1 METHOD AND APPARATUS FOR FLUI D SEPARATI ON The present invention
relates to a nethod and apparatus for the separation of multiphase fluid
streans. The nmethod and apparatus find particular application in the
5separation of nultiphase liquid streans, especially the separation of

hydr ocar bon wd roquogsizf rom wat er. The net hod and appar at wgtayRepasdsocul arly
suitable for the purification of water produced from subterranean oil and
gas wells. Hydr ocar bons produced from a subterranean well, such as
oil and gas, are acconpanied by quantities of other materials, including
water. In sone cases, the 10vol ume of water produced froma well can be
significant. I'n manyVEi MﬁHPS%‘PR%ABV%EMW%EPA%AE%OSGd of by being
rei njected underground, either into the sane well fromwhich it is
produced, or a neighbouring well. The requirements for the purity of the
wat er being reinjected in such a manner are strict. In particular, it is
inportant that the solids content of the water is |ow and that the water
contai ns a 15m nithapresens dnventistm relates & amethod hnd dppargam rdlle, separatica afequi r ed

t hat the watgef. Qi i I I n_.4 il.a | ess
than 2 ppm ng%lgﬁﬁ%{%ﬁ] 1Igs %@g @g%@%ﬁ%@E@gﬁ@;&ﬁﬁﬁa&ﬁm?ﬁr %%??%IOH It {c?;lgati ons.
These redui repasaiion ofusitifheserfispid streamg espetiellpthe veptativhef inelrdcaftvam beconi ng
pl ugged and : I I ir nt s..pert.aini 1o ef_r.einjection.
20Convent i Onl%%#?@ n‘."’%g‘gsT g’%%)ld%‘gﬁﬁ }%‘%ﬁ%ﬁﬁ%@?h&ﬁ%@e &’éf r produced
from wel | s reafiyatioornf meicnpedtded fromedupstentpoman bilendige vadisset t 1 i ng tanks, into
which the mxed fluid streamis fed and separation of the lighter oil
fraction fromtheﬁ gens%r vvatgr J{ractiog t akes Iaca1 under .the action of
gravity. The very SHEFPOR] FEEF THE 2P PIeInsat By SEph 3541780 8P 2he wat er
requires a leocgngaeit deqontitidd difier takghls) inflgdiMesart. nRoRkdeks iy 25gravity
separati%n tplbe ffective. ghis in turn requires the vessel to be of a

| arge volume &R it Rrqucsideatn Wb 6P e Rbent nrsnkaiiges tee and
instal | cl oggodued Reeviellspaadof By RiUubHRRtl Q& £:180nd, kgLt tHelkai®Y not be
feasible to facture a vessel with_ sufficient burst or collapse strength
to operate l]%’ggéjonfw IRy Bodutercor grsighpousing well. The requirements for the

purity of the water being reinjected in such a manner are strict. In particular, it s
important that the solids content of the water is low and that the water contains a

15 minimal amount of entrained oil. In general, it is required that the water for
reinjection contains less than 400 ppm oil and less than 2 ppm sand. Still lower
values may be required in certain locations. These requirements must be met in order
to prevent the well from becoming plugged and to meet legal requirements pertaining

to water reinjection.

20 Conventional techniques for cleaning and purifying the water produced from
wells ready for reinjection rely upon the use of seftling tanlks, into which the mixed
fluid stream is fed and separation of the lighter oil fraction from the denser water
fraction takes place under the action of gravity. The very small size of the oil droplets
entrained in the water requires a long residence time in a settling vessel in order for

25 gravity separation to be effective. This in turn requires the vessel to be of a large
volume. Such a large vessel would be costly to manufacture and install close to the
wellhead in a subsea location, Indeed, it may not be feasible to manufacture a vessel

with sufficient burst or collapse strength to operate under the hydrostatic pressures



2 encountered at many deep water well head | ocations. Accordingly, settling
vessel s are generally located at the surface, on a fixed or floating
platform This necessitates providing suitable pipewrk to transfer the
water fromthe seabed to the surface and return the polished water to the

seabed for wrabfoeedsb@n. I n addition, due to their size, poirlag:60bidsding
vessel s occupy a | arge volune of space on the surface structure, space

which is very often at a premum A further problemis that the separation
efficiency of the settling tanks is gerkerally | ow and only approaches
acceptabl e levels after excessively long residence tinmes for the water in
the tank. Thinsounterediatmnanydeerasase willbeaddbeationofAcchdinglinketiling versels are

Accordingly, Qf(ﬁ{flocgt d@at’%ﬁes‘iﬁrffa&r oftflg kg&g{?;‘%;’ogﬁnrﬁs%ﬁgtﬁ@hﬁ%h xPeQé%kikithyi ng

pr oduced wat & nalternative
t echni que foprowémg\sumgleqmtevfoﬂomtmsfexrmé watehBomslke seébed tmy:drsura?@cclaMe, often
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havi ng a h| AP P Favit y separati on, being
conmpact &nd taﬂseeihﬁg meseels)eﬁccnmva h@gep@hm&a of e an lti&rsgffmmtru@ﬁre;lﬁ;lagedr ocycl ones
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a pre-de-oiler c %%(gc intgmch t he oncen atlon of oil is further
reduced to dBBUF! %‘Y %gr Apg Himes LoF digavasr it Efafﬂﬁe éﬁéﬁ“g’c’l‘lﬁfﬁaﬁe?@he
de-oiler. A whohd Sithexhistusthe Addaddiehie 1Ry dheehrel Anepraeespidesti ve as
de-oilers only at lowliquid flow rates. For exanple, a typical maxinmm

t hr oughpi® .rglr@fmaw«sd%ea@ﬁt%forfmlttﬁambéq@l pEdeday (bpd). However, it is
necessary for the de-oiler assenbly to operate over a nuch w der range of

flowates, for exgdegat binfle 90Q:R0¢ny KDOWR XN OGY Gici?e technol ogy does
not allow the cycl one de-oiler to operate over such a w de range of

f1 ow at es andgehilenceomrennd fosh ditariasndeypilass pdbese idevicward ci ency.
advantageous in having a high separation efficiency compared with gravity

separation, being compact and an absence of moving parts. One arrangement of

15 hydrocyclones is a tiered or series assembly. The first cyclone in the series is a bulk
oil-water cyclone (BOW), in which the oil concentration of the feed is reduced from
as much as 50% to 15%, by volume. The water is then passed fo a pre-de-oiler
cyclone (PDC), in which the concentration of oil is further reduced to about 0.2%.
The final stage of cyclone separation is the de-oiler. A problem exists in that the

20 hydrocyclones are effective as de-cilers only at low liquid flow rates. For example, a
typical maximum throughput is of the order of 1200 barrels per day (bpd). However,
it is necessary for the de-oiler assembly to operate over a much wider range of
flowrates, for examiple up to 40,000 bpd. Known hydrocyclone technology does not
allow the cyclone de-oiler to operate over such a wide range of flowrates and achieve

25  aconsistently high separation efficiency.

Accordingly, there is a need for an improved separation sysiem that is able to
achieve a high separation efficiency over a wide range of fluid flowrates, It would
also be very advantageous if the system was able to be located at the wellhead at a
subsea location, where the fluid leaving the well has the highest temperature and the

30 least viscosity.



Accordingly, there is a need for an inproved separation systemthat is able
to achieve a high separation efficiency over a wide range of fluid
flowates. It would al so be very advantageous if the systemwas able to be
| ocated at the well head at a subsea | ocation, where the fluid | eaving the
wel | has theydher@hestiat enperature and the 30l east vi scosipbyige28d7/000601 EP 1
352 679 discloses a separator for separating a nultiphase flow, the
separator conprising an inlet for a nultiphase fluid, a plurality of
outlets, with at |east one outlet being provided for each separated phase,
and a mai n annul ar_tubul ar bore. The separator operates to separate |ighter
and heavi er conpdifeh?® &y disipsisrgeraraior loupegasmstiog 2 myliphise owethat | onal pat h.
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difficult [ n asonabl e, t.i 2 374 028 A
di scl oses a fé)é&gé %Ctngllr? ? PBI"%C fat SH%EC\}\%’?@ %f%f?@%‘néﬂ%ea’iﬂteﬁﬁmgui ortex
separator t dhrsen;waeoztth prebettkheofatdrii@nobding ll’eﬁijﬁc'tddehMﬁIyﬂﬁto aklneddrg®uhd ant

oi | /wat e m turel e hrough ,a stack, of tilted es to em)ve
further f(;()l | 'SFBHiC8 2“??683? g‘ﬁé’ %Ftheff‘?éer’s@@tn‘é?ﬁsw @’r‘g"‘%ﬂsy@fﬁ‘ thithi e
capabl e of siepaw atsheg, sabll thbrerewahdig mingtetRépleapbdll Be 06t ciu@¥idd Wich
sufficient separatLon for the r .to be reinjected in{o an underground
formati on. gg %"i‘cﬁlﬁp’fs SY%@P]\QI\?W@EHO%@@BI dpgyee QH'&‘FH?P%T@%(H‘ $Bbar at i on

t echni que tQilﬁﬂab,hﬁndﬂthbdsﬁ'li&%thﬁﬂMte@so‘hﬁﬂﬁl@ﬁﬁ‘ﬁ fiathcbe separated, in particul ar

streans of water and oil, such that the water may be suffici ently cl eaned
of oil to allow for. rej njﬁectlon into an underground formation, According to
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mixture is passed through a stack of tilted plates to remove further oil droplets from

the water, The system of GB 2 374 028, while capable of separating oil from water, is

not capable of providing sufficient separation for the water to be reinjected into an

underground formation,

20 Accordingly, there is a need for an improved separation technique to enable
multiphase fluid streams to be separated, in particular streams of water and oil, such
that the water may be sufficiently cleaned of oil to allow for reinjection into an

underground formation,

According to the present invention, there is provided in a first aspect, a method
25 for separating a multiphase fluid stream comprising a heavier fluid component and a
lighter fluid component, the method comprising causing the fluid to flow along a
helical flowpath in which the critical Reynolds number of the fluid flow is elevated,
the fluid stream flowing at a Reynolds number below the elevated critical number, the

fluid stream flowing at a sufficient velocity to cause the fluid phases to separate.



lighter fluid conponent, the nethod conprising causing the fluid to flow
along a helical flowpath in which the critical Reynolds nunber of the fluid
flowis elevated, the fluid streamflowi ng at a Reynol ds nunber bel ow t he
el evated critical nunmber, the fluid streamflowing at a sufficient velocity
to cause thevd twgrehephases to separate. 4 The firstraspRebogds t he
present invention enploys the phenonenurn that a fluid forced to flowin a
confined conduit, such as between two plates or the like, exhibits
different flowregines to the same fluitd flowing in an open conduit or a
pipe. In particular, the forced fluid flow exhibits a significantly

i ncreased criti cdiReyawrEOl Heppsad inveptipn employsike pheperaindm thfdsid at  whi ch
turbul ent f1BWedROASinHVofihdd chithlft, Alch 9¥Serl/Bg, b Pl Aesee hRAIKE YexhBishe

signifi cantlg\é/ i ncreased, while still maintaining a non-turbulent flow
regi me. Ref ebBereatdloporesimes & g smedluid flowinglin Regnsp cerduifgnbeive. Brc to be
construed acgA{HiRghy rﬂy",‘n% Ae . hel i i) i give rise
to an el evatclgtg cragt%pfgfﬁ%gtﬁgynol gibrh}gﬁglgbfﬁ%%ﬁg drmgét!%f&% %ﬁ%ﬁ”\%@f@gﬁy of the
fluid caf benwibghitiat sk Reynplde nemkee dt Widethtinpileng flowéegiap aftat induraof  t he

different p the.eritl Y, ; her.: | eater than
10, 000, mor e ] IRR Yot Nl B SRAYRle R Rl 38057, 1
present i nvewtbiient frvoregtes Refaretchod ah delewgdaridtil Rgyeoldauiuiibph asgo b ui d
stream conprj.si heavier fluid conponent and a lighter fluid 15
conponent, tcﬁ{?:\énrr}rlgct1 "6’8%?’&"?%” sing causing the fluid to flow al ong a heli cal
fl owpat h extending around a central conduit, the fluid flowng at a
sufficient vel ociByyotdngththelicahBovgaghdoes td kive dscoonnereqtd éhicalove to the

i nner region of the helical f.lo t h; d collecting,the lighter fluid
corrponeﬁtg iﬁietyﬂgﬁ%%w &|fh668ﬁaa?a?93?ﬁ1@f023?&f%}éc & S?%‘ffti’fﬁ’i‘ﬁflydf‘g‘?‘t‘ﬁeg’ aspect
utilises thensdnoingnienepamish ditieniciiate phises OPrefepipl tHRGritihe RBWMl ds nunber
of the fluid stream Th% CLHJ cal Re omjs .nunber&xts)‘)}) e fluid flowis

el evat ed, WHPEHRE R hE L3P Wamere iRl st than ﬂé -at a Reynol ds nunber
bel ow the elevated critical nunber. In a further aspect, the present
invention provi desa &colt RPekt iR préRRBAMNNIpRAVides a method for separating a

multiphase fluid stream comprising a heavier fluid component and a lighter fluid

15 component, the method comprising causing the fluid to flow along a helical flowpath
extending around 4 central conduit, the fluid flowing at a sufficient velocity to cause
the lighter fluid component to move to the inner region of the helical flowpath; and

collecting the lighter fluid component in the central conduit.

Preferably, the method of this aspect utilises the aforementioned principle of
20 clevating the Reynolds number of the fluid stream, The critical Reynolds number of
the fluid flow is elevated, while the fluid stream is maintained flowing at a Reynolds

number below the elevated eritical number.

in a further aspect, the present invention provides a method for separating a
multiphase fluid stream comprising a heavier fluid component and a lighter fluid
25 component, the method comprising:
causing the fluid to be forced along a first helical flowpath, the first helical flowpath
having a first pitch, the first helical flowpath being sufficiently long to establish a

stabilised rotating flnid flow pattern for the stream;;



mul ti phase fluid stream conprising a heavier fluid conponent and a |ighter
fluid 95conmponent, the nethod conprising: causing the fluid to be forced
along a first helical flowpath, the first helical flowath having a first
pitch, the first helical flowath being sufficiently long to establish a

stabilised wap adobingsizl uid flow pattern for the stream : pepcBadssShidgoit he
uniformrotating fluid to fl ow along a second helical flowpath, the second

helical flowpath having a second pitch, wherein the second pitch is greater
than the first pitch; and renoving the 3ighter fluid froma radially inner
region of the second helical, flowath. 5The nmethod of the present invention

i s suitabl e $8°¢ HE WsEpat widtien o tafgw alene k prraséhdlics ipvewredrsedoné | udi ng
streans corrpﬁaz@airfgm@aﬁzﬁﬂng@g&oﬁd%&a%@é}aﬁ%s@&ﬂd Ah QIR B, 083 phases.

The nmethod is particularly suitable for the separation©o ti phase
quuid-liquﬂ@§§ﬂWbﬁW§. The nethod is particularly advantageous in its

qui 6. The e . nits
caucous 10 arrogRg AR, L Ao (I AR eRon RO RO B e o

crude oil fromwater produced froma subterranean well, prior to the
reinjection of thNdeprethdedthewatsent invettpnan suitatliefgrtbusegahiomeianpn.

The net hod i L Gul I | e for separating a m.nor, fraction of a

di sper sed 1 TPBARt bR S fed e RPRE S s RadutEh shBEinda Tl ufa.
Pref erabl y, dbSiheiotd glapbased. | Thednetiroddd paoticulslytshitatds Sparesechrphase. In
the first st .of . ration t hod, .the incam fluid.is divided into
nmanageabl e 6%@? 6ﬁéﬁilﬁﬁﬁﬁﬁa&?ﬂﬁuﬁﬁ%ﬁF 0?FHWﬁFﬁ@gy?%%B@gggﬁﬁgéhd. The or
each porti orefiidenpyef epabting Hquisiyderusets, toetiahoridd @l, kymenteasa separ at or
region, thereby inparti sufficient rofational velaocity on the fluid to
cause t he pﬁggég&g%“ﬁ@ﬁﬁ%mP%oé%ﬁﬁ¥@G%P he segarpiion ¢ficde pHifioger e par at i on

t he phases ipfoduoed Sbmhaandbiengaegél, eriand teoainpsae oftthepebyealhewingg t he

di spersed phase,to fqiﬁhas.larger droplets. The fluid streamis then caused

to rotate i A & GRGERY OB under pressure, so that the fluid i s subjected
to a high centrifugal force, allowing the fluid to forma stable rotating

flow pattern. | nTaeeemol@s @bl Bedielheiepitild ddifoPRasRs of § om
dispersed first fluid from the bulk or continuous phase of a second fluid. Preferably,

15 the lighter fluid fraction is the dispersed phase.

In the first step of the separation method, the incoming fluid is divided into
manageable portions allowing a suitable flow rate to be achieved. The or each portion
is preferably first caused to tangentially enter a separator region, thereby imparting
sufficient rotational velocity on the fluid to cause the phases to begin to congregate.

20 Inthis cylinder separation, the phases in the stream congregate and coalesce, thereby

allowing the dispersed phase to form as larger droplets.

The fTuid stream is then caused to rotate in a compact helix under pressure, so
that the fluid is subjected to a high centrifugal force, allowing the fluid to form a
stable rotating flow pattern. In order to avoid the different fluid phases from
25 becoming further mixed, in particular emulsified, the fluid stream is stabilised into a
flow regime that is below the critical Reynolds number (that is the Reynolds number
above which the flow regime is turbulent). The critical Reynolds number will depend

upon such factors as the viscosity and density of the fluid stream, the velocity of the



25 becoming further mxed, in particular emulsified, the fluid streamis
stabilised into a flowregine that is below the critical Reynol ds nunber
(that is the Reynol ds nunber above which the flowreginme is turbulent). The
critical Reynolds nunmber will depend upon such factors as the viscosity and
density of tW@zdbbbseizstream the velocity of the 6 fl uipdrsisreanand t he

di mensi ons of the conduit through which the streamis passing. Preferably,
the fluid is stabilised in a transient flow regine, thus keeping the

dropl ets of the dispersed fluid phase attive. In the present invention, the

conpact helix is arra d such that the Reynol ds nunber can be

si gni fi cant | YUAREFHE diasions oA fhesepduitithrgpatshiple the stipam 8 p8ssing  havi ng
the fluid i an@fe!raM@ AR ﬂtﬁ’cﬁ 1stsfa8ﬂ§ééihgmﬁ£s£ﬂt QWer@@in@Qhusﬁ%é@ n@the@fdRal -
generated for_ exanple a fluid is caused to flow between two faC| ng

plates, is k?fdb\ﬁ]dlpg?rqeﬁélugimhase]qque ép thearespny l@f‘?—‘pﬂl@yéﬁ compedidelptigsent
i nvention, 'cﬂmﬂﬁgﬁsrucﬁ Shabinb R\é‘&rﬁnlcﬂ %'Lb dy%ﬂ%éﬁ ﬁ!ﬁcefn‘ﬂ h%h‘éxeﬂh bk Vs D€

achi eved, Whl e mai ntalning on- ent ow regime. In
this way,> t h@itisalgupder mhﬂ@ﬁtﬂt lhféfmahq Buid inphlagérsae Qﬂmméltnonaiﬂw regner i f ugal

forces is e%ﬂ%ﬂgffect %?neratyi]ﬁ ﬁﬂ;ﬂ@wﬁ% f}gﬁfiflé Jaﬁ%edl?gh' ﬁ%e ceﬁ)Woat h should

be of sufficient |'engt 'ow t0 cen y establish
and stabili sfécitlglp]m@é. 1p bepyityie ghef drioWhisengfets's empbyedpneffeqn%hmnamnmamm ent flow

regi me. The fl ow regine
of the flui d&%?%?&% o%@gr&!’ HJIHI ﬁa%}mtwt& geg%ﬂrgq,g g}l'rs%irﬁle %1313& ngth 150f
the first heﬂlm@m alidneﬁmmtem ﬂdvffrdgtme rlechis wey thd soparnitgi afehccanobeptassabl | shed

qui ckly, 4 he wpat Il be correspondingly short.
Once a stotabl |se Fh %%forces &aﬂcéégh established, the fluid streamis

caused to flow along a flrst helical flowpath. In this step, the fluid is
acted upon by a déefanpfhugale frorieled dowpgRtieull FafisiBeRrRngeRMth toyalfoar ce, as a

result of bejng f.orced tq.fl 20al.on th .hel i cal t he effect of
e i ot o bR BRES st P e b b o R s B onr | cal
wal | and t hextfeghlyerrasiaatiioancginef Maehi@RDS R MHDiRELS, fPcdniRnbNd regi on

of the heli he helic ath has flrst pitch., It is preferablethat
the pitch oﬁhet &V Frét ‘?’%%ﬂk]? I]B‘agg’t“ﬁ pFoéﬁsé? teomehethyill St miFdhe PER | engt h of

the firsits heffitealrstfcDvpabRpatas Iftthaedliteh Hold 801de2a P8 gabBEIRASMICkSEd t hrough
t he helix pl ter, the fluid streamis led into a Second

tes. QEST%ere
helical flo it befipg) Honmaianvitl Be cprregprngnety Ty phase is recovered. The
second helical flowpath has a second pitch that is greater than the pitch

of the first heliogsd a ihompatdow Eﬁlﬁqeﬁﬁ%&g eRhlERedTaY% e &&e&t@@&usédwoughout
the length of the second helical owpat h. Howevér, 1n order to reduce

friction | odeBewialonggdirgtihglic! E@W@élm Iﬁ§h1&5tﬁé§hﬂ uidis asteeRwpr BssuUre, it is

preferred centrifugal force to create a multiple gravity force, as a result of being forced to flow
20 along the helical path, the effect of which is to cause the heavier fluid o be forced to
the outer cylindrical wall and the lighter fraction or fractions to migrate to the inner
region of the helix. The helical flowpath has a first pitch. It is preferable that the
pitch of the helical flowpath remains constant throughout the length of the first helical
flowpath, as the fluid flow is being pressurised through the helix plates.

25 Thereafier, the fluid stream is led into a second helical flowpath, from which
the lighter fTuid phase is recovered. The second helical flowpath has a second pitch
that is greater then the pitch of the first helical flowpath. The second pitch may be
constant throughout the length of the second helical flowpath, However, in order to

reduce friction Josses in the fluid stream as a result of back-pressure, it is preferred



7 that the cross-section area of the second helical flowpath increases
along its length. This is nost conveniently achi eved by having the pitch of
the second helical flowpath increase along its length. The pitch may

i ncrease step-wi se or gradually. In one preferred enbodi nent, the pitch of
t he second ebrwwabostlzowpat h i ncreases continuously 5 alpongshdvenbengt h of
the second helical flowpath. In a preferred arrangenent, the pitch
increases by up to 5% for each turn of the fluid flowpath around the

| ongi tudi nal axis of the flompath nDré7preferany up to 3% especially

about 1% f or h turn..In t ime is naintaj ned that
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the rotati onal vel OCIty of uid streami's I ncrease oOoas to generate
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in pitch may be stepw se or con
helical fl owba‘iehtqmoeas@@ndlr@mgreé Giosit thefliiellstryani. t&nﬂhﬁmpletsloéﬂ@t h. In order

to generate rea hn flud velo ehellcal fl owpat h
narrows in w %aﬁ?%%g?rg ?@F{hgﬁv eegffjldol?{las gkf%én%hf’éﬁ 58t eases. The
increase in r*ﬁCImmrﬂjlcvell acluidypurity Jpws @bereabhohicvodifitie: hosdsdh stabatmdyite critical
Reynol ds nugpﬁr gJ %Ege fI uid flow is not exceeded. The cross-sectional area
of the thir erred % ovvpath is such that excessive friction |osses and
back-pressure are avoided. 8 After the increase in the rotational

vel oci ty5 the fl Bhahid ﬁlrrﬁbmpeeahdhraﬁﬂpﬁﬁﬁ:aﬁdﬂi béeh@hdicak nfchipamath in the form
ARG TR R I O SR CE e A
est abl i shed so ko tgmaats b ag8ral VdiRx o€ AR (R Frh@h & irobd Whith lightGRUSEE, to
mgrate t OV\%E dw?thg awn. The increase in rotational velocity may be achieved using a third
helical flowpath, along which the cross-sectional area of the flowpath is adjusted so as
20 to cause the increase in fluid velocity required to generate the vortex. In one preferred
arrangement, the pitch of the third helical flowpath increases in the direction of flow.
The increase in pitch may be stepwise or continuous. Peferably, the pitch of the third
helieal flowpath increases along substantially its entire length. In order to generate
the required increase in fluid velocity, the helicat flowpath narrows in width in the
25 radial direction, as the pitch increases. The increase in fluid velocity is preferably
controlled such that the critical Reynolds number of the fluid flow is not exceeded.
The cross-sectional area of the third helical flowpath is such that excessive friction

losses and back-pressure are avoided.



