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Apparatus and method for separating immiscible fluid
components

FIELD OF THE INVENTION AND PRIOR ART

The present invention relates to a separator apparatus according
to the preamble of claim 1 for separating immiscible fluid compo
nents of different specific gravities. The invention also relates to
a method for separating immiscible fluid components of different
specific gravities.

Separators for separating immiscible fluid components of differ
ent specific gravities by subjecting a fluid mixture to the action of
centrifugal forces are previously known, e.g. from US 4 478 712
A and US 5 084 189 A . These prior art separators comprises
means for bringing a fluid mixture to rotate about the longitudinal
axis of a flow channel so as to thereby make immiscible fluid
components of different specific gravities included in the fluid
mixture to migrate, under the action of centrifugal forces, towards
mutually different parts of the flow channel. Fluid components of
higher specific gravity are driven towards the peripheral part of
the flow channel, whereas fluid components of lower specific
gravity are concentrated to the central part of the flow channel.

SUMMARY OF THE INVENTION

The object of the present invention is to provide an improved
separator apparatus for separating immiscible fluid components
of different specific gravities.

According to the invention, this object is achieved by a separator
apparatus having the features defined in claim 1.

The inventive separator apparatus comprises:
- a body provided with an internal flow channel for a mixture of
fluid components to be separated, the flow channel having an
inlet for receiving the fluid mixture and an outlet;



- a rotation generating device for bringing the fluid mixture to ro

tate about the longitudinal axis of the flow channel as it flows
through the flow channel between the inlet and the outlet thereof
so as to thereby make immiscible fluid components of different
specific gravities included in the fluid mixture to migrate, under
the action of centrifugal forces, towards mutually different parts
of the flow channel;
- an extraction device for withdrawing, upstream of the outlet of
the flow channel, a central part of the rotating fluid mixture flow-
ing through the flow channel; and
- bubble introducing means for introducing, upstream of the ex

traction device and at the periphery of the flow channel, micro-
sized gas bubbles into the fluid mixture flowing through the flow
channel, upstream and/or downstream of the rotation generating
device, so as to thereby enhance the separation of said
immiscible fluid components of different specific gravities.

In this description and the subsequent claims, the term "micro-
sized gas bubbles" refers to small gas bubbles having a diameter
smaller than about 100 µm. In the following, the "micro-sized gas
bubbles" will also be referred to as "micro bubbles".

The inventive separator apparatus effects a separation of fluid
components of different specific gravities by centrifugal action
enhanced by the separating effect caused by micro bubbles. The
micro bubbles introduced into the fluid mixture will, due to their
low specific gravity, rapidly migrate towards the central part of
the flow channel. Fluid components of lighter specific gravity will
adhere to the micro bubbles and will be carried along by the
micro bubbles towards the central part of the flow channel, which
will enhance the effect of the centrifugal separation and speed up
the separation of the different fluid components.

The inventive separator apparatus is of rather simple and com-
pact construction and is well suited for use in topside as well as
subsea installations for processing well fluids. The inventive
separator apparatus may e.g. be used for treating water com-



prising oil residues in order to reduce the oil-in-water content
thereof and is capable of coping with comparatively high con¬
centrations of the dispersed phase. The inventive separator ap¬

paratus is capable of processing fluid flow with an oil concentra-
tion substantially exceeding the maximum allowed oil concentra¬
tion of conventional water treatment units. The use of small mi¬

cro-sized gas bubbles gives a large possible contact surface
between gas bubbles and oil droplets. In a conventional floata¬
tion unit, the rising velocity of small gas bubbles is rather low.
With the inventive solution, the velocity of the small micro-sized
gas bubbles is increased by applying high centripetal forces
achieved by rotating the fluid mixture carrying the gas bubbles.
An additional advantage of using high centripetal forces is that
the centripetal force is directed towards the axis of rotation,
which makes the oil droplets migrate towards the axis of rotation.
This makes the skimming process easy to control and makes
possible a reduced reject flow.

