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(57)  The multi-channel helical cyclone-electrostatic
filter comprises three serially connected and comple-
mentary zones, i.e. the cyclone filter, the filter with the
curvilinear elements (11, 12) and the electrostatic filter
with the ionizing electrodes (18, 19) and particle deposi-
tion electrodes (19, 20), installed in one housing (4),
connected by the shared tangential air flow supply duct
(1) and the central air outlet duct (31). The ionizing
electrode complex of the electrostatic filter comprises
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electrically connected electrode-rods (18) and plate-
shaped ionization electrodes (19). The electrode com-
plex of the electrostatic filter for particle deposition com-
prises the mechanically and electrically connected per-
forated cylinder (20) with the central electrode-rod (21).
The deposited particles are removed through a contin-
uous annular slot (28) in the bottom of the deposition
chamber (7).
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Description

Field of the Invention

[0001] The invention belongs inertial and electrostatic
precipitation devices for gas cleaning, in particular to
multi-channel cyclone-filter for removal of finely dis-
persed solid particles from gas.

Background of the invention

[0002] Multi-channel cyclones are widely used as gas
cleaning devices for cleaning gas (air) by precipitating
finely dispersed solid particles (KD). These devices are
classified as gas treatment devices for dry cleaning and
can be used in various areas of the economic practices,
which are related to the emission of ordinary and sticky
finely dispersed solid particles into atmosphere. In this
type of devices solid particles are separated from a gas
stream by: centrifugal force, air flow filtration process.
[0003] InLithuanian patentno.LT5912 a multi-channel
cyclone for cleaning air (gas) from solid particles is dis-
closed. The cylindrical body cyclone comprises a gas
inlet, a gas outlet, and a conical hopper. The cyclone has
semi-rings of different radii with adjustable gaps, and a
separation chamber with segmental annular slots. The
cyclone is also equipped with a partition that directs the
air flow to a first channel only.

[0004] In Lithuanian patent no. LT6225 a multi-level
multi-channel cylindrical cyclone-filter is disclosed. The
filter comprises air tangential inlet, air outlet, curved
segments of different radii with adjustable gaps at ends
and forming air flow movement channels, a separation
chamber with segmental slots, and a conical solid particle
collection hopper. The device comprisses a number of
cyclones mounted in one housing one above the other,
connected by a common tangential air flow supply duct
and a central air outlet duct. Cyclones also have inboard
quarter rings with adjustable end gaps.

[0005] Devices as described in patents LT5912 and
LT6225, can be applied to gas cleaning with medium and
high particulate concentrations. The main drawback of
the above devices is that the incoming gas flow is fed
directly into cyclone channels where solid particles are
precipitated. The entire flow of existing particles is re-
moved by centrifugal forces and filtration in individual
channels. Reduction in particle removal efficiency is due
to two reasons. First, large solid particles with sizes
above 10 pm are not efficiently precipitated in each of
cyclone channels due to insufficiently strong centrifugal
forces that can direct particles of this size to the periphery.
And the second, some of finely dispersed solid particles
smaller than 5 pm moving in general particle flow are
carried along with the gas flow due to excessive velocity
inthe cyclone channels, so particles of this size cannotbe
precipitated with maximum efficiency. Centrifugal forces
and ongoing filtration in the multichannel cyclone alone
are not sufficient for precipitating.
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[0006] Another drawback is that inlet of the contami-
nated gas flow in the disclosed devices is such that the
gas flow from the inlet gas flow duct entered the first
channel ofthe cyclonein a straightline trajectory. Such an
arrangement is not effective for proper precipitating of
finely dispersed solid particles, especially when the par-
ticle density is relatively low (400-800 kg/m3), the floccu-
lation speed of such particles is small (1-1.5 m/s), so the
precipitating speed can be insufficient to remove such
solid particles.

[0007] The invention does not have the above disad-
vantages and includes additional advantages.

