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Abstract— this study consider the dynamic model of the 

rotating flow of a two phase liquid into a hydrocyclone and 

influences on inherent particles. The geometrical parameters 

of rotating liquid flow, the relative movement of particles and 

their separation are described using specific properties of 

liquid and particles, the energy losses due to viscosity and 

processing requirements. Theoretical analysis and 

experimental data lead to a calculation method for the main 

hydrocyclone design parameters and their optical 

correlations. Experimental data and numerical examples for 

water is presented. 
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I. INTRODUCTION 

In this project we are going to make a hydro cyclone filter for 

separating the liquid and solid contaminants from the gaseous 

flow. Generally a hydro cyclone filter is a device which is 

used to classify, separate or sort the particles in the liquid 

suspension. 

The separation of the liquid solid contaminants from 

the liquid suspension is done on the basis of the ratio of their 

centripetal force to fluid resistance. 

The centripetal force is generated by using the 

compound vortex motion in the vessel. 

The compound vortex motion is generated by the 

anticlockwise motion of the liquid and the gas mixture. 

This ratio is high for dense and coarse particles, 

however, for light and fine particles, it is low. 

In this project, we are going to devise a method and 

an apparatus for separating contaminants from the liquid 

gaseous flow which can be characterized by the formation of 

a compound vortex with an outer liquid stratum as well as an 

inner contaminated gaseous stratum. 

Contaminants can be transferred from the inner 

gaseous strata to the outer liquid strata thereby filtering the 

gaseous flow. 

The compound vortex will be formed by 

simultaneously feeding the gas and the liquid medium strata 

by a liquid, most typically water. 

The water will be fed into distinct parallel streams 

into a primary cyclone filter vessel which will be having an 

elongated cavity with a substantially circular cross section. 

This project relates to a devicefor, and a technique 

that can be used to separating contaminants from a liquid 

gaseous mixture or a gaseous flow such as an airstream or a 

liquid and gaseous mixture, which are entrained or trapped in 

a gas flow which may include fumes or any particulates or 

any other combination of such solid and liquid contaminants. 

The various filtering systems known today used for 

separating contaminants from air or other gas stream 

generally rely on the impingement of the contaminants on a 

resting surface, which may be in the form of an air or any 

other bag filter. 

These filtering systems have various deficiencies, 

one of which is that the efficiency of such filtering systems is 

very poor. 

In case of particles having a size below 5 to 6 

microns, collisions do not occur with the liquid filter medium 

particulates, because they flow around the liquid droplets. 

This phenomenon makes the arrestance efficiency 

for the filtering devices very low for particles below 5 

microns. 

The arrestance in the filters may be defined as the 

ability of the filter by which it can remove the synthetic dust 

and the other unwanted solid particles from the gaseous flow. 

II. DESCRIPTION 

In one form, this project will include a device which can be 

used for filtering out the contaminant gaseous, liquid or solid 

aerosol particulates entrained or trapped inside the liquid and 

the gaseous mixture. 

The apparatus will consist of a primary cyclone 

vessel into which a gas stream is independently fed. The 

primary cyclone vessel will be provided with the means of 

imparting to the gas stream as well as the liquid filter medium 

a rotary or cyclonic motion, which will form a compound 

vortex which in turn will be consisting of an outer liquid 

stratum and an inner gaseous stratum establishing an interface 

boundary in between them. 

These interactive forces will force all the 

contaminants having the size below 5-6 microns to be 

separated away from the liquid and the gaseous medium. 

The gas and liquid filter medium with contaminants 

absorbed will be discharged from the primary cyclone vessel 

to the secondary cyclone vessel. 

The secondary cyclone vessel will be used to 

remove gas into the upper part of the vessel and it will also 

remove the liquid in the lower part of the vessel. 

In the secondary cyclone chamber, the liquid filter 

medium which carries the contaminants will get separated 

from the gas stream due to the effect of the cyclonic motion, 

which occurs due to the difference in the specific gravities of 

the gaseous fluid and the liquid filter medium respectively. 

The centrifugal forces that are acting on the liquid 

filter medium also lead to the vertical stratification of the 

solid contaminants which are held or entrained in the liquid 

due to the difference in their specific gravities in order to 

prevent their further contact. 

