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A centrifugal rotor and a slide for such a rotor

A centrifugal separator comprising a rotor body, which is
rotatable around a centre axis, often has at least one
annular slide which is arranged coaxially with the rotor
body and is axially movable relative thereto during
rotation of the rotor. A slide of this kind, which is
comparatively thick and stiff in order not to be deformed
when it is subjected to large both radial and axial forces,
is as a rule adapted for opening and closing of certain
passages in the rotor body, e.g. outlet passages from a
separation chamber or flow passages for a so called

operating liquid. As a rule the slide is axially movable in

a hydraulic or pneumatic way but can alternatively or
additionally be influenced by meachnical springs of one
kind or another.

The radial guiding of the slide during its axial movements.
takes place as a rule in a way such that the radially inner
edge portion of the slide with an insignificant play
surrounds and is guided by a central cylindrical part of
the rotor body. In order to avoid that the slide causes
unbalance of the rotor during its rotation it is strived at
having a play as small as possible between the slide and
said part of the rotor body.

A problem in this connection is that the slide during its
axial movement in the rotor is sometimes subjected to
forces which tend to cause the slide to be inclined in
relation to the centre axis of the rotor body. This leads
to abutment between the slide and said central part of the
rotor body, so that friction forces come up. These can be
so large that they cause damages on the slide and/or the
rotor body.
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Different solutions to this problem have been proposed in

US-~-A-4,505,698 in connection with an annular slide that is
adapted for opening and closing of peripheral outlets from
a separation chamber of a centrifﬁgal rotor.

According to a first design proposal presented in US-A-
4,505,698 (Figures 1 and 2) the annular slide should be
formed in one single piece and have a centre part and a
circumferential part.'The'centre part should be in the form
of an axially expandable sleeve, which at one of its ends
is axially and radially fixed relative to the centrifugal
rotor and at its other end supports said circumferential
part of the slide. A separate radial guiding of the circum-
ferential slide part or said other end of the sleeve formed
centre part is said not to be necessary, as the sleeve
formed centre part should be sufficiently stiff to take up
radial forces which may influence the circumferential part
of the slide during operation of the centrifugal rotor.

According to a second design proposal presented in US-A-
4,505,698 (Figures 3 and 4) the annular slide should be
adapted to be centered by a separate member which
simultaneously constitutes a spring for axial actuation of
the slide.

According to a third design proposal presented in US-A-
4,505,698 (Figure 5) the annular slide by its radially
inner edge portion should be connected with the rotor body
through an annular rubber sleeve, which has a relatively
small axial spring constant but a relatively large radial
spring constant. Hereby, it is said, the slide could be
given a required axial movability and a very limited radial
movability.
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Said first design proposal is believed to be difficult to
realize, since weakening of the sleeve formed centre part
‘'of the slide in order to enable an axial movement of the
circumferential part of the slide is difficult to

5 accomplish without giving the circumferential part of the
slide an undesired possibility of also moving radially as a
consequence of radial forces coming up due to unbalance of
the rotor during its operation. Such unbalance forces are
normally very large. The same problem in connection with

10 unbalance of the centrifugal rotor can be forseen in
connection with said third design proposal which, like said
second design proposal, resides in the use of a separate
member for centering of the slide.

15 The object of the present invention is to provide a slide
for the rotor of a centrifugal separator, which is cheap to
manufacture and which, like the slide according to the
above mentioned first design proposal (Figure 1 in US-A-
4,505,698) is formed in one single piece and has a centre

20 part and a circumferential part movable axially in relation
thereto, but which slide is formed in a way such that it
can resist substantial forces striving to move the circum-
ferential part radially in relation to the centre part
during operation of the centrifugal rotor.

