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REVOLUTI ON VORTEX TUBE GAS/ LI QUI DS SEPARATOR

BACKGROUND OF THE | NVENTION This disclosure is to a
weymvem2snd a nethod for separating entrai ned PCT/US2008/080707

i mm scible |iquid conponents froma gas stream The

subject of the invention generally relates to

9 YOl SORTRSPR A ST 1A SRRl (°

in which the liquid phase is a m xture of an aqueous
phase and an organic or hydrocarbon phase. Separators

of this type arg,EXRIRGHNY O fovrRPRSY S that may be

at at nospheric or above atnmospheric pressure. The nmain
f unBhis discleshiretihdo 8 sysiamaenst 2 BYHod fr GParBs FRAEISHiRiscble liquid

°°‘E‘F Ong&gﬁ&ggtg%siﬁgm_sci bl e phases of a process stream
e process streammay be in the form of g

¢ [ A .gas that
car Fhee®bigeh pf e grenfpRvisgrsraly aelpey if ¢ Ghifhase) separators or
cal/hREHARHA [y Fﬁa@é) @ pe@flort OTRSm@ntiokeihayJ @8 b placel il iich the liquid

function of the separator, of this inven [

phasg P mpxaTe o an aqgeon alms?jar@&ﬁﬁag?glﬁ {oF %dr?ﬁa%tm? ggzisg.t §e$ﬁ%tors of this
tyRUkdNbically ptdaess SeRas dhiQhaydbe ablito@haic & hb@ammdspiatic pssus. The

gas streamthat is relatively free fromentrai.n
et PP, o s S PERERY oPHBHE & OCRFeE SEFGLLs ghess of

préte® shasd. Tad biycapptdanalyeetin the dorovdfregs thaiguairibs dith pearnsighiscible
.in a gas strea such, as in i.ch :
P R A o 8 o 3L s o
thiwkrivertioh seto Isépgtaitedoutrghe Ligeid poinpaeit] tg piomide lakethf ortwtoft the sgparator a
w@nd .« enovi.ng | G i WA he gas

A TR R 350, LETALLL Gy Ses SR e e 0

t he Tt syslams aicdhmethedsfaf s diseerrse basivells aplipabls (grfemoving liquid
d19§%r3691ﬁ12 2 F%}ssétrga%{] Gl lag % ISR 1 idtiQO%laﬁ&ﬁﬁit@@mhﬁﬁé J&g{_i)ared to the

_ e second I nstance the separation process is . .
gagyendan avhicy thediuidmesgl be primarily 1 Ge foam @& gas apdygmoving gas from a liquid
stroeP A G the £RMma5SP3F Afeldfilel| kifidll HofPTRQBL ALight) HORE regRAS the

streamare conmonly utilized in é‘he oil and gas ..
FpRSES  SCEMABTYTTRSRIS ) S0 [T <yais o7 GERACTE o i sccond
indt@kd Mk RParaih jBSss REQSISI BBrednds Aigeiddbgesinged in the

m ni_ng |ndfustr%/, .ggﬂlem cal BI ants. water treatment . .. o4

FacPRFIEST™ SR KSR BT S SR CBTeat Paceit PR oieed o
theTGNAHH @64 ibduistg speaifichliytih i andJepapditciian oib fefinimprastgas pwcessing, and
o SFERPSTH s By M5l S-S SRS R FRIE2 b8 e
plg}tmﬁbb(amichﬂtcaliqunufabI&ril][g,fadilit@fS. mass towards the center

0 e earth _or e rtlfL.Cl I ayi '

b BT e S SRL B ROL) b Pl bl Bl e
griNaty UBabitygraa bk teifher satusLigtity, theteig thy/pyll ofihase toxvagds teagppter of the

callRVok .Q%atje ﬁﬁdlm EraGIRNDRN €At b & ApMeseal byWtnfitugal separators.
provides a quiescent zone, that is, a relatively

Naiwreli savity ireguallyviseoinnBaiting hafeaa| PGS inggpiayplp gomponents info a vessel

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

to act on heavier components of the stream and move them into a downward part of the vessel.

This movement has the counteraction of the lighter components of the stream migrating to an

upward part of the vessel. In this way, the heavier components, that is, liquids, can be withdrawn



10

15

20

to act on heavier conponents of the stream and nove

theminto a downward part of the vessel. This novenent
wha®ovrmescount eracti on of the |ighter conponenkGI/U8200$1680707

streammgrating to an upward part of the vessel. In

this way, the heavier conponents, that is, liquids,
fro‘l“xﬁﬁle l?o%v m&{] 8’:[r tﬁwésgeq q}l& ﬁllg Ii %ﬁgﬁc{om&;@l{eﬁs oéra.tt1 egt %{leg %ﬂdra%chom an

t er conponents, gases, Withdrawn from
upaﬂpelrft)pfethe‘fﬁaﬁet of the vessel Separators commonly have

an 50l TRSRALHMHERS & BRL Abma8fh G6dofer (P doBEHGEE0t BEuce the

nmomentum of the 1ncom ng streamand to distribute
el ingBing S gHRng %% diglaibute Hyf 2ydgasarithiorhe geparator vessel.

TH kE GneBREEYHInaRIHALS pliﬁkelsé}iaiahéﬁ BEIPNRESEORMERL | ON
i nsi de a seyaar at r vesse ci al aV|t can

be
genéFEcBEBY N R El§@lef5’feda](’y\7€%”(58>?fi’ u%‘%ex D FpgS: Apvoriex tube is
typEdlly X elbrpard infoe hyrpihaCadyliNdrizal ittisrall elcht isybefertialy vergcatly mounted

oG Sl T SEy Y5 B 0 SHER T o e

mote fttah ©ad isyendﬂnmdl)d’raﬁi ah afg anangecT be thaoweteges tlotyng(thereie dapigentially
be if et '
PR B LTS IED00 SR RLPUE B DS R0 LphS rc
cenmﬁealsf‘emb ghat freapph¢detoi tbqr cmdnermef, ﬂteh@nvitﬁr&abf@rqem@m@ move the
heg\h&%m ngﬁ{n ttllé] ethé ﬁ%u?c[ &dﬂ(spoﬁ@llt Ito\£7 dst tH@ (VQII?Xf e Q/@Ltte@( tube while the

centrifugal Force t to the conponents,
hghwecm:r@nnan feag) & fofced towawla thy m’q@'lor ef thptbe. tihe tRisakogex tube, the gas
is %ﬁ@%%m art §REr deSiral wﬂﬁx \A’R&Hingﬁlg FRPGEA Lomb AR FRittdREm from
wal | of the vortex tube Il e the |ighter conponent
a ayidoptlstén thobetion nogitarde the interior of the tube. In a

t y PirgidlinRidnenerdit Rea sshen ﬂﬂsmbtﬁod/\bﬁlﬁlgﬁﬁg/\@ sgﬁa%ﬁéralﬁtemal process
per. centr al vortex open

In
apeg%ﬁéﬁpblpgﬁ%\ﬁflm AREX fubg Icﬁg N Yolrta)m:uﬁie 8]Bft13r uljn i3vortprg tube cluster,
eaElQﬁlﬁeQ’gdeWé.E inl @ﬁro@ﬁnatd[}&eqtlau pextiod bif the intvneg ﬂ@ﬂsdmennm nis a

sys S ator intern

o o b gptl b o e S R B Rer 1 DB B e ot 0
diglosue fdfeeehcé mbyebs:}iadm tia Tollowing are\nousﬂ}elXSubd,IUmtedlSttksetse)atents

each tube receives an appr oxi mately equal portion of

FRY i ncon™ 8% | ow {ffeam For additional background
Nepbesrmation relating to the gener aI subj ect mater of

this disclosure reference nay had to the foll ow ng
331N ousl Yict%Esued CRIFTEIS Qi‘sé‘§d patehrectinpHiepht 10X e

I nventor Title NunBersBzH86m 816 M czek Structure For A

Gas and Liquid Contacting Chanber In A Gas Effl uent

4F§§ eESS I NGBy St em @or&a&n@%ariﬁhggfﬁérr@ﬂ(
Cont act - And- Separating El ement 6,576,029 West System

For Separating An Entrained Li nt Fr
6(%56&2%1: rpe a}bﬁa st 9 System For Sepgratmg A Entramggﬂg.ud%mgonent F?om :6 Gas Stream

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

6,709,500 West System For Separating Entrained Liquid From A Gas Stream Using A Sloped

Vessel



6,673,135 West System and Method OF Separating

Entrai ned I mm sci ble Liquid Conponent O An Inlet
w@eeeam269 709, 500 West System For Separati ng BrCT/EHE29681080707

Liquid From A Gas Stream Using A Sl oped Vessel Pat ent

Inventor Title Nunber 7,001, 448 West System Enpl oyi ng

Pémybrtex Ermder Tube. For Separating A Liquid Conponent

Fom A Gas &} eans RY OF THE | NVENTI ON The
N'HRfenti on herein relates to an inlet device for

eparating imm scible conponents of _a wet s stream _. |
7%8)’%% nl et\%‘a vice" PSRRI éeﬁ‘i“?’ﬁ f ﬂ‘&h\l\ﬁ“%g%érsﬁiﬁé?ngf‘b%‘q“‘d
separating i nmi sci BimporesFBAcATSEeEf a wet gas Sstream
A "wet gas streami as used herein refers to any stream
that is essentially gas but that carries with it a
liquid conponent. As an exanple, natural gas that is
recovered from underground formations in the earth and
that is a substantial source of energy to nodern
civilization, inevitably includes sone entrained
liquids. These entrained liquids typically include
wat er, hydrocarbons such as crude oil or crude oi
havi ng water m xed therewith. Wt gas streans can al so
i ncl ude processed streans, such as encountered in the
refining industry or in other forns of chem ca

manuf acturing plants. Separating imm scible conponents
of a wet gas stream can be acconplished with a
centrifugal separator that includes an upright
cylindrical vortex tube having an interna
circunferential wall, having at the top a gas outl et
openi ng therein, having a bottomproviding a liquid
outl et opening and having a wet gas streaminl et
tangential to the internal wall surface. The
revol ution vortex tube separator of this invention has
a helical baffle secured to the vortex tube
cylindrical wall interior surface. The helical baffle
has an upper end that is below the vortex tube top but
above the inlet. A lower end of the helical baffle is
spaced above the vortex tube bottom The function of
the helical baffle is to assist in maintaining the
downwardly spiraled centrifugal rotation of the wet
gas streamw thin the interior of the vortex tube.
VWiile elimnating free-falling of liquid fromthe
inlet manifold level to the liquid interface and
ensures a snooth
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entrance angle of the separated liquid into the liquid

interface. In sone instances the |ower end of the
wawex2sube may extend into a pool of |iquid MT/KEBI908080707

vessel . In these instances the helical baffle my

term nate approxi mately above or below the |iquid

level. A pluralit cal outl et

fins are att acheﬁq@ﬁgﬁggﬁe @ﬁgpﬁ\fy fromthe

internal wal] surface of the vortex tube., The outl et

f i ndheaimgenpeRsherq Frstles 4ol Paiish ViR EonERAGHE SPmisHBlosgppasnts of a
wit Ypestrad. b8l ailet ARicEOlst @EMne D dexdiifufdl Qegaphdrcfad sepabfidgeimmiscible