Summary of the invention

[0008] The purpose of the invention is a combined gas
filtration device, a filter, for removal of finely dispersed
solid particles smaller than 5 um, when pollutant con-
centrations are 50 mg/m3 or higher. The multi-channel
helical cyclonic electrostatic filter according to the inven-
tion comprises three, sequentially arranged, at least
partially separated deposition zones in one housing of
the filter. The first zone is the centrifugal deposition zone
of a helical channel, the second zone is zone of centri-
fugal deposition - filtration channels, and the third zone is
central electrostatic deposition zone. The third zone
comprises continuous helical slots, ionization electrodes
- rods and rebound plates, and deposition electrodes - a
perforated cylinder for directing/depositing charged par-
ticles, and an electrode - a rod located along central axis
of the combined gas treatment device.

[0009] The first zone is formed by the filter body wall of
the filter and a helically shaped element. The helically
shaped element is arranged in such a way that when
making a twist angle of 2, it is right away extended by
another twist angle of /2, thus forming a first curvilinear
element.

[0010] Velocity of contaminated gas flow is decreasing
as it moves towards central axis of the filter. Cross-sec-
tions of each zone are selected so that velocity of the gas
flow moving in them is suitable to achieve the maximum
deposition of solids, depending on the principle of solids
deposition in the respective zone, even at very low solids’
concentrations. In the first deposition zone of the filter,
larger solid particles are most effectively removed and
the concentration of solid particles is significantly re-
duced, while approaching the central axis of the filter
deposition methods are applied for the removal of fine
and ultra-fine solid particles thus achieving a very high
overall degree of purification of the gas stream.

Description of drawings

[0011] Features of the invention believed to be novel
and inventive are set forth with particularity in the ap-
pended claims. The invention itself, however, may be
best understood by reference to the following detailed
description of the invention, which describes exemplary
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embodiments, given in non-restrictive examples, of the
invention, taken in conjunction with the accompanying
drawings, in which:

Fig. 1 shows a schematic cross-section of the multi-
channel helical cyclone-electrostatic filter according
to the invention across the line A-A in Fig. 4.

Fig. 2 shows a spatial schematic cross-section of the
multi-channel helical cyclone-electrostatic filter ac-
cording to the invention across the line A-A in Fig. 4.

Fig. 3 shows a schematic view of the deposition
slotted chamber of the multi-channel helical cy-
clone-electrostatic filter according to the invention
and a spatial view of the arrangement of the electro-
static deposition elements with a spring vibrator in
the cross-section across the line B-B shownin Fig. 1.

Fig. 4 shows a profile view of the multi-channel
helical cyclone-electrostatic filter according to the
invention without an outer wall of a deposition cham-
ber.

Fig. 5 shows the spatial schematic view of the cross-
section of the multi-channel helical cyclone-electro-
static filter according to the invention across the line
A-Ain

Fig. 4, where sequentially arranged areas of the filter
and their designations are shown.

[0012] Preferred embodiments of the invention are
described below with reference to the drawings. Each
figure has the same numbering for the same or equivalent
item.

