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Description

The invention relates to a separator according to the preamble of claim 1.

From WO 2014/000829 A1 a separator for separating a flowable product into
different phases is known, which has a rotatable drum with a drum lower part
and a drum upper part and a means arranged in the drum for processing a
suspension in the centrifugal field of solids or for separating a heavy solid-like
phase from a lighter phase in the centrifugal field, wherein one, several or all
of the following elements consist of plastic or a plastic composite material: the
drum lower part, the drum upper part, the means for clarifying. In this way it is
possible to design a part of the drum or preferably even the entire drum - pref-
erably together with the inlet and outlet systems or areas - for single use,
which is of particular interest and advantage with regard to the processing of
pharmaceutical products such as fermentation broths or the like, since after
operation for the processing of a corresponding product batch in preferably
continuous operation during the processing of the product batch, no cleaning
of the product-contacting parts of the drum has to be carried out, but the drum
as a whole can be replaced. Especially from a hygienic point of view, this sep-
arator is thus very advantageous. In order to achieve a physical separation
between this disposable drum and the drive, a contact-free coupling between
the drive and the drum is advantageous.

A device for separating blood into two phases of different density is known
from WO 2015/1100501 A1, containing a magnetic drive device and a con-
tainer which is set into rotary motion about its own axis by the drive device,
wherein the container comprises at least one open end and at least one inlet
therein, and wherein the container is mounted so as to float magnetically. In
this respect, the discharge of the two phases which is formed during centrifu-
gal separation from the open, cup-like rotor and is solved in an unsatisfactory

manner is problematic.

In WO 2015/1100501 A1 it is also proposed to insert the rotating container
into a non-rotating housing surrounding the rotating container, which is closed

except for an inlet and two outlets. Through the stationary housing, a central
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inlet pipe is led vertically from above into the rotating container, from which a
first phase is again pumped vertically upwards with a kind of peeling member,
and wherein the rotating container further has at its vertically upper end an
overflow for a second phase, so that this flows during operation into the sur-
rounding non-rotating housing, so that the latter fills during operation until the
liquid phase also flows out of the stationary housing again through an overflow
to the outside. This design has the disadvantage that higher speeds are hardly
feasible, since the inner - rotating - container rotates in the liquid collecting in
the housing.

A similar state of art with open pot-like drums is shown in the generic WO
2013/116800 and JP S57 164 A.

It is the object of the invention to solve this problem.

This separator is also very well suited for operation at higher speeds. In addi-
tion, it can also be used well for one-off processing - for example for centrifu-
gal separation of a product batch of a flowable suspension into different
phases - and then disposed of. There is a particular advantage here in that, in
addition to a lower axial bearing in the first vertical alignment of the axis of ro-
tation, a further axial bearing is provided - for example, at an opposite end of
the drum or, optionally, also in the drum. This is because this allows the axis
of rotation of the drum to be arranged vertically, but alternatively also advanta-
geously inclined from the vertical. Any arrangement of the axis of rotation is
possible. The axis of rotation can therefore be inclined at an angle of 0-180°,
from the original vertical, for example, it can also be aligned horizontally, i.e. it
can be aligned inclined by 90° to the vertical. Therefore, a suspended ar-
rangement of the drum is also possible, so that the axis of rotation is quasi ro-
tated, so that the inlet opening can be directed downwards, without causing
storage problems of the drum.

Insofar as "a first vertical alignment of the axis of rotation" is considered here
or below, this means that the position of the elements of the centrifuge in a
vertical alignment of the axis of rotation as described can be realized or is
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realized. Practically, however, the axis of rotation can then also be oriented
obliquely to the vertical alignment.

According to an advantageous design, it is provided that the two support
and/or drive units are arranged axially offset from one another in the direction
of the axis of rotation and that, in a first vertical alignment of the axis of rota-
tion, the lower and/or the upper of the two support and/or drive units is de-
signed to support the drum axially and keep it suspended. It is then preferably
provided that, in the first vertical alignment of the axis of rotation D, the sec-
ond of the support units is arranged above the first magnetic bearing. In addi-
tion, therefore, either the lower of the two support and/or drive units can hold
the drum in suspension, or the upper or both support and/or drive units can
perform this task. It can then advantageously be further provided that one
and/or both of the support and/or drive units is/are designed and can be used
to set the drum rotating within the housing. It is particularly advantageous if
both of the support and/or drive units are designed so that they can optionally
be used individually or jointly for this drive.

