- 1 26 June 2006 MULTI STAGE FLU D SEPARATI ON ASSEMBLY AND METHOD
BACKGROUND OF THE | NVENTI ON The invention relates to a nultistage fluid
separation assenbly and nethod. in many oil and/or gas production wells the
wel |l effluents may conprise conpl ex fluidjm-xtures which 3 ﬁongﬁh crude
oil, natural gas (nmethane), water, brine, condensates, sulﬁ \ijad @drogen
sul phi de and ot her conponents. During production the well effluents expand
and generally cool down fromreservoir tenperatures which nmay 10 be

bet ween 100 and 200 degrees Celsius to significantly |ower atnospheric or
submari ne t enper at ur @RILTESTAGEaHBYED RERARITIONOASERMBEY AP iNFTHQMAt i on of
various conponents and formation of hydrate, wax and/or asphaltene
deposits in the production tubulars and 15 equipnent. It is known from US
pat ent 4, 026, 12(BACKGREUNNE OFC UHE cDENEIOMd/ or sol i di fiabl e conponents from

the produced welT efflTyents at th | | hea ' t he well
effluents in a chokaﬁﬁhgnWﬁPE&??nﬁgq%é?%ika ng§6E%g#%ng uents into a so
» called "LTX (Loye ol WesemBXpamsd adthogssel in which the liquified
and/ or solidified conponen

hydrates drip down ﬂG‘Fﬁbe%EGO%# 2ﬂ€iﬁﬂ$hgéﬁ3Fe§bﬁgggggéE%ﬂgggﬁ?pgo
degrees Cel si us &PFIGIAREL mAyPUBREPL ge 2onpled dlstidr mixthied wisiathen punped
gaseous componerRSEE CangRelLlr o EHERL B drBenesd) 5 HEE OB, Gag
outlet conduit nesdad:iateresuepiudf hfdrdgbh sudphétle and other

| components.

During production the well effluents expand and
generally cool down from reservoir temperatures which may

10 be between 100 and 200Idegrees Celsius to significantly
lower atmospheric or submarine temperatures. ’

This causés condensation and/or solidification of
various components and formation of hydrate, wax and/or
asphaltene deposits in the production tubulars and

15 equipment.

It is known from US patent 4,026,120 to remove
condensable and/or solidifiable components from the
produced well effluents at the wellhead by cooling down
the well effluents in a choke and injecting the cooled

20 well effluentas into a so called ‘'LTX’ (Low Temperature
expansion) vessel in which the licuified and/or
solidified components, such as water, wax, asphaltenes
and hydrates drip down to the bottom, where they are
heated to about 20 degrees Celsius to create a pumpable

25 liquid slurry which is then pumped into a liquid
discharge conduit at the bottom part of the LTX vessel.

The gaseous components are removed from the LTX vessel



US patent 4,208,196 discloses an LTX vessel into which well effluents are
I njected without prior expansion 5 in a choke. The known LTX vessel is
provided with a vertically oriented tubular inlet section into which the
wel | effluents are injected tangentially 20-enhance segr eg i og ﬁgs

| i quefied and/or solidified conmponents fromthe gaseous c ﬁ%’ﬂﬁ‘f A by
centrifugal forges, Jhe JQuidt\Wokiul8! Réasotid eibper eamped end pravided.
with a grating strucCture a]f Its ower end to inhibit extension of the
swirl induced ivesskd.inlet section into the liquid collecting region at

the battomof the kEXpLodk: 47Rs, 19BuLBscIoEY aealTkOvebsel ofated |nside a
cylindrical and 15 hotizontal separation tank in ' and oil_are

whi ch ter
col l ected and sédghawedlfebfhuaniis @#fﬁeimﬂﬁc'b?‘é\ﬂjﬁmugeﬁ\ﬁaﬁt FBR22 48 ar e

subsequent |y tgpped Vi aRAAL erx\ekSie BNk QPriovdideahaigR aAubes near
t he bot fsom of fl%e% Fg%Ee Tﬁmé y poov

e gaseous conponents arg1 | ng%f-ed lt_‘g él &g t hr ough
20 the grating veowichidmn enkentasy tapulaFeiniet t385H40M S ERe¥4EBar i on
tank and removed fir ek fent Oa sl sriectsaPasRGdiL Al tal eahangal f i cant
di stance fromthe inlet

section. I'nternational fcgifent aQE‘IPi cat hon
PCT/ NLOO/ 00382 sEarngigetlioneef ol ipynfiled 8RI(E P IHEed, SPPPRG h&avy, such
as liquid or salig, +4Q"BAREHNS ddMBr@ndasBeusent xifilgall forakischThessel

countercurrent 1 nner and outer swirls are induﬁged t%y&% unt.?i;lcurrent SWrl
i npart iy vanestubulargdalehesechipn d&nCAPPEA ARUERR® %pﬁ'é y of the

vessel . 30 A disafduay ageutuidis K@M odeyi €8d i tso tindiibiile egwenkionnparti ng
vanes are prone to foul i_ng. I nt ernati onal gt ent pli %i oghPC]E'/ Eﬁg /04178
di scl oses a supf $dw ewiyd| spduced et itgeséB BLt B TP PANENBED S HEE June
2006 whi ch the &gﬂg&q_qi,gv\@gbi&gfgyames bateoflr 65t tioallTX cankedThe

tubular inlet section is located inside a cylindrical and

15 horizontal sepafation tank in which water gnd-oil are
collected and separated from each other by gravity
segregation, and are subsequently tapped off via separate
water and oil discharge tubes near the bottom of the
tank. The gaseous components are induced to flow through

20 the grating down from the tubular inlet section into the
separation tank and removed from the top of the
separation tank at a significant distance from the inlet
section.

International patent application PCT/NL00/00382

25 discloses a separation vessel for separating heavy, such
as liquid or solid, components from a gaseous mixture in
which vessel countercurrent inner and outer swirls are
induced by countercurrent swirl imparting vanes arranged
near the center and outer periphery of the vessel.

30 A disadvantage of this known device is that the swirl
imparting vanes are prone to fouling.

International patent application PCT/EP38/04178

discloseé a supersonic cyclonic inertia separator in
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down by adi abatic expansion as a result of their acceleration to a
supersonic velocity in a supersonic nozzle. In the supersonic nozzle a
swirl is created to 5 segregate the thus condensed and/or solidified heavy
conponents fromthe |ighter gaseous conpore@dts. The gaseogé cogg@psables
depl et ed conponents are discharged fromthe separator thr QW' entra
primary gas outl edhicorthe profgeedswdlic eFF1densabdns asitdadl gosgporedt s

are 10 di scharged,fromthe, s ator through one or nor econdary outl et
condui ts which ex?%ﬂﬁﬂg¥M£fingﬁ£% SXRARSIEN &Ri & Eﬁsq%ﬁa°%bfgﬁé? It has been
found that the sesefsibsnationdessabigrersoniccietotity drodt lsepegbodic
supersoni c cyclonicﬁ%fert'a 55 Sﬁgaratqr nag Ee conne tﬁq to an LTX vessel,
but that the hi gh° -cifcfyt £ BYRSTSHUG BRI R TEFLatd Greabefdbei ed
condensabl esf fenr i cé@hcja#ud (rilkhﬁi Khilg ch’rftfdulal |sbﬁdahﬂ1’@r r@ﬁu@&%tlieg(rj hegatry
separation efficiency of .t LTX vessel . The nultistage i epar ati on
asgenbl y and net h%@'%‘%o%ﬁ?ﬂg ?%sfmtﬁfegﬁﬁ?%“%fc%‘%ﬂ‘ﬁggf'aﬁ'agﬂ are
known from US pagesdons &ndénsables tduplletedncansaidntys farei dibshatrgeect ed
into a tubular segction.of a secondary separatio vessel via_a sipgle
secondary f1uid | Fi@RTSh SEBRARL. RATUH AaGereral o RREYaBrFi BYETt ne
vortex in, and 25cashaitatwhegeper tloe nancienghblés cermecicaheda cympenants i e
vessel if 6he prqﬁéqge and %eloc%t¥ of th in%gcteqlfluid fluctuates. It
is an objBet of tHEPIFS ERUHIT SIPRASA5PEV Ao RS, P8 BEFEi stage f1uid
separ ati on assenbsecondasty oltdat SthdubXst yhéchegetartd @wayefsel as connect ed
to liquefied and/ Qr ,soljdified.c ndensagles enriched fluid outlet of one

or nore gas cooli?ﬁfﬁﬁgﬁ(ﬁﬁgssﬁght S %ﬁﬁ? ©<oni ¢ and/ or subsonic cyclonic
inertia separators sudh Hhasabean AfGNRERhSHEERe - séicondary condensables

enxiched fluid outlet of a supersonic cyclonic inertia

15 separator may be connected to an LTX vessel, but that the
high velocity of the injected liquefied and/or solidified
condensables enriched fluid mixture resulted in a reduced
gravity separatiocn efficiency of the LTX vessel.
The multistage fluid separation assembly and method

20 according to the preamble of claims 1 and 17 are known
from US patent 2,825,423. In the known assembly fluid is
injected into a tubular section of a secondary separation
vessel via a single seccndary fluid injection conduit,
which may lead to instability of the vortex in, and

25 separating performance of. the secondary separation
vessel if the pressure and velocity of the injected fluid
fluctuates.

