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(57) Abstract: The present invention provides a centrifu-
gal separator for cleaning a gas containing liquid impurit-
ies. The centrifugal separator comprises a stationary casing
comprising a surrounding sidewall, a first end wall and a
second end wall which enclose a space through which a
gas tlow is permitted. The space comprises an upper separ-
ation chamber and a lower discharge chamber. The separ-
ator further comprises an inlet extending through the sta-
tionary casing and permitting supply of the gas to be
cleaned to the separation chamber, a rotating member com-
prising a stack of separation discs and being arranged to
rotate around an axis (X) of rotation, wherein the stack of
separation discs is arranged in the separation chamber and
a drive member for rotating the rotating member. Further,
the discharge chamber is arranged axially below the stack
of separation discs such that clean gas and separated liquid
impurities both enter said discharge chamber atter being
separated in said stack of separation discs, and further, the
separator comprises a gas outlet configured to permit dis-
charge of cleaned gas from said stationary casing, wherein
the gas outlet comprises an outlet opening through the sta-
tionary casing and a portion extending from the outlet
opening into the discharge chamber. Further, there is a
drainage outlet arranged in said discharge chamber and
configured to permit discharge of separated liquid impurit-
ies from said stationary casing.
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CENTRIFUGAL SEPARATOR FOR CLEANING GAS

Field of the Invention

The present invention relates to the field of centrifugal separators for
cleaning a gas containing liquid impurities. In particular, the present invention

relates to cleaning crankcase gases of a combustion engine from oil particles.

Background of the Invention

It is well known that a mixture of fluids having different densities may be
separated from one another through use of a centrifugal separator. One specific
use of such a separator is in the separation of oil from gas vented from a crank
case forming part of an internal combustion engine.

With regard to this specific use of separators, there can be a tendency for
the high pressure gasses found in the combustion chambers of an internal
combustion engine to leak past the associated piston rings and into the crank
casing of the engine. This continuous leaking of gas into the crank case can
lead to an undesirable increase of pressure within the crank case and, as a
consequence, to a need to vent gas from the casing. Such gas vented from the
crank casing typically carries a quantity of engine oil (as droplets or a fine mist),
which is picked up from the reservoir of oil held in the crank casing.

In order to allow vented gas to be introduced into the inlet system without
also introducing unwanted oil (particularly into a turbocharging system wherein
the efficiency of the compressor can be adversely affected by the presence of
oil), it is necessary to clean the vented gas (i.e. to remove the oil carried by the
gas) prior to the gas being introduced into the inlet system. This cleaning
process may be undertaken by a centrifugal separator, which is mounted on or
adjacent the crank case and which directs cleaned gas to the inlet system and
directs separated oil back to the crank case. An example of such a separator is
disclosed e.g. in US 8,657,908.

However, when the centrifugal separator is used for cleaning crankcase
gases from smaller combustion engines, such as smaller diesel engines used

especially in lighter trucks and the like, there is a need for a separator that does
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not have a relatively large size requiring a large space. One way of reducing the
size of the centrifugal separator is to reduce the diameter of the stack of
separation disks. However, in order to maintain the separation efficiency, the
height or the length of the stack then has to be increased.

Furthermore, an issue may also be to keep once separated particles from
re-entering into the cleaned gas after the separation in e.g. a disc stack of the
centrifugal separator.

There is thus a need in the art for centrifugal separators having a reduced

or compact size while maintaining or improving the separation efficiency.

Summary of the Invention

A main object of the present invention is to provide a centrifugal separator
that may be reduced in size but still maintain god separation efficiency.

A further object of the present invention is to provide a centrifugal separator
that reduces the number of parts of the separator.

As a first aspect of the invention, there is provided a centrifugal separator
for cleaning a gas containing liquid impurities, wherein the centrifugal separator
comprises

a stationary casing comprising a surrounding side wall, a first end wall
and a second end wall which enclose a space through which a gas flow is
permitted, the space comprising an upper separation chamber and a lower
discharge chamber,

an inlet extending through the stationary casing and permitting supply of
the gas to be cleaned to the separation chamber,

a rotating member comprising a stack of separation discs and being
arranged to rotate around an axis (X) of rotation, wherein the stack of
separation discs is arranged in the separation chamber,

a drive member for rotating the rotating member,

characterized in that

the discharge chamber is arranged axially below the stack of separation
discs such that clean gas and separated liquid impurities both enter the
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discharge chamber after being separated in the stack of separation discs,
and further wherein the separator comprises

a gas outlet configured to permit discharge of cleaned gas from the
stationary casing, wherein the gas outlet comprises an outlet opening
through the stationary casing and a portion extending from the outlet
opening into the discharge chamber, and

a drainage outlet arranged in the discharge chamber and configured to
permit discharge of separated liquid impurities from the stationary casing.

The stationary casing may have a cylindrical shape with circular cross-
section having a radius R from the axis (X) of rotation to the surrounding side
wall. This radius may be constant at least with respect to a major part of the
circumference of the surrounding side wall. The first end wall may thus form an
upper end of the cylindrical shape and the second end wall may form a lower
end of the cylindrical shape.

