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[0001] The present invention relates to nethods and

apparatus for separating 7 a liquid/liquid continuous

m xture, and nore particularly relates, in one enbodi-
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and are carrie al on yanlnvvar | ocat
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hrough the overflow outle eavier par
lnleiﬁ @reate flfluid yorte@gindbaseparativn chpimber. Eleocenttifugal forces

cropPBL s ¥t ol REnEATAGY S0 BERDE F5LbediafOmeran
toWdrd itk weII oftttd exnival tsbparatioh etaabee | thoe giirg) &cehceneitish of
denser quncﬂs and particles adjacent thereto, while the less dense fluids are
brought toward the center of the chamber and are carried along by an inwardly-
located helical stream created by differential forces. The lighter fractions are thus
carried outwardly through the overflow outlet. The heavier particles and/or fluids
continue to spiral along the interior wall of the hydrocyclone and exit the
hydrocyclone via the underflow outlet.

[0003] The fluid velocities within a hydrocyclone are high enough that the

dynamic forces produced therein are sufficiently high to overcome the effect of
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31 dynam c forces produced therein are sufficiently
igh to overcone the effect of 1 WO 2008/063228
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performance of the device. Hydrocycl ones may, 2

therefore, be arranged in various physical

orientations without affecting perform 3 ance.

Hydr ocycl ones, especially those for petroleumfluid
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several dozen or, even several hundred dr o-
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ids,froamother liquids ("liquid/liquid
therﬂy %ﬂ%“l es"). Different constructions 11 are used
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structural I't “can
are yreddfes pgeh afhthesehydrasyelooe @vlcequeenenaqyu tde liquid/liquid type

of INAIDARIHER odtRi el axjdrute RRT sEB so o B Beifeng
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asSJ{R het % sl el kiR ks Budhigu o iana sty
trarﬁéléﬂﬂe@&o aﬂb(qﬁidl@dlid)hﬁfré@%ldﬁe‘ and168Qefshui d m xtures are
fform’of tight enulsions that are
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separ at ed SI ca esse
angnog-@giuesys ﬁuudla typically ouglke allhéheseaﬂmﬁ nliztanés afe eften mrtte

forf ot HoBE BB s, KB areireRl % B8A3ES 1 elipep fShougter
emuisidrsd obf) a&pwatﬂmm-@ll @ntulsibas ev/o) ar&%ﬁdrél@d&ﬁl@%&:al
er a

Pfo'%ﬁﬁ?%Cham%?"??&PS%%éggeéﬁqhspusmh% aepgde%*l&'fﬁrﬁ@nd
otheRBHGitives, Dr €BRINAtidaS Df tHERIY. #YdPocyR ek e 'kh5®9 to be a

ddi ti onal I el ectrostatic separators 26 e
Ul ysicEhmethed gksepaating:oilphass ndeBomagueouapbase fluids,

ooRgRFSY b 0 BT el P SRRTL B ek
centgfuges, membranes] and thefike. Additonaliyralecterstatic separgtorhe
employ electrical fields and the differences in surface conductivity of the
materials to be separated to aid in these separations.

[0006] “Produced water” is the term used to refer to streams generated by the
recovery of hydrocarbons from subterranean formations that are primarily water,
but may contain significant amounts of non-aqueous contaminants dispersed
therein. Typically, produced water results from an initial separation of oil and wa-

ter, and accounts for a majority of the waste derived from the production of crude
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29 recovery of hydrocarbons from subterranean
formations that are primarily water, 30 but nm
WOSABA0228i gni f i cant gm)unts gf non- aqueous PCtus2007/011461
contam nants di spersed 31 therein. Typically, produced
water results froman initial separation of oil and
wa- 32 ter, and accounts for a majority of the waste
derived fromthe production of crude 2 WO 2008/ 063228
oil. AFer @S20RarQrd86ss oflsepiatatiofffidth tife Bil 'tﬁ@erodUc‘é@%ePétlll

aration fromthe oil, the roduced wat er stil
COfBaﬁ‘ﬁﬁ‘ raRS aF Brdiclss oh g4 in ew§l<m ingtanceptratignssasohigh ras 2000
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nmust be further treate
theoﬁ!rwﬁarr@@@ Every gsoumtey bas/ setdimitsHior tfa/@ar;ceotrahmrr of tmhdls-

periEEH 'tHE \'iv?ter ?c?r 6#&%}9?@&%?%%@? r%gg &h?léer fi ﬂg%révseﬁle @e pro-
dudiécdetar isreturniet! to tee fneld |t & ativiszblevid @move dasinueh of tiedoil
to remove

and Biseriled sclifs (£ 4 Sand ok aBategs. sourie Tkekas possiie in

ordfe?&gﬁ‘ﬁrﬂhﬁze ﬂlxl@%dkftﬁdlddg‘ﬂigﬂ\%f@@s' ble in 8 order to
nimze the risk gln the field. QéOOO It
2]

loo%hl dt weulgeas ﬁaﬁra@le ff mﬁet @‘dgn@ﬁapar@w wetﬁs that could
sinflf4hasds| P@rﬁo&é)Uh dnd bthet! %99 lém AducBEYater
ot vvat eP FEEINE

er non-aqueous speci es
ang¢ onmtamnm@tedc}vamt with g/reta’nergeféueecy tlafahl ailpee\santt han at
present. 12 13 BRI EF SUMVARY OF THE | NVENTI ON 14
[0008] In carrying out these and ot her objects of the

i nvention, tBREASUMMARYDN TEHEIINVENPITN
n exe Iar appar atus for

(00B8] . Bitehyia it hSSahn i oplReth of (RuBieNtPanare is pro-
vide@hioheth-tdstHttide PEAS %n%%éhh;ﬂaﬁ}' édp\é'réiug‘fﬁrt égp%fat-ﬂbea dis-

17 appar atus has one or nore coal escers t
perSﬁelllgu@dof@seu Fofm ase@ptinueyolinuis pba&mw@hmrmﬂwdgmatwe rEhe

ap%&b% I’ﬁ%{é@é’&r ﬁbré’@é'? ﬁ&%rgfthét'é%c i) (ﬁé é’ﬂ ?Q@E@l%ﬁ?ﬁnd

outer wa ortion t
chayoberr havinga finstrimlet portibe ad: oné endeaf the Qépaarlatum elarnber and a

first RGRF WA PeRior Bfaftnoli ik irsf feparRic Shamber. theresfesgers
alsbleachiimcirpoapsy Gid onmerafilRe inléte f@ﬁﬁﬁé@@(ﬁn?trﬁéf\ﬂdib Infigture
uid m xture and to at east

'“tfbﬁletntpfé 'P{)]Et ngf%QféL? HEst geRBetior hpmier tp generpima swirimg
moti8A lof Sl fid M%uﬁ’é aAQtd ¥t I%%th&rﬂ@i?fééh?eége th@%pe‘?%‘d liquid

outlet at the other 24 end first separation
phagea fihercopiscarsadditienally eanb contains atHea$t|QnedouﬂektatJtre other

end'of fhtéaﬁrsf:%ﬂa‘?‘éﬁ’@ étﬂa‘?nﬁér fl?ﬁal%h%fntg' fAbtefror? HERGE nixture

di spersed
that contalns the at Ieast partlally coalesced dispersed liquid phase. The

apparatus also includes one or more separator hydrocyclones each containing a
second separatibn chamber having a second inlet portion at one end of the
second separation chamber and a second outer wall portion throughout the first
separation chamber. Each separator hydrocyclone also contains at least one
second inlet for introducing the fluid mixture comprising the at least partially
coalesced dispersed liquid phase into the second inlet portion of the second
separation chamber to generate a swirling motion of the fluid mixture and to

