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The present invention relates to a separation tray

W@ eiotaidses f or bei ng horizontally nounted i n a PCI/ERL00Y050152
vertical colum. The colum can in particular be a
colum suitable for separating liquid/gas mxtures. 5
In the specification and in the clains the term gas
shall be used so as to al so include vapour. European
Pat ent Specification No. 0 083 811 Bl discloses a
separation tray conprising a normally horizontal
upper wall and a normally horizontal |ower 10 wall
defining an inner space between them neans for
admtting fluid to the inner spgce; means for renoving
liquid fromthe inner space; means for renoving gas
from the inner space; a plurality of primary
separation devices for sepEr8T Ay TRANid into primary
gas and liquid 15 enriched fluid, each primary
separation de\mhé:@r&sehmgnveaﬁfoangﬂatw {hh RepariANGhy
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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
fluid 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 liquid-enriched fluid in the annular region
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

liquid-enriched fluid from the primary separation device



2 to a secondary separation neans for renoving
entrained liquid fromsecondary gas. During nornal

woep@rarisasqh of the known separation tray when PCT/EB2004/050152
mounted in a colum, fluid conprising liquid 5 and
gas is admtted through openings in the lower tray, to
enter the primary separation neans, which are al so
referred to as swirl tubes. During normal operation
the swirl tubes performa primary separation of the
gas/liquid mxture. To this 10 end, the
swrl-inparting neans in the formof a vane assenbly
inmparts a rotary novenent to the gas/liquid mxture,
and by this rotary novenent thesliquid droplets of
the gas/liquid mxture are flung outwardly to inpinge
and coal esé¢e aopecehdary ReFTatipnfregrs dbr ro@vingbedtasingal | .
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position above the upper wall.
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In an annular region at the inner wall of the swirl

20 tube .a streaming layer of liquid-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 liquid 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 liquid
settles out and accumulates on top of the lower tray

30 wall, from where it is removed wvia 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,



part of the inner space between upper and | ower walls,
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w@eoonmrigicepar ati on devices, swirl tubes or OPCEEP2004/050152

conduits, and in particular outside of the neans for

renoving 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 maximsed, liquid is

entrained in the secondary gas 10 |l eaving the free

i nner space. Secondary gas is therefore often wetter
than primary gas, and it is needed to further dry the
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wal | to be sgBrrapsanichaynegadithtiidechekedrom.t he special swrl
t ube. In one embodiment of the known separation tray, the
secondary separation means for removing entrained liquid
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 collected 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
w@epanzsson tray, and easier to manufacture. VELT/EP2004/050152
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i nvention provides a separation tray suitable for

bei ng horizontally nounted in a normally vertical

col um, which separation tray conprises a nornmally

hori zontal upper wall and a normally horizontal 5

| ower wall defining an inner space between them a

nmeans for admtting fluid to the inner space; a neans

for rermoving liquid fromthe inner space; a neans for

renovi ng gas fromthe i nner spage; at |east one

primary separation device within the inner space, for
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- 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-

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 liquid from secondary gas,

30 wherein the secondary 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 outlet for liquid in



for renoving entrained liquid fromsecondary gas, 30
wherei n the secondary separation neans for renoving
wenionarised |iquid fromsecondary gas is formedP@yEPINE4/050152
free inner space between the upper and | ower walls,
which free inner space has inits |lower part an
outlet for liquid in W 2004/ 073836 PCT/ EP2004/ 050152
- 5 fluid communication with the neans for renoving
liquid and in its upper part an outlet for secondary
gas, which extends to a secondary gas outlet opening
in the upper wall, which secondary gas outl et opening
is separate fromb5 the primary gas outl et opening and
fornms part of the neans for removing gas, and wherein
the neans for renoving and guiding |iquid-enriched
fluid is aft&fgedmiycadamivitiabbe Peagai for erenpdhediddidi d
downwar dl y ansitio itseurbereearti sameutlspace sedddadiiyeqfd emesH
i nvent ibon lestdias ad DORedoh@arl Bk gJﬁE;etth@gIeairIghﬁq Ehegod.pner
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relatively, wet_secondary gas is obtai ne&, the tray of
the present  1nvention is arranged such that the free
i nnet? space i P AFEE LSBT Fnr nbRASS et Fhai Hedoliti et d
fromthe sé&borides yriR0 fas: bfmben tis acimhey echbararibhat
the nmeans faevickermarisagisafdor QUiddt N@sldigm deaRsdiched
fluidis artﬁgqg@ﬁdt&r%% tfl&ilaeleafiinlél gﬁd%/m%r d! y into
the free i nner _space. J.L was found that 1n"this way
under practicar oger'a RG> cOndit PORE 2“5 RBrdaT Y Y4s i s
obt athed t KBECS &° SRy ¢Prehtt yefileeut rigry28raphttsadinbe
i quid ThéiseEdohdartye dgasiititrerehet €ldoes Aot raeesely0
be gui ded twet abesRatyhgasuppestattldl the d:eAGR 1@e present
invention is arranged such that the free inner space is
also used to remove entrained liquid from the secondary
20 gas. This is achieved in that the means for removing and
guiding liquid-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
secondary dgas is obtained that is sufficiently free from
25 entrained liquid. 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
arrangement than known from the prior art. The liquid
30 content of the primary gas is normally sufficiently low,
therefore the primary gas is not guided into the free
inner space but removed directly through separate outlets

in the upper wall.



secondary gas coll ecting space or secondary separation
means, which results in a nore conpact and sinpler

wa@eoangssent than known fromthe prior art. TheCT/EPRe04050152

30 content of the primary gas is normally sufficiently
low, therefore the primary gas is not guided into the
free inner space but renoved directly through
separate outlets in the upper wall. W 2004/073836
PCT/ EP2004/ 050152 - 6 Wthout w shing to be bound by
the follow ng explanation, Applicant believes that
the downward adm ssion has several positive effects
on the separation efficiency of the free inner space.
On the one hand, the 5 secondafy gas, which will
ultimately rise in the free inner space, is forced by
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as primary 1@gas.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

20 droplets of entrained liquid can separate from the
secondary gas, that are much smaller than the bulk liquid
droplets of the ligquid-enriched fluid. Preferably,
secondary gas is obtained which has about the same low
liguid content as primary gas.

