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(57) Abrégée/Abstract:

A gas/liquid separator (1a) comprising a vertical vessel (1) having an inlet (2) for a gas/liquid mixture; a gas/liquid separation device
(3) arranged within the vessel, which separation device has an inlet in fluid communication with the inlet of the vessel, and an outlet
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(57) Abrege(suite)/Abstract(continued):

means (1/7) for at least partially separated gas and liguid; an outlet (8) for gas from the vessel, above and in fluid communication
with the outlet means of the separation device; a liquid collection space (4) In the vessel, below and In fluid communication with the
outlet means of the separation device; and an outlet (5) for liquid from the vessel, having a receiving end In the liquid collection
space, wherein the gas/liguid separation device (3) Is a vane inlet device and wherein between the separation device and the liquia
collection space (4) a liquid collection promoter tray (40) is arranged, forming a receliving area for liquid impinging on the tray from
above and having a passage (50) for liguid received on the receiving area to flow to the liguid collection space; and the use of such
a gas/liguid separator.



woO 2005/023396 A1 I D0 ! A0 AL 00050 0 0

CA 02537649 2006-03-02

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

(19) World Intellectual Property

Organization
International Bureau

(43) International Publication Date
17 March 2005 (17.03.2005)

(51) International Patent Classification’:

50/00

(21) International Application Number:
PCT/EP2004/052082

(22) International Filing Date:
8 September 2004 (08.09.2004)

(10) International Publication Number

PCT WO 2005/023396 Al

B01D 45/16, (72) Inventor; and
(75) Inventor/Applicant (for US only): POLDERMAN,
Hugo, Gerardus [NL/NL]; Badhuisweg 3, NL-1031 CM
Amsterdam (NL).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KL,

(25) Filing Language: English KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD,
. s . MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ., OM, PG,
(26) Publication Language: English PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM,
o TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM,

(30) Priority Data: W

03077839.3 9 September 2003 (09.09.2003) EP

(84) Designated States (unless otherwise indicated, for every
(71) Applicant (for all designated States except US): SHELL kind of regional protection available): ARIPO (BW, GH,
INTERNATIONALE RESEARCH MAATSCHAPPL) GM, KE, LS, MW, MZ, NA, SD, SL., SZ, TZ, UG, ZM,
B.V. [NL/NL]; Carel van Bylandtlaan 30, NL-2596 HR /W), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),

The Hague (NL).

(54) Title: GAS/LIQUID SEPARATOR

30

22 IAiP iv%

f
20 ' “”L l” '
mﬁ

h‘-vl-l-l-l-l-l_
33 X XXX X KX DN
18 a:—I-l-l-l-l_

it 12

G

43 50 43

}Q/\ A

10

1a

1
22
26
7/
23

+

13
58

European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,

[ Continued on next page]

(57) Abstract: A gas/liquid separator (1a) comprising a vertical vessel (1) having an
inlet (2) for a gas/liquid mixture; a gas/liquid separation device (3) arranged within
the vessel, which separation device has an inlet in fluid communication with the inlet
of the vessel, and an outlet means (17) for at least partially separated gas and liquid;
an outlet (8) for gas from the vessel, above and in fluid communication with the out-
let means of the separation device; a liquid collection space (4) in the vessel, below
and in fluid communication with the outlet means of the separation device; and an
outlet (5) for liquid from the vessel, having a receiving end in the liquid collection
space, wherein the gas/liquid separation device (3) is a vane inlet device and wherein
between the separation device and the liquid collection space (4) a liquid collection
promoter tray (40) is arranged, forming a receiving area for liquid impinging on the
tray from above and having a passage (50) for liquid received on the receiving area to
flow to the liquid collection space; and the use of such a gas/liquid separator.
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GAS/LIQUID SEPARATOR

Field of the Invention

The invention relates to a vertical separator vessel
for separating a gas/liquid mixture. In particular the
invention relates to such a vessel comprising an 1nlet
for a gas/liquid mixture; a gas/liquid separation device
arranged within the vessel, which separation device has
an inlet in fluid communication with the 1nlet of the
vessel, and an outlet means for at least partially
separated gas and liquid; and which vessel further
comprises an outlet for gas above and in fluid
communication with the outlet means of the separation
device; a liquid collection space below and in fluid
communication with the outlet means of the separation
device; and an outlet for liquid arranged to withdraw
liquid from the liquid collection space.