The stationary casing of the centrifugal separator encloses a space, and the
space comprises an upper separation chamber and a lower discharge chamber.
The upper separation chamber is thus the portion or volume within the
stationary casing in which the primary separation of liquid impurities from the
gas occurs, and thus comprises the stack of separation discs. “Upper” is the
axial portion or volume by the first end wall, whereas “lower” is the axial portion
or volume by the second end wall. The lower discharge chamber is arranged
axially below the separation discs and located within the stationary casing such
that clean gas and liquid impurities both enter the discharge chamber after the
primary separation within the stack of separation discs. The discharge chamber
is thus downstream the separation chamber. Cleaned gas are directed from the
separation discs in the separation chamber to the discharge chamber and liquid
impurities are directed, e.g. by flowing by means of gravity on the inner surface
of the stationary casing, to the same discharge chamber after leaving the
separation discs. The clean gas exits from the discharge chamber via the
portion of the gas outlet extending into the discharge chamber, whereas liquid
impurities exit the discharge chamber via the drainage outlet.
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The inlet of the centrifugal separator may be located through the first end
wall or through the surrounding side wall close to the first end wall, thus at the
top of the separator such that gas entering through the inlet enters the
separation chamber, whereas the drainage outlet may be located in the second
end wall, thus at the bottom of the separator within the discharge chamber.

The rotating member may define a central space formed by at least one hole
in each of the separation discs and connected to the inlet and configured to
convey the gas to be cleaned from the inlet to the gaps of the stack of
separation discs. Thus, gas to be cleaned is directed through the stack of
separation discs.

The separation discs of the stack may be frustoconical. A frustoconical disc
may have a planar portion extending in a plane that is perpendicular to the axis
of rotation, and a frustoconical portion. The planar portion may be closer to the
rotational axis than the frustoconical portion. Further, the discs of the stack may
be radial discs, in which substantially the whole disc extends in a plane that is
perpendicular to the axis of rotation.

It is also to be understood that the separation discs not necessarily have to
be arranged in a stack. The separation chamber may for example comprise
axial discs, or plates that extend around the axis of rotation. The axial discs or
plates may be planar, i.e. extending in planes that are parallel to the axis of
rotation. The axial discs or plates may also have a slightly or significantly
curved shape, such as an arcuate or spiral shape, as seen in a radial plane.

The drive member may for example comprise a turbine wheel, rotated by
means of an oil jet from the oil system of the combustion engine or a free jet
wheel comprising a blow-back disk. However, the drive member may also be
independent of the combustion engine and comprise an electric motor, a
hydraulic motor or a pneumatic motor.

The drainage outlet may be formed by a number of spot shaped through
holes of the stationary casing. The drainage outlet may be arranged centrally in
the second end wall, such as at the axis of rotation or centered around the axis
of rotation.
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The gas outlet comprises a portion that extends into the discharge chamber
of the stationary casing and an outlet opening through the stationary casing.
The portion that extends into the discharge chamber may be formed as a
sleeve, i.e. may be a sleeve portion. The portion extending into the discharge
chamber may further be a stationary portion, i.e. arranged not to co-rotate with
the rotating member.The portion may extend into the discharge chamber in a
direction substantially perpendicular to the axis (X) of rotation. Clean gas is thus
directed via this portion to the outlet opening. In other words, the portion
extending into the discharge chamber is upstream the outlet opening.

The portion extending into the discharge chamber is arranged so as to permit
evacuation of clean gas from a “spot volume” of the discharge chamber, i.e.
discharging clean gas from a discrete volume of the discharge chamber. This is
achieved e.g. by means of an opening in the outer wall of the portion extending
into the discharge chamber. Such an opening may thus located in the discharge
chamber at the “spot” or discrete volume from which one wishes to withdraw the
clean gas. Such a solution is advantageous in that it decreases the risk of
contaminating the clean gas with separated oil, i.e. decreases the risk of
remixing clean gas with oil, before discharging clean gas from the discharge
chamber.

The present invention is based on the insight that by using a portion that
extends into the separation space, the cleaned gas and the separated
impurities may be discharged from the same chamber, or sub-space, of the
stationary casing. Prior art separators, such as a separator disclosed in US
8,657,908, usually have a housing insert in the stationary casing that function to
segregate separated oil from cleaned gas prior to the separated oil and cleaned
gas exiting the rotor housing. Such a housing insert may comprise an annular
ditch or slit, which during use of the separator collects separated oil droplets
which are thrown from the separator discs and run downwards on the interior of
the stationary casing under the action of gravity. Oil collected in the ditch of the
housing insert then flows so as to pass into a region enclosed by an underside
of the housing insert, from which it is then discharged. The separator of the

present invention does not need to use such a housing insert, but the gas and
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the separated oil may be collected from the same portion of the separation
space. In other words, in prior art separators comprising a housing insert,
cleaned gas and separated impurities are segregated as quickly as possible
after leaving the primary separation in the separator discs by means of walls
and different flow direction, whereas according to the present invention, the
cleaned gas and the separated impurities may be in the same portion of the
separation space until they are discharged from the stationary casing via the
gas outlet and the drainage outlet.

