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Dry purification (CYCLONES) has a significant

impact on industrial production ecology. Process and

ventilation cyclone emissions lead to significant losses

of primary production products and air pollution.

Theory and practice of CYCLONE DESIGN

determined that cyclones have wall and axial helical

flows moving in opposite directions. Modern

aeromechanics methods do not allow to predict

increase of the cyclone process technological

efficiency.

Technology level of dry dust separators (cyclone

separator + filtering surfaces and membranes) will

determine the present, near future and long term

environmental conditions of industrial enterprises.

Existing Cyclones

MORE THAN 100 YEARS OF

IMPROVEMENT generated a wide variety of

cyclone designs. Lack of a unified theoretical

concept does not allow to create a promising

structural scheme.

LEGAL FRAMEWORK AND TECHNICAL PROGRESS 

Solutions of industrial ecology problems should be closer linked to the main production, the state

control system and legislation which should resolve problems and minimize risks.

The proposed innovative project of service air flow dry purification development in various

industries is based on fundamental research of aerocentrifuge separation in a helical confuser with

variable perforation. The researches were carried out with financial support of the Russian

Foundation for Basic Research (RFBR) in the frameworks of the scientific project No. 17-

48220056 and technical solutions confirmed by the supported intellectual property.

Implementation of this project will undoubtedly optimize and increase the quality level of dusty

air flows purification in various production areas.

With this consideration in mind, it is necessary to clarify the concept of "best available

technology" (BAT) and fill it with technical content at the level of necessary and sufficient

conditions. Before proceeding further with the project, there is a good reason to consider the

regulation of dry cleaning technological efficiency within 80-98% and make changes to GOST

R51708-2001 “Centrifugal Dust Collectors. Safety Requirement and Methods of Testing".

Тел. +7 962 811-26-07, +7 962 811-40-65 
E-mail: fors-group@mail.ru  
Сайт: https://sibfors.group
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Proposed Solution 
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Development of the cyclone separator with a helical air insert in the exhaust pipe and a perforated

surface located in the confuser made it possible to create a fundamentally new method of

pneumofractionation (patent RU No. 2511120), which is one-of-a-kind solution.

Its efficiency in various areas of production is 95-99.9% which is higher than domestic and foreign

analogues. Resistance of the helical insert is from 400 to 1500 Pa at the air speed of 10-25 m/s in the

inlet duct of the helical insert, and at the exit of the helical insert, the peripheral air flow speed can reach

68 m/s.

This determines the centrifugal force which differentially affects the air flow and particles. Design of

the conical helical insert and the perforated cone allows to adjust the centrifugal effect of dust particles

separation from the air flow. This is an undeniable advantage over cyclone chambers that extends

technological capabilities of the finely dispersed air separation.

The proposed PARADIGM makes a fundamental change in the

approach to the process of service air flow purification and the cyclone

design. It ensures production with high added value on the basis of the

engineering components, developed by us, and competitive intellectual

property.

There are the groundwork laid for industrial development of the product

and guaranteed domestic and foreign markets.
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TECHNOLOGICAL AND DESIGN SOLUTIONS 

• Accelerated motion of the axially symmetrical helical air flow. 

• The helical movement is defined by the helical insert design, the 
air flow pressure change and dust concentration.

• Multi thread helical insert with adjustable pitch, taper and cone 
perforation.

• Layered and independent movement of several helical air flows 
with minimum turbulence.

• We defined the conditions for simultaneous separation with 
variable concentration of several dust flows in primary 
production or its fractionation. 

The scientific novelty is based on 
the mechanical and technological 

model of helical air flow 
movement in a convergent-

divergent space.

Accelerated movement of the 
tapering helical air mixture flow 

ensures intensification of the 
separation process

Separation of the air mixture and 
pure air flow is the result of 

general pressure drop.

When the air mixture moves in 
the helical confuser, the 

peripheral speed of up to 68 m/s 
provides significant centrifugal 

force.

The centrifugal force removes the 
particles from the helical air flow 

through the lateral conical 
perforated surface.

Movement and separation of air 
mixtures in the helical space is 

carried out with minimal energy 
consumption along the helical 

current lines.

Scientific Novelty of the 
Project
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The core competency is the aeromechanical 

model of the service air flow purification 

process.

The level of service air flow purification and the hydraulic resistance

of the aero-helical cyclone are determined by the following controlled

criteria::

Froude 𝐹𝑟 =
𝑉2

𝑔∙𝑟
– characterizes the centrifugal purification effect,

Reynolds 𝑅𝑒 =
⍴∙𝑉∙𝑙

𝜇
– characterizes the flow pattern,

Euler 𝐸𝑢 =
∆𝑃

𝜌∙𝑉2
– characterizes the flow resistance of the cyclone.

