. e3ej xnUj UPPQARLST6UTNUP\ L2 4 JUN 2003 A NOZZLE FOR SUPERSONI C Gad FLUA
.AND AN | NERTI A SEPARATCR FI ELD OF THE | NVENTI ON The present invention
relates to a nozzle of convergiwmmmmmmmgmmgnshape for creating mst flow at
super soni cwg%/%ijgy, an inertia sed thereon, 5 pag/mposipisbed for
t he supersoni c separation of a conpoesmwnt* y of a predom nantly gaseous
stream More in particular, the invention relates to the separation of one
or nore conponents from said stream by condensation of the selected
conponent s and subsequent separation thereof. 10 BACKGROUND OF THE
| NVENTI ON Separation can find a%%jications in different industrial
settings, such as in t1E%HF FEhTFREOVGFES TV ANR AN HRERIHePRPARA TR dust ry, in
the paint industry, and a wide variety of other industries. Separation can
be used 15 in various industrial processes such as, for exanple, in renoval
of carbon dioxide fromflue gas, in airconditioni nmﬂmmﬁmmmmmgval ) and in
the drying natural gas before its distribution int f pipelines.
Nuner ous net hods and apparatus exist for separating 20&ggponents from a
gaseous or ot hgdELiDyiOds THEX INMFAET IIN convent i onal separation apparat us
nclude distillati geCol-utane MY S ANG IRIDLANGS o SELLL] DY kanks,
centrifuges, electrostatic precipitators, dryers, chillers, cyclones,
vortex tube sepanatggsngmd iavswyiyer sshatte Hhnwevergatimy enbse fisadwant ages
and/ or proble iated wig ch of. t hese conventional —apparatus which
may nake themrr%rlllge%%%r%anglce F\C;Mro%e%aihann alprE)Tlf?:Ja i%g a.‘r';tgr Zbﬁf:ﬁﬁz%@%r%“'
001 40338 - 2 PRGCHW EPg@/IO40Edm taddlituipersomic osspaneriom sépar abmpsnbave
been descri bed . _t rt .. i-ppe i t ersapni ¢ npzzl e, g
3P A 02, 017, 9205 & S Pl RS OB AR Gy EEEhs dhoke TR ECLRPBBEN them
use of supersonhe finpwntlle deliated tacthelesepasat ideroposnei onedonpst r eam
of a supersonic¢ _nozzle. T W Tl fluid.streamthen passe hr ough an
axially synnetrfgngﬁg%gi%%é%ﬁﬁﬁ%§$%}4%ﬁWh?¥rﬁf?%ﬁ??%ﬁg T eggﬁﬁrl is
mai nt ai ned oversedelctrgt kympoingntth Strahceyb £s@adn gs Spd BageoPpr essueef dr op.
In ord to 10 I a he three conponent gas flow, a
| ar ge géstrea BAGRERAN i abbyd I$vided by the swirler and a
significant anount Sebaenerigy tdaer efiorde apsticateonnpidt dof foeesyst em
US- A- 3,559,373 refers .to a_suypersonic flow separator.. .15 including a_ high
pressure gas i APt &4 ctsae%{:tﬁnaqrﬁ ySHHped T hJF%ZYr}e a%]afaarff s%%f)eﬂgdu"prg’
rect angul ar - cr ass thec tchemdlcadhambl st rihe hatmnel pairet udesuanrput @ndcar ved
per neabl e “a||w1 gas stream '%> rovhdqﬂlgo {he gas inlet at_sub oniced
speeds. The ga&*E6nvErdesyt Mrodgh The THidatt ahd 2P axpahde FAto°thds
channel i ncredsi ngrtilesvealnagittyritad supsrsose € speedas,Theo expaaspba, oint he
fllowin the supersoni,c regqion res J._I(;txsic'l)n HAropl et coal escence. and the |arger
dropl ets pass through t'he outer perteabl e wal | ~and e colletted in a
chanber. The sepaddttiiomifrgr devatemr.rebrdahe dod cen nelcessay yngonsepaaat e out
t he various phases. of_ fhe .flow.stre 1 s dependent on the radius,of the
curvature of tﬁgscﬁ)zfﬁfné"le. J‘i;hsevélirlaS |rul§brﬂo l?rhelrgﬁ? v%t%?%w%?kt%é %h%ﬁﬁé??s'
however, is necessaimey cuisnintesthdds prrel engpawatned shoek fewesepdhet ehore,
the Sh%Be of t%%ﬂ%%ﬁé%%s from a gaseous or other fluids. Examples of
conventional separation apparatus include distillation
columns, filters and membranes, settling tanks,
centrifuges, electrostatic precipitators, dryers,
chillers, cyclones, vortex tube separators and adsorbers.
25 However, there are disadvantages and/or problems
assoclated with each of these conventional apparatus

which may make them undesirable for certain applications.
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30 described in US-A-3,5S89,373 inhibits the force avail able for separating
out liquid droplets fromthe flow stream Further, liquid droplets are not

col l ected across the area of the channel. EP-A-0,496,128 refers to a nethod
and devi ce wono/aB3separating a gas froma gas mxture. The d®ETEPW M hdes

Z 4 JUN 2003 WD 00l 40338 - 3 PCT/ EP99/ 10496 “a “cyl i nder which converges to

a nozzle and then diverges into a swirl zone. Gas enters an inlet port of

the cylinder at Isubsbhitispeedsrandsf Lows tikhr cegh e toarsy éragiendgesect i on or

the nozzle. The flow expands of .5 the.converging section into the

di vergi ng secti é%so?rf%‘ggcvlqi ﬁgérag%:’s&ﬁé"r‘ggﬁidc “3&‘1%@1 PR S SP ARt vi d
plates inpart a sw ript®-0he0supgesonecellsowo the cembiraatioon oFf & h@seous
supersonic velocities andrtlt he s 'él assi st. i n _condensi r}a andgj\ﬂ’epar ating a
condensed conporerit™$¥ont ﬁ%u‘ibwb Se83§ COnSERETTLTEC (tHE™ | T SIIFARE An
outlet pgpe is postli@neda cenitablypwisthiidnkhie updtimdar oo saldupw dicsghar ge
of the gaseous conponents of the flow_stream at supersonic velocity. The

li quid conponent™ %ok i ntie® oﬁwfﬁjrbﬁahfjué@céﬁ(fe@i“\/é?rh&inné’%é@tsi sl PR

drops the 15 velQgid ¥ § Ospithe0pi €, eApdnkhbaual zafaro Wdrnmatieley exiting
the cylinder through a second outlet. |nternational application No. WO
99/ 01194 descri RF &l Gles | aFPreftiddland FGLPESISTE Ryeded deMISh Y éd\iing a

sel ected gaseousyCOMPOAENt - fL oM AgShr @3yl phlelisth 20 GRRt aii RE R Pl al ity
of gaseous conponents. This devicé is equi pped with a shock flow i nducer
downst r €8m of tHeratate et FRAPP2BARESE LAY o edédiress € e ngxitaldaselfdevty f

the streamto SubOi cuyetockhyswPR! hedki 8 9hid SHaGk piaka ddy Y Smnner

results in a nor iclient 25 separation of ormeéd particles.” These ~
references descrivwier variaud supePBbdAiCaANferlicaNTepdr &NergY Rdwaeedor aninurtt
a detailed descrﬂ'eoti'rqgupft(t)h@hgogggge;ﬂq be used. Designs of nozzles

suitable for inertia separators 30 are shaped different fromthose that are

used in bet engines,Usthudt®ed8, 3éBcreBerh GSe acompergentcdiflemgerrarerdes
(Del avay sNozzl )y, i &1y P! 1 30! DAL 6 MG IR TR SECicn iU
r the th : “he

di aneter exists, referred to a nozzl roat’ wever, I'ver gi ng
section of 35 nodrmsduskdoat. aavdr ast-¢gbered c@irthega lsimpiressomesdlrondd 4

