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APPARATUS AND METHOD FOR SEPARATING A MIXTURE

9] SS SE ID AND A MORE DE LIOUID

The present invention relates to an apparatus and
method for  separating a mixture of a less dense liquid
component and a more dense liguid component. The invention
can be applied to any such mixture, but is intended to have
particular use for the field of separation of fluid from a
well. _ ' .

Conventionally, production fluid .is  initially
separated in a three phase separator which is simply a
large pressure vessel in which the production fluid is held
for a sufficient residence time for oil, water and gas to
separate out under gravity. Three phase separators are
large to ensure a sufficient residence time for the
separation to occur.

With the growing trend towards floating platforms,
space can be more limited than on a conventional oil rig.
In addition, the three phase separators have to be provided
with complicated baffles in order to allow the 1liquid.
levels to be determined with any reasonable degree of
accuracy angd to inhibit remixing caused by waves within the
separator as the floating platform is rocked by the sea.

As an alternative to three phase separators, it has
been proposed to use hydrocyclones to perform an initial
separation of production fluid. Although this enables the
volume of the separator to be reduced, hydrocyclones have
two significant problems when used in this way. Firstly,
because they are set up to separate out a certain
volumetric percentage of the input flow, they are unable to.
cope satisfactorily with slugs of oil and water and are
also unable to adjust as the 1lifetime of the well

_progresses, with the inevitable increase of water and

decrease of oil. Secondly, a hydrocyclone does not operate
satisfactorily during phase inversion when the mixture is -
neither water continuous or oil continuous.
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' According to the present invention, an apparatus_for'
separating a mixture of a less dense liquid component and
a more dense 1QQuid component comprises a vessel having a
vertical'axis,dan'annﬁlar'inlet for'the”mixture in the
5 . bottom of the vessel and openlng upwardly, the inlet being
provided with means for causing the mlxture to swirl about
the vertical axis as it leaves the inlet, a first outlet at
the centre of the 'ax"uu.::liar..'j -inlet- for the discharge of
primarily the less dense liquid component which has been
10 drawn down=inside,a vortex created by the swirling liquid,
and a secondfoﬁtlet towardS'the bottom of the vessel and
- spaced from theffirst inlet for the discharge primarily of
the more dense: iiquid'component'which has been forced away
from the vertlcal axls of the vessel by the centrifugal
15 forces of the swzrllng llquld. _ '
_ Such an apparatus effectively' offers ‘all of the
advantages of_a,three phase separator and a hydrocyclone.
By swirling the mixture as it enters the vessel, the two
liguids are .fbrced'gto” coalesce  thereby speeding up
20 separation. fhe oentrifugal“:forces: generated by the
swirling mlxture cause the less dense ‘ligquid to migrate
towards the axls of the vessel and to be drawn down the
centre of the vortex, whlle the more dense liquid is forced
away from axls, ‘where it may then separate further under
25 gravity towards the bottom of the vessel. The time for
separation to occur is therefore much less than in a three
phase separator; so that the size of the separator can
consequently be reduced.: o
The nature of the apparatus is that it sets up a layer
30 of the less denee liquid above a 1ayer=of the more dense
liquid, with thezless'dense ligquid being drawn down through
‘the more dense’ 11qu1d at the centre ‘of the vortex. This
creates a short residence time within the vessel which is
sufficient to aocommodate any slugs .in the mixture.
35 When the  apparatus is used to separate production
fluid, the natural pressure of this:fluid can be used to
generate the vortex, so that no pumps'are necessary. The
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- pressure drop whlch occurs across the 1n1et and outlets-of

the vessel.means that choke valves whidhiare conventionally
necessary to reduce the pressure of th nlncomlng produc1ng
fluid can now be set up to prov1de a smaller pressure drop.
This reduces the amount of shear of the mixture and thus
inhibits the emulsification of the mixture.

Preferably, control valves are provided on the two
outlets, the valves being controlled in accordance with the
quantities of the less dense liquid and the more dense-
liquia within the vessel to retain the levels of the two
liquid components within predetermlned ranges. Thus,
either valve can be closed either partially or completely
in response to a level of one or other liquid dropping

below the predetermined range so that the level of the

liquid in question can be increased. This means that the
apparatus of the ihvention can be set up so that the
composition of the two outlet streams is substantially
constant throughout the 1lifetime of the well. ‘The
apparatus can thus accept a stream of production fluid of
unknown and varying composition, and produce two streams of
a known fixed composition which are in'a continuous phase
of one of the ligquid components. Such streams can easily
be separated further by hydrocyclones.

