WO 2009/ 073289PCMI S2008/ 080707 REVOLUTI ON VORTEX TUBE GAS/ LI QUI DS SEPARATOR

BACKGROUND OF THE f NVENTI ON This disclosure is to a systemand a
met hod for separating entrained inmscible liquid 5 conmponents from a gas
st eam The subject of the invention generally relates to gas/liquid (2

phase) separators or gas/liquid/solid (3 phase) separators. The invention
may al so be practiced in which the liquid phase is a mxture of an agueous

phase and apoenganke or hydrocarbon phase. Separ at egsyufioshdites type are
typically process vessels that may be at atnospheric or above atnospheric

pressure. The 10 nmain function of the separator systemof the invention is

to segregate | MEBOINEERNPORIERITIBINGRSESSURIS SAMARANORPI OCess stream nay
be in the formof gas that carries with it an immscible |iquid conponent,

frequently referred to as a "wet gas" stream The function of the separator

of this inventionis to sﬁe&g&?{%ﬁ%@ea NthIl(?]Ig conponent to provide at the

out put of the separator is, a gas_streamthat is
rel atively frec™FfBaEEhrad ‘”ﬁ%%“ Z}niiE]H‘FtEf? f‘”f@?’ﬁ‘@%‘%‘?@ﬁﬁm‘é‘ﬁ ¥ hods of this
di scl osurse ampnbeasbeadal yreamppl i cable to renoving liquid dispersed in a gas
stream such aspk ﬁlb}é@io@lﬂm RButhd gbﬂérsﬁiy Irate® fro E;a@/ih@gﬂiﬂ szeﬂhyse)l defatalof o¢Ol UNE corrpar ed

to the gas ar}?qrmdp oli p%!zld %s%at:slls %&J: Qve% s%rble gﬁ&ilcééXn bRl tﬁbehqtu@r m of m st and

renovi ng ga%a fream i n éarelatlvely

smal | propoPF &t “‘("B‘? ‘if\é‘i YHEY PHE FHe °%gf“i‘°é’élrﬁdr°'fa’ﬁ?°‘?%‘és°‘fsi°¥ OS] °§ fance the

separ ati on preecessaly soge nareh hktynay bfztatmoederio or 2eyve tigasmshcdemissrei 9" and in the

Second 200 NSLiARESont A& SRRA%L Afcl-QRf BF REGABS isi16 ssgePRdhkybid @fserafed to as
"liquid dega c§s| g@am Thepmce§s ﬁ%&%&?ge%n &szomg&@@rﬂﬁ; dath \Jrﬂhql&!‘z ghgepponents from a

gas stream \r e conmon| | a ust specifically
in oil and HHE FEEHRTE "tSWY ST & ‘ﬁ&tﬁ“ And- agungtf o@ge&:g3 Sspargt,roydafnd are al so

used in thetivismtig iﬂtﬂﬁm@royfﬂleéﬁ‘é‘?ﬁ%wmb‘loaﬁﬂée at %?“&’t‘“ EFeFPHENE facilities,
pul p and papefgasPindt, G & ictedhan MaGedtiGeite famofded ritng facilities.

25Separ atd on of | %&%@&Qmﬁ@&&%%a&% af ol 38 615036 ugual |y depends
on the force of gravi té% il ga% éal ? rsla’m‘a eafrghlilmbcom %’il nay that is,
the pul | of “REEE™E SRAFHS “thE “Ce b BHHIBE e e Rt create (art|f|C| al)
gravi t at i ongk = oréeks hekek m@SbBFW@Mf@&OWS%WWP%&é@%%% ators. Natural
gravity is usaah bycesest thy vddf owkivgy anal trpain fraveisy of hritsel Bife conponent s
into a vessel, whi.Ch. &alca@mnq)%essas AhHBFE8IE 120 Qs deleBdb" dndin R stc@liat | vel y

gpd![ ﬁéu;?egg%r%t% rl-?uon%rﬁ;esszsFan%rany}’e‘:@cﬁe%oaawiﬁ%dfﬂ?égass]i:@’ act on heavier conponents

3 V\Q srQ}aﬁrt og‘ th? u\é gel Thi s
novenent has t h&PEEHrEraERe B Gr e R SRERTS6F Fhe steam
m grating teeansdgpyiaidypeerificabfin divel sregetion, qﬂﬁew gd %‘agf‘-""e?ts’ﬁ% THeavi er
conponent s, .t R@taseh S tnd hilibH iQkBstry,CRicAS I, tlirel c@Ment faciiities, pulp and paper

plants and pharmaceutical manufacturing facilities.

25 Separation of jmriscible components of & wet gas stream wsually depends on the forve of
gravity, Gravity car be either natural gravity, that is, the pull of masg towards the cemter of the
eartt or created (ariificial) gravitationsl forces such es represented by centzifagal separators.
Natural gravity is usually used by fowing a stream having immiscible components into & vessel

which provides a guiescent zone, that is, a relatively undisturbed environment that allows gravity

30 4o act on heavier components of the stzeam and move them into a dowmward part of the vessel,
This movement has the counteraction of fhe lighter components of the siream migrating to an

upward past of the vessel, In this way, the heavier components, that is, lignids, can be withdrawn



fromthe lower part of the vessel and the |lighter conponents, that is,
gases, w thdrawn from an upper part of the vessel. Separators
commonly have an inlet nonentum absorber or deflector to reduce the
nmoment um of the incomng streamand to distribute Iiquid and gas within the
separator vessel. 5 This kinetic energy reduction initiates phase
separation inside a separator vessel. Artificial gravity can be
gener at ed byotdogerstse of a vortex tube or tubes. A vefth©wshishe is typically
an elongated tube having a cylindrical interior wall that is preferably
vertically nmounted or at |east nmounted with a vertically downward tangent.
The vortex ﬁ&ﬂjﬁai@ﬁpﬁ&@fh&%ﬁa@&(ﬁhi%ﬁt&cbrﬁpom &ahhl@ﬁke@%diaﬁnﬁd‘ﬂfpdnoyed) has an
i nl et arran%g agquglg"@gselmet gas flow ng therel n tangentially 10 intersects
the interior ? E1y,%ateex 1Imubea mabg ré%ﬁréhﬁ interior wall to
thereby create c%n PTc’ugay Ot Ee thar T & ApprT 6d 76 ThHe “C6Rponent s, the
centrifugal mfrﬁ?ﬁ%"@@r’%‘?‘ﬁ‘@g PETEY e dﬁﬁ@tﬂﬁ’&?fﬁ“érg”cvﬁ%dﬁ’?é??ﬁm’tvﬁ% is, the

i qui d coip Bt edegwaind®n ttigesnbekd seperhtioh gdorespireix vessbe whil e t he | | ghter
conmponent (gas)ardisiaf @58 $:0RLESuyHC At Sdk:DibeQk by fortixauve Isn @ typi cal

vortex {Ubey ki 08l Sk DEL A0, AD: WAREL E0LL AL MLLEX OPeNi ng

while the |i in the

bot t om por t FENH=FIa W‘L‘ﬂhb'é?m“ﬂy Sownvglt EEP BT B &F éﬁdh"‘i“?‘ tedyst em and

met hod enpl oyt iy @ sepdwad b = picerrmbd PitoCes g2 dppas Brus igrignbi nation with
a vort exid URR:®AE hainteM® WEIB b WX 16k BStHews arouddthednid BT $lXe thdddecrelsust er, each

Lope recelv o o B ghef | ow st ream
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mat | on re en subj ect neter
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Processi g ac*ﬁ/qﬁzﬁ &tk in the bottom portion of the tube,

This invention herein is & system and method employing a separator internal process
apparatus in combination with a vortex tube or a “vortex tube cluster”. In a vortex tube cluster,
each tube receives an approximately equal portion of the tncoming flow stream.

For additional background information relating to the general subject mater of this

20 disclosure refarence may be had to the following previcusly issued United States patents:

Patent inveator Tiiie

Nurnher

3,930,816 Miczek Structure For A Gas and Liquid Contacting Chamber In A Gas Effiuent
Processing System

4,838,906 Kigelev Contact-And-Separating Blement

6,576,028 West System For Separating An Entrained Liguid Component From A Gas Stream

6,673,135 West System and Method Of Separating Entrained Immiscible Liquid Component

Of An Inlet Stream

6,708,500 West System For Separating Bntrained Liguid From A Gas Stream Using A Sioped

Vessel



4,838, 906 Kisel ev Contact-And-Separating El enent 6,576,029 West System For
Separating An Entrained Liquid Conponent From A Gas Stream 6, 673, 135 West
System and Method O Separating Entrained | nmiscible Liquid Conponent O
An Inlet Stream 6,709,500 West System For Separ atl ng Entrained Liquid From
A Gas Stream Using A Sl oped Vessel

WO 2809/073289 BCTNUS2008/080707
Patent inventor Tiide
Number
7,001,448 West System Ermploying A Vortex Finder Tube For Scperating A Liguid

Component From A Ges Stream



Patentl nventorTitl e Nunber 7,001, 448West Syst em Enpl oyi ng A Vortex Finder
Tube For Separating A Liquid Conponent From A Gas Stream 3 SUWMMARY OF THE
| NVENTI ON The invention herein relates to an inlet device for
separating i nmscible conponents of a wet gas stream By "inlet device" is
meant a centrifugal separator for separating inmscible conponents of a wet
gas stream A "wet gsSMMARQKY BE UseENhRyei n refers to any stream
that is essentially gas but that carries W th it a quuid conmponent. As an
exanpl e, natu as_t.hat ecov.el n in the
earth and thatrgﬁlg%a%nlgremmfm O%Wﬁr ce %f%rsg I{gg {nqml lecgﬁlnfalw |§Eat|on

i nevi t abigt gavclrendes Bg Gindet én\twea|medmttlaomntd@gamhg@@oretqt peprpent ingsditds

typi cal | GLy Lo ddydr ocarbons such as crude oil or crude oil having
wat er m%%({é& %es(rjog\?\n Lgas% gas streans can al so include processed streans,
such as encoust’ @feéghSiSﬁeqrmeaSrtétd Jrrirqig rfevel tpsany ystream (hat igteprentiaflp wassbudthat hemi cal
manuf act Wiki0ufh 4Nt SliquRPBARBHLAY. AITH SGLBLE GARRORANLS Rl - &\ Wk wAS StTeam
can be acconplishe a centrif separ at or i ncludes an upri ght
cyl i ndri gedergyomd dermationg Ralhe ﬁ@fﬂaﬁnd bFSnalsu@taﬁ%ﬁP@%ﬁt PRAreM Modeavi ng at
the top @viBsicAUhdveiniPRENEAGoHOERINEG ihAXT THest Rl MyudsaWidiiPthcRad 1 qui d
outl et opening and having a wet gas streaminlet tangential to_the internal
wal | sur &k, iyfiRearhaqs é’fchtfél%ﬂeéblaefeamt?etlbw‘t%ew%ﬂmd therewithe Wvt ut i on

vortex tylemseRafaf BEu@f prbdth&d shdaR! Lual ah@sodidaal ih e rehmhf krﬂuﬁ@&bﬂi:ﬁd to the
rical wall interior surface. The helical baffle has an

vortex tu cylind

upper eanF%fQP“ﬁ‘ré}CBGéT"EﬂM’taﬂ‘éfd‘i}‘btfntgé“}@“fsu PP BURISGRSCEmRENT B ¥t &8 | ower
end of t Bgeahetdnorl acbfaatﬁhbtadl\sntstaaamelﬁlgdmv;ﬁratdaehamﬁcnﬁ%s alu bﬁzghob;ﬁﬁtmtcal