It is an object of the present invention to provide a

hybrid multistage fluid separation assembly in which an

30 LTX type separation vessel is connected to liquefied
and/ox solidified condensables enriched fluid outlet of
one or more gas cooling devices such as supersonic and/or

subsonic cyclonic inertia separators such that a
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26 June 2006 synergetic effect is obtained between the performance of the
gas cooling device, such as a cyclonic inertia separator, and the LTX
separation vessel. It is a further object to provide a hybrid nultistage 5
fluid separation assenbly, which is nore coapact than a cggﬁing&b&n of a
gas cooling device, such as a cyclonic inertia separator, e

conventional LTX M@%%@ktit! effedteliAcbihaingd BHEYwR@n thePpOYEsEmandy vt d
mul ti stage fluid Separation_assenbly in which a plurality, 10 of gas

cool i ng devi ces, thecHagsceglingdeviceyt pUck B edonigniBeTthnected to a

singl e conmpact Liggpar@tse, B¥drelatitelkupsbstion ivisekled and/ or
condensables enriched fluid outlet conduits such that tge ri sk of solids,
wax and/or hydrate déSodft fofurthamebdect brRL]FiLs aub¥ Fi‘édﬁﬁjt%tqg?

mnimzed.s SUMVARY i GF s&bErh DVENT 434t v CeRLElRNGE nidiceh cbiifatt iedn o there
I's provided a nultista%e fluid separation Q%%?nbly cogprisiqg: rimary
gas cool i ng devi CemENakion As? H3%FOPLLRI SR s SUCYi fF el Y bl es
enriched fluid oydrelia 8fasabEEONGR ¥ Ebhvéhtsapalatranvesssel having a

tubul ar section of which a central .axis_has subst anti al | vertical or
tilted orientation, wfi&f V%Es%lf4§$h95nﬁ93?€5q§5Fnggngac%%ﬁﬁﬁgables

enriched fluid ouflielsehgat £fleostsepditat@bnsassetily daokwhiighdevpwsal sher ein
during normal operation of the vessel the condensabl.es enr%ghed fluid 1is
i nduced t¥ swirl oF G&%dSPRLLRETeHICER:| SUGR THSCYTAMICarEEEE on of t he
vessel such that segadiatiofey GhhaseNadhnettedotefa ednyle/ eompatct dLTX ed
condensables is induced, b ravity and centrifugal faorces to,swirl, in
downwar d directiYﬁ?%%loP§s¥ﬁgaF¥ eﬁﬁnﬁgoriuifg&§¢§§41ﬁq /PhpGPRFenERY N of
the vessel into addighied €oliecoatiet ddhdattd#rsuch that the risk of

solids, wax and/or hydrate deposition in these secondary

15 cutlet conduits is minimized.
SUMMARY OF THE INVENTION
In accordance with the invention there is provided a

multistage fluid separation assembly comprising:
a primary gas cooling device which
20 has a-liquefied and/or solidified condensables enriched
fluid outlet; and
a secondary fluid separation vessel having a tubular
section of which a central axis has a substantially
vertical or tilted orientation, which vessel is connected
25 to said condensables enriched fluid ocutlet of at least
one of said gas cocling devices, wherein during normal
operation of the vessel the condensables enriched fluid
is induced to swirl around the central axis of the
tubular section of the vessel such that a tertiary stream
30 of liquefied and/or solidified condensables is induced
by gravity and centrifugal forces to swirl in downward
direction alongside the inner surface of the tubular
section of the vessel into a liquid collecting tank at or
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AMENDED SHEET 26 June 2006 near the bottom of the vessel for collecting a
tertiary mxture of liquefied and/or solidified condensables, which tank
is provided with one or nore heaters for heating the tertiary mxture to
reduce the amount of 5 solidified condensaples and with ong ?r {)(g outlets
for discharging the tertiary mxture fromthe tank, Vi/nere'ﬁ'ﬁ’egﬁ rality

of secondary Tl jefr! théPdetbnt Y1 uWineS vilbsdl Bo+&d1 leetdindd TN 1335,
iIs to the

cooling devices are connected at regular circunferential” interva

tubul ar 10 sect Pékteretofe Wepntissy saddeat sohiditing congensablesnduits
[nject in use CQREERSERLIES LHIRAUS Wikl bffe A rrd SR i |V
tangential direction into thé interior of the secondary separation vessel.
It is preferredheabing fhe fantdarsemixbnref te edBe ddwen dmopndepdr at i on
vessel ig equip + M [ a u | Vi i

whi ch i s§I ocat egsg%&%ﬁﬁﬁeéad?{dghr%ra?e}ﬁtgr gf"aa‘t;(di'?Il oc?%t]ﬁi%l Emuc{;% gr?lq;s?%c%tsi o@r?gand
which tertiarydjasharging the dertiakyondgitare uppor tdel ek, hethemelinl ar
section of the i Y ) i : ndary
separation vessé?ﬁgg‘gﬁé\}y orre%-aerc(;%trm%r}g k%ﬁg%eﬁ%%&%%%q%&%ozﬁfgd on top
of the tubul ar pdecal by sl pirtignayr giaar gogaing ddwicesonduiet cosnegtesdnged
substantially cQ;zax] i ubuyl ar, i.on and
passes through ? ﬁeé%:@ki)fgel?séigi% u?rﬁ%t{e%% i? )épineéﬁée]f@:rttaqbll%&g tth%%iiita(fuef i ed
and/ or %90l i di fi edctiomders diflee seaondargdséparakinn [wsssfl at wheakt one
primary cooling i S UC a. cycloni | d tOle . nnect ed
to a secondary F ?ﬁ%“éf?%j%‘gteim&ﬁ%u%n gﬁbgﬁﬁéﬁhﬂi rﬁ' g&ghaetcﬁeﬂg&ﬁdgﬁsg | es
enriched fluid ah lemsttpdmastlyarteingehyiadndioredtEondiinget ithie iintertibe

tubul ar secti on,gf ¢ fe, SECONTAY Y%eRiRALIbhPedEEEE -

It is preferred that the tubular section of the

15 secondary separation vessel is equipped with a tertiary

gas outlet conduilt having an inlet which is located at or
near the central axis of the tubular section and which
tertiary gas outlet extends through an upper end of the
tubular section of the secondary separation vessel.

20 Suitably, the secondary separation vessel has a dome-
or disk-shaped top, which is mounted on top of the
tubular section and the tertiary gas outlet conduit is
arranged substantially co-axial to the central axis of

. the tubular section and passes through the centere of the

25 top., -

Preferably, the liquefied and/or solidified
condensables enriched fluid outlet of at least one
primary cooling device, such as a cyclonic fluid
separatcor, is connected to a secondary fluid injection

30 conduit which injects the condensables enriched fluid in
an at least partially tangential direction into the

tubular section of the secondary separation vessel.
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AMENDED SHEET - 6 26 June 2006 It is also preferred that the central axis
of the tubular section of the secondary separation, vessel has a
substantially vertical orientation and that the. secondary fluid injection
conduits inject in use liquefied and/or solidified condensg&#es ﬁﬂriched
fluid in an at |east partially tangentigﬂsqu partially d T éirection
into the interior of the secondary separation vessel. Suitably, the liquid

collecting tank i g,f Y. cup- d,tubular | ower, portion of the
second stage sesza?%g%93€§%€#fﬁﬂ$%iqﬁgﬁé&b§t5ﬁ?%5? yA¥L3 3F aFeo the
central a?ishamwuﬂas aesthtmamfothéE?Qﬁﬁ?da&weﬁaﬁhrutdbg«vébaﬁltﬁgsuaper f
portion of t . a_vortex. breaker  .is arranged in the interior o
BupSTaa APy Mt SRS S oo Aok B

t he secondary “separati on At oFP®he tubul ar
section and tdexdndpryd fhlidcinject ok cdhduhsseihfgctay be provided with

Vibrations at 2 PRequineyEred el ob WHEEIe - condBRtetes e onent s
of the assenblmuisugch ag abelessonsiariialilyitdnyehessl oand ubest paly he
e, v - andASFTRRARAIbEECtETh TP ih PR SERBEYOrTRE FRATEFSIIERL i ng t ank
may be provi degpairkliien gesseDf heating tubes, which are designed to heat
e o] g ety e R Ak 102 1L opREal e of o
conprise cyclsp-ghapeat t dbSEPAr Bwd S pdiitddnC 6FPEhE Esédond PStlgedN nNozzl e
N wnTeh e AT SR T Ssa 1 SHLET {5 SunsYanEIaI Ty Go~axial to the
central axis and has a similar or larger internal width
than the upper portion of the vessel and a vortex breaker
is arranged in the interior of the secondary separation
vessel between the lower end of the tubular section and
the liquid collecting tank.
The assembly may be provided with one or more
ultrasonic vibration transducers for imposing ultrasonic
vibrations at a frequency between 20 and 200 KHz on one
or more components of the assembly, such as the secondary
fluid injection tubes and the vortex breaker, to inhibit
deposition of solidified condensables, such as ice, wax
and/or hydrates, within the aséembly.
The liquid collecting tank may be provided with a
grid of heating tubes, which are designed to heat the
liquid and solid fluid mixture in the tank to a
tempaerature of at least 15 degrees Celsius.
One or more primary gas coecling devices may comprise
cyclonic inertia separators which comprise an expansion
nozzle in which the fluid mixture is cooled to a
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- 7 26 June 2006 tenperature |lower than O degrees Celsius by a
substantially isentropic expansion and in which one or nore swrl

i mparting vanes induce the fluid to swirl into a diverging outlet section
which is equipped with a 5 central primary condensables de I?teq@béuid
outlet conduit and an outer secondary condensabl es enrichgﬁ une out | et

conduit. Suitably eac ripar s _cqolj v a cyclonic
inertia separaFG%PeEBEﬁE?sgg;%ﬁquﬁhggf%%&fggngggfﬁéy3ﬁ¥2% i s designed to
accel erat e t he ghipgitdn@i ¥l Ly eisantfopid lexpaasiba andaiswietisiorne speed,
thereby cooling in use_the tenperature qf the f]ui S| he
nozzle to a t eMo&CaBUAEL LWRRTE “—'aZthda'&délgg %Fs?h@f& élxags‘*%?gﬂ{]té
separati on ass@mdivexgeagdbRe1ée derildn ivhient ieneqayppedpwite & plurality
of primary cyclonic _inertia separators of which the, expansi nozzl es are
subst anBi al | y ﬁ@@&FP&IPﬁﬁﬂaﬁﬁu?$h§ﬁﬁﬁﬂéEQ§ Fﬁ?132ﬁ9r§+“1§x?§éﬁgithe t ubul ar

section of the speRAdaRKdSERAGEEEPNeec@idily aondehsables emesisedndary
condensabl es enriched 20 fluid outlets are connected to secondary fluid
injection conddiis wNitdRt AeRAYELt the wall of the tubular section of the
secondary separati @phites3gl edén'r Sy g cvsllengnteaicentaucklas and in an

at least partially tangentlal directi'on, and whi ch secondary fluid
i nj ection 25 comflionicedeRrEideSePIEM YTy ISTPTRER ANnBFRPISIRR gas cooling

devi ces gray Cowigi%,cmli%ﬁ k§0oM8s B§ned 8 ercbeqepaee théveluid miktere he
gas i s accelerate '

O o o ot e i e, b b8
subsequent |y fed, i fyed iae taRpaRgehYe f bl the TAVAKADaSBiNgSSRECUFhethavent i on
also relates to a nethod of separating . .
nozzle to a temperature lower than —20 degrees Celsius.
"rThe fluid separation assembly according to the
15 invention may comprise a plurality of primary cyclonic
inertia separators of which the expansion nozzles are
substantially parallel and equidistant to the central
axis of the tubular section of the secondary separation
vessel and of which the secondary condensables enriched
20 fluid outlets are connected to secondary fluid injection
conduits which intersect the wall of the tubular section
of the secondary separation vessel at regular
circumferential intervals and in an at least partially
tangential direction, and which secondary fluid injection
25 conduits each have a length less than 4 meter. ‘
The gas cooling devices may comprise chokes known as
Joule-Thompson valves in which the gas is accelerated and
cooled by expansion such that a liquefied and/or
solidified condensables enriched fluid is generated,
30 which is subsequently fed into the secondary fluid
separation vessel.
The invention also rel#tes to a method of separating

condensable components from a f£luid mixture in- a
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condensabl e conponents froma fluid m xture in a AMENDED SHEET - 8 26 June
2006 multistage fluid separation assenbly, which nmethod conprises:
injecting the fluid mxture into a primry gas cool ing devices in which the
fluid mxture 5 is expanded and cool ed and®condensabl e coggﬁne t§ are

|l i quefied and/or solidified and optionally separated from ‘8@ ®ous
conponent s by cemiitig§apef Steid sepdranionhistentlatr eduicbf mebheiknsabl es
enriched fluid c ReRLg. is fed into a secondary fluid outlet; and 10
injecting the stream of condensables enriched fluid conmponents into a
secondary fluid sepadiaifehingsthe fluddi mixbtureibinitar a&ection of which a

