from 

computational fluid dynamics simulation demonstrated that although using inclined and bend inlets produced an increase 

in pressure drop, they positively enhanced the separation efficiency of the square cyclone. Among all inlet shapes, 

inclined inlet significantly helped the square cyclone to collect finer particles, as it reduced the 50% cut sizes 

approximately 29.4% at an inlet velocity of 28 m/s. [16, 25, 27] New theoretical methods for computing travel distance, 

numbers of turns, and cyclone pressure drop have been developed to accurately estimate cyclone performance. Cyclone 

cut-points for different dusts were traced from measured cyclone overall collection efficiencies and the theoretical model 

for calculating cyclone overall efficiency. Experimental results indicate that optimal cyclone design velocities should be 

determined based on standard air density. The tangential inlet generates the swirling motion of the gas stream, which 

forces particles towards the outer wall where they spiral in the downward direction. The particles are collected in the 

dustbin located at the bottom of the conical section of the cyclone body, and the cleaned gas leaves through the exit pipe 

at the top. Cyclone Separator is a commonly used device to separate dust particles from gas and dust flow. The project 

presents the design and development of Cyclone Separators based on CFD along with simulations. The present work is 

based on the performance of flour mill Cyclone Separator for different inlet velocity. In the present investigation the 

characteristics of the standard cyclone are studied and its effect on performance parameters like pressure drop and 

efficiency [26]. Cyclone Separator is designed with single tangential inlet and two outlets at the barrel top and bottom 

area. The study was performed for air-dust flow, based on an experimental study available in the literature, where a 

conventional Cyclone Separator model was used. This study focuses on the effect of geometrical parameters on the flow 

field pattern and performance of tangential inlet cyclone separators using a computational fluid dynamics (CFD) 

approach. The objective of the study is threefold: to study the optimized staircase design by understanding the pressure 

and velocity variations; to study the performance of a cyclone separator by varying its geometrical parameters; and to 

compare it to that without a collector. Four geometrical factors have significant effects on the cyclone performance: inlet 

width, cone-tip diameter, cone height, and inlet geometry [28-30]. The flow field pattern has been simulated and 

analyzed with the aid of velocity components and static pressure contour plots. The CFD model was used to predict 

pressure and velocity variations in cyclone geometries based on Stair and high-efficiency design. During the gas-solid 

separation process, cyclone separators are useful for removing particles from harsh environments with high pressure and 

temperature. The separation effectiveness and speed of the cyclone separators define their significant performance. lower 

pressure. The performance is affected by the intake characteristics, including the number of inlets, inlet shape, and inlet 

gas velocity about cyclone separators. The purpose of this research is to investigate experimentally the impact of a dual 

inlet on the effectiveness of cyclone separators for separation. 

 

IV. NUMERICAL ANALYSIS 

The air flow and particle behaviour in square cyclone separators are studied using computer methods in numerical 

analysis. This investigation can shed light on the elements influencing the separator's performance, enabling the design 

and usage circumstances to be improved. Square cyclone separators may be studied using a variety of numerical 

analytical methods, such as finite element analysis (FEA), finite volume analysis (FVA), and computational fluid 
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dynamics (CFD). Due to its capacity to capture complicated fluid dynamics, CFD is the approach that is most frequently 

employed for the numerical study of square cyclone separators. The flow behaviour and particle paths inside the 

separator may be predicted using CFD simulations, giving information on the pressure drop across the separator and 

separation effectiveness. The performance of the separator may also be examined using CFD simulations in relation to 

various design and operational factors [31-33]. CFD simulations, for instance, may be used to investigate the impact of 

intake geometry, inlet velocity, particle size, and particle concentration on separation efficiency and pressure drop. 

Square cyclone separators may also be numerically analysed using FEA and FVA in addition to CFD. FEA is helpful for 

examining the separator's structural integrity and forecasting stresses and deformations in the separator's component 

parts. On the other hand, the separator's fluid dynamics and heat transfer may be studied using FVA, which can reveal 

information about the temperature distribution and pressure drop. In general, numerical analysis of square cyclone 

separators is a helpful tool for optimising the separator's design and operating circumstances, giving insights into the 

fluid dynamics and particle behaviour inside the separator, and enhancing the separator's performance. 