25
This object can be obtained according to the invention by a
slide, which comprises a centre part and a circumferential
part surrounding the centre part and being formed in one
single piece with and of the same material as the centre

30 part and which slide is formed for being mounted in a rotor
of a centrifugal separator for rotation therewith having
its said circumferential part extending around a centre
axis coinciding with the rotational axis of the rotor, at
least an annular portion of said circumferential part of

35 the slide being axially movable from a first position to a
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second position relative to at ieast a portion of said
centre part upon resilient deformation of the slide in an
annular area concentrical with said centre axis, the slide
being characterized in that said annular area has a radial
éxtension such that, upon said resilient deformation of the
slide, an anguiar change will come up - seen in an axial
section through the slide - between portions of the slide
situated at different distances from said centre axis.

A slide formed in this way may be made relatively thin and
flexible along a substantial part of its radial extension,
seen in said axial section through the slide. This means
that the slide requires a minimum space in the rotor, seen
in the axial direction, and can be given a relatively small
weight. With a slide formed according to the invention a
desired axial moVability can be accomplished without
difficulty between concentrical portions of the slide
without risk for radial movements coming up between these
portions as a consequence of unbalance forces, which may
influence the slide when it is used in a centrifugal rotor.

The slide according to the invention may be formed either

as a full disc or be annular, i.e. have a central hole

surrounded by a radial inner edge portion of the slide.

The invention also concerns a centrifugal rotor comprising
a rotor body, which has a centre axis, around which it is
rotatable, and a slide of the above defined kind mounted
for rotation with the rotor body with its circumferential
portion extending around said centre axis.

In a centrifugal rotor of this kind a slide, if it is
annular, can be connected with a central part of the rotor
body in different ways. Either the radially inner edge por-
tion of the slide may be just axially fixed relative to the
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rotor body but be allowed to form different angles with the
centre axis of the rotor body, or the same edge portion may
be fixedly clamped in the rotor bedy along part of its
radial extension, so that it can not be inclined relative
to the centre axis. The different alternatives for the
connection of the slide with the rotor body give different
pre-requisites for the deformation of the slide in the
above mentioned annular area.

The invention is described in the following with reference
to the accompanying drawings, in which Figure 1 shows a
schematical axial section of a half centrifugal rotor
according to the invention, Figure 2 illustrates in an
axial section a slide according to the invention, being
part of the centrifugal rotor according to Figure 1, both
in an unloaded state (Figure 2a) and in a loaded state
(Figure 2b), and Figure 3 illustrates a slide according to
the invention formed in an alternative way both in an
unloaded state (Figure 3a) and in a loaded state (Figure
3b).

Figure 1 shows a centrifugal rotor having a rotor body with
a lower part 1 and an upper part 2. The lower rotor body
part 1 is firmly connected with a central drive shaft 3,
and the upper rotor body part 2 by means of a lock ring 4
is releasably connected with the lower rotor body part 1.
By means of a driving means (not shown) the driving shaft 3
and the rotor body 1, 2 are rotatable around a centre axis
5.

Within the rotor body an annular slide 6 is connected at '
its radially inner edge with the lower rotor body part 1.
The connection between the slide 6 and the rotor body part
1 may be of any suitable kind. In this case a fastening
means is used which comprises a flat annular disc 7 that is
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firmly connected with a central portion of the rotor body
part 1, and a ring 8 having a non-circular cross section.
The ring 8 is keyed into an axial space between the disc 7
and the innermost edge portion of the slide 6 and is
pressing said edge portion against a shoulder on the inside
of the rotor body part 1.

The slide 6 forms within the rotor body a partition between
on the one side a separation chamber 9 and, on the other
side, a so called closing chamber 10.

A radially outer edge portion 11 of the slide 6 delimits a
narrow slot 12 between itself and the upper rotor body part
2, which slot extends the whole way around the centre axis
5 of the rotor. Radially outside and opposite to the slot
12 the rotor body part 1 has several through channels or
ports 13 distributed around the centre axis 5.

Said edge portion 11 of the slide 6 abuts through an
annular gasket 14 sealingly agéinst the inside of a radi-
ally outer cylindrical portion 15 of the lower rotor body
part 1. The edge portion 11 is intended to be moved during
operation of the rotor, when so is desired, axially
relative to the rotor body parts 1 and 2 while sealing
against the rotor body part 1, so that a communication in
the form of said slot 12 can be opened intermittently
between the separation chamber 9 and said ports 13.

