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THREE-PHASE SEPARATOR

BACKGROUND OF THE INVENTION

This invention relates to a phase separator, More particularly, this invention
relates fo a motion-insensitive phase separator for use in marine applications.

Phase separators are used in the oil industry to separate oil and gas from water
in a multi-phase production fluid from a well bore. Most oil deposits ocour in
combination with water and gas. Frequently, because of the high geologic pressures
involved, the oil is more or less homogeneously mixed in with the water, and the gas
is dissolved in the mixture. Phase separators serve to separate out the three phases so
that the oil and gas can be further processed.

‘Where drilling for oil and gas is undertaken over an ocean or other body of
water, the phase separators are frequently located on a vessel maintained in position at
sea. One problem arising in these installations is that the motion of the vessel and
consequently of the phase separator causes the incoming fluid mixture to slosh about
within the separator, thereby generating foam and impeding the separation process.

Separators which are used at sea are generally provided with structure for
combating the effects of wave induced motion. As illustrated in Fig. 1, one such prior
art phase separator includes a tank 12 having a single, centrally located, inlet 14. A
packed box distributor 16 is disposed at the inlet 14 for spreading out the incoming
fluid mixture throughout the tank 12. Tank 12 is provided with a pair of spaced gas
outlets 18 and 20, a centrally located water outlet 22 and a centrally located oil outlet
24. A liquid containing chamber 26 is defined inside tank 12 by a separator plate 28
and a pair of parﬁﬁon§ 30 and 32 in which respective flapper valves 34 and 36 are
located. Water outlet 22 and oil outlet 24 communicate with chamber 26, Water outlet
22 is located at a bottom of tank 12, below a water level or water-oil interface 38,
while oil outlet 24 is located between water level 38 and an oil level or oil-gas

interface 40. Also located inside chamber 26 are separation media in the form of a
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plurality of packing structures 42 which serve to separate the oil and the water
components from one another.

Fig. 2 depicts another separator designed specifically for marine applications.
An elongate tank 44 is provided at one end with an inlet 46 for delivering a fluid
mixture to tank 44. At an opposite end of tank 44 are provided a gas outlet 48, a water
outlet 50 and an oil outlet 52. A cyclonic preseparator inlet device 54 is located at
inlet 46, while a plurality of packing structures or perforated plates 56 are disposed at
the bottom of tank 44 between inlet 46 and outlets 48, 50, and 52. Water outlet 50 is
located at a bottom of tank 44, below a water level or water-oil interface 58, while oil
outlet 52 is located between water level 58 and an oil level or oil-gas interface 60.

SUMMARY OF THE INVENTION

A motion-insensitive phase separator for separating oilfield production fluid
phases comprises, in accordance with the present invention, a tank having a pair of
opposing inlets and generally centrally arranged outlets for liquid phases of a
production fluid mixture fed into the tank simultaneously through the inlets.
Separation media are disposed in the tank for separating the different phases of the
production fluid. The separation media extend across a fluid flow path which in turn
extends from the inlets to the outlets. Preferably, the inlets are disposed substantially
equidistantly from the outlets, while the fluid permeable phase separation media is
disposed in said tank generally symmetrically about the outlets. This structure
provides for a symmetrical flow and weight distribution for motion insensitivity.

Generally, it is contemplated that there are at least three outlets for oil, water
and gas, respectively. In this case, the separator is a three-phase separator. The liquid
outlets are preferably arranged in a vertical median plane of the tank. Depending on
the physical constraints of the particular application, however, a perfect central
disposition of the liquid outlets may not be possible.

Where the tank is an elongate cylindrical tank having opposed end walls, the

inlets are each disposed at a respective one of the end walls,
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A tank in accordance with the present invention is generally mounted to an
upper deck of a tanker or other ocean-going vessel. The tank has a longitudinal axis
which is disposed in parallel to the longitudinal axis of the vessel. Since the pitching
motion of a vessel is generally less than the rolling motion thereof, this disposition of
the tank relative to the carrier vessel minimizes the motion which gives rise to sloshing
of the liquids in the tank.

Preferably, the separation media include antifoam media at opposite ends of the
tank and further include demisting media proximately to the median plane, on opposite
sides thereof. The demisting media define a centrally located chamber in which the
liquid outlets are located.