Further advantages as well as advantageous features of the in-
ventive separator apparatus will appear from the following de¬

scription and the dependent claims.

The invention also relates to a method having the features de¬

fined in claim 10.

BRIEF DESCRIPTION OF THE DRAWING

With reference to the appended drawing, a specific description of
preferred embodiments of the invention cited as examples follows
below.

Fig 1 is a schematic, partly cut sectional view of a separator ap¬

paratus according to an embodiment of the present invention.



DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OF
THE INVENTION

Fig 1 illustrates a separator apparatus 1 according to the present
invention for separating immiscible fluid components of different
specific gravities. The separator apparatus 1 comprises a tubular
body 2 provided with an internal flow channel 3 for a mixture of
fluid components to be separated. The flow channel has an inlet
4 for receiving a fluid mixture to be separated and an outlet 5 .
The separator apparatus 1 is provided with a rotation generating
device 6 for bringing a received fluid mixture to rotate about the
longitudinal axis of the flow channel 3 as it flows through the flow
channel between the inlet 4 and the outlet 5 thereof so as to
thereby make immiscible fluid components of different specific
gravities included in the fluid mixture to migrate, under the action
of centrifugal forces caused by the fluid rotation, towards mutu¬
ally different parts of the flow channel. Fluid components of
higher specific gravity will migrate towards the peripheral part of
the flow channel, whereas fluid components of lower specific
gravity will migrate to the central part of the flow channel.

In the illustrated example, the rotation generating device 6 com¬

prises an impeller 7 arranged in the flow channel 3 for bringing
the fluid mixture to rotate about the longitudinal axis of the flow
channel. The impeller 7 is driven in rotation by a motor 8 , e.g. in

the form of an electric or hydraulic motor. The speed of the motor
8 is preferably adjustable so as to make possible an adjustment
of the impeller speed and thereby an adjustment of the centrifu¬
gal force. Furthermore, the impeller 7 is suitably provided with
impeller blades 9 having an adjustable inclination so as to
thereby make possible an adjustment of the fluid pressure, which
enhances the flexibility with respect to the installation of the
separator apparatus in a fluid treatment system and the routing
of the reject flow.

The impeller may be designed to give positive head if so needed
in a system provided with the separator apparatus 1, e.g. if



pumps arranged downstream of the separator apparatus 1 have
suction head limitations. A positive head from the separator ap¬

paratus 1 gives more flexibility with respect to the implementa¬
tion of the separator apparatus in existing systems, since a posi-
five head allows the reject flows from the separator apparatus to
be more easily routed to appropriate destinations. It should be
possible to have adjustable impeller blades to control both rota
tional speed (separation force) and head at the same time.

As an alternative to or in combination with an impeller, the
rotation generating device 6 may comprise fluid injectors, not
shown, arranged to inject fluid jets, e.g. in the form of gas jets,
tangentially into the flow channel 3 so as to thereby bring the
fluid mixture to rotate about the longitudinal axis of the flow
channel.

The separator apparatus 1 comprises a first extraction device 10
for withdrawing, upstream of the outlet 5 of the flow channel, a
central part of the rotating fluid mixture flowing through the flow
channel 3 . Thus, the first extraction device 10 is arranged to
withdraw, from the rotating fluid mixture, lighter fluid components
that have been concentrated at the central part of the flow chan
nel 3 . These withdrawn fluid components constitute the so-called
reject flow. In the illustrated example, the first extraction device
10 comprises a tubular collecting member 11 arranged centrally
in the flow channel 3 and having an inlet opening 12 facing the
upstream end of the flow channel. The collecting member 11 is
connected to a discharge conduit 13 , which e.g. may be arranged
to feed the withdrawn fluid to a processing apparatus for further
processing thereof.