The function qf .the he alf tf %ﬁ ISt n g %ﬂ

downwar dI§F &R E A aLe %’éﬂtf“?‘ RAGE e’iﬁBttaét"F a‘B’f‘gac %et g“‘&ﬁ‘é t’f%e%lﬁ "‘\‘Rﬁet“hu n the
interior ha)tmgahtﬁatmmrptcﬁr)dlrtgtme;uad\/thﬂéte)patmgnnmatmm Vot @es dtradrh inhyg tapfentialgi d from
the inl etth rra 1 H gae heu(ﬂettbeie lla bl&wn(beet%f ace and ensures a snooth
ent r ance "SAGFEY SR FHE s EFAY 8t S dE G o Phe liquid interface. In sone

i nstances t heTh@mcrlutemdronéx tubresepmtbreof thieireemipy haxt letich] baftlo squpdal thof | i qui d

within a ] S I f

appr oxi na%{l%% Sﬁlvdgl%ap%%@fn%é\?\;%{ ﬁﬁ]ﬁ% 1%9%3*88 b'mfﬁ@'hasba% u%e?ﬁm%(attlse[fel tyﬂof spaced
apart vewtmt@atlbeden bhusbdvi e 1nlete Aatowatmwf the helfrd] akiiedm @baptaichba\rel the Yartem t he
internal wakl.surface of the vortex tube. The outlet fins are positioned
adj acent the bottom of the vortex tube and bel ow the bottom end of the

hel i cal baf f| éhe function of|the bhigtl Heflcdntio gisient maikaning endgvaivaidyy spialede form

of an i nlcattnﬁga\rt&aoﬁ szhé\%a%a@sttﬂettg Wit RIIRGHBES oCAEPORE IS, Whil@litatigRS StTeam
that includes a closed vessel streaminlet, an upper gas

outl et, ateefadlingtof Jaad fismehe g ﬁiaaifﬁgﬂqvaw étr?glwvmﬁtjacs FBY FSHIGHa Figpoth

mai Nt ai Niehehnde dnb@WE te kM@led LiREH Bkdthe Ayt iferhde! Yh Bfne H@trah@mhe Cylet @k cal
vortex tubes are positioned within the closed v s? Each vorteﬁf%ube has

an i nt er A VOEGT RUPRE STteRldrle asRppPk AdEmdng hang Kes these dgnprydhedieligby with a
gas out| ehfnepRNicginkbefpliximatély Bkt OrBepivaNd juigeRl. | | qU| d outlet opening and
each vortex tub as we S stream.i.n the an ent|aI to
T wor ol | R7 oS SR eRich S B Rl A Berhu e Bl tR0R Vo pex

t ube has imerha [viatt atrfdoabif thevsee wb&dTh@oultIEtéimi arfetpesitidnad &djdcait etrermttormm the sur f ace,

the heli caI ff Xt en fro vortex tube top but above the
inlet. TR Xota\héeran‘giﬁe &‘ gﬁpegfhe i ca %hc fblagl%l s spaced above the vortex tube
bott om In Badier wmbdddxent dizeinhasion isnekk &telof aabdevtedevive fdyokepaoating i qui d

out | et oR ngsnlgle%alg%c}'ﬁ]elﬁg %gftaywé?f SRAGE ﬁaa?:%ﬁ es Xﬁo&tﬁi%@sf%%n{tgﬁ% wct,t StI%L’lfll xed to

and exten Ing ra fie vortex tube rnterna ace. Each
outlet f |1mtethalsumertaa§)méht;l aglpast et lpedrdiguid lyatids edd kesiing lyeoffsion f¢rdwetﬁa!@nz1a

A horizontal i1yl GbreliUbg dndalfiPLFBEioM Einidal fore@Saek ﬁ%t@&%ﬂ&%@d at an
inlet end to the vessel wet gas streaminlet and has a separate sidewal |
out | et opEnidigsstlorEagnrditeyfube e apdnterasd cylijgaeal walkh stifass ee\gagh voger et hapei ng i n
communi cgtion with the vortex tube wet gas streaminlet. The
invention herein may be practiced in vessels having various shapes and
orientations and |iquid extracted froth a wet gas stream nmay be treated
within the vessel by the use of perforated plates, packing coal escence

el ements, electrical fields and so forth. However, the invention herein is
not related to any specific ancillary equi pnment enployed within a vessel.
The vortex tube gas/liquids separator of this invention nmay be installed
inside a separator vessel with a manifold that is a horizontal extension of
the inlet nozzle. Vortex tubes are preferably arranged in pairs and
vertically positioned on either side of the manifold. Each vortex tube
scoops off a portion of the fluid flowfromthe inlet stream The intent is



The inlet streamenters each vortex tube tangentially, initiating rotation
Wi thin the tubes. The swirl inside the vortex tubes creates an artificial
hi gh-gravity field by centrifugal force. Liquid mgrates toward the tube
wal | where it drains dowmward and out of the tube through a peripheral gap
at the bottom Gas collects in the center of the spin creating a vortex,

then exi b ifih0 gautfeh&iealg% nhysot&gﬁﬁw&&ea eS8 hothe SRAGHVNE | S

subnerge In St ase t he sep rator IS supner gence
mai nt ai n&e he 8 ey egs sieant %éh talk themgeidpfearial olks 1@@%‘%&%@6 Theeinlet qui d

level i nzstsb&e&'sa&@ he't@a R8Pk RMe hiy atﬂaﬁrcas@dme s@aﬂéﬂ%ﬂb 11&35\1011‘&:)( !uSe inftrANY
conventi on

as/ i epa i,zin ntumto
gener at e ﬁ?&ﬁg‘@ fht?thgl ﬂ)afff? egtea%% %@n BreHEres rt'?xa{b}iedo “6 038?“’ ?tggpm
separ at i trwer drof e heforlea e respaed nigae 6f vergpavtabbtom.i s nmore t hor ough t han
fromother i nIE,&th vg éég tﬁgeshas 1mme 1atel§% O%Qﬁet%Oﬁl%ﬁdIOﬁﬂE@BBﬁLH‘II‘%%I&aﬁEQ ofl wi de

range of gas IQUI rati os. C one eVICGS revol ution
vortex t esecdogpat pyprgeql ﬁvféeﬁﬁ%#ﬁr@ fRen e@%ﬁdtnédac{%hfaf@m Fhée‘(’f’ﬂ‘ii‘n‘é‘bf'cﬁ%ht erized
by hi gh kialisiirflcd. Grch Si@leSHhals ﬁﬁ)p@ﬁd@:@ce@bélo@ﬂﬁdbl&hﬂ Waffleap@driesat i ons, as wel |
o2 L0, TLGNET " 43 Sl Lk ARRRESKRTR: e NEl BAOLILLON L e can be
2009/ 073289PGT LISA00B/108RTOTs ofepatale siiewalboutlptoperire foegalk af the Yariquivlles, r angi ng

fromli gI@rgch%Q%%ﬁ&t%e&@m%ﬁthﬂ%ﬂ%@ﬂthQ}fel@gl@ex%ﬂ@we@é‘éé shéapdueed brines.
The high-gravity field inside the vortex tu es pranotes separation of fluid

phases. Rapi dpf iHEH(N REFRMAY PORFGICERVESER B MH eHow SBHet HE GaEaBhase, and
nore t ho&mlgﬁulﬂegaﬁ&& M@mof wich@asSsticiguhay phteaes vathin aksessaichy éxede oFfowever,
Lo O SabERhuPPREL ulhd L UERL kR0 LORM, JS YRR SKbURe gauses @
i nl et dewe@@n hatsmbselsirelagﬁ@é«armmﬂfman@li@y @qu@nfemnﬁb)ryﬂh‘gl@rna@/w%n of t he

al ready exi st wﬂaan@@fﬁb@géamh@im deParkiBCof MIBMnFotnSshcdAdidIRN mfs;e;a@gép@ﬂamr W th
them the |nlet rmrre

iS considered an ene f separ t|on Conver sel y,
Lhe vor t ST BERMILEY Fed PREICHEHENPRI (0 BRoROTE. anaSnBhE BY 10
f oam . prefe&urgcarahghﬁ inv itk @axd tenbell destinndied ehiegr @idofitse mani}oldefﬁaécwtqﬂve in
destr oyl e LOAM of 4 pdlddlofif fiaHoutho %Qme@aremermmemﬁa AlodQaBel N the
desi gn of sSepar at or urthernore roved prinary separation allows
reduct i or‘i‘fﬂbfec@ﬁ‘eﬁﬂdﬁ\v%mfﬁwmﬁkﬁ:@%@ﬁ%ﬁd!f%ﬁfé s¥@fui red for demi sting of the

gas phase andTdemas sieadl chis® eladh%t-t@( @b@@@g&m}aﬁb Qn}ﬁiﬁﬁighl)taﬂicﬁl withat thauilabsg her "
une. e

separator,C ity is achieyed 15 per oot ara

or ovendit Sha pas 18 BPr RS eOm wbbet dragoeS debERAra ! ok
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of this i nventionh can be Utilized. ew separ ator__applications a
vessel c&HowE Rrdep giibybo T?hééﬂ}’@éeﬁﬁ@%%‘sm\%% WH@‘”’@@ ‘F’é‘@[ﬁﬁl ehifsitRbaseoh this
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attractive horea tlosWnerethe cost _of f S so
1SRALS L

hi gh. Th\é slgclzeon evessei lg‘gonlceril? 5 ws e At ansétglseméi'f1 7 f%]éﬂlxggnat % ; fqﬁb

retrofitsemglart | nto eX| sting separ at ors for the purpose of increasi ng

their capaci t yijibiggyfl Ag: %mgﬁtwt@ag%ﬁe% higgid- fo%@ecﬂlg%@ﬁé‘e BRImGRE MprA
def oaners, or inproving.their performance. In th %agarath {1%
er

faciliti é@mﬁar?bkrérﬂa%ﬁpf‘r&%% cFé‘ﬁh‘E@O‘E?ethBS‘fﬁ“Teé’f S@Z’Braﬂ‘é‘b‘ﬁé?ff%

t hr oughputhepinlet éwieek. Since vortex tube conponents are essentially tubul ar
they can conv S I Lnsl.de an
exi sting vessc-}[rﬂ‘l3 Bt §p§ #?%P%&MQ%W eoy%b%élﬁg%é’?aﬁg ]ﬁg¥ Icﬁ%ng

per f or narﬁié‘éC%ﬂhQ/@Wl@)@ntVe%éu@rCé t%meég@éélwplhswthfétoﬁmé@é‘ﬂ“ Ph@tﬁé"ﬁﬂ%@é /Y 30l .