3
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ﬁGdappar?tus al so i ncludes one or nore separator

rocycl ones each containing a 27 second separation

‘VQHHWHE%ZHaV|ng a second |nIe? portion at one &RA/USRO07/011461
the 28 second separation chanber and a second outer
wal | portion throughout the first 29 separation
chanber. Each separator hydrocycl one al so contains at
| east one 30 second inlet for introducing the fluid

subg'ﬂa?‘x{léi lfsééa%l‘l’i’t%'tﬁé %gletaﬁﬁpé*tlailfééélesﬁb%rdt dlg;bér}te@ fiqeighese ¢dm

phase into the second inlet rtl?P
the ocbnt(m@uséiquldopha§2 EapasaparaierdiarasyElons %%@F@P@Sé east

one Ry s Seshil sl o s R4ty Bercirom
a refativelydess térsatobleased tmnd |palasq of theel fhdd etixture ;?@lds%deast

| h f th
oneg e g PO A B s §hb Hephi e BtafloR efiafpe G
the giv ;k?fﬁg ?Né @véﬂtflﬁw dullet fe disﬂhargi?g; apaiativélpmarkatense lifjuid
I N er
phagg Y Sas Buambtire: ISirates. a1 SreBP RN PepAralRgags it lepst one

fluid E8% am%a%ﬁ HeAleEA tr@%tqeééteine%utrehef tichste @éndord  t he

second separation chanber from6 the at | east on
coatessefy and mﬁatéeastowneoﬁ@@naﬂr@ehq the 0B AriM@e SeRgraEor

liquid 7 phase of the fluid m xture. Further, an
“Vdg%%'gig‘ingﬁy apparatus includes at least one 8 fluid

00 mmw arsdthemexzetple @andtih anather eapilinvting embodimertt, @ method

fm?ﬁﬂ"@? Imrrg: @%ﬁﬁhfﬁ%ﬁgsgﬁgmgggﬁﬁndﬁg ff/]é{rocy ones.

ﬂUI% mi@f)eg]ﬁht ﬁﬂo@ﬁéﬁ%ﬁ%ﬁ%ﬁk@ﬂe&lﬁ dwéxturanlgn beleast one
- (0]
coajemrﬂwflwﬁqwmr@ sried S e possgela 2Rag Baddy®

' co%’l‘%&%' t{ﬂ F;e?séd kkgﬁd ﬁhéﬁé‘ Mehd MAd mikuee ¥eMphisihg Q@lltb?tllébﬂst

m xtur | east one 14 coal escer.

partiblly doaiemeair@swsewllﬂwdwhﬁisem discharged 40 atteast ee é?PafatOF
hy%ﬁggciorpe? 'II@e?f}Lhéf Hw&tﬁr{%?égﬁ@%@nﬂ\gﬁtﬁg tﬁé %@ﬁér%‘i‘& Heyggéﬁyélone to
sutisattialy lsgpacaé Gm:aﬂedstsxwhalb/cbdalmed dispessed kquid phase. A

relg{;yze? hl%% glgﬂqtséz tqag{aéecha ilwfl {&Fpé%%%aqf ﬂﬁ fl&nH irz |%<gu¥g ﬁ a ¥8ﬂ3958d
thrBY§H 86 YvbARW d@tlet 18 r@ta@mmmorakjbyss tqpaid qnhase matmat fluid

least partially coal esce d l'iquid phase. A
mixtyre: ig| qf\?&%ﬂ légfb%gege‘%' d |.3w d Shase of

[00‘1'€ijI f ﬂnUéﬁ?AbtﬂéMdH Fes'tr'fct.% %Raﬁ\xbufﬁ%%ptabémy%r SpaPAthid & dig-

relatively nore dense |liquid phase of the
pefdedi lifuicphatedrome ﬁ:@ﬂttmiUQUﬁ ﬂﬁ'gdd)hﬁﬁﬁ diiGin aduigmsdyredigiudes

a fgutt %ﬁ%&?é?@@g@iﬁé@égﬁ \?El?%ﬁﬁét |H%§‘ gBﬁl%h rdrfctd Higt BYAETHdRtion.
The first inlet portion has a greater cross-section diameter, taken transverse to a
longitudinal axis of the first elongate member, than the first outlet portion of the
member. The first outlet portion is configured to effuse substantially all fluid flow
egressing from the first elongate hollow member and received at the first inlet
portion. The apparatus also includes a second elongate member with a second
inlet portion and a second outlet portion. The second inlet portion has a greater
cross-section diameter, taken transverse to a longitudinal axis of the second
elongate member, than the second outlet portion of the second elongate

4
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23 persed liquid phase froma continuous |iquid phase
wthin a fluid mxture includes 24 a first el on&%te
WREPSIMPnber with a first inlet portion and BCHUSEq07/011461

outl et portion. 25 The first inlet portion has a
greater cross-section dianeter, taken transverse to a
26 longitudinal axis of the first el ongate nenber,
than the first outlet portion of the 27 nenber. The

meibier! The sbedndelohjate mém@enﬁagu&ﬁi% bati&fdorfsh. The first outlet
po;%UbStan |aII all fluid flow 28 egressing fromthe

PPds indfluigh gawumq:atm withihersagaad idelpartion;and the secoad
mIétrHo‘ﬁ'ionZ% %Er@bﬁ’f‘of thE S cBHMALAY Hﬁr&pa&‘;ft%lt Pﬁ'o‘ﬁges a second

l'ongat e nmber with a second portion and a
[00§ é]:orid sbllltahethqunrlmmtmg'bmbsdmm a methtodpfor seéparating aalis-

pe @8 bl ppitadi® GRRbLERs (R BhESe whEH EnuRGaRLRe
involeb esutirgrafiow o fleeiqnmﬁb fikstt irgét pution 6Na 6ifst teldh ga6s ROIbw
eI on ate 4%@% 8/ 063228 PCT/US2007/ 011461 1
3nd apieast pa

y &alegsing the fAipwbygenesating a yodex aleng an

mnepwtau @ntheTél@ngat@&tou@wtrhéhb%r mfetﬂdWof fiuid gﬁééé'e@ only from a
conmmuni cation with the second inl et Ol‘tl

firs§ geligtportion lecatedgewerdane end ek thestinst @lpnga@ fmél@memb@r
Thé 'ﬂb%fqmd ﬁ'&mHﬁ%tﬂ dﬁ%tlef‘p&rggljr%} Oﬂe{‘ﬂr%f éllohgé’f&q{dqlg{}v member is

non- or separatin
rowseqbtsr @§ac¢ﬁdqlmiei ponticseoffa smmdceiomgatedmﬂoquemuep Warstatively

les e, dhaldsdefl LI e & the Bl 67 SIS it abad Bfiufen o
sedunid mwlet ofthebsscond dlarigate hslow argntsdrl andqlcg?]tgra Cta\glgrld dg?b
side jof Yo i) SR o1 i Sl oA Flongnie Kalbly memaet, A relgivalemore
der%é bqu‘ d Fﬁ?a@e ofthkl froW ofofid %dlﬁ&‘érb@@ reﬁéﬁ %%’hﬁ%ﬁ% Oﬂli?f?on

first el ongate hol | ow ne
of fbﬁ sacgn@ efangate hellow mntzﬁmanétlo@aied porarmppqs@efsldestrom the

se&ln‘?ﬂﬁl%i Soﬁﬁh'd?‘fhggg%{d éléng h@ﬂﬁ%@ﬂ%ﬁgé:ﬁﬁ@&@&d&het

portion of a secon

Outll&ilp@ﬂloredJMheBECbredelcxmgakaeholeIMemtmd. l'i qui d phase of
the flow of fluid is discharged through a 13 second
outl et of the second el ongate hol |l ow nenber and

| CBRIE§CD|ES®R|ETE?}NlmTHEC?r%VERW&Q/"E:VVtStOPFFE DRAWlN@e
ol | ow menber rel atively nore
[00gghs Qﬂﬁedﬁgga gEatigICregsesqqtighalgiustratien qf@ﬂ@u@@ﬂ&wge@em-
bodhl’i‘(e‘i’n'tJ ghth@ éd’ﬁarréitug %h%tln&PFnté gﬂgle]\ﬁes@fal fob §e§§‘é

el ongat e hol'l ow nenber and | ocated on an opposi e si de
dlSP?@ﬁgt“ﬁwd RhasedBixae With & copiiuous phese akglesetbriherein;

003 PP 2161 RTINSt Lo TRl o g gne e
bodlment of the outlet from the coalescer of FIG. 1;

[0014] FIG. 3 is an schematic, cross-sectional illustration of an alternate em-
bodiment of the outlet from the coalescer of FIG. 1 as well as the circulation
within the coalescer;