25 Suitably, the means for removing and guiding the
liquid-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

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 time of the gas in the free inner



25 Suitably, the nmeans for renoving and guiding the
liquid-enriched fluid to the free inner space has its
W@aoket383¢ a position within 50% nore preferabdtHEP2004/050152
within 30% of the spacing between upper and | ower
wal I's, counted fromthe lower wall. In this way a
sufficiently Iong 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
time of the gas in the free inner WO 2004/ 073836
PCT/ EP2004/ 050152 - 7 space is above a certain
mnimumto allow settling out of the entrained
liquid. It is observed that Eufrgpean patent
application with ublicati on No. EP 0048508 A
di scl oses i*A*F @fmag °6* GG mHigum Fopligvt $etaline gut axt
arr angenentthefentigindd tighes. Bet ween adjacent swirl
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| eaves t he SSWIPERTY spbesierhPerngHot cisgentd ahtrepedi Hgsid
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near the GkiEUNHLERBCEner space upwardly through the nearest
secondary gas outlet tube, carrying entrained liquid
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 invention will now be descri bed by way of exanple
25 in nore detail, with reference to the draw ngs,
wob@re7is3e Fi gure 1 shows schematically a firstPCI/EP2004/050152
enbodi nent of the invention in cross section; Figure 2
shows a schematically second enbodi nent of the
invention in cross section; 30 Figure 3 shows
schematically a first arrangenment of swirl tubes on a
separation tray according to the invention; WO
2004/ 073836 PCT/ EP2004/ 050152 8 Figure 4 shows
schematically a second arrangenent of swrl tubes on
a separation tray according to the invention; Figure
5 shows a schematic top view of sa-swirl 5 inparting
means suitable for use with the E)resent i nvention;
and Figure 6 SHBRES 4 HF sTRERFELYT desegerewpiahngehent of
swirl inpartinguieeans: efraFetgor erdy aRetemeneeties nmade
to Figure Lnvefomi:ng a colum 1 10 wherein a

separation tr %L?-rea@gwwglangcﬁef;zatabewerv%g&% a 'S&V?”t hon
is nmounted., Th rati r IS, S ally

a

hor i zont al I'J®3Y “éan Ta° Su”taﬁee \%ﬁ' f’fecﬁfthc‘&fleu?ﬁ?sint V\,hl ch
i s the norri&Fe%E?ent™8ti on when the colum 1 shall be
operated. 15 Upper platve Apandedtovcsipl alee & fHarsmithe
upper and  skpMREngMddns Lfrithe separation tray 2, and

defi ne the I%?dref?é%a?s m%debte PERDe tlhem 1e q‘f‘i“u. dto

plate 6 is provi neans for' adm teing

the ihner sBSEeéHS"‘ PR £t 6‘F°‘Hﬁ€ﬁ’| ?ﬂgéhele’?fsﬁntc
and wit h neantiey iy eprvehgre0sdrrepsieh traom tiheshbower
part 12 of deherainnesrispageySriéntbhan thervarafcadraiage

condui t 15.unThe i LRREho b B8 dhehiSon REOViERLD ML B LBEDS
for renoving gp%j?atfeépm t he upper

15 Upper plate 4 and lower plate 6 form the upper and
lower walls of the separation tray 2, and define the
inner space 8 between them. The lower plate 6 is provided
with means for admitting fluid to the inner space 8 in
the form of openings 10a,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 of the inner space 8 in the form of
outlets 20a,b,c; 21a,b,c,d; and 22.

25 Figure 1 shows further in the inner space 8 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



part 18 of the inner space 8 in the formof outlets
20a, b, c; 2la,b,c,d; and 22. 25 Figure 1 shows further
WO poottloz38Bdiner space 8 three primary separati OPCTHER1I00€650152
for separating fluid into primary gas and
l'iquid-enriched fluid, in the formof swrl tubes
25a,b,c. The swirl tubes are arranged within the
i nner space 8. Depending 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 swirl tubes, e.g. as many as several
hundred or even a WD 2004/ 073836 PCT/ EP2004/ 050152 9
few thousand. It shall be clearsthat an inlet part of
a swrl tube can possibly extend bel ow t he | ower
plate 6. S&F rrhowsatse Usahadbiysr §1sas thatc gt iipkhti Rear of a
vertical t ubidlarubeondwiotsiP8a chigani N@glan tisX LGe?2 PdateThe
conduit 28a 5shas abeitss déﬂ&ﬁﬁ&amcﬁ_}mg‘ld('ME n@ldi¥at he

| ower end) téﬂ:llaplcg;idultf gﬁa h!a a%ogx’ls%l ¢ hé %L%El%%

fluid conmuni cati on

10a,
downst r eam éﬁd’t(lﬁSrWﬁTﬂeﬁm teﬁcé (n%Fﬁ‘BJe]ry g’ﬁd3°wﬁ’f1 Bt F‘étmjfeér
primary gaso3Zauidnpflagvhigh imlet fisyird fbdamemmeadatbm withh
the outl et tBOapwiiag pod,Makcy agass EOurktidagtena OMeliHal1 3 i

which is pru§§§r @r@l) yanCch@é@ %r 1tmgr§; £ 3§anvH41§i{‘ 19qul‘” t
28a. The c%}dwt 34a Jc%an ce into the

conduit 28a  1h“The foue 18 wé& ? of "Rk “CONTUPFTIB, 93°
swirf? i npé’PfJieﬁgc°ﬁ%“a‘ﬁ§436é'( {8 Ly peafgedly ?H@XS‘W Fith the
i nparting tibulpgeansdustizBabliye hagiuithedd extendf saevane
assenbly, ptefeeabhty ofe tdheuifcorgn. which will be

di scussed bel gy eeaetlfawerr siﬁr@eﬂ&?e L&dﬁitg%a afemﬁ | ayer
of I|qU| d-enri %hed in an.annul ar

regi on 37a ‘downstr %eﬁrnﬁ gga lﬁearraﬁe% P hBEr i W ehs
36a. 120 Thé‘eﬁ%‘*aﬁlslt#&w PENDEi 1vg™ A geredr gLy