In the present study, through Computational Fluid Dynamics techniques, the performance characterization of a new 

Stairmand-type separator cyclone was carried out using the commercial software ANSYS Fluent. Four models for the 

geometrical cyclone separator were built, namely model A as per the dimensions reported in the literature and models B, 

C, and D by applying square and circular shape cavities as a passive flow control technique on the surface of its 

cylindrical section. The Navier-Stokes equations [34] with the RSM turbulence model were formulated to solve the 

continuous phase of the cyclone separator and, the Lagrangian approach was adopted to track the solid particles with one 

way-coupling. The proposed model’s separation efficiency and pressure drop were compared against those recorded in 

the previous studies reported in the literature. Model D was the cyclone separator that stood out as the most valuable by 

demonstrating a separation efficiency and pressure drop decrement of 0.42% and 6.01%, respectively. The study a 

system for real-time analysis of some involving factors in the efficiency of gas-liquid separators is developed based on 

the weighing method. An ultrasonic atomizer generates water drops in a size range of 1-10 μm with the same frequency 

during the test. A cyclone separator is selected and effect of the developing flow rate and shape of the mini-riser as a part 

of connecting assembly to the cyclone separator is investigated. Further an efficient electrostatic precipitator (ESP) with 

outcome of single-phase airflow is employed in the downstream of the cyclone to separate remaining droplets and 

produce the same pressure loss during the test. Circular, triangular, rectangular and square cross section areas with the 

same hydraulic diameter of 14 mm were examined. The highest cyclone efficiency was recorded for the triangular and 

rectangular risers comparing to the circular riser at the same length and hydraulic diameter, so the connecting risers with 

corner could improve the separation efficiency. With the aid of Reynolds stress turbulence, the influence of modelling 

velocity fluctuations on the prediction of cyclone separator collection efficiency has been studied numerically. 

Simulating huge eddies using the RSTM model (LES) [35-38]. Modeling using Eulerian-Lagrangian theory method of 

the CFD code To mimic the three-dimensional, Flu 6.3.26 has been used. Turbulent gas-solid flows that are turbulence-

free in a Stair and high efficiency cyclone. The hypothetical 0Results and experimental observations from the literature 

have been compared. The data analysis demonstrates that the RSTM and LES have successfully anticipated the mean 

flow region. The current study's findings show that the LES performs well in terms of predicting a fluctuating flow field 

and collection effectiveness for each and every particle. The cyclone study has developed new theoretical methods for 

computing travel distance, number of turns, and cyclone pressure drop. The flow pattern and cyclone dimensions 

determine the travel distance in a cyclone, and the number of turns is calculated based on this travel distance. The new 

theoretical analysis of cyclone pressure drop was tested against measured data at different inlet velocities and gave 

excellent agreement. Cyclone cut-points for different dusts were traced from measured cyclone overall collection 

efficiencies and the theoretical model for calculating cyclone overall efficiency. Regression fit from traced and 

theoretical cut-point diameters was used to develop cut-point correction models for 2D and 2D cyclones. Experimental 

results indicate that optimal cyclone design velocities should be determined based on standard air density, and it is 

important to consider the air density effect on cyclone performance in the design of cyclone abatement systems. The two 

operational metrics for evaluating the performance of cyclone separators are pressure drop and particle collection 

effectiveness. Although there are several useful models for forecasting the cyclone pressure drop during the design stage, 

there are very few methods for assessing particle collection efficiency. In this work, a better mathematical model based 

on Lapple formula was created to calculate the cut diameter in cyclone separators, a measure of particle collecting 

efficiency. The cut diameters are represented by the modified Lapple formula with R 2 = 0.9969 and a relative mean 

square error (RMSE) of 2.533*10-9. A brand-new empirical regression model (R = 0.9619) was also published. Both 

models' average errors were extremely near to zero. Performance tests indicated that both models can be used confidently 

to predict cut diameter in cyclone separators. This research investigates the impact of surface roughness on cyclone 

performance and flow field. The flow inside the cyclone separator is modeled as a three-dimensional turbulent gas flow 

with solid particles treated as a discrete phase. The Reynolds Stress turbulence model is used to predict the continuous 

gas flow, while the particle motions are modeled using a Lagrangian approach. Numerical simulation results are 

compared with experimental data and mathematical models. The analysis of computed results shows that an increase in 

relative roughness due to corrosion, wear, or particle accumulation on the inner walls has a significant impact on the 

tangential velocity, cyclone separation efficiency, and pressure drop, especially for high inlet velocities. The decrease in 
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cyclone collection efficiency and pressure drop with an increase in surface roughness is more noticeable for high relative 

roughness values. 