Accordingly, in embodiments of the first aspect of the invention, separated
liquid impurities and clean gas are not separated by means of any physical
object, such as a wall or a ditch, after the primary separation in the stack of
separation discs and before being discharged from the stationary casing.

In embodiments of the first aspect of the invention, the discharge chamber
is free of any further walls, such as walls extending in the axial direction, that
further separate liquid impurities from the clean gas.

The inventor has found that the present invention may cause less gas
resistance than a separator having a housing insert, thereby reducing the power
input. Further, by not having a housing insert for segregating separated liquid
impurities and clean gas after leaving the separation discs, the invention
dramatically reduces the number of parts of the separator, which both reduces
material and assembly costs. This may in turn provide for a separator having a
reduced height as compared to a separator having a housing insert.

It is to be noted that the centrifugal separator is also suitable for cleaning
gases from other sources than combustion engines, for instance the
environment of machine tools which frequently contains large amounts of liquid
impurities in the form of oil droplets or oil mist.

In embodiments of the first aspect of the invention, the rotating member
further comprises a lower flange arranged axially below the portion of the gas
outlet extending from the outlet opening into the discharge chamber. In the
present disclosure, “axially” refers to the direction along the rotational axis X
The lower flange may be arranged axially below the drainage outlet or axially
above the drainage outlet.
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The inventor has found that the lower flange, located axially below the
portion of the gas outlet extending into the discharge chamber, may prevent
separated impurities, such as oil, from splashing up into the cleaned gas and it
may further aid in draining any contaminating oil, such as oil from the turbine
wheel, from the discharge chamber.

Further, by having a lower flange that rotates, a swirl is created that aids in in
forcing the separated oil towards the drainage outlet located close to the axis of
rotation, such as centered around the axis of rotation.

The lower flange, being a part of the rotor, is arranged to rotate around the
axis (X) of rotation. The lower flange may thus be disc-shaped and centered
around the axis (X) of rotation. The lower flange may also be arranged axially
between the drainage outlet and the portion of the gas outlet extending from the
outlet opening into the discharge chamber. If the inlet is arranged in an upper
end wall and the drainage outlet is arranged in the bottom end wall, the lower
flange is thus arranged axially below the portion of the gas outlet extending into
the discharge chamber but above the drainage outlet. The lower flange may be
arranged closer to the drainage outlet than to the portion of the gas outlet
extending into the discharge chamber. As an example, the lower flange may be
located axially just above the drainage outlet, such that it allows separated
impurities to be directed along the inner surface of the second end wall. As an
example, the lower flange may be located about 1-15 mm above the drainage
outlet, such as about 3-10 mm above the drainage outlet.

In embodiments of the first aspect of the invention, the lower flange has a
radius that is smaller than the radius of the stack of separation discs. This may
be an advantage in that it provides for having a separator that is tilted, i.e.in
applications in which rotational axis (X) is tilted as compared to a vertical axis.
This is because with a larger amount of oil present in a tilted separator, a large
flange risk being below the oil level, thereby decreasing the speed or
revolutions per minute, of the separator. A lower flange having a radius that is
smaller than the radius of the stack of separation discs may thus avoid such
disadvantages.
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As an example, the radius of the lower flange may be about half of the radius
of the disc stack. If the drainage outlet is arranged around the rotational axis
(X), the radius of the lower flange may be larger than the distance from the axis
(X) to the drainage outlet. In this way, the flange axially “covers” the drainage
outlet.

In embodiments of the first aspect of the invention, the rotating member
further comprises an upper flange arranged axially between the portion of the
gas outlet extending into the discharge chamber and the disc stack.

An upper flange arranged axially between the portion of the gas outlet
extending into the discharge chamber and the disc stack reduces the risk of
separated particles from entering the gas outlet. The portion of the gas outlet
thus extends from the stationary casing, e.g. extending in a direction
perpendicular to the axis of rotation, axially between the lower and upper
flange.

By having a rotating upper flange, aerosols that actually come in contact with
the lower end plate of the stack of separation discs to be thrown at the
surrounding inner wall of the stationary casing. Furthermore, the upper and
lower flange rotating during operation of the separator may aid in creating
turbulence around the portion of the gas outlet extending from the outlet
opening into the discharge chamber, thereby decreasing the risk of oil
contaminating the clean gas.

The upper flange may be disc shaped and thus rotates together with the
lower flange, and since they for a part of the rotor, they also rotate with the disc
stack.

As an example, the upper flange may have a radius that is larger than the
radius of the lower flange. As an example, the radius may be about twice as
large as the radius of the lower flange. The radius of the lower flange may be
substantially the same as the radius of the discs in the disc stack.