The free-hﬁg@al lkquid§ 10ddirfbluth £sr@ﬁaetd1ieprbdﬂc@ctn HUaﬁ@JsdastvﬁbllthQO Gagerl dagrail ehibnt er f ace
surface; ntr in the vortex tail remain.in |deth«=f vort ex

tube; 3. @gat&ogp r OJr}t?nIé%?i“Wh R e ¥ Blﬁtl‘"‘lé‘{gu@nb%}é rPSF e oA 4

Li qui d camparaovrer Whl ch may create excess liquids in the gas out | et .
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LA problemwi th existing vortex tubes is that the liquid free-falls fromthe
inlet manifold level all the way to the liquid interface in the tube. Wen
a vortex tube does not have any internals installed on the tube walls, it
has been | earned that the liquid will make approximately one conplete turn
on the tube walls and then plunge vertically dowm into the liquid
interface. In 5 other words, the liquid is free-falling fromthe inlet

mani fold | ey, he way to the liquid interface L he tube.

It has been ‘?J%%@é(hn%ghat hel i cal baffles secured to {lﬁyﬁ\%‘}é}%@g "t ube internal
wal | surfaces can substantially elimnate liquid free-fall. Due to the
fluid rotati within a vortex tube i.nduced t he ag_geti.l inlet, a
vortex is 10&%(1)?2531'3. c%esTp%t%vte%ﬁleS‘f“‘%ﬁ%u?o i ntwenrg az’%le{o.me;fafg or esg?ﬁﬂ?%%ove t he
liquid interfFeE®it&sre_entrained into the vortex by the high-velocity

i quid steam pl Ulghigherabitydinll inkide theporex whds bomoteF lppararion ¢f@xid phgst. Haeid cont ai ned

i nside the V@ Xepirdbeof cbdaRedOfibti 6O e Spast Rash bt BougiOlebBsiat b e under neat h
the vortex tﬁht&@g%(a% &QQ&Q&EW&P%{OV@%MJ e Gt s QC bbb R e £, PREVENL the tail

end of the vort rom escapi e vort t.ube. 15Gas bubbl. escapi ng
fromthe vor 8% “ibﬁ?ﬁ‘é*esﬁéﬁﬁﬂd&“gyd“?g’f“ﬁﬁﬁ°§%gaﬁﬁﬁ§%°§’é?§“eﬁ%%’ﬁ??ﬁ%fr‘&%I n desi gni ng
and oper at i négviegs, gicyest, gesk to ivimize i fughsf weeieion of tee skgdyrristing Btrerelemich as

possi bl e t hehgasesad disfpaicderkdon Geh teth) bl @8t wdrietln € soaped r @mtdie vortex tube
generat e foam,alhov et e, 9aS btk dul Qe fidGhndRatk: fakchakantde separator
even if the foamwas already destroyed in the vortex tube due to high

G forces."Th&™ oam can be recreated outsi de the vortex -tube due to gas
carry-under. 20 SBoesheasror Prrgeserivel SR GH GPotttirdetuyrediem HFBMERT al so attach
to free wat edtimia @k @fGna ok 0@t debiemtebdmicksh Surbérbgre, tha praveldhdoing t he

separ ati on peLief MRACL:nMon b den@oress volume reqR€ fok hethidinGh EH:0pL €i N whi ch are
not separat ﬁ LNe vor tﬁexd gxysgse’[ﬁ\érlesult ts)%at%%{ e!:sedaxa%\zlgaram hiseacBiQ outlet of the
tube. This -S&é‘ﬁf"iﬁ?s%’&tﬁei Bt > Ceudegent S° ' 5%[ “Carry-over. Typically, a
separ at orl5i seeexyeit fpebisnrtonvoimrei Redrparres o Efiemdem ¥ PA¥"%as phase. The
gas phase | e@phdi@ oa f@8pekty. O The2deas Gerell cyebef petedof highjicid-ipwizgs in order to
protect downgfrLgam equi pment, such as conpressors which can not tolerate
any |iquids. 10y d B! QU MOLERK L RS (Bl ol frds BNV ENE, B0, £1TD] 0Y'S T w0
spiral rings or lﬁ%‘i F'cal " ba ef es A pre?]erre pritch angle %sdefl i nation angl e)
froma hori ZGt 8 | ERe0 PR bivre oF ‘?“r‘gﬂeﬂgg‘i B’eré%"ed%’?‘@ n°i8d to be 15
degr ees, Zhowememetsh& tgpvay akeprritngendardiod ks ivgigls epd\ipst i 1s5ieey angl e from 1
30 degree t oudevdedtRRSpp1ddehs FREIE codi b1H9E sRiab I Taakandboweo t he i nl et

mani f ol d andexqtgy@a\g@i};n% acfflfnatvprgx% E’e(?roét@agmllﬂto%ﬁlﬁgg éef;ht.m%ﬁsf@:% p%os& he vortex

t ube. A %re .erreéﬁ practice | g to use a %I ust er of erti cal vortex
tubes, hal f GRotHEERcF FRERF PRSP BHERS T8 G R It SFar=T-% ol d and hal f
of the tubesmirmteaki mdomomed Frethis Fhicerastic &oigfes tpied Phpet camdefeP8¥d. 1 n hal f of
the vortex tihesmt hehilstt doughe ametat dthocclonsknt semamnds wn esdadlint her hal f of

the vortex fLihes. thedkithilsueatien HAhAlLE.GAUB! REmEkORKMW Saxisithe spir al
rings nust rotegte cl ockwi se or counter-clockwi se downward in the sane way

as the fluid*FS rotating into the tube. Tests of the inproved vortex tube
have shown: The following foqgepbleps TPafRd 1 R prEoepret of P BEF #F &97Bef f or med bet ter
t han one spitkeatesertingtdcor the sanme 5 pitch angl e; 2. Helical baffles

with a 15,degree B kGRranghe shehl otrmenheldai-hanehed stad, baffles with a
45 d egree pitc h Z.agag‘!ro‘?i;n fng‘wr)ertex tail which must remain inside the vortex tubs;
3. Gas carry-under which hinders separation perfommance; and

4. Tiquid carry-over which may create excess liquids in the gas outlet.



.3. The helical baffles should be extended from above the vortex tube inlet
downward to near the liquid interface. 10The preferred configuration which
takes into account these findings has two spiral rings each with a 15
degrees pitch angle and are extended down to or preferably near the liquid
interface, At the top of the inproved vortex tube is an orifice with a
2" downward lip. Any small anount of liquid traveling upwardly on the tube
wal | wi Il begl,seesshei Nt o the annul us space 15 bet weaRnish@sdstpe shel | and
the downward Iip of the central orifice. The orifice should be designed
with a |low pressure drop across it The pressure drop across the orifice is
transm tted dowaWakekh b ddig bl i ROt iREGE freollls Gok &6 Elet menitbie | i qui d

| nterface i 5 pYphOd. AQWlnclPGLAASLIA o gb@emm e BaToDLANEPUL from the

bottom of t 0 _be very

i npor t ant fé‘EWW%‘B‘%PF@FW%Q“P%&“@ dé%tlngcfmd[ Ollt{lﬁgce\%mfm *fube. 20The
vortex tube oefoortifirtegury emtiesritbe galls ind Se dpbeoiedealfy dorm atp feedndhEedie- dbove the inl et
mani f ol d § ev@b.wodik)iss 1@ @e-0lnd Somappieochatilelyl ol towpl @ tefiginches | ong and
i s sandwi Ch%%;@;@;e%xﬁ&eﬁﬁe initial gas and |liquid entrance of the vortex
tube and the orifice wt gﬁ? ward I mt]qbeg%“@aggmon of the inproved
vortex tube mrﬁ%’“a"ﬁmﬁ“”%?é?’ftﬁﬂl cosd B EF ETE TRA fepresent s an additi onal
st age for gasstiatiadiyflidissie paiddedoh. By providing the vortex tube with this

ext ensi on, | i quibet 68k FMé roRdfa walin 4 BriSUids tnantd @ifeyangepdiliplda vortex 5 On t he

bot t om ofy, t I?&méd %onﬂfsaigmg Bt X da%%eu@ab@&é@@%ﬁm@ﬁtczﬁ@d’ ik keGataintd ASmar e attached

tothetu% en _perfor t opti mum
nunber of vé’?rf"’f P,ya?’e ]i"g’n"?mé%dqu?f‘mm q?lun érrentgi?%?lesv%(l)l% Jmﬁ Ggﬁlgkagn optim 7ed
vortex tube centsitd iepide &e Vo Higs Oaﬁo‘@i}ﬁ“setf’@‘ﬁ‘fidg(a??hd\)’é@f F??ﬁ?e”f‘ltbﬁé"’m‘rhe maxi mum
angl e bet weee @ Ryid wo sxi:tinsEelty we e okl @A sf harorfdonherizefital 30 pl ane
is 45 degreq&mg‘;rl ng testing the tail end of the vortex always stopped

above the_verti ﬁ%é’ s ngcag %H‘r%eaucegglrep%w&%ogm& E&%:;Jn'y%ﬁmd @t the bottom

of the vittex t e vertl ns Under neat h
the vortex tdwbengaﬁnﬁeﬂeﬁ&%ﬁtwex@%fn@“atf’%m Vﬁﬁ?aﬁ%‘ FP‘?S‘??’VH" Bfder to
control the c@xiutdey Ghaabbley wiifh ctolpe frbrh Geriocter 1T genprete Sem plevedkeapr-isWper i enced by
the liquid lmﬁﬁﬂ&&&c&n@okyﬁﬁge%t&bkb@ﬁthMQ&%@Z%ﬁﬁW%/ﬁﬁBO?O? due to

a solid plate conhlned Ml he, KSLLL Gihe b DRkt ACE bRy, t UbE wal k
play a signi®fi't5M " T6Te

[ vortex control \, owever, .l e, Upg.of an exit
pl ate |sZ%ptqa%?ﬁ‘ﬂgmﬁﬁmﬁ‘%*e‘tﬁeé‘mﬁwaé'ﬁ]f%ﬁm “of* the Foved vortex tube of
t hi s i nvent if@mil, &nsgeducing the separationperfoftppaceg bt FeRsf*ior he heavy phage (liquid phase)
on the tube wal kg ipSs S48k akiesk hepenbiyte votedeyast baygriafovt hewb i qui d phase
(separation mﬂ Boggﬁmﬁghgﬁ} -cgﬂﬂréa)h 'llid reprosents Aguid dﬂrr}aovﬁrhﬁ‘ﬂ@alﬁfhﬁﬁﬁraﬁﬂim ication

(oi I -water - cal es. provi de J qui d
separation GW‘PP?‘?@”‘Q}B? R tf?ﬁi‘@ ”hep S PRST Tége@d'% ﬁh\eégeg%ag égg%:elggr:lét& snal |

wat er dr epl ekosid pnfde héan@uhmmiamﬁor@r I Péﬁteﬁpilc’ T RHHFEWETEF COFRTE can reduce
the of f and waEt @ nof @br@hdnk BDaidk.i Me 1N a separator, which eventually
translates intoq :ﬁ%&x%%ex%@&ﬁ@%v@ﬁoﬂe%bﬁw&@%ﬂtgs #osea sk r eam of t he

el i cal baf PR APaRb AV EEPHEPD B8 kol e R BB BEEELCE The
vott ex t ube .determined to be 15 degrees, however the spiral ring can be dmgned Wxth ﬁtch a;ugle