According to one option, it can be provided that the first of the support and/or
drive units is designed as a combined bearing device which, in addition to an
axial bearing, also provides a radial bearing for the drum. It can further be pro-
vided optionally or alternatively, however, that the second or further of the
support and/or drive units is designed as a combined bearing device which, in
addition to an axial bearing, also effects a radial bearing of the drum. This ad-

vantageous combination can be implemented in different ways in each case.

For example, one or both of the support and/or drive units may have a radial
bearing and an axial bearing. The terms "radial bearing" and "axial bearing"
are to be considered more functionally. They can be formed by two separate
structural bearings or by a single bearing that combines the functions of axial
bearing and radial bearing.
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It can also be advantageously provided that the at least one or both bearing
device(s), which in addition to a radial bearing also effect(s) an axial bearing

of the drum, comprise(s) a bearing acting obliquely to the axis of rotation D.

According to the invention, a wide variety of separators can be realized. For
example, the separator can be designed as a clarifying device with which a
suspension of solids can be clarified, wherein preferably only the clarified sus-
pension can be discharged from the drum and from the housing. However, it is
also possible for the separator to be designed as a separating device with
which a suspension can be separated alternatively or additionally into two
flowable phases, both of which can be discharged from the housing.

It is useful if the housing has at least two openings, one of which is designed
for a feed of a suspension to be processed in the centrifugal field and at least
one of which is designed for a discharge of a phase of the suspension pro-
cessed in the centrifugal field. However, it is also conceivable that the housing
has exactly three openings or more than three openings. The housing can oth-
erwise be designed to be hermetically closed.

And finally, it can be further advantageously provided that the housing has ex-
clusively three openings and is otherwise designed to be hermetically closed.
This makes it easier to create a separator that has the disposable components
"drum" and "housing", whereas at least parts of the support and drive device

are reusable.

Thus, it may also be provided that the housing further comprises at least one

functional opening, in particular for connecting a device generating a vacuum.

It is conceivable that the drum in the housing has at least one inlet and only
one single outlet or a plurality of outlets.

The at least one of the support and/or drive units, which in addition to a radial

bearing also provides an axial bearing for the drum, can act permanently
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and/or electromagnetically. Alternatively, however, it can also be advanta-
geously provided that it acts in the manner of a plain bearing. This variant of
the invention is particularly inexpensive and simple to implement in terms of
design. In particular, the plain bearing is sufficiently suitable for a centrifuge to
be used only once.

According to an advantageous variant, it can be provided that the inlet is
formed as an inlet pipe which, with a first vertical alignment of the axis of rota-
tion, extends vertically from above in the direction of the center of the housing.

It may also be provided that the two outlets are radially aligned.

In a particularly preferred, advantageous variant, the plain bearing is formed
by a mandrel-like inlet pipe which is supported by a centering tip in a corre-
sponding recess in the distributor base. In this way, a particularly cost-effec-
tive bearing is realized, in which several functions - axial bearing, radial bear-
ing, feed function - are advantageously combined. In this way, too, the axis of
rotation of the drum can again be arranged inclined to the vertical.

It is also advantageous if the two outlets are aligned radially, wherein both out-
lets are formed at an upper axial end of the drum when the axis of rotation is
aligned vertically for the first time. This results in a single connection side for
the discharge of the liquid phases.

In order to achieve particularly high speeds and for particularly stable opera-
tion, it can be advantageously provided that the first liquid outlet is formed on
the drum in the upper axial region - preferably at the upper axial end - and the
second liquid outlet is formed in the lower axial region of the drum - preferably
at the lower axial end of a cylindrical section of the drum. However, these out-
lets can also both be formed at a common end of the drum.

It can also be provided that a further - preferably then a third - of the support
and/or drive units is designed to radially support the drum in a first vertical

alignment and to set it in rotation.
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It can be further advantageously provided that one or more seals are arranged
between the drum and the housing - in particular in the region of one or more
outlets. In this way, for example, mixing of the liquid phases to be discharged
can be reliably avoided if two or both outlet openings are arranged axially next
to each other or close to each other, e.g. at the upper axial end of the drum.

It can be further advantageously provided that at least one of the two liquid
outlets is associated with a device for adjusting the separation zone within the

drum.

