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DESCRIPTION

Field of the Invention

[0001] The present invention relates to the field of centrifugal separators, and more specifically
to a method of separating a liquid mixture in a centrifugal separator.

Background of the Invention

[0002] Centrifugal separators are generally used for separation of liquids and/or for separation
of solids from a 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 periphery
of the rotating bowl whereas less dense liquid accumulates 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 order to overcome problems with high energy consumption of the centrifugal
separator during operation, it is known e.g. from WO10101524 to create a sub-atmospheric
pressure around the rotating centrifuge bowl during operation. The removal of gas due to the
creation of the sub-atmospheric pressure reduces friction losses during operation.

[0004] However, a large number of centrifugal separators are arranged such that a separated
sludge phase is discharged intermittently to the space surrounding the centrifuge bowl. This
may create problems , since components in the discharged sludge may be affected by the low
pressure. For example, when separating liquid mixtures containing dissolved gas, such as
carbon dioxide (CO»), the low pressure may promote foaming in the separated sludge. This

may affect the whole separator negatively, since foaming may cause a variety of operational
problems in the separator.

[0005] Thus, there is a need in the art for improved methods of running a centrifugal separator
in sub-atmospheric pressure when processing liquid mixtures containing dissolved gas.

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 method of separating a liquid mixture
containing dissolved gas with a centrifugal separator.

[0007] As a first aspect of the invention, there is provided a method of separating a liquid
mixture in a centrifugal separator, wherein the centrifugal separator comprises
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a centrifuge bowl arranged to rotate around an axis of rotation (X) and in which the separation
of a liquid mixture takes place,

a frame which delimits a surrounding space that is sealed relative the surroundings of the
frame and in which said centrifuge bowl is arranged,

a drive member configured to rotate the centrifuge bowl in relation to the frame around the axis
of rotation (X), wherein the centrifuge bowl further comprises an inlet for receiving the liquid
mixture to be separated, at least one liquid outlet for discharging a separated liquid phase and
a sludge outlet for discharging a separated sludge phase to the surrounding space,

a vessel connected to the surrounding space and arranged for collecting the separated sludge
phase discharged from the centrifuge bowl,

wherein the method comprises the steps of

1. a) supplying a liquid feed mixture to be separated to the inlet of the centrifuge bowl,
2. b) separating the liquid feed mixture into at least one separated liquid phase and a
separated sludge phase,

3. ¢) removing gas from the surrounding space to obtain a sub-atmospheric pressure in the
surrounding space,

. d) discharging a separated sludge phase to said surrounding space,

. &) collecting said sludge phase in said vessel,

. f) removing said sludge phase from said vessel,

. @) spraying liquid into said vessel after step f) to reduce the level of foam present in said
vessel.

~N O O M

[0008] The steps a)-g) do not necessarily need to be performed in the above sequence, and
some steps may be performed at the same time. As an example, step ¢) of removing gas may
be performed during all of the other steps, i.e. also before the supplying of liquid feed mixture
in step a).

[0009] The centrifugal separator may be a disc-stack centrifugal separator, e.g. as disclosed in
US20210107014. The centrifugal separator is arranged for discharging a sludge phase, i.e. a
separated sludge phase that may also contain some liquid, to the space surrounding the
centrifuge bowl. This may be performed by a continuous discharge of a sludge phase, i.e. the
sludge outlet may be arranged for continuous discharge of the sludge phase during operation,
or by an intermittent discharge of a sludge phase, in which the sludge outlet may be in the form
of a set of ports arranged to be opened intermittently during operation. The centrifugal
separator may be arranged for emptying a partial content of the bowl during such an
intermittent discharge (partial discharge) or arranged for emptying the whole content of the
centrifuge bowl during intermittent discharge (full discharge).
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[0010] The first aspect of the invention is based on the insight that foaming occurs especially in
the vessel that is used for collecting the discharged sludge phase when operating the
separator at sub-atmospheric pressure. Such foaming may have negative impact on the
sludge pump used for removing solids from the vessel. As an example, foam in the vessel may
not be removed by the sludge pump, which therefore may run for unnecessarily long time.
Foaming may for example be present in brewery processes, e.g. when processing beer in the
centrifugal separator. Beer foaming is caused due to the creation of bubbles from the released
carbon-dioxide (CO5) and since the solubility of CO5 is a function of temperature and pressure

of the liquid and from the amount of dissolved CO5, running the centrifuge bowl at sub-

atmospheric pressure will increase the foaming of the discharged sludge.