JUN 2003 WO 00/ 4033 9 - iwerain ti el '
Chem cal Engi nee&aﬁﬁgﬁ% [;%Qé@)@l 'Il‘ﬁ‘ec lglﬁége%(?f %tkﬁg\rdic\%grv(geﬁl eslgr{ce{a%éolﬁe to
obt ai n supersonivaki stAfgaw §Fream ast wmsoyhass dommhiesigsg |xindtd/agol i d
particles of con . CO ts I nt .as. . fi rti S
transported wt hgfrgi&gé(g gﬁggg mTjgtEe %’E%oéozlt";?g?cﬁsgf%?ﬁ’é{?eh; %rkrleét kr}g'&%%o% flE
desi gn abe gi verexmyndsepnbantaadcRashied , ( Eneredtss. raf tGas dydamidy, tWl ey,

New York, 1957, p,,289),10e;500Lenk50h ihGh A &4 R RALAE &% Bhe

reference.
supersonic region results in droplet coalescence and the

larger droplets pass through the outer permeable wall and
are collected 1n a chamber. The separation force, 1.e.,
25 the force necessary to separate out the various phases of
the flow stream, is dependent on the radius of the
curvature of the channel. The radius of the curvature of
the channel, however, is necessarily limited to prevent
normal shock waves. Therefore, the shape of the device
30 described in US-A-3,5598,373 inhibits the force available
for separating out liquid droplets from the flow stream.
Further, liquid droplets are not collected across the
area of the chanrel.
EP-A-0,496,128 refers to a method and device fcr

35 separating a gas from a gas mixture. The device includes



10 US patent No. 5,261,242 concerns a process and apparatus for separzazt' iJé)”lem]3

of solid particles or |iquefied substance fromtheir carrier fluid, using
an inertial separator and, upstreamof it, when needed, a nozzle system
whose genew@loomaagtion is to transformthe fluid 15 carryi nECTHFILLHE ance
to extract into a rapid flowallowng to §e|§ar'ate t he substance as result
of the inertial effect. According to this patent, a converging diverging
nozzl e is to beaapplirdehavirhghacpareirgelsal opreofridze (aepidtieten nd F & g&s of
the US patent)..T ozzle,20 s sai.d t e _useful_.in the secior. of energy
recovery, i ndus%??gl Qd%%% Qab%'n%agf egltuirés aé]arj‘rnylie% Pi?rqtué?*"r abi®e _

subst ances and tpWendag ef delvspoinnt spebdgases) fdfowgasinuudh cation

t echnol ogy and aerosol s_separation_an as separatjon._Accordingly, this
patent descri beS°A"hbZ21'e %Cgf’og Sdngggggﬁtz-zgiever d'bentflt%ee’ﬁéﬁr?%% qut of

charnel Tonpristhg, convehgidyr eetitapnofintbe thieuidd Wd oy n s dsc@nglf the
downwards from a ;hrgat gorti on respecti \iel y .a caqnver, ingfoand a diverging
hd it

channel portion®Y et bi RUBEFI°RoZzI'ELCRaMel had 439 At es

vicinity of sai dmg@rthsostipdrtborheupwpedsyrnand dawmnward y-dhereff oM of
shaped to cause_the pressure and the flowrate in said zone to remain
substantial |y cbhgt3nPeHIerl Eh¥ShBs2IeeEhaRAeltNEXiSW L HHodAANSt 14N r emai ns

uncl ear what Sh@@ﬁd@ﬂﬁ‘iﬂ%”@ﬂ&i 985222tk AbS aneszle neest rieh Achi Sy e e
separation efficiency 9-12-2000 - 5 2 4 JUN 2003 EP 009910496 L of at

| east 1% (mi ni ARHFSRPaFAFPBRSREFi Efehb§ £oPWsHF reaT dehdut bt ijype is

preferably at |gastD0% &ntahouan sOPakahian telf iGi1anee f oo say Hiat ural gas
treatnment), and/or to provide separable particles of say 0.1 to 5 2.5 -

micrometer di angtefhasge A0 76B24925RAUSUCAIPPRESAG Sl hd Sl % eS BIRASR SHTC

inertia separat 9ﬁ$e%5898_t vEL¥EREyal £RBL 10RuLQ (ReRIHLGs HodditrngeUBt Iy
of the nozzle on the particle growh and performance of the separator. 10
What is needed FBraugetfodeandddeyiv8EIRARCH SR L0 e itdhe i oralVidie ages and

i nsufficd enci es,of ot DeyPELOELSSBAL AL | QRMBhRRdS H @ ¢kt %lac'lqﬂz?g{é)l"\f{
particles of a readily separable size with a |li'mted anmounts of external

energy, rotating*phits hhel presBdrE GREPUIR5ASTMVRRYE QR THSE 1 NVENTI ON The
present invention pfovifgs: 8oA97ZhEp0k cGORYAT GNIWd W& /H NG ShaRS f Wes a
creating mst flow at supersonic vef)om ty conprising:
similar method and correspondaing device for removing a
selected gaseous component from a stream of fluid
20 containing a plurality of gaseous components. This device
1s equipped with a shock flow 1nducer downstream of the
collecting zone so as to decrease the axial velocity of
the stream to subsonic velocity. Application of a shock
wave 1n this manner results in a more efficient
25 separation of the formed particles.

These references describe various supersonic inertia
separators, however, without a detailed description of
the nozzle to be used.

Designs of nozzles suitable for :inert:ia separators

30 are shaped different from those that are used in jet
enganes, thrusters, etc. Both use convergent-divergent
nozzles (Delaval Nozzle), which implies that in the
meridian section a minimum diameter exists, referred to
as the ‘nozzle throat’. However, the diverging section of

35 nozzles used as a thrust device can be a simple conical
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- a throat having a characteristic dianmeter D*; 20 - an inlet having a
characteristic dianmeter D1, positioned a distance L1 upstream of the nozzle -
throat; and - an outlet having a characteristic dianeter D2, positioned-a
di stance IMPO@®¥H338 ream of the nozzle throat, 25 wherein the RCA(ER§IE§496
L2/ (D2-D*) is larger than 50, but smaller Thdn~™220. In the above definition
and throughout this specification the throat is the part of the nozzle
havi ng the snal Hége W FE (AN OxE = Berutiéserhemdbali Engheed@s’

i ncrenental cha i aract-eri sty i t x refers to the
i ncrement al chaﬁggdlg;&og{}si?i'{b% 'als%lﬁl% ?ﬁgggxggl gggorgéivgé?g?? lsﬁgtcilﬁpefoi s
t he subsoni ¢ i nbbowipl anvepefsahiec mokzet ef Wber éii . st ar tgot pheeavengeridbDhdx