5into the vortex, with the heavier fluid circulating in the annul ar region
extendi ng around the established vortex. At this point, a helical flowpath
need not be provided and the aforenentioned flow regi nes and the vortex can
be established in an open conduit, such as a tube or pipe. In this way, the
vortex is est@blowedaed at the exit of the second helical pilrewp@besdiOl N many
cases, the vortex induced in this way is relatively short, in conparison
with the length of the surrounding conduit. In such cases of a short

vortex, the stability of the vortex may8 be reduced, |eaving the vortex

susceptible to mnor changes in the flowate of the fluid. Accordingly, it
is preferred to gHE ithsancicane ke ¥otiosgl apioritss thedluichis elesied diem thathirde .
preferr ed_enaghTopain e Y5t % bt ORYs BERSPANaIIRPARGML, for removing

the lighter fluid that _has mgrated to and collected in the vortex. A
preferred neaRENg efre ebiiidr WMadindherosatiabicpiesf Ayidt hespamstioreyories i gui de cone
and gui de cQRgHjidhe®f ISk LABRS| SRS S oW i it in the
region of its oleﬁi ng ﬁn%%%’ﬁﬂée%l{g??@gﬁgﬁtﬁp{]ﬂ?%c%gsfwtéﬂégl%‘/%?%i&%gg

stabi | i sed Beerhawaisknvitthibe berviey findgirowlatofg in e apowduiegiomextending he bul k
fluid. 20Th [ in rte aration reqgion.wll contain
little or n%@ I g ﬁ%e%gaégﬂﬁrgn%k%’?\et&‘s zgtnthﬂ%o%ﬁf aélgfri%a?gg H‘f'{?\ n8ﬁ9‘7t}?{3‘”ﬁ%lavi er
fluid conporeftis afShoedtpngbiey tdzgsend denpaneande penblished hunbber separation

steps may b gl fol | .. I n referred,. odj, men t he
present | nvgﬁ§%h%&g ﬁg%r?g? ﬁ%ﬁg‘?'u}?’ \t,t\%@ﬁay’ztge g%f?ﬁr’? %Sgag’hi%%?rag%ﬁ@f‘hﬁﬁ{l%e f1 uid
st ream i nt o secolfl helebaf flasvehtlset t1i ng region, in which the lighter fluid
conponents are separated fromthe heavier fluid conponents under the action

of gravi,tyy. The velocit o{%th fluid streamin the fluid-fluid settling
regi on ilt(s) si gni f¥%]gﬁl%31 'ifig %o Wof%dﬁgqcﬁdw 1S SYa8 S L VR B h Y GIFEPPERPons or
zones. | n parititheleagth of the suBoundingebhidnitl $n &ieB Radehata dHoe vBeM)@leds nunber of
the fluid st{?gﬁ.m iist wel | bel %_%e criti cahl Reynol ds nunber, nost
preferably {* e} P e 1Y ot F8G e 2ving the VOpERfust@EPY © BHOTT I ui d stream
i's caused t@ha@tainhd Mowhe of kieifRhid | Adcdrd@lf, lid i9 BrefeB@H @proTide § mlegndmOSt
advant ageou%l y %C]hl eved tgty hjaw ng the rotatjon inparted to the fluid

or'stabilising the vortex. In one preferred embodiment, the vortex is formed beneath

15 aconduit for removing the lighter fluid that has migrated to and collected in the

vortex. A preferred means for capturing and stabilising the vortex is a guide cone and

guide conduit of suitable dimensions disposed within the conduit in the region of its

opening into the vortex. In this way, the vortex is stabilised both within the entry

region of the conduit and in the bulk fluid,

20 The fluid stream leaving the vortex separation region will contain little or no
lighter components and will consist mainly of the heavier fluid components. Should

some lighter components remain, further separation steps may be carried out as

follows.

In a preferred embodiment of the present invention, the method further
25 comprises introducing the fluid stream into a fluid-fluid settling region, in which the
lighter fluid components are separated from the heavier fluid components under the
action of gravity. The velocity of the fluid streant in the fluid-fluid settling region is

significantly lower than in the previous separation regions or zones. In particular, the



5stream upon exiting the vortex separation region. Wile the major
separation effect in this region is the gravity separation, the rotational
flowreginme will cause the lighter fluid conponents to concentrate in the
central or innernost zone of the region, allow ng for an easier renoval and

i nproved semas Abt/@as12TO assist with the separation of amyrigaRmmies | i ghter
fluid conponents, the 10net hod preferably conprises centralising the
rotational flow of the fluid streamwithin the fluid-fluid settling region.
This is preferably achieved in a manner?in which the cross-sectional area

of the fluid flow path in the fluid-fluid settling region is reduced in the
direction of V¥ oA B’i%ﬂlﬁ)ﬁéi”éﬁkgé’&n@?rrgﬁ}&efﬁﬂﬁﬁt}eam igivgl belendie qrificelne

lighter fluiReyaempanarr, host bRISRMY arhnt Taﬁ{ﬁérﬁ’i%wh@é’iﬁ{é. central region of the
fluid-fluid settling region and passed to the upper central region of the

fluid-fluid settling region. To prevent remi xing at the exiting vortex
region, an axi al feeftiebivgthpdlyidserenn indaksd ta wiashinihelnidgluid sghlirgregibui d
droplets to TVE dif: 4 ' £ i ' ' .y otating
bul k. phase. Th PRS! b porRRaZhath &y R iRe MU ABSLRRAR b G
conponentX i $rcanpeiceding the 2opasticatioarsgiorh Vhilaght exjoc seppotientfecaine noved

to the upper 1 f [ reqion, ich is,already. relatively
o Phe {ESHES BIE ST LR DD B IR
t ransport ed #uéd compongnts tv dohecnireinen the certiabor iumatmosttzhee eftheetionof gravity.

Moni toring, Jl Ut L:N fluid inj.ection ports and |lines may be
provi ded 95t%}113{{% e@%ﬁﬁég%lgﬁgﬁgg&dﬁpggﬁrgﬂégSF%%kOans within the system For
exanple, lines may be provided to inject pressurised gas or a gas-fluidised

liquid to cause Upwssidhwithrtwicpgratiethdflags réntirdseRgtdertiiuiDetgipohdies, Beavi er fluid
phase. Thjs I sist with the predgm nant | rayity separation effect.
In parti lr(yul an\r{\é?}%ljcidgqg?f\sexghfzfscg&pr@qﬁézﬁnt&a@mag ﬁqeaﬂtamona}/ﬂgw o¥the¥1u1d s%eam wﬁlc")un

the fluid-fluid settling region. This is preferably achieved in a manner in which the

cross-sectional area of the fluid flow path in the fluid-fluid settling region is reduced

in the direction of flow.

In one preferred arrangement, fluid richer in the lighter fluid component is

15 removed from the lower ceniral region of the fluid-fluid settling region and passed to
the upper central region of the fluid-fluid settling region. To prevent remixing at the
exiting vortex region, an axial cowling may be provided to enable the lighter fluid
droplets to move to the lighter fluid region unhindered by the rotating bulk phase. In
this way the separation of the lighter and heavier components is enhanced. In

20 particular, the lighter components are moved to the upper portion of the settling
region, which is already relatively rich in the lighter components, with the heavier
cornponents thus transported returning to the lower portion under the effects of

gravity,

Monitoring, fluid sampling and fluid injection ports and lines may be provided
25 that terminate at appropriate locations within the system. For example, lines may be
provided to inject pressurised gas or a gas-fluidised liquid to cause upwardly moving
bubbles to ascend through the heavier fluid phase. This would assist with the

predominantly gravity separation effect. In particular light phases, such as oil and



10 ot her hydrocarbons nay adhere to the surface of the gas bubbl es and then
be carried at a faster rate to the lighter fluid regions, as is comonly
enployed in floatation separation processes. If desired, the separation of
the lighter fluid conponent fromthe heavier fluid 5conponents may be

enhanced bywdmoashdiizi on of additives active in induci ngcgaeplo®boosor

coal escence of the lighter fluid conponent. Suitable additives are well
known in the art and are comrercially available. Scale inhibitors nay be
applied to prevent the formation of scdPe, in particular in |ocations where

there is a significant pressure drop in the fluid stream such as in the
inlet to t he?EWednees Or’tsﬁ@y&g%@'%mﬂ’? et pighe 2apophien andrihearbs caraigd e added

upstream of 4 faetef date3b tHLRBRr Nhid$ {s?z{s!ié)ébmxﬁéhlﬁér@ﬁﬁyéf&n%@a%e t he _
separation of the fluid phases. rrosion inhibitors may be required in the

system of pr¥EBERECNISEHNEHon, in particul ar downstream of the heli cal
separation assenblies. Coal escers nay be introduced as required in the

systemin order t : . i : i inhibitors
may be required \iﬁ%eﬁﬁ%{]?%e?gﬁ J%%)?‘g)g'ée}%? %Ié{gp%ﬁg%%&%gt f?‘f}ﬁ?ﬂg%ﬁﬁ"\é%eﬁs‘“?&i n order
to prevert tdvEmpepgastmdy besabinsad bf thejadditiorntfedditiaes anéiegintindvaxg dompldunds i n

t he regions J il . rati : Ltives that ma e enpl oyed
i nclude fri c@?lg%egéeégggﬂgr@?{%ﬁ?% (ft% %“b?%ﬁf ggll‘[&ggrigg%ﬁ%&cﬁi 50‘?%@%‘,0“?ﬁ%thrgenai ni ng
fluid in therpndewsymmididialyoaveilate. Nealpsthiletns mey je agiplisdie praantithe 20

conponent or o Th r.ef erabl assed .t.o fluid, renoval
region, in \/\%@@ggﬁ%lﬁd‘n:g@g gbg}ﬁ? %@P}é;alng?si W\kber%%lglgﬁsﬁ %g?lbc%‘?p&eﬁsé‘rehdé%i er fluid
conponent i sntlerfimikesireamihaich balindhsinteeanhe s/spreffekalibynciavsddnt o rotate in
the fl ui r ey alizzone th aid flui ream bei ng renmpoved fromthe
central I(rabegi ofi @#lﬁ%lﬁlénay P?J?Cgie?élﬂsgr\??i” °£gﬁ§{.fstﬁﬁg? ?fsgp {om Mg%é%vy
conponent s, eshaie &8 sepetitior of theMluichshabesk Sorrogion RRibEOk hegbe tequiteler t he
25acti on of tgrav enmoved

a

o6 basi s 42 SHerosPERe SR ot GOl EeeSvrhed ol e uEh el Feteino 0.
assemblies. Coalescers may be introduced as required in the system in order to
promote the aggregation of fluid phases. Wax inhibitors may be required when oil is
15 present as one of the fluid phases, in order to prevent the crystallisation of high
molecular weight wax compounds in the regions of high oil concentration. Other
additives that may be employed include friction reducers, hydrate inhibitors and

hiocides,

The remaining fluid in the process will consist almost entirely of the heavier
20 component or components, These are preferably passed to a fluid removal region, in
which a fluid stream consisting essentially of the heavier fluid component is removed.
The fluid stream is preferably caused to rotate in the fluid removal zone, the said fluid
stream being removed from the central region of the fluid removal zone. In this way,
any heavy components, such as sediment or the like, may be collected under the
25 action of gravity and removed from the system, for example on a batch wise basis as

sufficient sediment collects in a suitable receptacle.

A particular advantage of the method of the present invention is that it may be
applied on a modular basis. In this way, a wide range of operating fluid flowrates

may be accommodated and a separation process provided that may be applied for



A particul ar advantage of the nethod of the present invention is that it
may be applied on a nodular basis. In this way, a wi de range of operating
fluid flovvrates nay be acconmodated and a separation process provided that
may be applied for 11 extended periods of tinme with significant variations

in the fluievg fppesghput. This is of particul ar advant agectisbdaee@pnl | cati on
of the nmethod to separation in renote |ocations, especially subsea well head

operations. Accordingly, the present invention also provides a nethod for
separating a 5nultiphase fluid stream dbnprising a heavier fluid conponent
and a lighter fluid conponent, the volune flowate of the nultiphase fluid

stream bei ngﬁ’%@ﬁf%ﬁmﬁ)oﬂfﬁm with gani§east variafiens ie fe Td thernghorpihis sy
provi ding: a kst ik SARALALLARN3AETRLIA%, L9568 fXbAG.OUL the method

steps of: all ow ng a stream of control owrate to enter a
dedi cat ed sejgeatians, sspcaishesmbpsy wellbeaskapblaliensi ng a stabilised rotating fluid
flow pattern for the stream causing the stabilised rotating fluid to be

forced along a T ifcatuliel Al LLOMRRN A ADSTLERL kARl Jhapgatn having 2

first pitch; causin e“uni orm ro a second
helical fi owp'@lltimasc ﬂeldsewmcbﬂmisugalheﬂlmﬂmd tooyavemignda Sgloanthii t ch,

wherein the t t the f rst |tc nd renovi ng
the lighter %&%8%% Bf(l)enfog ra e O% 1}"ffner ha(‘s,)e %‘Hg)ggf Eﬁaﬁﬁel i cal
f1 owpat h; wherietion N&Etlms,m&&lﬁccﬁm;ﬁlsmg@r(ﬂhh@ :Ipiuamqoasﬂmﬁhazmndl fferent

fderowrate se ectln or .norg separation assenblies for
carrying out™the plig g)ﬁ%ryélf%% egyocfiseas f’g the volume flowate of the

mul ti phase fdnuwdagsatmaﬁbf afiibRedidvirad te &R dRakite@bpatition Hsaathy separ ati on

her ei nbef or
oser Do ™ estiB i ar st RS TR o SlroSPETE Lads 2 U1 9 MET S nbETOr e

causing the stabilised rotating fluid to be forced along a first helical flowpath, the first
helical flowpath having a first pitch; |
causing the uniform rotating fluid to flow along a second helical flowpath, the second
helical flowpath having a second pitch, wherein the second pitch is greater than the
15 first pitch; and

" removing the lighter fluid from a radially inner region of the second helical flowpath;
wherein the assemblies are operable to accommodate different fluid flowrates; and
selecting one or more separation assemblies for carrying out the method steps

according to the volume flowrate of the multiphase fluid stream.

20 The method steps carried out in each separation assembly may have any of the

preferred or specific features hereinbefore described.

In one embodiment, the modular separation method further comprises
providing a finishing assembly for carrying out the fluid-fluid settling steps described
hereinbefore, wherein each of the plurality of separation assemblies is connected at its

25 outlet to the finishing assembly.

In addition to the aforementioned method aspects of the present invention, there is
also provided corresponding apparatus aspects. Thus, in a first aspect, the present

invention provides an apparatus for separating a multiphase fluid stream comprising &



I n one enbodi nent, the nodul ar separation nethod further conprises
providing a finishing assenbly for carrying out the fluid-fluid settling

st eps descri bed her ei nbefore, wherein each of the plurality of
separation assenblies is connected at its 25outlet to the finishing
assenbly. | waddrtdsenr to the af orenenti oned net hod aspeetsgshoth@cnr esent

i nvention, there is also provided correspondi ng apparatus aspects. Thus, in
a first aspect, the present invention provides an apparatus for separating
a mul tiphase fluid stream conprising al212 heavier fluid conponent and a

| ighter fluid conponent, the apparatus conprising a helical flowath having
afluidinl eli*%a“&pﬁ?%?maw%ﬁtndfad%h@r Heid ¢praporenty ihe appatsishesmpriaing aa second

outlet for andiicallfo@pathltdlflg & AAROARAL firdk B?l#ﬁéiagﬁévi%]f@%%o?ﬁé ggy { or med

such that the critical Reynolds nunber o ] ui w ng al ong
the helical SeEPwvgsdetor aligiteiaidepmponent, thahebitddlapipyth betng femednethout | et f or

the lighter #bud. 6RMPONENT ;I ' saxl al rald f .the helical
path, in articulér opéﬂ?ngsbﬂ?gﬁgﬁﬁggggl ?ﬂ%Q%W§%EkP§5W¥§$M¥IUid condui t.
The hel i cal #H9vewgesklewigd.be arranged to provide the el evated critica

Reynol ds 10 nunber herei nbefore described. In particular, this may be
achi eved by adj usti intern ipensions .of the helical flowpath
according to @he%%%%%g$?§8§§% 5?%%f§fg?gg§?$§gﬁfpapggnb§ggg§§ d. In a
further aspewiallytctrdraly of drtheiioal path,ihoparpeudatiogesngmtagppat Alywsntfbligigapar at i ng
a nultig@@igxéhﬁid stream conprising a heavier fluid conponent and a
i ghter fl ui conponent, the apparatus conpri sing:
The helical flowpath may be arranged to provide the elevated critical Reynolds
10 number hereinbefore described. In particular, this may be achieved by adjusting the
internal dimensions of the helical flowpath according to the properties of the fluid

stream to be processed.

In a further aspect, the present invention provides an apparatus for separating a

multiphase fluid stream comprising a heavier fluid component and a lighter fluid
15 component, the apparatus comprising:

means for selecting a stream of fluid of predetermined flowrate;

a first conduit for establishing a stabilised rotating fluid flow pattern for the fluid

stream having a first helical flowpath, the first helical flowpath having a first pitch;

a second conduit having second helical flowpath, the second helical flowpath having a
20 second pitch, wherein the second pitch is greater than the first pitch; and

means for removing the lighter fluid from a radially inner region of the second helical

flowpath.

The apparatus comprises a first conduit having a helical passage therethrough,
through which fluid may be caused to flow in a helical flowpath. In order to avoid the

25 different fluid phases from becoming further mixed, in particular emulsified, the first
conduit is preferably formed such that the fluid stream is stabilised into a flow regime

that is below the critical Reynolds number (that is the Reynolds number above which

the flow regime is turbulent). The critical Reynolds number will depend upon such



means for selecting a streamof fluid of predeterm ned flowate; a first
conduit for establishing a stabilised rotating fluid flow pattern for the
fluid streamhaving a first helical flowpath, the first helical flowpath
having a first pitch; a second conduit having second helical flovvpath, the
second hel i ovab 2dob/0mpe2t h havi ng a 20second pitch, wherei rcrims:eeooeel pitch
is greater than the first pitch; and neans for renoving the lighter fluid
froma radially inner region of the second helical flowpath. The
apparatus conprises a first conduit ha'fng a helical passage therethrough,

t hr ough whic flowin a helical flo ath | n order

fl
to avoid thegc"f??uaiﬁ%?‘@%é@ﬁfy a?ﬁté?‘g&ﬁhg%gqurSHﬁﬁ‘%éE%YﬁI?f@WP@FIF ] SR8, in
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ow the critica

fluid strea lised into a flow reginme t
Reynol ds nug%‘éﬁpe(cf Wasi‘aﬁesd‘ﬁ%&%;ﬂﬁ‘éﬂeégthﬁﬁWJFSt&MPé ‘%Hlbé Hetewangd w regime is
turbulent). ¢ B?‘ro%éﬂti%& Sfahe 8y ﬁ@aﬁ%c%@ﬁéd V‘Px]eferéﬂs@)pﬁ{écto sSpifl,e 13 Tactors

as the viscosi é} density of id stream velocity of the fluid
stream and t Heh Hiaqia dluisiis Stébﬂiwden @éﬁmﬂlt flow ragirgh ﬂwmkewuugqfée droplsterafi s

passing. Acc@g Q!s?@kéﬂ ﬂ&ﬁ‘ﬁa?@&‘ﬁ'v@ ' & ﬁiﬁhﬁﬁﬁﬂly %’efg?r@& hﬁ’ﬁ%{:ﬁ@% ik fP ﬁa gl'ﬁ f the

first conduit w rmned b e properties ream be
processed. P?O@fi‘éP Biopprishregdltiube havingeh inferblelis suatestthatovidadief | ui d i s
stabilised ip &«{ﬁyg sient flow regime, thus keeping the droplets of the
di spersed fl UI d phase active. A particularly preferred arrangenent is for
the first conduit to conprise a regular tube having an internal helix in
order to provi de Triegergdi ofdlad ﬁlﬁtllmi/i/pxaﬂhwpﬁﬂnmﬂu‘emge firsodontdtue sHautdstte hel i cal

fl owpat h t it sh 10suf.fjcient to allowthe fluid
flow to IsdtMabglakfﬂ %]P?OngliOWrégggy chfStIE1 lvvss %Q%%qm OW rF%lfx?rlﬁ‘B%y a transient
fl ow regine. pr&ﬂa:abhr&ttcanmentfﬂdxz&mgmﬂwlme ﬁ&mﬁamthelﬂlﬁd aespoheninsoaats ddade | ow

regi ne of t |UId bei esse he, net e the Iength
of Sthe 111 st eine pbfle BhATRR Sheried inf e Pgw%mfrﬂnﬁé"% =8ufTi ci ent
| ength to aldfaw firkeheticardlofvpatht Mge ﬁerﬂﬁembeﬂmpataep@ﬂsafﬂ@m Rhgthhealldvght er
fluid phase Lom h. heavi.er ,fl ui d Ik ph he r U|re | ow
regi me can B&° Waf ch §eBtesH Eﬁ?f’fﬁhml?ﬁ %ﬁg ?}@éﬁl o e Tvicy fﬂ“g
15 bulk phase. If the required flow regime can be established quickly, the first helical
flowpath will be correspondingly short.

Preferably, the pitch of the first helical flowpath remains constant throughout
its Jength.

The apparatus is preferably provided with a feed conduit, into which the
20 multiphase fluid stream to be separated is forced, prior to entering the first conduit.
The apparatus preferably comprises a means for establishing a rotating fluid flow in
the feed conduit, Preferably, the feed conduit comprises a tangential opening, through
which the feed stream is forced, the arrangement of the tangential opening causing the
fluid to rotate as it passes along the feed conduit and be subjected to high centrifugal
25 forces providing an initial region of separaiion of the phases before the fluid enters the

first conduit.

