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Description

Field of the Invention

[0001] The present invention relates to the field of
centrifugal separators, and more a centrifugal separator
for separating at least on liquid heavy phase from a liquid
feed mixture.

Background of the Invention

[0002] Centrifugal separators are generally used for
separation of liquids and/or for separation of solids froma
liquid. During operation, liquid mixture to be separated is
introduced into a rotating bowl and heavy particles or
denser liquid, usually water, accumulates at the periph-
ery of the rotating bowl whereas less dense liquid accu-
mulates closer to the central axis of rotation. This allows
for collection of the separated fractions, e.g. by means of
different outlets arranged at the periphery and close to
the rotational axis, respectively.
[0003] In a centrifugal separator for clarification of
beer, which has a sludge space where the separated
heavy phase comprising yeast is collected, the yeast is
usually ejected through discharges by intermittently
opening outlets in the periphery of the separator bowl
while theclarifiedbeer is leaving thecentrifugal separator
through a liquid light phase outlet.
[0004] Acentrifugal separator for clarification of beer is
disclosed in WO2021058287, in which the yeast con-
centrate is flowing into a set of outlet pipes fromaposition
close to the periphery in the sludge space to a liquid
heavy phase outlet. Such yeast cells leaving the centri-
fugal separator by the liquid heavy phase outlet have a
high probability to survive the centrifugation and may be
used for the next brewing batch, while much of the yeast
cells that are ejected at the intermittent discharges are
dead and are not usable in further fermentation. A cen-
trifugal separator for the separation of milk is also known
from US-A‑1,749,764.
[0005] However, in such types of separators, there
may be a problem of securing the position of the outlet
pipes during operation of the centrifugal separator. Such
pipesexperience largecentrifugal forcesand theposition
may be altered and the pipes may shatter e.g. during an
intermittent discharge of a separated sludge phase from
the centrifuge bowl.

Summary of the Invention

[0006] It is an object of the invention to at least partly
overcome one or more limitations of the prior art. In
particular, it is an object to provide a centrifugal separator
having an improved fixation of outlet pipes for continuous
discharge of a separated liquid heavy phase.
[0007] As a first aspect of the invention, there is pro-
vided a centrifugal separator for separating at least a
liquid heavy phase from a liquid feedmixture, comprising

a frame, a drive member and a rotatable part,
wherein the drive member is configured to rotate the
rotatable part in relation to the frame around an axis
of rotation (X), and
wherein the rotatable part comprises a centrifuge
bowl enclosing a separation space and a sludge
space;
wherein the separation space comprises a stack of
separation discs arranged coaxially around the axis
of rotation (X) and wherein the sludge space is ar-
ranged radially outside the stack of separation discs;
wherein the centrifuge bowl further comprises an
inlet for receiving the liquid feed mixture and
a first outlet chamber in fluid connectionwith a heavy
phase outlet pipe for discharging a separated liquid
heavy phase,
and wherein the centrifugal separator further com-
prises a plurality of outlet pipes for transport of the
separated liquid heavy phase from the sludge space
towards the first outlet chamber; characterised in
that,
the stack of separation discs is compressed with a
compression force when mounted in the centrifuge
bowl andwherein the plurality of outlet pipes form an
element for transmitting the compression force to the
compressed stack of separation discs.

[0008] As used herein, the term "axially" denotes a
direction which is parallel to the rotational axis (X). Ac-
cordingly, relative terms such as "above", "upper", "top",
"below", "lower", and "bottom" refer to relative positions
along the rotational axis (X). Correspondingly, the term
"radially" denotes a direction extending radially from the
rotational axis (X). A "radially inner position" thus refers to
a position closer to the rotational axis (X) compared to "a
radially outer position".
[0009] The plurality of outlet pipes for transport of the
separated liquid heavy phase from the sludge space
towards the first outlet chamber may be arranged for
continuous removal of a liquid heavy phase from the
sludge space. Moreover, the plurality of outlet pipes
may be equidistantly arranged around the axis of rotation
(X).
[0010] Upon assembling of a centrifugal separator of
this kind, the separation discs are stacked upon each
other on e.g. a distributor, whereafter they are com-
pressed axially by being squeezed together by a force
exerted from i.a. the upper portion of the bowl hood. The
first aspect of the invention is based on the insight that if
the plurality of outlet pipes from an element for transmit-
ting the compression force to the compressed stack of
separation discs, also the plurality of outlet pipes are held
tightly in place, thereby decreasing the risk of displace-
ment during operation of the centrifugal separator. The
compression forcemay thusmainly be an axial compres-
sion force.Thus, theplurality of outlet pipes formaportion
of the parts of the centrifugal separator used for transmit-
ting a compression force when compressing the disc
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stack when the centrifuge bowl is mounted, i.e. the plur-
ality of outlet pipes form a load bearing element for the
axial compression force.
[0011] The centrifugal separator is for separation of a
liquid feed mixture. The liquid feed mixture may be an
aqueous liquid or an oily liquid. As an example, the
centrifugal separator may be for separating a sludge
phase and a liquid heavy phase and potentially also
another liquid phase‑ a liquid light phase - from the liquid
feedmixture. The liquid heavy phase has a density that is
higher than the density of the light phase. The liquid
mixture may for example be a liquid feed mixture com-
prising yeast cells used in a brewing process.
[0012] The frame of the centrifugal separator is a non-
rotating part, and the rotatable part may be supported by
the frame by at least one bearing device. The rotatable
part of the separator may be arranged to be rotated
around vertical axis of rotation, i.e. the axis of rotation
(X) may extend vertically. The rotatable part comprises a
centrifuge bowl. The centrifuge bowl is usually supported
by a spindle, i.e. a rotatable shaft, and may thus be
mounted to rotate with the spindle. Consequently, the
rotatable part may comprise a spindle that is rotatable
around the axis of rotation (X). The centrifugal separator
may be arranged such that the centrifuge bowl is sup-
portedby thespindleat oneof its ends, suchat thebottom
end or the top end of the spindle.
[0013] The drivemember for rotating the rotatable part
of the separatormay comprise an electrical motor having
a rotor and a stator. The rotormaybe fixedly connected to
the rotatable part, such as to a spindle. Alternatively, the
drive member may be provided beside the spindle and
rotate the rotatable part by a suitable transmission, such
as a belt or a gear transmission.
[0014] The centrifuge bowl encloses by its walls a
separation space and a sludge space. The separation
space, in which the separation of the liquid feed mixture
takes place, comprises a stack of separation discs. The
separation discs may e.g. be of metal. Further, the se-
paration discsmay be frustoconical separation discs, i.e.
having separation surfaces forming frustoconical por-
tions of the separation discs.Radially outside of the stack
of separation discs is the sludge space, in which sepa-
rated sludge and liquid heavy phase is collected during
operation. The sludge space thus extends radially from
the outer portion of the stack of separation discs to the
inner wall of the centrifuge bowl.
[0015] The separation discs are arranged coaxially
around the axis of rotation (X) at a distance from each
other to form passages between each two adjacent se-
paration discs. The stack of separation discs thus formsa
surface enlarging insert that increases the separation
efficiency as liquid mixture flows in the passages of the
stack. In embodiments of the first aspect, the stack of
separation discs comprises more than 200 separation
discs. For example, the stack of separation discs may
have a diameter that is more than 300 mm and a thick-
ness that is less than 0.40 mm, such as less than 0.30