ST 3 s A b e 9, WL LE Lol )

whi ch t he condensa uid streamis 1 nduced ar ound
the centrdl axis f axpandgduppd cewlkddrndotondensalse/componenhatabeterti ary

m xture of |iquiefj ; / I'd Shi f 4 o] ngﬁgy 143, | g y gravity
and centrifugal e'lf o‘f%gsl%?g ag\%’?? %n K g\%nqﬁ/gr gggl rectclﬁiar%lé'l g% gi‘ggge‘?he I nner
surface of the tubsmatheegrsenusfcomnenssvbyseentriingal| fqurd, catdetni ng

ek 2L o near WIRaP SeRah LStk LG ey

m xture of liquefie nd/ or I di f1ed conde es IS Co
heat ed to reduce #shdegndnte af seerndimn Sduidopdieketblansl and from whi ch tank

liquid ang/ or 25 sol iﬂﬁ&{:@ﬁngogﬂm%mma&ff el a89d st B AU PNEBlg TOT €

outlets, wherein a plufality of secondary urd injection conduits of a

plurality of prifempoggateodntae srapndesyaftutdmrraratisn vegeedhr
circunferential Hévi\?\#’%' %ubﬁé&?esédt%h%fsﬁﬂéﬁrh Q’{enttli%lSSQQQdﬁéy 20
separation vessel ich condults I nject condensables
substantially vertical or tilted orientation and in
which the condensables enriched fluid stream is induced
15 to swirl around the central! axis of the tubular section
of the vessel such that a tertiary mixture of liqu efied
and/or solidified condensables is induced by gravity and
centrifugal forces to swirl in downward direction
alongside the inner surface of the tubular section of
20 the vessel into a liquid collecting tank at or near the
bottom of the vessel, in which tank the tertlary mixture
of liquefied and/or solidified condensables is
ccllected and heated to reduce the amount of solidified
condensables and from which tank liquid and/or
25 solidified components are discharged through one or more
outlets, wherein a plurality of secondary fluid
injection conduits of a plurality of primary gas cooling
devices are connected at regular circumferential
intervals to the tubular section of the secondary
30 separation vessel , which conduits inject condensables
enriched fluid in an at least partially tangential
direction into the interior of the secondary separation

vessel,
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enriched fluid in an at least partially tangential direction into the

I nterior of the secondary separation vessel. AMENDED SHEET - 8a 26 June
2006 DESCRI PTI ON OF SU TABLE EMBODI MENTS Sui t abl e enbodi mnents of a

mul tistage fluid separation assenbly accerghang to the preseg} i%ﬁ ntion
will be described in nore detail with reference to the 5 &°c8fp ging
drawi ngs wher ei n: DESCRIBTION DFSChembie pupobr8aNTspl it sectional view of a
first suitable enbodi t Qf a [TIStage fluld_, separation assenbly.
according to the inve#ﬁikﬁﬁiﬁhépggﬂlm?Qﬁﬂ ﬂﬁ’Pnﬁ?§t£§£§3ﬁn§44¥9eﬁﬁparazl°n
separators di schaagsefibIly dsrddaingbtestiniprebedt f Lvantiod Wiali BeO a
vertically oriented tubular secondary, fluid separation vessel; Fig.2is a
top view of the ntdftf M Iegesep %ﬁiWﬁ?ha§§Eﬁ5F?c%ft9ﬁﬁiel; Fig.3is a
schematic 8erti cahco@hpinynian) idvarkinys emidileinld anot her suitabl e embodi nment
of a nmultistage flui separ,ation ﬁsse I agiorfin fo the invention
wherein two primary | onité Anéf ?%F@%bgFﬁ F3- df r{fFtdongdndeteanl es
enriched fluid mafus efirdto smilabl & omitddiyiener b£ni agh BetsdR ¥1higi d
separation vessel'e20 Fiqj4 i s a horizontal C£os§-septional vi ew of the

mul tistage fluid ZERAFIRTDh A88EBRLY AEFOTELG93E0 ERR M NYRAGOD WRETBLR nar v
cyclonic inertia Separmtidaryargcieric ineamiabsspardicrs dischargehgmatic

rorLzontehgecet | Baledb il 2ee 2008 T SO Phe9, Uiyl on

oriented tubular secondary fluid separation vessel;

Fig.2 is a top view of the multistage fluid
separation assembly of Fig.l:

Fig.3 is a schematic vertical split sectional view of

15 another suitable embodiment of a multistage fliuid
separation assembly according to the invention wherein
two primary cyclonic inertia separators discharge a
condensables enriched fluid mixture into a horizontally
oriented secondary fluid separation vessel;

20 Fig.4 is a horizontal cross-sectional view of the
multistage fluid separation assembly of Fig.3, taken
across the primary cyclonic inertia separators and seen
from above;

Fig. 5 is a schematic horizontal sectional view of a

25 simplified multistage fluid separation assembly of which
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the primary gas cooling devices consist of chokes known as Joule Thonpson

val ves; and Fig. 6 is a schematic vertical sectional v

i ew of the

assenbl y

shown in Fig. 5. 5 Referring to Fig.1l there is shown a prinmary cyclonic

inertia separator 1 which is connected to a secondary
vessel 2 by a secondary condensabl es enriched fluid i
The primary cyclonic inertia separator 1 conprises

whi ch is connect ehe @xzimaa B@&dc?ﬁ%%ngé#ﬁWﬁFBOF°QBﬁ3F

LTX fluid

nj ecfdrrecd

flui.d-i

1118& cRakes,

TR

nlet 4

xgﬁﬁgtion

wel | via which a gdnsdyare ﬁlfou@%graglgﬁ,, am er vapours, condensates,

hydrates and other condensabl & conponents are,prgduced
flowing into the prifdg, £5iScpapPaheralicq Jyemtise

The flui

aeeaFa?%Qid‘”t%’

s

preferably superggggébl9ugﬂy%5txnipi .nzzle 5 and thereby cooled down
, _such that maﬁer
PFimRY FHRASHE of
adi abatic 20 ex [.an uen ' fh J BYsécdrdadr§d LTW N
pgﬂgﬁ%{%&%ﬁ%& enjhych le2teW Eb BYs L g

preferably to a tenperature bel ow -20 degrees Celsius
vapour andbor other Refeensag &9 Fésntdierendd hows p

6 so that the co m xture i s separated by. ce

ntrifugal

forces into

a central flux of fhaitievepsrassondupreebd it @ AecGSaZHJCIRERAANLE® out er
flux of condensabé§§héﬂgaiﬁl J'i égctﬁénnghdﬁyy:@ql flux of condensabl es
i'SC t

depl eted natural Ggas 1S arg rough a centra
depl eted outlet 7 intThe mgesnadiyscycbonioninsmidd Sepase

annul ar conden nric chanber

grinary COo

ndensabl es

_ BEPABELOZ hbyFATREIPeFhE
annul ar g jer fl uig@{%?@de n ag&?‘?iﬂu?gr%ﬁ’?%@ kg 1aS wdh $RB848d 9@sbt hrough an

8 into the

secondary

condensabl es enri sheeh)f laff ¢ imstecalogas opeductdomawelll] yéarwedeR 1y arrow 9.

- 10 26 June 2006,

mixture of natural gas, water vapours, condensates,

hydrates and other condensable components are produced.

The fluid mixture flowing intc the

primaxry

15 separator 1 is first accelerated to a high, preferably

supersconic, velocity in a nozzle 5 and thereby cooled

down preferably to a temperature below -20 degrees

Celgius, such that water vapour and/or other condensables

condense and/or solidify as a result of adiabatic
20 expansion and subsequently induced to swirl by a tilted
wing 6 so that the cooled fluid mixture is separated by

" centrifugal forces into a central flux of condensables

depleted natural gas and an annular outer flux of

condensables enriched fluid.

25 The central flux of condensables depleted natural gas

ie discharged through a central primary condensables

depleted outlet 7 into a gas distribution conduit (not

shown) and the annular outer flux oﬁ condensablesa

enriched fluid is discharged through an annular
30 condensables enriched fluid outlet chamber 8 into the

secondary condensables enriched fluid injection conduit 3

as illustrated by arrow 9.



The condensabl es enriched fluid injection conduit 3 feeds the condensabl es

enriched fluid into a vertical section 10 of the secondary LTX fluid

separation vessel 2 for further separation into substantially dry gas,

water 5 and |iquefied hydrocarbons and hydrates. As illustrated. in Fig,2 a
f PaaGe 2

series of four primary inertia separators 1B, 1C and 1D Hensabl e

enriched fluid tangentially into the verti cal tubgl ar, secti onéﬁg‘l.gf t he
secondary LTX separ atThen anndeasables enrirhede fludd 0] SoT1eR frSEah 2s

enriched f1 Ui d | NfELId Qlhe CRAMbRLADTes Mhridheant180s 1LE] g Vest izahomat | c

vertical split sectronal viewis given of the first primary,inertia
separator 1 and ofe¢tion sk gfdahy BesORRF ATRohLyddsBePIXARIPY NESE8At Dur s

f 15 h h [ | ' TR d
of 15 other {1 cec B! ARfohd:n Gelad a8 R0A" A SubBcbGcant1luny ad | iusorat e

in dotted |ines. rated 1n ki the secondary LTX separation
vessel 2.cBnpri-seandel bmatied dydreaprbenm|and IWEERER®10 a | arge. di aneter

bottom section 11 in whi ag Si r.ea@-9t sl bguEgdsri srigdyect ed and
further separated, a ﬂ%o’?{qé%t%%rg%?e?ﬁléﬁmhi (?'h is | gcat ed betlg\r/een t he
tubul ar and bot t bnesterd i separbGoasd111B ke andidRe fsrdpeandepsarle ¢ hr ough

which a tertiary gas, gutl ef. co ' . X kRO vEBe i EHP UL @uIsact i on
10. 25 The entran ’érzl'gh% %%uét{]g#gglélgg?gg%oe;t %ongi% 14 is |ocated
bel ow the | evel abestich 1hef dhdcssabhdary X GeParpLirs VARl coYddi & 3

debauch into the tubul ti 1 ; | I
2" "The {1800 §nj CEPEHERi O (T ARORROPAPLTY S oy et o T Sor 18 3

intp t he tubular.aeﬁaﬁiubiﬂl\ﬂEJ 3& andlmmg, when seen fronlaQOVe in an

10 as” 111 ustrated bylamsa & SORoPRFET ar SAtasPaty) Paarg ey Hichedston
given of the first primary inertia separator 1 and of the
secondar§ LTX separation vessel 2 and the contours of

15 other three primary inertia separators 1B,1Cand 1D are
illustrated in dotted lines. '

As illustrated in Fig.l the secondary LTX separation
vegsel 2..comprises below the vertical tubular gection 10
a large diameter bottom section 11 in which a tertiary

20 stream of liguids is collected and further geparated, a
vortex breaker 12 which is located between the tubular
and bottom sections 10 and 11 and a dpme-shapéd top 13
through which a tertiary gas outlet conduit 14 extends
into the tubular sectiocn 10.