The apparatus further comprises a second conduit, in which separation of the

different phases of the fluid siream takes place. The second conduit also comprises a



flowpath will be correspondingly short. Preferably, the pitch of the
first helical flowpath remains constant throughout its Iength. The
apparatus is preferably provided with a feed conduit, Into which the
90mul ti phase fluid streamto be separated is forced, prior to entering the
first conduiwo 20blvessappar at us preferably conprises a nearsTiceeestabl | shi ng
arotating fluid flowin the feed conduit, Preferably, the feed conduit
conprises a tangential opening, through which the feed streamis forced,
the arrangenent of the tangential openifig causing the fluid to rotate as it
passes al on%neﬁ_hc? feed condyit and be subjected to hi %g centrifugal 25forces
provi di ng anSift feaPath syieaing fhewih dp aprednred prensmshla fesewad spuithe f1 ui d

enters the fdobghisG&QnabY Raving kheltebi&aln flbxggmaa{auﬁnyea&&%&d&?thde%rseédﬁd In a
preferred arran@gerrent he "second condui t” conpriises a tube having a helix
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heavi er f | ui3ds,mheas pxsferablyaans 1 %dor eadmowi.ng the |ighter fluid phase is
provided within the second conduit. Preferably, the nmeans for renoving the

l'ighter [fluid conprise .0l | ect.ion condujt, extepndi.ng coaxially within the
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upstream portjon of the tube to provide the first helical flowath and a

second hel i X¥°B&TRAYCHUi ded in a downstream portion of the tube to provide
the 20 second helical flowpath. In such an arrangenent, the neans for

renovi ngst he |i githefeell botadiiNBy: £0RRIhS CoruBPhhPEihRRe 6@AM t ext endi ng
coaxially within the single tube, the _collection conduit having openings in

the porti on “BRPUHEISHG KL HIHUE HEO WO &t ¢ BarhoorvskabhpareT.ofe Fed t he
col I ection @bnduhitUiid: and second conduits are adjacent portions of a single tube, a first helix
being provided in an upstream portion of the tube to provide the first helical flowpath
and a second helix being provided in a downstream portion of the tube to provide the
20 second helical flowpath. In such an arrangement, the means for yemoving the lighter
fluid may comprise a collection conduit extending coaxially within the single tube, the
collection conduit having openings in the portion extending within the downstream or

second portion for the cellection of fluid.

In many circumstances, the provision of the apparatus with first and second
25 conduits, optionally with a feed conduit, will result in an acceptable centrifugal
separation of the lighter and heavier fluid phases. However, should further separation

be required, the apparatus may comprise one or moze of the following components.



In many circunstances, the provision of the apparatus with first and second
25conduits, optionally with a feed conduit, will result in an acceptable
centrifugal separation of the |lighter and heavier fluid phases. However,
shoul d further separation be required, the apparatus may conprise one or
nore of thewmtdopwiceng conponents. 15 Shoul d furt het/csepan@kiion be
required or desired, a preferred technique is the use of a vortex
separation action, which subjects the remaining flow to very high
centrifugal forces, Accordingly, in sudh a case, the apparatus may further
conprise a conduit for retaining a vortex, the said conduit being arranged
to receive fluidSbeuigifighessenaragion brvgayitedios desited.aupseieried eehnggdsthe o provi de

the opti mum y@it £¥ote@lsehdratil-abdidH SR &kd 10 ' el ocity of
the fluid str eg‘m IT?JS'[ Sgige rs uc%ﬁtafadllodlrﬂf/_q{ﬂ? E%%E%o?ﬁﬁnﬁgﬁ?gﬂ%\?%%ﬁn Pé'd, t he
appar at us neSeriiisgehBrces o Apedrdiazly. insudie e thenppasatus gy findey mrisonal

vel ocity of : o6l ; GHl t hel i cal
{Fowpat b and Ra al g LR S E O B Y e o f v RN IE e
means f or3 10ihpescenshaligalifivevpatht dn drderdth puoeidedhe aptivfunt hetek|for fhid-guid t hir d

helical flo - LoV e..n ity increase, the
cross-sectig%z%gg¥%gmg@g@%gi?ﬁ#&ggtgﬁﬁ%gﬁhﬁﬁgﬁggﬁﬁxgé§¥€g§%3 al ong the

| engt h of t hécdordoghatifreqiied, the eprecde may fittleer cowpsesantano fralincagasiag may occur
in a contin Iy -\ anner . . Preferabl t decr e dn the
cross-sectigﬁgﬁmﬁfggx%ggg é%@ggﬁgggﬁ%§ggﬁﬁ?31?eoﬁﬁﬁogﬁ?F?@n?gﬁﬁ? of the
15t hi rd hel i edpafhl aodpiat inlet e ¢dnituid fon edtdiniag a fboevp atulitabls memstfoconveni ent | y

formed Wt hin a downstream.poytio f.the s onduit containipg the first
and secgﬁé H@P%?ﬁE%Q %ﬁgﬁ?ﬂ§?°“wg}tﬁ%@dgﬁﬁﬁgghﬁﬁ§9@§“5@Tgﬁﬁﬁﬁfg form
w thin a substdid ihahboesmpiaiodiip ndtttdats, tBUedRs-a8:tiami ety ihd avinbidliedm portion

of the conduit containing the first, second and, if 20present, the third
hel i cal £l ovs @‘.&eF‘ﬁaSsSB%’B“%ﬁ]&&@é H gty (Thrdyopse REEsOsty to

sectional area may occur in a continuous or a step-wise manner. Preferably, the
decrease in the cross-sectional area occurs along substantially the entire length of the

15 third helical flowpath. The third helical flowpath is most conveniently formed within
a downstream portion of the same conduit containing the first and second helical

flowpaths.

The vortex may be allowed to form within a substantially empty conduit, such
as an empty downstream portion of the conduit containing the first, second and, if
20 present, the third helical flowpaths. In some process regimes, it may be necessary to
provide a means for stabilising the vortex. In one preferred arrangement, the
apparatus further comprises a conduit for collecting the lighter fluid component from
the vortex, the means for stabilising the vortex is provided by a tapered portion in the

region of the opening of the said conduit.

25 The apparatus described hereinbefore may conveniently be housed within a
single conduit or tube, as already mentioned. Further separation may be provided by
way of an essentially gravity separation process. Accordingly, the apparatus may
further comprise a vessel for receiving the fluid stream, the vessel having a volume
sufficient to reduce the Reynolds number of the fluid stream flow such that fluid

30 entering the vessel may be subjected to gravity separation. In such an arrangement,



provide a nmeans for stabilising the vortex. In one preferred arrangenent,
the apparatus further conprises a conduit for collecting the lighter fluid
conponent fromthe vortex, the means for stabilising the vortex is provided
by a tapered portion in the region of the opening of the said conduit.
25The appar stumod®@saei bed herei nbef ore may conveni ent | ypbecinesssesdeor thin a
single conduit or tube, as already nentioned. Further separation may be
provi ded by way of an essentially gravity separation process. Accordingly,
the apparatus may further conprise a véssel for receiving the fluid stream

the vessel havi.ng a volunme sufficient to reduce the Reynol ds nunber of the
fluid strea ef?”i‘ﬁ%f WhRH ORAHL 75 hetepbsiendesrileg mapsoywrisally sHgdIEERb] ect ed t o

gravity sepakeids@n-Inlofe Hfdired Anaid-ARICHR @f)paxatésGm%h& Mbdikn fathe, & condui t
as herei nbefore_descri bed may conveniently extend within the veSsel. In one

preferred arfargehisinationd whisheiugitnalsusk condaiis mey eviendesithima siagledescri bed
her ei naf t er yeigg Which a plurality of such conduits may extend within a
single vessel. 5To aid the gravity separation process within the vessel,

t he apparatus nm regiment the flow by conprising nmeans for inducing a
rotational flow I'maidiles gevityceparattammresssewithiy thehvessviefwabpardthi mawi | | al | ow
efficient grayi i , -11.0 1L hat.i.on of the
separ at ed pﬁggg%%l% thslﬁﬁlﬂ)g‘)r %&@rﬁ@%%@?ﬁ%ﬁnﬁ%ﬁ%ﬁ%ﬁo %i(r%fg%g}nl?'ir% ﬁ%ﬁt let in the
condui t t hr cugfm el thaveesfel. uTlds sill ghow ¢ffciemtteraydy cqdration and prevddvessel . To

further aid | Of I fuether conpris ans for
centrali si né O’? %gg‘rggggiﬁ%}%ﬁgn%}%w%ﬁﬁtg? Hﬂ%gﬁm#ﬁﬁ ROPRE %%?%e%‘,réﬁ%? exanpl e an
i nverted cofmgtiehtwld inokedoatihiythvaghiwhidhhize thed sedam iFhercddnsedritedheccone may be
provi ded,w i ui.de ext endi hel j cal ong its outer. surface in
the di rggti %%S%f frlf] I%Lt]}?)&g #if v@.seﬁatﬁoéﬁ’rﬁ\gé’efsﬁfemaﬁfdﬁjileélpglf‘lijﬁfedn%a&ﬁ'&fnents from

t he heavi er cpitalgsg the tdrationbinow %ﬁm.&&&tﬁin_,thi mseaﬁpramp&lamiameiwﬂt hgr_
conprise a conduit .extendi ng.cqaxiall]y w.thin the vessel, .the gonduit

v o opentHabElrdRapRR B RiE AR e TGP e e Rpbiostimy | cave
the fluid stingigmdelerticadipg BfRET B6hoditslcang SRRt in thdeirapguf fluik@swan outlet for
the lighter fluid conponents within the vessel, the outlet being disposed

upstreamof the fluid streaminlet. 20The fluid remaining in the vessel
wi Il consist essENRINT PedieniReavicpmpennt fognihe hedvies phasse wipigdbat us may

f urt her 1§0NpgssaehaafpRRvisehay hibhd c‘éﬁ’zkﬂi;@cat doRiZORGdiR cBBaNYy Fiuth ghecol | ection
condui t bei ng dltfposed centrally within the colleclion zone, the conduit

havi ng a pl BrS&§l 1y c@rus perigenings thefein hpugbvbishiichtrellnd sompenontsyi d.
may leave the fluid stream. In a preferred arrangement, the conduit has an outlet for
the lighter fluid components within the vessel, the outlet being disposed upstream of

the fluid stream inlet,

20 The finid remaining in the vessel will consist essentially of heavier fluid
components. The apparatus may further comprise a heavier fluid collection zone, a
heavy fhid collection conduit being disposed centrally within the collection zone, the

conduit having a plurality of openings therein to collect the heavier fluid.

Should the finid feed streamn comprise any solid components, this will remain
25 inthe apparatus, passing in the downstream direction. In such cases, the apparatus
may further comprise a solids collection zone and means for removing solids from the

collection zone, the means removing solids on an infermittent or a continuous basis.



Should the fluid feed stream conprise any solid conponents, this wll
remain 25in the apparatus, passing in the downstreamdirection. |In such
cases, the apparatus may further conprise a solids collection zone and
means for renoving solids fromthe collection zone, the neans renoving
solids on afyg fbesogdibt ent or a continuous basis. 17 Aspppiigh@nemsabove,
the apparatus is particularly suited to being constructed on a nodul ar
basis. In particular, the assenbly conprising the first and second
conduits, and if present the conduit fof housing a fluid vortex and any
means provided to increase the rotational velocity of the fluid stream may
be housed wi t hi n4g nenighed @demapparﬂeqolﬁewmlanmgsmteé bongiire coapax@ti on

assenbl y m)q}hl aemodﬁ?ag o é r‘ig chhig% the a%&n%ﬁf ‘f"?‘%’ﬁgﬁé ’t}%el cf'% géc%ﬁ'& i nventi on

provi des an appar at us Separa ream conprising a
heavi er fl U|q:bnvbmsmdeﬁpreanuhacdndgiutfcemowﬁdmg ach‘hudnmm:eami any lweansgranidedf | owr at e
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apparatus furth r,i.sin rrean for selective e.or nore

separ ati on fgg‘:‘éﬁfhe NS ’éé’é‘ber“gf’%ﬁmy % ?Jileapg?flmﬁﬁtp F?p&\%rtﬁ Ifh% fﬂﬁcﬁtl phase

fluid st rearmemneoxﬁ;ﬂwgatheavm@eoxﬁmﬁt&da\lwghtbr fuie cﬂfﬁphﬂe@t,, tha sel ection of

nodul es or aI 1§ffvgara i.on Fg}grrb gs bei ng in us Hé

i ndi vi dual 9 ?feﬁ E}éea‘&r‘%ﬁg’éﬁt‘blfiﬁm éi?f&?“B‘FP"qf“ as the

vol unetric fth@appams eesmpmagsa pleamVETseRatiol BissmbBesR@hbiemubfard y ef fective
separation assenbl jes are sjzed to accommopdate

when the ind
different f Idﬁﬁﬁg?ffmﬁ@get@?@%ﬁtﬁ diffepat ApiddloRteissiconpri ses a neans for
feeding a pungg@phitis tirliRr 836N sERRAAS 0P Rel@HTEFBhtatidgbrRiERird 0 al | ow each

separation assemblies according to the volume flowrate of the multiphase fluid

stream.

The apparatus may be operated with one module, a selection of modules or all
15 separation assemblies being in use. In this way, individual separation assemblies may
be brought on- and off-line as the volumetiic flowrate of the stream varies. This is
particularty effective when the individual separation assemblies are sized to
accommodate different fluid flowrates. Preferably, the apparatus comprises a means
for feeding a purge fluid to each separation assembly, in order to allow each

20 separation assembly to be purged and cleaned before being brought on- and off-line,

If a gravity separation stage is required, the modular assembly may further
comprise a separation vessel as hereinbefore described, each of the separation

assemblies extending within the separation vessel.

In one use of the modular apparatus of the present invention, a plurality of
25 modular separation units may be provided, each comptising a plurality of separation
assemblies of varying sizes. Such a group of units may be clustered around a
wellhead location or in an oilfield, for example at a surface or a subsea location, in

order to serve a group of wells.



20 separation assenbly to be purged and cl eaned before being brought on-
and off-1ine. If a gravity separation stage is required, the nodul ar
assenbly may further conprise a separation vessel as hereinbefore

descri bed, each of the separation assenblies extending within the

Separati on wass@teoséid one use of the nodul ar apparat us ebridegiphesant
invention, a plurality of 25nodul ar separation units may be provi ded, each

conprising a plurality of separation assenblies of varying sizes. Such a
group of units may be clustered aroundl& wel |l head location or in an
oilfield, for exanple at a surface or a subsea location, in order to serve
a group of wel | s.Theiglical separatipresybigin of e nressuiriatention pysentsra mefticilae pr esent

i nvention pr [Wor V| =Ty l.em Neelat - < and
Shut - donn, |1 ot he e Bk et B 00 R AR e (OB bbb P e
are not to BEodwed Erhaproesss o ht thédavertahingted with pomrefivid compirenisr obl em i s

sol ved by thg. 5UPs ARG -do ods. form furtRer aspects 5of
t he present h&rllss 1‘%%1%18295 b§%sé%?§€%ng S%’Ppg%glﬁ?@%%?n?lﬁ g’ﬁt’?‘oﬁ 8 eﬁ%ovi des a
met hod fdr sifdlrepresgntipveatibel i cal separation systemfor operation in

separating a nultiphase fluid stream conprising a heavier fluid conponent
and a lighter fluyj opent, the nmethaod .conpri si feedin .the helical
separation syst e%?gorg %g@f &telphqs‘altéquﬁgté% }%{8\’1@?5&’??%0%@%gﬁ?‘f’%l’“ﬁ%“@fca{jOt he
heaver fl ui deroatponegstn fotvparatidreinfskpsiraling @lrodiifhasen(dil stheahh@ntpeking al
separation st.em has reached .t m ni.oum oper.ating velocity for the

mul ti phase fﬁﬁ% %%lgﬁwf%o%on?rgﬁpga 1&&%@5? c%n@??toﬁfeﬁ%t@ﬁ@mf’ﬂ "Wirst fluid
stream wi t h feddgng kitei iphies eegatativdl spteheammst it &aPamaketh esfeniiBishad for
shuttin domgn a held'élfcfl segar.ati on system from normal operation 15in which
a nulti gIQasé $hegrd g oRme ‘fﬂ’r’p“?”l?egitheg‘x‘ﬁd RelavPeritin thede b sihiraaehen and a
lighter fl uisgstentmaegihtd i riginiigh dRehting vEIRSIHNB) iHe FhuIGHR Alill Oheafy St €M
conprises the steps of int ragduci ng.a frrst fluid stream consisting

essential |y replacing ovgra perwd pme(ghec%rﬁtp‘caﬂ% pifeam with the multiphase fluid stream

to be separated,

A method for shutting down a helical separation system from normal operation
15 in which a multiphase fluid stream comprising a heavier fluid component and a lighter
fluid component is being fed to the helical separation system, comprises the steps of
introdueing a first fluid stream consisting essentially of the heavier fluid component
into the multiphase fluid stream feed to over time to replace the multiphase fluid
stream; when the fluid feed consists of the first fluid stream, reducing the fluid feed

20 flowrate to zero.

The helical separation system is preferably left full of the first fluid after the
fluid feed flowrate has been reduced to zero. In this way, the aforementioned start-up
method may be employed without delay and in the most optimum manner to achieve

normal operating conditions with the minimum of contamination of the lighter fluid

25 - sireams.

The start-up and shut-down procedures of the present invention are of

particular advantage When the helical separation system is arranged in the modular



into the nultiphase fluid streamfeed to over tine to replace the

mul ti phase fluid stream when the fluid feed consists of the first fluid
stream reducing the fluid feed 20fl owate to zero. The hel i cal
separation systemis preferably left full of the first fluid after the
fluid feed Womwabwshas been reduced to zero. In this wWayr/csb®7/000601

af orenenti oned start-up nethod nay be enpl oyed w thout delay and in the
nost opti mum nmanner to achi eve normal operating conditions with the m ni num
of contami nation of the lighter fluid Pbstreans. The start-up and
shut -down procedures of the present invention are of particul ar advantage

., vhen t he fhanat dispusseddisreintetie aylopengicd 8sing p apybd splactionof fdial ar 19 f or mat

di scussed h%@ﬂ%ﬁ%ﬁfa@m@%&&@é@%ﬁ%ﬁ%ﬂ%@a g@g?sge@gvﬁngﬁﬁeﬁs. of helical

separation nodul es to accomm rent es and

conposi tions. Enbodi nents of the present invention will now be
descri bed, by way of 5 exanple only, having reference to the acconpanyi ng
drawi ngs, in which: Figure 1 is a cross-sectional view of a conplete

separation appar . rdi.ng to.an aodi,nent, of the. pr nt invention
Figure 2 is a crg§§§%§%§§8§%F%VF%ﬁﬁ%?ﬁgﬁﬁmﬂﬁﬁéﬁmé%?¥$8%B&§%§ﬁ% separation
appar at us ofexdmge paylhavi@kefgrene 18 thesiceonplaaming dewigfs, hivehichepar ati on
apparatus of Figure 1; Figure 4 is a stylised cross-sectional view of
a helical separa%ion Pssenblg gg%frding to the Qresent i nvention;

Figures 5a to Sc'#H i 8CASTSwio Hew o a o rplely SRATHRNSAPAEH Y Nl ar ged scal e

of three portdoedisg Rfantehdobiglehcalthasppanahiatioassenbly in the regions

| abelled as A, B and C 15in Figure 4; Figure 6 is a |ongitudinal
cross-sectional yjew.of a helical separation assenbly of the present
i nvention; l\é‘lgil{j’m?rlé a?rqs%"se&“‘i”b“h&ie@@é3&’?&?%&%’%@-“3"@%}{?SB??&%“O% ew of the

portion of whewassarye® Figure 1 along the line VII-VII;

10 Figure 3 is a plan view of the separation apparatus of Figure 1;

Figure 4 Is a stylised cross-sectional view of a helical separation assembly

according to the present invention;

Figures 5a to Sc are a stylised cross-sectional view on an enlarged scale of
three portions of the helical separation assembly in the regions labelled as A, B and C

15  in Figure 4;

Figure 6 is a longitudinal cross-sectional view of a helical separation assembly

of the present invention;

Figure 7 is a longitudinal cross-sectional view of the portion of the assembly

of Figure 1 along the line VII.VII;

20 Figure 8 is a longitudinal cross-sectional view of the portion of the assembly
of Figure 1 along the line VIII-VIll;

Figure 9 is a cross-sectional view of the upper portion of the separation

apparatus of Figure 1 along a different axis to that of Figure 2;



20Figure 8 is a longitudinal cross-sectional view of the portion of the

assenbly of Figure 1 along the line VIII-VIII; Figure 9 is a
cross-sectional view of the upper portion of the separation apparatus of
Figure 1 along a different axis to that of Figure 2; 20 Figure 10 is

a schemati c wepnhessabati on of a system of the present | pyefiBh@foookdidi cating
how noni toring tubes are enployed to nonitor the performance of various

regi ons of the system Figure 11 is a performance histogram
showi ng the operating flow ranges and 5gperating pressure ranges for
assenblies of differing dinensions; and Figure 12 is a graph

i ndi cating the sdligot i®is agthediafié mpeastntﬁﬁﬁ@lﬁb Isgstezmnmtaﬁztcisdnnﬁwéxmioa,ccommdat e
di fferent feeg str antf ow.at e 8. Ref errlgq %§§ ther i S shown a
separation aSs&nbl owd%%tpgng (70CS; A RRIP I %15“05“0 E’B?’H?Fﬁ Y108 own
arranged subsgmmﬂ¢ﬁmd%ewﬁgtlcally at the seabed, 10with the | ower portion
of the assenbly extending beneath the seabed. This is one conveni ent
arrangenent for cat n assembly, in particul ar adjacent a ubsea

wel | head assenbl gun’q .aéoe Ranee b Ay Sheing iepraet weegeén

provi ded 5w tdpetakieg §@Mf&bﬁ%@@f@%§@ﬁﬁh% Ahithdi8g BineHEBhs; byent i on,  wi t hout
significant nodification the wel | head insfallation. 15The separati on

assenbly 2, is forned ar ound Zﬁgenerall y cylindrical, tubular housing 4.
The housing 4 i s Fiss 1208 meewh aiksaiingthe sdleqtion obfifiernhessentdl | y avail abl e

conduct or - CagithatidiiGo GARHMHAE AFRF NGl SraUPRIEds I N a range of sizes,
i ncludi ng the nom nal sizes of 42 inches, 36 I nches, 30 inches and 20

inches (108 cm 92 cm 76 cmand 50 cm. The hou5|ng 4 may be constructed
froma section ofRsfaggngioddaves bithere is shown a separation assembly, generally

indicated as 2. The assembly is shown arranged substantially vertically at the seabed,
10 with the lower portion of the assembly extending beneath the seabed. This is one
convenient arrangement for locating the assembly, in particular adjacent a subsea
wellhead assembly. In this way, existing wellhead assembiies can be provided with
the separation assembly of the present invention, without significant modification of

the wellhead installation,

15 The separaticn assembly 2, is formed around a generally cylindrical, tubular
housing 4. The housing 4 is most conveniently a section of commercially available
.conductor casing. The conductor casing is supplied in a range of sizes, including the
nominal sizes of 42 inches, 36 inches, 30 inches and 20 inches (108 c¢m, 92 cm, 76 cm
and 50 cm). The housing 4 may be constructed from a section of the conductor

20 casing, with the diameter being selected to accommodate the volumetric flowrate of
the fluid stream to be processed. The embodiments shown in the accompanying
figures and described hereinafter are concerned with fluid separation at an undersea
location. However, the method and apparatus, with only minor modifications, may

also be applied to surface-bound conductors or to platform conductors.

