WO 03/ 055575 PCT/ EPO2/ 14864 - 1 MULTI STAGE FLU D SEPARATI ON ASSEMBLY AND
METHOD BACKGROUND OF THE | NVENTI ON The invention relates to a nultistage
fluid sewearoawssmns assenbly and nmethod. In many oil and/ or pgagEPpz/oBeLt | on
wells the well effluents may conprise comglex fluid mxtures which 5
contain crude oil, natural gas (nethane), water, brine, condensates,

sul phur, hydrogen sul phi de and other conponents. During production the
wel | effluents expand and generally cool down fromreservoir tenperatures
which may 10 be between 100 and 200 degrees Celsius to significantly | ower
at nospheric or subnigi R HORRE FRIMHTE SEPhRAS TOAU SeE FMAIdens@ iMiririisl/ or
solidification of various conponents and fornmation of hydrate, wax and/or
asphal t ene dep03|ts in the productlon tubul ars and 15 equi pnent. It is
known from US pa s condensabl e and/or solidifiable
conponent s fromthe : ents at the wel |l head by cooling
down the well effhﬁen&ﬁvle&teo@lh%%ee@ iR eckiung ildtegeodled 20 wel |
effluents into a so called "LTX (Low Tenperature expansion) vessel in
whi ch the |iquiskpedagidtorssegbildi ffined medMsshent s, such as water, wax,
asphaltenes and h drate dr|p h wher heated
to about 20 degreeé Heefsitus %oaggg%Ee%a% %r%%%%%qgg'ﬁ%ﬂgfgqe u?&?’mhlch IS
t hen punped i nk@rfaukengy cthaydiceatparige @mm@ﬂm&:dﬂuhhénboﬁﬁnﬁxpantuﬂd the LTX
vessel. The gaseous conponents are re ved from TX v ssel VD
03/055§?5 PCT/ EPO2PiAgGA UG ©O1l, natu gas (met ane p wa er, brine,

condensates, sulphur, hydrogen sulphide and other

components.

During production the well effluents expand and

generally cool down from reservoir temperatures which may
10 be between 100 and 2001degrees 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 effluents into a so called '‘LTX’ (Low Temperature
expansion) vessel in whiech the liquified 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



via a gas outlet conduit near the upper end of the LTX vessel. US patent
4,208,196 discloses an LTX vessel into which well effluents are injected
wi t hout pwoas/ossspainsion 5 in a choke. The known LTX vess@CTIEPOpI43¢4 ded
with a vertically oriented tubular inlet section into which the well
effluents are injected tangentially to enhance segregation of |iquefied

and/or solidified conponents fromthe gaseous conponents. b ntri fugal
forces. The 10Vi@bél gRSi HPEtleéce&PP@Hlits%@Qﬁpé? Ca pﬁrroﬁnﬂjedyfv\n%?’r? FT%yrati ng

structure at ifs Leyer end to inhibit extension of the swirl induced in
the inlet section into the liquid collecting region at the bottomof the
LTX tank. The tubUBapaktrh&t 458608i,8R6i slilsgdased iamsildX yepdslndimiteal and 15

hori zontal separation nk .i_n_which water .an il .are .caoll.ected and .
Separated frontBaEh Sehdr Sy 5P 7t dgr g o i R i S
tapped ©f f vi aigepacabge Waher kardoirlTxdhvechangd d wes ikear wid kottom of
the tank. The gaseous_conponents are induced to flow through 20" the
grating down fvertiRallyberaenitrtetuwdsdaron ihfto S5 1¥eparat el Trahbeand
removed fromt o] ar.at.i .Signj fu st ance from
the inlet secp' %%thL glf(r%?él%ﬁgtsi %%%I 1%2?%%?%%%@%5%l?rllqg)cﬁolc\l%ag{(%z 25

di scl oses a sepapatganivessd! lfiauefdpar amdigprheaiyidisiichl cenddrguitets or

solid, components froma gaseous m xture in which vessel countercyrrent.
inner and out eF TS FR§ SRS SFd FOSR BFESU e SEdY ugg@i rflcoricr?pgar ﬁ#‘r‘?g vanes
arranggg near . {,Re1GeNL LG AN QMLRH RY IRRYN Ahd he-oiesre] wilth A
di sadvantage of this known device is that 'fhe swirl inparting vanes are
prone to foul i ggatingeshavicomale pat éitts dioplare &nicort PEHERSS/ GatEgsion
di scloses a SURE 2 gi%w% ilg%h%ge%eﬁgj%k%?%@ﬁ%&p%éd%ion into the liquid
collecting regibn at the bottom of the LTX tank. The
tubular inlet section is located inside a cylindrical and
15 horizontal separation tank in which water and oil are
collected and separated from each other by gravity
gegregation, and are subsequeﬁtly tapped off via separate
water and oil discharge tubes ﬁear 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/NL0O0/00382
25 discloses a separation vessel for separating heavy, such
as ligquid 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 centre and outer periphery of the vessel.
30 A disadvantage of this known device is that the swirl
imparting vanes are prone to fouliﬁg.

International patent application PCT/EP98/04178

discloses a supersonic cyclonic inertia separator in



WO 03/ 055575 PCT/ EP02/ 14864 - 3 which the produced well effluents are
drastically cooled down by adiabatic expansion as a result of their
accel er atwornssssas supersoni ¢ velocity in a supersoni c noPLiT&EPY/mMSthe
supersonic nozzle a swirl is created to 5 sggregate the thus condensed
and/or solidified heavy conponents fromthe |ighter gaseous conponents.
The gaseous condensabl es depl eted conponents are discharged _fromthe

separ at or t hr ouh- & e rRroPEseRrye hse bt Fert s carauftasherahsyt feoled
condensabl es engiched, conponent s ae.10; i sehas gedsfi1 om £ hepsepar at or

t hrough one or nore “secondary outlet conduits which extend away from a
central axis ofatddelaemzzien to dhasupeesobundeldattyhensacenpargonic
condensabl es enriched {I uid outlet of,a suge{)soni C C¥f| onic_i nter(éi 15
separ at or may Héo%%ﬂ%ec B APTTSOVESSRPZZhut At RETTthe® RTGRtY Iggi ty of
the injected |iguefiad andiorcsedi dbhdedsedontdensabsesiensiehedediryi d

m xture resulted 1n a reduced gravity separation efficiency of the LTX
vessel . It is arrrgrertofixere pheskidhiaypitsonrus oCprporaata. Poehybrid

mul ti stage fluid separati ggpgy' Leh y S i
vessel is conne%atlseedcplfso #?%@%r?;ge één%%%lrg\g%?i%l%%‘ggﬁ%dgﬁ%a %éﬁ%%glg%hed
fluid outl et offr&mheclos $OFErfESr cCoiotdngh deviersralichrasasupgasosicland/ or
subsonic cyclonic inertia separators such that a 25,s%£§_r8eti c effect is

[

obt ai ned bet weefPtHe! hefFFARmCcE f CORHRN G eBoPThYC BrPeuehtase e
cycl oni g 'nert'%ies&%a%@a%mrﬁmghé hee bdX: SEPH BELQEN VESSEhr hbrés a further

obj ect to provi a hybrid nultistage fluid separation assenbly, which is
nmore conpact thsecendR0y conbl elatcondwita gasckoskiegddevizefrgnch as a
cyclonic .inertia separator atngl a coni/enti onal LTX vessel.

central axis of e nozzle.

It has been found that the secondary condensables
enriched fluid outlet of a supersonic cyclonic inertia
15 separatof 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 separatidn efficiency of the LTX vessel.
It is an object of the present invention to provide a
20 hybrid multistage fluid separation assembly in which an
LTX type separation vessel is connected to liquefied
and/or solidified condensables enriched fluid outlet of
one or more gas cooling devices such as supersonic and/or
subsonic c¢cyclonic inertia separators such that a
25 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 multistage
fluid separation assembly, which is more compact than a
30 combination of a gas cooling device, such as a cyclonic
inertia separator, and a conventional LTX vessel.
It is yet a further object to provide a hybrid

multistage fluid separation assembly in which a plurality



It is yet a further object to provide a hybrid nultistage fluid separation
assenbly in which a plurality WO 03/ 055575 PCT/ EP0O2/ 14864 4 of gas
cool i ng dwoiosmsy37such as cyclonic inertia separators, camChEPoYmMsected to
a single conpact LTX vessel by relatively short |iquefied and/or
condensables enriched fluid outlet conduits such that the risk of 5
solids, wax and/or hydrate deposition in these secondary out]et conduits

