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Description

Field of the Invention

[0001] The presentinvention relates to the field of cen-
trifugal separators, and more specifically to seals for cen-
trifugal separators.

Background of the Invention

[0002] Centrifugal separators are generally used for
separation of liquids and/or solids from a liquid mixture
or a gas mixture. During operation, fluid mixture that is
about to be separated is introduced into a rotating bowl
and due to the centrifugal forces, heavy particles or dens-
er liquid, such as water, accumulates at the periphery of
the rotating bowl whereas less dense liquid accumulates
closer to the central axis of rotation. This allows for col-
lection of the separated fractions, e.g. by means of dif-
ferent outlets arranged at the periphery and close to the
rotational axis, respectively.

[0003] The stationary inlet and outlet pipes of high-
speed separators are sealed in relation to the rotatable
part of the separator. The seal may be a hermetic seal,
such as a mechanical hermetic seal, which is used when
the material to be separated in the centrifugal separator
should not be exposed to or come in contact with the
atmosphere. Thus, a hermetic seal reduces the risk of
any substance, such as oxygen, or particles in the at-
mosphere from contaminating the liquid fed or a sepa-
rated phase.

[0004] There are challenges to keep hermetic seals
tightly sealed due to impacting parameters in the sur-
rounding environment. As an example, in brewery appli-
cations, separated yeast may penetrate gaps in the seal-
ing and replace the sealing liquid. This leads to a reduced
sealing functionality.

[0005] There is thus a need in the art forimproved me-
chanical hermetic seals.

Summary of the Invention

[0006] A main object of the present invention is to pro-
vide a centrifugal separator having an improved sealing
function that also is suitable when separating highly con-
centrated fluids, such as a liquid comprising yeast.

[0007] As a first aspect of the invention, there is pro-
vided a centrifugal separator for separating at least one
liquid phase from a liquid feed mixture, comprising a sta-
tionary frame, a drive member and a rotating part, where-
in the drive member is configured to rotate the rotatable
part in relation to the stationary frame around an axis of
rotation (X), and wherein the rotatable part comprises a
centrifuge bowl enclosing a separation space; wherein
the centrifuge bowl further comprises an inlet for receiv-
ing the liquid feed mixture and at least one liquid outlet
for discharging a separated liquid phase; wherein the
centrifugal separator further comprises a mechanical
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seal for sealing between the rotatable part and the sta-
tionary frame during operation, the mechanical seal com-
prising a rotatable sealing ring connected to the rotatable
part, a stationary sealing ring connected to the stationary
frame; wherein the mechanical seal provides a seal be-
tween an inner zone and an outer zone and wherein the
inner zone is located radially inside and extends axially
through the sealing rings and the outer zone is arranged
radially outside the sealing rings; wherein the rotatable
sealing ring comprises at least one first sealing surface
and the stationary sealing ring comprises at least one
second sealing surface, which sealing surfaces having
a contact force between each other and forming at least
one sealing interface between the rotatable and the sta-
tionary sealing rings during operation; and wherein the
mechanical seal is arranged in the separator such that
said contact force is dynamically adjustable during oper-
ation.

[0008] The drive member may be a drive motor, such
as an electric motor.

[0009] As used herein, the term "axially" denotes a di-
rection which is parallel to a first rotational axis (X). Ac-
cordingly, relative terms such as "above", "upper"”, "top",
"below", "lower", and "bottom" refer to relative positions
along the first rotational axis (X). Correspondingly, the
term "radially" denotes a direction extending radially from
the first rotational axis (X). A "radially inner position" thus
refers to a position closer to the first rotational axis (X)
compared to "a radially outer position". A radial plane is
a plane having its normal parallel to the first axis of rota-
tion (X). An axial plane is a plane having its normal per-
pendicular to the first axis of rotation (X).

[0010] The separation space of the centrifuge bowl is
where the liquid feed mixture is separated into at least
one liquid phase that is led out via at least one liquid
outlet. The liquid feed mixture may be separated into a
liquid heavy phase that is discharged through one outlet
and into a liquid light phase that is discharged through
another outlet. Possibly, also solids or a sludge phase is
separated from the liquid feed mixture.

[0011] The mechanical seal may be a hermetic seal,
i.e. a seal that provides for an airtight seal.

[0012] The sealing interface is the interface between
the sealing surface of the rotatable sealing ring and the
sealing surface of the stationary sealing. During normal
operation, the sealing interface may have an axial height
of afew um and may comprise a sealing or cooling liquid
that decreases the friction between the sealing surfaces.
The sealing surfaces may be substantially radially
aligned with each other in order to have substantially the
same radial extension.

[0013] The contact force being "dynamically adjusta-
ble during operation" means that during operation, the
contactforce may be actively adjusted by e.g. an operator
so as to adapt to different operating conditions. As an
example, the contact force may be adjusted so that the
sealing surfaces of the rotatable and the stationary seal-
ing rings has a tight fit or a less tight fit. A tight fit means
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that there is a higher contact force between the sealing
surfaces and when there is a less tight fit the contact
force has a lower value. The contact force may be direct-
ed mainly in an axial direction.