25 The entrance 15 of the tertiary gas outlet conduit 14
“i8 located below the level at which the condensables
enriched fluid inlet conduit 3 debouches into the tubular
section 10 of the secondary separation vggsel 2.

The fluid injected via the tangential £fluid injection

30 conduits 3 into the tubular section 10 will circulate,
when seen from above in an anti-clockwise direction,
alongside the inner wall of the tubular gection 10 as
illustrated by arrows 17. A tertiary stream of liguid



26 June 2006 and/or solid conponents will be concentrated in the outer
peri phery of the interior of the tubular section 10 and wll as a result
of gravitational forces drop through the annular gap 16 al ongsi de the
outer circunference of the 5 vortex breaker,312_into a liquid col]ecting
tank 19 within the [arge diameter bottom séction 11 of the’&EEOATEry

fluid separation vessel 2._low density gas S C fj | 444
m xture injected aPFléQFh%C’}’a‘ﬁg‘"e‘?ﬂﬁc’éﬁe“%fauwaff%eec%%ggghgﬁiat éﬁg%é ld(%it%:‘é 3C
and 3D into the t';b@!'igheﬁfcéf Othel G ntelrtiobeot artpe tiubailed sestionel¢amt e of

t he tubular section_10 and will flow up,intp the L g bhol4.
The arrangenent OE1lEha®cht¥esy: £f Wagﬁtape?l}alﬁarfft%gs %'(')L'.épl gﬁr@%}tgﬁgw
the level at whichphheataggsnié adldrgyidelbhe npiods erircomderescs, oBB:he3C and

3D inject fluid into the tubular section 10 will .generally. .ind
gaseous cdnponentvortexshrerken kh ‘éﬁ&&/%ﬁ?‘g‘éﬁ RS é‘%‘go)éﬁggi ?g?wzi‘%}hﬂ'gn

seen from above, 0&'1@&%?8 gi 4Retd O bot EbR Skockon A of el aecogdadydy -
current 18 of substantially dry gas, 2Q which circulates as a result of the
Hi rsch- Ranki n ef f €dnidi gepagatEe® i WPaSIpdsite to the outer stream 17 of

condensabl es further ephagegs:tPegafRusatbfpodntl Yofjahe filoaddt nixtuxali d
and/or solid conponents. The vortex breaker izvga_s a caoni cal §ha?§ 33nd t he
top of the vortex iz5egtedk¥ialbhedrangantiatstiy r’t@?cgzé"é:l{brcofl Fithe !

cl ockw se J ot ati n‘% cqpi Lak SHIYnLHriRNubl18f Sedtigas 10Thdllubel ar section
10 is a su:lbstantia 'y “open vesseﬁl W thout swirl inparti ngli vangi{:gi?%order
| r

to minimse the riskentrptaggnear ke qenEsat afi Hg i GPHES & r of
30 the vessel. The lJ grliilfdxh%%lae\%i {59%& e 1rt Sapfapeshuldth 14hedheng
cte

coils 20 whi ch maifitain e col l'Tquid and “solid conponents at a
substanti al | y constmmingeswper ef urke entrance 15 of the tertiary gas

outlet 14 below the level at which the tangential fluid

15 injedtion conduits 3, 3B, 3C and 3D inject fluid into the
tubular section 10 will generally induce the gaseous
components to swirl as an eddy current 18 in an opposite,
when seen from above, clockwise dirgction. The clockwise
circulating eddy current 18 of substantially dry gas,

20 which circulates as a result of the Hirsch-Rankin effect
in a'directioﬁ opposite to the outer stream 17 of
condensables further enhances.the separation of dry gas
Erom the 1iquid and/or solid components. The vortex |
breaker 12 has a conical shape and the top of the vortex

25 breaker 12 performs. as a vortex seeker for the clockwise
rotating central eddy current 18 of dry gas.

The tubular section 10 is a substantiélly open vessel
without swirl imparting vanes, in order to minimise the
risk of plugging and/or contamination of the interior of

30 the vessel. _

The liquid collecting tank 19 is equipped with
heating coils 20 which maintain the collected liquid and

solid components at a substantially constant temperature



- 12 - 26 June 2006 between 15 and 25 degrees Celsius. At this tenperature
waxes and hydrates will nelt and will float up above the water in the
liquid collecting tank, such that a top Ilayer 21 of wax, hydrates, A
condensate and other hydro 5 carbon liquids wll float above a | r layer
22 of water. Water (H20 is discharged tHrdfgh a water di ggﬂ‘é‘}"'g"@ condui t

23 at the bottomof the liquid collecting tank, 19, whereas the nigture of
wax, hydrates, coltesweanels 1andRf segeechydeRihoRE W1 FPBRAEIETTS he

upper rim 24 of Whgeli G chidtdiRad WAg1! ABK: Lihd W1 FARNUpAELBYEINRAr bon
| i qui ds col |l ecting zone 25 Ich is equipped with a hydro%%bon | i qui ds

di scharge conduit waserTha Wae c¥iqulidk eRalget e diank 2 Fuych FpPet®Ri th a
val ve (not 15 Sh‘i‘gfgr)er whi GP S CORiERLkSY Sufdedditle WA WaheE/ npges-ocar bon

liquids interface I's malntalned "at a substantially constant |evel.

Opti onal | y 5t he vorceakobr bageidd widdd flpatnabeee i INET J&Erc 4P ?gbul ar
section 10 of the"ﬁ51 ggndary separation 20 vessel 2 and the conduits 3, 3B,
3C and 3D are heated and/ or equipped with ultrasonic vibration transducers
(not shown) to inhibi Watepo&B49lornisidimakarged| ehrzansh @ wake&sdaferetIer

prof er bl y vi br at SOPRELDS? Rt St HASOR PUFIRGLCBHY (Ja SoABanent s at a
frequency between (20xand, 2QRefdHs thes hakeuetf ofinyax f diydragesTheondepsatte
configuration of the nultistage separation; assenbl ccording_to ibhe ¢
i nventi on ifakes | tandSGtVéFyhlé‘%W%?cﬂt?%?“a%ef ﬂ‘f’o‘?‘F?%cF}? HIPQFFOF?T%' \Aﬂere
deckspace is linitgd 3dutAccHl AsaNGR ankMab! 15t fac anreas hytirbtaridme
short conduits 3, 3B, 3C and 3D and w thin the secondar %Qagggtgon vessel
.2 which are liquids collecting zone 25 which is equipped,
' hydrocarbon ligquids discharge conduit 26. The water
_ discharge conduit 23 is equipped.with a valve (noct
15 shown), which is controlled such that the water/
hydrocarbon liqﬁida interface 27 ie maintained at a
substantially constant level.
Optionally the vortex breaker 12 and the walls of the
vertical tubular section 10 of the secondary separgtion
20 vessel 2 and the conduits 3, 3B, 3C and 3D are heated
and/or equipped with ultrasonic vibration transducers
(not shown) to‘inhibit deposition of wax, scale and
hydrates and other- fouling on these components. The
ultrasonic vibration transducers preferably vibrate the
25 walls of these fouling sensitive components at a
frequency between 20 and 200 KHz to shake off any
fouling. ' '
The compact configuration of the multisgtage
separation assembly according to the invention makes it
30 very suitable for uee on offshore platforms where
deckspace is limited and the presence of small gurface
areas within the short conduits 3, 3B, 3C and 3D and

within the secondary separation vessel 2 which are



- 13 - 26 June 2006 vul nerable to fouling and which can be heated and
vibrated to renove any fouling allows the use of primary cyclonic
separators in which the wet gas is adiabatically cooled to a very | ow
tenperature, which nay be.below 5 m nus 20 or_even bel ow m nus 40 degrees
Cel sius, such that a maxi num amount of wafet? hydr at es, wake e Hor

ot her condensabl e and/or solidifiable conponents are condensed and/ or

solidified withoutvwinaueldei hg fpeling ahdghpeprpprerifatssh@nd s 3, - 38,

3C and 3D and 10 segondaly bl XeR6Pa' iy ¥buigssehl Zowkeltd nis JTOYriary
Figures 3 and 4 there 1s shown another suitable configuration a

multistage fluid cepeandd espasaepns yimotsidn fget ¥et ngas rﬁ/%rﬁdri&%a\m&?%}%
two primary cycl on'cgoali.%z,[erttoi a- SEPFT BHP  Serpe At ra I Avk Dol i Hed Bed ow

condensabl es enric urd mxture via. =~ conduits 33 and 33A tangentially
into a vertdcal tubinwm 200prsevenopeByr gtinuss dfodaarges 0e¥diney &%kr ati on

vessel 32. The two kgrtj. néa%cg%glpgg%gﬁﬁgeéf i“aat%%gaflg?g%éeél wtks dhaFep have

a hori zont al orien% i oh ermse sim o the primary cyclonic
i nertia separ at or sodkehD cogidensabhe Fagdf s sblddd f2abhe ePERPREHR 578 a wet

gas_ inlet 34 a nozzlc g5 ZRALNGUN Sl ke Wepole! Ural i iRAT i

accelerated to a p?%?e eérsonic or near soni'c. velocity and
t her eby adi abat i cassocizaedd pepiphansl A®nduitsnds 3B, de@Er@SIAN us such

that water_ and ot Her andeﬂggble andéor %Péés%ilf habl e conmponents condense

and/ or solt%ify andt 0 FrOrEmXture 1s SWirled around by one or

nmore swirl inparting wefesrifig 864 andFRfurespdr andd4 byheents falgan i nertia
oo 0 8 oot kel S R LR OB g, i oo
condensabl es enri ch@shidtiich wbbehbly abcmidimedoviheainvention wherein
two primary cyclonic inertia separators 31 and 31A
15 discharge a condensables enriched fluid mixture via.
conduite 33 and 33A tangentially into a vertical tubular
top section 30 of a secondary LTX fluid separation
vessel 32.
The two primary cyclonie inertia separators 31 and
20 31A have a horizontal orientation but are othexwise
gimilar to the primary cyclonic inertia separators 1-1D
shown in Figures 1 and 2 and also comprise a yet gad
inlet 34, a nozzle 35, 35A in which the wet natural gas
stream is accelerated to a preferably supersonic or near
25 sonic. velocity and thereby adiabatically cooled to
minus 20 to minus 40 degreea Celsius such that water and
other condensable and/or sclidifiable components condense
and/or solidify and the cooled fluid mixture is' swirled
around by one or more swirl imparting vanes 36, 36A and
30 separated by centrifugal inertia forces into a central
flux of subétantially dry gas which is discharged through
a central gas outlet 37, 37A and an annular flux of a