i s mininized. SUMERRy O Y |dENTON FH Ao raante if tiReHel # nvent i on

there is provi a@caﬂ@!r_lé,i A96.d '%%é@% ?# an Sﬁiag\jgé/%ﬁ?l quieﬁ}gg: alO

one or nore prinmdry gas cooling devices ch eac nd/ or
solidified condensadl ésy ergliathied: 1 | shakoutiegie f padl andboondardertdaibbes

separation vessel havi a tubular sectjon of i C central] axis has a
subotant 1al ly BT E oo (HLIEF GRS RO AT VaiserLeE Shnnect od
to sai dscondensablss enfd-chady fd M, @d etadiot 1 8astn ONEsOf ssab gl g5

cool i ng devices, wherein during normal operation of the vessel the
condensabl es ermutclrdd dandulits sig nivcediaed swirl around the central axis of

t he 20 tubularéiﬁggﬁgg#ﬂiégﬂgéﬁﬁéﬁgg%igch that a tertiary stream of
l'iquified and/ = s is induced by gravity and
centrifugal forces M0 sMdddditalawrsrarchelireedn oroml igsd dies theovinel a

surface of the tubular section of the vessel into a |iqujd collecting tank
at or 25 near WHe Ftadsn fofulithes SRS a3 | YRS G ary. nixture

one of Lpor 6. hat er S Tor" RERT A TRE G 137 Mt U6 10t atear 1 Bmoun
g thet trary m ure to readuce the anount
of solidified mordensalivest it and fowreolordinored cepidgssdlotes enriched -
fluid outlet; and |
a secondary fluid separation vessel having a tubular
gsection of which a ceﬁtral axis has a substantially
15 vertical or tilted orientation, which vessel is connected
to said condensables enriched fluid outlet of at least
- one of said gas cooling devices, wherein during normal
operation of the vessel the condensables enriched fluid
is induced to swirl around the central axis of the
20 tubular section of the vessel such that a tertiary stream
of liquified and/or solidified condensables is induced by
gravity and centfifugal forces to swirl in downward
direction alongside the inner surface of the tubular
section of the vessel into a liguid collecting tank at or
25 near the bottom of the vessel for collecting a tertiary.
mixture of liquified and/or solidified condensables,
which tank is provided with one or more heaters for
heating the tertiary mixture to reduce the amount of
solidified condensables and with one or more outlets for
30 discharging the tertiary mixture from the tank.
It is preferred that the tubular section of the
secondary separation vessel is equipped with a tertiary

gas outlet conduit having an inlet which is located at or



30 discharging the tertiary mxture fromthe tank. It is preferred that the
tubul ar section of the secondary separation vessel is equipped with a
tertiary woas/osisrs et conduit having an inlet which is | occadrar/ 14364 WO

03/ 055575 PCT/ EP02/ 14864 5 near the centrql_axis of the tubular section
and which tertiary gas outlet extends through an upper end of the tubular

section of the secondary separatian v | . Suitably, the secondar)
separation ves?@larh& &3 FE2 15 aﬁﬁlsdlo?kstg}‘?a&éﬁnilc?ﬁ %ﬁﬁtclt?ri‘sa Jﬂ'f%&l on top
of the tubul ar s@etign RRd Jhe dierddtaadah elarC QA dr ¥ ranged
substantially co-axial to the central .axis of the tubular section and

passes t hroughtubeleantsestdon iof thep serprPeafersgnaratinm |Vefssl ed and/ or
solidified condensables-enriched f] ui t] et _of . I 0 [
%ulta%ly t%b se%##ﬁ%fyj %éﬂf%tfgn.§§§gel'H%ﬁiyté§¥§c

cool ing device, such as a-“cyclonic se ator, is connec
secondasy fl ui dr djiek-istrapecondy,t wMiicth injreairs ddercargenslites enri ched
fluid in 15 an at least partially tangential direction_into the  tubular

section of thetsbbdRFarPidrar aicorNFedsBItiant 938 AW Yr IBTEd thfat the
central axis ol 10eJubul Al 3etlian Oled g sacandan separall anuessel has

a substantially ve orientation an at a plurality 20 of secondary
fluid injectionheondintlsrofsex thlour @lnd yesfs g ittargugdasonatemyadevi dds: ar e
connected at regqular circunferential intervals to the tubular section of

t he secondarytg’é)par ation vessel, which conduits inject in use |I|iquefied

and/orygolidified eoadaensahhes terr nched fildd dndly dn s iadi dieast partially
tangential and partially downward direction into the interior of the
secondary sepacadessabdsselenriched fluid outlet of at least one

primary cooling device, such as a cyclonic fluid
separator, is connected to a secondary fluid injection
conduit which injects the condensables enriched fluid in
15 an at least partially tangential direction into the
tubular section of the secondary separation vessel.
It is also preferred that the central axis of the
tubular section of the secondary separation vessel has a
substantially vertical orientation and that a plurality
20 of‘secondary fluid injection conduits of a plurality of
primary gas cooling devices are connected at regular
circﬁﬁferential intervals to the tubular section of the
secondary separation vessel, which conduits inject in use
liquefied and/or solidified condensables enriched fiuid
25 in an at least partially tangential and partially
| downward direction into the interior of the secondary
separation vessel.
Suitably, the ligquid collecting tank is formed by a
cup-shaped tubular lower portion of the second stage
30 separation vessel which is substantially co-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



Suitably, the liquid collecting tank is formed by a cup-shaped tubul ar

| ower portion of the second stage 30 separation vessel which is

subst ant iwblog/0s3578xi al to the central axis and has a si nPICArEPO2/148684 ger
internal width than the upper portion of_the vessel and a vortex breaker
is arranged in the interior of the secondary separati on WD 03/ 055575

PCT/ EPO2/ 14864 6 essel between the | ower e of the tubul ar_section and
the Iiquid col Ivﬂq%%werﬁ'\fﬁ“eas]% frffgf%ceic}ber OW%:W FFCGHE 6t %ror e
ul trasoni c vibrafd an JJ@psdicers R ddmeosing ultrasonic 5 vibrations at a
frequency between 20 and 200 KHz on one or. nore conponents of the assenbly,

such as the seconddhe Adadmblivnjmest ikeh russeidiethdiitie ans tax eaker, to
i deposton of soli ed cardaagll s i g5, de, Jeo g0l or

hydrates, wthi y he Tt qui ec

provi ded with aitgrtd ofs heatd mydgibessy Witthear @ desidmeh tkiheat dhe
liquid and solid fluid mxture in the tank to a tenperature of at |east 15
degrees Cel si u$T OFE DCTRVPHSmdtly s THATNY deH Ao Lyl e GFRpFPREATY 5

cycl oni ¢ i ner Ui SepalAlons phiGhh LOTRIJ SN CABASLULIIPZZLE 1ikibich

the fluid mxture is c a tenperature lower than O degrees Cel sius
by a subst ant idadositsient radpisolexbanistdrantensevilech sneh oxs Iz e wakr |

i nparting vanes induce the fluid tqQq swirl into a diverging outlet
section which iaélcﬁddlﬁ g’B’ Hth & rte parﬁf'ﬂ?%gl%bndensabl es depl et ed
fluid gytlet conduide andnam QUeresOGRNCGAIY. GRRAens ahtas: @ ivhad o f | uid
outlet conduit. Suitably each primary gas cooling device, such as a 25
cycl oni ¢ i nertigxrisepdr dtemt inriprises ngﬁl@kp%#ﬁsi igned to heat the
liguid and solid fluid mixture in the tank to a
temperature of at least 15 degrees Celsius.
One or more primary gas cooling devices may comprise
15 cyclonic inertia separators which comprise an expansion
nozzle in which the fluid mixture is cooled to a
temperature lower than 0 degrees Celsius by a
substantially isentropic expansion and in which one or
more swirl imparting vanes induce the fluid to swirl into
.20 a diverging outlet section which is equipped with a
central primary condensables depleted fluid outlet
conduit and an outer secondary condensables enriched
fluid outlet conduit.
Suitably each primaiy gas cooling device, such as a
25 cyclonic inertia separator, comprises an expansion
nozzle, which is designed to accelerate the fluid mixture
within the nozzle to a supersonic speed, thereby cooling
in use the temperature of the fluid passing through the
nozzle to a temperature lower than -20 degrees Celsius.
30 The fluid separation assembly according to the
invention may comprise a plurality of primary cyclonic
inertia separators of which the expansion nozzles are

substantially parallel and equidistant to the central



nozzle, which is designed to accelerate the fluid mxture wthin the
nozzl e to a supersoni c speed, thereby cooling in use the tenperature of
the fl ui dwpas®sisgst hrough the nozzle to a tenperature | owen/EPaM86£20
degrees Celsius. 30 The fluid separation assenbly according to the
invention may conprise a plurality of primary cyclonic inertia separators
of which the expansion nozzles are substantially parallel and equidi stant
to the central aWbs08£055575uPCEAEPGELL4864 Of7 thex SeCondtRy SERATRT S8t i on