[0015] FIG. 4 is a schematic cross-sectional illustration of another non-restric-
tive embodiment of the apparatus contained in a single vessel for separating a

dispersed liquid phase mixed with a continuous phase as described herein;
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20 BRI EF DESCRI PTI ON OF THE SEVERAL VI EW6 OF THE
DRAW NG 21 [0012] FIG 1 is a schematic
WORRBN6828¢ j onal illustration of one non-linitPhEUSAO7/011461

22 bodi nent of the apparatus contained in a single
vessel for separating a 23 dispersed |iquid phase

m xed with a continuous phase as descri bed herein; 24
[0013] FIG 2 is a detailed, schenmatic,

[0036PS SFISEGtis @rs%ﬂhehiétlé%ﬁ'és%téédﬁoﬁél |ﬁ>urs€tra%h o?%nb?@'rrﬂﬁ thofllim-

the outlet fromthe coal escer of 1; 26 0014
itinglemboglimentef the sysiem for separating @cdlsraﬁ:raed liquid phase insiked

witRla ImtialE &S ?ﬁé% quegt?rlbga e'?‘&ﬂt ﬁ’gwrﬁ h %p%tratfez\%@sélg?

coal escer o as wel he circul ation _
[004¥] hiMG: lbds @qdofe@‘caahypcn@et[daosajeﬁf@ums of the separatioh prob-

S I, ill.ustrati,on of another non-restric-
ab@%q% %E‘%%%Rg’?%drwét% etﬁ'@dappar atus contained in a
[oosapgl IGy @sis @l plbtosf leyptiaéticalséries3df csdjrﬁéseér&@ﬂn%ltrwu@mbu-

mxed wiith a conti huous phase as descri

“O'ﬁé? éefH“CtES)fwﬁ Sizoal e ppiist elche sepatpteiydieayclong. 0016
[OO’be I5Mlpoé‘a|§;9@@i§?éd &agfl'féslslﬁﬁf"é"s néorgg.%heHa |H?ﬁ1"sﬂ'5h<9{k @fat

| ternate non-| ment
aref 'mt t@ épaleaﬁrunﬁgp@mqmsmwr §§c$UICh ogarde phtieeimrioctadt aam; ohthe

VG B89 €%, BUpE R RSB %6 ¢ 2 b ot of a
hypo_t het i cal series of curves of the separ ation 8622]
fa 7 i o GEPRE PR BN THE RN PRN Cur ves

[0020P Wi Nigh- hll‘mﬂmgl; Slemilary Methods aﬂé a%p%HsﬂG& U@chft{ed%e’r@nat

t he outl et t he separator hydrocycl one It
enkygnae the rﬁfﬁﬁif@l&f@t@amrﬁaﬂ PhRge Fogua éantinuousdahasetintermixed

theréits by ﬁ?éa‘h@%ftcgé\bnlcgacﬁﬁﬁ F ko bPnid) ‘Fé"hgd r%rcyagvr‘??% It ée?@z’s

and, as such e I nportant parts
The fited hwﬁimyﬂlape loe beschgaf dirstthydrdayclonik (also aaliehcodléscer

e Ahorere T et fon s s ¥R et bbhser e bursaayenty
thelsecend ot 4$epartatorde/drduyclopemrdlatelf ofsabonder segapiase
om,a conti nuou hase in rmxe 15 her wi th by
GRS iR inSesanc it ToeEH phare TRyLINGSRBlaus
phase ated hi@ﬁer rebRove efffcidny. W&’f@ﬁdﬁhﬂﬂ%g‘%m@@dl%nfﬁthe
first hydrocyclones (al 5o called coal éscers 17 herein

d'SP%@PQé’@@S? fea¥she @ contarmingot iseeh as oil e adiosiewausp
protlice® watdS AHEDirhXing application for the apparatus and methods hereln

is to separate the components of a wellbore fluid involved in hydrocarbon
recovery, including, but not necessarily limited to produced water from a
subterranean formation. In a non-restrictive instance, produced water on an
offshore platform that has the contaminants sufficiently removed therefrom may
be properly disposed of in the sea.

[0021] In more detail, one non-restrictive example includes utilization of this
method to enhance removal efficiency of hydrocyclones in a produced water
treatment, where existing hydrocyclones or degassers or flotation units do not
meet oil and grease discharge requirements due to smali size distribution or lean
concentration of the contaminants. Indeed, the apparatus and methods
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18 the second or separator hydrocycl one or batch of

second or separator 19 hydrocycl ones separates
WR3HIBE6L%EY di spersed phase fromthe conti nuouspcﬁ/@szow‘m“l

phase at a higher renoval efficiency. In one
non-limting enbodi ment, the 21 di spersed phase may be
a contam nant, such as oil in a continuous phase of 22
produced water. A non-limting application for the

de@mb@d&telﬂélnaﬁd expédred 3o fiRd ?bﬂwu?a? u'tlﬁtytnﬁ’ réﬁ@ﬁh@tl@aﬁ &d/or
onents of a well bore i nvol ved i n hydrocarbon

lowpgp AHatiens of & disparsed, Phase frase amoptisueys phass disperged o
thePEWih G/ dVedepardtingd &séérs%H?fh‘guce R7d cfoﬂfu'?i%dsgﬂ}aé'er\/vﬁere

non-restrictive I fstan vvater on
thegdispareed ppase has m retaaveludmm@mmm distritantios therein.

f her ef
100321, S ol BRI B bG8 5 neralhe e B dasegtiow
outhes ranu@ﬁ1 %velflmwe>#ﬂéaﬁrwblw berapipwteaf et tthati tnetﬁrarmyafodyblbﬁe or
t i cienc
cof e 1 BT 5 e er S0 (L ohanghite dnero-
cycﬁ’drié?st orebaesdepsiaheease of a%%%ﬁ@léf&fpﬂoéé RbtHdverh EoHVeh-
not 31 neet oil and grease discharge reqU|renents

do
tloqﬁ;@vgglowt|et3, ze distribution or |ean

[oogg Zf@a%cargh%dg cﬁoi&“ﬁrﬁ%@%ﬁ?%@%@%%%dﬁgg beté?)%talned within
a SFP@E esclooredr ve46del of numshe hbesbdmrtbmrse@aaateﬁ}ue?secbstm
vesssiie E0T Hiaditied n nd, oYl PR BEert B8R cBBEsRErermat e

homﬂ’mﬁ@r o:trﬁ@ﬂéd @tlofe Vbsget Whild therseliaratose BRY @éﬂt@@lea or housed
di s Ez{ie froma continugus phase where
KiCsh

in gi5€ GeRIr ABOWET 0BIgnal CAlereavesabodiment, the
coé1é§éér$ BHE ites séﬁ‘@réﬁir@ ha@e QQgdal e%étmu&r%' SIWéH‘By a

rocycl ones generally have low ©
tub@{&rlt@t Seatienavhiel aray vam@wﬂotebe tapered pn tmﬁemm eci at ed

[00Z4E1 StSr It Rord ekl U B8l o EIQTD R &7 S8émb et System or
apparatits Wﬁhrsepsratly\glaodlsﬁereed d]Qk’ﬂU@Ih@Sé&Ohfblﬁd’tEWm&iée of a
o e 55 b e o o1

pre@bureyiliseel 12 6nethefByntamer @R bAtIdsGreat Riadt ordd fidt baEsEer or
encl osure or vessel or may be housed w thin separate

first glongate hajloyr membey d4 andsat Igast angsepacaior hydroeyclone or
seBBRr L RALIBISTNGERS2 " 5eSRALATRRG e e, e
firshaed sectrad eledgate Huwlosedembérs 1 and @2dvavevgesheedlly tlapered
pro?| earsal;éen in Fa]&%t qer 4? I%\tnld and/oarllc%ﬁlrcgﬁgrlo\f/l%se\r}gsgél 12 has an
inlet 14 for accepting the fluid mixture 16 into inlet chamber 18 of vessel 12. This
permits fluid mixture 16 to enter first separation chamber 20 of first coalescer 11
via first inlet portion 24 at one end (larger left end in FIG. 1) of the separation
chamber 20, where the separation chamber 20 is defined by a first outer wall
portion 25 throughout the first separation chamber 20.

