WO 2004/ 073836 PCT/ EP2004/ 050152 - 1 SEPARATION TRAY The present invention
relates to a separation tray suitable for being horizontally nounted in a
normal |y wehbhbGabssgol uim. The colum can in particul ar PeTEPREHOMIS2
suitable for separating liquid/gas mxtures. 5 In the specification and in
the clains the termgas shall be used so as to al so include vapour.
Eur opean Patent Specification No. 0 083 811 Bl discloses a separation tray
conprising a normally horizontal upper wall and a normally horizontal | ower
10 wal | defining an inner space between them neans for admtting fluid to
the inner space; neans for renoving liquid fromthe inner space; neans for
renmoving gas from the inner space; a plurality of primary separation
devices for separating fluid into primary gas and liquid 15 enriched fluid,
each primary separation device being arranged within the inner space and
conprising: - a normally vertical conduit "having at its lower end an inlet
~for fluid, which inlet is in fluid communication wth the nmeans for
admtting fluid, and having at its 20 azpgerranckaan outlet for prinmary gas,
which outlet is in fluid conmmunication with the neans for renoving gas; C,

- aswrl-inparting means arraqggd.in the conduit between the inlet for
. The pres invention relates éo a separation tra .
fluid and the outlet for gas, So as o cause,  dari A hormal "Operation, the

formati on of a 25 | ayefuidPlpif§aiGienPrdRddFivurynted +he wamitar regi on
adj acent the inner suryeateadfcolime. ciadwiltrndowwnst peanmtOkr Hehe ceMii | - | mparti ng
nmeans; and - a nmeans for:LAEDME NGoandi GuidhnNg & nleasds part of the
| quid-enviched fluid frop the. primRLY:5RA A LN deY 68 V0,20Q4/ 073836
PCT/EP2004/050155
shall be used so as to also include vapour.
( European Patent Specification No. 0 083 811 Bl
discloses a separation tray comprising a normally
horizontal upper wall and a normally horizontal lower
10 wall defining an inner space between them; means for
acdmitting fluid to the inner space; means for removing
liguid from the inner space; means for removing gas from
the inner space; a plurality of primary separation
devices for separating fluid into primary gas and liquid-
15 enriched fluid, each primary separation device being
arranged within the inner space and comprising:
- a normally vertical conduit having at its lower end
an inlet for fluid, which inlet is in fluid communication
with the means for admitting fluid, and having at its
20 upper end an outlet for primary gas, which outlet is in
£luid communication with the means for removing gas;
(\ - a swirl-imparting means arranged in the conduit
between the inlet for fluid and the outlet for gas, so as
to cause, during normal operation, the formation of a
25 layer of liguid-enriched fliuid in the annular regicn
adjacent the inner surface of the conduit downstream of
the swirl-imparting means; and
- a means for removing and guiding at least part of the

liguid-enriched fluid from the primary separation device



2 to a secondary separation neans for renoving entrained
secondary gas. During nornmal operation of the known separation tray when it

is nountegghgwggﬁﬁﬁgnn, fluid conprising liquid 5 and g?%ThﬁQﬁﬂﬂ%&&?d

t hrough o
which are also referred to as swirl tubes.

swrl tubes performa primary separation of the gas/liquid m xture.

During nor mal

liquid from

the lower tray, to enter the prinmary separation neans,

operation the

To this

10 end, the swirl-inmparting nmeans in the formof a vane assenbly inparts a
and by this rotary novenent the
liquid droplets of the gas/liquid m xture are flung outwardly to inpinge
and coal esce on the inner surface of the tubular wall. 15 The nmmjor part of
t he gaseous conponents of the gas/liquid m xture supplied into each swirl
tube is discharged via a co-axial primary gas outlet tube to a position

rotary novenent to the gas/liquid mxture,

above the upper wall. In an annul ar region at the inner wall

of the swirl

20 tube .a streaming layer of liquid-enriched fluid is forned by liquid and
a smaller part of the JaEGEPRUNPTAEHLY "t et Cor TR ReF"EEEBTfdary gas. In
particular, a |layer ofliahid krdmi gpgpefiaeagae forned on the inner surface of
the tubular wall. The |imsitih passesperhogatJretnaMddintdepardbicnesapdary gas,

partly in transverse Ofn.§li-Ol hyuntpner d cocihrﬁneC%ﬂug@ CLJ:HI%%
openings in the gubular mall,sﬁgﬁgﬁ%artl t hr ou aflu

upper end of thd swirf"%t e

qugégharge
FPalen; FhrBi S o Bk

assage at the

YFYqui d

settles

out and accunul at es ont% &p-epfthe REitegieseramairrd®eangl Frichragmathere it is
renoved via an outl et td¥eiRe 3 gdeswviwaldubof. the col umm. The expression free

i nner space is

primary separation of the gas/liquid mixture. Te this

10 end, the swirl-imparting means in the form of a vane

assembly imparts a rotary movement to the gas/liguid

mixture, and by this rotary movement the liguid droplets

of the gas/liguid mixture are flung outwardly to impinge

and coalesce on the inner surface of the tubular wall.

15 The major part of the gaseous components of the

gas/liguid mixture supplied into each swirl tube is

discharged via a co-axial primary gas ocutlet tube to a

position above the upper wall.

In an annular region at the imner wall of the swirl

20 tube .a streaming layer of ligquid-enriched fluid is formed

by liquid and a smaller part of the gaseous components,

the so-called secondary gas. In particular, a layer of

bulk ligquid can be formed on the inner surface of the

tubular wall. The liquid passes, together with the

25 secondary gas, partly in transverse or slightly upward

direction through discharge openings in the tubular wall,

and partly through a fluid passage at the upper end of

the swirl tube. In the free inner space, bulk liguid

settles out and accumulates eon top of the lower tray

30 wall, from where it is removed via an outlet in the side

wall of the column. The expression free inner space is

used in the description and in the claims to refer to the

part of the inner space between upper and lower walls,

used in tHg:AeashlPLEOR: ARG deNsJ:RE Gl PBel.q Lefer to the



.part of the inner space between upper and |lower walls, W 2004/073836
PCT/ EP2003/ 050152 3 outside of any primary separation devices, swirl tubes

or other ggngﬁh§m3 nd in particular outside of the meangcriefoodewpss ng and
-guiding liquid-enriched fluid fromthe primary to the secondary separation

device(s). Secondary 5 gas |eaves the free inner space through outlets in
the wupper wall. Under typical operation conditions wherein liquid | oads
and/or flow velocities in the swirl tube are nmaximsed, liquid is entrained
in the secondary gas 10 |leaving the free inner space. Secondary gas is
therefore often wetter than primary gas, and it is needed to further dry
the secondary gas in a secondary separation neans. In the known separation
tray, the secondary gas which upwardly |eaves the free inner space is

gui ded by 15 conduits to the secondary separati on neans so as to separate
entrained liquid therefrom In one enbodi nent of the known separation tray,
‘the gecondary_ Se]l?aratiOQBSiﬁf@ﬁ:{fsaJyoﬁriHQMébMt%éﬁ@%E@g JJigluiﬁ@esfcrrom .
secondary gas is forne ter a e .above the upper wa

The 1iquid separated b%tFJEC?Ffﬁﬁfqgﬁgg §E£§Q%FS%%§%eeﬂ¥SFﬁBﬁmﬁ a separate
side outlet in the coFﬁﬁﬁfﬁﬁPPqaTﬁé“ﬁ?%é&l%%ﬁﬁﬁﬁﬁ??g§H§d§Fﬂé B is then
united with the pri maryrgesystreangbovey strersgoondaicy (€. sepamdaty on neans.

25 In an alternative erfaodica®iit shet Hee kRPN sBRP AR BIUGR Put 1k AYnGAAPr i SES a
secondary separation nq@géshgithe form of a special swirl tube. Secondary

gas is collected in a secondar%ﬁgﬁg-colIectiqgaspace above the upper wall,

and is guided through a ¢oRHuf FEFHWCR (T oW REFI*"t'0THE¢ 30 upwardly

admitted into the Specilapdssw‘lqr/pr tfudyevelocities in the swirl tube are
(' maximised, liquid is entrained in the secondary gas

10 leaving the free inner space. Secondary gas is therefore
cften wettfer than primary gas, and it is needed to
further dry the secondary gas in a secondary separation
means. In the known separation tray, the secondary gas
which upwardly leaves the free inner space is guided by

15 conduits to the secondary separaticon means so as to
separate entrained liguid therefrom.

In one embodiment of the known separation tray, the
secondary separation means for removing entrained ligquid
from secondary gas is formed by filter means arranged

20 above the upper wall. The liquid separated by the filter
means is discharged through a separate side outlet in the
column wall. The dried secondary gas stream is then
united with the primary gas stream above the secondary

( ‘ separation means.