mm.
[0016] The centrifugal separator also comprises an
inlet for receiving the liquid mixture to be separated
(the liquid feed mixture). This inlet may be arranged
centrally in the centrifuge bowl, thus at rotational axis
(X). The centrifugal separator may be arranged to be fed
from the bottom, such as through a spindle, so that the
liquid feedmixture is delivered to the inlet from thebottom
of the separator. Alternatively, the centrifugal separator
may be arranged to be fed from the top, through a sta-
tionary inlet pipe extending into the centrifuge bowl to the
inlet.
[0017] Further, the centrifugal separator comprises
outlets for the separated phases. The centrifuge bowl
comprises a first outlet chamber which is in fluid connec-
tion with a heavy phase outlet pipe for discharging a
separated liquid heavy phase. The outlet pipe is thus a
stationary outlet pipe. In analogy, if also a liquid light
phase is to be separated, the centrifuge bowl may com-
prise a secondoutlet chamberwhich is in fluid connection
with a light phase outlet pipe for discharge of a separated
liquid light phase. Also such outlet pipe is a stationary
outlet pipe. Thus, the centrifugal separator may further
comprise a light phase outlet pipe for discharging a
separated liquid light phase.
[0018] Consequently, in embodiments of the first as-
pect, the centrifugal separator is arranged for separating
a liquid heavy phase and a liquid light phase from the
liquid feedmixture, andwherein the centrifugal separator
further comprisesa light phaseoutlet pipe for discharging
aseparated liquid light phase.The liquid light phasehasa
density that is lower than the density of the liquid heavy
phase.
[0019] The first and second outlet chambers may be
arranged on the upper portion of the centrifuge bowl.
[0020] Theoutlet chamber or chambersmaybe sealed
to the liquid outlet pipes by means of e.g. a mechanical
seal or a liquid seal. The seal may be a hermetic seal,
such as a mechanical hermetic seal, used when the
material to be separated in the centrifugal separatormust
not be exposed to or come in contact with the atmo-
sphere. Thus, a hermetic seal reduces the risk of any
substance, such as oxygen, or particle in the atmosphere
from contaminating the liquid feed or a separated phase.
Withamechanical hermetic seal, therearenoair-pockets
during operation and control of the liquid interface posi-
tion in thecentrifugebowlmaybeachievedbyaltering the
backpressures/flow rateof the liquidphases.Thismaybe
performed by onemechanical seal arranged at the top of
the centrifuge bowl. The mechanical seal may be a
double mechanical seal, i.e. comprising a rotatable por-
tion and a stationary portion forming the sealing interface
therebetween.
[0021] Also the inlet may be sealed by a hermetic seal,
such as a mechanical hermetic seal.
[0022] Further, the centrifugal separatormay comprise
a sludge outlet for a separated sludge phase. The sludge
phase comprises a solids fraction. In embodiments of the
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first aspect, the sludge outlet is in the form of a set of
intermittently openable outlets arranged at the periphery
of thecentrifugebowl.The intermittently openableoutlets
may be equidistantly spaced around the axis of rotation
(X). As an alternative, the sludge outlets may be nozzles
arranged for continuous discharge of a separated sludge
phase.
[0023] Consequently, in embodiments of the first as-
pect, the centrifugal separator is comprising sludge out-
lets at the periphery of the centrifuge bowl. The sludge
outlets may be in the form of a set of intermittently open-
able outlets.
[0024] In embodiments of the first aspect, the stack of
separation discs is arranged below a top disc, and the
plurality of outlet pipes are arranged between the top disc
and the upper bowl hood of the centrifuge bowl.
[0025] The top disc may also be an element for trans-
mitting the compression force to the compressed stack of
separation discs. The top disc may be thicker than the
separation discs of the disc stack. Further, the top disc
may have a diameter that is larger than the diameter of
the separation discs of the disc stack.
[0026] If the plurality of outlet pipes are arranged be-
tween the top disc and the upper bowl hood of the
centrifuge bowl, the plurality of pipes may be in contact
with the top disc and/or the inner surface of the upper
bowl hood of the centrifuge bowl.
[0027] When arranged on the top disc, the plurality of
outlet pipes thus functionas loadbearingelementson the
upper surfaceof the topdisc, i.e. taking upaxial compres-
sion forces from the upper bowl hood.
[0028] Moreover, the plurality of outlet pipesmay have
their inlet end portions arranged in the sludge space such
that the inlet end portions are arranged a distance from
the surrounding inner wall of the centrifuge bowl in the
sludge space.
[0029] As an example, the top disc may be free of
further load bearing elements on its upper surface.
[0030] A traditional prior art top disc usually has wings
as load bearing elements. According to the present in-
vention, such "wings"may insteadbeusedas thepipesor
channels for transporting a liquid heavy phase from the
sludgespace towards thefirst outlet chamber. Thus, if the
plurality of outlet pipes form an element for transmitting
the compression force to the compressed stack of se-
paration discs, the top disc may be formed as a less
complex element with a decreased amount of material.
[0031] In embodiments of the first aspect, the plurality
of outlet pipes are arrangedwithin the stack of separation
discs.
[0032] Thus, the plurality of outlet pipes do not need to
be arranged above the top disc but may instead be ar-
ranged axially within the stack of separation discs, such
that it has some separation discs axially below and some
separation discs axially above. Preferably, the plurality of
outlet pipes are arranged within the upper half, such as
within the upper 25 % of the separation discs. As an
example, the plurality of outlet pipes may be arranged