condensables enriched fluid which is discharged via an



- 14 26 June 2006 annul ar collecting zone 3B, 38A into the conduits 33 and
33A. The secondary LTX separation vessel 32 conprises below the vertical
tubul ar top section 30 an elongate 5 horizontally oriented tubular bottom
section 41 in which liquids are collected gnd further s.epgr?t e% @ vort ex
breaker 42 which is |ocated between the tubular top and b bR 08t i ons 30

and 41 and a done, shaped £ape 43 nd QOBEANLER Aol STAIALLAEASLRUSS Odng

conduit 44 extend® op Sectrton 38. The entrance 45 of
the tertiary gas 3sa.l et conduit 44 is |ocated below the |evel at which the

condensabl es enri ch%geg%g%%%é%\gm%%%gﬁt%g ‘Wéjs Aﬁeggvfﬁg%gﬁ'ﬁet?&i |

tubul ar top section separati on vesse
i njected via the HeArgerheakvettigal ithybedeirobopcaeckidrs 333 aanélesgatat o t he

bul [ .30 Wi ' | f i [ Kwi
Girection? ol ondBIFThEM HAerL RS Greinas: BRfran PR ER B TnSelar oy o

illustrated by arrienEd47arki ollectut! @nds durdheongpepested, wal Vobkex

concentrated in the outer _periphery .of th i pteriaqr, of th u ection
30 and will as aQ*&&fer 48 wg?&%i’t%tlic’&%legf 8?@‘%%3?2?@ &é’\%\’ﬁ‘ifa %r g{%ﬂé’%ﬁe
annul ar gap 46 adew decthen®uierard rauahdr & néemed elidpedv arpes325 br eaker

42 into a liquid collecting tank 49 within the _elon ettg%ul a% b&ttom
section 41 of th&RESMEGRIAPYCR| 3i kP S@Far FRPoRUELRE FOHIE & §ERETTS

gaseous g@mponentiyf thietlibul s oy Wektibh) eeted via the tangential fluid
I njection conduits 33 30 and 33A into the tubular toqp sggtion Sa)r‘v\(irll be
concentrated near th&heepREEange 4R AfubbicaktbIPTE &8 GHESETaRERHH Y ¥4 ow

up into the tertizy¢@%ed below the level at which the condensables
enriched fluid inlet conduits 33 and 33A debouch into the
tubular top section 30 of the secondary separation
15 vessel 32, .
The fluid injected via the tangential fluid injection
conduits 33 and 33A into the tubular top section 30 will
circulate, when seen from above in a clockwise direction,
alongside the inner wall of the tubuiar top section 30 as
20 | illustrated by arrows 47. Liquid and/or solid components
will be concentrated in the outer periphery of the:
interior of the tubular sectién 30 and will as a result
of gravitational forces fall down through the annular
gap 46 alongside the outer circumference of the vortex
25 breaker 42 into a liguid collecting tank 49 within the
elongate tubular bottom section 41 of the'secondary £luid
separation vessel 32.
Low density gaseous componenta of the fluid mixture
injected via the tangential fluid injection conduits- 33
30 and 33A into the tubular top section 30 will be
concentrated near the centre of the tubular top
section 30 and will flow up into the tertiary gas
outlet 44. The arrangement of the entrance 45 of the



outl et 44. The arrangenent of the entrance 45 of the 15 26 June 2006
tertiary gas outlet 44 below the level at which the tangential fluid

i njection conduits 44 inject fluid into the tubular top section 30 will
general Iy induce the gaseous conponents to;gwirl as an edc% curiPﬁgt 48 in
an 5 opposite, when seen from above, anti-clockw se directi fune

anti-clockw se circul ating edd urrept f .S nt 7 as, which
circulates in a dF’?’éE’f?Iaﬁ%ac?pﬁX’g?Fé ?g l?él:go"gu heer H?’?‘%gaﬁ:%ﬁ% rgct)(glr‘legensabl es
further enhancestahgestepsr #livid dhjdeyigascdnduitehés| Lgitek dildiigh ingosol i d

conponents. The vortex breaker 42 has a ni.cal n of - t he
vortex breaker 42%&?‘6‘?"?‘?&‘3% % BﬁS?f'%ﬁ ee igt?i gig?ﬁglgn%&% (L)tg%vm' se
rotating central ggegeyus udghined8sotodsyivhsas Hre eddgurdreedt el® iimganank 49
is equi pped with 15 heating.coils 50_which naintain t | | ect.ed li.quid
and soli d5corrponﬂﬂli’§9’at'te'aq€t?5§t‘3§ﬁ?i 5FP9) %i‘) 1"é‘z"t'ar?tm-‘ti“éﬁ':'l;'g ]g‘?hsree él%%tc\%gﬁ'w
and 45, degrees Ceh&i&isti-Aflddkva skeapecalal ing wakigs caprdehy déttas will nelt
and will float up above the ter in the, l.iquid gollecting tank, .such that
a top 20 |ayer 515BPStRREiFhAY AF&sI38on %léﬁ:e‘rf a%?ﬁei"n %y%“?%ecdézrl%gln
liquids will floabpgdsves ad WM ohd¥er sbredth ¢ Malfecondbrséiobey futheayer 51
will also mnimze re- evaporation of thelééﬁyd h drocgﬁbgﬁf qﬁg mﬁbhr
therefore keep t ABORYERD 1D SFPAERHOPRLCF @aﬁ’p%é?mp ¢ by a5
interior @f the LIX]Y@SSSGhpchdrdy. YAbetoft&d)breakdirsebangeda tdumiugll a wat er
di scharge conduit 53 at the bottomof the quui?q:_eéﬁlal ecti ng ank 49,

whereas the mi xt upbape aRek the ot e, thenuort Tothel &F8ns

will flow over thg lppersddilo%def thdlast Pubidigad sedratat Dy red@idragi de of
the liquid collecting tank 49 into a hydrocarbon liquids collecting zone 55
eddy current 48 of dry gas.

The liquid collecting tank 49 is equipped with

15 heatiné coils 50 which maintain the_éollected liquid and
solid components at a substantialiy constant temperature
between 15 and 45 degrees Celsius. At this temperature
waxes and hydrates will melt and will float‘up above the
water in the ligquid collecting tank, such that a top

20 layer S1 of wax, hydrates, condensate and other
hydrocarbon liquids will float above a lower layer 52 of
water. The foamy top layer 51 will also minimize re-
evaporation $f the liquid hydrocarbons and will therefore
keep the hydrocarbon dewpoint.in the upper part of the

25 interior of the LTi,vessel 2 low.

Water (H50) is discharged through a water discharge

conduit 53 at the bottom of the liquid collecting

tank 49, whereas tﬁe mixture of wax, hydrates, condensate

and other hydrocarbons will flow over the upper rim 54 of
30 a bulkhead 58 at the right side of the l;quid collecting

tank 49 into a hydrocarbon liquids collecting zone 55

which is equipped with a hydrocarbon liquids discharge

conduit 56. The water discharge conduit 53 is equipped



which is equi pped wth a hydrocarbon |iquids discharge conduit 56. The
wat er di scharge conduit 53 is equi pped - 16 26 June 2006 with a val ve (not
shown), which is controlled such that the mater/hydrocarbon l'i qui ds
interface 57 is maintained at a substantla&Ey const ant v% %’ onal |y
the vortex breaker 42 and the walls of the verti cal tub& dPns B section
30 of the secondar separati

nd,th
heat ed and/ or equW%bEdaWW?¥V%HV¥’s@ﬁ?ﬂnb1B%Ef#%ﬁ% %%§%%852%$31%Hg g&ﬁ)

to inhibit deposiEh@nw@Eeﬁwaydrdaa&benanihﬁmﬂhwmnﬂﬁr&adeosneisfmaanq}n@d
t hese conponents. 10 The uItras% I C V|brat|3g=transducers preferably -
vibrate the wall & of PRREERIFLYCORALIRY onents at a frequency

bet ween 20 and 200 KHgpt Qyihiake okl vapyex findakeg ¢Zhanbathe wallmeiante
hori zontal surface area of the 15 |iquid, col]ect &ﬂ t ank- 4%?fa0|lltate | ow
fasche

liquid vePocitie¥ebkicdb Sdas taonaeeriomd efECRYEFBCar bon

conponents such tQé;{:aﬁé]tRﬂ{'xF@dsélr ayi b¥d SePadcHdUARs0B 3t bﬁda.mlemt& and
hydr ocar bon phases takes | ace within the tank 49. 20 ILanlI

be
under st ood t hat t heabed KIRHPSSIEPPBEE WiEngUIFasoRtCt HAPFRbLPRr bot t om
section 41 of thetryﬁ‘é&@éeés? Gt teﬁ‘l@{m? heo hiehia6ar Repokigibs eftwat, 56 my

pass through the sidewall of said tubular bottom section 41 just belom/the
upper surface of spelecery hwsirarss apdr otheniianldige &PHERSPE (EfTROents

Referring .50 Fig. rhealfh éé}ﬁrcedl%rabwﬂ Prafidutiers pee fRFABEY Wiaiteng
devi ces 61 61B, 61C, and 61D wh are connected to a secondary LTX fluid

separ at i on. vesselthﬁzwt%daiQﬁﬂthﬂsef69?1%@Emﬁ#ﬁﬁkﬂlvgeéﬁﬂaap9nE%ﬁﬂbﬁtables 30
enriched f1uid i npegti,on conAlids, 83 03506362 G8Rke off any

fouling.
The large volume and horizontal surface area of the

15 liquid collecting tank 49 facilitate low liquid
velocities of the separated water and liquefied
hydrocarbon components such that an optimal gravity
separation of the aqueous and hydrocarbon phases takes
place within the tank 49.

20 It will be understood that the bulkhead 58 may be
removed from the tubular bottom section 41 of the
vegsel 32 and that the hydrocarbon liguid outlet 56 may
pass through the sidewall of said tubular bottom
section 41 just below the upper surface of the foamy top

25 layer 51 of hydrocarbon liquids.

- Referring to Fig. 5 and 6 there ’'is shown a set of
four primary cboling devices 61,61B, 61C, and 61D which
are connected to a secohdary LTX fluid separation vessel
62 by a set of four tangential secondary condensables

30 ‘enriched fluid injection conduits 63, 63B, 63C and 63D.