[0014] The first aspect of the invention is based on the
insight that in certain applications, it is an advantage to
be able to adjust the contact force between the sealing
rings of a mechanical seal during operation of a centrif-
ugal separator. The control of the resulting force can be
used to control the closing pressure of the mechanical
seal which in turn could greatly reduce power consump-
tion. Also adjusting the contact force may be used for
opening/lifting the sealing rings of the mechanical seal
during operation, so that the mechanical seal itself may
function as an alternative outlet for a separated liquid
phase.

[0015] As an example, in separators where yeast is
the solid phase to be separated, e.g. when using sepa-
rators in breweries, it is challenging to handle highly con-
centrated and highly viscous fluids. Often the yeast pen-
etrates gaps in the mechanical seal and replaces the
sealing liquid, such as a water film, which is needed for
proper functioning. However, yeast do not have the rel-
evant properties to maintain an even film for the sealing,
soinstead the sealwould leak, resulting in loss of process
control. By dynamically adjusting the contact force of the
mechanical seal, an increased downward force may
compensate against any experienced upward force in
the mechanical seal, thereby decreasing the risk of sep-
arated yeast replacing the sealing liquid.

[0016] The inventors have thus found that it is advan-
tageous to be able to regulate the force being applied to
the mechanical seal so that the pressure applied to the
mechanical seal is at an appropriate level throughout the
operation. The force applied may be actively dynamically
adjustable during operation. By actively is meant that the
contact force applied may be regulated independent from
the forces experienced by the mechanical seal from the
liquid feed mixture or any separated liquid phase.
[0017] In embodiments of the first aspect, the centrif-
ugal separator further comprises a pressurizable com-
partment arranged for transmitting a pressure force to
the stationary sealing ring such that the contact force
between the sealing surfaces is dynamically adjustable
during operation. This leads to direct control of the con-
tact force in order to be able to adjust the force during
operation. Moreover, twisting of the seal can be control-
led. The pressurizable compartment may be arranged
axially above the stationary sealing ring and may be an
enclosure that is able to define a specific pressure that
may act on the stationary sealing ring.

[0018] Inembodimentsofthe firstaspect, aliquid outlet
defines the inner zone and a volume outside the centri-
fuge bowl defines the outer zone. The mechanical seal
may thus be an outlet seal, such as an outlet seal ar-
ranged for sealing the liquid heavy phase outlet. The vol-
ume outside the centrifuge bowl may be a volume under
a stationary hood that covers the centrifuge bowl. There-
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by sealing between either separated liquid heavy phase
or separated liquid light phase and the surroundings may
be achieved. The mechanical seal may be arranged at
the top of the centrifuge bowl. The pressure force applied
to the seal by the pressurizable compartment may be
larger than the forces experienced by the mechanical
seal from the inner zone.

[0019] In embodiments of the first aspect, the centri-
fuge bowl has a first liquid outlet for discharging a liquid
heavy phase and a second liquid outlet for discharging
a liquid light phase, and wherein the second liquid outlet
defines the inner zone and the first liquid outlet defines
the outer zone. This results in sealing between liquid
heavy phase and liquid light phase. The mechanical seal
may be arranged at the top of the bowl.

[0020] In embodiments of the first aspect, both the in-
ner zone and the outer zone form part of a liquid passage,
and wherein the mechanical seal is arranged such that
the contact force between the sealing surfaces is dynam-
ically adjusted to form an axial gap to allow liquid in the
inner zone to be discharged through said gap to the outer
zone. Thereby an efficient cleaning of the seal might be
achieved. As an example, during a cleaning-in-place
(CIP) process, the liquid used for cleaning may be sup-
plied via the gap in the mechanical seal or be discharged
via the gap in the mechanical seal. The formed axial gap
could also be used as an alternative outlet either for the
liquid heavy phase or the liquid light phase.

[0021] The inner zone may also be part of aninlet, i.e.
the mechanical seal may form an inlet seal. Thus, the
inner zone may form part of an inlet and the outer zone
may for example form part of a liquid outlet or a part
outside the centrifuge bowl.

[0022] Inembodiments of the first aspect, the rotatable
part comprises a drive spindle having an inlet channel
for supply of said liquid feed mixture to said inlet, and
wherein the inner zone is the inlet channel and the outer
zone is a volume outside the drive spindle. Thereby seal-
ing between the feed mixture of the inlet and the sur-
roundings may be achieved. The sealing may be ar-
ranged at the lower part of the bowl.

[0023] Inembodiments of the first aspect the mechan-
ical seal further comprises a sealing liquid chamber at
the sealing interface, and wherein the centrifugal sepa-
rator further comprises a sealing liquid channel for supply
of sealing liquid to said sealing liquid chamber. Thereby
appropriate feed of sealing liquid to the seal may be en-
sured. The sealing liquid may for example be water and
may provide a liquid film atthe interface thereby decreas-
ing the friction between the rotatable and stationary seal-
ing rings. The sealing liquid chamber may be arranged
in the stationary sealing ring, in the rotatable sealing ring
or in both. As an alternative, the sealing liquid chamber
may be arranged radially outside the stationary and/or
rotatable sealing rings.