such that less than 20 separation discs are arranged
above the pipes.
[0033] In embodiments of the first aspect, the centri-
fugal separator is further comprising an annular seal
member extending around the axis of rotation (X) and
wherein the plurality of outlet pipes extend through the
annular seal member.
[0034] The annular seal member may be ring formed
with a central through hole, thus having an inner periph-
ery and an outer periphery further. Moreover, the annular
seal member may have a sealing lip on the inner periph-
ery to ensure a good sealing function.
[0035] Further, the annular seal member may com-
prise a plurality of through holes, one for each of the
plurality of outlet pipes. When the pipes are arranged
within the through holes, they may be evenly distributed
around the axis of rotation (X).
[0036] Theannular sealmembermaybeof apolymeric
material, such as rubber.
[0037] Having an annular seal member as a single
element that seals all the plurality of outlet pipes may
also aid in securing the position of the plurality of outlet
pipes.
[0038] As an example, the annular seal member may
seal a space for the separated liquid light phase.
[0039] The space for the separated liquid light phase
may be arranged radially inside the stack of separation
discs. Further, such space may be a channel for trans-
porting separated liquid light phase towards a second
outlet chamber that is in fluid connection with a light
phase outlet pipe.
[0040] As an example, the annular seal member may
seal between a space for the separated liquid light phase
and a space between the plurality of outlet pipes.
[0041] Thus, the annular seal member may be ar-
ranged for sealing a separated liquid light phase from
e.g. liquid heavy phase that may be present in between
the plurality of outlet pipes.
[0042] Furthermore, the annular seal member may
further be arranged to seal between the first outlet cham-
ber and a space between the plurality of outlet pipes.
[0043] Consequently, the annular seal member may
have two purposes. First, sealing the liquid light phase
from being contaminated by separated liquid heavy
phase that may be present between the plurality of outlet
pipes. Further, the annular seal member may also seal
the first outlet chamber from the space between the
plurality of outlet pipes, thereby securing and securing
that only liquid heavy phase from the position of the pipes
in the sludge space is transferred to the first outlet cham-
ber, i.e. that only liquid heavy phase that is transferred
through though the plurality of pipes is discharged via the
heavy phase outlet pipe of the separator.
[0044] Moreover, the stack of separation discs may be
arranged below a top disc and the annular seal member
may be arranged axially above the top disc. The top disc
may be as discussed herein above. The annular seal
member may be in contact with the top disc. Thus, the
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annular seal member may be arranged above the top
disc, such as sealing against an upper portion of the top
disc.
[0045] In embodiments of the first aspect, the centri-
fugal separator further comprises anannular guidemem-
ber for positioning the upper portions of the plurality of
outlet pipes. Theannular guidemember comprises chan-
nels through which the outlet pipes extend. Further, an
upper portion of the centrifuge bowl may be fastened to
such annular guidemember via at least one screwmem-
ber.
[0046] If the upper portion of the centrifuge bowl is
fastened to such annular guidemember, the guidemem-
ber helps in sealing against the upper portion of the bowl.
Such an annular guide member may further aid in posi-
tioning the first outlet chamber for the separated liquid
heavy phase. Moreover, an annular guide member ac-
cording to this embodiment may also aid in sealing be-
tween the separated liquid phases together with the
annular seal member discussed above. The centrifugal
separator may also be provided with a number of vortex
nozzles arranged in vortex chambers at the outlet end
portions of the plurality of outlet pipes (as described in
WO2021058287A1). The position of such vortex cham-
bers may be stabilized by the annular guide member.
[0047] Theupper portionsof theplurality of outlet pipes
may be the radially inner portions. As an example, the
upper portionsmaybe in direct contactwith the first outlet
chamber. The annular guide member may thus be ar-
ranged under the upper portion of the centrifuge bowl,
thus under the bowl hood, and may i.a. be used for
securing the upper portion of the centrifuge bowl hood
and further securing the position of the plurality of outlet
pipes. If an annular seal member is used as described
above, such seal member may seal the channels of the
guide member through which the plurality of outlet pipes
extend.
[0048] As a second aspect of the invention, there is
provided a method of separating at least a liquid heavy
phase from a liquid feedmixture, comprising the steps of

a) introducing the liquid feed mixture into a centrifu-
gal separator according to thefirst aspect above; and
b) discharging a separated liquid heavy phase from
the centrifugal separator.

[0049] 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
aspect. Embodiments mentioned in relation to the first
aspect are largely compatible with the second aspect of
the invention.
[0050] As discussed in relation to the first aspect
above, the liquid feed mixture may comprise solids that
are separated into a sludge phase. Consequently, in
embodiments of the second aspect, the method further
comprises the step of:

c) discharging a separated sludge phase from the cen-
trifugal separator.
[0051] Such a step c) may comprise intermittently
ejecting the separated solids phase through a set of
intermittently openable outlets.
[0052] Further, if more than one liquid phase is sepa-
rated in the centrifugal separator, the method also com-
prises a step of:
d) discharging a separated liquid light phase from the
centrifugal separator
[0053] The inventive concept disclosed herein may be
usedwhenseparating a variety of different feedmixtures.
Especially, the inventive concept may be used when
separation a liquid feed mixture comprising yeast, since
the yeast may be discharged more gently, i.e. with a
higher survival rate, via the plurality of outlet conduits
in the liquid heavy phase. Thus, in embodiments, the
liquid feed mixture comprises yeast that are discharged
in the discharged liquid heavy phase.
[0054] The method may thus be used in different
stages of the brewing process.

