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(57) Abrege(suite)/Abstract(continued):

comprising a valve ball and a valve seat; at least one drain channel extending from said valve seat of the cavity to the outside of said
valve body; and at least one gas intake extending from the outside of said valve body to said cavity. The valve ball is In a relaxed
state within said cavity and thereby arranged to float on a liguid surface present within the cavity, and thereby being movable In the
cavity in the radial direction from rotational axis (C) from a closed position, in which the ball rests against the valve seat and thereby
blocking gas In the cavity from entering said at least one drain channel, to an open position, in which the valve ball is at a longer
radial distance from axis (C) compared to the closed position, and in which open position said valve ball does not block said valve
seat and thereby allowing gas In said cavity to drain from said valve via said drain channel. The present invention further provides a
centrifugal separator and a method for draining gas from the inlet of a centrifugal separator.




CA 029312770 2016-05-20

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
VRN O A 0 R A A 0 A

Organization oS
International Bureau moane™ . o
?:_f/)) (10) International Publication Number
(43) International Publication Date g WO 2015/086435 A1
18 June 2015 (18.06.2015) WIPO I PCT

(51) International Patent Classification: AQO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
B04B 11/06 (2006.01) B04B 15/08 (2006.01) BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
, o | DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(21) International Application Number: HN. HR, HU. ID., IL, IN, IR. IS, JP, KE. KG. KN, KP, KR,
PCT/EP2014/076615 KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
(22) International Filing Date: MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
4 December 2014 (04.12.2014) PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
N | SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,

(25) Filing Language: English TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW .
(26) Publication Language: English (84) Designated States (unless otherwise indicated, for every
(30) Priority Data: kind of regional protection available). ARIPO (BW, GH,
13196651.7 11 December 2013 (11.12.2013) EP GM, KE, LR, LS, MW, MZ, NA, RW, 5D, SL, 5T, 5Z,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
(71) Applicant: ALFA LAVAL CORPORATE AB [SE/SE]; TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
P. O. Box 73, $-221 00 Lund (SE). DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,

LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK.
SM, TR), OAPI (BF, B, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Published:

— 'th int {1 [ h t (Art. 21(3
(81) Designated States (unless otherwise indicated, for every With international search report (Ar (3))

kind of national protection available). AE, AG, AL, AM,

(72) Inventor: ISAKSSON, Roland; Rua Nitero1 6350, Bloco 9,
Apt 202, CEP14095-020 Ribeirao Preto, SP (BR).

(74) Agent. SONESSON, Andreas; Alfa Laval Corporate AB,
P.O. Box 73, S-221 00 Lund (SE).

(34) Title: VALVE FOR DRAINING OFF GAS FROM A CENTRIFUGAL SEPARATOR

(57) Abstract: The present invention provides a valve for
draining off gas from a centrifugal separator, said valve
comprising a valve body having a central axis (C) around
which said valve may be rotated; a cavity arranged at a ra-
dial distance from said central axis (C) and comprising a
valve ball and a valve seat; at least one drain channel ex-
tending from said valve seat of the cavity to the outside of
sald valve body; and at least one gas intake extending
from the outside of said valve body to said cavity. The
valve ball 1s in a relaxed state within said cavity and
thereby arranged to float on a liquid surface present with -
in the cavity, and thereby being movable m the cavity in
the radial direction from rotational axis (C) from a closed
position, in which the ball rests against the valve seat and
thereby blocking gas in the cavity from entering said at
least one drain channel, to an open position, in which the
valve ball is at a longer radial distance from axis (C) com-
pared to the closed position, and in which open position
sald valve ball does not block said valve seat and thereby
allowing gas in said cavity to drain from said valve via
sald drain channel. The present invention further provides
a centrifugal separator and a method for draining gas from
the mlet of a centrifugal separator.

(C)

WO 2015/086435 A1 |[HJ 1! 0RO W00 RV RR 0 R A



CA 029312770 2016-05-20

WO 2015/086435 1 PCT/EP2014/076615

10

15

20

29

30

VALVE FOR DRAINING OFF GAS FROM A CENTRIFUGAL SEPARATOR

Field of the Invention
The present invention relates to the field of centrifugal separators, and

especially to the field of venting off gas from centrifugal separators.

Background of the Invention
Centrifugal separators with a sealed inlet usually need to drain off air or

other gas from the Iinlet in order to enable free passage of the incoming liquid
mixture that is to be separated. This may be especially noticeable when the
inlet flow Is introduced in a separator that is already running at its operational
speed. The first amount of liquid may form a “stench trap” in the bowl and
thereby stopping the gas trapped at the inlet from passing through the bowil.
Trapped gas may in turn obstruct, partly or even totally, the liquid flow through
the separator. This may of course be a setback for sealed separators, but
trapped gas may sometimes be forced through the separator by increasing the
Inlet pressure temporarily. Since this may not always be possible, some
separators may be equipped with a small passage that allows blocking gas to
escape, internally in the separator, from the inlet to the outlet and thereby
allowing inlet liquid to flow freely at the inlet. The drawback may be that not only
gas may pass through such a passage, but also unseparated liquid that is then
fed directly to the clean and separated liquid at the outlet. At low flow rates and
with high demands of separation efficiency, this may not be acceptable and low
flow rates are usually a requirement for sufficient separation.

