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(54) Title: METHOD AND APPARATUS FOR CLEANING OF A GAS OR A GAS MIXTURE

(57) Abstract

Upon cleaning of a gas or a gas mixture from particles
suspended therein a centrifugal rotor (5) is used having in its
separation chamber a stack of frusto-conical separation discs (13).
The gas or gas mixture is introduced into the rotor through a central
inlet (3) and is conducted from the central part of the centrifugal
rotor radially outwardly through interspaces between the separation
discs (13). Gas having been freed from particles is conducted out of
the rotor directly from the separation chamber through outlets ( 16)
which are situated longer from the rotational axis (7) of the rotor
than is the central inlet (3). Thereby, the gas or gas mixture need
not be pressurised in order to be introduced into and pass through
the centrifugal rotor.
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Method and apparatus for cleaning of a gas or a gas mixture

The present invention relates to a method of cleaning a gas or a gas
mixture from solid or liquid particles suspended therein by means of a
centrifugal rotor rotating around a rotational axis and defining a sepa-
ration chamber and having therein a stack of frusto-conical separation
discs with radially inner and outer edges, which separation discs are
arranged coaxially with the centrifugal rotor and axially spaced from each
other, the gas or gas mixture being introduced into the centrifugal rotor
through a central rotor inlet and then conducted through the interspaces
between the separation discs in a direction from the rotational axis

towards the radially outer edges of the separation discs.

There is a need for gas cleaning within many different areas and centri-
fugal rotors of different kinds have been proposed for obtainment of such
cleaning. However, it seems to be unusual that centrifugal rotors contai-
ning conical separation discs have been used in connection with cleaning
of gases. Centrifugal rotors of this kind are mainly used for separation
and cleaning of liquids and for such separation and cleaning they have

proved very effective.

It has now proved that a centrifugal rotor containing conical separation
discs can give a very good separation result also in connection with
cleaning of a gas or a gasmixture from solid or liquid particles suspended
therein. However, a centrifugal rotor of this kind intended for liquid is not
directly suitable for gas cleaning. Thus, a centrifugal rotor of the kind
shown in US-A 2,578,485 would give an undesirably large through flow
resistance for a gas flowing therethrough, although a centrifugal rotor of
this kind has been suggested to be used also for gas cleaning. As a rule,

it is desired in connection with gas cleaning that a gas or a gas mixture to
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be cleaned can be supplied to the used cleaning equipment at a pressure

as low as possible, preferably without having to be pressurised.

The object of the present invention is to provide a method of cleaning a
gas or a gasmixture by means of a centrifugal rotor of the initially defined
kind, comprising a stack of frusto-conical separation discs, which method
can be carried out without the gas or the gas mixture having to be at an

overpressure when introduced into the centrifugal rotor.

This object can be a achieved according to the present invention in that a
gas or a gas mixture, having flowed through the interspaces between the
separation discs and become freed from particles, is conducted out of the
centrifugal rotor directly from the separation chamber at a distance from
the rotational axis of the centrifugal rotor, said distance being larger than
the distance between the rotational axis and the rotor inlet. It is meant
hereby that the gas or the gas mixture should be conducted out of the
centrifugal rotor without first being returned to central parts thereof.
Hereby, a centrifugal rotor may be given a large capacity without having
to be made too big and without the gas or gas mixture having to be

pressurised before being introduced into the centrifugal rotor.

Preferably, the separation discs are utilised to a maximum by gas or gas
mixture being conducted between the separation discs all the way from
their radially inner edges to their radially outer edges. It is further suitable
to conduct the gas or gas mixture freed from particles out of the
centrifugal rotor at a radial level corresponding substantially to that of the
radially outer edges of the separation discs. For this reason the
centrifugal rotor preferably is provided with a large number of outlet
openings in this area, distributed around the rotational axis of the

centrifugal rotor.
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The invention also concerns a gas cleaning apparatus for cleaning of a
gas or a gas mixture from solid or liquid particles suspended therein. A
gas cleaning apparatus of this kind comprises a centrifugal rotor of the
aforementioned kind, which in addition to an outlet for cleaned gas or gas
mixture also, preferably, has an outlet for particles having been separated
from the gas or gas mixture, e.g. a liquid outlet for a continuous phase of
liquid having been formed in the centrifugal rotor by separated liquid

particles having coalesced.