In accordance with another feature of the pres ent invention, the separator
further comprises flow restrictors or regulators in the form of perforated plates
disposed in the tank between the antifoam media and the demisting media. The
perforated plates restrict, limit or regulate the flow of liquid along a fluid path from
the inlets at the ends of the tank towards the water and oil outlets at or near the center
of the tank, so as to prevent precipitous rushes of liquid induced by the heaving,
pitching and rolling of a vessel on which the separator is located.

Preferably, the perforated plates extend up through a separated liquid region in
the tank to a point located above an uppermost liquid level. This prevents liquid from
washing over the perforated plates even in high seas.

Like the separation media, the perforated plates are located at least
approximately symmetrically about a central transverse plane of the tank, thereby
enhancing or assisting in the generation of a symmetrical flow and weight distribution
for motion insensitivity.

It is contemplated that the antifoam media, the demisting media and the
additional media also extend up through a separated liquid region in the tank to a point
located above an uppermost liquid level. Preferably, at least the demisting media

extend transversely across the tank from the bottom to the top thereof.
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In a three-phase separator in accordance with the present invention,
simultaneous infeed from opposite ends of the tank offers reduced size and weight as
compared to other designs, for example, those in which a central separator plate and
flapper valves are provided. The separation media and perforated plates minimize the
effects of vessel motion. Moreover, the separator can be smaller for a given
volumetric flow rate than conventional designs.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic longitudinal cross-sectional view of a conventional three-
phase separator,

Fig. 2 is a schematic longitudinal cross-sectional view of another conventional
three-phase separator,

Fig. 3 is a schematic longitudinal cross-sectional view of a three-phase
separator in accordance with the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

As illustrated in Fig. 3, a three-phase separator particularly for use in marine
applications comprises an elongate tank 62 having end walls 64 and 66 in which
opposed inlets 68 and 70 are located for delivering a fluid mixture to the tank. Tank
62 is disposed on an upper deck 69 of a vessel 71 at sea so that a longitudinal axis (not
depicted) of the tank is oriented substantially horizontally and parallel to a
longitudinal (fore-aft) axis of vessel 71. Itis contemplated that a production fluid
mixture produced from an oilfield for phase separation is divided into two roughly
equal streams which are guided to inlets 68 and 70, respectively. Baffle plates 72 and
74 are provided at the inlets 68 and 70. Alternatively, cyclonic preseparator inlet
devices (see 54 in Fig.2) may be disposed at inlets 68 and 70,

A gas outlet 76, a water outlet 78, and an oil outlet 80 are disposed centrally in
tank 62, generally in a central or median plane 82 located midway between ends walls
64 and 66 and hence midway between inlets 68 and 70. Gas outlet 76 is located along
an upper side (not designated) of tank 62, while water outlet 78 is located at a bottom
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of tank 62, below a water level or water-oil interface 84, oil outlet 80 being located
between water level 84 and an oil level or oil-gas interface 86.

A pair of antifoam media, such as packing lattices 88 and 90, are provided at
opposite ends of tank 62, proximately to respective fluid inlets 68 and 70, for
coalescing and separating density differentiated components of the production fluid
mixture arriving via inlets 68 and 70 and for inhibiting or preventing the generation of
foam at the ends of tank 62. Packing lattices 88 and 90 extend the entire transverse
dimension of height of tank 62, from a lower side or bottom thereof to an upper side
or top of the tank.

Demisting media, such as packing lattices 92 and 94, are provided in the center
of the tank, on opposite sides of median plane 82 for reducing liquid entrainment in
the separated gas, i.e., for inducing the precipitation of water and oil phases from gas
located at the top of tank 62. Packing lattices 92 and 94 also extend the entire
transverse dimension of height of tank 62, from a lower side or bottom thereof to an
upper side or top of the tank. Packing lattices 92 and 94 define a generally centrally
located chamber 95 in which water outlet 78 and oil outlet 80 are located, Preferably,
gas outlet 76 also communicates with or is located in chamber 95.