US 3,095,371 describes a centrifuge having a gas vent. The gas vent valve
IS a complex design in which a cylindrical valve body is arranged to open and
close a valve seat under the centrifugal pressure of the operating separator.

DE 610305 discloses a separator having an arrangement for venting gas. It
utilizes a spring-loaded sphere which is balanced by the inlet pressure of the
separator.

There Is however a need in the art for improved and simplified methods of

for draining off gas from a centrifugal separator.
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Summary of the Invention
A main object of the present invention is to provide means that at least

alleviates some of the above-mentioned problems.

A further object of the present invention is to provide a valve that in an
efficient way drains gas from the inlet of a centrifugal separator.

As a first aspect of the invention, there Is provided a valve for draining off
gas from a centrifugal separator, the valve comprising

- a valve body having a central axis (C) around which the valve may be
rotated,

- a cavity arranged at a radial distance from the central axis (C) and
comprising a valve ball and a valve seat;

- at least one drain channel extending from the valve seat of the cavity to
the outside of the valve body; and

- at least one gas intake extending from the outside of the valve body to the
cavity; and wherein

further the valve ball is In a relaxed state within said cavity and thereby
arranged to float on a liquid surface present within the cavity, and thereby being
movable Iin the cavity in the radial direction from rotational axis (C) from a
closed position, in which the ball rests against the valve seat and thereby
blocking gas In the cavity from entering the at least one drain channel, to an
open position, In which the valve ball is at a longer radial distance from axis (C)
compared to the closed position, and in which open position the valve ball does
not block the valve seat and thereby allowing gas in the cavity to drain from the
valve via the drain channel

A valve refers to a device that is able to regulate the flow of a fluid by
opening, closing, or partially obstructing various passageways. A centrifugal
separator refers to a separator that utilizes centrifugal forces in order to

separate components from an inlet mixture, such as a liquid. The centrifugal
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separator may for example be mechanically hermetically sealed at the inlet for
the mixture that is to be separated.

A valve body refers to the structure of the complete valve. The central axis
of rotation (C) thus refers to a central axis of the valve body. The central axis C
may for example extend through the mass centre of the valve body.

A cavity refers to a space within the valve body. The cavity is arranged at a
radial distance from central axis C. For example, the cavity may be arranged in
the valve body substantially between the central axis C and the outside of the
valve body. The cavity comprises a valve ball, functioning as the valve, and a
valve seat, upon which the valve ball rests when the valve is in a closed
position.

The ball is in a relaxed state within the cavity, i.e. it is not e.g. spring-
loaded. The ball may thus move freely within the cavity when there is no liquid
present in the cavity. The ball is thus arranged and capable of moving in the
radial direction within the cavity, such as moving on the surface of a liquid
present in the cavity during operation of the separator. The liquid is thus a liquid
subjected to the centrifugal forces of the separator, e.g. the liquid that is to be
separated.

It Is to be understood that the valve ball does not have to be a perfect
sphere. Consequently, the valve ball may be substantially sphere-shaped.
Thus, in the most basic design, the valve is realized by a ball shaped valve that
IS capable of floating on a liquid surface, and by moving in the radial direction
within the cavity either closes the drain channel by resting against the valve
seat, or opens the drain channel when moving radially from the valve seat. The
valve seat may thus be round shaped. The ball has thus a suitable diameter
such that it fits and is movable within the cavity, but still is able to close the
drain channel as it rests against the valve seat.

A drain channel is arranged from the valve seat to the outside of the valve
body. Thus, the drain channel is where any gas escapes from the valve body
when the valve is open. Further, the gas intake is a channel through which gas

may travel from the outside of the valve body to the cavity, and thus to the valve
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seat. The valve may comprise more than one gas intake, such as two, three or
more gas intakes.

As discussed above, when the valve is In the open position, the valve ball is
further away In the radial direction from axis ¢ as compared to the closed
position, in which the ball rests against the valve seat. In the open position, gas
IS allowed to flow via the gas intake to the cavity and further through the drain
channel. In the closed position, any gas flowing in the gas intake Is prevented
by the ball from entering the drain channel via the valve seat.

That the ball moves in the radial direction means that the ball moves
substantially in the radial direction. The cavity may be shaped such that the ball
move In a direction described by several vectors, in which one of the vectors Is
a vector in the radial direction from axis C. For example, the ball may move in a
direction that forms an angle with the central axis C, but comparing the position
of the ball in the closed position and the open position, the ball is at a radial
position that is further away from central axis C in the opened position as
compared to the closed position.

The cavity may thus be arranged such that the valve seat leading to the
drain channel is at a radial distance from the central axis C. Tis distance may
for example be half of the radial distance from the central axis C to the outside
of the valve body. The radial distance may also be substantially the same as
the diameter of the valve ball.

