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*Gij p2 The invention relates to cavitation enhanced |iquid atom zati on.
More parti XPeH95382 t he i nvention relates to atonizing a fl uPQTAUSIWSIAI ng a
solution of the liquid to be atom zed and a | ower boiling cavitation
liquid, by contacting the fluid under pressure and while flowng, with a
pressure reduci ng ne4 A BN 1A N : OVIIKATRONDY produce
nucl eati on and growth of bubbl es conpri si ng vapor of the cavitation i qU| d
inthe fluid, at a tenperature bel ow the bubble point of ne sol ution,

e PR g RGP 430 S LBRIRR, 2, L0, Mﬁwﬁﬂl’ﬂmﬁmre
atom zing z . upstream of

means. This is useful for atomzing a hot FCC feed oil into aceatal ytic
cracking reaction zone, using a I ower boiling hydrocarbon as the cavitation
liquid. Fl “ETEE%EQEZIHE?INXEWQNK”OV‘“ and used in a wide variety of
applications and processes ese include, for exanple, aerosol sprays, the
application of pesticides and coatings, spray drying, humdification,

m xi ng, air condlhe mengon aﬂdteslrem\omncamhmemd)f/emmatemxzaém rMomesses

For nost ap Ilca nder ressure, .wW.,th or.wthou

nesi stance. BRMHEN aa@oﬁéezlpﬁamwsre RS e A Bririding A 9o hulpiafng
orifice i #k RGEHG B bADEE Rhea |AEPBEHNEURESH RodR bY Tobladlil RsSes

through the oritice an Into ovver pressure zone tream degree

of atoni zat flaid uﬁdﬁ?&ﬁsﬁim \bwd Newrig,fwith agirésurd fe@uafr@mum tdr op across
the orifice, fluid density, viscosity, and surface tension, etc., as is

known. At onFeduce ahe fleid pressussantl therebytproducp naclestionand grewtheefdndblesi t h
decr easi ng or| fi.ce size i ncreasi ressure At omi zi reI atively
vi scous fI ufQOPEEINE; ‘GROF Pgﬁ)crcéf”e@m%ﬁg’ﬁﬁa‘g ‘?‘ﬁ@“ﬁgé\‘/ tB@PFEﬂ%;hg% heeds
used in ORI taI tic
cracki ng (F%%)gbl%:ﬂogggggtgmﬂ%f%%g%lggﬁé%%% ng aé t|mt?m'{ésh Uée{fj ét%ﬁgz} yl S
particul ar | yeahsiriteadower pfeskure atomnizésg 2bid. SBabblamacldatioh)is uﬁhrdc@r ocess in

the petroleumrefining industry, pripmarily for converting high boiling
pet r ol eum oMPETeaM pbhe AIQINIZARE @epw/eifhworrsmsn@: ;S@roaiemlémgmmta’d?@ eegasol i ne

and m ddl e I e J a el ating
o1 i an Pl d h8TR LT KE00E 8e Bind f bt ilimg Mo roB R8T L P o
nol ecul ar Wehedddvitaflof liquféd_) gas under pressure, to forma two phase, gas
and liquid fluid. This fluid is passed through a pressure-reducing orifice
into a | ower pressure atonizati on_zone, in which the gas expands and the
oi | is atomZEALKGREOUND INBEONWi t h a particul ate, hot cracking
catal yst. The atom zation is effected pr| marily by the shearing action

and into tnENS R zaiBH i weEG0 oBR 4re8 e VipeLARREY of RPERShYBdc bt

the feed at 9%o?e§§dsom§é‘ﬂxcm fdrexand plsr@&lssd]gﬁi'@@ethe%m@hhén gpre often
used than a | i ght hydrocarbon gas, to reduce t he vapor  l'oadi ng on the on

t he gas conpestseidesarfdenatings, spraynifying: hiondsficatiom mixigige air conditioning,