0), and the outlet i.s supersoni £ outfl ow plane ,of the 35 nozzl e where
"} stops 1o o verge BT S TON Rt b E | SnBRRREChelSn 2350052 808 <" &
2 4 J USN 2003 EPre@aoiAdtrntheexpiesspontichasactenssbireédi sivsedhkengtbe
above definition _and .thro E}Dout this s%eci ication to gefineétae di anet er

i ndependent of PH85§Ha|5%‘S?:2i ‘el ar? FRETARGuPArPeét BeFNEESt RE BP3SEDsaERI on
i.e. the sectiopibenomymlLitaprdren noza | Rosixks. (Ehemehesastechsti/gagliaget er
equals 4 tinmes hg crozqs-se%cti on 9€.§ea di %Med gé the circunference. The

i nvention al so Brl F¥dedSh 1t i B 3bpaP at of *1 oF NEUBBPEBRFE SEpWRAFNOATE! a
conponent of a predemdiatdy kP Yaseouscstream conprising a nozzle as
descri bed above, and a separat]on section downstreamthereof having at

| east dife outlet foFStBéSHpAent® 14% - #42 t 6OBESERPaf aPEACSARJI2RE | east

one outlet for LREaL@NRINIMG JASAOMS: Sd4 eam sdD WV bA-the1expressi Qe ried
"predom nant|ly gaseous stream' in the above definition and throughout thi™

speci fication i §URE&ANCE KHFAmTat TRYE havef AuhfnoPSaRBuAl dReFF{ald or

solid content, £05a@%3WY &ncd JaSsSEdARM EOIP! | Shag RadQegW ol gL deand/ or
solid content. 20 Finally, the invention also provides a nethod for the

super soni ¢ sepaf¥Eit6R ofiife TSt Lonpbhent sSofCatprrabarRahbeyfgasdous

streamfsurt her eQERRIiSING H: CAIHd I n&aS; o USkPPadP LAEhtLargeparaigy as
descri bed above. Brief "description of the Invention 25 Use of a nozzle as
descri bed herei Albeféng s AR T3S He'§ of WREFdRCHf 2parefel 8sobf tBeparabl e

si ze. These partpghes sholdB e ¢ heycandensation: fandysebhdifLcathon, Langone
instances), of the one or nore conponents”fromthe predom nantly gaSeous
stream by the dééveageé nigh "BF 2ehpeT aturies daert e hkaédd| § P3Eht FOPRE

expansi on theregfr(The @dYESEPNn i sEOLrOPLE' tHEADS pot-gaYal TREL £ERSEANt
entropy with respect to either space or time'.) The invention is thus based
on a ratye of s&peFSéi E N IEE Wit hiprefre xedCrengPh/ BN aRBY eFSFAVRBY;

realizing 35 thatqythe gffieciimenessaof: @ bperihagseparal Ohgl 81 AVERDED
SHEET substances and lowering of dew points of gases, of gas
purification technology and aerosols separation and gas
separation. Accordingly, this patent describes a nozzle
25 of a convergent-divergent type having a channel
comprising, in the direction of the fluid flow, upwards
and downwards from a throat portion respectively a
converging and a diverging channel portion, and wherein
said nozzle channel has a profile in the vicinity of said
30 throat portion upwardly and downwardly therefrom, shaped
to cause the pressure and the flow rate in said zone to
remaln substantially constant over the nozzle channel
axis.
However, it remains unclear what shape and dimensions

35 this nozzle must have to achieve a separation efficiency
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5@_1%% 0 2 4 Juf~ 200 EP 009910496 dependent on the dianmeter of Ef@90%91049063
rticles zl'es "have .

pa , and the dianmeter of the inertia separator. Suitable noz

a length/dianeter ratio of 50 < L2/(D2 - D) < 220, nost preferablyglo <
L2/ (D2 - D*) < 200. If this ratiois toa § snall, then either the pa‘rt"cl@na
si zes becone too small to be subjected to inertia forces or the expansion =

is far fromi G Jf i g.yatjo i ar ge hen the expansio il
not conti nue O?(e;%gjg'ee%ssoénilcst%goﬁnd]iﬁ%‘%%.g?%%%gs&?h%{%hﬁﬁﬁnﬁgeﬁo otRd t be
particul arly aduw tcaridd, ¢ ithhiachi e rgfésasly opt Cled§t chepcimsnihenr) > 15%
have a |l ength/dianmeter ratjo L2/D* fhat is smaller than 300. The nozzle
Cross sectioﬁeﬁéfQE%REaé%#%ﬂﬁﬁﬂfysgﬁﬁl%Ey(ﬂ4§ﬁﬁ%&,gﬁ%c¥§m@ﬁm%9tbr nmor e
conpl ex. Fr oBha /RrOdUC i iRRi e rat B pd e d s dress tyw, age; pggferred. 15
The nozzl e of the present invention may be used in inertia separators

havi n§ a cur $ed@ FépaoReter sd@maf® as described in for instance

GB- A1, 103, 130; U6-A-47233405Qnd 5ol 200 242 M ed S 3y 504, 851 ¢ he

contents of which are included by reference) and in inertia separators that
20 rely on cédPertggilc dagatdEd GeRitatar{ JR-AQX WiNioX ; atEFert Dor 960 128
or WD 99/011 , 0 j el Y.

Accordingly, 9§§ ietggrgfﬁaggfg%gir%a%ro\ﬁ{agcc rg{f;\ger%o the pér)eosrt{aﬁﬁél %‘%ﬁ%%%%e
conpri ses a goerkd asddpkirfedmabboee cfhdhe separEtion secti on downstream

t her egf 25 havin . ea tl et fQr r ch caonpgnent to be
sepa?gt ed and at %gésf'goﬁéeg%tgl g‘# otrmettﬁjgd? gﬁlad?rﬁeﬁgicfaswgﬁfg‘ SHYmeS
Preferred inehti disepanatagesarned Hose ffiali adijeootaiid ignigad separation
action. In such separators.liquid 30 or soli articles drift to the outes
o ol sect; SRESZRERRE SEEDRARHY O SRR Ay T G A GIRR O rbam (vor Lex
flow). Preferabbyliyhespairablel aizepariahornes Hade el \ndiac d nshicRitasd X eam
to the separation sectkon.and domnstr%ﬁn1of t he gpzzle, in the part of the
separator refBFFEY-t HOFAVERBEB2SHEERRY PEEFS WG TR L 4 JUN LUU~ EP
0099196496 - IuMMARYt bE pHEsAyEBATIONowever, it nay al so be possible to have

a vertex i nducer hefore The gegzle, (subson,q), o1, AWENGED SHEET

converging-diverging shape for creating mist flow at
supersonic velocity comprising:
- a threoat having a characteristic diameter D*;

20 - an inlet having a charaqteristic diameter D1,
positioned a distance L1 upstream of the nozzle throat:
and
- an outlet having a characteristic diameter D2,
positioned-a distance L2 downstream of the nozzle throat,

25 wherein the ratio of L2/(D2-D*) is larger than 50, but
smaller than 220.