of the secondar %gﬁgr gl'éii QR w%?%%eltg%”@e%fon‘é@r?c gﬁeu%%%@ L Laondensabl es

enriched fluid6 aré connect to secondary I njection

condui ts whi chrilatar secl etle awal konheched toulsarcoseetiyorf 115 dofitjeetion

secondary separation vessel _at regular circunf re%ti | intervals and in an
Linioth D6

at |east parti §PE§iUiF§n@’§‘ﬁFPalln&|elr§€ﬁtor?,heaﬂ’&‘ AR 1SRN
| nj ection CO”@E'Eﬁeegggoﬂﬁﬁ%yas%%%&%ﬁf%ﬁﬁ%e%@%ﬂ‘%HﬂﬁégﬁiafThe gas cooling

devices may conprise chokes known"as Joul e- Thonpson val ves in which the
gas is accel er ateduafie rentdlkdd ipyeewpdmsiaod suclkhnt et ledsitqumsettadlang/ or

solidified condensabl es.enriched fluid Jjs.generated,. whigh .S .subs tl
fed into the sgé‘BﬁﬁﬁFﬁafll 'lﬁecgéﬁé?r’atain%w\;l SEePECLEIRT, if?iL\}lén iloﬁ]eacie%t)&p d

relates to a nmebhgdiek separ akivega qendensaklse eerponrentsfasam a fluid
m xture in a nultistage fluid separation assenbly, which nethod

conpri ses: injecti et Best Fgiod imx IeVa et 8199 € BRI FHIAREr y UG Gis
cool et RGBSR Vit s Wi b rapptied s aanlad
separated frorobhedgaseenupaceiponeautch hhatert fiifqugediddresl/and in
solidified condensables enriched fluid is generated,
which is subsequently fed into the secondary fluid
separation vessel. ' |
15 The invention also relates to a method of separating
condensable components from a fluid mixture in a
multistage fluid separation assembly, which method
comprises:
injecting the fluid mixture ihto one or more primary
20 gas cooling devices in which the fluid mixture is
expanded and cooled and condensable components are
liquefied and/or solidified and optionally separated
from the gaseous components by centrifugal force, and in
which a stream of condensables enriched fluid components
25 ig fed into a secondary fluid outlet; and
injecting the stream of condensables enriched fluid
:omponents into a secondary fluid separation vessel
laving a tubular section of which a central axis has a
substantially vertical or tilted orientation and in which
30 the condensables enriched fluid stream is induced to
swirl around the central axis of the tubular section of
the vessel such that aAtertiary mixture of liquified

and/or solidified condensables is induced by gravity and



whi ch a stream of condensabl es enriched fluid conponents 25 is fed into a
secondary fluid outlet; and injecting the stream of condensabl es enriched
fluid :owpoaesisssinto a secondary fluid separation vesselPCTIER2/ng6a
tubul ar section of which a central axis has a Substantially vertical or
tilted orientation and in which 30 the congensables enriched fluid stream
is induced to swirl around the central axi.s of the tuhul ar section of the

vessel such th&??érééPS?ér§oﬁF§qu8 i qdir FOURYARG) O TEAATY i ed
condensabl es i5;pnducad Bygnankty «aR¢ W0 83/ 0RR5THRETAERQ2A L4864 1R
centrifugal forces™to swirl in dowward direction alongside the inner
surface of thevesbalainsecti dngofidt kelleesssl itand atl ioguingagolthect i ng t ank
at or near the ottom.of .t he vessel,. in . which tank.the tertiary-mxture 5
of liquified aH&EBPms8Fi SPE A6 Cede i SaBPasT S20H LS 56 AR hidr o
reduce 4 he anoygt 19Gusekiedi Ehaedorcerdeas@bkes candichikamlw Gl cank ddted d
and/or solidified conponents are di scharged through one or nore outlets.
DESCRI PTI ON OFa80| TRBEECENBOBENENEStRE survabl efemeddididies of a mul ti st age

f|Uid.separati88nd%%%g E%.gﬁ%p% 6%9whqcph%aﬁkeigggihn%%%deq‘Mﬂﬂdﬂﬁied
described in nore detail W th réeference to the “acconpanyi ng gramnngs
wherein: Fig. tompoacnthenmbl divehbirgald shirctighechiconal mormewoutSeafs.a first

sui tabl e enbodi nent of a nultistage fluid sgﬁgration assenbly according to
the invention WASEBLIRTIONPTYSUAEARLEY EMBRPIMENLS | 3 separators di scharge a

condensgbl es enri chgd ELyiLd HbXkYRERE Bt BraaValliGakhke niaRl edphubylian
secondary fluid separation vessel; 20 Fig.2 is a top view of the nultistage
fluid separat koseabignblygostlifiggtio; the present invention will be

described in more detail with referende to the
accompénying drawings wherein:

Fig. 1 is a schematic vertical split sectional view

15 of a first suitable embodiment of a multistage fluid
separation assembly according to the invention wherein
four primary cyclonic inertia separators discharge a
condensables enriched fluid mixture into a vertically
oriented tubular secondary fluid separation vessel;

20 Fig.2 is a top view of the multistage fluid
separation assembly of Fig.1l;

Fig.3 is a schematic vertical split sectioﬁal view of
another suitable embodiment of a multistage fluid
separation assembly according to the invention wherein

25 two primary cyclonic inertia separators discharge a
condensables enriched fluid mixture into a horizontally
oriented secondary fluid separation vessel;

Fig.4 is a horizontal cross-sectional view of the
multistage fluid separation assembly of Fig.3, taken

30 across the primary cyclonic inertia separators and seen
from above;

Fig. 5 is a schematic horizontal sectional view of a

simplified multistage fluid separation assembly of which



Fig.3 is a schematic vertical split sectional view of another suitable
enbodi nent of a nultistage fluid separation assenbly according to the

i nvent i orwalmaeisns 25 two primary cyclonic inertia separat ®CI/EPYCIse4 ge a
condensabl es enriched fluid mxture into_aghorizontally oriented secondary
fluid separation vessel; Fig.4is a horlzontal cross-sectional view of the

mul tistage fluid separati on asse of. Fi t aken 30 _.acro i mary
cycl oni c |nert?%?s%%é?é?ﬁrgaﬁnﬂoggéﬁg §F8ﬁ838098nsﬁﬁﬁ o iC é‘ e§c%&d§

hori zontal sectiopal¥i eWoRbs8n $hiRbiLligdgmultistage fluid separatlon
assembly of which WO 03/ 055575 PCI/ EP02/ 14864 9 the primary gas cooling

devi ces consi st ofFDQOKQSanemﬁcha@aBQGI@erhéﬁpéoﬁevéﬂ@égl HAGWFOg. theis a
schematic vertical ﬁctl naI aﬁ& assenbly shown in Fig. 5. 5
Referring to FrEcI o her & ?¥n5ﬁ8 dp |nary cyclonic inertia separator 1

whi ch iss connect edré Pearsagondarygl- IXchtlui dssepawat bopriessel c2chbyndc
secondary condensabl es enriched fluid injection conduit 3. The primar
cycl oni ¢ |nert1%e§%péré@@ﬁrﬁtéénﬁrW§é§halslgoﬂpﬁpaeﬁnF@ta4S®ﬁP@ﬁ%?¥ LIx

connected 10 arygl4nsad.t0et onshaear1ob By ngt ULabng %%ﬁ/pc%%%tn's%@l%” vi a

which a mxture o ura gas, water va ours, con ates hydr at es and
ot her condensa@helchaﬁoﬁEHﬁd angeptaducedndthie Bl.uid m xture flowing into

the primary 15 separator 1 is first accelerated to_a_ hi pref er.abl y
supersoni ¢, vel oci t§Si RFAMAGY zF¥C5CRAE Pﬁ@ngﬁ ESBPEEtOgo%nCSF@F&F§ﬁI§ to a

tenpergf ure bekow 529,6egr eegniCal $kUsontdeRekihalb watrn 1%eRaUr(natd/ or ot her
condensabl es condense and/or solidify as a result of adiabatic
shown) of a natural gas production well via which a
mixture of natural gas, water vapours, condensates,
hydrates and other condensable components are produced.
The fluid mixture flowing into the primary

15 separator 1 is first accelerated to a high, preferably
supersonic, velocity in a nozzle 5 and thereby cooled
down preferably to a temperature below -20 degrees
Celsius, 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
is discharged through a central primary condenéabies
depleted outlet 7 into a gas distribution conduit (not
shown) and the annular outer flux of condensables
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.