Brief description of the Drawings

[0055] The above, as well as additional objects, fea-
tures and advantages of the present inventive concept,
will be better understood through the following illustrative
and non-limiting detailed description, with reference to
the appended drawings. In the drawings like reference
numerals will be used for like elements unless stated
otherwise.

Figure 1 shows a schematic drawing of a centrifugal
separator.

Figure 2 shows a schematic drawing of an example
of a centrifuge bowl which forms part of a centrifugal
separator.

Figure 3 shows portion A1 of Figure 2 in more detail.

Figure 4 shows a perspective view of a top disc.

Figure 5 shows portion A2 of Figure 2 in more detail.

Figure 6 shows a perspective viewof an annular seal
member.

Figure 7 illustrates a method of separating at least a
liquid heavy phase from a liquid feed mixture.

Detailed Description

[0056] The centrifugal separator and the method ac-
cording to the present disclosurewill be further illustrated
by the following description with reference to the accom-
panying drawings.
[0057] Figs.1 and 2 schematically show a centrifugal
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separator and the centrifuge bowl of the centrifugal se-
parator of the present disclosure.
[0058] Fig. 1showacross-sectionofanembodimentof
a centrifugal separator 1 configured to separate a heavy
phase and a light phase from a liquid feed mixture. The
centrifugal separator 1 has a rotatable part 4, comprising
the centrifuge bowl 5 and drive spindle 4a.
[0059] The centrifugal separator 1 is further provided
with a drive motor 3. This motor 3 may for example
comprise a stationary element and a rotatable element,
which rotatable element surrounds and is connected to
the spindle 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 con-
nected directly to the spindle 4a.
[0060] The centrifuge bowl 5, shown in more detail in
Fig. 2, is supported by the spindle 4a, which is rotatably
arranged in a frame 2 around the vertical axis of rotation
(X) in a bottom bearing 22 and a top bearing 21. The
stationary frame 2 surrounds centrifuge bowl 5.
[0061] In the centrifugal separator as shown in Fig. 1,
liquid feedmixture 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.
[0062] After separation has taken place within the cen-
trifuge bowl 5, separated liquid heavy phase is dis-
charged through stationary outlet pipe 6a, whereas se-
parated liquid light phase is discharged through station-
ary outlet pipe 7a.
[0063] Fig. 2. shows a more detailed view of the cen-
trifuge bowl 5 of the centrifugal separator 1.
[0064] The centrifuge bowl 5 forms within itself a se-
paration space9aandasludgespace9b, located radially
outside the separation space 9a. In the separation space
9a, a stack10of separation discs40 is arrangedcoaxially
around the axis of rotation (X) and axially belowa top disc
50. 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 separation of the liquid feed mixture
takes place during operation. The sludge space 9b is in
this embodiment confinedbetweenan inner surface13of
the centrifuge bowl 5 and an axially movable operating
slide 16.
[0065] The disc stack 10 is 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 predetermined radial level in the

separation space 9a, and a central neck portion extend-
ing upwards from the base portion.
[0066] 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
receiving 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.
[0067] 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
corresponds to the radial level of the cut-outs 41provided
in the separation discs 40. The cut-outs 41 form axial
channels within the disc stack and distributes the liquid
feed mixture throughput the disc stack 10.
[0068] There is a plurality of outlet pipes 30 for trans-
porting separated liquid heavy phase from the sludge
space 9b to a first outlet chamber 6. In Fig. 2 the outlet
conduits 30 are executed as pipes having their inlet end
portions 31 stretching out in the sludge space 9b to a
diameter larger than the disc stack diameter. When clar-
ifying beer, the heavy phase flowing in the outlet conduits
30 is yeast concentrate. Theplurality of outlet conduits 30
have their inlet end portions 31 extending into the sludge
space9badistance from thesurrounding innerwall of the
centrifuge bowl 5, i.e. so that there is a gap between the
inlet end portions 31 and the surrounding wall.
[0069] The outlet conduits 30 extend from a radially
outer position of the sludge space 9b to the first outlet
chamber 6. The outlet conduits 30 consequently have
their inlet end portions 31 arranged at the radially outer
position and a conduit outlet 32 arranged at a radially
inner position. The outlet conduit are arranged axially
over the top disc 50, in this example so that they are both
in contact with the top disc 50 and an inner wall - in this
case the inner wall of the upper bowl hood 13a - of the
surrounding centrifuge bowl 5. In this way, the plurality of
outlet pipes 30 form an element for transmitting the axial
compression force to thecompressedstack10of separa-
tion discs.
[0070] Further, the plurality of outlet pipes 30 are ar-
ranged with an upward tilt relative the radial plane from
the inlet end portions 31 to the conduit outlet 32. Further,
there may be vortex nozzles arranged at the outlet end
portions 32 for providing a stable flow, as discussed in
WO2021058287A1.
[0071] In embodiments, the centrifugal separator com-
prises at least four outlet pipes 30, such as at least eight
outlet pipes 30, such as at least twelve outlet pipes 30.
[0072] The radially inner portion of the disc stack 10
communicates with a second outlet chamber 7 for a
separated light phase of the liquid feed mixture. The
second outlet chamber 7 of the centrifuge bowl 5 com-
municateswith a stationary outlet pipe 7a for discharging
the separated liquid light phase from the centrifuge bowl
5.
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[0073] The first and second outlet chambers 6, 7 have
mechanical seals 12, 11. 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. Thismechanical seal is not shown
in this figure.
[0074] 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-
ing a sludge phase. The opening of the outlets 15 is
controlled 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 centri-
fuge bowl 5.
[0075] 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
mixture 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 40 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 thephaseof lowest density, suchasa liquid light
phase, moves radially inwards between the separation
discs of the stack 10 and is forced through the outlet pipe
7a via the secondoutlet chamber 7, as indicated byarrow
"C". The liquid of higher density is instead discharged via
the outlet conduits 30 to the first outlet chamber 6 and
further out via stationary outlet pipe 6a, as indicated by
arrow "B". Thus, during separation, an interphase be-
tween the liquid of lower density and the liquid of higher
density is formed in the centrifugebowl 5, suchas radially
within the stack of separation discs. Solids, or sludge,
accumulate at theperiphery of the sludge space9band 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 15 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 17 take the form of open nozzles and a
certain flow of sludge and/or heavy phase is discharged
continuously by means of centrifugal force.
[0076] Fig. 3showsaclose-upviewof theportionA1as
indicated in Fig. 2. Upon assembly of the centrifuge bowl,
the stack 10 of separation discs are compressed with an
axial compression force, indicated by arrow "F1" in Fig. 3.
This compression force F1 is exerted e.g. when assem-