Furthermore, the upper and lower flange may be arranged in a single unit.
The single unit may further comprise a frustoconical portion onto which the disc
stack is arranged. The single unit may form a “rotating secondary divider”, as
seen in Figs. 2 and 3 of the present disclosure. The frustoconical portion may
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thus have a similar size as a separation disc. The upper flange may be a flange
of such a frustoconical portion, whereas the lower flange may be arranged as
the lowest end part of the single unit. The frustoconical portion may thus. The
surface of the frustoconical portion onto which the disc stack is arranged may
comprise distance members such as spot formed caulks. In this way, a small
separation space also is formed between the lowest disc of the disc stack and
the surface of the frustoconical portion, which means that the frustoconical
portion also functions as the lowest disc of the disc stack. As an example, the
frustoconical portion may be arranged such that its inner surface faces the disc
stack, and this inner surface may comprise the distance members.

In embodiments of the first aspect of the invention, the portion of the gas
outlet portion of the gas outlet extending from the outlet opening into the
discharge chamber is hollow and comprises an opening in the peripheral wall
through which the cleaned gas is retrieved and directed to the outlet opening
through the stationary casing.

If the portion of the gas outlet extends in a direction D from the outlet opening
into the discharge chamber, the opening in the peripheral wall is thus an
opening located such that gas flowing through such an opening to the hollow
interior flows in a direction that is not parallel to D. In other words, the portion
extending into the discharge chamber still has an “end wall” substantially
opposite the outlet opening through the stationary casing, and the opening in
the peripheral wall is thus an opening in any of the walls of the portion
extending into the discharge chamber from the stationary casing.

Such a configuration of the portion extending into the discharge chamber
permits evacuation of clean gas from a “spot volume” of the discharge chamber,
i.e. by means of the opening in the peripheral wall. Thus, the portion extending
into the discharge chamber may be tubular with a “sleeve” opening in the
surrounding wall. The opening may thus be in the wall that encloses the hollow
interior and extends from the outlet opening to the end wall. The sleeve opening
may be located in the peripheral, or surrounding, wall close to the end wall.
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The opening in the peripheral wall is arranged such that clean gas may enter
the hollow interior of the portion extending into the discharge chamber via the
opening.

As an example the portion of the gas outlet may extend into the stationary
casing such that the opening in the peripheral wall is located on a radius from
rotational axis (X) that is less than half of the total radius of the stationary
casing. Thus, the portion may extend to such degree that clean gas is retrieved
close to the center of the separation space. This is advantageous in that it
avoids withdrawing gas close to the surrounding inner wall of the stationary
casing since this wall usually is covered with separated oil during operation.

The portion extending into the discharge chamber of the gas outlet may thus
have a length that is similar to the radius of the stationary casing. In
embodiments, the portion extending into the discharge chamber has a length
that is longer than the radius of the stationary casing. This may aid in retrieving
clean gas via the opening as close to the centre as possible.

The opening in the peripheral wall may have an area that is approximately
the same as the area of the inner cross-sectional area of the portion extending
into the discharge chamber. This is to avoid any possible pressure losses.

As an example, the opening in the peripheral wall of the portion may face the
rotational axis (X).

In a further example, the opening in the peripheral wall of the portion faces
away from the rotational axis.

This is advantageous in that it may prevent any oil that has stuck on the
surface of the portion extending into the discharge chamber, at the part facing
the rotational axis, from entering the opening in the peripheral wall during
operation of the separator.

The opening in the peripheral wall may be directed away from the rotational
axis in a direction that is approximately perpendicular to the rotational axis (X),
i.e. directed such that it faces the stationary casing.

In another example, the opening in the peripheral wall is directed away from
the rotational axis in a direction that is between 15 and 60 degrees relative the

rotational axis, such as approximately 45 degrees relative the rotational axis.
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The opening in the peripheral wall may be directed upwards in a direction
that is between 15 and 60 degrees relative the rotational axis, such as
approximately 45 degrees relative the rotational axis. “Upwards” means in the
direction towards the disc stack and the first end wall of the stationary casing,
i.e. away from the second end wall of the stationary casing. Having an opening
directed upwards in a direction that is between 15 and 60 degrees relative the
rotational axis, such as approximately 45 degrees relative the rotational axis,
may be advantageous in that it may decrease the risk of having any oil stuck on
the surface of the portion extending into the discharge chamber from entering
the opening in the peripheral wall.

In embodiments of the first aspect of the invention, the portion of the gas
outlet extending into the discharge chamber comprises a tubular part and a
narrowing part, wherein the tubular part is arranged at the outlet opening
through the stationary casing and the narrowing part comprises the opening in
the peripheral wall and wherein the narrowing part is arranged further away
from the outlet opening through the stationary casing compared to the tubular
part.

The tubular part and the narrowing part may be about equal in length. The
narrowing part has thus a diameter that is less than the tubular part, and may
have its narrowest part furthest away from the tubular part.

It may be advantageous to have a portion having a narrow part furthest into
the separation space, since this may facilitate a better air flow of gas through
the separation space. As an example, it may avoid pressure losses in the gas
being discharged from the discharge chamber. Further, a narrowing part
decreases the area exposed to any oil splashes within the discharge chamber.

As an example, the narrowing part may comprises and end wall extending in
a plane formed by the rotational axis (X) and the radius from the rotational axis
(X).