[0011] Consequently, foam in the collecting vessel may activate a high-level switch which will
cause solids pump activation and, in many cases, also end with triggering a high-level alarm.
This may cause interruption of the production due to the high-level alarms and dry running of
the solids pump that significantly reduces the life of the pump stator.

[0012] In summary, the inventors have realized that foaming in the vessel has negative impact
on the performance of the centrifugal separator, reducing the overall capacity and increasing
the maintenance costs. By actively spraying the vessel with liquid after the removal of the
discharged sludge from the vessel, the foaming may be decreased significantly and therefore
decrease the risk of false alarms of high levels of matter in the vessel. Also, such spraying may
aid in keeping any level sensors clean and further provide for keeping the sludge pump wet. By
the spraying performed according to the inventive method, the operation of the centrifugal
separator may be maintained for a longer period of time with a decreased amount of false
high-level detections in the vessel.

[0013] Step a) of supplying a liquid feed mixture to the centrifuge bowl may be performed by
supplying the feed mixture via a stationary inlet pipe extending into the centrifuge bowl from
the top, or via a rotating spindle onto which the centrifuge bowl is attached, such as via the
bottom of the centrifuge bowl. Step a) may be performed while the centrifuge bowl is rotating.

[0014] Step b) of separating takes place within the centrifuge bowl, such as in a stack of
separation discs arranged in the centrifuge bowl.

[0015] Step c) of removing gas may be performed before or during rotation of the centrifuge
bowl, e.g. by means of a vacuum pump which is connected to the surrounding space, either
directly or indirectly. This thus gives a sub-atmospheric pressure in the space in the frame
surrounding the centrifuge bowl. The space may be sealed relative the surroundings by means
of e.g. mechanical seals or liquid seals.

[0016] As discussed above, step d) of discharging a sludge phase may be performed
continuously or intermittently.

[0017] Step e) of collecting the sludge phase may be performed simultaneously as the sludge
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phase is discharged to the surrounding space.

[0018] In embodiments of the first aspect, step f) is performed using a sludge pump. Such a
sludge pump may thus be connected to the vessel.

[0019] The liquid used for spraying into the vessel may be an aqueous liquid, such as water.

[0020] In embodiments of the first aspect, step g) comprises spraying liquid into the vessel
from the top of the vessel. Thus, the vessel may comprise spray nozzles arranged in the top of
the vessel. The vessel may thus comprise surrounding side walls and an upper wall, and step
g) may comprise spraying liquid from the upper wall.

[0021] In embodiments of the first aspect, step g) comprises spraying the liquid with spray
droplets that are larger than a mist.

[0022] The spray droplets that are larger than a mist may be droplets with a size of above 60
micrometers.

[0023] As an example, step g) may comprise spraying the liquid with at least one spray nozzle
configured to spray droplets larger than a mist. The spray nozzle may be configured for
cleaning tanks of several cubic meters. The spray nozzle or nozzles used may be arranged for
cleaning tanks having a larger volume than the volume of the vessel. Thus, step g) may
comprise spraying larger large amounts of liquid to the vessel.

[0024] Step g) may comprise spraying liquid with a spray nozzle giving an umbrella-like spray
pattern.

[0025] Thus, the method of the first aspect may be free from any step of spraying a liquid mist
into the vessel.

[0026] In embodiments of the first aspect, the vessel is a cyclone. The cyclone may thus be
arranged to gather and slow down the sludge phase.

[0027] The vessel may thus be arranged for collecting sludge and any liquid that has been
discharged from the sludge outlets. The vessel may further be connected to a sludge pump or
further removal of sludge and liquid present in the vessel.

[0028] In embodiments of the first aspect, the liquid feed mixture comprises a dissolved gas,
such as CO»,. As an example, the liquid mixture may be a liquid mixture in the processing of
beer. The method of the first aspect may thus be used for beer clarification and/or beer
recovery from surplus yeast.

[0029] In embodiments of the first aspect, step g) comprises receiving information that that
there is still matter present in said vessel after step f) has been performed.
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[0030] Thus, step g) of spraying the liquid may be performed only when there is an indication
that there is still material left in the vessel after the sludge has been removed by e.g. a sludge
pump. This information may for example be received from a level sensor in the vessel and thus
strongly indicates that there is foam in the vessel. Consequently, as an example, the
information may be received from a level switch arranged in the vessel.

[0031] Moreover, step g) of spraying liquid may be performed after emptying the vessel but
before a further sludge discharge from the centrifuge bowl is initiated. Thus, in embodiments of
the first aspect step g) is performed before initiating a further discharge of a separated sludge
phase.

