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WD 2005/ 082541 PCT/ GB2005/ 000718 1 CYCLONE ASSEMBLY
AND METHOD FOR | NCREASI NG OR DECREASI NG FLOW CAPACI TY

WOR00A/02¥EL.ONE SEPARATCOR | N USE The present i nvROIL/GBR005/000718

relates to a cyclone assenbly and net hod for
Increasing or 5 decreasing the flow capacity of a
cycl one separator in use. BACRGROUND It has been

known for sonme time that t he rranagerrent of solid
ya 2 A ‘,.1 ) &N

hargedfrom
cABAdY OF ﬂ'@\(éfé‘h GRINTsEhar ge Aot
on downstream processi ng eqU| pment. Sone typical

L T e D

datreasing the fIDMocparxaally offa camlqndmparamramssm ng vessels
such as three phase separators Wear on punps and
rotating equi pnent The managenent of separated solids
d follow ng sub-sea processing D sposal
of solids, which are contam nated with oil offshore.
20 Wth the advent of directional drilling, which is
lidad been keewn dusomadimertbailibe manegementof spigtparticled) fer example,
§ 0 e
Qé(ﬁjcfsbgé}cfrgﬁgr?%{ c%g% cblrﬁ c?ﬁmﬁ? aﬂg\%géle p%itﬁ:!ee\ésbéér\ar@%ﬁc}s@
bydreedrbors pmdambewws has @andreportas iMpect 0B dowhstﬂeamptocessing
REGE SR MR prieifing A Rle iy ieticlH fhofibsine Ve
been utilised successfully in the offshore oiI and
gas e ' . head
do-xs Vel ot yofle A LRGLFOI b thl Bbin vWIE! | OUF0
I now e Bsopgutidf evlidsad procés’sntg \zbssells GuoahE thrd.*eh phddecdegarators
rodug\gqlon profil reser%ﬁir's life. Therefore,
t he d a@ﬁnr?ﬂglpsﬁ'ggéo"ﬁt’@ﬁ%'w t turndown (le,
m nd TR ianagémemodr Bbiarated Wolldn@cihe werbed BllowingaubHses
an efficient separator). Up to now, this is often been
achi eP©9e§8"%ne of two ways, either by taking the de-
sandepispbéallor BeidRNEhieN aRMIMErhiRged WRRJI ofshegc! one
liners before returning it on-line, or by directing
the flow to one or nore cyclone vessels as required.

@fth the advent of directional drilling, which is used to seek out and produce ever more
recoverable hydrocarbons from old or marginal reservoirs, and the use of lateral

completions, ever increasing volumes of solids are being produced.

The use of a well head de-sander in the form of a solid/liquid cyclone housed in a
pressure vessel is well known and has been utilised successfully in the offshare oil and
gas exploration and production industry. A well head de-sander is typically designed fo
cope with slowly increasing flow rate, in order to match the field production profile of a
reservoirs life. Therefore, the design must have a sufficient turndown (ie, minimum to
maximum flow capacity whilst remaining an efficient separator).

Up to now, this is often been achieved in one of two ways, either by taking the de-
sander off-line and changing the number of cyclone liners before returning it on-line, or -
by directing the flow 1o one or more cyclone vessels as required.



10

15

20

25

30

35

WO 2005/ 082541 PCT/ GB2005/ 000718 2 In the first
nmet hod, a cycl one vessel may have the ability to hold,

wo enoseampl e, forty cyclone liners, but has oPCTGB2005/000718

twenty liners installed with twenty blank liners. Wen
the flowrate through the cyclone vessel increases to
the point where the pressure @8rop across the cyclone
vessel is too high, the operator takes the cycl one

etRe emst eiethddj aeyclofe m@aﬁnw hé\mhe Beligto ﬁomofo@ eﬁdlﬁglﬁ NBrty
i ner t second nethod, the sane effe can
aythne afsbwﬁﬁ@mb/ twmtydlpewscmawérgm wentyfhﬁm@mrﬁp Véhen the

AV PateMihirughvae byclbﬁen@s%el' iR&rbaddsqd tl%b@nt%éi‘e ﬁiésérﬁﬁure drop

W|th al ves install the skid nmanifold to al
Sispe e EHIOHe Vaveols BaNGh Ahe oPRIAISE kGRS CYSionayBpe B ne,

bpedlitandIAstalls hoeydlong ligérgen time. In a typical
exanpl e system a well produces a volune of |iquids

with sonme associated gas, for exanple, 50 nB/hr. The

IPItES SatioRd MeAhd R meesérﬁé Iem clbu bé BEhieVR] MNEavitRy SaNYEIbne vessels,
Cl one

|1 d
7 IS et B W S i 1y 1535 Sserm it ygves instaie o

mx,kmmmfomb LA sPiettidn dfatie VébskBlandRRhEd Bunbsr 6f2)cI6hd liners
S|6f en by the available pressure drop allowed
€ @{7 {"M%Snst ant dependi ng on the cycl one shape

si ze and eff|C|ency In this exanple a cyclone Ilner
cho en _t hat ow rate nder,
0 PR GHRBE SYBREN R el POLCes Skes FiJiag i Sae associated
g for @kﬁﬁplBOSGTin@/ht pn$thﬁr@eles§amﬂém@forhaw hel@tfinke-sander
reater an
5 Biiauy Toato cYslone Ther desitnmarasiarises deteienin et 1 efigent

REXIRUMOTRY PeRpE lm@emﬂst ﬁ’@:eltlﬁg ftd d5 kMt digk ik rweaa@ethé Gvailable
vesse

t her ef t
eRetigpaovsd BuRBY oY G BnsiAREASPRH RO BN iR Shapg size and
éff@erwye Wthisﬁe)%ﬁﬂe b ryQoShlindn & divsemihat HaS S Maxinah foweste