[0024] As an example, the sealing liquid channel is
separate from the pressurizable compartment and its
connection to a pressure source. Thereby the controlling
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of the applied force to the seal may be handled independ-
ently of feeding of sealing liquid, i.e. feeding of the sealing
liquid and the pressure applied to the seal is independ-
ently controlled.

[0025] In embodiments of the first aspect, the sealing
liquid chamber is arranged in the second sealing surface
at the sealing interface and radially within the stationary
sealing ring such that a double contact seal is formed by
the rotatable and stationary sealing rings. A double con-
tact seal refers to that the surface of the stationary sealing
ring is "split" by the sealing liquid chamber, resulting in
an inner and an outer surface part, i.e. two contact sur-
faces defining the double contact seal.

[0026] This may resultinaneven distribution of sealing
liquid that may lead to a longer lifetime of the seal.
[0027] In embodiments of the first aspect, the station-
ary sealing ring comprises a side surface forming an an-
gle with the second sealing surface, and wherein the seal-
ing liquid channel is arranged within the stationary seal-
ing ring and comprises an inlet and an outlet to the sta-
tionary sealing ring, and wherein the inlet and/or outlet
is arranged in the side surface. By leading the sealing
liquid in and/or out of the stationary sealing ring in a side
surface that forms an angle with the second sealing sur-
face may lead to sufficient space for an enclosed pres-
surizable compartment above the stationary sealing ring
in an axial direction. The sealing liquid may thus be led
to or from the stationary sealing ring in a radial direction.
[0028] In embodiments of the first aspect, the sealing
liquid channel is arranged radially outside of the station-
ary sealing ring. This may give ample space for the pres-
surizable compartment that may be arranged axially
above the stationary sealing ring.

[0029] In embodiments of the first aspect, the centrif-
ugal separator further comprises a spring arranged in
force transmitting connection to both the pressurizable
compartment and said stationary sealing ring, and
wherein the spring is arranged to move in an axial direc-
tion to adjust the contact force between the sealing sur-
faces. The spring may move jointly with the stationary
sealing ring in an axially direction either downward or
upward depending on if there is positive or negative pres-
sure in the pressurizable compartment. This results in
the transmitted contact force being directed mainly in an
axial direction.

[0030] In embodiments of the first aspect, the centrif-
ugal separator further comprises a pressure source that
is connected to the pressurizable compartment. The
pressure source may feed pressurized media or fluid to
the pressurizable compartment, which further may trans-
mit a pressure force to the stationary sealing ring.
[0031] As an example, the media of the pressure
source may be a gas or a liquid for pressurizing the com-
partment. The pressurized media may be air.

[0032] In embodiments of the first aspect, the centrif-
ugal separator further comprises a negative pressure
generator that is connected to the pressurizable com-
partment. The negative pressure generator may be a
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vacuum pump so that the contact force may be adjusted
during operation. Applying a negative pressure in the
pressurizable compartment may thus decrease the con-
tact force between the sealing surfaces. In this way the
sealing surfaces may be separated by a pressure force
acting in an axially upward direction on the stationary
sealing ring, thereby increasing any axial gap formed be-
tween the sealing surfaces.

[0033] As a second aspect of the invention, there is
provided a method for separating at least one liquid
phase from a liquid feed mixture, comprising the steps of

a) introducing the liquid feed mixture into a centrifu-
gal separator according to the first aspect of the in-
vention,

b) discharging at least one liquid phase from the cen-
trifugal separator; and

c) dynamically adjusting the contact force between
the sealing surfaces of the mechanical seal during
operation of the separator.

[0034] This aspect may generally present the same or
corresponding advantages as the former aspect. Effects
and features of this second aspect are largely analogous
to those described above in connection with the first as-
pect. Embodiments mentioned in relation to the first as-
pect are largely compatible with the second aspect.
[0035] In embodiments of the second aspect, step c)
comprises introducing pressurized gas or liquid into a
pressurizable compartment arranged for transmitting a
pressure force to the stationary sealing ring of the me-
chanical seal. The pressurized gas may be air.

[0036] In embodiments of the second aspect, step c)
comprises creating a negative pressure.

[0037] In embodiments of the second aspect, wherein
step c) comprises adjusting the contact force to form an
axial gap between the sealing surfaces, and step b) com-
prises discharging a liquid phase through the gap.
[0038] Inembodimentsofthe second aspect, the meth-
od further comprising the steps of

d) stopping the flow of liquid feed mixture,

e) adjusting the contact force to form an axial gap
between the sealing surfaces; and

f) introducing a cleaning liquid into the gap.

[0039] Inembodiments of the second aspect, the liquid
feed mixture comprises yeast.

Brief description of the Drawings

[0040]

Figure 1 shows a schematic drawing of a centrifugal
separator.