In the illustrated example, the separator apparatus 1 also com¬
prises a second extraction device 14 for withdrawing a peripheral
part of the rotating fluid mixture flowing through the flow channel
3 . Thus, the second extraction device 14 is arranged to withdraw,
from the rotating fluid mixture, heavier fluid components, such as
sand particles or the similar that have been concentrated close to



the inner wall of the flow channel 3 . In the illustrated example,
the second extraction device 14 comprises a collecting member
15 arranged at the inner wall of the flow channel 3 upstream of
the first extraction device 10 . The collecting member 15 is con-
nected to a discharge conduit 16.

The separator apparatus 1 further comprises bubble introducing
means 17 for introducing, upstream of the first extraction device
10 and at the periphery of the flow channel 3 , micro-sized gas
bubbles, so-called micro bubbles, into the rotating fluid mixture
flowing through the flow channel so as to thereby enhance the
separation of said immiscible fluid components of different spe

cific gravities. The collecting member 15 of the second extraction
device 14 is arranged upstream of the section of the flow channel
3 where micro bubbles are introduced by the bubble introducing
means 17 .

In the illustrated embodiment, the bubble introducing means 17

comprises a micro porous member 18 forming part of the wall of
the flow channel 3 , and gas feeding means 19 for feeding gas,
e.g. in the form of compressed natural gas, through the micro po

rous member 18 so as to thereby generate micro bubbles. The
bubble introducing means 17 may comprise ultrasonic means, not
shown, for generating ultrasonic waves, which are directed to the
micro porous member 18 so as to subject it to vibration and
thereby enhance the generation of finer bubbles with high
sphericality and uniform size distribution.

As an alternative to or in combination with a micro porous mem-
ber 18, the bubble introducing means 17 may comprise high
pressure nozzles, not shown, arranged to inject gas jets into the
flow channel 3 so as to thereby generate micro bubbles. The
bubble introducing means 17 may comprise ultrasonic means for
generating ultrasonic waves, which are directed to the high pres-
sure nozzles so as to subject them to vibration and thereby en¬

hance the generation of finer bubbles with high sphericality and
uniform size distribution.



The inventive separator apparatus 1 may with advantage be in

cluded in an oil well fluid processing system for separating
heavier and lighter components of well fluid emanating from a
well, such as e.g. a subsea well. The inventive apparatus could
also be used in an offshore topside or a land-based oil well fluid
processing system. The separator apparatus according to the i n

vention is capable of handling produced water containing up to
about 3% by volume of oil, i.e. more than ten times the traditional
limit for a conventional produced water separator apparatus.

The invention is of course not in any way restricted to the em

bodiments described above. On the contrary, many possibilities
to modifications thereof will be apparent to a man with ordinary
skill in the art without departing from the basic idea of the inven
tion such as defined in the appended claims.

For example, the introduction of micro-sized bubbles into the
fluid mixture flowing through the flow channel, may as an
alternative to or in any combination with e.g. the above-described
embodiments be accomplished by tangential injection of gas,
such as highly pressurized water which is gas saturated,
upstream and/or downstream of the rotation generating device.
Here the gas will be released by flashing into the fluid mixture
due to a pressure reduction.



CLAIMS

1. A separator apparatus for separating immiscible fluid compo¬
nents of different specific gravities, the separator apparatus
( 1) comprising:
- a body (2) provided with an internal flow channel (3) for a
mixture of fluid components to be separated, the flow channel
having an inlet (4) for receiving the fluid mixture and an outlet
(5);
- a rotation generating device (6) for bringing the fluid mixture
to rotate about the longitudinal axis of the flow channel (3) as
it flows through the flow channel (3) between the inlet (4) and
the outlet (5) thereof so as to thereby make immiscible fluid
components of different specific gravities included in the fluid
mixture to migrate, under the action of centrifugal forces, to

wards mutually different parts of the flow channel; and
- an extraction device ( 10), here denominated first extraction
device, for withdrawing, upstream of the outlet (5) of the flow
channel (3), a central part of the rotating fluid mixture flowing
through the flow channel (3),
characterized in that the separator apparatus ( 1 ) comprises
bubble introducing means ( 17) for introducing, upstream of
the first extraction device ( 10) and at the periphery of the flow
channel (3), micro-sized gas bubbles into the fluid mixture
flowing through the flow channel, upstream and/or
downstream of the rotation generating device (6), so as to
thereby enhance the separation of said immiscible fluid
components of different specific gravities.