 

V. TURBULENCE FLOW PATTERN 

The complexity of the turbulence flow pattern in a square cyclone separator relies on a number of variables, such as the 

gas inlet velocity, particle size, and separator geometry [39]. Typically, a swirling motion is created when the gas stream 

enters the square cyclone separator from the tangential direction, separating the solid particles from the gas stream. The 

gas stream creates a vortex that revolves around the centre of the separator chamber as it descends towards the separator's 

bottom. As a result of the rotation's centrifugal forces, the solid particles move towards the chamber's outer walls and 

eventually fall to the separator's bottom. Square cyclone separator operation must take into account turbulence flow 

because it has an impact on the pressure drop across the separator and the effectiveness of the separation. A vortex is 

created in the separator chamber of a square cyclone separator by tangentially introducing the gas stream, which 

separates the solid particles from the gas flow. It is possible for this vortex flow to become turbulent, which would 

diminish the effectiveness of separation and heighten the pressure drop. High gas velocities, erratic intake flow, and 

uneven separator geometry are a few of the causes that might create turbulence flow in a square cyclone separator. 

Several actions can be taken, such as modifying the input shape and size, tangential velocity, adding a separator to 

decrease turbulent flow and increase separation efficiency, and introducing a vortex finder. The pressure drop might rise 

and the separation efficiency can decrease if the vortex flow becomes turbulent. As the gas velocity goes over a critical 

point, turbulent flow results, making the flow unstable and unpredictable. As a result of the particles' random motion in a 

turbulent flow, the separation efficiency and pressure drop may be compromised. Several design changes, such as 

adjusting the tangential velocity and adding a baffle or vortex detector, can be implemented to minimise turbulent flow 

and increase separation efficiency. Moreover, the turbulence flow pattern in a square cyclone separator may be predicted 

and examined using numerical simulations with computational fluid dynamics (CFD) software. In general, an 

understanding of the turbulence flow pattern is crucial for the design and optimisation of square cyclone separators to 

produce effective particle separation and minimal pressure loss. presents a series of hexagonal cyclones with hexahedral 

outer tube and outer cone parts. By comparison with Hoffmann cyclone and square cyclone, we confirm the 

submicrometer particle separation performance of the hexagonal cyclone separator based on the computational fluid 

dynamics method. The Reynolds stress turbulence model combined with the discrete phase model is used to simulate the 

three-dimensional gas cyclone separator. The simulation results of the hexagonal cyclone demonstrate an excellent 

balance of transient separation and swirling flow separation. Two types of optimized hexagonal cyclones are designed, 

and three parameters are introduced. The results indicate that increasing the hexagonal twist angle and hexagonal outer 

body round corner diameter leads to higher overall pressure drop and lower collection efficiency in the hexagonal 

cyclone. The particle residence time in unit volume of the hexagonal cyclone is shorter, and the wall wear rate was lower 

as well. This represents a substantial potential savings in energy and costs.[12] MoizHussain et al, A cyclone separator is 

a commonly used device to separate dust particles from gas and dust flow. This project presents the design and 

development of cyclone separators based on CFD, along with simulations. The study was performed for air-dust flow, 

based on an experimental study available in the literature. The simulation of flow was done with the help of CFD 

software, and verification was done with theoretical analysis. Results showed that with an increase in inlet velocity from 

8 to 24 m/s, efficiency increases by 5–7% and particle diameter increases. It is recommended that the device be operated 

within an inlet velocity range of 10-15 m/s to achieve proper operation because the pressure drop values are close to 

theoretical values. This study examines the effect of various cone and cylinder height variations on the functionality of 

cyclone separators. The three heights, H/D = 0.5, the major cyclone body diameter, D, and the values of 1.0 and 1.5 are 

examined. A straight (conventional) profile, a concave, and a triangle are all significant geometrical elements. One 

tangential intake and two exits are located at the top and bottom of the barrels of the cyclone separator. CFD software 

was used to simulate the flow, and theoretical analysis was used to verify the results. The efficiency increases 