] t fflip .
il D eandis A BmaRr MR Soner et g rstiiss, Gicrons and
%:roe?( tHaf ﬁlhxaé 4 ednsntmquﬁmslog Beeates #5eml 2009 t{ghﬁﬂ The disdhtinitial flow
ack on. lin consi ie
BB OIS [k SoTe T Aot o e opes ot s P lporesse to
fimemuse the gas production often begins as a | ow

vol une dense phase fluid at high 30 pressure, and as
the field matures the vol une increases and the

mea*l:yasun@ v&islépi% thdrefcse initiafy ﬁlfedf\ﬁiﬁtﬁ?w dyeoneiibdreiand two blanks.
mal ) er Ccyclo ner pe.on star U Ich W

G he Bregicre iy i the Bcicie s8b hindtPapesty BBVt bey. the
Vedsd) & takit bifing, therwa bl‘anﬁh afdreheve®bne g exte@iclode liners are

Sl b e ERBR ol PB S o The?ed o'

When considering a gas field, the problem of flow and pressure change is exaggerated
because the gas production often begins as a low volume dense phase fluid at high
pressure, and as the field matures the volume increases and the pressure drops. This
therefore requires either a smaller cyclone liner fype on start up, which will need to be
replaced later in the field’s life with a larger cyclone, or a high number of exira smaller
cyclone liners in separate vessels or added to a single vessel as needs be.

Whereas these systems have had some success to date onshore and on topsides
offshore, these systems are not practicable when considering sub-sea processing,
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35 Whereas these systens have had sone success to date
onshore and on topsides offshore, these systens are

WOM05/0824t i cabl e when consi deri ng sub-sea pr ocESEGBN05/000718

WD 2005/ 082541 PCT/ GB2005/ 000718 3 because the
retrieval of a.cyclone vessel for maintenance and/or
the use of divers in deep sed areas are not viable.
It is therefore an object of the invention to provide

Becaeye theqkieeal s 8 etibie vedakriar Mamierfanad® ahd/Bf MéqRe of divers in
urndown, i e, n}nlgumto maxi mum f| ow capacity whil st
REPACHI WEPSAT® NG YPRIPent separator. STATEMENTS OF
I NVENTI ON 10 According to the present invention there

I s provided a cyclone assenbly conprising a cyclone |
1t pferElors 2 PR tag Byeiion tp RRvidR SLERIE BYARPaRSSPEIBR) woigh has
am iniprovediterndyeh deeminfR@Gie maxidlin fhw l@bﬁé‘dﬂ?ﬂlh]lst%ﬁaﬁuing an
for. %I SB| agal'}gg the inner cyclone liner relative to the
ecf&@? FeP¥Rber between an operative position and an
i noperative position. 15 Preferably the cycl one

g ' outer cyclone liner. Preferably

r is adapted to be displ aced
along a longitudinal axis of the outer cyclone |iner

etween the operativ sitjon and, i noperative .
‘gﬁfﬁfi‘@oﬁ?@%’“ PR ‘feéaﬁ?@ there sAroyided 2 BYAIRNSASIEMRIY GoRrising a
@ﬁl@n@bharhaeri, am trm;ar:wt;lmleinbi‘ atlta_fpxed/!bib\%reéﬁ?éhcswi_tmﬁthmlone

e inner, and outer cyclone | iner en e i pner
Qgesh dn Rfcpel medts 15 Japiafing e Biohavihne e retatve to the
dyciehe chdrhiyertietwaehnd oparstveisitioh @hd BAoparative pbsitier,

into its periphery. 25 Preferably the outer cycl one

liner has an inlet let into its periphery. Preferably

RrBRrabiiie cobIoh® Btarmtaronipasesidn amer dycline Gikéd, et f or
fluids at an upper end and 30 a discharge outlet for

solids at its |ower end. Preferably the outer cyclone

Préfg&ibl%m& irgrer @y&hldit‘id [iner twelida@tefdf 0 Ibefdlis;bl'daﬂ:&d alongra !upgitlﬂinéal axis of
end and a discharge gutlet for sglids at a [.ower . end.

158 OwBE ucicle TSt e i Sepiat@eoR fanend Bopdetiva Gosyks
through the overflow outlet of the outer cyclone

lgr:ag%ldly g@eeﬁ 9303/09;335‘ g} a \:())CW-(I;/r(é;E gp t?\le?non%z %gclg'ne liner, which seals
between the inner and outer cyclone liners when the inner cyclone liner is in the

operative position.
Preferably the inner cycione liner has an inlet let into its periphery.

Preferably the auter cyclone liner has an inlet let into its periphery.

Preferably the inner cyclone finer has an overflow outlet for fluids at an upper end and
a discharge outlet for solids at its lower end.

Preferably the outer cyclone liner has an overflow outlet for fluids at an upper end and
a discharge outlet for solids at a lower end.