Provided between antifoam packing lattice 88 and demisting packing lattice 92
on the one side of tank 62 are a pair of flow restrictors or regulators, such as
perforated plates 96 and 98, and an additional packing lattice 100. Plates 96 and 98
and lattice 100 extend up through the separated water and oil regions 102 and 104 in
tank 62 to a point located above the uppermost liquid level, i.e., above oil level 86.
Plates 96 and 98 permit a regulated flow of liquid in a longitudinal direction, from
inlets 68 and 70 towards water and oil outlets 78 and 80 at the center of tank 62, but
damp or inhibit motion induced bulk liquid movement induced by the heaving,
pitching and rolling of a vessel on which the separator is located. The heights of the
perforated plates 96 and 98 prevent liquid from washing over the perforated plates

even in high seas.
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Between antifoam packing lattice 90 and demisting packing lattice 94 on the
other side of tank 62 are provided additional flow regulators, such as a pair of
perforated plates 106 and 108, and media such as packing lattice 110. Plates 106 and
108 and lattice 110 also extend up through water and oil regions or layers 102 and 104
in tank 62 to points located above oil level 86.

Demisting media or packing lattices 92 and 94, antifoam media or packing
lattices 88 and 90, perforated-plate flow restrictors or regulators 96, 98, 106, 108, and
additional packing lattices 100 and 110 are disposed mirror symmetrically about plane
82, thereby providing for a symmetrical flow and weight distribution for motion
insensitivity. Preferably, inlets 68 and 70 are disposed substantially equidistantly
from at least liquid outlets 78 and 80.

Antifoam packing lattices 88 and 90 and demisting packing lattices 92 and 94,
as well as additional packing lattices 100 and 110, are substantially thicker than
perforated plates 96 and 98, for exaxﬁple, on the order of twenty times as thick. For
example, the packing lattice may be 20 cm thick, while the perforated plate is 1 cm
thick. The perforated plate may be formed with 3/4 inch diameter holes on 1%4 inch
triangular pitch. Antifoam packing lattices 88 and 90 and demisting packing lattices
92 and 94, as well as additional packing lattices 100 and 110, can take any
conventional form, such as in-parallel arrays of inclined corrugated plates. Structured
packing elements of 250 Y Mellapack (Sulzer) in polypropylene have been used in
experimental tests. Examples of possible packing structures are disclosed in detail in

- U.S. Patent No. 1,458,805 to Christiansen, U.S. Patent No. 1,732,386 to Sprockhoff,
U.S. Patent No. 1,946,414 to Schmid, U.S. Patent No. 3,346,122 to Cornelissen, U.S.
Patent No. 3,837,501 to Pielkenrood, and U.S. Patent No. 4,737,288 to Melis et al.
The disclosures of all these patents are hereby incorporated by reference.

Although the invention has been described in terms of particular embodiments
and applications, one of ordinary skill in the art, in light of this teaching, can generate
additional embodiments and modifications without departing from the spirit of or

exceeding the scope of the claimed invention. For example, one or more additional
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flow restricting or regulating perforated plate sections may be disposed in respective
longitudinal planes in tank 62. Such longitudinal flow plates are particularly
advantageous where measuring sensors or instruments are disposed in lateral walls of
the tank. Otherwise, sloshing due to vessel rolling reduces the effectiveness of the
mstraments.

Gas outlet 76 need not be located in center plane 82 or even in chamber 95.
However, a central location is preferred, In addition, liquid outlets 78 and 80 may be
moved off center to some extent without appreciably affecting the balanced flow and
weight distribution. Substantial centering for effective balancing of fluid flow and
weight distribution is preferred.

Accordingly, it 1s to be understood that the drawings and descriptions herein
are proffered by way of example to facilitate comprehension of the invention and

should not be construed to limit the scope thereof,
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WHAT IS CLAIMED I8:

L A motion-insensitive phase separator for separating oilfield production
fluid phases, comprising:

a tank having a pair of opposing inlets and further having at least one outlet for
a liquid phase of a production fluid mixture fed into said tank simultaneously through
said inlets, a flow path extending through said tank from said inlets to said outlet; and

fluid permeable phase separation media disposed in said tank and extending
across said flow path for separating the different phases of the production fluid
mixture, said inlets being disposed substantially equidistantly from said outlet and said
fluid permeable phase separation media being disposed in said tank generally
symmetrically about said outlet so as to provide for a symmetrical flow and weight

distribution for motion insensitivity.

2. The separator defined in claim 1 wherein said tank is elongate and has a
substantially uniform transverse cross-section along said axis between opposite ends
of said tank.