In the above definition and throughout this
specification the throat is the part of the nozzle having
the smallest flow area (dD/dx = 0, wherein 'dD' is the

30 incremental change in characteristic diameter and dx
refers to the incremental change of position along the
axial coordinate); the inlet is the subsonic inflow plane
of the nozzle where it starts to converge (dD/dx £ 0),

and the outlet is the supersonic outflow plane of the

35 nozzle where it stops to diverge (dD/dx 3 0). Likewise,

AMENDED SHEET
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4 003 WD 00/40338 _ 8 PCT/EP99/ 10496 even in the nozzle (ei
éabg]i#% or transsonic). Particularly preferred are the inertia sep|§€ O(?|91O496
described in EP-A-0, 496,128 and WD 99/0l 194, wherein the vortex. inducer
conprises one or nore delta-shaped 5 el eng é;ts protruding radially inwardly
fromthe inner wall of the inertia separat t he | eadi ng edge and pl ane of
whi ch nakes an angl e of incidence not |arger than 10 with the axial
coor di nat e of tRRe®KREPEFACBepEhaFrBFLeri s§AGI d Shals@sddmstided alivmte t he
vortex can be vag | e t [ | e
varying the g%%?}%l??glg%{ %ﬁcei ggl’égggg\%g E:gr{gl Egr %é't%:iv mcﬁoo élge)?;\ig{) S
havi ng curvestioe dems;easingeaendﬁsm n§ toal sas&ptem(q;assﬂ@m/;ay using a
tw sting coil Si assag V|n a .nan trical
passageway; 1%4:883%(89]3&%0 \%g Eaggagg\%ag%@mg%g 8us "Wl | >i1eusﬁyer?clﬁ'el(fn
spiral$y woungostabet6 otle endezibevarlex TI‘heWchaerteeQIiTsltM.d fianrdtemozzl e;
or using a tangenfia vprtex tube. In addition, various different w ng
geonetries me YsedtiBe? nﬁ]ﬁ%ec’éo?BrF%?tﬁﬁnﬁﬂea§ﬁﬁerd§8ﬁ|d@dp£’é’s§§’€way such
as a 20 di st ofiesumf&Bende cambered wing, or a winglet. Qher exanples to

create a vortex |ncI ude introducing a swirl upwards of nozzle (in a
sub- soni ¢ regi on)TRAIrREENTFR 23 Eovhdﬁfn n ingrifigr SRREERLOSr tRr

tangential indglerddies ¥osdpxrimYorl 60 Qec&%ﬁﬁdntnthQ %%%%W%m» an 25
ext er naIIy supplied rotational force such as, for exanple, rotating tube or
rod (Qe., tr@?ﬁ@%ﬁjss’é‘f?%t)c‘l@@ﬁf%?b%‘él?y‘,‘oFééﬁl 2RedeSRg 1RRE/ G‘PO(YGollng of
the super sonig, Passageyays I8y HEcUSEH S4ffst PabmatXQLEeX gév%gafa%d (1.

distribution of entropy and enthal py). 30 To separate condensed particl eSv
inaswrl, thrask dmeet@uw@t fryethe ¢empAnent Waalt &6 thRebeube, that is

they need to d tra?ﬁ/cflaypléé’s@a&fxet&gt{:b{:efggl tﬂ%agghﬁén% the
passageway of svmr 'separ at I on appar af us. wever ropl Fets formed
in the 35 supmmus:smare are too srrall they will not be able to ~ 4

JEIN 2003 WO 004AQE38E 1o Goy Igr%g; 4961 £AG ;#E%g kb BUL cEasheag i ||

first reach an equ en centri orce o swirl and
i nward drag fthr@@qwaasteﬁmhtxm stiyewaghout hhisbepacfidandttibat ishe
cool i ng spee ) u 0 . - 1,.000
Ki's, prefer aq‘féaqﬁ ggm a outré %%g% %é%%gf% %b%%?‘gz: 9@8%“% Isjgt g?gﬂ%ldeég

separ abl e parStCchlldaswfratﬂrﬁgr af@r z%xmpieon@am@tSDrQamnﬂngmtséng t o about
2.5 mcronet g s,q BL&f ra({q‘lly oLty D4 5¢ {_:élq{._mters to about 10 1.0

m cronmeters. For exanple % oW ng coo Ing speed and droplet size
corredGati on has Eelera]fbundﬂfe)rlra\rﬁraﬁﬁmemlm rpv\m‘edem gtmethod £oCobheng
speed: Dropl ! A E 0 €5 Grdr € 5,54C, 000 K/ sec
0.5 m cronet :%u- gbd’gjt)@%és;g%ralt m%@oﬁ%eﬁ}r ﬁas gﬁg@hgégé gu%d possi bl e
to define supma;imimmlzsr e@aw\ow%rwetﬁmtﬁ@rt}éeatP@ﬂpbeﬁmenacserirmgrspeed

(dT/dt in K/ o T en found

w th nozzles er e| n tqﬁ% oﬂ'ﬁ%%@:faog p %ﬁ%@?g % %JE)%L)%IZQ? %g%f)g isin

t he range of Hrimf JlesS0iphirr @f cthe abrIlY/eIilhi@he range of from 3 to 3C,
pref orgably in Lheyddnge pladdon %l Qudoer 1 508! h0fe 2ROBLEoPBY e, deLer Al ned

er:perinmentally, or be designed by 25 éﬂanglng the nozzl e geonetry.

| deal |y, the ihrerfdmmastien dreasteeleppell separabiposkzaavéngenmerator, for
i nstance a di e g/ % k -
downst ream oy}g% e#lloéézl f.zor'ol_ﬁoey Oﬁ%%kcﬁﬁ/a%éejﬁ%%g?gt O%HH 562%!3?522?23%%%% eam
30 or downs-~rsame ofnstencepar o f opheeend opr more components from the

predominantly gaseous stream by the decrease in

30 temperature due to the nearly isentropic expansion
thereof. (The expression ‘isentropic’ means ‘of equal or
constant entropy with respect to either space or time’.)

The invention is thus based on a range of supersonic
nozzles with prefixed length/diameter ratiocs, realizing

35 that the effectiveness of an inertia separator is
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I Eﬂjﬁg)"t ors have found that the separation efficiency is signifi
%?rﬁ?ove if collection of the particles in the collecting zone tak?gpg%éo‘l%

after a shock wave, i.e. in subsonic flowratter than in 35 s~aperson~c
| ow. The shock wave dissipates a substantival. 2 4 JUN 20D WO 00/ 40338 -
10 PCT/ EP99/ 10496 anount of kinetic energy of the stream and thereby

strongly redugces the axial_conmponent of the fluid velocity while the
tangential cd RO% JustF b ?rﬁ%‘t'%’ér?%xga@n@?ﬁf:bf: ePengPfs t88bst antial Iy

unchanged. Asiiarfet@swt the Teastiy @é?abgt@attsgheabne hbeznadi ghky outer
section of the col Iﬁg}i_ng zone i s signi icantlg higher t han el sewhere rn
the conduit herPEHY F18WR e sipletQopf c201 € L4/ hBE| avBl) t Ral20hi mosLf ect
is caused by dheStanonglynd ed—1.o axighy flupbggvekpcy apd.t phetgb 10
reduced tendé’tncy ofé{tg parti cl eﬁ?{?‘% bege)ntra?ggd ES gﬁ%gn?rggﬁg" %grépéof

t he st eam weded isheHdryial themsthe paryiche ghbreaxbatomel beot ymahantpear er
the wall of e i S o W § ni ] he_centrifuga
forces acti nté:)%oﬁ%%lac%er%grgZLJXép]gCrJf?gf(g%é)%geé%&%%%%%%gg?{éa Seg?ént

count er - act eddopn tilkerdgmard-< .ni g Heis ommbiothe tenmttatgécotkénothéhe
stream so t art..cles .are allowed to lonerate in.the radially
outer secti o%§%fag}%§'é’%c6{]1%cﬁor% Czoonﬁlelrf\}r(\eﬁn%%h?‘gﬂg]f%g@l%rcéoré%%h%?id. 20 In a
preferred apparzatles, tthae dlaock beere feurd eab doe bhya t nieel aagl ¢ heu st sleaa) of

fluid to flow throygh a diffuser. ile any, diffuser n be used, a
sui tgﬁl e di f PGSRV ISHISEHiT e\gﬂéflf‘ffsee’? 1%% ah A sﬁ't ayRB8is2 enbodi nent ,

the col | ecti NgnzQRe d1SreteA 8 ad apeni+ ti@a@%@hﬁxﬁﬁl@f‘%@%ntﬁ‘@o diffuser.

