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(57) Abréegée/Abstract:

A centrifugal separator (1) for separation of liquid particles from a gas stream, comprising a stationary frame (2), a gas inlet (3) and
a gas outlet (4). The frame comprises a tubular element (24) defining a rotor space Iinside Itself and a liquid transportation space
(39) outside the tubular element. A centrifugal rotor (5) Is arranged In the rotor space and rotatably supported in the frame around a
rotational axis (x) and comprising a separation means (6). A stationary device (10) Is configured to bring the gas stream In rotation,
thereby bringing the rotor (5) into rotation. At least one opening (40, 41) Is provided In the tubular element, between the rotor space
and the liquid transportation space, for conducting liguid separated from the gas stream from the rotor space to the liquid
transportation space.
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(57) Abstract: A centrifugal separator (1) for separation of liquid particles
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Fig. 1

from a gas stream, comprising a stationary frame (2), a gas inlet (3) and a gas
outlet (4). The frame comprises a tubular element (24) defining a rotor space
mside 1itself and a liquid transportation space (39) outside the tubular ele-
ment. A centrifugal rotor (5) 1s arranged mn the rotor space and rotatably sup-
ported in the frame around a rotational axis (x) and comprising a separation
means (6). A stationary device (10) 1s configured to bring the gas stream in
rotation, thereby bringing the rotor (5) into rotation. At least one opening
(40, 41) 1s provided in the tubular element, between the rotor space and the
liqud transportation space, for conducting liquid separated from the gas
stream from the rotor space to the liquid transportation space.
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A CENTRIFUGAL SEPARATOR FOR SEPARATION OF LIQUID PARTICLES FROM A GAS
STREAM

Technical field

The present invention relates generally to a centrifugal separator for separation of liquid particles

from a gas stream.

Background
WO 2010/090578 A1 discloses a centrifugal separator plant for separating oil in form of particles

and/or mist from a fossil gas mixture for obtaining a separated gas. The plant comprises a
centrifugal separator with a stationary casing defining a separation space. The centrifugal
separator comprises an inlet for the gas mixture, a gas outlet for the separated gas and an oil
outlet for discharging separated oil. A separating member for separating the gas mixture
comprises a plurality of separating discs and is provided in the separation space. A drive motor is
connected to the separating member via a spindle and rotates the separating member about an

axis of rotation.

Summary
An object of the present invention is to provide an improved centrifugal separator for separation of

liquid particles from a gas stream in order to make it more suitable for use with existing vessel

iInstallations, such as pipelines for transporting gas.

Another object of the present invention is to improve the removal of liquid particles separated
from a gas stream, from the separation space of the separator, and to reduce the risk of particles

being reintroduced into the gas stream after centrifugal separation.

Thus the present invention relates to a centrifugal separator for separation of liquid particles from
a gas stream comprising a stationary frame, a gas inlet and a gas outlet. The frame comprises a
tubular element defining a rotor space inside itself and a liquid transportation space outside the
tubular element. The tubular element may be a cylindrical tubular element, e.g. a circular
cylindrical tube. A centrifugal rotor is arranged in the rotor space and rotatably supported in the
frame around a rotational axis and comprising a separation means. A stationary device is
configured to bring the gas stream in rotation, thereby bringing the rotor into rotation. At least one
opening Is provided in the tubular element, between the rotor space and the liquid transportation
space, for conducting liquid separated from the gas stream from the rotor space to the liquid

transportation space.

CA 2949577 2018-03-27
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Thus liquid particles separated from the gas stream may be removed from the rotor space
of the separator therefore reducing the risk of particles being reintroduced into the gas

stream after separation.
Liquid Is defined as a flowable substance and may comprise solid particulate matter.

The separation means may define a separation space wherein separation of liquid
particles from the gas stream takes place, communicating with the rotor space. Thus the
rotor does not need a rotor housing for delimiting the separation space. Liquid particles
separated from the gas are discharged from the separation means onto the tubular

element during operation of the separator.

The at least one opening may comprise a slit extending in the axial direction of rotor and
provided radially outside the separation means. Thus liquid particles separated from the
gas stream may be removed from the rotor space at various positions along the rotor axis,
while Keeping the area of the opening limited. Each slit may extend in a direclion parallel
to, or inclined to, the rotor axis. The Inclination may be less than 60 degrees to the rofor
axis, e.g. 30 degrees 1o the rotor axis. Alternatively, or additionally, the at least one
opening may comprise a hole or an opening having another shape. The at least one
opening may be formed by a plurality of small holes perforating the tubular element, at
least along a portion of the tubular element. The at least one opening may be formed as a
paring device, paring off liquid moving along the inside of the tubular element because of

the gas flow during operation of the device.