I'i qui d- enr icch@&dably| afi thef fomwhhen ptilney yigepan atedsw withl
now be desGkidefke to Figure 5. A layer of liquid-enriched fluid

will flow in an annular reglon 37a downstream of the
swirl-imparting means 36a.

20 The means for removing and gulding liquid-enriched
fluid from the primary separator will now be described.
The wall of the tubular conduit 30a is provided with
outlet openings 40a, 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 sealingly
engages the conduit 34a so that fluid from the annular

region 46a between the lower end of the primary gas



The wal |l of the tubular conduit 30a is provided with
outl et openings 40a, suitably in the formof slits

w@ /07336 vertical or inclined slits. These opkCli/REX04/050152
forminlets 25 of the neans for renoving and gui di ng
liquid enriched fluid. 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
t hrough the upper end of the return skirt 45a,
wherein the return skirt sealingly engages the
conduit 34a so that fluid fromthe annular region 46a
bet ween the | ower end of the pricrary gas WO
2004/ 073836 PCT/ EP2004/ 050152 - 10 outlet conduit
34a and t h@"USpeP ErE Br ®BridaiwreBed ehrpvsit d8ve t he
swirl tube c25atilzavpier dvidil rteb¢ i26m .in Apva@ndittk@tion. An
openi ng 48anfnkABpénifdiuthebmisnd etirdb: thengans ndQk
removi ng ang, %&@a abd gwdgnge@{ciug@%gmhéa gmgn@né

allo fIwglfro annul ar regi on 1ow into

t he V\%uter aﬁWﬁla eﬁ?bHESﬁﬁuB%tﬁﬁ€ﬁ‘fﬁ%t%SHHbFF°2§§
and the r SRR NAER] It regiep SR betger] Bhgerordptt 2ireandether n
skirt extentdsnoakert the DmuttetsecdOad tandebmnsdivt t h

t he condui tex28as aReABRUba1 el Lt aIQZ@rL\m,@tht hg free

inner 10 BAGE: %é? Qf aﬁqg&b%«%@{e%t SAM {Paaﬁﬁeree he.d.ree

i nner _space 5 or ne I nner

spacé’ bet V\ég‘ﬁce ?Fhéf phaceRes ‘ﬁﬁotréy 2t ﬁ&f frge dBRfrist r eam
of the outlsets 52as farmpdtivetheerypecifi e wmaulspaceorstherns
of the ot here $Whtek 4 tubes.thdi5idhewswidah drubesou?bdxsand

25c have substradtedebs vk NBnuiSan®ie {RE MragSWhtl ol ube
25a. Duri nqugor mal operation of the separation tray 2,

a gas/liqui fluid mxture is admttedfrombelowthe
| onelr® pl ate 6"t SVErlt BPet ReP FPT T Yo pishtitdt Ly the
devi ces, s\eiergd form as swirl tube 25a.

During normal operation of the separation tray 2, a

gas/liquid 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 liquid droplets of the gas/liquid
mixture are flung outwardly. Relatively liquid-free gas
continues to flow in the axial region 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 liquid.
Secondary gas will also stream upwardly in this annular

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



20 tubes 25a,b,c. The swirl-inparting neans 36a
inparts a rotary novenent to the gas/liquid m xture,
w@nw4y3ssdhi s rotary novenent the |iquid dropl BCBFEP{004/050152
the gas/liquid mxture are flung outwardly.
Rel atively liquid-free gas continues to flowin the
axi al region above, i.e. 25 downstream of the swrl
i mparting means, and |eaves the swirl tube as primry
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 |ayer of
liquid-enriched fluid is 30 formed. Liquid droplets
can i nmpi nge on the inner wall -oi1 the conduit 28a and
forma streamng |ayer of liquid. Secondary gas wll
al so st reamt@ipdeangispet FleiH & aemushfron g amutard
i quid canrat®o 1je wie-wdatqualate ok rentihBagasd g\WRed

2004/ 07383 6okt ERAYOMORALE? skive Liba dof GHLHROEGhed
fluid is remye gpacgcygw‘}lgeanmgg %E]if egigh.37a via the
0

outlets 40a.and 48a, and gul anvardfiownfﬂa1 t he
return ski rts45¥Y o enter the free inner space 55 via
annul ar out | ettaSEaliopidlevamheicdviB ! dimpesipiedn . sekielegin the
l'i qui d dr opbedrspanitl df thaTEGk atnedy sseb tdoesdr 4 beguid QWRdr

part of thenfigesd mexowsp%@&et omg&rdrnsaréaoq&u GeraMﬁé

on top of the |ower plate, (%gu]‘g enoved Ehls
er via draina e con eco dar as 1 av1n
Iayer vi a ralna e con Lg eCo &1 T \ﬁ

the 1B out 198F152H3 %‘H‘ﬁ?ttet’eqir%‘iti‘%&t’l? tJt?WTIhéeqlBWé’lf
regi on of thherty denernmpere e WhreAddtandehestdest awick
bet ween swithibes talhesebs targrss, rlherabaress bioww