Preferably the inner cyclone liner is able to pass through the overflow outlet of the outer

cyclone liner.
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According to a second aspect of the present invention
there is provided a cyclone separator including the

w@eywbosessnssenbl y contained within a housi ng. BCT/GB2005/000718

Preferably the housing has an inflow chanber, an
overfl ow chanber and a di scharge chanber. Preferably
a fluid supply duct is providéd in fluid conmrunication
with the inflow chanber. 10 Preferably the cycl one
chanber is substantially contained in the inflow

hanber Pr ef er abl e inner, cyclone |liner can be
BRI it oGt anbrct oL roTehIRs8 Eeli oviden ayeione
sepataier inglading theccyplodi bk Seblp EokthinBY ARBR Mdudldgy to the

i noperative position within 15 the overfl ow chanber.
Preferably actuation of the displacenment neans is ~
Rrefevatsly the hamsihgitms tani igpey @thnvdeeantovelioderi=piier BAd a discharge
@ﬁ@ﬁ%ﬂre differential is detected between an inflow

tflow of the separator. 20 Preferably the
di spl acenent neans is a threaded spindle. A hand whee

B oML BB Pl AR St brabiie R il
grawbeed by an actuator, which may, for 25 exanple, be

an electric, hydraulic or pneumatic actuator.
Preferably the displacenent neans is powered by

Rrpfaratgy theftyelone ahdribérie schistqritiamecantdiné®ante inflonehamger,
by the pressure differential between the 30 inflow

and outflow of the separator. Preferably a fl uidising

Rreferatilys thedmmee clyeiong iner kan Bk positdrad conasietally (\j:vithin the cyclone
ar.oun

refera a heated.jacket is proyided he s
cERFBLgp oBeralit aiseRs oalispdost Ay SR udiiaraibg osigon witin
tinesl apdritoly chabeerheat ed by heat traci ng. WO 2005/ 082541
PCT/ GB2005/ 000718 5 The cycl one separator may be
i ncorporated in a choke or a bl ow out protector.
Frefetablynbdiyatidnesf thecdisplacehegm nans is autbmaiy, pod & teggerad ahen a

p\ll'\golleltgr?n%geda Srgégsnt}r)zla &iffgr[en%gﬂ's Bgtlegfed b%tween an inflow and outflow of the

separator.

Preferably the displacement means is a threaded spindie. A hand wheel may be
provided for actuation of the threaded spindie by rotation.

Preferably the dispiacement means is powsred by an actuator, which may, for
example, be an electric, hydraulic or pneumatic actuator.

Preferably the displacement means is powered by springs.

Preferably the displacement means is powered by the pressure differential between the
inflow and outflow of the separator.

Preferably a fluidising unit is connected to the discharge chamber.
Preferably a heated jacket is provided around the separator,

Alternatively the cyclone separator is adapted to be heated by heat tracing.
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Preferably the cyclone separator is adapted to be

operated on the seabed. Preferably the cycl one
wG@epansaser i s adapted to be operated by a renoP@l/¢B2005/000718

controlled vehicle on the seabed. 10 The cycl one

separator nmay be positioned on the seabed and arranged

to remove solids froma flfd flow prior to a process

or separation system According to a third aspect of

the present invention there is provided an appar at us

15 t
THE RPN SpPPIG S N CRRAIAAAS & AR PR BN 2t Pefector. o
receiving vessel for solids and a hydro- transportatl on
e BTG o Bo SRR A" B EORR R eBend B bl
cyclone, a re-circulation 20 inductor and
t bly th
Pritera0 IR FPRhp SFPATE RN adePBrin BF obptalikon thg seabed.
ultrasonic. Preferably the hydro-transportati on device
tl into t ' 5
Pl Tephp Fitertih Boabes3PE oferalii s sy eqnrae
vehitieat thefsebbed.pr esent invention there is provided a
met hod of increasing the flow capacity of a cyclone
separator during use, conprising the step of

The dybl@na\semramn mayrberpositiohethen thermabéat anul amangeetaremeve
og‘g% tlon n.a C)éd one chanber % an i noperative

rc?m&.f ! '%W PLordB 3 RLFaep BW?Q%MW@’S 8 chanber. Wen

the inner cyclone liner is in the inoperative
L t {
A L s F S LS AT Blon RB S R Bl ARG mpape o
trd%ﬁﬁg a wellirgad strbsvheonplisidg amemy vharidneeepanatars mpohteden a

sy yseomifing essaot FORS oF(E PG ratbrabn B e sptpraing

cl@medsblids.i s i ncreased. WD 2005/ 082541
PCT/ GB2005/ 000718 Preferably the cycl one chanber
conprises an outer cyclone liner. According to a fifth
Prefepsisny thefretdiang vessentor kalide ividiaies tahaeaningscyalone| alescieculation

nmet hod g{e duci the flow capacity of a cycl one
indyciorand ‘%ﬂﬂf {}gbm Yhprising the step of 5
inserting an |nner cyclone liner to an operative

PrBf B oschdn R b ¥ GRS of ORI .,

cyclone l'iner, thereby making the inner cyclone
rna

et B %D el 3588 PRGN e bor

sub-sea operation, into a riser.

Accarding to a fourth aspect of the present invention there is provided a method of
increasing the flow capacity of a cyclone separator during use, comprising the step of
withdrawing an inner cyclone liner from an operative position within a cyclone chamber
to an inoperative position axially spaced from the cyclone chamber.

When the inner cyclone liner is in the inoperative position, the cyclone chamber
operates alone to provide a separating function. As the cyclone chamber has a larger
internal diameter than the inner cyclone liner, when the inner cyclone lineris in the
inoperative position, the flowrate through the cyclone assembly is increased.
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10 Preferably, when the inner cyclone liner is noved

to the operative position, the pressure differential
wheirdegasst he inlet and fluid outlet of the cycP@neB2005000718

separator increases as the fluid flow capacity

reduces. The fluid flow capacity reduction and

pressure increase are due toBthe reduction of 15

cross-sectional area of the operative chanber of the

Prejerkion the dyclankehdimbérecannirisas an pules sytienelinepss t he
inlet and outlet of the separator were to decrease or
i ncrease, wthout a change of liner (ie cross