I'n anot{1er enbodi ment the invention is in the form of
COLROMR 812 WG TEFor separating i nmi sci bl e conponents

of A ‘et g@a@reaﬁ’r ssauped hatinirefeds uslesy streaihabeds veesielly gas but that

sstre |nIet u a ut | et

capjgﬁswlg‘oﬁe 18“ rcofnlp Olne|nd Stit et AT r?ge hrg\g‘rn pfﬂcl)é\% i reCWFreé from
undepuotiall formgioas lin m]rw ehrth ené | thdt hie raesubstanfap bawra! oft wem‘y to modern

civt ﬁ a]m%h gne\g’ %’alb \}/qgcrh d]%ée‘iogléa%h{raqﬁ(edtlggﬁ%s 4 e &19%&1&& @cﬁltﬁg t}ﬁf {aﬁﬂl fhelude

vort as an
wagsy] hwmcarbms el ks swdd aik or ande el dhvive Matex mixddethprawitiat Jyet gas
str\éanf.shcaﬁ a8Snc P?Jcesgéaeg@ﬂeg}gs NGl LicReouftcRIGE AN LEAYS By or in
i out openi ng and each vortex tube has a we
oﬂya@r@ﬁ pedhgmical mﬁ@f@wa@&\alws t Prppiebie mamerdne pappopents ofen wet gas

stk €58 2 blishéd G & ceﬁﬁ%galnée?&aﬂols th%pﬁﬁﬁldesbﬁj @Wichh 8ylindrical
top._ Each vortex_tube has i cal fle secured to

voptpetubariag a» fphrana] sifEmia gyl aye éﬁ:@e tOP Re&ahitietopening therein,
habag b Ib&’coﬁi(ﬁr@ﬂ@iih@ ) 11!}11’1@ ButlRebgeMing Bl HaOE @Xvet B QréaaPinkutangential to
above the inlet. | oner end of the helical baffle
the wiempbwalfi{iSve the vortex tube bottom Each vortex
tu b&‘heh@&oluﬁdiﬂ’ﬂbﬁb;ﬁh@é yepabioy €f this énvieicnaias h hejithiObafile deeired to the

o] | ural.i of S t.vertical t
PP BbE iR B D il SR R cpeP TP 55 1 Bt A b bl e
vot'tbbbﬁibct 1o dnindbvend Inles UA flevese endeafche Imlitdl afTIE igsph@d above dip vortex
ﬁ anaced bel ow the helical baffle |ower end. A
or | zontal inlet tube is formed within the vessel and
i s Tonfecioadofahe Aelichlnbadlle rio assist tithmaingsided thaetowywardly spiraled
ceﬁth%u%gl%tl«l neotf th% Q\g:t %?%tr SARA tﬂ& ﬁte%bg@@@ \Jortg}w:ut)é:3 tWhl].C eliminating

I ng e vortex tubes. The 1nvention
ﬁd@éalbmmofdmyldb@np tbacnlpfc@@nfpw lgeek toethe ligdd gy fag pidogigures a smooth

enﬁmp s AP %e%éﬂa@ﬂéd%qhi‘a%o AR ik SHd o th 58S B arfcE OB Bwer end of
wet gas stream na e treated within the vessel b

y the
the g@ten fubs @y GrigREH ¥°p‘|‘ ek &F Ut Rithg ac5ePle STB dhfse instances the etica

baﬁie@ﬁ@%ﬁmaﬁlaﬁﬁbimﬁ@y abdwRlogiBeidnthe GQuid RFEIN. However, the
i nvention herein is not related to a

anc ARG EQu SRR BRETIGYA i BRAHCAA /B SaEpiend ety fom e

inéehl veatl siltfﬂﬁ ogas hbituiits The pateaiinarOfositiohe addjaventhe Gottom of the
taII d i nsi a.s rator vessel with a
Oﬁtﬁ%\“? ﬂ‘ﬁtthe%gtt‘&n ﬁ%‘f‘ﬁ%ﬁ“ﬁ@oﬁb %nsion of the inlet
noza GEnotHe!O einBoditheidels: aventipn &f @rtabfymast angied deviceptor [sgparating

3 1sc1b¥ e(iro%llpgr%lac)éf POz %LL, 8{%@% i e 1n%fu£1(gearc o?écp\?es&{ hJVH‘% V}/et ?]s stream

1 h vor € SCoops o a port (0]
infet, e dpplet gaaofiilegmt teags o lower bqunfbfaﬁlﬁt 4N daving gravisipy for printaining a

hq%(f 1V hefetn.t %bﬁﬁrahty of upright cylindrical vortex tubes are positioned within the

closed vessel. Each vortex tube has an internal cylindrical wall surface and each vortex tube has a

3:%
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will receive an equal portion and make-up of the
process stream The inlet streamenters each vortex

wo ee/orregential ly, initiating rotation w thi nP€TES2008/080707
tubes. The swirl inside the vortex tubes creates an
artificial hi gh-gravi ty field by centrifugal force.

t s
toé]lwgllfl Wgasg;luggt tg%@{l gael}otlag% (%H;\)/ﬁm Lqu}gbglggtl gﬁneng%eﬁld%g%l vortex
tulpethas hwetmas Wﬁm ix@‘ﬁs sidewallethqrepf |tamg<tnﬁe1 te Gatietprnglfwallisarfag Rhe inlet
is gﬂa@eﬁtb}ef&ﬁ/ the %Qr E&% voltBEbeERsk ta%eﬂc@lrﬁaﬁﬁrbe&ulﬁ% th @R \Qf’te)g f36e internal

| ower end of each tube is subnerqged

wadl sgﬁwﬁbe qu'hEﬁh |b6fﬂ9 ﬁ)ﬁ@@ll@fﬁopﬂgl%tbgyg{eé fube o bart above the inlet. The

loRsHRARS AR HeBoal B i1l @Ismedt Aaevel tﬁ‘é/ﬁtheJ@ﬁlbé mtomo r t ex
interface inside the t

be. in
ves Sah vedex: it bass ’InB“&Fd}aF?lﬁ ‘H’@Vﬁ‘s‘g ‘ﬂ’é‘hH‘@P 8%1 °f Ppefl?g arPh“ahty of
spékfé&’ alsaemxxéﬁmau el firgasiled aul m‘aﬁexwmag addlly ﬁldhi the Zbitx drbeinternal
ener |s d V|ce
i OB AN RS L B P "o b Y B PAe over &1
Fur tAhﬁﬁmMae 1n1di e defgmed vﬂﬁmsth@&rsm br@inis lcmnamdeattah aawghto the
veg\srglavi/et gazlisbs ea 111Fé¥ andnI ea! sedaera\ilté s%gffwall out?ﬁt X oe%ng)for 6#(9‘1 of lthe vortex tubes.

0 a Wi ng
Unl frkaemmnyn berah one bd emp@oeé n Ydaﬁlsrlewog wéricos shapestasd orientations

anll qgsldogusc@dsﬁarg\éeﬂa ggglp sﬁéamwglh;( eatg@' Watﬂ app 'vas%atﬂ, B8 use of

racteri zed SUC as crud
regrrotdd eiakesnpagkips |ce9é¢smr>ps elelagltwlepma% ftebis ting lse rfogns H@WPVCI the

1n$e@£6nqie%ﬂﬂls hﬁ%lét% an};r Jﬂ)@mﬁ@éﬁ@ill%'&:@lﬁpﬂ&ﬁ L& 0&%%thﬁﬁpveps%l

I nst | verti cal hori zont a ar at or sof

al | qu »zo@gx tupe g@ﬁﬁﬂ@@mwaﬁ%oﬁ tlnq iversiop A1yibh gmfaf%sﬂmnflfiegmepamwr
ve%@pQEH %@%_ﬁnﬂ)% i l—hnhd??@ﬁf?l é;‘(lfegﬂﬁl of gme AROneERAUTEEx tubes are

rines e hi gh-gravi ield inside. the vor

prefprably peaneedip AP A 4113 yeiealy PRfiRPEho aider %epq ﬂn.‘-é%dy ER2Evorex
SRR @ Por@ibn LI R R6l FbE thefiflonuthe TRSnuph askat aRR6ktex tubes

nor e thoro h de?%FS|n% é the |i |d phases are al so

e up Pk

W‘Qé‘f??‘@?/@bequ ?%rg?esso it isits
destThdlintet arvamfenfetadath idiiex wbe tﬁgenhalbe inttiatisg sotaion ayithih the tubes.

de a1¥ 11{%{;1{&@ g?rkefc nt‘l elts tcgeév Iai 21[%1%0 a Eléi’l @Tav%ln%qﬁ%gft centrifugal force.
qumdl nigrates tolwerdfthy tuhe walh gdema iadriion dofnwaidbaral] qué afithe tube through a

exl St (0] :
o) R GO LI TR LA S0 Pl o
thipnghethetoy obthe sbpalbe lower. endCofapel bt i sutmipaged di ff@,i)@lftgd’déld phase of

th«%lgegllrh‘&e STtﬁJk%bﬁlan%e HRRRE WO LR O RO Rx %ﬁa@%@iﬁe @k tube. The

Since the vortex tube described herein is very
ligadflevest imke YomscHis serrtepllpchi theoam mapneRpit it a1y gopventional gas/liquids
sefdrdtbd nates the influence of foamin the design of

Separators. Furthernore, the inproy

s e p AHHEPD Fhe aiPleh MOmMPRIR P  B5APTHF Dighe é?fﬁ\ﬁ%s g 3%?%@8’&%‘58 rapid,
co\/r@lidﬂ PBmAS Qbflak@6n. f Dirthd@ior tienBged of Par@iB is more thorough than from

other inlet devices.