[0025] In the known operation of hydrocyclones, the fluid velocity of fluid mix-
ture 16 introduced into first inlet portion 24 through first inlet 26 generates a
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15 coal escers and the separators have a coni cal
section or profile followed by a 16 tubul ar tail

WL W#2khi ch may or may not be tapered on t hECTHSPYE/011461
17 [0024] Shown in nore detail with respect to FIG 1
is an exenplary systemor 18 apparatus 10 for
separating a dispersed |iquid phase conbined with a 19
continuous liquid phase in a fluid m xture, where the

swiRlpmatios of 0§rltébdm9théﬂ?é?t Sﬁeﬁ.@h%h\é 20tRateht |€é g; rtially

contai ner or encl osure, | east on e irst coa
coglescesithedispersadligiud @hm (eagy, Gentasrinant drpplets; oll eatsy). In

on B TERREASE B 6h B AR AP aong o
inneewall foppdsite sikfe 6f outer walll25pofothd fmt(m@tgaie holidwwember 11.

ERRSL r ShieBtal 34T 5060 Tt BB PR bt

scHineatid ifgstrat®hsstiFIg23has an 25 inlet 14 for accepting
fluid mxture 16 into inlet chanber 18 of vessel

t he
[00221 ™ glustwegecwlescernmdpaﬂ nat incdudesan overfiperoutiet that

o RRGHEAI A, RO 080 ek AR 978l Wl

incleidé. at 1¢astoneloaitietprafirat ouﬂe&bf%rttdmam)at thé?)_th@?@ricﬁttﬁefébf IInI

a first outer wa
°“§§8§3ﬁ' 'ﬁe% abm%i%hisstt %tnrf]qerm é@aaﬁaarﬁéwr@r%wtion
dlaﬁ%teﬁ@al{ém?aﬁ']svb%ettaea I'éﬂ? Q%@%@Bf e ff’r%fjéleﬁg gﬁ Dber

luid velocity of
11,| thﬁ@ ﬂ11¢ first Oumtdlormn 280Tthm¢w @mgmnhgrmotlomlmdls%arges a

Cl/
ORTFFLS  Re SR TR ol FARTLCirete o
interhraodiste cﬁantdéaﬂgaif r\}/?i@é&ﬂ 2D Rl Eg L?t‘pg?rﬁdri]a;ﬁ!ti ﬂgﬁtgg?%pg no par-
“Clﬂﬁ'ifs tRe@e%?\@?% lgﬁélsof&ﬁél%eénqee@tai Mmayi aF €ouleberipResitiedn adre
var\ﬂ‘,‘ét tBPﬂwdtrH&tdf'@r:’.tZe &% rd%tg?é’ef ?\1 %2?' %aﬁ%e?ﬂé@{hat

(opposite SI
lmmome@ﬁteeomall separetﬁmaeffmmncy f tfrecapparates mlsswffrciem dor the

o 8 L B SRR R
and bbFsﬂalttmh I@fl'elmﬂ‘&ilﬁcﬁ ?ﬂ:‘ea’lsb tﬁlel%‘é gﬂitlfoh @fﬂé&i&ﬁ:yf’éb Sotpateaw
t ca e found in
W'tﬁ;%mg@x?a%wea%&af@ & qSﬁde@rly ont hyeacyglipnepnderstaod another
wal rﬁbﬂ&ﬁle’l‘?ohma %%nﬂgg e%tto%rffélgé rsﬁbsl%Hﬁ%lﬁI aIPI‘R]n& ngR 28

at the other end there one non

egrespingifiasmthe tirst elongatei hnllew membieon1 mdhaselae@ aé&teeflrst inlet
portibR 2 section 11 dianeter, taken transverse to a
Iongltudl nal axis 29 of the first el ongate menber 12

[0021] tFParnall)heoaﬂem:b‘d fluid heikturo32 passeto sEparater hdfo&jclone
rli not i on 30 dlschar%es a
or second eI ngate hollow member 22 having a second separation chamber 36
having a second outer wall portion 35 throughout the second separation
chamber 36 with a second inlet portion 38 at the larger (right) end of the second
separation chamber 36. Separator hydrocyclone 22 has at least one second inlet
40 in the larger (right) end of the second separation chamber 36 for introducing
the partially coalesced fluid mixture 32 into the second inlet portion 38 of the

second separation chamber 36 to generate a swirling motion of the fluid mixture
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13 fluid mxture 32 that contains an at | east

artially coalesced |iquid phase into 14 internedi a

8%‘}?{9@?22 4 of vessel 12. It will be appreci at @@T/tlﬁ%‘{“mll“l

there is no par- 15 ticular threshold or |evel of

coal escence that may or could be specified in ad 16

vance for fluid mxture 32, and that any degree or

| evel of coal escence that 17 inproves the overall

f

ané @d’@tf%ﬁfﬂéﬂhll? s%bﬁl’a%‘%’e ﬂ&g%ﬁ?ﬁ%?%&%ﬁé%@ﬁﬁ eprhase
oﬂxb@orﬁ@ﬁmam efcons mmwpus Phase,iag., méemayhmbstamnaamd

<o A ol P LS IS 03 RTRAA urs o

thamalgﬁoedllmumtw\dspdmmols dnTger {Had exestairosize (ait sixe) i2 1

serdittact, AltSinafiybiy Bt 1681 bl Pt BorsBe EGREEChd g Bhbse s ©
seffaraRid, ehormah@thbohb bddine dtecit\ved,cht, bhte

first, inlet t|on 4. 24 027] Partially
coaigsgeskliquid Ph%ﬁquliﬁsﬁﬂh'ﬁéeeéfaé%s e sizepefersde a specific

cor’ﬂ)ﬁﬁf R GlZePom 4Re Size HRABGR &:ﬁgﬁ&%@bé@%%{m 22

havi ng a second separation ch aving a
sulsianfially separatedin agrordanse \8ith operatighalandt geonsettioald

t 36 th a second inlet portion
pa%@?&%&?ﬁﬂfﬁpger gglﬁ%ht) \clemnd of the second 28
[0028Dar S¢parator hgdiveyclafe |22631§62 gnbjlrrgeb)ad:eﬁsyl@h@ Weﬂl&vd‘@ﬁlet or
t in e | arger
Seéqtﬂd*l Qifhs‘*ﬁ RetS Sﬁ]ﬁng%giﬂ&%ﬁ relatiydli lessslense Loatesced i Ilqwd
phé&t ﬂ&’ﬂﬂ&bvgrﬂo%dt%? Pbﬁhélﬁf@ g%ﬁ% fthwgghravéw out-

into the secon portion secon
let §8p@waltﬂ|0wmd|e&|4ﬂenasebe toaxjehwita eoees findér (rmgt sdwioyinof

ny]rBcions, 22 Shdhd afis o1y Paarhiehoibna 24 bkl ey

hydroayssme sl is §Hown i &fLart. eln@me r%rplllmifng@ﬁ‘itﬁmlrﬁéﬁi $he second
fromt hﬁ? ,%Oﬂtl nuous phase, %@ wat er

inlet HoRtiq ap pyoreaies ﬁﬁﬂsatﬁsct'% Metes t#@%\h%;arﬂ&v&tseato a lon-
ndd?ﬁ‘ﬁtax?s c?ﬁ%t gﬁmw $fAhE:LESNd Qlﬁﬂlggﬁzl MR g@m% th(?slégc?nd

coal esced i quid phase, whic arger an cer
outgtpertiani42.si ze) is 5 separated, alternatively at |east

0088 S S B rEAEbRa o2 b Bl R 4164388 815

outitlor thiaf olithet portichosd 66 &esl oltied hd d?h?é@ed?frﬂséﬁbtarétﬁ)n cham-
C%)(garated The cut size refers to a specific

fram tharat least ene yafflomeowliet éZJpsdlscwgmm tﬁlatwely more
cofl RIS EHaSE82 o gl et oAbl 5 QgAY e
demse liquid phaso$2 ehterbyddedipal autlet chamber 54 of vessel 12, and
exits vessel 12 through underflow outlet 56. In another non-restrictive version,
second inlet portion 38 is upstream of the second and third outlet portions, 42
and 50, respectively, and in another non-limiting embodiment the second inlet
portion 38 is physically intermediate the second and third outlet portions, 42 and
50, respectively. Further in another non-limiting embodiment, second outlet
portion 42 of the second elongate hollow member 22 and located toward one

side of the inlet portion 38 of the second elongate hollow member 22. Third
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11 [0028] Separator hydrocyclone 22 also includes at
| east one overflow outlet or 12 second outl et Eortl on