significantly with an increase in inlet velocity from 8 to 24 m/s and particle diameter from 5 to 25 micrometers. To 

ensure proper device operation, it is advised to operate within the inlet velocity range of 10 to 15 m/s. This cyclone study 

developed new theoretical methods for computing travel distance, number of turns, and cyclone pressure drop. Particle 

motion in the cyclone outer vortex was analyzed to establish a force- balance differential equation. Cyclone cut-points for 

different dusts were traced from measured cyclone overall collection efficiencies and the theoretical model for 

calculating cyclone overall I efficiencies. The cut-point correction models (K) for 1D, 3D, and 2D, 2D cyclones were 

developed through regression fit from traced and theoretical cut-points. Two sets of inlet design velocities determined by 

the different air densities were used for the tests. Experimental results indicate that optimal cyclone design velocities 

should be 16 m/s (3200 ft/min) and 15 m/s (3000 ft/min). It is important to consider the effect of air density on cyclone 

performance in the design of cyclone performance. 

 

VI. PRESSURE DROP CHARACTERIZATION 

Cyclone pressure drop is another key characteristic to be addressed while developing a cyclone system. Calculating the 

pressure drop in the quantity of inflow velocity heads (Hv) and translating it to a static pressure drop (P) is the Lapple 

method of pressure drop estimate. Nevertheless, the Lapple pressure drop calculation does not take any vertical 
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dimensions into account as contributing to pressure drop, which leads to the false assertion that an increase in vertical 

dimensions will boost cyclone efficiency. To predict the cyclone pressure drop associated with cyclone dimensions, a 

new scientific methodology is required. An essential factor in a square cyclone separator's design and functioning is the 

pressure drop across it. High pressure drops might lead to increased energy use and decreased separator effectiveness. To 

maximise the separator's efficiency, it is crucial to define the pressure drop across it. The geometry of the separator, the 

inflow velocity, and the particle size and concentration all have an impact on the pressure drop through a square cyclone 

separator. Experimentally or by numerical simulations utilising computational fluid dynamics, the pressure drop can be 

determined. Pressure sensors are used to measure the pressure differential between the cyclone separator's input and exit 

in order to experimentally characterise the pressure drop. After that, you may determine the pressure drop by deducting 

the exit pressure from the intake pressure. To ascertain the impact of the operating parameters on the pressure drop, the 

pressure drop can be monitored under various operating situations. A square cyclone separator's pressure drop may be 

described using CFD simulations as well. The separator's fluid dynamics and particle behaviour are modelled in the 

simulations, and the pressure drop across the separator is calculated. The simulations may be used to analyse how various 

operational factors affect the pressure drop and improve the separator's design to reduce the pressure drop. Many design 

changes, including enlarging the separator diameter, lowering the intake velocity, and lengthening the cyclone cone, can 

be made to lessen the pressure drop across a square cyclone separator. These changes can enhance the separator's internal 

fluid dynamics, lowering turbulence and increasing separation effectiveness while minimising pressure loss. In 

conclusion, a square cyclone separator's design and operation include pressure drop characterization as a key component. 

By quantifying the pressure drop, the performance of the separator may be adjusted, increasing its efficiency and 

lowering energy usage. The efficient removal of fine dust from exhaust gas reduces the harm to human health and 

minimizes material waste. A circumfluent cyclone (CFC) was designed to perform with increased gas-solid separation 

efficiency and decreased pressure drop compared to conventional cyclone separators, and its flow pattern and velocity 

distribution were investigated. Commercial computational fluid dynamics software was used to simulate the 3D-gas-flow 

field using the Reynolds stress model (RSM). The simulation results (e.g., for the velocity profile, pressure drop, and 

separation efficiency) were in good agreement with the experimental results and indicated that about 78% of the gas 

flows directly out of the CFC through the inner cylinder and then the vortex finder, which significantly shortens the 

cleaned gas flow path and thereby reduces friction loss. The CFC also decreases the shortcut flow rate near the vortex 

finder entrance, reducing particle escape. Finally, the discrete particle model (DPM) was used to predict the flow pattern 

of particles of different sizes. In the present study, through Computational Fluid Dynamics techniques, the performance 

characterization of a new Stairmand-type separator cyclone was carried out using the commercial software ANSYS 

Fluent. Four models for the geometrical cyclone separator were built, namely model A as per the dimensions reported in 

the literature and models B, C, and D by applying square and circular shape cavities as a passive flow control technique 

on the surface of its cylindrical section. The Navier-Stokes equations with the RSM turbulence model were formulated to 

solve the continuous phase of the cyclone separator and, the Lagrangian approach was adopted to track the solid particles 

with one way-coupling. The proposed model’s separation efficiency and pressure drop were compared against those 

recorded in the previous studies reported in the literature. Model D was the cyclone separator that stood out as the most 

valuable by demonstrating a separation efficiency and pressure drop decrement of 0.42% and 6.01%, respectively. 