A separator can thus be created according to the main claim and according to
one or more of the subclaims in each case, in which the drum and the housing
are designed as a disposable separator and which can be disposed of after a

single use, wherein the at least two support and/or drive units are designed to

be removably reusable from the outside of the housing.

It is also advantageous to use a separator as a disposable separator which is
disposable after a single use, wherein the at least two support and/or drive
units are removable or detachable from the outside of the housing before-
hand.

It should also be noted that features a) to g) also in themselves create an ad-
vantageous separator, although further separators according to the invention
can be created by combining these features with one or more of the sub-

claims.

Advantageous designs of the invention are to be taken from the subclaims.

In the following, the invention is described in more detail by means of exem-
plary embodiments with reference to the drawing, wherein further advanta-

geous variants and designs are also discussed. It shows:



10

15

20

25

30

DK/EP 3930909 T3

7
Fig. 1: a schematic representation of a first centrifuge;
Fig. 2: a schematic representation of a centrifuge according to the in-
vention;
Fig. 3: a schematic representation of an embodiment variant of the cen-

trifuge according to Fig. 2;

Fig. 4: a schematic representation of an embodiment variant of the cen-

trifuge according to Fig. 3;

Fig. 5: a schematic representation of a further centrifuge according to

the invention; and

Fig. 6: a schematic representation of a centrifuge according to the in-

vention.

A centrifuge 1 according to the prior art (see Fig. 1) has a housing 10 which is
stationary during operation. This housing 10 is preferably made of a plastic
material or of a plastic composite material. Here, the housing 10 has a lower
cylindrical section 101 and an upper conical section 102. The lower cylindrical
section may in turn be divided into cylindrical portions of different diameters.

The housing 10 is designed in the manner of a container, which is advanta-
geously designed in a hermetically closed manner except for three openings
(to be discussed). These openings are an inlet opening 103 and two outlets
104, 105. The inlet opening 103 is penetrated by an inlet pipe 106 which ex-
tends vertically from above in the direction of the center of the housing 10.
The two outlets 104, 105 extend here substantially radially.

The first outlet 104 is formed here in the upper - here conical - section 102 of
the housing 10. Preferably, it is formed directly at the upper end of the housing
10. The second outlet 105, on the other hand, is formed here in the lower



10

15

20

25

30

DK/EP 3930909 T3

section 101, here cylindrical, here in the vertically lower end of a region of the

cylindrical section 101 of the housing 10.

Upstream of the outlets 104, 105 are annular spaces 107, 108 of the housing.
The outlets allow fluid to drain from the annular spaces 107, 108 during opera-
tion of the then rotating drum 20. The significance and beneficial effect of

these annular spaces 107, 108 will be further explained below.

The outlets 104, 105 of the housing are designed here as nozzles leading ra-
dially out of the housing 10, to which lines, in particular hoses or the like (not
shown here), can be connected (not shown here). Preferably, one inlet and
several outlet lines, in particular outlet pipes or hoses, are connected to the in-
lets and outlets.

A rotatable drum 20 with an imaginary "ideal" axis of rotation D, which is a ver-
tical axis of rotation, is arranged inside the housing 10. The real axis of rota-

tion deviates from this "ideal axis of rotation" D due to precession movements.

The drum 20 and its components are also made entirely, or at least for the
most part (ideally except for magnets to be explained), of a plastic material or
of a plastic composite material. Here, the drum 20 also has a lower cylindrical
section 201 and an upper conical section 202.

The inlet pipe 106 of the housing 10, like the latter, is stationary during opera-
tion. Here, it extends vertically from above through the inlet openings of the
housing 10 into the drum 20 and into a distributor pipe 203 of the distributor
204 of the drum 20, which is concentric with the inlet pipe.

A bearing device 310 can be formed between the inlet pipe 106, which does
not rotate during operation, and the rotating distributor pipe 203 of the drum
20. This bearing device 310 is designed as a radial bearing 311, which is pref-
erably designed here as a magnetic bearing, which is intended to stabilize the
drum 20 at its upper end during operation. This radial magnetic bearing 311 at
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the upper end of the drum 20 - also called drum head - reduces possible oscil-
lating movements of the drum 2 in a simple way. It comprises, for example,
corresponding magnets distributed circumferentially around the inlet pipe 106
and in the distributor pipe 203, which are arranged radially to one another at
defined distances and interact in the manner of magnetic bearings.