Asmecdingtued fifthy aspeaf oftthe _pr:qeen&tan\ienﬁormhwmsrprowhana anethod of
{ .
o AR oL P ISR ERY Bl L8RSt oo
insartiegnan inner tyuidnedinentosrt dperative positisre withintaneouter cyclone liner
il dipiaraty PRBGET A RACAL oS BRGE Pk ARE 5@y aking
the frener byannmlhte?.w@iﬂoﬁéﬁﬁma"@ﬂtﬁﬁgmw 50 dz;wlgﬁag?gﬁ\?égﬁer of the
W The i nvention w ,
CX%ESPE%? le, with reference to the acconpanyi né
drawings in which: Fig |l is a graph show ng the
| af.i [ .
Prefpuk e, B e BV B R8T ) Bl fo Hertbe e leBlief e
pressure differsntialhedwéérvibeyetrasy @ deitigt of thé oyeone separator
e T R TR A
Vi e}/v of a %Cl oge segiagat or,S- partly ifn icross-.stecti on,
o g Btk T ARG FTRrpe® s e f Mol llon o

craSdsd it A bteLERMEBRORIVOARALE offthBicycldnahitie differediial

b i Sk P, BREoBRR P iy Rl f s

withioud p ehatdevef lipers{ie trons sentidndtiagesbofitse aperativeachpacher) then a

R L e T

advehags BT thehvantiBRERERREDWENVBCRICIERE $1 Refdiffarentip! plessurpyan

to Fig,1, in a.typical S fi . .
infyasasfihirals s e s e eBisin oL e S el e
inegarath@ misitohe |ife of the gas field, may increase from

1 Om/ hr to 100nB/hr. The pressure drop associ at ed

with such an increased flowrate is

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described, by way of example, with reference fo the
accompanying drawings in which:

Fig 1 is a graph showing the relationship between pressure and flow rate for a typical
gas field over a typical time period of between one and five years;

Fig 2 shows a cross-sectional view through a cyclone assembly in accordance with
the invention,

Fig 3 shows a side view of a cyclone separator, partly in crass-section, inciuding the
cyclone assembly of Fig 2 with an inner cyclone liner in an operative position;
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approximately from 85 bar down to 10 bar. It can
therefore be seen that a cyclone separator nay be
WO eqpaiosxsdll t o operate over a flow rate range of POIDGB2GWS/000718
whil st maintaining efficient separation. 15 Referring
to Fig 2, a cyclone assenbly is indicated generally at
10 and conprises a cyclone dhanber 12, formed by an
outer cyclone liner 14, and an inner cyclone |iner
Fig4 Phews arsidle igw bbihe dycloee sdfarater afcfig Beplrtipinagass-section, with

di spl i tudinal. is. 18 of th
cyol aRERfefRRts T Ch b n Bl teRior B i on, as
viewed in Figs 2 and 3, 20 and inoperative position,

Iy ' i a4 | ai t bel ow....A
L8 E4 Pribfisly butor £0dic Bad haRF wied ARk B g5 gpa 4
cycl doradigpilaning thé innBheysaa linenl lar 20 is integral with

the inner cyclone liner 16, and seal s between the
i nner and outer cyclone liners when the inner cyclone

DETAEDR DESCRIREION OF RREEERREDEMBODRMEMNS| nl et 22 i s

et into the periphery of the inner cyclone |liner 16,
and a simlar inlet 24 is let into the periphery of
Refiegringifirstly tyfag dnie d iypieal gbé fieldathe flonl rate Be ghésbdthréugh a

SRR oo, M 50 8g bR, ¥R B3 PP bl B
100/at foct@8m?fr.oThe pltesslﬁre dropsasseciated withspehtaniecrbasearflow rate is
b3 58 Do 5 el bt it
separatoamay beuediated26 operafe oxer dslldwfrate randi;é dfstn“f/hrt whilst
[ . Si i , 28

RS o Bhhiary 30 Svert! on Stk 20 L

cyclone liner 14 and a discharge outlet 30 for solids

) [ ' t '

o 8156 RCE S RS BB GAE BB el by G s
cydlorer chbbnhean2fassed by augtiet belomedinét tyand @inlierter 2gclorie liner
BB h oo 308 4o P ARB B3R p ool s 1
ottheuidr eyeone h}erﬂh@rg@e&ani apepativeipdsitiom astviawead ila!Fég$g2 and 3,
o B, R 0 BB, U SR ARAT e o 1

g(re]neralhl y ?Ezh4?hien \Ijle?fsl 3 and 4. An end cap 36, .
AR b b oA Bl Bk LIS PP s cotr
2(4s infEigeal with thecinper3§yciohe dingr 18, aod esals beteen dtenanel and outer
c;%%neer\%@wﬁénr&lgﬁneerr %%Ibrﬁa! Iirfelr A the &Jb%tive position.
An inlet 22 is let into the periphery of the inner cyclone liner 16, and a similar inlet 24 is
let into the periphery of the outer cyclone liner 14. Each inlet 22, 24 has the shape of a
vertical slot, which when supplied with a tangential fluid flow, causes swirling or a
rotational flow pattern inside the respective liner 16,14,