The amount of the two liquid components in the vessel
can be determined by monitbring the make up of the mixture
using a multi-phase monitor at the inlet. However, the
simplest way of monitoring the amount of the two liquids is
using level detectors to detect the level of the free
surface of less dense liguid component and the level of the
interface between the two liquid components.

If the vessel is a pressure vessel, the apparatus can
additionally be used for the separation of gas by providing
a third outlet for gas at the top of the vessel. A
demisting device may be associated with the gas outlet to
dry the gas as it leaves the vessel and return the liquid
separated from the gas back to the main body of liquid in
the vessel.
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_ The arrangement of the annular 1nlet the means for
causing the mixture to swirl about the axis as it leaves
the 1nlet and the f1rst outlet may be provided. by a
device known as - 'a tore which may be , for example, as
described in WO 96/05128. The swirl may be caused by a
motorlsed.paddle system However, it 1s preferable to make
use of the pressure of the incoming. llquld by using an

~auger, or inclined vane system, or more preferably by the

annular 1n1et belng prov1ded w1th a tangent1a1 or involute
feed. It has been found that the shear of the fluid at the
inlet can be kept to a mlnlmum if two such tangential or

-lnvolute 1n1ets are prov1ded dlametrlcally opposed to one

another.

A hollow cyllndrlcal shield may be ‘provided at the
bottom of the vessel surroundlng the" annular inlet. This
shield effectlvely reduces the volume of water which must
be rotated by the 1ncom1ng 11qu1d and thus reduces the
energy regulred to generate the vortex. It also serves to
prov1de a reglon of relative calm ‘at the lowermost and
radially outermost reglon of the vessel so that the more

dense 11qu1d component can more readlly separate out under

gravity in this region.
If it is necessary to separate out any solids in the

productlon fluld a solld trap such as that disclosed in WO
95/07325 may be prov1ded upstream of: the vessel.
According to a second aspect of the invention a method
of separatlng a mlxture of a less dense liquid component
and a more dense llquld component comprlses the steps of
introducing the mixture under pressure into a vessel
through an annular inlet in the bottom of the vessel and
which opens upwardlylsuch that it swirls about a vertical
axis and generates a vortex in which the less dense liquid
component forms as a layer on top of the more dense liquid
component and 1s also drawn down into the centre of the
vortex; remov1ng ‘primarily the less dense liquid component
through a first outlet at the centre of the annular inlet;
and removing primarily the more dense liquid component
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- through a second outlet from a region below the layer of

the less dense llQuld component. '

The method may also comprise the steps of monitoring
the quantities of the more dense and less dense liquid
component in the vessel and controlllng the outlet flow
through the first and second outlets in order to maintain
the levels of the two liquid components in the vessel at
predeternined levels. In this case, the step of detecting
the amounts of 1iquid'components in the vessel preferably'
comprises detecting the level of the free liquid surface
and detecting the level of the interface between the two

liquid components.

An example of a method and apparatus in accordance
with the present invention will now be described with
reference to the accompanylng drawings in which:

~Fig. 1 is a.schematic view of the apparatus; and

Fig. 2 is a'cross section showing the detail at the
lower part of the apparatus.

A pressure vessel 1 has a conical lower portion, a
cyllndrloal.mld—portlon and a curved upper portion as shown
in Fig. 1. A well fluid inlet 2 is provided at the bottom
of the vessel 1. As will be seen from Fig. 2, the well
fluid inlet 2 opens into an annular cavity 3 which leads
via a pair of tangential inlets 4 into a second annular
chamber 5. The annular chamber 5 extends upwardly around

~the centre of the pressure vessel a substantial distance

into the pressure vessel. A shield 6A, 6B may be provided
either attached to the end of a fluid supply duct 7 forming
the outer wall of the inlet chamber 5 as shown at 6A, or
may be provided spaced from the fluid'supply duct 7, and
attached to the base of the vessel 1 as shown at 6B.
Coaxially within the fluid supply duct 7 is a 1liquid
dischafge duct 8 which leads to a continuous oil phase
outlet 9. A continuous water phase outlet 10 is provided
in the wall of the vessel 1 towards the bottom of the
vessel. A third outlet 11 for gas is provided at the top
of the vessel, as is a pressure controller 12.
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An interface level detector 13 of well known

" construction is provided to monitor the oil/water interface

and a level 1nd1cator 14 of well known construction is
prov1ded to monltor the level of the free surface of oil.
In use, well flulds from a produclng well are fed into

the vessel 1 through well fluld 1n1et 2 at hlgh pressure.
‘As the fluids pass through the tangent1a1 inlets 4 they are
caused to sw1rl.. Thls swirl is malntained as the fluids