Detailed description of the invention

[0013] It should be understood that numerous specific
details are presented in order to provide a complete and
comprehensible description of the invention embodi-
ment. However, the person skilled in art will understand
that the embodiment examples do not limit the applica-
tion of the invention which can be implemented without
these specific instructions. Well-known methods, proce-
dures and components have not been described in detail
for the embodiment to avoid misleading. Furthermore,
this description should not be considered to be constrain-
ing the invention to given embodiment examples but only
as one of possible implementations of the invention. The
multi-channel helical cyclone-electrostatic filter (CEF) for
cleaning gases from solid particles comprises a duct (1)
for contaminated gas flow entering the filter (CEF), a
narrowing passage (2) for directing the gas flow, a gas
inlet primary filter (3), the cyclonic-electrostatic filter
(CEF) helical body (4), a helical channel (5), a helical
element (6), a deposition chamber (7) with a bottom (7’),
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continuous helical slots (8) formed by the deposition
chamber (7) with the bottom (7’), a peripheral centrifugal
deposition zone (9), centrifugal deposition -filtration
channels (10°, 10", 10”, 10""), curved curvilinear ele-
ments (11°, 11", 12’, 12"), a continuous helical slot (13),
a multichannel cyclone zone (14), a central electrostatic
deposition zone (17), charge ionization rod-shaped elec-
trodes (18, 18", 18", 18""), plate-shaped ionization elec-
trodes (19), a perforated cylindrical deposition electrode
(20) and a rod-shaped deposition electrode (21), bottom
support springs (22a, 22b) of the perforated cylinder-
shaped deposition electrode (20) and the rod-shaped
deposition electrode (21), holding elements (23) of said
springs (22a, 22b), a DC high voltage circuit (24), a
vibration device (25), a motor (26), a cover (27), a con-
tinuous ring slot (28), a central opening (29), a hopper
(30), an exhaust duct (31), a transformer (33), a DC unit
(34), aelectric current circuit (35), and a transformer (36).
[0014] The gas flow diverting narrowing passage (2) at
firstendis connected to the contaminated gas flowinlet to
the duct (1) of the cyclone-electrostatic filter (CEF), and at
second end to the primary filter (3) of the gas inlet in the
helical channel (5). The area of the opening of the second
end of the narrowing passage (2) for directing the gas
flow is smaller than the area of the opening of the firstend
and fully corresponds to the area of the gas outlet of the
gas inlet primary filter (3) in the helical channel (5).
[0015] The helical-shaped body (4) is formed from an
outer wall (4’) and an inner wall (4"). The inner wall (4")
forms a helical-shaped element (6). The outer wall (4’)
extends from the first side edge (3’) of the inflow primary
filter (3) to the second side edge (3") of the primary filter
(3), located on opposite side to the first side edge (3’). The
outer wall (4’) extends spirally from the second side edge
(3") of the inflow primary filter (3) as the inner wall (3").
The inner wall (4") extends full circle at least to the area
where the outer wall (4’) joins the edge of the second side
(3") of the inlet primary filter (3). The inner wall (4")
preferably extends approximately one full circle and
one quarter circle parallel to the outer wall (4’).

[0016] In the area between the outer wall (4’) and the
inner wall (4"), the channel (5) is formed extending to the
end of the inner wall (4"). The channel (5) is a helical
channel (5) forming a first particle deposition zone (5’). In
this zone, largest particles are deposited, the diameter of
which may vary but is not smaller than 20 um (efficiency
of the deposition of smaller particles is strongly reduced).
The helical channel (5) is covered from above by a cover
of the cyclone-electrostatic filter (CEF), and from below
by the bottom (7’) of the deposition chamber (7). The
continuous helical slot (8) is formed in the area of the
bottom (7’) of the deposition chamber (7) of the first
particle deposition zone (5’), where the continuous heli-
cal slot (8) is a peripheral centrifugal deposition zone (9)
that extends from the beginning of the first particle de-
position zone (5’) to the inflow into the first centrifugal
deposition -filtration channel (10’). The width of the con-
tinuous helical slot (8) may not exceed 1/10 of the width of
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the channel (10), but it must be ensured that suction of
solids from the hopper back into the deposition chamber
does not occur.

[0017] The multi-channel helical cyclone-electrostatic
filter (CEF) comprises four centrifugal deposition-filtra-
tion channels (10, 10", 10", 10"").

[0018] Thefirstcentrifugal deposition-filtration channel
(10’) extends between the first quarter (1) of the inner wall
(4"), which begins at the end of the primary filter (3) and
extends from the second cross-sectional (B-B) plane (B)
to the first cross-sectional (A-A) plane (A), in a clockwise
view, of the first part and the first quarter (1) of the second
part, which is the first curved curvilinear element (11°)
which extends parallel to the first part, but closer to the
center of the filter (CEF), by width of the first deposition-
filtration channel (10’).