bling the bowl hood 13a and squeezes the discs of the
stack 10 tightly together. According to the invention, the
plurality of outlet pipes 30 form an element for transmit-
ting this axial force F1 to the disc stack. This is achieved
byhaving thestack10of separationdiscsbeingarranged
just below the top disc 5 and the plurality of outlet pipes
arranged tightly between the top disc 5 and the upper
bowl hood 13 of the centrifuge bowl 5, i.e. so that the
pipes 30 are in contact with both the top disc 50 and the
inner wall of the upper bowl hood 13a.
[0077] Fig. 4 further shows a perspective view of the
topdisc50with theplurality of outlet pipes30arrangedon
theupper surface50aof the topdisc.Asseen inFig. 4, the
top disc 50 is free of any further load bearing elements on
its upper surface 50a for transmitting the axial compres-
sion force F1. Thus, the top disc 50 has a more or less
smooth upper surface onto which the pipes 30 are ar-
ranged. In a traditional top disc 50, there are axial wings
extending axially from the upper surface. Such wings are
used as load bearing elements when compressing the
stack 10 of separation discs. However, according to the
present invention, the outlet pipes 30 are used as such
load bearing elements. Moreover, there are guiding
members 55 in the form of axially extending pegs 55
on the upper surface 50a of the top disc 50. Each pipe 30
extend between two pegs 55. These pegs 55 extend
axially to a lower height than the pipes 30 and have no
load bearing function. Instead, they aid in further keeping
the pipes firmly in position during operation of the cen-
trifugal separator, i.e. decreasing the risk of the pipes 30
sliding in a circumferential direction on the upper surface
50a of the top disc 50.
[0078] As also seen in Fig. 4, the top disc 50 has an
inner periphery 71 and an outer periphery 72. The inner
periphery71,which is thusat thesmallest radius, extends
radially inwards. Traditionally, the inner periphery 71 of
the top disc 50 has an axially extending brim portion, i.e.
an annular portion extending axially upwards from the
inner periphery 71.However, in this example, the top disc
50 is free of such brim portion at its inner periphery 71.
This gives more space for the plurality of outlet pipes 30
above the top disc 50, and thus facilitatesmounting of the
pipes 30 and transport within the pipes 30 to the outlet
chamber 6.
[0079] Fig. 5showsaclose-upviewof theportionA2as
indicated in Fig. 2 and thus a more detailed view of how
the position of the plurality of outlet pipes 30 are secured
at the upper portion of the centrifuge bowl 5. There is an
annular seal member 42 in the form of a ring member
extending around the axis of rotation (X). A perspective
view of the annular seal member 42 is seen in Fig. 6.
[0080] The annular seal member 42 comprises
through holes 43, one for each of the plurality of outlet
pipes 30. Thus, the plurality of outlet pipes 30 extend
through theannular sealmember 42and the annular seal
member 42 thus seals around the outer periphery of the
pipes 30. As discussed above, the stack 10 of separation
discs is arranged below the top disc 50. The annular seal
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member 42 is in turn arranged axially above the top disc
50. As seen in Figs. 5 and 6, the annular seal member 42
in the form of a ring member comprises a sealing lip 42a
on the inner periphery to ensure a good sealing function.
Thisannular sealing lip42a restsagainst the innerportion
71 of the top disc, i.e. the portion that extends in the radial
direction.
[0081] The seal member 42 has two sealing functions.
First, it seals the space 51, in which separated liquid light
phase is present, from the space 52 that is between the
plurality of outlet pipes (seealsoFig. 4).Duringoperation,
liquid heavy phase that is not being transportedwithin the
plurality of outlet pipes may be present in the space 52
between the pipes, i.e. liquid heavy phase may be
pressed over the outer periphery 72 of the top disc 50
to the space 52 between the plurality of pipes 30. The
annular seal ring 42 thus effectively seals the separated
liquid light phase from being contaminated from liquid
heavy phase. The space 51 is thus radially inside the
stack of separation discs and in fluid connection with the
second outlet chamber 7 for the separated liquid light
phase. Moreover, the annular seal member further func-
tion as a seal between the first outlet chamber 6 and the
space 52 between the plurality of outlet pipes 30. Thus,
the seal member 42 also effectively ensures that only
separated liquid heavy phase that is transported via the
plurality of outlet pipes30 reaches thefirst outlet chamber
6, i.e. the separated liquid heavy phase that is present in
the sludge space 9b at the radial position of the inlet
portions 31 of the pipes 30.
[0082] To further secure the position of the plurality of
outlet pipes 30, there is ringformed annular guide mem-
ber 60 arranged for positioning the upper portions 30a of
the plurality of outlet pipes 30. Also this guidemember 60
is arranged around the axis of rotation (X) and comprises
channels 61 through which the outlet pipes 30 extend.
The annular seal member 42 is arranged below the
channels 61 of the guide member 60. Moreover, the
upper portion 13b of the centrifuge bowl is attached to
the guide member 60 via a plurality of screws 45. This
further secures the position of the upper portions 30a of
the plurality of pipes 30.As indicated in Fig. 6, the annular
guide member is also in close contact with both the inner
wall of the bowl hood13aand the upper portion 13bof the
centrifuge bowl.
[0083] Fig. 7 illustrates a method 100 of least a liquid
heavy phase from a liquid feed mixture. The method 100
comprises the steps of

a) introducing 101 the liquid feed mixture into a
centrifugal separator 1. This separator may thus
beacentrifugal separatorasdisclosedhereinabove,
such as the centrifugal separator discussed in rela-
tion to Figs. 1‑2.