Figure 2 shows a schematic drawing of a centrifuge
bowl with inlet and outlets.

Figure 3 shows a cross section of an embodiment
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of a seal at an outlet.

Figure 4 shows a cross section of a further embod-
iment of a seal at an outlet.

Figure 5 shows a cross section of a further embod-
iment of a seal at an outlet.

Figure 6 shows a cross section of a further embod-
iment of a seal at an inlet.

Detailed Description

[0041] The centrifugal separator according to the
present disclosure will be further illustrated by the follow-
ing description with reference to the accompanying draw-
ings. Figs.1 and 2 schematically show a centrifugal sep-
arator and the centrifuge bowl of the centrifugal separator
of the present disclosure.

[0042] Fig. 1 shows a cross-section of an embodiment
of a centrifugal separator 1 configured to separate a
heavy phase and alight phase from a liquid feed mixture.
The centrifugal separator 1 has a rotatable part 4, com-
prising the centrifuge bowl 5 and drive spindle 4a.
[0043] The centrifugal separator 1 is further provided
with a drive motor 3. This motor 3 may for example com-
prise a stationary elementand a rotatable element, which
rotatable element surrounds and is connected to the spin-
dle 4a such that it transmits driving torque to the spindle
4a and hence to the centrifuge bowl 5 during operation.
The drive motor 3 may be an electric motor. Alternatively,
the drive motor 3 may be connected to the spindle 4a by
transmission means such as a drive belt or the like, and
the drive motor may alternatively be connected directly
to the spindle 4a.

[0044] The centrifuge bowl 5, shown in more detail in
Fig. 2, is supported by the spindle 4a, which is rotatably
arranged in a stationary frame 2 around the vertical axis
of rotation (X) in a bottom bearing 22 and a top bearing
21. The stationary frame 2 surrounds the centrifuge bowl
5.

[0045] In the centrifugal separator as shown in Fig. 1,
liquid feed mixture to be separated is fed to the bottom
to the centrifuge bowl 5 via the drive spindle 4a. The drive
spindle 4a is thus in this embodiment a hollow spindle,
through which the feed is supplied to the centrifuge bowl
5. However, in other embodiments, the liquid feed mix-
ture to be separated is supplied from the top, such as
through a stationary inlet pipe extending into the centri-
fuge bowl 5.

[0046] After separation has taken place within the cen-
trifuge bowl 5, separated liquid heavy phase is dis-
charged through stationary outlet pipe 6a, whereas sep-
arated liquid light phase is discharged through stationary
outlet pipe 7a.

[0047] Fig. 2. shows a more detailed view of the cen-
trifuge bowl 5 of the centrifugal separator 1.

[0048] The centrifuge bowl 5 forms within itself a sep-
aration space 9a and a sludge space 9b, located radially
outside the separation space 9a. In the separation space
9a, a stack 10 of separation discs is arranged coaxially
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around the axis of rotation (X). The stack 10 is arranged
to rotate together with the centrifuge bowl 5 and provides
for an efficient separation of the liquid feed mixture into
at least a liquid light phase and a liquid heavy phase.
Thus, in the separation space 9a, the centrifugal sepa-
ration of the liquid feed mixture takes place during oper-
ation. The sludge space 9b is in this embodiment con-
fined between an inner surface of the centrifuge bowl 5
and an axially movable operating slide 16.

[0049] The disc stack 10 is arranged under top disc 23
and is further supported at its axially lowermost portion
by distributor 11. The distributor 11 comprises an annular
conical base portion arranged to conduct liquid mixture
from the center inlet 14 of the centrifuge bowl 5 to a pre-
determined radial level in the separation space 9a, and
a central neck portion extending upwards from the base
portion.

[0050] The centrifuge bowl 5 further comprises an inlet
14 in the form of a central inlet chamber formed within or
under the distributor 11. The inlet 14 is arranged for re-
ceiving the liquid feed mixture and is thus in fluid com-
munication with the hollow interior 4b of the spindle 4a,
through which the liquid feed is supplied to the centrifuge
bowl 5.

[0051] The inlet 14 communicates with the separation
space 9a via passages 17 formed in the base portion of
the distributor 11. The passages 17 may be arranged so
that liquid mixture is transported to a radial level that cor-
responds to the radial level of the cut-outs 25 provided
in the separation discs of the stack 10. The cut-outs 25
form axial channels within the disc stack and distributes
the liquid feed mixture throughput the disc stack 10.
[0052] The radially outer portion of the disc stack 10
communicates via afirstliquid outlet chamber 6 via chan-
nels 24 for discharge of a liquid heavy phase axially over
the top disc 23.

[0053] The radially inner portion of the disc stack 10
communicates with a second outlet chamber 7 for a sep-
arated light phase of the liquid feed mixture. The second
outlet chamber 7 of the centrifuge bowl 5 communicates
with a stationary outlet pipe 7a for discharging the sep-
arated liquid light phase from the centrifuge bowl 5.
[0054] Mechanical seals 30 and 50 seal the first and
second outlet chambers 6, 7, respectively. Further em-
bodiment of mechanical seal 40 seals the inlet 14. The
mechanical seal will be further discussed in relation to
Figs. 3 - 6 below. As this is an airtight design, they are
also often called hermetic seals. The inlet channel 4b is
also sealed at lower end of the hollow spindle 4a, thus
preventing communication between the inlet channel 4b
and the surroundings. The mechanical seal at the inlet
is not shown in Fig. 2.