[0019] The second centrifugal deposition-filtration
channel (10") extends between the inner wall (4") of
the second quarter (II) beginning at the end of the primary
quarter (I) and extending from the first cross-sectional (A-
A)plane (A) to the second cross-sectional (B-B) plane (B)
viewed clockwise, and adjacent to the inner wall second
quarter (ll) of the second curved curvilinear element
(11"), which is located closer to the center of the filter
(CEF) than the inner wall second quarter (II), by width of
the second deposition-filtration channel (10"). The begin-
ning (11.2’) ofthe second curved curvilinear element (11")
overlaps by a certain length with the end (11.1") of the first
curved curvilinear element, so that the beginning (11.2’)
of the second curved curvilinear element (11") is closer to
the filter (CEF) center than the end (11.1") of the first
curved curvilinear element (11°).

[0020] The third centrifugal deposition-filtration chan-
nel (10™) extends between the third quarter (lll) of the
inner wall (4"), beginning at the end of the second quarter
(I) and extending from the second cross-sectional (B-B)
plane (B) to the first cross-section (A-A) plane (A), viewed
clockwise, and adjacent to the inner wall (4") third quarter
(111 of the third curved curvilinear element (12’), which is
located closer to the center of the filter (CEF) than the
inner wall third quarter (l11), by width of the third deposi-
tion-filtration channel (10”). The beginning (12.1’) of the
third curved curvilinear element (12’) overlaps by a cer-
tain length with the end (11.2") of the second curved
curvilinear element, so that the beginning (12.1°) of the
third curved curvilinear element (12°) is closer to the filter
(CEF) center than the end (11.2") of the second curved
curvilinear element (11").

[0021] The fourth centrifugal deposition-filtration chan-
nel (10"") extends between the inner wall (4") of the fourth
quarter (IV) beginning at the end of the third quarter (l1I)
and extending from the plane (A) of the first cross-section
(A-A) to the second cross-section (B-B) ) plane (B),
viewed clockwise, and the fourth curved curvilinear ele-
ment (12") located adjacent to the inner wall fourth quar-
ter (IV), which is located closer to the center of the filter
(CEF) than the inner wall fourth quarter (IV), by width of
the fourth deposition-filtration channel (10""). The begin-
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ning (12.2’) of the fourth curved curvilinear element (12")
overlaps by a certain length with the end (12.1") of the
third curved curvilinear element, so that the beginning
(12.2’) of the fourth curved curvilinear element (12") is
closer to the filter (CEF) center than the end (12.1") of the
third curved curvilinear element (12’).

[0022] The zone of the multi-channel cyclone, which
comprises the centrifugal deposition-filtration channels
(10, 10", 10", 10", is a centrifugal deposition-filtration
zone (14) at the bottom (7’) of the deposition chamber (7)
and comprises a continuously extending continuous spir-
al slot (13).

[0023] The multi-channel helical cyclone-electrostatic
filter (CEF) also comprises the central electrostatic de-
position zone (17) located behind the multi-channel cy-
clone zone (14) in the direction of gas flow. The central
electrostatic deposition zone (17) comprises four uni-
formly spaced single charge rod-shaped ionization elec-
trodes (18’, 18", 18", 18"") arranged in a ring around the
central part of the filter (CEF). Said single charge rod-
shaped ionization electrodes (18’, 18", 18", 18™") extend
through the channel (17°) of the central electrostatic
deposition zone (17), in which, between the single charge
rod-shaped ionization electrodes (18’, 18", 18", 18™) the
plate-shaped ionization electrodes (19) of the same
charge are arranged. The central electrostatic deposition
zone (17)also comprises the central deposition electrode
(20) whichis in the shape of a perforated cylinder, and the
central rod-shaped deposition electrode (21) surrounded
by the perforated cylindrical deposition electrode (20).
[0024] The electrostatic deposition zone (17), deposi-
tion electrodes (20, 21) are connected to each other by
the electrical circuit (24) from the electrical source (32)
through the transformer (33) to the high voltage DC unit
(34), an opposite charge to the ionization electrodes (18’,
18", 18", 18", 19). The perforated cylindrical deposition
electrode (20) and the rod-shaped deposition electrode
(21) are mounted on springs (22a, 22b) at the bottom (7)
of the deposition chamber (7). The springs (22a) of the
rod-shaped deposition electrode (21) are equipped with
retaining elements (23). The springs (22a, 22b) enable
the deposition electrodes (20, 21) to vibrate, thus shaking
off the deposited particles from the surface. Thus, the
electrodes (20, 21) are regenerated.