The lower rotor body part 1 further has a number of
through channels 16 extending axially from the radially
inner part of the closing chamber 10 to the outside of the
rotor body part 1. The channels 16 open into an annular
groove 17 that is open radially inwardly and is formed by a
portion of the rotor body part 1.
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Further, the lbwer rotor body part 1 his a number of
through channels 19 which are distributed around the centre
axis 5 and extend axially from the radially outer part of
the closing chamber 10 to openings on the outside of the
rotor body part 1. In the area of each one of the channel
openings a valve member 20 is arranged for intermittent
axial movement to or from sealing abutment against the
cutside of the rotor body part 1, so that the closing
chamber 10 can be intermittently put in communication with
‘the surrounding of the rotor through the channels 19. The

‘valve members 20 as well as the equipment required for the
‘operation of the valve members are well known to people
‘skilled in the art, and for this reason these detalls are

not shown or described more closely. Their shape has no
significance for the present invention.

“'Figure 1 further shows a stationary inlet pipe 21 for

supplying a liquid mixture to be subjected to centrifugal
séparation into the rotor. The inlet pipe 21 opens in a
central receiving chamber 22, which is surrounded by a

‘Gonical partition 23 and communicates with the separation
“chamber 9 through passages 24 distributed around the centre

axis 5. The conical partition 23 that separates the
receiving chamber 22 from the separation chamber 9 is
connected with the lower rotor body part 1 in a way not
shown. A lower annular part 25 of the partition 23 supports
in the separation chamber 9 a stack of frusto-conical

‘geparation discs 26.

Frée liquid surfaces formed during operation of the centri-

‘fitgal rotor in the receiving chamber 22, the separation

chamber 9 and the annular groove 17 are illustrated in
Figure 1 by dotted lines and triangles.
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The radially innermost portion of the upper rotor body part
2 forms an outlet from the separation chamber 9 in the form
of an overflow outlet 27.

The centrifugal rotor according to Figure 1 is intended to
operate in the following manner.

After the rotor body 1, 2 has been brought into rotation
around the centre axis 5 and the valve members 20 have been
moved axially to their positions in which they close the
channels 19, so called operating water is introduced into
the groove 17. Operating water is supplied in an amount
such that the groove 17 and the closing chamber 10 are
filled.

By the liquid pressure which thereby will rise in the clo-
sing chamber 10 and, thus, will act on the underside of the
slide 6, the radially outer edge portion 11 of the slide
will move axially to abutment against the upper rotor body
part 2, so that the slot 12 disappears. This is possible in
that the slide 6 in its central part is dimensioned such
that an elastic deformation comes up in this part of the
slide. This is explained further below with reference to
figures 2 and 3.

When the slide 6 in the above described way has been
brought to abutment against the upper rotor body part 2,
there is introduced into the separation chamber 9 through
the inlet pipe 21, the receiving chamber 22 and the passa-
ges 24 a liquid mixture to be subjected to centrifugal
separation. In the separation chamber a heavy component of
the liquid mixture is separated from a light component
thereof. The separated heavy'component, e.g. solids, is
collected in the radially outermost part of the separation
chamber, whereas separated light component, i.e. liquid
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freed from particles, leaves the separdtion chamber through
the overflow outlet 27.

Liquid mixture filling the separation chamber 9 will exert
a liquid pressure onto the upper side of the slide 6, which
pressure strives to recreate a slot 12 between the slide
edge portion 11 and the upper rotor body part 2. As long as

.the closing chamber 10 is filled with operating water this

will not be possible, however. This depends on the fact
that the surface of the slide 6 subjected to liquid pres-
sure is larger on the underside of the slide than on the
upper side of the slide. Thus, the surface of the slide 6
facing the closing chamber 10 extends, as can be seen from
Figure 1, radially longer out than the surface of the slide
6 facing the separation chamber 9. (It is presumed that the
difference as to density between the liquid mixture in the
separation chamber 9 and the operating water in the closing
chamber 10 is not too large and that the free liquid sur-
faces of the liquid mixture and the operating liquid,
respectively, are situated at substantially the same radial
level.)