[0055] The centrifuge bowl 5 is further provided with
outlets 15 at the radially outer periphery of the sludge
space 9b. These outlets 15 are evenly distributed around
the rotor axis (X) and are arranged for intermittent dis-
charge of a sludge component of the liquid feed mixture.
The sludge component comprises denser particles form-
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ing a sludge phase. The opening of the outlets 15 is con-
trolled by means of an operating slide 16 actuated by
operating water channels below the operating slide 16,
as known in the art. In its position shown in the drawing,
the operating slide 16 abuts sealingly at its periphery
against the upper part of the centrifuge bowl 5, thereby
closing the sludge space 9b from connection with outlets
15, which are extending through the centrifuge bowl 5.
The centrifuge bowl 5 is defined by a surrounding outer
wall 13.

[0056] During operation of the separator as shown in
Fig. 1 and 2, the centrifuge bowl 5 is brought into rotation
by the drive motor 3. Via the spindle 4a, liquid feed mix-
ture to be separated is brought into the separation space
9a, as indicated by arrow "A". Depending on the density,
different phases in the liquid feed mixture is separated
between the separation discs of the stack 10. Heavier
component, such as a liquid heavy phase and a sludge
phase, move radially outwards between the separation
discs of the stack 10 to the sludge space 9b, whereas
the phase of lowest density, such as a liquid light phase,
moves radially inwards between the separation discs of
the stack 10 and is forced through the outlet pipe 7a via
the second outlet chamber 7, as indicated by arrow "C".
The liquid of higher density is instead discharged over
the top disc 23 via discharge channels 24 to the first outlet
chamber 6 and further out via stationary outlet pipe 6a,
as indicated by arrow "B". Thus, during separation, an
interphase between the liquid of lower density and the
liquid of higher density is formed in the centrifuge bowl
5, such as radially within the stack of separation discs.
Solids, or sludge, accumulate at the periphery of the
sludge space 9b and is emptied intermittently from within
the centrifuge bowl by the sludge outlets 15 being
opened, whereupon sludge and a certain amount of fluid
is discharged from the separation chamber by means of
centrifugal force, as indicated by arrow "D". However, the
discharge of sludge may also take place continuously, in
which case the sludge outlets take the form of open noz-
zles and a certain flow of sludge and/or heavy phase is
discharged continuously by means of centrifugal force.

[0057] Fig. 3 shows the mechanical seal 30 arranged
in connection to the outlet chambers 6, 7 at the top of the
centrifuge bowl 5. The mechanical seal 30 comprises a
rotatable sealing ring 31 that is connected to the rotatable
part 4 (see Fig. 1 and 2) and a stationary sealing ring 32
that is connected to the stationary frame 2 (see Fig. 1
and 2). The sealing is arranged to seal between an inner
zone, iz, defined by the outlet chambers 6 and an outer
zone, oz, defined by a volume 8 outside the bowl 5. The
inner zone is located radially inside and extends axially
through the sealing rings 31, 32 and the outer zone is
arranged radially outside the sealing rings 31, 32. Liquid
of higher density, indicated by arrow "B", is discharged
via the first outlet chamber 6 and liquid of lighter density,
indicated by arrow "C", is discharged via the second out-
let chamber 7. In the centrifugal separator 1 of Figs. 1
and 2, the liquid feed mixture to be separated is fed from
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the bottom. However, it should be understood that the
seal 30 may also be used in a top fed separator. In such
asetup, the inletfeed mixture would be supplied viachan-
nel 7 as illustrated in Fig. 3 and therefore, the arrow "C"
would point in the opposite direction.

[0058] The rotatable sealing ring 31 has a first sealing
surface 31a facing a second sealing surface 32a of the
stationary sealing ring 32. The sealing surfaces 31a, 32a
have a contact force between each other. A sealing in-
terface 33 is formed between the rotatable and the sta-
tionary sealing rings 31, 32.

[0059] A pressurizable compartment60 is arranged for
transmitting a pressure force to the stationary sealing
ring 32. The compartment 60 is arranged above and in
close contact with the stationary sealing ring 32. Thereby
the contact force between the sealing surfaces 31a, 32a
is achieved and is dynamically adjustable during opera-
tion. The stationary sealing ring 32 has a side surface
32b that forms an angle with the second sealing surface
32a.

[0060] A pressure source 70 is connected to the pres-
surizable compartment 60 via connection line 71 leading
toaninlet61 ofthe compartment60. The pressure source
70 may be arranged radially outside of the pressurizable
compartment 60. The pressure source 70 contains media
that is a gas or a liquid in order to be able to pressurize
the compartment 60. Typically, the media is air.