The at least one opening may comprise a plurality of slits, distributed arouna the
circumference of the tubular element. Thus the removal of liquid particles from the rotor

space may be improved.

The slit or plurality of slits may be parallel to the rotational axis, inclined to the rotational

axis, helically formed along the rotational axis efc.

The slits may extend along the axial direction of the rotor and at least partially overlap to
provide an extension of openings along at least a substantial portion of the rotor. Thus

liquid particles separated from the gas stream may be removed from the rotor space along
a substantial portion of the rotor, while keeping the opening area limited in order to

maintain a pressure drop over the openings.
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The at least one slit may be inclined with respect to a radial direction to the rotational axis,
such as to perform as a paring device. Thus removal of liquid particles separated from the
gas stream forming a rotating liquid ring on the inside of the tubular member may be

improved.

The separating means may comprise a plurality of separation plates defining separation
passages between the plates. The plaies may be in the form of a plurality of frustoconical
separation discs. Thus the separation of liquid particles from the gas stream may be

particularly efficient.

The gas Inlet and gas outlet may be arranged at opposite axial end portions of the rotor.
Thus the gas stream is conducted from the gas inlet, through the separation means and
towards the gas outlet such that the separator is suitable for mounting in a tubular vessel,

e.g. a pipeline for transporting gas.

The liquid transportation space may be formed around the circumference of the tubular
element. Thus liquid entering the liquid transportation space at various positions around

the tubular member may be collected in this space for removal.

The centrifugal separator may be mountable inside a vessel for guiding the gas stream,
wherein the liquid transportation space is defined by the tubular element of the frame and
by a wall of the vessel. The vessel may e.g. be a pipeline for transporting gas. Thus the
separator may be used for removing liquid particles from a gas stream in an existing

vessel, e.g. a pipeline for transporting gas.

The centrifugal separator may be mounted inside a vessel for guiding the gas stream,
wherein the liquid transportation space is defined by the fubular element of the frame and
by a wall of the vessel. Thus a portion of the vessel for guiding the gas stream may be

comprised by the separator.

The liquid transportation space may be defined as an annular space between the tubular
element and the vessel for guiding the gas stream. Thus a compact configuration of the
separator is achieved, suitable for mounting inside the vessel. The vessel for guiding the

gas stream may thus form an outer wall for the liquid transportation space.

The centrifugal separator may comprise two sealing means for sealing off the liquid

fransportation space, which preferably are arranged at opposite axial end portions of the
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rotor. Thus liquid entering the liquid transportation space may be collected in this space

for removal.

The centrifugal separator may comprise a housing, wherein the liquid transportation space
s delimited by the tubular element of the frame and the housing of the centrifugal

separator. Thus the nousing may form an outer wall for the liquid transportation space.

The at least one opening may be configured to mainiain a pressure difference over the
rotor space and the liquid transportation space obtained during operation of the separator.
Thus transportation of liquid from the rotor space to the liquid transportation space may be
facilitated.

The at least one opening may represent less than 10 %, preferably less than 5 %, or less

than 1 % of the area of the tubular element.

The centrifugal separator may comprise a means for creating a pressure difference over
the openings during operation of the separator such as to promote liquid flow from the
rotor space to the liquid transportation space. Thus the pressure in the rotor space may be
maintained at a higher level than the pressure in the liquid transportation space,

facilitating removal of liquid from the rotor space.

The means for creating a pressure difference may comprise a fan operationally connected
to the rotor and arranged to pump gas from the liquid transportation space to the rotor
space. Thus the rotation of the rotor may be used to maintain the pressure difference

during operation of the separator.
The fan may preferably form part of the rotor, thus being connected to the rotor axis.

The means for creating a pressure difference may comprise a pressure transmitting
connection provided from a central portion of the rotor space to the liquid transportation

space, preferably one or more tubular connections.

During operation of the separator, gas flowing through the separator will be subjected to a
pressure drop over the separation means of the rotor. Therefore the pressure at a radially
outer portion of the rotor space will be higher than the pressure at a central portion of the
rotor. Also the rotation of the flowing gas itself will result in the pressure at a radially outer
portion of the rotor space will be higher than the pressure at a central portion of the rotor.

Thus a pressure difference over the rotor space and the liquid transportation space may
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be obtained by connecting the liquid transportation space to a central portion of the rotor

space.