When after some time of centrifugal separation a certain
amount of separated heavy component of the liquid mixture
has accumulated in the separation chamber 9, at least part
of this amount has to be removed. This is done in a way
such that a larger or smaller part of the operating water
having been supplied to the closing chamber 10 is dis-
charged therefrom. Thus, during a short periocd of time the
valve members 20 are brought to uncover the openings of the
channels 19, whereby a predetermined amount of operating
water is discharged and the free liquid surface of the
remaining operating water moves radially outwardly in the
groove 17 and further through the channels 16 radially
cutwardly in the closing chamber 10.
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At a certain position'of the free liquid surface in the
closing chamber 10 the pressure against the underside of
the slide 6 by the operating water remaining in the closing
chamber has decreased so much that the radially outer edge
portion 11 of the slide 6 moves axially away from the upper
rotor body part 2. This can happen, as already mentioned,
as a consequence of the fact that the central part of the
slide 6 is elastically deformed. Then a slot 12 is formed,
whereby separated heavy component of the liquid mixture
leaves the separation chamber 9.

When this happens, the free liquid surfaces in the recei-
ving chamber 22 and the separation chamber 9 rapidly move
radially outwardly, which causes the liquid pressure

against the upper side of the slide 6 to decrease. After a
certain movement of the liquid surfaces this liquid pres-
sure against the upper side of the slide 6 has decreased so
much that it has become smaller than the liquid pressure
acting against the underside of the slide 6 by the amount
of operating water maintained in the closing chamber 10
after the channels 19 have been closed.

At this stage the edge portion 11 of the slide is again
moved to abutment against the upper rotor body part 2, so
that the outflow through the slot 12 and the ports 13
ceases.

In the meantime, further operating water has been supplied
to the groove 17 and, thereby, to the closing chamber 10,
so that the edge portion 11 of the slide is safely main-
tained in its closing position, when further liquid mixture
is supplied to the separation chamber 9. '

Depending upon how much operating water that is permitted
to leave through the channels 19 variously large parts of
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the separatioﬁ chamber content, or even the whole of this
content, may be discharged through the slot 12 and the
ports 13.

For simplifying the subsequent description of the deforma-
bility of the slide, the slide in the figures 2 and 3 is
divided in a centre part 6a and a circumferential part 6b.
The centre part 6a comprises a radially inner edge portion
6c of the slide and an intermediate portion 64 of the
slide. The circumferential part 6b comprises the previously
mentioned radially outer edge portion 11 of the slide.
Further, an annular area of the slide 6, in which the slide
is deformable, is designated 6e. As can be seen, the area
6e covers the whole intermediate portion 64 and parts of
the edge portion 6c and the circumferential part 6b,
regpectively.

In Figure 2a the slide 6 is shown in an unloaded state, as-
it is also shown in Figure 1. In Figure 2b the slide is
shown in a loaded state corresponding to that which has
been described with reference to Figure 1 when the radially
outer edge portion 11 of the slide abuts axially against
the upper rotor body part 2.

When the slide 6 in Figure 1 is loaded by a pressure on its
underside from operating liquid filling the closing chamber
10, the slide is deformed such that an angle & comes up
between the radially inner edge portion 6¢ and the
intermediate portion 64 (Figure 2b). This angle was non-
existant, or nil, in the unloaded state of the slide.
Another angular change coming up in the area 6e concerns
the angle formed between the circumferential part 6b and
the intermediate portion 6d4. This angle will be larger, as
can be seen, when the slide 6 is loaded in the above

described manner.
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The deformation of the slide 6 described here is in reality
extremely small and has, for the sake of clarity, been
exaggerated in Figure 2b. The deformation is, therefore, an
elastic deformation, for which reason the slide 6 will
automatically retain its original form (according to Figure
2a) if the load ceases.