[0032] However, liquid may be sprayed into the vessel during other steps of the method as
well. As an example, the vessel may be sprayed with liquid before the discharge to keep the
surface of the vessel wet, i.e. before step d), but also during collection of the sludge in the
vessel, i.e. during step e), for keeping the sludge wet and more easily pumped by a sludge

pump.

[0033] Thus, in embodiments of the first aspect, step d) comprises spraying liquid to the vessel
before said discharge of a separated sludge phase.

[0034] In further embodiments, step €) may thus comprise spraying liquid to the vessel after
collecting the sludge phase to wet the sludge phase.

[0035] Step g) as defined by the method may thus be a step of spraying the vessel with liquid
that lies outside the normal discharge sequence, i.e. the liquid spraying in step g) may be
activated based on a high-level switch in the vessel.

[0036] In embodiments, step g) is terminated, i.e. the liquid is stopped before initiating a
further discharge, i.e. before another discharge of a separated sludge phase takes place.

[0037] The method is useful when the centrifuge bowl operates in a sub-atmospheric
pressure, i.e. when there is a sub-atmospheric pressure in the surrounding space outside the
bowl. This surrounding space may be in direct contact with the vessel such that there is also
sub-atmospheric pressure in the vessel during operation of the centrifuge, i.e. during the
separation of the liquid mixture in the centrifugal separator. This means that in embodiments of
the first aspect, step ¢) also involves removing gas to obtain a sub-atmospheric pressure in the
vessel.

[0038] As a second aspect of the invention, there is provided a centrifugal separator that can
be used in the method of the first aspect. The centrifugal separator is arranged for separating
at least one liquid phase and a sludge phase from a liquid feed mixture, comprising

a centrifuge bowl arranged to rotate around an axis of rotation (X) and in which the separation
of the liquid mixture takes place,
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a frame which delimits a surrounding space that is sealed relative the surroundings of the
frame and in which said centrifuge bowl is arranged,

a drive member configured to rotate the centrifuge bowl in relation to the frame around the axis
of rotation (X), wherein the centrifuge bowl further comprises an inlet for receiving the liquid
mixture to be separated, at least one liquid outlet for discharging a separated liquid phase and
a sludge outlet for discharging a separated sludge phase to the surrounding space,

a vessel connected to the surrounding space and arranged for collecting the separated sludge
phase discharged from the centrifuge bowl,

a pump device arranged for removing gas to obtain sub-atmospheric pressure in said
surrounding space,

a spray device for spraying liquid into said vessel,
a sludge pump for removing sludge from said vessel,

a control unit configured to initiate spraying of liquid into said vessel after sludge has been
removed from said vessel to reduce the level of foam present in said vessel.

[0039] 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.

[0040] 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 solids and one or two liquids from the liquid feed mixture. The liquid
mixture may for example a biopharmaceutical mixture or a food product, such as beer, juice or
other beverages.

[0041] The frame of the centrifugal separator is a non-rotating (stationary) part. The centrifuge
bowl 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 centrifuge bowl is usually supported by a spindle,
i.e. a rotating shaft, and may thus be mounted to rotate with the spindle. Consequently, the
centrifugal separator 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 supported by the
spindle at one of its ends, such at the bottom end or the top end of the spindle.

[0042] The drive member may comprise an electrical motor having a rotor and a stator. The
rotor may be fixedly connected to a rotating part, such as to a spindle. Advantageously, the
rotor of the electrical motor may be provided on or fixed to the spindle of the rotating part.
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Alternatively, the drive member may be provided beside the spindle and rotate the rotating part
by a suitable transmission, such as a belt or a gear transmission.

[0043] The centrifuge bowl encloses by rotor walls a separation space. The separation space,
in which the separation of the fluid mixture takes place may comprise separation members,
such as a stack of separation discs. The separation discs may e.g. be of metal. Further, the
separation discs may be frustoconical separation discs, i.e. having separation surfaces forming
frustoconical portions of the separation discs. The separation discs may be arranged coaxially
around the axis of rotation (X) at a distance from each other such that to form passages
between each two adjacent separation discs.

[0044] As used herein, the term "axially" denotes a direction which is parallel to the rotational
axis (X). Accordingly, 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”.

[0045] The centrifugal separator also comprises an inlet for liquid mixture to be separated (the
liquid feed mixture). This inlet may be arranged for receiving the liquid feed mixture and be
arranged centrally in the centrifuge bowl, thus at rotational axis (X). The centrifuge bowl may
be arranged to be fed from the bottom, such as through a spindle, so that the liquid feed
mixture is delivered to the inlet from the bottom of the separator. However, the centrifuge bowl
may also be arranged to be fed from the top, such as through a stationary inlet pipe extending
into the bowl.