Addi tional ly, the shock wave can be fornmed by other neans of, such as, fer
exanpl e, by the phacaeemtleolcr® st ACtdme mamiaty ahe $haee plsiech 2, the™

Interior of tcggcgggqlgi trfcR SHRALG WY iR e 140, f#%a@dpw@ﬁgégﬁg 30 a

shock wave. The final part of” the inertia separator downstream o
passageway ce®fphitsed Hevgepdeaticomesediiorprevpiefesred. preferred to use

an 1neriia separahor 1eauhRPet Wrd f MU CX AR AP 'na AL NENES ) SO
equi pped with a collection pipe-for collecting the condensed natter from
~ 4 JUN 2003ivert0r463peratprs PEWIERDF 100064 hrerprabien steehhel cfas

EP-A-0, 996, 1285204 00 9% $b9%ntlncth it thbe, 1ser s pask ey, 39, gyent i on
US-A-5,261,242 or US-A-3,894,851 the contents of which
are included by reference) and in inertia separators that

20 rely on centrifugal separation action (JP-A-02,017,921;
EP-A-0,496,128 oxr WO 99/0119%94, the contents of which are
included by reference). Accordingly, an inertia separator
according to the present invention comprises a nozzle as
defined above and a separation section downstream thereof

25 having at least one outlet for the or each component to
be separated and at least one outlet for the remaining
gaseous stream.

Preferred inertia separators are those that rely on
centrifugal separation action. In such separators liquid

30 or solid particles drift to the outer radial sections of
the stream by the swirling motion of that stream (vortex
flow). Preferably these inertia separators have a vortex
inducer upstream to the separation section and downstream

of the nozzle, in the part of the separator referred to
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b it For exanpl e, the condensed separated conponent nmay be col
%%ﬁ?ggﬂﬁ%n of the condensed conponent 5 froma static wall, by flo okﬁgﬁg¥496

condensed conponent through slits or perforations formed in the wall of the
separator; by extraction of the |iquiddayer-and boundary | ayer by neans of
porous walls (i.e., reducing stagnation tenperature increase); by capillary
force to abscy 4ol roug%, us 1 - o] rials; by
boundary Iay%ﬁbéﬁ%%géggégéﬁ%%'so v%ﬁ%rtif%ﬁ$%?}%%$og§é Hésg?ﬂfe go

sol ubi | i ty/ alhsoreptai ore a0 vghdwenbrizetsre byhexteoazie obstibsoniof abtng wal |
such as, for exanple, a rotating drumw th slits/perforations/porous
material, or by Inpactors 15 (i.e., wake, filter or cone inpactors). The
inertia separator described herein above may be used for the sanme purposes
as the inertia separators described in the references cited in this
specification. It is particularly suitable for the treatnent of natural 20
gas. The term "natural gas" used herein generally refers to gas produced
from underground accunul ati ons having a wi dely varying conposition. Apart
from hydrocarbons, natural gas generally includes water, nitrogen, carbon
25 di oxi de and sonetines a small anmount of hydrogen sulfide. The principal
hydr ocarbon in natural gas is nethane, the lightest and | owest boiling
menber of the paraffin) series of hydrocarbo:~s. Qther constituents are

et hane, propane, butane, pen~ane, hexane, heptane, etc. The lighter 30
const~tuer.ts, e.g., C2-Cqg hydrocarbons, are In a gaseous phase at

at nospheric tenperatures and pressures. The heavier constituents are in a
i quid phase at atnospheric tenperatur? and pressure and ~n the gaseous ..
phase at el evated Tenperatures during production fromthe 2 4 JUN 2003 WD
00/ 40338 - 12 - PCT/ EP99/ 10496 subsurface. Natural gas containing such
heavier 5 10 15 chanbers. Typically 150 to 300 of the water vapour nust be
separated in order to achieve the desired humdity. The air flowrates in
these applications are typically in the order of 10,000 to greater than
100, 000 nB/ hr. 20 is near wa~er saturation (RV = 900). The air was then fed
25
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flow duct although simlar results can be-achieved for constituents i sZ

known as "wet gas." Natural gas containing none or only a small proportion
of the heavier liquid hydrocarbons is known as "dry gas." The invention is
further expladonesssw th reference to the foll ow ng exanpl es. PCTER4I0dIDe
understood that the sane relationship illustBated for an air-water mxture
woul d al so hold for other gaseous m xtures. This invention is not intended
to be linmted byetde partheuharzexanmplesedesabsbed below r gl a1, Rn
exenplary conduit for s P ating_water vapour fro~S air at anbient
conditions is d ?b‘é‘dl.e T %5%5?5%%% éég bBeuLBR IS o SRRAF AR BT vapour

formair in centdédcaireonth tEpAxAQ, § a6t abbabhanwoon soxhaust ajde fd oM dhy
In the apparatus, alr was pressurized to 1.4 bar by a blower and then
cool ed to bet weefP 25280 R WFRY eSPRRE AP FSt BNEhRF aPffaratss t@eEhadiary to t he

present knventi om yhexes theovateln iaya%m?r@n&seangt ed M thd SR wall
anmount of slip air comng along with the water liquid stream The apparatus
of the present &&anpre hRr&ld upeParatest ahhal arpagings prest rins ducineloss

sections. The i {er ifdo e-ap r u j ze 030 '
Mass flow rate: mlk?l.C‘g%‘%ﬁéetmrgelggs%‘?e?glggégg%gcigoang?gféoqr?%?r ?l\ég) )
I nl et tenperatureitid, tha@tiduntdprginaseCr90theThecasdar steyps raditiryvelt t he

condensat | on Of 416, WUSY nde 82 JUD 200, W 0,00140339 - 13, PCT/EPAOI| 0496

f )
vapour, resulting 1n a flow containing a | arge number of water opl e¥s,
typical L9 1013/ mBarifdies fo g r treerpeeds usechnds pr éssuresamerle f owy itrgy behe 28

g ﬁggl IGSI EF; gﬁg%&?@{&a%é ’tﬂgsﬂgééggeévgyatgag?Ee\fgggli[\reflrya%trjc rh&ehavgaﬂ_ig
having curves or dents; using a twisting coil as the =
passageway; using a twisting coil located inside the
passageway; having a non axi-symmetrical passageway;

15 using a curved passageway with a porous wall; using a
spirally wound shape to create a vortex flow before entry
into the nozzle; or using a tangential vortex tube. In
addition, varzous different wing geometries may be used
to induce a vortex 1n the supersonic passageway such as a

20 distorted wing, a cambered wing, or a winglet. Other
examples to create a vortex include introducing a swirl
upwards of nozzle (in a sub-sonic region) through, for
example, a wing, a stator wheel, or a tangential inlet.
The voitex may also be formed 1n the passageway by an

25 externally supplied rotational force such as, for
example, rotating tube or rod (i.e., the magnus effect)
Additicnally, local heating and/or cooling of the
supersonic passageway may be used such that a vortex is
created (i.e., distribution of entropy and enthalpy) .

