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The present invention refers to three or two phase separators provided with an inlet centrifugal device (40, 70) for the preliminary
separation of the gas phase from the fluid mixture; the centrifugal separation device includes a first stage (40, 70') having a
circular section delimited by a wall (42, 63) and by the external surface of the second stage plate and a second stage (40", 70"),
iInternal and coaxial to the first stage, realized by a plate rolled as an 'Archimedean’ spiral around the vertical axis common to the
two stages of the centrifugal separation device, In order to operate the separation of the gas phase from the liquids, obliging the

flowing fluid to follow a circular path that brings the liquid and its droplets to adhere to the wall surface (42, 63) and to the internal
surface of the spiral (47), obtaining their separation from the mixture.
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ABSTRACT
The present invention refers to three or two phase
separators provvided with an inlet centrifugall\ device
(40,70) for the preliminary separation of the gas phase
from the fluid mixture; the centrifugal separation
device includes a first stage (40',70') having a
circular section delimited by a wall (42,63) and by the
external surface of the second stage plate and a second
stage (40",70"), internal and coaxial to the first
stage, realized by a plate rolled as an ‘'Archimedean'
Spiral around the vertical axis. common to the two
stages of the centrifugal separation devicé, in order
to Operate the separation of the gas phase frbm the
liquids, obliging the flowing fluid to follow a
clrcular path that brings the liquid and its droplets
to adhere to thé wall surface (42,63) and to the
internal surface of the spiral (47), obtaining their

separation from the mixture.
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SEPARATORS FOR THREE-PHASE OR TWO-PHASE FLUID MIXTURES
REALIZED WITH A CENTRIFUGAL DEVICE DESIGNED FOR THE

SEPARATION OF THE GAS FROM THE LIQUID MIXTURE

The present invention concerns separators for three or
two phase mixtures provided with an inlet centrifugal
device for the separation from the fluid of the gas
phase. -

The separators of three or two phase mixtures are since
a long time in use, mainly in the oil fields, for the
separation of the different phases associated to the
crude o0il flowing from the producing wells: gas, oil,
water and, if present, associated solid particles.

One separator for three phase ‘mixtures, according to
known technology, is illustrated in figure 1.

Said separator essentially includes one horizontal
vessel that, in order to facilitate the description of
its operation, 1is considered divided in 5 different
sections.

In the first section a preliminary separation and a
reduction of the turbulence of the fluid entering from
the inlet connection I is operated.

The separation is not complete because, due to fluid
turbulence, part of the gas remains dispersed in the

liquid phase while liquid droplets are carried over by

the gas flow.



P AR £ B Al ey AT W AR VAt

10

15

20

25

CA 02419217 2003-02-18

The liquid phases flow to the third section 3 through a
stabilizing septum S, in order to distribute evenly the
fluid, while the gas phase flows to the second section
2.

In the second section 2 the 1ligquid droplets carried
over are gradually separated from the gas and fall on
the liquid phase that flows in the third section 3.

In order to obtain a correct separation by gravity, the

gas flowing in the section 3 should maintain a reduced

speed, along the separator, as necessary to guarantee

the required separation efficiency.

However; before leaving the separator, the gas flows
through a demister D that 1ncreases the final
separation' efficiency of the liquids carried over by
the gas.

The third section 3 of the separator performs the
gravity separation of the two ligquid phases (water and
olil).

In order to improve the ligquld phase separation, the
fluid can flow through a plate pack L, realized by
plates properly inclined and spaced, 1n order to reduce

the operating time necessary for thelr separation by

gravity.
The water, having a higher density than the o0il, flows

down toward the bottom, reaches the plate surface and

1s separated from the 0il by coalescence effect.
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The separated water flows, thanks to the plates
inclination, towards the separator wall and reaches 1ts
bottom.

At the same time the o0il, due to 1its 1lower density,
flows 1in the opposite direction and is collected above
the water level.

In the fourth section 4, located i1mmediately after the
plate pack, the separation of the water from the o1l 1is
completed.

The water separated 1is discharged from the bottom of
the fourth section 4 through a vortex breaker 7 and a
connection located in the bottom of the vessel, while
the o0il, floating above the water surface, flows to the
fifth section 5 overflowing a weir 6 utilized for this
purpose.

From the fifth section 5 the o0il is discharged passing
through a vortex breaker and a connection 8 located in
the bottom of the vessel.

A two phase separator, according to the known
technology, is shown in figure 2.

Sald two phase separator 1is realized by a cylindrical
vertical wvessel 10.

The gas and associated liquid enter the central zone of
the separator through an inlet

connection 11, while the separated gas leaves the
separator through a connection 12 located in the top

part of the vessel.
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The separated liquid is discharged through a connection
13 after passing trough a vortex breaker located in the
bottom of the separator vessel.