Pressure drop and collection effectiveness affect cyclone performance. This study tries to improve cyclone performance 

by optimising the outlet pipe's size. An Eulerian-Lagrangian approach-based numerical technique was employed. The By 

resolving the three-dimensional, incompressible turbulence flow governing equations, the behaviour of the cyclone was 

investigated. The Reynolds Stress method was used to model the turbulent flow. Model. The particle equation of motion 

was solved to get the particle trajectories. The collection efficiency was determined by releasing a predetermined 

quantity of particles at the cyclone's entrance and counting the particles that were gathered. By contrasting the numerical 

findings with previously published experimental measurements, the model was confirmed. It was discovered via 

according to this study, pressure drops as exit pipe diameter increases. The pressure drop in a tangential inflow cyclone 

can be predicted using a new mathematical model that is presented in this paper. Using a wall friction coefficient based 

on surface roughness and frictional losses in the cyclone body, the model determines the pressure drop. Reynolds figure. 

Losses from the entrance and exit are also included in by adding new geometrical parameters to the model. the strain The 

relationship between cyclone size and drop coefficient is obtained and operational circumstances. 12 studies are used to 

validate the model. The literature presents various cyclones. the comparison of reported model outcomes with forecasts 

and measurements Literature demonstrates that the new model accurately forecasts the experimental outcomes under a 

variety of operational situations, including0.3-220 litres per second.[24] The main objective of the current study is to 

present a workable technique for increasing the efficiency of a square cyclone separator. In order to investigate its effect 

on the cyclone performance, a dip leg is inserted beneath the square cyclone. Three-dimensional computational fluid 

dynamics (CFD) simulations are carried out by solving the Reynolds-averaged Navier-Stokes equation. Equations based 

on the Reynolds Stress Model (RSM) and the Eulerian-Lagrangian two- phase method. The software programme 

forecasts turbulent particle dispersion. The discrete random walk (DRW) paradigm The numerical results demonstrate 

that while using dip leg increased pressure drop, it also improved how well materials were segregated by the square-

cyclone.  
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VII. CONCLUSION  

 

The article concludes that the optimisation of the vortex finder diameter, cone angle, and other geometrical aspects 

of the square cyclone separator. Using guiding vanes or other sophisticated flow control systems to regulate flow 

behaviour and lessen turbulence inside the separator. Improvement of separation effectiveness by modification of the 

cyclone intake design to lessen the influence of the feed stream. Using cutting-edge materials for the separator's 

construction allows it to endure the abrasiveness of the Al2O3 particles. Including an electrostatic precipitator or a fabric 

filter system to boost the Al2O3 particle collecting efficiency. Overall, these techniques can greatly increase the 

effectiveness of collecting Al2O3 particles in a square cyclone separator. While choosing the best strategy to boost the 

system's efficiency, it's crucial to take the individual operating circumstances and the properties of the Al2O3 particles 

into account.In conclusion, a square cyclone separator works well for removing particles from liquid or gas streams. 

Because to its distinctive square design, it offers a number of benefits over conventional cylindrical cyclones, including a 

lower size and increased collecting efficiency.  The particle size distribution, particle shape, and operating conditions are 

only a few of the variables that affect how well the square cyclone separator performs in particle separation. It is crucial 

to take these elements into account and choose the proper geometrical parameters and flow control systems in order to 

maximise the separator's performance. The system's separation efficiency can also be increased by using cutting-edge 

components and collecting methods like fabric filters or electrostatic precipitators. Overall, a well-constructed and 

maintained square cyclone separator is a dependable and effective way to separate particles, and it may be used in a 

variety of sectors, such as the chemical, petrochemical, and pharmaceutical ones.  
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