30 To separate condensed particles in a swirl, the
droplets will have to reach the wall of the tube, that
is, they need to radially travel up to half the internal
drameter of the passageway of a swirl separation
apparatus. However, 1f the droplets formed in the

35 supersonic nozzle are too small, they will not be able to



The throat dianeter of the nozzle was on the order of 70 mm The i nl eU JUN 7003
di aneter was 300 mm The nozzle outlet diameter was 80 mm so as to obtain
supersonic flow conditions, with typically Mach nunber M= 1.15. The 10

resul ting Lhss (L1 and L2) of the nozzle were: LI . 700 rparefpanagozzle
inlet to nozzle tﬁroat L2 . 800 mm. from ro®zl-e throat to nozzle outlet
The wal |l roughness was chosen to be small, i.e., 1 n‘icrometer to decrease

frictional |osses,,fependipgyonyd5 {he:apg! ,gahi ¢y any. I ga{mte“a' can
be used for the nozzle device, as long as the above nentlone desi gn

paraneters are tedeanl 4 1% DI CROURE . bahecenerehardépgrdt dorals o niladsd &l
separation secti c{ i I al, rte e and, 20
downstream t her eo %%#?u(gg? &glﬁg %(r) g)b(Etubec%(g1 W)Er?s"#?aq(ewa Swir |

i mparting internal VEs lpreseern Hpundeteaygetbe t:bloilwgngpar-\\cbr(tom«dkas can
created @n the u ur S apd_sh- edfr mt

preferab;%y at th‘ggﬁ alJlll ng%(géé ?@u% gggd gg Sof %t ﬁe % sdHaﬁ}(e(cﬁ‘led to
the inner wall ofrdferakolry eﬁ<rd:»m|baebod'the—5®ll e0odi° &anfet e (afbotdte AQrREX trbhe
was 80 nm which |ncreased i hear r.a_length of oxi mately
the cord length of Tt l%\n% SRt k|'ﬁ/(\e/\/rlfi°‘?:)ﬁt %TT? nﬁaﬁé&gcgnftl&rﬁ O%Dﬁ;qrréngth
fromthe w ng apsxouwo @ hHe 'Bﬂcmmgtéralt@n@bedgezwasmla:rtoh%t@ﬁbe,r of 300 mMm
as was the lengtr fromt.:", tralwg edge t the diffuser. The w ng
span at the tail§ e’g{ 0‘66 anycaP™g erﬁcr&’eﬁ@é’uof the w ng
cord toiphe axi sy of rilf&dm!é)tee@i 8Foa'. égampeepbask @nrgllewahd hedigadi ngpdoe
was 2 4 JIIN 2003 WO 00/40338 - 14 PCT| EP99110496 87 and the sweepback
angl e of the traAh riF WA’ wirs? Aot & a2 E e Eaéegemn E£RENE P Tnére shar -
havi ng a topangl en®fed©ssit henedSr dhecptane of the wing was flat and its =
profile was extrenely slender due to the small 5 thjckness, typically
about 4 mm at tHePFbdtS FRSSCresult, t RECBLPEUFEE 0 GMSTR%egral vorticity

was approxi matelysdoo®/ Sxk/ddca dr ai nage2spgli-dmetddqui ds are withdrawn out
of the vartex tube. The (plr)au nage sectign_is not a sharp 10 di stingui shed

device Bt is an ‘i%%‘b@al 03%% of the YortBRFGHESFy neans of slits,

porous material s,2thod®@s Ky e vortex nubemm@lrlo&et@rr is ar, integral part
of the diffuser by neans of a vortex fender (co-axial duct). ~n this
exanpl e, a vortex findet? el IR P Hndt Aa=d pPagadbis 58n9re§|llr’§a iSYPEHS &

after the shock yewerehi€he yass psesent dbrgeiby akkekehhe olritRX.s in
the fist diffuser qpart. The di ffuser outlet dianeter anobunted to 9 nmm and

the vortex findefdTfiletini 2fetervahdunt ed { d785™m Thee 20904 frefividrgence

angl e ofot he di ffaser,mas ﬂour-ﬁlewif@lﬁtﬁéﬁzilggeﬁh@l}!@lﬂt tlicalRigI1d Ndhi s case
was 300 mm and its | ength was erformance of the device was

nmeasured by meanRFotu¢wo Jl‘ﬂﬁﬁ%ﬂy s{aﬁﬁ%éﬁlg/ﬁg h &f the t&S. Fanf%tC add 9 i‘ed

25 air outlet, cosrecteatbhy beaPperabluyelantdnpr essgee oredswnemeics.3clhe
typi cal values of the inlet water fractlons were _18-20 grans of water

vapour per kg drB*&i$rasrhe 1ypilal 337 8elt of FPRe 2ol él5 ‘WAt F e tSRsRS

were 13-i5 grarrsmg)% MEt @4 £ ¥ BROMEC PEFp &P flENM - allly , ThirS peake 3G el expressed
as a separation i ci ency of about 250. Exanples 2-4 Tests ware conducted
With noZA es of YAFRSLRI dF RN BHALS t 9°PBABYY - heavy hydrocarbons from a

natural gas stream fhe:1esultise {QOethersubbbaibat 16f Bxam Liith
shock wave generator, for instance a diffuser (i1.e., a
nozzle of diverging/converging shape), downstream of the
nozzle. The shock wave generator may be located upstream

30 or downstream of the separation section.
The inventors have found that the separation

efficirency 1s significantly improved 1f collection of the
particles in the collecting zone takes place after a
shock wave, i.e. 1n subsonic flow rather than in

35 supersonic flow. The shock wave dissipates a substantial



2 4 JUN 2003 WO 00/ 40338 - 15 - PCTI EP99110496 are set out in Table 1,24 JUNID
Tabl e 1 Exanpl e1l234FeedAi r .

+Nat ur al Nat ur al Nat ur al Wat er gasgasgasvapour | nl et. 149. 89. 89. 8pressure
MPa(absolute)lnlet25 C6 CG6 C6 Cenperature-Fl owl. 2 /10496

kg/ $3* 6w ?és( n) n8/ day(n) n8/ day( n) n8LdayDl mMB00. 0150. D155 6100, 0D*
m70. 042. 941. 824. 4D2 mmB0. 045. 045. 025. 6L1 nmi700. 0437. 286. 9232. 3L2

K515, 00017, 000/ 16035 0DBAT FFLFAr 950 300060 FHAa Atk TAHTHE or Log( D

2) *8. 146. 998. 27634 ogl Yy dfédtySepahat mei23552dRefdntcicenah e Altuishoul d be
under st ood that various al.;tle%gaék\é% ta tr%e nmbodi nents of the jnvention -
descri bed here?n SE3F beY et v5ed " n -FPIEFI ¢ty THE IREN <GS o Yo difpl e,
5 al though the opefedi onenériberpr esmati nisnsemisitem has 1heem ddegianid h
respect to separation of a condensed 2 4 JUN 2003 WD 00/40338 - 16