The end wall is thus furthest away from the outlet opening, and may thus be
oriented such as to obstruct the gas flowing in a circular direction in the
separation space. This may be advantageous in that it further prevents
separated oil drops from entering the opening in the portion extending into the
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discharge chamber together with the clean gas. The end wall may further aid in
creating a small pressure drop, which may aid in gathering and diverting any oil
from the opening in the portion extending into the discharge chamber.

In embodiments of the first aspect of the invention, the portion extending into
the discharge chamber comprises a drainage hole through the peripheral wall.
The drainage hole may extend through the peripheral wall of the sleeve portion
downstream from the larger opening through which clean gas is retrieved from
the discharge chamber. In this way, any oil that has contaminated the gas
discharged through the portion extending into the discharge chamber may be
drained. Such a drainage hole may have an area that is smaller than the area of
the opening of the peripheral wall through which clean gas is retrieved. The
area may be at least five times smaller, such as at least ten times smaller than
the area of the opening of the peripheral wall through which clean gas is
retrieved.

As a second aspect of the invention, there is provided a method for cleaning a
gas containing liquid impurities comprising the steps of
- providing a centrifugal separator according to the first aspect of the
invention;
- introducing gas containing liquid impurities into the inlet of the
centrifugal separator; and
- discharging clean gas through the gas outlet and discharging liquid
impurities separated from the gas through the drainage outlet.
Terms and definitions used in relation to the second aspect of the invention are
as discussed in relation to the first aspect of the invention above.
The clean gas may thus be discharged close to the rotational axis of the
centrifugal separator. The step of providing a centrifugal separator also
comprises rotating the rotating member of the centrifugal separator.
In embodiments of the second aspect, the gas containing liquid impurities is
crankcase gas of a combustion engine and the liquid impurities comprises oil.
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Brief description of the Drawings

Figure 1 shows a schematic drawing of a section of a centrifugal separator
of the present disclosure.

Figure 2 shows a side view of a rotating secondary divider according to an
embodiment of the present disclosure.

Figure 3 shows a perspective view of a secondary divider according to an
embodiment of the present disclosure.

Figure 4 shows a perspective view of a portion extending into the discharge
chamber according to an embodiment of the present disclosure.

Figure 5 shows a perspective view a portion extending into the discharge
chamber arranged at a rotating secondary divider according to an embodiment
of the present disclosure.

Figure 6 shows a perspective view a portion extending into the discharge
chamber arranged at a rotating secondary divider according to an embodiment
of the present disclosure.

Figure 7 a-d show different types of separation discs that may be used in
the centrifugal separator.

Detailed Description

The centrifugal separator according to the present disclosure will be further
illustrated by the following description of an embodiment with reference to the
accompanying drawings.

Fig. 1 shows a schematic section view of a centrifugal separator according
to an embodiment of the present disclosure. The centrifugal separator
comprises a stationary casing 1, which is configured to be mounted to a
combustion engine (not disclosed), especially a diesel engine, at a suitable
position, such as on top of the combustion engine or at the side of the
combustion engine. The stationary casing 1 encloses a separation space 2
through which a gas flow is permitted. The stationary casing 1 comprises, or is
formed by, a surrounding side wall 3, a first end wall 4 (in the embodiments
disclosed an upper end wall) and a second end wall 5 (in the embodiments
disclosed a lower end wall). The surrounding side wall 3 has a circular cross-
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section with a radius R from the axis (X) of rotation to the surrounding side wall
3, which is more or less constant at least with respect to a major part of the
circumference of the surrounding side wall 3. In particular, the side wall 3 is
circular cylindrical. The centrifugal separator comprises a rotating member 6
which is arranged to rotate around an axis (X) of rotation. It should be noted
that the stationary casing 1 is stationary in relation to the rotating member 6,
and preferably in relation to the combustion engine to which it may be mounted.

The rotating member 6 comprises a spindle 7 and a stack of separation
discs 8 attached to the spindle 7. All the separation discs 8 of the stack of
separation discs 8 are provided between a first end plate 9 (in the embodiments
disclosed an upper end plate) and a second end plate 10 (in the embodiments
disclosed a lower end plate). Each separation disc 8 may be made of plastics or
metal. The number of separation discs 8 is normally higher than indicated in Fig
1 and may be for instance 50 to 100 separation discs 8 depending on the size
of the centrifugal separator.

The spindle 7, and thus the rotating member 6, is rotatably supported in the
stationary casing 1 by means of a first, upper bearing (not shown) and a second
bearing (not shown).

The separation discs 8 are conical and extend upwardly and outwardly from
the spindle 7. It should be noted that the separation discs 8 could also extend
downwardly and outwardly, or even radially. The separation discs 8 are
provided at a distance from each other by means of distance members (not
disclosed) in order to form gaps 13 between adjacent separation discs 8, i.e. a
gap 13 between each pair of adjacent separation discs 8. The axial thickness of
each gap 13 may be in the order of 1-2 mm, for instance.

The rotating member 6 defines a central space 14. The central space 14
may be formed by a hole in each of the separation discs 8. In the embodiments
disclosed the central space 14 is formed by a plurality of holes each extending
through the first end plate 9 and through each of the separation discs 8.