The distributor pipe 203 of the distributor 204 opens downward into radial dis-
tributor channels 205, which lead into a separation chamber or centrifugal

chamber 206. A clarifying agent such as a disk pack 207 may be disposed in
this separation chamber 206. The distributor 204 may have a distributor base
205a, which in turn has a lower cylindrical extension 205b that projects down-

ward axially from the drum 20, in particular from its cylindrical section 201.

In the separation chamber 206, a suspension S to be processed, which is fed
into the drum 20 through the inlet pipe 106, is separated by centrifugal force
into at least two flowable phases LP and HP of different density during the
driven rotational operation of the drum 20. The lower density phase LP flows
radially inwardly in the separation chamber 206, where it is discharged up-
wardly through a first drainage channel 208 into the radial outlet 209 and is
ejected radially through the radial outlet 209 from the rotating drum into the
first annular chamber 107. Here, the phase LP leaves the drum at a radius ro.
From there, it flows out of the housing 10 through the upper outlet 104, circling

in the annular space due to its momentum.

The higher-density phase HP flows radially outwardly in the separation cham-
ber 206 and is directed downwardly via a separating plate or annular weir 210
into a second drainage channel 211 below the annular weir 210 here first ra-
dially inwardly and is ejected radially therefrom from the rotating drum 20 into
the second lower annular chamber 108. From there, this second liquid phase
of greater density flows - circling in the annular space 108 due to its momen-
tum - through the second lower outlet 105 out of the housing 10. Here, the

phase HP leaves the drum at a radius ru. Through the ratio of ro 1o ru, the



10

15

20

25

30

DK/EP 3930909 T3

10

radius of the separation zone between the two phases within the disk
pack can be adjusted and thus a regulation of the flow rates of the individual
phases can be realized. For this purpose, the radius ru is changed in a

simple manner by means of an orifice plale (not shown here).

In the vertical region between the outlets 104 and 105, the housing 10 and the
drum 20 are spaced apart by an air gap LS. This is advantageous because a
high rotational speed of the drum 20 can be achieved relatively easily in this
way. The air gap LS does not fill in this region with one of the phases HP, LP
to be discharged.

In sealed centrifuges according to the invention, as shown in Fig. 4, the gas
pressure in this air gap can be reduced by a vacuum device in a further vari-
ant. This reduces the air friction of the rotating drum and thus the required
drive energy for the drum. The negative pressure device can be connected for
this purpose, for example, in the lower section 101 of the housing 10 (not

shown).

In another variant of the sealed centrifuges according to the invention, as
shown in Fig. 4, the air in the air gap (LS) can be replaced by a gas with a
lower density than air, such as helium. This also reduces the air friction of the
rotating drum and thus the required drive energy for the drum. An appropriate
gas supply can be connected for this purpose, for example, in the lower sec-
tion 101 of the housing 10 (not shown).

The drum 20 is suspended and rotated within the housing 10 by a support and
drive device 30. The support and drive device 30 can have one or more sup-
port and/or drive units which can operate according to an electro-magnetic or

permanent-magnetic operating principle.

Here, it preferably comprises at least two or three of these support and/or

drive units.
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For example, the support and drive device 30 may include the upper bearing

device 310 described above as the support and/or drive unit.

The support and drive device 30 may further include a lower axially acting
bearing device 320 as the support and/or drive units.

This lower axially acting bearing device 320 also serves to levitate the drum

20 axially within the housing 10. It may include first magnets 321 on an abut-
ment, for example on the bottom of the housing or on a stator 331 below the
housing 10.

In addition, the axially acting bearing device 320 may have second magnets
322 arranged axially above and spaced from the first magnets 321 in the
lower region, particularly in the lower region of the drum 20.

These first and/or second magnets 321, 322 can be designed as suitably
aligned or poled permanent magnets, such that the drum 1 can be held axially
in suspension during rotary operation. For this purpose, these magnets 321,
322 can be arranged circumferentially or suitably circumferentially distributed
on two vertically aligned circles of the same diameter in such a way that their
action ensures that the drum 20 is held in suspension within the housing in an
axially magnetically levitating manner. Electromagnets including a suitable
control davice {not shown here) can also be used for the function of the first
magneis 321.

The support and drive device 30 may further include an electric motor 330
having a rotor magnet 332 formed on the drum 20 and a stator 331 and stator
magnet 333 formed outside the housing 10. The drum is centered by suitable
control of the stator magnets 333.
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Overall, a lower support and drive unit is formed in this way. This can be oper-
ated electromagnetically. However, it can also be driven by rotating perma-

nent magnets.