WA scharging a relatively | ess dense co&f&d{Say7/011461
liquid 13 phase 44 into overflow outl et chanber 46 of

vessel 12 and through overflow out- 14 |et 48. _
Overflow outlet 42 nmay be coaxial with a vortex finder
(not shown) in 15 hydrocycl one 22 on the axis of

outset pRFEro50 b thesacoh Rforgatd M@u@aHevnSé?%bV b8 Idéated on
hydrocycl one, as is known in the art

an qBROSitesiee frgme tecwaoedtnlet pertice 38raf the__sectondeelopgatemﬂow
ke

mefibch 22 shdhEeBng CofEagfion 42 R IRE S v EHls ey

mentbergd@cond el ongate nenber 22, than the second 19

I . ti 42, 20 [0029] S t hydr ocycl one 22
o3 ﬁ‘mﬁ%E»pér%?mw@gerémap@&aa%‘éEégu‘é{g:&%nw%ﬂon paitiway

betWébhﬁtﬁe ok 1t bR BUEASSS ﬁﬂfr}}é'cggleégel‘)@&ﬁ@ e ?ﬁ@a%eo ec-

the second separation c ber from
ond veitd4oidhe\at Iddsh ane sepataterthydoocydiopel22. ¢n thge mon-limiting

embBafent Q¥ IET LitnisStid R nichtaR dBRES Ranblrdiiate vor o
ché&ﬁbdemsmdwewr chsphiipe eeneother Salméfdoﬁﬂgmhb@ may be
r 54 of vessel 12, and 25 exits vessel 12

”sqcfHﬁ%%@R'QYﬁaerfl ow outlet 56. In another
[00!31’]1 r Siedvinh HI‘-’I@ 2V|§ra5dét9|led %@hérﬁ 9(5‘ rbég Fécti%ﬂéﬁllﬁ’sﬁra}l%n of

pSt ream of the second
onetgutl@ﬁ(hfm@netbe nagoped Qfeth§ Coale@cem ‘awberaathe fluid mixture 32

B30 4 80 BEI ol5e RERR s gh B
shape dsnippot opersing#28 andhe BBdpand Meap s entﬁbﬁ’theﬁdil E86tion of
not h on-limting enmbodi nent, second outlet 30
the&&@?@%ﬁr 13. Tre orenings dRanay baghery ARARAnGuatationsuitahie
for'ttﬂ@éb@ﬂ:ah@r‘i"%hg 03 tedﬁf%lr Pbﬁ@r&f st Edj%@ﬁe%'égés&% $. of

second el onga oW nenber
[OOQZDSIIDWBIZBamECiamDmm ﬂnslserlaraﬂlom chambep20 hiasma 6t inferior

. h nb 2 | ocat ed
aialtTe GEL R T SRES: Ferarih e b emaar Shras 8 geamndte-
riot diemeeronthilel the Bwd didheéte\nay beBaBRicaR 3t \manet é’ﬁ)rééﬁfé@d

outl et portion 42 of the second el ongate hol
thagit,hest expected embedimants ohheanpanatus Oépgﬁ@ﬁ@mamtmor
ol AP I ST BRATLBY 1o DB R
that m‘tortaxmrmmng raotibni 30 of camesn‘ertmegmtarateaatﬁrsme force and

iSRRG R 0% e ohihrh B 22Tt e e
where thetsecordiGforce is equal to or greater than the first G-force. However,
it will be appreciated that in other alternate versions the second G-force may be
less than the first G-force. In one non-limiting embodiment, the first G-force may
be in the order of 100s, whereas the second G-force may be of the same magni-
tude or higher depending on the geometry of the second hydrocyclone or combi-
nation of geometry or number of batch of hydrocyclones. The G is defined herein
as a unit measuring the inertial stress on a body undergoing rapid acceleration,
expressed in multiples of the acceleration of one earth gravity.
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9 chanber 34; however, as will be seen, other,

alternate configurations nay be 10 usefully e
WO Shown in FIG 2 is a detail ed, scheﬁﬁmllgmé%m/on“l

cross-sectional illustration of 12 one outlet 60 from
the narrow end of the coal escer 11 where the fluid
m xture 32 13 that contains an at |east partially
coal esced liquid phase exits through the slot 14 shape

[oogapm SioH .rpprtsnmﬁ%n%%é?rérﬁm"heﬁt/oﬁné .ﬁ\%fpﬂh *ég Sﬂﬁlué’flo

the tail section of 15 the coal escer en|n
wheee thecantesser amﬁnﬁﬁb@éeaaf@tqm?rz arei agairs withiakd elngliaelerssel 72.

SirhiRE BRRicnefls S eRPa RIS it EH bt FreiRB cbitieraf ™
thaskaisefliin $1G st faradritprinthe f®r 4 2thbodimentlfivic nittoteeT6 enters
shown) and fhat second separatiaon

Vei%%\ﬂ% Hiroygh Hﬁ%‘ & AVBREPY forlalet goamper 74jaReeindyn, dpHgh
opéhiRgs 18 nﬁi\/\émeéﬁd greSsdsARY dddsc %p%\‘ngér 86 and through

appreci ated 20 tha - most expecte I nent's
inlet2$ efmealescaes 11 @stdeschrrbabiovent eri or 21 di aneter will

100381 % polBRLIRE s B aishiteiontr Pl el S oiuidg
veltm? O fluR® nktueed b @ResIucdd irtt6 fiestatIEBpGHibh Qatthféu Hffﬁﬁ inlet
23 the swirling notion or vortex within

26 gepgraieda syirling mation«s vartex 38rie the first @%paramn Wh@méelt par
that %? Radt ;S%rftlg V\)Ig@oéléscee%%ﬁle d'is\‘ke?%ec%l ﬁaéé1 tr{lr?zsnt

e apgr eC|
drquleteroutaletce) toagiee aéieasbpmtlalneccmm flaid mlxtarelmz/trtae exi?d

i Smie hember Band SIsPs dthaperisy Hbol fiid amspupigation
86 @f the00s. 4V‘§1ﬂ66@iﬁqetn|ﬂ9 ;ﬁﬁéﬂh’é%r@oﬁ@bi@ @sﬂm\)h iR #2hel hﬁ‘e§)ﬂﬁ§t

magni - 28 tude or hig depend |nngn the geonetry ‘o

Coﬁmt%’é/%ﬁépﬁmrd‘émbﬁﬂ@%ﬁt Mre 9 nation of
05PN ScREy PE RR0T olf 89
enters esmrator&ZtmdMeUMi andds S@arrawdotha@rebe datcerbad wil respect

to P, Wik I Sty DB So BentssadesiraiauisrDums Al a8t sepa-
ratbO2B 81 ovdHISW dullef Aﬁnt& oVérfl@WCELH%'E cﬁémﬁgll 48 3hd Tgld %E@a rged

i nvention appar at us where the coal escer
at pvasflow patiat Qtzrraﬂp@nd@glyr] relativelymore degse liqwd phhsd 52

ool SR o FY SR o BouB e A

is disetarged tHroughenddrffowbutiebseli ment fluid mxture 16
ers 5 vesse|l 72 through inlet 14, advances to

IOOSﬁi etnangreRtionakermhadiment; a ehemical eerjas@n® peentys 76
demil (f‘ﬁ?ér|927rﬁﬁy BB MRS RRLESHBthe Al MBALESE (or SPREREParQly
coalesced fluid mlxture 32) through an opening 94. In one non-limiting
embodiment, the chemical coalescing agent 92 is introduced upstream of first
inlet 26, but may be introduced at other locations in addition to or alternative to
this one. The chemical coalescing agent 92 aids in coalescing the particles or
droplets of the dispersed phase (e.g., contaminant oil) together.

[0037] In another optional embodiment, a relatively clean side stream of the
dispersed phase (e.g., oil) can be introduced into the fluid mixture 16. The

11
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7 inlet 26 of coal escer 11 as descri bed above. 8

As established above in the discussion of F .