25 In an alternative embodiment, the known separation
tray comprises a secondary separation means in the form
of a special swirl tube. Secondary gas is cecllectsd in a
secondary gas—collecting space above the upper wall, and
is guided through a conduit to below the lower wall to be

30 upwardly admitted into the special swirl tube.

it is an object of the present invention to provide a
separation tray which is more compact than the known

separation tray, and easier to manufacture.



It is an object of the present invention to provide a separation tray which
is nore conpact than the known separation tray, and easier to manufacture.
WO 2004/ 073836 PCTI EP2000/ 050152 4 The present inventi on rovﬁ 8

separ at i onWO BH0B8¥t abl e for being horizontal ly nounted i i’) 9’?3?']
vertical colum, which separation tray conprises a nor rral l'y horizont aI
upper wall and a normally horizontal 5 |ower wall defining an inner space
between them a neans for admitting fluid to the inner space; a neans for
removing liquid fromthe inner space; a neans for renoving gas fromthe

i nner space; at |east one primary separation device within the inner space,
for separating 10 fluid into primary gas and |iquid-enriched fluid, which
primary separation device conprises: - a normally vertical tubular conduit
having at its lower end an inlet for fluid, which inlet is in fluid

comuni cation with the neans for admtting #l-uid, and 15 having at its upper
end an outlet for primary gas, from which outlet an outlet conduit extends
to a primary gas outl et Eeeﬁf‘?‘?ﬁmi A ERE O B e SRR SSPRHASCH pFi¥Ymary gas

out |l et openi ng forns paritabfe férebsraansrizertat Bndwinhel sy normagy
swirl-inparting neans a&rtaggecolumn,t Mac anghibtiodObetsmansdshe inlet for fluid

and the outlet for pri H@fnbéllygﬁ&lz&QalaﬁppteP »ﬁ@ﬂ%ﬁd SOk ng noLeal . gperation,
the formation of a |ayer d-enri.ched idin an annu]C region

adj acent the inner surf3E& ‘bafl td%é“‘&%aﬁllfmerd%%ﬁ%t PPREAT 3 *t'ha "§9\‘/’i‘5rl -inparting
means, which |iquid- edrt édedtilouflditsmmpht dexersersomdarieagager 25 and which
separation tray furthekreGony L5RSe drdeaRSinnkOIsps@IDY nbghsand gui di ng

i qUi d-enriched fluid frEMﬁgh@as from the inner space; at least one primary
separation device within the inner space, for separating al
10 fluid into primary gas and liguid-enriched fluid, which
primary separation device comprises:
- a normally vertical tubular conduit having at its
lower end an inlet for fluid, which inlet is in fluid
communication with the means for admitting fluid, and
15 having at its upper end an cutlet for primary gas, from
which cutlet an outlet conduit extends to a primary gas
outlet opening in the upper wall, which primary gas
outlet opening forms part of the means for remocving gas;
- a swirl-imparting means arranged in the conduit
20 between the inlet for fluid and the outlet for primary
gas, so as to cause, during normal operation, the
formation of a layer of liquid-enriched fluid in an
annular region adjacent the inner surface of the conduit
downstream of the swirl-imparting means, which liquid- L
25 enriched fluid comprises secondary gas;
and which separation tray further comprises a means
for removing and guiding ligquid-enriched fluid from the
primary separation device to a secondary separation means
for removing entrained liguid from secondary gas,
30 wherein the seccondary separation means for removing
entrained liquid from secondary gas is formed by the free
inner space between the upper and lower walls, which free

inner space has in its lower part an cutlet for liguid in



primary separation device to a secondary separation neans for renoving
entrained liquid fromsecondary gas, 30 wherein the secondary separation
means for renmoving entrained liquid fromsecondary gas is forned by the
free inner space between the upper and | ower walls, which free inner space
has in its lower part an outlet for liquid gn_5 fluid communication with ,
the nmeans for renoving liquid and in its upper part an outlet for secondary

gas, which extepds. to a secondar as,outlet opening in the upper . wall,
whi ch secondary {Eﬁ%inﬁﬂ%ﬂu%ﬁ&§ Fﬁé %%%Qeg ?a?%a$?0%8§ ??ﬁ?ﬁﬁqqg;%ﬁudgs out | et
openi ng and formndaird iafs tuppempans kar oGEIBYi AGr G oradik yWhersgi mntilke neans

for renoving and guiding liquid-enriched fluid has an inlet in the upper
part of the i nnet*'Shute,tarfd S86CRARENgEESt BT a8hi PRI i uitdSenPPeBed fl uid

downwardly into e fres cnl@ddaneh r$Paes- olbheePr&saiind nvendd i dee Baggd on
the insight that the free inner spacé between the primary separation
devi ces dan be used Hgmag vngee ebftileteapreseparand ofrwts rad |dfquhg- enri ched

fluldleaving theHid TYY LRoRanar 8Lar (g WHereas ik Lisr an art the free
inner space is nerely useé o'séttle’out large droplets of bulk Iliquid
fromthe |iquid-swdviled ahlduigshisidnghat gnétiadn wvedlyed vighu isedaxdamny igasti S

bt ai ned, the tr, f th sent i ti [ . h_that the f
‘nner space i s 20! 4o WiBEd £6 5 efbyelEnt PAFhetP iUt rom e S8Contary

gas. This is achigwadadin thauikhenreansdf orui@nmimgand igticdithe free
l'iquid-enriched fluid is-arranged to admt the fluid downwardly into the
free i ndér spacet"NT ®&$Found that in this way under practical operating

condi tions 25 second@ky p@@scht 9RLahPeOn t NAlbd S B WH ithHeeNksy ghteenkEom
eﬁtralned |IqUIﬂhéTQieieigggir%pggz L2§L§;€r€£5k5¥34§¥y separation
devices can be used for a more efficient separation of
the liquid-enriched fluid leaving the primary
15 separator(s}). Whereas in the prior art the free inner
space is merely used to settle out large droplets of bulk
ligquid from the liguid-enriched fluid so that relatively
wet secondary gas is obtained, the tray of the present
invention is arranged such that the free inner space is
20 also used to remove entrained liquid from the secondary
gas. This is achieved in that the means for removing and
guiding liguid-enriched fluid is arranged to admit the
fluid downwardly into the free inner space. It was found
- that in this way under practical operating conditions
25 secondary gas 1is obtained that is sufficiently free from
entrained ligquid. The secondary gas therefore does not
need to be guided to above the upper wall to reach a
secondary gas collecting space or secondary separation
means, which results in a more compact and simpler
30 arrangement than known from the prior art. The ligquid
content of the primary gas is-normally sufficiently low,
therefore the primary gas is not guilded into the free

inner space but removed directly through separate outlets

in the upper wall.



need to be guided to above the upper wall to reach a secondary gas
col l ecting space or secondary separation neans, which results in a nore

conpact and sinpler 30 arrangement than known from the prior art. The liqui

o

content of MA¢T3%4ry gas is normally sufficiently Iow, PGTHER8P W1 Rhe
primary gas is not guided into-the free inner space but renoved directly
t hrough separate outlets in the upper wall. W 20041073836

PCT/ EP2004/ 050152
expl anation, Applicant believes that the dowward adm ssion has several
positive effects on the separation efficiency of the free inner space. On
the 5 secondary gas, which will ultimately rise in the free
i nner space, is forced by the downward injection to flow along a curved
trajectory, thereby maximsing the shortest flow path |length that the

t he one hand,

secondary gas
10 Iiquid cann

relatively |ow, and suita

space. In this
is increased,
secondary gas,

about the same

nmust

6 Wthout wishing to be bound by the follow ng

travel through the freeéinner space. On the other hand,

ot reach the secondary gas outlets in the upper part of the
free inner space on a dir8ctPoUt FEJERE 5P P° BOPRY BRtHPRFOR ¥R t cut for both
liquid and secondary gesaztaithermatontaryicges toa et sowraxidm ses the wuse of
the avail abl e free i nneinispaGerassevbhat paldivd > ekdqui - @Rrighed i dd uid can

reach an area in the fggg£%$ggnﬁ égag%ewgg{ehgcgh%nqxgngk}m&éo¥$veIOC|ty i's

VWi

iis the | ower |on, o I nner

thée‘i"“f‘r%%a?/aéfr I@bfl’e‘”fl&r“ltéréaﬁélryaﬁs&n“bitheeﬁfereal ned |iquid

so t hat 20nedr pFoet s dghredthvaitedbvhvagdi idieanersepdiat e from t he
t hat ar erdrdch csnmbil@tjddbany, tdherdduldexidigirgdinedr opl et s of the

liquid-enriched fluid. Rreterablyp.c,SREQRIALY §8SL5q0R alngd.whi ch has

| ow
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travel through the free inner space. On the other hand, { 