Background of the Invention

There are numerous examples in the petroleum and
chemical industry where a gas/liquid mixture has to be
separated. In many applications the mixture is a gas with
a relatively small percentage of liquid that has to be
removed from the gas. The liquid may be entrained in
smaller or larger quantities by the flowlng gas, normally
less than 10 vol%, and typically 1-5 vol%. The liquid can
be present in the form of small or large droplets,
suspended in the form of a mist, as a froth, etc. Well-
known examples are water and liquid hydrocarbons 1in
natural gas, liquid absorption agents in a gas treated
with such agents and lubricating oil or crude oil 1n

hydrogen or hydrocarbon gas.

Generally, vertical vessels are used when a

relatively small percentage of liquid is to be removed
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from a gas. An argument for the use of a vertical vessel

for removing liquid from gas is that it occupies little
area, which is particularly advantageous for offshore
application on production platforms, but also in
refineries.

It is further generally desired to minimize the size
of the vertical vessel, for reasons of space requirement,
but also in order to minimize capital cost of the
separation vessel. However, reducing the vessel diameter
means that the fluid velocities, 1n particular gas
velocities, for a given throughput are increased. The
internals of the vessel need to be able to provide
sufficient separation efficiency for the required
capacity at such high gas velocities.

It is customary to compare the capacity of gas/liquid

separators (and fractionation columns) in terms of the

so-called gas-load factor. The gas-load factor A is

defined as X=Qg/Ag*(pg/(pl—pg))1/2. Qg is the volumetric
gas flow rate (m3/s), Ag 1s the vessel cross-sectional
area (m<), Pg and p; are the gas and liquid densities,

respectively (kg/m3) (Souders and Brown, Ind. Engineering
Chemistry, vol. 34 (1934) 98; Perry’s Chemical’s
Engineers Handbook, 6" edition, McGraw-Hill, 1984,

p. 18-6). The operating window of vertical gas/liquid

separation vessels ranges from A<0.07 m/s for open

separators without secondary separation internals or so-

called demisters, to A=20.2m/s, up to 0.25 m/s and even
above for separators with secondary separation internals
such as cyclones or vanepacks. The present invention is

particularly advantageous in the case that the gas load

factor A is about 0.15 m/s or larger, in particular

0.2 m/s or larger. When a separator is used at a gas load
factor above its design limit, the separation efficiency

is lowered. Typically, for separators for use at gas load
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factors of 0.15 or larger, the separation efficiency
needs to be 0.98 or higher, often 0.99 or higher, wherein
the separation efficiency is defined as the fraction of
the total liquid in the feed mixture that is removed and
not present anymore 1n the outlet gas.

It is noted that the gas load factor in other
separation devices can be much lower. For example, a
horizontal three-phase (gas/liquid/liquid) separator 1is
generally operated at gas load factors not exceeding
ca 0.07 m/s, and in distillation columns gas load factors
do not generally exceed about 0.12 m/s.

The gas/liquid mixture is generally admitted into a
separator vessel using a so-called inlet device. Several
types of inlet devices are known in the art. UK patent
application with publication No. GB 036 606 and
International Patent application with publication
No. WO 03/033106 both describe a vertical separator with
a tangential inlet device. These tangential inlet devices
serve to introduce the mixture tangentially along the
inner wall of the separation vessel, so as to set the
mixture into a swirling motion in a separation zone of

the vessel. Liquid separates in the separation zone due

to centrifugal forces and runs down the inner vessel wall
to accumulate in a liguid sump at the bottom. Above the
liquid sump a baffle plate is mounted so that an annular
opening with the inner vessel wall remains. The baffle
plate demarcates the lower end of the separation zone,
and separates the liquid sump from the swirling gas while
allowing liquid to run down the inner vessel wall.

French Patent application with publication
No. 2 780 659 discloses a vertical vessel into which the
gas/liquid mixture is introduced from above. The mixture
is distributed into a number of vertically downward
streams symmetrically around the axis of the vertical

vessel, by an upper baffle plate provided with openings.
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Each stream is passed down a helical wire separator that
is vertically mounted in a separation compartment of the
vessel, below the upper baffle plate. The wire separators
have their outlets at their lower ends. The separation
compartment is delimited from a lower liquid collection
compartment by a lower deflector plate, onto which
separated gas and liquid from each helical wire separator
impinges directly in vertically downward direction. The
plate is provided with a central opening through which
liquid is discharged to a lower collection compartment.
Gas 1is deflected upwardly and leaves the separation
compartment sideways through the vessel wall.