W_g? 280863228t he fluid 9 velocity of fluid mxt ur@CTﬁJSIZ‘%/OH“I
introduced into first inlet portion 24 through first

inlet 10 26 generates a swirling nmotion or vortex 30
in the first separation chanber 20 11 that at |east
partially coal esces the dispersed |liquid phase (e.g.

paﬁﬂ%gf Fa&&? }]e%l 18 Ph B sTometibn of ESllisiohLindthededr (Ib\ﬁast

sced fluid mxture 32 that exits 13
concerttration) efﬂmdt dn ene inentiisitiag earbedaereths 5i¢e SEpRM; Hyis

lntrcgﬁ',g,gfglt{pé teagp cgmr}plﬁgﬁg,?&g é(‘%gg rtt otg&gd Ia&@l ef Iocgtlons in

additioﬁeté)ortahéinatlﬂcé t& tHi§1 86 ST ik slhlesstpanad? ralctshlardmetessmgathe
aperture . [0035] At |east partial.l g/
ke o' dionlels ef e diFparkeA PRESS (¢ an RpRteBan ST IGERTTE: by

mcrgggg Boéﬂ@laﬁ&r} gg.‘agftdk%ga%gbﬁsemn?s@mg there| n as

[0038]| atsmwnynﬁ@ssarea@memaim @@@%@eq:tiqmil Eiué‘iﬁ%&%‘ ofpngiqaate
nonoldﬁ%gg méqaggrgnpntzéf é'"r%)(lsq r‘Ifad ggﬁéﬁ{lnéé d|§Hé?séW Ijlh ‘E)Wase

over
mlx@dtvhﬁfj a éﬁntur@bggqg?e? @sn@isynbecbhaltem/whgrermaieméé is ln a

ui ase e t 22
frsiuassel 160 ane aP AR A2 507 8 ePalotersaronr VsS4 554, like

refé%r?k%1 ﬁp &%gal Wllg_gg gsé‘@ ek %Wnﬁid)h'eﬂfs &ele@dnfsORsfilthé previ-

chem cal coal escing agent
ousdvy di%éusmdu‘F |gurfe|seBe9a13ea$}heb$\amh&f%§Q @é\é §8.arg ip ﬁépgﬁm’ yes-

e

(pu;?e@m@fm%@haﬁ.ﬂtss foh ehe PRSI S absigo & diffoiony fragetmat eﬂthlesFIG 1 or
I ntroduced upstream of first

FIG. mm dotde Tenaiion ahebannSINg 4t iesl derialy coatasped fudmix-
turgg é’tlhr&?%ﬁ {a'te?n%a?ate ThSmble B Gl d‘;fé@air%u Bed

escing the particles or
apétturel 98 mtméendwatodlchpmbee% phteesame.g. , cont ami nant

o0l 0 SR R0 BB oL b &R e PG ©

sh@Uv§ Bﬂy%@ﬂwe%é‘ﬁﬁoﬁl@t geparatld)ﬂ prabablity inthe separdori (et®, sépsa-
m xture 16. 11 WO 2008/0

ratomvmgymmama he "10f6§%¢ch<P"'%P'F BEba %éS&%’HP&J“%’B cgales-
ceﬁg%gfg%{{@ttﬁé)e §cﬁ?l1l1' S f'tﬂe "sﬁﬁaﬂa%?rrizz(wm\'légd to additional

ratlon uent. one non Imtin
sepafmdn,rmmth wilhshiftitole csmeeqam e lef to Barnhwraq%c&wve B indi-

colB T BBl e B g er i EBNpREp Al FREUSER ind can
alddhé gendratetiF hesgatametry efimedR/dedaisione is alieresicimgne hen-lim-
iting example of such alteration, curve C is indicative of a similar hydrocyclone
with smaller diameter. This curve shows additional potential gain in capture prob-
ability realized by reducing the diameter of the hydrocyclone. Similar effects can
be realized by alteration of one or multiple geometrical parameters.

[0040] FIG.7isa rhore practical demonstration of the effect shown in FIG. 6.
Curve D is indicative of size distribution at the outlet of separator. The area

under the curve E shows the decrease in concentration of the contaminant in the

12
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5 particles or droplets of the dispersed phase (e.g.,

contam nant oil) together by 6 increasing the
WO3P#H 483280 density of the di spersed phase. 7 PEHASF007/011461

Shown in FIG 5 is schematic cross-sectional

illustration of an alternate 8 non-limting

enbodi nent of a system 100 for separating a dispersed

liquid phase 9 mxed with a continuous phase as

oult Topeed RefhRl dtevhRtier 643k 9 e drihdnteimentis aiffibutdPlo the
vessel 102 and separator 22 is in a separate, second

increasedn diepjet sigayfistrinutiee causeq by éreeralesaardi aheadiaf thee

f ' € [ J -
sef3for 220 CUNVEET SRIRE A hoteRlia B EtF Bl R LG bR BeBlrlica
pa@ametes (_&freétlhbntmaﬁq:tfm?oer MS% pgtﬁn_stel §zéf.6if3|trmgor1©ﬂseparator

respectively, the e.and design o uid . ,
22 &%Rﬁm?tsa&aipﬁﬁé P&OQ%'@@ of amalier speias: Thedesylting efiectds &
reogjlc:%&‘ﬂrgr‘?‘lebﬁ il dr8h @Rbef e FIaL of the FIG 1 or 15

4 design, but its function of channeling at |east
partially coalesced fluid mx- 16 ture 32 from outl et

t ' ' . ' .
toodf)  rtd Forbl b TS B A1 e iforthes B85H LB bbg il
refai@nce 03 8pedific embodimnents thereofy aed dsrpkpeatéd tdbe eﬁsfztﬁm iArpro-
. t h ' Fl 6 19 shows hypagt heti ca

viofRT S apnePinttn Risbperatg Thiveg foUbGiaves orpe. g.
effisizpdy. BOwewdroit wily8é egidehpmnat ¢aousThedifibgtictasafli changes can

CO|c{$Ic§1I on pr,&babl lé&tj\é resulting fromcoal es- 21 cernce
be Maagcihefgiopiigoubderating from tigedpader sl aspapachinez?
nvBhldn 6§36 foRnin e pPeTdeo TR ACGRIdly, M Speication iyto
be regarde@ i anillstrativhtherdham ageplriotieehsensey Fof examplesthe

coled s O ERRRrs TP 0B 0L o raf ol i lsvatea anc
desdribedednd evemtiougbrthéy werebot spenificatnitehtfied ostied in a
pafiGHEE AR Wek e pLaRiedro HenBi e SRS Eibise
invehors Fad thstamie theaée b ndte BRdrdcydofeinerieBWRIuId B

abi | i %{ real i zed by reducing the diameter of the

expRARG I Uity apdbegncempassed by the appendadsgipims: Piffgrent
dispbfs@HHNdbnBhuSREiqlid PHhbEP M ' :
2% 0040] FI G 7 llcgjla%rmre'prg%f?%%f]fg@mmﬁgtéigﬁg%ﬁ{%f
thospeleseriked hereiwmaymewpithelgss bgdreated,andhandled di otier nen-
S| ' ' QR . outl et of separator. The
resg'ﬁcetgéﬁn%grﬁc@%h h%eftfggys;eenkg‘@hom t he decrease in
concentration of the contamnant in the 12 WD
2008/ 063228 PCT/ US2007/ 011461 1 outlet conpared to
the area under curve D. The enhancenent is attri buted
to the 2 increase in droplet size distribution caused
by the coal escer 11 ahead of the
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3 separator 22. Curve F shows the potential effect of
reduci ng the geonetrical 4 paraneters of either th

é’g? 11 to pronote size distribution or g@ﬁ’zﬂsé‘i‘)&/r‘m“l
5 22 to pronote capture probability of snmaller
species. The resulting effect is a 6 reduction in
mean and area under curve F. 7 8 [0041] In the
f oregoi ng specification,giﬂﬁ i.nventi on has been
described with 9 referen MSSpecific enbodi nent s
thereof, and is expected to be effective in pro- 10
vi di ng nethods and apparatus for separating m xed

qu!ﬂ.ﬁnd phases nore 11 efficiently. However, it will be

evi dent that various nodifications and changes can 12
be made thereto wi thout departing fromthe broader