Such support and drive devices or theilr support and drive units are usad by
the company Levitronix, for example, {o drive centrifugal pumps
{(EP2273124B1).

During operation, the drum 20 rotates, being held axially in suspension and ra-
dially centered. Preferably, the drum 20 is operated at a speed of between
1,000 and 20,000 revolutions per minute. The forces generated by the rotation
lead to the separation of a suspension to be processed into different flowable
phases and to their discharge, as already described in detail above.

With the described embodiment it is again possible to create a separator in-
cluding housing 10 which can be designed for single use except for the drive
system and parts of the bearing, which again is of interest and advantage es-
pecially with regard to the processing of pharmaceutical products such as fer-
mentation broths or the like, since after operation for processing of a corre-
sponding product batch in preferably continuous operation during the pro-
cessing of the product batch no cleaning of the drum has to be carried out, but
the separator including housing can be replaced as a whole. If necessary, in-
dividual elements such as magnets can be suitably recycled.

To avoid repetition, essentially only differences between the centrifuge 1 ac-
cording to the invention and the prior art explained in detail above will be de-
scribed below.

At least one of the support and/or drive units of the drum 20 of the centrifuge 1
according to the invention as shown in Fig. 2 has here at least one bearing de-
vice 310 which is designed in such a way that, in addition to a radial bearing, it

also provides an axial bearing.
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According to one variant, the bearing device 310 can have a radial bearing
311 and an axial bearing 312, as shown. These can - as shown - both be de-
signed as magnetic bearings. Alternatively, it is conceivable to design them as
plain bearings (see, for example, Fig. 3). There can also be provided at the
top and further down on the drum in each case a support and/or drive unit with
in each case a bearing device and optionally a drive unit, which in each case
in addition to a radial bearing also effect an axial bearing and can optionally
also be used individually or together for (rotary) drive. Then the drum 10 can
be driven either at the top or at the bottom or at one of its ends or at both
ends. The two support and/or drive units can also be of identical design, which
is very advantageous. A control device not shown here can be used for con-

trol.

The bearing device 310 - here at the upper end of the drum 20 in the first ver-
tical alignment - also called drum head - mitigates possible oscillating move-
ments of the drum 2 in the radial direction in a simple way.

For this purpose, the radial bearing 311 designed as a magnetic bearing here
has corresponding magnets distributed circumferentially around the inlet pipe
106 and in or on the distributor pipe 203, which are radially spaced and inter-

act in the manner of magnetic bearings.

Furthermore, the axial bearing 312 designed as a magnetic bearing has mag-

nets which are coaxial with the inlet pipe 106 and distributed circumferentially

around the inlet pipe 106, which are arranged in the manner of magnetic bear-
ings between the drum head of the rotating drum 20 and the housing 10 and

act in the axial direction.

In this way, the axis of rotation D of the drum 20 can be advantageously ar-
ranged inclined from the vertical, even if a first vertical alignment is shown in
Fig. 2, which can of course also be realized. However, a quasi arbitrary other
spatial orientation of the axis of rotation D is also possible. The axis of rotation
D can therefore be inclined at an angle of 45° from the vertical, for example, or
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it can also extend horizontally - i.e. be inclined by 90° to the vertical. Further-
more, a suspended arrangement of the drum 20 is also conceivable, so that
the axis of rotation D is inclined by 180° with respect to the arrangement in
Fig. 2, without causing bearing problems for the drum 20. This would be a

second vertical alignment of the axis of rotation that is feasible.

One of the support and/or drive units of the drum 20 of the centrifuge 1 ac-
cording to the invention of the variant shown in Fig. 3 comprises as the bear-
ing device 310, which in addition to the radial bearing 311 also effects an axial
bearing 312 of the drum 20, a bearing 315 acting obliquely to the axis of rota-
tion D. The bearing 315 acting obliquely to the axis of rotation D is designed

as a plain bearing 315.

The plain bearing 315 is formed by a centering tip 110 of a mandrel-like inlet
pipe 106 and a recess 212 corresponding to the centering tip 110, which is
formed by the distributor base 205a and in which the centering tip 110 is sup-
ported.

Due to its geometric design, the plain bearing 315 can support both radial
forces and axial forces. A combined radial bearing 311 and axial bearing 312

is thus formed.