and chemical and petroleum refinery processes. For most applications, a fluid

under pressure, with or without the assistance of an atomizing gas, is forced
through a pressure reducing orifice in an atomization nozzle. Atomization
occurs as the fluid passes through the orifice and into the lower pressure zone
downstream. The degree of atomization is determined by the orifice size, the
pressure drop across the orifice, fluid density, viscosity, and surface tension, etc.,
as is known. Atomization is increased and the droplet size is decreased, with
decreasing orifice size and increasing pressure drop. Atomizing relatively

viscous fluids at high flow rates, such as the heavy petroleum oil feeds used in

AT
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fractionation. However, the use of steam produces sour water, whildhJUL 1003
enhances corrosion. Sour water is also environnmentally unfriendly and nust
t her ef ore D¥OOV/E@8%2d before disposal. There is a need ther efPGTAS00/@8034 _
.process that either reduces or elimnates the ambunt of steamor |ow

nol ecul ar wei ght gas atom zing agents. SGUMVARY OF THE | NVENTI ON The
invention rghiiAR datalgtit iceatking@{ POTY pratefied casfuidtarbracking af hitik diseonpri si ng
a solution of the liquid to be atomzed and a | ower boiling cavitation
liquid, is calledaistpartioulady ghablenging. F(cC vean established gnd widély ased essure
reduci ng neans to. reduce the flui.d pressure .and. thereby prodquce, nucl eation
o bubbl s BOREHS 8/ ig REReIhz rebwPEAGRY Brigapby o onkie g e baling

{ermer alur eobeligi L% BUABKEy RAIE 18kek BRIEHRARYS, iPOULHISASARRSRO e

fluid throu atom zing neans | pressure a zi ng zone.
Thus, the caaditdi@nidiealctsas ketoSentljet an@BRBeMReH@hnE FaBEnT ST/ HERO 05034
-3conprise vapor of the cavitation liquid. Nucleation of the cavitation
bubbl es pr oBG€eproaessjthepreheated dibfeed npmixddrgithiseeanapoa ldwbidlemsiland t he
liquid solutigon. Wile bubble nucleation_is produced upstream gf t he

at omi zi ng m¥gHENt (¢-gpi le) 835 unler pressura? {orabe VA RERYa DN BEH! rﬂm!-hhof f t he
o tcgtv: on ?ggsb@gigg aLse(a(\tﬁ%u(%g%é{:g%peggdﬁésggrg%ig@ﬁﬁﬁtg% l%%szgsﬁrQ“ 0

STT'S prod y oné"o _ essure reduci ng neans
and al so by atohgizRii6® SURE il vARich Thd Bas éiddahds arid thiel oif {soMEmRUNSid gkt t he
atom zing neans. A continued pressure drop, even if only slight, assists in

st abi | i zi ngintheobtashath a particulasediotgracking cdtalyse Theatoatizationtiskffeeted occur s
o 31 g 2 BRELSFIY PY RPCEHIRE B U DRraSoH RG2S FAiaig PO o PORA o
t wo- phase f L.yl 132] | [ S r tween the
vapor (the BtiEs MtodFHing BRARE AEhiAHERADE, Hebfre SRPERR SR 208, 1
surface arefFQg rikétecdrhpiiiéd beith the fdeddtSfidatiohR8nt ahdtd @ chickldgdment s,

menbranes, snaller globules, etc. The atom zation produces a spray of

| i qui d dr oplStean ismere hiteh wsed thanes Hghehyirocrrkom gas, o eeduthitise vapoexpl ai ned
in detail below B ressure is nmeant. a law.pressyre, reducin ans, such
as-one or niyading Qgit eﬂflig? &35 FOMRECSFIOR flac‘m‘ﬁ'éaﬂ‘zglermsgﬁa%gg‘f%ﬁi zi ng
means. By |%cﬂﬁﬁm.eﬂo§vc’mﬁr&e?x?@t)f E{égﬁsﬁra ﬁ&s@oﬁ?%)er%ﬁﬁh%ﬂfxaﬂegssur e
reduci ng neans produces, 1n the oW ng urd, a pressure drop less than 50
psi, prefer abirpsions Sduravatébispalso anviromnentplly uafridiidly aed grueethereférede 5 psi
upstream of the atom zing nmeans, with a tm cal Pressure drop_ranging from
1 to 5 psi. treatadibafpendisposelyidessisranead theneforeatqsacprocess thatsphemduces
bubbl e for bon.in l.i gui at a tepperature helowthe b | e point of
Che 1t qui . Tehies o shmindidsing Bngfiet BERERR o iy TonBAHESell B