[0046] Further, also one or two liquid outlets may be arranged at the top or the bottom of the
centrifugal separator. The sludge outlet may comprise a set of nozzles for continuous
discharge of a sludge during operation or is in the form of a set of intermittently openable
outlets. The centrifuge bowl may therefore comprise at its outer periphery a set of radially
sludge outlets in the form of intermittently openable outlets. The intermittently openable outlets
may be equidistantly spaced around the axis of rotation (X).

[0047] The vessel may be a cyclone for receiving the discharged sludge phase. The cyclone
may be arranged for decreasing the speed of the discharged sludge.

[0048] The pump device is for removing gas in the surrounding space. In embodiments, the
pump device is also arranged for removing gas in the vessel to obtain a sub atmospheric
pressure also in the vessel.

[0049] The pump device may comprise a liquid ring pump, a lamella pump, an ejector pump, a
membrane pump, a piston pump, a scroll pump, a screw pump or combinations thereof. The
pump device may further be a vacuum source or negative pressure source. A liquid ring pump
prefilled with water is suitable for pumping of gas mixed with water. As an alternative, a lamella
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pump may be used for reaching pressures below the prevailing vapour pressure for water. An
ejector pump further makes it possible to use existing liquid flows in the system, e.g. the flow of
said fluid for centrifugal separation at an inlet or outlet, as a way of generating said negative
pressure.

[0050] According to an embodiment of the invention, the pump device is arranged for
removing both gas and liquid material from the space around the rotor, which liquid material
may comprise medium supplied to the space, sludge phase discharged to the space from the
separation space, condensate, cleaning agents or combinations thereof.

[0051] The pump device may be arranged to remove medium, e.g. gas and/or liquid, from the
surrounding space around the centrifuge bowl either continuously or intermittently.

[0052] A pressure lower than atmospheric pressure may be a pressure of 1-50 kPa, preferably
2-10 kPa. The pump device may further be arranged to adjust the pressure in the space during
operation on the basis of some operating condition of the centrifugal separator.

[0053] The spray device may comprise at least one spray nozzle. The at least one spray
nozzle may be arranged for spraying liquid droplets that are larger than a mist. The spray
device may be arranged at the top of the vessel and be arranged to spray down into the
vessel.

[0054] The at least one spray nozzle may be a single axis spray device, such as a spray
nozzle having a rotary spray head. The at least one spray nozzle may be arranged such that
liquid is expelled from a rotating spherically shaped spray head through a defined number of
orifices (e.g., slots, holes and/or any arbitrary shaped orifice). This may be different from a
spray nozzle in which liquid is expelled from a rotating open structure disc that has no defined
orifices.

[0055] The spray nozzles may be arranged for spraying droplets that are larger than a mist,
which may be droplets with a size of above 60 micrometers. The spray nozzles may be
arranged for a 360-degree spraying.

[0056] The sludge pump may be provided with a check valve function which prevents flow into
the vessel via the sludge pump.

[0057] The control unit may comprise any suitable type of programmable logical circuit,
processor circuit, or microcomputer, e.g. a circuit for digital signal processing (digital signal
processor, DSP), a Central Processing Unit (CPU), a processing unit, a processing circuit, a
processor, an Application Specific Integrated Circuit (ASIC), a microprocessor, or other
processing logic that may interpret and execute instructions. Thus, the control unit may
comprise a processor and an input/output interface for communicating with the spray device
and an e.g. a device for indicating the level of sludge in the vessel.
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[0058] Consequently, in embodiments of the first aspect, the centrifugal separator is further
comprising a level switch arranged in said vessel, and wherein the control unit is configured to
receive input from said level switch after sludge has been removed from said vessel and to
initiate spraying of liquid into said vessel if said input from the level switch indicates that there is
still matter present in said vessel.

Brief description of the Drawings

[0059] The above, as well as additional objects, features 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 according to an embodiment of
the present invention.

Figure 2 shows a flow chart of a method of separating a liquid mixture in a centrifugal
separator.

Detailed Description

[0060] The method and the centrifugal separator according to the present disclosure will be
further illustrated by the following description with reference to the accompanying drawings.

[0061] Fig. 1 show a cross-section of an embodiment of a centrifugal separator 1 arranged to
separate a sludge phase, a liquid heavy phase and a liquid light phase from a liquid feed
mixture.

