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Introduction
Cyclone separators are widely used in industrial applications for the 

separation of particles from air, liquids, or gases based on centrifugal forces. 
These devices are particularly efficient in separating solid particles, such as 
sand, dust, and even microplastics, from gas or liquid streams. The performance 
of cyclone separators depends on several factors, including the geometry of 
the cyclone shape, flow characteristics, and the physical properties of the 
particles to be separated. In recent years, there has been growing interest 
in understanding the efficiency of cyclone separators in separating different 
types of particles, such as sand and microplastics, especially considering 
the increasing environmental concerns related to microplastic pollution. One 
critical aspect of cyclone separator performance is the Reynolds number, 
which influences the flow behavior within the cyclone and, consequently, 
the efficiency of particle separation. This report investigates the relationship 
between cyclone shapes, separation efficiency, and Reynolds number in the 
context of sand and microplastic separation.

Description
Cyclone separators work by creating a swirling motion of the fluid (air, 

gas, or liquid) inside the device. As the fluid enters the cyclone, it is subjected 
to a centrifugal force that forces heavier particles toward the outer walls of the 
cyclone, while the lighter fluid or gas moves toward the center. The separated 
particles then move along the walls and are discharged from the bottom of 
the cyclone, while the cleaned fluid exits through the top. The efficiency of 
a cyclone separator is influenced by various factors, including the design of 
the cyclone shape, the inlet velocity, the size and density of the particles, 
and the properties of the fluid. Among these factors, the Reynolds number 
plays a significant role in determining the flow regime within the cyclone 
and its impact on separation efficiency. The Reynolds number determines 
whether the flow within the cyclone is laminar, turbulent, or transitional. At low 
Reynolds numbers (Re < 2000), the flow is generally laminar, with smooth and 
predictable fluid movement. At high Reynolds numbers (Re > 4000), the flow 
becomes turbulent, characterized by chaotic and eddying motions. Between 
these two values lies the transitional flow regime, where the flow can fluctuate 
between laminar and turbulent [1].

The flow regime within a cyclone separator significantly influences the 
separation efficiency. In the laminar flow regime, particles experience slower 
and more controlled motion, which may result in less effective separation, 
especially for fine particles such as microplastics. In contrast, turbulent 
flow, which is more common at higher Reynolds numbers, can enhance the 
centrifugal forces acting on the particles, improving separation efficiency. 
However, excessive turbulence can lead to poor separation, as smaller 
particles may be carried away with the fluid flow, reducing the overall efficiency. 
Therefore, it is crucial to identify the optimal Reynolds number range for 

efficient separation of particles, particularly for sand and microplastics, which 
have distinct physical properties. Cyclone geometry is another important factor 
that affects the separation performance. The shape of the cyclone influences 
the flow pattern, the intensity of the centrifugal forces, and the residence time 
of particles within the cyclone. Cyclones come in various shapes, such as 
cylindrical, conical, and compound shapes, each with its own advantages and 
disadvantages. For instance, a cylindrical cyclone provides a more stable flow 
pattern, while a conical cyclone allows for more efficient particle collection due 
to the increasing velocity and centrifugal force toward the apex. The shape of 
the cyclone also affects the pressure drop across the device, which influences 
energy consumption during operation. A proper balance between efficient 
separation and energy consumption is essential when designing cyclone 
separators for specific applications [2].

In the case of sand and microplastic separation, the size and density of 
the particles play a crucial role in the cyclone's performance. Sand particles, 
being relatively large and dense, can be effectively separated under a range of 
Reynolds numbers, especially when the flow is turbulent. The centrifugal forces 
in the cyclone can easily overcome the forces resisting the motion of these 
larger particles, causing them to move toward the walls and be collected at the 
bottom. However, microplastics, which are often much smaller and lighter than 
sand, pose a greater challenge. Their separation depends on several factors, 
including their size, shape, and density, as well as the velocity and turbulence 
of the fluid. Microplastics are more prone to being carried along with the fluid 
flow, particularly at lower Reynolds numbers, where the flow is laminar or only 
mildly turbulent. Studies have shown that cyclone separators can achieve 
high efficiency in separating sand particles, especially when the flow regime 
is fully turbulent. The efficiency increases with particle size, as larger particles 
are more easily affected by the centrifugal forces. However, for microplastic 
particles, the separation efficiency is generally lower, particularly when the 
Reynolds number is in the laminar flow regime. To enhance the separation 
of microplastics, adjustments to the cyclone design may be necessary. For 
instance, optimizing the cyclone shape to create stronger centrifugal forces 
or adjusting the inlet velocity to promote more turbulence could improve 
the efficiency of microplastic separation. Additionally, the use of multi-stage 
or compound cyclones, where multiple cyclones are arranged in series or 
parallel, can further enhance the separation performance by providing multiple 
opportunities for particle collection.

The relationship between cyclone shape, Reynolds number, and 
separation efficiency can be complex and depends on various factors, including 
the particle size distribution, fluid properties, and the specific design of the 
cyclone. Computational Fluid Dynamics (CFD) simulations are often used to 
model the behavior of fluids and particles within cyclone separators, providing 
insights into the flow patterns and separation mechanisms. CFD simulations 
can help identify the optimal Reynolds number range and cyclone shape for 
specific particle types, such as sand and microplastics. Experimental studies, 
such as particle tracking and imaging techniques, can also be used to validate 
the results of CFD simulations and provide a more detailed understanding of 
the separation process. One of the challenges in optimizing cyclone separators 
for sand and microplastic separation is the wide range of particle sizes and 
densities that may be encountered in real-world applications. Microplastics, 
for example, can range from a few microns to several millimeters in size, 
with varying densities depending on the type of plastic. This variability makes 
it difficult to optimize a single cyclone design for all types of microplastics. 
To address this challenge, researchers have explored the use of hybrid 
separation techniques that combine cyclonic separation with other methods, 
such as filtration, flotation, or electrostatic separation. These hybrid systems 
can improve the overall efficiency of microplastic separation, particularly for 
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smaller particles that are difficult to separate using cyclones alone.

Conclusion
In conclusion, cyclone separators are an effective method for separating 

sand and microplastics from fluid streams, with the efficiency of separation 
strongly influenced by the Reynolds number and the shape of the cyclone. 
The Reynolds number determines the flow regime within the cyclone, which 
in turn affects the effectiveness of particle separation. While sand particles 
are generally easy to separate under turbulent flow conditions, microplastics 
pose a greater challenge due to their smaller size and lower density. 
Optimizing cyclone shape, adjusting flow conditions, and employing hybrid 
separation techniques can improve the efficiency of microplastic separation. 
Computational simulations and experimental studies are essential tools for 
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understanding the complex relationships between cyclone geometry, flow 
conditions, and separation efficiency, paving the way for more effective 
solutions to environmental challenges such as microplastic pollution.
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