20 expansi on and subsequently induced to swirl by a tilted wing 6 so that
the cooled fluid mxture is separated by centrifugal forces into a central
flux of cwodensshkt es depleted natural gas and an annul ar PeItEP02/§486K Of
condensabl es enriched fluid. 25 The central,flux of condensabl es depl eted
natural gas is discharged through a centré? pri mary condensabl es depl eted
outlet 7 into a gas distribution conduit_ (not and the aﬁﬁalar out er

flux of condensabl €§e EﬁﬁﬁﬁﬁéabﬁﬁﬁlﬁnFécﬁﬁgcﬁéPégle FGUgR aCBAHGFar 30
condensabl es e@ééﬁ% gh%: gdgﬂéla%&e%hém??c&héd' @ﬁﬁlﬁh%nt%e%o%@dical

condensabl es enrrc ection conduit as illustrated by arrow 9.
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[ nj ect i on cond ds_the cond | hed | |
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separ atd on i.nt Qnaumhaeﬂéw Yyekbcaabonwakel bydrdtkisquefied hydrocar bons
and hydrates. As illustrated in Fig..2 a series of four primary inertia

separators 1, 1B, 1CA§né11Eﬁﬁéé§e§oh6eﬁéab2ea ERELERe@Tf FOME PEAFEAYI al |y
into the vgrtlgal EEQU gﬁg&loq &% %P@ ggcg@ggg %ﬁ %Qgratlon
5F ndénsa

vessel 2 via a 10" serles P8t “tour co enriche |nject|on
conduits 3, 3BendCcasd 3Dulﬁnt5mgehtaa3dbeﬁatbct%erNeaahcﬂm itubsdetd ona
viewis given of the first primary inertia separator .1 and of

t
secondary LTX §BPAE&RI 8A PésSEF SERBIPRY 83%t8@@§r8F1f§'8FW§Fltgr¥éa a
primary,inertia §§B%rBEOEﬁu}BCBGQQQSéglégeen&hb%%@f%ﬁ%ﬁd nrAeikadn i nes. As

|IIustrated in e secondary LTX separation vessel 2. conprises bel ow
t he vertical tubuﬁautseetlaﬁ 16C and 3D.

In Fig.1l a schematic vertical split Sectionél view is
given of the first primary inertia separator 1 and of the
secondary LTX separation vessel 2 and the contours of

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

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

20 stream of liquids is collected and further separated, 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 section 10.

25 The entrance 15 of the tertiary gas outlet conduit 14
ig located below the level at which the condensables
enriched fluid inlet conduit 3 debouches into the tubular
section 10 of the secondary separation vessel 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 section 10 as

illustrated by arrows 17. A tertiary stream of liquid



a large dianmeter bottomsection 11 in which a tertiary 20 stream of |iquids
is collected and further separated, a vortex breaker 12 which is | ocated
bet ween tWwe oBwobisiar and bottom sections 10 and 11 and a aomEPshagsed top 13
through which a tertiary gas outlet conduit; 14 extends into the tubular
section 10. 25 The entrance 15 of the tertiary gas outlet conduit 14 is

| ocat ed bel ow the | evel _at which the condensables enriched.fluid i
conduit 3 debo®BREST| APLIEhECTHBRFYFS Eégiiﬁﬁ EB“SF“?E8%§§C6%d§?§ QﬂkgE
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30 conduits 3 Tnto the tubular section 10 will circulate, when seen from
above in an anwiltl aekai sesdlrecfi gnaviapbhgBrde LPRESEnAEPPWEROEEN: hee

tubul ar section 10 as _illustrated by _a - | regm-ek
liquid VWO 03/0%%%%%aBC$FEPg§/Ti§8281¥61&582§3}§? é%%?&hgggﬁgﬁgnts wll be
concentd at ed i fol-hexopterkepenpphery af ltheidntelilectdahst henkul@l artdect i on
10 and w il as a result of gravitational forces_dro %Erou annul ar

h the
gap 16 al ongsi dBet herggat 8i-aFEEEUNPOEERBeSEFTERE 81y Gt ebﬁgg? afY into a

l'iquid COlleCt%?giEagé 19 Wi thi nogthe. ol arge diameter bottom section 11 of
t he secondary urd separation vessel 2. Low density gaseous conponents of

the fluid m xture Lbwj dehedtyi gaskeutangenbinehtsl aifdthej dduilenméFidget s 3,

10 313, 3C and 3D intq the tubul ar section_10.w Il .be C rat ear the
centre of the LBBEFEFIs¥ERi & elGangﬁ&%\haﬁl f#f%@ &ijar?ttg%?%gj%%g?lttli%%rg’gas

outlet, J4. Thesgarpangapenb ehtbhenentuangarlseef ibhe ltoentildr pegas out | et
14 bel'ow the level at which the tangential fluid 15 inj.ection conduits 3,

3B, 3C and 3D knpeentkbtied pres the ceubiraPisébe 6RPYGAK 195Gy & v
I nduce the gasgggswill flow up into the tertiary gas outlet 14. The

arrangement of the entrance 15 of the tertiary gas
outlet 14 below the level at which the tangential fluid

15 injection 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 direction. The clockwise
circulating eddy current 18 of substantially dry gas,

20 which circulates as a result of the Hirsch-Rankin eﬁfect
in a direction opposite to the outer stream 17 of
condensables further enhances.the separation of dry gas
from the liquid 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 substantially 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 liguid collecting tank 19 is equipped with
heating coils 20 which maintain the collected liquid and

solid components at a substantially constant temperature



components to swirl as an eddy current 18 in an opposite, when seen from
above, clockw se direction. The clockwi se <circulating eddy current 18 of
subst ant i wbIlog/088595 gas, 20 which circul ates as a result of PChEPHR/I486H- Ranki n
effect in a direction opposite to the outer stream 17 of condensabl es
further enhances.the separation of dry gas fromthe liquid and/or solid
conponents. The vortex breaker 12 has a canical shape and the top of the

vortex 25 brealRStWERTherT Gt % PIHITESERET - tfor tHe® cF TR 361 re
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substantially open vessel “ wthout swrl inparting vanes, in order to
m ni mi se the maderfinpltuiyyilngrent/orl leoritiarg failon sfckh iehahtariep of 30

the vessel. The |liquid collecti ank 19 is ui pped with ., heati coils
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substanti al | y copsiant temmes atiure MRL3/0550 5 PGweP0R4 #8622 of 12

between 15 and 25 degrees Celsius. At this tenperature waxes and hydrates
will nelt and widbdeX| oat up above the water in the liquid collecting tank,

such that a top | r..21,.of ) \/ %Q%@@t A ot 5
carbon liquids wl I%éfeclecét(}%oocz\\ll\?%a Cpos\c/!\{el?atﬁeg}yder 2 0 %/at er lov@f&récr&%ldl-téﬁ%) IS
di scharged throughya ped£r, digehas e o Aduire 28i @lid heobpidomet the

liquid collecting tank 19, whereas the m xture of wax, hydrates, condensate
10 and ot her hydrdcdrhonghandds filomy roveruteheopprs, rivavate?, chrd¢pRiie

ColLech g, Lanid? doks an somul e v dfoceriel gy do, bl 18 Zgnee 20
wat er  di schar gehecQndHitd 231 e @HPREIM 19 ntval e ditilar hydrocarbon

ligquids collecting zone 25 which is equipped:with a
hydrocarbon liquids discharge conduit 26. The water
discharge conduit 23 is equipped‘with a valve (not

15 shown), which is controlled such that the watexr/
hydrocarbon 1iqﬁids interface 27 is maintained at a
substantially constant level.

Optionally the vortex breaker 12 and the walls of the

vertical tubular section 10 of the secondary separation

20 vesgel 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 multistage

separation assembly according to the invention makes it

30 very suitable for use on offshore platforms where
deckspace is limited and the presence of small surface
areas within the short conduits 3, 3B, 3C and 3D and

within the secondary separation vessel 2 which are



15 shown), which is controlled such that the water/ hydrocarbon |iquids

interface 27 is maintained at a substantially constant |level. Optionally

t he vortewolmsmsises 12 and the walls of the vertical tubulpen/EPeziison 10 of

the secondary separation 20 vessel 2 and the conduits 3, 3B, 3C and 3D are

heat ed and/ or equi pped with ultrasonic vibration transducers (not shown)

to inhibit deposition _ of wax, scale and. hydrates and ot her fouling on
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tenperature, whi Y _ m’'nus or even m nus 4 egr ees
Cel si us, "such ddiaterasamdytoanminidof i edtetr thdydrebesruaakes ald/ or
ot her condensabl e and/ or_solidifiable conponents are condensed and/ or

solidified witRRCDRITURTHPITE L £ ht2d’ pet P pHera cofddits 3, 3B, 3C
and 4 there s onomnAnator ol TAb S oot Gurati on of amil tistage flud.
not her suitable configuration of a nmultistage fluid
Referring now to Figures 3 and 4 there is shown

another suitable configuration of a multistage fluid
separation assembly according to the invention wherein
two primary cyclonic inertia separators 31 and 31A

15 discharge a condensables enriched fluid mixture via.
conduits 33 and 33A tangentially into a vertical tubular
top section 30 of a secondary LTX fluid separation
vessel 32.