The first aspect of the invention is based on introducing a ball-shaped float
within a valve, and that this ball-shaped float is arranged to float on a liquid
surface present within the valve, thereby opening and closing the valve.

If the valve Is Iintroduced at the inlet of a centrifugal separator, the float will
sense the presence of gas and free the drain passage. WWhen the gas has been
drained off, the float is capable of moving in the radial direction and on the
surface of a liquid introduced in the separator, and thereby close the passage.
This means that liquid is stopped from escaping through the drain passage.
When the amount of gas increases around the float in the valve, the float Is

capable of moving away from the valve seat due to the lowered liquid level and
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centrifugal forces present in the rotating separator. The valve may thus open
again to release any excess gas.

The valve according first aspect of the invention Is advantageous in that it
Introduces a self-regulating valve that is capable of draining gas from a
separator inlet. Thus, the valve of the present invention does not need to use a
spring loaded device as disclosed by the prior art. Further, the valve solves
problems related to leakage of unseparated liquid in a passage from the inlet to
for example the outlet of the separator. In other words, the valve may efficiently
stop any unseparated liquid from passing directly to e.g. the outlet and instead
only gas is allowed to pass.

In embodiments of the first aspect of the invention, the valve ball is of a
material that is capable of floating on the surface of a liquid, such as an
aqueous liquid.

In embodiments of the first aspect of the invention, the valve ball is of an
elastic material.

With an elastic valve ball, the valve may seal well enough although the
sealing surfaces of the valve seat and the valve ball are not perfect due to the
buoyancy of the elastic ball.

In embodiments of the first aspect of the invention, the valve body is a
single piece. The single piece may for example be an extruded piece. Thus, the
valve body may be of a polymeric material. However, the valve body may also
be of a metallic material, such as stainless steel.

In embodiments of the first aspect, the drain channel comprises a first
channel portion extending substantially in the radial direction from central axis
(C) from the valve seat, and a second channel portion extending from the first
channel portion to the outside of the valve body.

Thus, the drain channel may extend in several directions. This may be
advantageous in that the gas may easily enter the first portion from the cavity of
the valve body, and the second portion may then be used for leading the gas
out from the valve body in any suitable direction.

As an example, the second portion may be substantially aligned with the

central axis (C) of the valve body.
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Thus, the gas may be drained off from the cavity by a first portion extending
from the cavity to the central axis, and via a second portion that extends in a
direction that is aligned with the central axis. The gas may thus be led from the
valve body from the centre.

In embodiments of the first aspect, the valve further comprises holding
means for retaining the ball within the cavity.

The holding means may for example be a pin. The holding means may
function so as to retain the valve ball within the cavity. The holding means may
thus allow radial movements of the valve ball from axis C within the cavity, but
restrict movements in for example the axial direction, I1.e. a direction that Is
perpendicular to the radial direction.

In embodiments of the first aspect, the valve comprises a dome-shaped
outer surface, and the at least one fluid intake extend from the dome-shaped
outer surface to the cavity.

Thus, the valve body may comprise the dome-shaped outer surface.

A dome-shaped outer surface refers to a shape that resembles a half of a
sphere. Thus, the outer surface may have one part that is rounded. This allows
the valve to be mounted within a centrifugal separator such that the dome-
shaped- surface faces the incoming mixture that is to be separated, such as
facing the inlet tube for the Inlet liquid. The dome-shaped surface may thus
facilitate smooth transition of the flow incoming liquid from a first direction to
another direction. Any gas trapped at the inlet may thus enter the dome-shaped
valve via a gas inlet that extend from the dome-shaped surface to the cavity
within the valve body.

Furthermore, the valve may comprise a further outer surface having
fastening means for fastening the valve in a centrifugal separator.

Fastening means may for example be one or several pins for fastening the
valve In a centrifugal separator such that the dome-shaped surface faces the
inlet. The fastening means may be arranged on a flat, outer surface of the valve
body. Thus, the outer surface of the valve, or valve body, may consist of the

dome-shaped surface and a flat surface. The flat surface may thus form a base
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surface from which the dome shaped structure extends. The whole valve may
thus be shaped as a hemispherical-like structure.

As a second aspect of the invention, there is provided a centrifugal
separator comprising

- a rotor body which is rotatable around an axis of rotation (R) and
comprising a separation chamber for separating liqguid material,

- an inlet pipe for liquid material to be processed,;

- at least one outlet for discharging a heavy phase and at least one liquid
light phase outlet for discharging a liquid light phase; and

- a valve according to the first aspect of the invention arranged at the
INnlet,

wherein the valve Is further arranged such that the central axis of rotation
(C) Is aligned with the rotational axis (R) of the centrifugal separator and such
that gas assembled at the inlet may enter the gas intake of the valve.