In practical operation of a centrifugal rotor of the kind
shown in Figure 1 the deformation of the slide 6 will be
governed completely by the hydraulic pressures which are
created at different times in the separation chamber 9 and
in the closing chamber 10. Therefore, at least in connec-
tion with a partial discharge of the content of the
separation chamber 9 through the slot 12, the edge portion
11 of the slide 6 will never reach an end position at its
movement downwardly with reference to Figure 1 as a result
of the slide being deformed into contact with the lower
rotor body part 1. However, it is suitable that support
members are arranged at suitable places for such a contact,
so that the slide is not by mistake, or in connection with
a total discharge of the content of the separation chamber
9 through the slot 12, plastically deformed in the area 6e
and, thus, becomes permanently deformed.

In the embodiment of a centrifugal separator according to
the invention shown in Figure 1 the slide 6 is mounted such
that the slot 12 is obtained when the slide 6 is in an
unloaded state. Alternatively, however, the slide 6 may be
mounted such in the cehtrifugal rotor that its edge portion
11, by a larger or émaller force, abuts against the upper
rotor body part 2 without being influenced by hydraulic
forces. If desired the slide may be mounted such that it
abuts with a certain predetermined pretension against the
rotor body part 2. The pretension may be accomplished
either by the slide abutting against the rotor body part 2
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in an elastically deformed state or by means of separate
spring members acting on the slide. Thereby, the require-
ment of pressure from the operating liquid in the closing
chamber 10 to keep the peripheral outlets of the separation
chamber 9 closed is decreased, and both the slide 6 and the
closing chamber 10 may in such a case be given a reduced
radial extension outside the radial level of the area, in
which the slide edge portion 11 is intended to abut against
the upper rotor body part 2. Thereby, the rotor body 1, 2
can be given a somewhat reduced radius.

The slide 6 shown in figures 2a and 2b has been assumed to
be firmly connected with a rotor body along the whole of
the radial extension of the inner edge portion 6c. Defor-
mation of the slide in this edge portion 6c therefore has
not been possible.

It is true that the slide 6 shown in Figure 3a and 3b is
also supposed to be axially fixed relative to a rotor body
in the area of the inner edge portion 6c, but in this case
the fixation is such that the edge portion 6¢c is allowed to
flex somewhat and, thus, a certain axial movability rela-
tive to the rotor body is allowed for the radially most
inner part of the edge portion 6c.

This circumstance makes that the slide 6 in the annular
area 6e will be deformed in a different way than a slide
that is fixed at a rotor body in the way presumed according
to Figure 2a and 2b. As can be seen from Figure 3b the
angular change will here occur above all between different
parts of the intermediate portions 6d of the slide,
situated at different distances from the centre axis 5.

In both of the cases illustrated in Figure 2 and Figure 3
the circumferential part 6b of the slide is dimensioned
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such that it will not be deformed, when the radially outer
edge portion 11 is moved axially relative to the radially
inner edge portion 6c. Therefore, no_difficulty will be
encountered with the sealing that is to be accomplished by
means of the gasket 14 (Figure 1).

Further, the slide 6 in the area 6e is very strong in the
radial direction, despite different concentrical parts of
the slide may move axially in relation to each other. This

_depends on the fact that the actual deformation zones,

which have been created in the slide by its dimensioning,
have been given a relatively large radial extension and
been localized to parts of the slide which extend
substahtially radially.

- The slide according to the invention is formed in one

single piece of one and the same material, e.g. steel of a
suitable quality. As one and the same material is meant in
this connection even a material containing a reinforcement
of one kind or another, such as glass or carbon fibre
reinforced plastic. Even if the reinforcement is not evenly
distributed in the whole slide, a slide composed in this
way is considered to be comprised by the invention.

As to the feature of the invention that an angular change
shall come up between parts of the slide which are situated
at different distances-from the centre axis of the slide
and the centrifugal rotor, it is hereby not necessarily
meant adjacent parts of the slide. In the embodiment
according to Figure 3 the slide, thus, is adapted to be
bent gradually, seen in an axial section through the slide,
along a relatively large radial exfension thereof. In this
case the angular change between adjacent parts of the slide
will be practically nil, whereas parts of the slide
situated at a certain radial distance from each other will
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undergo a more evident angular change in relation to each
other.