[0084] The method 100 further comprises a step b) of
discharging 102 a separated liquid heavy phase from the
centrifugal separator. The liquid heavy phase may be

discharged continuously.
[0085] The method may further comprise a step c) of
discharging 103 a separated sludge phase from the
centrifugal separator and a step d) of discharging 104
a separated liquid light phase from the centrifugal se-
parator 1. The liquid light phase has thus a density that is
lower than the density of the liquid heavy phase
[0086] Step c) of discharging 103 a separated sludge
phase may comprise intermittently ejecting the sepa-
rated solids phase through a set of intermittently open-
able outlets.
[0087] The liquid feed mixture may for example be a
liquid feedmixture comprising yeast. The yeastmay thus
be discharged as the separated liquid heavy phase.
[0088] 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) dis-
closed in the figures. The term "centrifugal separator"
alsocomprisescentrifugal separatorswithasubstantially
horizontally oriented axis of rotation. In the above the
inventive concept has mainly been described with refer-
ence to a limited number of examples. However, as is
readily appreciated by a person skilled in the art, other
examples than the ones disclosed above are equally
possible within the scope of the inventive concept, as
defined by the appended claims.

Claims

1. A centrifugal separator (1) for separating at least a
liquid heavy phase from a liquid feed mixture, com-
prising

a frame (2), a drive member (3) and a rotatable
part (4),
wherein the drive member (3) is configured to
rotate the rotatable part (4) in relation to the
frame (2) around an axis of rotation (X), and
wherein the rotatable part (4) comprises a cen-
trifuge bowl (5) enclosing a separation space
(9a) and a sludge space (9b);
wherein the separation space (9a) comprises a
stack (10) of separation discs (40) arranged
coaxially around the axis of rotation (X) and
wherein said sludge space (9b) is arranged
radially outside said stack (10) of separation
discs (40);
wherein the centrifuge bowl (5) further com-
prises an inlet (14) for receiving the liquid feed
mixture and
a first outlet chamber (6) in fluid connection with
a heavy phase outlet pipe (6a) for discharging a
separated liquid heavy phase,
andwherein the centrifugal separator (1) further
comprises a plurality of outlet pipes (30) for
transport of said separated liquid heavy phase
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from said sludge space (9b) towards said first
outlet chamber (6); characterised in that,
the stack (10) of separation discs is compressed
with a compression force when mounted in the
centrifuge bowl (5) and wherein said plurality of
outlet pipes (30) formanelement for transmitting
said compression force to thecompressedstack
(10) of separation discs.

2. A centrifugal separator (1) according to claim 1,
wherein the stack (10) of separation discs is ar-
ranged belowa top disc (5), andwherein the plurality
of outlet pipes (30)arearrangedbetween the topdisc
(5) and the upper bowl hood (13a) of the centrifuge
bowl (5).

3. A centrifugal separator (1) according to claim 2,
wherein the top disc (5) is free of further load bearing
elements on its upper surface (5a).

4. A centrifugal separator (1) according to claim 1,
wherein the plurality of outlet pipes (30) are arranged
within the stack (10) of separation discs.

5. A centrifugal separator (1) according to any previous
claim, wherein the centrifugal separator (1) is ar-
ranged for separating a liquid heavy phase and a
liquid light phase from the liquid feed mixture, and
wherein the centrifugal separator (1) further com-
prises a light phase outlet pipe (7a) for discharging a
separated liquid light phase.

6. A centrifugal separator (1) according to any previous
claim, further comprising an annular seal member
(42) extending around the axis of rotation (X) and
wherein the plurality of outlet pipes (30) extend
through said annular seal member (42).

7. A centrifugal separator (1) according to claim 5 and
6, wherein the annular seal member (42) seals a
space (51) for the separated liquid light phase.

8. A centrifugal separator (1) according to claim 7,
wherein the annular seal member (42) seals be-
tween a space (51) for the separated liquid light
phase and a space (52) between said plurality of
outlet pipes (30).

9. A centrifugal separator (1) according to any one of
claims 6‑8, wherein the annular seal member (42)
further seals between the first outlet chamber (6) and
a space (52) between said plurality of outlet pipes
(30).

10. A centrifugal separator (1) according to claim 8 or 9,
wherein the stack (10) of separation discs is ar-
rangedbelowa topdisc (50) andwherein theannular
seal member (42) is arranged axially above said top

disc (50).

11. A centrifugal separator (1) according to any previous
claim, further comprising an annular guide member
(60) for positioning the upper portions (30a) of the
plurality of outlet pipes (30), said annular guide
member (60) comprising channels (61) through
which the outlet pipes (30) extend, and further
wherein anupper portion (13b) of the centrifuge bowl
(5) is fastened to said annular guidemember (60) via
at least one screw member (45).

12. A centrifugal separator (1) according to any previous
claim, further comprising sludge outlets (15) at the
periphery of the centrifuge bowl (5).

13. A centrifugal separator (1) according to claim 12,
wherein thesludgeoutlets (15)are in the formof aset
of intermittently openable outlets.

14. A method (100) of separating at least a liquid heavy
phase from a liquid feed mixture, comprising the
steps of

a) introducing (101) the liquid feedmixture into a
centrifugal separator (1) according to any one of
claims 1‑13; and
b) discharging (102) a separated liquid heavy
phase from said centrifugal separator (1).

15. A method (100) according to claim 14, wherein the
liquid feed mixture comprises yeast that are dis-
charged in the discharged liquid heavy phase.