[0062] The centrifugal separator 1 comprises a centrifuge bowl 10 which is arranged to rotate
around an axis of rotation (X) by means of a spindle 7. The spindle 7 is supported in the
centrifugal separator's frame 2 in a bottom bearing 5 and a top bearing 6. The centrifuge bow
10 forms within itself a separation chamber in which centrifugal separation of the liquid feed
mixture takes place during operation. The separation space within the centrifuge bowl 10 is
provided with a stack of frustoconical separation discs in order to achieve effective separation
of the liquid feed mixture.

[0063] The spindle 7 is in this example a hollow spindle for introducing the liquid feed mixture
to the inlet 11 of the centrifuge bowl 10. The centrifuge bowl 10 further comprises a liquid outlet
12 for discharging a separated liquid light phase and a liquid outlet 13 for discharging a liquid
heavy phase. The liquid light phase outlet 12 is arranged at a smaller radius than the liquid
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heavy phase outlet 13. There is further a stationary outlet pipe 12a connected to the liquid light
phase outlet 12 for receiving the separated liquid light phase, and a stationary outlet pipe 13a
connected to the liquid heavy phase outlet 13 for receiving the separated liquid heavy phase.

[0064] The centrifuge bowl 10 further comprises a sludge outlet 14 for discharging a separated
sludge phase to the surrounding space 3, which is sealed relative the surroundings of the
frame 2 and in which the centrifuge bowl 10 is arranged. The sludge outlet 14 takes the form of
a set of intermittently openable sludge outlets arranged at the outer periphery of the centrifuge
bowl 10, for discharge of sludge from a radially outer portion of the separation space to the
surrounding space 3. Such intermittent discharge may be performed by an axially movable
operating slide arranged within the centrifuge bowl 10, as known in the art.

[0065] The centrifugal separator 1 further comprises a drive motor 4 configured to rotate the
centrifuge bowl 10 in relation to the frame 2 around the axis of rotation (X). The drive motor 4
is connected directly to the spindle 7. However, the drive motor may also be connected to the
spindle 7 via a transmission means in the form of a worm gear which comprises a pinion and
an element connected to the spindle in order to receive driving torque. The transmission
means may alternatively take the form of a propeller shaft, drive belts or the like.

[0066] The surrounding space 3 is sealed relative the surroundings of the frame by means of
an upper seal 15 and a lower seal 16. The frame 3 thus delimits a space 3 which contains the
centrifuge bowl 10 and which is air-tightly sealed relative to the surroundings of the frame. The
upper seal 15 may be an outlet seal that seals the liquid outlets from the surroundings. If thee
centrifugal separator is arranged with a stationery inlet pie extending into the centrifuge bowl
from the top, the upper seal 15 could also be the seal that seal the inlet from the surroundings.

[0067] The upper seal 15 could for example be a mechanical seal or a liquid seal. Further, the
upper seal 15 may be a gas seal, a liquid seal, a labyrinth seal or combinations thereof. Also
the lower seal 16 could be a mechanical seal or a liquid seal. Further, the lower seal 16 may
be a gas seal, a liquid seal, a labyrinth seal or combinations thereof.

[0068] One or both of the upper 15 and lower seal 16 could be a hermetic seal.

[0069] The centrifugal separator is further provided with a pump device 26 for removal of gas
from the surrounding space 3, which pump device 26 takes the form of a water-filled liquid ring
pump or, as an alternative, a lamella pump. The pump device is in this example connected
directly to the frame 3 but could as an example also be connected to the vessel 20 discussed
below.

[0070] The centrifugal separator further comprises a vessel 20 connected to the surrounding
space 3. The vessel 20 is in the form of a cyclone and arranged for collecting the separated
sludge phase discharged from the centrifuge bowl 10. The vessel 20 is further connected to a
discharge device 25 in the form of a sludge pump for discharge of sludge and liquid present in
the vessel 20. The sludge pump is provided with a check valve function which prevents flow
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into the vessel 20 via the sludge pump.

[0071] The vessel 20 further comprises a spray device in the form of spray nozzles 21a, 21b
for spraying liquid, such as water, into the vessel 20. As an example, the vessel may comprise
at least two, such as at least three, spray nozzles. The spray nozzles 21a, 21b, are in the form
of spray nozzles having rotary spray heads and are configured to spray liquid droplets larger
than a mist into the vessel 20.

[0072] Spraying liquid into the vessel 20 is controlled by control unit 30, as indicated by arrow
31. The control unit 30 is configured for initiating spraying with the nozzles 21a 21b after
sludge has been removed from the vessel 20 to reduce the level of foam present in the vessel
20. However, the control unit may also be configured to spray liquid into the vessel before
discharge of a sludge phase and after discharge of a sludge phase, to both wet the inner
surfaces of the vessel 20 and to wet the discharged sludge.