nai nt ai ni ng agorAfXngd apéntsenperature. This is in contrast to boiling enhanced
atom zation, in which bubble nucleation is induced by increasing the
tenperature of the fluid above the bubble point, while maintaining the

pressure co t. e Mﬁwm soluble in the liquid to be
atom zed atM f ither has a | ower boiling point
than the liquid to be atom zed or contains sufficient material boiling

bel ow the boiling range of the liquid to be atom zed, to form bubbl es which
grow and_expand Tie inventiod kates 1b% HiPaRRHSRABFoBEENEAARADO I - 4 the
atom zation. Typically this nmeans that at least 0.5 w. % preferably at

| east 1.0 wicomprsmng asolutpredéEthediquidtebe atomizad and @ lower Boibng cangtation
cavitating lLiquid will be vaporized during.t initial bubble farmation and
Cabsequent dERasEoBRCd YHEE RragEe Bt Hils i Pegwithia RosFred g
produced by 3¢ rEBﬁc&ﬁu‘é' ﬁﬁh‘;ﬁ%én&@%@tﬂ&é@ #nb) ubé AHE1datih @Po%tb?e@ zed, is
preferably a single phase 1T qui'd mxture or sofution, as oppose t wo
l'iquid phas%ngﬁriﬁﬁgQﬁ@bﬁiiﬁﬁqnﬁh@xiﬂﬁ@@@ﬁ’{?n ik fhiig, Atviefipefiturebelethd for
atom zing a wide variety of |iquids, including chemical’ and refi nery
process | i quiubble poirtt of shasautionnandithentpasdag the fuid throughmneatomizing acki ng
reacti on zone, usjng | ower boiling hydrocarfon as the cavi t%gi on |iquid.
In, for exarPF)S B0 RAOWVEF DERSSUre HOMIZIHR OB il QB e Gavitatiophubgles f eed

| iquid and an atom zi ng agent conprising steamflows through a feed
injector which termnates at its downstreamend i ~n an atom zi ng nmeans
conprising an atom zing orifice. The downstream side of the atom zing
orifice opens downstreaminto a spray distributor, as is known. In the
practice of the invention, a cavitating fluid, conprising one or nore | ower
boi I i ng hydrocarbons or | ower boiling hydrocarbon fractions, is nmxed with
the hot oil either upstreamof the injector or within the injector, to form
the fluid solution which, at this point, is a liquid. The injector




2 9 gut r~~~ W4~ 00155282 PCTNS00105034 _ -5one or nore static nixgngl 1003
means |ocated in the fluid conduit upstreamof the atom zing neans. In one
enbodi nent , W@ 00I55282l i ty of such neans may be | ocated in thepCroisdyasosaiui t
so that the flowing fluid successively contacts nore than one such neans as
it flows downstreamto the atom zing neans. This enbodi nent will produce

bubbl e nucl Eéﬁn@pﬁ@c @ﬂﬁox%ﬂ%'&a%‘?aﬂdiﬁicﬁi&. NeeRafien bf tRARVAASAEBubbles at om zi ng
means. The flurd pressure upstream of the pressure drop neans is preferably

mai nt ai ned prddices atwvbyphaisg fluidcampnising thevdpos bubbles ahd the landd sbiusioneans a
pressure greater than the vapor pressure or bubble nuc|eation pressure of
the sol uti oVhie buleblgawiclpation ppproguegdupsteammiabs gramizing means; Basallyg zone

is greater than the,vapo ressure gf the liguid tq.b m.z but | ower
than the vapoR PevEcbly B8t RiditshAmd arbvifh of B iRl F sl ci ant 1
ower o T ULbEREar bP Y Aofiin@ LR, CABiveh KPIMAIda% RARALIHbIE BOMEeR" LN
cavitating Ifquid to assist I ormng the spray of liquid droplets. At any
gi ven t enpebgtanesor thine mresafreredubmgnneasuind aldd by tierpressurdéditopeanhé he