[0025] The deposition electrodes (20, 21) are structu-
rally connected to each other and form the common DC
high voltage circuit (24). Vibration device (25) is installed
on the axis-mounted rod-shaped deposition electrode
(21) and is connected to the motor (26) and its control
unit, which are installed on the filter cover (27). The
deposited solid particles pass through the helical slots
(8, 13) provided in the bottom (7’) of the deposition
chamber (7), through the continuous annular slot (28)
provided in the bottom (7’) of the deposition chamber (7),
which extends both from the outer, and both from the
inner side of the perforated cylindrical electrode (20) and
enters the hopper (30) connected to the filter (CEF) body
(4) through the central opening (29). At the central axis of
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the filter (CEF), above the perforated cylindrical deposi-
tion electrode (20) and the rod-shaped deposition elec-
trode (21), vertically upward, the duct (31) for removing
the gas flow from the filter (CEF) is installed.

[0026] The principle of operation of the multi-channel
helical cyclone-electrostatic filter (CEF) is based on the
fact that the dusty gas flow is sequentially directed
through the solid particles deposition channels (5, 10’,
10", 10, 10™, 17’) through zones of different deposition
types (5°, 14, 17), where not only the concentration of
solid particles is reduced to the smallest, but also the size
of the particles remaining in the gas stream is reduced to
ultrafine. Thus, in the course of multi-stage cleaning, in
each zone (5, 14, 17) different methods of deposition of
solid particles are applied, which mutually complement
each other, achieving an extremely high overall cleaning
efficiency.

[0027] Dusty air, gas, is supplied through the contami-
nated gas flow duct (1). Passing through the diverting
narrowing passage (2) the velocity of the gas flow in-
creases, forexample, by more than 5 times, for example,
up to ~ 15-20 m/s. Centrifugal deposition occurs due to
the increase in centrifugal forces at a higher gas flow
rates due to the reduced cross-sectional area of the
helical channel (5) of the centrifugal deposition cyclone
compared to the cross-section of the contaminated gas
flow duct (1). The cross-sectional area of the cyclone
helical channel (5) is, for example, approximately 5.5
times smaller compared to the cross-sectional area of
the contaminated gas flow duct (1). Depending on the
length and the height of the peripheral centrifugal deposi-
tion helical channel (5), the diverting narrowing passage
(2) is arranged to be inclined downwards so that its axial
line (34) forms an angle of 10-15° with the horizontal
plane of the bottom of the deposition chamber (7°). In this
case, fine solids, such as 10 pm and larger, with a low
density such as 400-800 kg/m3 are directed downward,
enough to cause them to deposit after passing through
the slots (8, 13).

[0028] The largest solid particles, for example, larger
than 10 wm, are deposited in this peripheral centrifugal
deposition zone (9) under the action of centrifugal force,
which directs the particles towards the periphery of the
channel (5), where they slide along the surface (4.1) of
the inner side of the filter housing (4) downwards under
the action of gravity and directed to the hopper (30)
through the continuous helical slot (8) in the bottom of
the deposition chamber (7°) in the centrifugal deposition
helical channel (5).

