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(54) SELF-REGENERATIVE ELECTROSTATIC PRECIPIATOR

(67)  Theinvention relates to a self-regenerative elec-
trostatic precipitator (10) of the type comprising a dis-
charge electrode (1) located inside a gas conduit (3) for
generating a corona discharge and for depositing solid
particles in suspension in a gas stream (11) circulating
through the conduit (3) in a deposition layer (4) on the
inner wall of the conduit (3). The electrostatic precipitator
(10) comprises at least one cleaning assembly (7) ar-
ranged outside the conduit (3), each cleaning assembly
(7) having at least one induction coil (6) wound around
the conduit (3) for heating the wall of the conduit (3) by
electromagnetic induction. The electrostatic precipitator
(10) reduces emissions of solid particles in suspension
in a gas stream.
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Description
TECHNICAL FIELD

[0001] The present invention is comprised in the field
of systems or apparatus for reducing contaminating
emissions in combustion systems, and more specifically
for reducing emissions of particles in suspensionin a gas
stream generated, for example, by a biomass boiler or a
diesel engine. The invention is particularly comprised in
the field of electrostatic precipitators.

PRIOR ART

[0002] Any combustion system is susceptible to gen-
erating contaminating emissions. These emissions are
gas emissions, but they can also contain solid or liquid
particles in suspension as a result of an imperfect com-
bustion or ash present in the fuel exiting the system with
the gas stream. Solid (biomass and carbon) combustion
systems as well as reciprocating internal combustion
(particularly diesel) engines are particularly unique as
regards emissions of this type. The reason for their risks
resides in the large number of particles given off and their
reduced size (smaller than 1 um) which do not readily
settle in the atmosphere and are impossible for the hu-
man respiratory system to filter out.

[0003] For the reasons set forth, it is common to intro-
duce filtering elements into these combustion systems
to minimize particle emissions. Though less widespread
in the field of biomass boilers, particle filters are usually
installed in diesel engines to comply with environmental
regulations.

[0004] There are several strategies for reducing parti-
cle emissions. Among others, settling chambers or cy-
clones that separate the particles by centrifugal force,
filtering systems that retain aerosols by means of a po-
rous (for example fiber) bed, or electrostatic precipitators
that electrically charge the particles to then remove them
from the gas stream as a result of the strong electric field
generated between two electrodes, can be used.
[0005] Each of the mentioned systems has features
making them more or less advantageous depending on
the type of combustion system. In many cases, one of
the biggest problems for the application thereof is the
removal of particles deposited throughout the service life
of the filter. As an example, a filtering system is used in
diesel engines that accumulates unburned particles (of
an organic origin) over time, and every so often they use
a regeneration cycle. In other words, they send very hot
gases to the filter, and as a result of the high temperature
reached they burn the deposited particles again, recov-
ering the filtration element’s efficiency.

[0006] In other cases, such as in electrostatic precipi-
tators, for example, it is common to introduce a mechan-
ical element on the deposition collector which shakes,
scrapes or hits the collector every so often, causing the
particles to become detached, which are then collected
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in a waste disposal element in the lower area.

[0007] In scientific and patent literature, there are a
number of proposals for regenerating or cleaning particle
filtering systems which are primarily based on regener-
ation cycles with hot gases or on applying electric heating
techniques.

[0008] The presentinvention proposes a particle filter-
ing system using electrostatic precipitation which solves
the aforementioned problems in the prior art.

DISCLOSURE OF THE INVENTION

[0009] The presentinvention relates to a particle filter-
ing system using electrostatic precipitation which is self-
cleaning by means of heating the walls by electromag-
netic induction. This self-cleaning method allows the con-
tinuous operation of the device and the removal of most
of the trapped mass, thereby reducing emissions of solid
particles in suspension in a gas stream in a continuous
manner.