pressure in the atom zing zone and the vapor pressure of the cavitating
fluidint héluadmﬁltzﬂﬁyszgwen,sn’@m tadheatorpzing aneansi ¢4 eontinked pressutet s

expansi on, ich trapslates,inta a.snmall.er ayera dropl gt si,ze of the
atoni zed |i %?Et.ev?ﬂép 3?13rﬁ?’ﬁhhés§lf'tisf"i‘ E@LW%%‘W"\%&?% M‘ﬁ?}%‘larl EEM R ance
of a contr ol egaRRRRtubbla Q¥LA G bl

di stributor of ?he type di scﬁgésdﬁgi h@%pgpa&gﬁgﬁ&éhﬁgfﬁ‘%ﬁ chanp?r ovi des a
f anshaped spndjintwfthe hewet pressuerd atamiuing Zonepint WRichGCrapidly vaperizesg reaction

zone. The orjfice may al so conprise a shaped slot at the end of a conduit,
for providi Agssingdhéeseriomaedtwephasefhud thronely thesatmizing seaans else exanpl e, in
U S. patents_4,784, 328 and 89 976,., O her  enmbodi ts.will, he explai ned
in detail b%rg%ce%ﬁgg%%eggggnﬁ?c\ﬁggr ‘thegﬁ‘('%lﬁ%%i%‘g ﬁ?d WSWdéfq@ﬁfszi ng any

L qui d, i nchuigich SncReasee e birdatctdteASS R HquA® J9¥ENQad RORBTEMERid Ui ds. In
the case of water, for exanple, the cavitating [1quid nay be acetone,

met hanol andiganeents, neembVeaes,usnealler glabnieseetci Arhevitoinizatiof ibdvets asprali ng
process, the practice of .the invention reduces, and preferably elim nates

the use of SHdigwd dropigis dnto the Jower pressyze yonupingzege. Py iBCuRIRSY3R _ (-
at om zati on Gl biBwE OB LA Hn LG L BLIEH A pRRELLER 1281e

di sposal . It sO reduc era I nates” use "or _

hydr ocar bon qyafioresstatic mixérP)in the flWidine psireaTehd hidhflzibg manemMBdbwon. In
addition, the use of the |iquid phase process of the invention elimnates

t he hydr aul ipFessamgnsimeantthat the statig roixor(a) ewothpr pissame relicng means wi t h
conventi onal s-liguid phase fl.yid atom zation. .In nor e det.ai | ed

crbodi ent - RIBAR Sy e E it SRRSSHTF SR0P fs e R A oo EEHY 1985 o
fluid cat crfgkiiBgsPAREaTcte WRLfEL a6 th (GDin€ Bf¥nficingnd a
flow ng fluid, un%gr pr essﬁ\nfyg'i and%ggp ri ?ngggsﬁfﬁgpg%mof }I%CC feedgoi | and
a cavit at i ngneargyinithaiydical prpssusedrop renging frome 1 hy drps.aChoitatiangigiads or

fractions containing materjal which_ boils below the boiling range of said
oi | feed; wiRhengmenadn ywhichagsessuesdrop dnqucgs bubbledoppation ina iguidatd £ | owi ng

fluid and prodyc i.on ubbl.es conpri Si vanor .of [ avitating
liquid at a tf; ’_; ?Sgarng’ltéﬁée:g%)et?’&}a%hg H?ﬁ’btbq%éﬁ%gﬁ'ﬁ@ o%a?%‘é&?ﬁtolgg\#{g b o forma
two- phase flredtcingiRé bdsaireS dhile tAiRtaHing At ons@Ht fnfifekatited This is in( b)