3 The separator defined in claim 2 wherein said tank is cylindrical and has

opposed end walls, said inlets each being disposed at a respective one of said end

walls,

4, The separator defined in claim 3 wherein said outlet is one of at least

two outlets disposed approximately in a plane located substantially midway between
said end walls.

5. The separator defined in claim 4 wherein said tank has a gas outlet

located substantially midway between said end walls,

R
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6. The separator defined in claim 1, further comprising at least two flow
restrictors, each disposed between said outlet on one side and a respective one of said

inlets on an opposite side.

7. The separator defined in claim 6 wherein said separation media include

demisting media disposed proximately to said outlet, on opposite sides thereof.

8. The separator defined in claim. 7 wherein said flow restrictors are each
disposed between said demisting media on said one side and the respective one of said

inlets on an opposite side,

9. The separator defined in claim 8 wherein said separation media further

include two antifoam media each disposed towards a respective one of said inlets,

10.  The separator defined in claim 9 wherein said flow restrictors are each
disposed between said demisting media on said one side and a respective one of said

antifoam media on said opposite side.

11.  The separator defined in claim 6 wherein said flow restrictors each takes

the form of a perforated plate.

12, The separator defined in claim 11 wherein each said perforated plate

extends up through a separated liquid region in said tank to & point located above an

uppermost liquid level.

13.  The separator defined in claim 1 wherein said separation media include
antifoam media disposed towards opposed inlets of said tank and demisting media
disposed proximately to said outlet, on opposite sides thereof,

S
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14, The separator defined in claim 13, further comprising flow regulators
extending substantially vertically in said tank between said antifoam media and said

demisting media.

15.  The separator defined in claim 14 wherein said flow regulators comprise
perforated plates extending up through a separated liquid region in said tank to a point

located above an uppermost liquid level.

16.  The separator defined in claim 13 wherein said separation media further
comprise additional media disposed between in said tank between said antifoam media

and said demisting media.

17.  The separator defined in claim 16 wherein said additional media extend
up through a separated liquid region in said tank to a point located above an

uppermost liquid level.

18,  The separator defined in claim 13 wherein said demisting media extend

from a lower side to an upper side of said tank.

19.  The separator defined in claim 13 wherein said antifoam media extend

from a lower side to an upper side of said tank.

20.  The separator defined in claim 1 wherein said separation media include
antifoam media at opposite ends of said tank, said antifoam media extending from a

lower side to an upper side of said tank,

21.  The separator defined in claim 1 wherein said separation media include
demisting media located proximately to said outlet, between said outlet and said inlets,

said demisting media extending from a lower side to an upper side of said tank.

10
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22.  The separator defined in claim | wherein said fluid permeable phase
separation media is disposed in said tank at least approximately mirror symmetrically

with respective to a central transverse plane which bisects said tank.

23. A motion-insensitive phase separator for separating oilfield production
fluid phases, comprising:

a tank having at least one inlet for a production fluid mixture and at least one
outlet for a liquid phase of the production fluid mixture, a fluid flow path extending
from said inlet to said outlet;

fluid permeable phase separation media disposed in said tank and extending
across said flow path of the fluid for separating the different phases of the production
fluid mixture; and

at least one flow restrictor or regulator also disposed in said tank in the flow
path of the fluid from said inlet to said outlet.

24.  The separator defined in claim 23 wherein said inlet is one of two inlets
disposed on said tank substantially equidistantly from said outlet, said fluid permeable
phase separation media being disposed in said tank generally symmetrically about said
outlet so as to provide for a symmetrical flow and weight distribution for motion
insensitivity, said flow restrictor or regulator being one of two flow restrictors or
regulators each disposed between said outlet on one side and a respective one of said

inlets on an opposite side.

25.  The separator defined in claim 24 wherein said separation media include
demisting media disposed proximately to said outlet, on opposite sides thereof, said
separation media further comprising two antifoam media each disposed towards a

respective one of said inlets, said flow restrictors or regulators each being disposed
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between said demisting media on said one side and a respective one of said antifoam

media on said opposite side.

26,  The separator defined in claim 25 wherein said flow restrictors or

regulators each takes the form of a perforated plate.

27.  The separator defined in claim 26 wherein each said perforated plate
extends up through a separated liquid region in said tank to a point located above an

uppermost liquid level.