A centrifugal separator refers to a separator in which material iIs separated
due to centrifugal forces. Such a separator may comprise a rotor body which Is
rotatable around an axis of rotation (R). The rotor body comprises a separation
chamber for separating e.g. solid particles from a liquid mixture and separating
different liguid components depending on their density. The separator has thus
an inlet pipe for the material or liquid mixture that is to be separated and at least
one outlet for separated liquid and/or solid material. The material that is to be
processed Is thus transported via an inlet pipe and is discharged at the inlet of
the separator. The inlet pipe may thus extend into the inlet, and the inlet may be
the part of the separator between the inlet pipe and the separation chamber.
The valve being “arranged at the inlet” may thus mean that the valve is
arranged within the part of the separator to which the inlet pipe extends. The
valve may thus be arranged downstream the inlet pipe but upstream the
separation chamber.

The separator may have an outlet for separated solid material and a single
outlet for separated liquid, e.g. a liquid light phase outlet. However, the
separator may also have an outlet for separated solid material and two outlets

for separated liquids, e.g. a first liquid outlet (a liquid light phase outlet) and a
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second liquid outlet (a liquid heavy phase outlet). The first and second liquid
outlets may be located at different radial distances from rotational axis of the
separator such that liquids of different densities may be discharged from the
liquid outlets. Thus, the separator may have a liquid light phase outlet and a
liguid heavy phase outlet, and the liquid heavy phase outlet may be arranged at
a radial distance that is larger than the radial distance of the liquid light phase
outlet.

The inlet may be located at the top or bottom of the separator, e€.g. as close
to the rotational axis as possible. As an example, the inlet may be located at the
bottom and the liquid light phase outlet or outlets may be located at the top of
the separator.

The valve being arranged at the inlet may be the valve being arranged at
the distributor, such as on a surface in the centre of the distributor. The
distributor guides the incoming liquid to the separation chamber of the
separator. Thus, the distributor may guide the incoming feed to distribution
holes of the discs in a disc stack arranged in the separation chamber.

The separation chamber may further comprise a stack of separation plates,
e.g. frustoconical separation discs, for enhancing the separation efficiency.

For example, the separator may be mechanically hermetically sealed at the
Inlet.

A centrifugal separator being mechanically hermetically sealed at the inlet
refers to a centrifugal separator having a mechanical seal at the Iinlet.
Consequently, the inlet may be a hermetic inlet. A hermetic inlet is sealed from
the surroundings of the rotor and is arranged to be filled with fluid product
during operation. Thereby the inlet and the separation chamber are connected
In a pressure communicating manner. Furthermore, one or several outlets for
separated liqguid may consequently be hermetic outlets. A hermetic outlet Iis
sealed from the surroundings of the rotor and is arranged to be filled with fluid
product during operation. Thus, in contrast to separators having a pairing disc
at the liquid outlets, the mechanically hermetically sealed separator has no

liquid-air interfaces at the outlets.
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Further, the at least one outlet for discharging a heavy phase may comprise
discharge ports for discharging accumulated solids and arranged at the
periphery of the separation chamber. The centrifugal separator may further
comprise discharge port for discharging accumulated solids at the periphery of
the separation chamber.

As discussed In relation to the first aspect above, a centrifugal separator
having the valve arranged at the Iinlet is advantageous in that the valve may
self- regulate the draining of gas from the inlet. When no gas is present,
incoming liquid may fill the cavity such that the valve ball floats on the surface of
the liquid and seals the valve seat. WWhen gas is present within the valve, the
ball is forced by centrifugal forces in the radial direction from rotational axis X
such that the drain passage from the valve seat is open, thereby allowing gas to
drain.

The ball being arranged in a cavity within the valve further protects the
valve ball from the incoming flow or turbulence from the incoming liquid

The valve according to the first aspect of the invention arranged at the inlet
may thus be arranged such that it faces the incoming liquid mixture that is to be
separated. The valve may thus be arranged downstream from the inlet but
upstream from the separation chamber. The valve may be arranged such that it
rotates with the rotor body around the rotational axis X, i.e. rotating around the
central axis C of the valve.

Consequently, in embodiments of the second aspect of the invention, the
valve has a dome shaped outer surface that is facing the inlet pipe for liquid
material to be processed.

Thus, the dome-shaped outer surface may be facing the incoming flow of
liquid material that is to be processed and thereby smoothly directing the flow
towards the separation chamber. The valve may be arranged such that the
dome-shaped outer surface aids in directing the flow from a first incoming
direction, such as an axial direction, to a direction that is substantially

perpendicular to the first direction, such as a radial direction.
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Furthermore, the rotational axis (R) may be a vertical axis and the
centrifugal separator may be arranged to be fed with liquid material to be
processed from the bottom.

Thus, the inlet may be located at the bottom, such that the material or liquid
mixture that is to be separated is fed into the separation chamber through a
spindle that supports the rotor body. Thus, the separator may be bottom-fed.

Introducing the liquid material from the bottom further provides a gentle
acceleration of the liquid.

In embodiments of the first aspect of the invention, the separator further is
mechanically hermetically sealed at the inlet and at the liquid outlets.

A centrifugal separator being mechanically hermetically sealed at the inlet
and at the liquid outlets refers to a centrifugal separator having a mechanical
seal at the inlet and/or the outlet. In a centrifugal separator being hermetically
sealed at the Inlet and at the liquid outlet, separated liquid phases may be
pumped out under pressure, e.g. by means of a built-in pump disc, to at least
obtain a required outlet pressure. In order to create a flow of process fluid
through such a hermetic separator, an inlet pressure may be provided to
overcome the pressure drop In the separator.