A connection to the disk pack 207 is provided by a radial opening 111, which

is designed here as a bore, in the inlet pipe 106.

As a result, the axis of rotation D of the drum 20 can advantageously be ar-
ranged inclined from the first vertical as shown in Fig. 3. Any arrangement of
the axis of rotation D is possible. The axis of rotation D can in turn be aligned
at an angle or inclination to the first vertical as desired. For example, it can be
inclined at an angle of 45° from the vertical, or it can also extend horizontally,
i.e. inclined by 90° to the vertical. Furthermore, a suspended arrangement of

the drum 20 is also possible, so that the axis of rotation D is inclined by 180°
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to the arrangement in Fig. 3 in a second vertical, without causing any bearing
problems for the drum 20.

The embodiment variant of the centrifuge 1 shown in Fig. 4 may correspond to
the embodiment variant shown in Fig. 3 with respect to the design of the sup-
port and drive device 30 of the drum 20.

Deviating from this, the embodiment variant of the centrifuge 1 according to
Fig. 4 comprises a drum 20 in which, with the first vertical alignment of the
axis of rotation D shown, the outlet 105 of the heavier phase is also arranged
in the region at the upper vertical end of the drum or in the region of the drum
head. The outlet 105 of the heavier phase is aligned radially. It is located axi-
ally below the outlet 104 of the lighter phase. Inside the drum, the phases to
be separated are directed to these outlets accordingly. For example, the
heavy phase is directed via a separating plate 213 to the outlet 105 and the

lighter phase is directed radially further inwards to its outlet 104.

The outlets 104, 105 are in turn preceded by annular spaces 107, 108 of the
housing. The outlets allow liquid to drain from the annular spaces 107, 108

during operation of the then rotating drum 20.

In order to seal the outlets 104, 105 and/or the annular spaces 107, 108, in
particular to seal them against each other, one or more seal(s) 109 may be

provided between the drum 10 and the housing 20.

In the example of Fig. 4, two radially acting seals 109a and b in the air gap
seal an axially upper outer portion of the drum 10 from the axially upper inner

portion of the housing 20.

Another axially acting seal 109c seals an axially upper wall or other boundary
of the drum 10 against an axially upper wall of the housing 20.
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The seal(s) 109 is/are preferably designed here as a mechanical seal. Alterna-
tively, other seals such as Elring seals can also be used.

According to Fig. 5, it is provided that the separator is designed as a clarifying
device with which a solids-laden liquid - a suspension - can be clarified from
solids. For this purpose, the inlet pipe 106 extends through the upper opening
103 of the housing into the drum 20 through an upper opening in the drum.
The feed of the suspension is again carried out through the distributor chan-
nels 205 into the separation chamber 206, where the solids of the suspension
separate from a suspension to be clarified, in particular in the disk pack 207.
They collect in the drum 20 in the area of the largest inner diameter or inner
radius and accumulate there. Optionally, they form a ring of solids on the in-
side of the drum wall. The liquid phase clarified in this way flows inwards and
then upwards out of the drum 20. The solids are not discharged, but remain in
the drum and are disposed of with it after processing of a corresponding prod-

uct batch. In this way, for example, a liquid can be cleaned of metal particles.

The drum 20 here has only a single upper opening from which both the inlet
pipe 106 protrudes and a distributor pipe 203 extending concentrically thereto.
The outlet 209 is formed between the outer circumference of an upper section
of one of the distributor pipes 203 and the inner circumference of the upper
end of the drum 20. From there, the purified liquid flows into an annular space
107 and from there in this case radially outwardly from the housing through
the outlet 104, onto which a hose or the like may be fitted. An advantageous
single-use separator is also created in this way. By way of example, the sepa-
rator is otherwise constructed - in particular with regard to the bearings and/or
drive device - in the manner of the separator of Fig. 3, but can also be con-

structed differently, for example in the manner of Fig. 1 or 2.

The separator of Fig. 6 is similar to that of Fig. 5, but is designed as a separa-
tor. In this way, a heavy phase - for example a solid phase or a liquid phase -

can also be discharged from the drum. In this case, for this purpose, it is pro-

vided that the drum has two or more solids outlet nozzles 214 on its outer
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circumference, which pass through the drum wall (radially or obliquely to the
radial) in a circumferentially distributed manner in the region of the largest in-
ner diameter of the drum 20. During clarification of a suspension which has
been fed into the drum 20 as in Fig. 5, the solids or other heavy phase thus do
not continue to accumulate on the outside of the drum, but are pushed out of
the drum through the solids outlet nozzles. They thus collect on the inner wall
of the housing, for example, in an annular space/annular channel 112 and ro-
tate there and are discharged from the housing 10 through an outlet and
opening 113 of the housing or collected on the housing in an annular tank or
the like of the housing (not shown here).