An overflow outlet 25 for fluids is provided at an upper end of the inner cyclone liner 16
and a discharge outlet 26 is provided for solids at its lower end. Similarly, an overflow
outlet 28 for fluids is provided at an upper end of the outer cyclone liner 14 and a
discharge outlet 30 for solids at a lower end. The maximum diameter of the inner
cyclone liner 16 is set so that the inner cyclone liner 16 can pass through the overflow
outlet 28 of the outer cyclone liner 14,
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provi des further nmeans for nounting the cyclone
assenbly in the cycl one separator 40. The cycl one

w@epaosaser 40, see in particular Fig 3, includeST/aB2005/000718

housi ng 42, in which the 10 cycl one assenbly 10 is
cont ai ned. The housing 42 has an inflow chanber 44, an
overfl ow chamber 46 and a di $charge chanber 48. A
fluid supply duct 50 is provided in fluid

communi cation with the inflow chanber 44, where the

ly. ' ally. ined. Th
A PGy B ETo B micten Bl P LR pipick B Ptapng the outer
cydlote iner tlhawinigie boatdescha tiber 1413 t@fmbdirﬁe@m_taecyldsbf@ separator,
; L.t rati v t1pon .
k8 8y o PRS2 P bt e i verton
outist 2ftie progtidep) iaaﬁak;twdiég kHeyu [ip@_rl_ bhe Ef the opter gd:lm liner 1g.| The

ig. 4 e housin I s, capa

ofi o o5 2R RPN 28 fn opisudy ealehelng sedifiejenseloviih
pravides dirthesn nibaga forwedunting Ref aycioha assdmisly inoth&icgciole sébarator 40.
threaded spindle 52 is connected at its lower end to

the 20 overflow outlet 24 of the inner cyclone |iner
Thé cydore sEpassser 400 see phpdrimlanfies, incodesta hdusngd4E i Whish the

oFg el 1 B0GtABRE DeiolssPi2has Fiinfy HERIER 4y an
ovévéoun ahaklnpdsretlﬂ arfoya disd:rtdrg@u_narilzﬂlim %piNf:ﬂ;cesetgapgy a(i)n:]m 6? ri]saepmvicleel
. n i, can. axia [ .
i BB tor e P s haPioe! «f BRR R BB Sotelfon o
stfistardiplincintainddr Trexiang ayclone Kegr s plssifiovag. coRberfirically within
B RS BoSERa % BBl ST AR e e
covitained i the weefibe chamber 46/ofl the Rolisinge42, Whehalidgdiared axially to the
np e E e beaffon r snBBR AR Fioaf BBE bl a2 BroabBRR R wthbiERASs hign
prssires\tymitally reseabqied adtboil 40d g83Owkhs.a preferred

enbodi nent of the invention, not shown, actuation of

the threaded spindle 52 or other displacenent neans
Referdng alsmitol Fig. fuadhiieaded spindle 6@ isvmeated @t ésl bwer ane bxthe

pressur i, fterential 1s feteqt bet p.nf |
ol it o e oer 2yl e 16, 8% RSE Flpfh LR gt end o
thaemeloeathahbep48veX Emdohthh ﬁﬁ ﬁépmafub@ imtbegasied lengadginent with
referably i.S _power.e aul.i c n . [
<Dl o2 Soi BRG] ol ai WhBls Torefia® P b i@ and iner
cytidriedinenté ean bebyeibrishiacedrdidrahangis A8t Meansdd prokided for
separat oy .. 005/ 082541 PCT/ GB2005/ 0007 9 A
PRV EO PIRLeTi (S SRRTBBE SRR o AT har g
chanber 48 by means of a fl uidising
A pressure sensor and pressure indication means (not shown) is provided to enable an
operator to identify when to move the inner cyclone iiner 16 to the inoperative or
operative position. The sensor detects the pressure differential between an inflow and

outflow of the separator 40,

In a preferred embodiment of the invention, not shown, actuation of the threaded
spindie 52 or other displacement means is automatic, and is triggered when a
predetermined pressure differential is detected between an inflow and outflow of the
separator 40. The displacement means can be powered by any suitable means, but
preferably is powered by a hydraulic, pneumatic or electric actuator, by springs or by
the pressure differential between the inflow and outflow of the separator.
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unit feed duct 56 and a solids outlet duct 58. The
fluidising unit creates a localised swirling flow

wobkiosisseeaks up aggl onerati on and entrai ns parP€T/CBe®5/000718

Into an outlet flow of 5 well streamfluids. Separated
well stream fluids flow out through an outlet duct 60,
which is in fluid connection &ith the overfl ow chamber
46. In order to facilitate flow of fluid, particularly
hydr ocar bons, through the separator 40, a heated

d

A BetiRng i oan 8 Sho 8 B URHAIEE RombS B meape o Muicising
it fae@gu@@&amdteesdhéaomm IdyctfﬁSatTHerfhnwlsi@dummcmSﬁﬁ a}(lbkfahsed

t
SHiRG ABw S HEH ol (adin B LS P Perk e AL ot fow o
welhstreanufluids eS@@paet&weH stté)am dnidalflow duethra@ml resLitledding 60,

t t
AR B g b T G e R 8rierde on t he seaped.
t he cycl one separator 40 can be arranged to renove
bfE 1 ow pri t

33rdf o oGRS 1o 8t Al BBty 3p BB ST e spepetor 40,
mat&meckathhsh@mn)foan b?rpemdetgaraumtﬂe depachicrt Almgnat(vmytthe

tor n be
AP bepdaBL U b P Te R B B oV ng
vessel for solids and a hydro-transportation device

' [

1h 26e. Ihe BN Dol GR i hdlfoorllit h BTR0I B% KRRAS)
pretector, oc in aw’etﬂmadrasaembly oanenifeld aghe eaparator 60 caralss be

o361435 0 AR 88 BN by s B o PABD ol i
Whertpasitipesd odithesddbpd) the cydiore separator 4thean beasargesda remove
B8 i 2 Py A BigeabBol Bdion Bl 0 o0 Y
withdrawing the inner cyclone liner 16 fromits
B R 4B Y d ey F45hE R 1880 g (o
shrwa), By hgplity eﬂcyfclwmsehwa&us ean be yoloted dningkid, 1dgether with a
r%&ﬁ‘\ﬂ@? Vesgtgwppgqhhg gntg H o~t¥§rls§§ﬁat ol e'l;%g/ clzlséoer ﬂEh‘é!ﬂ; rﬁaeé’ned
snlrds chel reneiving pessat for sdmls pTéferabtysud:ludaea tleaning hyelone, a re-
c@{:&ﬁ%ﬁog{ i \gt%t%rna@rd é@%’logpe%mﬁ @e%s tﬂ&ié}e—%%ﬁﬁraﬁ% }ngans is
efthemmtmcai br aitragonid dn sspahehpdroitrenspeartation device discharges
I