In order to facilitate or accomplish the settling of the 

contaminants in the body of the liquid, we can also control 

the speed of rotation of the vortex that is generated by the 

cyclonic action. 

These regulating devices may consist of baffles or 

any other similar obstructive elements in the liquid filter 

medium from the bottom of it. 

For the purposes of economy or in order to lower the 

cost of the equipment, the liquid filtering medium may be 
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recirculated; the liquid will be withdrawn to the central region 

of the body of the liquid where it will be the least 

contaminated. 

III. WORKING OF THE HYDRO CYCLONE FILTER 

In operation, the lower two thirds of the vessel will be filled 

with the liquid filter medium which will divide the vessel into 

3 separate chambers with the help of the sedimentation grid. 

The 3 separate chambers are as follows: 

1) The lower chamber will be provided between the bottom 

and the sedimentation grid provides a quiescent gravity 

sedimentation zone, 

2) In the sedimentation zone sedimentation takes place, i.e., 

the tendency by which the particles trapped inside the 

liquid and the gaseous mixture get separated from the 

gaseous flow. 

3) The intermediate chamber acts as a transition chamber in 

between the lower sedimentation and the upper zone will 

be consisting of the section between the top of the 

sedimentation grid and the surface of the body of the 

liquid filter medium located below approximately one 

third of the vessels height from its top and constitutes the 

liquid cyclone chamber, 

4) The upper surface between the surface of the liquid filter 

medium and the top of the vessel constitutes the gas 

separator cyclone chamber. 

In this zone, the mixture of the clean air and the 

contaminated liquid filter medium can be introduced by 

means of an entry nozzle. 

The gas is thrown off from the vessel by means of 

the exhaust with the help of the air outlet into the atmosphere. 

As soon as the liquid mass enters the surface of the 

liquid consisting of the bottom of the gas separator cyclone 

chamber it exerts a circular gyration or a centrifugal force to 

that body due to its momentum and thus the activates the 

required rotational motion in the liquid cyclone chamber. 

Due to this centrifugal motion, the solid 

contaminants will be removed from the gaseous flow. 

The gas cyclone chamber consists of a nozzle which 

collects all the mixture coming from the outlet of the gas 

liquid compound primary cyclone vessel. 

The primary cyclone vessel will be consisting of 

spiral vanes which will attached to the top and the bottom of 

the cavity. The spiral vanes are mostly arranged centrally 

inside this cavity. 

The mixture is made to enter into the body of the 

vessel tangentially in order to further impart or generate the 

cyclonic motion. 

The entry nozzle consists of an inlet which is 

connected to the outlet by means of an internal tapered tube. 

The cross sectional area of the nozzle decreases 

along its length from the inlet to the outlet end from which 

the mixture enters tangentially into the circular liquid 

chamber of the vessel. 

At the bottom of the chamber, it consists of a valve 

by means of which the water can be changed from time to 

time. 

A. Operation of the Filtering Device 

Contaminated gas enters tangentially into the inlet section of 

the chamber through a hose, inlet sleeve and an inlet aperture.  

The gas inlet aperture is kept approximately 50 mm 

in diameter and the primary cyclone vessel has a diameter of 

about 90 mm.  

A suitable velocity of the gas stream in the range of 

about 8 to 25 m/sec is provided. 

It is to be ensured that while designing the 

equipment, the rotational velocity of the liquid should be at 

least half of the rotational velocity of the gas stream. 

The velocity and the pressure of the liquid and the 

gas medium has to be set as per the size and the configuration 

of the primary cyclone vessel. 

When in its working position, the gas and the liquid 

flowing into the vessel will be rotating in an anticlockwise 

direction with the liquid forming the outer strata and the gas 

forming the inner layer or the inner strata. 

Thus due to this kind of motion of the liquid and the 

gas medium, a compound vortex flow will be generated 

which is used to remove the suspended particles from the 

gaseous flow. 

A water stream is also introduced into the primary 

vessel simultaneously with the gas stream but by using a 

different path through hoses. 