1eave the" duct 7 in order to’ generate a vortex 15 within
the vessel. The centr1fuga1 forces cause the oil and water .
to coalesce, and 'to form a layer of 011 above the water,'
and also cause:the'oil touhe drawn downﬁthrough the centre
of the vortex and out through the liquid discharge duct 8.
The water undergoes further grav1ty separatlon in the lower
part of the vessel, and . the water contlnuous phase is taken
out through the continuous water phase outlet 10. At the
same tlme, gas prec1p1tates out of the oil and water and
collects at the top of the vessel for removal through the
gas outlet 11,r E

The interface'level detector 13 and level detector 14
monitor the amounts of oil and water w1th1n the vessel and'
control valves (not shown) on the contlnuous oil phase

'outlet 9 and contlnuous water phase outlet 10 to ensure

that the levels of o:.l and water rema:.n within fixed

parameters. Thus, if the amount of 011 in the well fluiq
“decreases, the level of the free surface of oil will drop,

and this will be detected by the level detector 14. The
level detector 14 w1ll then cause a slgnal to be sent to
the valve controlllng the flow through the continuous oil
phase outlet 9 thereby'partlally or completely closing this
valve so that 1ess 011 1s removed from the vessel allowing
the free level of the oil to rise. A's1m11ar operation is
conducted w1th the interface 1eve1 detector 13 and a valve
on the contlnuous water phase outlet 10 if the amount of
water in the well fluid decreases.
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1. An apparatﬁé?for separating a miﬁﬁﬁ&e of a less dense
liquid component and a more dense liquid component
comprises a vessel (1) having a verticai axis, an annular
inlet (5) for the mixture in the bottom of the vessel and
opening upwardly, the inlet being provided with means (4)
for causing the mixture to swirl about the vertical axis as
it leaves the inlet, a first outlet (8) at the centre of

the annular inlet for the discharge of primarily the less '
dense liguid component which has been drawn down inside a
vortex created by the swirling liquid, and a second outlet
(10) towards the bottom of the vessel and spaced from the
flrst 1n1et for the dlscharge primarily of the more dense
llquld component which has been forced away from the
vertical axis of the vessel by the centrifugal forces of
the swirling liquid. |

2. An épparatus according to claim 1, wherein control
valves are provided on the two outlets, the valves being
controlled in accordance with the quantities of the less
dense liquid and the more dense liquid within the vessel to
retain the levels of the two liquid components within
predetermined ranges. |

3. An apparatus according to claim 1 or claim 2, wherein
level detectors (13,14) are provided to detect the level of
the free surface of less dense liquid component and the
level of the interface between the two liquid components.

4. An apparatus according to any one of the preceding
claims, wherein the vessel (1) is a pressure vessel and a
gas outlet level (11) is provided at the top of the vessel.

5. An apparatus according to claim 4, wherein a demisting
device is associated with the gas outlet (11) to dry the
gas as it leaves the vessel (1) and return the liquid
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separated from the gas back to the main body of liquid in
« "' the vessel. | T
6. an apparatu_s according to any one of the preceding
5 claims, wherein the swirl is caused by the annular inlet
being 'provide__d with a tangential or involute feed (4).

7. An apparatus according to claJ.m 6, wherein two
tangential or  involute inlets = '( 4) are provided
10 diametrically opposed to one another. '

8. An apparatus according to any one of the preceding

claims, wherei’n a hollow cylindrical' shield (6A,6B) is

provided at ‘the bottom of the vessel surrounding the
15 ~ annular inlet (5)

9. A method of separating a mixture of a less dense
liquiad component and a more dense 1ligquid component
comprises the steps of 1ntroducing the mixture under
20 pressure into a vessel (1) through an annular inlet (5) in
the bottom of the vessel and which opens upwardly such that
it swirls abo_ut_ a vertical axis and’ generates a vortex in
which the less dense liquid component forms as a layer on
top of the more dense liquid component and is also drawn
: 25 down into the centre of the vortex; removing primarily the
I less dense 1iqu1d component through a first outlet (8) at
: ‘the centre of the annular inlet, and removing primarily the
more dense 11qu1d component through a second outlet (10)
from a region; below the layer of the less dense liquid

30 component.

10. A method accord:.ng to claim 9, ‘further comprls:mg the
steps of monltorlng the quant:.tles of the more dense ‘and
less dense llquld component in the vessel and controlling
35 the outlet flow through the first (8) and second (10)
outlets in order to maintain the levels of the two liquid
components in the vessel at predetermined levels.

e
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" 11. A method ach:ording to claim 10, ‘wherein the step of
detecting the am nts of liquid compé%"éj’;irt's in the vessel
comprises detecting the level of the free liquid surface
and detecting the level of the interface between the two
liquid components. |
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