In the top of the two-phase separator 10, before the
ocutlet connection 12, a demister D is utilized in order
to improve the separation efficiency.

A disadvantage of sald separators, operating according
to known technology, 1s consequence of the considerable
volume occupied by the gas, as necessary for the
separation of liquid droplets carried over by the same,
that 1mposes the utilization of +vessels having
considerable sizes.

An additional disadvantage of separators built
according to the known tedhnology is due to the
turbulence of the entering fluid that requests a longer
permanence time of the liquids and consequently a
larger volume to realize the separation of the
dispersed gas.

An additional disadvantage of the separators built
according to the known technology is the lower total
separation efficiency.

An additional disadvantage 1is due to the need to
install a demister having é big volume as requested for
the separation of 1liquid particles from the gas.
Purpose of the present invention is to realize three or
two phase separators, utilizing a centrifugal device,

for the separation of the gas phase from the fluid,

o
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having smaller size 1f compared to the size of
separators realized acco:ding to the known technology,
ocperating with ‘ a separation efficiency above 99% of
liquid and solid particles, having size of one micron
or larger, carried over by the gas.

This and other results are reached using separators for
three or two phase mixtures provided with a centrifugal
device for the separation of the liquids from the gas
in accordance with the description made in the claim 1.
Additional characteristics of the separators realized
in accordance with our invention are deséribed in the
subordinated claims.

The separator for three or two phase mixtures in
accordance to the invention are provided with one
Centrifugal separation device 1installed inside a
vertical cylindrical vessel connected, for a three
prhase separator, to a cylindrical horizontal vessel, in
order to separate the gas phase from a mixed fluid (as,
for example, the crude o0il produced by one or more
wells 1n an oil field).

Sald centrifugal separation device includes a first
stage having a circular section delimitated by the
internal surface of the vertical cylindrical vessel and
by the external surface of the second stage and a
second stage, internal and coaxial to the first one,

realized by a plate spirally wrapped.
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The two stages so associated form a centrifugal device
utilized to perform the separatlion of the gas from the
liquids 1imposing to the circulating fluid a c¢ircular
path that brings the liquid to adhere to the external

surfaces of the first and second stage.

The characteristics and the advantages of a three or
two phase centrifugal separator, 1in accoidance with the
present invention, will result more evident from the
following description, that is exemplifying and not
restrictive, referred to the enclosed figures where:
Figure 1 schematically illustrates a system for the
three phase separation 1in accordance wlith the known
technology;

Figure 2 schematically illustrates a system for the two
phase separation in accordance with the known
technology;

Figure 3 is a schematic view of a system of three phase
separation in accordance with the invention:;

Figure 4a is a front section view of the centrifugal
device incorporated in the separator according to the
invention;

Figure 4b 1is a front section view of the centrifugal
device 1in accordance with a different realization of
the invention;

Figure 5a 1s a plan view of the centrifugal device;
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Figure Sb is a plan view of the centrifugal device 1n
accordance with a different realization of the
invention;

Figure 6 is a front schematic view of a centrifugal two
phase separator in accordance with the invention.
Referring to figures from 3 to b5b, a centrifugal
separator for three phase mixtures 1includes an
horizontal vessel 21 having an opening 22 made on the
upper side of the cylindrical wall 23 of the same.

The centrifugal gas separation device 40 is connected
to said opening 22, through which flows all the fluid
arriving to the three phase centrifugal separator 20.
The bottom of the centrifugal separation device 40
communicates with the first section 24 of the vessel
21.

The fluid flowing through a perforated diaphragm
(calming baffle) 25 is stabilized before reaching the
second section 26 containing a plate pack 27 utilized
for the separation of the water from the oil.

The plate pack is formed by plates 28 having
appropriate inclination and distance in order to
separate by gravity the water (heavier) from the oil
lighter).

The 1liquid phases leaving the plate pack, separated
into water A on the bottom and o0il P floating above the

water, enter the third section 29.
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The water 1s discharged through a connection 30 located
on the bottom of the third section 29, while the o01l,
overflowing above a welr 31, arrives to the fourth
section 32 and 1s discharged through a bottom
connection 33.

The centrifugal gas sepai:ation device 40 1s designed
and sized in order to perform a preliminary separation
(close to a total separation) of the gas from the
liquid phases.

The centrifugal separation device 40 1includes a
cylindrical vessel 41 delimited by a wall 42 and 1is
provided with an 1inlet connection 43 for feeding the
fluid to be treated .

The cylindrical vessel is terminated on top by a flange
44 having 1n the center an outlet connection 45 for the
gas separated from the liquid phases.