The two primary cyclonic inertia separators 31 and

20 312 have a horizontal orientation but are otherwise
similar to the primary cyclonic inertia separators 1-1D
shown in Figures 1 and 2 and also comprise a wet gas
inlet 34, a nozzle 35, 35A in which the wet nétural gas
stream is accelerated to a preferably supersonic or near

25 sonic velocity and thereby adiabatically cooled to
minus 20 to minus 40 degrees Celsius such that water and
other condensable and/or solidifiable 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 substantially 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



separation assenbly according to the invention wherein two primry
cyclonic inertia separators 31 and 31A 15 di scharge a condensabl es enri ched
fluid m xwored/0s35a5 conduits 33 and 33A tangential |l y i nt oPa&TEPO2/14364

tubular top section 30 of a secondary LTX4f l-uid separation vessel 32. The
two primary cycl onic inertia separat ors 31 and 20 31A have a horizontal

ori entati on DUl AL UG sE T MLATE o Sbe BLLIREN. CXoLaDi col 98T Lha

separators 1-1 s own in F gur and 2 an SO CONPrise a we
inlet 34, a nazde 35, 35A in WhICh the wet natural gas streamis

accelerated to a preferably_supersonic or near 25 sonic velocity and .
t her eby adi abat i caﬁheﬁ/ %ﬁﬁﬂféil)alﬂb LT PRt 5P YRES2D HRgFeBRT €888 us such

that vater andoliherySopdensabl e-andlor sobidbétabhes gompopestsacandense

and/ or SO|IdIfy and t cooled flurd mxture is swrled around by one or
more s®irl i nﬁmxtlzrgmwlnlas 36 e1BEAd atntdb@ba:selpatiacmeds@ytc@mﬂfugawhmlert| a

f t t fl bst d h di sch d
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condensabl es eswdphed 43 uieh i £ 1St S8 Mvegrsen | Bhan: WK1 034 0865 78nd
PCT/ EPO2/ 14864 - 14 annular collecting zone 38, 38A into the conduits 33

and 33A. The hatdondarsciioaseparand ohl vaided dome ppprPS@sCabet dw t he
I bul
vertical tubu %t@% aﬁ%cﬁ?% @%%géfnggé g%?gélg ﬁ&%ﬂﬁgré’?@éﬁgst ubul ar

bottom secti on e col T er separated, a
vortexo breakern#? w&t&o&ubxsliaoctacblﬁeobé)ettﬂmm&a he tubular top and bot t om
sections 30 and 41 and a done-shaped ca through which a tertiary gas

outlet conduit 44 & &S Mt Theit b?ﬁ%‘?l?% %%%t‘?lb 3. conduit

is located below the level at which the condensables
enriched fluid inlet conduite 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 liquid collecting tank 49 within the
elongate tubular bottom section 41 of thevsecondary fluid
separation vessel 32.
Low density gaseous components 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



The entrance 45 of the tertiary gas outlet conduit 44 is |ocated below the
| evel at which the condensables enriched fluid inlet conduits 33 and 33A
debouch iwD®3Wb#&75t ubul ar top section 30 of the secondary PEggRozai486n 15
vessel 32. The fluid injected via the tangegtial fluid injection conduits
33 and 33A into the tubular top section 30 will ~circulate, when seen from

above in a clockw . se direction,. .alagngsi.de the inner || ,of .t t ubul ar
top section 30%§§ti8riyl Fast roéltt&(?tbf%a%re&\%v ﬁe I}learlﬁld%nd"lkﬁrc%&%ed
conponents W khnbeneangeridided njrdiemdeiduEerd pheriniefcd M uidtierdor of

t he tubular section 30 _and will as a result __of gravitational forces fal
down t hrough t h&cafHBART §aP £6ChionysiddeitlHe aamesaldivt d@Asieide of t he

vortex 25 breaker i l.Lqui d_caql J.ecti jithint ._el_gngat e
t ubul ar bottoné%ggéﬁgnQ%§E%¥m#ﬁ§ ggggﬁﬁgﬁya%?&%ﬁgﬁgﬁggﬁgﬁﬁ%ﬁié%ﬁgg}fﬁg_ Low
densi t y5 gaseouspposporentvdicof silee ffrand afoxteyr entiinjcdeicdariviea dihection.
tangential fluid injection conduits 33_. 30 and 33A into the tubular top
Tﬂﬁea%BﬁCE OrEteFen &4 FHETIER FEBT IHEP b dBaPT op  secti on

section 30 will _

30 and wi Il flawupahpt@inhed 22" Y wiash eutlel A4 The Aldiangenept of
the entrance 45 of the WO 03/ 055575 PCT/ EP02/ 14864 15 tertiary gas outlet

44 bel ow t he | eppbsatewhiociheheuteangémeiaal 47 gifd domjdestsiadn esorfduithe 44

inject fluid int t he bul ar top.secti 30 will._general .y i nduce e
gaseous conponé& gnFSSskﬁflS&?agﬁ%égﬁycgﬁgﬁghgaf8ff%nénh§.&é'LE%F@F@M% n
seen from aboveclaft bogboekritse dheecir@rx bHekant i4ocheeKe $orGidsqul ati ng
eddy current 48 of substantially dry gas, which circulates in a direction
opposi te to thEhakeepnst LBEMELY OF EoRdewTasPedrRgkciet?2 performs as a

vortex seeker for the anti=clockwiée rotating central
eddy current 48 of dry gas.
The liguid collecting tank 49 is equipped with

15 heating coils 50 which maintain the collected liguid and
solid components at a substantially 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 liquid collecting tank, such that a top

20 layer 51 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 éf the ligquid hydrocarbons and will therefore
keep the hydrocarbon dewpoint'in the upper part of the

25 interior of the LTX,vessel 2 low.

Water (H90) is discharged through a water discharge

conduit 53 at the bottom of the liquid collecting

tank 49, whereas the 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 liquid collecting

tank 49 into a hydrocarbon liquids colleéting zone 55

which ig equipped with a hydrocarbon ligquids discharge

conduit 56. The water discharge conduit 53 is equipped



enhances the separation of dry gas fromthe liquid and/or 10 solid
conponents. The vortex breaker 42 has a conical shape and the top of the
vort ex brweloanss2s perfornms as a vortex seeker for the antPCToHPOZkishse
rotating central eddy current 48 of dry_gag.-The liquid collecting tank 49
is equipped with 15 heating coils 50 which maintain the collected liquid

and solid conponents _at _a substantially canstant tenperature etween 15
and 45 degrees égssiaug.aﬁxte t(IJi]iozt ts@r%@r)at &,&’F}_C : escoihr%%étsé’scq’wtlvﬁaﬁmlt
and wi || floattup @bewe /MRerotRi@on Nilha dd qutdldeeodd ng traikat Suedy t hat

a top 20 layer 51 of wax, hydrates, condensate and other hydrocarbon .
liquids will fkRbap sbbpsaatieddy Icopetamt devedater. The foany top |ayer 51

will also mnimze - IO I.qull ydr on i |
therefore keep th(e)%ﬁ)}g?l\égg%?rl?edgf\fp%%ie%{]%irjr?a%}%erdtf‘rp}p%rn%gg{ gﬁﬂfih%g O\gS éhe
interiof of theektTXcedsselbu?drowopMateert id2G)0 icf ditsc srqgedidhr ough a wat er

di scharge conduit 53 at.the bqottomof the |iqujd collecti tank 49,
wher eas the ni RERPE3SFORaNES atte £19 dhife 1S Lgéllta?‘n(f%tarﬁ%rﬂ/cﬁl%ﬁ:ar bons

will flow over h%g%eﬁp%%'a/roirme%ﬁ'@;peds%i%hbkﬂllfﬂ%%%rﬁ% aHi g ifdght si de of

the liquid collecting tank 49 into a hydrocarbon |iquids collecting zone
55 which is equirppedusietds dniordredearborrd iigdiidsl tdidsgherigel orc orfdwiax 56. The

wat er di scharge conduit, 53 . s equi_pped 03/ 055575 PCT/ EP02/ 14864 6
with a valve (ESF‘??hSﬁ?) B %?ngor?ttﬁglrl &’“gi&é’f? ﬂ%‘%h%ee cotbbherits

wat er / hydr ocar bga Ll geb@snikt eiface i9h tSafRidiicime prefermsybstiastdd |y
constant level. Optionally the vortex breaker 42 and the walls of the 5
vertical tubul &ket ypldecrifolBEoff fHd Nge EERGEIIL Ves paIRaIB SV edsé 32 and

the conduits B%rgaﬂe%%yaE%tween 20 and 200 KHz to shake off any

fouling.