25 The separation assembly 2 comprises a plurality of discrete components. An
inlet and outlet assembly 6 is connected to the upper end of the housing 4, for
supplying fluid to the assembly for separation and through which the separated fluid

streams are removed. The assembly 2 further comprises a plurality of helical



20casing, wth the dianeter being selected to accommopdate the volunetric
flowate of the fluid streamto be processed. The enbodi nents shown in the
acconpanyi ng figures and descri bed hereinafter are concerned with fluid
separation at an undersea | ocation. However, the nmethod and apparatus, with

only mnor rm$hdieatihons, may al so be appli ed to surfacgcip,@;;ﬂﬁ—,-,g@ggjuct ors
or to platformconductors. 25The separation -assenbly 2 conprises a

plurality of discrete conponents. An inlet and outlet assenbly 6 is
connected to the upper end of the housting 4, for supplying fluid to the
assenbly for separation and through which the separated fluid streans are
renoved. TheepedonmabspmPliésfy ftthnding oyithii thehoxainglwhawhitlyth@ﬁrdu ghgecd] 21

separation t he n whj chtheflrst
stage of  sepaniitns? Bl EaPPRent A Rebing AR R Bt Pl 7 o
conmponent s |’!§1ea:amaxmaglpmubnoﬂ'mehmmgl4ris aeanped foi povidd futthe shgessifng 4 i's
arrangedto rovi de further S i on a.fluid

St abi T sat § SRR Ee g = SR B R OB AT AL SPAGER 5 and a
final fldidssgti2 asepanstilidsaiddefaetion endresdagesidet. |4ERath dffthdshese

conmponents w |1 be di sed in nore detajil bel ow An operating |ight
f1 ui d/ heavi &PPIHIY W‘ﬂ%@%ﬁ&‘@éedlﬁmoée ‘?Féﬁl’lﬁ%'hi gh level 17 and a mi ni num | ow
| evel 18 for the fluid within the housing 4 are represented in Figure 1 and

are shown as lyi mo@b@ﬂ@%m@ﬁﬂmm@mﬂfm&mﬁa@ 16; almaSRRA Bloh @RclaFsenbl i es
108, such that theéé[all i'e above the | ower or downstream end of the helix

assenbl i es. 1d a minipgadpyileigl {hlopthg diuld within fie optiag 4 anderseentad inassenbly 6 i s

mount ed on tERAIPRET a8 by astif: m&gsth@gn@h%ﬁml%ﬂ&i ARt GPNBRGIRE 20 of
conventional design. The inlet and outl et assenb conprises a generally

cyl i ndrillal p\W%thab@@gxa@@abszveébsi@w@ﬁm\wmamgnm@b@xmﬁsmﬁé%pper end of
the inlet body 22 and conprlses a lower 15cap 26 and an. upper cap 28, which

together define Refafipd Mhhe 20R3L0ILENEANRRY 4R WALEH oIAR s cOVEd

fromliquid present i € zone vent as I's prov ed by neans

of a bore 32ne&sdithaihustedolyimgaes 9t & dorerst 20 hécmp@ron@laqgmg@ Thehinleh is in turn
ot angement o0 fRFLbEAYE i ERH shaerthy bl ARRE o Bl 2O AL 2nd connect s
to a fluid 28ewhididtis @puntahoratie apiey eckefitheainleh body Bandxvmpidss & kveugh t he
Inl et .bgdy %%J EGC&Q%%%EJbé}%ap 28, which together define a gas-liguid separation zone 30, in
which gas is removed from liquid present in the zone 30, A vent for the gas is
provided by means of a bore 32 éxtending obliquely through the upper cap 28, which
is in turn connected to a gas recovery conduit 34 by a flange of conventional
atrangement. A lateral bore 35is formed in the lower cap 26 and connects to a fiuid
20 conduit 37. An axially central bore 36 extends through the inlet body 22, connecting
the inner region of the housing 4 with a fluid mandrel 38 extending through the gas-
liquid separation zone, which in turn connects with a laterally extending bore 40
through the upper cap 28. Liquid may be removed through this arrangement, to be
drawn into a liquid conduit 42, which is connected to a suitable line (not shown) by
25  means of a conventional flange assembly. A coaxial bore 44 extends through the
ubper cap 28 and provides an opening for the removal of solid material, such as silt,
from the assembly, for chemical injection, or for monitoring purposes. A valve 46 [s

shown connected to the coaxial bore 44 in Figure 2.



the inner region of the housing 4 with a fluid mandrel 38 extending through
the gas- liquid separation zone, which in turn connects with a laterally
ext endi ng bore 40 through the upper cap 28. Liquid nmay be renoved through
this arrangenent, to be drawn into a liquid conduit 42, which is connected

to a suitabw toon@sftpot shown) by 25means of a conventi pagetdean@é:
assenbly. A coaxial bore 44 extends through the upper cap 28 and provides
an opening for the renoval of solid nmaterial, such as silt, fromthe
assenbly, for chenical injection, or fé nonitoring purposes A valve 46 is
shown connected to the coaxial bore 44 in Figure 2. Turni ng again

to the inlet bodyUswng agap tgithe ipletbagy Q?Hﬁ'ﬂlﬁh‘%@ﬁhﬁm%m&#‘lés preowiviisd in t he
form of | onghtidbabe 1BRERRIAPRRAGSHaRY A0S ﬁlggelﬁl%%cfr@hé bof A c@hﬁi The liquid

conduits provide a direct connection between the gas-li1quid separation zone
30 and the uP@H!sPEYIdSTR difect depndciiebatueendlic gah«élqhzdwsmgm zopehtlangh whi ch

Lot of Moy RS SonchReigh S0t Bior Hfhe hiudile £ UuAGlith REOVIGPRILN & Turther

set of longitu ores space around an s of the
central Boreearddt he | ongitudinal - bores 48. As mnll becone apparent, the
bores 50 provide the feed conduit for each helical separation assenbly 8.

Each of the | ongi I £S 50 Q cte opening to a
respective hellcq%yg%%zpd ngg@ “W% gﬂ &%fg ?@né®uﬁﬁgﬁﬁﬂ%%g provi ded
her ei naf t er .spaded a@pnchmgiamamy aftwaddeof tbdflgﬂn'trﬂlld:lolﬁﬁdmdhb&‘ leagihidlirat Bortd s, r

associ at ed @%\b

aratlo sse S n. v ew in Flgure
3. As shown Th @I ge'ﬁorr% %Jparggt H1 %’ow3 pIiOB'rﬁiﬁ%T J%?dﬁcﬁpg\%pﬁlﬂéggcé ”é provi ded with
a tangenti alsepar@ifonasgediy 1l kich bPthe fonpindidul Bhe£3d RROSedted adksabwhor e 54. An
i nl et caonduit 56 S con o the end of 15each ra | bore,54 by neans
of a corventPEH Ofalrﬁﬁ?ﬁ‘élvﬁé’gg??h?araﬁ%fbﬁs‘?“ﬁm%% Emlaa?’ ’@gafesjr?:"dﬁiﬁﬁiect ed to a
fluid inlet Hepadéer. 58he Sh@NBmeR oFtIﬁllkfr%ﬁSd@éi b@re@ISO el tRdir RbReaadeandi ng -

around t he u § ortlgg of. the ass A fluid feed conduit 60 connects
to the flui dRATHOR AHERANSS &8 shavfriBe V\‘/ﬁ‘i‘f@ﬁl%‘f%l £5 pagenfigffdstream t o be

processed maycie theaengifiamal bW ofis %ﬂouidéd WiR BtdnB@utfaliy hidar g8l @letB@ader 58 to
each inl et condu t. 56 i s 20control a val ve “62. As shown in

Figure 3, iﬁ]p a(tpx}ﬁs éttla@%}rbam ¥ 2@ Ipét conguzt 56 is connected to the end of

15 cach radial bore 54 by means of a conventional flange assembly. Each inlet conduit
56 is connected to a fluid inlet header 58, shown in Figure 3 as a circular pipe
extending around the upper portion of the assembly. A fluid feed conduit 60 connects
to the fluid inlet header 58, through which a multiphase fluid stream to be processed
may be fed. The flow of fluid from the fluid inlet header 58 to each inlet conduit 56 is

20  controlled by way of a valve 62. As shown in Figure 3, each fluid inlet conduit 56 is
provided with its own valve 62 and a one-way check valve 63 to prevent any back
flow occurring. This provides for independent control of each fluid inlet conduit 56
and the flow of fluid to each helical separation assembly 8. In this way, the assembly
is operable to accommodate the greatest variations in the fiowrate and composition of

25 the fluid feed stream. It will be appreciated that alternative arrangements are possible,
in which a single valve is used to control the flow of fluid to two or more helical
separation assemblies 8, albeit with a reduction in the freedom of operation. Such an
arrangement may be employed, for example, in situations where pnly limited
variations in the flowrate and/or composition of the fluid feed stream are anticipated

30 during the working life of the installation.



provided with its own valve 62 and a one-way check val ve 63 to prevent any
back flow occurring. This provides for independent control of each fluid
inlet conduit 56 and the flow of fluid to each helical separation assenbly
8. In this way, the assenbly is operable to accommbdate the greatest

vari ati ons wp idhgookéiowr at e and conposition of 25t he fl updrizgedysdkgam |t
w Il be appreciated that alternative arrangenents are possible, in which a

single valve is used to control the flow of fluid to two or nore heli cal
separation assenblies 8, albeit with a2¥eduction in the freedom of

operation. Such an arrangerrent may be enpl oyed, for exanple, in situations
where only |im t &ddiglgorty 5ga¢gndthromleﬂxfe|ndeﬁ\hoéxé2Wwe%wﬁbé@mﬂ@ﬁ of the

fluid feed | st he
installati oﬁiﬁl Emgi gﬁ“%r#@%@@%?@%@ﬁ%@%%? ﬁlﬁesq&%n[*'et_ Bé(; y 22 and
connect Wit lenpioypé &itr ifvigl ihjertins, 8@d savhploly oe rtoessd ntoviteningporabiprd. at e positi on
within the housing 4. These are enployed for fluid injection, fluid

sanpling or proces nitor eratian i ur emis also
shown in Figure %@H@D rg?rf}?st §21§a§° Wﬁ“ﬁ%? arg;%%lnlrgli g ts‘% ﬁ%{’héer fluid inlet
system déscrairﬂaegin&hawehe fluid inled systpradeidied Iaaawepmclgang lewirchineadegr vl havi ng a
purge inlet .co 66 ext endi fI ui d i nl ndw t The

oper ati on ofhef‘(ﬁéé’% {]Em‘}? W%eem@g%?ﬁt gg fg gewcm}du tgrgge f1 uid,
tﬂoi f:al |y \I\laitl'ﬁlropexht(g)nﬁﬁ(ﬂﬁb fed peat s q%&pﬁ@ﬁiprﬁﬂdasﬁ&%ﬂ’ymg&ﬂuﬁé wmaﬁss on- ang
off-line. A valve [ ositioned in eac [ condui t in order
to provide i%ﬁ@ﬁﬁ‘g‘r}?ﬁ%ﬁ?ﬂa&tm%f‘ssﬁlﬁ ’I‘?éltp‘ifi’g'fjf’ﬁ Bﬁ‘a gf[aﬁf’ﬁ %éYalhéa epar at i on
assenbly 8. pbgiabmed it mh@ﬁrgﬁﬁ)rﬂ& cheduitcss| masecnbawrbmﬂe agspumabitesntbl oAy have
their purging controlled a single valve, e flui %L? d conduit 70

SUpp! | Sl purerrHing o sech bl o imiesieaoHigh dLlb B gwibis HeUFdy i ng 1o

Figure 3, | tse;ba%ati%ﬁ@éé@ﬁbﬁéﬁtfi th&y Nt GelrRroito @Hﬁl@ﬂ'@rbty aQfingld el A sdhe
separation assenblies 8, shown, the assenblé nprises a total of 10 15

hel i cal sepﬁ“&%fe%co&é@é%wpégesg)u&e @14@65@‘6%3 ‘i@é%a eh#te to acconmmdate a
range of different fluid flowates. In the arrangenent shown, the assenbly

conpr i ses one eaglBle@uih] FRlieIeRA @bl ARAERRDLY uMaNhoe it inom nal

di aneter of 4 inches, |nc¢1es and i nches (10 .5 cm and 15.25 cm.
In additi onhehwése@grg@mmsyem@wg& éséghwweuawmbb@ﬁw@w@@%@%%| ies 8

havi ng aiSnO'ﬂ'eﬂ@a se%b% %@en%hez 8 o?& %ﬁe gf‘s@ze@,@ole td Q&ommodate a rangs of
different fluid flowrates, In the arrangement shown, the assembly comprises one each
of a helical separation assembly 8 having a nominal diameter of 4 inches, 5 inches and
6 inches (10 cm, 12.5 cm, and 15.25 cm). In addition, the assembly comprises 7
helical separation assemblies 8 having a nominal diameter of 7 inches (18 cm). The
20  arrangement shown can thus be operated over a wide range of feed fluid flowrates, .
from the lowest flowrate when the single 4 inch helical separation assembly is on-line,
up to a maximum flowrate when all helical separation assemblies are operating,
Combinations of the helical separation assemblies 8 may be made to accommodate

flowrates between these two exiremes.

25 The arrangement shown in Figures [ to 3 is one in which the feed and purge
headers and their respective valves are integral with the inlet and outlet assembly 6. It
will be appreciated that an alternative arrangement may be employed, in which the

valves and headers are combined in a separate module that is connected to the inlet



20 arrangenent shown can thus be operated over a wi de range of feed fluid
flovvrates, fromthe |lowest flowate when the single 4 inch helical
separation assenbly is on-line, up to a maxi mumflowate when all helical
separation assenblies are operating. Conbinations of the helical separation

assenbl i es Svapy7/bRsaade to acconmodat e fl ow at es bet weegridiReR 0bisM
extrenes. 25The arrangenent shown in Figures 1 to 3 is one in which the

feed and purge headers and their respective valves are integral with the
inlet and outlet assenbly 6. It will b& appreciated that an alternative
arrangenent may be enployed, in which the val ves.and headers are conbi ned
in a separ ata@d pupypsenbly6 Yysvisdimides da thivweh éhe vglves andtieinpeptiolit | et assenbl y

6 by suitablg,djnesay ﬂ)e_rhl{nlﬁir?ad Yoceldte ?kéﬁ‘?ﬁs\ra%g bf&lchegONt rol  pi pework may
be nore readily accessible for retrieval and replacenent. It is a

significant advantage of the assenbly that the nunber and size of the
heli cal separ ati 8ris asigeifibdnt edvaniegaoitbelassinnliy that the nhobeiand sirapitbe varied to

Saccommodatl gekaPabki Al ALl Al OUNG AR dRShAYLBNGiGARS T ucti on of i he

overal | asse e on alarg I"ar iS1nturn allows the
desi gn, dSonsterumotidate,a preicntse dapcdloand thegaign ahdcdstrboion of theaivghl f or war d and

econom cal . The nstructi and oper.ati.on. of t | i cal separation
assenbl i es @S%mlbﬁ’qﬂﬁ%o%%ﬁaégeg 1rniogueI pb lg‘v?rﬁlalr%tgfnea?@rwéghet%%@’gure 4, which is
a stylised remmtrestimt abinenaek aad by pi iedlotlesstibyvard andrdebhontiealappr eci at ed

that the assenbly shown in Figure 4 is significantly shortened, for ease of
SEAAERE TR ST ETME AR A Rl I
Referring t aelde@tibel, Haviri lRedrdncato HeRanAhioNisasHRRed ¥pRseeiphbses a

general ll)é typical assembly. It will be appreciated that the assembly shown in Figure 4 is
significantly shortened, for ease of reference, the ratio of the overall length to

' diameter of the helix assembly typically being much greater than that represented in

Figure 4.

Referring to Figure 4, a helical separation assembly § comprises a generally
15 cylindrical conduit 100, shown in Figure 4 to extend vertically downwards from the
~ inlet body 22. A light fluid conduit 102 in the form of a generally cylindrical tube
extends coaxially within the cylindrical conduit and is open at its uppermost end into
the gas-liquid separation zone 30 in the cap assembly 24. An annular cavity is formed
around the light fluid conduit 102 between the light fluid conduit 102 and the
20 cylindrical conduit 100. The uppermost region 104 of the annular cavity is empty,
allowing for the free passage of fluid. One of the radial bores 54 in the inlet body 22
terminates in a tangential opening 52 in the uppermost region 104 of the cylindrical
conduit 100.

The region of the annular cavity adjacent and below the uppermost region 104

25 isafluid flow stabilisation region, indicated as 106 in Figure 4. In this region, a helix
108 is disposed within the annular cavity and extends around the light {luid conduit
102, to form a helical flowpath for fluid moving within the cylindrical conduit. The

function of this region is to allow the flow of fluid to stabilise into the required flow



15cylindrical conduit 100, shown in Figure 4 to extend vertically downwards
fromthe inlet body 22. Alight fluid conduit 102 in the formof a
generally cylindrical tube extends coaxially within the cylindrical conduit
and is open at its uppernost end into the gas-liquid separation zone 30 in
t he cap assevibiog7/@s12An annul ar cavity i s fornmed around pihg;ghigbsosds Ui d
conduit 102 between the light fluid conduit 102 and the 20cyli ndrical
conduit 100. The uppernost region 104 of the annular cavity is enpty,
allowing for the free passage of fluid250ne of the radial bores 54 in the
inlet body 22 termnates in a tangential opening 52 in the uppernost region
104 of the cxgkimedey Batingibaduidto 106.in Thenpaeyhabinalghth e anliruindbe fewi t y

adj acent and the. reqi i luid fl.ow.,stabilisation
egron i ndi SATEL G BEINIRRa S Hote FRNE N ol bt fraafE ¢

di sposed wi tthe phaséreto aemtifugnllscdivide yndopeck, Bethesntipcad cumditiplegrasiightd f | ui d
conduit 102, forma.helical flo th for fluid nmovin i.fhin the

ool ndr i cal B e flbrish HR: freoimaeg ShorCRE S Pl TR 1 ow of

fl u:c|d to St ai&btlidnsbarisa’ﬁf@ll‘ietMcﬁlélwwhp’aﬁdirs]bfe?mblﬁ&ﬂsﬁgih aﬁ‘&%gl thy e:ftipé Iéh%tb ofhe fluid
to ow in o el i cal, ..The helix in the W i.l'isation
regi on 106 ﬁéeg‘g&?ﬂég %%@FE@EW&%F@‘#‘I%WW%‘& b@%{"é%}&%ﬂﬂ to allow

t he phasesdtmmmes ihia'ugfabi’ts}h @'ﬂgﬂ' }?axaosiiﬁwﬁra}rlpebml blﬁh@th%eﬁgﬂ@fmﬂ ti El e
gravity and rata al forces before the outlet. |In the arrangenent shown
in Figure 4,rE%lﬁ%5QC}O JBsthegaErnepBirLy. Tt 6F e A SiTea berey PR
preferably censk anbrdal ©peoidehenthitsl ARngkdmak it beidierd. x 108. As the helix
108 is disposed within a cylindrical conduit 100, this determ nes that the

pitch of the helix 108 is preferably constant along the Iength of the
region 1¥6. | n otlhepoxppergEmtealels of thedighi Hwd phase imbe helieakiluddovray be vari ed

along its | eptifatidnseMA06EOrePeRhiden ERged faYisced flow pattern at its
outl et end. 10Th§él rlrlo\?emant (])f eglropl ets I%Lfget he Iight fluid phase in the

helical -fluid flow stabilisation section 106 is represented in figures 5a
to Sc. The Tepandst thiBow siebilisatiabirdgioanaltd ond thedielin 1 A%is camtituewse hel i x 108
i's contiguousuW 40 b RERAEALLAY i ' ral Ly J.ndi gat as 110.
In this region, a %STI%(M?% s’ e?%ig.ggggﬁc%e?%s %%@@%Lﬁ%ﬁ%ggﬁ lﬁg and

ext ends ar oundispdsed witihtthe dnoiidr @uitd and extdds arbundltbé dglm fhiidernideial 0% toowpat h

for fluig nqgfnpghéﬂc‘ém%aalefo? ﬁ{]iid rﬁ%r\jincg%ith%) ﬁ!lg légrltiﬁdﬁ-gglecoﬁé{ﬁtq t'lih% Munction
 ofthis region is to separate the lighter fluid phase from the heavier fluid phase. The
light fluid conduit 102 is provided with a plurality of ports or holes 114. The ports
114 are formed in the inner upper region of the helical flowpath. The light liquid
phase is recovered through the ports 114 in the fluid conduit 102 as described

20 hereinafier.

In order to provide the separation of fluid phases in the fluid separation region
110, the cross-sectional area of the helical flowpath is increased along the length of
the region 110. In order to provide this increase, the helix 112 is shown in Figure 4 as
increasing in pitch along the length of the fluid separation region 110. The increase is
25  shown as being about a 1% increase in.the pitch of the helix 112 for each complete
turn around the light fluid conduit 102, The increase in pitch is to allow natural flow
of the fluid (as opposed to the forced flow in the upstream hetlical sections) and to
prevent a fluid back pressure arising due to friction forces within the helical channel,

If allowed to occur, the fluid back pressure would give rise to a detrimental cross-flow



of this region is to separate the lighter fluid phase fromthe heavier
fluid phase. The light fluid conduit 102 is provided with a plurality of
ports or holes 114. The ports 114 are fornmed in the inner upper region of
the helical flowpath. The light Iiquid phase is recovered through the ports
114 in the Monwyeenduit 102 as descri bed 20her ei naft er perigB2007bddcAr der to
provi de the separation of fluid phases in the fluid separation region 110,

t he cross-sectional area of the helical flowpath is increased al ong the

I ength of the region 110. In order to PPovide this increase, the helix 112
is shown in Flgure 4 as increasing in pitch along the length of the fluid
separati on riegP sthinibe fide Thaarwassdn ths pitsls wlwerand wren iy raersties af 196 i ncr ease

in the pitchygf bélﬁ?pl@@ésééﬁ and B SEQEtB@%%hO%Qg?{IﬂIQ I’EWBQIG "ﬁngth ¢ light fluid

conduit 102. The 1ncrease In pit Is to om1natura | ow™of ‘the fluid
(as opposed Rbeses ko the flvitiopfiwivoiopeur hehilgpdlowowrhdisiaipidg h;ewén foug) and to-

prevent a fl tﬂh% s RAGK RIS SS Y &ﬁlbalﬂg%%ﬁe to friction forces within the
I all owe [ [

hel i cal cha occur e fluid back pressure would give
rise to a detrinmental cross-flow 26 force within the fluid. The increase
in the pidtch wil ll“hdequbcrfdhmma\s&phatipmmgi@ntlilesncbtﬂlembia Fl2us cbriignang withocessed

and is sel ect w_t he nat ural ve ases into
the fluid cdn 1% )f’ecf?cgtyomg}é%nrc mgvﬁ‘ﬁl(fnégeqefa mattfﬁl astlé%ahlier:f%"ﬁgegh é/ﬁpé@l 1 ui d
phases to cd;lahx hLﬂalsdispusngdtmhmhbd antalar uﬁdvaywmmncﬁﬂfnancemd light fiie fl uid
separation re 12.1.s conti quid vel ocity
enhanci ng reaﬁ%d']ﬁﬂoé é?rg}?éeqﬁcﬂgﬁ@??@ Ora%u@%mngﬁg#‘m E ?@@% a- further

hel i x 118 i oldispdheteling t]fslt&nﬁﬂiws&nmulopén @dwfthe [anoihas taids 162 otied t he

i ght fI |d condui elic h for fluid noving within
Lhe" oyl s FERROLBh b Recion & ReHss Hes ol of e the! Brepine Bifn oud of ¢ he

l'ight 'f1uid coipmmidaltcoddias 100ke a&&fpﬂmad DRl vérbixSn HRALMIstiedmicd Idvigr ease t he
velocity of the ffj\;gl dr e | i ng Ib‘&ﬁi q? cylindrical conduit 100 so as to
provide a skl ‘f"é‘Qu O(fﬁéie Y% m or | ower region of the conduit
100 as descri bed bel ow.
' In the fluid velocity enhancing region 116, the helix 118 is shown in Figure 4
increases in pitch for each turn around the light fluid conduit 102. The increase in the
15 pitch will be determined by the nature of the fluids be separaied and the specific
separation duty to be performed. A typical rate of increase of the pitch of the helix is
about 3% for each tumn around the light fluid conduit 102. The portion of the light
fluid conduit 102 extending through the region 116 is typically cylindrical and of a
substantially constant diameter. An alternative embodiment is to provide the light
20 fiuid conduit 102 with a tapered or flared portion, such that its diameter increases
through this region in the direction of fluid flow in the annular cavity, This in turn
causes the annular cavity between the light fluid conduit 102 and the cylindrical
conduit 100 to reduce in cross-sectional area in the downstream direction of fluid flow

in the annular cavity.