liguid cannot reach the secondary gas outlets in the t

upper part of the free inner space on a direct

trajectory. Preventing a2 shortcut for both liguid and

secondary gas to the secondary gas ocutlets maximises the

use of the available free inner space, so that all

liguid-enriched fluid can reach an area in the free inner

space wherein the overall flow velocity is relatively

low, and suitably this is the lower region of the free

inner space. In this way, the time available for

separation of entrained liquid is increased, so that

droplets of entrained liquid can separate from the

secondary gas, that are much smaller than the bulk liguid

droplets of the liquid-enriched fluid. Preferably,

secondary gas is obtained which has about the same low

liquid content as primary gas. , i
Suitably, the means for removing and guiding the

ligquid-enriched fluid to the free inner space has its

outlet at a position within 50%, more preferably within

30% of the spacing between upper and lower walls, counted

from the lower wall. In this way a sufficiently long

travel distance for all of the secondary gas to outlets

in the upper region of the free inner space is arranged,

so that the residence time of the gas in the free inner



liquid content as primary gas. 25 Suitably, the nmeans for renoving and

guiding the Iliquid-enriched fluid to the free inner space has its outlet
at a posi tW&'zWJo#‘%sﬁk 50% nore preferably within 30% of pderspagefng:bet ween
-upper and l'ower walls, counted fromthe lower wall. In this way a

sufficiently long 30 travel distance for all of the secondary gas to outlets
in the upper region of the free inner space is arranged, so that the
residence tinme of the gas in the free inner WO 2004/ 073836 PCT/ EP2004/ 050152
7 space is above a certain mninumto allow settling out of the entrained
liquid. It is observed that European patent application with publication
No. EP 0048508 A discloses in Figures 6 and 7 5 a tray with a regul ar
arrangenment of swirl tubes. Between adjacent swirl tubes, skirts are
arranged that are attached to the upper wall_of the tray. Swirl tubes in
the centre of the tray are surrounded by four skirts. In each upper wall
portion defined by fourspsechs skivet $ caftadO notibhleto fa@iowSeGONGZItUAS 1S
arranged. There is no tﬁgceg@ga%%d $epagyation means for renoving entrained
liquid fromsecondary gas in the known tray. The skirts serve to prevent
that liquid discharged frdm*¥ &EF1*t (B E\‘Ibf%{:’lea“ RAPPEAPRHE Py UL di schar ge
from an adj acent swi rl| reblbeatird PurBEnP46P8rati viosdsi quiiduesy ¢ ehed fl ui d

| eaves the swirl stubes thwyough 4 angent kahn@peni BYSyirt cubed.ekettibe free

inner space general ly |atearal l.y:1Segendary. 9as. Galfheh..| gave the free
i nner space upwardly thr %J%gdthe near est secondara)é gas out | et tube,

carrying entrained Iiqdi &P oRG. P& ¥t Ubes A%Vt nET FEGRf8r ence of the

tray are not fully surtPeUsHEd By t_RKFisireatydremesssky few #iirbv For | ateral
f(l uid comuni cati on in ebhe vbpeevdlnnertispaeeira@aly four such skirts an

10 outlet for secondary gas is arranged. There is no
secondary separation means for removing entrained liquid
from secondary gas in the known tray. The skirts serve to
prevent that liquid discharged from a swirl tube will
hamper the liguid discharge from an adjacent swirl tube.

15 During operation, ligquid-enriched fluid leaves the swirl
tubes through tangential openings, to enter the free
inner space generally laterally. Secondary gas can then
leave the free inner space upwardly through the nearest
secondary gas outlet tube, carrying entrained liguid

20 along. Swirl tubes at the circumference of the tray are
not fully surrounded by skirts, and the skirts allow for
lateral fluid communication in the free inner space near
the circumference.

(' The invention will now be described by way of example

25 in more detail, with reference to the drawings, wherein

Figure 1 shows schematically a first embodiment of
the invention in cross section;

Figure 2 shows a schematically second embodiment of
the invention in cross section;

30 Figure 3 shows schematically a first arrangement of
swirl tubes on a separation tray according to the

invention;



the circunference. The invention will now be described by way of exanple 25
in nore detail, with reference to the draw ngs, wherein Figure 1 shows

schematically a first enbodi ment of the invention in cro j,on. Figure 2
shows a scWEAtY L3Py second enbodi ment of the inventi oi)%i’rﬁﬁ)gbddg@m,é?gcti on;

30 Figure 3 shows schematically a first arrangenent of swrl tubes on a
separation tray according to the invention; WO 2004/ 073836

PCT/ EP20011050152 8 Figure 4 shows schematically a second arrangenent of
swirl tubes on a separation tray according to the invention; Figure 5 shows
a schematic top view of a swirl 5 inparting neans suitable for use with the
present invention; and Figure 6 shows a perspective side view of the swrl

i nparting nmeans of Figure 5. Reference is nade to Figure 1, showi ng a colum
1 10 wherein a separation tray 2 according to the present invention is
mount ed. The separation tray 2 is shown geferally horizontally oriented in

the vertical colum 1, V\/gl ch i.s .the q‘%rarﬁ%lcaﬂrlgnt ati.on when thr-% colum 1

shall be operated. 15 Upgl_t;r?)lqa?héwﬁs‘én Suer DLt g FBERMThe ™ upper and
i

| ower walls of the sepéf Ae% PRy ZPEhEP dBTIYNECPHERI itAfdE space 8 between
them The |ower plate 6miestipnovided w th nmeans for admtting fluid to the

inner space 8 in the formpke gpaniNgsSshbaths cop 304, Wk LhsyteaNs for renovi ng
20 liquid fromthe |lower part 12 of t i hner__sp. 8 in the form of
dr ai nage condui t rg'15. Tﬁ%paﬁgipnérmeﬁ?saf %ltgbellespor 1o AR e pedsent

invention; and
Figure 6 shows a perspective side view of the swirl
imparting means of Figure 5.
Reference is made to Figure 1, showing a column 1 ;_

10 wherein a separation tray 2 according teo the present
invention is mounted. The separation tray 2 is shown
generally horizontally oriented in the vertical column 1,
which is the normal orientation when the column 1 shall
be operated.

15 Upper plate 4 and lower plate 6 form the upper and
lower walls of the separation tray 2, and define the
inner space B between them. The lower plate 6 is provided
with means for admitting fluid to the inner space 8 in
the form of openings 18a,b,c, and with means for removing

20 liquid from the lower part 12 of the inner space 8 in the
form of drainage conduit 15. The upper plate 4 is
provided with means for removing gas from the upper

—_— part 18 cf the inner space 8 in the form of
outlets 20a,b,c; 2la,b,c,d; and 22.

25 Figure 1 shows further in the inner space B three
primary separation devices for separating fluid into
primary gas and liquid-enriched fluid, in the form of
swirl tubes 25a,b,c. The swirl tubes are arranged within
the inner space 8. Depending on the practical application

30 a separation tray according to the invention can comprise
as little as one swirl tube, but also any plurality of

swirl tubes, e.g. as many as several hundred or even a



_provided with nmeans for renoving gas fromthe upper part 18 of the inner
space 8 in the formof outlets 20a,b,c; 2la,b,c,d; and 22. 25 Figure 1

shows furt 2m,oyﬁg3|nner space 8 three prinmary separatp@PreRvil/eess2i or
‘separating f J into primary gas and liquid-enriched fluid, in the form of

swirl tubes 25a,b,c. The swirl tubes are arranged within the i nner space 8.
Dependi ng on the practical application 30 a separation tray according to the
invention can conprise as little as one swirl tube, but also any plurality
of swrl tubes, e.g. as many as several hundred or even a WD 2004/ 073836
PCT/ EP200- 4/ 050152 9 few thousand. It shall be clear that an inlet part of
a swirl tube can possibly extend below the |ower plate 6. Swirl tube 25a
conprises a cylindrical vertical tubular conduit 28a having an axis 29a. The
conduit 28a 5 has at .its upstreamend (nornglly the |ower end) an inlet for
fluid 30a, which inlet is in fluid communication with the opening 10a, and
at its downstream end (EBoEABsk.tieshalpperciefd)n@Nadubletpfolorps i Mary gas

32a, which is in flui @w&qmglcggtaogglbw [SLN AN theeLlo%,Q@p\igtae primry gas 10

outlet conduit 34a, which is Pre erab CO- axi a bul ar condui t
26a. The conduit 34a exteﬁﬂﬁrs%ﬁﬁzsﬂf§ﬁﬁh§? 7 ¥ OTPREE IRERIFE: 28a. In the

| ower part of the conddituig8aowdusinibd hayinpartdxig Ateadke 36wiuis 28 r anged. The
swirl inparting 55 neaas a8uittabbirelsnd heoharm of rwwaRMass entky,

preferably of the formehizgh Widal “Jaechdmgysléeg Pﬁllevxomukbcati&fhﬁnce to
Figure 5. A layer of I|gU|d enri hed fl wi | | in an_annul ar region

37a downstream of the 8w PT™Hp amsa%éﬁﬁgo ea?@“?héoﬂﬁéﬂk ¥or renovi ng
and gu| dl ng | I qUI d_ enrlue%dend) an Outlet for prlmary gas 323, which is in

fluid communication with the outlet 20a via primary gas

( 10 outlet conduit 34a, which is preferably co-axial with the
tubular conduit 28a. The conduit 34a extends some
distance into the conduit 28a.