HEANEETPE Son WS RN IRREPIMT ABRBUEL TS . o

the inner cyclone Ilrer 16 to an operative position

A PO AT o o008 BBl L4 4R Rase ppitranin
theyiohemeyclona dingr MGrdh0 @S H P& atve] pdaEiIBhEBDGDHE @DET tgclone liner 14,
as shown in Figs 2 and 3, to the inoperative position axially spaced from the outer
cyclone liner 14, thereby making the outer cyclone liner 14, which has a larger internal
diameter, the operative liner of the cyclone separator 40,

The result is that the pressure differential between an inlet and an outlet of the cyclone

separator reduces even though the flowrate through the separator increases.
Furthermore, the flow capacity of the cyclone separator can be reduced during use, by

inserting the inner cyclone liner 16 to an operative position within the outer cyclone
finer 14 from the inoperative position axially spaced from the outer cyclone liner,
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10 thereby making the inner cyclone liner, which has a
small er internal dianeter, the operative liner of the
weywbosessseparator. In this case, the pressur ePOEGE®E/000718

an inlet and an outlet of the cycl one separator

i ncreases as the flow capacity reduces. 5 Wen the

i nner cyclone liner 16 is i n ®he operative position,
rotational flowin the flooded cyclone chanber 12 of

therebyp otakingdiie inmee cydanerlingr} whichss d smallegintérhal diatheter, 27

I Liner 1 causjng a rotationa
ez Tpeaftite futiepiaRE! 41 s GRecehrsui Aawsan an inet
angcaromalet ofitbe cyelonedepaeatgdncrdasesaisahe flowicapasty redilcew

di stributor to the inlet 22 of the inner cyclone
liner 16. Solid particles separated fromthe fl ow

Waerothe innertoyeloni e a6 dein e operather ‘f"fb&“gy“fﬁm"b"m iAnige
. te t
ToBBEY BHtioN, st 2 B B oo fingr d Baneed taisbbBuiedpigt 2 of
the tnpescyciome lilner i(ﬁfn:ausing a mtgmrmoﬂdwl paw?t_h Itl@érei$dmcz¥thég&/@ds, the
; i t.y apd concentra N. . Treated or
QB UHOR A5, AFRE, B, S0 SR Rl 052 o e
inrrer sygiona kner 40t ISetid pla:gclessepaw_earmm hedlowagsdroidethé dizekarge
fne. rative t1o
S, b Aot SRR o) g RRRRIALA LB Al o crome o
vprtessction. dihiyfluitisesshe sbliels aydtcansdshemito Fépm@tesrtxe §dngs outlet
Juer aK| tae W 1S O, . .
B AEp UL Foot g cdap el Seladtesperefd e
typicatiy bydrobarbom foids, ps$ tromughethe outMdtidust 60TRI Nt ai ni ng t he
required separation efficiency at the designed

pressure drop. Wien in the inoperative position, 20
Thiénrien ycionsy/lileoné shoule ba disglaesd twheiindperdtive positibhwhérethe

it B D508 i leun B fF il Ptcates
they tedneer cyelpre Hinarr 6daking thesflodeis tdmsrasicemissihstifficiant biea or
e 0B Bttt FRomf oy BB Frasree
sepexatiartesiicienyrat dgecc}!aﬁg;xeu iprm]suﬂaﬁdrop,rvvhm th tﬂz Iirmpledativiﬁlosition,
e i BB e 25 Bos PGP BHEE® BRRBATb ot s afber et
cydienedinep ll hickhee affestisansicereabé the premreﬂtfdpcthm?g? the cyclone

t . ] ;
SREE0% b0 S oA lis (BT HR ARG Bl fon s ane
separaffonceffidiencids. ty  of cycl one assenblies or cycl one

separators are Incorporated in a treatnent systemin
series or in parallel connection. 35 WD 2005/ 082541

It RGN &B20GHeed teliBvention that the inner cyclone liner 16 can be displaced
during operation of the cyelone separator 40, ie, when it is online. Furthermore, the
automatic operation of the displacement means enables most efficient operation of the
separator.

The scope of the invention is intended to include any arrangement in which a plurality
of cyclone assemblies or cyclone separators are incorporated in a treatment system in
series or in parallel connection.
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11 CLAIMS 1. A cyclone assenbly conprising a cycl one
chanber, an Inner cyclone liner adapted to be
w0 e@eioszsdi wi t hin the cycl one chanber, and di spP@UEBeIVE/000718

means for 5 displacing the inner cyclone |iner
relative to the cycl one chanber between an operative
position and an inoperative pbsition. 2. A cyclone
assenbly as clained in claiml in which the cycl one
di%@ﬁgef 10 conprises an outer cyclone liner. 3. A

ne assenbly as clainmed in claim2 in which the
inner cyclone liner is adapted to be displaced al ong

@ gl ”%‘cfoHQ 'agéémﬁig gémﬁfls:ﬁé‘ﬁ 59 bR cHAARIER Nh thh&edycloRb ie&n

t he erative p on and” i noperative position. 15
aaptad éq/bq% easeivad ydihis the sycleneshagiper.ang displacsmeant Mepesfog

dﬁ??a'cm'gstv\ﬁ fnﬂ‘é* E&ﬁﬁ’on@t! @r 16 to ﬁBQ:y&Ené Bearhhetfentaehl N 6berative

seal s e ween the inner and outer cyclone
ppsitien and ﬂlﬂ]éﬁp?ﬁ'@"@ ReElioneycl one liner is in the
operative position. 20 5. A cyclone assenbly as
clainmed in any preceding claimin which the inner
cyclone Iliner has an inlet let into its periphery. 25