FLOW CHARACTERISTICS

V – flow rate (variable); g – acceleration of gravity; r – radius of particle 

rotation (variable);  – flow density; l – typical size of the helical channel 

(variable);  – dynamic viscosity of the flow; Р – pressure drop.
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Scientific Novelty of the 
Project
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The results of movement simulation of cement particles with the diameter of 5 μm in the 

helical channel of the aero-helical cyclone.

The purification efficiency for cement 

is 95-98%.

The purification efficiency for flour is 

99.5-99.8%.

The results of movement simulation of flour particles with the diameter of 5 μm in the helical 

channel of the aero-helical cyclone.



Cyclone systems with low-cost design show low purification efficiency and require 

immediate improvement. 
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Cyclone systems with low-cost design show low purification efficiency and require 

immediate improvement. 

Technical and Economic 
Parameters
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1 – inertial dust collectors; 2 – medium efficiency cyclones; 3 – cellular cyclones with low

resistance; 4 – high efficiency cyclones; 5 – tubular cyclones; 6 – electric precipitators; 7 – fabric

filters with shakers; 8 – low speed fabric filters; 9 – reverse fabric filters; 10 – jet shock scrubbers;

11 – irrigated cyclones; 12 – self-inductive jet dedusters; 13 – spray columns; 14 – boiling bed

scrubbers; 15 – tower scrubbers; 16 – disintegrators; 17 – irrigated electric precipitators; 18-21 –

Venturi scrubbers of various designs.



8

Technical and Economic 
Parameters
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1 – high cost, 2 – low cost.

31. 1 – permanent high-temperature fabric collector; 2 – permanent fabric counterflow collector; 3 – wet collector

(maximum cost); 4 – intermittent fabric collector; 5 – highly efficient centrifugal collector; 6 – wet collector (minimum

cost); 7 – cyclone with low pressure drop (maximum cost); 8 – high voltage electric precipitator for fly ash; 9 – high

voltage electric precipitator (low cost).

Dry purification relies heavily on the QUALITY of the cyclone process and DOES 

NOT MEET increasing requirements of industrial ecology. Fabric collectors and 

electric precipitators are EXPENSIVE and ENERGY-CONSUMING.

Dry Method of Service Air Purification

Wet Method of Service Air Purification

Wet purification is effective in the 

case of sufficiently large volumes of 

processed service air, but wet 

collectors and Venturi scrubbers 

included in the design require 

SIGNIFICANT EXPENSES for both 

their production and maintenance.

Converging helical air flow (patent No. 2511120 determines the prospects of dust 

control).
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Typical Size Examples

Single Cyclone

Group Cyclone

Cyclone Separator Typical 
Sizes

Тел. +7 962 811-26-07, +7 962 811-40-65 
E-mail: fors-group@mail.ru  
Сайт: https://sibfors.group



Main Characteristics of Single Cyclone Separators
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Main Characteristics of Multicyclone Separators

Cyclone Separator Typical 
Sizes

Тел. +7 962 811-26-07, +7 962 811-40-65 
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Implementation of the Cyclone Separator in the Existing Production Chain

Implementation of the cyclone separator requires no change in the production line

The cyclone process is used in various industries

The design basis remains unchanged

Theoretical and experimental 

researches predict no 

development

Low added value of the cyclones 

leads to the low level of R&D 

competencies

Consumers and Problems
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The cyclone separator 

allows to take the 

cyclone process to a 

new technological 

level

The technological 

level is determined 

by the core 

competencies of the 

cyclone separator
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This technology was awarded the Grand Prix at the International Seoul Fair of

Inventions and Technologies (SIIF) 2008.

The technology won the RFBR grant in 2017 (No. 17-48-220056 "Theoretical and

Experimental Researches of Grinding Products Formation in Agricultural Raw Materials

Processing").