vel ocities eﬂ&ﬁghl &Wan%&?'qlf&iﬁdté?lt?ellkwlﬁ Itgé“ggs Qtr.rogiélgg
in the gas t8 ? elnotearllq Et]!:aleerlnlsow le cgdaci
| ayer. Al soO e secon N flurts?] peary
upwardl y i e hfé°“fsr E‘gti‘&ﬁn%&waé‘ﬁéc’é‘ g5, frepimperepraset 1S i ng
out of entriarried sekgingd oetant teakeipddatiamid Fre take place.
rel atively mhi quigifegelisecondarsecgrsry) gay esavkhent rreee
inner space through outlets in the upper plate 4, which
can for example be arranged between swirl tubes as shown
20 with reference numeral 2la,b,c,d. Another possibility is
to arrange secondary gas outlets annularly around the
primary gas outlet conduits, as shown with reference
numeral 22.
Most of the liquid 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



i nner space through outlets in the upper plate 4,
which can for exanple be arranged between swi rl tubes
w@googhmsse 20 with reference nuneral 21a, b, c, d. P@NBP1ves4/050152

possibility is to arrange secondary gas outlets

annul arly around the primary gas outlet conduits, as
shown with reference nuneral 22. Most 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
downstream t hrough the upper end of the slits and

t hrough the annul ar opening 48a a will be higher. At
high flow velocities it can happen that |iquid 30
bei ng expel | ed t hrough the |ower end of the slits 40a
and i npi ngPHy IRVERE ithtfe FrdRAE I 2GR catheperating rrogditiens
45a Wi | | ttbe Sormeaskegedécisecy ef emtarativedni thet hree inner
secondary Gasce SlckeapRgtAoMnWaEdedNsd Dt ARULAT erect

regi on 50a.; - o0, 36, dar is
PCT/ E$2004/ 5F;01M§ Egg@@ mou%gﬂ/ %omg%erd { waf Under

pract? cal 6’6eru5?| ng conditions the increased
ef ficiency of ReEparast 1oAY Medehe Fiwee 2nrsdpwingpace
over conpensatestichily efstenti ®bodihat ¢he sapiraefdect is

positive andapsubs ia@(io@@:.tnlgytod{l'ﬁé SREANGAT ¥a, 8ScnkS 226
produced. ~Rg{.gL %Sﬁgn Sl 0 fmde touh 1qure ufeafﬁew ng

schenatlca 'y a sec odi ment a se
tray'102 ad@b¥arhge toth ﬁlée PHeTREPTRCS P8 % hat are

subst anti al | y T8¢ wirimary tseparhielop rdgyicgs gfre Fhgar es kvanle 10
referred tauwdst oskhe csaseanr efagplenceiAum®eal Sa wEDE be
primary semg@gg&nudmecge%a@lr errsNQWe, @§l§wbks at:ybes

105a, b, c. A%mﬁ égn'egllihdrslw ¥ vertthca?. ’g'u%u?r %ongul 108a,

di scussed in SWT are
si m far . TH”@”&‘yH Aefr PE%FdVeYJtth’&me‘%&Pm’CS cOAR R

108a, 15 wifivehths uprst gdc\ided thetdenapefiofgsniamnilag
side wall. U-shaped return skirt 109a is arranged, suitably co-
axially with the swirl tube 105a. The radially inner part
of the return skirt 109a 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 10%9a
30 (upper wall 112). The annular opening 118a forms an inlet
for the means for removing and guiding liquid-enriched
fluid from the primary separation device, and the outer

annular opening 119a between the upper end of conduit



Over the upper end 107a of the conduit 108a an annul ar
U-shaped return skirt 109a is arranged, suitably co-
w@zioabrigievi th the swirl tube 105a. The radi al | BCT/RPI®D4/050152
part of the return skirt 109a fornms in this
enbodi nent the 20 primary gas outlet 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 annul ar
region 115a between the | ower -ered-of the primary gas
outlet conduit 134a and the upper end 107a of the
conduit 16%% ¢ Fh5r Fﬁ?&r’bﬁk%rﬁe‘-oﬁﬁrfe?“&rarbs@ﬂlehéqmw
bet ween t heeangpFae fee ipfercoackuibt itOBanainey the speburn
skirt 109ava@eélippeiamdl 1121hd) 116 ThigwRBNALYE OREMLAG: s
118a forms g jnlet for the nmeans for renoving and
gui dlgwg I|qU|d engll ch d fluid fromthe r|rmr¥
separation devicéYand®t " FatBr S arinttarewpesich§ 119a
bet ween théxttfﬁffelfr@hélheoﬁppeér?aﬂlotf W 200U ) (P38 3Gwnwardly
PCT/ EP2004t950d&B2tion thdt ik0Balant whefrdkWengtskst the
109a for ms @1 QbR f @bsd PicSer BBANS 1oJd1epfokEE chiner

space 55 I %err Qﬁry‘.% thlgy ugnﬁaes&n%.ilt ca%tb\%ﬁgeg;aﬁ S aygal“tl s 112

and 116, dowist reamo

Sui t &bl y, PHE“HOWSCPRaRERY POt hens BERFF rf’aékllll? and
ext ends fr & Lherupperilendt gledede toomrduant @ @8atout of
downwar dl y sedcadaryp®si td ete tdrabdarg gas cheass, 1R0aefurh he

l engt h Of tsja:@:t Ja'flb&il Qrexggﬁdwrt:helo&@m% Ql%reinttyothte ner

| ower plate, The _lengt tCF tubul ar condyjt can be
Space as in cat re erence nume O0c for
regarded as a 1l asure he bet ween Fhe

uppet® wal | S12 ERE lof"hes‘l’ 69@‘1’ t%a??tlitléwcl fd“ﬁ%?eél%‘ﬂ to
prevent a shovtcutided tdacofvdblrey dpasvardlt hetostew@omlary
gas outl et Spndrh@ab@tser Nn 1Ské chseG athealpper exd eod: fair t her

downwar dl ycbrﬁﬂ.@t tlbﬁ: bf“g@{rl 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 105b 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 118a,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.