The vortex tube is applicable to a wide range of gas-liquid ratios. Unlike many cyclone
devices, the revolution vortex tube of this invention is well suited to applications characterized by
high liquid loading such as crude oil production applications, as well as to higher gas/oil ratio

applications. The revolution vortex tube can be installed in both vertical and horizontal separators
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phase and degassing the liquid phases. The result is
that a higher separator capacity is achi eved per cubic
W0 owv/ovf28separ at or vol une. The i nprovenent i s REF/YS2008/080707
significant, from20%to 500% depending on foam
severity The greatest benefit can be expected in
| : .
ofh 89, L8} FoneB b Sy ETh Gna il LR PRI o, anc
pwduveeirbrlnwn can be utilized. First, in new separator
ap p&h&lﬁgﬂ %Qﬁ;@ie\’cﬁﬁsﬁ&é th€ %}te? @ubggftbﬁgﬁgsebﬁaﬁo%dﬂ?ﬁld phases. Rapid
process”v ulrenents. this way a separator
pn@&w fsparptiog i grding srmzfeﬁowegw th‘@ sggd gpore feraygh degassing of the

11qtﬁ§1qﬁ9ge@511emsataaﬁa@al Y8 wh ey, Qhd g@aése béﬁéﬁ‘! is GRdeRRSHMEam. The
he cost of floor space is so he second_way

is
voptgx Wit 2 faRid dﬁﬁf\yéﬁ f%ﬁ’emt@flts ﬁﬁgmg Bﬂlfl% ROFRPBE S >pther types of inlet
debigdst @b tsbdkgo bdinim {3k Ehe@XcklB dtg@gwﬁfbﬂ af it Qh&d} extisting @oam problem in

PR AP PR SHICHER Bh EhBIPET A DR T Len egpm of

sepaidibfV iCogvetshig] the perdxonbmmiizes dha itléti rSorvmyuns @P@AbdAbE @batement of
ffaC|I|t|es choked by foam can be de-bottl| enecked and
°Hich hi gher throughput achieved. Since vortex tube
co nﬁmmethct sorm abedsenitei hdrbiy istvetydffastive lredestoayimg foam, it minimizes or
19n(i)nra}é§ Hle 1¥ce %? fotal%lﬁﬁ Iaqetdlg &uc%ll e}ﬁ “%h%%r@ﬁﬁq%g& rimary
an exi s vesse Fo OMAn four s
sepaedtlatl eldﬂbwsoectuhfeonpé rtlfeoiowampem @focess vplawe mbegi far éemlstmg of the gas
dYHERE Mrnd ?c'léih%hl {8raldk 88uLial ik achieved
phg%% e}@%m? E%errl]hﬁh EH hl nFet rraérgll fold t ogi%er eﬁIis as- | &a 16)1 Aemeve
pef pubéy foafc@f sqpatcielune. erimpigvenicnt isiysryagrileoant EPIIH 2\% ferp00%,
degaﬁﬁlﬁ r@MBhR skiviyde Th Groweli tRNerk WRE be %xpe@@g if i FVIidRORSw rate
hi nders separation performance; and 4. Liquid
SRy - over whi ch may create excess liquids in the gas

out Irdre Ae BIORAR MVYvEAI BXleBT dflIG Vo6t RKe subie saveRioh Ba be utilized.
the liquid free-falls fromthe inlet mapifold |evel

Figgh | ing10 SR5FID PHERON A ol BPr e desined g Tediise P, volume

re@lﬁ%ﬂéﬁtf) Xn &Iﬂﬂﬁa}d@&‘@arﬁltﬁi cal @V edadey in $itee vaighisand nsstt.aThied especially
the tu wal | s e | ear ned that .the

atgaciiye ipg %mgpaaplbc)% 0P 7% znf:r}c;}%lg cgst Cog ﬁ'ﬁ?r Shage fsuslpr%‘u% Tthﬁgecon%way 1s to

expilt kg adraitaph efthe mmg gube ®|ytr¢tmﬁtting itdotexistitgosepanaors ifqquhedpurpose

ofJ 11}666&181{1%&1611' ceipa%ﬂg/ reguc]gn& oa mm tfln% + 1r h&d&?ce oh %ﬁerx&@a!l ldéf@&ners, or

1rriproq1mg dheirrpediorirane. [Tethis wirsepshasion Gsaitis Qho}q%ilsb}’bfe@n can be de-bottle-

necl?eg aﬁg utcfl1 %%ﬁhgegh*oﬁgﬂgaa ?{a il &5 §1?19é"5(§'@xttﬁ’oet Jz)ﬁlpgﬁéﬁﬁseﬁfe essentially

ces can substanti al Iy
tu@llarrﬂma@ae qon‘(?me@lﬂyf b talgra fhrouggamanyay rad fapsgimbled desiglej agnexisting
vaMf hin a vortex tube induced by the tangential inlet,

a vortex is
The following four problems related to the performance of vortex tubes are addressed in

the present invention:
1. The free-fall of liquid from the inlet manifold to the gas-liquid interface surface;
2. Control in the vortex tail which must remain inside the vortex tube;
3. Gas carry-under which hinders separation performance; and

4. Liquid carry-over which may create excess liquids in the gas outlet.
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formed below the liquid interface. Gas present above
the liquid interface is re-entrained into the vortex
Whg0ovlzs289 gh- vel ocity |iquid stream plungi ng fPCNHUS1968/080707
tube walls. The vortex nust be contained inside the
vortex tube. One option is to provide a solid baffle
und t . . ' i QUi .
ol Bl kSl Bl HRE o BaCRPRARA SpOENELD o o Hanii
le\feir @M@S\Eﬁé’pfpﬁge tgqred interfaescint thi dube GA¥han doitrtes teleecdnss nef have any
1mfe£1915niﬁsﬁﬁedV&1ftL§ﬁ1bé %Ql‘fs (GRS el RMarmbd) fhatle ﬁé\lnll &5l Ba approximately

carry-under. In designing and operating a vortex_ tube,
ong poretigtie i} Qrethy tibe walls anf Jiep eluage Y?Ht?hl%‘éo“ﬁld§f§|ﬂkﬂ ligidrgterface. In
othR Svof B fhY 14Bd s felRRiRURR a3 MBI SBniRRCRRE Al B8N0 the liquid
. vaortex tubeﬁgenerate oam above the gas-liquid
infeyfgcg foreldnthe fRE- can choke the separator even if the

f oamhwARedlesre@ittyat Aelschr 1AYred sdetired haha e Xibt thendwell blfaces can

i gh orce am can be recreated outside the

“@%&P@W Lﬁﬂ@wiﬂglgﬁeEQS carry-under. Gas exiting the

bot Dagnoate fitie rMﬁfdl@Nthiﬂﬂ)@orﬂﬁwba |1181ﬁc£tliyahld'1tah@nﬁaﬂ édet, a vortex is
for\éxwgetsﬁglo%éﬁ) ng}dsi%t%ga}cg t ) bas plgsgllgtfagl?wgc%% Qqulc? 1nte face 1sé reé?na funed into the
voftlre by the Uiigh-cojty Etpgd \aimauhplamglgnme slepabatvelds. thd; hatex must be

u e r
co?tgxgctzde ﬁ%sllél“ @g J}rg]\fltéé{atu ur(g {phg 33 Eeowtrdggi é%l?cfs)ba[(%ﬁ% l&x?t%mglth ttlﬁ%&lortex
tulgeetp cyninol/ihe eleI'lwyldC\@IOICW ang ts elfgaqnatho itailj end ofiie pypréat frdm ¢scaping the
\mhﬁlﬁ&ﬁal feature to dem st the gas phase. The gas
ase | eaving a separator should be free of any

| i qGrdubbles etcaeng frem preovasier tube vippseses Al @qwﬂgfhé%t canrgyeder. In
de@ﬁmﬁéjgﬂarc%%ﬁ@ﬁgsa W&%&aﬁi Q@&Cﬁtlbo {seb ik rhhc‘iil'usq)%smb_[@ﬁle gas

| ARproved vortex tube of this invention enp
caglsindsr. Fasigebles ViR Gseap fralafﬂpq wElex EE%E%’F’@W%“ ﬂ‘PCtVE e gas-liquid

in@AE haf SRChbIRALE @PBardBOLR) iffthOfha Wae Etlr@a@fﬂ H@Itroj?ﬂdaﬂ Gaerfortex tube
the spiral rlngfhas been det be 15

CRGUBBLP . SHF R S g R B RS R Gi-under
Gza r&gﬂnﬁg fe Bettodn cfeigy @etet mbe'lﬁaydzﬁgf #®ech. to Thewsipt draplets kgfoat them in
above th nl et ni fol d and downwar d
gt BRntiR et n Pt R T RUTEE che vort on
t ub&he ]/Qqum @bty ehiciparaadt selalratezi Hychareeteatubé wil twrcanfed over the top
ou, l?t d)%tl %1 ex g{u?s Elﬁ ec%pl%u%gdrs] Iiu%ul r&;fjresoef ts thg\F ?]cérgﬁ %\%l’ l fsg) c%ﬁy, Qillgparator is
equippddakitiesh mrentah&atehterdeist thecghs phege. i ﬁh@gasmmefleavmg g gpparator
sho 11 fb %fee EP dl?(#iﬁd{:s‘)% tofﬁ@xeﬁ Ht@ctf %é:tir%arﬁ‘r lﬁ&ﬁlt s%gh as COMmIpIessors
ockw se a he ot her haI of the o tex tubes the
WMﬁummsméﬁ@ﬂP@md#Edﬁcounter cl ockwi se. The spiral rings

NUStr,d ﬁH’p?JV@d %ﬂ%ﬁ IﬁWe %?thi% MnfeRiAt R iptdb RF MG indOWMBEA biffles. A
t he same way uid is rotating intg the tube

profaredspitsh apgle @q‘fbrfa&%ana}@ rff‘@kat}lﬁﬁé‘mﬁé@@n% REWs: spial ff%has been

detRhid tofveN9efbB] hdwaber iR dplrBSingREK bOddIRH-DOHH £ pitdhhaple from 1
one zglral ring for . the sane

degree to 45 degrees. The spiral rings extend upward above the inlet manifold and downward all
the way to the liquid interface of the vortex tube.

A preferred practice is to use a cluster of vertical vortex tubes, half of them installed on
one side of the inlet manifold and half of the tubes installed on the other side of the inlet

manifold. In half of the vortex tubes the fluids are rotated clockwise and in the other half of the
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pitch angle; 2. Helical baffles with a 15 degree pitch
angl e perforned better than helical baffles with a 45
waeleweees2gd t ch angl e; and 3. The helical baffl eBRCEHOS20081080707
be extended from above the vortex tube inlet downward
to near the liquid interface. The preferred
Voﬁg{] ‘Ill%)& l{EGaﬁdla)errg\'n)!’[ﬁ& Joﬁxlftgxs Clacﬂ&lﬁ a‘fﬁ Oéﬂ)g‘[ﬂ I]il‘%g %Sﬁf 110{& I J]&ﬁwme or
wo spiral rings each egrees pit
corigteiockiise davavesdtie g saneiuaires the flgid iptotstiag infsl e ‘ﬁb%lr t he

i qw:s% df%%ﬁr@@e%voﬁgxtﬁﬁ%ﬂr@s@o@ﬂ the ' rrpr oved Vort ex
tube is an orifice w

anobnflwafspigl q»agwhﬁlefébhqfﬂﬁbP%{?F@?ddweroﬁhart Pre %puﬁém&afm the same
Mtﬂ lebﬁ Itlrapped into the annul us space between t he

t ube e quawar of th

or' 71 BRIt F LEOSHE B P AL L B s with

45%@86pi1rc3a1cgn@mdacross it. The pressure drop across the

't br fae PR ol e SRR iRt e 4% g e

negtohdijquidricteréas.i ng t he chances of gas bl ow out from t he

bOt g‘lg) %rcf%lé%cp coln%l q} V\I{hl agieg' yn?e”%ccguglﬁgq%soe]h@-?dhr%g?%e&v%%ggal rings
eawowtﬂen hsneag@es phd anglet @ arellpgendfhdowmit ex prefeabliohear Hiesliquid
ention is provided with an extension above the
et manifold level. This extension is approximtely
a céufbrs éopotf thenigipeosed vitgx &thd is 2 asidinRIite AED dpERYE@HPt ey small

anloPhil dray quﬂ%vél ? Llp'wgft'lbdor? ik rifi\ﬂzcvealpfmlf t@tré‘[ﬁ}@& $ito ttﬂébﬁln@lﬂéj space
the orifice w downwar d . The tO sectio

betvwen therpethel avbihe @Wwémﬁ Fhwrﬁel aiter Thecat C?ﬁhﬁ%ld B designed

wiSPBY MREurd i SRRE &S GRS Fro@lre AL dblof B oSfiRGetrddhitted downward
as- i qui d separation. By proyidin (51 vortex. tutg
to Jie R Aeisgs A Tea: o HEe alff‘ef&ﬁ%&@? g R e e of
gak BRWCRE frofthd B&tobObft MENndE. TiRid fPmeisette \hay bex foutldeto &e a very
vertf cal. fins. azrégfattach d to the tube