In the lower part of the conduit 28a a swirl-
imparting means 36a is arranged. The swirl imparting

15 means suitably has the form of a vane assembly,
preferably of the form which will be discussed below with
reference to Figure 5. A layer of liquid-enriched fluid
will flow in an annular region 37a downstream of the
swirl-imparting means 36a.

20 The means for removing and guiding liguid-enriched
fluid from the primary separator will now be described.
The wall of the tubular conduit 30a is provided with
outlet openings 40z, suitably in the form of slits such

( as vertical or inclined slits. These openings form inlets

25 of the means for removing and guiding liquid enriched
fluid.

A cap-like return skirt 45a extends concentrically
over the upper part of conduit 28a, with a somewhat
larger diameter than the conduit 28a. The primary gas

30 outlet conduit 34a extends through the upper end of the
return skirt 45a, wherein the return skirt sezalingly
engages the conduit 34a so that fluid from the annular

region 46a between the lower end of the primary gas



fluid fromthe primary separator will now be described. The wall of the
tubul ar conduit 30a is provided with outlet openings 40a, suitably in the

formof slits such as vertical or inclined slits. These
inlets 25 ¥PAHEMNns for renoving and guiding |iquid eﬁ;&‘}?@z@ﬂﬁ) ‘§UI d. A

cap-like return skirt 45a extends concentrically over the upper part of
conduit 28a, with a sonewhat |arger dianeter than the conduit 28a. The
primary gas 30 outlet conduit 34a extends through the upper end of the
return skirt 45a, wherein the return skirt sealingly engages the conduit
34a so that fluid fromthe annular region 46a between the |ower end of the
primary gas WO 2004/ 073836 PCT/ EP2004/ 05,0152 - 10 outlet conduit 34a and
t he upper end of conduit 28a cannot |eave the swirl tube 25a in upward
direction. An annul ar opening 48a forns a further inlet of the means for
removing and guiding liquid-enriched fluid,*®and 5 allows fluid fromthe

annul ar region 46a to fl.ow into..t opter annul ar_re a between the
conduit 28a and the rettu\r%ncoqgult % ancP ¢ PRSI Bie { auqh%preturn skirt

extends over the outl efaé‘n%toé?a"érfd‘ef%’ﬁﬁ% THiet Pt Hé“&"ﬁ‘ﬁﬁldillfe‘:%%{‘ d annul ar
outlet 52a into the frewulamerEninbOi&paoes 35fofchdhénisepdaraki®ant ray 2. The
free inner space 55 i ssdr0rdmBeknhYantnfipabtiigh: 4-beitirRef spases between the

plates 4 and 6, that i g donnsiieam ol LR.QUULELS R2a., aNd Lhe sespective

annul ar outlets of the other swr SWi 1 tubes and 25c
have substantial |y the® §af8"16f rﬁe&?“sthfetf’iP&e”?S‘éﬁnd‘Bﬁr?eﬁga“r?o"rhr‘?'al oper ati on
of the separation trayr&urg skigasydei dui dsf lowpd end Xheareturs sévti tt ed from bel ow
t he | ower extends over the ountlets 40a, and forms with the

conduit 28a an annular outlet 52a into the free inner

10 space 55 of the separation tray 2. The free inner
space 55 is formed by the part of the inner space between
the plates 4 and 6, that is downstream of the outlets 52a
and the respective annular outlets of the other swirl
tubes.

15 The swirl tubes 25b and 25c have substantially the
same form as swirl tube 25a.

During normal operation of the separation tray 2, a
gas/liguid fluid mixture is admitted from below the lower
plate 6 to enter the primary separation devices, swirl

20 tubes 25a,b,c. The swirl-imparting means 36a imparts a
rotary movement to the gas/liquid mixture, and by this
rotary movement the liguid droplets cf the gas/liquid
mixture are flung cutwardly. Relatively liquid-free gas
continues to flow in the axial regicn above, i.e.

25 downstream of the swirl imparting means, and leaves the
swirl tube as primary gas through the co-axial
conduit 34a to above the separation tray.

In the annular region 37a downstream of the swirl-
imparting means 36a, a layer of liquid-enriched fluid is

30 formed. Liquid droplets can impinge on the inner wall of
the conduit 28a and form a streaming layer of liguid.
Secondary gas will also stream upwardly in this annular

region and liquid can also be re-entrained in the gas.



plate 6 to enter the primary separation devices, swrl 20 tubes 25a,b,c. The
swrl-inparting neans 36a inparts a rotary novenent to the gas/liquid

m xture, Q,g?? l;lgsg rotary novenent the |iquid dropletspef/pphigypassd iquid
M xture are ung ou wardly. Relatively liquid-free gas continues to flow

in the axial region above, i.e. 25 downstreamof the swirl inparting neans,
and | eaves the swrl tube as primary gas through the co-axial conduit 34a
to above the separation tray. In the annul ar region 37a downstream of the

swirl- inparting neans 36a, a layer of liquid-enriched fluid is 30 forned.
Liquid droplets can inpinge on the inner wall of the conduit 28a and forma
stream ng layer of liquid. Secondary gas will also streamupwardly in this

annular region and liquid can also be re-entrained in the gas. WO
2004/ 073836 PCT/ EP2004/ 050152 - 11 Li qui_d-1 nriched fluid is renoved from
the annular region 37a via the outlets 40a“and 48a, and gui ded downwardly

‘by the return skirt 45¢1a&deénr§£heh@uig eﬁremg@ﬂsr&pé&eaﬁlyﬂ a annul ar outl et
52a in downward 5 direction..Lar, ehe cg}lﬁé:lc { I mredi ately settle

in the |ower part of th& ¥rée | nnar &p “% 438a EI“F(FL’]‘HF | ayer on top of

the |ower plate. Liqui d°re=feoriets F%tr‘h“f ﬁi”srtC”IaaSPeF“t\?FatharfaP?lage condui t
15. Secondary gas | eaviinged himce 150 cut dr@blali2actie S@hmid dedhwelta ectly to the
| ower region of §he freesdtidier space wherein the di stance between swirl

tubes is largest. Thereforg, f HPq‘{ylé’%L&b%és ?slla{rrge&(gﬁ/ly neugh.to,al low liquid

entrained in the gas tao coalesce and ul d”fa er. Also
whil e secondary 15 gas fIows*Futt ffFﬁV\H’l"a’f yPi ”t%é""’l‘“r% l‘i“’i*}ﬁeltay%rpace 55,
further settling out ofcrerprefi hed 1dvequildt<cabiabiakes pkmroed from this

layer via drainage conduit 15. Secondary gas leaving the
( 10 outlet 52a is admitted directly to the lower region of

the free inner space wherein the distance between swirl
tubes is largest. Therefore, flow velocities are low
enough to allow liguid entrained in the gas to coalesce
and settle into the liquid layer. Rlsc while secondary

15 gas flows further upwardly in the free inner space 55,
further settling out of entrained liquid can take place.
The relatively liquid-free secondary gas leaves the free
inner space through outlets in the upper plate 4, which
can for example be arranged between swirl tubes as shown

20 with reference numeral 2ia,b,c,d. Another possibility is
to arrange secondary gag outlets annularly around the
primary gas outlet conduits, as shown with reference
numeral 22.