1. &4 apparstusfenpeparatina dispersadliuidphase Fetn 4 oontinuous liquid

oo wIRELAR B o) 08tV at i ve raiher than A

r esé nnrsttemngasehel&aw mmteeranmir@ a filke inlét pvadreane aSirstslitiet
separators_ .may timzed fromthat

illustr a‘?%o%ﬁae%{% "38889”' @ae%?ﬁda FeaeTiRRRPetinBy

wer e notdisipredrf tékéh'tbén'sd@r'@b'té 'aQGn@fudirfél edlisi dF tﬁ%Wst
particul ar appar at us, be anti ci pat ed

wi t hin tﬂ@ng%tsﬁaerabet, aﬁthﬁe‘lrswélﬁt p@ﬁlonpwhermmrm]&r@t
t he use

expect oS PPRGRIECPRHGIraRES plrisd CLSENIY o fof A
appendedegressing from thedfiretelon@dte dictip@msenibanand received at
conti nu ses, and different oily matter

ot her tgt fgitqﬁlﬁgggﬁ'ggscrl bed herein nmay nevert hel ess
be & lseetbr&ﬁelangaﬂearmllbadnemb@t hamng @secdAdifiet portibh \4Rd a
enbodi nent s % A‘@he I nvention. V\D 2008/ 063228

PCT/ US20¥FECHY PAEet petiap e%ﬁéo inlek portian haying araieaters

for sepagrats- @@ctﬂ)rﬁdléﬁ\%lérefbkbhqwn@v@r@é% af bR u'%ilnal axis of
continuous |ig Pase Wt hi a fluid
&

conpri sihg: Sesoad ﬁlqngﬁ nn@mjmrethnmtm@ﬁﬁmwb@nﬂemmrtm and

first i utlet 4 portion, the

first i mugbepgé\{lhgﬁ tﬁgc\fioﬁtlétado?@%rgt er cross-section 5

di awherein th%ﬂu'emwtmsttmnsle in fhwd doomgunioatiorawitiaxhessefond

the firs; o) menber, than the first outlet
higbePhRABE 1) Ton i

portion; first 7 outlet portion is
conivhereirethet secehtiuislet portioh atpstidam af thef dddodldfandvihird outlet

portions.

2. The apparatus as recited in claim 1, wherein the second inlet portion is
physically intermediate the second and third outlet portions.

3. The apparatus of claim 1, wherein the first and second elongate hollow
members have generally tapered profiles.

4. An apparatus for separating a dispersed liquid phase from a continuous liquid
phase within a fluid mixture, comprising:

at least one coalescer including:

14
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8 egressing fromthe first el onEa?!IH(§?8v917r49r;lb1e4r'63nd

received at 9 the first inlet portion; 10 a second

WE2HKP48%28 hol | ow menmber having a second inl et PEFUSEH7/011461

and a 11 second outlet portion, the second inlet
portion having a greater 12 crossA8ueayisgieckst Mendt!ig30962PCT
taken transverse to a longitudinal axis of q#'qfENo. 61715
second el pngat e t.he secaond out] e

B

b h | et
oor £1 on. & Hivl SeRarafion ChambRE0YIRG 2 Tirtnlgt BaRioaat one end of

portion; 15 whekeparatibs chbmbler;outl et portion is in
fluid communi cation with the second 16 inlet portion;

and 17 videastenetfisstyplebfar intreducingoingiflyid mixturesintocthen fist
t he second a e - L -
appar at us as qﬁlgf: Jty@gn I‘?)ﬁ'ﬂifgrlsgng%é}%éﬂ} gﬁ%np %%fo;lrgg/g H%g the

i nl et porti orfluidmixthresanchia 3t |eastqantialiy aoalesie tsedispdrsed
and third outlf Etd F?rgstei.ons. 3. The apparatus of claim

1, wherein t ha 4 and second el ongate hol | ow

menber s dtdeasteaearulet st thepthedernt of tgble't_ﬁst sbgéragiﬁﬁ chfamber
apparatus for, separating,a dispers I.qui ase from
apgonti nuous fP¥ E'EF rg@g&ﬁggegrqy\\ﬁﬁ]ﬁ fﬁ“‘&"?'?@f%lc REigipg an at
conpri sing: Jeadt fiaetaeﬂrg RBRseed RpeRIed | idighé%'- ahth
PCT/ US2007/ 011461 WO 2008/ 063228 PCT/ US2007/ 011461

At t Jrlaast apersapeasatonNBydrpe @R BiEfding: Cust omer No. 61715

4 o fi el . . ol
or t1 on e any Py gk ber 1 Bocdrd gt BoRion gfone
| east one fi rend ofithesecend separetiorcchamber fluid

separ at i ST ERBSCPEY s fof IeBRbb 6 nfgbMire chiorising
and to at | edbe aphaist partiglyocdleser dibgerdes nguidghas8 into

[iquid phase;, 10 at | east one outl et at the other end
of the Peer thesafond Bitooaiust the sepand aPeamtoRFRamber

theref r om t heof swirlfhgth¥ icemBRMRr drii 0% ®BtRtially separate the
at least partially coalesced dispersed liquid phase from the
continuous liquid phase;
at least one overflow outlet on the second separation chamber for
discharging therefrom a relatively less dense, coalesced
liquid phase of the fluid mixture; and
at least one underflow outlet on the other end of the second
separation chamber from the at least one overflow outlet for
discharging a relatively more dense liquid phase of the fluid
mixture; and
at least one fluid communication between the at least one outlet of the at
least one coalescer and the at least one second inlet of the at least
one second separator hydrocyclone.

5. The apparatus of claim 4 where the coalescer lacks an overflow outlet.

15
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12 |l east partially coal esced di spe;rs{leJoS?007191p %@g

and 13 at | east one separator hydrocycl one includin

. WO2R008/063228nd separati on chanber having a secon8CIftiSé 7011461
portion at one 15 end of the second separation
chamber; 16 at |east one second |nP‘%‘tr”€fY<§rD°F Neydiie3q9g2PCT
the fluid mxture corrprl sing 17 the at leas ustomer No.61715

I I d ed |i h t 8 th
6. Fhetibardu SO sERT EwP e BRI sople @g%@%ﬁﬁe&ﬁag@mre
intdrforfdtameter ahi r\mwetrél ehd sedohdniepardtRnadhaniterHadd sédondl | Y
lntq;fﬁﬁfﬁt e the 20 at |least partially coal esced

raglgr| Sushitaatdng secend mtenr diametes i smatrrdhan dhg first
intdHRreRame@rat | east one overflow outlet on the second
separation chanber for 23 discharging therefroma
relatively |l ess dense, coalesced 24 |iquid phase of

7. t‘l*?n% Jéitplé'rgtu oﬂ:fér 4 \ﬂﬂéjrgztﬁ?%t[t ela%? %ggglfgggr%'yr%w%ﬁ one

er en
seaﬂmdrdwarétoohydrbeymm adswitina sw@efvlesselout let for 27
di scharging a relatively nore dense |iquid phase of
the fluid 28 mixture; and 29 at |east one fluid

8. qtrmapwae@mts@ﬂ chérhweRRereltAe ait IdRBBhHe eaélegé@ﬂ igWwithin & Rt
| east one coal escer and the | east one second

at

vegsgf é'ﬂ e @Hsa%ttonee%ﬁﬁafatgnhmf@cx@@m@ widpaecgesond vessel.
hydrocycl one. 5. The apparatus of claim4 where the
coal escer |acks an overflow outlet. 15

9. Abe apsRoatvs Of clegn Aforthenerropdsing apopeDBRODT inbyd6ihg a
CT Custoner No. 61715
Ch%hfc%ﬁ%%éﬁgé @B gl}l}]"n%irg%ﬁ% e the first separation

chanber has a first interior dianeter and where the
cond s as a second int
10 JFEAhar S8 oF Hlofi SCWEHE The BraRons BRPGearmios fia of lepst one
firseimpdtl er than the first interior dianeter. 7. The

apparatus of claim4 where the at | east one coal escer
and at | east one

11.The apparatus of claim 4 where the coalescer lacks an overflow outlet and
where the first separation chamber has a first interior diameter and where the
second separation chamber has a second interior diameter, such that the
second interior diameter is smaller than the first interior diameter..