The centrifugal separator comprises an inlet 15 for the supply of the gas to
be cleaned. The inlet 15 extends through the stationary casing 1, and more
precisely through the first end wall 4 and into the separation chamber 11 of the
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stationary casing. The inlet 15 communicates with the central space 14 so that
the gas to be cleaned is conveyed from the inlet 15 via the central space 14 to
the gaps 13 of the stack of separation discs 8, as indicated by arrows “A” in Fig.
1.

The inlet 15 is configured to communicate with the crankcase of the
combustion engine, or any other source, via an inlet conduit 16 permitting the
supply of crankcase gas from the crankcase to the inlet 15 and further to the
central space 14 and the gaps 13 as explained above. The inlet conduit 16
disclosed may be comprised by the centrifugal separator.

The centrifugal separator comprises a schematically disclosed drive
member 17 for rotating the rotating member 6. The drive member 17 is
connected to the spindle 7. The drive member 17 may comprise a turbine
wheel, see WO2012/152925, rotated by means of an oil jet from the oil system
of the combustion engine, or a free jet wheel comprising a blow-back disk, see
W02014/023592, wherein the free jet is provided by the oil system of the
combustion engine. Alternatively, the drive member 17 may be independent of
the combustion engine and comprise an electric motor, a hydraulic motor or a
pneumatic motor.

The separation discs 8 are located in the upper separation chamber 11 of the
space enclosed by the stationary casing and in which chamber the primary
separation occurs. The liquid impurities of the gas will be separated from the
gas in the gaps 13, and the cleaned gas will be conveyed out of the gaps 13
and further to the lower discharge chamber 12 of the space enclosed by the
stationary casing. Separated liquid impurities, schematically drawn as small oll
droplets 18, tend to flow on the inner surface of the surrounding wall down to
the lower discharge chamber 12.

Cleaned gas and separated impurities are both discharged from the same
volume, i.e. the lower discharge chamber 12. The centrifugal separator
comprises a drainage outlet 19 configured to permit discharge of liquid
impurities separated from the gas. The drainage outlet 19 is arranged in the end
wall 5 and surrounding the rotational axis (X). The drainage outlet may thus be
in the form of a slot or slit below the lower flange 26.
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Liquid impurities discharged via the drainage outlet 19 may further be led out
of the separator by a liquid outlet 29, as schematically shown by arrow “C” in
Fig. 1.

The centrifugal separator also comprises a gas outlet 20 configured to permit
discharge of cleaned gas, as schematically shown by arrow “B” in Fig. 1.

The gas outlet 20 comprises an outlet opening 21 in the stationary casing 1,
and in the embodiments disclosed in the side wall 3 of the stationary casing 1.
The gas outlet 20 further comprises a portion extending into the discharge
chamber 22, having an opening in the peripheral wall 23, such that the cleaned
gas may be discharged via the portion extending into the discharge chamber to
the outlet conduit 24 of the gas outlet. The outlet conduit 28 may
advantageously recirculate the cleaned gas, for instance to the inlet side of the
combustion engine.

As seen in Fig. 1, the portion extending into the discharge chamber 22
extends into the discharge chamber 12 to an extent such that the opening in the
peripheral wall 23 is located close to the rotational axis X, such as extending to
an extent such that the opening in the peripheral wall is arranged at a distance
from the rotational axis (X) that is less than half of the radius from the rotational
axis to the stationary casing 1.

Fig. 1 thus shows that both the clean gas and the liquid impurities are
discharged from the same discharge chamber 12 of the space enclosed by the
stationary casing. In other words, clean gas and liquid impurities does not have
to be further separated by means of any walls arranged in the separation space
2 after the primary separation within the gaps 13 between the separation discs
8. The rotating member 6 further comprises a single unit 25, a “rotating
secondary divider”, arranged in the discharge chamber of the separation space
2. The single unit 25 comprises a lower flange 26, which is arranged axially
above drainage outlet 19, so as to prevent liquid impurities from splashing up
into the clean gas that enters the opening in the peripheral wall 23. As an
example, the lower flange 26 may be arranged a few millimeters above the
drainage outlet 19, such as about 1-10 mm above drainage outlet 19, such as
about 3-10 mm above drainage outlet 19. The single unit has further a
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frustoconical upper part 28, onto which the lower end plate 10 is arranged. On
the frustoconical part 28, an upper flange 27 is arranged, such that the portion
extending into the discharge chamber 22 of the gas outlet 20 extends into the
discharge chamber 12 of the separation space 2 axially between the lower
flange 26 and the upper flange 27. Both upper flange 27 and lower flange 26
are circular, but the radius of the lower flange 26 is about half of the radius of
the upper flange 27. The upper flange 27 has a radius that is about the same as
the radius of the separation discs 8 and further prevents separated liquid
impurities from contaminating clean gas that are discharged via the portion
extending into the discharge chamber 22.