( ‘ Most of the liguid will leave the swirl tube

25 conduit 28a at the lower end of the slits 40a, and the
concentration of gas in the liquid-~enriched fluid leaving
the conduit further downstream through the upper end of
the slits and through the annular opening 48a a will be
higher. At high flow velocities it can happen that liquid

30 being expelled through the lower end of the slits 40a and
impinging on the inner wall of the return skirt 45a will
to some degree be re-—entrained in the secondary gas

streaming downward in the annular region 50a. It has been



The relatively liquid-free secondary gas | eaves the free inner space
through outlets in the upper plate 4, which can for exanple be arranged
between swirl tubes as shown 20 with reference nuneral 21la,b,c Anot her
possi bi | i tYOi%0+/47883r r ange secondary gas outlets annul ar RS- T4 &GW&P‘?‘né
primary gas outlet conduits, as shown wth reference nuneral 22. Mst of
the liquid will leave the swirl tube 25 conduit 28a at the | ower end of the
slits 40a, and the concentration of gas in the liquid-enriched fluid

| eaving the conduit further downstreamthrough the upper end of the slits
and through the annul ar opening 40a a will be higher. At high flow

vel ocities it can happen that liquid 30 being expelled through the | ower end
of the slits 40a and inpinging on the inner wall of the return skirt 45a
will to sone degree be re-entrained in the secondary gas stream ng
downward i n the annul ar region 50a. It has I3een WD 2004/ 073836

PCT/ EP2004/ 050152 - found, however, that under practical operating
conditions the i ncreagcéudd'ef’F‘i’eé’F‘énE}iPto‘f“d?éBé‘?‘%ﬁ?%n"ﬁeﬁa’cﬁﬁ% cPPrE&IMAner  space
over conpensat es this effedtcrseret rdfidiberynat sefefadbn ihsthpoSet itvesrand

sufficiently dry Seconepdcy dgascomsenbatat QIS @EecReSHRACHI et N edRde t O
Figure 2, showing schematicald Xn@s%‘f&%ﬁt&”@x‘}dééﬁgﬁ Plga@ ;86paration tray

102 accor di ng to the invention. Parts that "are tanti a ly simlar to the
tray 2 of Figure 51 areP10°t%8rerred to with the sane reference numerals. The
primary separation devi c eBefgrencs Howrrvamrds vior figurauBeshdd5a, b, c. As an
exanple, swirl tube 105éewbtikalng a déSatSERMinhdde N3 & sdiration The ot her swirl

tubes are simlar. The.gyldngdfahg UET ik CAbedulul Al cQRJUIL. 1082,
substantially similar to the tray 2 of Figure 1 are ('
10 referred to with the same reference numerals.

The primary separation devices are shown as swirl
tubes 105a,b,c. As an example, swirl tube 105a will be
discussed in more detail. The other swirl tubes are
similar. The cylindrical vertical tubular conduit 108a,

15 which is not provided with openings in its side wall.
Over the upper end 107a of the conduit 10Ba an annular
U-shaped return skirt 109%9a is arranged, suitably co-
axially with the swirl tube 105a. The radially inner part
of the return skirt 109z forms in this embodiment the

20 primary gas outlet conduit 134a extending from the
primary gas outlet 32a of the swirl tube 105a to the
outlet 20a. Primary gas thus does not enter the free
inner space 55 of the tray 102. The return skirt in this
embodiment is integrated with the upper plate 110 to form

25 the upper wall 112. An outlet for fluid from the annular
region 115a between the lower end of the primary gas
outlet conduit 134a and the upper end 107a of the conduit
108a is formed by the annular opening 118a between the
upper end of conduit 108a and the return skirt 109%a

30 {(upper wall 112). The annular opening 11l8a forms an inlet
for the means for removing and guiding liquid-enriched
fluid from the primary separation device, and the outer

annular opening 11%a between the upper end cf conduit



.15 which is not provided with openings inits side wall. Over the upper end
107a of the conduit 108a an annul ar U-shaped return skirt 109a is arranged,
suitably cg; i @hdeYs W th the swirl tube 105a. The radi al peyipvaeinsant  of
-the return s |rt 89a forms in this enbodinent the 20 primary gas outl et
conduit 134a extending fromthe primary gas outlet 32a of the swirl tube
105a to the outlet 20a. Primary gas thus does not enter the free inner
space 55 of the tray 102. The return skirt in this enbodinent is integrated
with the upper plate 110 to form 25 the upper wall 112. An outlet for fluid-
fromthe annular region 115a between the |lower end of the primary gas
outlet conduit 134a and the upper end 107a of the conduit 108a is fornmed by
t he annul ar opening 118a between the wupper end of conduit 108a and the
return skirt 109a 30 (upper wall 112). The agnnul ar opening 118a fornms an
inlet for the nmeans for renoving and guiding liquid-enriched fluid from
the primary separati onigavar@esheafduiherout®ba raliRUiAbu0PERkbAGRl19a bet ween

the upper end of conduE&my[Mnggégzggg pggjggpgqgghgggiigésége 108a and the

return skirt 109a forns an out e I nner space 55
is formed by the space “B’%?W\élé%w?%é %Iﬁ“g 152 A EB, L dORnSY T Edm of t he
outlets 119a,b,c. 5 Sui*ablcy, the downstream end of the return skirt

ext ends fromthe supper enegui@kbiyhecheohdnttteshO8a govwmnadtdlky skir@ a position

that is at |east 10% of,lh& enghh QgpeL hea o UlYl BhafieNQsL tdoJ,@§@d19| oser to
the lower plate. The |ength. ,Qj Jthe tu aL{I eras %u tthcgré % rﬁe gar ded as a 10
measure for the spacing Befweern tha: 5 SRR The®) Ser wal | 116.

| f needed, to prevent §ﬂ§ﬁﬁ?ﬁﬁﬁwle°&%%ﬁﬁﬁﬁa?¢h§é§“¥oﬁﬁh%'§%tondary gas
utlets, t|1e return length of the tubular conduit can be regarded as a

10 measure for the spacing between the upper wall 112 and
the lower wall 116. If needed, to prevent a shortcut of
secondary gas to the secondary gas outlets, the return
skirt can also extend further downwardly into the inner
space 8, as indicated with reference numeral 120c for

15 swirl tube 105c¢, so that the outlet 118c¢ admits the
liquid-enriched fluid further downwardly into the free
inner space 55. In this case, the upper end 107c¢ of
conduit 108c of swirl tube 105c can be approximately in ——
the plane of upper plate 110. ,

20 The inlet end of the return skirt can be arranged
such that its inlet opening for liquid-enriched fluid is
arranged above its outlet opening, and in particular the
inlet opening can be arranged at the level of the upper

( end of the swirl tube or above. This option is indicated

25 for swirl tube 105k where the return skirt formed by the
upper wall 112 extends to just above the upper end of the
swirl tube 105, so that an annular inlet opening 118b is
formed at a higher position than shown for the swirl
tubes 1l8a,c.

30 The swirl-imparting means 36a of this embodiment is
shown integrated with the lower wall 116. The embodiment
of Figure 2 allows a particularly compact design and

cost-effective production.



skirt can also extend further downwardly into the inner space 8, as
indicated with reference nuneral 120c for 15 swirl tube 105c, so that the
outlet 119c admits the liquid-enriched fluid further do i<ni-0 the
free inneVWOPLHEY3BE |1n this case, the upper end 107c oﬁQW@@HﬁXV¢ﬂ%g8c of
swirl tube 105c can be approximately in the plane of upper plate 110. 20
The inlet end of the return skirt can be arranged such that its inlet
opening for liquid-enriched fluid is arranged above its outlet opening, and
in particular the inlet opening can be arranged at the |evel of the upper
end of the swirl tube or above. This option is indicated 25 for swirl tube
105b where the return skirt fornmed by the wupper wall 112 extends to just
above the upper end of the swirl tube 105, so that an annular inlet opening
118b is forned at a higher position than shown for the swirl tubes 118a,c.
30 The swirl-inparting means 36a of this énffodinent is shown integrated

with the | ower wall 116. nie Qf Ei e I articularly
conpact design and cost- é?% v%kgﬁog ctlo ag%@)% 52&53§§§§h9

PCT/ EP2004/ 050152 - 1% °Wﬁ’éllso‘-’p?éF%H3bﬁ“H1ia’i 2 t5&HA&F d°POR tray 102 of this
enbodi ment is general | figraill ok seo/ iidvatl mokture aptérsj into Rihguémaky A gas/liquid
m xture enters into theeridTBs YevSRPAKaE leRdhpde ¥ GEStubt Qlosexargl e swirl tube