26 A cgl)é[éhé %@_sé}ﬁﬁl?%@clélrﬁéd 1l it ivihich e @PSloRd clienalies
2 to 5in which the outer cyclone liner has an inlet
cpaprigaean ouler SlongiiBey,. 30 7. A cyclone assenbly as
claimed in any preceding claimin which the inner
cyclone Iliner has an overflow outlet for fluids

, ] ) . - A {an
3uppérevelane aRserably A8 ClipebingiRimat inpdichsthe inner cmlorﬁ%ef Is

ahﬁ;!“@& t¢hé d.s&acéa amsab @ﬂ«ﬁwgﬁﬁéiﬁﬁf‘éﬂé SFIn& biteNBtidne liABYbéWeen the
[ains 2t the outer 35 cyclone liner

ona@tiw]pwmawgﬂﬁmwe ROsiioRy Ui ds at an upper end and

a discharge outlet for solids at a | ower end. WO
2005/ 082541 PCT/ GB2005/ 000718 12 9. A cyclone
assenbly as clained in claim8 in which the inner

4Y € laaiBichi %Séeu‘nﬁl{ ab 'c%nmé@mﬁi?a‘i:% 3 iRHIE e 5&R iPMBLIBE®Y a lower
outl et of the outer CXC one |iner.
end of the inner cyclone liner, which seals between the inner and outer cyclone liners

when the inner cyclone liner is in the operative position.

5. Acyclone assembly as claimed in any preceding claim in which the inner cyclone
liner has an inlet let into its periphery.

6. A cyclone assembly as claimed in any one of claims 2 to 5 in which the outer
cyclone liner has an inlet let into its periphery.

7.  Acyclone assembly as claimed in any preceding claim in which the inner cyclone
liner has an overflow outlet for fluids at an upper end and a discharge outlet for solids
at its lower end,

8.  Acyclone assembly as claimed in any one of claims 2 to 7 in which the outer
cyclone liner has an overflow outlet for fluids at an upper end and a discharge outiet for

solids at a lower end.
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5 10, A cyclone separator including a cyclone assenbly
as clained in any one of clains | to 9 in which the

w@ymbosessnssenbly is contained within a housi nBCT/GB200A000718

cycl one separator as clained in claim1l0 in which the
housi ng has an inflow chanber, an overfl ow chanber

and a di scharge chanber. 10 12. A cycl one separator as
claimed in claim1l in which a fluid supply duct is
provided in fluid conmunication with the inflow

chanmber. 13. A cyclone separator as clainmed in claim

91 @rcyeloaems&@nblu agielaimed ﬁi\e‘ﬂ@m& iprihich hedmeaiisyelonasliner is able

t§§ ﬂttl\é/o Vbl of thet ufer' bW igdranber . 14, A
one epara or as clalne ny one of clainms 11
to 13 in which the inner cyclone i ner can be

1ROS ‘;{%%%Q <6 %}Hﬁdu&‘d’i‘ﬁq y cwlarl&' s&ﬁﬁg%fdlanﬁdWQﬁ@&{e of

0 er ve posi t axially t
odamas o Pdn whlohéh@@mtqnecﬁﬁse«mbmlmcqm@n@d/wﬁhmmo'-@mg
chanber. 15. A cyclone separator as clained in any one
of clains 10 to 14 in which actuation of the

1di s ewclomersepanatorasiolaimed Bralaimc0 iamdichsthe hoyglag bas ap sow
c@a%&d &h %b&kleﬁ%haﬁ{béﬁéw 8§ gﬁbﬁé & @fdrhigdr. i s detected

tweén an inflow and out f the separator. 25 16.
A cycl one separator as clained in any one of clainms 10

1t2° %ﬂcfbn%‘eﬁ%aﬁ&%s SRRl RGEATRM M‘an A ﬁung shppIf 8E&Gs

one separator as clainmed in any one
nw\"(tﬂdah ﬂﬁ'dlcpmfﬁum@flpﬂ wiihiteninfies cBaMBes pl acenent means
is a threaded spindle and a hand wheel is prOV|ded for
actuation of the threaded spindl e by rotation.

18y c lhonsione papaiaar aaslaimed iRedaim! 10 slaime! 20N which thﬁ cm!one
dggmgrr is Eyw&h% J?’ Rentafied M RE FIRM cHERRs. | S power ed

aul1c or pneunmatic actuator. 35 WD
2005/ 082541 PCT/ GB2005/ 000718 13 19. A cycl one

ﬁep%@cﬁhe%p&ﬂaﬁ#%@ldlrﬂe@m’a@%e@f clairis '1"!3 101@3 FnQNHiéh ih8 inner

di spl acenent nmeans is

cyfleas finas can @eacéﬂlonqbcome@tyeqlbm@thgeﬁar%'err'g a%afoPe&ﬂm
gBraﬁ‘lUé! BQﬁorPfor Gisﬁlaa”éd éﬁal%ome ihBpeBiiepdsiton viithin the overflow

I spl a enent S I's powered by springs.
chamber.

15. A cyclone separator as claimed in any one of claims 10 to 14 in which actuation
of the displacement means is automatic, and is triggered when a predetermined
pressure differential is detected between an inflow and outflow of the separator.