[0061] The sealing liquid chamber 90 is arranged at
the second sealing surface 32a, at the sealing interface
33 and radially within the stationary sealing ring 32 such
that a double contact seal is formed by the rotatable and
stationary sealing rings 31, 32, and wherein the chamber
90 is connected to the sealing liquid channel 80.

[0062] The sealing liquid channel 80 is arranged within
the stationary sealing ring 32 and comprises an inlet 81
and an outlet 82 to the stationary sealing ring 32, and
wherein the inlet and outlet is arranged radially in the
side surface 32b. The inlet 81 has a connection 83 to a
sealing liquid reservoir 85.

[0063] Alternatively, the pressure source 70 can be a
negative pressure generator such that the pressurizable
compartment 60 comprises vacuum. Thereby a "nega-
tive" pressure force is created, so that the resulting force
goes in an opposite direction leading to a gap between
the sealing surfaces 31a, 32a.

[0064] Inthe compartment 60 a spring 62 is arranged.
[0065] Fig. 4 shows the mechanical seal 30 when used
as an outlet so that a liquid passage is formed between
the sealing surfaces 31a, 32a and arranged in connection
to the outlet chambers 6, 7 at the top of the centrifuge
bowl 5. As in Fig. 3 the sealing is arranged between an
inner zone, iz, defined by the outlet chambers 6, 7 and
an outer zone, oz, defined by a volume 8 outside the bowl
5. The inner zone is located radially inside and extends
axially through the sealing rings 31, 32 and the outer
zone is arranged radially outside the sealing rings 31,
32, and wherein both the inner zone, iz, and the outer
zone, oz, form part of a liquid passage. Liquid of higher
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density, indicated by arrow "B", is discharged via the first
outlet chamber 6 and further discharged through the in-
terface between the rotatable and the stationary sealing
rings 31, 32 to the outer zone.

[0066] The contact force between the sealing surfaces
31a, 32a is dynamically adjusted in order to create an
axial gap that lets liquid in the inner zone pass to the
outer zone. The adjustment of the contact force is regu-
lated by the pressurizable compartment 60 likewise as
discussed in relation to Fig. 3. Also, the sealing liquid
chamber 85 and related parts of the sealing liquid have
the corresponding functionality as has been described in
relation to Fig. 3.

[0067] Fig. 5 discloses the mechanical seal 50 ar-
ranged in connection to the outlet chambers 6, 7 at the
top of the centrifuge bowl 5. The sealing is arranged be-
tween an inner zone, iz, defined by the outlet chamber 7
(for a liquid of lighter density) and an outer zone, oz,
defined by the outlet chamber 6 (for a liquid of higher
density). The inner zone is located radially inside and
extends axially through the sealing rings 31, 32 and the
outer zone is arranged radially outside the sealing rings
31, 32. As in Fig. 3 the mechanical seal 50 comprises a
rotatable sealing ring 31 that is connected to the rotatable
part 4 and a stationary sealing ring 32 that is connected
to the stationary frame 2.

[0068] The rotatable sealing ring 31 has a first sealing
surface 31a facing a second sealing surface 32a of the
stationary sealing ring 32. The sealing surfaces 31a, 32a
have a contact force between each other. A sealing in-
terface 33 is formed between the rotatable and the sta-
tionary sealing rings 31, 32.

[0069] A pressurizable compartment60 is arranged for
transmitting a pressure force to the stationary sealing
ring 32. The compartment 60 is arranged axially above
and in close contact with the stationary sealing ring 32.
Thereby the contact force between the sealing surfaces
31a,32ais achieved and is dynamically adjustable during
operation.

[0070] The pressure source 70 for pressurizing the
compartment 60 may be arranged axially above the pres-
surizable compartment 60.

[0071] The sealing liquid chamber 90 is arranged at
the second sealing surface 32a, at the sealing interface
33 and radially within the stationary sealing ring 32, and
the chamber 90 is connected to the sealing liquid channel
80.

[0072] The sealing liquid channel 80 is arranged within
the stationary sealing ring 32 and comprises an inlet 81
and an outlet 82 to the stationary sealing ring 32, and
wherein the inlet and outlet is arranged in an axial direc-
tion.

[0073] Fig. 6 shows the mechanical seal 40 arranged
in connection to the inlet 14 at the lower part of the cen-
trifuge bowl 5. The sealing is arranged between an inner
zone, iz, defined by the inlet 14 (receiving the liquid feed
mixture) and an outer zone, oz, defined by a volume 8
outside the bowl 5. As in the figures described above the
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mechanical seal 40 comprises a rotatable sealing ring
31 thatis connected to the rotatable part 4 and a station-
ary sealing ring 32 that is connected to the stationary
frame 2.

[0074] The rotatable sealing ring 31 has a first sealing
surface 31a facing a second sealing surface 32a of the
stationary sealing ring 32. The sealing surfaces 31a, 32a
have a contact force between each other. A sealing in-
terface 33 is formed between the rotatable and the sta-
tionary sealing rings 31, 32.