Fig. 2 and Fig. 3 show the single unit 25 that is arranged to rotate with the
rotating member 6 and around rotational axis (X). The single unit 25 comprises
a frustoconical portion 28 that has a height in the axial direction that is more
than half of the total axial height H1 of the single unit. The frustoconical portion
28 is arranged with the widest part facing upwards towards the separation discs
(not shown in Fig. 2), and accordingly extend in the same direction as the
separation discs, which in the embodiment shown in the Figures is upwardly
and outwardly from the rotational axis (X). The single unit 25 further comprises
a lower flange 26, arranged at the end surface of the single unit 25 that is not
formed by the frustoconical portion, and an upper flange 27, arranged on the
conical portion 28. Both flanges 26 and 27 are circular and extend in a direction
perpendicular to the rotational axis (X). The radius of the lower flange 26,
denoted R1 in Fig. 2, is smaller than the radius of the upper flange 27, denoted
R2 in Fig 2. As an example, R1 may be about half the distance of R2. The
radius R2 may approximately be the same as the radius of the separation discs.
The frustoconical portion 28 has an inner surface 30 onto which the stack of
separation discs is arranged. Thus, the lower end plate 10 of the disc stack in
Fig. 1 is arranged on inner surface 30. This inner surface 30 has distance
members 31, in this case in the form of spot-formed distance members, so as to
create a gap also between the lower end plate 10 and the inner surface 30 of
the frustoconical portion. In this way also this gap aids in the separation of liquid
impurities from the gas.
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Fig. 4 shows the portion extending into the discharge chamber 22 of the
gas outlet. The portion extending into the discharge chamber has a hollow
interior 36 and comprises a tubular portion 32 and a narrowing part 33. The
narrowing part is arranged at the end of the portion extending into the discharge
chamber 22 that extends furthest into the separation space 2. There is an
opening in the peripheral wall 23 of the narrowing part so as to allow gas to flow
from the exterior of the portion extending into the discharge chamber to the
hollow interior 36. This opening in the peripheral wall 23 is oriented so that it
faces away from the rotational axis (X). When arranged in the centrifugal
separator, the opening in the peripheral wall 23 faces away from the rotational
axis (x) upwards, i.e. away from lower end wall 5, in a direction D that forms an
angle with the rotational axis (x) that is e.g. between 30 and 60 degrees, such
as approximately 45 degrees, as seen in Fig. 3. The narrowing part 33 has an
end wall 34 that is oriented in a plane that is formed by the rotational axis (X)
and the radius from rotational axis (X). This end wall 34 has thus an area that is
smaller than the area of the tubular portion 32 of the portion extending into the
discharge chamber 22. The outer wall has a slight curvature 37, which means
that it is slightly curved inwards when it meets with end wall 34, i.e. itis
concave. This may further create a small pressure drop during operation of the
separator, which in turn may decrease the risk of oil contaminating the clean
gas entering the opening in the peripheral wall 23. The portion extending into
the discharge chamber 22 further has a drainage hole 38, such that any oil that
has entered the opening in the peripheral wall 23 may be drained from the
hollow interior 36 out to the discharge chamber. The drainage hole is thus
located downstream from the opening in the peripheral wall. The portion
extending into the discharge chamber 22 further comprises fastening means 35
such that it may be securely fastened in the centrifugal separator, such as to
the stationary casing 1 of the centrifugal separator.

Fig. 5 and Fig. 6 further show the relation between the single unit 25 and
the portion extending into the discharge chamber 22 of the gas outlet when
arranged in the centrifugal separator. The axial height H2 of the portion
extending into the discharge chamber is less than the axial distance between
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the lower flange 26 and the upper flange 27. As an example, the axial height H2
may be between 50 and 95 % of the axial distance between the lower flange 26
and the upper flange 27, such a about between 80 and 95 % of the axial
distance between the lower flange 26 and the upper flange 27. This means that
the axial height of the portion extending into the discharge chamber covers
most of the axial length of the discharge chamber portion 12 from which the
separated liquid impurities and the clean gas is discharged. Further, Fig. 5
shows that the opening in the peripheral wall 23 faces away axially upwards
from the single unit 25, and that the portion extending into the discharge
chamber 22 extend with its narrowing part 33 into the stationary casing 1 such
that gas may be retrieved close to the centre of the stationary casing. Fig. 6
shows that the portion extending into the discharge chamber 22 extends
between the lower flange 26 and the upper flange 27, and that the upper flange
26 extend radially approximately to a distance such that is approximately equal
to the radial distance to the opening in the peripheral wall 23, i.e. the upper
flange 27 slightly “covers” the opening in the peripheral wall 23, thus functioning
as a roof and thereby aiding in preventing liquid impurities from entering
opening in the peripheral wall 23 to the interior 36 of the portion extending into
the discharge chamber 22.

Fig. 7a-d shows a few examples of separation discs that may be used in a
centrifugal separator of the present disclosure. For clarity reasons, only a few
discs are illustrated and it is to be understood that in reality, a larger number of
discs are present so that the distance between the discs is much smaller.