30  degree to 45 degrees. The spiral rings extend upward above the inlet manifolé and downward al}

the way to the liquid interface of the vortex tube.
A preferred practice is o use & cluster of vertical vortex fubes, half of them instatled on

one side of the inlet manifold and balf of the fubes instalied on the other side of the inlet
menifold, In half of the voriex tubes the fuids are rotated clockwise and in the other helf of the

7



.4. A smooth or smoother transfer of the spinning liquid fromthe helical
baffles into the interface is achieved. The liquid entering under a 15

degree angle controlled by the helical baffles 15 will re-entrain snaller
anount of gas conpared with a plunging jet when the angle of inpact is 90
degrees. 5. Control of the vortex is inproved by using vertical fins

attached to the tube walls at the bottom of vortex tube. Better control of
the vortex lapimotoa reduction in the gas carry- ungefusadshsh7apr oved foam
reduction, 206. An orifice with a downward |ip reduces the liquid
carry-over fromthe tube. Better control of the liquid carry-over fromthe
vortex tube JoRAdSestil adiad 2OMQ@GodnieLHiHcElide OB 61 10610 bkt BbR@keSr Of Separ at or

and i ncr easeg, L gui.o.han géra]ggmggg Ld e s DB SEPAL AbOT Vessel . 7. The

new revol ution vortex tu \%g%bé as no noving parts and does not require

any mai nt enance "8 *SPFEETHP CEF vedtf"¥ng operation. 258. Internals
installed on the %wmﬂn@aalﬂéhmhfﬂ@ rerfempigetep heprrae belges ophugged with solids
or sand t hatpinsargled af fect the circul ation of fluids. 9. Wen the
internal parts ofpdhentdPhRY oY@ ndcbRRmih fnyeRi Akl viad oyt of steel
and wel ded t,9 L he he., tuggg l1's the corrpl eted vortex tube is robust enough TO
W t hst and nor orces and fluid weights. 30A better understanding

of the inventiof %ﬂlhﬂm%éaﬁ&bfha’#%dﬁf”?@r‘ﬁmﬁﬁ@vﬁ ToRRRIRE iredoRT e descri pti on

of the pref esxaelieirbedicnent s taken in conjunction with the draw ngs and the

attached ;gl ai ms e %@ﬁ&@%@i@%@@@&m&&@&g&w&@a@ h@%lro%%ua%%@l PTI ON OF
THE DRAW NGS éepgo the in ion.w.l]l..now be

described in *Wﬁeg ﬁe efszfltf &n%) feéga?uregm 2g mmb,y maréha haﬂ\l/ant ages of the
present invelF®ESn will becone better under stood with regard to the

fol | owi ng det ai lettle tegee ingtavaiveea ppein eeciic| vdh AR’ doamdrddpc srpemyi ng dr awi ngs

S Figure 1 nSmforf@¥OkibihORwiel beKe b Ra0AS bi tagpw GhtS BP A@hsOpacdf thi s

| ventl oy LS.t &sé% L9 angtheseﬁvng LLEX Ma%rﬂ% 'fh% ;amd%gde%@nds
1. .qul

vertical I'y hase poo , an upper

phase repr eséht ¥ @fesé‘“"? ‘i"ﬁ’ﬁ’f’@? it BAPHTEHOPSEeR TAEHE i R 4 phase
r epresent i nge te tyg&iriedice. o ApoRidmliogiictrzasis melebdor, Myrepsin & chyicse? by which a
wet gas str eaBidwSud ffbﬁnrtﬂscﬂdﬁ&ﬂof it tade.t Diguid/ @brheRénct B @eck: Sous1OWE 2 ivdly
cr 058-sect | Aot (el AL Gy ae@oﬁ;c%dpmaneyasw of a vortex tube with the
inlet as S hO Tha vorgﬁ:x Ijge of ﬂus mventmn is provuf & g,’éh an e:gfeaswn above the let manifold

jevel. This extension is approximately a couple of inches long and is san.dwmhed between the

" initia] ges and Hquid entrance of the vortex tube and the orifice with the downward lip. The top
section of the improved vortex tnbe works as & vertical pipe separator and represents an additional
stage for gas-liquid separation. By providing the vortex tube with this extension, liguid carry-

25  over is substantially reduced.
On the botiom of the improved vortex twbe a mumber of veriical fine are attached to the
tube walls, Testing has been performed to determine the optimum number of vertical fins and
glso the dimensions of the fins, An optimized vortex inbe configuration has bout eight (8)
vertical fins. ‘The maximum angle hetween any two consecutive vertieal fins in the horizontal
30  plane is 45 degrees. During testing the tail end of the vortex always stopped above the vertical
fins. The Totational motion of the Hquid at the bottom of the vortex tube is greatly reduced by the
vertical fins.
Undemneath the vortex tube & horizontal exit plate may be installed in order to control the
exit velocity of the Jiquid. The pressure drop experienced by the liquid leaving the vortex tube

8



.Figure 3 is an elevational cross-sectional view of the vortex tube as taken
along the line 3- 3 of Figure 1. Figure 4 is a horizontal cross-sectional
view of the vortex tube with a fragment of the 15horizontal inlet tube, as
taken along the line 4-4 of Figure 3. Figure 5is a view like Figure 4
except taken along the line 5-5 of Figure 3. Figure 6 is a cross-sectional
view of a lower end portion of the vortex tube taken along the |line 6-6 of
Figure 3. FiygiHfnfhdeS @ diagrammati c vi ew show ng apségghabg,ar separat or
vessel in phantom 20 outline and showing, within the vessel, a separation
systemincluding six vortex tubes affixed to a single inlet tube. Figure 8
i's a horizonfal, . cfiPgse &%LedcmlmeVerﬁwﬁ&f&mdw,@&hew@seﬂgym@lrgnﬁc%ds Si X _
verti cal vor t.ex Qtube%,O l;cggmvggmo mefg@qg & arranged inthree pairs. This
vortex tube BFFARGERERL™ "o T shovvn in Figure 7. 25Figure 9
is a horizontal SE‘P%%”é@E%Wﬁ‘F“W”@&WW”@WWﬁ%‘P“W’ﬁﬁ% f eedi ng ei ght

vertical vortex!lt Gvesy efrtredmeiye phaserflighid tirsepan theghube wallsFy geirimd B citlams

Cross-secki QQ@Asm@Jf@athiﬁpﬁaﬂﬂseﬁﬂu@tgfjgau@ﬁlﬂqﬁd}]’ educed successfully between
pairs of vortex,types. ualedififuid:Qurlsicilly e WAL ARl il ORISR ERONA Vi ew

taken al ong t he ure e rube in
cross- sect ?dlﬂ“"hﬁeiﬁmé"ﬁéi P HE TS %%MWRV?%%‘? ‘??ng\t,é’%‘f’%&iw?f%’:‘g{‘?l&%‘? nount ed

30vort ex t ulydeud oil droplets in the water. This can reduce the cil and water retention time In 2 ssparator,

which eversually translates into a smaller ssction of the quiescent zone downstream of the vortex.

10 fube.

3, Free-fall conditions are prevemted because of the helical baffles attached to the tubs
walls in the upper section of the vortex tube.

4, A smooth or smoother transfer of the spinning Bquid from the helicel baffles into the
interface is achieved, The Hauid entering under a 15 degree angle controlled hy the helical baffles

15 will ra-enﬁain smaller amount of gas comparsd with a plunging jet when the angle of impact is 50
degreses.

5, Control of the vortex is improved by using vertical fius aftached to the tube walls af the
bottom of voriex tube, Better comirol of the voriex leads to a reduction in the gas carry-under and
fmproved foam reduction,

20 6. An orifice with a downwerd Ep reduces the liguid carry-over from the fube. Befter
contral of the liquid carry-over from the vortex tube leads to a reduced liquid load on other
jnternals of separator and incresses liguid handling capacify of the separator vessel.

7. The new revolution vortex tnbe design has no maving parts and doss not reguire any
maintenence or special service during operation.

23 8. Internals installed on the vortex tube walls aze not prone to get plngged with solids or
sznd that would affect the circulation of fuids,

9. Whez the internal parts of the improved vortex tube are manufactured out of steel and
welded to the tube walls the completed vortex tibe is robust enough to withstand normal impact
forces and fluid weights.

30 A better vnderstanding of the invention will be obtained from the following detailed
deseription of the preferred embodiments taken in conjunction with the drawings and the attached

tlaims.



Figure 11 is an devotional view taken along the line 11-11 of Figure 8
showi ng fragnentary views of the upper portion of one pair of vortex tubes
with the inlet tube shown in cross-section, 10 Figure 12 is an

el evational view taken along the line 12-12 of Figure 9 show ng a
fragmentary el evational view of the final pair of vortex tubes in the
assenbly of Figure 9. WD 2009/ 073289PCT1U52008/ 080707 DETAI LED DESCRI PTI ON

OF A PREFERREMdmbdHoDl VENTS It is to be under sraogzdi@t7ot he | nvention
that is nowto be described is not limted in its application to the
details of the construction and arrangenent of the parts illustrated in the

acconpanyi ng draw ngs. ERIEr DERCRMIIQNOF SHEBpEWIcof ot her enbodi ments and of
being practiced 5 or carried out in a variety of ways. The phraseol ogy and
term nol ogy enplyedmheimeinotdrdvigr Y rposdsadrd 8dstridget di*and not

limtation. gkl matSns MR s inh freel Aty Sviabeonedemnt ifit-edd bym t he fol | owi ng

2 ﬁ gbg][ S 238 1 Oreg}a{fg I’Eotfhee)follg"v&"x‘lnbg%etgéd c%cﬁ&%p%gu@ahhﬁi, azld iaﬁonlp%ny%g Bra\%%é plate 40 Lower
5

Pigure 1 is 2 revelution vortex wbe gas/liquid separator of this invention. The exierior of
the vortex fube as ilustrated extends vertically downwardly into a two-phase pool of liquid, that
is, an upper phase representing a lighter component such as oil and & lower phase representiog 2
heavier component such as water. An inlet pipe by which a wet gas stream is introduced into the
vortex tube is shown in cross-section.

I3 Figure 2 is o top plan view of a vortex. tebe with the inlet as shown along fhe lne 2-2 of
Figure 1.
Figure 3 is an elevational cross-sectionel view of the vortex tibe as taken along the line 3-
3 of Figme 1.
Pigure 4 is & horizomtal cross-sectional view of the vortex tobe with a fragment of the
15  horizontal infet fubs, as taken along the line 4-4 of Figure 3.
Figure 5 is a view like Figurs 4 except taken along the line 5-5 of Figure 3.
Figure 6 is a cross-sectional view of a lower end portion of the vortex tube taken along the
Tine 6-6 of Figure 3.
Figurs 7 is a dingrammatic view showing a rectanpular separator vessel in phamiom
20 outline and showing, within the vessel, a seperation system including six vortex tubes affixed to a
gingle inlet fube,
Figure § is & horizontal cross-sectional view of an inlet tube that feeds six vertical vortex
tubes, the vortex tubes being arranged in three pairs. This vortex fube arrangement iz an example
of that shown in Figure 7.
25 Figure 9 is 2 herizontal cross-sectional view of an iniet tube feeding eight vertical vortex
fubes arranged in four pairs. In Figure 9 the cross-secticnal area of the iniet tbe is reduced
successfully between pairs of voriex tubes.