25 A cross-sectional view of a typical entire helical separation assembly 8 is
shown in Figure 6, from which it will be appreciated that many separation operations
require the length of the three regions 106, 110 and 116 to be many times greater than
the diameter of the cylindrical conduit 102. It will also be noted that the helices 108,

112 and 118 are shown as a single helical element extending within the eylindrical



In the fluid velocity enhancing region 116, the helix 118 is shown in
Figure 4 increases in pitch for each turn around the light fluid conduit
102. The increase in the 15pitch will be determ ned by the nature of the
fluids be separated and the specific separation duty to be perfornmed. A
typi cal rat ev@ioor/mgsi@ase of the pitch of the helix is apowirdftabdtrieach
turn around the light fluid conduit 102. The portion of the light fluid
conduit 102 extending through the region 116 is typically cylindrical and
of a substantially constant dianeter. Ah alternative embodinment is to
provi de the |i htHégfluLd conduit 102 with_a tapered or flared portion,
such t hat it“é’“g]“é SHlls i5 @ Peshed arpesmg- dhvevereljvehbs spprssietegithdct i on of

fluid flow idnchbenmanaitearossayd dnd-119 Ha$ bk BrdHED s SRUESSwHAR 1@BRYI ar cavity
between the light fluid conduit 102 and the cylindri'‘cal conduit 100 to

reduce in crisslonsefdes iatricat eqndyih 12 ar yenviethinsaparelt eesltitorlhst fluid flow in
th | bder - i O ' fa typical | hel i cal
e annul ar £avbient 4RAnGh ﬁ%%e%g%h%%aédv&%@@?@sw \mﬁ#@]ﬁ&%&h&%{%ﬁi}ﬂlge elica

separation assenbly 8 is s Igure from ‘ .
appr eci atied ehatiopemgeniiphease odulapesiatds dasribedy Ufar eertairetliid pepatatiofs, t he t hr ee

regi ons 106, 3,14 ] LIRS I t i@g@ er of the
cylindrical c%ﬁ%&?{ﬁg%%%g&ﬁ%tgmﬁ?‘{ ai é%b%g’ Cr?grgpg%{ﬂgﬁ‘g{’ H?ﬁ‘éﬁxﬁg‘lsi%ges xl108, 112
and 118 are ‘bheowmduissi® awitnfl.e helical el enent extending within the
cylindrical 27 conduit 102. This is a preferred arrangenent. However, it

wi || be appreciat it _each. of hel ,ces.108 .112 and 118 be
arranged separ at é‘}%sj O&ﬁgﬁh?‘%’ ﬁeg 918%1%3“61?}”? %ﬁ%%i#‘ﬁegdogw 8?1P%raelg1°é‘gﬁ§ui t 102,
or even wi t Hemisggart dteend ohitia lipis. fluih@ndwit B0 eMe ryligitorronduitHiogiy es 4 and 6
i s advantageoqu en applyj he, hel i,cal, . 5separation assenbly 8 on a ,
maul ar WaoreddNElh ARl Bl Sl o0 BERESLEL U B RS SR eiE S e 1 x
arrangenentsﬁhﬂ@dmmeemmﬂgﬁeﬂmhﬁﬁﬁvﬁhsH@@mmﬂmn@eﬁbﬁafm@awhﬁﬂaﬁﬁwaﬁmhthﬁl .
conduits 10Q .and 102. oted ahove, t helix 118 within the flui
vel ocity enagﬁff“i‘?&&iﬂ%ﬁ%ﬁhﬁ?é%f ﬂ?ﬁ%ﬁ%‘?‘é‘g °%ﬁdu{tH§2 E’ﬁhe S?t&“% ﬁ?é? Yitkfht f1uid
condui t 102.cylbdicaydontielt i (eik a ebariAlly k@R FoldBe &{ﬁ%ﬁi@& aw:ot-téx f&@i/?ﬁ’r i ﬁnt ed
and angl ed outl 120 at its | owe ownstream end, details of which are
descri bed hegF’é‘?r%i\‘f g ‘r"'f“e‘sl'f’r%l 2??0%%5}*{111 éﬁsﬁs\é\@?qdi 5t vef VPR 6 GHauNaRsda it ondui t
15 region extending in the downstream direction from the end of the light fluid conduit
102, To capture the created vortex, a vortex guide, in the form of an inverted cone
124 and a vortex tube 126 are disposed within the end portion of the light fluid

conduit 102, as shown more clearly in Figure 6.

The helical separation assembly shown in Figures 4 and 6 may be operated as
20 aself contained separation system. Alternatively, if further separation, such as
polishing, is required, the helical separation assembly may be used in conjunction
with the further separation systems and method described below, most suitably in an

assembly as shown in the accompanying figures.

Referring to Figure 7, there is shown a cross-sectional view of the portion of
25 the assembly of the embodiment of the present invention immediately downsiream of
the outlet 120 of the helical separation assembly 8. As shown in Figure 7, a plurality
of he_lical separation assemblies § {two of which are visible in Figure 7) extend
downwards within the housing 4 and are retained in position by a baffle plate guide

assembly 123, A plurality of baffle plate guide assemblies 123 may be provided,



100 extending fromthe end of the light fluid conduit 102 to the outlet 120
of the cylindrical conduit 100 is a substantially enpty vol unme and provi des
a vortex region, generally indicated as 122. As will be described below, a
vortex is established in this 15region extending in the downstream

di rection fpxagniwhesgnd of the light fluid conduit 102. JFergapiwiRsdine
created vortex, a vortex guide, in the folut of an inverted cone 124 and a

vortex tube 126 are disposed within the end portion of the light fluid
conduit 102, as shown nore clearly in Efgure 6. The helical separation
assenbly shown in Figures 4 and 6 may be operated as 20a self contained
separati on sYEERHRE YKop diersnstly el the helipal eparaiion asephliatsiaod theiueltives pol i shi ng,
is required,g; gl i I : i junction
e g s S S

sui tably i n higHce senaptioy asemilisswin ddditichethecssorepardippatsy iy dargesas Referring to

Figure 7, thgLBiek o - i ' he _paortiaon of 25 the
assenbly of t heeerﬁilgtéﬂl nen{?esg{nqtﬁﬁlg%gge%gﬂfag ?Xé\/sgi\rqlf)f)%lrsltﬂloﬁtﬁ@% %’-’t‘“& y downstream
of the odt| empl@gdof the helical separation assenbly 8. As shown in Figure

7, a plurality of helical separation assenblies 8 (two of which are visible

posi t'on by’ a baf b} S HLvigariie ST 193 G BRSSP BTl ¢ plate
gui de assentfhikkatia@thwryndas ipa dwindends taRBnde deadiongn vpRntctdhetd £wgkh of the
hel i cal separatign. _assemblies. nd their relative dinensigns. The baffle
pl at e assenif)blofaﬁgéxsﬁ‘i‘ﬁf’,egprf’l%\?lS g@%‘?ﬁdg’gﬁ& ‘aéﬁecﬁ"%%ﬁy(a:]i‘%ﬁ't“g CPWS’“?@& 0¥ separati on
assegbl i es. fomm amgﬁmgy i:sr(liﬁfe?ica};gibw,%xteﬂdﬂdoﬁﬁilenﬁﬁ]ictﬂiﬂ%d @Pgﬁg gasd kdshil es that
may be present in.the | uid, Aas_a result as oatatjon being 5
enpl oyeg.O upper e%@?%’tf???éf” af_é’(f)‘ﬂf&}fwzagﬁ‘“hgf’ P‘&tﬁﬁlggt_e‘g%? o &9r 158 f@rﬁb‘il?’? 8is
ori ented so oagett!Q0 ¢h thetdwek batl 6F ch@eneling ségaentio0 AskehinblyisN The AQUMMRH

t angenti al g)l %ecthl on, in, or,deIF to _(‘:gﬂﬁ;ate wi de vortex flow reginme, as
descri bed b&PGW PACUIELHHARG D RTistof GRoas- Lo ! lulge stabiliseh dhe Jeht of a
general |y cyhidybniicial 60t dshes a@ubBRds 260 %hph 4ty Mwidtddighd RendUpi Ng 4 and has
s - through this unstabilised fluid region 10.

15 A heavy fluid conduit 164 extends coaxially within the secondary light fluid
conduit 160 up to and coaxialty through the fluid mandrel 38, which is connected at

its upper end 1o the liquid conduit 42, as shown in Figure 2.

A solid/injection conduit 166 extends coaxially within the heavy fluid conduit
164 and is connected at its upper end to the coaxial bore 44 in the upper cap 28, as
20 shown in Figure 2. The flow of material through the solid/injection conduit 166 is

controlled by the valve 46, also shown in Figure 2.

An inverted cone 170 is disposed around the secondary light fluid conduit 160
and spaced from the lower ends of the helical separation assemblies 8. A helical vane
172 is provided on the conical surface of the inverted cone 170, The region within the
25 housing 4 between the lower ends of the helical separation assemblies 8 and the
downstream or lower end of the inverted cone 170 is a fluid flow re-stabilisation
region, generally indicated as 10 in the figures, the purpose of which is to establish a

slower rotational flow pattern of fluid flowing downwards in this region from the



10upper end open to forman outlet 162. It will be noted that the outlet
162 is above, the outlet 120 in the | ower end of each helical separation
assenbly 8. The rotating flow below the outlets will initially consist of
cross-flows, until it has stabilised. The light fluid conduit 160 acts as a

cowming to asse®tomery |ight fluid droplets to nove up thepa@bootHicse:
unstabilised fluid region 10. 15A heavy fluid conduit 164 extends coaxially
within the secondary light fluid conduit 160 up to and coaxially through
the fluid mandrel 38, which is connectéd at its upper end to the liquid
conduit 42, as shown in Figure 2. A solid/injection conduit 166

ext ends coax?wleisy 200t the RelicRksepwaian assepibiech nBisdnvesad song 178 iscfimdct ed at its

upper end to . j j Ln Figure
2 The T ow Soe R Emilh pRALE siicinl B4R al e By AP ol Balgalut
control | ed bYpusing4yad (e serendaay Eght Sluishaonduit F0du prsalg a higher rotafiondl nver t ed cone
170 is dispo 3 | i,gh | Ui d.conduit 160 . .spaced
fromthe Iom%?glgﬁ{deg&o Oﬁkgﬂﬁgﬁgga téé‘%@él%g %r%ﬁ)%gggheeq Jlfére%ndéi.eav gr@“ﬂ‘?cal vane
172 i s provimessonthe hexteegwirceltheassdnadde of the inverted cone 170. The region
wi thin the 75housing 4 between the | ower ends of the helical separation
assenblies 8 and '[tlh

0 t r,eam or, .| ower of the inverted cone 170 is a
fluid flow re-stabr ffggoavgl}\%horf3 I?%ﬁ?%ﬁ?“@éﬁ@?@%ﬁ?“#ﬁ c"éi{b@aw EWHTER t he
figures, theopeibise saondfliidiluidsdparatat adye] geherallsindiveted kOt Binitbnal 1 ow
pattern of fluid gl w ng downwards in, this region fr t he ) oytlets 120
of the heli ctflﬁwes?é %ﬁ?‘gtrfgﬂn’gkéesrg%ﬁnin&‘ggﬂ {?’Wé pﬁ%@%ﬁ?@ﬁ@d’ﬁ’@"i U5 such a
| ength and amngibli. Ofquchiel elthis s Ydonire NEhtTRALGhEEN d0Ns bheidarihar 1 owpat h
bet ween the-houlsi n cond rr%/gﬂ]la}rght gie? d conduit 160 to create a

] 4 and th
hi gher _rlé)t at SRRy Og%m%g"’\%f%‘gﬁﬂs Bretehet e ¢ Byyedeone ¥ional
separati on ahrobftewhichtheeigh@ntuil @Rreemaf éérdhe conduit 160 and pass along the
annular cavity between the light fluid conduit 160 and the heavy fluid conduit 164. It
will be noted that the secondary Yight fluid conduit 160 is closed at its lower end 161,

as shown in Figure 8.

15 Referring to Figure 8, there is shown a cross-sectional view of tﬁe downstream
or lower portion of the separation assembly. The final region in the assembly is the
final fluid-solid separation and recovery stage, generally indicated as 14 in the figures.
A conical vane 176 is disposed at the do(vvnstre,am end .of the second fluid-fluid
separation stage 12 and provides a barrier to the lighter fluids in the central annutus

20 and ensures only the heavier fluid components and solids in the outer annulus
continue in the downwards flow direction. The conical vane 176 marks the upstream
end of the final fluid-solid separation and recovery stage 14. The portion of the heavy
fluid conduit 164 extending into this final region 14 is perforated by a plurality of
ports 180, through which the heaviest fluid phases are withdrawn.

25 The solid/injection conduit 166 extends to the end region of the heavy fluid
conduit 164, as shown in Figure 8, Means may be provided to withdraw solid
material, such as silt and sediment, through the solid/injection conduit 166, for

example by means of a reduced pressure or vacuum suction. Alternatively, the



5phases in the next region of the assenbly. # The region of the housing 4
i mredi ately downstream or bel ow the inverted cone 170 is a second
fluid-fluid separation stage, generally indicated as 12 in the figures. In
this region, the remaining lighter fluid phases are finally renoved from

t he assenbl wo Jo7eshizeve this, the secondary |ight fl ui g¢ce@pdenzibot®0 is
provided with a 10plurality of ports or holes 174 along its length from
inside the inverted cone 170, through which the lighter fluid phases nmay
enter the conduit 160 and pass along tKe annul ar cavity between the |ight
fluid conduit 160 and the heavy fluid conduit 164. It will be noted that

t he secondarSPUFiiyeRtoR condyitd ehenay be uwd t9 injest wdiBeicamponenss inguibe flelddn 161, as
shown 0 Fi GE Boddingl RRELAId 0 4nhBof HEUERrBon bIGE ﬁufd?:hﬁi@?."m a .
cross-sectional view of the downstream’or | ower portion of the separation
assenbly. The final region in the assenbly is the final fluid-solid
separation and reldevery ead efghe hgeingrds pypvidedivitlat boked 82,14 wWhivhtae figures. A .
coni cal van ' ' :

I dot1 Uy d Sena s PROREG: Bhuel 16 APUIBLARANR6 0 MG RRE8IY o1 o
fluids irb thesigenthaborahduhysbo@edrdreridujeatmgontiyeutation freavdventerfihudsd
conponent s I in e puter .anpul us continue in the downwards fl ow
direction._%ﬁgmﬁ%%%%gF“€§%§nﬁgﬁ BT RS Pﬁgiﬁg?ﬁ?%an1end of the final _
fluid-solid separation and recovery stage 14. The portion of the heavy
fluid conduit 16&hexpenittinng therdsenitly & the RabmpaYing Mglds sl peddsataed by a

plurality of, parts 180, throu ich the heayi.est fl ui hases .are

wi t hdr awn. 2§$ﬁgﬂ)6?ﬁﬁfﬂﬁfﬁ@?ggﬁﬁgbﬁﬁﬁ??“@%%Qg%f@ﬁdﬁmFo% AEE§Yr egi on of
t_hehgeavy f:}:_l]m'ada s&emd!u;it&pi&ﬁéfmawaﬁﬂ@?&ﬂvérwdﬁb@gie@r&lucﬁ@ﬁﬂﬁdﬁﬁ% Ee provided to
withdraw solid material,,such as silt and sedjnment, through the

sol i d/i \r%o Spgﬁqn@ﬁﬁ‘a}f?ft[' I@’éc,aﬁf’d‘f‘ S‘@h&r‘?ﬁf‘%ﬂ’lﬁ@ﬂ éﬁ‘ésﬁﬁfde‘éa?g"ﬁﬁlé@d“ Bressure or

ect

vacuum suct imifk aghbi8 pRgk] Mt are hBEsus@PtiNo kd Ghicfictlahn@Retoidtiutind 88 may be
used to inject actiye CQ%POH nts into the fluid in_ the housing, for exanple
to enhance tRBYEHFH SCHEed P! BRELE eapaigiadar of insufficlephmasdQererediitd of t he

housi ng 4 | sinBEQYW AadriiMehiTo@ed) OF BeclBRabld for VMiEHioR R0 hiPGRBHo@a | sol ation
plug or plugs 184 and a check val ve 186, both of conventional 5design. The

bore 182 nayCBRgGLEE UbMBH G r@roved frommhe wateriopcanrepitaipnibsiovs ddmeter | nuds

15 This is achieved using the method and apparatus of the present invention in the

embodiment shown in the accompanying figures as follows:

The mixed phase oil/water stream is fed to the assembly 2 through the fluid
feed conduit 60 and enters the fluid feed header 58, from where it is distributed to one
or more helical separation assemblies 8 through the respective inlet conduit 56, the

20 flow through which is controlled by the respective valve 62 and one-way check valve
63. This allows the general flow to be segregated and divided into manageable
portions for distribution to respective helical separation assemblies. As described
above, the number and combination of the helical separation assernblies § to be used
is selected to match the volumetric flowrate of the feed stream to be processed. As

25 noted, it is an advantage of the assembly of the present invention, in particular as
shown in the accompanying figures, that a wide range of volumetric flowrates may be
accommodated without any reduction in the efficiency of separation, Indeed, the
ability to select a combination of different sized helical separation assemblies aliows

the system to be tailored to a very wide range of fluid compositions and flowrates,



or cenents when installing the housing 4 into the seabed. The
operation of the assenbly in the acconpanying figures will be described in
relation to the separation of a two phase m xture of oil and water. Such a
m xed phase streamis typical of the water recovered fromthe production
fluids of awl®swhbéesiranean well. Typically in such a stpeamsadoveedll s
suspended as droplets in the bul k aqueous phase, which are not susceptible
to coal escence and separation using the conventional techniques of gravity
separation and are of insufficient masslto segregate under |ow centrifugal
forces. To be suitable for reinjection into an underground formation, the
oi | nust be VBt ed e RsRcPHal R RGeS (s 0L PETHABAET AT SimBER eRRdHBOS ppm 15
This is achigMeds #igh iclel®. met hod and apparatus of the present invention in
t he enbodi nent shown in the acconpanying figures as foll ows: The

m xed phase oil/water streamis fed to the assenbly 2 through the fluid
feed conduit 60 d¥einesrhdplst onduifjauthg oflberderivaentieenigg theftppastivhesdiali t i s

di stri buted ! : 4 rat.i [ i ough the

eapec e i SroRfE B aRPERy 19, 1R, RERALENPOARISIN hEReBldi U0 (D e

respectiie vktics o theanlindsivel faedcontidtsl thatenecb. helitdl seratdtionsssehblydener al

flowto be Sa%gﬁo%ﬁ%%‘?gxﬁél% Ayl df%gsélé‘c‘ter%bff[ﬁ@ﬁ% abén?rs"rﬁé&'g% iod] eqdl StTibution
el1cal I es. Frope

to respective separation asse €sc above, the nunber
and conbi natdoodriighngehi@allyeWhaakbomeparlatic sepaasion nbiuise Th dllowbéhegsadtali s

selected to h th ol. rig flawate of the feed, streamtao be
rocessed. ALRSEstal U EUTE Bhfchb b e Spa i Bk BRI A8 bR ot esent

i nvention, iphrplity bf diwdrae phmeshedvm thethtihentac e mphday flogpdh.gus e, that a w de
range of, vol unetric. fl.ow.ates may be accammopdated without . reduction in
the ef fi'd enoé’flm%é n%feeﬁ%ﬂo}éethf’%}ﬁ.epaﬁ%géﬁ?mg% 8 glﬁf%fciaﬁ;‘/m\ﬁ%hes@%@?gén%nbi nati on
of di ff er entbebigziecsihelf itzakscadhodmtiisenlasetthbugugklewpratibeosystaem t o be
tailored to s?ngYeEilre}/iceYim s%%‘a%gg gseser%lyfzgl vleih%e (c:lgsrcT:Plgesd ftoal' 8Qr?ty.a nd flowates, 31

The oil/water stream entering the helical separation assembly 8 is caused to
flow in a rotating ﬁafte'ru as it descends the uppermost region 104, as viewed in Figure
15 4. The oil/water then enters the fluid flow stabilisation region 106 and enters the
helical flowpath formed by the helix 108. The function of the uppermost region 104
and the fluid flow stabilisation region 106 is to generate a uniform, rotating fluid flow
pattern in the oil/water stream. The passage of the stream through the various
conduits and pipes upstream of the separation assembly 2 will provide the stream with
20 aturbulent flow regime, in which the Reynolds number is significantly above the
critical Reynoelds number upon entry into the ﬁelical separation assembly 8. Such a
turbulent flow pattern will not provide a high efficiency of separation of oil droplets
from the water. Accordingly, the uppermost region 104 and the fluid stabilisation
region 106 are operated to stabilise the. flow regime such that the Reynolds number is
25  below the critical number. In other words, the Reynolds number of the fluid flow is
brought below the value at which turbulent flow arises. Preferably, the flow
stabilisation region 106 is of sufficient length for the fluid flow regime to become
laminar, At least, the flow regime should be in the transitional state, preferably with a

Reynolds number towards the lower end of the transitional range.



while allow ng the separation processes to operate under their optinum
conditions and at a high efficiency. Fromeach inlet conduit 56, the

oil /water streamenters the respective radial bore 54 in the inlet body 22,
t hrough the tangential opening 52 in the uppernost 5portion of the
cylindrical wead,eenduit of the respective helical sepapatricgpodssedbl v 8,
as shown in Figures 3 and 4. The selected fluid streamenters the
cylindrical feed conduit tangentially, where coarse cyclonic separation
occurs. This allows the general phase Aasses to be-divided and begin to
separate and to perforn1the streaminto a plurality of discrete phases
before the fluideHedloy sardispon regipn { 0% Wsdtansitigus! gtbie and hegpapasti on of each
hel i cal Sepaﬂeﬁt:al%wqﬁ&é‘rﬁ*adny r%reftéjﬁ%{l b&@ha M‘f&rﬁ:stvh r%lalﬂuﬁh%ciraﬁ Brg being
the size of the assenb I'ts Vol umetrt rou ratlon of
just a singltee ﬁmiieéialroré@mﬁfbmi tormigendearopyling towbicl: 1&59@@@5@1&85@@1 Tknls clarity.
The oil / wat I | ;.58 S i s caused
o flow i n aoro o e e O SR B S B el 037 56
vi ewed i P FidyartetheshrgeT masos, lekpateeee Etlla@ar ﬁr:teemé a¢chlera1td the depfatation of

stabilisati n ) cal  fl.ovvpath f by the
hel i x 198. f[}ﬁe %nc?m(])a%%n?&?ﬁg EO% edﬁ ltnqﬁ %‘?%ﬁallkslf%gﬁbegf% %PI % & f1low

st abi | i sat i ghsigigféantiy ﬂrﬁﬁzasses tltecnmgeaié«eam@dsanumhef ellowing tedRdynglds hmnlo:brf | ow
patterninth t ream., The. passage of thes hrouhthe
various con %%s S(dar agl%& © %@g@égﬁﬁ%@g‘? %@%&ﬁ%‘?’éﬁ%ﬁ h&“%?@rﬁﬂ WI N

provi de the aptun etaamnvwmm i2 Quallawdahd Boitl 16 H&Wafa&@gmﬁcantlfﬂhi@h&mwch? Reynol ds
nunber 1(59 gnl ffpacﬁa:ll % gbove the critical Reynol ds nunber upon entry into
t he heli'cal 4 fétserrbly 8. Such a turbulent flow pattern will not
provi de a hi gh efficiency of separation of oil droplets fromthe water.