The present invention relates to separation vessels
provided with a vane inlet device, which serves to at
least partially separate the gas/liquid mixture already
at its admission into the vessel. A vane-type inlet
device that is also refereed to as a Schoepentoeter inlet
device is for example described in British patent
GB 1 119 699, and another vane inlet device i1is described
in International Patent application publication
No. WO 03/070348. A vane inlet device comprises a
plurality of outwardly curved vanes arranged one behind
the other in the direction of the inflowing gas/liquid
mixture. Each vane curvedly extends with respect to the
direction of inflowing mixture between an intercepting
part having a leading edge substantially in or at a small
angle with the direction of flow, and a deflecting part
having an outwardly extending trailing edge.

The at least partially separated gas and liquid 1is
admitted into the vessel through the outlet means of the
separation device. In a vane-type inlet device, liquid is
accumulated on the concave side of the vanes due to
centrifugal forces. The outlet means is formed by the
plurality of openings formed by consecutive vanes,

wherein liquid leaves the vane tips from a layer at the



10

15

20

29

30

CA 02537649 2006-03-02

WO 2005/023396 PCT/EP2004/052082

- 5 -

concave side of the vanes, and gas leaves from the
remainder of the openings. The liquid subsequently sinks
towards the bottom of the vessel and the gas rises to the
top.

Often, the gas/liquid separation device serves only
for a primary separation at the vessel inlet, wherein in
particular a further removal of entrained liquid from the
gas is needed. To this end, one or more further
separation devices can be arranged above the primary
separation device, such as for example described in USA
patent No. 4 767 424.

After the (pre-)separated gas and liquid have been
admitted into the vessel via the outlet means of the wvane
inlet device, there is a risk of re-entrainment of liquid
by the gas. It has been observed that this problem
increases with increasing gas load factors, as they are
encountered when trving to minimize vessel size for a
given feed rate of gas/liquid mixture, or maximising feed
rate for a given vessel size. Gas and liquid come into
contact again, particularly in the space directly below

the (primary) separation device. It has been found that

for gas-load factors A above 0.15 m/s, and in particular
above 0.2 m/s re-entrainment of liquid due to high gas
velocities in this space is a serious problem, because of
loss of separation efficiency and consequently increased
duty for secondary separators higher in the vessel.
Moreover it has been observed, that re-entrainment in
this space can hinder or even prevent the accumulation of
liguid in the liquid collection space, which is normally
the space at the bottom of the vessel. Liquid outlet
pipes from secondary separators can be arranged to
debouche into the liquid collection space, wherein the
outlet end of such a pipe is submerged 1in 1iquid during

normal operation so that they are liquid sealed.
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Separated liquid is normally withdrawn from the vessel in
this liquid collection space.

It is an object of the present invention to provide a
vertical separation vessel with vane-inlet device,
wherein the accumulation of liquid in the liquid
collection space 1is improved.

Summary of the Invention
The invention provides a gas/liquid separator

comprising:

-~ a vertical vessel having an inlet for a gas/liquid
mixture;

~ a gas/liquid separation device arranged within the
vessel, which separation device has an inlet in fluid
communication with the inlet of the vessel, and an outlet
means for at least partially separated gas and liquid;

- an outlet for gas from the vessel, above and in fluid
communication with the outlet means of the separation
device;

- a liquid collection space in the vessel, below and 1in
fluid communication with the outlet means of the
separation device; and

- an outlet for liquid from the vessel, having a
receiving end in the liquid collection space, wherein the
gas/liquid separation device is a vane-inlet device, and
wherein between the separation device and the liquid
collection space a liquid collection promoter tray 1s
arranged, forming a receiving area for liquid impinging
on the tray from above and having a passage for liquid
received on the receiving area to flow to the liquid
collection space.