[0029] The gas from the first centrifugal deposition-
filtration channel (10’) enters the second centrifugal de-
position-filtration channel (10"), further into the third cen-
trifugal deposition-filtration channel (10™), and further
into the fourth centrifugal deposition-filtration channel
(10""). The gas flowing through the fourth centrifugal
deposition-filtration channel (10"”) is divided and sepa-
rated at the overlap zone of the end (11.1") of the first
curved curvilinear element (11’) with the beginning (11.2’)
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of the second curvilinear element (11") to the first per-
ipheral flow (15) and the first transit flow (16). At the same
time, a new gas flow from the first centrifugal deposition-
filtration channel (10’) is introduced into the first transit
flow. The first peripheral flow (15) flows at the outer wall of
the second curvilinear element (11"), and the first transit
flow (16) flows at the inner wall of the second curvilinear
element (11"). Next, divided in this way and separated
gas flow reaches the overlap zone of the end (11.2") of the
second curved curvilinear element (11") with the begin-
ning (12.1°) of the third curvilinear element (12’), where
the first transit gas flow (16) is additionally divided and
separated into a second peripheral flow (15’) and a
second transit flow (16’). The second peripheral flow
(15’) flows at the outer wall of the third curvilinear element
(12"), and the second transit flow (16’) flows at the inner
wall of the third curvilinear element (12’). At the same
time, the first peripheral flow (15) merges with the second
peripheral flow (15’). Next, divided in this way and sepa-
rated gas flow reaches the overlap zone of the end (12.1°)
of the third curved curvilinear element (12’) with the
beginning (12.2") of the fourth curvilinear element
(12"), where the second transit gas flow (16’) is addition-
ally divided and separated into a third peripheral flow
(15") and a third transit flow (16"). The third peripheral
flow (15") flows at the outer wall of the fourth curvilinear
element (12") and the third transit flow (16") flows at the
inner wall of the fourth curvilinear element (12"). At the
same time, the second peripheral flow (15’) merges with
the third peripheral flow (15"). The cycle then repeats
beyond the end (12.2") of the fourth curvilinear element
(12") after the third peripheral flow (15") merges with the
third transit flow (16"), wherein such a merged gas flow, in
the zone where the end (11.1") of the first curved curvi-
linear element (11’) overlaps with the beginning (11.2’) of
the second curvilinear element (11"), is divided and se-
parated into the first peripheral flow (15) and the first
transit flow (16), where a new gas stream is introduced
from the first centrifugal deposition-filtration channel (10’)
into the first transit flow again.

[0030] Finely dispersed solid particles in the zone,
which includes four centrifugal deposition-filtration chan-
nels (10°, 10", 10", 10""), are deposited under the action
of centrifugal force, which is lower than in the previous
zone (5), and also during the filtering. In each centrifugal
deposition-filtration channel (10’, 10", 10", 10™) with
each pass through the said channels, the gas is increas-
ingly purified.

[0031] During multiple filtration, finely dispersed solid
particles are directed into the continuous helical slot (13)
of the centrifugal deposition-filtration zone, which com-
prises centrifugal deposition-filtration channels (10, 10",
10", 10""). The radius of the first and the second curvi-
linear elements (11, 11") is the same and is 1.125 times
greater than the radii of the third and the fourth curvilinear
elements (12) located below. The inner wall (4"), the
curved curvilinear elements (11°, 11", 12’, 12") are ar-
ranged in the inner structure of the multi-channel helical
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cyclone-electrostatic filter (CEF) in such a way as to
create the least possible variation of the gas flow velocity
in each of the centrifugal deposition-filtration channels
(10, 10", 10", 10™).