Accordingly, t heUp@@ﬁﬁﬁﬁ@the&R@:lMw&@’ﬂihé’dﬁlﬁn?dgﬁmflb@'ﬂ@ GilahRbl dusaki on region
106 are oper.ate lise the.f regime such that the Reynol ds nunber

t ab
i s 25bel ow tlwgleglra}eg’ %’Iaq?s EiRRsT end of tggﬁl‘é‘@ sgsFaien ragkos IpAyAGIdelidber of the

fluid flow lfﬁm@wu@medl@@lﬂsbvmehia@waﬂnuﬁs adgioMing %ansﬁs&uio%ff tﬂelogv&r@;ﬁé@ es.
Preferably ae flow stabilisation region 106 is of suffjcient | ength for

the flui d f |28P T8 GRaHsh foc s e tq beniepmpted Apuy thaweter in e ¢il/wojer Bighie shoul d

be in thg transnidvenabmtedd@ampPras EJtﬁ»QloYth‘é‘htéﬂ c@ntBﬁMQpi}oft%s ByHRSLinkowar ds the
| onwer end of the transitional -range. In tthe flow stabilisation

regi on 106, “IKECRIFaRsepastion agtien a2 vaueps tsﬁéescﬁ@ ﬁ}?aﬂﬁfw iéreechihrqugbibepat t er n
will gener ath@h)bisg@bré‘s@ﬁ‘&& Hlfaéi% nata@aﬁ%%? FifhutddisR o 438 1f {h%'ug o :BLiGAS gven the

smal | est dr%ﬁl ets of fluid m grate according to respective
densities idsseﬁﬁﬁtﬂ@ﬁe@%bm agesvocaFsyts ﬁﬂrgthefo'f%fhealsﬂmﬂf pf e Bpidet s i nto

larger dr Opéuea%béﬁ&s t}‘ile Mher of d%?eté&rﬂx?{%‘té to tfeﬂ,&ﬁér, fgﬁasegmni%‘ﬁ@“ ence a

| arger force and accel erate the separation o n advant age of a
forced fPowhelral Rewidtows siewpd IniBaue 6m Fidgimonem@6piogresdeanlong theilgnilf i cant | y

consi dor abl 3 K S B L s B e e L Tor 11 ow
in an open sppaednmer Tdpie dfithet flrwpagi flovsthtoneh fhepds 11d thtlm/hm flaidsi gni fi cantly
hi gher vel O%Md)ﬁit 102 and passes upwards in the conduit to the gas-liquid separation zone 30 in

the cap gssembly 24, as shown in Figure 2. Any gas present in the oil at this point is

25 collected in the upper region of the gas-liquid separation zone 30 and is removed

through the bore 32 and the gas recovery conduit 34, The oil is removed from the cap

assembly 24 through the lateral bore 35 in the lower cap 26 and the fluid conduit 37.

Any water entrained with the oil and reaching the cap assembly 24 returns to the

housing 4 by way of the longitudinal bores 48 in the inlet body 22,



10al ong the helical path. Upon leaving the fluid flow stabilisation
region 106 the oil/water streaminmmedi ately enters the upper end of the
fluid separation region 110 and the helical flowpath formed by the helix
112. In this region, the major portion of the oil droplets are | arge enough
to coll ect aulboodkezseparated fromthe water in the oi pbwatsesrsios@am 15and
renoved fromthe stream The action of the high centrifugal forces on the
mnute oil droplets and separation action at various stages as the flowis
forced through the helix is represented3diagrannaticalIy in Figures 5a to
5¢. In the upper regions of the fluid separation region 110, as shown in
Figure 5a, the rdfoenilgnar the fBid epartien reignd 16 the seameieiag Sewdidasistinght er oi |

dropiets Lo aaiahfortd: M tRRG! amd iRk of e&te%h@ﬁwﬁ%o&%ﬂ&lh?%ﬁdgg{ f | owpat h,

as viewed in Figure 5 hi's novenent progresses al on h of the
hel i cal fIommamh11®@ﬁ§hvwmenmﬁﬁﬁﬁuﬂﬁbmﬁﬂOEnnh@wvmhébbﬂk?@hﬁ1@hﬂnng in the

upper, inner I 114 in the
light fluid %%E%ﬁﬁ?ﬂﬁég&ngﬁ %%%%22*3%@&#%@”#&3%ﬁ%pé%%ﬁhﬁﬁfpb the gas-liquid
separ at i dn ZRwyeol89number hﬁtllcammmmeymmnampmMe icntidal g&lu@ ‘The Any gas

present int AL JLhi s point ect d in reglon of the
gas-liquid égﬁé%%?|o%“§%ﬁ55 “mﬁ§sug2 ¢aﬁ°‘ﬁF838hevﬁl %f% 32 and the
gas recover ypoctmmchf ithte csld,ndxfﬁh}econdtht 13 imendisedy dovasirtdreoitthp erabsaleimdidvid 24

t hrough t he bore 35 | ower . 2 d the fluid.conduit 37.
Ay it ot ertRE G EeERE 1551 R Aot Habe P SRL e OB T et ur s
to the hou5|ﬂngdébnldmtmzyaﬁﬂfc?ndmedl\mﬂgihbuﬂiom&ielmrte@cdh% lizmﬁﬁmKheWHtee:t bo?y 22Ej
33 Y ¢ oA L qui d,
consi st i g dRREPI AU U ERe AR S50 A B e DR HHon oEifFer's the 11 ui d
velocity enhamabrmgmbe@msﬁnoﬂxﬂ;@ﬂaﬁdn e ool el renginif oflfieopial mcg'me fd owpat h
provi ded byﬁEhe heI x 118. gﬁthls region, the rotational velocity of the

streamis i ‘?%@&E%B thngoripxagd gpier the [pwes enghqf g light ﬂH’ﬁiﬁéPd%tfm? 018t r eam

i ncreases angheR®y pAPRHO 3P hsiNSIL L4, b 8REusYRlM6ve. The vel ocity of the stream
is increased suff|0|ently to produce a stable vortex in the portion of the

cylindrical conduit 100 i nmedi ately downstream of the end of the fluid
vel ocity enhanC|ﬁ@eFQﬁﬁW%ghﬂ%ﬁﬂQW% L e gylingriea! spnduitd 86 2ad letwe open end of

the Iights f |thﬁ'og lc,d &u% ﬁz@% @Qtlnl BE AL WL &ffﬂﬁe l?dugingffl m"(ﬁseléﬂl‘éﬁr ted cone
124 and the vor ex 1 the lower end o ht fluid conduit

102. Under tth@mg_l@tbp@hofdhe lgch@mg 4 is ﬁlled with liquid, the lower 1eg10n belng filted with
water and the upper region being filled with the lighter oil. The entire assembly is

operated such that the oil/water interface is above the maximum high level 17 of the
cylindrical conduit 100 of the helical separation assembly 8. In the main volume of
20 the housing 4, two actions enhance the separation of any remaining oil droplets from
the water. The first action is a straightforward gravity separation, by which the lighter
oil dfop]ets are caused to rise within the housing and enter the upper region. The oil
collected in this region will leaving the housing 4 through the longitudinal bores 48 in
the inlet body 22 1o enter the gas-liquid separation zene 30 in the cap assembly 24.

25  The oil is removed from the cap assembly 24 as described above.

The second mode of separation in the main volume of the housing is a further
rotational separation. The action of the angled outlet 120 is to induce a slow rotation
of the substantially water phase within the lower region of the housing 4. The rotating
water stream: descends within the housing through the fluid stabilisation region 10.

30 Asthe water stream passes the inverted cone 170 and the helical vane 172, its



rotational novenment of the fluid in the vortex, the remaining oil droplets
mgrate to the centre of the vortex and enter the | ower end of the |ight
fluid conduit 102, fromwhere it passes to cap assenbly 24, as discussed
above. The remaining liquid flows down the cylindrical conduit 100 and

| eaves 15t hgxaugb7ddgg2angl ed outl et 120 to enter the mai BeyepbiRodkot he
housing 4., In operation, the main body of the housing 4 is filled wth
l'iquid, the | ower region being filled with water and the upper regi on being
filled with the lighter oil. The entir& assenbly is operated such that the
oil /water interface is above the maxi mum high level 17 of the cylindrical
condui t 100 TeRtignabveiedity duincrsessdrbafurothe avire sttag @iers e findendiid-flusl ume of 20
t he housi ng g oi
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22 to enber onfgs @lsoﬂthcdwihcbwmxan lam;a:rnbbsrséz 3@ ehtar ﬁhheppmmgamsﬁm y 24. 25The
oil is remoyed. %% n1the cap assenbly 24 as described above. The
second node 0 paration in the main volune of the housing is a further
rotational separation. The action of the angled outlet 120 is to induce a

s |h owhr otation of 'rI]‘hanaimﬂb&h@mb alrihgr ﬂm‘ﬂeluzmpaeuoéd regibn ;\2 Wl éﬁﬁﬂhﬁ{ oiilggi on of
the housing 4. The rotati I, stream descends wi thin the housing

t hr ough t he YFI"dHg%% ?%ﬁﬁ ‘1‘“% ’rlélﬁfg Bﬁs"‘f@& %ﬁﬁ%‘nkeﬁé’r\k}étf’é‘rs‘ﬂ%t?‘?%ﬁ? passes the
i nverted cofi@nik@bn aﬁ.dr &1&1@3&1% btﬁ% waeNehd Kdter Istrdmovdd HoRltAd haiigbly el ocity is

|ncreas?g b‘@ ore r streamenters the further fluid-fluid
separ at i dF’BHV Eeg‘q |p§339’@gtmﬁﬁg tRreorehid ntegeam el edetts are caused

to mgrate tl@f-itﬂ&a waasmﬁau@donameﬂ@W@Mdm 1 ap §ssEﬂH€D_{r 2Raad lehisamgh the
ports 174 in the secondary light fluid conduit  160. Wthin this conduit,

the oil dropfersly ugh e I REs 4G Hid ORI Geid®of the hel i cal

separation assenblies 8 and enter the upper region of the housing 4.

The wat er | eavi niing bisidhiida8) olohlh Seeluted: SRPRKALI BNl igahon 12 Wl | contain

onIy very m nor or trace am)un s of e Sul t rei nj ection
into a subt EFreaRed reeiUy ahite hewsing 4ﬁ@ir€m0§%§§hermﬂ®t1%élv oygAPEnUdTRlY; wat er i s

rermved1§romlgmtﬁesggmijbﬂc%u;thgﬁrermval region 14 by passing through
the ports 180 in the heavy fluid conduit 164. The water in this conduit

fl ows upwards to the cap assenbly 24 and | eaves the assenbly 2 through the
lateral bore 40 rsoliinitctiguicendstii@ilso ar@vides a means fariytraloking materi al s,

such as Sedbdﬁgﬁna% n-g&; I Dl Re hBQJldﬁggcgl% 8 ds @eﬁa&%oh 8%&9%?? Ls fgghon of the

housi ng 4 and Yenove perrodi cont
required to improve the separation efficiency of the Qvelail assembly

A portion of the water removed from the fluid removal section 14 may be
20 recycled o the inlet conduit 60, in order to adjust the volumetric flowrate of fluid
through the assembly. This may be needed, for example, to provide sufficient

rotational velocity of the oil/water streams in the helical separation assemblies 8.

The controf and monitoring of the overall system is achieved using an
arrangement of injection, monitoring and sample lines. As noted above, the
25 cylindrical inlet body 22 is formed with a plurality of radial bores 55 connected at
their inner ends to respective control lines 53. As more clearly shown in Figure 9, the
control lines 53 extend longitudinally in a downstream direction within the housing 4.

The radial bores 55 and the control lines 53 may be used to inject components into the



15t hrough the solid/injection conduit 166. The solid/injection
conduit 166 al so provides a neans for introducing conponents into the
fluids in the housing 4, such as separation enhancers, as may be required
to inprove the separation efficiency of the overall assenbly. A portion of
t he water reyeowedodssiam the fluid renoval section 14 nmaypbecaecyedied to
the inlet conduit 60, in order to adjust the volunetric flowate of fluid

t hrough the assenbly. This may be needed, for exanple, to provide
sufficient rotational velocity of the 86l/water streanms in the helical
separati on assenblies 8. The control and nonitoring of the overal
system is achili{eid nhsjerygthimtba housirgestshes alditive actsepmatioromhansetsngaand sanpl e

lines. As no indr i is 4 Wth a
ol Urai i 1y of "By Bt dhiERe bl blitdrifte IS oA pemide S PATRAOH 1 Ve
control  |i nesys88. willsn atiged blilsaphésg. shown in Figure 9, the control |ines 53

extend longitudinally in a dowmnstreamdirection within the housing 4. The

radi al bores 55 d the control.lines,53 be used to inj.ect conponents
hto the 35 bul 0T eRRRedSiny kDL s o P AgEhe A e kB le Vs and
separ ati ah einteafacebswedals lighy fitid phijeaad td heduydlughplasewilin nierteudhg 4 hese
lines in order ,to.proyide.,a.gas. floatation systemwthin a |iquid bulk
bhase.  One par eeiibeaabeecn? sBthia B HIIT: Sl EToth b St ne and
moni t or t he Bithintiesrfoasiag Relcw@enhd ietm@hleglohsbidhohasmgpirdhdbdeinnkavy fl uid
phase mﬁthigFihe *ushgg 4. As. descri bed above, the Ii%hp ng%%§ hase wil|
be col | ect ed FEin AR FUHTLERTFELP @AM RPRAANAT PHECHIb SR %Y B¢ t he
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concerned, th . ] -
dispersed in a continuous aqueous phase, the interface may extend over several meters

and comprise an emulsion of oil and water.

The technique of determining the position of the interface 15 is shown

15  schematically in Figure 10. A control line 53 is shown extending into the housing 4,
the lower end of which defines a datum 19, The pressure P, of injected fluid in the
control line 53 is measured by a sensor. Similarly, the pressure P, within the housing
at its uppermost end is measured. To determine the interface 15 in an oil/water fluid
system, clean oil, for example'that removed from the light fluid conduit after

20 separation in the assembly, of a known density is introduced into one or more of the
control lines 53. The pressure in the control line is measured and compared with the
pressure at the exit of the light fluid conduit. The height hy, between the datum 19 and

the interface 15 is determined using the formula:

25 hy = (,Eg.:__BLI}.
(dw - do)

where h., is the height between the datum and the interface 15; P is the pressure of

injected oil in the control line 53; Py, is the pressure in the uppermost end of the



interface may be poorly defined. For exanple, in the case of the separation
of oil dispersed in a continuous aqueous phase, the interface may extend
over several neters and conprise an emnulsion of oil and water. The

techni que of determ ning the position of the interface 15 is shown
15schemat i c&d mwoimvedibgure 10. A control line 53 i s showacegkendvdngi nto the
housing 4, the | ower end of which defines a datum 19. The pressure Ps of

injected fluid in the control line 53 is neasured by a sensor. Sinmilarly,
the pressure Ph within the housing at B¢s uppernost end is neasured. To
determne the interface 15 in an oil/water fluid system clean oil, for

exanpl e- t hathWERH Gty 1§ e PesHe of walee and &i ld thesivanify of Biedipctabelbpar ation in the

assenmbly, ofg Ak A8 ASitY 1d St g£d into one or nore of the control
| i nes 53. ThSie I|oressure |I§éthe C(;I’%tl‘ Cf)g}f%ne is measured and conpared with

the pressure at the exit of the light fluid conduit. The height 11, 4,
bet ween t he dat ud chslalfdcfeftdhﬁhgh’rtfhnd,ac@asﬁlliIsnmmtaammhth@dgm@ﬁnglttohe for mul a:

25= - do) whep %3*} oftel 8 11%?@4‘%”8%% cgcﬂzgg}[; %f#@ﬁﬁi}%%éﬂ%hé %r?{]ace 15; P,

is the pressure of Inj ect ¢ pressure
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Fi gure 10, Wpeﬂatuaa Ianql)hts ﬂm:mhctﬂaﬁ tanekt @Wopﬁio&tcoilﬁolflﬁﬂ‘es $hef 4 wilenid éce,
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al arm and/ ofpuinpi bi meC@lcwblﬁ@tthéé@\s}%lﬂgﬁnagiﬁoe?djflgﬁfiCdép@ﬁlﬂéilgmié F_Heﬁg; i/ Snf It Elr gugh

one or nore.control n
Al ter nat i vel’§reqpn F‘?‘R”%‘g%ﬁ%ﬂm%ﬁ’% aon o R e H Ol  Birtion of the

heavier fluid.

As noted above, the arrangement of the present invention is particularly suited

15 for applicaticn on a modular basis. In one preferred arrangement, a separation module
comprises a helical separation assembly, as described both in general and in specific
detail above and shown in the accompanying figures, indicated by the general
reference numeral 8, The helical separation assembly may be provided in a variety of
different sizes, in particular a range of different nominal diameters. This possible

20 variation in the size of the separation module is an advantzge of the present invention
by allowing a wide range of fluid flowrates and compositions te be accommedated.
There are a number of ways in which the modular approach of the present invention

may be applied.

First, the larger size helical separation assemblies can accommuodate larger
25 fluid flowrates. Referring to Figure 11, there is'shown a graph of the operating
flowrates and pressures for a range of helical separation assemblies 8 as shown in the
accompanying figures. The operating ranges and parameters are given for helical
separation assemblies having nomimal diameters of 4, 5, 6 and 7 inches (numbered t

to 4 in Figure 11) and for operafion in the separation of crude oil droplets from a



punps or inlet chokes around the system nay be adjusted, dependi ng upon the
correction required. The corrective action may include recycling a portion
of the heavier fluid. As noted above, the arrangenent of the present
invention is particularly suited 15for application on a nodular basis. In

one preferregbh ant/epganent, a separation nodul e conpri sescacBedolG@kor
separation assenbly, as described both in general and in specific detail

above and shown in the acconpanying figures, indicated by the general
reference nuneral 8. The helical separafion assenbly may be provided in a
variety of different sizes, in particular a range of different nom nal

di anet ers. THME 6881 Bk axtoar isdypien of the oHeosipminatsd vaks Sis@Br at i on nodul e
is an advant ageunedred NBinRBARBLNA ﬁ%&ﬂﬁibf?l?%é}é(tic%ls kr_pﬁg{g@&m?ea%ﬁ% apoe of fluid

fl owmwates and conpositions t0 be accommodat e re are a nuhber of ways

i n whi ch t hevetbsddisarfirggprroastitio afcommedgingsegiven findsitcammandrilywisés, #ppl i ed.

First, the | [ nS i af i Lles: 0 date | arger

251Ul d 1 ouf e gee nEP, itk SERALAL 0D o R e R ARG IO of he

operati ng f|wamnpledwnangraph swbayBgukdd. a range of helical separation

assenblies 8 as shown in the acconpanying figures. The operating ranges and
havi ng _ naoi ni mal

paraneters are gi Lical separation assenplies.

i amorers of 4, i BRstOl A% b RERIE8 O S AR Pe iR RS L o
oper ati on i rlavrge o€ fhahelidabsepahtiar asshenbdy, thedsteph eday bt splinaad a Bloraliat € St ream
Such a stream, s . typical of th il - t an.nat ed water streans, encount ered
during dril PRy sTPlsy B B phsiiiepiaoaralleln & hhe ey 5 amal U5 PO gas

wel |'s. As a dpprosdh afplpr oaeht ihoendics Groedat b PRt Agitofrlaw BlestisreEahand
flowate,, it.is rel y necessa to sel ect, t he appropriate sjize of helical
separ at |e!(9n a¥s ?ﬁﬁ ?fu.?ag%y ?@’&ﬁ%ﬁﬁ%ﬁpéfa’ﬁ?‘b?fﬁ%{nﬂfeéB%OV@‘{)?&?%&W#P@Pﬁe 11. | f
t he stream tdifffaent pize¢ £3&86li0 asheaietdnaiteatemeXe 8RGIRE shbigh AW Oper at i ng
flowate of the helical separation assenbly, the streamnay be split and a

plurality of such assenblies mad% be gperated in parallel. A further manner
to apply the nod® SHMPARHIBAERSSHer H fovede Apdonfpamesiten oidhe duidel ect a

plurality Appepid fdRoceede@Glill 08y af thk MRII or wells are brought on stream or shut

down and over the working lifetime of the separation assembly. This situation is
15 likely to be encountered in the case of offshore oil and gas wells. 1t is preferred to
provide equipment at such remote locations that can operate for extended periods of
time, typically many yéars, with little or no adjustment or maintenance, A problem
arises with separation equipment at such remote locations as a result of the fluid
flowrate and composition produced from the well varying over time.
20 Advantageously, the present invention provides a separation system that can be

installed and operated to accommodate a range of flowrates and compoéitions

changing over time.

An assembly incorporating the concepts of the present invention and adapted
to accommodate such changes in the fluid stream over time comprises a plurality of
25 helical separation assemblies 8 of a variety of nominal sizes. - As the fluid flowrate
and compositions change, the individual helical separation assemblies are brought on-
and off:line in the appropriate combination to be matched to the fluid stream being
processed and provide optimum separation efficiency. Referring to Figure 12, there is

shown, as an example, a further graph in which the flowrate of an oil-contaminated



10sizes of the plurality of helical separation assenblies allows a

conbi nation of different sized assenblies to be determned to match the
gi ven stream and fl ow ate. A conplication arises when the flowate
and/ or conposition of the fluid streamto be processed will vary as the
wel | or wel Iveo ammeodssought on stream or shut down and ovegtideeionadokéing
lifetinme of the separation assenbly. This situation is 15likely to be
encountered in the case of offshore oil and gas wells. It is preferred to
provi de equi pnment at such renote | ocati3@ns that can operate for extended
periods of time, typically many years, with little or no adjustnment or
mai nt enance. wi&epstebinemch pd sheminadi frdm e peodatticnrof ed diopreswbteatnsustellyienot e
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accommodate a range of flowates and _cofrpositions changi hg over time.
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hel i cal sepafigia@nwassanblib@eahe R tas@AtANG opébtelvhitten itdopgehling
appropriate conbination to be matched to the fluid stream being processed
and provi de 'Gpe3 et Heprtinnn SHCER ci ency. Referring to Figure 12, there is
shown, as an exanple, a further graph in which the flowate of an

oi |- cont ari nat ed 10200708691 3PCTIGRAORZ40A000L.13BisiAaE. Bha eam such

as obtained fromth é)ro uction of oil froma subterranean well, is matched
wi th contl natdréesd s 20hen thetighgdpndsufrandicitontha §uid forirats for epch heliss Fi gure 11.
po Wil be Seeil 1B lerkiOf'alis W 81 9 tofhail DAL SudIRIRERL s BRRAGALIANaASS D] Y Of
the appropriate size can be enployed. As the flowate increases, It is
necessary t oa kelixt Jje basofthehistomms idshtifiass soelerpiriedichend sapptafiesassembllie
appropriate gi. T Y- I i i f Lon
assenbl i es af%%gg %J(I}?gg%ﬁ%t%%%ntgﬁg@%g%ﬁc@ggﬁk&s}g%g?Itl%v%}eg'tg , tmﬂ e still

al | owi ng eachinimdindloduat teesbienbivfticiont opdrifugd foiceswvithin the pbangtthtng range and

at 1ts Opét : rrrlfllargcigiu];n' ﬁév?rgt%&% acceptable to remain below the critical Reynolds number.