Each primary coocling device comprises a fluid
inlet 64 which is connected to a wellhead (not shown) of

a natural gas production well via which a mixture of



Each primary cooling device conprises a fluid inlet 64 which is connected
to a well head (not shown) of a natural gas production well via which a
m xture of - 17 26 June 2006 natural gas, water vapours, condensates,
hydrates and other condensabl e conmponents _i $,produced. The%i uig %ixture
flowng into each primary cooling device 61, 61B, 61C and f §00

accelerated to a high, preferably supersonic, velocity i

restriction 65, sﬁggu’é%l Dt Xﬁﬁ'ﬁ‘ér,s ’oerfgﬁFga%ﬁ%hpislgﬁg?/%S\?gngnd

t hereby cool ed dowsthéef stddnsaiieacbappeetiairia prodweced0 degrees Cel si us,
such that water vapour anQéPr,ogaer co ensabLe; condgnse.and/or olidify
as a result of 10 adi alg | EFURE whetEdiFort "5 Pt Petf g/ e~ +9

sol idified condensablese esw) 1] Ehui dndi sinirie: fdceaseirated tdea naighQw

secondary fluid injection conduits 63,63B, 63C and 63 Each condensahles
enriched fl%id injBEe %ﬁa@dﬁﬂﬂersﬁéles,v%%f&“ésé“aﬁd?%% ?%%‘b’éf%%é’n 6!

liquefied and/ or g@&hdid i £d-@REeNSaRbRS, &Y iTae Thuingeah Valbe sped into
a vertical section 70 of the secondary LTX fluid separation vessel 62_for
separation into subB%BRRY F95ted)SpwiaBreferatlvan® @ ﬁ@?ﬁﬂtmr@ﬂ“b6ﬁg

and hydrates. 20 Agehtdéistdanfehs, NshbH. tRat weltldreSra@bubohd pét rher i nerti a
separators 61, 61B, 61C and 61D feed a liquefied K and/or solidified
enriched fluid nmi xEerdensakian condgnse apd/(P% WO EGAEYCaP RuBtFEt Sfction 70

of Lhe secopdary LdXioiS@Pl Abiihed8aSFhe Adupti A 198fkes el ah
condensabl es 25 enriéﬁgd f1ui iﬁjectioﬁ cgﬁﬁuits g%“ 6§B,a63€?%nd 63D. In
Fig. 6 a schematicsebidifigd qinndennables cspyischeg FARisf mixeusre i Howe iREPLI a

separator 61 and 6&1%6 Aw ddRnBgeoneRiya LY 2RR3LALLARuYES SEY, 633, ASc
illustrated in Fig. s éae secondary LTX separation
arn D, :

Each condensables enriched fluid injection conduit
63, 63B, 63C and 63D feeds the ligquefied and/or
solidified condensables enriched f£luid at high speed into
a vertical section 70 of the secondary LTX fluid
separation vessel 62 for separation into substantially
dry gas, water ‘and liquefied hydfocarbéns and hydrates.

As illustrated in Fig. 5 a series of four primary
inertia separators 61, 61B, 61C and 61D feed a liquefied
and/or solidified enriched fluid mixture tangentially
into the vertical tubular section 70 of the secondary LTX
separation vessel 62 via a series of four condensables
enriched fluia injection conduits 63, 63B, 63C and &3D.

In Fig.ls a schematic vertical sectional view is
given of the primary inertia separator 61 and 61C and of
the secondary LTX separation vessel 62.

As illustrated in Fig. 6 the secondary LTX separation
vesgel 62 comprises below the vertical tubular section 70
a bottom section 71 in which a tertiary stream of liquids
is collected and further separated, a vortex breaker 72

which is located between the tubular and bottom




30 vessel 62 conprises below the vertical tubular section 70 a bottom
section 71 in which a tertiary streamof liquids is collected and further
separated, a vortex breaker 72 which is |ocated between the tubular and
bottom - 18 26 June 2006 sections 70 and-7igand a dorre-shggejld tezta 6 /3
through which a tertiary gas outlet conduit 74 extends in Pt Ubul ar

section 70. The e t td arV.-d I C '
| ocat ed bel ow t heé]%%t\?ireh%esazl% mﬁ%gh??hgeﬁ:oéngig}lﬁseagﬁ%sé@ eﬁgr;i) cﬁgﬁ:‘r F&%ﬁ V%I'cgt?
conduits 63, 63A aG3Btdrty68Es deblricicindudtt Aé exbends igdet tbe ¥obwiax he
secondary separa %i’,’g;nio\ﬁe%el 62. The fluid injected via the tangenti al
fluid injection conduits 63 into the tubular section 70 will circul ate,
when seen from above The @ntaahcecTdokfvitde derbiaryrgas awnigdi gendhdt|ther

wal | of t tubul ar section, 70 as.. il rat.e ggtiary
stream of h"?ei qui d fls”amjtsﬁc rtes‘,ioPiegogotr:r%%n]'éér#t?etsl \%Iﬁﬂ ﬁhgéhggé\%\é%rrydgetne%b?n t he outer
15 periphery of téerictesy ifduidf ihhet tadnduwitss€8ti 6PA 706 ENANMEPE as a

result of gravitati,onal, f.orces,dr : NOE! Ale 980 ongsi de
the outer circunf&FEHd &Pttohihevgﬁ?églﬁ%%gﬁzérgﬁﬁai ﬁ#oage 15 G gaggl | ecting
tank 79 within téhephwmditien seeseedn6Zl of the secondary fluid separation 20
vessel 62. Low density gasequs,.conponent.s ch : f
the fluid mxture i nj%ﬁ ﬁ%galﬁl.gg‘f%‘ﬁg"éﬁ %g'fa tgﬁ%lg%éﬁgfc(uﬁ?ﬁk%%ﬁﬁrg 63,
63B, 63C pnd 63D ddriduithe 63t uhygbaths enibudar’Geetibn b0 coridetirguddtaear t he

centre 25 of the tubular section 70 and will flo intod tertiary gas
outlet 74. The ar¥2ERyctRsift T5P™ ABOEH: 1hfk P50 W?ﬁgw%‘gé uidkee bR

ertirary gas‘'outlet 74
bel ow the |evel atondiicte tdhe tangenvarl df the tnpebar osectdrobui?0sas3, 63B,

illustrated by arrows 77. A tertiary stream of liquid
and/or sﬁlid components will be concentrated in the outer

15 periphery of the interior of the tubular section 70 and '
will as a result of gravitational forces drop through the
annular gap 76 alongside the outer circumference of the
vortex breaker 72 into a liquid collecting tank 79 within
the bottom section 71 .of the secondary fluid separation

20 vessel 62. ' '

Low density gaseous cowpohents such as methane (CHy)

etc. of the fluid mixture injected via the tangential
fluid injection conduits 63, 63B, 63C and 63D into the
tubular section 70 will be concentrafed near the centre
25 of the tubular section 70 and will flow up into the
tertiary gas outlet 74. The arrangement of the
entrance 75 of the tertiary gas outlet 74 below the level
at which the tangential fluid injection conduits 63, 63B,
63C and 63D inject fluid into the tubular section 70 will
30 generally induce the gaseous components to swirl as an
eddy current 78 in ‘an opposite, when seen from above,
‘clockwise direction. The clockwise ciréulating eddy

current 78 of substantially dry gas, which circulates as




63C and 63D inject fluid into the tubular section 70 will 30 generally

I nduce the gaseous conponents to swirl as an eddy current 78 in an
opposite, when seen from above, clockw se direction. The cl ockw se
circulating eddy current 78 of substantiall)g dry gas, g cir %at es as
- 19 26 June 2006 a result of the Hi rsch- Rank| n effect |n I on

opposite 1o the oyl ebo81Eeam il ofiondanagbl eseddint el o %EQFBE?. the

separation of dry g onen e vortex
breaker 72 has a ecppositeStshzipe canert bereap o7 dme:mmllemnbbeeafertm%

perforns as a vort X seek for th cloc se r ot n ntral .eddy,,:
current 78 of dry SJR&8NCHCE %t‘ﬁﬁﬁr?z: Poﬁ fgﬂr’hgt é‘g%‘g‘ﬁ% %Seﬂﬁqlﬁﬁed
wi th heating coiI&o&@dwbbﬁﬁcﬁﬁnﬂﬁzmmhethereeklmfﬂ&kbﬁ|7Quhds 40cantlesbl i d
conponents at a substanti al | const nt.te erat re bet n_15_.and 25

degr ees CePsi us. E?‘aPﬁl §ng %Qr/f?) e CREX &R ng PFERETE 3ha will
float up above tRervakesedkedt heod It(ﬂiél dleakw@élﬂg:attajﬁg c&hcbaltéﬁiya top

| ayer 81 of wax, h drates condensat e and 15 ot her hydrocarbon |iquids

(CxHy) will float SHEEFBEA7S Herd™Y 78 82 of water. Vater (H2O is

di scharged through a m&eﬁo@h&ﬁfw&eoncomdufttr%ﬁsstehesboahoea;@ipﬁé&
vessel 62, whereas the m xture of wax, hydrates, g&@nsahg and other 20
hydr ocar bons ( Cx Hy}t EBr Bet ke A5 ® \?loawal'élérﬁ‘?"aﬂtallw RCFRG Ut LraLid

di schar geigondui t 28d. sdfa b SdtHSER s eendugﬁﬁs%ﬁeql%cw»cbﬁteqw pped
wi th valves (not shown), which may be controlled such that the

wat er / hydr ocar bon tEMgaFaEuTethatieen 8% ABANRS degrsed Se181vs. shbsthitially

constant level. |fefigsisedrdalbleAR%dNKIEOLOEDNA 1MREIRE 2dlSHOBT 9Lbatf FOM
the vessel 62 via a single Liquid outlel at the

up above the water in the liguid collecting tank, such

that a top layer 81 of wax, hydrates, condensate and

15 other hydrocarbon liquids (CyHy) will float above a lower

layer 82 of water.
Water (H0) is dlscharged through a water discharge

conduit 64 at the bottom of the vessel 62, whereas the
mixture of wax, hydrates, condensate and other

20 hydrocarbons (CxHy) are diecharged via a central

hydrocarbon liguids discharge conduit' 83, The discharge
conduitse 83 and 84 ma? be equipped with valves (not .
shown), which may be controlled such that the
water/hydrocarbon licquids interface 87 is maintained at a
25 substantially conetant level.
If desired water and hydrocarbons may be discharged
from the vessel 62 via a =single liguid outlet at the
bottom of the %essel 62 for further separation in a
gseparation unit (not shown) downstream of the veassel 62.
30 Optionally the vortex breaker 72 and the walls of the
vertical tubular section 70 of the secondary separation

vessel 62 and the conduits 63, 63B, &63C and 63D are



bottom of the vessel 62 for further separation in a separation unit (not
shown) downstream of the vessel 62. 30 Optionally the vortex breaker 72 and
the walls of the wvertical tubular section 70 of the secondary separation
vessel 62 and the conduits 63, 63B, 63C and263D are - 20 26 June 2006

heat ed and/ or equi pped with ultrasonic vibration transducé%é“%ﬁ%pﬁshomn)

to inhibit deposijdHblantBbr e&a8pSedithydiakesoml Wik ibaul i ng on
t hese. conponents. The ultrasonic vibration transducers preferably vibrate