. hunbe
m\R&T‘aF’EéCtﬁ*é’éf‘?“ﬁﬁ 1%%@68%%3% B rOEY P8 det er mi ne the

opt Theuvartex pdbe of oifs irentioncialprovidad withdn edtesiohhbove the inlet manifold

16\%13 g’f’l?lgl %}% ogas %ngox%aé%f a coud)ﬁep ofJ %SS féj)onr 1|s s?ndwgc%edl_ﬁeetween the
initiebgasrarh lgnigl cetrimet wetbnvatey tttbwend:thn seliwtwithehy écrvm'“@ai lip. The top

e I ..
se%tlog %f {th mve? e§ %g @Jo?&@ ﬁg%\%c?lt ﬁe}é sgﬁﬂz{tgrgﬁcsl tr n additional
stagh éqr@as h@ld/emrmml By providimg éhervotten fubn #ith #H$ P’ﬁﬁls@ﬂ: liqygd carry-
ovkd lgwbgaﬁltdn}; Jggucp@t tomof the vortex tube is greatly

reduced by the vertical fins.
On the bottom of the improved vortex tube a number of vertical fins are attached to the

inﬂex@a[c

=t

tube walls. Testing has been performed to determine the optimum number of vertical fins and
also the dimensions of the fins. An optimized vortex tube configuration has about eight (8)
vertical fins. The maximum angle between any two consecutive vertical fins in the horizontal
plane is 45 degrees. During testing the tail end of the vortex always stopped above the vertical
fins. The rotational motion of the liquid at the bottom of the vortex tube is greatly reduced by the
vertical fins.

Underneath the vortex tube a horizontal exit plate may be installed in order to control the

exit velocity of the liquid. The pressure drop experienced by the liquid leaving the vortex tube
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Underneath the vortex tube a horizontal exit plate may
be installed in order to control the exit velocity of
W@ b@oied d. The pressure drop experienced by RPEEUS2008/080707
liquid | eaving the vortex tubedue to a solid plate
conbi ned with the vertical fins attached to the tube
Lgni f.i cant I
duw?o a sohe p?a%/cncom%lrgd wflthcfhe vertlc ﬁris a acY19JS {ogfr() &1%%%%1?4 % 0y a 51g?1ﬁcant
rol_tehevoatdx/mntralglecszvewr mhesewﬁmwwtwmmexalt ube of this
'nV§&§é Hifintapos o}"a{% @go%d%néme%ms\/m%aa@arél i quid
phase) on t %

I's sustal ned to enhance
deghs Shnepin ! thiy beayy akxﬁs@ (jshidphases erp e &ibie grillpfs yaiaingd {grpphance
de%dsgﬁ’é e l%uldlpﬂas@ (steggrﬁf%n Bhas &oARRLiggat i on

wat er-gas) t hel i cal baffles provide inproved

i qdi B4 thige- 1%%%1%?{1%@?11%@15@) {5 pliskl aifiss PyRice empspved liquid-
ligudREAY:E ok EhE %He@ Sibk R@llsﬂcfr nﬁﬁﬁ{ré thM&Ia&Ecn@H SIRmel s;aﬂemrbﬂnas in the

oi l. and oil | et This can.reduce
oigf o AP R e PG BB P PaHES T O UL PP PO R = sebratr,
wigsheREdaeil }ztaﬁs[a&@ $it@h eBallendcotich of Helguietcesienhd drwnsieatnhe the vortex
ui escent zone downstream of the vortex tube. 3.
ree-fall conditions are prevented because of the
hel 8.c&lcelfdl fdnésiomt sraplaedtct betahe ¢fulnseha1@adllbafﬂen attdghed to the tube
er section of.the vortex tube. . A snooth or
Wéﬁgg"c}huéglpertsf’%ﬁrsl Fth ?ﬁe%(ﬁlé ‘spi nni ng I iquid fromthe
heI #.c &l snivathfar @mowthﬁr ¢ranstie of the epificioelijued fiorhithevistical PH@es into the
1n f&g hs%]clgwe Hﬂﬁ%ﬁ{enﬁ ﬁ'n%erqelgrd@ e% k%&fbﬂ&&@dh@ﬁeﬁ*e% baffles
I ca es w re-entr ['er anount
w@a@semr@mmpléﬁ anmlﬁ ofzgap Faprgred gwqhétphmﬁlémet Wbenéh@}n@lwf lmpact is 90
debgpact is 90 degrees. 5. Control of the vortex is
rmproved by using vertical fins attached to the t

wal PsCeaniro pfeharesriepinimrrovadiy asng ypieal eetiaedis ﬁlfertb‘;’Je Vils at the

botthig oF e Yubl. EBEIRr SoRird of B WEidxQ8hds 1 alrBdicGRSin Gl ghy canfFd@ber and
and i nmproved foamreduction. 6. An orifice with a

m’@%@‘i‘rﬂ“"l‘i}“ﬁm’f‘educes the liquid carry-over fromthe
tubg. ABediRe went dowinwald itpheddckdtht digaiarchiyy-owee frofn thentibaeBetter

vortex tube |eads tp a reduced liquid |o n.. ot her
confl o o U1 EPAPEEe St en GRS U FAGE R [ o ot
inféﬁ@laﬁf deyar@br dnb mc&maﬁq;\ﬁdi)lﬂan&l&@&aiamty?of thEhsepanaay vessel.
' evg #hl Ry I\E/fa(ir;ﬂ:lt?o)l(‘l vtoHex tuge hla?sanso rrrlgvnggg% Ir@ gncp ek Eotarg&ue any

doe PPN T ht Sivance of service
mabienang ommciatsermedﬁunglqpmemqmal s installed on the vortex

tub ' r i 93th Qbrid

05 UL RS 005 L0 90 OO Y BB O S
saihtdat wotyldl alffmtélwr@amwrlpéﬂlms the inpr oved vort ex tube

are 9.”%*& ﬁl%tiﬁjtgrﬁﬁ leLtg of e iﬁ%pﬁ)%!ed fx tube are manufactured out of steel and

welded to the tube walls the completed vortex tube is robust enough to withstand normal impact

forces and fluid weights.
A better understanding of the invention will be obtained from the following detailed
description of the preferred embodiments taken in conjunction with the drawings and the attached

claims.
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wel ded to the tube walls the conpleted vortex tube is
robust enough to withstand normal inpact forces and
Wo babid73284 ghts. A better understanding of the PE/ES208080707
will be obtained fromthe follow ng detail ed
description of the preferred enbodi nents taken in
clal e, BRI EF PR B R N R o et e
cl ai ns. BRI EF ‘i‘&ﬁ_ﬁ %?ef erred
enbodi nents of the invention will now be described in
f ur Pisfsrredjepladiments ¢fdhe mpention wal noyy Pe deseribed gy further detail.  Other

feﬁgé/sa Q§p@8§ $n®hdlahi8eds o8 SR redeMViBV L@ WM bdcolie GeeR ub@irdi@d with
understood with regard to the fallow %ﬁdeta

reggiskie fie St iogng dasPer Pt ma ARt A i aﬁ’ym&g%a“’mgs
dr a}?\ﬂgﬁlﬁs 156 HegoltitonIrottsk @bd @vahd kdpﬁkaMﬂdSﬁtEix itverftdn. The exterior of
gas ui d..separ at.or Ahis invent 8 .Sx1e
o %5 TR B PN Ep L AL AL s P i,
is d@wp&aplﬁkq/repn@ieﬂtufg 4 lightep bas@n@o elchas ofl kol I}b,wet plase negresentmg a
ere n .
L
voﬁemmnemowsmdroasemm er. An inlet pipe by which a wet
gasrlt 3301 ko ple!illtdieg\g%ae\% £he LA AUOALEX shthPubods EOR-2 of
in cross-section ure Is a top plan view o
Figmg t.ex tube with the inlet as shown along the line 2-2
of E" QYRS e]é\:/ht%ﬁﬁl%rés k3681 BER¥Ahé ARk tube as taken along the line 3-
cross-sectional view of the vortex tube as taken aFong
3offegurcilne 3- 3 of Figure 1. Figure 4 is a horizontal

Cr °§%u1§ eCk 'aq{bﬁkon‘{dl %Ws@éecﬁdﬁ@l MK bemetvaRE Whé Kritd a fragment of the
9nent of hori zont al inlet tube as taken al ong

pratta jnjpk tuhe, 45 @Fen@ﬂ‘ﬁ‘ﬁf@l@e ARohHIEMeS s a view | ke
F' gbipfred iEXGOPLikd BkRO4 a}lc@p‘[gaktﬁhﬂoﬂgi thelire 555 ﬁfFlgﬁrcgljr e 3.
Figure 6.is a cross-secti.o vi,ew of

por FigBH 6d% 2 PRS-SGRPPA Yop e %Wﬁk%rﬁ PRT3R afa b 2ot f“e“gaké“ Zpng the

luiélégs.trfelgane:alzl gure 7 is a di agr anmmati ¢ view showi ng a

;ﬁg %ﬂ %Ei ar at a cr: v}{agvs Showaangsae pegl?lgg%u?ag]ns ghtral.t&nses?e?% phantom
oultlﬂle Iammlshn*gmg,l withuothé eesseﬂ,uksa@raaﬁlﬁ m@m ltlfrlsudangsﬁvwgﬂlr@x fulpscafiixed to a
s 'Ije 1%e Fi gure 8 is a horizontal cross-sectional view of

(i tube that feeds six vertical vortex tubes,
t he Fxgolret8elx 2 horfresiahaesrgectiorshnge o f pintsh pbe thehiopds, STXTYfRtigal vortex

tu Ig{‘j %ef%ei)r{?y ngesad’e{ng qgﬂé@@fn thrSe ﬁﬁlrs.e'l‘ﬁm&x @fbe bhalceSBA W hnl eRample

of that shown in Figure 7.

Figure 9 is a horizontal cross-sectional view of an inlet tube feeding eight vertical vortex
tubes arranged in four pairs. In Figure 9 the cross-sectional area of the inlet tube is reduced
successfully between pairs of vortex tubes.

Figure 10 is an elevational cross-sectional view taken along the line 10-10 of Figure & and
shows the inlet tube in cross-section and showing the top portions of three vertically mounted
vortex tubes.

Figure 11 is an elevational view taken along the line 11-11 of Figure 8 showing
fragmentary views of the upper portion of one pair of vortex tubes with the inlet tube shown in

cross-section.