The large volume and horizontal surface area of the

15 liguid 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 Ehat the bulkhead 58 may be
removed from the tubular bottom section 41 of the
vessel 32 and that the hydrocarbon liquid 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 cooling devices 61,61B, 61C, and 61D which
are connected to a secondary 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 cooling 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



heat ed and/ or equi pped with ultrasonic vibration transducers (not shown)
to inhibit deposition of wax, scale and hydrates and other fouling on

t hese conworaes3s7s 10 The ul trasonic vi bration transducer s PomTgfPer/adsby
vibrate the walls of these fouling sensitijve conponents at a frequency
bet ween 20 and 200 KHz to shake off any fouling. The | arge vol une and

hori zont al surfacg ar ea gf the_ 15 I%guid collﬁcting tanﬁ §9 %acilitate | ow
liquid veloci tTes ot tAe"seParat ed™Raler- ahd ' FiterPed “KYdr5ESr BBA
conponents suchothet edn@phtaBlegtavbbientepakapi-efuekdt he aqueous and
hydrocarbon phases takes place within the tank 49. 20 It wll be
under st ood that thel®il khedd BBxFaye bblovingvedtor earhherinpuyacobdingm

section 41 of t . yessel an h t hydr Lqui utl.et 56 may
pass through tH@gg%%émgfl %fBéagﬁétu %Igng%gtgégéggg?%%ﬁ h% ?u%%g§é|OMlthe
upper s@rface ofr¢herdlobpystopr25niayevebdcbtyhydracalbenrksguidsion 65,

Referring to Fig. 5 and 6 there is shown a set of four primary cooling
devi ces 61,61B,g€¥t;a%nﬂ BB Wht chePaF e cohinéettd TBOHPERRONBAYS BPR 1 uid

separation vessgher&, WYod1 58t 3n | fé@@@ﬁgtté'a5€£@£Q§é¥u£8”Q§Té@bL§§ 30
enriched fluid injection conduits , 63B, 63C and 63D. Each primary

cool i ng devi ce damreseschsitui dsuahethdd whteh vspoonnandédrt othewel | head
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hydrates and oididbLondeanssdhei 60 MPeReatsoh Sa PL 0gueeded ThRGfbui d m xture
flowng into each primary cooling device 61, 61B, 61C and 61D is
accel erated to %p}ﬁ%ﬂ@ie condensables enriched fluid mixture flows into
the narrow secondary fluid injection conduits 63,63B, 63C
and 63D. |
Each condensables enriched fluid injection conduit
15 63, 63B, 63C and 63D feeds the liquefied and/or
solidified condensables enriched fluid at high speed into
a vertical section 70 of the sgsecondary LTX fluid
separation vessel 62 for separation into substantially
dry gas, water and liquefied hydrocarbéns and hydrates.
20 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
25 enriched fluid injection conduits 63, 63B, 63C and 63D.
In Fig. 6 a schematic vertical sectional view is
given of the primary inertia separator 61 and 61C and of
the secondary LTX separation vessel 62.
As 1llustrated in Fig. 6 the secondary LTX separation
30 vessel 62 comprises below the vertical tubular section 70
a bottom section 71 in which a tertiary stream of ligquids
is collected and further separated, a vortex breaker 72

which is located between the tubular and bottom



5 preferably supersonic, velocity in a flowrestriction 65, such as a
venturi, choke, or Joule Thonpson valve and thereby cool ed down preferably
to a tenpwoasusshel ow - 20 degrees Cel sius, such that waPeT/BPaposs4 and/ or
ot her condensabl es condense and/or solidif§ -as a result of 10 adi abatic
expansi on whereupon a liquefied and/or solidified condensabl es enriched

fluid m xture t r e a i npac nelyis t
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condensabl es enrlghed ébUId at high speed into a vertical section 70 of
t he secondary PEX- separation vessel 62 for separation into
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t he secondary E?&a§gtéPﬁtv8ﬁs§gsgér 62. As illustrated in Fig. 6 the

secondary LTX sepa@ﬁél9muléolﬂié§@éd6@1§0€nél§§ﬁg@§£9§atE@uyérahgébtaeﬁular
section 70 a bottom section 7 which a tertiary streamof liquids is

col | edtCed and ¢ordhétsseépaintedtha vgbuéarbseake@n720 whiléhcischbedeed

bet ween the tubHIar egg 90 &Ogégg%?gﬁoﬁgm%Qtﬁcgigg %488§re%§losectlons 70

and 71 and a done-sh aped |ary gas out'r et
conduit 74 ethmdﬁgBmﬁé the inbékaWall of the tubular section 70 as

illustrated by arrows 77. A tertiary stream of liquid

and/or solid 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 components 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 concentrated 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



section 70. The entrance 75 of the tertiary gas outlet conduit 74 5 is

| ocated below the | evel at which the condensables enriched fluid inlet
condui ts w8,0383475 63B and 63C debouch into the tubul ar sectimpa2/i36of the
secondary separation vessel 62. The flui.dqignj.ected via the tangenti al
fluid injection 10 conduits 63 into the tubular section 70 will circul ate,

when seen from above .ji.n nti-clockw se direction,. alongside the inner
wal | of the tubula Slgetctcfafgntaj% e s 1"{50351»[,9)?369 e#%?/Ctarjr%V\% gg’?eﬁt}%ﬁlti ary
stream of |iquidhpaid/Orsalid aamonaitsaii‘t de consantsated J:E@rﬁﬂs'@rout er

15 periphery of the interior of the tubular section 70 and _will as a
result of graviamarsied Hhe cepatrasplarhrolghey feas afrem atheabl 761 &l andbide

t he outer circuypfer 0 e tex 42 1 a liquid collecting
tank 79 wit hi n%ﬂgtlﬁedeb%(cﬁ%pogrﬁésﬁejcc [ \élﬁ{e?ivoog%ﬁéo%éeeac%enrdgé; $9%i %%ija?aajti on 20
vessel 62. Lowdensi tandasesusor ahatentwormimh msearmedhane (§déjores cas of the
fluid mxture injected via the tangential - fluid injection conduits 63,

63B, 63C and 6394570 FaRKSE IIH 4% st IH RS Widtabidie it ht@eviear t he

centre 25 of thetuby arg sactdQn L and will flow up into the tertiary gas
outlet 74. The arrangenent of theé entrance 75 of the tertiary gas outlet 74

bel ow the | evel atThghibolt tidwe stearigemt i7al o dilek ivgssotl iR condenuisoBd] 63B,
63C and 63D inject fluid_ into . the tubylar section 70 will 30 generally,

i nduce the gasévolf%j ESimfdREnt s &il r"T%Ja%h ﬁfl%tc?djj“ i et "?f_‘fa]nlq&/ld
opposite, when ssgeRJIrHEM entd QKW siHdA0110M. Theh sl aokw se
circulating eddy current 78 of substantially dry gas, which circul ates as
WO 03/ 055575 PECEMEROZLMBedetwepm 15 and 25 degrees Celsius. At this

temperature waxes and hydrates will melt and will float
up above the water in the liquid collecting tank, such
that a top layer 81 of wax, hydrates, condensate and

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

layer 82 of water.

Water (H0) is discharged through a water discharge

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

20 hydrocarbons (CyxHy) are discharged via a central

hydrocarbon liquids discharge conduit 83. The discharge
conduits 83 and 84 may be equipped with valves (not
shown), which may be controlled such that the
water/hydrocarbon liquids interface 87 is maintained at a
25 substantially constant level.
If desired water and hydrocarbons may be discharged
from the vessel 62 via a single liguid outlet at the
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
vertical tubular section 70 of the secondary separation

vesgel 62 and the conduits 63, 63B, 63C and 63D are



a result of the Hrsch-Rankin effect in a direction opposite to the outer
stream 77 of condensables further enhances the separation of dry gas from
t he |iquiwoanssssrs solid conponents. The vortex breaker 72ChaPozi4seni cal 5
shape and the top of the vortex breaker 7Z(erforns as a vortex seeker for
the clockwi se rotating central eddy current 78 of dry gas. The bottom
section 71 of jbgrygssrh/62 ééuﬁgﬂbapﬁgthmhlﬁragéhh89v§§kb%1§9 whi ch
maintain the collected liquid solid conponents at a substantially
const ant tenpetﬁ@@ﬁéubéﬁﬁeéﬁOESSbﬁwn?St@egﬂbéélEEﬂ§P9§ltﬁpnthﬁswax,

t emperat ure wax y n floa Vi wat er
inthe liquid c% glﬁgg g?esuchdngkhegag?g%hbg EH EE9§E 888 & yaggtes
condensat e andTié @lheashydboeabbahlbnqurdﬁsaGXEM$ pmbfethbap abbyeta | ower
| ayer 82 of water. Water %HZO) is_di charged t hrough a wat er dlscharge
condui t° 64 at the %6%%6n? fthRgeyESULiNg2SehALFEXE Fﬂ@poﬁ??Fﬁr@ of wax,

hydrat es, Condfeéeusnépdbgkn@énZQohxﬂaogabban§ coxkh cargrdi gaharged via a
central hydrocarbon |iquids discharge conduit 83. The discharge conduits