space 8, as indicated wth reference nuneral 120c for
15 swirl tube 105c, so that the outlet 119c admts the
wO papuiorBsasri ched fluid further downwardly i nt oP€TTEPID€€E50152
i nner space 55. In this case, the upper end 107c of
conduit 108c of swirl tube 105c can be approxi mately
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
openi ng 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 t-hes return skirt fornmed
by the wupper wall 112 extends to just above the upper
end of the sWTPItWEERTE50L $Be sPriFatinn &HAUILEE Of rihés
openi ng 118hbddgmento¥sneehepdlla shmigheto post toif drray 2am
shown for trheurswi.rh gabhes aldi8eure.en8sTHRo the primary
SWirl-i npars‘éf)a&Qtﬂﬁ%%:.gé@a fgf: egcm e %Ug?}.d‘éu@gnlto ésfro%hown
11 e enb 8 of

t ted th
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separation roug pref er
primary gassei‘f)leo’fﬁ fa %dh%?t%yezo%f’ I’ﬁhec:pla’l':ﬁe116 which is

I i qui d- enr itehegdfihageugh qokrsrissi g derepdpel amd wsdcarder y
gas i s renutedhohém@im tah& continue to flow in downward direction,

thereby making use of a large part of the free inner
space 55 so that the residence time of the secondary gas

20 in the free inner 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
from the return skirts, see the discussion of Figures 3
and 4 below. Alternatively, annular secondary gas outlets

25 as shown with reference numeral 22 for swirl tube 105c
can be arranged.

Reference is now made to 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 a reference numeral is



conduit 108a a through the opening 118a and gui ded
downwardly by the return skirt to enter the free inner
wGepaem7B36 i n downward direction. The bul k of |PQUEP2004/050152
will 15 settle to forma liquid | ayer on the plate
116, which is renoved through outlet 15. The
secondary gas will due to its nonmentum al so continue
to flow in dowward 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 |ong enough for the entrained liquid
to settle out. Separate secondary gas outlets
2la,b,c,d are preferably arranged-as far as possible
away fron1the return skirts, see the discussion of
Figures 3 °RhH9%Beloofe N £aPnak FYASE\ComRRRARISarIn the
secondary @gasergenspeto§ FABurgs3.shownswirl hupef era@ftiged on a
numer al 22 cbatersad & lvitdehe 2ber geaNwhe qlauangederis.
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3ﬁt|ets EZQpﬁﬂﬂuﬁﬁﬁﬂﬁgaEMEg&ﬁn@HQHﬁg&mggésa&gt§gomn
erein for ay i rence numer
WO 2004/ 0738%%8P%% %585 gJeo%o%é‘ s‘“gigube nf ar@?“@edﬁ“%o
one of eaclBF tHedd: té‘ﬁ'b&ﬁ‘é"rjrf% 9714 vhetain é?er Sfigé meAt
of Figure 3Zavgattradwiciqngtashbesci gratirqraihgetklorrba hagof ner
of a virt uakareegulesghbgirisd Tht tshiuateatcks veediksed <Mban
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bet ween ri,ng sw tubes, the
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this®arr aﬁ@e%n’fetflf?e?]%r?ss a%\d §}tﬂ5§t1§nﬁsél frﬁ?rﬁﬂ?ﬁr Hace
free inner avadael urderatathe sérendesonrdaylgas
outlets. |In treferatideangenenideofo FiggussL sndeackbwsiyg k|

tube is ar rt@ﬂgz@gw QR4 @ perspective side view of a swirl imparting

means 300 suitable for use with the present invention.

e
are closer
In

20 The swirl-imparting means is formed by vanes 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, followed by bending of each of 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 as to define segments

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



10 corner of a virtual regular grid wherein the cells
are equilateral triangles, so that each swirl tube
whaw40738Bear est nei ghbours. The swirl tubes caPChEP2004/050152
pl aced closer to each other as conpared 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 avail able
underneath the secondary gas outlets. Reference is
now made to Figures 5 and 6 showng a top view and a
perspective side view of a swirl inparting neans 300
suitable for use with the present invention. 20 The
swirl-inmparting nmeans is formediby vanes 305, which
are integrally fornmed froma netal plate 310. Each of
the eight S\?é%é’ée 305 8F PENSYHOWS BidJaFtentPupdgng and
subst ant i alstymriphe afppantdfulariyi établedgnente aBuobe ane
vane can easts ybyb@anspbﬂduueslr by providing suitably

arranged radi als §ddbss30ban eygg[n eldueulsar, N
300 aound . cgn 500 badn fieUlD RLEDEMh:LP

foll ovved by englesn%le Wlé"ac par ”fghréeaﬁarltsllﬁﬂt ‘ﬁf’tl‘i‘?ﬂlfy out
circul ar séghEt & gﬁbﬁ’tewa Irta“(fisu@u{’sfbghatommofwwhe

pl ane of t hHeramgbglon FEndttderdbproodd @esakic onfpeetodtiidnicy ,can
reference mdnmial:eahave nomkya be gkmen £.08. ane.qf, t he