The separator may further comprise means for draining liquid from the liquid
transportation space. This means may comprise one or more openings in the tubular
member, for drainage of liquid by means of gravitation and/or a pressure difference.
These openings may be connected 1o drainage tubing extending inside the gas
conducting vessel. The openings may alternatively or additionally lead to the outside of
the gas conducting vessel for drainage of liquid by means of pumping and/or gravitation to

the outside of the vessel.

The centrifugal separator may comprise a liquid guiding means arranged on the inside of
the tubular element and configured to guide liquid separated from the gas stream from the
rotor space to the at least one opening in the tubular element. Thus the transportation of
liquid separated from the gas stream from the rotor space to the liquid transportation

space may be improved.

The liquid guiding means may comprise a helical or inclined strip element leading to the at
least one opening in the tubular element. Thus liquid may be guided along the helical or
inclined strip element to the at least one opening in the tubular element by means of the
gas stream in the separator. The tubular element may be provided with a plurality of small
openings along the helical or inclined strip element, 1o effectively remove liguid separated
from the gas stream from the rotor space to the liquid transportation space while keeping

the area of the openings small, to maintain a pressure difference over the openings.

The invention is now described, by way of exampile, with reference to the accompanying

drawings, in which:

~ig. 1 shows a cross-section along the rotational axis of a centrifugal separator according

to the invention, arranged in a cylindrical vessel for conveying a gas stream.
Fig. 2 shows a section of the tubular element with slits for conducting liquid.

Fig. 3 shows a section of the tubular element with a helical strip element for leading liquiq.
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In Fig. 1 a centrifugal separator 1 for separation of particles from a gas stream is shown
arranged in a cylindrical vessel 19 in the form of a cylindrical pipe for guiding the gas
stream. The separator comprises a self-supporting frame 2 for mounting inside the
vessel 19. Self-supporting is understood as an ability of the frame to support itself without
relying on support from the vessel such as during mounting and dismounting. The frame is
provided with a first partition 15 for dividing the vessel into a first section 16 upstream of
the partition and a second section 17 downstream of the partition. The separator further
comprises a gas inlet 3 communicating with the first section and a gas outlet 4

communicating with the second section.

The centrifugal separator further comprises a centrifugal rotor 5 arranged to be rotatable
in the frame around a rotational axis x. The rotor comprises separation means in the form
of a plurality of separation discs 6. The rotational axis extends in the direction of the
extension of the vessel. The rotor comprises a shaft 26 having a first and a second end
portion. The first end portion is supported in a first frame portion 15a by means of a first
bearing 13. The first frame portion 15a comprises the first partition 15. The second end
portion is supported in the frame by means of a second bearing 14 held in a second frame
portion 21. The rotor comprises a disc support structure 27 connected to the rotor axis
and extending between the first and second end portions of the rotor axis. The disc
support structure has a number of plate like wings extending along the rotor axis and
radially outwards from the rotor axis, in this case three wings. In an alternative
embodiment the disc support structure comprises two or more wings, such as six wings.
Towards the second end portion of the rotor axis, a bottom disc 28 is attached to the
wings of the disc support structure. The plurality of frustoconical separation discs b are
stacked on the bottom disc, and guided by the radially outer portions of the plate like
wings. The separation discs may be made of a lightweight material such as plastic, or of
metal such as stainless steel or titanium. The separation discs are each provided with
distance members in order {0 provide separation passages 7 between the discs In the
stack. The distance members are in the form of elongated protrusions extending from a
radially inner portion {o a radially outer portion of each separation disc, having an
extension along a line or a curve. The elongated distance members, or caulks, may be
straight or curved and may be integrated in the discs or attached to the discs. The
distance members may alternatively or additionally comprise distance members in the

form of dot-shaped caulks or microcaulks, distributed over the surface of the separation
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discs. On top of the stack of separation discs a top disc 29 is provided. The top disc is
attached 1o the wings of the disc support structure. The stack of separation discs are
compressed by the fop disc and the bottom disc. Radially inside the separation discs a
central gas space 8 is formed, divided by the wings of the disc support structure 27. The
top disc is provided with a central opening 30 such that the central gas space of the rotor
15 open for passage of gas through the top disc. The top disc is provided with a flange 31

circumventing the central opening providing a cylindrical outer sealing surface, 18a.