The column 208 on the right of each helical separation assembly shows the minimum
differential pressure allowable to achieve acceptable centrifugal separation within the
flow and the maximum differential pressure 210 to remain below the critical Reynolds .
number, Failure to operate with the flowrate at the correct pressure differential within
20 the operating band for each helical separation assembly will result in light fluild being
carried through the system and polluting the heavier fluid phase collected. This will
render the heavier fluid unacceptable for pumﬁing downhole, unless it is recycled to

the inlet of the separation system and the lighter fluid phases removed.

Therefore, as the total flowrate increases or decreases, helical separation
25  assemblies cannot be simply opened or closed, as the fluid flow to other open helical
separation assemblies could change and be outside the aforementioned operating
windows. For the overall system to perform the required separation duty over a wide
range of fluid flowrates, intermediate helical separation assembly combinations have

1o be selected.



Referring to Figure 11, there is shown a dual vertical axis histogram The
10vertical axis 200 on the right hand side indicates the fluid flowate for
each helix, while the vertical axis 202 on the left hand side shows the

pressure differential across a helix. The base of the histogramidentifies

a single sixoiwtiealz separati on assenbly. For each hel ipgglgps@p@doadll on
assenbly, the vertical colum 204 on the left depicts the mninmmflowate
to achieve sufficient centrifugal forces within the fluid and the 15

maxi mum fl owr ate 206 acceptable to remd® n below the critical Reynolds
nunber. The columm 208 on the right of each helical separation assenbly
shows the ni ni nurhvaiing weafiealiyito preesyupes HiFigumbl. at vey bohileveatendeépt abl e

(the m . eHte f . (50 &cht =
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pressure 210 to renain below the cri eyn s nunber,” Failure to
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fl owr at e i ndénewskEsaton. dasnaaselip thef10GHID sepbhe atcbmmodsad sendd siege cannot be
si mply opened,.o | osed, as, .t fluid flowto other. open | i cal, separation
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wi ndows. Foroftheriay efid] flow ysipewill equierdabmatitie of egubradrea€par at i on duty
over a wi.de range aof flui.d f]owates, intermediate helical separation
assenbl Ocor?ﬁ%eﬁ’%ﬁ?sdhgs%ge\‘}é“ ’(gu’lfeﬁé%ﬁée%“féayed' 39 Turning specifically to the
exanples of Figure 11, at very low flowates, that is below 1200.BPD, a
single helical soparal)HowasSRWRtayh wilviKD @trtidaliaRisBil udeatdids Mawitslg a noni nal

di ameter of 4.inches is applied. The optinmumoperation of the single
assenbl y i s Midiowal t‘&z‘? ?ﬁowg%fx? thhﬁﬁqsﬁﬁ%fz' %&‘Sgﬁse\/&gt‘@rhmﬁ?ﬁr?ﬂppl ement the
low 5 fl ow agetifts thdgagihi@amdh@ecRepRLOSRSHE thiniArd My td-QWhabeaaf cshhe stream
to be proce%sed i ncyreases, hel,ical separation assenbl.ies 3 and 4 are

I

brought on- [P REPCeseG wwre 1By sarebipgtion et bieplsaeprstion asemblipsd dshewn tifhe o 5500

BPD nay 1ge ageoreRdried 225 Bgh 8ndbnlda JfehicaRdepaeR AbdWlicanRerbl v 4,
havi ng a nom nal dianmeter of 7 inches. To be capable of covering a full

flow range wmbereddid theirdbidiahaetoiiss prkipayr Bie ghvneompbinpien HodEednbl i es
i T ustrat ed 1ipBsdrb GpBinkkande®28 Gor@AB RY&hly combination has been indicated.
Thus, a flowrate of 42,400 BPD is accommodated using a combination of seven
helical separation assemblies of nominal diameter 7 inches (assembly 4 in Figure 11)
20 and one assembly of nominal diameter 6 inches (assembly 3 in Figure 11), identified

ag assembly combination 16 in Figure 12.

As will be seen in Figure 12, the safe operating range 226 selected for each
assembly combination overlaps the operating range of the two adjacent combinations.
Ag the total fluid flowrate increases and the maximum operating flowrate of a given
25 assembly combination 228, the operation is switched to the next higher assembly

combination, as identiﬁ;d in the steps 225. When the total fluid flowrate drops and
approaches the minimum operating flowrate 230 of the combination, operationis
switched to the next lower assembly combination. In this way, a smooth, continuous.
fluid separation operation can be achieved from zero fluid flowrate to the maximum

30 total throughput 232 of the complete assembly 2,



Figure 12 shows a histogramw th the vertical axis 212 indicating the total
fluid flowate to be accormmbdated by the assenbly 1 The base of the

hi stogramidentifies the maximumflowate step 220 and the mnimum fl ow ate
step 222 that can be processed using the conbination of helical separation
assenbl i es 20 2@frospuzi n the , 15steps identified as 225pckaghieomesnati on
of helical separation assenblies has been nunbered and the individual
assenbl i es maki ng up the given conbination identified. The safe operating
range 226 for each assenbly conbi nati oddhas been indicated. Thus, a
flowate of 42,400 BPD is acconmpdat ed using a conbi nati on of seven heli cal
separ ati on assenis widl befappiosiptadldudingiiie pperation of theesssefrbdwefithe greseni n Fi gur e
11) 20 and o X i j er 8. ] nbly 3 in Figure
119 i dent i f 1% §'§@“'%E‘i%P%F%ﬂ%%%9#%%@“9%@?&%?‘%1%%??m As will be
seen in Fi gusseenitdies thdraghione pat &f-ling a5 tadleiXR6vrste ket texbditibneach assenbly

conbi nati on | aps. t he. operating.r e. of .the .t adj.acent . copbi nati ons.
As the total &}/lﬁ%eig'd?%ﬁ 5%“5?%@%%%%%@%?0 ns&ar{eﬂgncﬁ%g% 'o%gfeg?cli‘ %18{1{?1'130” ate of
a gi ven 2basestintiyg derbicnbti¢somd 228ting them dpen ate peowides] :swbdecthefltho t he next
hi gher assenb.lgé combi.nation, as identified in the steps 225. \Wen the total
fluid flow at'& afrl%eémg?‘id approaches the m ni num operating.flowmwate 230 of

t he conbi nation, operation is switched to the next |ower assenbly

conmbi nati.on. | n thbslerRy thedeRiodidparadOito vaekisvddlinthd vaeparsasdapnoper at i on

can be achieved fromzero flujd flowate to the maxi mum 30total, throughput
232 of the CUHfT ¥t'8° HESBhBVGIED, 1t f@ecessary *hﬂst%%ﬁ]l‘iﬁ’ﬁé‘"%tbﬁﬁg%Yeaﬁ%Hil,calduri ng

the operati QﬂinQﬁurh!%ﬁu@%§ﬂi‘cﬁtUaﬁéd%? HehR1RneS Bttead HILBRA sQRraddR BsseRBlyl ed in a
nodul ar pégach‘ i.ndi vi dual. helical separation assenblies are brought on-
ne;

and of f -1 owa In Fgue |1l 4t flpyrtet belogndiscaitpd vplupdhe Beedhied phrggss requi res

each assenblwiilte nBeEbsSdoapl@dly AnthvadMid WAWBntalRh:BiRhE BB A PRasef OF starting
t he assenblies_and shutting them down are provided as aspects of the
present i nv éReduse in the process. This characteristic makes it undesirable simply to shut down

and start up the individual separation assemblies using just the fluid stream to be
separated. To overcome this problem, it is preferred to bring each helical separation

15 assembly on line using a purge of clean heavy fluid,

As noted above and as shown in Figures 2 and 3, the inlet assembly of the
system comprises a purge fluid header 64 fed by a purge fluid conduit 70. The flow
of purge fluid from the header 64 to each helical separation assembly 8 is controlled
by a purge fluid valve 68, When the purge fluid valve 68 for a given helical assembly

20 8isopened, clear purge fluid (such as clean water in the case of an assembly
separating oil droplets from produced water) is introduced downstream of the valve
62 and check valve 63 controlling the flow of fluid to be processed, At start-up of a
given helical separation assembly, the relevant valve 62 and check valve 63 are closed
and the purge fluid valve 68 opened, to provide a sirearn of fluid above the critical

25 minimum flowrate for separation. Once the flow has been established, the valve 62 is
opened. It is preferable to have the purge fluid pressure above the fluid stream
pressure, in order to ensure that the purge fluid stream has dominance over the fluid
stream being processed. In this way, when the valve 62 is opeﬁed, the fluid stream
will not flow, as the higher purge fluid pressure will keep the check valve 63 closed.

3¢ As the purge valve 68 is gradually closed, the pressure of the purge fluid entering the



In order for the required separation to be achieved in the various
separation stages of the present invention, it is necessary that the fluid
flowate is above a critical mninmmvalue, as indicated by the value 204
for each helical separation assenbly 10shown in Figure 11. At flow rates
bel ow t hi s &0 wwoakéizal ue, the lighter fluid phases w | Ipchesoatofeor
conpletely renoved and will contam nate the heavier fluid phases produced
in the process. This characteristic nmakes it undesirable sinply to shut
down and start up the individual separétion assenblies using just the fluid
streamto be separated. To overcome this problem it is preferred to bring
each heli c'alraii%1 8?%%‘%‘6‘14“&2&@%@??&% Gacl Yahs 1dp Aprna Ipthiywapsthediuébn heavy
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assenbly of the system conprises a purge d header ed by a purge
f1uid conduitossbriinges fip Solicat separpiien Fspambdy 8 fdinandimeheader 64 to each
hel i cal separation assenbly 8 is controlled by a purge fluid val ve 68. Wen
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purge fluid (such as clean water In separating oil
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of a given ﬁgﬁ}‘%g%htné‘éygr@% %%glgs\i@%u?%ﬁ ﬁl{lﬁeﬁ}eeﬁ%g@%ﬁa?wv%lp\}%% fand check
val ve 63 ar dighenmesiuznidwnlsteqgup{tbe vilve entiveths Seadfbribeystetnoandr ovi de a

stream of flyi v critical - 25m nioum fl ow ate for rat,i on. Once
the flow has%@?ﬂggg%g%rﬁ?ﬁga‘%e f‘{‘%éé b\eég \3{ea %ﬁg%rgregi)uéﬁé"ﬂl.l gfatdugig’pcg?’s%%heer able to
have t he purhekfvhlved3 pnass siveladiniteg bifahd flow df fbd daid) witie statid Bowisn order to
ensure that th urge fluid stream .doni nance over the fluid stream

bei ng prlrgces‘é[«g%feg'l ngﬁhée ‘égg’ﬁ%he\ﬂﬁgo e‘{]%zm%%(i”{}te 62 is opened, the fluid stream
wll not flow, as the higher purge fluid pressure will keep the check val ve
63 cl osed. 30As Theppps gevesl a8 obdh wfineiadibnt foldisedasséde pressure of the

purge fluid entering th 1l radial bore 54 wl] fall, allow ng the check
val ve 64 _toCBIBBIﬁt.CiW r%%ﬁ%haﬁf}{ Se?q{@t‘qﬁ’iaﬁ"iealbgﬁ%%rteﬁd‘ﬂ?éﬂﬁ%d%’%’gsed repl aces
the di m ni shidegssglirge gutdé vdlveds i fhen flbdede THahYIRaOBp&hRHR8sentdly H@I NG the
hel i cal separation' ,assenmbly 8 fully on line, Tao shut down a ql ven hel i cal
separati on eécg@%}ry{zg Qrﬁ%cla%vp@ggq %ulép%@%p%lef@ff line in this state until such

15 time as a further change in the total fluid flowrate requires it to be brought on line.

It is important that the helical separation assemblies 8 are brought off linein a
cleaned and purged state, as the start up flowrate of fluid through the assembly 8 will
be below the critical minimum flowrate to achieve complete separation. [fthe helical
separation assembly is lefl containing fluid being processed, this would be flushed

20  into the downstream clean fluid zone upon start up. This would result in
" contamination of the separated fluid fractions. This contamminated fluid would need to
be recycled to the inlet of the assembly 2 to be processed again. This could result in
the wellhead production flow having to be reduced or even shut off, until the
contaminated fluid has been processed. As will be appreciated, this is not acceptable
25 for the continuous well production process, in patticular given the frequency that the
combination of helical separation assemblies 8 being brought on and off line would

need to change.



5fol l owed. Thus, the appropriate purge fluid valve 68 is gradually opened,
suppl enenting the fluid streamw th purge fluid. The check val ve 63
prevents a hi gher pressure down stream of the valve 62entering the feed
fluid systemand fl ow ng upstream The purge fluid, being at a higher
pressure, wwod2gradeal |y cl ose the check valve 63, in twgomeshambysshutting
off the flow of feed fluid, until static flowis 10achi eved. The val ve 62
is then closed at this point, The purge val ve 68 renmi ns open unti
sufficient fluid has passed to conpl etédfy purge the helical separation

assenbly 8 of all_residual fluid being processed. The purge valve 68 is
then closed. The Theprgafluiidpad vaiveds maydemsbokeglpw cpriral velgniball ar gae onl y

cl ean purge i @h@ﬂgicwpé?ﬁidn%lg&?ﬁg}{ 13531; F%mhiﬂta?n@h%xtﬁ?s%{a‘?e Wi %%edg&'fbh 15time

as a further change in the tota wate requires It e brought

on |ine. be breught ep-lingsgrivant that the helical separation assenblies 8 are
brought off line in a cleaned and purged state, as the start up flowate of
fluid through the assenbly 8 will be below the critical mnimumflowate to

achi eve conpl ete separation, If the helical separation assenbly is |eft
containing fluid being processed, this would be flushed 20into the
downst r e@m cl ean Tht opalatpond thepoesesttiavantion in Jdricilanthsl eehbodiendnts shown

cOntam nat i f d.fluid. fractions...This .contamnated fluid
woul d need ﬁ gtk%gcéoggpfﬁﬁg%h%%ﬁ has ?eﬁPg?chﬁedtlﬁge%%g’el foR a[%“%@“ﬁ? ocessed
agai n. Thi s soearh domgdsigtoil and twhaeer Wi IWil @a dnder ashidchataire dedebibihand mghéd be
reduced or eyen shu%.offp unt i thq cgntaninated fl %% hqs'ﬁffn, rocessed.
As wi || be SUBFARFERRenton 18 be SRRl At b PRI IR IGBHE IoHibUS wel |

p][ ogu?:f[i Oln prretes STheisteaptubby F@ﬁaam v, ig e &ﬂg@orfe E)ﬁ&bkﬁ,%}éh?fi@ﬁetslb@r&wbi Ingti oncI
of heli sepdr.at j.on assenpbl.j. es ein rought_on_an i ne wou nee
to chan'ag. % %ldmg the rqlﬁéveﬁg}’)ﬂ"éesﬂf L%}e 19018 QORFATG S %‘Sagﬁ‘élﬁnﬁge WYEHBRe, fl ow
control val ey deakiplded @adefar¥ehiBiphiiesRabiiaale580a6 afliRR rRAsseNbl y may be
maintained in this state until needed to be brought on-line again. 5The
operation of the present invention, in particular the enbodi mnents shown in
t he acconpanying figures, has been described in detail inrelationto a

mul tiphase stream conprising oil and water. It will be understood that the
assenbly and nethod of the present invention nay be enpl oyed to separate
other nultiphase liquid-liquid streans. The stream may contain two, three
or nore phases, which nmay be separated



10according the relative densities of the |iquids concerned. In addition,
the invention nay be enployed to separate nulti phase gas-liquid streans in
a simlar manner. CLAIMS 1. A nmethod for starting up a helical separation
system for operation in separating a nultiphase fluid stream conprising a
heavi er flui d conponent and a 5lighter fluid conponent, the nethod
conprising feeding to the helical separation systema first fluid stream
consi sting essentially of the heaver fluid conponent; when the fluid
velocity within the helical separationgjsystem has reached the m ni mum
operating velocity for the nultiphase fluid stream replacing over a period
of time the first fluid streamwth the nultiphase fluid streamto be
separated. 102. The nethod according to claim1l, wherein the nultiphase
fluid stream conpri ses a gaseous phase and a |iquid phase. 3. The net hod
according to either of clainms 1 or 2CL6¥ein the mul tiphase fluid stream
conprises a plurality of |iquid phases.

1. A method for starting up a helical separation system for operation in
separating a multiphase fluid stream comprising a heavier fluid component and a

5 lighter fluid component, the method comprising feeding to the helical separation
system a first fluid stream consisting essentially of the heaver fluid component; when
the fluid velocity within the helical separation system has reached the minimum
operating velocity for the muitiphase fluid stream, replacing over a period of time the

first fluid stream with the multiphase fluid stream to be separated,

16 2. The method according to claim 1, wherein the multiphase fluid stream

comprises a gaseous phase and a liquid phase.

e 3. The method according to either of claims | or 2, wherein the multiphase fluid
T stream comprises a plurality of liquid phases.
sesase
. 4, The method according to claim 3, wherein the fluid stream comprises an
. ':" 15 aqueous phase and a hydrocarbon phase.

see
:

- e s. The method according to claim 4, wherein the aqueous phase comprises water
' ", produced from a subterranean well and the hydrocarbon phase is oil produced from
K the said well.

20



The met hod according to claim3, wherein the fluid stream conprises an
15aqueous phase and a hydrocarbon phase. The met hod according to
claim4, wherein the agueous phase conprises water produced froma

subt erranean well and the hydrocarbon phase is oil produced fromthe said
well. 20 44 6. A method for separat[ngva mul ti phase fluid stream
conprising a heavier fluid conponent J% “a lighter fluid conponent, the
nmet hod conprising: causing the fluid to flow along a helical flowpath in

which the griti | | n er of,the fl.ui. |low i s el.evate the fluid
o oo o g &heRRAIRE SoaltRe s, Shubilfiet il skt topprsda Ranhlls, | the
fluid strefmdfdosporgnating asligitecileft coepedrtyticometitriecdmpridihgi ehughgses to
oo nte riaeind o Tl enS Bl TR vomst i S chiBe R KB LR ATEB A OPbO | ai m
7, wher ei ntheui@rfidw ¢ableREAOHRESTNAMIRan Slodheaheh RARMIAORDBEr beBw A

met hod for separating a multiphase fluid stream conprising a heavier fluid
conponent BfclavatedrriEeali pumaen dhp dhedstreapeflogwingoat & shffidentrglodits ng t he

fluid to f&ﬁ%%ﬂk%d%ﬂé@éé#b%epglla‘%g\path extending around a central conduit,
ic

the fluid flow ng at "a sut ent velocity to cause the lighter fluid
conponent to nove to the inner region of the helical flowath; and

col | ecti ng7.t he Tliegegrod dagbcling hp olaémt6, iwherbie thentritizk]l Royrehldd nuthbeil e

met hod accordtin to claim9, wherein the helical flowath is such that the
critical ﬁ%ﬁ%&Fg%arh{%BgP' of the fluid flowis elevated, the fluid stream
flowi ng at a Reynol ds nunber below the elevated critical nunber. 11.A

met hod forg.sepaptal inBehcd 48¢bidiRE RS 8lalhl, hiRbEiRANE CORRAI REVIDIAs heAWeels fl uid
conmponent and a |lighter fluid conponent, the nmethod conprising: causing the

fluid to f6HeRIRAYIAP.PPPst helical flowpath, the first helical flowpath
having a first pitch, the first helical flowath being sufficiently long to

The uni forn r ot oI acs 1o e drbn sk et PR RSk Lot DR PR AR 21
second helfiddlcofippment And avighgeraflsielcamapgianththewnetteidnedrierisiegoceispig ch i s
greater e fluid to flow along a helical flowpath extending around a central conduit, the
fluid flowing at a sufficient velocity to cause the lighter fluid component to move
to the inner region of the helical flowpath; and collecting the lighter fluid

component in the central conduit,

10.  The method according to claim 9, wherein the helical flowpath is such that
the critical Reynolds number of the fluid flow is elevated, the fluid stream flowing

at a Reynolds number below the elevated critical number.

11. A method for separating a multiphase fluid stream comprising a heavier
fluid component and a lighter fluid component, the method comprising: causing
the fluid to flow along a first helical flowpath, the first helical flowpath having a
first pitch, the first helical flowpath being sufficiently long to establish a stabilised

rotating fluid flow pattern for the stream;

causing the uniform rotating fluid to flow along a second helical flowpath, the

second helical flowpath having a second pitch, wherein the second pitch is greater



45 than the first pitch; and renmoving the lighter fluid froma radially

i nner region of the second helical flowath. 12. The nmethod according to
claim1l, wherein the multiphase fluid stream conprises a gaseous phase and
a liquid phase 13. The nethod according to either of clains 11 or 12,
wherein the multiphase fluid streamconprises a plurality of liquid phases.
14. The method according to claim 13, erein the fluid stream conprises an
aqueous phase and a hydrocarbon phase. 15. The nmethod according to claim

14, wherei Y .Rhase_conpr.i ses ter..produced. fram a subt erranean
wel | and t éhﬁ%?lg%iﬁﬁ%h%Bﬁgslém?’gpgo‘?lﬁ%&bg%ﬁaﬁr%mr@ﬂéal@dpaewgwn016. The
met hod acciedecmndaimglioaf flowpatiis 11 to 15, wherein the first and second
helical flowpaths are formed such as to elevate the critical Reynol ds

nunber of the fluid stream 17. The nethod according to any of clains 11
to 16, whelei n thferethpd agtasdingstoselain | iis wiergindhe| oultinbgserluidstmgma

Reynol ds rusmbeiiscRal 2ued Mskﬁhgﬁllicﬁ?%pgé%? nunmber. 18. The net hod

according to claim17, erein the owis stabilised in a

13.  The method according to either of claims 11 or 12, wherein the multiphase

fluid stream comprises a plurality of liquid phases.

14.  The method according to claim 13, wherein the fluid stream comprises an

aqueous phase and a hydrocarbon phase.

15.  The method according to claim 14, wherein the aqueous phase comprises
water produced from a subterranean well and the hydrocarbon phase is oil

produced from the said well.

16.  The method according any of claims 11 to 15, wherein the first and second
helical flowpaths are formed such as to elevate the critical Reynolds number of

the fluid stream.

17.  The method according to any of claims 11 to 16, wherein the fluid flow is
stabilised in a flow regime having a Reynolds number below the critical Reynolds

number,

18.  The method according to claim 17, wherein the fluid flow is stabilised in a

transient flow regime.

19.  The method according to any of claims 11 to 18, wherein the pitch of the

first helical flowpath remains constant throughout its length.