It should be noticed that the deformation of a slide
according to the invention, relevant in this connection, is
normally very small. Thus, the width of the formed slot 12

‘may be limited to only 1 mm in connection with an annular

slide, the inner and outer edge portions of which have
diameters in the order of 100 mm and 600 mm, respectively.
The size of the slot may, however, be larger or smaller
than 1 mm, if desired, independent of the size of the
slide. :

The invention has been described above in connection with a
slide formed for opening and closing of a peripheral outlet
from the separation chamber in a centrifugal rotor. In

. centrifugal rotors slides are also used for other purposes,

e.g. for opening and closing of passages for operating
water. Slides of this kind are not included in the
centrifugal rotor éccording to Figure 1, which is of a very
simple kind and also very schematically shown. However,
such slides are very common in connection with other kinds
of centrifugal separators, and the present invention may be
used even in connection with such slides.
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Claims

1. A slide, which comprises a centre part (6a) and a
circumferential part (6b) surrounding the centre part and
being formed in a single piece with and of the same mate-
rial as the centre part and which slide is formed for being
mounted in a rotor of a centrifugal separator for rotation
therewith having its said circumferential part (6b)
extending around a centre axis (5) coinciding with the
rotational axis of the rotor, at least an annular portion
(11) of said circumferential part (6b) of the slide being
axially movable from a first position to a second position
relative to at least a portion (6c) of said centre part
(6a) upon resilient deformation of the slide in an annular
area (6e) concentrical with said centre axis (5), c h a -
racterized in that said annular area (6e) has a
radial extension such that, upon said resilient deformation
of the slide, an angular change (&) will comé up - seen in
an axial section through the slide - between portions (6¢c,
6d) of the slide situated at different distances from said
centre axis (5).

2. A slide according to claim 1, in which said annular
area (6e) has a substantial radial extension and the slide
is adapted to be bent gradually along said radial exten-
sion, seen in said axial section.

3. A slide according to claim 1 or 2, which is annular.

4. A centrifugal rotor comprising'a rotor body (1,2)
having a centre axis (5), around which it is rotatable, and
a slide (6) that is arranged for rotation together with the
rotor body (1,2) and that comprises a centre part (6a),
through the centre of which said centre axis (5) extends,
and a circumferential part (6b) surrounding said centre

* c L M S *
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part and being formed in one single piece with and of the
same material as the centre part, at least an annular
portion (11) of the circumferential part (6b) being axially
movable during rotation of the rotor from a first position
to a second position relative to at least a portion (6¢) of
said centre part (6a) upon resilient deformation of the
slide in an annular area (6e) concentric with said centre
axis (5), characterized in that said
annular area (6e) has a radial extension such that upon
said resilient deformation of the slide an angular change
comes up - seen in an axial section through the slide -
between portions (6¢c, 6d) of the slide situated at
different distances from said centre axis (5).

5. A centrifugal rotor according to claim 4, in which said
annular area (6e) has a substantial radial extension and
the slide is adapted to be bent gradually along this radial
extension, seen in said axial section.

6. A centrifugal rotor according to claim 4 or 5, in which
the slide is annular.

7. A centrifugal rotor according to anyone of claims 4-6,
in which the central part (6a) of the slide is axially
fixed relative to the rotor body (1,2), whereas a radially
outer edge portion (11) of the slide is axially movable
relative to the rotor body (1,2).

8. A centrifugal rotor according to claim 7, in which the
slide is adapted to cooperate by its radially outer edge
portion (11) with the rotor body for intermittent un-
covering of one or more peripheral outlet openings (12, 13)
from the separation chamber (9).

I
ULl
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9. A centrifugal rotor according to claim 8, in which the
slide forms a partition in the rotor body between a sepa-
ration chamber (9) and an operating liquid chamber (10),
which latter chamber has inlets (16~18) and outlets (19,20)

for an operating liquid.
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