The body of the cylindrical vessel 41, that is open in
the bottom, delimits the first stage 40' of the
centrifugal separation device and imposes to the inlet
fluid a circular path forcing the liquid to adhere to
the internal surface 42 and to fall inside the first
section 24 of the vessel 21.

A second separation Stage 40", that 1includes the
element 47, is located inside the cylindrical vertical
vessel 41. The element 47 is realized using a plate
wrapped as an Archimedean spiral concentrically to the

vertical axis of the centrifugal device 40.

-8 -
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The spiral and consequently the element 47 can be
wrapped in such a way to obtain that the fluid flows in
the second stage 42" 1n the same directlion Kkept in the
first stage 40', as shown 1in figure b5a or, 1in
accordance with a different realization, in the
opposite direction as shown in figure 5b.

The element 47 includes, for normal applications, three
complete revolutions, however in order to obtain a more
complete separation, it 1s possible to realize a higher
number of revolutions, extending the 1length of the
fluid way inside the second stage 40".

In order to avoid to carry over any liquid from the
first section 24 of the three phase centrifugal
separator 20, due to the whirl caused by the gas that
leaves the centrifugal separation device 40 through the
outlet connection 45, a horizontal metallic plate 49 is
installed 1In the lower side of the central revolution
of the spiral 47 that separates said central zone of
the second stage 40" from the first section 24 of the
vessel 21 that is placed below.

The vapors that are released inside the vessel 21,
above the liquid surface, are conveyed undisturbed to
the centrifugal separation device 40 and through the
same To the centrifugal separation element 47.

The lower portion of the element 47 is immersed in the

liquid fluid under the liquid level 46.



10

15

20

25

CA 02419217 2003-02-18

In accordance to one of the realization models of the
invention as shown in fig.6, the two phase separator 60
provided with the centrifugal separation device 70 1is
substantially simplified if compared to the three phase
separator 20 (because the phases to be separated are
only two: one liquid phase discharged from the bottom
of the vessel and one gas phase discharged from the top
of the vessel).

The two phase separator 60 includes one vertical
cylindrical vessel 64 having an inlet connection 62
made on the upper part of the vessel wall 63 of the
vessel 64.

Said inlet connection 62 conveys the two phase fluid to
a centrifugal  separation device 70 essentially
identical to the centrifugal separation device 40
assoclated to the three phase separator 20.

In the centrifugal separation device 70 the gas 1is
separated from the liquid phase and is conveyed toward
the outlet connection 61 located on the top of the
vessel 64.

The liquid is collected on the bottom section 66 of the
vessel 64 and is discharged through the outlet
connection 65, provided with a vortex breaker, located
in the bottom of the vessel.

The two separation stages 70' and 70" of the

centrifugal separation' device 70 are essentially

-1~
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identical to the equivalent centrifugal separation
device of the three phase separator.

In the case of the two phase centrifugal separator, the
centrifugal separation device is better integrated 1in
the unit, as the external wall of the first stage 1is
constituted by the wall 63 of the circular section of
the vessel 04.

The element 47 of the second stage 70" of the
centrifugal separation device 70 1s wrapped as an
Archimedean spiral concentric to the vwvertical axis of
the vessel, with 1its central spiral 47a facing the
outlet connection 61.

The centrifugal separation device needs, in order to
perform the separation of the gas from the ligquid, a
very reduced space 1n comparison-to the volume required
by the two phase separators realized in accordance with
the known technology.

In fact the bottom section 66 of the vessel 64, located
under the centrifugal separation element, is . totally
available for collecting the separated liquid.

In addition to this point, 1in accordance with a
different realization as 1llustrated in fig.4b, the
spirals, 1instead of being directly immersed in the

liquid present in the section 24,66 of the three or two

phase centrifugal separator, are closed inside a

cylindrical circular section 48 that is, in its turn,

.....11....
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immersed in the liquid present in the section 24,66 of
the centrifugal three or two phase separator.
In this case the spirals are partially open 1in their
lower part by means of a single helical groove 50 to
5 facilitate the draining of the separated ligquids with
the support of a small gas leakage.
The gas 1is returned into c¢ycle and 1is discharged
through a pipe 51 passing through the central internal
spiral 47a and through the metallic plate 49. The
10 centrifugal devices for the gas separation from the
ligquids can be tot'ally or partially welded inside and
outside 'the vessels 20,60 of the three or two phase
centrifugal separators.
As alternative they can be connected to said vessels in
15 such a way to make them removable and partially or
totally replaceable to facilitate thelir inspection or
their partial or total replacement if necessary to
adapt them to a wvarlation of the operative conditions
of the two or three phase centrifugal separators.
20 The connecting flange of the centrifugal separation
device (in the case it 1is removable) can be utilized as
a man way as normally required for the access to the
inside of the wvessel.
The centrifugal separation device 47 can include, in
25 place of a single spiral element, more  units,
concentrically wrapped and parallel, each having at

least three revolutions, where the fluid can move 1in

....12_
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the same direction of the first stage or 1in the
opposite one. '

The centrifugal separation device 40,70 can be reallized
by multiple centrifugal separation elements 47, working
in parallel, all contained inside the <c¢ylindrical
vertical vessel 41, 64.