20.  The method according to any of claims 11 to 19, wherein the pitch of the
second helical flowpath increases in the direction of flow along the second

flowpath,



transient flowregine. 19. The nmethod according to any of clains 11 to 18,
wherein the pitch of the first helical flowpath remains constant throughout
its length. 20. The nethod according to any of clainms 11 to 19, wherein
the pitch of the second helical flowpath increases in the direction of flow
al ong the second flowath. 21. The ng;hod according to claim 20, wherein
the pitch increases in a stepw se or eonti nuous manner. 22. The net hod
according to either of clains 20 or 21, wherein the pitch of the second

hel i cal flgwpat-h is. ihcreased..al ang .substanti.all. he enti.re | ength of the
second heli&CaI ﬂ?eo%b%tﬁﬁ@ %9rdfﬂ%otﬁe‘flﬁ38 %@’cé@ﬂ’r‘ﬂé {}51 Bﬁgk? HZZa5%Et & n t he
pi t ch i ncreasesewp atconbitmbes maaabr.t urn of the second helical flowpath
around the longitudinal axis of the flowpath, preferably up to 3% nore

preferably about 1% for each_ turn. 24. The nethod according to anéwof
clainms 11 3% 23hemethpshacserding & aighasaiahiimsamer 2L vderen thephehof

region, insepbh&heBelMdvathSs edeldashey i L RMRLD lght er
fluid fractei ons g((é cauvgﬁeca(} t% rrclggrat e%lg ‘%ﬁ%%ﬁﬁﬂh@f ﬁ%%g%%%gﬁggﬁlggft %)Hegl aim
24, wher eis¢coid heliemdlowpetlocity of the fluid is caused to increase, in
order to establish the vortex. 26. The nethod according to claim 25,

wherein t i ncrease i n, rotational ;velocity is ovi.ded by causi t he

~ fluid to ffbw a h(?n%l%gh(%%f‘?c&ﬂ?}@ﬁiq(?acllalfrf 8&pﬁ%ﬁ?eln 5‘? pﬁtﬁg lﬂ%{eﬂ% %E‘gﬁtﬁh ng to

- cl aijm 26 ,foxé\keeT}eitmrri ﬁbt}mrms?lﬁ Ql?lihaﬁrfﬂ@%vl\r;@dtﬁaar@ﬁnﬁ hBe ﬂcﬁﬂhg’lﬂldhﬁiéiag@é of ’c}@/d\/pat h
. i s decreas al.on e, ] engt the flowath. 28. The nethod according to
. claim 27, %@%ﬁn&%@%@&%’é’sﬁ% rﬁof%éreéﬁ"r\égg’-ag@é‘ﬁ L &rdar cahdirdecurs in a

L continuous or a step-wi se nanner. 29. The nethod according to either of
clainms 27 f 28heMgitRbd 406rdRE 18288y 10t claims 11 to 23, further comprising

/ establishing a vortex separation region, in which a vortex is established into

which the remaining lighter fluid fractions are caused to migrate.

25.  The method according to claim 24, wherein rotational velocity of the fluid

is caused to increase, in order to establish the vortex.

26.  The method according to claim 25, wherein the increase in rotational

velocity is provided by causing the fluid to flow along a third helical flowpath.

27. The method according to claim 26 , wherein the cross-sectional area of the

third helical flowpath is decreased along the length of the flowpath.

28,  The method according to claim 27, wherein the decrease in the cross-

sectional area occurs in a continuous or a step-wise manner.

29.  The method according to either of claims 27 or 28, wherein the decrease in
the cross-sectional area occurs along substantially the entire length of the third

helical flowpath.

30. The method according to any of claims 25 to 29, wherein the Reynolds

number of the fluid flow is at or below the critical Reynolds number.



the cross-sectional area occurs along substantially the entire | ength of
the third helical flowpath. 30. The nethod according to any of clains 25
to 29, wherein the Reynolds nunber of the fluid flowis at or below the
critical Reynolds nunmber. 31. The nmethod according to any of clainms 24 to
30, wherein a neans is provided to stﬁgj ise the vortex. 32. The met hod
according to any of clains 11 to 31, further conprising introducing the
fluid streaminto a fluid-fluid settling region, in which the lighter fluid

conponent s,ar e f : Vi er i,d conpongnts. under the action
of gravi ty?.J '33.?%26%%335%%3? nhdgg’t éiegllagljin%%z?o \?éﬁérvg}feﬁglflh% TFHta st r eam
i s caused pwvideddbetabiligehdefvortied- f | ui d settling region. 34. The net hod
according to claim 33, wherein the rotation is inparted to the fluid stream

upon exiting t vortex.,separation region.. ,35. The nmethod according to
ei ther of ﬁai ﬂﬁl%énﬁﬁoéﬂcgf’[ﬁ%eﬁo BB elalps déntor 3 itther RRMPESHE onal

flow of thatfdduicthgSthe ¢RI Wirkithntd'® fAldatadid sdtitheS@bidn, RO WhES ﬂ@-l%gh% The

met hod aCC{{l)r'gi ng to claim35, wherein the cross-sectional area of  the fluid
f1 ow pat h H§Hd ¢ENPERANGS fr¢isgpyatad fuegn tegibeavies fluid woapanantshender 8t i on of
flow.  37.,.0k& Emg,_accordi ng to any of claims 32 to 36, wherein fluid
richer in the I fluid conponent is renoved fromthe | ower central
region of the fluid-fluid settling region and passed to the upper central
regi on of 3the fThe vhefliad eecordingitnglaiagBanwheRn tHd Euitktiresinds conghidnig t o any

of clains t 7 er ein e separation of the lighter fluid conponent
fromthe ﬁg‘ﬁ%}FZ‘P ﬁﬁ %‘i\i\@'té%lﬂﬁ(?hgﬂggeé)‘gnenhanced by the addition of additives
active in inducing droplet coal escence of the lighter fluid conmponent. 39.

The et hodgaccand mgtHod R¥rdihg € dialth skl wiRrdf thé WothfiSh i€ RAPAHEd ROteAUS] Ng
the fluid streamto enter a fluid renoval region, in which a fluid stream
consi st i ndEd SHERINMPGR fitingEheeaia eseprralian aiponent i s renoved. 40. The

nmet hod according to claim39, wherein the fluid streamis caused to rotate

inthe fludr v sai g i : i,N9 ¢r v f.r.amt he
central r elggljifI one_[g}é %@WEF@E?gﬁoﬁaﬁtQ%ﬁgg Cﬁﬁgaﬁngleﬁgt ﬁ%ﬁﬂgrcggrp I 1gngt 0 any
of cl ai ns centrabisiag, the yptatenat foprofshedlidd sedkmewithoo thefitidefluidegitdimg f r om
whi ch sedirg@lg}1 is periodically or continuously renoved.

36.  The method according to claim 35, wherein the cross-sectional area of the

fluid flow path in the fluid-fluid settling region is reduced in the direction of flow.

37. The method according to any of claims 32 to 36, wherein fluid richer in the
lighter fluid component is removed from the lower central region of the fluid-
fluid settling region and passed to the upper central region of the fluid-fluid

settling region.

38.  The method according to any of claims 32 to 37, wherein the separation of
the lighter fluid component from the heavier fluid components is enhanced by
the addition of additives active in inducing droplet coalescence of the lighter fluid

component.

39. The method according to any of claims 11 to 38, further comprising
causing the fluid stream to enter a fluid removal region, in which a fluid stream

consisting essentially of the heavier fluid component is removed.



42. A nethod for separating a nultiphase fluid stream conprising a heavier
fluid conponent and a lighter fluid conponent, the volune flowate of the
mul ti phase fluid stream being subject to variation over tinme, the nethod
conprising providing a plurality of separation assenblies for carrying out
the nethod steps recited in any of clatfs 11 to 31 and operable to
accommodate different fluid flowates; and selecting one or nore separation
assenblies for carrying out the nethod steps according to the vol une

flowate of .th t] e fluid strea 3. .The thaod according to claim
b6 o £ 0 ortE S otdite Qo SRR I whigkeind B AR BRI EORRE B0: Ct he
met hod st epsatedaithedliid ranmyvelf zaleqiths s2id f10id3Greanh deighre@@slrdofioinhthe

nblies is connected at its outlet to the

plurality of separatipn S

finishing‘§§§@$§%§9noﬁﬁ@%ﬁﬁgéﬁﬁﬁY tZ38€f or separating a nultiphase fluid
stream conprising a heavier fluid conponent and a lighter fluid conponent,
the apparalus COIPhicthA adediBlica ahl PaLEhaYi of oflflsindal i 1St
out | et fo?ia.heavier f uFd_co oneﬁt?and 5‘secpﬁgg%géﬁgﬁengﬁgﬁngﬁﬁer

flui d conpeaBnent edlisctien iregipnf frowpwhichbeadigenbisnpaistichlyt dratontthaiousliyt i cal
Reynol ds qgg@g@ of the fluid streamflowing along the helical flowath is
el evat ed. : ih apparatus according to claim44, wherein the second
outlet for the lighter fluid conmponent is disposed axially centrally of the
helical pajh. ) Aﬂﬁ]et}@m% f@p@apatmg Qrmﬁhtpgaraéé :ﬂ!ugﬂh @trw‘?td piaseing lauhehvidrr ﬁam
conpri si ng, a,heavi er uid c onent, .and a |ighter ui onponent, the
appar at us%ﬂﬁ‘p‘?qr’%?‘?fb‘?maaq é‘dﬁg&% ids grmest Iitg‘ﬁivﬁ Iaesfﬁ%‘g%t? dthreojt ating
fluid flownpRiphasd M@l theuht bR s@hibbt $6 QRN obaYithEeathd Nabihhal i cal
flowpath, the first heljcal flowath having a first pitch; a second conduit
havi ng seCOHPTHENG PaPVIAIngp atwality of sepanisiioneassemblies uypeatrymgveHgthe second
pitch, whepgihaat HELSSSORA R LD o aje t bebbfeSts R ; means
for renoving the %? Eter f%ﬂé@?fﬁgﬁggﬁrgdﬁﬁﬁP%&ﬂh #E?%ggbﬁ&%ﬁgPﬁg second
helical fld h fluiq flomretesp padasalectgc oneliongnore s¢rmiratidie assdnebldnfarhe

ther i n 1o AR IR RERe ol EODs LR i el BOUAR ot REMHBRAZE Y, i ng

to either fbfidstraamms 46 or 47, wherein the second conduit conprises a tube
having a helix extending longitudinally therein to provide a second heli cal

flowpath. 49. The apparatus accordi to claim48, wherein the means for
removi ng tie | !Tgﬁt g}ﬁﬁ?‘gji%‘l@ﬁﬁﬁgi Jg)esCTagnb(ﬁq’ eglﬁF %‘Hﬁaﬁﬁmggﬁ%‘ﬁémgga

coaxi al | y fdishhP abRenisIoGon e P Wikt the hethel iste R NPaM bREkRikhEe annul us
around the callection conduit. “50. The apparatus according to any Of

cl ai ms 46 P 3o4@heypiarasich af ae milyredity pt sepasation essablies iacenassiad anits

portions Qf1dt & M3EitMAL asserdbly The apparatus according to clai m 50,
wherein nmeans for renoving the yighter fluid conprises a collection conduit

extending coaxially within the single tube, the collection conduit having
openi ngs . t hénpappimhuexoe sdpmgtinigt Ai multehssectnid songmi tofpristiye a

collectio ._fLui 52. The ;appar.at 4s. accordin o any of clains. 46 to
51, wher etistin 14 omg o dRa PR BLMRERSH Glat he laRle bR
t hr oughouta hidiigal #mgpdth having a fluid inlet, a first outlet for a heavier fluid component
and a second outlet for a lighter fluid component, the helical flowpath being
formed such that the critical Reynolds number of the fluid stream flowing along

the helical flowpath is elevated.

45.  An apparatus according to claim 44, wherein the second outlet for the

lighter fluid component is disposed axially centrally of the helical path.



50 53. The apparatus according to any of clains 46 to 52, wherein the pitch
of the second helical flowpath increases in the direction of flow along the
second flowpath. 54. The apparatus according to claimb53, wherein the
pitch increases in a stepwi se or a conti.nuous manner. 55. The apparatus
according to either of clains 53 or 54,%Wherein the pitch of the second
helical flowpath is increased along substantially the entire length of the
second helical flowpath. 56. The apparatus according to claim55, wherein

the pitch jacre % t : h cond helical .fl owpath
around t heh?'ong%? ﬁ%ﬂﬁgﬁiﬁlgx@g %e%ra{ %Zﬁé] IaO\lI){I{/pLgPﬁ{la%r giu gfasgﬁegnh Fgom 1395 for e
pr ef er abl yhegyéartflhideompopentartdia tighted Tluid bampppar athesappeeand cogpreimny of
clains 46 5 r.t her coppri.sin onduit for _.retaining a vortex, the
sai d condu‘%l ? eeb(glbol’l% l‘t’ E%rnsétagﬁgup&agﬁ%ﬁﬁe i‘lﬁ’ttqté‘é%/ﬂﬁﬁi ﬁ%" ngcf%lﬁ’d ‘Heﬁlecal
fl owpat h. stb&um;The apparatus according to claimb57, wherein the apparatus
further conprises a neans for increasing the rotational velocity of the

fluid dispoged between the outlet of the second helical flowath and the

inlet to thirgvadt haying aduphhelical floppety the digst helcahPoapathubadngar di ng
to cl ai m 58t Wieheh Retdifl ™ [ [ t [yon loei ly of

the fluid is \gﬂt%hi rd hell c%aifmﬁf%&%&?%E&Z%h@%%r}g’p"ﬂsagr@t e %@8%?&‘%@85%0

cl ai m 59, Ngwpathhavirg asesond giich| vhareintibaserbnd patchtis goedtal thaalthé fiospat h

d ] I . f1: h,..61. J di
clai m oo, nay and tiscn €20t Rallodh g HMBF b el GG RORBR Leslo 6P 1

cont i nuousscoondheli@pfloivpethranner. 51 62. The apparatus according to
either of clainms 60 or 61, wherein the decrease in the cross-sectional area
occurs al ong substanti aII% thg, entitre length of the third helical flowpath.
63. The apbar at'l 2ROBHIHP AGHSINEHY G4 iversn the fgst conghuitrrempiaiepii si ng a
means for tgbaaking HGelib @xwHdi X longitudinally therein to provide the first helical

flowpath.

48.  The apparatus according to either of claims 46 or 47, wherein the second
conduit comprises a tube having a helix extending longitudinally therein to
provide a second helical flowpath.

49.  The apparatus according to claim 48, wherein the means for removing the
lighter fluid comprises a collection conduit extending coaxially within the second

conduit, the helix extending within the annulus around the collection conduit.

50.  The apparatus according to any of claims 46 to 49, wherein the first and

second conduits are adjacent portions of a single tube.

51.  The apparatus according to claim 50, wherein means for removing the
lighter fluid comprises a collection conduit extending coaxially within the single
tube, the collection conduit having openings in the portion extending within the
second conduit for the collection of fluid.

52.  The apparatus according to any of claims 46 to 51, wherein the pitch of the

first helical flowpath remains constant throughout its length.



64. The apparatus according to claim63, further conprising a conduit for
collecting the lighter fluid conponent fromthe vortex, the neans for
stabilising the vortex is provided by a tapered portion in the regi on of
t he opening of the said conduit. 65. The apparatus according to any of
clainms 46 to 64, further conprising a @ssel for receiving the fluid
stream the vessel having a volune sufficient to sufficiently reduce the
Reynol ds nunber of the fluid streamflow such that fluid entering the

vessel may_De bjected to gravity separation._ 66. The .apparatus_.according
to clai m6%” vmsg?ée?waf%éls P! %’ ?@2@& TSI 40152 B E‘?mlt%ﬁeepﬁﬁ}il Pﬁﬁ‘ﬁel i cal
path if presend, hdiedl floepatndiéieadadr i ehalditdetiohhsf Yot aonsl tHy esmid,

extend within the vessel. 67. The apparatus according to either of clains
65 or 66, ¥YWBHEr conprising means for inducing a rotational flowin the
fluid streamentering the vessel. 68. The apparatus according to claim67,
wherein t me Lpdugi ratat| . R : i al

out | et inwﬁie ?gﬁd%?éaﬂt? ro%%(%g%@c %lf%{elﬁf?%l‘gwésriér earr%l ?)gt%}l?llﬁ:g%ggggi i%nto t he
vessel . 69¢pWise oapgananususamennei.ng to claim 68, further conprising neans
for centralising the rotational flow of fluid within the vessel. 70. The

appar atus agccordi ng to claim 69 er,ein the neans for centraglising the
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coaxi al | y thetdatond heliosd S@path @inc?@sea@o?la@m&malgcwéﬂm@ Jefgt®l @ m 70,
wherein the i nverteeﬂ, c&ze conprises a fluid guide extending helical along
its outer seepnd helicehidovipatBet i on of fluid flow 72. The apparat us
according to any of clainms 67 to 71, further conprising a conduit extending

coaxi al 'y ad thi, i : . , sough
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for each turn of the second helical flowpath around the longitudinal axis of the

tflowpath, preferably up to 3%, more preferably about 1% for each turn.

57.  The apparatus according to any of claims 46 to 56, further comprising a
conduit for retaining a vortex, the said conduit being arranged to receive fluid

leaving the second helical flowpath.

58. The apparatus according to claim 57, wherein the apparatus further
comprises a means for increasing the rotational velocity of the fluid disposed
between the outlet of the second helical flowpath and the inlet to the conduit for

retaining a vortex.

59.  The apparatus according to claim 58, wherein the means for increasing the

rotational velocity of the fluid is a third helical flowpath.

60.  The apparatus according to claim 59, wherein the cross-sectional area of

the third helical flowpath decreases along the length of the flowpath.

61.  The apparatus according to claim 60, wherein the decrease in the cross-

sectional area occurs in a continuous or a step-wise manner.



73. The apparatus according to claim72, wherein the conduit has an outl et
for the lighter fluid conponents within the vessel, the outlet being

di sposed upstreamof the fluid streaminlet. 74. The apparatus accordi ng
to any of clainms 46 to 73, further conBrising a heavier fluid collection
zone, a heavy fluid coll ection conduit®%being di sposed centrally within the
coll ection zone, the conduit having a plurality of openings therein to
collect the heavier fluid. 75. The apparatus according to any of clainms 46
Lo /e, tureher PAIRIL-Sh sl Gld 2Ll As 60N ANGHERANTh BcrbSIPVI NO
solids fromthe collection zone,” the nmeans renoving 5olids on an

i ntermttelftthgeresseentioralevea drasisalong subsiantghathatansire bmgtle phthatthing a
nultiphasehéhﬁiﬂo &ﬁan1conprising a heavier fluid conmponent and a |ighter
fluid conponent, the volume flowate of the nmultiphase fluid stream being
subject to variation over tinme, the apparatus conprising a plurality of
separ at i on6asSeTHY hgsaratisrRebidg it6 aafyofdaitdsdb o 486, f1atle4d @pgiggabl e to
accommodat e different . fluid flowates; the apparatus further conprising
means for LEFRTON SEANISREBEYOR¥Xone or nore separation assenblies according
to the volune flowate of the nultiphase fluid stream 77. The apparatus
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cl ai ms 76 oiledimg the lighter doitheompagent Femathatiovtexy Ssseleans forestabididinign any
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syst em f orcopdertati on in separating a nultiphase fluid stream conprising a
heavi er fluid conponent and a lighter fluid conponent, the method
conprising, feeding to the helical tema_first fluid stream

separatiqQn sys
consi st i ngessents SHARGS %ﬁ@dﬁ%%@gw i I%r%’b%ﬁﬂf, fORERET GORRPHSINE @
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operating v?l gcity for the nultjiphase fluid streant replacing over a period

of time tHEHGIERRY redyica the Rexnelds by ofutheifhrid streamuilow such dhat Buise
separ at ed.on 8@ AIRL S 41 | :separation system from
nor mal opeernati ogn in \/\%qg?n a n%‘*t{’]i&éﬁ‘gﬁgg‘ﬁvg?éé@?tégﬁ conprising a heavier
fluid conponent and a lighter fluid conponent is being fed to the heli cal
separ at i orbtsy stlér aprheatoethoddognpr elsim@st hbesdiepbe Gisti antd ogtoaidrigliaalf i r st

fluid st LSt i NG tiall f t h ' fluid. t into th
mul ¢ phasd ettt SorLBREIEAR oot s B SRpos e RRIRT prdse it i
stream whessdriteexsténd dith@etheconsdlsts of the first fluid stream reducing

the fluid feed flowate to zero. 81. The method of claim 80, wherein the

hel i cal separalt:Fi on systemis |eft fu'lé5 of the first fluid after the fluid
feed flowtdte HAS ABBRAHEAGeUd bt either ofgdaims 659410 ifbithas sempriying
conpri si NGnéarlfBF Alduch e rARRAEAT Y BSthEeliMedeh Sh&iME AR vessel.

68. The apparatus according to claim 67, wherein the means for inducing
rotational flow comprises a tangential outlet in the conduit through which the

fluid stream is introduced into the vessel.

69. The apparatus according to claim 68, further comprising means for

centralising the rotational flow of fluid within the vessel.

70.  The apparatus according to claim 69, wherein the means for centralising
the rotational flow within the vessel comprises an inverted cone located coaxially

within the vessel.



ga

71.  The apparatus according to claim 70, wherein the inverted cone comprises

a fluid guide extending helical along its outer surface in the direction of fluid flow.

72.  The apparatus according to any of claims 67 to 71, further comprising a
conduit extending coaxially within the vessel, the conduit having openings

therein through which lighter fluid components may leave the fluid stream.

73.  The apparatus according to claim 72, wherein the conduit has an outlet for
the lighter fluid components within the vessel, the outlet being disposed

upstream of the fluid stream inlet,

74.  The apparatus according to any of claims 46 to 73, further comprising a
heavier fluid collection zone, a heavy fluid collection conduit being disposed
centrally within the collection zone, the conduit having a plurality of openings

therein to collect the heavier fluid.

75.  The apparatus according to any of claims 46 to 74, further comprising a
solids collection zone and means for removing solids from the collection zone, the

means removing solids on an intermittent or a continuous basis.

76.  An apparatus for separating a multiphase fluid stream comprising a
heavier fluid component and a lighter fluid component, the volume flowrate of
the multiphase fluid stream being subject to variation over time, the apparatus
comprising a plurality of separation assemblies as recited in any of claims 46 to
64 and operable to accommodate different fluid flowrates; the apparatus further
comprising means for selectively operating one or more separation assemblies

according to the volume flowrate of the multiphase fluid stream.

77.  The apparatus according to claim 76, further comprising means for

feeding a purge fluid to each separation assembly.

78.  The apparatus according to either of claims 76 or 77, further comprising a
separation vessel as recited in any of claims 60 to 70, each of the separation

assemblies extending within the separation vessel.
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79. A method for starting up a helical separation system for operation in
separating a multiphase fluid stream comprising a heavier fluid component and a
lighter fluid component, the method comprising feeding to the helical separation
system a first fluid stream consisting essentially of the heaver fluid component;
when the fluid velocity within the helical separation system has reached the
minimum operating velocity for the multiphase fluid stream, replacing over a
period of time the first fluid stream with the multiphase fluid stream to be

separated.

80. A method shutting down a helical separation system from normal
operation in which a multiphase fluid stream comprising a heavier fluid
component and a lighter fluid component is being fed to the helical separation
system, the method comprising the steps of introducing a first fluid stream
consisting essentially of the heavier fluid component into the multiphase fluid
stream feed to over time to replace the multiphase fluid stream; when the fluid

feed consists of the first fluid stream, reducing the fluid feed flowrate to zero.

81.  The method of claim 80, wherein the helical separation system is left full

of the first fluid after the fluid feed flowrate has been reduced to zero.

82. A separation assembly comprising a plurality of apparatus as defined in

claim 78.