Applicant has found that by arranging a liquid
collection promoter tray the re-entrainment of liquid 1in
gas close to the outlet of the primary separator 1is
reduced, and that the accumulation of liquid 1n the

liquid collection space is improved. Without wishing to
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be bound by the following explanation, Applicant believes
that the beneficial effect of the liquid collection
promoter tray 1s caused by one or both of the following
mechanisms. First, the receiving area of the tray
provides a surface for the liquid droplets from the space
underneath the vane inlet device to settle and to
coalesce, which liguid is then passed towards the liquid
collection space. Second, the liquid collection promoter
tray at least partially shields the liquid collection
space from the high gas velocities at the outlet of the
(primary) separation device, thereby creating a space
immediately above the liquid collection space where fluid
velocities are lower to help the liquid to settle and to
prevent re-entrainment.

The liquid collection promoter tray 1s advantagebusly
arranged such that it optically closes the cross-section
of the vessel when being looked at from the gas/liquid
separator in downward direction. In this way the maximum
liquid receiving area is provided for liquid to impinge
and coalesce upon, and the space below the liquid
collection promoter tray is shielded from the highest gas
velocities.

In a particularly advantageous embodiment the liquid
collection promoter tray is formed by an assembly of
tilted plates. When these plates are arranged 1n an
overlapping manner, an optically closed tray can be
obtained which leaves relatively large passages between
the plates through which liquid can flow downwardly and
through which gas can pass. However, the tray repreéents
a flow restriction for gas flowing vertically downward 1in
the vessel. Gas passing through the tray must have a
horizontal velocity component. In effect, the exchange of
gas between the spaces immediately above and below the

tray will be reduced, and the gas velocities 1in the space
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below will be considerably smaller than when no liquid
collection promoter tray 1is arranged.
The invention further provides the use of a
gas/liquid separator according to the invention for
5 separating a gas/liquid mixture, in particular at a gas
load factor of 0.15 m/s or larger, more in particular
0.20 m/s or larger. The use 1s beneficial as re-
entrainment of liquid is prevented, 1in particular at
relatively high gas load factors. The use of the
10 separator is equivalent to a method for separating a
gas/liquid mixture, wherein a separator according to the
invention is used.
Brief Description of the Drawings
The invention will now be described in more detail
15 and with reference to the drawings, wherein
Figure 1 shows schematically an embodiment of a
separator vessel with a liquid collection promoter tray
according to the present invention;
Figure 2 shows schematically a cross-sectional view
20 along a line II-II in Figure 1.
Detailed Description of the Invention
Reference is made to Figures 1 and 2, showing a
gas/liquid separator la for separating a fluild comprising
gas and liquid into a gas-rich stream and a liquid-rich
25 stream. The separator la comprises a vertical cylindrical
vessel 1 having an inlet nozzle 2 in the sidewall of the
vessel 1.
The vessel 1 of the depicted embodiment of the
invention comprises a gas/liquid separation device 3
30 having an inlet connected to the fluid inlet nozzle 2 and
arranged at some distance above the lower part 4 of the
vessel which functions as a liquid collecting space. The
lower part 4 is provided with a liquid outlet 5.
At some distance above the primary gas/liquid

35 separation device 3, a coalescer 6 is arranged. The
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coalescer 6 extends horizontally over the entire cross
section of the vessel. At some distance above the
coalescer is a further (secondary) gas/liquid separation
device 7 arranged, which also extends over the whole
cross section of the vessel. The secondary separator 7 is
situated at some distance below a gas outlet 8 of the
vessel 1. A liquid discharge pipe 9 runs down ffom.the
secondary separator, through the coalescer, along the
separation device 3 (see Fig. 2) and then into the liquid
collecting space 4.

The gas/liquid separation device 3 of this embodiment
is a vane-type inlet device (Schoepentoeter inlet
device), which serves as a primary gas/liquid separation
device. The vane-type inlet device génerally horizontally
extends in the vessel from the inlet nozzle 2. It has the
form of a longitudinal chamber enclosed by a vertical
front wall 10, a vertical rear wall 11, an upper wall 12
and a lower wall 13. The front wall 10 1is provided with
an opening to which the inlet 2 is connected. The
walls 12 and 13 extend horizontally over practically the
entire diameter of the vessel 1 and have a trapezoidal
shape with the shorter side at the rear wall 11. The two
vertical sides of the chamber between the walls 10 and 11
are open with horizontally outwardly curved vertical
guide vanes 14, arranged between the upper and lower
walls 12, 13, which vanes project through the open sides
out of the chamber. The vanes 14 are grouped on either
open side, one behind the other. Each vane 14 comprises a
leading edge part 16 extending generally towards the
inlet 2 and forming a small angle with the main diréction
of flow (arrow 15) in the longitudinal chamber, and an

outlet part 17 extending substantially perpendicular to

the leading edge part 16.
The outlet parts 17 jointly form the outlet means of

the gas/liquid separation device 3.
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The coalescer 6 comprises two horizontal supporting
means 18 and 19 which are arranged in the vessel at some
distance from each other, and between them a coalescer
bed 33 consisting of a mesh pad, which is also sometimes