In this way, the separator is designed as a separating device with which a sus-
pension can be separated into two flowable phases or a flowable phase and a
solid phase, wherein these phases can each be conducted separately out of

the housing. The term separator here thus also refers to the fact that the sepa-

rated phases can be discharged separately from the drum and from the hous-

ing.

According to Fig. 5, the housing 10 has only two openings for at least one inlet
and at least one outlet. According to Fig. 3, on the other hand, the housing
has only three openings for at least one inlet and at least two outlets.

Alternatively, however, the housing could also have at least one further func-
tional opening, an opening for connecting a device generating a vacuum or a
negative pressure or for introducing an inert gas or the like (not shown in each

case).
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Patentkrav

1. Separator (1) til adskillelse af en flydende suspension (S) i et centrifugalfelt i

mindst to flydende faser af forskellig taethed (HP, LP), som omfatter fglgende:

a) et hus (10), der er stationazert under drift og er udformet som en beholder,
der har mindst to abninger,

b) en tromle (20) anbragt i huset (10) og drejelig om en drejeakse, med en
drejeakse (D) og mindst en abning,

c) hvor der i det mindste afsnitsvist eller gennemgaende er udformet en
spalte mellem tromlen (20) og huset (10),

d) en leje- og drivanordning (30), som har mindst to leje- og/eller driven-
heder, med hvilken tromlen (20) kan holdes sveevende, lejres og/eller seet-
tes i rotation i huset (10),

e) hvor en forste af leje- og/eller drivenhederne har et magnetleje, som |
det mindste er udformet til at lejre tromlen (20) aksialt og holde den svae-
vende, og

f) hvor mindst en yderligere af leje- og/eller drivenhederne er udformet til

at lejre tromlen (20) aksialt,

kendetegnet ved, at
i) der i tromlen (20} er anbragt en fordeler (204} og en adskillelsesmekanisme

udformet som en pladepakke (207).

2. Separator (1) ifelge krav 1, kendetegnet ved, at de to leje- og/eller drivenhe-
der i retning af drejeaksen (D) er anbragt forskudt aksialt i forhold til hinanden, og
at ved en forste vertikal justering af drejeaksen (D) den nedre og/eller den pvre af
de to leje- og/eller drivenheder er udformet til at lejre tromlen (20) aksialt og holde

den svaevende.

3. Separator (1) ifelge krav 1 eller 2, kendetegnet ved, at en af og/eller begge
leje- og/eller drivenhederne er udformet til og kan bruges til at saette tromlen (20)

i rotation i huset (10).

4. Separator (1) ifelge krav 1, 2 eller 3, kendetegnet ved, at den forste af leje-
og/eller drivenhederne er udformet som kombineret lejeanordning (310), som ud

over en aksiallejring ogsa bevirker en radiallejring af tromlen (20).
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5. Separator (1) ifelge krav et af de foregaende krav, kendetegnet ved, at den
anden eller yderligere af leje- og/eller drivenhederne er udformet som kombineret
lejeanordning (310), som ud over en aksiallejring ogsa bevirker en radiallejring af
tromlen (20).

6. Separator (1) ifelge et af de foregaende krav, kendetegnet ved, at en af eller

begge leje- og/eller drivenhederne har et radialleje (311) og et aksialleje (312).

7. Separator (1) ifelge et af de foregaende krav, kendetegnet ved, at mindst en
af lejeanordningerne (310), som ud over en radiallejring (311) ogsa bevirker en
aksiallejring (312) af tromlen, har et leje (315), der virker skrat i forhold til dreje-

aksen D.

8. Separator (1) ifglge et af de foregaende krav, kendetegnet ved, at den anden
af lejeanordningerne i den forste vertikale justering af drejeaksen D er anbragt over

det ferste magnetleje.

9. Separator (1) ifelge et af de foregaende krav, kendetegnet ved, at den er
udformet som klaringsanordning, med hvilken en suspension med faste stoffer kan
klares, hvor foretrukket udelukkende den klarede suspension kan ledes ud af trom-

len.