30 segnent s, The term Q&Lﬁgieﬁ‘g phsteligy aEF Vragefsegret @ny

s Into a to

swt Ie way to arran

def i ne segr%‘ﬁ‘f She PR Jgrﬁﬁtlﬁé B&net Bp é’r]r?%? 5% the metal
manuf act ur iMGEpdt rhe GLraptEw, oAWB 2O FAPO ABEB6 normal
PCT/ EP2004/083158h. Thelend suipleabdt@eanaysesfanpriay indt41g

the cuts inghttdeapPunehings amndeoaaaamg, @8 hou1d be
part icul arl tﬁHlséC??LIEB psclr\l.lcuiag aﬁagrlecﬁt 1eo]p:‘ gsrgnoqz resu%iés éere

means_of a [aser

af t er® bendloﬁ‘gajﬁ‘fed vsth ﬁ‘égl\‘?%lﬁég'e%éf’f\ﬂfr‘llo ‘i‘eﬁfﬁlst i ng
means i s not dpeineat] ylate|fogedhich thepswiklewmrartinggmeans
found that igootusictided dapp@ri aticoDaapthtt ap ebysng@odn
separ at ion Eﬁgﬁrfegrﬁamg. G8E outer rim can be attached, e.g.
spot-welded, to into the swirl tube, e.g. into
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 wall. Lower
plate 116 in Figure 2 indicates such swirl-imparting
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 separation column having as main internals a

fluid inlet device arranged to introduce fluid comprising



be obt ai ned when nmounted in a swrl tube. Suitably,
4-12 vanes are arranged. Preferably all vanes are bent
wQaoount3s3¢ he sanme direction, out of the plane PET/EPI04/050152
nmetal 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 angl es between 25
and 40 degrees. The netal plate fromwhich the swrl
inparting neans 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 swrl
tube, e.g. .into 20 conduit 28a in Figure 1.
Al ternati ver§ i HE Gt & 2 iRt B B Ry shidolior ekngpryal,
att ached t Gf h@stgnehe gabdrabfonttivay iseparmed ehote ghe. A
further pos®kdd bediyidnSort Dnteftz@groatiets trbe gaWahl 1iquid
i nparting reeansnichiumh e |savRb1 Mal dangddOWEne RLALE: 116
In Fi gure ?bolﬂn)%l &aqgi%f%lﬁghco a/r\r{lnrl e rgggirvte¥ ngAzsgit J?‘ens
36a, b, ¢ whi ch, have been a,rrangé(f 0 cut 1'ng “dnd
bendi ng var‘Féglddf”?lélitqeylcler’(fnf‘{lh%"af“%‘w)l/%e?lsﬁi%% i21¥e The
| att er posSibiishipptet] swsifacasaet FB Ul 89 §o%f fi ci ent
producti on of rarsepakpilietitdsay: Afy bo@epi8§eBlarrange

I nventi on, se§érrzl§eofl ﬁr%stxlapsd!agéog&ji%l; 0RO Ql\.n% NRES itog
be hapdl ed.inBa c;l’pu%ns% aration tray accor di ng to the
presént invehtTon can for exBipl e he applied in a
conmpact hi gh- TBffI°RI @Ry TBH AL AP crfeeHl UiFFea% A asth
mai n i nt er rravztage b¢ wsel impedlickvorceviagreangedl io0id

i nt roduce féeblixdt&ﬁnw hﬁjhrkg:eMrgé)Qé]-/gOE’i)sgﬁ or higher) is
PCT/ EP2004/tQ_5&1§grfofme&.7 Foi Iegei{ﬁage,gﬂg t%?é:r;ogl,}lct%of St

vertilgal position or_int erval , 1 N t'ﬁeOf
separation Tray i %€°drrhngedeapdl &2 AE ST r s P poel pdn
or intervalProRstt®t i or Shyparrearnt Hivguiiidn cBr dm tshe for
col um ar e waidcadrnyat@r sraggdekten sebreratiop. and chedadt t om
parts of thevasheHBrovi@sSpRetd ¥elpket AnbdUELiabl g separation

tray, which allows to minimise the size of the high

20 pressure column wherein it is installed.

Test experiments have been performed using a
separator 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 cylindrical 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 means as discussed with
reference to Figures 5 and 6 was arranged. The conduit

was provided with four longitudinal slits of 260 mm



fluid inlet device is for exanple disclosed in the
British patent specification GB 1 119 699. For sone
w@pphiorsé ons it may be desired to arrange seREr/EP2004/050152
the trays according to the present invention 10 in a
colum, 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 perforned.
For exanple, in the production of 15 natural gas from
under ground gas reservoirs through gas production
well's, the present invention can be used for
gas/ condensate or gas/water sepz ation. The present
I nvention prOV|des for a conpact and efficient
separ at i on *SPFRyhTE K (ﬁﬁéa“tgﬁd FYHCHT SR e owpdz Bheof
the hi gh 2@ipresssare «okbharavinhenbs goiduif.sThensdpak lead.of
Test exper itrentsshamesdaeenpenfoemede uspdigend of the

separ at or ispehudipdGoRadt NGLE SM hpel %@,ofgﬁ@e@foﬁhu a

li ke _the svvlrl tue&%re%§gr|s]pe with reference

numeral 255 Wi th reference I gur € 12T e "W e
tube was c6°’éf3?riaw ?/CQBmé’HcéhgéH”Prfkértvé?“PFE'aP]T 40 mu
di sposed cidteiegenpytiondt pedks updrandyarbyoh N80ontal plate.
di anet er amnde 506 zBMahgiight vad bercehantesm vQﬁ:\iEangd:tngnce

and bott omfmmattﬁegu p-gg%nﬁ\Mfr 1Lhet Mgl %h?’e f:cgqrd 7 thlg}(eb%
cyli Qé}lrlcalf t'ube cond ult of 11 | aneter = and