[0075] A pressurizable compartment60 is arranged for
transmitting a pressure force to the stationary sealing
ring 32. The compartment 60 is arranged axially below
and in close contact with the stationary sealing ring 32.
Thereby the contact force between the sealing surfaces
31a, 32ais achieved andis dynamically adjustable during
operation.

[0076] The pressure source 70 for pressurizing the
compartment 60 may be arranged axially below the pres-
surizable compartment 60.

[0077] The sealing liquid chamber 90 is arranged at
the second sealing surface 32a, at the sealing interface
33 and radially within the stationary sealing ring 32, and
the chamber 90 is connected to the sealing liquid channel
80.

[0078] The sealing liquid channel 80 is arranged within
the stationary sealing ring 32 and comprises an inlet 81
and an outlet 82 to the stationary sealing ring 32, and
wherein the inlet and outlet is arranged in an axial direc-
tion.

[0079] Also, for Fig. 5 and 6, the sealing liquid chamber
85 and related parts of the sealing liquid have the corre-
sponding functionality as have been described in relation
to Fig. 3.

[0080] Alternatively, the sealing liquid chamber 90 may
be arranged radially outside of the stationary sealing ring
(32 (this is not shown in the figures).

[0081] 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 type of separator as shown in the Figures.
The term "centrifugal separator" also comprises centrif-
ugal separators with a substantially horizontally oriented
axis of rotation and separator having a single liquid outlet.

Claims

1. Acentrifugal separator (1) for separating atleastone
liquid phase from a liquid feed mixture, comprising

a stationary frame (2), a drive member (3) and
a rotating part (4),

wherein the drive member (3) is configured to
rotate the rotatable part (4) in relation to the sta-
tionary frame (2) around an axis of rotation (X),
and

wherein the rotatable part (4) comprises a cen-
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trifuge bowl (5) enclosing a separation space
(9a);

wherein the centrifuge bowl (5) further compris-
es an inlet (14) for receiving the liquid feed mix-
ture and at least one liquid outlet (6, 7) for dis-
charging a separated liquid phase;

wherein the centrifugal separator (1) further
comprises a mechanical seal (30, 50) for sealing
between the rotatable part (4) and the stationary
frame (2) during operation, the mechanical seal
(30, 50) comprising

a rotatable sealing ring (31) connected to the
rotatable part (4),

a stationary sealing ring (32) connected to the
stationary frame (2);

wherein the mechanical seal (30, 50) provides
a seal between an inner zone (iz) and an outer
zone (oz) and wherein the inner zone is located
radially inside and extends axially through the
sealing rings (31, 32) and the outer zone is ar-
ranged radially outside the sealingrings (31, 32);
wherein the rotatable sealing ring (31) compris-
es at least one first sealing surface (31a) and
the stationary sealing ring (32) comprises at
least one second sealing surface (32a), which
sealing surfaces (31a, 32a) having a contact
force between each other and forming at least
one sealing interface (33) between the rotatable
and the stationary sealing rings (31, 32) during
operation; and

wherein the mechanical seal (30, 50)is arranged
in the separator such that said contact force is
dynamically adjustable during operation.

A centrifugal separator (1) according to claim 1, fur-
ther comprising a pressurizable compartment (60)
arranged for transmitting a pressure force to the sta-
tionary sealing ring (32) such that the contact force
between the sealing surfaces (31a, 32a) is dynami-
cally adjustable during operation.

A centrifugal separator (1) according to claim 1 or 2,
wherein a liquid outlet (6) defines the inner zone (iz)
and a volume (8) outside the centrifuge bowl (5) de-
fines the outer zone (0z).

A centrifugal separator (1) according to any of claims
1 or 2, wherein the centrifuge bowl (5) has a first
liquid outlet (6) for discharging a liquid heavy phase
(B) and a second liquid outlet (7) for discharging a
liquid light phase (C), and wherein the second liquid
outlet(7) defines the innerzone (iz) and the firstliquid
outlet (6) defines the outer zone (0z).

A centrifugal separator (1) according to any previous
claim, wherein both the inner zone (iz) and the outer
zone (oz) form part of a liquid passage, and wherein
the mechanical seal (30) is arranged such that the
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10.

1.

12.

13.

contact force between the sealing surfaces (31a,
32a) is dynamically adjusted to form an axial gap to
allow liquid in the inner zone (iz) to be discharged
through said gap to the outer zone (0z).

A centrifugal separator (1) according to any of claims
1 or 2, wherein the rotatable part (4) comprises a
drive spindle (4a) having an inlet channel (4b) for
supply of said liquid feed mixture to said inlet (14),
and wherein the inner zone (iz) is the inlet channel
(4b), and the outer zone (0z) is a volume (8) outside
the drive spindle (4a).

A centrifugal separator (1) according to any previous
claim, wherein the mechanical seal (30,50) further
comprises a sealing liquid chamber (90) at the seal-
ing interface (33), and wherein the centrifugal sep-
arator (1) further comprises a sealing liquid channel
(80)for a supply of sealing liquid to said sealing liquid
chamber (90).