In embodiments of the first aspect of the invention, the drain channel of the
valve Is further coupled to the at least one liquid light phase outlet. Thus, gas
may be allowed to drain from the inlet to a liquid outlet. If the separator Is
bottom fed, the gas may thus be drained from the inlet located at the bottom to
a liquid outlet located at the top. As discussed In relation to the first aspect
above, the drain channel may comprise a portion that is aligned with the
rotational axis. This, the drain channel may extend through the centre of the
separator from the inlet to the outlet.

In embodiments of the first aspect, the drain channel of the valve is further
coupled to the outside of the separator. Thus, the drain channel may be further
coupled to the atmosphere, either via a liquid outlet or directly from the inlet to
the atmosphere. The drain channel may be coupled to the atmosphere through

a passage In the spindle.
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This may ensure that the separation efficiency is good even if the valve
should be leaking, and this may be crucial for critical applications. Moreover, If
the drain is connected to the outside of the separator, a leak is easily detected.

As a third aspect of the invention, there is provided a method of draining

5 gas from the inlet of a centrifugal separator comprising
- providing a separator according to the second aspect of the invention,
- Introducing liquid material to be processed via the inlet to the separator,
- allowing gas accumulated at the inlet to drain from the valve of the
separator.
10 The liquid material could be introduced via the inlet while the separator Is
running at its operational speed.

The centrifugal separator is a separator as discussed in relation to the
second aspect above. Thus the separator may be mechanically hermetically
sealed at the inlet and at a liquid light phase outlet. As an example, the

15 centrifugal separator may be operated such that

* *, L%
AP Avalve seat< Myalve ball W Z

in which
AP = the pressure difference over the valve seat, may be
20 approximated with the pressure difference between the inlet and a
liquid light phase outlet closest to the rotational axis
Avalve seat = area of the valve seat

W = rotational speed (rpm)
25 / = distance between rotational axis and the mass centre of the
valve ball.

This may facilitate that trapped gas Is drained from the valve, i.e. that the

ball moves In the radial direction within the cavity of the valve.

30 Brief description of the Drawings
Figure 1a shows a perspective view of a valve according to an embodiment

of the Invention
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Figure 1b shows a top view of the valve in Fig. 1a.

Figure 1¢ shows a section along line A-A of the valve in Figs. 1a and 1Db.

Figure 2a shows a close-up view of the valve when the valve is in a closed
position.

Figure 2b shows a close-up view of the valve when the valve is in an open
position

Figure 3 shows an alternative embodiment of the valve.

Figure 4 shows a centrifugal separator comprising a valve according to the
Invention.

Figure 5 shows a close-up view of the valve arranged in the separator of
Fig.4

Detailed Description
The method and system according to the present disclosure will be further

llustrated by the following description of an embodiment with reference to the
accompanying drawings.

Figs. 1a-c show a valve 1 according to an embodiment of the invention. Fig.
1a shows a perspective view of the valve 1, whereas fig 1b shoes a top view of
the valve 1. Fig. 1¢ shows a section of the valve along line A-A of Fig. 1b.

The valve 1 comprises a valve body 2. The valve body 2 has a dome-
shaped outer surface 12 and a flat upper surface 13. The upper surface 13 Is
arranged for mounting against a surface within a separator. This may be
achieved with fastening means 8. The fastening means 8 includes a cylindrical
pin 8a. When mounted at the Inlet of a separator, the dome-shaped surface 12
IS supposed to face the incoming liquid and aid in distributing the liquid
smoothly towards a separation space within the separator.

The valve further comprises a central axis C, around which the valve may
be rotated. The central axis C cuts through both the dome shaped outer surface
12 and the upper flat surface 13.

Moreover, a cavity 3 Is arranged within the valve body 2. The cavity 3
extends from the upper surface 13 down into the valve body. In this case, the

cavity 3 extends about halfway down into the valve body 2. The cavity 3 is
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further arranged at a radial distance from central axis C, such that the whole
cavity Is at a radial distance from central axis C. Thus, central axis C does not
extend through the cavity in this example.

Within cavity 3, a valve ball 4 is arranged. The width D of cavity 3 is larger
than the diameter of the valve ball 4, meaning that valve ball 4 may move in the
radial direction within the cavity 3. A holding means 9 in the form of a cylindrical
pin extend from the inner surface of the cavity 3 above the valve ball 4. The
cylindrical pin retains the valve ball 4 within the cavity and restricts the possible
movements of the valve ball within the cavity 3, meaning that the valve ball may
substantially only move forward and backward in the radial direction R from
central axis C.

The diameter of the valve ball 4 is only slightly smaller than the diameter D
of the cavity 3. This means that the distance the valve ball may move in the
radial direction R is very small compared to the diameter of the ball. For
example, the distance the valve ball 4 may move in the radial direction within
the cavity may be about 1-10 % of the diameter of the ball, such as about 5 %
of the diameter of the ball.