A narrow gap is formed between a sealing surface 18a formed on the flange 31 of the top
disc and a corresponding cylindrical sealing surface 18b on the first partition. The gap
forms a gap sealing 18 between the first 16 and second 17 sections in the vessel. The
central gas chamber 8 in the rotor communicates with a radially inner portion of the
separation passages 7 and the gas outlet 4 via the central opening of the top disc and
openings 32 formed in the first partition, surrounding the first bearing 13. Further, a rotor
space 9 is formed radially outside and surrounding the rotor. The rotor space 9
surrounding the rotor communicates with the radially outer portion of the separation
passages 7/ and the gas inlet 3. The centrifugal separator is configured such that the first
and second sections of the vessel communicate via the separation passages 7 of the

rotor.

The frame comprises a bottom sealing ring 33 forming the gas inlet 3 in the frame. The
bottom sealing ring Is sealingly connected, 38, to the inner vessel wall 25. A tubular
element in the form of a cylindrical frame tube 24 extends along the inner wall of the
vessel as a part of the frame, from the bottom sealing ring to the first partition 15 and
connects with the other parts of the frame to provide a self-supporting frame structure.
The second frame portion 21 supporting the second bearing 14 is connected to and

supported by the inner wall of the cylindrical frame tube.

The tubular element 24 thus defines the rotor space 9 inside itself. Between the wall of the
cylindrical vessel 19 and the tubular element 24 a liquid transportation space 39 is formed
for transport of liquid outside the rotor space. At least one, in this case two, openings 40
and 41 in the form of narrow slits are provided in the tubular element, between the rotor
space 9 and the liguid transportation space 39, for conducting liquid separated from the
gas stream from the rotor space to the liquid transportation space. The openings may also

be in the form of one or more holes arranged around the rotor.
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The configuration of the slits is further shown in Fig. 2, where a section of the tubular
element is shown. Two slits 40 and 41 are provided as openings between the rotor space
9 and the liguid transportation space 39. The slits extend in the axial direction of rotor and
are provided radially outside the separation discs 6. The slits are distributed around the
circumference of the {ubular element, in this case at opposite sides of the tubular element.
The slits are distributed along the axis of the rotor and partially overlap {o provide an

opening along at least a substantial portion of the rotor.

The slits may extend in a purely radial direction or may be inclined with respect to the
radial direction in order to perform as a paring device for liquid rotating along the inner
side of the wall of the tubular element during operation of the separator, transporting liquid

from the rotor space to the liquid transportation space.

In Fig. 3 an alternative embodiment is shown wherein the openings 40 and 41 are formed
as small holes In the tubular element, and wherein a helical strip element 45 Is arranged
leading to the openings to guide liquid separated from the gas stream from the rotor space
o the openings. The openings are preferably arranged on the side of the helical strip
element meeting the gas stream during operation of the separator. Thereby liquid
separated from the gas stream from the rotor space may effectively be removed to the
liquid transportation space while maintaining keeping the area of the openings small, to

maintain a pressure difference over the openings.

Again turning to Fig. 1, the frame 2 further comprises a holding means 20 {o hold the
frame at a position inside the vessel. The holding means comprises a ring shaped part 34
sealingly connected, by means of a sealing member 37, to the inner vessel wall 25. The
holding means is configured to engage with the cylindrical inner surface of the vessel by
providing an expandable outer diameter. Thus the liquid transportation space is sealed by

means of the bottom sealing ring 33 and the ring shaped part 34.

The separator is provided with a means for creating a pressure difference over the
openings 40 and 41, comprising a fan 42 formed by an end portion of the rotor 5. The fan
s formed by the outer/lower face of the bottom disc 28 of the rotor. The fan may be
provided with pumping means in the form of ridges, channels or protrusions {0 enhance
pumping action. The fan is arranged {o pump gas from the liquid transportation space {0
the rotor space. Therefore the radially inner portion of the fan is connected to the liquid
fransportation space 39 through tubing 43. Thus the rotation of the rotor may be used to

maintain the pressure difference during operation of the separator.
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Close to the bottom sealing ring, the separator is provided with means 1o drain liquid from
the liquid transportation space. One or more drainage tubes 44 are connected {o the liquid
transportation space via openings in the tubular member 24. The drainage of liquid from
the liquid transportation space may thus be operated by means of gravity. Alternatively, or
additionally, liquid may be drained from the liquid transportation space by means of a

pressure difference, e.g. by externally applied pumping.