The invention is further described in the following with reference to the
accompanying drawing, which in figures 1 and 2 shows different
embodiments of a gas cleaning apparatus according to the invention.
Details corresponding to each other have the same reference numerals in

the two figures.

Figure 1 shows schematically a gas cleaning apparatus according to the
invention. It comprises a stationary housing 1 delimiting a chamber 2.

The housing 1 supports centrally a likewise stationary inlet pipe 3 and has
an outlet opening 4 or several such outlet openings distributed around the

inlet pipe 3.

A centrifugal rotor 5, which is supported at the top of a vertical driving
shaft 6, is arranged in the chamber 2, rotatable around a vertical rota-
tional axis 7. The driving shaft 6 extends out of the chamber 2 through an

opening 8 in the lower part of the housing 1.

The centrifugal rotor 5 has a lower end wall 9, a surrounding wall 10 and
an upper end wall 11. These walls delimit in the centrifugal rotor a sepa-
ration chamber 12, in which there is placed a stack of frusto-conical ’

separation discs 13 concentric with the centrifugal rotor 5.
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The separation discs 13 are kept axially spaced from each other by
means of spacing members (not shown), so that interspaces are formed

there between for through flow of gas to be cleaned.

Centrally in the stack of separation discs 13, i.e. radially inside the inner
edges of separations discs, there is formed an inlet chamber 14. The
aforementioned stationary inlet pipe 3 extends into the inlet chamber 14
through a central opening in the upper end wall 11 of the centrifugal rotor

and opens in the inlet chamber 14.

Between the radially outer edges of the separation discs 13 and the
surrounding wall 10 there is left an annular space, in which several ribs or

wings 15 extend axially, distributed around the stack of separation discs.

The upper end wall 11 of the centrifugal rotor has several outlet openings
16 distributed around the rotational axis 7 and placed at a distance there-
from which is substantially larger than the distance between the rotational
axis 7 and the central inlet of the centrifugal rotor. The central inlet is
represented in this case by the edge of the opening in the end wall 11,

through which the inlet pipe 3 extends into the inlet chamber 14.

The surrounding wall 10 of the centrifugal rotor extends a distance also
above the end wall 11 and has at its uppermost part an annular flange 17
extending inwardly towards the rotational axis 7. Axially between the
flange 17 and the end wall 11 there is delimited an annular space 18,
which communicates through the outlet openings 16 with the afore-
mentioned annular space within the centrifugal rotor between the

separation discs 13 and the surrounding wall 10.
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The centrifugal rotor 5 in figure 1 is supposed to be drivable through its
driving shaft 6 by any suitable means. It is presumed that necessary
sealing members (not shown) are arranged between the driving shaft 6
and the housing 1 as well as between the upper end wall 11 of the
centrifugal rotor and the inlet pipe 3. The gas cleaning apparatus

according to figure 1 operates in the following manner.

After the centrifugal rotor 5 has been brought into rotation a gas (or a gas
mixture), that is to be freed from particles suspended therein is introduced
into the centrifugal rotor through the inlet pipe 3. Having entered the inlet
chamber 14 the gas is distributed between the different interspaces
between the separation discs 13 and flow further on therethrough. By its
contact with the separation discs 13 and with the spacing members
therebetween (not shown) the gas is caused to rotate at the speed of the
centrifugal rotor while flowing in a direction away from the rotational axis
7. Members for entraining incoming gas in the rotation of the centrifugal
rotor may be present also in the inlet chamber 14.

In the interspaces between the separation discs 13 particles suspended
in the gas and being heavier than the gas are forced to move towards and
into contact with the undersides of the separation disc 13. The gas
having been freed from particles flows further on towards the outer edges
of the separation discs and is guided, after it has passed these edges,
axially upwardly between the ribs or wings 15 towards and out through
the outlet openings 16 in the end wall 11. Through the outlet opening or

openings 4 the cleaned gas flows further out of the housing 1.

The particles separated from the gas and having been thrown into contact
with the undersides of the separation discs 13, slide on these undersides

toward the outer edges of the separation discs. When arriving there they



WO 99/56882 6 PCT/SE99/00694

10

15

20

25

30

are thrown further from these edges to the surrounding wall 10, on the
inside of which they settle. [f the particles or some of these are
constituted by liquid-drops, they will coalesce and gradually form a
continuous liquid phase on the inside of the surrounding wall 10. Thanks
to the annular flange 17 separated liquid of this kind will remain in the
centrifugal rotor, from which it can be removed in any suitable way either
during the operation of the centrifugal rotor or upon interruption of the

centrifugal rotor operation.