There are two gas intake channels 7a, 7b, extending from the outer dome-
shaped surface to the cavity. A first gas intake channel 7a is located at the top
of the cavity, above the retaining pin 9. In this case, the first air intake channel
has no “roof’, I.e. it IS a recess In the upper surface 13 of the valve body 2 that
extends from the cavity in the radial direction to the periphery. When the valve 1
IS mounted such that the upper surface 13 Is pressed against an inner surface
of a separator, that inner surface forms the “roof” of the first gas intake channel
7a. The second gas intake channel 7b is located below the first gas intake
channel 7a. The second gas intake channel 7b Is located at a position
substantially at the centre of the valve ball 4 when the valve ball 4 is retained In
the cavity 3. In other embodiments, the valve only contains a single gas intake
channel. This may for example be either the first 7a or the second gas intake
channel 7Db.

Near the bottom of the cavity 3, a valve seat 5 is located. The valve seat 5

forms the entrance of the drain channel 6 for air and gas. The valve seat 5 Is
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located at a position substantially at the centre of the valve ball 4 when the
valve ball 4 is retained in the cavity 3. The valve seat 5 is round-shaped and
has a diameter that is smaller than the diameter of the valve ball 4 such that the
valve ball 4 and the valve seat 5 may form an air-tight fit when the valve ball 4 Is
pressed against the valve seat 5. The valve seat 5 is located at the inner
surface of the cavity 3 that is closest to central axis C. The valve seat is thus
located at the inner surface of the cavity opposite the gas intake channels 7a,
/b.This means that the valve ball 4 is pressed against the valve seat 5 when
the valve ball Is at its shortest possible radial distance from central axis C.

The drain channel comprises a first channel portion 10 that extends from
the valve seat substantially in the radial direction toward central axis C. Thus,
the second gas intake-channel 7b and the first portion 10 of the drain channel
may extend in the same direction. The first portion 10 of the drain channel may
be an extension of the second gas intake channel 7b, i.e. channel 7b may aid
when forming the first drain channel portion 10.

The drain channel further comprises a second portion 11 that extends from
the first channel portion along the central axis c. In this case, the second
channel portion 10 extends from the centre of the valve body 2 along the central
axis C and out from the centre of the upper surface 13.

The distance Z from the mass centre of the valve ball 4 and central axis C
(and the rotational axis X when the valve Is arranged in a separator) Is further
discussed in relation to Fig. 5 below.

Fig. 2a and 2b show the valve-function of the valve 1 when the valve 1 is
arranged within a centrifugal separator.

Fig. 2a shows the valve 1 In a closed position, i.e. when there is little or no
air present around the dome. During operation and rotation of the valve 1,
iIncoming liquid fills at least part of the cavity 3 via the gas intake channels 7a
and 7b. The liquid surface during rotation of the valve is depicted with line L.
The valve ball 4, being of an elastic material having a density lower than the
density of the incoming liquid, floats on the surface L of the liquid and Is

pressed against the valve seat 5, thereby blocking any liquid or gas from
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entering the first drain channel portion 10. Due to the buoyancy of the valve ball
4, a tight fit iIs formed between the valve ball 4 and the valve seat 5.

Fig. 2b shows the valve 1 in an open position. When the amount of gas
iIncreases around the valve 1 and the liquid level is shifted radially outwards, the
centrifugal forces will act on the valve ball 4 and force the ball in the radial
direction R away from the valve seat 5, as depicted by arrow A1. Due to the
weight of the valve ball, an axial gravitational force (acting “"downwards”) is also
Influencing the valve ball. However, at an rotational speed of about 4000 rpm
and a distance of 20 mm from the rotational axis and the mass centre of the ball
(distance Z in Fig. 1c¢), this force Is about 360 times smaller compared to the
force driving the valve ball in the radial direction, i.e. such force may be
neglected.

Thereby, a small passage14 may be formed between the valve ball 4 and
the valve seat 5. Gas entering the gas intake channels 7a and 7b may then be
drained from the valve 1 via the drain channel 6, by entering the first channel
portion 10. This is depicted by arrows A2 and A3 in Fig. 2b. As the excess gas
has been released, liquid may yet again enter the cavity 3 and the valve ball 4,
floating on the surface of this liquid, will move back in the radial direction and
close the valve by pressing against the valve seat 5.

Fig. 3 shows an alternative embodiment of a valve 1 according to the
present disclosure. The valve function as the valve described in Fig. 1 and 2,
but the cavity 3 is not as deep as the cavity of the valve of Figs. 1 and 2. In this
way, the retaining means 9 shown in Figs. 1 and 2 may be obsolete. Instead,
the surface onto which the valve Is arranged, i.e. the surface onto which the
upper flat surface 13 of the valve 1 is pressed when the valve Is arranged In a
separator, functions as a means to retain the valve ball 4 within the cavity 3.
Further, in this embodiment, the valve 1 only contains a single gas-intake 7b.

A schematic example of a centrifugal separator 15 according to the
iInvention is shown in Fig. 4.