5 referred to as wiremesh or mist mat. Alternative
| embodiments of a coalescer can for example be a layer of
vanes or a layer of structured packing.

The centrifugal separator tray 7 is formed between
upper and lower tray plates 20 and 21 defining a

10 separation space between them. In the separation space, a
plurality of swirl tubes 22 are arranged. Four swirl
tubes 22 are shown in the drawing, but it will be
understood that as little as one or as much as several
hundred swirl tubes can be arranged. The lower tray

15 plate 20 is provided with one or more inlets 23 which are
in fluid communication with a fluid inlet of each swirl
tube 22.

The swirl tubes generally have cylindrical shape. At
the upper (downstream) end of each swirl tube a co-axial

20 outlet pipe 24 for gas (primary gas) 1s arranged, one end
of which extends into the swirl tube and the other end
extends through the upper tray plate 21. In the lower
part of each swirl tube a swirl imparting means 25 such
as an arrangement of tilted vanes is arranged, to impart

25 rotation to fluid flowing along the swirl tube.
Downstream of the swirl imparting means, slits 20 are
arranged in the wall of the swirl tube, through which
slits ligquid can pass into the free inner space 27
between the upper and lower plates 20,21. There is also

30 fluid communication with the free inner space 27 via the
annular openings 28 formed between the upper end of the
swirl tubes 22 and the upper tray plate 21. Optilonally
the swirl tubes can be arranged or grouped 1n separate

boxes, or can be provided with return skirts (not shown)
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forcing the liquid and secondary gas to enter the free
inner space in downward direction.
Further outlet openings 29 for gas from the free
inner space (secondary gas) are arranged in the upper
5 tray plate 21. Outlets 24 and 29 are in fluid
communication with the outlet for gas 8 of the separation

vessel 1.

The liquid discharge pipe 9 extends from an inlet in

the lower part of the free inner space to an outlet 1n
10 the liguid collection space 4.

It will be understood that other embodiments of a
centrifugal separator tray can also be used 1in a
separation vessel of the present invention.

In accordance with the invention, a liquid collection

15 promoter tray 40 is arranged between the vane-type inlet
device 3 and the liquid collection space 4.

Preferably the vertical spacing between the lower end
of the vane-type 1inlet device 3 and the upper end of the
ligquid collection promoter tray 40 is equal or larger

20 than one diameter of the inlet nozzle 2, otherwise too
large fluid velocities would result in the intermediate
space 39 during operation. 200 mm, and more
preferably 250 mm is considered as a minimum spacing.

Assume the vessel 1 has a diameter of 2 m and the

25 inlet nozzle diameter is 250 mm. A suitable liquid
collection promoter tray 40 can for example be formed by
an arrangement of 6 parallel plates 43, each plate
being 400 mm wide and conforming to the vessel wall at
those sides that approach the vessel wall. The plates are

30 tilted out of the horizontal plane, with their tilting
angle in the paper plane of Figure 1, and have their
longitudinal direction perpendicular to the paper plane

of Figure 1, so that each longitudinal side of the plates

runs substantially horizontal in the vessel.
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A small tilting angle is sufficient to allow liquid
to flow downwards on the plates, and the shielding
against gas flowling vertically downwards in the column is
best at small angles. Suitably, the tilting angle with
the horizontal plane is less than 30 degrees, preferably
5-20 degrees, most preferably 10 degrees. The plates
overlap in a shingle-like manner as shown, so that the
tray 40 is optically closed when being looked at from
above, like in Figure 2. It will be understood that the
number and tilting angle of the plates can be varied and
optimised. Tilting angle and number of plates determine
the lower limit of the height of tray 40. For 400 mm wide
plates 43 at 10 degrees tilting angle the height required
is only ca 70 mm. The parallel arrangement of plates
forms louver-like passages 50 through which liquid can
flow from the top surface of the plates to the liquid
collecting space 4 below the liquid collection promoter
tray 40.

