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Energy-Saving Method for
Service Air Flow Purification and
Cyclone Separator Design
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Existing Cyclones

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.
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MORE

THAN 100
IMPROVEMENT generated a wide variety of
cyclone designs. Lack of a unified theoretical
concept does not allow to create a promising
structural scheme.

YEARS OF

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".
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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.
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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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The scientific novelty is based on
the mechanical and technological
model of helical air flow
movement in a convergent-
divergent space.

Separation of the air mixture and
pure air flow is the result of
general pressure drop.

The centrifugal force removes the
particles from the helical air flow
through the lateral conical
perforated surface.

Accelerated movement of the
tapering helical air mixture flow
ensures intensification of the
separation process

When the air mixture moves in
the helical confuser, the
peripheral speed of up to 68 m/s
provides significant centrifugal
force.

Movement and separation of air
mixtures in the helical space is
carried out with minimal energy
consumption along the helical
current lines.

e Accelerated motion of the axially symmetrical helical air flow.

e The helical movement is defined by the helical insert design, the

air flow pressure change and dust concentration.

e Multi thread helical insert with adjustable pitch, taper and cone

perforation.

e Layered and independent movement of several helical air flows

with minimum turbulence.

e We defined the conditions for simultaneous separation with
variable concentration of several dust flows in primary

production or its fractionation.
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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::

VZ
Froude F, = o characterizes the centrifugal purification effect,

p-V-l
Reynolds R, L characterizes the flow pattern,

AP : :
Euler £, = 2 — Characterizes the flow resistance of the cyclone.

FLOW CHARACTERISTICS
V — flow rate (variable); g — acceleration of gravity; r — radius of particle
rotation (variable); p — flow density; | — typical size of the helical channel
(variable); 2 — dynamic viscosity of the flow; AP — pressure drop.
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The results of movement simulation of cement particles with the diameter of 5 um in the
helical channel of the aero-helical cyclone.

The purification efficiency for cement
is 95-98%.
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The results of movement simulation of flour particles with the diameter of 5 um in the helical
channel of the aero-helical cyclone.
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Cyclone systems with low-cost design show low purification efficiency and require
immediate improvement.

Cyclone systems with low-cost design show low purification efficiency and require
iImmediate improvement.
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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.
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Converging helical air flow (patent No. 2511120 determines the prospects of dust
control).

Dry Method of Service Air Purification
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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.

Wet Method of Service Air Purification
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1 — high cost, 2 — low cost.
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Typical Size Examples

Single Cyclone
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Main Characteristics of Single Cyclone Separators

IIpoH3BOIETEILHOCTE 0 BOZIYXY, M*/9ac

HaEMeHOBaHHE (pn Vex.=11+19 m/c)
IC3 - 250 190+-310
LC3 - 350 260440
IC3 - 500 370+630
HC3 - 600 440+760
LC3 - 700 520+880
HC3 - 1000 7401260
C3 - 1350 9901710
C3 - 1700 1250-2150
LC3 — 2000 1480+2520
LC3 — 2500 1840+3160
LC3 - 3500 2570+4430
LC3 - 5000 3700+6300

Main Characteristics of Multicyclone Separators

I'pynnossie uKaIoHs! COCMORNU(UE U3 2-X 00NHOUNBIX | I pYyNnoesie UKAOHD! COCIMORNU(UE U3 4-X OOUHOUHBIX
Ipom3BOARTCABHOCTE ITpor3BoARTCIBHOCTD
HamvmemoBanae no BO3AYXY, M*/9ac HamMmenoBanne 0o BO3AYXY, M*/1ac
(npm V'ex.=11+19 m/c) (opa Vex.=11+19 m/c)
2(P)-1LIC3-0.5 380+620 4(P)-1IC3-1.0 740+-1260
2(P)-LC3-0.7 520+880 4P)-1LC3-14 1040+1760
2(P)-1IC3-1.0 740+1260 4(P)-1IC3-2.0 1480+2520
2(P)-1IC3-1.2 880+1520 4(P)-11C3-24 1760+3040
2(P)-1IC3-14 1040+1760 4(P) -1IC3-2.8 2060+3540
2(P)-1IC3-20 14802520 4(P)-1IC3-4.0 2960+5040
2(P)-1IC3-2.7 19803420 4(P)-1IC3-54 3960+6840
2(P)-1IC3-34 2500+4300 4(P) -1IC3 - 6.8 5000+8600
2(P)-11C3-40 2960+5040 4(P)-11C3-8.0 5920+10080
2(P)-1IC3-5.0 3680+6320 4(P) - LIC3-10.0 740012600
2(P)-1IC3-7.0 5140+8860 4(P) - 1IC3 - 14.0 10280+17720
2(P) - 1IC3-10.0 7400+12600 4(P) - 1LIC3-20.0 1480025200
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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

Implementation of the Cyclone Separator in the Existing Production Chain
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Implementation of the cyclone separator requires no change in the production line
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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™)
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BATERT

Zlochevsky Valery Lvovich — Doctor of Engineering Science, Professor, Honored
Inventor of the Russian Federation. Project Supervisor.

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

Inventions and Technologies (SI11F) 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
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Enterprise Implementation
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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.

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.

3anbuieHHOro

CORE COMPETENCIES:

¢ Helical movement of the air

mixture in the perforated

confuser cone.
e Separation of particles by the

helical movement process.

e Differential impact of centrifugal
force on the stream particles.

e Independent exhaust of the

purified air flow.
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