The centrifugal separator 15 comprises a rotor 20 arranged for rotation
about an axis of rotation (X) by means of a spindle 22. The spindle 22 is

supported in the casing 23 of the centrifugal separator in a bottom bearing 24
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and a top bearing 25. The rotor 20 forms within itself a separation chamber 26
In which centrifugal separation of a liquid material to takes place during
operation. The centrifugal separator 15 Is of a so called hermetic type with a
closed separation space 20, I.e. the separation space 260 is intended to be
completely filled with liquid during operation. In principle, this means that
preferably no air or free liquid surfaces is meant to be present within the rotor.

The separation space 26 is provided with a stack of frusto-conical
separation discs 27 in order to achieve effective separation of the liquid. The
stack of truncated conical separation discs 27 are examples of surface-
enlarging inserts. These discs 27 are fitted centrally and coaxially with the rotor
and comprise holes which form channels 28 for axial flow of liquid when the
separation discs 27 are fitted in the centrifugal separator 15.

An inlet channel 16 for introducing the liquid for centrifugal separation
extends into the inlet 17 of the rotor, providing the material to be separated to
the separation space 26. The inlet channel 16 extends through the spindle 22,
which takes the form of a hollow, tubular member. The inlet 17 of the separator
IS thus the space into which the inlet channel 16 extends. Introducing the liquid
material from the bottom provides a gentle acceleration of the liquid. The inlet
channel 16 Is further connected to inlet pipes (not shown) at the bottom of the
separator in which pipes the liguid material to be separated is transported by
means of €.g. a pump.

A valve 1 Is arranged on a surface 18 at the inlet 17 of the separator such
that the dome-shaped surface is facing the inlet channel 16. The arrangement
of the valve 1 within the separator is further described In relation to Fig. 5
below.

The rotor has extending from it a liquid light phase outlet 29 for a lower
density component separated from the liquid, and a liquid heavy phase outlet
30 for a higher density component, or heavy phase, separated from the liquid.
The outlets 29 and 30 extend through the casing 23. The rotor is provided at its
outer periphery with a set of radially sludge outlets 31 in the form of
iIntermittently openable outlets for discharge of e.g. higher density component

such as sludge or other solids in the liquid .This material is thus discharged
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from a radially outer portion of the separation chamber 26 to the space 32
round the rotor.

The centrifugal separator 15 is further provided with a drive motor 33. This
motor 30 may for example comprise a stationary element and a rotatable
element, which rotatable element surrounds and is so connected to the spindle
22 that during operation it transmits driving torque to the spindle 22 and hence
to the rotor 20. The drive motor may be an electric motor. Furthermore, the
drive motor 33 may be connected to the spindle 22 by transmission means. The
fransmission means may be 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, and the drive motor may alternatively be connected
directly to the spindle.

The centrifugal separator further comprises deflector means 34 adapted to
deflect discharged sludge or solids downwards to the bottom of the frame,
which may further be connected to a discharge device in the form of a sludge
pump (not shown) for discharge of sludge.

During operation of the separator in Fig 4, the rotor 20 is caused to rotate
by torque transmitted from the drive motor 33 to the spindle 22. Via the inlet
channel 16, liquid material to be separated is brought into the separation space
20 via passages 34, as indicated by arrows A4. The dome-shaped valve 1 aids
In smoothly deflecting the incoming liquid from the inlet channel 16 to passages
34.In the hermetic type of inlet the acceleration of the liquid material Is initiated
at a small radius and is gradually increased while the liquid leaves the inlet and
enters the separation space 26. However, liquid may also be introduced when
the rotor Is already running at its operational speed. Liquid material may thus be
continuously introduced into the rotor 20.

Depending on the density, different phases in the liquid is separated
between the separation discs 27 fitted in the separation space 26. Heavier
components in the liguid move radially outwards between the separation discs,
whereas the phase of lowest density moves radially inwards between the

separation discs and Is forced through outlet 29 arranged at the radial
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iInnermost level in the separator. The liquid of higher density Is instead forced
out through outlet 30 that is at a radial distance that is larger than the radial
level of outlet 29. Thus, during separation, an interphase between the liquid of
lower density and the liquid of higher density is formed In the separation space
260. The radial level, I1.e. the distance from rotation al axis X, of this interface
level is in the hermetic separator determined by the counter pressure of outlets
29 and 30 of the separator. Solids accumulate within the sludge phase outlets
31. Sludge is emptied intermittently from the separation space by the sludge
outlets 31 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 31 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 Is
conveyed downwards by deflecting means 34 and accumulated sludge may
then be pumped out by a sludge pump.

However, In certain applications, the separator 15 only contains a single
liquid outlet, such as only liquid outlet 29, and the sludge outlets 31. This
depends on the liquid material that is to be processed.

Fig. 5 further shows a close-up view of the valve 1 when arranged at the
Inlet 17 of the separator 15. The valve 1 is arranged on the surface 18, which is
the surface at the centre of the distributor 37 where the feed enters the rotor.