5 the wal | s of tHezansdnnengg (Behsehown) dEnPoReRLE RPPLIHHAYGEN¥H=bet een

20 and 200 KHz to;shake i hyAR¥tel Odthd bheth@ollLAd SEraGhddalicdmpeRnanes j on
assenbly according to the rnvention is also useful for_ separating solid 10

particles from a Theatdsrasonig vibrakion Framedygers yehfratdeyvdbiatfe

sol i 0 partycl es wihd SRKP o2s cnuck eabi ihg SRNEEESvdIGibdHafEl atdaop! ot
grow h of Tiquefie condensabl es. The solid particles will_ flow together
with the |iquefifteammsndsbivesni 2 anhe0l Edzdteothadkd iHE BHYt ank of the
secondary fluid s$gggfﬁ'on vessel and are thereby separated fromthe
tertiary streamo cormdensabl es depl eted, substantially dry gas, that is
di scharged from the tTe ofulthetageohtild Separatiepaasasny BEFOEAing 21 C
c Al MS 26 June 2408, LnvanBibh! 2L a0Ed ulduicRaE Abdon ARG sa
conprising: a primary dgas cooling device (1,31,61) which has a |iquefied
and/ or sol@difi edpzorideiesalfiron sngaseews filvid ssgesm: I3 Wm @3S, CaRYIBT a

secondary Tl L.'i d 5&8@{@&! %evggiglﬂ ]_ggréizcl@ w'li‘ii H8rve as nucleation
sources which promote droplet growth of liquefied
condensables. The solid particles will flow together with
the liquefied condensables into the liquid cocllecting
15 tank of the secondary fluid separation vessel and are

_ thereby separated from the tertiary stream of
condensables de?leted, substantially dry gas, that is
.discharged from the top of the secondary fluid separation

vessel.



a tubular section (10,30,70) of which a central axis has a substantially
vertical or tilted orientation, which vessel is connected to said
condensabl es enriched fluid outlet (3,33,63) of said primary gas cooling
device 10 (1,31,61), wherein during normal2ioperation of the vess

(2,32,62) the condensables enriched fluid is induced to :mﬁ@#m%ﬁWGnd t he
central axis of the tubular section (10,30,70) of the vessel such that a
tertiary stream (17,77) of liquefied and/or solidified condensables is 15
i nduced by gravity and centrifugal forces to swirl in downward direction

al ongsi de the inner surface of the teb¥lﬂrI§@q§ion (10, 30, 70) of the

vessel into a liquid collecting tank ; at or near the bottom of
the vessel for collecting a tertiary mxture of liquefied 20 and/ or

solidified condensagpl es,. .wi ( 4 i | ' pne or
nore heaters (28;5g§§E§tﬁ§?5ﬁgakiﬁgd %%%P%%%%%ﬁ?%sﬁﬁéggrggﬁgfgégﬁgé t he
anmount of solidifi ed prdoadgngabl esohing vieviame loB1ndld wbdchehas a

(23, 26, 53,56,83,84) for.dis rqi erfi ] r f : t ank
(11, 41, 71) ; cha}gﬁ%%é’r%%cf“}%afh%tﬂgd% Sel %%ﬂ&@%’?s‘{sgefc%éjnc?g‘rrf%?ﬁeﬁ{ grl]url%ect i on
conduits (3,33, 66%1letf 3,83 red)istangf primary gas cooling devices (1,31, 61)
are connected at regular._ circ ept LNt er. t Qa,t u ction
AVENDED SHEET - 22 ® zge?c\?&?ér!oggﬁ%o?%%%%ﬁ ‘)té?es’%%eggﬁgg( &%e*ﬁgﬁé on
vessel (2,32, 623, tubdllah ssgtdian S(103 383763) of nykeivth i aege: madn dexisia blass
enriched fluid in

interior of t heasa‘@g‘?ﬁ%{?éﬁe ta%%{rittg‘%la‘&%c’%gggg?éé g%%jf%%go?gn#ﬁgtcﬁ Llhg
separati on assegdsyeDfig|edmektethereisaitiheondensall eoldraticheg tfmid
(11,41, 71) ConpghgfgtEW5}§§¥%§} of said primary gas cooling device
10 (1,31,61), wherein during normal operation of the vessel
{2,32,62) the condensables enriched fluid is induced to
swirl around the central axis of the tubular section
(10,30,70) of the vessel such that a tertiary stream
{17,77) of liquefied and/or solidified condensables is
15 induced by gravity and centrifugal forces to swirl in
downward direction alongside the inner surface of the
tubular section (10,30,70) of the vessel intco a liquid
collecting tank (11,41,71) at or near the bottom of the
vessel for collecting a tertiary mixture of liquefied
20 and/or solidified condensables, which tank (11,41,71)is
provided with one or more heaters (20,52,80)for heating
the tertiary mixture to reduce the amount of solidified
condensables and with one or more outlets
(23,26,53,56,83,84) for discharging the tertiary mixture
25 from the tank (11,41,71);
characterized in that a plurality of secondary fluid
injection conduits (3,33,63) of a plurality of primary
gas cooling devices (1,31,6l) are connected at regular
circumferential intervals to the tubular section
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liquid outlet (26,56,83) for low density liquid conponents and a | ower
liquid outlet (23,53,84) for high 10 density liquid conponents. 3. The
fluid separation assenbly of claim1 or 2, wherein the tubular section
(10,30,70) of the secondary separation.wvegsel (2,32,62) is_e uig ed with a
tertiary gas outlet conduit (14, 44,74) having an inlet whith's @@ | ocat ed

at or near the tgal i t r ' ( 70) .q4.zalhe
fluid separati oﬁfg's%og’n%% % %eai@%cgf{g\%gr gfﬁgfigf&é e‘?:%sn ar y&)s'e:ipé'rsagt)i ‘on
vessel (2,32, 62)hbels conthnigs0r(3di38k 633 happdct opn (USe 4pmPns@ltles i s nount ed

on top of the 20 tu r ci{i,on (1Q,3 | out | et
conduit (14, 44, 8ﬁf1$§éc§r$§'ﬁ2§ad’ s&%‘s gn?Fég%yB%gF}é%%SP E‘E%ﬂé‘%%teig%znt ral axis
of the tubul ar de¢géecoivmnithipashes intlerdoghofatbet spcordamhesdparaktion

separation assenbl f clai , Wherein the 25 liquefied and/or solidified
condensabl es enVFE%%ﬁ ffiﬁ%geéhhlet (3,33,63) of at |least one prinmary gas

cooling device2(l e Ehuids sepapatien assemske oara i uj,d.whiemjee'nt the
condurt (3,35, 03) M1 SPeb Y S8l RabRe 13 1 CARPEBRBRL S o IGlRE 1 VLY 1
(10, 30,70) of thqusecentbsty NIEIE30Nfeestow dEnSRcH2)iqeid The fluid
Secti on (10, 30. PETbEReRFR HRbAEER 10 SEEE TR TR S Sl S it ™
separaukpn yessgbn§2t§21£§ﬁi&utbmpdﬂdmtbantiaIIy vertical orientation and
sald plural [ty o SeCOME ahpadr B e S EP I (3,33:69) 11l ect I
partially downwahdrgik eehé ofubullat dektion (10,30,70)of the secondary
separation vessel (2,32,62)}is equipped with a tertiary
gas outlet conduit (14,44,74) having an inlet which is
15 located at or near the central axis of the tubular
section (10,30,70).
4, The fluid separation assembly of claim 3, wherein the
secondary separation vessel (2,32,62) has a dome or disk
shaped top (13,43,73)which is mounted on top of the
20 tubular section {10,30,70)and the tertiary gas outlet
conduit (14,44,74) is arranged substantially co-axial to
the central axis of the tubular section and passes
through said top.
5. The fluld separation assembly of claim 1}, wherein the
25 liquefied and/or solidified condensables enriched fluid
outlet (3,33,63)0f at least one primary gas cooling
device (1,31,61) is connected to a secondary fluid
injection conduit (3,33,63)which injects in use the
condensables enriched fluid in an at least partially
30 tangential direction into the tubular section(10,30,70)
of the secondary separation vessel {2,32,62).
6. The fluid separation assembly of claim 5, wherein the
central axis of the tubular section (10,30,70) of the
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interior of the secondary separation vessel (2,32,62). 7. The fluid
separation assenbly of claiml, wherein the liquid collecting tank
(11,41,71) is formed by a cup- shaped tubular | ower portion of the second
stage 10 separation vessel (2,32,62) whichds substantially co- axial to
the central axis and has a larger internal wdth than the &ppEE2B¥ttion

(10, 30, 70) of th . E}q; ' rabi | '
wherein a vortegeﬁglég%é}r’ ?%Zar , wiegsggrqgﬁggagiﬁ)nqﬁin?n%%%%%‘?f%%ythe
secondary separ aveohicalsetiqit8A @ andesaddnplucalitycef eseiceridary t ubul ar
section (10,30,7 d | 1L gul |l ecti Kk 9. The fluid
separation asserrg%"yli‘gf il&:?%?tn%afﬁ%vﬁcﬁl’ecﬁlgitﬁ ﬁhéggééggn%éﬁéljbrgga\ﬁ%ed w th one
or nore ultrasoncon@énsahles ienritghets dilodds ihoani apobéast wpartabahly

vibratio on ope_or onent fo & L ohy bi t [tion of
solidifie condeﬁ?ggFrég?ggu% &aéaﬁq;clél %a@agﬁg%r&ﬁ§%€€%£%,irﬁfﬁét he
assenbly. 10. Théntkridrsepdrhe isecasiaeybisppatatianneesseB(2,31R2,062) 25

wherei n at | east .t he secand fluid.injecti co ot 3, 3):.a t he
vortex breaker (ZZ, 3?2‘?3/ "Eﬁe%&%irsgéanj Wfﬁ%ﬁ}ﬂ réa]lésjo%r%iacsin%/i(lﬂr g&leg:r?)m Q:%e
transducers. 11. 11keiél dollecpnqttaok gIdekhl, 1pf igl Boxméd dsy 16, cupvher ei n
the ultrasonic vigratio tr@g@ ucers ar-e .30 d sh@ned to yibrate in use one
or more componenf82BRd; hbu &F ROTEiPP.§hehey PRTWRAPATI%nd 200 KHz.
12i | The f¢ ui d Eeaapathaﬂoﬁsmy m(‘j,xf,&izmhﬂmiuhegsi subdeant iaiiyl co-
collecting tan 11,41, 71), is provided with . a gri VMENDED, SHEET - 24 26
June 200690f hea%ﬁﬁ@ltEBeéh? nralyaxgs #Rdp sd%sféﬁﬁﬁFt%P gEnal  he
liquid and sol i dwilthdtRaxtthie uppdhedrailont @10, 30 eTPEr&f Uklee Ofesdel cast 15

degr ees CE'SiUS'B. The fluid separation assembly of claim 1, wherein a

vortex breaker (12,42,72) is arranged in the interior of

15 the secondary separation vessel (2,32,62) between the
lower end of the tubular section (10,30,70) and the
liquid collecting tank (11,41,71).
9. The fluid separation assembly of claim 1, wherein the
assembly is provided with one or more ultrasonic