The plates as shown in this embodiment extend
perpendicular to the main flow direction 15 within the
vane-type inlet device 3. Preseparated gas and liquid
exits the vane-type inlet device in generally transversal
direction. It is believed that the shown orientation of
plates 43 minimizes the possibility for fluid from the
outlet of the inlet device 3 to pass directly through the
passages 50. It will be understood, however, that other
arrangements of the plates are also possible.

The arrangement of plates can be mechanically
supported by any means known in the art, e.g. by a
support ring 58, which is attached to inner surface of
the wall of the vessel.

It can be desirable to arrange downwardly extending
baffles at the lower longitudinal sides of the plates 43,
as shown for two of the plates 43 at reference

numerals 55. The baffles 55 impose a larger reslistance to
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gas flowing through the passages 50, which can be
desirable in particular at larger tilting angles. The
baffles 55 can, for the dimensions of the vessel 1 and
plates 43 discussed above for the present embodiment, for
example be up to 200 mm long, and preferably between 50
and 100 mm which limits the total height of the liquid
collection promoter tray 40 to less than 200 mm.

During normal operation of the vessel 1, a gas/liquid
mixture of typically 0.5-5 vol%s liquid of the total
mixture, in particular 0.5-3 vol%, or 3-5 vol%, 1s fed
through the inlet nozzle 2 into the inlet device 3. The
curved vanes 14 intercept the feed mixture, and gas and
ligquid are preseparated due to the centrifugal force
exerted by the curved vanes. Liquid 1is accumulated on the
vanes and exits from the vane tips in lateral direction,
and subsequently sinks due to gravity generally downward.
Gas also exits in lateral direction, and ultimately
upwards, but after impinging on the vessel wall some gas
initially is deflected downwardly and flows downwards
together with the liquid.

The fluid above the vane-type inlet device 3 consists
mainly of gas with typically 0-2 vol% non-separated or
re-entrained liquid, in particular 0-1 vol% or 1-~2 vols.
Gas flowing upwards in the vessel, from the inlet
device 3, is redistributed over the vessel cross section
under the influence of the pressure drop across the
coalescer 6 at location 6 and then passes the coalescer.

If a mesh pad 1is used for the coalescer 6 as shown in
Figure 1, the mesh pad increases the droplet size of
ligquid during normal operation, i.e. when operated in the
high gas load regime of gas loads above ca. 0.15 m/s. At
lower gas loads such as during turn down of the operation

or at temporarily lower feed rate to the vessel, such as

at A<0.1 m/s, the mesh pad functions in fact not as a

coalescer but as a fairly efficient separator itself, and
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the separated liquid showers down in the vessel from the

mesh pad.

In the high gas load regime the mesh pad enhances the
efficiency of further separation in the secondary
gas/liquid separation device 7. In the swirl tubes 22 a
rotary movement is imparted to this gas by the swirl
imparting means 25, whereby the liquid 1s flung outwardly
against the inner wall of the swirl tubes 22 due to
centrifugal forces. The gas preferentially flows upwards
in the axial part of the swirl tubes 22 and leaves the
swirl tubes 22 via the primary gas outlets 24. The liquid
is driven up in the form of a film along the tube wall 22
and is allowed to flow through openings/slits 26 in the
swirl tube wall and/or openings 28 at the upper end of
the swirl tubes to flow into the free inner space 27
between plates 20 and 21, outside the swirl tubes 22. A
certain amount of "secondary" gas is also carried along
with the ligquid into this free inner space 27. The liquid
is collected in the lower part of the free inner space
and flows via the liquid discharge pipe 9 to the liquid
collection space 4, without again coming into contact
with the gas flowing through the vessel. The secondary
gas flows via the secondary gas outlets 29 to the
space 30 above the centrifugal separator 7, where it 1s
added to the primary gas from the primary gas outlets 28.
The gas is removed from the vessel via the gas outlet 8.

Above the secondary gas/liquid separator a further
mesh pad can be arranged (not shown), which can serve to
further remove liquid that has been re-entrained with
secondary dgas.