A centrifugal three phase separator 20 can be made by
multiple centrifugal separator devices 40, connected to
the vessel with additional openings 22 made on the
upper side of its cylindrical wall 21,

The inlet connection 43 and the outlet connection 45 of
salid centrifugal separation devices should be
connected, outside the centrifugal separator 20, 1in
order to operate 1n parallel.

It 1s also possible to modify existing three or two
phase separators, already realized according to the
known technology, making use of a centrifugal
separation device 40,70 1in order to 1improve their
separation efficiency.

Considering also the smaller size required by the
centrifugal separation device compared to the diameter
necessary for the installation of a demister, the two
prhase centrifugal separator, 1n accordance with the
invention, requlres a vessel sensibly smaller than a

separator made in accordance with the known technology.

.....13....
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p_ N

The centrifugal separation device allows to reduce the

turbulence of the fluids.and consequently to reduce the

quantity of gas dispersed in the separated liquid.
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CLAIMS

1. Three-phase or two-phase separator, 1including a
centrifugal separation device (40, 70) placed at the
inlet of the wvessel (21, 64) for the separation of the

5 gaseous phase from the incoming fluid stream
characterized 1n that the aforesaid centrifugal
separation device (40, 70) 1includes a first stage
(40',70") of annular section and an inner second stage
(40", 70" ), coaxial to the first one; said first stage

10 being delimited between the vessel 1internal wall
(42,63) and the external wall of the second stage that
includes an element (47) built with a steel plate
shaped like a spiral around the vertical axis of the
centrifugal separation device, in order to separate the

15 gas from liquids directing the flow through a circular
pattern that brings the liquid and solid droplets into
contact with the internal wall of the vessel (42,63) in
the first stage and with the internal wall of the
spiral (47) of the second stage, thus separating (from

20 the gas) said liquid and solid droplets, which
eventually fall by gravity into the lower section of
the centrifugal separator (20,60).

2. Separator according to claim 1, which includes a
vessel (21) equipped with an opening (22) in the upper
25 part of the cylindrical wall (23) connecting said

vessel (21) to the centrifugal separation device (40)

of the gas from the liguids.

-1 5~
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3. Separator according to claim 2, where the element
(47) is wrapped as an Archimedean spiral.

4., Separator according to claim 3, where said element
(47) is wrapped along the flow direction in the first
stage (co-rotating fliow).

5. Separator according to claim 3, where said element
(47) 1is wrapped in the opposite direction of the first
stage (counter-flow).

6. Separator according to claims 4 or 5, where said
element (47) 1s wrapped as a spiral for at least three
concentric turns and the separated gas 1s carried out
from the central inner coil (47a) through an outlet
connection (45,61) located in the upper part of the
centrifugal separation device (40, 70).

7. Separator according to claim 6, where said
centrifugal separation element (47) includes more
spirals, parallel and concentric, each one built with
at least three coils, co-rotating or counter-rotating
with the first stage.

8. Separator according to claim 6, where the bottom of
the central coil of the separation element (47) 1is
closed by a horizontal plate (49), isolating said
central coil from the lower section of the separator
(24,066) where the separated liquids are collected, in
order to avoid that any ligquid droplets, already
separated, can be dragged and recycled by the whirl

produced by the gas stream.

-16~
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9. Separator according to claim 8, where the separation
element (47) has an open bottom, dipped into the liquid
collected in the section (24,66) of the separator.
10. Separator according to claim 8, where the coils of
5 the aforesaid separation element (47) are not dipped
into the liquid collected in the section (24,66) of the
separator and are partially closed by a plate opened by
a helicoidal groove (50), through which the separated
ligquid is discharged {(with the aid of a very small
10 draft of (gas overflowing through the helicoidal
opening) into a cylindrical section (48), welded to the
aforesaid plate (50) and dipped into the 1liquid
collected in the section (24,66) of the separator.
11. Separator according to claim 10, where a pipe (31)
15 1is installed inside the central inner coil (47a) and
through the steel plate (49) to allow the discharge of
the gas overflowed with the separated liquid.
12. Separator for two or three-phase mixtures, built
with more centrifugal separation devices  (40,70)
20 operating 1in parallel, according to anyone of the

aforesaid clains.

~17~
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