400 nm | engf’ﬁmln%fFeaHHUlﬁé PFOWF1 s Fﬁ“@% prhmalrﬁegaF Rt
30 pl ate of°°RHEt CRalh®t diagetsrsexippries fapm 2j ppsitien
chanber. Atbetiche thalupperaergwf khd Mpat tudigrlMBARS a8S the
di scussed Wpbdr edeber@Nes i ocubi GUERS: 5u1§h|3gdl§ WaSugh the

arr anged EQ?lz%%q%l te \g@%hgrrgydrge%jﬂogré g e upper plate

l ongitudinal slits o mm WO 20

PCT/ E’?D2004/°65?5‘f5°2‘amber1§“ PEIGPH BT 2inthcwrares four
arranged s\atREsP ifealskserdryusrs fiaee theifrerwpeaeetic eheoof
the swirl taib@econrdiside tihewitppebe @nd refurntdreriSlédes

was spaced A0arra.f Boautubeing PRersi80G&r0fhetRBondary gas
outlets, the amount of secondary gas produced could be
20 varied. In the lower plate of the chamber, two outlet
conduits for ligquid 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



swirl tube conduit. Over the upper end of the conduit
a 5 co-axial cap-like return skirt was arranged, which
woer®4/07388dred by a cylindrical return skirt conPCi/EPZD4/050152
140 mm dianeter, closed at its upper end by a
hori zontal plate. The horizontal plate was placed at
2 mmvertical distance fromthe upper end of the
swirl tube conduit, thereby 10 form ng an annul ar
opening. A co-axial primary gas outlet conduit of 50
nm di anet er extended froma position between the
upper end of the longitudinal slits and the upper end
of the swirl tube conduit, upwardly through the
hori zontal plate of the returm 8kirrt and the upper
plate 15 of hanb [n the . upper, plate of the
chanber, féﬁ%gsﬁft%ﬁf?ﬁFS?y§%26%3§§§l a8t HE free
space in tHECHHarbEre FBttsHIRIG REvSTIRE |letvsBethand
return ski straxgere asaprtapged.liByidadjthstrimgy tdhe taragh of
t he secondany pgatry gut betisr doh@ianount of secondary
gas produced could be 20 varied. In the | ower plate of
the chanber, two outlet conduits for liquid fromthe
free inner space of the chanber were arranged.
Experinments were carried out to separate a fluid,
which was a m xture of triethylene glycol (liquid) and
25 air, at ambient conditions. The m xtures as
admtted to the inlet of the swirl tube contained
between 0 and 400 kg/ hour |iquid and between 250 and
800 nB/hour gas. At 550 nB/hour gas flow rate, and
without liquid, a dry pressure drop of 10 nbar was
nmeasured. It was found that 30 the primary entrai nment
was in the order of 1% or better over the full range
of gas and liquid flow rates, when the secondary gas
outl ets were adjusted such that about 20% or nore of
the total gas left the separator as WD 2004/ 073836
PCT/ EP2004/ 050152 - 19 secondary gas. Primary
entrai nnment is defined as the



fraction of the total liquid flow that |eaves the
separator as entrained liquid with primary gas through
W0 ba4prise@ry gas outlet conduit. WO 2004/ 07383BCT/EP2004/050152
PCT/ EP2004/ 050152 - 20 CL Al MS 1. A separation
tray suitable for being horizontally nounted in a
normal |y vertical colum, which separation tray
conprises a normally horizontal upper wall and a
normal Iy horizontal |ower wall defining an i nner space
5 between them a neans for admitting fluid to the
i nner space; a neans for renoving liquid fromthe
i nner space; a neans for renoving gas fromthe inner
space; at |east one primary separation device within
the i nner space, for separating fluid into primary
gas and liquid-enriched 10 fé %iAdI whi ch primry
separation device conpri ses:—— & dofnal | y verti cal
tubul ar conduit having at its lower end an inlet for
fluid, whicdh iAnsehrdtgon nrdyl sHidable clvmHRLALéGBonsily t he
means for adetehing hbibthy 16icahaviag, alnsid SeddPPALL

end an outlet, fGf, PILMRLY.08S, hJL oM 15 Wi ch, outl et an
outl et conduit extenés to a primary gas out Ilet

ma
openi ng i n THE UhPSF20aFt 1oV @ pistHErY 2gaenenaracat
openi hg f orgkveparthenf a trhansyiernadef gring dhwidi Frg tigagnner- a
SW rl - i nparspadeg dTRans BEr@Agadg ilngtiberreprdeliihnebglneen
the i nIt et fOheahl Ubod rafdikNGaP WL dnlnel e P i@; Yar2f08S,
so as to ¢ . during normal operatio e
f ormation g#l §§ﬂfr%$}érseo ??lloau%af%nvfll%% neg}l”f:f U8 FPR%an™"
annul ar r edFBH*HIPaTEH LEePT AR IS U atiduit-ertighed
conddft  dowmist reash ofimehe sewiction mpdick i qegpaieens,
whi ch | i qui-d- semiringhedrektichd teQNpr icSR511S EARAGHARLY11@asS;
25 and whi cRusepar &t henttfaYeifil, t RBE, GOIRI | SeS A, eans
for removing,and guiding Liquid enrighed flyid from
the primry separation device to a secondary ° ¢
separ ation %ﬁﬁsat 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;
- & 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
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-
enriched fluid comprises secondary gas;

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

for removing entrained liquid from secondary gas,



for renoving entrained liquid fromsecondary gas, WO
2004/ 073836 PCT/ EP2004/ 050152 - 21 wherein the
wG@ementmeey separation means for renoving entrBCTEP2004/050152
liquid fromsecondary gas is fornmed by the free inner
space between the upper and |lower walls, which free
i nner space has inits lower part an outlet for |liquid
in5 fluid conmuni cation with the means for renoving
liquid and in its upper part an outlet for secondary
gas, which extends to a secondary gas outlet opening
in the upper wall, which secondary gas outl et opening
is separate from the primary gas outlet opening and
forms part of the 10 nmeans fof 2eenovi ng gas, and
wherein the nmeans for renoving and guidin
i qui d- enri cHEG™FPUINE 196 R PaTRea " maRAfi torafmoving
I i qui d- enrangirded Lidudd dovmwegedfiaryi gas olst Feméd e the fmer
space. 2. ihher spparakien tHeaypacad dbwg 016! aiidh kree
wher ei n thi%neg'é zggéatﬁl% :tnog.tsr @melpggt Qg%ugféltdfo@gllqu:m in

