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A method for cleansing gaseous medi1um flows with liquid or solid washing
media by using a cyclone separator

The invention focuses on a method for cleansing gaseous medium flows with
different liquid or solid substances by the use of a cyclone separator. A
gaseous medium flow flows into the cyclone separator through an inlet duct
and is forced into a revolving flow movement inside the cyclone separator. At
the end of the lower conical section of the cyclone separator the flow changes
into an outlet flow that flows through the center of the inlet flow in a direction
contrary to that of the inlet flow. The utilization of the durations of these
different flows provides the washing media being used with sufficient time to
act on the medium flow in order to obtain a good cleansing result. The
utilization of correct feeding points and the structure of the cyclone separator
prevent the washing medium and the impurities that it has cleansed from the
medium flow from being released along with the outlet flow.

It is well known that cyclone separators are used for separating solid matter
and liquid droplets contained within a gaseous medium flow from the gaseous
medium flow. In a cyclone separator a gaseous medium flow is forced inside
the cyclone separator into a centrifugal flow that revolves within the cyclone
separator usually from the top downwards. When the cyclone functions
vertically, the inlet duct for the gaseous medium flow is at the upper edge of
the cyclone separator, as a result of which the in-flowing gaseous medium
flow starts to revolve on the inside of the cylindrical cyclone separator in a
downward spiral movement. When the spiral medium flow flows downwards
to the conical lower part of the cyclone separator, maintaining its flow speed,
the revolving medium flow accelerates at an angular speed which is
dependant on the steepness of the cone. When the spiral medium flow
reaches the bottom of the conical lower part of the cyclone separator, the
spiral medium flow turns upwards and becomes a spiral outlet flow that
maintains its direction of revolution.

Those impurities contained in the medium flow, which the cyclone, because
of the separation capability typical of its structure, is not able to remove, exit
along with the outlet flow. These impurities can be in gaseous, solid or liquid
form. For this reason, cyclone separators are not usually considered to be
good gas cleansers, especially when the impurities are gaseous and light-
weight particle and droplet impurities. Large and heavy impurities can also
flow out with the outlet flow, as a result of which it is difficuit to define a
precise separation boundary.

The separation efficiency of a cyclone separator depends on the centrifugal
field that forms within the cyclone separator. It is generally known that the
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greater the angular speed of a gaseoSs medium flow, the stronger the
centrifugal field is, and the strength of a centrifugal field is directly
proportional to the square of the angular speed of the medium flow. Since
these movements and their durations can be calculated mathematically, it is
also possible to calculate the time period during which the washing media
being used act on the medium within the cyclone separator.

In order for a cyclone separator to be efficiently used for cleansing a medium,
the chemical and mechanical reaction of the washing medium and the
impurities within the medium as well as the time required for the reactions to
occur must be known. At the same time, care must be taken to ensure that
the impurities and substances that are removed from the medium do not exit
with the cleansed medium.

The goal of the invention is to incorporate the possibility for cleansing a
gaseous medium into a cyclone separator and to ensure that the cleansed
gaseous medium is removed from the cyclone separator without impurities or
washing medium residuals.

The method applied in this invention is known for the fact that the correct
positioning of the washing medium injection is used as an addition to the
structure of a cyclone separator in order to improve the separation capability
of the cyclone separator.

The solution applied in this invention makes it possible to prevent impurities
contained in the outlet flow from making their way to the outlet duct and from
there to the outlet flow. In addition, the mechanical structure of the outlet duct
brings about an improvement in the separation capability in comparison to
that obtained with a conventional outlet duct.

The invention is based on the fact that the washing medium used in cleansing
a medium is injected into the medium flow either imnmediately after the inlet
duct through one or several nozzles during the first revolution if the washing
medium requires a long action time or in the outlet flow in which case the
outlet flow has to re-enter the circulation and join the uncleansed gaseous
medium that is entering separator. These injections can also be used
simultaneously. In the outlet duct any particles that do not belong in the
gaseous medium are still in the centrifugal field, and the structure of the outlet
duct, which is part of this invention, brings about a small reduction on the
edges of the centrifugal field, as a result of which the remaining particles stay
in the structure of the outlet duct, and the medium flowing out of the separator
is as clean as possible.
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A detailed explanation of this inventio% is provided in the solution principle
presented in the attached diagram; however, this invention is intended to
extend beyond the presented solution principle. The diagram shows a
schematic cross-section of an economical set-up of the cyclone separator
used in the method specified in this invention.

The cyclone separator shown in the diagram is labeled generally with the
letter A. Cyclone separator A consists of a main frame, which is a cylinder
labeled B, an inlet duct C through which the medium flow to be purified 1
enters as well as an outlet tube D through which the purified medium exits as
flow 3. A cone E that narrows downwards is attached to cylinder B of the
Cyclone separator A. At the bottom of cone there is a removal hole F through
which the impurities separated from the medium are removed as outlet flow 2.
This type of solution is conventional, applying already known technology, and
does not, in itself, show any part of the invention.