The liquid filter medium is also provided by a stream 

having a velocity which will be sufficient enough to form 

outer liquid strata inside the cyclone vessel which will have a 

wall thickness of about 13 mm. 

 
Fig. 1: Result 

IV. LITERATURE RE REVIEW 

A. Performance Analysis and Design of Filtering 

Hydrocyclones 

The filtering hydrocyclone is a solid-liquid separation device 

patented by the Chemical Engineering Department at the 

Federal University of Uberlândia, which consists of a 

hydrocyclone whose conical section was replaced by a 

conical filtering wall. The objective of this work is to 

compare the performances of the filtering hydrocyclones 

designed by Bradley and by Rietema. The experimental 

results obtained with the filtering hydrocyclones under the 

same operational conditions as those used with the 

conventional device allow the conclusion that performance of 

the Bradley and Rietema types is significantly influenced by 

the filtering medium. Rietema’s filtering hydrocyclones had 

a lower volumetric feed flowrate than the conventional device 

and Bradley’s filtering hydrocyclones showed increases in 

this same variable. In both designs, overall efficiency was 

influenced by the underflow-to-throughput ratio. 
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B. Design and Flow Analysis of Hydrocyclone for Filtration 

of Metal Working Fluids 

Green manufacturing is an environmental friendly 

manufacturing mode of manufacturing. This includes the 

reduction of the wastage and to eliminate the particles causing 

the pollution of environment. The alternate way of reducing 

the waste is to recycle the identified contaminants. In 

mechanical manufacturing industry, each manufacturing 

industry spends their capital on the metal working fluids or 

cutting fluids. Metal working fluid acts as coolant as well as 

lubricant for the work piece and cutting tool. It also increases 

the tool life of the cutting tool, degree of accuracy of the 

operation and surface quality of the finished product. During 

machining operation, the metal working fluids get 

contaminated when it comes in contact with oil, tramp oil, 

grease and metal chips. Hence the tool life of the cutting tool 

is reduced and surface finish of the work piece reduces and 

results in the increased consumption of the metal working 

fluids. Contaminated Metal working fluids are identified as 

the potential threat causing the degradation of environment, 

when it disposed untreated. In the present investigation the 

study was carried out to analyse the separation of the 

contamination in the metal working fluid by varying the flow 

velocity. The separation of the trapped hydraulic oil in the 

metal working fluid (contaminants) was achieved through 

Hydrocyclone technique. The study was conducted by 

varying the fluid velocity at adequate rates. It was able to 

conclude that the separation of the contaminated particles was 

achievable by increasing the flow rate. The present 

investigation included the flow analysis of the newly 

designed system.  

C. Study on design and performance evaluation of 

hydrocyclone separators for micro-irrigation systems 

Hydrocyclone is a simple mechanical device, with no moving 

parts, where solid particles or immiscible liquids are 

separated from liquid. It is used as a primary filter for micro 

irrigation systems to remove floating particles as well as to 

remove high density particles from the irrigated water. In this 

study, the six hydrocyclone models were designed, fabricated 

and tested for its performance evaluation. The models were 

designed for the removal of particulate matter of size 

48microns and larger sizes from irrigation water. The models 

were designed with combination of 200 and 260 cone angles 

and 0.04, 0.05 and 0.065m underflow cylinder diameters. 

These hydrocyclones were fabricated with 3mm thick mild 

steel sheet. The clean water pressure drop and the percentage 

of sand trapped in hydrocyclone were recorded. It was found 

that, the hydrocyclone model M3 with 260 cone angle and 

0.065m underflow cylinder diameter was the best model with 

the removal efficiency of 95.68% among all the six models. 

V. CONCLUSION 

With the help of this project we will be able to filter out the 

solid and the other particulates having their size below 5 

microns from the gaseous flow such as an airstream or any 

other liquid gas mixture with ease 

We will also be able to reduce the overall 

maintenance cost as well as the operating cost of this device. 

We will also be able to reduce the size of this device 

and make it compact and more suitable for the mobile 

applications. 

We will be devising a new method by creating a 

compound vortex motion to filter out the contaminants from 

the flow in the device. 

The efficiency of this device will be further 

increased without increasing its size. 
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