Patentansprüche

1. Zentrifugalabscheider (1) zum Abscheiden mindes-
tens einer flüssigen schweren Phase aus einem
flüssigen Einspeisegemisch, der Folgendes um-
fasst:

einen Rahmen (2), ein Antriebselement (3) und
einen drehbaren Teil (4),
wobei dasAntriebselement (3) dafür konfiguriert
ist, den drehbaren Teil (4) im Verhältnis zu dem
Rahmen (2) um eine Drehachse (X) zu drehen,
und
wobei der drehbare Teil (4) eine Zentrifugen-
trommel (5) umfasst, die einen Abscheidungs-
raum (9a) und einen Schlammraum (9b) um-
schließt,
wobei der Abscheidungsraum (9a) einen Stapel
(10) vonScheidetellern (40) umfasst, die koaxial
um die Drehachse (X) angeordnet sind, und
wobei der Schlammraum (9b) in Radialrichtung
außerhalb des Stapels (10) von Scheidetellern
(40) angeordnet ist,
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wobei die Zentrifugentrommel (5) ferner einen
Einlass (14) zum Aufnehmen des flüssigen Ein-
speisegemischs umfasst, und
eine erste Auslasskammer (6) in Fluidverbin-
dung mit einem Schwerphasen-Auslassrohr
(6a) zum Abgeben einer abgeschiedenen flüs-
sigen schweren Phase,
und wobei der Zentrifugalabscheider (1) ferner
eine Vielzahl von Auslassrohren (30) zur Be-
förderung der abgeschiedenen flüssigen
schweren Phase von dem Schlammraum (9b)
hin zu der ersten Auslasskammer (6) umfasst;
dadurch gekennzeichnet, dass
der Stapel (10) von Scheidetellern mit einer
Kompressionskraft zusammengedrückt wird,
wenn er in der Zentrifugentrommel (5) montiert
ist, und wobei die Vielzahl von Auslassrohren
(30) ein Element zumÜbertragen der Kompres-
sionskraft an den zusammengedrückten Stapel
(10) von Scheidetellern bildet.

2. Zentrifugalabscheider (1) nach Anspruch 1, wobei
der Stapel (10) von Scheidetellern unterhalb eines
obersten Tellers (5) angeordnet ist, und wobei die
Vielzahl vonAuslassrohren (30) zwischendemober-
sten Teller (5) und der oberen Trommelhaube (13a)
der Zentrifugentrommel (5) angeordnet ist.

3. Zentrifugalabscheider (1) nach Anspruch 2, wobei
der oberste Teller (5) auf seiner oberen Fläche (5a)
frei von weiteren lasttragenden Elementen ist.

4. Zentrifugalabscheider (1) nach Anspruch 1, wobei
die Vielzahl von Auslassrohren (30) innerhalb des
Stapels (10) von Scheidetellern angeordnet ist.

5. Zentrifugalabscheider (1) nach einem der vorher-
gehenden Ansprüche, wobei der Zentrifugalab-
scheider (1) zumAbscheiden einer flüssigen schwe-
ren Phase und einer flüssigen leichten Phase aus
dem flüssigen Einspeisegemisch angeordnet ist,
und wobei der Zentrifugalabscheider (1) ferner ein
Leichtphasen-Auslassrohr (7a) zum Abgeben einer
abgeschiedenen flüssigen leichten Phase umfasst.

6. Zentrifugalabscheider (1) nach einem der vorher-
gehenden Ansprüche, der ferner ein ringförmiges
Dichtungselement (42) umfasst, das sich um die
Drehachse (X) erstreckt, und wobei sich die Vielzahl
von Auslassrohren (30) durch das ringförmige Dich-
tungselement (42) erstreckt.

7. Zentrifugalabscheider (1) nach Anspruch 5 und 6,
wobei das ringförmige Dichtungselement (42) einen
Raum (51) für die abgeschiedene flüssige leichte
Phase abdichtet.

8. Zentrifugalabscheider (1) nach Anspruch 7, wobei

das ringförmige Dichtungselement (42) zwischen
einem Raum (51) für die abgeschiedene flüssige
leichte Phase und einem Raum (52) zwischen der
Vielzahl von Auslassrohren (30) abdichtet.

9. Zentrifugalabscheider (1) nach einem der Ansprü-
che6bis8,wobei das ringförmigeDichtungselement
(42) ferner zwischen der ersten Auslasskammer (6)
und einem Raum (52) zwischen der Vielzahl von
Auslassrohren (30) abdichtet.

10. Zentrifugalabscheider (1) nach Anspruch 8 oder 9,
wobei der Stapel (10) von Scheidetellern unterhalb
eines obersten Tellers (50) angeordnet ist undwobei
das ringförmige Dichtungselement (42) in Axialrich-
tung oberhalb des obersten Tellers (50) angeordnet
ist.

11. Zentrifugalabscheider (1) nach einem der vorher-
gehenden Ansprüche, der ferner ein ringförmiges
Führungselement (60) zumPositionierenderoberen
Abschnitte (30a) der Vielzahl von Auslassrohren
(30) umfasst, wobei das ringförmige Führungsele-
ment (60) Kanäle (61) umfasst, durch die sich die
Auslassrohre (30) erstrecken, und ferner wobei ein
oberer Abschnitt (13b) der Zentrifugentrommel (5)
über mindestens ein Schraubenelement (45) an
dem ringförmigen Führungselement (60) befestigt
ist.

12. Zentrifugalabscheider (1) nach einem der vorher-
gehenden Ansprüche, der ferner Schlammauslässe
(15) an dem Umfang der Zentrifugentrommel (5)
umfasst.

13. Zentrifugalabscheider (1) nach Anspruch 12, wobei
die Schlammauslässe (15) die Form eines Satzes
von in Abständen zu öffnenden Auslässen aufwei-
sen.

14. Verfahren (100) zum Abscheiden mindestens einer
flüssigen schweren Phase aus einem flüssigen Ein-
speisegemisch, das die folgenden Schritte umfasst:

a) Einleiten (101) des flüssigen Einspeisege-
mischs in einen Zentrifugalabscheider (1) nach
einem der Ansprüche 1 bis 13; und
b) Abgeben (102) einer abgeschiedenen flüssi-
gen schweren Phase aus dem Zentrifugalab-
scheider (1).