16. A cyclone separator as claimed in any one of claims 10 to 15 in which the
displacement means is a threaded spindle.

17. A cyclone separator as claimed in any one of claims 11 to 14 in which the
displacement means is a threaded spindle and a hand wheel is provided for actuation
of the threaded spindle by rotation.

18. A cyclone separator as claimed in any one of claims 10 to 16 in which the
displacement means is powered either by a hydraulic or pneumatic actuator.



21. A cyclone separator as clainmed in claim15 in
whi ch the displacenent neans is powered by the

w@e@sosasel di fferential between the I nflow and pPCt/GBoWS/000718
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16
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30

of the separator. 10 22. A cyclone separator as
claimed in any one of clainms 11 to 21 in which a
fluidising unit is connected t¥ the di scharge chanber.
23. A cyclone separator as clained in any one of

clli nA cgclone 8pdratonks claimedhie angdne phalkiats 105toPIBaN Whet the

CHEPRGh AR RS bSlred By G "R O Che

cycl one separator is adapted to be heated by heat

t p@ci separator _as. ¢l.ai in.any, one
ofc) Aieeitie epeaot 85 SR % b b P lodd gk e
i displaceonerdmadand is powerethbikeprinigsa bl ow out prot ector.

26. A cyclone separator as clainmed in any one of
claims 9 to 24 in which the cyclone separator is

i 2t or poyaeraiséparatona dlaimed imslaiemi in whiche displaeenidnt means is

, | ai ned, | f
Hodred b5 155 S5TRE it i st i w3t it o separator,
adapted to be operated on the seabed. 28. A cyclone
' ' Lalm 27 i i t.h / I
EE PR ) o
[ ed. :
separator as clained in claim?27 or claim 28yi n whi ch

the cyclone separator |s positioned on the seabed and
% arfyextlans sepamle asallaided fir any anef dfddztimé Ddw22 i whikh aheated

et B TR ARl e Rl paraus for treating a

wel | head stream conprising a plurali Ity_ of cy;:loonjr

v Eftismeeoftefir I biled [Yary Yol oy B 2311 @l g cvclone
Sengaiay s adapierbiothe: heateddwfient tricing.di schar gi ng cl eaned
solids. 5 31. An apparatus for treating a well head

streamas clained in claim30 in which the receiving
¥8s s &\ cyrlone separatorian claindedinanylcoarmf niging @ kP4 in which the cyclone

o A ) ¢ ) I e .
S RO BN &' BB B FEFTRBRE' o1 cam
clainmed in claim31 in which the 10 de-aggloneration

FBANS, dydioRb 5BEArafol 8 :&fhePh a%tolhg% Bhfns 9 to 24 in which the cyclone

separator is incorporated in a wellhead assembly or manifold.

27. A cyclone separator as claimed in any one of claims 9 to 24 in which the cyclone
separator is adapted to be operated on the seabed.

28. A cyclone separator as claimed in claim 27 in which the cyclone separator is
adapied to be operated by a remotely controlled vehicle on the seabed.

29. A cyclone separator as claimed in claim 27 or claim 28 in which the cyclone
separator is positioned on the seabed and arranged to remove solids from a fluid flow
prior to a process or separation system.
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33. An apparatus for treating a well head stream as

claimed in any one of clains 30 to 32 in which the
whyasostseansport ati on devi ce di scharges dir ect PgT/GBR@5/000718

the see or when in sub-sea operation, into a riser

15 34. A nethod of increasing the flow capacity of a

cycl one separator during use, 14conprising the step of

wi t hdrawi ng an i nner cyclone liner froman operative

051 tArPappanhtus Fotr tafira wek hedichsteem tomprisinga pluralty sfcyclone
position axi al Ix. spaced frlom tpfﬂ%d one charrﬁ r, 2Q.
SSP2ARIOF A GAITREC I AMANG A FREDRP R SAMOHNTRA U PR, @ receiving
Ple@S6l Yhissongs ue® A hatroHiftingbortetidn aBvice firldischangirighseaned solids.
cycl one separator reduces as the flow capacity

i ncreases. 36. A nethod of reducing the flow capacity
1. 2 QY Ghrirgtus &Rareatiny a dieil hegy steeam 36 claig inslzig 30He which the

step.of inserting an.ipnner cyclone liner to .

Jeene vessbtar spl Tpiudis @ cledning Syioney & restiewftioninduetgyrand de-
agbglonegrstidi meangosi tion axially spaced fromthe outer
cyclone |liner, thereby nmaking the inner cyclone
liner, which has a snmaller internal dianeter, the

| B A apsparatos forafeatidiea el heakstssspapatiaimedit cim 3A in which the
ch the pressure

thod as clainmed in.claim36. In i
o Al SratioR ngEhs st SnfinicaLpF bt cy o) e
separator increases as the flow capacity reduces.
33. An apparatus for treating a well head stream as claimed in any one of claims 30
to 32 in which the hydro-transportation device discharges directly into the sea or when

in sub~sea operation, into a riser.

34. A method of increasing the flow capacity of a cyclone separator during use,
compyising the step of withdrawing an inner cyclone liner from an operative position
within a cyclone chamber to an inoperative position axially spaced from the cyclone
chamber,

35. A method as claimed in claim 34 in which the pressure between an inlet and an
outlet of the cyclone separator reduces as the flow capacity increases.

36. A method of reducing the flow capacity of a cyclone separator during use,
comprising the step of inserting an inner cyclone liner to an operative position within an
outer cyclone liner from an inoperative position axially spaced from the ouler cyclone
liner, thereby making the inner cyclone liner, which has a smaller internal diamefter, the
operative liner of the cyclone separator.

37. A method as claimed in claim 36 in which the pressure between an inlet and an
outlet of the cyclone separator increases as the flow capacity reduces.