The centrifugal separator comprises a stationary device 10 configured to bring the gas
stream In rotation. The device 10 configured to bring the gas stream in rotation is
positioned upstream of the rotor and formed in the second frame portion 21. The device
10 comprises a ring shaped gas deflecting member 11 comprising a plurality of vanes 12
extending outwardly from the ring shaped member and distributed around the rotational
axis of the rotor. The vanes are inclined with respect to the axial direction x of the
centrifugal rotor. The inclination is gradually increased along the length of the vanes in the
direction of the flowing gas. The vanes are arranged in a passage 11a formed in the
second frame portion upstream of the rotor. The passage 11a extends radially outside the

separation plates of the centrifugal rotor.

The separator is mounted in the vessel 19 by placing the separator with its self-supporting
frame 2 at a desired position inside the vessel. The separator may be fixed inside the
vessel by expanding the diameter of the holding means 20 so that the holding means
engage with the inner surface 25 of the vessel, to hold the separator at the desired
position inside the vessel. Alternatively the vessel may comprise a flange, wherein the
frame is configured to cooperate with the flange of the vessel, such that it is releasably
connected to the flange of the vessel. Thus the centrifugal separator may be mountable to
vessels provided with pipe flanges connecting two sections of the vessel. The centrifugal
separator may also be mountable in a circumventing recess provided in the wall of a
vessel, for example in connection with a pipe flange, whereby the holding means Is

configured to engage with the recess.

During operation of the centrifugal separator a stream of gas enters info the inlet 3 of the
centrifugal separator 1. The stream of gas is forced into the passage 11a where the
inclined vanes 12 deflect the gas towards a tangential direction of the rotor of the
separator. Thus the gas stream is brought into rotation by the vanes 12, and enters into
the rotor space 9. In this space a pre-separation occurs whereas larger particles in the

form of solid particles ana/or liquid droplets having a density larger than the gas in the gas
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stream are separated from the gas stream by means of centrifugal forces in the rotating

gas stream and deposited on the inner surface of the cylinder 24.

From the rotor space 9, the rotating gas stream enters into the separation passages 7
formed between the separation discs o in the rotor. The rotor 5 is brought into rotation by
the rotating gas stream by means of viscous forces acting on the separation discs in the
separation passages. The rotation of the rotor is also facilitated by the elongated distance
members of the disc stack working as vanes or turbine blades to improve the transfer of
momentum from the gas stream to the rotor. Since the rotating gas stream is led from the
radially outer portions of the separation passages and towards the radially inner portions
of the separation passages, the gas stream is spun up thanks to the conservation of
angular momentum. Thus the transfer of the rotation from the gas to the rotor is

particularly efficient in this configuration.

In the separation passages, particles in the form of solid particles and/or liquid droplets
having a density larger than the gas in the gas stream are separated from the gas stream
by centrifugal forces. Due to the smaller separation distances in the separation passages
of the stack of frustoconical discs this even allows tor separation of smaller and/or less
dense pariicles from the gas stream. Particles separated from the gas stream are
deposited on the inner surface of the frustoconical separation discs and transported
radially outwardly by means of centrifugal forces. From the radially outer edge of the
separation discs, particles separated from the gas stream in the separation passages are

thrown towards and deposited at the inner surface of the tubular cylinder element 24.

The liguid particles form a liquid ring on the inner surface of the tubular cylinder element
24. The liquid ring rotates with the rotational flow of the gas stream. From this inner
surface, liquid substance tlows through the slits 40 and 41 into the liquid transportation
space 39. The removal of the liquid is Tacilitated by a pressure difference maintained over

the slits by means of the fan 28.

The fan 28 rotates with the rotor 5. During operation, gas is pumped from the radially inner
portion of the fan and outwards. Thus gas is pumped from the liquid transportation space

via the tubing 43 thus maintaining the pressure difference over the slits.

Liquid collected in the liquid transportation space 39 is drained there from through the

fubing 44 for removal from the vessel 19.
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Cleaned gas conducted towards the central gas chamber 8 of the rotor is provided to the
outlet 4 through the passages 30 and 32 formed in the rotor and the first partition, and

fransported from the separator through the vessel 19.
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CLAIMS:

1. A centrifugal separator for separation of liquid particles from a gas stream,
comprising

a stationary frame, a gas inlet and a gas outlet,

wherein the frame comprises a tubular element defining a rotor space inside itself
and a liquid transportation space outside the tubular element,

a centrifugal rotor arranged in the rotor space and rotatably supported in the
frame around a rotational axis and comprising a separation means,

a stationary device configured to bring the gas stream in rotation, thereby bringing

the rotor into rotation,

wherein at least one opening Is provided In the tubular element, between the rotor
space and the liguid transportation space, for conducting liquid separated from the gas

stream from the rotor space to the liquid transportation space.