105a, from5 bel ow. The s rhziJy - <C a of
| i qui d-enriched ?%le ?dﬁmgj% :ﬁPﬁ"}%ﬂg%gggﬁau %#égfegHEQY%E as descri bed

with reference to FlguFﬁwidﬂ“ﬁEWE?F§@F “1?ﬁ6?ﬂm?ﬁ€e“ﬁrFWﬁFV gas | eaves the
separation tray 102 thesaghl’ehesfeefépablithcotasdnat tpriigmreylgas 10 outl et
condui ts 20a, b, c. The hél}ﬂhf‘?l@f’ﬂl’ih@j]’dieﬁeﬁzhuiiﬂary gas leaves the separation

tray 102 through the preferably co-axial primary gas
10 outlet conduits 20z,b,c. The liquid-enriched fluid
comprising liguid and secondary gas is removed from the
conduit 108a a through the opening 118a and guided
downwardly by the return skirt to enter the free inner
space 55 in downward direction. The bulk of liguid will
15 settle to form a liguid layer on the plate 116, which is
removed through outlet 15. The secondary gas will due to
its momentum also centinue to flow in downward direction,
thereby making use of a large part of the free innexr
space 55 so that the residence time of the secondary gas
26 in the free inner space is long enough for the entrained
liguid to settle out. Separate‘secondary gas ocutlets
2la,b,c,d are preferably arranged as far as possible away
from the return skirts, see the discussion of Figures 3
and 4 below. Alternatively, annular secondary gas outlets f
25 as shown with reference numeral 22 for swirl tube 105c
can be arranged.
Reference is now made te Figures 3 and 4 showing
schematically a top view of two different arrangements
for swirl tubes and separate secondary gas outlet
30 openings on a separation tray. Only the outer
circumference of the return skirts 210, primary gas
outlets 220 and secondary gas outlets 221 are shown,

wherein for the sake of clarity z reference numeral is



conprising liquid and secondary gas is renoved fromthe conduit 108a a
t hrough the opening 118a and guided downwardly by the return skirt to enter

the free i b ge 55 in downward direction. The bul k gfrkpmuieroydl | 15
settle to Q%Q?rgoéﬁfﬁqw d layer on the plate 116, which is renoved through

outl et 15. The secondary gas will due to its nonentum also continue to flow
in dowmward direction, thereby making use of a large part of the free inner
space 55 so that the residence tinme of the secondary gas 20 in the free

i nner space is long enough for the entrained liquid to settle out. Separate
secondary gas outlets 2la,b,c,d are preferably arranged as far as possible
away fromthe return skirts, see the discussion of Figures 3 and 4 bel ow.
~Al'ternatively, annular secondary gas outlets 25 as shown with reference
nuneral 22 for swirl tube 105c can be arrapged. Reference is now nade to
Figures 3 and 4 showing schematically a top view of two different
arrangenents for sw rlontybesnatdogepakaheos esaadahyorgas . olst tiet 30 openi ngs

on a separation tray. Q}La\ﬁggmt%tﬁﬁurechrgm QIlQDQﬁb&Estanf‘an%QJ yrn skirts
210, primary gas outlets 220 and _se on g | ets 221 are shown,

wherein for the sake of t1arTt§ ‘a réf é rrﬁ%tal MNegrif¢r 2644 073836

PCT/ EP2004/ 050152 15 "#f ﬁe‘@“%ﬁ 126 Wﬁéetéfaféa%fﬁaft??d tEercoMyotent s. In the
arrangenent of Figure 3etwach saiighboutinbeswisl atveangbely 0aveatheCcDIrpedt of a

virtual regular grid vvidt b guadrat b g&h{,ssklr\g@eﬂlsgecglngarsy gas outlets are
arranged symetrically in 5 betveen 4 ne| tkboygﬁnag{l Swi }t tubes . they have

arrange free
the largest distance fro m’the return sk 'S arrangerrent

there is a substantial SAfultoeoteaft &&° |5?ﬁ?é?arys‘-’ﬁ’éc‘élth?‘?derlﬁe%‘leh the secondary

as outlets. In the arrangement of Figure 4, esach swirl tube is arranged on a
% 10 corner of a virtual regular grid wherein the cells are
equilateral triangles, so that each swirl tube has 6
nearest neighbours. The swirl tubes can be placed closer
to each other as compared to the arrangement of Figure 3,
however in this way the secondary gas outlets are closer

15 to the return skirts and there is less free inner space
available underneath the secondary gas outlets.

Reference is now made to Figures 5 and 6 showing a
top view and a perspective side view of a swirl imparting
means 300 suitable for use with the present invention.

20 The swirl-imparting means is formed by wvanes 305, which
are integrally formed from a metal plate 310. Each of the
eight vanes 305 of the shown embodiment has substantially
the form of a circle segment. Such a vane can easily be
produced by providing suitably arranged radial cuts 307

( 25 and circular arched cuts 308 around a centre 312 as shown
in Figure 5, follcowed by bending of each cf the partially
cut-out circular segments about a radius 309, out of the
plane of the metal plate. For the sake of clarity,
reference numerals have only be given for one of the

30 segments.

The term cutting is used to refer to any suitable way
to arrange slits into a plate, so zs5 to define segments

that can be bent. From a manufacturing peint of view,



arrangenment of Figure 4, each swirl tube is arranged on a ~.. 10 corner of a
virtual regular grid wherein the cells are equilateral triangles, so that

each swirl tube has 6 nearest nei ghbours. The swirl tub _pl.aced
closer toVOLYBHEr as conpared to the arrangenment of E’%&?}%@O@%ﬁ#gmver

in this way the secondary gas outlets are closer 15 to the return skirts and
there is less free inner space avail able underneath the secondary gas
outlets. Reference is now nade to Figures 5 and 6 showing a top view and a
perspective side view of a swirl inparting mneans 300 suitable for use with
the present invention. 20 The swirl-inparting neans is fornmed by vanes 305,
which are integrally fornmed froma netal plate 310. Each of the eight
vanes 305 of the shown enbodi ment has substantially the formof a circle
segnent. Such a vane can easily be C produced by providing suitably arranged
radial cuts 307 25 and circular arched cat® 308 around a centre 312 as

shown in Figure 5, fol uf{"‘@fje BY, s b%n %JJQm% Egcﬂtgfm%l@ e%g'?rctnl al Ly, cut-out
S

circul ar segnents about a radi fe “ret al pl at e.
For the sake of clari t)?ta“\pé?%rﬂﬁc%arﬁiﬁ%?réYssthée dﬁl‘fi B2 gi*En tH%or one of
the 30 segnents. The reysnmpeuetisnegf psteeged to refer to any suitable way to
arrange slits into a plat@s 12eoms dopardef ifAe SEYPERL SartéhBindeaobe bent. From

2 menufacturi ng Roi nt ol v .0, 2004073836 RETERR004L050152 -

sui tabl e ways of provid ng t he cuts In unch st anpi ng, and
particularly suitable Cé"" £ otEr Fieget e ot "By gcf?ﬁasﬁ’éﬂof a laser. As
becones apparent from Ergpsee-isn agd ttePreblerﬁd‘qugeR?fratlén trhefoymanes cehe swirl
inparting nmeans is not pepbiedlel wheChose b ot oprvitewe. biicwag, found that good

Swirl 4-12 wvanes are arranged. Preferably all vanes are bent
10 inte the same direction, out of the plane of the metal
plate in the diréction of fluid flow during normal
operation. The bend angle between vanes and the metal
plate can be between 10 and 60 degrees, and should be
optimised for a particular application. Good results were
15 obtained with angles between 25 and 40 degrees.
The metal plate from which the swirl imparting means
is manufactured can be a circular plate 310 as shown in
Figures 5 and 6. The outer rim can be attached, e.g.
spot-welded, to into the swirl tube, e.g. inte
20 conduit 28a in Figure 1. Alternatively, the outer rim can
also be directly attached to the lower wall of the
separation tray. A further possibility is to integrate
the swirl imparting means with the lower wali. Lower
‘plate 116 in Figure 2 indicates such swirl-imparting i
25 means 36a,b,c which have been arranged by cutting and
bending vanes directly from the lower plate 116. The
latter possibility allows a particularly efficient
production of a separation tray of the present invention,
since less individual components need to be handled.
30 The separation tray according to the present
invention can for example be applied in a compact high-
efficiency separaticn column having as main internals a

fluid inlet device arranged to introduce fluid comprising



inpartation and thereby good separation performance can be obtai ned when
nmounted in a swrl tube. Suitably, 4-12 vanes are arranged. Preferably all

vanes are hent 10Q-jnto the same direction, out of the plapereprohliifsonst al
plate in the direction of fluid flow during normal operation. The bend

angl e between vanes and the netal plate can be between 10 and 60 degrees,
and should be optimsed for a particular application. Good results were 15
obtained with angles between 25 and 40 degrees. The netal plate from which
the swirl inmparting nmeans is manufactured can be a circular plate 310 as
shown in Figures 5 and 6. The outer rimcan be attached, e.g. spot-welded,
tointo the swrl tube, e.g. into 20 conduit 28a in Figure 1. Alternatively,
the outer rimcan also be directly attached to the |ower wall of the
separation tray. A further possibility is tg,integrate the swirl inparting
means with the lower wall. Lower plate 116 in Figure 2 indicates such
sWirl-inparting 25 neansqfasiy, €2k eheibavesheen pdskanged byesMditing and

bendi ng vanes directly fnometde dhgvg%gaﬁk%etégﬁm ANEngeh BRI oROSSI bili ty
allows a particularly eff,flm ent. productiqon of a separation tray of the

present invention, sincé 1838 THAPVIHTAI*¢coNpOHEnts Raedt'69BE handl ed. 30
The separation tray accéPlithy e Phgeplésdht arfargehts 6he ¢am apdr exanpl e be
applied in a conpact highterepdricgicgnty separ atesgrrtOelyunn hawbng as min

internals a fluid inletydevhce anvi@ngedst Qudnpid Qelsesshl il d..conpri sing WO
2004/ 073836 PCT/ EP2004/BQC§Q.15§2 att;_LnZC S‘I '%{Egtigr?% gla§19at699a first vertical

position or interval, an erelnffﬁelseparaPion tray is arranged above the
first position or intervalf°* Ot EPRIIFUEast &ad PRiGai@d Fr vWrtde col um are
Sé_]i tably arranged in thevéwp @nthe trays according to the present invention

10 in a column, vertically spaced apart.