We designed and manufactured a mobile prototype of the cyclone separator to

demonstrate its capabilities in any region of the country

The project is included in the database of promising Russian

developments as a unique domestic technology (invention to the patent

RU 23 1715 5 C1 “Method for Aerocentrifugal Separation of Grinding

Products”)

Intellectual Property, Participation 
in Conferences and Exhibitions

Тел. +7 962 811-26-07, +7 962 811-40-65 
E-mail: fors-group@mail.ru  
Сайт: https://sibfors.group

Zlochevsky Valery Lvovich – Doctor of Engineering Science, Professor, Honored

Inventor of the Russian Federation. Project Supervisor.
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Enterprise Implementation

Mill Factory

Дисковый

затвор

Implementation Results at 
Operating Enterprises

Asbestos Technical Plant

Циклон-сепаратор

Тел. +7 962 811-26-07, +7 962 811-40-65 
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Certificates and Laboratory Tests
Тел. +7 962 811-26-07, +7 962 811-40-65 
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Methodology of Innovative Project 
Implementation in Production 

Sphere

60.Demonstration of dust flow

purification at various enterprises in

various climatic zones. The declared

efficiency will be the same for the

whole range of typical sizes of the

cyclone separator.
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The service air flow is

processed with minimum energy

consumption when the air moves

along the helical lines in the

convergent space. The separation

is optimized by means of the N-

spirals with an adjustable pitch,

N-flows generation and

transportation of the impurities

by these flows through the

annular space to the output

device.

CORE COMPETENCIES:

• Helical movement of the air 
mixture in the perforated 
confuser cone.

• Separation of particles by the 
helical movement process.

• Differential impact of centrifugal 
force on the stream particles.

• Independent exhaust of the 
purified air flow.
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Методология вхождения 
инновационного проекта в 
производственную  сферу

Результаты интеллектуальной деятельности

по предлагаемому проекту:

Тел. +7 962 811-26-07, +7 962 811-40-65 
E-mail: fors-group@mail.ru  
Сайт: https://sibfors.group

1. Злочевский, В.Л. Экология и инновационное развитие газоочистки / В.Л.

Злочевский, К.А. Мухопад - Экология промышленного производства, 2019. - №1 (105).

С. 28-34.

2. Злочевский В.Л. Аэровинтовой циклон-сепаратор. – Комбикорма, 2013. - №9. С. 65-

66.

3. Злочевский В.Л. Совершенствование конструкции циклона. – Экология

промышленного производства, 2013. - №3 (83). С. 16-20.

4. Злочевский В.Л. Анализ формирования аэропотока в циклоне / В.Л. Злочевский,

К.А. Мухопад. – Южно-Сибирский научный вестник, 2015. - №4 (12). С. 5-13.

5. Злочевский В.Л. Разработка циклона-сепаратора с автоматическим контролем

процесса очистки воздуха / В.Л. Злочевский, А.П. Борисов. – Технологии пищевой и

перерабатывающей промышленности АПК – продукты здорового питания, 2016. - №6

(14). С. 75-82.

6. Злочевский В.Л. К обоснованию способа фракционирования зерновых материалов.

– Техника и технология пищевых производств, 2016. - №1 (40). С. 75-80.

7. Злочевский В.Л. Аэродинамическое сопротивление винтового канала в циклоне-

сепараторе / В.Л. Злочевский, К.А. Мухопад. – Техника и технология пищевых

производств, 2017. - №3 (46). С. 102-107.

8. Nikolaeva B.K. Development of a software and hardware system for monitoring the air

cleaning process using a cyclone-separator / B.K. Nikolaeva, A.P. Borisov, V.L.

Zlochevskiy. – Journal of Physics: Conference Series, 2017. - Т. 881. - №1. С. 012023.

9. Borisov A.P. Development of software-hardware complex for investigation of the vector

field of speeds in the cyclone-separator Development of software-hardware complex for

investigation of the vector field of speeds in the cyclone-separator // 2018 IOP Conf. Ser.:

Mater. Sci. Eng. 363 012017 https://doi.org/10.1088/1757-899X/363/1/012017

10.Николаева В.К., Борисов А.П. Разработка программно-аппаратного комплекса для

исследования векторного поля скоростей в циклоне-сепараторе // Программно-

техническое обеспечение автоматизированных систем: материалы всероссийской

молодежной научно-практической конференции. /под ред. Л.И. Сучковой. – Барнаул:

Изд-во АлтГТУ, 2018. – с.223-226

11.Николаева В.К., Борисов А.П. Программа для контроля и управления воздушным

потоком в циклоне-сепараторе // Свидетельство о государственной регистрации про-

граммы для ЭВМ №2017662653, заявл. 26.09.17, опубл. 13.11.17

12. Николаева В.К., Борисов А.П. Программа для мониторинга скорости воздушного

потока циклоне-сепараторе // Свидетельство о государственной регистрации про-

граммы для ЭВМ №2018663638, заявл. 05.10.18, опубл. 1.11.18