A centrifugal separator (1) according to claim 7,
wherein the sealing liquid channel (80) is separate
from the pressurizable compartment (60) and its con-
nection to a pressure source (70).

A centrifugal separator (1) according to any of claims
7 or 8, wherein the sealing liquid chamber (90) is
arranged in the second sealing surface (32a) at the
sealing interface (33) and radially within the station-
ary sealing ring (32) such that a double contact seal
is formed by the rotatable and stationary sealing
rings (31, 32).

A centrifugal separator (1) according to any of claims
7 to 9, wherein the stationary sealing ring (32) com-
prises a side surface (32b) forming an angle with the
second sealing surface (32a), and wherein the seal-
ing liquid channel (80) is arranged within the station-
ary sealing ring (32) and comprises an inlet (81) and
an outlet (82) to the stationary sealing ring (32), and
wherein the inlet (81) and/or outlet (82) is arranged
in the side surface (32b).

A centrifugal separator (1) according to any of claims
7 to 8, wherein the sealing liquid channel (80) is ar-
ranged radially outside of the stationary sealing ring
(32).

A centrifugal separator (1) according to any previous
claim, further comprising a spring (62) arranged in
force transmitting connection to both the pressuriz-
able compartment (60) and said stationary sealing
ring (32), and wherein the spring (62) is arranged to
move in an axial direction to adjust the contact force
between the sealing surfaces.

A centrifugal separator (1) according to any previous
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claim, further comprising a pressure source (70) con-
nected to the pressurizable compartment (60).

14. A centrifugal separator (1) according to any previous
claim, wherein the media of the pressure source (70)
is a gas or a liquid for pressurizing the compartment
(60).

15. Acentrifugal separator (1) according to any of claims
2 to 12, further comprising a negative pressure gen-
erator connected to the pressurizable compartment
(60).

10

15

20

25

30

35

40

45

50

55

16



EP 4 464 415 A1

Fig. 1

13

15

D {:“'».T"Mwm

Fig. 2

16

10

10

9b



\\\\\

\\\\\

"™

EP 4 464 415 A1

I~

m

\\\\\\

1"

70
61 71
£0 :'/‘80 81 83
NN/
NN
2%
85
Fig. 3
70
61 71
/
83
85

Fig. 4




EP 4 464 415 A1

71 /| &

50 67—
N . t 8
\' Z T ] \‘:
N 60 R N 82§ — 80
0z \ \ . 7 \ 4 5 oz
Z'I':\ —_
N 3
-/ et
B

i J'J
[
(V)
N

| "

Fig. 6

12



10

15

20

25

30

35

40

45

50

55

EP 4 464 415 A1

9

Europdisches
Patentamt

European
Patent Office

Office européen
des brevets

EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 23 17 3872

Category Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
of relevant passages to claim APPLICATION (IPC)
US 2020/306767 Al (MORITA KENJI [JP]) 1-3,6-15 INV.
1 October 2020 (2020-10-01) B04B1/08
* paragraphs [0017] - [0025], [0027] - 4-6 B04B1/18
[0031]; figures 1,2 * B04B7/08
_____ B04B11/02
US 2009/280974 Al (KLINTENTEDT KJELL [SE]) |4-6 B04B13/00
12 November 2009 (2009-11-12)
A * paragraphs [0006] - [0014], [0025] - 1
[0031]; figures 1,5-8 *
TECHNICAL FIELDS
SEARCHED (IPC)
B04B
1 The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner
§ Munich 6 November 2023 Iuliano, Emanuela
o
o
& CATEGORY OF CITED DOCUMENTS T : theory or principle underlying the invention
] E : earlier patent document, but published on, or
b4 X : particularly relevant if taken alone after the filing date
2 Y : particularly relevant if combined with another D : document cited in the application
e document of the same category L : document cited for other reasons
z Atechnological Background e e
Q@ O : non-written disclosure & : member of the same patent family, corresponding
o P :intermediate document document
o
w

13




10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

ANNEX TO THE EUROPEAN SEARCH REPORT

EP 4 464 415 A1

ON EUROPEAN PATENT APPLICATION NO.

EP 23 17 3872

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.

The members are as contained in the European Patent Office EDP file on

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

06-11-2023
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2020306767 Al 01-10-2020 Ca 3085564 Al 27-06-2019
CN 111491739 A 04-08-2020
JP 6810020 B2 06-01-2021
JP 2019107622 A 04-07-2019
KR 20200096543 A 12-08-2020
Us 2020306767 Al 01-10-2020
WO 2019124041 A1 27-06-2019

US 2009280974 Al 12-11-2009 CN 101506552 A 12-08-2009
EP 2029918 a1 04-03-2009
JP 4890612 B2 07-03-2012
JP 2009541030 a 26-11-2009
KR 20090033333 A 02-04-2009
RU 2009101487 A 27-07-2010
Us 2009280974 Al 12-11-2009
WO 2008013495 a1 31-01-2008

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

14



	bibliography
	abstract
	description
	claims
	drawings
	search report