As shown In Fig. 5, the valve 1 Is arranged such that the rotational axis C of
the valve 1 Is aligned with the rotational axis X of the separator 15. Liquid
Introduced from Inlet channel 16 in the spindle Is gently guided to separation
chamber 26 through passages 34, as shown by arrows A4. The dome-shaped
outer surface of the valve 1 aids in the smooth transition of the liquid from the
Inlet channel 16 to the separation space 26. Fig. 5 further shows a potential
accumulation of gas 36 at the centre of the rotating inlet 17. The gas having a
low density is not transported radially in the strong gravitational field but instead
remains at the centre, thereby obstructing the incoming flow of liquid. Thus, the

valve 1 has the capacity of draining such gas accumulated at the inlet 17. In this
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case, the drain channel of the valve 1 Is connected to internal drain passage 35
of the separator 15. The internal drain passage 35 runs axially along the
rotational axis X and terminates at the liquid light phase outlet 29. Thus, the gas
IS drained from the separator together with the separated liquid of low density.

The centrifugal separator may operate at a speed and the operational
parameters may be such that

AP*Aaive seat < Myalve ball *W*Z

in which

AP = the pressure difference between the inlet and the liquid light

phase outlet
Avalve seat = area of the valve seat

W = rotational speed (rpm)
V4 = distance between rotational axis and the mass centre of the
valve ball.

This may facilitate that trapped gas Is drained from the valve 1, i.e. that the
ball moves In the radial direction within the cavity of the valve.

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.
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CLAIMS

A valve for draining off gas from a centrifugal separator, said valve

comprising
- a valve body having a central axis (C) around which said valve may
be rotated,;
- a cavity arranged at a radial distance from said central axis (C) and
comprising a valve ball and a valve seat;
- at least one drain channel extending from said valve seat of the
cavity to the outside of said valve body; and
- at least one gas intake extending from the outside of said valve
body to said cavity; and further wherein
said valve ball is in a relaxed state within said cavity and thereby
arranged to float on a liquid surface present within the cavity, and
thereby being movable in said cavity in the radial direction from rotational
axis (C) from a closed position, in which the ball rests against the valve
seat and thereby blocking gas in the cavity from entering said at least
one drain channel, to an open position, in which the valve ball is at a
longer radial distance from axis (C) compared to the closed position, and
INn which open position said valve ball does not block said valve seat and
thereby allowing gas In said cavity to drain from said valve via said drain

channel.

A valve according to claim 1, wherein the valve ball is of a material that is

capable of floating on the surface of an agqueous liquid.

A valve according to claim 1 or 2, wherein the valve ball is of an elastic

material.

A valve according to claim 1, wherein said drain channel comprises a

first channel portion extending substantially in the radial direction from
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10.

central axis (C) from said valve seat, and a second channel portion

extending from said first channel portion to the outside of the valve body.

A valve according to claim 2, wherein said second portion is substantially

aligned with said central axis (C) of said valve body.

A valve according to any previous claim, further comprising holding

means for retaining said ball within said cavity.

A valve according to any previous claim, wherein the valve comprises a
dome-shaped outer surface, and said at least one fluid intake extend

from said dome-shaped outer surface to said cavity.

A valve according to claim 7, wherein said valve comprises a further
outer surface having fastening means for fastening the valve in a

centrifugal separator.

A centrifugal separator comprising

- a rotor body which is rotatable around an axis of rotation (R) and
comprising a separation chamber for separating liquid material;

- an inlet pipe for liquid material to be processed,;

- at least one outlet for discharging a heavy phase and at least one
liquid light phase outlet for discharging a liquid light phase; and

- a valve according to any one of claims 1-8 arranged at the inlet,
wherein the valve Is further arranged such that the central axis of rotation
(C) Is aligned with the rotational axis (R) of the centrifugal separator and
such that gas assembled at the inlet may enter said gas intake of the

valve.

A centrifugal separator according to claim 9, wherein the valve has a
dome shaped outer surface that is facing said inlet pipe for liquid material

{o be processed.
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12.

13.

14.

15.

A centrifugal separator according to claim 9 or 10, wherein the rotational
axis (R) Is a vertical axis and said centrifugal separator is arranged to be

fed with liquid material to be processed from the bottom.

A centrifugal separator according to any one of claims 9-11, wherein said
separator further is mechanically hermetically sealed at the inlet and at

the liquid outlets.

A centrifugal separator according to any one of claims 9-12, wherein the
drain channel of said valve is further coupled to said at least one liquid

light phase outlet.

A centrifugal separator according to any one of claims 9-12, wherein the
drain channel of said valve Is further coupled to the outside of the

separator.

A method of draining gas from the inlet of a centrifugal separator
comprising

- providing a separator according to any one of claims 9-14,

- Introducing liguid material to be processed via the Iinlet to the
separator,

- allowing gas accumulated at the Inlet to drain from said valve of

the separator.



CA 029312770 2016-05-20

WO 2015/086435 PCT/EP2014/076615

1/3




CA 029312770 2016-05-20

WO 2015/086435 PCT/EP2014/076615

2




CA 029312770 2016-05-20

PCT/EP2014/076615

WO 2015/086435

3/3

IIIIII

8







	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - abstract drawing