Figere 10 is an elevational cross-sectional vigw taken along the line 10-10 of Figure § and

shows fhe inlet tube in cross-section and showing tfhe top portions of three vertically mounted

30 vortex tubes,
Figure 11 is an elevational view taken along the Hne 11-11 of Figure 8 showing

fragmentary views of the upper portion of one pair of vortex mbes with the inlet tube shown I

cross-gecton,

10



14 Bottom end 42 Upper liquid |evel, hydrocarbon 16 Wt gas streaminl et
Lower liquid level, water 18 Inlet tube 46 Vertical outlet fins 20 Gas
outlet 48 Vessel 22 Exit plate 50

WO 2005/073289 PCT/US2008/080707

Figure 12 is an elevational view iaken along the line 12-12 of Figure 9 showing 2
fragmentary elevational view of the final pair of vortex tubes in the assembly of Figure 9.

131

44



Fl ange 23 Short posts 52 Vessel gas outlet 24 Liquid outlet 54 Water

26 Interior wall
splitter walls 30 Second helical

10

15

56 Ol

WO 2009/073289

10
12
14
16
18
20
22
23
24
26
28
30
32
34
36

outlet 28 First helical
baffl e

baffle 58 A, B Fl ow

PCT/USZ008/08G707

DIETAILED DESCRIPTION OF A PREFERRED EMNBODIMENTS

It is fo be understood that the invention that is now fo be described is not limited in its

application to the details of the comstruction and arrangement of the pests flinstrated in the

accompanying drawings. The invention is capable of other embediments and of being practiced

or carried out in 2 variety of ways. The phraseology and terminology employed herein are for

purposes of description and not Iimitation.

Elements shown by the drawings are identified by the following numbers:

Vortex tebe 38
Top end plate 40
Bottom end 42
“Wet gas stream inlet 44
Tnlet tube 46
Gas outlet 48
Exit plate 30
Short posts 52
Liquid outlet 54
Interior wall 56
First helical baffle 58 AB
Second helical baffis 60
Top end of helical baffle 62
Bottom end of belical baffles 64
Cuter edge

66 A,B,CD

Circumferential lip

Lower end of 38

Upper Hquid level, ydrocarben
Lower Hguid level, water
Vertical ouflet fine

Vessel

Flange

Vessel gas ouflet

“Water outlet

0il outlet

Flow splitter walls
Beginning point

End wall

Yent openings

Varying diameter inlet tubes

Referring first to Figure 1, an external vertical view is shown of a rotation vortex tube

gasfliquids separator of this invention. In Figure 1 2 representative vortex tube 10 is shown

vertically positioned, baving a fop end plate 12 and a bottom end 14, Intermediate top end plate

12 and bottom end 14, and positicned closer to top end plate 12, is a wet gas stream inlet 16 that
is I comnmmication with the interior of inlet tube 18, Tnlet mbe 13 is typically horizontal and

conveys to the vertical vortex tube 10 a stream of wet gas. By the term “wet gas” means a streamu

that is essentially gas but that includes, entrained with the gas, liguids and perhaps solids, such as

sand, dirt, rust, ete. Liquids can tfypically be water, orude oil or any other liguid that is fmmiscible

12
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60'Beg! nni ng point 32 Top end of helical baffle 62 End wall 34 Bottom end
of helical baffles 64 Vent openings 36 Quter edge 66 A, B, C 1D Varying
di ameter inlet tubes

WO 2009/073289 PCT/US2008/080707

with the gas steam. The fimetion of voriex tobe 10 is to separate from the gas stream the

entrained lquids, The top end plate 12 of vortex tube 10 has, as shown in Figure 2, a gas ontiet

opening 20. As shown in Figures ! and 2 the top end plate 12 is an annular piate in which the gas

outlet opening 20 is concentric with the plate and therefore opening 20 is conceniric with vortex
5 tube 10.

The bottom 14 of vortex tube 10 is open and provides the exit from fhe vortex tube of
liquids extracted within the iwhe. As an optional element, though by ne means mandatory, there
is shown {n Figure ! a bottom exit plate 22 held by short posts 23. Exit plate 22 is spaced fom
tobe circumferential bottom 14 providing a2 circumferentiel lignid outlet 24. Exit plate 22 is

10 typicelly of larger diameter thar the oulside diameter of vortex tube 10.

Gag flows under pressure through inlet tube 18 into the interior of vortex tube 10, The gas
siream impinges against the inferior circumferential wall 26 of vortex {ube 10. The gas flows
with velocity against the interior’s cylindrical wall 26 and accordingly swirls against the interior
wall, The swirling gas creates a centrifagal vortex within the interior of vortex wbe 10, creating a

15  high cenirifugal force so that heavier componenis, including any entrained higuid componsats,
tend 1o flow against the interior wall 26. The lighter components, that is, the gas components of
the inlet siream, migrate towards the center of vortex tube 10 and pass out through fhe upper gas
outlet 20,

To maintain effectiveness of the circumferential action of the wet gas stream within tbe

20 10 it is important that the gas velocity stays high in the area adjacent inferior wall 26. To
augment this circumferential action the improved vortex tube of this invention has positioned
therein a pair of helical baffles 28 and 30. Helical baffies 28 and 30 are tuterleaved, that is,
vemain paralle] to each other from the helical baffie top end 32 to the bottom end 34, Each helical
baffle is formed of a relatively thin, flat strip that may be formed of metal to give strength and

25  rigidity although the strip could be non-mete]. Each of the helical baffle strips 28 and 30 has an
onter edge 36 that is contiguous to the vortex tube interior wall 26. The baffles are secured to the
Snterior wall 26 of the tube such as by welding.

An important aspect of the helical baffles 28 and 30 of the improved vortex tibe of this
invention is that the top end 32 of each is positioned above fhe wet gas siream indet 16. In this

30 way the wet gas streaw, as it emters into the interior of tube 10 is induced to coutinue to swirl
against the twhe interior wall 26 and to move in a downward dizection. Each of the helical baffies
28 and 30 has an angle relative to a horizontal plane of tube 10 of between 1° and 45°, However,
it has been learned that with the use of two, interleaved helical baffles an angle of about 15°

achieves superior results, By this is meant that with a helical baffle angle of 15° the swirling

13



Referring first to Figure 1, an external vertical viewis shown of a
rotation vortex tube 10 gas/liquids separator of this invention. In Figure
1 a representative vortex tube 10 is shown vertically positioned, having a
top end plate 12 and a bottomend 14, Internediate top end plate 12 and
bottom end 14, and positioned closer to top end plate 12, is a wet gas
streaminlet 16 that is in communication with the interior of inlet tube
18. Inlet tbRoddBsbs typically horizontal and conveysud@stdigrverti cal
vortex tube 10 a =earn of wet gas. By the term "wet gas" neans a stream
15that is essentially gas but that includes, entrained with the gas,

| i qui ds andaBRrPRPSet Sl skdlS withibl 6B BSs S8RGhed G kd mteﬁd&ﬁ&umu@ltﬁmglﬂieqm ds can

typi cal |y be MRl ebuatl iR 0hh Ao @ OLNEYsold ek Nahe bSkif C1 bl e 12

with the gas stream vVor t to separate fromthe
gas stream PREEHPL WEEY ryLicde mt&??fé"a]f‘ﬁfﬁh EH%IWbeFQ? IéghT”Zﬂ“’Sf ﬁi?égt ex tube 10
has, as shownrdoprsFnigae drvardly govgais o Uk @xis ofentyy et tmsef Sdidlii n Fi gures 1
and 2 the tappaad rghiatehcksins hall uhi i lsastph attng i whibehe thBrgas out | et
opening 20 L3 s&l@%@&hﬁa essea&my@ e flale«and LienelaLeepeniag 20 is
concentric %ﬁ' é%tex 5t ube f The bottom 14 of vortex tube 10 is
open and pr OVF &S’ %e exit fromthe vortex tube of |iquids extracted within
the tube. As anASopteBEgriowsy exdnmt be ped ghrons 1o HbaRs! G‘éiltpéﬂey, there is
shown i n Fi quiacheda centddobshionthseskd firmipl Gt @s &2et Ak |Ad dyprimtiortatipegesc23. Exit plate
2_2 i's spaceg &an@ﬁh Ié%!ﬂﬁoncv'orﬁeg W 2608 Rbdnddn iR B 2 SRV B@ndng

circunter en:[:nl'cl?' fﬁc!en{mgﬁr;[ﬂ thgt%g{tgl?i% cogcélnmcg'f( :(azgd dg&n%r%ly%%%h ﬁe 1%::9@;%&6% &ﬂélg_{l y of lar ger

di anet er thah s fl ows under
pressure t hFesud it defeey fse "]}@t?enffﬁs BV F it BFIGE Bof® SPSF R Ebe 10. The gas
st ream i npi agéisuidadgal astoubh egsiusttter tlgrinteior waindoeme fia] wiuldyedd| o 28veof vortex tube

10, The gasuﬁvﬁy\@nd%&aﬁ N OOhdydncAGRIdNGE hd}es duftt @EdnQRd. SThEMhi-Rdr | cal wal | 26
and aCCOF di gzlgoiyea% PN ha?‘%?lbe{}i%e% z%ha% s BFabQ fms‘!"@éklw id NGwes Wal bd RO gas creates

a centrifug vortex wt e interior of vortex tube 10, creating a 15
hi gh centri fisgHErefdIR%E so that heavi er conponents, including any entrained
| i qui d conponentsie teemd tiye 19 ow fngai trstertthely oy eraitkfwi®ed The |ighter
conponent s, pik @t obfeds fokeveg @S ste@NPARLRES! 0fngiche tenvbet 1dt seafiz a1 grat e
towards the ga?al’zg‘ Et!’t mgfiltmé{s(y lga%)&netlﬂgﬁex%ﬂlw?eﬂld TM%!SFIQHJI ﬂ{eﬁﬁ&h@h atxclﬂ:ﬁl upper gas

outlet 20, To maintain ef fective c ty ction of the
wet gas a r&gh%zﬁafﬂlaﬁimtmﬁﬁ mfdh 1 ex?x%e lawargnlagﬁ %%g%ggd%& !:réclnéags vel ocity

stays hi gh pseotialiconkiprsdoneeirdigeh o ppeetede 31%&1 1?"”12%&‘&* FHCLEFYFERE *t hi s
ci r cunf er entiusdhcdaabd @iproteh @orenplcovetioyGritieivettigh s refioniafif wrijcrNee®it | on has
positioned thecein;a ﬁpﬁk £am94f gabs%laaknqlammfemmﬁﬁco&&n@ngma@mthlejauaaa,al baffles 28