Since the outlet openings 16 of the centrifugal rotor 5 for cleaned gas
rotating with the centrifugal rotor are situated at a radial level outside that
at which gas entering the centrifugal rotor is caused to rotate with the
centrifugal rotor, gas to be cleaned will be sucked from the inlet pipe 3
into the centrifugal rotor 5. In other words, the centrifugal rotor operation
will create a certain under-pressure in the inlet pipe 3. Simultaneously,
there is created a certain over-pressure around the centrifugal rotor 5 in
the chamber 2. This means that the requirement for sealing between the
inlet pipe 3 and the end wall 11 of the centrifugal rotor need not be
particularly high. A leakage of gas through the slot between the inlet pipe
3 and the end wall 11 will occur, namely, in a direction from the chamber
2 to the interior of the centrifugal rotor, i.e. cleaned gas will flow into the
centrifugal rotor. Uncleaned gas, thus, will not be able to leak the

opposite way out into the clamber 2.

Figure 2 shows another embodiment of the gas cleaning apparatus
according to the invention. This embodiment differs from that shown in

figure 1 in the following respects.

The centrifugal rotor 5 in this case is journalled at its lower part in the

stationary housing 1 by means of a bearing 19. Even at its upper part
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the centrifugal rotor 5 is journalled in the housing 1 by means of a bearing
20. The centrifugal rotor 5 in figure 2 further has a different driving means
than the centrifugal rotor in figure 1. Thus, the rotor has a partly hollow
shaft 21, which extends downwardly and is arranged to receive
pressurised air form a pressure source (not shown) situated outside the
housing 1. The interior of the hollow shaft 21 communicates with two
channels 22, which extend through the lower end wall 9 on diametrically
different sides of the rotational axis 7 to the periphery of the centrifugal
rotor. Here each of the channels 22 ends in a nozzle 23, which is facing
in the circumferential direction of the rotor. Upon supply of pressurised
air through the hollow shaft 21 to the channels 22 the centrifugal rotor will
be brought into rotation by the reaction force actuating the centrifugal

rotor when pressurised air is pressed out through the nozzles 23.

At its upper part the housing 1 is provided with an inlet 24 for gases to be
freed from particles suspended therein. The inlet 24 opens into a
chamber 25 surrounding the rotational axis 7 and communicating with the
central inlet of the centrifugal rotor through the stationary inlet pipe 3.
Between the outside of the inlet pipe 3 and inside of the end wall 11 of the

centrifugal rotor there is shown a sealing member 26.

Even in the centrifugal rotor in figure 2 there is formed a space around the
separation discs 13 between these and the surrounding wall 10. In this
space separated particles may be collected and if the particles are
constituted by liquid drops there is formed in this space, as illustrated in
figure 2, a liquid body 27 having a cylindrical free liquid surface illustrated
by a small triangle.

A number of axial channels 28 extend through the lower end wall 9 from

the just mentioned space in the rotor to the outside thereof. The
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channels 28 open into an annular, radially inwardly open groove 29
formed by an annular flange 30 on the underside of the rotor. Extending
into the groove 29 is a so called paring pipe 31, which is supported by the
lower part of the housing 1 in a way such that it can pare or pile liquid out
of the groove 29 and conduct it to a reception place outside the housing
1. The flange 30 has a number of through holes 32 situated aligned with
a channels 28, so that liquid may be conducted out of the rotor through ‘
the channels 28 during operation of the rotor without blocking the gas
outlet 16, even if the discharge of liquid by means of the paring pipe 31
would fail. The flange 30 prevents unnecessary splashing of liquid in the
chamber 2 as a consequence of the immersion of the paring tube 31 in

the liquid present in the groove 29.

During interruption of the rotor operation liquid may run out of the rotor
through the channels 28 and the groove 29 and further out of the housing
1 through a bottom outlet 33 therein.

The gas cleaning apparatus shown in figure 2 operates, apart from this, in

the same way as that shown in figure 1.