20 vibration transducers for imposing ultrasonic vibrations
on one or compcnents of the assembly to inhibit
deposition of solidified condensables, such as ice, wax
and/or hydrates, within the assembly.
10. The fluid separation assembly of claims 5, 8 and 9,

25 wherein at least the secondary fluid injection conduits
{3,33,63) and the vortex breaker (12,42,772) are equipped
with ultrasonic vibration transducers.
11. The fluid separation assembly of claim 9 or 10,
wherein the ultrasonic vibration transducers are

30 designed to vibrate in use one or more components of the
assembly at a frequency between 20 and 200 KHz.
12. The fluid separation assembly of claim 1, wherein the
liquid cpllecting tank (11,41,71)is provided with a grid
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13. The fluid separation assenbly of any preceding claim 5 wherein each
gas cooling device conprises a primary cyclonic inertia separator (1, 31)
conprising an expansion nozzle (5,35) in which the fluid mxture is
cooled to a tenperature |ower than O degree24 Cel sius by a substantially
I sentropi c expansion and in which one or 10 nore swrl inpa??ﬁﬁﬁ es
\(/ﬁ" 3?' I nduce t hesf h_a'agihg tﬁﬂéﬁl (200} 52 B0 wm(rjighngglauaégiglﬁeat gan?lésth)
ich is equipp centra i rrary, condensabl es. depl et e ui
outl et conduit (%?‘?%Eaﬁgdaﬁn ﬁ%’rio‘i mixtEsqiRshBresaBkr Fendd f1 uid

outlet conduit (Zedperatlrddor Tie Idadil 1eRRGRee8Ncasseqbly of claim 13,
wherein each pripgary cyclonic inertia separator (1,31) conprises an
expansi on nozzl e 165, SHch sePagadiigneasesmbly F X Prereding ckadur e

wWithin the nozzl gnbedn SHPR'§LH CoSPRR{ delvii@eCBYmEL9bERal Primsryhe
tenperature 20 of the. fluid passing through the nozzle to a tenperature
| ower than -20 dSyFdeBieceirerkia sepagatan (ild33spaPmPrbsingsanbly of claim

13 or 14, conpriegbRfsfoR! #6A21d Y(Of39) IiRWA1EKCERRT £1008" hi @rupEPagat ors
(1,31) of which the expansion nozzles (5,35) 25 are substantla? y parallel
and equi di stant £8°Lpe teemttemPesatuns lowert thanaP degrees Cabsbey by the

secondary separahi Qipb¥ess€lal Py 3e e gggﬁgsrgﬁf?ﬁgcgﬂdgﬁy?ﬁo&g§q§gbles

enriched fluid outlets are connected to seconda urd 1njection conduits
(3,33) 3P which mArer seerl timpartiingpfvanes tébdbhr 1ndece obhe 10180 tof the
secondary separ aki, 981 VERES! » (Gt 'RLRE! sebIGHTIEr S8 AhaLptpLval S
and in an at | east gartla |y tangenti al direction, and | ch 'secondary
fluid AVENDED SHEE¥iPPeg witls 3 arnted6 prijecyi onndemsiaivles (@BB3tedich have

a length less thap;4 SRLELS conduit (7,37) and an outer secondary
condensables enriched fluid outlet conduit(3,33).
15 14. The fluid separation assembly of claim 13, wherein

each primary cyclonic inertia separator (1,31)comprises
an expansion nozzle (5,35) which is designed to
accelerate the fluid mixture within the nozzle to a
sﬁpersonic speed, thereby cooling in use the temperature
20 - of the fluid passing through the nozzle to a temperature
lower than -20 degrees Celsius.
15. The fluid separation assembly of claim 13 or 14,
comprising a plurality of primary cyclonic inertia
separators (1,31) of which the expansion nozzles (5,35)
25 are substantially parallel and equidistant to the
central axis of the tubular section (10,30) of the
secondary separation vessel (2,32) and of which the
secondary condensables enriched fluid outlets are
connected to secondary fluid injection conduits (3,33)
30 which intersect the wall of the tubular section (10,30)
of the secondary separation vessel (2,32) at regular
circumferential intervals énd in an at least paxtially
tangential direction, and which secondary fluid
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16. The fluid separation assenbly of claim1l, wherein the gas cooling
devi ces conprise chokes (65) such as Joule 5 Thonpson val ves. 17. A nethod
of separating condensabl e conponents froma fluid mxture in a nultistage
fluid separation assenbly, the nethod con3r|3|ng injectiaﬁ the fluid
nmxture into a prlnary gas 10 cool i ng devi & (1,31,61) in @HWPR fluid

mxture is expa an ens bl.e co nent l'i quefied
and/ or solidifie op |02§ﬁﬁ§' gBaSQ? rQﬁﬁ% §§@%h €S&mponent s by
centri fugal forcbhaﬂwnimetermhlch a stream of condensables enrlched fluid
conponents 15 is I nt.Q _a _ secondar f|UId tlet gﬁp an

i njecting the st}éag; f@Bﬁﬂeﬁ%BﬁF%EY%mr? |8ng§e BneﬂhgrPﬁPothe
secondary fluid gepatedliinny \Cev3ites CempRised)cHoREs( 65)t BRhahsSaelnan

(10, 30, 7%) of #ch a central axis has a substantially vertical or tilted

20 orientati on a.%PT?F?MM @H V&3¢ condensabl es enriched fluid streamis
i nduced to swirliarauaethba 6§n£é§éréedﬁ§(HondéhgabﬂéubaﬁpéﬁéﬁtgnfﬁﬁmtQe

vessel such that fﬁ%ﬁrtla xture_of liquefied and/or solidifi
condensabl es is T qﬁ& g &v?t?uéEHsE%HRr##qﬁﬁﬂsePGFé§§°Poa§ﬁPPP1Vn 25

downwar d directieie aheitdyd d@mbhesinger surface of the tubular section of
the vessel into a liquid collectin tank (11,41,71) at or near the bottom

of the vessel, in WAOERtiBAKER®ITRd imiKLyFeinte afPFimaBY iSRS and/ or

sol i di fiyed condegsstbd P desu@el |(QCBQdGﬁEdj_JﬂQﬁ{i‘i‘§1 ft?;e?)Qm%éUﬁixkhgeai@unt of
solidified condensabl es and from tank i id and/or solidified

conponents are fRIMaGERS FPEGEH BRd ePndansa cemponents are
(23, 26, 53, 56, 83, Bihie AMANER/SHEES 1 1 £28d and optionally separated

from the gaseous components by centrifugal force, and in
which a stream of condensables enriched fluid components
is fed into a secondary fluid outlet(3,33,63); and

injecting the stream of condensables enriched fluid
components ilnto a secondary fluid separation vessel
(2,32,62) having a tubular section (10,30,70) of which a
central axis has a substantially vertical or tilted
orientation and in which the condensables enriched fluid
stream is induced to swirl around the central axis of
the tubular section of the vessel such that a tertiary
mixture of liquefied and/or solidified condensables is
induced by gravity and centrifugal forces to swirl in
downward direction alongside the inner surface of the
tubular section of the vessel into a liquid collecting
tank (11,41;71) at or near the bottom of the vessel, in
which tank the tertiary mixture of liquefied and/or
sclidified condensables is collected and heated to
reduce the amount of solidified condensables and from
which tank liquid and/or solidified components are
discharged through one or more cutlets
(23,26,53,56,83,84);
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26 June 2006 characterized in that a plurality of secondary fluid

I njection conduits (3,33,63) of a plurality of primary gas cooling devices
(1,31,61) are connected at regular circunferential intervals to the
tubul ar section 5 (10, 30,70) of the secondary separation vessel % 32,62),
whi ch conduits (3,33,63) inject condensablzg -enriched flui d6P#eaR0%t | east
partially tangential direction into the interior of the secondary

Separ al o Vesselnarled2if2u. 140k JhaJmLIed of Aabiadd #fiaiein the

fluid mxture is a natural gas stream wh IS cooled in dgas cooling

devi ces conpri silfyestdosr capfeipsi fdr3s &Fdl Qﬁl 2 Pha¥aiity scefpa?rétnmrg (1,31)

to a tenperatur egé%e|c%\819ngegé€fées F1us1h hgrebyottdaend| 419
solidi fying aqueous 15 an dr ocar bon cdondensates and gas hydrates and the

tertiary flw«jlﬁ%ﬁﬂmméeééﬁﬁiﬁ%e%nﬁﬁﬁ¥ﬁls itee thayipBRAHoIRctdsdensat es and
gas hydrates anduig 3€ab dofntf,@eseé&{cta!@r Yebbih is®! d&sdd NG A 3K 62) 50

(11,41,71) to a tenpera ure above 15 degrees Celsius to reduce the

amount of gas hydHshesonduditsr ofn Fhi eh dadrckosredersalles wnrdaheson
condensates are gi3eN3nIqH LPr PAG: Hh ARGy Eéﬂ?‘éﬁtﬂﬂ? 'ﬁre@t@o’%&ﬁ% and

hi gh density aqueous conponents are dischafged through a lower |iquid
outlet (23,53, 84 ipteohprseBotmemecondary separation vessel

{(2,32,62}).

10 18. The method of claim 17, wherein fhe fluid mixture is
a natural gas stream which is cooled in gas cooling
devices comprising one or more primary cyclonic inertia
separators (1,31) to a temperature below 0 degrees
Celsius thereby condensing and/or solidifying aqueous

15 and hydrocarbon condensates and gas hydrates and the
tertiary fluid mixture comprises water, ice, hydrocarbon
condensates and gas hydrates and is heated in the
tertiary fluid collecting tank (11,41,71) to a
temperature above 15 degrees Celsius to reduce the

20 amount of gas hydrates, and from which tank low density
hydrocarbon condensates are discharged through an upper
liquid outlet (26,56,83) and high density aqueous
components are discharged through a lower liquid outlet
{23,53,84).
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