and 30 are interleaved, at s, ren r L.t Q each..ather fromthe
hel i cal baf Phe~Cooh Riregs faeti gn'eao%mg%dgal%%@g% on bl cal _Dbaffle is

formed ofs aswb@rﬁew fEtagons FPRALLY P SRTESE R REHEES FRYS HEFSCREE” 8F netal to give
strengt h anéy@Gumisgi ey adrpivourg Abtrieas ek of wOPd b & NBFPAEIE Each of the
hel i cal baf {l.@ o%lﬂimﬁe%ts%he@a&dm% N Bfiroadbod Bhe Mgy ensdh nhat prbddscont i guous to

the vortex t n o AW [ SonfG Ukatkck @ud he i nterior
Lhe Vortex LubShl skl %‘;’a &@m;rciaglm& b Bl B HE of the

hel i cal baf fslalé%be??‘%’ﬁd“gé“ﬁm&gfme SF?émmFrﬁr ovgudd vort emmtngp%%tV tﬁgﬁs i nvention is
that thest opremet32s pfticalayhwies e FEPEOREE FeVE HeHE™ BT Y & ream i nl et
16. I'n thisspfuvay: hheisebegass S&r Raimidsutlpt ekt @rdieilipidn vher Ent eri or of

tube 10 is oQQ‘éEﬁ%@tulE&QD %%Elhrﬁgé%ﬂi@vem PbsesA@AIsNSHnth REed ddD&lolwvitzer | or wal | 26
and to nove_in ecti o affld es 28 and 30
a?%aléatsa %YJ,V?% & pF.lTIO um Qustéy ?ﬁ?dhb QIL %@&yﬁ@é&b%ha@ i)

has an ang| g ane o ol hl?e ween 1 and 45.
However, it olasaiyesse: IFéhtPIﬁ@ﬁ"“ttP’Féﬁmwe‘fah 2t“h*‘§”°ﬁl§ye hé#’ W “Prter feaved heli cal
baffl es an angl e of about 15 achi eves superior results. By th| S i's nmeant
that with a helical baffle angle of 5 the swirling action of the wet gas
streamw thin tube 10 is nmaintained for an extended duration giving the
heavi er conponents, that is the liquid and/or any entrained solid
conponents, anple opportunity to mgrate radially outwardly towards the
interior wall of the tube while the lighter, that is the gas conponents,
mgrate inwardly towards the tube axis. The inward mgration of the |lighter



5 conponents results in the pressure build up in the gas stream causing the
gas, having the liquid and solid conponents essentially separated therefrom
to nmove upwardly and outwardly through the gas outlet 20. As has been
previously stated, at the top end of vortex tube 10 is a toroidal top end
plate 12 that has a central opening therein formng the gas outlet 20. An

i nportant innovative aspect of 10 the inproved revolution vortex tube of

thi s inventicel&adhe provision of a downwardly exg@andiotgseur cunf erenti al
lip 38 that extends concentrically and dowwardly within the upper end of
vortex tube 10 and that defines the gas outlet 20. This downwardly

ext endi ng Ihiaao,m&&ws@,fny@&t 1@ a 1M FebRPlvard Miyel l4d. QRGO Be pdasibura@epHA®t at € agai nst

the tube i NLELLOF, Wikl 1.6 208 dNal: ol LERMLOE ipuaLdl y and restrain

any |iquid novenrent out as._. l.et o N9 20 The upper end 15
32" of each GF=4i° Fi‘%?"i“‘é"aff‘beﬂ)%l?%“%e% ‘gérq néﬁﬁm re }Pg VT i€ hel ow the | over
end 40 of diercempprepen iz hH‘PCbGO‘B@nm\AhPFé‘m?IFF@ *%F’t"’@)‘?“’fylfff@mi‘bs“élhn function to
centrif ugaldy iseEar dbeienb b idnedod dogpidsndnertpiysingal obj ects froma wet
gas streamin adp&farded é&:&%ﬂ&eﬁ&&tmﬁem HeH fRXebeul3esvics wiBed in a

separator t h%%gaachg% a'l . f%favﬂsé Sﬁparges ﬂxgg%vnlzr a%HJi!iggtszj c@%ﬁkm{s %rsgécﬂcazly-r hus, in Figure

1 there is ‘8 spagc stanceaovethe vort ex
tube | ower seperesTe eﬂ‘lfafmcl Wé*deﬁﬁ?l ARSI GES sf”f‘" iﬁpﬁ&fk%%mﬁ‘g"é’gﬁﬁ’%ﬁ y only one

i mpor tant | wvish the @enpohentotdan ubives puje it whisvis|livet crhaeciitbonent is at 42
as il usyral,edemd: Qﬁ‘d ﬂa&%@&ﬁ&%\ﬁ@m&m bdlpen-sepal et naf AshieSiqiifivention is

particul arl ol ;nraz% akyrak gas streamin
whi ch the Itlxﬁ?i%gts a%’ro (I%ﬁhee . bo ] IM ngssdd%agv%éegﬁ i &]9%&%} t%esﬁg <@ water phase

and a petr mfcéwﬁ%ﬁfﬁ% SeFFﬁ“&P Wiﬂgn m%‘&?%?‘ﬁ?“@“é@e i li’?g rom 25
subt er r aneasufosniedds onsast toyybe obrh gad ba Fordhit flﬁf’a‘i‘ﬂrﬁ@& it MEFBITE= PP quid that is a
m xture of Males 8@ kot onshality pEbicel Sumeconponents. EFhe primary

funct | OnLSOfc %{egigm 4 sagegt?n%u 12 Qe %lytt}f?n ﬁe%pﬁitﬁﬂa@ls cl&ﬁsdltd i repnmenent s, whet her

wat er or 3 rb omt aﬁ %rea ﬁlec}Bdn%%é.‘gg b&bbstantl ally dry
gas str eam %‘ﬁ&fhyﬁ’ﬁ??és&ﬁlﬁfmf ?‘%ﬁ%ﬂ { @wever the vortex
tube is al sThe bemefd Bioated f tabdimk Pfichd @ %‘élﬁ%ﬁ" éhi"i’ecf?F Freetfe i qui d
conmponents YefakaDoule: RBAY Ehat AN ehidrghbertd0s wompd heht Siahdifigas b cul arl y, when
the invention herel r&vés%ovﬁ%ﬁg%%@zmtﬂﬂ%spﬁﬁ £0l@ LA bdisitid inst 8 ca@ipar at e wat er

\?\.R?CLI ? lﬁ%d rggzmun? g?tgngesls ];eg!.gz bemfeenl f.{lf}CLué.S of Qelllga; gz&ﬂes !Stpanﬁttyp%mg @?%ﬁitc;]e liquid in

outlet Fins 46 to allow the voriex to fully develop. In this area no intemnals are recommended.
Therelby the liquid passing out the tube bottom end 14 is more nearly a larzinar flow so that any
residuary swirling ection of the sepaxated Hqwid passing out the bottom end 14 of the twbe doss
ot tend to induce further mixing of the liquid components. More specifically, the vertical outlet

25  fins 46 help insure that a gas voriex that is developed wifnin the interior of the vortex tube does
not extend past the bottom end 14 thereof but is contained entizely within the interior of the vortex
tube 10 so that only the Lguid components pass outwardly at the bottom end 14 while the gas
components are all directed towards the interior of the swirling wet gas stream and pass out
through the upper gas outlet 20,

30 A practical use of the centrifugal vortex tube separator as i[lugtrated in Figures 1 through 6
ig illustrated in Figure 7. In Figure 7 six vortex tubes 10 having the componenis and
characteristics of the vortex tubes iilustrated and described with respect to Figures 1 through 6 are
mounted as a unit within a vessel 48 which is illustrated as a rectangular vessel although the shape
of the vessel would be irelevant. A single inlet tube 18 extends to a flange 50 that is in an end
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| ower end of tube 10 is subnerged will have two phases, that is, a lighter
phase and bel ow that a heavi er phase which, in the petroleumindustry,
woul d be an upper hydrocarbon phase and a | ower water phase. For this
reason the liquid level 42 is typically a hydrocarbon | evel while the
heavi er water conponent has a | ower, second water |evel 44. Both the
petrol eum conponent represented by upper |level 42 and the water conponent
repr esent egvcyoshower | evel 44 pass conm ngl e to thetwenismxodube |iquid
outlet 24. The action of the vortex tube tends to separate these conponents
so that the liquid conponent is in a condition to be nore easily separated,
such 5 as bl bvesssh ¢t dnby wiich givar¢astsyeamh rvh 0 @uduyreirioe e porpr cbapdfent and a water
conponent. g, separatng 154 ﬁ’z@&cmgﬁéﬁs&iefe@iarﬁh@ﬁtv@s@di @Qt‘n& AoV &iteex:d Whe 1610 frominl et

t Ube 18 SW T.%I] aff SGP&TEYE%DQSHI (‘tGO %0318& %Igtllaige tuere hLIQ@ %Q%G&H{Q&E%'? Lar ates t he

heavi er an IIy eparate e entrai ned
liquid f rorﬁ’lteh@m@’agf EHTPdAEh s WSST‘HE“’%? W]eﬁ“ gaY EBHponehts Il grate towards
t he cent er cammgreas teatniive irghe biwe raipp ef vege 38 endtebt@tish2G wubvi hydrogatyen | | qui d
conponent s IQE(VI@W]]@ AR ey liq@ ) BveDASShObttn deBFREIGIL bibefidd Blrignd | et 24 at the

bottom of NGy C:cwnfSRert 0 pd 18 SLOURANRNLAADRL RGN, LhR,Lybe bott om end

14 it is adlvanta eou e SW ction roduces centrifugal
separ at i on ¢ Rieh*oFRE RSP W?lﬂ’ﬁﬁy%ﬁm hE ?lhcﬁ_épmél df ni A shed as the |iquid
conponent pasges! Huirougagtonchs Wigheorl§etsy Tmioe e T oHgrc Pift $2%kason there is
posi ti oned wich Bhddssbden FipkeTbhiod conhontiibedBuabdtdye bottom end 14 a plurality

of spaced apar tThl}égngEr!: F@st%%Lﬁ&rahtﬂo@%ﬂéﬁubesﬁ@%@ arkedged QU oh©4o sdpbrite 46 1S5 a
rectangul ar relatlv that is .secured to the tube

late
i nternal wal9™5E igy %m%lgm ﬁ'Dwe"l"e ?”’p a el tical outlet fin 46 is in a
pl ane of the cﬂngFFér’iOé@l11&3@W§6f9df°ffbﬁ5§ngf‘egnt°?ﬁ’§mf bREFTERITISE each of the
hel i cal bafatreleﬁﬁoy&&q aadl. B@Jretsea"mmmorab@menﬂwtﬂwlcem@sceﬁﬁlmhé verti cal

outlet fi ik Sﬂ?eéliget%c g@@x&t fée&echse\/\ﬂa{raj dz Qg"te@ﬁlt:;és an wWaieh sho®: presenvad by the
hel'i cal gaf | es as f{lﬁ.gF B ﬂow %%rngmeﬁovg Mrm@rsgelnywalﬁéug f’&l Q the tube can
IS

be att enuat@FB Fl'%asﬁ)e certarn m ni pum di stance is required
bet ween t heformpidyy adifst 1l 4 g1 ﬂbaHP?SF‘*e“éW@éP”%ﬁﬁg s e e 2P TrEal outlet fins
46 to al | oweitve T fubeEd of Govwfsplltknyse d@mt&@wnlﬂhmnblhlﬂsmm@aOﬁfbe‘i’e?ﬁaer nals are

r ecommndedsﬁea;ﬁfg%&%%fo &G elchetitiuth 1DASSE NGreQtibrebhiey tthie shott-omeend 14 is nore

near | y 8 |4 an{ ff t%llsQ\r\é\xlzts§ %beshé‘ ¥s S%Q:%.\Bﬁlf %%ﬂ&@%s\’ 1}1&%&1 1ﬂ ﬁ%ﬂf@'@ Ri:&o@@l GOf the

separat € assin t.om end % tube does not tend to
i nduce furtlﬁlé‘r*“b?ﬁgﬂ Hey ot 1%”?‘?@ P ?jwa&lc?n%’%tﬁ@ﬁl egm’ﬁbrvésljspec | caI ly, the
vertical outeedweBhe ohd wid 62464 hreltpriof %@Weﬂiﬁe}ﬂa‘f’%ﬁe@ﬁ@s%‘raﬁﬁgfgt hat is devel oped
within the int ekt Hee M;oxrottaméswdoﬁncd@astmmamemw:adorq@ame ot he bottom end