The preseparated liquid transversally exiting from
the vane-type inlet device and some of the preseparated
gas will flow downwardly. The liquid impinges on the

upper surface of the liquid collection promoter tray, and
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a film of liquid is formed, which flows through the
passages 50 downwards into the liquid collection space.

The liquid is withdrawn from the liquid collection
space 4 via the ligquid outlet 5.

S It will be understood that the liquid collection
promoter tray can also be formed by a higher or lower
number of tilted plates. A practical limitation for plate
width can be the size of a manhole in the vessel, often
500-600 mm. Suitably, the plates are 200-500 mm wide. A

10 tray with wider plates is easier to manufacture and
provides better shielding of the space below, but
requires more height in the column.

It shall be clear that instead of a Schoepentoeter
inlet device 3 as shown in Figure 1 also a

15 circumferential vane inlet device as disclosed 1n
WO 03/070348 can be used. In this case, like in the
embodiment of Figure 1, the mixture entering the vessel
is pre-separated in the inlet device, and pre-separated
gas and liquid streams are admitted into the vessel

20 transversally (radially) or with at least a transversal
(radial) velocity component, so that gas and liquid
streams are directed towards the vessel wall and not to
the liquid collection space. Liquid will subsequently
generally sink to the bottom, and some of the gas will

25 also be deflected downwardly by the vessel wall. The
liquid is received and guided to the liquid collection
space in the same way by the liquid collection promoter
tray, and the collected liquid is shielded from high gas
velocities.

30 The separation efficiency of separation vessels for
natural gas treatment can be considerably increased by
installation of a liquid collection promoter tray. Where
maximum efficiency is not required, the invention allows

to increase the separation capacity of a vessel

35 (throughput) .
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CLAIMS

1. A gas/liquid separator comprising:

- a vertical vessel having an inlet for a gas/liquid
mixture;

- a gas/liquid separation device arranged within the
vessel, which separation device has an inlet in fluid
communication with the inlet of the vessel, and an outlet
means for at least partially separated gas and liquid;

— an outlet for gas from the vessel, above and in fluid
communication with the outlet means of the separation
device;

~ a liquid collection space in the vessel, below and 1in
fluid communication with the outlet means of the
separation device; and

- an outlet for liquid from the vessel, having a
receiving end in the liquid collection space,

wherein the separation device is a vane inlet device, and
wherein between the separation device and the liquid
collection space a liquid collection promoter tray 1s
arranged, forming a receiving area for liquid impinging
on the tray from above and having a passage for liquid
received on the receiving area to flow to the liquid
collection space.

2. The gas/liquid separator according to claim 1,
wherein the ligquid collection promoter tray is optically
closed when being looked at from above.

3. The gas/liquid separator according to claim 1 or 2,
wherein the liquid collection promoter tray comprises an
arrangement of plates that are tilted out of the
horizontal plane.

4. The gas/liquid separator according to claim 3,

wherein the plates have longitudinal sides horizontélly
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extending 1n the vessel, and wherein the plates are arranged with their longitudinal

sides parallel to each other.

5. The gas/liquid separator according to claim 3 or 4, wherein the plates overlap

in horizontal direction.

6. The gas/liquid separator according to any one of claims 1-5, wherein the liquid

collection promoter tray conforms to the circumference of the vessel.

7. The gas/liquid separator according to any one of claims 1-6, wherein the outlet
means of the gas/liquid separation device is arranged to admit pre-separated gas and

liquid transversally or with a transversal velocity component into the vessel.

8. The gas/liquid separator according to any one of claims 1-7, wherein the
gas/liquid separation device is a primary separation device, and wherein a secondary

gas/liquid separation device is arranged above the primary separation device.

9. The gas/liquid separator according to claim 8, further comprising a first

coalescing device, between the primary and secondary separation devices.

10.  The gas/liquid separator according to claim 8, further comprising a first

coalescing device above the secondary separation device.

11.  The gas/liquid separator according to claim 9, further comprising a second

coalescing device, above the secondary separation device.

12. Use of a gas/liquid separator according to any one of claims 1-11, for

separating a gas/liquid mixture.

13. Use according to claim 12, wherein the separating is at a gas load factor of

0.15 m/s or larger.

14. Use according to claim 12, wherein the separating is at a gas load factor of
0.20 m/s or larger.

DOCSMTL: 4243097\1
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Fig.1.
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