PCT/ EP99310496 |5%fH 4t cB%oﬁi%ﬂFlFP/oHﬁat&&s@é&§l§tlreéaﬁqf‘- thhe pragderdtly outer

invention appliesadush | yrweht to1sepanaly ennf Jld auighiGamnonant s .fyrem a
liquid stream separation of |iquid conponents from a gaseous Stream and
separation of sdlian 2paptieres Prbifacrrguid sthegas toer &dew Sisnilarly, the

processes descridigeh aboyec ar e exanpkes ok gt he MY R REe%s8s sthat, col 4, pe
used. y ' 2 4 JUN 200 29-12-,2000 EP 009910496 EP - DC~ ~ - 17 Q TH 1454

PCT 67 CL Al NS ISEPOe2Y| BSBRCRBNGELGIinGLAiiFer'GilRg i$ape f dhegisdat ing
mst flpw at SUPIAQNUE Veh@shty 66NMBRESHAG: iv1d < MO0dk RAWNY R4 by a
characteristic diameter D*; - an_inlet having a characteristic dianeter DI,
5 positioned a dissttarek Lacupst péakfi6f StHeaforAeg e hh@atfluddd flows at a -

-

—

higher axial velocity than nearer the wall of the -
conduit. Thus, in the subsonic flow regime the
centrifugal forces acting on the condensed particles are

15 not to a great extent counter-acted by the entraining
action of the central “core” of the stream, so that the
particles are allowed to agglomerate in the radially
outer section of the collecting zone from which they are
extracted.

20 In a preferred apparatus, the shock wave 1s created
by inducing the stream of fluid to flow through a
diffuser. While any diffuser can be used, a suitable
diffuser is a supersonic diffuser. In an advantageous
empbodiment, the collecting zone 1s located adjacent the

25 outlet end of the diffuser.

Additionally, the shock wave can be formed by other
means of, such as, for example, by the placement of a
stem, cone, vane or the like placed 1n the interior of
the conduit to create an impediment to flow and therefore

30 a shock wave.

The final part of the 1nertia separator downstream Of
the passageway comprises the separation section. While it
1s preferred to use an inertia separator equipped with a
vortex generator, and hence also equipped with a

35 collection pipe for collecting the condensed matter from



- an outlet having a characteristic dianmeter D2, positioned a di st ancel #2UN 12003
downstream of the nozzle throat, wherein the ratio of L2/(D2-D*) is |arger
than 50, but 10 snaller than 220. 2. A nozzle as clainmed in claim1,

wherein the ratio of L2/(D2-D*) is larger than 100, but smaller than

3. A nozzIwOR/48338i ned in claim2, wherein_the ratio of sai (fCIT@ﬁB?’hO‘%‘? sal d
nozzle L2 to the dianmeter of said 15 nozzle is less than 300 4. An
inertia separator for supersonic separat|on of a coggonen

predoni nant |y gddeouE2SR9eAnt “EBAPr i(Sifng E&~Ro22148 Ca §I&Pﬁe&olﬁ9éﬁ918ﬂ the

precedi ng cl ai ms; @anch sy 5@NSE abh@B r§@6LOR ndeWRsL! eahReLaof shayingHat
| east one 20 outlet for' the one outlet for 5. An inertia vortex inducer

downst ream of 25-E01 %8 § ne?¥i 8*8BRpEmefih et RRN IR SsEparRAES LEAdCATPPEESE t he

remai ni ng gaseoygs, styeam ) sepacat gl axtchakred b@ @h@'gbﬁdeggghngoﬁpon nt
Upstreamto t he Separatl on section and the nozzle. Separat or as clainmed in

cl ai m 5, Swher ei rE%%® & oFt@XIEndaéer é&nﬁﬁpye§foﬁéeoﬁonﬂeesedlpamshaped
el ement s prOtrL“HH%h '§Ji¥s'8?ﬁFQL¥oE QBBQefoQEeg Wﬁ'khgfwgﬁﬁ Lpeptia

separator, the edge and pfane o whi ch an an Phci-dence
not |arger than sEp8RwLh bheeaxirakteoor diftndhe dfiquhd ﬂagetlandepanadamy

AVENDED SHEET ~ 28,42-2000. . 180 20404UN, 200 .FR:009910496 .7, (AQ Lngtiia,

separator as clai any one  of ai s avi ng a sh8ckrtad08
gener at or downstreeeoituhe hozrztesel; Ay caentliarseparatorocasbebabned in

claim7, wherei 5 h v epeLaLer e n .0
dlvergl%alconvepbl i 8 ape§§¥%ﬁaggg Bgst%gan1§5% goEE ge%ﬁ%og%%kg’ Ey
separation sectlmﬂundarw\heyhodekoratheosuwetﬁoapdvsepanatcumaoioa, by -~

-~

conponent of a_predond pant |y, 93360U8SLEEATLRUREAY AL NELY 2,30, 38R8RA1 OT

as clainmed in any one of
from rotating wall, such as, for example, a rotating drum

with slits/perforations/porous material, or by impactors
15 (i.e., wake, filter or cone impactors).

The 1nertia separator described herein above may be
used for the same purposes as the inertia separators
described 1n the references cited in this specification.
It is particularly suitable for the treatment of natural

20 gas.

The term “natural gas” used herein generally refers
to gas produced from underground accumulations having a
widely varying composition. Apart from hydrocarbons,
natural gas generally includes water, nitrogen, carbon

25 dioxide and sometimes a small amount of hydrogen sulfide.
The principal hydrocarbon in natural gas 1s methane, the
lightest and lowest boiling member of the paraffin series
of hydrocarbons. Other constituents are ethane, propane,
butane, pentane, hexane, heptane, etc. The lighter

30 constituents, e.g., Co-C4q hydrocarbons, are 1n a gaseous

phase at atmospheric temperatures and pressures. The
heavier constituents are 1n a liquid phase at atmospheric
temperature and pressure and in the gaseous phase at

elevated tTemperatures during production from the



10. ‘A method as clained in claim9, wherein the predom nantly gaseous24 JUN 2003
stream conprises a m xture of nethane and hi gher hydrocarbons and/or water
vapour. 11. A method as clained in claim9, wherein the 15 predom nantly
gaseous stream conprises a flue gas and said conponent to be_r v [.S

sel ected fMM¥4&8group of 02, N2, NOX and H2S. 12. A net hoﬁcﬁgg%gﬁlg‘dr?ed in
any one of clainms 9 to 11, wherel n sai d conponent is separated as droplets
having a 20 particle S|ze of Q 1 mcroneters to 2.5 mcroneters,
preferably of fromeuEt ‘ﬁ‘F%roIPIr%FBF@ t 827 . BORF BF-BrdleFECh 23N it hod as
clainmed in any ofgn9fichahts HBstenddn uwhergbn t;la% ehange d tpperature
over the length Z2 of said nozzle is from-100,000 K/s to -1,000 K/s.