12.A method for separating a dispersed liquid phase from a continuous liquid
phase within a fluid mixture, comprising:
routing a flow of fluid into a first inlet portion of a first elongate hollow
member;
at least partially coalescing the flow by generating a vortex along an inner
wall of the first elongate hollow member; ‘
egressing the flow of fluid only from a first outlet portion located toward
one end of the first elongate hollow member;
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second separator hydrocyclone are
vessel. 8. The apparatus of claim4 where the at

| east
 WORM03U8A%Bscer is within a first vessel and t RETA{S2007/011461

| east one separator hydrocyclone is within a second
vessel . 9. The apparatus of cl ai nf\lorfeyisiiegiet No. PII030962PCT
conprising an opening for introducing a chefrystogyer No. 61715

I to t I d t

o il 0%, RO ok o dre '&SEEU%%n@)%WL@ePfstheﬁmeé@aﬂaﬁe
the at |eap r%ﬁhbe?'td§tseb61ﬁ@tn{et%ﬁ)ﬂio-'?h§fé‘§ rff &18n
claim4 where the coal escer an over W out et
and whetdlowyaembest separati on chanber has a first

on
Tk g R
second ifhtiéthrough aaeeoml outetgraatidreof theasecohe efongate hollow

i sper SaBOTBRT PR psated A2 ESHS SLISRINE] Bortf cBine

phase vmsdmondaelddgat@lhcfleMmeen?éroaml fl ng: ? ro?tl ng a
f fluid to a inlet portion of a fir

el oHlsSharoRaid tAvE i fenss g Biase phineifiow of fluid

coal esci tnebdqhea fHu%Lhnét QSH%haif'tﬁws@cdf@fcfl%été ﬂo@n

i nner first el ongate hol

egr essi ngemper ﬁﬂ@\}@(‘@ﬁed puias leoyltfi sigenfeorn messe(mnldl lelet

Gl ongat &R ShirecieRAa cfbrtBl FOfbyP e iy s g socone

2008/ 063agkt parTionss Gl seddntibdlondate doliey' rsebeket  No.
P11030962PCT Custoner No. 61715 9 routing the flow
of fluid fromthe first outlet portion of the first

13.dhenpethed1dl chaiinl Rwhershae fluid mid@eedsd wéllbdre Raigt | on of

a second elongate 11 hol |l ow nenber; 12 discharging a
relatively |l ess dense, coal esced |iquid phase of the

14fA Metfd foil§ef>éﬂahﬁl bfu“éwge@n S‘E)ﬂgsé’%h?%c Hﬁﬁdd?% IRid

t he second el ong e hol nber an ocate

Phi‘%ﬂfﬁn@@“@m@utﬁ, cpmprismget portion of the 15 second

el GR#BUGCIAG tHEPHLITTAREFe it St least one coalescer:

swirling the fluid mixture within the coalescer to at least partially coalesce
the dispersed liquid phase;

discharging the fluid mixture comprising an at least partially coalesced
dispersed liquid phase to at least one separator hydrocyclone;

swirling the fluid mixture within the separator hydrocyclone to substantially
separate.the at least partially coalesced dispersed liquid phase;

discharging a relatively less dense, coalesced liquid phase of the fluid
mixture through an overflow outlet of the separator hydrocyclone;
and

discharging a relatively more dense liquid phase of the fluid mixture
through an underflow outlet of the separator hydrocyclone.

15.The method of claim 14 where the coalescer lacks an overflow outlet.

17
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16 di scharging a relatively nore %grllyesgpc?lzlg'lp’ln‘!égg of

e flowof fluid 17 through a third outl et Eort
W8f20‘{sﬁ)é37§§cond el ongate hol | ow 18 nenber and I EW&&"O&HH“I

an opposite side fromthe second inlet portion of

the second el ongate hol | ow menber éﬁﬁnqyﬁ@%‘%Uﬂd’“o%@&PCT
outlet portion of the second el ongate hol | owYREMFENO- 61715

Th t f wh t he f d reis
16 e arRar i 1 wherk hadliehe shoceplasaes oif ke ot ledst one
septrafee hyarbdytlaHe Gro MARR 4 BiRglevezeBL i nuous liquid 2
phase within a fluid m xture, conprising: 3

introducing the fluid m xture into at | east one

17 Cf‘h%' REHRI: of LM ‘f 4 Wherd fhe éttll(%’e%s‘ii oﬂb)&Ber%cé\f %QH& it Birst

coal escer to at |east partially coal

vessiel ped iaial legsti anepsrpasatos hydrocyelone rsgwltme af$agiodd vessel.
m xture conprising an at |east partially coal esced 7
di spersed liquid phase to at | east one separator

18 A methodwielai® sfurihiengompeisihl intebducirig s ehainidal boalbscing
a %rg al'ogborﬂ Rjydr cr%cl one to substantially 9
9 ﬁ% & lpgem east partially coal esced di spersed

i quid phase; 10 discharging a relatively | ess dense,

al es edlmideghase of the fluid 11 mxture )
19 ogPf slaime 1&wheia thetchsmieal €oglesaingtagent is injected into

thefmﬁdﬁﬁwé)asstrea%’-ofiﬂ% donidicggharging a relatively nore

dense liquid phase of the fluid m xture 14 through an
underfl ow outl et of the separator hydrocyclone. 15.

20, 7h8 iRt 24 hel AEREY 8 B0 2 08 one 055 5526
PCT/ US2007/ 011461 At t or ney' shDgc(I;]?t cll\g| mPﬁOigg?éPCT
21 ﬁrﬁ]St ogﬁ%gg%g tCI%We%‘EWéFr@S%QrCO%C%@@?r FRRRIISSHe

s epafiest gepanatiba ehamdee havig \u firbi ifled poHidal £ oreSSR] of the -
The nmet hod of . claim 14 where the at | east one

coal escetePREatiQn H1ambert i rst  vessel and the at | east
ONegtIBRR GHerirshivbt ‘P@’r@b&()i‘ﬁ ithe Y}Hfdr}h &t&e?ﬁtﬁ%g ke STel -

18. The nethod of claim1 fur er conp

intr oduomrgoraoemrgwenaoaﬂ@s@iamber
at least one outlet at the other end of the first separation chamber; and
no overflow outlet;
and where the separator hydrocyclone comprises:

a second separation chamber having a second inlet portion at one end of
the second separation chamber;

at least one second inlet for receiving the fluid mixture into the second
inlet portion of the second separation chamber;

at least one overflow outlet on the second separation chamber; and

at least one underflow outlet on the other end of the second separation
chamber from the at least one overflow outlet.

22.The method of claim 21 where the first separation chamber has a first interior
diameter and where the second separation chamber has a second interior

18
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agent into the fluid mxture. 19. The nethod of claim

' e the chem cal coal escing agent is inj
: ,‘Vﬁﬁwﬁam%ﬁﬁ fluid m xture upstream of the coaleggtﬁgm?6@1“6l
: The nethod of claim 14 where the fluid mxture is a
wel | bore fluid. 1 21. The nethod O&ftoregysileckel NotRipa0962PCT
the coal escer further conprises: 2 a first seamerNgp1715

. chanber havi a first inlet paortion at one end of the
diagne hSHER figh o, Sigseic nterigy diosheder sragnalier Shan Wedirskipterior
diafhRgei. ving the fluid mxture into the first inlet 5
portion of the first separation chanber; 6 at | east
one outlet at the other end of the first separation

23 A/ eiod M Liairh 20 AYRY O Qi bRk coflie3B8r Whii bt
separ at or hydrocycl one conprises: a secon

Ve@@gan@\th eat leasindrer séparatog hpdroeydonke isnwighin @osdcond vassel.
one end of 10 the second separation chanber; 11 at -
| east one second inlet for receiving the fluid m xture
into the second 12 inlet portion of the second
separation chanber; 13 at |east one overflow outlet on
t he second separation chanber; and 14 at | east one
underflow outlet on the other end of the second
separation 15 chanber fromthe at |east one overfl ow
outlet. 22. The nethod of claim 21 where the first
separation chanber has a first interior diameter and
where the second separati on chanber has a second
interior 18 PCT/US2007/011461 WD 2008/ 063228
PCT/ US2007/ 011461 Attorney's Docket No. P11030962PCT
Custoner No. 61715 dianmeter, such that the second
interior dianmeter is smaller than the first interior
dianeter. 23. The nethod of claim?21 where the at
| east one coalescer is within a first vessel and the
at | east one separator hydrocyclone is within a second
vessel . 19
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