15. Verfahren (100) nach Anspruch 14, wobei das flüs-
sige Einspeisegemisch Hefe umfasst, die in der ab-
geschiedenen flüssigen schweren Phase abgege-
ben wird.
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Revendications

1. Séparateur centrifuge (1) permettant de séparer au
moins une phase lourde liquide d’un mélange d’ali-
mentation liquide, comprenant

un cadre (2), un élément d’entraînement (3) et
une partie rotative (4),
dans lequel l’élément d’entraînement (3) est
configuré pour faire tourner la partie rotative
(4) par rapport au cadre (2) autour d’un axe
de rotation (X), et
dans lequel la partie rotative (4) comprend un
bol centrifuge (5) comprenant un espace de
séparation (9a) et un espace pour la boue (9b) ;
dans lequel l’espace de séparation (9a)
comprend une pile (10) de disques de sépara-
tion (40) agencésdemanière coaxiale autour de
l’axe de rotation (X) et dans lequel ledit espace
pour la boue (9b) est agencé radialement à
l’extérieur de ladite pile (10) de disques de sé-
paration (40) ;
dans lequel le bol centrifuge (5) comprend en
outre une entrée (14) permettant de recevoir le
mélange d’alimentation liquide, et
une première chambre de sortie (6) en commu-
nication fluidique avec un tuyau de sortie de
phase lourde (6a) permettant de décharger
une phase lourde de liquide séparée,
et dans lequel le séparateur centrifuge (1)
comprend en outre une pluralité de tuyaux de
sortie (30) pour le transport de ladite phase
lourde liquide séparée depuis ledit espace pour
la boue (9b) vers ladite première chambre de
sortie (6) ; caractérisé en ce que
la pile (10) de disques de séparation est compri-
mée avec une force de compression lorsqu’elle
est montée dans le bol centrifuge (5) et dans
lequel ladite pluralité de tuyaux de sortie (30)
forment un élément permettant de transmettre
ladite force de compression à la pile comprimée
(10) de disques de séparation.

2. Séparateur centrifuge (1) selon la revendication 1,
dans lequel la pile (10) de disques de séparation est
agencéesousundisquesupérieur (5), et dans lequel
la pluralité de tuyaux de sortie (30) sont agencés
entre le disque supérieur (5) et le capot de bol
supérieur (13a) du bol centrifuge (5).

3. Séparateur centrifuge (1) selon la revendication 2,
dans lequel le disque supérieur (5) est dénué de tout
élément de support de chargesupplémentaire sur sa
surface supérieure (5a).

4. Séparateur centrifuge (1) selon la revendication 1,
dans lequel la pluralité de tuyaux de sortie (30) sont
agencés à l’intérieur de la pile (10) de disques de

séparation.

5. Séparateur centrifuge (1) selon l’une quelconque
des revendications précédentes, dans lequel le sé-
parateur centrifuge (1) est agencé pour séparer une
phase lourde liquide et une phase légère liquide du
mélange d’alimentation liquide, et dans lequel le
séparateur centrifuge (1) comprend en outre un
tuyau de sortie de phase légère (7a) permettant
de décharger une phase légère liquide séparée.

6. Séparateur centrifuge (1) selon l’une quelconque
des revendications précédentes, comprenant en
outre un élément de joint annulaire (42) s’étendant
autour de l’axe de rotation (X) et dans lequel la
pluralité de tuyaux de sortie (30) s’étendent à travers
ledit élément de joint annulaire (42).

7. Séparateur centrifuge (1) selon les revendications 5
et 6, dans lequel l’élément de joint annulaire (42)
scelle un espace (51) pour la phase légère liquide
séparée.

8. Séparateur centrifuge (1) selon la revendication 7,
dans lequel l’élément de joint annulaire (42) scelle
entre un espace (51) pour la phase légère liquide
séparée et un espace (52) entre ladite pluralité de
tuyaux de sortie (30).

9. Séparateur centrifuge (1) selon l’une quelconque
des revendications 6 à 8, dans lequel l’élément de
joint annulaire (42) scelle en outre entre la première
chambre de sortie (6) et un espace (52) entre ladite
pluralité de tuyaux de sortie (30).

10. Séparateur centrifuge (1) selon la revendication 8ou
9, dans lequel la pile (10) de disques de séparation
est agencée sous un disque supérieur (50) et dans
lequel l’élément de joint annulaire (42) est agencé
axialement au-dessus dudit disque supérieur (50).

11. Séparateur centrifuge (1) selon l’une quelconque
des revendications précédentes, comprenant en
outre un élément de guidage annulaire (60) permet-
tant de positionner les parties supérieures (30a) de
la pluralité de tuyaux de sortie (30), ledit élément de
guidage annulaire (60) comprenant des canaux (61)
à travers lesquels les tuyaux de sortie (30) s’éten-
dent, et en outre dans lequel une partie supérieure
(13b) du bol centrifuge (5) est fixée audit élément de
guidage annulaire (60) par le biais d’au moins un
élément de vis (45).

12. Séparateur centrifuge (1) selon l’une quelconque
des revendications précédentes, comprenant en
outre des sorties de boue (15) à la périphérie du
bol centrifuge (5).
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13. Séparateur centrifuge (1) selon la revendication 12,
dans lequel les sorties de boue (15) sont sous la
forme d’un ensemble de sorties pouvant être ouver-
tes par intermittence.

14. Procédé (100) de séparation d’au moins une phase
lourde liquide d’un mélange d’alimentation liquide,
comprenant les étapes consistant à

a) introduire (101) le mélange d’alimentation
liquide dans un séparateur centrifuge (1) selon
l’une quelconque des revendications 1 à 13 ; et
b) décharger (102) une phase lourde liquide
séparée dudit séparateur centrifuge (1).

15. Procédé (100) selon la revendication 14, dans lequel
le mélange d’alimentation liquide comprend de la
levure qui est déchargée dans la phase lourde li-
quide déchargée.
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