10



Figure 9 is a horizontal cross-sectional view of an
inlet tube feeding eight vertical vortex tubes
w@eeoang2sd in four pairs. In Figure 9 the PCT/US2008/080707
cross-sectional area of the inlet tube is reduced
successfully bet ween pairs of vortex tubes. Figure 10
|s n [ [ i e .
?1 rg 1%0 iﬁ_@)&t&%p gi% tglgeglhag th% 11%8" 1?2? %}u gﬂ@@ gl—B%mg a
frazgmely,w slemtlpmh vign@f th vsl peyr efvertexopbes i lhe esemigy of Figwre9.
vertically nmounted vortex tubes. Figure 1 1 is an
el evati onal 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.Figure 12 is an elevational view taken
along the line 12-12 of Figure 9 show ng a fragnentary
el evational view of the final pair of vortex tubes in
the assenbly of Figure 9. DETAI LED DESCRI PTI ON OF A
PREFERRED EMBCODI MENTS It is to be understood that the
invention that is now to be described is not limted
inits application to the details of the construction
and arrangenent of the parts illustrated in the
acconpanyi ng drawi ngs. The invention is capabl e of
ot her enbodi nents and of being practiced or carried
out in a variety of ways. The phraseol ogy and
term nol ogy enpl oyed herein are for purposes of
description and not limtation. Elements shown by the
drawi ngs are identified by the foll ow ng nunbers:
Vortex tube 38 Circunferential Irp Top end plate 40
Lower end of 38 Bottom end 42 Upper liquid |evel,
hydrocar bon Wet gas streaminlet 44 Lower |iquid
| evel, water Inlet tube 46 Vertical outlet fins Gas
outl et 48 Vessel Exit plate 50 Fl ange Short posts 52
Vessel gas outlet Liquid outlet 54 Water outl et
Interior wall 56 G| outlet First helical baffle 58 A
B Flow splitter walls Second helical baffle 60
Begi nni ng poi nt

11
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Top end of helical baffle 62 End wall Bottom end of
helical baffles 64 Vent openings Quter edge 66 A B,

w@200D0%88yi ng di ameter inlet tubes Referring fPECHUS1008/080707

Figure | an external vertical viewis shown of a
rotation vortex tube gas/liquids separator of this

I nvent paianlihp B'E?kfka’l]‘ICﬁ\I OF I ﬁEﬁ%N@éf)ﬁﬁEg&“@e 10
is shown vertically positioned, having a top end plate
12 and a bottomend 14, |nternediate %gﬁ end pl at

} .12 ..
andlt oot HPETHooL st By mBEPR Fore ok e Fesprbeg dpoegpited i it

apPlicafid th2the idStaids Weihe GafstiBition @Ml iafhemd G dfhtad phds illstrated in the

communi cati.on wiith the i.nterior, of inlet tube. 18 .Met .
R BRI A Epr AT RDY SO Trae BBy g of 't breciced
or\ceritd ealin ¥ ofifiegxoft wdys. TBe phrsdevlegymndftervuiiolqpaempByed heein are for

term. . gas" .means
puBJSfes f)f%\e?mpﬁ%lf%l é‘lg, mtafiond. .

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

t streamthat is essentially gas

| entrained with the gas, |iquids and
per Bepsntsghowd 8y ths dubvings ars adeuttifiediby the fplipsting nembersl i qui ds
c pcally be water, crgde oil or ] i quid
tﬁgbtrgel?(gﬂb?mn sciblewith theg"égas st rea%ﬁ%fglte'?ﬁ]g]%i on of
vofoperd pletbe 10 is to separddte from t hewggad et3Beam t he
et f@RRd | iquids. The topgend plat eU%?ergﬁuiM%&l%dtfdé%on
10 has, as shown in Figure 2, a gas outlet openjng 20.
AsVeligasresminigtgures 1 and 4% the top EpHcrpiagddevebwaier gn
anpidl@ge pl ate in which theggas outl etre@paRBLMNG R | S
concentric with the plate and therefore opening 20 is
cdié8ilsic with vortex tuf® 10. The B6¥Flom 14 of
VaEG¥atd ube 10 is open andoprovi des Fhggexit fromthe
vortex tube of |iquids extracted vvitgj n 1t he tlgge. As
arr8pPBnal el enent thoug{ﬁ by no nmedfgcrand4fory,

t haged oleshown in Figure B4a bottom &kidr opdeat e 22 hel d
by short posts 23. Exit plate 22 is C fromtube
ci PRI%F @ ent i al  bottom 14 %r ovi di ng g)%%iuﬁ%unf erenti al

| i Bjsi leliolibdfB¢ 24, Exit pl dB8e.B2 is t Ypivcalitey wells | ar ger
di anet.er.. t t he outside di aneter o I -t.ube 10.
Gasgec?ngl\%lécafl}% er pressure téér ough inl Eegt(:a‘éﬁlt"llj lg’:ﬁ%i%t into

t HEopiend efitielieal wffflasor t ex tuf@ 10. The §agwalir eam

| mplgs, aGR1aRtahlie [ nterdior ol roumbereptiigh val | 26
of "vortex tube 10. The gas flows with velocity ag%al nst
t Heutgrstlger i or ' s cyli ndri cal66veBIC 26 aarvawCH s gy tbes
swirls against the interior wall. The swirling gas
creates a centrifugal vortex within the interior of
vortex tube 10, creating a high centrifugal force so

t hat heavi er conponents, including any entrained
l'iquid conponents, tend to flow. against the.interior
el ReBEIRE TR 1 {IfiEcr S GHBBHERTS: Al T1gV R fgjdion Vortex ibe
gab/0HPGNRPIrao0ff thiddnienti@t Bt Figaen! diegresdnativowatedsutieht) is shown

Ve%%glb,relgoéﬁgn%maltvgé até%’l?_b‘%d ]ﬁ?afeaﬁdanﬁ %%%ttc?nlil tencf ﬂlr thg;rrl]netdﬂ% top end plate

12 and bottom end 14, and positioned closer to top end plate 12, is a wet gas stream inlet 16 that

is in communication with the interior of inlet tube 18. Inlet tube 18 is typically horizontal and
conveys to the vertical vortex tube 10 a stream of wet gas. By the term “wet gas” means a stream
that is essentially gas but that includes, entrained with the gas, liquids and perhaps solids, such as

sand, dirt, rust, etc. Liquids can typically be water, crude oil or any other liquid that is immiscible

12
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To maintain effectiveness of the circunferenti al
action of the wet gas streamwi thin tube 10 it is

w0 ppontree that the gas velocity stays high i nP€hES208£e80707
adj acent interior wall 26. To augment this
circunferential action the inproved vort ex tube of

w‘tﬂ“ h% (g {‘Xrge'&{pf | es“@gcuﬂﬁgk%r?&f_@ ¢ 0 eéb rkfe%rﬁé“ﬁf he gas, giream the
enameeda liguide.| ‘Ekpviopl end Hate 17 of vortentibn 1(hhasads| showit iy Iba@w a gas outlet

op@ﬁl i04 fAQm R Pi”g%és Q %hd @éafs bdp@ndi @Qte §hek a%%nﬁlﬁartpﬁ%‘e i %icﬁ Me gas

. Each hel1 cal le’is forned relatively
OutﬂPﬁ oRenifg s sQuepria Vs thﬁﬁ&rtet?@d thsrefase) om?pln&ép & copepnfjoypeith vortex
wedoength and rigidity although the strip could be
non-metal. Each of the helical baffle strips 28 an
has TEho®amel” %fd@ge’%@‘b? hfs qren &?jinli?rf’ﬁ@f’dl}ge £t frore ﬂ%Fo‘f"i"‘é’k tube of
hcfiﬂdlb@xﬂaﬂl%@ﬁvitmh thwathbe. 26. an bpRoraBdiéh8§ tidngh BEefdhess hAnddigy, there

. interi 26 of .t be .such as ] dj ng.. .An

i PG S deiplomaric PHE ROPR R Gurpr o B8t Bl 30 poca from

tuﬂidﬁﬁrchﬂﬁfeﬂﬂzﬂdnoﬂﬂﬁtl@)@rwmhﬁg lfmrttdmf&emtfal/ datid ontldt 241 Hadit plite 22 is
2..0f ea si.tione above lge wet gas

Py Ehihefa oy B wleBpRAS LRSS BRG0S0 025
ent épsflawstupddr Ipsssum tbnouglrmleh‘ mlteullﬁentc[ ﬂlelnsernqn dfrcedx tube 10. The gas

sﬁg%ggl%ﬂgﬁ%%ta%n%Wh% I1n 91’99'0{1] %f‘f Cfl ] af %91?26 GE@&%Q rt?b%}g)l 1%1@ gas flows

ownwar ection.
witietelosHy agompt themtepigr aewin@tahwall Zorand aefdoedingdy swifly egainst the interior

waﬁlo rT'hg %hgl% tgpé Adfes Qt:erﬁﬂd{'@ll $81eQ Rl@ﬁ%ﬁ@ﬂ&l o@og’ce%gfube 1 ? creating a

However , been | earned that with the use of
hlglmeemﬁ@ak/@a:ewelthaé &pavigafooneosiersn iaghiing ey cabenrd lggid components,

telﬁictb Y a8 B8 'il'ltgﬁor e CIALIY te§ BiSpohsntdTBANs, h88ds dinpbhents of
hel i cal bpaffle ang1 e of 15 the swirljngaction of the
f

thw&%et P e hihe centms of Yetex S0rdP ArdaRaept fspush fhe upper gas
ouggttggnded duration giving the heavier corrponent s, that

Iaﬁ.p%l‘g %8{51%93}? ﬁ?\?e%j}ésg éf Tﬁ? égcgiqlté‘grgnlggedpﬁ?@dj&g? ? gtleeam Within tube
10t ﬂ)\i@fnﬁjﬁrtﬁdﬂ ehalt mlteegals o;elo\ml $tay@fhighhia thelbea \hﬁjabcﬁl freior wall 26. To
autglaaﬁlﬂag 01{%181 ?fﬂﬁlél )120% %%wgg)gpdo YO rr%]x ?ﬁlbe ogtqg%tﬁneve?tlovtn\ﬂlas pgsmoned
thdarmg htpeir of dejrehesfils 28esd|30s Hahicdl ﬁuefﬂps é&sndr 80 bugiihteirleaped, that is,
remal P%allsel fc(") eac%a ef gl%'ﬂ'ﬂ eflaﬁfagf?e to r%vhqg th;e Iggttcln# &lﬂl 39, %Qc% helical

Bherts essen separated t her
baﬂiwe fqmpwhow splativedy thirt Weir aﬂdlwthatrmmkqtfom Oéas:tad)m gl@t S@@gth and