[0032] The average cross-sectional area of each cen-
trifugal deposition-filtration channel (10’, 10", 10”,10™)is
larger compared to the cross-sectional area of the cy-
clone helical channel (5), but smaller compared to the
cross-sectional area of the contaminated gas stream
duct (1). Thus, after leaving the helical channel of the
cyclone (5), the gas flow to the centrifugal deposition-
filtration channels (10’, 10", 10”, 10"") is decelerating.
Thus, thefiltration of the polluted gas flow and the deposi-
tion of finely dispersed solid particles through the con-
tinuous helical slot (8) of the centrifugal deposition-filtra-
tion channels (10°, 10", 10", 10™), the width of which is
smaller than the width of the channel (5), installed at the
bottom of the deposition chamber (7°), is increased.
[0033] In a specific embodiment of the invention, the
average cross-sectional area of each centrifugal deposi-
tion-filtration channel (10’, 10", 10", 10™) is 1.6 times
larger compared to the cross-sectional area of the cy-
clone helical channel (5), and approximately 3.5 times
smaller compared to the cross-sectional area of the
contaminated gas flow duct (1). Thus, after leaving the
cyclone helical channel (5), the gas flow to the centrifugal
deposition-filtration channels (10, 10", 10”, 10"") is de-
celerating and reaches, for example, about 8-10 m/s. In
this way, the filtration of the polluted gas flow and the
deposition of finely dispersed solid particles through the
continuous helical slot of the centrifugal deposition-filtra-
tion channels (10°, 10", 10", 10""), the width of which is,
for example, approximately 25 times smaller than the
width of the channel (5), installed at the bottom of the
deposition chamber (7°), is increased (8).

[0034] Contaminated gas cleaning, by removing solid
particles with a diameter of less than 2.5 um, when the
particle density in the gas flow is relatively low, 400-800
kg/m3, is carried out by centrifugal deposition-filtration
channels (10°, 10", 10™, 10"") in the central electrostatic
deposition zone (17) installed in the system. The remain-
ing extremely fine solid particles in the partially cleaned
gas flow entering the central electrostatic deposition
zone (17) are charged by a charge of one sign from
the fixed ionization rod-shaped electrodes (18’, 18",
18", 18"") and plate-shaped ionization electrodes (19)
arranged every 90° and oriented in such a way that each
transit flow (16, 16’, 16") moving from each centrifugal
deposition-filtration channel (10°, 10", 10", 10"") would be
directed to these deposition electrodes (18, 19) to charge
the solid particles. The ionization electrodes (18’, 18",
18", 18", 19) are connected to the high voltage DC unit.
Rod-shaped ionization electrodes (18’, 18", 18", 18™)
are connected to the electric circuit (35) together with the
plate-shaped ionization electrodes (19), which are sup-
plied with an electric current of equal charge through the
transformer (36). The cross-sectional area of this zone
(17) is increased approximately 3 times compared to the
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centrifugal deposition-filtration zone (14) and is the lar-
gestamong all zones (5, 14, 17), thus the gas flow rate in
this zone (14) is especially decreased and reaches no
more than, for example, 1 m/s.

[0035] In order to increase the efficiency of deposition
of solid particles, the perforated cylinder-shaped deposi-
tion electrode (20) is installed, which has the opposite
charge to the ionization electrodes (18’, 18", 18", 18",
19) for the deposition of charged particles. The two-
phase gas flow can enter towards the axis of the device
(37) only through the provided perforation holes (20’), so
the particles in the gas flow are diverted directly towards
the perforated cylindrical deposition electrode (20),
where they remain attached. Ultrafine particles, having
entered through the perforation holes (20’) together with
the flow, move towards the rod-shaped deposition elec-
trode (21) installed in the axis of the device, which also
has the opposite charge to the ionization electrodes (18’,
18", 18", 18", 19), where some of the smallest particles
are deposited. To increase the probability of particle
charging, plate-shaped ionization electrodes (19) are
installed between the fixed rod-shaped ionization elec-
trodes (18’, 18", 18", 18""), which form an obstacle to the
escape of particles. These plates (19) prevent the parti-
cles from being carried away with the air flow from outside
this zone, and also if they hit these plates - they bounce
back and return to the initial deposition zone. Also, since
these plate-shaped ionization electrodes (19) are con-
nected to the same charge 12000 V DC high-voltage
electric circuit, they can additionally charge some of the
solid particles that were not charged from the rod-shaped
ionization electrodes (18, 18", 18", 18""). In both the
perforated cylinder-shaped deposition electrode (20)
and the rod-shaped deposition electrode (21), the shared
voltage circuit (24) maintains the DC voltage equal to 2/3
ofthe voltage of the ionization electrodes (18),i.e. 8000 V
compared to ionization electrodes (18’, 18", 18", 18",
19).