The separation tray of the present invention can with
advantage be used in applications wherein gas/liquid
separation at high pressures (e.g. 50 bar or higher) is
to be performed. For example, in the production cf

15 natural gas from underground gas reservoirs through gas
production wells, the present invention can be used for
gas/condensate or gas/water separation. The present
invention provides for a compact and efficient separation
tray, which allows to minimise the size of the high

20 pressure column wherein it is installed.

Test experiments have been performed using 2
sgparator including a single swirl tube, generally like
the swirl tube as described with reference numeral 25a
with reference to Figure 1. The swirl tube was co-axially

(, ' 25 arranged in a vertically disposed circle cylindrical
chamber of 300 mm diameter and 500 mm height, the chamber
having top and bottom plates. The swirl tube was formed
by a cylihdrical swirl tube conduit of 110 mm diameter
and 400 mm length, extending from its inlet in the lower

30 plate of the chamber to its upper end in the chamber. At
the inlet a swirl imparting msans as discussed with
reference te Figures 5 and 6 was arranged. The conduit

was provided with four longitudinal slits of 260 mm



5 bottom parts of the columm, respectively. A suitable fluid inlet device
is for exanple disclosed in the British patent specification GB 1 119 699.

For sonme applications it may be desired to arrange severgl é e gays
accordi ng %’toﬁﬂmﬁf‘@sent invention 10 in a col um, vertipgcéqq’?{/m ﬂlg0§8 4 apart .
The separation tray of the present invention can with advantage be used in
applications wherein gas/liquid separation at high pressures (e.g. 50 bar
or higher) is to be perforned. For exanple, in the production of 15 natural
gas from underground gas reservoirs through gas production wells, the
present invention can be used for gas/condensate or gas/water separation.
The present invention provides for a conpact and efficient separation
tray, which allows to minimse the size of the high 20 pressure col um
wherein it is installed. Test experinents have been perfornmed using a
separator including a single swirl tube, getferally like the swirl tube as

described with referengg pyngLal 298, grence tq Figure 1. The swirl
tube was co-axially 25 arglreangeg r|m?n at\l}'era%%ggﬁ 7”5\ ‘grﬁgeéleé a(flg?%dl Ehecyl i ndri cal

chanber of 300 mm di amStEP"ZHEE00 T FiLFyitce cAEthafSerPrenrs9f 17§ t op and
bottom pl ates. The sw rthe sidfe wwassrhoraTed me Fyom toy lnpredrendads siwi r|l t ube
conduit of 110 mm di ameten tudBdeADAr Mevdrengt bppeeXdnendi 1@ don@rmeid s inlet in

the lower 30 plate of the,chapher; Lo dits UARer..eNd-if.d he.Ghanber. At the
inlet a swirl inparti ng rre?ns as discussed with ference to Figures 5 and

, th, refer
6 was arranged. The conduit ~ waSYProvided Wt F¥Bur F8hgPt ddf A4l slits of
260 nm WO 2004/ 073836 PCFEEP2003#0501 530s uprergend Bhgtiriaaata2 migrsv dt h,
arranged symetri cal | y Ta¢ aundoedthe plete camparcenae Dhm trheisai alstbhdee conduit.

The upper end of from the upper end of the swirl tube conduit, thereby

10 forming an annular opening. A co-axial primary gas outlet
conduit of 50 mm diameter extended from a position
between the upper end of the longitudinal slits and the
upper end of the swirl tube conduit, upwardly through the
horizontal plate of the return skirt and the upper plate

15 of the chamber. In the uvupper plate of the chamber, four
outlets for secondary gas from the free space in the
chamber, ocutside the swirl tube and return skirt were
arranged. By adjusting the size of the secondary gas
outlets, the amount of secondary gas produced could be

20 varied. In the lower plate of the chamber, two outlet
conduits for liguid from the free inner space of the
chamber were arranged.

Experiments were carried out to separate a fluid,

which was a mixture of triethylene glycol (liquid) and

25 air, at ambient conditions. The mixtures as admitted to
the inlet of the swirl tube contained between 0 and
400 kg/hour liguid and between 250 and 800 m3/hour gas.
At 550 m3/hour gas flow rate, and without liquid, a dry
pressure drop of 10 mbar was measured. It was found that

30 the primary entrainment was in the order of 1% or better
over the full range of gas and liquid flow rates, when
the secondary gas outlets were adjusted such that about

20% or more of the total gas left the separator as



the slits was spaced 40 mmfromthe upper end of the swrl tube conduit.
“Over the upper end of the conduit a 5 co-axial cap-like return skirt was
arranged, i C formed by a cylindrical return skirt b3091s2140 nm
.di anet er, g&%ggﬁwggﬂits upper end by a horizontal plate. P'%'lﬁglﬁ!!ﬁorizontal :
pl ate was placed at 2 mmvertical distance fromthe upper end of the swrl
tube conduit, thereby 10 form ng an annul ar opening. A co-axial primary gas
outlet conduit of 50 mm di anmeter extended froma position between the
upper end of the longitudinal slits and the upper end of the swirl tube
conduit, upwardly through the horizontal plate of the return skirt and the
upper plate 15 of the chanber. In the upper plate of the chanber, four
outlets for secondary gas fromthe free space in the chanber, outside the
swirl tube and return skirt were arranged. ;8By adjusting the size of the
secondary gas outlets, the amobunt of secondary gas produced could be 20
varied. In the | ower phkatedol 4dse mhmrbemirdinenouts| &ffinedogrdthet s for |iquid
from t-ge free inner Sp&gde:tf@&n bhene Qbmbﬁrquyﬁemwagh@ang@@fs Eeperi rrf:nts were
carried out to separate ui d, ca . mxture of tri yl ene gl yco
(liquid) and 25 air, §FggafFe%1e@%ﬁﬁ%?ﬁ%ﬁ%f@$ﬁgEﬁ#ﬁ?ﬁf@%1£§§%Enitted to the
inlet of the swirl tubd"t&RtaFhaas BBERESH 8 iand 400 kg/ hour |iquid and

bet ween 250 and 800 nB/hour gas. At 550 nB/hour gas flow rate, and w t hout
liquid, a dry pressure drop of 10 nbar was neasured. It was found that 30
the primary entrainnent was in the order of 1% or better over the ful

range of gas and liquid flow rates, when the secondary gas outlets were

adj usted such that about 20% or nore of the total gas left the separator as
WD 2004/ 073836 PCT/ EP2004/ 050152 19



secondary gas. Primary entrainment is defined as the fraction of the total
liquid flow that | eaves the separator as entrained liquid with primry gas

through the primary gas outlet conduit. WO 2004/073836 P 4/ 050152
20 C L A WONPG/O3834 separation tray suitable for being @f’ﬁﬁ?g 9§
mounted in a normally vertical columm, which separation tray corrprl ses a
normal |y hori zontal upper wall and a normally horizontal |ower wall
defining an inner space 5 between them a nmeans for admtting fluid to the
inner space; a neans for renoving liquid fromthe inner space; a neans for
removing gas fromthe inner space; at |east one primary separation device
within the inner space, for separating fluid into primary gas and

| i quid-enriched 10 fluid, which prinmary separation device conprises: - a
normal Iy vertical tubular conduit having at its |ower end an inlet for
fluid, which inlet is in fluid conmunicati¥n-with the neans for admtting
fluid, and having at its upper end an outlet for primary gas, from 15 which
outlet an outlet conduit extends to a prd pary ,Qas outlet opening in the
upper wall, which primary gas outlet opening fornms part of the neans for
removing gas; - a swirl-inparting nmeans arranged in the conduit between
the inlet for fluid and-tAecpumaret FGY PFtarar yopedrmshordperisitvo cause,
during nornal operati onpuntée infaonsmmtilgnueatical layedn, ohidi gedadawnii ched fluid

in an annular region @daya&ﬁeahsw% h&ﬂ@ilyswri%@aloﬁ JJE?%@;%Q&JH _downstream
of the swirl-inparting m&*aglsy,h tailwdwal nc{lc e | ui d conpri ses
secondary gas; 25 and WhAi ¢ secbré?% Fon“ty FEHEP? CBrPPTsE%° S neans for
renovi ng and gui di ng | PEUEER ERTTI chEd> Tl iﬂrdaCF“llbtﬁP? [féuid to the inner

space; a means for removing liguid from the inner space;
a means for removihg gas from the inner space; at least
one primary separation device within the inner space, for
separating fluid into primary gas and ligquid-enriched