@ Qﬁl%ou?ﬁ%@ %%\éfﬂg Y Ingn—ﬁ’lgttglt qgch @ftthé ffb%c;h BRrE @91p9§8 andh30 has an

a torol 5) ate
ouger edea B8P Hlat is penigrys thide irigx thb‘P Fﬁtﬁﬁi@f tvhlb Gga’]é‘le@aﬁlpwe segured to the

mtAHorleEHQBBfr"tﬂétub@ﬂl@ﬂ@&tﬁy%kﬁ@goem of the i npr oved
revol ution vortex tube of this invention is th

pr o¥P 3Btk aspechof ihnaigtpaEles dhendn ithcrrared ﬁ?ffeélmbe of this
inldnBon38 Hah b tdnendSs 62N esegbtsﬂhbﬁealabyveanww&cg\mmﬂl iflet 16. In this

w t hin the upper.end of vyortex gB\%ﬁ\]Xg e ¢ .
WETEPS HESE RECGRS TR G © ri ucssht% FRRTiRY o swir
aghing ﬂ&&u‘t&&ﬁtmﬁﬁ whd 26 Bideb appd inarlywhvad distiblh diach ot erhdlzbldaffles
28ta g :3£ a1tl gneglg rlélz agvel tro] ta?lgrllz%gtam:!mle O%tGubgl lp(g ofI brét%&eel\ll\? ‘yalng 4t5£ nlgowever,
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
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upwardly and restrain any liquid novenent out through
the gas outlet opening 20. The upper end 32 of each of
W@ b@ked2scal baffles 28, 30 is preferably justPGEUSU08/080707
the I ower end 40 of circunferential [ip 38. Wile the
vortex tube 10 can function to centrifugally separate
acﬁ%ﬁ 5Ah0 gvgt %15 q{féagms Wﬁfﬁg tl?olgyl%l i§ %am% rle? cférsan ex eg}le% HE ahog ving the
streamin preterred arrangenen upe 1 g
hegyergoinpongnts, et psath@hqmchmd/omanmmmgi %vhd Icetamnemm emlpleqmpqitumty
o lnﬁé&% rgdﬁﬁff glﬁt@ardmbl@ardé tHe fl:ﬁeQUIr \galljoftt}{eecﬁ& dllﬁ]h }(’)éﬂtefa that is the gas
[Tquid |l evel 42°spaced a di stance above t
copprentsopigrate fevady tewardshile dyfier aqlmea‘h@ agvasd pegatigrael the lighter
coe%aeems Iramlts\/m@m ﬁfes@ﬁ@ b8 th Y gak Is@éandcasama g&t hdMhe liquid

uid | evel t hat conmponent is at
oo SplgkopRpRSHS eﬁﬁﬁ’é“%“}‘rﬁ%%’é OB o rRie u%i‘fé]ﬁ’é% puigprdly through
m&QESmmnmentlon is particularly applicable for

extra tln S fron1 nat ural gas eamin i ch

e PEICE: PEIPISHEI™ Jieh £y freofiinflER = e g plat
12ahan@dser cexlﬂ:l‘haslﬁznﬂ@ theﬁalrptetrﬂilﬁé e pasphas 0. Ak aﬁpolriﬁnt imdbativahspect of
th%lmﬁfro ? fCVOIH eoglavgaﬁ%xftg})enoe 13 ngenilgll‘r;] {sqpﬁepar nvdel%n ? ha X ovvnwargly extending
cigrnnxfergnignl hﬁ 3 &vaxafeaxteadnjcohgadtnoﬂarab@ Aeviovardhe tvithih ¢hempper end of vortex

f

tu egl%gag&‘ garag efings U TN ?ars o %o’f'nlgg %%‘%P@%){,\%’g{“tﬁ%? hkgé'% %e&Qs th Sntercept
anfy ylmm@e arb @Wufnrlbm wa@stgras tebeeristariorawial 26 apd dhek ol tend to move
up%/ldllaﬁl Al ?ésﬂnll Xnyqfqziﬁdgﬁ}%erﬁérﬁ gﬂ%&%ttheog%§ &ﬁ@t &bléhm}g E@ oﬂgzhlpper end

gas openin VOr t ex
32beﬁe¢6hc<i>fathe|1whaahgh¢éﬂ?§|?r$g 39h’é @efgablatmﬁnb%qw tthfe lwweq Lﬁné 40 of
cicRRRReNtis3d nto a heavier and lighter conmponents and
partlcularly, when the invention herein is used.in the

pet MBTledhA Yot Stbey 0 enshaprtipnie oo fasally feparat Grigrined liquids and

ph"l}ﬁ Glg&ft’et Sorh . GBt Ishestlehrf i & paw;ﬂeeamdganéda it RSL tubB @ used ina
idin which the | ower end be 10 is subner g
é (}:} wn a liquid

SGWI‘%W theh fraintafs ab]ﬁ%fg%%e liqpig dgvel tgere"é Flni“ﬁ*ﬂi PHER
leRE hDYpatddal didarde avive theploasevdiothr end4t hﬁthB ehtizied lm stream has

esteidy et Tipnt fo oA LSRRI PE N BERRGoRGaf gy 2

illassrated p ITaa@lnhpyovad Ivaﬂhxombrr Bonatbevicthisvilmehiéont s elngiandadyr applicable for
r

exgac{hﬁg 1%111&7%%{%? gl%aéuag SgasastJe Gl whicth O e%%‘én%og{;f%ﬁ%éﬁ&s two phase,

mEcorponent  fepr e
thiteip,ed wARr @hdsetdmé anatteteugiopipen e rhatr sp newehesd abyit kmewates from

su%t%%f%éan“’éﬂ'gﬁiﬁsé %gfggﬂ}nﬁls P&Q%quﬁeréﬁgr tlﬁl%(tldttﬁg s 'nﬂk't'ulq of water and

cti'on o e vortex ube tends
hydroprabens er nehelsem enRsorrtht e samen Anctioneof vpiigy tab%l@ rr«p@ riegtate the

lldgﬁ l:d"np%néﬁ%n iefnen whier BE h%%@aﬂ%ﬂsfr&rﬂ BERA 3t&th 28H&H pﬁﬁnde a
he action ofb%raV|t I nto a hydrocarbon conponent

suh%ﬁ@tlally\féat & segmbherecs orharoweh thegis oringh ERtere iy Yorex tube

is Y198 Beanicay Qleau,%ngerfh'hg Meliséafition SHIR: 1RidSMnbbren® Ao bldeawer and lighter
centrifu actlon W thin the e se% r.at es

CORBERFTE A ﬂ?ﬁ“‘F‘i R5He évlherbgﬁﬁ Y?@H?nslt’eéﬁﬂ SPEEIT i Pqtgg?eum industry to
seﬁﬁﬂaﬁ/abﬁﬁldlhﬁﬁd edthpaabmeton itgpUiqdidfouten tihkisgas: the hquld in which the

lowerngg nF hrlbe 10 is %mergggl q{ hagagwo p%np q:l?rt"issa I[nglger phase and below that a

heavier phase which, in the petroleum industry, would be an upper hydrocarbon phase and a

lower water phase. For this reason the liquid level 42 is typically a hydrocarbon level while the
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towards the center and out through the upper gas

outlet 20 while the liquid conponents nove downwardly
wW@e@0z:289 out through [iquid outlet 24 at the PCI/US2008680707

the tube. As the liquid conponents approach the tube

bottomend 14 it is advantageous if the swirling

heffd: vy %&ﬁBonQ{t Y4 85wey, %EJnd ga‘?'lexéle zﬁegB h? tfré]\étﬁoféhﬁ dotBonent

upper on of the tube I's dimnis I qui
remcsmgeﬂwbmvpmaé@els% end pasvater remperset tspresesiod dwdowar, lepgdra4 pass

comhﬁglerts fﬁ%e%n%{l RILE 1iSid RAR: bk O ﬁ!’ﬁ@' adlioh BF fhe tBBexd t'ilBé?{eh&f toQfparate
at the bottomend 14 plurality of spaced

theab@ﬂmpove@ﬁsp gt the digpid popropent zmsen a E%Péﬁlow cgpore Pﬁﬂneepw@teé such

as bRt 80N bAFra i@ lidb b ¥Rldtatbbh SoriPahek arl aa{r@ertz&ﬁﬁonbﬁ
secured to the tube internal wall

wel §inyet BXcHTRITHER RutTEt o o 1 e, P gy and oy
ceﬁtl‘lﬁt Al )ékﬁ(ﬁdal'/lt}ﬁrﬂ{he a&ﬁef‘se@fatds Wiehed@er a'ﬁh @ightemetimpendhts3hd Gpecifically

each of the ffles 28 and .30 term nate abo
s Bpiae! S Y RemEy ERCAPTOTE Fet P HEREC e IRGE it
tO\t/;hd‘s RsMcdnkdr mgd amtthmmglmﬂhe Oppet gasprudstiedOveldlehize tidpad h@hpomaits move

affl.e |
doFVH\gaera éxg 3 Sﬁ QD aﬂ‘ggﬁ qug%% @%at”% t %etﬁe b?!?;o é‘l’% \gf'fh% tXber EXQ Qi liquid
comesreats npproavh nbende Sotere end d4rie qsuadvadagbeiswé dlre sWudmgmstgon that

hel i.c t
pr?c{uces cz%n@%al tg%faialtlglf hgﬂi\r} glglatduéa% c1f %e dﬁe{SJe 'd‘f‘lﬁfn sﬂéﬁ ;Jh%ﬁe liquid
compe@nirpesseaue pashths tube éoﬁroeicmdﬁén d @rdhls mécmetb%re tSh?@SlFlPr@é iwgithin the
B33k RYe g?ltdt thbﬁot{oﬁlb&d ti@tatmlﬁysif shécelt %pm&mraﬁamwm 46. Bach

anminar flow so that any residuary swirling action of
outléiSindé e raetengulal G@F@lﬁp@w%@ pltp that hsée%?dtté%?eéﬁlf intgmglrwall 26,
su&lhe% btyl’m&@ e@acﬂ QErtlEeﬁ? Rk @in 4B qlsUﬁth ﬁlévlfetdi' @1{6 dPidrRgl difs dthgbe 10.

quird conp Mor e speci ficall vertijca
Tb@ dweétené Ph ef QPSh H%% helical padfles r%étan%3%%?51“%%6%98‘%%%{0?’.6&(‘5 of the
VRN R Rl YMS Edvink: th@ﬁmﬂﬁhk QtioFwhidh it PRsev@d tb§Xhet helial ONEISs as the
not extend st th oftomend 14 t

3 G RPHRHO En P B R EH GOHE Pt B Y O o corin
miniiken difkase id l’bqﬁlrddﬂieynebﬂﬂ €hel dndl&lbﬁhdh@e[mﬁﬁ‘emBés amﬂ&@ ends of vertical

ot t e
ot A ey b Spkb Al cSeichs, e S 5 #RBRat e rggommendea.
THeleBy anhqdud p@smg butghstubd bottam cad @4 passe oestly tHmgngtlowhe that any

resuPup w%ﬁré%?c 101 o{ thg(s) u]@tegrl g&gl gs@(r)l YFERL F?tIol;heend 14 (ff the tube does

as | ustrate
noFtengtoe@duie fukthey upgqu@ of the 1141q1¢|g1nrpan@g; |1\ﬁor¢:is;gg11ﬁeally, the ﬁertlcal outlet
ﬁnF 1@ 'ﬂglg 1rZsu1%' Bt ngst \%)L(te)z H1Qﬁ§ dé@lo@?&’&/ﬂﬂn HaenEUTReRe Wtbr%xatﬁga does

charaterlstlc he vortex tubes illustrated and
nogedsnd pré the Wpttom enddf g@teof Tt Fs,c:@]g}plgesd ej}the]yrvg}@ghthg intgrigr of the vortex

tulggjw’]stoecgat% théJﬁdpﬁd Wik hdhtPpNESIRAdd &t WRIYoRoth $nd 14 while the gas
[ustrate rectangul ar vessel although the sh