[0036] A time relay is installed on the cover (27) of the
multi-channel helical cyclone-electrostatic filter, which,
after the set filter operation time, turns on the electric
motor (26), which starts the system for the removal of
deposited particles (for the regeneration of the deposition
electrodes). In order to remove the deposited particles,
the vibration device (25) is installed on the rod-shaped
deposition electrode (21) at the lid of the deposition
chamber (27). Both deposition electrodes (20, 21) are
mounted on springs (22a, 22b). The springs (22a) of the
rod-shaped electrode (21) are attached to the retaining
elements (23). Finally, all the holding elements (23) are
fixed at the bottom (7’) of the deposition chamber (7). The
vibration device (25) is installed above the axial electrode
(21); when the vibration device is activated, the vibration
affects the axial electrode (21) and the perforated cylind-
rical deposition electrode (20) that are structurally con-
nected to each other with the axial electrode (21). The
response to the vibration is additionally increased by the
springs (22a, 22b) on which these deposition electrodes
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(20, 21) are installed. During this process, deposited
extremely fine solid particles fall from the deposition
electrodes (20, 21), which enter the hopper (30) through
the continuous annular slot (28) and the central hole (29)
of the deposited particles.

[0037] The cleaned gas flow at the axis of the device
(37) moves vertically upwards and is removed to the
atmosphere through the gas flow removal duct (31).
[0038] Although present description includes numer-
ous characteristics and advantages of the invention to-
gether with structural details and features, the description
is given as an example of the invention embodiment.
There may be changes in details, especially in the form,
size and layout of materials without departing from the
principles of the invention, in accordance with the widely
understood definition of terms used in claims.

Claims

1. Multi-channel helical cyclone-electrostatic filter,
comprising a narrowing passage for directing gas
flow, a gas outlet, a cylindrical body with curved
elements of different radii, a separation chamber
with segmental annular slots, a conical hopper for
collecting the solid particles, characterized in that
further comprises

- ionization electrodes (18, 19) having a charge,
- particle deposition electrodes (20, 21) having
the opposite charge to ionization electrodes (18,
19),

- a vibration device (25) for shaking off solid
particles stuck to the deposition electrodes
(20, 21),

- a slot (28) and a central hole (29) for the
removal of solid particles into a filter collection
hopper (30),

- where the multi-channel helical cyclone-elec-
trostaticfilteris installed in a helical filter body (4)
in a electrostatic deposition zone (17) and is
connected to a shared tangential air flow supply
duct (1), a central air outlet duct (31) and a
hopper for collecting the deposited particles
(30).

2. Thefilteraccordingto claim 1, characterized in that
the ionization electrodes (18, 19) are rods (18) and
plates (19).

3. Thefilteraccording to claim 1 or 2, characterized in
that the ionization electrodes (18, 19) are arranged
in a circle every 90° at the beginning of transit air flow
(16).

4. The filter according to any one of the preceding
claims, characterized in that the deposition elec-
trodes comprise a perforated cylinder (20) with an
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axial electrode (21), wherein the perforated cylinder
(20) and the axial electrode (21) are connected by a
common voltage circuit (24) and attached to the
vibration device (25), connected to a motor and its
control unit (26), installed on a filter cover (27).

The filter according to any one of the preceding
claims, characterized in that the vibration device
(25) is mounted on the deposition electrode (21) at
the filter cover (27).

Thefilteraccording to claims 4 or 5, characterized in
that the perforated particle deposition cylinder (20)
together with the axial electrode (21) are attached via
springs (22a, 22b) to the bottom of the filter (7’) where
the joint allows vibrations.
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