83 and 84 may beubqugpped wi th val ves (not shomn) whi ch may be controll ed
such that the watgr/h carbon Liquids inte ce_87 1s.naintalned at a 25
substantially consf%ﬁt%Fé€%F£ apf 5%@%?eaeR%F%? §ﬂdaﬁya?%%¥r88ﬁgrﬁﬁ

di scharged fremthe ve$eRti62 VEaadssi Ngk€uli guirdsephketiay tsbeldbottom of
the vessel 62 for further separation in a separation_unit (not shown)

downsti®am of Paetiesss| feom BogéﬁﬁPBﬁafﬂylghétﬁéﬁFexIBr§5Rega?zcﬁﬁélﬂﬁe
Vessel 62 and SRC CoRat s 65 “odh: "3t and 3D S e b 04 GesBTEC
PCT/ EP02/ 14864sources which promote droplet growth of liquefied
condensables. The solid particles will flow together with
the liquefied condensables into the liquid collecting
15 tank of the secondary fluid separation vessel and are
- thereby separated from the tertiary stream of
condensables depleted, substantially dry gas, that is

discharged from the top of the secondary fluid separation

vessel.



- 20 heated and/or equipped with ultrasonic vibration transducers (not
shown) to inhibit deposition of wax, scale and hydrates and ot her fouling
on t hese wormpos®smt s. The ultrasonic vibration transducer PCErEPIBIEHS y
vibrate 5 the walls of these fouling sensitdyve conponents at a frequency
bet ween 20 and 200 KHz to shake off any fouling. The nmultistage fluid
separ at l@gyageendl y according to the invention is also useful for
separating solid 10 particles froma gaseous fluid stream In the gas

cooling devices the solid particles will serve as nucleation sources
whi ch pronote droplet gromh of liquefied condensables. The solid
particles will flow together with theClbghefi¥dScondensables into the

liquid collecting 15 tank of the secondary fluid separation vessel and are
t hereby separated fromthe tertiary stream of condensabl es depl et ed,
substantially diy gaspulithattage Histhasgesrdt oonthessnplof cohersecngdary
fluid separation vessel. WO 03/055575 PCT/ EPO2/ 14864 - 21 'IS 6320 FC'
CLAI MS 1. A mils Kadi¥s HoREpardts orPasSedi§V tomprvai 7ly: e2she or

more primary gagwoQl ingneeri &8s &P 83chai have @chaanelbheds a@fﬂ:?{:he

solidified condensables enriched fluid outlet; and 5 a secondary u

separ ati on vesseluithwuiglet t tbrd ar section of which a central axis has a
| _is_connected

substan%i ally verta{ csaelcoor t}lt d_orient atit—f)nd whi ch vesse _
to sai d”condensabl s enrf%ﬁ%dyffiﬁ%écﬁﬁ3%ﬁacﬁ VTERRt DORE 2 SR GES
cool i ng devi cessethigreidr deliidly HddMlral axis has a substantially
| vertical or tilted orientation, which vessel is connected
to said condensables enriched fluid outlet of at least
one of said gaé‘cooling devices, wherein during normal
10 operation oﬁ 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
of liquified and/or solidified condensables is induced by
gravity and centrifugal forces to swirl in downward
15 direction alongside the inner surface of the tubular
section of the vessel into a liquid collecting tank at or
near the bottom of the vessel for collecting a tertiary
mixture of iiquified and/or solidified condensabies,
which tank is provided with one or more heaters for
20 heating the tertiary mixture to reduce the amount of
solidified condensables and with one or more outlets for
discharging the tertiary mixture from the tank.
2. The fluid separation assembly of claim 1, wherein the
liquid collecting tank comprises an upper liquid outlet
25 for low density liquid components and a lower liquid
outlet for high density liguid components.
3.A The fluid separation assembly of claim i or 2,
wherein the tubular section of the secondary separation

vessel is equipped with a tertiary gas outlet conduit



10 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 tewoDicangss3iream of liquified and/ or solidified comd@rrrabi4sss i s

i nduced by gravity and centrifugal forcesppo_swirl in downward 15
direction al ongside the inner surface of the tubular section of the vessel

into a liquid call.ecting tank at. or. near the bottomaof .the vessel for
collecting a tg}atwlélr%/ ar?rilxrfalu(?kte ' lcfkl1 qlusl 1(?‘1ioeccfjl aen(%j)/%tr Lol Tt i & B t_élrcl%fa)\bl es,

which tank is pray ded wid oanelof dadeidreaters for 20 heating the tertiary
m xture to reduce the amount of solidified condensables and with one or

nore outlets fdr dRSchardifngePREatd O FEFSHOuCE et e tAiein thee
fluid separati W%Ly idR Lo nher el they o d qui I i t ank
conprises an u%%er T qui dseg%at)%ettalan% For 1ow dengﬁy %S?%o%%%%%%t s. and
a lower51iquid tegt wetidhorishinghidessidry Homuwid dorpodants: $SectThen fdmwd d
separation assenbly of claiml or 2, _wherein the tubul ar.section of the
secondary sepa&éﬁ Rt AL S %htﬁleptpec‘d’qﬂe‘{ﬁc ad eﬁ“fﬁaﬁ‘%ﬁ‘?‘;as outl et conduit
WO 03/ 055575 PGIAERQAH L4864, coZdidlaidGigh ddheta WhieHl i 5r logated at or
near the central axis of the tubular section. 4. The fluid separation

assenbly of cl &uad,amtesddiien end sesoriaryh et &idich Wassel has a done or
di sk shaped 5 top which:is maunted on f g ol ke fubylar, sectjqn and the

tertiary gas out’l ef Conduit i's-arrangéd substantiallTy co-dxia

centraloaxi s oflilge fitdébral/ =e ddlont ahid passededdulsiugh aattthap. fhaidhe
fluid separation assenbly of. claiml, wherein the 10 |iquefied and/or
solidified condefidat & &frilared fAMf PTIRANEeTET ROV aBIoSHEDrifrary gas

cooling deviced$nected to a secondary fluid injection conduit which

injects in use the condensables enriched fluid in an at
least partially tangential direction into the tubular

15 section of the secondary separation vessel.
6. The fluid separation assembly of claim 5, wherein the
central axis of the tubular section of the secondary
separation vessel has a substantially vertical
orientation and a plurality of secondary fluid injection

20 conduits of a plurality of primary gas cooling devices
are connected at regular circumferential intervals to
the tubular section of the secondary separation vessel,
which conduits inject in use condensables enriched fluid
in an at least partially tangential and partially

25 downward direction into the iﬁterior of the secondary
separation vessel.
7. The fluid separation assembly of claim 1, wherein the
liguid collecting tank is formed by a cup-shaped tubular
lower portion of the second stage separation vessel

30 which is substantially co-axial to the central axis and
has a larger internal width than the upper portion of

the vessel.



connected to a secondary fluid injection conduit which injects in use the
condensabl es enriched fluid in an at |east partially tangential direction
into the woliosss7d5 section of the secondary separation v@sIgiPo2/6186dhe
fluid separation assenbly. of claim5, whergjn the central axis of the
tubul ar section of the secondary separation vessel has a substantially

vertical orieptati,on d. lurality of secondary fluid injection 20
conduits of a grur%??t€ﬁ%*gp$?%%??tba% %%%?ﬁ%gyd%%iggglma#e %@%ﬁ%&Fea at

regul ar circunf;ereaki Brebiber val srtangtleihubukarn nseeticen o@f thike secondary
separation vessel, which conduits inject in use condensables enriched
fluid in an afeFeBSRrPaPEPArRyiPENYERERAI Panuepar thal LPves eo@nwdr dhe

direction into Lot epi.ot _of e condary- ratiaon sel. 7. The
fluid separatiBﬁggéégngFggé?ﬂcF%?nFﬁg %E%?g%nC?EEQC?FQ [ %%%rlecting t ank
is formed by adcupFlsdapkdid ubeparatlowesspanblonodf clhemsecondestagethe
separation vessel 30 _which is ngatant'all co-axiaIPgo the.central axis

and has a | ar §eFSTREEr AEI PRPYLREEhYA S LhE G pPEr MPSEFt MRTEFC e vessel . WO

03/ 055575 PCT/ P24 L4884t randduc8rsTher! hkbdssapatati-aBoasserbhy--0h elsai m
1, wherein a vortex breaker is arranged in the interior of the secondary

separ ati on vessel obet acenompenkorer oénthef asrembiybiibaingébtiton and t he

liquid collectiing tapk. 5 9. The .flLuid separati assenbly of claim1,
wherein the - aSSRRBE) PR BRotPaca WEH SRECGRCRBREE Eraborre oy bIArd on
transdycers foan#ypeship@ruttsasantBini bhat b@ASmbOK.. one- or conponents of
the assenbly to inhibit deposition of solidified condensables, such as
ice, wax 10 andPorThg drbtEd sep3Frhiehea 2se®pby yof claims 5, 8 and 9,

wherein at least the secondary fluid injection conduits
and the vortex breaker are equipped with ultrasonic
vibration transducers.