Fig. 7a shows an example of frustoconical discs 8a having a planar portion
8a” and a frustoconical portion 8a’. The planar portion 8a” extends in a plane
that is perpendicular to the axis of rotation (X), and the frustoconical portion 8a’
extends in this embodiment upwards. The planar portion 8a” is closer to the
rotational axis than the frustoconical portion 8a’.

Fig. 7b shows an example of frustoconical discs 8a having a planar portion
8b” and a frustoconical portion 8b’. The planar portion 8b” extends in a plane
that is perpendicular to the axis of rotation (X), and the frustoconical portion 8b’
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extends in this embodiment downwards. The planar portion 8b” is closer to the
rotational axis than the frustoconical portion 8b’.

Fig. 7c shows an example of a disc stack in which all discs 8c are planar,
i.e. all discs 8c extend in the plane that is perpendicular to the axis of rotation
(X).

Fig. 7d shows an example of axial discs or plates 8d. These plates are
slightly curved, i.e. they have a curved shaped as seen in a radial plane. In
other words, they are curved as seen in a plane that is perpendicular to the axis
of rotation (X).

The invention is not limited to the embodiment disclosed but may be varied
and modified within the scope of the claims set out below. The invention is not
limited to the orientation of the axis of rotation (X) disclosed in the figures. The
term “centrifugal separator” also comprises centrifugal separators with a
substantially horizontally oriented axis of rotation.



10

15

20

25

30

WO 2016/124461 PCT/EP2016/051673

21

CLAIMS

A centrifugal separator for cleaning a gas containing liquid impurities,
wherein the centrifugal separator comprises

a stationary casing comprising a surrounding side wall, a first end wall
and a second end wall which enclose a space through which a gas flow is
permitted, said space comprising an upper separation chamber and a
lower discharge chamber,

an inlet extending through the stationary casing and permitting supply of
the gas to be cleaned to the separation chamber,

a rotating member comprising a stack of separation discs and being
arranged to rotate around an axis (X) of rotation, wherein the stack of
separation discs is arranged in the separation chamber,

a drive member for rotating the rotating member,

characterized in that

said discharge chamber is arranged axially below the stack of
separation discs such that clean gas and separated liquid impurities both
enter said discharge chamber after being separated in said stack of
separation discs, and further wherein the separator comprises

a gas outlet configured to permit discharge of cleaned gas from said
stationary casing, wherein the gas outlet comprises an outlet opening
through the stationary casing and a portion extending from the outlet
opening into the discharge chamber, and

a drainage outlet arranged in said discharge chamber and configured to
permit discharge of separated liquid impurities from said stationary casing.

A centrifugal separator according to claim 1, the rotating member further
comprises a lower flange arranged axially below said portion of the gas
outlet extending from the outlet opening into the discharge chamber.
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A centrifugal separator according to claim 2, wherein said lower flange is
arranged axially between the drainage outlet and said portion of the gas
outlet extending from the outlet opening into the discharge chamber.

A centrifugal separator according to any previous claim, wherein the
rotating member further comprises an upper flange arranged axially
between the portion of the gas outlet extending into the discharge

chamber and the disc stack.

A centrifugal separator according to claim 4, wherein the upper and lower

flange are arranged in a single unit.

A centrifugal separator according to claim 5, wherein the single unit further

comprises a frustoconical portion onto which said disc stack is arranged.

A centrifugal separator according to any previous claim, wherein said
portion of the gas outlet extending from the outlet opening into the
discharge chamber is hollow and comprises an opening in the peripheral
wall through which the cleaned gas is retrieved and directed to said outlet

opening through the stationary casing.

A centrifugal separator according to claim 7, wherein said portion of the
gas outlet extends into the stationary casing such that said opening in the
peripheral wall is located on a radius from rotational axis (X) that is less

than half of the total radius of the stationary casing.

A centrifugal separator according to claim 7 or 8, wherein said opening in

the peripheral wall faces the rotational axis (X).

A centrifugal separator according to claim 7 or 8, wherein said opening in
the peripheral wall faces away from said rotational axis (X).
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A centrifugal separator according to claim 10, wherein said opening in the
peripheral wall is directed in a direction that is approximately 45 degrees

relative the rotational axis.

A centrifugal separator according to any one of claims 7-11, wherein said
portion of the gas outlet extending from the outlet opening into the
discharge chamber comprises a tubular part and a narrowing part, wherein
said tubular part is arranged at said outlet opening through the stationary
casing and said narrowing part comprises said opening in the peripheral
wall and wherein said narrowing part is arranged further away from said

outlet opening through the stationary casing compared to said tubular part.

A centrifugal separator according to claim 12, wherein said narrowing part
comprises and end wall extending in a plane formed by the rotational axis
(X) and the radius from the rotational axis (X).

A method for cleaning a gas containing liquid impurities comprising the
steps of

- providing a centrifugal separator according to any one of claims 1-13;

- introducing gas containing liquid impurities into the inlet of said
centrifugal separator; and

- discharging clean gas through said gas outlet and discharging liquid
impurities separated from the gas through said drainage outlet.

A method according to claim 14, wherein said gas containing liquid
impurities is crankcase gas of a combustion engine and said liquid

impurities comprises oil.
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