[0073] There is further a level switch 22 arranged in the vessel 20. This level switch 22 may for
example comprise one or several sensors for indicating the level of sludge or matter in the
vessel 20. The control unit 30 is further configured to receive input from the level switch 22
continuously or e.g. after sludge has been removed from the vessel (20). Based on this input,
the control unit 30 is configured to initiate spraying of liquid into the vessel 20 if the input from
the level switch 22 indicates that there is still matter present in the vessel 20 after the sludge
pump 25 has removed sludge.

[0074] Thus, the control unit 30 may for example comprise a calculation unit which may take
the form of substantially any suitable type of programmable logical circuit, processor circuit, or
microcomputer, e.g. a circuit for digital signal processing (digital signal processor, DSP), a
Central Processing Unit (CPU), a processing unit, a processing circuit, a processor, an
Application Specific Integrated Circuit (ASIC), a microprocessor, or other processing logic that
may interpret and execute instructions. The calculation unit may represent a processing
circuitry comprising a plurality of processing circuits, such as, e.g., any, some or all of the ones
mentioned above. The control unit 30 may further comprise a memory unit which provides the
calculation unit with, for example, stored program code and/or stored data which the
calculation unit needs to enable it to do calculations. The calculation unit may also be adapted
to storing partial or final results of calculations in the memory unit. The memory unit may
comprise a physical device utilised to store data or programs, i.e., sequences of instructions,
on a temporary or permanent basis.

[0075] The method of the present invention is further illustrated by the flow chart in Fig. 2.
During operation of the separator in Fig. 1, the centrifuge bowl 10 is caused to rotate by torque
transmitted from the drive motor 4 to the spindle. Gas is pumped out of the surrounding space
3 outside the centrifuge bowl 10 by the vacuum pump 26, thereby maintaining in the
surrounding space 3 a pressure of e.g. 1-50 kPa, such as 2-10 kPa. Since vessel 20 is in
connection with the surrounding space 3, the pump also maintains a sub-atmospheric pressure
in the vessel 20. Via the inlet 11, a liquid mixture to be separated is brought into the separation
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space within the centrifuge bowl 10 and between the conical separation discs fitted in the
separation space. The liquid mixture is a liquid mixture comprising dissolved gas, such as
dissolved COa.

[0076] Heavier components in the liquid mixture, e.g. sludge particles and/or heavy phase,
move radially outwards between the separation discs and accumulate within the sludge phase
outlets 14. Sludge is emptied intermittently from the separation space by the sludge outlets 14
being opened, whereupon sludge and a certain amount of fluid is discharged from the
separation space by means of centrifugal force. The discharge of sludge may also take place
continuously, in which case the sludge outlets 14 take the form of open nozzles and a certain
flow of sludge and/or heavy phase is discharged continuously by means of centrifugal force.
Sludge which is discharged from the separation space via the sludge outlets 14 is conveyed
from the surrounding space 3 to the vessel 20 connected thereto, in which the sludge
accumulates and from which it is pumped out by the sludge pump 25. A separated liquid light
phase moves radially inwards between the separation discs and is discharged via the liquid
light phase outlet 12 to the stationary outlet pipe 12a, whereas separated liquid heavy phase is
discharged via the liquid heavy phase outlet 13 to the stationary outlet pipe 13a. Thus, as
illustrated in Fig. 2, the method comprises the steps of

1. a) supplying 101 a liquid feed mixture to be separated to the inlet 11 of the centrifuge
bowl 10,

2. b) separating 102 the liquid feed mixture into at least one separated liquid phase and a
separated sludge phase,

3.¢) removing 103 gas from the surrounding space 3 to obtain a sub-atmospheric
pressure in the surrounding space 3 and a sub-atmospheric pressure in said vessel 20

4.d) discharging 104 a separated sludge phase to the surrounding space 3 and
discharging 111 a separated liquid phase,

5. e) collecting 105 the sludge phase in the vessel 20, and

6. f) removing 106 the sludge phase from the vessel 20,

[0077] The discharge of step d) may be preceded by spraying liquid into the vessel 20 by the
spray nozzles 21a, 21b to wet the inner surfaces of the vessel 20. Further when sludge has
been collected in the vessel 20, an additional spray of liquid may be performed by the spray
nozzles 21a, 21b. Thus, the method 100 may comprise spraying 109 liquid to said vessel 20
before the discharge of a separated sludge phase and spraying 110 liquid to the vessel 20
after collecting sludge phase. Consequently, the method may comprise a discharge spray
sequence at discharge which comprises spraying liquid just before and/or during discharge of
the sludge phase and spraying liquid to the vessel 20 when sludge has been collected. Such a
spray sequence may be initiated by the control unit 30, which may thus be connected to or
form part of the control system of the whole centrifugal separator 1.