15 11. The fluid separation assembly of claim 9 or 10,
wherein the ultrasonic vibration transducers are
‘designed to vibrate in use one or more components of thé
assembly at a frequency between 20 and 200 KHz.

12. The fluid separation assembly of claim 1, wherein the

20 liguid céllecting tank is provided with a grid of
heating tubes which are designed to heat the liguid and
solid fluid mixture in the tank to a temperature of at
least 15 degrees Celsius. |
13. The fluid separation assembly of any preceding claim,

25 wherein each gas cooling device comprises a primary
cyclonic inertia separator comprising an expansion
nozzle in which the fluid mixture is cooled to a
temperature lower than 0 degrees Celsius by a
substantially isentropic expansion and in which one or

30 more swirl imparting vanes induce the fluid to swirl
into a diverging outlet section which is equipped with a

central primary condensables depleted fluid outlet



10. The fluid separation assenbly of clains 5, 8 and 9, wherein at | east
the secondary fluid injection conduits and the vortex breaker are equipped
wi t h ul t ra®@aiosss7vi bration transducers. 15 11. The fluid Pepaprar/i43m
assenbly of claim9 or 10, wherein the ul bpasonic vibration transducers
are designed to vibrate in use one or nore conponents of the assenbly at
a frequency betmeqﬂ 29 and 200 KHz. 12. The fluid segaé?tion assgngly of
claim 1, wherei FOTHE T 2 40 QUESF | 88T PRGEE &nk T SCBrabl a8d RE iP5 %ri d of
heati ng tubes Wiy ave-Tesi goegui©. heat the liquid and solid fluid
mxture in the tank to a tenperature of at |east 15 degrees Celsius. 13.

The fluid separ¥ti dheaddanis] ysfaraiii @t eyl €1 f iglas Wherdiereteh gas
ina devi . . ' T Rg - €n
o expanston nooar &t iy DY TRRt e CHRERLE OB Bt PRARAL P IR LT

an expansi on noz I'd mxturée 1's cool é t énperature
| ower than 0 degresess Loh shoszby whislbst adétsabhydi sentcopleraxpanseon and

in which one or_30, re swrl jnparting vanes induce the fluid to swrl
into a diverging IT&XE%ﬁ?i%hggh?c%h sn%ﬁﬁf%pEa i PHPET SeRAEr 8PeBFY nary
condensabl es depletad, flahdi gyt ety VO 034 Oéétﬁgérg’gégpglgl 1486411324

conduit and an outer ‘'secondary condensables enriched fluid outlet conduit.
14. The fluid sepesmd orhassenbtlye oozt ntd3a wheperatusachopermary

Gesi gned 1o accate are (RETTRUN RISt Ere within the nossle to a supersoni c
speed, 10t her eby1 £oaien 1l dseghe difperaddisl lof hetddmith @assi ng
through the nozzle to a tenperature lower than -20 degrees Cel si us.
comprising 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
15 vessel and of which ﬁhe secondary condensables enriched
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
20 tangential direction, and which secondary fluid
injection conduits each have a length less
than 4 metres. .
16. The fluid separation assembly of claim'l, wherein the
gas cooling devices comprise chokes such as Joule
25 " Thompson valves.
17. A method of separating condensable components from a
- fluid mixture in a multistage fluid separation assembly,
the method comprising:
injecting the fluid mixture into one or more primary
30 gas cooling devices in which the fluid mixture is
expanded and cooled and condensable components are
liquefied and/or solidified and optionally separated

from the gaseous components by centrifugal force, and in



10 15. The fluid separation assenbly of claim13 or 14, <conprising a
plurality of primary cyclonic inertia separators of which the expansion
nozzl es awe 03msa53% anti ally parallel and equidi stant to th@Cer@Eroz/adse4 axi s of
the tubul ar section of the secondary separation 15 vessel and of. which the
secondary condensabl es enriched - fluid outlets are connected to secondary

fluid injection. caonduits which_intersect, the wall .of .t t ybul ar section
of the secondaf‘“ﬁbjs%ba? a?t?%?'ﬁr@e%geﬁ:oré{ierr‘%%%#%‘? %ﬁufjcfl]ﬁ?%rgﬁtl%gl CPHYRPVArE and
in an at |east pargd@linto 20 dangemdi-@l £ b @cdihOlet anghahi ch secondary
fluid 1injection conduits each have a length less than 4 netres. 16. The

flui d separation assemsityingf téleaivhreamedr elandansalyss @ulided i bas
conpri se chokes_such as,_Joul.e 25 0 on. v es.

separating cond%ﬁ%ﬁﬂ%?%%ﬁﬁgﬁéﬁ?§;$%%%$%QYff%¥ﬁ§n$%§%¥€t?§£29%%$%}stage
fluid separati giaasserd| yubuldwe $edtiosh cofprhbeings capeesl ngxidehdd uad

m xture into one or nore primary 30 gas cooling devices . in which the fluid

mxture is expaHRERENE EH61 WGPt odenshbte eohpehenteRar’? 1R quefi ed

and/or sol idifigd and optionally.separaledndgomte gaseons: £orpenenys by
centrifugal force, and in WO 03/ 055575 PCT/ EPO2/ 14864 - 25 which a stream

of condensabl essemvithiedfdwid Coaponemal dxisedtithe aubetandseytionid
"nto 8 secondalSt (it &' ST FTLOh VELeet STaVTE BEORrar” SECFYOer
whi ch ggcentralyaxi$r has) A1 subst ahdahd b Ves tisal n@hcéd| bedy sy eby adhan
and in which the condensables enriched fluid streamis_induced
centrifugal forces to swirl in downward direction
alonggide the inner surface of'the tubular section of
the vessel into a liguid collecting tank at or near the
bottom of the vessgel, in which tank the tertiary mixture
15 of liquified and/or solidified condensables is collected
and heated to reduce the amount of solidified
condensables and from which tank liquid and/or
solidified components are discharged thfough one oOr more
outlets.
20 18. The method of claim 17, wherein the fluid mixture is
a natural gas stream which is cooled in gas cooling
devices comprising one or more pfimary cyclonic inertia
separators to a temperature below 0 degrees Celgsius
thereby condensing and/or solidifying aqueous and
25 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 to a temperature
above 15 degrees Celsius to reduce the amount of gas
30 hydrates, and from which tank low density hydrocarbon

condensates are discharged through an upper ligquid



to swirl around the central axis of the tubular section of the vessel such
that a tertiary mxture of liquified 10 and/or solidified condensables is
i nduced bwogsasisty and centrifugal forces to swirl in domawmapd/dissect i on
al ongside the inner surface of the tubular section of the vessel into a
liquid collecting tank at or near the bottom of the vessel, in which tank

the terti 1 Xt 15 of . | iguified d/ lidified d bl '
col I ected  and HEated 187 Eddce PRE SHoORE=GRSS6PTRITEER® Cofidensabl es and

from whi ch tankgkkgukdgandtntousnl hdibived coppereBlsiate di scharged through
one or nore outlets. 20 18. The nethod of claim 17, wherein the fluid

m xture is a natural gas streamwhich is cooled in gas cooling devices
conprising one or nore primary cyclonic inertia separators to a
tenmperature bel ow O degrees Celsius thereby condensing and/ or solidifying
aqueous and 25 hydrocarbon condensates and gas hydrates and the tertiary
fluid mxture conprises water, ice, hydrocarbon condensates and gas
hydrates and is heated in the tertiary fluid collecting tank to a
tenperature above 15 degrees Celsius to reduce the anount of gas 30
hydrates, and from which tank | ow density hydrocarbon condensates are

di scharged t hrough an upper |iquid WO 03/055575 PCT/ EP02/ 14864 26 outl et
and high density aqueous conponents are discharged through a Iower liquid
outlet.