It could be mentioned that, by use of the frusto-conical separations discs,
the separation technique used in the gas cleaning apparatus according to
the invention is the same as that used in connection with cleaning of
liquid in a centrifugal rotor that is provided with this kind of separation
discs. Therefore, for achievement of a god separation efficiency the
previously mentioned spacing members between the separation discs are
preferably formed in the way that can be seen from WO 90/05028,
whereby it is achieved that particles separated in the interspaces between
the separation discs are thrown out in a concentrated form from these

interspaces to the surrounding wall 10 of the rotor mainly in limited areas
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of the separation chamber, distributed around the rotational axis of the
rotor. The gas having been freed from particles may then flow between
these areas axially towards the gas outlet openings 16 with a reduced risk
of already separated particles being entrained by the clean gas out of the

5 rotor. Upon need, said areas of the separation chamber may be delimited
by means of wings or ribs similar to the wings or ribs 15, which extend
axially and radially in the way illustrated at 28a, 29a in figure 2 of said
WO/90/05028.
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Claims

1. Method of cleaning a gas or a gas mixture from solid or liquid particles
suspended therein by means of a centrifugal rotor (5) rotating around a ‘
rotational axis (7), said rotor (5) delimiting a separation chamber (12) and
having therein a stack of frusto-conical separation discs (13) with radially
inner and outer edges, which separation discs are arranged coaxially with
the centrifugal rotor and are axially spaced from each other, the gas or
gas mixture being introduced into the centrifugal rotor through a central
rotor inlet (3) and then conducted through the interspaces between the
separations discs (13) in a direction from the rotational axis (7) towards
the radially outer edges of the separations discs,characterized by
conducting gas or gas mixture, having flowed through the interspaces
between the separation discs (13) and been freed from particles, out of
the centrifugal rotor directly from the separation chamber (12) at a
distance from the rotational axis, which is larger than the distance
between the rotational axis (7) and the rotor inlet (3).

2. Method according to claim 1, in which a gas or a gas mixture is
conducted between the separation discs (13) from their radially inner

edges to their radially outer edges.

3. Method according to claim 1 or 2, in which the gas or the gas mixture
freed from particles is conducted out of the rotor at a radial level
corresponding substantially to that of the radially outer edges of the

separation discs (13).

4. Gas cleaning apparatus for cleaning of a gas or a gas mixture from

solid or liquid particles suspended therein, comprising
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- a centrifugal rotor (5) that is rotatable around a rotational axis (7) and

delimits a separation chamber (12) ,

- an inlet member (3) adapted to conduct said gas or gas mixture into a

central space (14) in the centrifugal rotor and

- a stack of frusto-conical separation discs (13) having radially inner and
radially outer edges, which separation discs are arranged in the
separation chamber (12) coaxially with the centrifugal rotor and axially
spaced from each other, so that interspaces are formed between the
separations discs, the central space (14) in the centrifugal rotor
communicating with these interspaces between the separations discs (13)

in the vicinity of their radially inner edges,
characterized in

- that the centrifugal rotor (5) has at least one outlet (16) for gas or gas ‘
mixture having been feed from particles, which outlet communicates with
the interspaces between the separation discs (13) at parts thereof
situated in the vicinity of the radially outer edges of the separation discs
and leads directly from the separation chamber (12) of the centrifugal
rotor to the outside of the centrifugal rotor at a distance from said
rotational axis (7), which is larger than the distance between the rotational

axis (7) and the radially inner edges of the separation discs.

5. Gas cleaning apparatus according to claim 4, in which the centrifugal
rotor (5) has a surrounding wall (10) surrounding the separations discs
(13) at a radial distance from their outer edges.
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6. Gas cleaning apparatus according to claim 4 or 5, in which the
centrifugal rotor (5) has two end walls (9, 11) and the separations discs
(13) are arranged axially between these end walls (9, 11), said outlet (16)

for gas or gas mixture extending through one (11) of the end walls.

7. Gas cleaning apparatus according to claim 6, in which said outlet (16)
for gas or gas mixture is constituted by several outlet openings distributed

around the rotational axis (7) of the centrifugal rotor.

8. Gas cleaning apparatus according to claim 7, in which the outlet
openings are placed at a radial level corresponding substantially to that of

the radially outer edges of the separations discs (13).

9. Gas cleaning apparatus according to any one of claims 6-8, in which
the centrifugal rotor has its said outlet (16) for cleaned gas at one (11) of
said two end walls and has a liquid outlet (28) situated in the area of the
other (9) of said two end walls.

10. Gas cleaning apparatus according to claim 9, in which the liquid
outlet (28) is situated at a larger distance from the rotational axis (7) than

is the outlet (16) for cleaned gas.
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