2 . A separator apparatus according to claim 1, characterized in

that the rotation generating device (6) comprises an impeller
(7) arranged in the flow channel (3) for bringing the fluid mix¬

ture to rotate about the longitudinal axis of the flow channel.

3 . A separator apparatus according to claim 2 , characterized in
that the impeller (7) is provided with impeller blades (9) hav-
ing an adjustable inclination.



4 . A separator apparatus according to any of claims 1-3, charac¬
terized in that the rotation generating device (6) comprises
fluid injectors arranged to inject fluid jets tangentially into the
flow channel (3) so as to thereby bring the fluid mixture to
rotate about the longitudinal axis of the flow channel.

5 . A separator apparatus according to any of claims 1-4, charac¬
terized in that the bubble introducing means ( 17) comprises a
micro porous member ( 18) forming part of the wall of the flow
channel (3), and gas feeding means ( 19) for feeding gas
through the micro porous member ( 18) so as to thereby gen¬
erate micro-sized gas bubbles.

6 . A separator apparatus according to claim 5 , characterized in
that the bubble introducing means ( 17) comprises ultrasonic
means for generating ultrasonic waves, the ultrasonic means
being arranged to direct ultrasonic waves to the micro porous
member ( 18) so as to subject it to vibration.

7 . A separator apparatus according to any of claims 1-6, charac¬
terized in that the bubble introducing means ( 17) comprises
high pressure nozzles arranged to inject gas jets into the flow
channel (3) so as to thereby generate micro-sized gas bub-
bles.

8 . A separator apparatus according to claim 7, characterized in
that the bubble introducing means ( 17) comprises ultrasonic
means for generating ultrasonic waves, the ultrasonic means
being arranged to direct ultrasonic waves to the high pressure
nozzles so as subject them to vibration.

9 . A separator apparatus according to any of claims 1-8, charac¬
terized in that the separator apparatus ( 1 ) comprises a sec-
ond extraction device ( 14) for withdrawing, upstream of the
section of the flow channel where micro-sized gas bubbles are
introduced by the bubble introducing means ( 17), a peripheral



part of the rotating fluid mixture flowing through the flow
channel (3).

10 .A method for separating immiscible fluid components of differ-
ent specific gravities, the method comprising the following
steps:
- feeding a mixture of fluid components to be separated
through a flow channel (3) from an inlet (4) to an outlet (5)
thereof;
- bringing the fluid mixture to rotate about the longitudinal
axis of the flow channel (3) as it flows through the flow chan¬
nel (3) so as to thereby make immiscible fluid components of
different specific gravities included in the fluid mixture to mi¬

grate, under the action of centrifugal forces, towards mutually
different parts of the rotating fluid mixture flowing through the
flow channel;
characterized in that the method further comprises the steps
of:
- introducing , at the periphery of the flow channel (3), micro-
sized gas bubbles into the fluid mixture flowing through the
flow channel, so as to thereby enhance the separation of said
immiscible fluid components of different specific gravities; and
- withdrawing, downstream of the section of the flow channel
where micro-sized gas bubbles are introduced and upstream
of the outlet (5) of the flow channel, a central part of the ro

tating fluid mixture flowing through the flow channel (3).

11.A method according to claim 10 , characterized in that a
peripheral part of the rotating fluid mixture flowing through the
flow channel (3) is withdrawn upstream of the section of the
flow channel where micro-sized gas bubbles are introduced.
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