[0010] The present invention proposes a system for
filtering solid particles resulting from combustion by
means of a self-regenerative electrostatic precipitator. A
cylindrical precipitator with a high-voltage electrode in
the center of the chimney or gas conduit generates a
strong electric field which results in the creation of a co-
rona discharge region. The particles in suspensionin the
gas stream, most of which are of a carbon origin (un-
burned), are ionized and deflected towards the deposi-
tion electrode by the same electric field that charged them
or by another different one (a one- or two-stage precipi-
tator). The deposition electrode of the present invention
will be the outer cylindrical body of the conduit (or con-
duits) in which deposition takes place.

[0011] As material is being deposited on the chimney,
and always before the electric field weakens and filtering
efficiency becomes impaired, a series of induction coils
outside the tube will be electrically activated. These coils
wound around the conduit will receive high-frequency al-
ternating current, generating electromagnetic induction
in the wall of the conduit and thereby heating it with the
currents induced in same. This will lead to a rise in the
temperature of the wall until it is high enough to start
burning the particles that are deposited on the inner face
of the conduit. If the deposition surface is larger than the
surface covered by the induction coils, two alternatives
are provided: relative movement of the coils with respect
to the conduit, or the existence of various coils which are
sequentially activated to heat the entire surface.

[0012] A first aspect of the invention relates to a self-
regenerative electrostatic precipitator, of the type com-
prising a discharge electrode located inside a gas conduit
for generating a corona discharge and for depositing solid
particles in suspension in a gas stream circulating
through the conduit in a deposition layer on the inner wall
of the conduit. The self-regenerative electrostatic precip-
itator comprises atleast one cleaning assembly arranged
outside the conduit, each cleaning assembly having at
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least one induction coil wound around the conduit for
heating the wall of the conduit by electromagnetic induc-
tion.

[0013] The atleast one induction coil of each cleaning
assembly is preferably surrounded by at least one layer
of insulating material. The electrostatic precipitator pref-
erably comprises at least one securing element for fixing
the discharge electrode inside the conduit.

[0014] In a preferred embodiment, the electrostatic
precipitator comprises several cleaning assemblies the
induction coils of which are activated together or sequen-
tially. In another embodiment, the electrostatic precipita-
tor comprises means for moving the cleaning assembly
(or assemblies) along a section of the conduit.

[0015] The electrostatic precipitator can further com-
prise high-frequency alternating current generating
means in the at least one induction coil.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] A series of drawings which helps to better un-
derstand the invention and is expressly related to an em-
bodiment of said invention presented as a non-limiting
example thereof is very briefly described below.

Figure 1 is a cross-section view of the present inven-
tion.

Figure 2 shows a detailed cross-section view of the
cleaning and regeneration assembly.

Figure 3 shows a cross-section view of a constructive
variant of the present invention.

DETAILED DISCLOSURE OF THE INVENTION

[0017] The particle retaining equipment used in the
presentinvention is a cylindrical electrostatic precipitator.
Figure 1 depicts a cross-section view of the electrostatic
precipitator 10 formed by a discharge electrode 1, secur-
ing elements 2 for securing the discharge electrode and
a gas conduit 3 through the inside of which the combus-
tion gases circulate and in which the collected particles
accumulate in a deposition layer 4 having an increasing
thickness. The regeneration system is formed by assem-
blies of induction coils 6, lead cable, and layers of insu-
lating material 5.

[0018] The discharge electrode 1 generates the coro-
na discharge for charging the solid particles in the com-
bustion gases with particles 11 (the fume stream). In the
same region, or in another one located thereafter, the
electric field generated between the discharge electrode
1 and the wall of the conduit 3 (the deposition electrode)
deflects the particles in suspension and causes them to
be trapped, clean, particle-free gases 12 exiting the fil-
tering system. The central discharge electrode 1 can be
secured in various manners (separating arms, floating
electrode, etc.), without this affecting the nature of the
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present invention. In the example shown in Figure 1, it
is done by means of securing arms 2 built using an elec-
trically insulating material.