10 fluid, which primary separation device comprises:
- a normally vertical tubular conduit having at its
lower end an inlet for fluid, which inlet is in fluid
communication with the means for admitting fluid, and
having at its upper end an outlet for primary gas, from

15 which outlet an outlet conduit extends to a primary gas
outlet opening in the upper wall, which primary gas
outlet opening forms part of the means for removing gas;
- a swirl-imparting means arranged in the conduit
between the inlet for fluid and the outlet for primary

20 gas, so as to cause, during normal operation, the
formaticn of a layer of ligquid-enriched fluid in an
annular region adjacent the inner surface of the conduit
downstream of the swirl-imparting means, which liquid-
enriched fluid comprises secondary gas;

25 and which separation tray fuither comprises a means
for removing and guiding liguid-enriched fluid from the
primary separation device to a secondary separation means

for removing entrained ligquid from secondary gas,



primary separation device to a secondary separation neans for renoving
entrained liquid fromsecondary gas, 21 wherein the secondary separation
means for renoving entrained liquid fromsecondary gas is forned by the
Treb i nner space between the upper and lower walls, which free inner space
has inits lower part an outlet for liquid 2Aa S fluid conmunication with the
means for renoving liquid and in its upper part an outlet for secondary

gas, which extends Qe a S8CON S Jaf QU Rla rRREYMNGhdah & 18 LURRGL v iR |
whi ch secondary gas outlet opening is separate from the primary gas outl et

openi ng and fornenparined 1heuid sYEMmdagrodafy igasorasd Whyertdien fitiee
means for " renoving an L di i quid: i Ui inlet . in_the
upper part of thlem?%%e%%éjp%g%%%%gﬁs%aﬁw neg;%q}% lLBa r#iq?‘%éq]%’l iJ&&icg- efr?releched
fluid downwar dl yihseo dpecd riees imngrs dpace. pbh t2.anThe tSeparfatd ad quriay in

according to claim1, wherein the neans for renovi and guidin .
li qui d-e%ri ched ¥1utQ FRUULRI G AR t“bltgljrﬁ*’te 925 é]ogfeq il&gerjrgiqéll’réld' fluid

to the free inngiqdspace: AtugpPOHdHoniddtiiet5Q%r RIRIBIRRLY gaW, t Bihn 30%
of the spacing between upper and | ower walls, 20 counted fromthe |ower
wal | . 3. The sep#tRI%h 19 &y WEUIHNY A2 Q&AL cerdng viRetdien uaieirnl et of

the nmeans for r Vi n ; i di iaul ds Sfor - I e ni ng
in the wall of q“fncfl")llei t 8%%[% 9%{%%% ul tr ofg%t hg)uf):r ie%aro;g%glé%r g%i g%ggg\#(g:e,fggjg
downstream of thehswrimampagas ny meanspeanidowzerdeifio rise pamsars f£oe renovi ng

and 9u dro || el sherl AL, SOTPLCRER B G A S A

according to cl atenad;indhered ntie ng3Q iaufid-eheri cheldetf 1ofi ot hasnmeansniier

ranVIHQ and QUIfgrg%e upper part of the inner space, and is arranged to
admit all liquid-enriched fluid downwardly into the free
inner space.

15 2. The separation tray according to claim 1, wherein the
means for removing and guiding liquid-enriched fluid is
arranged to admit all of the liquid-enriched fluid to the
free inner space at a position within 50%, preferably
within 30%, of the spacing between upper and lower walls,

- 20 counted from the lower wall.
3. The separation tray accoxding to claim 1 or 2,
wherein an inlet of the means for removing and guiding
liquid is formed by at least one opening in the wall of
(m the tubular conduit of the primary separation device,

25 downstream of the swirl-imparting means, and wherein the
means for removing and guiding liguid-enriched fiuid
comprises a return skirt arrangéd externally over the
upper part of the conduit.

4. The separation tray according to c¢laim 3, wherein the

30 a further inlet of the means for removing and guiding
liquid-enriched fluid is formed by an annular opening

between the upper end of the tubular conduit and the

return skirt.



liquid-enriched fluid is formed by an annul ar opening between the upper end
of the tubular conduit and the return skirt. WO 2001/ 073836

PCT/ EP2004/ 5 -22 5. The separation tray according t ' L, 2,
wher ei n thé&?rg@ﬁé”fsg% renoving and guiding liquid- enri chggﬁ:ﬁg{pﬂ%@gy an
inlet at the upper end of the conduit of the primary separation device, and
is arranged 5 to admit the liquid-enriched fluid into the free inner space
at a position closer to the lower wall by at |east 10% of the |length of the
conduit, counted fromthe inlet at the upper end of the conduit. 6. The

separation tray according to claimb5, wherein the 10 neans for renoving and
guiding liquid-enriched fluid is formed by a return skirt that is fornmed

integrally with the upper wall. 7. The separation tray according to any one
clainms 1-6, wherein separate outlets for primary and secondary gas 15 are
arranged in the upper wall. 8. The separati ®h nmeans according to any one of

clainms 3-7 and provided Wrhh (8, LeLME N r9KiabloraiereLIL e et urn skirt is
annul arly U shaped. 9. The separation tray according to any one of 20 clains

T
1-8, wherein the swirl *TH5aP (PRJHEaNE TECFGP fed 94 PS5 HIhEtal plate by
providing the nmetal plapeched fluig|lizssansinlgs at ghdefrbere esegfemes, fol | owed by
bendi ng the .segnents eutduat ofheeplraneyafepiheidietabc| atceis kBranddte
separation tray agcordigqdhd: ¢hah Qe ANRLE] P11iB& 1 83nEaC0. SeQENt has the
formof a circle sector, and is bent around a radius out of the plane of
the netal plate. 11. TR8*Sepafaton tray “acot |Hbef6mg*aynfghﬁ?t20,
wherein the slits are pfFbvEded Byoteahsrofrotddser centtd Agpm the inlet
at the upper end of the conduit.
€. The separation tray according to claim 5, wherein the
10 means for removing and guiding liguid-enriched fluid is
formed by a return skirt that is formed integrally with
the ﬁpper wall,
7. The separation tray according to any one claims 1-6,
wherein separate outlets for primary and secondary gas
15 are arranged in the upper wall.
8. The separation means according te any one of
claims 3-7 and provided with a return skirt, wherein the
return skirt is annularly U-shaped.
9. The separation tray acccrding to any one of
20 claims 1-8, wherein the swirl-imparting means is formed
from a metal plate by providing the metal plate with
slits so as to define segments, followed by bending the
segments out of the plane of the metal plate.
10. The separation tray according to claim 9, wherein the
25 each segment has the form of a circle sector, and is bent
around a radius out of the plane of the metal plate.
11. The separatien tray according to claim 9 or 10,
wherein the slits are provided by means of laser cutting.
12. The separation tray according to any one of
30 claims 9-11, wherein the swirl imparting means is
integrally formed with the bottom wall.
13..The separation tray according to any one of the

claims 1-12, wherein a plurality of primary separation



12. The separation tray according to any one of 30 clains 9-11, wherein the
swrl inparting neans is integrally formed with the bottomwall. 13. The
separation tray according to any one of the clains 1-12, wherein a
plurality of primary separation - 23 devices is arranged on the corners of
aregular grid, in particular a grid forRged by quadratic cells or
equilateral triangular cells. 14. The separation tray according to any one

of the 5 clajns. 1-13 n._nount ed i.n a, c ) . S tjon tray
according to ‘%‘T"é’r%ﬁi,i%@fﬁ?‘lﬁge o B sceoc%eﬁy':églgas %—%le%ezggﬁed’a;lrnanged.
16. The separpdrtoiciilay @Rcgeidi fgrmied any . quudradic|edIms o5, wherein the

neans for renovipg and Euidin 10 liqujd-enriched fluid has an inlet at the
upper end of © Yep¥r LT 2r aedlfjse of a separation tray according

to any one ofq4herngl i étﬂ@nf@fafeé@é@ﬁ‘di%iib %P4l g fdpd d conpri sing
gas and liquid. 15 18. e according to claim17, at” a pressure of 50 bar or
hi ghers. 19. Wskainzokdlhg ween| mowntied oin 188, coélumme producti on of natural

gas from undey g1 ol QBSar£EELN OLESy dQlordA PSR & PR LIRt

annular secondary gas outlets are arranged.
16. The separation tray according to any one of
claims 1-15, wherein the means for removing and guiding

10 ligquid-enriched fluid has an inlet at the upper end of
the vertical conduit.
17. Use of a separation tray according to any one of the
claims 1-16 for separating in a column a f£fluid comprising
gas and liguid.

15 18. Use accoxrding to claim 17, at a pressure of 50 bar or
higher.
19. Use according to claim 17 or 18, in the production of
natural gas from underground gas resexrvoirs, for

gas/condensate or gas/water geparation.