COWOI’ECH’@ aredlks directig Upwretiethp ieros A e, SYATIRE St 825 FiTeRr aP@ pass out

thggﬁg}ﬁ}g@?g&sgag&t@tid ange 50 that is in an endwal |l of
vessel a vvetmcgas stre

a
Con A FEEEEH FiHO0 TERERFTT PBF raeice s I A i Figuwres 1 trough
is SeRan|d i0Figie 7he IC olgpane ks vbﬂmr Elbés 1NHeihg thee seepondBs and

cht@rggter?s%t I {t]‘ﬁ é’(’]&%&be%cﬁ gﬁl%tga)&él%# esc d whe:,reles,gergto%or%lre%q%ﬁrgﬁg% 6 are

maGed AvIA adif wichid avesdeb48 which is 111ustrated as a rectangular vessel although the shape

of the vessel would be irrelevant. A single inlet tube 18 extends to a flange 50 that is in an end
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upper portion of vessel 48 exits the vessel through

vessel gas outlet opening 52. The liquid conponents
waewantd2se e in the | ower portion of vessel 48 BEIUS2008/080707

establish the upper hydrocarbon liquid |Ievel 42 and

the lower water liquid |level 44 as has been descri bed

wé’l‘f &f'?z dJ <818y ﬁ&‘ 6¢whidn E'v&‘c‘ %ag st]r?] : o&ﬁ b%gﬁﬁctg@mﬂﬁﬂg Kl@ jﬁaﬁgf Rsel 48

rom vessel ug wat er ou
for Fﬁvﬁremnr@ the pameponenty Borept. cWithinoiesseintt ths Hetinm) ofvihe veréex tube 10

ﬁlﬁﬁi@nsmé dg ﬁi@er Ql@ rﬁoglr th@ b&mﬂ&@@ aﬁﬁfne@ ﬁl@reﬁle e Oéag [d?c\ﬁﬁufaﬁ% the
vessel I‘OU outlet 56 al so

upemownsoé Wéssﬁlo‘l'grﬁxé)tﬁ ﬂre. peieh gl |ve5éfé rﬂai" ePtIG\F\/I‘?P‘?EWEI . néke liquid
coﬁlb&iéﬂts |a&uﬁhﬂ‘eérlﬁ tife RWEr ﬂ)o‘itl&lodfméﬁeﬂ 43 Jnh%stﬁﬁtsﬁ Qhe-FEr hydrocarbon

i ndust r ow a p
h‘k‘ﬂ?ﬂ?"ék“%’% Li‘i‘ﬁ“‘%% gﬂ"ﬂ%\f’% é%haé bﬁ‘?ﬁ%“/ g ‘g%%%?egf“[feé“’? fodfigure
1. ETHe [vaaken ecdnﬂdném icgh mmmmtﬁ?onf Vea¢El 88 Wedugh) &Gtes bl[tléﬂm d:rﬁ]playlng a
and 11 s om1det

. e
Bl cSR PG Rl K de OB o PR Cp e i
frea eesmmﬂ tyongh a owtletiff thick-ivguld els@emslonsdne fozd nf kuid level control

t | wi : i f
RS R R oy bR B B, SERET | TP
t ub@bus Rigurd=7 ghowe h@w 8 Ipbwadityass vartexatdiehis tlD orvalraggsApoment totsgparate
thd %@ralﬁédslﬁ]ml %mg&rgf’ﬁ ﬁjo'r@ ae\];vei %a‘géﬁeiﬂll %E%ﬂ%&g? §esseTh e flow

tter as seen In ur a first wall
58AF’aWi§S &ri0 eppbistav sleleidrd teeipngsBBT of ﬁ@uwal Whereipex Votpx tubes
ar@ém;@oy]@@ &N BN gQIQ'SQE ﬁgrzoﬂm QrobUREE NI QF taf(énqa%né Fﬁle' c%ﬁtglr line of

|stormreeveny distribute the inlet | ow of
thwﬂet dibs 1Stthasdpadpdlyed mairsi Arvertehbesnl let Figha 80fh°t”§k§é a& eddlhonal

coﬁlgoﬂeﬂla% thd asﬁ‘é%{b%r %amraﬁ‘ﬂw g5l 591t Phel My SlMteV AN fBXin Figure 8 is
hes 10. Each the vortex tubes 10 is subst antl al%Ll

fomzféﬂmacfgft WSt frnéﬁl PERSE oo Yl ¥E> or S gAfng, ot @ beginning

polrﬂﬁ b®t THe mbﬁté&&ﬂﬂsw&ﬂﬁmsa 8 th e E@nly dﬁﬂuﬁﬂﬁte&h]e anrdfioabl thEwet gas
that proyi n in [ space W thin

s 0ERTE F RGP TR V9 AU CY L BPEGI MG Paet ges s

10t Rack bm sqtek titites 10val duBstaﬁlBAlyaﬂdltl% Bis itstrstedin ]F1gurEs ptrengh 6.

In%‘ 1{"‘{71 hﬁ{g Is'%’g’\}é?lré FXTSL g"plo ﬁanée%cé fWga OP prg\‘fgiidets ra]tgl ?ne t@v%l gace within the

tulgd tetwekathe orgl wall 68 and the kidrioesudihgee of th@ﬁOW\kplﬂtts Waﬂﬂe 58 ptdeH8 B.

tu b%? se%gi t}lgglkrg E’Hf?es%i gor% 9.1%6801'0 rhjcla@ﬁ & dn@e 1r's w1th the vortex tube on

counter-c¢ w’se |rec IS arrang ment
ompestlesd drlgt be M8 chenldting és al cdm&w@ disertiop pddp tlee 'sqr@égubes on the

0p§5s9%1§@8¥buﬁ{en§ fa c@'lﬂgertcn)@k\;/lkgjﬁﬁctfidﬁn CithksOfra ﬁ‘%&ﬁféﬁtj iy n&J@%ary with the

regardl ess of the direction of

tubeg e B AL orméltep gifles T mashioghsr awshibe (s fimodacrregy Ppgame way

re@1ds8 ¥f thal B3t kb \Wuldl rofR€onC AME haeradlidaDbaRkE HESch bit@le {brRW tubes
ei ther cl ockwi se or counter-clockw se depen

0]

10l 0 ¢pniieisd e rygent Baflpy ¢éhes colHse HeoF ?%?@%ﬁ% dengpding on
wikhef th@hdlich BR@leSdrélén thEingi]fl fu8SlefOr ﬂghdh%ﬂl sfle e

Cross-se VI ews Q u S ng the . .

el e Ghond eruieenseclen HPE: SHBE M ORI PR betvecn
théralet @bd and afefrhidispl @indicd] baffikemd fisthavkhogingoiee dediRiof gie @bw splitter
58 1nc?ud1ng(HNW SBJI&SI‘ twills 58A and 58B.

As shown in Figures 10 and 11 the flow splitter walls 58A and 58B are each provided with

vent openings 64 that communicate with the unused space within the interior of the inlet tube
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58 including flow splitter walls 58A and 58B. As shown

in Figures 10 and 11 the flow splitter walls 58A and
wGaBIArTeseach provided with vent openings 64 tP@Er/US2008/080707

communi cate with the unused space within the interior

of the i nl et tubebetween the flow splitter walls and
be[vﬂ:gn %) er %lls H&%g € dﬁ%lls %Eepflhgsgsvell?c \f)g 19& have no s1gn1ﬁcant

S|gn |can unctiron 1n e operation of e vort
fupctipre instbp eprezation oEihg wemxa@eqsrarqt@r sgejeralekeent tpree@é}m ere@*nre on the
op%&gd QRR3EASl %lﬂ%a@ifs sEA oM 3B th bleGdnt WRafs é&ﬁ\b@iﬂg disBfed by the

revent the walls from being distorted by th

Pf???‘é%%fdlﬁeén]é‘fgaﬂf?alinnl et gas stream Figures 9 and 12

Showggesd bightol FoR |ats§£Hﬁ9taﬁerﬁ’dI@§iﬂtboﬂﬁzﬁHnt &fthé RQeritiBY. e B th&s ﬁgures
In t ese fjgures there |s no chan arrange

gt s EhpE PR THBES ROP R YR BT B Aot subrntal
ché‘ﬂgbcﬁt anhii af kg ffghﬁ@gag&pt Firguna& b Al 1hee fnldg uﬁlﬁsme»scbﬁmm to be of
ures 9 a e 18 s sho

cops el SRmpte” O gt S o lobhe s Tt iy et g Shecifcall

vahd:l;hﬁ dih&ewﬁbdt\e&nlemchchdﬂn@t pairsaf osqaeicheb] Tiguleyd shaws ds usel of four
paEs g du i teer tug?,| & 1ts 2g%? r?edjtuat?e§ % o? @Jh[clsi hQ‘%e s\ﬁggt{n éll); Iyegg Aescribed.

The hla’ferqnsq 1@1&111@ 9votheietke inlddube 1af01rmqsﬁf ofvﬂqulrmrttmv €6A, 66B, 66C and

66@u hﬁlg ?ﬂ‘{l&ﬂgl kﬁle r%ubq,qﬁ‘ ger h&%&' a11-.r Qﬁh ﬁl' fI:Ir %ﬁ&%t& Hﬂelt: LYEEA and
et tu él or ned our por I ons

be@@m eRB Bucc@s@l@gaq@ds ev@mlanwé oﬁ detinlehabofeduise Thisefloys B vortex

tul&e@ o? @&H %Qﬁ: Qo %&ésgmﬂ‘%]%vé E‘l%sek & Gfeh o%e@%@éh iRl 8kted HBE remain

bet ween each succeedi ng palrs di anet er of
subqt?@ualm 1éqnt%b@hfr g wé agceeting sedagep gipgneten 1@11%$ fogfernt thggrgrtex tube

coﬁ%os@@m6ﬂa€d‘B 66C SMCIEOIRIpY bl AN Ge 64uRBAStibiRioR 8EMe GSHMEE of the
t hough the vortex tube renmi.n substantially

et e TR R bemp iR P 8t serat g PHERICEE S Hirgrd the use of the
reduBEHOi fSetdr ShidtaubRIpbiten W6X, 661, deuhad smm@ﬁ aﬂoﬁaﬁhsﬁ @&entfiBPBihe same

e FUFo Ao Ed LETERD RSP S B s o
eqAlE Iapasmagdmmgngﬁadm;s aﬁﬁ ofh hexmidifokl aa debwintie Figses ®fnd 9.
or.t

;ESF%%%LI? A3 grg%ngc%%eg}qal View t%ke% %Fm% g hnI ?g—lggfé‘b‘l r@% tPaQ @Qows the

essen
smagest cﬂwnétérmvletsnpieléﬁber 58 of Figures 8 10 and 11 The
sSuc |
al o?@l g g%elg ﬁavgflong%&%%%cf 1%{?1%%]3]&{3&}3 %g(fysér#één{]]la?@% ﬁlg getroleum
1n@13@y/;nﬁor|entra§t1@ﬂn@gis andgentraded s}?;ih@ gonepopenty orp wet gas streams and also for
se;"f_a'i'acelﬁg hec'agfé{' hxg{jﬁéh]‘g] Jn@ﬁ‘t@ ﬁotﬂllﬁﬂﬁ s{'rpﬁnsl h(ﬂ/@rtlile?essl’%e %tatlon vortex

he smal | est di ameter inl et t ube
tum@lcem Py dsoased l@xem tf@égm Isigpidicand peproyed Rerfgmance n Mysfpisr it has been