10. Separator (1) ifelge et af de foregdende krav, kendetegnet ved, at den er
udformet som adskillelsesanordning, med hvilken en suspension kan adskilles i to

faser, hvor begge disse faser kan ledes ud af tromlen.

11. Separator (1) ifelge et af de foregaende krav, kendetegnet ved, at huset har
mindst to dbninger (103, 104}, hvoraf en er til tilledning af en suspension, der skal
behandles i centrifugalfeltet, og mindst en er til udledning af en fase af suspensio-

nen, der er behandlet i centrifugalfeltet.

12. Separator ifelge et af de foregaende krav, kendetegnet ved, at huset har
mindst tre abninger (103, 104, 105).

13. Separator (1) ifelge et af de foregaende krav 11 eller 12, kendetegnet ved,
at huset desuden har mindst en funktionsabning, saerligt til tilslutning af en anord-

ning, der skaber vakuum.
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14. Separator (1) ifelge et af de foregadende krav, kendetegnet ved, at tromlen

har mindst et indleb og kun et enkelt eller flere udlgb.

15. Separator (1) ifalge et af de foregaende krav, kendetegnet ved, at indlebet
er udformet som indlgbsrgr (106), som ved en forste vertikal justering af drejeak-

sen D straeekker sig oppefra vertikalt gennem en af dbningerne i huset ind i tromlen.

16. Separator ifglge et af de foregaende krav, kendetegnet ved, at der ved en
forste vertikal justering af drejeaksen D pa tromlen (20) er udformet et forste vae-
skeudlgb (104) i det gvre aksiale omrade og et andet veeskeudlegb (105) i det nedre

aksiale omrade af tromlen (20).

17. Separator (1) ifelge et af de foregaende krav, kendetegnet ved, at de mak-
simalt to udlgb (104, 105) er justeret radialt, hvor begge udlgb (104, 105) ved en
forste vertikal justering af drejeaksen D er udformet pa det gvre aksiale omrade af

tromlen (20).

18. Separator (1) ifolge et af de foregdende krav, kendetegnet ved, at mindst et
af udlebene ud af tromlen omfatter faststofudkastabninger, seerligt faststofudkast-

dyser (214}, i tromlekappen.

19. Separator (1) ifglge et af de foregdende krav, kendetegnet ved, at den
mindst ene lejeanordning (310), som ud over en radiallejring (311) ogsa bevirker
en aksiallejring (312) af tromlen, mindst har et eller flere permanent- og/eller elek-

tromagnetisk virkende lejer.

20. Separator (1) ifelge et af de foregadende krav, kendetegnet ved, at den
mindst ene lejeanordning (310), som ud over en radiallejring (311) ogsa bevirker
en aksiallejring (312) af tromlen, mindst har et eller flere glidelejelignende virkende

lejer.

21. Separator (1) ifolge et af de foregaende krav, kendetegnet ved, at glidelejet
(315) er dannet af et dornlignende tillabsrer (106}, som stotter sig med en centre-
ringsspids (110) i en hertil korresponderende fordybning (212} i fordelersoklen
(205a).

22. Separator (1) ifolge et af de foregaende krav, kendetegnet ved, at mindst et

af de to veeskeudlgb (104, 105) har tilknyttet en anordning til justering af
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adskillelseszonen inde i tromlen (20).

23. Separator (1) ifelge et af de foregaende krav, kendetegnet ved, at der mel-
lem tromlen og huset - saerligt i omradet med et eller flere af udlgbene og/eller et

eller flere af de ringformede rum - er anbragt en eller flere teetninger (109).

24 . Separator ifglge et af de foregaende krav, kendetegnet ved, at huset (10)

har udelukkende to eller tre abninger (103, 104, 105) og ellers er hermetisk lukket.

25. Separator (1) ifelge et af de foregaende krav, kendetegnet ved, at tromlen

har en eller flere faststofudkastdyser.

26. Separator (1) ifelge et af de foregaende krav, kendetegnet ved, at spalten

er en luftspalte.

27. Separator (1) ifelge et af de foregaende krav, kendetegnet ved, at tromlen
og huset er udformet som envejsseparator, der kan bortskaffes efter engangsbrug,
hvor de mindst to leje- og/eller drivenheder er udformet aftageligt genbrugelige fra

husets yderside.
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