[0078] The sub-atmospheric pressure in the vessel 20 may give rise to foaming in the vessel
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20 due to the creation of bubbles from the released carbon-dioxide (CO5) that has been
discharged in the sludge phase. This is because the solubility of CO, is a function of
temperature and pressure of the liquid and from the amount of dissolved CO5,. Foam in the

vessel 20 may activate the high-level switch 22 and as a response to this, the method
comprises an additional step g) of spraying 107 liquid into the vessel 20 after step f) has been
performed. This additional spraying of liquid, which is thus outside the discharge spray
sequence, is to reduce the level of foam present in said vessel 20. Such a step g) is thus
performed initiating a further discharge of a separated sludge phase, i.e. before initiating a
further discharge spray sequence.

[0079] The additional spraying of step g) may also be activated by the control unit based on
input from the level switch 22. Thus, step g) comprises receiving 108 information that that
there is still matter (foam) present in the vessel 20 after step f) has been performed, and then
spraying 107 liquid into the vessel 20 after step f) to reduce the level of foam present in the
vessel 20.

[0080] Thus, the control unit 30 is configured to

« initiate spraying of liquid via the spray nozzles 21a, 21b into the vessel 20 before
discharge

= initiate spraying of liquid via the spray nozzles 21a, 21b into the vessel 20 when sludge
has been collected in the vessel

» receive input from level switch 20 that there is still matter present in the vessel after
sludge has been removed from the vessel, and

e initiate an additional spraying of liquid via the spray nozzles 21a, 21b based on the
received input from the level switch 22 to reduce foam in the vessel 20.

[0081] The control unit 30 may further be configured to control the discharge of the sludge
phase from the centrifuge bowl 10. The discharge may be controlled via an operating water
module OWM (not shown) as known in the art. Consequently, the control unit 30 may be
further configured to

= initiate discharge of a sludge phase from centrifuge bowl 10.

[0082] The invention is not limited to the embodiment disclosed but may be varied and
modified within the scope of the claims set out below. The invention is not limited to the
orientation of the axis of rotation (X) disclosed in the figures. The term "centrifugal separator”
also comprises centrifugal separators with a substantially horizontally oriented axis of rotation.
In the above the inventive concept has mainly been described with reference 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
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concept, as defined by the appended claims.
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FREMGANGSMADE TIL SEPARATION AF EN VAESKEBLANDING I EN
CENTRIFUGALSEPARATOR

PATENTKRAV
1. Fremgangsmade (100) til separation af en vaskeblanding i en centrifugalseparator (1), hvor
centrifugalseparatoren (1) omfatter

en centrifugeskal (10), der er indrettet til at rotere omkring en rotationsakse (X), og hvori
separationen af en vaskeblanding finder sted,

en ramme (2), der afgrenser et omgivende rum (3), som er tetnet i forhold til rammens (2)
omgivelser, og hvori centrifugeskalen (10) er anbragt,

et drivelement (4), der er konfigureret til at rotere centrifugeskalen (10) i forhold til rammen (2)
omkring rotationsaksen (X), hvor centrifugeskalen (10) endvidere omfatter et indleb (11) til modtagelse af
vaskeblandingen, der skal separeres, mindst ét vaskeudlob (12) til udledning af en separeret vaskefase og et
slamudleb (14) til udledning af en separeret slamfase til det omgivende rum (3),

en beholder (20), der er forbundet med det omgivende rum (3) og indrettet til opsamling af den
separerede slamfase udledt fra centrifugeskalen (10),

hvor fremgangsmaden (100) omfatter folgende trin

a) tilforsel (101) af en flydende fodeblanding, der skal separeres, til centrifugeskalens (10)
indleb (11),
b) separering (102) af den flydende fodeblanding i mindst én separeret vaskefase og en

separeret slamfase,

) fjernelse (103) af gas fra det omgivende rum (3) for at opna et subatmosferisk tryk i det

omgivende rum (3),

d) udledning (104) af en separeret slamfase til det omgivende rum (3),

e) opsamling (105) af slamfasen i beholderen (20),

f) fijernelse (106) af slamfasen fra beholderen (20),

2) sprojtning (107) af vaske ind i beholderen (20) efter trin f) for at reducere niveauet af skum

til stede i beholderen (20).