passi ng said two-phase fluid downstreaminto and through an atom zi ng neans
into an at ondaritragt todvalingienhancedatomization simrwhichvbmbblehmrcidabian inindsaé¢d f | ui d
upstream of sajd atpm zi ng neans, to atonjze sajd fluid and rma spray
conpri sing | PYiRcEcasmey tgrrmeraggqecpfftb%ﬁugi ?2130‘%?5? @Phb@ﬁ%“a‘f"gﬁi’zi ng zone
conprises a : j <) i n . ; i i Ay with
o part oul arDAniShRESreAast Lokl thetatidddy RARLIELINAGR e BREGY T L1
reaction cong be fbmigéd acihetRodeds eahditivhs &id itheérTag s 16wesbditiag poidt tidid
produce | ower boiling hydrocarbons. The | ower boiling hydrocarbons produced
by the crackihediquidita beatamized epaontains sufficicntiaatemahboitiag delayw theshbailing es,
in a separation zqgne, are recovered and_then typically sent to further
processi ng, Tange@dthgliguidio beatemazed, %@T&WX%W%CL grow and expané for




2 9 JUL 2003 W). 00/ 55282 PCTNS00/ 05034 _ 7. reaction“al so produced S#Hntis
catal yst particles, which contain strippable hydrocarbons and coke, as is
known. The Vpeatis282at al yst particles are stripped in a stri ppCnySese3d t o
renove the strippabl e hydrocarbons to produce stripped, coked catal yst
particles. The stripped, coked catal yst.qnarticles are passed into a

regenerati %e%%izaii?n.mgﬁ%gggﬁgs e%n?ﬂ'{}%ﬂﬁeﬁﬁ 05 WA. 9 Y9SfRratiy o RAAGH L1 ONS

effective to burn of nd pro e the hot, regenerated catal yst

particles, Woiveth%umd ioeepreferably grestr thani 00 evti Yieof thechvivatimgpliquid Mzl
reaction zone of an FCC cat cracki ngmproces_s usual |y conprises a riser and
i s known asbavaposized dunagithminiténl dbubblel fermersrandsutargeem

Figures 1(a) and. are .si i fied si.de and pl.an vi.ew schenptic
i I Tustrati o%l?ﬁ‘ ’#?b%"c@f'éé‘dmh}‘@cf eJiF'arﬂf?E‘t%Bf‘m mixing i€ GIURNEe of t he
I nvention. FLaur |53 A1 : : |
B e ST e S R
t hrough t heopéohitian, 28 oppased towwodiuid phasek by af efivldieRs an at omi zi ng
orifice, having a cross-sectional area perpendicular to the fluid flow
direction smaller that that of the fluid flow conduit upstream as further
descri bed bel ow, Theprecesioithe inventighds usafpl fos atamizinga wide yarietydfa | i qui d
phase. The gas..,phasg ,conpri ses cavifation |iqguid.yapor, and the |iquid phase
conpr i ses aldUtn MERAE chameal AmdTe aery Brgeses ighids, Rich tomicipesthor
atom zed. Thed pedRNaak £ biticta | 33 ky Wil Means nmay be
gas-conti nuogg't or | :ﬂquf‘od- cont |mg&&5rﬁ?§ﬁ@r’r&§&%:a ngl% roth, in which
it may not hgdiooarbonwasithe cavitationliguid. Iov)€orcaxahpiié, amPGEprocessgamvonuous.
This may be further understood with reference to, for exanple, an open cell
sponge and gh@sp@@:@r@@ﬂan FFC oil feegl liquid|and@patomizing agent comprising

steam flows through a feed injector which terminates at its downstream end in an

atomizing means comprising an atomizing orifice. The downstream side of the

atomizing orifice opens downstream into a spray distributor, as is known. In the

practice of the invention, a cavitating fluid, comprising one or more lower

boiling hydrocarbons or lower boiling hydrocarbon fractions, is mixed with the

hot oil either upstream of the injector or within the injector, to form the fluid

solution which, at this point, is a liquid. The injector typically comprises one or

more conduits for flowing one or more liquids through and terminates at its

downstream end in an atomizing means. The liquid solution of FCC feed oil and

the one or more cavitating liquids is maintained at a pressure and temperature,

such that cavitation preferably does not occur until the flowing fluid contacts one,