1e41ﬂleqtkﬁ£t £ m@ﬁgumaﬁe%ﬁwrl@er Y vaflous T8anR6d 601h8 YBCIbidE Shtdk tube as
for extractin ids and entrajned solid conponents

depqrigef higesin hagd g? vsg%wogﬁ%vﬁalv wih ¢35 o8@har at i ng heavi er

and g e Q{veﬁ%ﬁmmgﬂ @esérﬂs@dm)viﬂh g threinSkegreadparticularity, it is manifest
nevert hel ess c[e ti onﬁvgrtex ube

gy O B B T g B I CC PR T LA T B of componens
wigtif dpdrapCiom fhd kpiHiedndistoph afthiseksalosure. It is understood that the invention

is not limited to the embodiments set forth herein for purposes of exemplification, but is to be
Timited only by the scope of the attached claims, including the full range of equivalency to which

each element thereof is entitled.
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| earned that for maxi mum performance the various
features of the revolution vortex tube as descri bed

whereior28houl d be used in conjunction with eachCDUR®NS/080707

Wil e the invention has been described with a certain
degree of particul arity, it is manifest that many
chagge g,{ e in the details of construction and
the arrangerre conmponents w t hout departing from

‘theAs mnmf@gahﬁ@am pler efparating inginiseiblo sapmponepts pfsa wet gas stream

undessheQd that the invention is not limted to the
enbodi'nents set forth herein for purposes of
exenpl i faneaEghs aylingiigal yegtex @bbéaﬂlﬂgﬁnﬂ@ém@iﬂa}'l sgifacefyetop with a gas

scC OQ@CIGPBpeHﬂg tliﬁeﬁ@%h%gorﬁ |p?dv@ng d Hkﬁllld"giﬂgﬂoﬁeﬂﬁ B b wePRE8tream
of equival ency to each el enent. thereof. is

ent 9t BgeppA e tlhgméﬂfl}ﬂ Wébguffg"e ti’e injet beipg FrpF?eG@ﬁ]PW the top;

separ at arhéied bSﬂlBa;Eéﬁddntg shidTHog&d hibe F]lﬁ@fﬁl)lcbfhﬂ(rj&l&"a&fana extending
tre i sin n u t .cylindyical

vor B8R TeHeSHAoR A R RGP Rnle rF S ared by g vortex tube

Wi t Bot@mg el outI et openl ng therein, a bottom pr OVI d| ng

a liqui d ut tre

am
t angent i%dh u ’L‘ytoﬁ égace({ %}%ﬁt Jyertical (%N% ag xed 1 an cl‘l eictgrt;dmg radially
be' f‘@w@‘dw@'m'dewmrfa@ amﬁntaalﬂéiottom,l cabiabfile fmdouingd top ond

ext %ﬁ%ﬁab}él‘g% %?énhg% & akd) tkev[; alqg wal I surface and

ow sail top but above said inlet to
a | owner end spaced above said vortex tube bottom and

a pA%ﬂl’l gM s%ara%&%&%gdn?golﬁ rdlal?ﬂqr\%ﬁe?éi‘ljl sa%éh@fh bgfﬂ@ $s in the form of

affi xed to and extending radially fromsaid internal

wal fwosppded ererizseiral clagt cagtaivih e sanergitcle angle Giropel tof45flegrees from
havi RgiAnthiQnend spaced bel ow sai d helical baffle

| ower end. 2. A centrifugal separator according to
Caim1l wherein said helical baffle is in the form of

.t V\DAS:@r?tﬁﬁ a@@@fa&orepdohﬂlh tbldlzgﬁa mséeelﬂwaﬁmhahbﬁ LS ARRpiRd ek each

| e rom1 froma_ horizontal plane.
3 haVEémfela oF alrat %t@agﬂ%af%f 8‘886%%0?181 llf]ﬂ“eCI aima

mhereln said helical baffle spiral rlngs each have a

h of f t al
o et o rgiredE AR PO RBEH AP i i

con ﬁormm@jsebamtomusﬁl |ha~gng/va th‘lquud level thepgindarglombeadimisaig vortex tube
sep or. vessel vin h
V\:he? ul noustlgt Q enln% %s su rfler 11|1 I qﬁ}’%‘dg cﬁéﬁ«{rm}l sa?& Eelfgalabgfhe lower end

openi ng
submet@;eehldhqmdieveﬂmqhn@rt@ndbmher ein said heli cal
baffle lower end is at the said liquid |level in the

vortex tube. ' ) '
A centrifugal separator according to Claim 1 having between 3 and 12 of said spaced apart

outlet fins.

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

cylindrical axis of said cylindrical vortex tube.

A centrifugal separator according to Claim 1 further comprising a short length reduced
diameter downwardly extending tubular lip secured to said vortex tube top and concentric

with and surrounding said gas outlet opening.
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5. A centrifugal separator according to Caim21 having
between 3 and 12 of said spaced apart outlet fins. 6.
wov@entsd ugal separator according to Caim1l REEDS2008/080707
each said outlet finis in a plane of a cylindrical
axis of said cylindrical vortex tube. 7. A centrifugal
5.SEPA A R0l bS8 AT 7 L CATRE B4 Aiimum of
short uced di ter downvvar(ﬁlil ext endi
tub@boa?lmlﬁl@é%lgﬁled to said vortex tube top and
concentric with and surroundi ng said gas outl et
o eni . A centrifugal separator according to Caim
9.7 wﬁéfrg?f oo foF SeRAIING Fpisgible §omapoReTy Hharvebsas §hesut comprising:
inch in 61: AR Ressd. ha‘{iﬁ‘g h?deﬁkasd;ﬁk!dn@ ﬁlldr'ttozfn lﬁ%&aéaatduﬂé} at least one,
sci bl e conmponents of . a S .Stream conpri si
arm} OF SR g%tlan%]é"\}’ “ﬁé’mé(ls%%ﬁﬁd%g“@?l%%ﬁﬂ% © ‘iq?heéﬁlf‘
up g e L g af‘ph&hlttﬂ/ ef ypright c}lcyﬁﬁﬁltal @b6iEsx thiR¥vedch fhh‘,qhg &h 1ﬁﬂdinbﬁi/all surface,
an avi. on |n|n
t hef éop E’lga % t‘iﬁ oPemngc%ﬁereB?l gﬁgon& yr &}% C ung%uiﬂ{:t cgpemng and a
t UbB'St @astt'eaimanﬁemgn@ntlal it ée madrnabatall ssufitck abeinlen beiog spacddbelow
%utl et opening therein, a bottom providing a
I [ qU| butl et opening and a wet gas streaminl et
t angent ieadh voptex hwbe havirgr nbelicaldh ftle sepufedde said Nertexrthlgt internal wall
bei e
ol | AT B e B e R R B S T LB o sones
wal kbogesaidaoeterafibe kottemndi ng from bel ow said top but
above saig JdkLtunt q‘la\@né Qiﬁﬁfah@rrbq ?&@@Qﬁﬁ%ﬁl\éﬁ @kikins affixed to
vortex tube bottom each vortex tube havin
pl upnsl gxfopding radisly dgmagaidy fortefubs Edgmad yell é’t‘rfaPF AdjaceRT jaidelpttom,
t o g 0@t £NEHVIRG alt@finakja¥ed UeRM s‘éﬁlhghcﬁﬂfa‘ﬂ@%wbw%ﬁd and
internal wall surface adjacent said botto

out | et FiHAFRRA ARt OB TG S LB R b it focgic vessel

baf fvbteoak an BRE andaming ah@;salraz@ﬁ&a&amdaﬂatoptanih@fmf;wm sald vortex
aid ves cted at an inlet end to. saj

ot T8 BV Eie TF SR Fie TG CHphr BTG g e sream
out lnt. openi ng for each said vortex tube each sidewal |
outl et being in conmunication with a said vortex tube
wet gas streaminlet. 10. An inlet device according to

100 aiAmidletvwhveice hasodaigdo Wadin Calvhepard fdidhélivaldatile ipfeachadichaid vortex
vor ' f BhA&s £
v iR AR ot o SEed BT o AN SR AR fhoBAE bichGhi Bl om
degt &ek degren frontyororizental alang| ane.

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 a horizontal plane.

12.  Aninlet device according to Claim 9 wherein said open bottom of each said vortex tube is
submerged below said liquid level and wherein said helical baffle lower end of each of

said vortex tubes is at or slightly above said liquid level.

13.  Aninlet device according to Claim 9 wherein each of said vortex tubes has between about

3 and about 12 of said spaced apart vertical outlet fins.
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11. An inlet device according to Caim 10 wherein said
helical baffle spiral rings in each of said vortex
W aiwen728s a pitch of about 15 degrees from a PCT/US2008/080707
hori zontal plane. 12. An inlet device according to
Caim9 wherein said open bottom of each said vortex
tube is subnerged below said |iquid | evel and wherein
said helical baffle |ower end of each of said vortex
14t ubés inles dgticenccasdling ot Clgimahwhase eagh dhid veytigadioytlsl i is i 3 plane of a
A“_gﬁﬁ&&mﬂﬁ%kﬁ@mﬁ&%ﬁ&ﬁhﬂ&n&@mﬁla'”19 wher ei n each of
sai d vortex tubes "has between about 3 and about 12 of
sai d spaced apart vertical outlet fins.14. An inlet

15deVirg eni@CPicsl baddrdtn® +Eldim Pwidieh acBaeil Yokt tibe fikdlddd therein a
outlet finis in a plane ofra C¥I|ndr| xi s of sa

al .

oy FRENPIEE: et denfisp dovrwerdly, P iopdies Rty e sshuer i oo
t o @Rk b phsd @nten@RCHhSAd Shrietiditsaid WaeoutlBicdpeitlfs
therein a short length reduced di anmeter downwardly
extending tubular |ip secured to each said vortex tube

16t op Aamdetdevieentdridiag Wi Clhina$h dharein eadhrsalid ivgrieaiube Ipa sherein a tubular
out.egﬂgggggpgtl%gﬁﬁ@% Lnlet devi ce according to Caim
o wiePdl T each" sAry'vortex tube has therein a tubul ar
lip of at least about 1 inch in length. 17. An inlet
devi,ce dj ' r&i i i

17 o FpREEALAR G (LRI W8 Bl Rl PG R M paced aper
out baits of gddisidgvathertiebgpesiai dvhoishy eaid vertsaulps @re positioned in pairs
POS b ARGkl Bahdk ffn Bt @RRAPed Sides of said
horizontal i1nlet tube. 18. An inlet device according
to Cdaim17 in which said inlet tube is of

18S UL afdtidadideyac6RMmat tlaith BNE WRich QY inldt Subb W df shi@tidny constant
19. An inlet device according to Claim 18 including a
V- shigpeer Prefsirblepst di verts the incoming wet gas
streamtowards said sidewall outlets. 20. An inlet

devi ce according to Clajm 17 erein sajd rizont al.

151 86 SPED AT FEBEREE G e HOTHOE AoV draped opish i divers he
t owakeisingwhi gaadtrepditdwabds s sil@salltoutes. 21. An i nl et
devi ce according to Claim 20 wherein said inlet tube

is tapered such that a final opposed pair of said .
20vor te@xnlttudrese acoerdaty toelaitn Ellybdreintsiid hbszoptah inley (hdhesis dapered in

the indthefr(lttheerd.ir%tiog ltlorvta% % Final pair of vortex tubes.

21.  An inlet device according to Claim 20 wherein said inlet tube is tapered such that a final
opposed pair of said vortex tubes are at least substantially contiguous as their exterior

surfaces.
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