MCS32/ TH1454PCT AVERNDED: SHERTNE ACT ACRAY AR A{na‘AFPrApOAtlon of the heavier
. A@ . Af _. A9. ASE. AGE, AuAn fu AR 2 A3hn &F1 KRG 284579k y

zupkf a\Wca]ca]ca] ¢ %:ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] ca]
ca] c*a] cal] ca] ca] ca] m%]gm@@@g}@phigafuxg er explalned with reference to
VXcf oqunt zupkf a\éﬂ@a%szl%c@lﬁal cabsgl ea) ca]cghsahgalo galealoalcalealical Caif

] caU] ca] caU] ca] ca] ca] ca] ca] ca] ca] caLca cajcald _"ij} Xsni ]clca] ca]ca
] ca] ca] ca] ca] ca] safearespcapealen] tal eatcared] éa]rca]ﬁca]l(ra-]v\taa]axa]r@a]tcaz]a:a] ca

| * Pla
] ca] g]\f'cilfglefgﬁm g?ﬁ]ca]@% ca ((3:5] %‘é %Ra?%af%fcé‘fcé] caﬁsc'a] ca] calcaUca]c
a] ca] ca] ca] ca] ca:]maé}n‘a:]ca] ta] caf cahtajdad capchpcaiBSLsesdPeBRparticular
%/8/&&& &&N&& nih 83) a2 rl

}xs hc”Y] ] ] Ta c%]‘ca] CRY l]) a] ca]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] C
a] ca] ca] ca] ca] caixarhpad cal cal ca] calcalcalj,k, -
-b-d-u---- -.V.W ////// [[1{4 45 ndZ calca ca a
] ca] cg] ca] ca] ca] ca] ¢af caft %ﬁéa]%af$ ‘? }%(]S’Elafgg% %}&8}%5%@%] ca’]a@ ucra]fcm%ﬁg
I5 5$5+5$5t555555556506&@556@88@@nd1t1®n§ 1s described. The apparatus can

< | gb

| it stlletpa s koo sakieles o0 sl
al <<<<=zx%&=[ =i -cm]@;i?a@@@&# Dh@hﬁ){ BDDEEEprsnaci’tXl@lm]@(]di]w—a] calc”a

L] chay o o ca] coh PRRRKKeL e MRDERORE R S8, St Braqarer Tapoud mideal ¢
TACT} T~ytoj e [ \Bcajecpcat ea] ca] cafien] callhchl eal ca]ecal]etsa]r@/aa]mﬁ]lma]u;a] cajc

$1D$ﬁml cajcal gal cal sal eal call gl ol cal LITTLYYYLWONSY(X cavvy i
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The apparatus of the present example had a tubular
flow duct although similar results can be .achieved for
rectangular or asymmetric duct cross sections. The inlet

conditions to the apparatus are summarized below:

30 1. Mass flow rate: 1.2 kg/s
2. Inlet pressure: 140 KPa (1400 mbar{a))
3. 1Inlet temperature: 25 °C
4. Inlet humidity: 90 %

The apparatus achieved the condensation of the water
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5 negligibly small.
The throat diameter of the nozzle was on the order of
70 mm. The inlet diameter was 300 mm. The nozzle outlet
diameter was 80 mm so as to obtain supersonic flow

conditions, with typically Mach number M = 1.15. The

10 resulting lengths (L1l and L2) of the nozzle were:
L1 : 700 mm : from nozzle inlet to nozzle throat .
L2 : 800 mm : from nozzle throat to nozzle outlet

The wall roughness was chosen to be small, 1.e.,

1l micrometer, to decrease frictional losses. Depending on

15 the application, any rigid material can be used for the
nozzle device, as long as the above mentioned design
parameters are taken into account.

The inertia separator also included a separation
section comprising a slightly conical vortex tube and,

20 downstream thereof, a diffuser.

In the vortex tube a wing-like, swirl imparting
internal was present. At the edge of this wing a vortex
was created on the upper (low-pressure) side and shed
from ghe plane, preferably at the trailing edge. The cord

25 of the wing was attached to the inner wall of the vortex
tube. The 1nlet diameter of the vortex tube was 80 mm,
which increased linearly to 84 mm over a length of
approximately the cord length of the wing, after which 1t
remained constant. The length from the wing apex <o the

30 wing trailing edge was on the order of 300 mm, as was the
length from the wing trailing edge to the diffuser.

The wing span at the trailing edge was about 60 mm
and at an incidence of the wing cord to the axis of the

tube of 8°. The sweepback angle of the leading edge was
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In a drainage section, liquids are withdrawn out of
the vortex tube. The drainage section is not a sharp
10 distinguished device but is an integral part of the

vortex tube, by means of slits, porous materials, holes

-

in the vortex tube walls; or 1s an integral.part of the
diffuser by means of a vortex finder (co-axial duct). In
this example, a vortex finder was used and was placed
15 centrally in the duct after the shock wave, which was
present directly after the vortex tube in the first
diffuser part.
The diffuser outlet diameter amounted to 90 mm and
the vortex finder inlet diameter amounted to 85 mm. The
20 half divergence angle of the diffuser was 4°. The vortex
finder ocutlet diameter in this case was 300 mm, and its
length was 1500 mm.
The .performance of the device was measured by means
of two—humidity sensors both at the air inlet and draied
25 air outlet, corrected by temperature and pressure
measurements. The typical values of the i1nlet water
fractions were 18-20 grams of water vapour per kg dry
air. The typical values of the outlet water fractions
were 13-15 grams of water vapour per kg dry air. This can
30 be expressed as a separation efficiency of about 25%.

Examples 2-4

Tests were conducted with nozzles of various
dimensions to remove heavy hydrocarbons from a natural

gas stream. The resu.ts, together with that of Example

[os]
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gas gas
vapour
Inlet .14 9.8 9.8 5.8
pressure MPa
(absolute)
Inlet 25 °C -6 °C -6 °C -6 °C +
temperature - if
Flow 1.2 kg/s | 3x106 3%106 1%106
(n)m3/day | (n)m3/day | (n)m3/day

D1 mr 300.0 150.0 150.0 100.0
D* mm 73.0 42.9 41.8 24.4
D2 mm 80.0 45.0 45.0 25.6
Ll julsd 700.0 437.2 86.9 232.3
L2 mm 800.0 440.8 114.7 234.2
L2/(D2 - D*) 80 210 35.8 195
dT/dt °K/s 19,000 17,000 100,000 32,000
Particle 1.20 0.30 0.08 0.24
diameteér
micrometer
Log (D2)* g.14 6.99 8.27 6.34
log (dT/dt)
Separation 25 55 22 68
efficiency %

It should be understood that various alternatives to
the embodiments of the invention described herein may be
employed 1n practicing the invention. For example,

5 although the operation of the present invention has been

described with respect to separation of a condensed
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invention applies equally well to separation of liguid
components from a liquid stream, separation of liquid
components from a gaseous stream and separation of solaid
5 particles from a liquid or gas stream. Similarly, the
processes described above are examples of the many

processes that could be used.
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J \)d10%r+& ()-J ]
vortex inducer comprises on& or more delta- shaped

elements protruding radially inwardly from the inner wall
of the inertia separator, the leading edge and plane of
which makes an angle of incidence not larger than 10°

with the axial coordinate of the inertia separator.

AMENDED SHEET
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9. A method for the supersonic separation of a component
of a predominantly gaseous stream, using an inertia

10 separator as claimed in any one of claims 4 to 8.
10. A method as claimed in claim 9, wherein the
predominantly gaseous stream comprises a mixture of
methane and higher hydrocarbons and/or water vaﬁour.
11. A method as claimed in claim 9, wherein the

15 predominantly gaseous stream comprises a flue gas and
said component to be removed is selected from the group
of COz, Ny, NOy and H3S.
12. A method as claimed in any one of claims 9 to 11,
wherein said component is separated as droplets having a

20 particle size of from 0.1 micrometers to 2.5 micrometers,
preferably of from 0.5 micrometers to 1.0 micrometers.
13. A method as claimed in any one of claims 9 to 11,
wherein the change in temperature over the length L2 of
said nozzle is from -100,000 °K/s to -1,000 °K/s.
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