or more pressure reducing means in the injector, to produce a pressure drop in

the fluid and thereby induce nucleation and growth of bubbles comprising the

vapor of the cavitating fluid(s) dissolved in the hot oil. This bubble nucieating

pressure drop may be as much as one-third of the pressure drop of the fluid

through the injector and into the FCC cat cracking zone, as an oil spray

comprising droplets of the atomized oil. The pressure drop inducing means is

located upstream of the atomizing means. Such means will preferably include



WO 001 55282 PCTN500105034 . _g_ sponge. Sponges typically have a 3L 108
volunetric ratio of air to solid. An open cell sponge is both gas (air) and
solid contiwooowss282hil e a cl osed cell sponge is solid conti PODUS0005034
contains discrete (dispersed) gas cells. In an open cell sponge, the solid
can be said to be in the formof nenbranes. and |iganments (such as may exi st
in a two-phage d}gﬁb}é ﬁh‘ﬂiéjﬁfiiiﬂ%%&h? 12384 inl fe Aufd &%ﬁgiﬁ?kﬁczﬁﬁ%ﬁ‘% the gas
can be envisioned as in the formof a dispersion of disCrete gas gl obul es
in the soli citorhining speange dn bad embodibtdnteeplutdiity bfisuchaneais mayrbe lovatgdase
fluids conprising a gas_phase and a |iquid phase., It is not possible to
have a sponde theHuid gorduit sathay the Slesviag dluid sucgpssively rorfaets mora thanoneut | t
is possible to have a twn-phase gas and.liquid.fluid that.is s_cqntinuous
onl 5~ Ther e FR Tgans 35t fpBa AaFnSIEn Bt Bisy i izingMefns oF s Shb3AnGHc s oq
into and thr A gpa)h t . \

certainty. |€¥%$@?F§EB%“E?§H&?E§? wygggpgéﬁewzkwg%ﬁﬁkesem in
the fluid endemiziflgirhearst AheZluig prasare, upsarearh f tessuta@drbpanyamtiser ni xi ng
upstream of the orifice, but downstream of the bubble nucleation) mxing to
i ncrease t hepreferablyonaimsained sifficiently highito prevenidbubbleinugleation snd thige ar ea of
the liquid phase. This is refltglctggesi n reduci ng (hl‘ﬁ) he thi.ckness of any

| qui d menbrBRARS 2 Prosfute gTeqin] BRR thevapqy pPressug Ry byol %@Faflpam?fsﬁeganent s
or rivulets, {4 i | Orei i j ei t her
before or du?i?dr:\lg sé Ldéwa‘t]t%trr%ﬁ%g%sﬁ@ngk}pn@%tﬁté'g?ggggé%?%tﬁﬁgﬁ&n%ré %dcl)qr?,qsit IS
preferred thgreatehehdrl thedvapas pressure botighlidquia tabe aiomingl, aahwvyerttharf them t he
spray of oil droplets, conprise nostly cavitating fluid vapor on_a

vol unet ri c b¥RPOE pressyre ohthgsavitating fuidandrpretsrably sufficieatlyJower @ furthest 2: 1
). A single phase fluid (e.qg..., |liqui asged.thr h t.he. nqzzl w || have
its kinetic &98?035 af‘ﬁ&"éé?e’%?‘dmﬂ"ﬁgi%ggrpﬁ?g@gfqtﬁﬁ‘g%"d%&nﬂglw&e 1 vapor

phase and a dsiif fnsne: i NBYn tive to
the vel oci tyi%%y?ﬂg g it gggfﬁ?‘u’ﬁwe‘?ﬁmrﬁ&%i ng vt Rnfietnd el VP
nucl eati on agreater elss pressapeatiffereatial, befwiedn egpressbee ihithe dioprigigzonbandgh an
atom zing orifice of smaller cross-section, perpendicular to the fluid flow
direction, tW&Y2PREDFessREe @iche cavitaging finid in theatpmizing zrney the meee rapid :