[0019] When the electrostatic precipitator 10 is work-
ing, the particles will be retained, creating a deposition
layer 4 having an increasing thickness adhered to the
outer electrode. As this deposition layer 4 grows, the op-
eration of the system worsens and the retaining efficiency
gradually decreases due to the weakening of the electric
field and to the increasing more likely reinsertion of par-
ticles deposited by erosion with the gas itself. It is there-
fore necessary to periodically eliminate or reduce the lay-
er of dirt. To that end, the present invention incorporates
a regeneration or self-cleaning system. It is formed by a
series of induction coils 6 wound around the conduit 3.
To protect them against the high temperature and to pre-
vent unwanted electrical contacts they are internally and
externally insulated with layers of insulating material 5.
When the cleaning sequence is run, the induction coils
6 are subjected to a high-frequency alternating current,
causing the induction electric currents in the body of the
deposition electrode 3. As a result of this induction, the
temperature of the conduit will increase up to values ex-
ceeding the ignition temperature of the particles depos-
ited in the deposition layer 4. These particles, in the pres-
ence of oxygen that may be contained in combustion
gases with particles 11 flowing through the inside of the
conduit 3 and the high temperature in the wall, will burn
and the mass and thickness of the deposition layer 4 will
thereby be reduced.

[0020] The cleaning process is therefore based on
burning the deposited particles again using the high tem-
perature generated by means of electromagnetic induc-
tion on the deposition electrode.

[0021] The cleaning and regeneration system can be
formed by several cleaning assemblies 7, as shown in
Figure 1, where four independent cleaning assemblies 7
can be seen, each being formed by a wound induction
coil 6 and two layers of insulating material 5. Figure 2
shows a view of detail A of Figure 1, in which a cleaning
and regeneration assembly can be seen. The regenera-
tion system is therefore formed by different assemblies
of induction coils 6 and layers of insulating material 5. As
many cleaning assemblies as required for burning the
particles deposited on the entire wall of the conduit 3 can
be used. Furthermore, the different cleaning assemblies
do not have to be activated at the same time, but rather
they can be activated in an alternating manner, depend-
ing on cleaning needs.

[0022] If required, there could be just one cleaning as-
sembly 7 and it could move along the conduit 3 as shown
in Figure 3. The operation of the invention is the same
as that described above but now the regeneration or
cleaning system moves vertically by means of a mechan-
ical, electrical or magnetic mechanism to the area of the
conduit that must be cleaned. Once the position is
reached, it is electrically actuated, volatilizing the parti-
cles located in that area.
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Claims

1. A self-regenerative electrostatic precipitator, com-
prising adischarge electrode (1) located inside a gas
conduit (3) for generating a corona discharge and %
for depositing solid particles in suspension in a gas
stream (11) circulating through the conduit (3) in a
deposition layer (4) on the inner wall of the conduit
(3), characterized in that the electrostatic precipi-
tator (10) comprises at least one cleaning assembly 70
(7) arranged outside the conduit (3), each cleaning
assembly (7) having at least one induction coil (6)
wound around the conduit (3) for heating the wall of
the conduit (3) by electromagnetic induction.

15
2. The self-regenerative electrostatic precipitator ac-
cording to claim 1, characterized in that the atleast
one induction coil (6) of each cleaning assembly (7)
is surrounded by at least one layer of insulating ma-
terial (5). 20

3. The self-regenerative electrostatic precipitator ac-
cording to any of the preceding claims, character-
ized in that it comprises at least one securing ele-
ment (2) for fixing the discharge electrode (1) inside 25
the conduit (3).

4. The self-regenerative electrostatic precipitator ac-
cording to any of the preceding claims, character-
ized in that it comprises a plurality of cleaning as- 30
semblies (7) the induction coils (6) of which are ac-
tivated together or sequentially.

5. The self-regenerative electrostatic precipitator ac-
cording to any of the preceding claims, character- 35
ized in that it comprises means for moving the at
least one cleaning assembly (7) along a section of
the conduit (3).

6. The self-regenerative electrostatic precipitator ac- 40
cording to any of the preceding claims, comprising
high-frequency alternating current generating

means in the at least one induction coil (6).
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