2. The centrifugal separator according to claim 1 wherein the at least one opening
comprises a slit extending in the axial direction of the rotor and provided radially outside the

separation means.

3. The centrifugal separator according to claim 1 or 2 wherein the at least one
opening comprises a plurality of slits, distributed around the circumference of the tubular

element.

4. The centrifugal separator according to claim 3 wherein the slits extend along the
axial direction of the rotor and at least partially overlap to provide an extension along at least
a substantial portion of the rotor.

5. The centrifugal separator according to any one of claims 2 to 4 wherein the at least
one slit is inclined with respect to a radial direction to the rotational axis to perform as a

paring device.

CA 2949577 2018-03-27
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6. The centrifugal separator according to any one of claims 1 to 5 wherein the
separating means comprises plurality of separation plates defining separation passages

between the plates.

/. The centrifugal separator according to any one of claims 1 to 6 wherein the gas

inlet and gas outlet are arranged at opposite axial end portions of the rotor.

8. The centrifugal separator according to any one of claims 1 to 7 wherein the liquid

transportation space is formed around the circumference of the tubular element.

e} The centrifugal separator according to any one of claims 1 to 8 mountable inside a
vessel for guiding the gas stream, wherein the liquid transportation space is defined by the

tubular element of the frame and by a wall of the vessael.

10. The centrifugal separator according to any one of claims 1 to 8 mounted inside a
vessel for guiding the gas stream, wherein the liquid transportation space is defined by the

tubular element of the frame and by a wall of the vessel.

11. The centrifugal separator according to claim 9 or 10 comprising two sealing means
for sealing off the liquid transportation space, which sealing means are arranged at opposite
axial end portions of the rotor.

12. The centrifugal separator according to any one of claims 1 to 8 comprising a
housing, wherein the liquid transportation space is delimited by the tubular element of the

frame and the housing of the centrifugal separator.

13. The centrifugal separator according to any one of claims 1 to 12 wherein the at
least one opening is configured to maintain a pressure difference over the rotor space and

the liquid transportation space obtained during operation of the separator.

CA 2949577 2018-03-27
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14. The centrifugal separator according to any one of claims 1 to 13 wherein the at

least one opening represents less than 10 %, or less than 5 %, or less than 1 % of the area

of the tubular element.

15. The centrifugal separator according to any one of claims 1 to 14 comprising a
means for creating a pressure difference over the openings during operation of the separator

to promote liquid flow from the rotor space to the liquid transportation space.

16. The centrifugal separator according to claim 15 wherein the means for creating a

pressure difference comprises a fan operationally connected to the rotor and arranged to

pump gas from the liquid transportation space to the rotor space.

17. The centrifugal separator according to claim 16 wherein the fan forms part of the
rotor.
18. The centrifugal separator according to any one of claims 15 to 17 wherein the

means for creating a pressure difference comprises a pressure transmitting connection

provided from a central portion of the rotor space to the liquid transportation space.

19. The centrifugal separator according to any one of claims 1 to 18 further comprising

means for draining liquid from the liquid transportation space.

20. The centrifugal separator according to any one of claims 1 to 19 wherein a liquid
guiding means is arranged on the inside of the tubular element and configured to guide liquid

from the rotor space to the at least one opening in the tubular element.

21. The centrifugal separator according to claim 20 wherein the liquid guiding means
comprises a helical or inclined strip element or groove leading to the at least one opening in

the tubular element.

CA 2949577 2018-03-27



CA 02949577 2016-11-18

WO 2015/176968 PCT/EP2015/060098

1/2

17
13
32
15, 15a
18a,b
18
37
16
29
30
41
5
8
40 7
39 : } 27
%6 — b___ 28
14 *~ ' 42
11a 5 i 1! 10
21 \ 11
22— _ 12
44 43
38 \ NN 3
33 -

Fig. 1



CA 02949577 2016-11-18

WO 2015/176968 PCT/EP2015/060098

2/ 2

Fig. 2

i\ /7

N

39
24
40
45

41 //_ \




AI
(ab ]

%Z%%//////Zf N

M~ S NN O
~ o4 NN S v
!/

7, -

/

.-----.----T\\ﬁ\xxka\\x\\k\m\\x\xm\ix\\mm\w\w\\\ -
e e
. A b A A<777 IR
/ RN NN SN
w o O N — O O ¥ O O O < O — N «F O O
T ™oNd M M N MO N ﬂ N N & O M



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - abstract drawing