Medium flow 1 that flows into cyclone separator A starts to revolve inside
cylinder B as flow 11 and as it revolves around exit pipe D it moves in a
downwardly direction. According to the invention, washing medium 12 can be
injected into this flow at a pressure generated by a separate pump when the
washing medium requires as long a duration as possible to act on the
impurities contained in medium flow 11 and in order to enable these
impurities to be removed. This is the situation, in particular, when the
impurities are in gaseous form. The washing medium solution is more often
than not water, although it can also be any other injectable liquid or solid
substance or chemical compound.

When medium flow 11 reaches the lower cone E of cyclone separator A, flow
11 starts to revolve at an ever decreasing radius of revolution while, however,
still maintaining the speed at which it entered cyclone separator A. As a
result, the angular speed of flow 11 increases as the flow proceeds down
cone E. Hence, the centrifugal field increases as a square of the angular
speed, which causes the solid matter and liquid droplets in the centrifugal
field to fly out onto the walls of lower cone E from where they fall down into
exit hole F through which they can be removed as outlet flow 2. In the lower
part of lower cone E flow 11 turns upwards becoming outlet flow 13 that is
located in the centre of flow 11 and that has the same direction of revolution
as flow 11 but moves in a direction contrary to that of flow 11 towards outlet
duct D. Since the speed of the outlet flow is virtually the same as that of flow
11 but its diameter considerably smaller due to lower cone E, the angular
speed of outlet flow 13 is considerably greater than that of flow 11.
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In accordance with the invention, this%utlet flow 13 can be dispersed by
injecting washing medium 14 at the flow in a direction directly against its
direction of flow at a pressure generated by a separate pump when the
purpose of injecting the washing medium is to improve the structural
separation capability of the cyclone separator and the cleansing result. The
solid particles and liquid droplets contained in the outlet flow are dispersed
into flow 11 and, thereby, back into the separation. After acting on flow 11
that revolves in the cyclone separator, washing medium 14 is sent into the
outlet flow.

In order to obtain the best cleansing result and separation capability, washing
medium 14 must be injected at a point at which the force generated by the
injection is equivalent to that required to disperse outlet flow 13. This differs
depending on the structure of the cyclone and, among other things, the
steepness of the conical part. The invention enables the solid particles and
liquid droplets contained in the outlet flow to return back into the main
circulation as efficiently as possible.

Despite the injection of washing medium 14, most of the volume of outlet flow
13 continues moving upwards in a spiral motion. Any solid particles and liquid
droplets are deposited on the edges of outlet duct D as a resulit of the
centrifugal field. These particles are removed by altering the centrifugal field
in such a way that at the outer edge of the outlet flow the angular speed falls
as a result of an extension G that contains within itself another extension H
the lower end of which is narrower than outlet duct D but that expands
upwards. In this way, most of the outlet flow continues through extension H,
while the angular speed at the outer edge of flow 13 that contains most of the
impurities falls so low that the solid matter and liquid droplets that it contains
fall down and run back into the cyclone along the outer edge of outlet duct D.

The method developed in this invention makes it possible to achieve a
controlled and very good cleansing result and high separation efficiency in
comparison to those obtained using a conventional cyclone. The effect of the
solution developed in this invention on the structure and appearance of a
cyclone separator is very small.

The above is only a general solution based on the invention, and many
modifications can be made to it within the framework of the invention concept
presented in the following patent claims.
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Patent Claims

1) A method for cleansing gaseous medium flows (1) with different liquid
or solid washing media (12, 14) utilizing a cyclone separator (A), in
which the gaseous medium flow to be cleansed (1) flows into the
cyclone separator through an inlet duct (C) and is forced into a
revolving flow movement (11) inside the cyclone separator, and in
which, depending on the amount of time required by the used washing
medium to act, the washing medium is injected into the flow either
immediately after the flow enters the cyclone (12) or against the outlet

- flow (14) in which case the injection also disperses the outlet flow (13)
thus preventing solid matter or liquid droplets from entering, along with
the cleansed medium flow, the outlet duct (D) the structure of which
includes a structure (G, H) for removing solid matter and liquid droplets
through a drop in pressure, k n o w n for the fact that the injection of a
washing medium (12, 14) utilizing a separate pump is used to take
advantage of the basic chemical properties of the washing medium (12)
as well as to return the patrticles still mechanically in the outlet flow back
into the cleansing cycle (14).

2) The method described in patent claim 1, k n o w n for the fact that the
structure of the outlet duct (D) contains an extension (H), the purpose of
which is to remove solid matter or free liquid droplets by creating a
pressure drop on the surface of the outlet flow and which is located in
an extension of the outlet duct(G).

3) A method described in patent claims 1 — 2, k n o w n for the fact that the
distance and power of an injection point (14) installed against the outlet
flow (13) can be adjusted to such a location and power in order to
achieve the best cleansing result.
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Fig.

A method for cleansing gaseous medium flows
with liquid or solid washing media by using
cyclone separator.
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