14 thereof but, NGO RN L el bikdr th ﬂhmc%a @¥es of b he vortex tube
I D so that onfﬂeE§Hﬁe(?laﬁ)é31 5{1(3;@“1 n nent s agﬁ% out var d thegbottomend 14

while tha g‘ﬁ%""”%é’ﬁiﬁrﬁ%afﬁ ‘é“r"“ge"_gp i FEi¥e m\ﬁ}é@rﬂaﬂn ecggaﬂt erior of the
swi rling wetbegiastes oy epwoives ff?ﬁ’s%“hd’ﬁlﬁf Phio W HEfER G §EE Bt et 20. 30A
practical Usgaek ofthaieemif fufdigabn. oy thiesd bt eetpeparatide vasx M ust rated in

Figures 1 thﬂ!ﬂ'}QQan@g&mﬁ b dubohbsidt thelo® Witk bbb bBootfutes-bBticRibepeRiing 081 X VOr t ex

rubes 10 havi onen n crerlsstics of the vortex tubes
illustrat edwbéﬁ%malgg %PS "W ?fm%gg31r§{(}i§£$‘o i?:dlrs % h 6 are nounted
erelatmnsh}p gtrv

as a uni¥® vmtthW“T§19é‘§1§éFr3E8“5Wﬁ°ﬁah“?W§ ofiggde g’f’% angul ar vessel
al t hough t hie ighapendfe ditelebdissafeyodirthebdotirgrestesivali ot % 2V fjF%e i nl et tube 18
extends to @ :ukh@Rgey 50t faat ssbsndsme.an end wall of vessel 48 and by which a

wet gas str eamfﬁ@h@wrpg F%ﬁ@%&ﬁ €0l a QJ}ﬂtcep@alﬂs ﬁk@ﬁd Q8 arffacmBsaalid8 for

separation of the co ents n.Vess the .action of the
vort ex tube ™ o FHFdf | frf§m’fl’81°§‘°e‘f51§‘rtlét“’elusadas 5 rom et%%aaﬁg%snlglnts ent r ai ned

therein. The gas accunulating in the upper portion of vessel 48 exits the
vessel through vessel gas outlet op¥ning 52. The liquid 5 conponents
accunul ate in the lower portion of vessel 48 and establish the upper
hydrocarbon liquid | evel 42 and the |lower water liquid | evel 44 as has been
described with reference to Figure 1. The water conponent can be w t hdrawn
fromvessel 48 through water outlet 54 enploying a liquid | evel control

(not shown) whereas the hydrocarbon or oil conponent can be w thdrawn from
vessel 48 through oil outlet 56 which would al so enploy sonme formof liquid
| evel control 10 which is not shown in Figure 7 but is comon in the

petrol eum i ndustry. Thus Figure 7 shows how a plurality of vortex
tubes 10 are arranged as a unit to separate the entrained |iquid conponents
froma wet gas streamin a process vessel. Figures 8, 10 and 11 show

details of the arrangenent of Figure 7 wherein six vortex tubes are
enployed as a unit. Figure 8 is a horizontal cross-sectional view taken



15 the inlet tube 18 that feeds three pairs of vortex tubes 10. Figure 8
shows as an additional conponent to the assenbly, that is a flow splitter
58. The flow splitter as seen in Figure 8 is fornmed by a first wall 58A and
an opposed second wall 588, the walls neeting at a begi nning point 60. The
function of flow splitter 58 is to nore evenly distribute the inlet flow of
the wet gas streampassing into the inlet end of tube 18 so that it enters
nore evenl ywhR®otRe Si X vortex tubes 20 10. Each pek/pihRodesst ex tubes 10
is substantially identical, as illustrated in Figures 1 through 6. Inlet
tube 18 is shown in Figure 8 with an end wall 62 that provides an inactive
space W t hi gerteiemd sshepiratwanen: Hhed @i sxafbse 02t saEhnst Ree hd i@t surfaces of

the flow Splﬁm&rﬁ&l el BedaBon I8 %HQ 538 S pazator sym,é&cé;eg@qaﬂ&e E&&HJ& # the six
vortex tubes 1 be on one side of

ol et tube: BETRIET R R A TO GO TR B FBHR PP R or Lex ¢ ubes
on the 25 oppwsfbedigisgeterrcul ate in a counter-clockwi se direction. This
arrangenment i s Fgeessdlyshw i Higitth debadesodneeat edirenti@ppassdigus des from each

other and t %@mw@@&ga‘,mggﬂaﬁgamﬁm@@ lm\‘textttfb@s mme\mame@ga;sdés@ﬁﬁuyof t he
direction Of f lc*'“ dla.I? ngr@% excaace& ef Oaz%flzrk%l ﬁgtarhbeq?fgsfslht?v%tgge efaCh of the

vortex tubeS™f fRer cl ockwi se or
count er - cl o&%W@é‘aﬂé‘ﬁeﬁd?iﬁ’&SBﬁn%élPW t”f’ﬁhg HEF icdieaff FRE€iaPe on the inlet
tube | eft owaigsiighidmetachaties ieghl adi28@Fiaigu egiexlifbeq izt shove fongshbyect i onal vi ews
of Fi gur & 8,:8heWirRY b Qnaf €@k vaRs Nich 1 St MR Ravt BBstdntMifbest athemeand t he

multipl e held G %%mgéa‘nfgkgﬁﬁﬁg%n&t{hy%wﬂs SRR LS d8labl ol the Tl ow

splitter 581 NC ow splitter shown in
Figures 10 &&d Ti“’ﬂ?""t“ﬁ‘é"ffﬂfﬁdwt ﬁlFfeﬁ“éW?f@Wﬂ%gﬁﬁéifﬂe%’S‘gﬂﬁl}” 66@3‘&% provi ded
Wi th vent openings sGdecfibratai-scomdrmabicd the injgh whe pdyess.u Musddvspara=wi t hin t he
interior of wbder dafll Rt wol UdQsEIH moROtIMR BeadhR@ief diopiSEY tdib-efibonedalns and the end

valls 62; TS8R0S 05 NAKE, 008 BLL! GAR o LDGLLOD LA the operation

of the vor ex ressure on the

opposed si dé“éﬁpﬁ‘f‘d#qééﬁﬁgﬁf’?‘E“fl@%y%ﬁaf‘%m’%gﬁf%%ﬂ%%@@‘%?"o"f r%@%ﬁfa *he walls from
bei ng di st omttewt shypmtbiies girdigd o Fuceshingirpsef veyEs 18Y @‘érﬁ@ use of teFj qures 9 and
12 show a s kdagttaluyera i-eriraiemn e oahi sve atd 60 tisheroinpliiendeitety thelstmet hese fi gures

{hgrelgs n%ﬁi&@:{w&w H@rS@B{P?g&gm«iQfTﬂe%cc‘é&ﬁgt;ﬁ&%oﬁ‘%&&uhmmtbu}[: t he '”'9 et
ube IS substan at S cep I gures
Eé fnac'te cmg %Eongfm%m% %he inl mgfd E %m G%EB§§ g -3

and 12 t Re consi st diameter. In Fi gures
9 and 12 the i nfigee 1 i‘it&é‘”"i%“@%’??ll‘f%% e ajﬁ?gél"r?é‘fl%]rz AT EFStT PeH Ty varies in
di anet er betwweniedagmicadjcda@®ent pairs of vortex tubes. Figure 9 shows the

use of four 10 %ieﬁzéfe;@iﬁmemzw@ﬁgb&ehl&e@mmtsElaistr}i fnd pREghy Y BF fe@Retnubes, al | of
wich have SRSl BN, L.0r60 en%sgeﬁgomp@oglgm;;@g,&gwie%%;ﬁ%@agd@asﬁhgure 9 is that

the inlet td our and 66D. The

porti onsof sPHEng 151Vt aof G f"i‘?@@ﬁ@éﬁ&lé‘“ TrEFE: “ﬁﬁafﬂ’r‘?m?sﬁ}@ THPYEFdi anet er i nl et
t ube 66A andbdreteeendeavhi-sircodcniimopdHirared dodiamdtdrr iges e i nl et tube
reduces. Thisgnall:08miian aRdRXest htbasuokaeach tpaiviuton veugosssf ul |y nove
closer to eﬁﬁé%wqwﬂshﬁldﬁammcm@my%;e%oﬁlésbe remain 15 substantially

i denti cal . suc ced di.anet t. formthe
vortex tube con%@?@ﬁ B?h%gﬁ%ee%%e%n{% acerﬁmg%gieoﬁmﬁmu%n 1n‘§ma§1n%5rmre equal

di st ri bubd ofetaryekieeyot Gresdoh te il forgagowrs %Wé‘f‘?‘}b’ 6ﬁ‘“§?“?fitsbut ed to each
succeedi ng patottSepafing\iomn the Xpirtt wrldecoad thits Heslogse Tof viidiraoof Bdiicedentitranet er i nl et

t ube porti of 66860308 EeR R fo@@ﬂa@mtft}%ﬂrp@&(b@ BRkpishiessentt &l |y the sane
function as i Q:g r&ybﬁ\é{sscg eol’% ﬁacée%lcl%u;s, Elbl%ﬂlrgglé ’rangeoofgtiﬂgaiéln mlﬁ@x succeedi ng

pairs of vorFex equa spac ong t he Iongltudlnal axi s of
the inlet néfiFErataeiemd¥i in Figures 8 and 9. Figure 12 is a
cross-segtional view taken along the line 12-12 of Figure 9 that shows the
smal | est dianeter inlet tube 661D. V7 Whi | e vortex tubes have | ong been
used in the industry, and particularly in the petroleumindustry, for
extiacting liquids and entrained solid conponents fromwet gas streans and
al so for 25 separating heavier and |ighter conponents fromliquid streans,
neverthel ess the rotation vortex tube concepts as disclosed herein result
in significant inproved performance. Further it has been | earned that for
maxi num per formance the various features of the revolution vortex tube as
descri bed herein should be used in conjunction with each other. Wile the
i nvention has been described with a certain degree of particularity, it is
mani fest 30 that many changes nay be made in the details of construction
and the arrangenent of conponents w thout departing fromthe spirit and
scope of this disclosure. It is understood that the invention is not
limted to the enbodi nents set forth herein for purposes of