I |qU| d- enré ch(?d flu ‘f%[lrt%ngneanst admt al of t he

i qui Pd- enrf'é ﬁm?“lunlcatjton re&™ hifef"Sphade gt %

posi tion vxi“ldhjrfh15?0%?@5rpéf%raab’luyletvxﬁ%hﬁeﬁ"%% 9g¥r tHER
spaci ng be¢aneen upperecantdry gaveputdat lossning durnthed:pberom
the [ower wah) wn2f Scodhaey gePatalet UPedingyisaspofb NGok O

claim1 or n% prl)(%%%{]&s oftled Q[Le%g.ngggnat P&mgep%% of Ahe

rem)w ng a ornme at | east one
operiing i PR MAIPIRSE™ O FUDUIEF A ORAIE: 6P ¢ he
primary sefaesirpoddeniips, Liagdnpstehednilafd fh@rranged to
SW r | - i nmpasdriifGlreans d-antchah gneidnddvhenrdlty meanshel Hree
removi ng apgeguibdidg |iquid-enriched fluid conprises

a return SE(I r‘{'heagerp%‘ragzign $F]aél cr?:grcll}{ct; Qgecrlalnh? WHQL%%( the

part of the condu aration tray accaordjng

to cl®ai m 3™ARACEIFTFTUHRY 237 F’Eﬁrdtlﬁ%ll“iuﬁii st ﬁ%‘”ﬁeﬁns

for renovi myaegrd GurdithplB0L thquiiduishriéphed Firid doitse

fornmed by afeecatinut apadep@nhpgsition within 50%, preferably
within 30%, of the spacing between upper and lower walls,
counted from the lower wall.

20 3. The separation tray according 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
the tubular conduit of the primary separation device,
downstream of the swirl-imparting means, and wherein the

25 means for removing and guiding liquid-enriched £luid
comprises a return skirt arranged externally over the
upper part of the conduit.

4. The separation tray according to claim 3, wherein the
a further inlet of the means for removing and guiding

30 liquid-enriched fluid is formed by an annular opening

between the upper end of the tubular conduit and the

return skirt.



bet ween the upper end of the tubular conduit and the
return skirt. WD 2004/ 073836 PCT/ EP2004/ 050152 - 22
wW®G200F08383€par ati on tray according to claiml1l OPCREP2004/050152
wherein the nmeans for renoving and guiding |iquid-
enriched fluid has 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 | ower
wal | by at least 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 nmeans for rensviang and gui di ng
liquid-enriched fluidis formed by a return skirt
that is formed®s ATRRGIHEPT y*W EFFOorHAR tqpPar™ watd 2- 7. The
separ at i onviarain e oeadis niyr tenemiyy ene geidngg 1dui;
wher ei n separate oLl eks shamigy kirBhy ugid sRCONEX Y gas
15 are arranged 'oE‘ tﬁng}rmg;ersemum GreyilE SERAT Qltrgggz
means, accordi ng, ! % AN mJ‘em 31,0 . 3- 7 and provi
wWith @3 retdfn s wher CItmn B0 ST e
annul arly FJ?%Cﬁaéﬁeéi P°9““Fhé“§ébé?e¥thledﬁw%rr ?ﬁ/lla%ﬁbé? d'le?ﬁj
to any onel®f o2CGhellangty df- Be vdnawiel reotui@d from the inlet
SW rl -inpaktitng Jypansnd 8¢ kad BRGuid.rom a netal plate by
providing ghe et argxélala etrw fa&or&ngtt% 0,85, megqu'ﬁ@
segnments, fol | one ben (?gér 11 g E‘g,tl the
pl an& of t A& et Al re ath ni é‘é FREFOR LAY 1S
accordi ng €ermep fHyn? get‘%mesrké’ftn”taﬁels %m%jaéht%éﬁﬁéml“has
t he form ofthaupparck@lsector, and is bent around a
radi us out 70f rhhigeplrangn Q;fran REcohBtng! coPhrdt &he dikimsThEs,

Separ ati onwger I‘ ov?gggé n&l&@s ch g;{ﬂ'n? yogndlgeconzyg,Q:?r %I n .

the slits are aser cutti
The $®par ataf%ﬁrfarné‘ffj é‘E:c?BT’ d‘P‘i‘Fd “Ea& any one of

The separation means according to any one of
claims 3-7 and provided with a return skirt, wherein the
return skirt is annularly U-shaped.
9. The separation tray according 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 separation 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



30 clainms 9-11, wherein the swirl inparting neans is
integrally formed with the bottomwall. 13. The
w@ep@anaisson tray according to any one of the PBCHERB04/050152
1-12, wherein a plurality of primary separation WO
2004/ 073836 PCT/ EP2004/ 050152 - 23 devices is
arranged on the corners of a regular grid, in
particular a grid formed by quadratic cells or
equi l ateral triangular cells. 14. The separation tray
according to any one of the 5 clainms 1-13, when
mounted in a colum. 15. Use of a separation tray
according to any one of the <clains 1-14 for
separating in a colum a fluid eprprising gas and

i qui d.
devices is arranged on the corners of a regular grid, in
particular a grid formed by quadratic cells or
equilateral triangular cells.
14. The separation tray according to any one of the
5 claims 1-13, when mounted in a column.

15. Use of a separation tray according to any one of the
claims 1-14 for separating in a column a fluid comprising

gas and liquid.