2. Fremgangsmade (100) ifelge krav 1, hvor trin g) omfatter sprojtning (107) af vasken ind i
beholderen (20) fra beholderens (20) top.

3. Fremgangsmade (100) ifelge et hvilket som helst foregaende krav, hvor trin g) omfatter sprojtning
(107) af vaesken med spraydraber, der er storre end en tage.

4, Fremgangsmade (100) ifelge et hvilket som helst foregaende krav, hvor beholderen (20) er en
cyklon.
5. Fremgangsmade (100) ifelge et hvilket som helst foregaende krav, hvor den flydende fodeblanding

omfatter en oplest gas, saisom CO,.

6. Fremgangsmade (100) ifelge krav 5, hvor vaskeblandingen er en vaskeblanding i forarbejdning af

ol.
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7. Fremgangsmade (100) ifelge et hvilket som helst foregiaende krav, hvor trin g) omfatter modtagelse
(108) af information om, at der stadig er materiale til stede i beholderen (20), efter at trin f) er udfort.

8. Fremgangsmade (100) ifelge krav 7, hvor informationen modtages fra en niveauafbryder (22)
anbragt i beholderen (20).
9. Fremgangsmade (100) ifolge et hvilket som helst foregaende krav, hvor trin g) udferes for initicring

af en yderligere udledning af en separeret slamfase.
10. Fremgangsmade (100) ifelge et hvilket som helst foregaende krav, hvor trin d) omfatter sprojtning
(109) af vaske til beholderen (20) for udledning af en separeret slamfase.
11. Fremgangsmade (100) ifelge et hvilket som helst foregaende krav, hvor trin ¢) omfatter sprojtning
(110) af vaeske til beholderen (20) efter opsamling af slamfasen for at fugte slamfasen.
12. Fremgangsmade (100) ifelge et hvilket som helst foregaende krav, hvor trin ¢) ligeledes indebearer
fjernelse (103) af gas for at opna et subatmosferisk tryk i beholderen (20).
13. Fremgangsmade (100) ifelge et hvilket som helst foregaende krav, hvor trin ) udferes ved hjlp af
en slampumpe (25).
14. Centrifugalseparator (1) til separering af mindst én vaskefase og en slamfase fra en flydende
fodeblanding, omfattende

en centrifugeskal (10), der er indrettet til at rotere omkring en rotationsakse (X), og hvori
separationen af vaskeblandingen finder sted,

en ramme (2), der afgrenser et omgivende rum (3), som er tetnet i forhold til rammens (2)
omgivelser, og hvori centrifugeskalen (10) er anbragt,

et drivelement (4), der er konfigureret til at rotere centrifugeskalen (10) i forhold til rammen (2)
omkring rotationsaksen (X), hvor centrifugeskalen (10) endvidere omfatter et indleb (11) til modtagelse af
vaskeblandingen, der skal separeres, mindst ét vaskeudleb (12) til udledning af en separeret vaeskefase og et
slamudleb (14) til udledning af en separeret slamfase til det omgivende rum (3),

en beholder (20), der er forbundet med det omgivende rum (3) og indrettet til opsamling af den
separerede slamfase udledt fra centrifugeskalen (10),

en pumpeanordning (26), der er indrettet til fjernelse af gas for at opna subatmosferisk tryk i det
omgivende rum (3),

en sprojteanordning (21a, 21b) til sprojtning af veeske ind i beholderen (20),

en slampumpe (25) til fjernelse af slam fra beholderen (20),

en styreenhed (30), der er konfigureret til at initiere sprojtning af vaske ind i beholderen (20), efter
at slam er fjernet fra beholderen (20) for at reducere niveauet af skum til stede i beholderen (20).
15. Centrifugalseparator (1) ifelge krav 14, og som endvidere omfatter en niveauafbryder (22) anbragt i
beholderen (20), og hvor styreenheden (30) er konfigureret til at modtage input fra niveauafbryderen (22),
efter at slam er fjernet fra beholderen (20), og til at initiere sprojtning af vaske ind i beholderen (20), hvis
inputtet fra niveauafbryderen (22) indikerer, at der stadig er materiale til stede i beholderen (20).
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101 — a) supplying a liquid feed mixture
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b) separating the liquid feed mixture

102 — |
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103 — ¢) removing gas
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spraying liquid in vessef
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104 — d) discharging sludge phase 111
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discharging at least one liquid phase

105 — e) collecting sludge phase in vessel 110

L/

spraying liquid in vessel
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f) removing sludge phase from vessel 108
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receiving information from level switch

106 —
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107 — @) spraying liquid into vessel

Fig. 2
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