.35 WHAT IS CLAIMED IS: 1.A centrifugal separator for separating inmscible
conponents of a wet gas stream conmm si ng: an upright cylindrical
vortex tube having an internal wall surface, a top with a gas outl et
opening therein, a bottomproviding a liquid outlet opening and a wet gas
streaminlet tangential to the internal wall surface, the inlet being
spaced bel ow t he top; a helical baffle secured to said vortex tube

i nt ernal vval‘,i,omﬁf,ﬂ%e and extendi ng from bel ow sai dytop.HEtssRAPOVE said
inlet to a | ower end spaced above said vortex tube Bottom and a

plurality of spaced apart vertical outlet fins affixed to and extending
radial ly from sajgh4pteiabwal | surface adjacent said bottom each outl et

fin having a top end.spaced bel ow said helical baffle |ower _end. A
Cent 11 ugal Sepdr SRorEbEESr B St ey St LSRR bartie i s

in the form of t%@"¥aced apart spiral rings each with the sane pitch angle
of from1l to 45 degrepdgehfwivial vatr inpontial an plcamiovall Arfgentpiviigads separ at or

accordi ngst o C aid Beh @661 t5@knthrdiRink £ Buiddafef dpenirgRbd Abet ZisRGSmeach have a
pitch of about ééet%m? U%Qa%%%%@%ﬁﬂ%ﬁfﬁgﬁﬁf%?%%é“ J_w%]g%ﬁ A centrifugal

separator according to aiml conf , unti ng thin aliquid
cont ai hi ng separ at of MFEk BEle SEGT Rgaid VPG T ore @ TRET ST EHEE wher ei n sai d
vortex tube | i quicd bedr duié top Opehdvn grd iget sarirear geidpacst abdve sdid @uaxduband wher ei n
sai d helical baffdeg;hower end is at the said liquid level in the vortex

tube. A cgntrifugal %&&ﬁgsg%?dﬁag&o‘y Lap&ﬂgt%%ﬂ}emo%ngg&&@gg%hy\een 3 and 12
} .

of said spaced aparf ou A centr al separator according to
Claim1l where ed®REGEEFHIE @‘Ffa“l‘ia‘?;ﬁ°?n§saidﬁ’°%?mp?%%“ﬂ‘3fﬁn§‘a‘8’§5|aitPﬁj?nF cal axis of
sai d cyl i ndri calspawedpefomaif hglival baffle lewsntrdi f ugal separator according to Caim1l
further conprising a short | ength reduced di aneter downwardly extendi ng

tubular Tip Secur gl .Sabdl UOex clbtPLulAh AN GORGE Bl kLo dh and
surroundi ng sai d gas outl et _o%en%n%a] WO 2%0%?2825%(4U82%081080707 8. A
centrifudadl sepdtiPF L BFFIPHG T B dMRP7 VR A" 81 4" €8BI ar 1ip is a
m ni mum of abouthdizimolnd n 1 ength. 9. An inlet device for separating

i mm sci bl e conponents of a wet gas stream conprising: 5a cl osed vessel

having a wet; gag M%ph%r%&curdﬁ@m WRRES wiAS sQtteki@l bamd bpirhie@g @ NE,
have a pitch of about 15 to 3¢ degrees from a horizontal plane.
20
&, A ceptrifugal separator according to Claim | confipured for mownting within a liquid
containing separator vessel having a liquid level fherein and wherein seid vortex iube
Hquid outlet opening is submerged in the liquid and wherein said helica! bafils lower end
ig at the said Hquid level in the vortex tube.
25
5. A centrifigal separator according to Cleim 1 having batween 3 and 12 of said spaced apart
outlet fins.

6. A centrifugal separator according to Claim 1 where each said ontlet fin is in a plane of a

30 cylindrics] axis of said cylindrical vortex tube,

7. A centrifugal separator according to Claim 1 further comprising & short length reduced
dizmeter downwardly extending tubular Bp secured to said voriex tubs top and concentric
with and surrovnding said gas outlet opening.
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.lower liquid outlet and having provision for maintaining a liquid |evel

t herei n; a plurality of upright cylindrical vortex tribes each having
an internal wall surface, a top with a gas outlet opening therein, a bottom
providing a liquid outlet opening and a wet gas streaminlet tangential to
the internal wall surface, the inlet being spaced bel ow 10t he top;

each vortex tube having a helical baffle secured to said vortex tube

i nternal ma%bmﬁg&§ﬁ§e and extendi ng from bel ow sai GpRBukey@oOvVe said
inlet to a | ower end spaced above said vortex tube bottom each vortex tube
having a plurality of spaced apart vertical outlet fins affixed to 15and
extendi ng radi ak kathb® S AdrAoch@ing 8)Cid P enddit ik ABli W3l » stttace adj acent
sai d bottom eaaglt %chﬁ&giin having a top end spaced bel ow said helica
baffl e | ower end; and "a horizontal inlet tube within said vessel
connected at an inlet end to said vessel wet gas streaminlet and having a
separ at e si dewadd inlgdtvicebr sapaimzigrifdt camcimtsdp et o siteex camgiirgeach si dewal
outlet being in conubGaid Rk b g etk bfd: dablBfley\Rleaga®, St T eam

20i nlet. 10. A”m%géﬁ%agﬁﬁhﬁﬁ“ﬁﬁﬁgéﬁuﬂkhﬁﬁ Al QeyheLgin said helical

baffle in each o vortex tuhes 1s 1 n the form. of spaced apart
spiral rings each\ﬁﬂ@@?ﬁ%mﬁgﬁﬁmﬁw?gﬁmﬁﬁ%?5“%?W?$%WPTMP§BE§gﬁEQrees froma
hori zont al pl aneter Wis atas outlshoreriediereica ot ydBe dliny ovEt TPHiesri0 wherein said
hel i cal baffl e &Pk adeast bRYSginbal @okdinehal 8al sokfv)tht Blet beitb@decshagova. pitch of
about 15, degreeg,ffoma horizontal plane. 12. An inlet device according to
Cl aim9 wherein said, open tt.om,of h sai.d vortex tube s 30subnerged
bel ow said |iquid IB9& ﬂe’éﬂ% aekieg\f’algbg?ﬁ?jsehuéeflicfcsé_l?v?)r%f P%eemtf%%?ugend of each
of said vortex Tfresd Fngee Fm Wlorght (o vEplYesd Aid 19 ¢ YT Bel . 13. An

i nl et device acaekdidrgrt BbeGo@ian 9 wherein each of said vortex tubes has

bet ween about 3 anqmﬁb&%ﬁuﬂé%&ﬁgéﬁﬂﬂ%@%@%&%ﬂwapﬁhﬁﬁ%&kiﬁﬁaﬁmﬁui|et fins. WO
2009/ 073289PCTMS 008.0%%%97ﬁ14.An inlgt.d%Xi ccC ~9£ﬂgu%8m&3ai”‘9 wher e
P o€ e @bl gy

each sai d vertiTaf*8 “ane
each outlet fin having & top end spaced below said helical baffle lower end; and

a horizontzl fnlet tube within said vessel connected at an inlef end fo said vessel
wet gas siream inlet and having a separate sidewall ouflet opening for each said vortex

tube each sidewall outiet being in comsunication with 2 said vortex tube wet gas sizeam

20 inlet.

10.  An inlet device according o Claim 9 wherein sald helical baffle in each of seid vortex
tubes is in the form of two spaced apert spiral rings each with the same pitch angle of from
1 to 45 degrees from a horizontal plane,

23
11,  An inlet device according to Claim 10 wherein said helical baffle spiral rings in each of
said vortex tubes has a pitch of about 15 degrees from & horizontal plane.
12.  Aninlet device according to Claim 9 wherein said open bottom of each said vortex tube is
30 submerged below said Tiquid level and wherein said helical baffie lower end of each of

said vortex tubes is at or slighily ebove said Liquid level.

13.  An inlet device according to Claim 9 wherein each of said vortex tubes has between about
3 and about 12 of seid spaced apart veriical outlet fins,
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cyltndrical axis of said cylindrical vortex tube. 5 15. An inlet device
“according to Caim9 wherein each said vortex tube includes therein a short
| engt h reduced di aneter downwardly extending tubular |ip secured to each
said vortex tube top and concentric with and surroundi ng said gas outl et
opening. 16. An inlet device according to Caim9 wherein each said vortex
tube has therein a tubular 10lip of at least about 1 inch in length. 17. An
inlet devic ing to Claim9 wherein said hori i t tube has
spaced aparﬁmgéﬁﬁég%f said sidewal|l outlet opening ﬁﬁg%gﬁﬁkggfd vort ex
tubes are positioned in pairs along opposed sides of said horizontal inlet
tube. 15 18. An inlet device according to aim117 in which said inlet tube

is of substantially constant di ter faor its.fu engt An inl et
devi ce accordi n@”t%“@l"ﬁia %??ﬁ%ﬁcﬁﬁw wghiaf-dg a%@tgi&af)% Ipﬁég{aﬁio “diverts the
20i ncom ng wet g@@ﬁ@ﬂﬁﬁahﬂﬁﬁﬁﬁﬁﬁ§”§a@g*sidemalI outlets. 20. An inlet

devi ce according to Claim 17 wherein said horizontal inlet tube is tapered
in width in.the,difealiORoQUar G 8 vhiabopaidvotk MbombiaNs hukes. 25 21. An

inlet device accorg%ggg%gﬁg%g&épéQ%m%ggggkgﬁggﬁgﬁhgg§£m§HQEmQQdIayered such

that a final op88§ rof said vortex tubes are at |east substantially
-conti guous as t ek el jop e pespenE i gpdgiprounding said gas outlet oponing. ;

16.  An inlet device according to Claim 9 wherein each said vortex tube has therein a tubular
10 Yip of at least about 1 inch in length.

17.  An inlet device according to Claim 9 wherein said horizontal inlet tube has spaced apart
pairs of said sidewall outlet opening whereby said vortex tubes are positioned in pairs
along opposed sides of said horizontal inlet tube.

15
18.  Amn inlet device according to Claim 17 in which said inlet tube is of substantislly constant.

diameter for its full length.

19, Ar et device sccording to Claim 18 including a V-shaped baffle that diverts the
20 incoming wet ges stream towards said sidewall outlets.

90.  An inlet device according to Claim 17 wherein said horizontal inlet tube is tapered In
width in the divection towards a final pair of vortex tubes.

25 21, An inlet device according to Claim 20 where said inlet fube is tapersd such that a final
opposed pair of szid vortex tubes arc af least substentizlly contiguous as their exterior

surfaces.
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