28.  The separator defined in claim 27 wherein said tank is elongate and has
a substantially uniform transverse cylindrical cross-section between opposite ends of

said tank, said inlets each being disposed at a respective one of said ends.

29.  The separator defined in claim 23 wherein said flow restrictor or
regulator is one of two flow restrictors or regulators disposed in said tank and wherein
said inlet is one of two inlets on said tank, said separation media including two
antifoam media disposed towards respective ones of said inlets and demisting media
disposed proximately to said outlet on opposite sides thereof, said flow restrictors or
regulators being each disposed between said demisting media on one side and a

respective one of said antifoam media on an opposite side.

30.  The separator defined in claim 29 wherein said flow restrictors or

regulators comprise perforated plates extending up through a separated liquid region in

said tank to a point located above an uppermost liquid level.

31.  The separator defined in claim 29 wherein said separation media further

comprise additional media disposed between in said tank between said antifoam media

and said demisting media. ' o
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32.  The separator defined in claim 31 wherein said additional media extend
up through a separated liquid region in said tank to a point located above an

uppermost liquid level,

33.  The separator defined in claim 23 wherein said separation media include
demisting media extending transversely across said path from one side of said tank to

an opposite side thereof.

34,  The separator defined in claim 33 wherein said demisting media are

disposed proximate to said outlet.

35.  The separator defined in claim 23 wherein said separation media include
antifoam media extending transversely across said path from one side of said tank to

an opposite side thereof,

36.  The separator defined in claim 35 wherein said antifoam media are

disposed proximate to said infet.

37. A motion-insensitive phase separator for separating oilfield production
fluid phases, comprising:

a tank a pair of opposing inlets, said tank also having at least one outlet for a
liquid phase of a production fluid mixture fed into said tank simultaneously through
said inlets; and

fluid permeable phase separation media disposed in said tank and extending
across a flow path of the fluid from the inlets to the outlet for separating the different
phases of the production fluid mixture, said fluid permeable separation media defining
a substantially centrally located chamber inside said tank, said outlet being disposed in

said chamber.

This Sheet Has Been Repl

. I




“TRAY IO 799 1359 FR BAKER HUGHES INC 881 526 2441 TO 9-@11655330694 P.03
[ —

e —

N W

38.  The separator defined in claim 37 wherein said separation media are
disposed substantially mirror symmetrically about said chamber, so as to provide for a
symmetrical flow and weight distribution for motion insensitivity.

39.  The separator defined in claim 38, further comprising at least two flow
restrictors, each disposed between said outlet on one side and a respective one of said
inlets on an opposite side, said flow restrictors also being disposed substantially mirror
symmetrically about said chamber, so as to provide for the symmetrical flow and

weight distribution for motion insensitivity,

40.  The separator defined in claim 39 wherein said flow restrictors are each
disposed between said chamber on one side and a respective one of said inlets on an

opposite side.

41,  The separator defined in claim 40 wherein said separation media include
demisting media and antifoam media, said demisting media being disposed on said one
side of said flow restrictors, between said flow restrictors and said outlet, said

. antifoam media being disposed on said opposite side of said flow restrictors, between

said flow restrictors and said inlets.

42,  The separator defined in claim 41 wherein said flow restrictors each

takes the form of a perforated plate.

43.  The separator defined in claim 41 wherein said demisting media extend
transversely across said flow path, from one side of said tank to an opposite side
thereof, said antifoam media also extending transversely across said flow path, from

the one side of said tank to the opposite side thereof,

—
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44,  An apparatus for separating oilfield production fluid phases, comprising:

a vessel capable of being navigated onto large bodies of water;

a tank fixed to said vessel, said tank having a pair of opposing inlets and further
having at least one outlet for a liquid phase of a production fluid mixture fed into said
tank simultaneously through said inlets, a fluid flow path extending through said tank
from said inlets to said outlet; and

fluid permeable phase separation media disposed in said tank and extending
across said flow path for separating the different phases of the production fluid
mixture, said inlets being disposed substantially equidistantly from said outlet and said
fluid permeable phase separation media being disposed in said tank generally
symmetrically about said outlet so as to provide for a symmetrical flow and weight

distribution for motion insensitivity.

45.  The separator defined in claim 44 wherein said separation media are
disposed substantially mirror symmetrically about said outlet, so as to provide for a
symmetrical flow and weight distribution for motion insensitivity.

46.  The separator defined in claim 45, further comprising at least two flow
restrictors, each disposed between said outlet on one side and a respective one of said
inlets on an opposite side, said flow restrictors also being disposed substantially mirror

symmetrically about said chamber, so as to provide for the symmetrical flow and

weight distribution for motion insensitivity,

47.  The separator defined in claim 46 wherein said separation media include
demisting media and antifoam media, said demisting media being disposed on said one
side of said flow restrictors, between said flow restrictors and said outlet, said
antifoam media being disposed on said opposite side of said flow restrictors, between

said flow restrictors and said inlets. —

—
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48.  The separator defined in claim 47 wherein said flow restrictors each

takes the form of a perforated plate.

49.  The separator defined in claim 47 wherein said demisting media extend
transversely across said flow path, from one side of said tank to an opposite side
thereof, said antifoam media also extending transversely across said flow path, from

the one side of said tank to the opposite side thereof.

50.  An apparatus for separating oilfield production fluid phases, comprising:

a vessel capable of being navigated onto large bodies of water;

a tank fixed to said vessel, said tank having at least one inlet for a production
fluid mixture and at least one outlet for a liquid phase of the production fluid mixture,
a fluid flow path extending from said inlet to said outlet;

fluid permeable phase separation media disposed in said tank and extending
across said flow path of the fluid for separating the different phases of the production
fluid mixture; and |

at least one flow restrictor or regulator also disposed in said tank in the flow
path of the fluid from said inlet to said outlet.

51.  The apparatus defined in claim 50 wherein said inlet is one of two inlets
disposed on said tank substantially equidistantly from said outlet, said fluid permeable
phase separation media being disposed in said tank generally symmetrically about said
outlet so as to provide for a symmetrical flow and weight distribution for motion
insensitivity, said flow restrictor or regulator being one of two flow restrictors ot

regulators each disposed between said outlet on one side and a respective one of said

inlets on an opposite side.

52.  The apparatus defined in claim 51 wherein said separation media include
demisting media disposed proximately to said outlet, on opposite sides thereof, said

separation media further comprising two antifoam media each disposed towards a

16
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respective one of said inlets, said flow restrictors or regulators each being disposed
between said demisting media on said one side and a respective one of said antifoam

media on said opposite side.

53.  The apparatus defined in claim 27 wherein said flow restrictors or
regulators each takes the form of a perforated plate.

54,  The apparatus defined in claim 53 wherein each said perforated plate
extends up through a separated liquid region in said tank to a point located above an

uppermost liquid level.

55.  The apparatus defined in claim 54 wherein said tank is elongate and has
a substantially uniform transverse cylindrical cross-section between opposite ends of

said tank, said inlets each being disposed at a respective one of said ends.

56. The apparatus defined in claim 50 wherein said flow restrictor or
regulator is one of two flow restrictors or regulators disposed in said tank and wherein
said inlet is one of two inlets on said tank, said separation media including two
antifoam media disposed towards respective ones of said inlets and demisting media
disposed proximately to said outlet on opposite sides thereof, said flow restrictors or
regulators being each disposed between said demisting media on one side and a

respective one of said antifoam media on an opposite side.

57.  The apparatus defined in claim 56 wherein said flow restrictors or

regulators comprise perforated plates extending up through a separated liquid region in

said tank to a point located above an uppermost liquid level.

-

—
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58.  The apparatus defined in claim 56 wherein said separation media further
comprise additional media disposed between in said tank between said antifoam media

and said demisting media,

59.  The apparatus defined in claim 58 wherein said additional media extend
up through a separated liquid region in said tank to a point located above an

uppermost liquid level.

60.  The apparatus defined in ¢claim 50 wherein said separation media include
demisting media extending transversely across said path from one side of said tank to

an opposite side thereof.

61.  The apparatus defined in claim 60 wherein said demisting media are

disposed proximate to said outlet.

62.  The apparatus defined in claim 50 wherein said separation media include
antifoam media extending transversely across said path from one side of said tank to

an opposite side thereof,

63.  The apparatus defined in claim 62 wherein said antifoam media are

disposed proximate to said inlet.
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