a1 qui o piic S UPE e AhaBsibBL BRHCH tras B R 4 Prald ks F6giéFe
par i cul ar| Vst ofthe diofhided lighid?2 103 im0 EEARE: AGT NGRAHRB Mehpstecsy 2

viscous |iquid, such as a hot FCC feed oil. By liganentation is nmeant that
the liquid fenrancelafryeemstplledespansionatomigmgone, snoh of ther fansbaped nes

referred to i vul ets. The .atom zin one | | owe regsure than the
pressure upsafsgéﬁ#gf oi‘ﬂg %{Psmsﬁl%ﬁ@ﬂﬂgfid&‘“‘t@ﬂ?’éﬁéﬁ?‘i"ﬁf’ PF‘P]‘Q ?/S;Eb “in the
fl o d ! s L . _ : b

further shearaRed ety b el N HaR inth ¥ PO Al diRiPRRERch BBHETY |

dropl et's i nt Tht loeifficanay altg contpeise Asjiaped)sioe ot the eydpofatbbiyddir,dak into two or

nore droplets during the atom zation. Referring to Figures 1 (a) and 1 (b),
an FCC feed Pryvadimgonmane or less fasnihaped spepyras| disslpsed, fgr pxameledincdmtiui t 12,

07500l o S S R B

hydr ocar bon pegaw d i s passed down Into tfe conduit 12 via line 14, which
intersects the conduit at the tee joint, as shown. The cavitation liquid is
injected into the flowing hot oil, with it mxes, to forma liquid solution
conpri si ng bot h | iTdeiprecessrofitheinyention isyussfulfonatomizing any liquid, icledingor m
the fluid solution,.is shown here.as qccurring.in,the fluid condui

upstream of PAREIHSIiQNIAS a8 W&l asdYArocaRboRagFOYSiqUids Baéé%ceﬁe ot water, for

illustrating, [ . Qfys laPUsLd SN may be
achi eved fur te ﬁg’?‘pﬁégg??'égﬁ%’r’\% hec{?gﬁ'ﬂggt Sl ddee 0 & Fﬁgﬁ}‘geﬂm?%%ggétpbyﬂ??
desired. The ugédasEeRndctionAleMMBQT cdteracking ploesss, fhe pradivesfhé he
cavitating fluid in the liquid state, so that the so-forned m xture is
essenti al |y anventioqpuiedncahand preferablyrickiminates thrusenf steagofmdeedam (from | ef t
to-right) and passes through a | ow pressure drop static m xer 18, which

i nduces bubbl e nucl eation. The so-fotrned fluid m xture having nucl eat ed

m cr obubbl es, continues downstreamin the conduit to an atomi zing orifice
22, smaller in cross-section than that of the conduit. By cross-section is
meant the cross-sectional area of the conduit ([err]Z for a cylindrical
conduit) and the cross-sectional area of the atomzing orifice
perpendicular to the fluid flow direction. Preferably, the wall of the
conduit termnates into the orifice by nmeans of an arcuate or curved
surface, 20, which converges the flowing fluid streaminto the atom zi ng

o - S ~ o~ NN NN
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soda is agitated before opening, rapid and violent foam ng occurs when the
bottle is omwomedszand the pressure is released. Shaking of t hpeTamsotbsesal ] ows
the soda to be sprayed out as a spray or mst, due to the rapid bubble
growt h across the opening where the presgure reduction occurs. In the
present inv HeJ i i I : 20| i by the
D o Y SO By BRBELARah ol GARHEFodMiRO R Tl ausAl by 11
resul ting fﬂfﬁs@iéﬂﬁbéﬁﬁﬂ@ﬂeﬁraﬁl?@lifr'rﬂﬁ_ﬁjte.@@H&ds% cfacipyarbesrbod gay (é.gf,«' C-
subsequent depressurizing and the cavitating nmechani smdescribed, rather
t han by t he Gsivo fommsetvetrphaserfiyidder atomizationy dntadditian, sheunsezof thediguidz z| es.
The bubbl e nucl eati ng ns is.preferably, designed and/or. selected to
produce thePgﬁﬁﬁ9’8%?'55;9%&%15#"6“8?%511@5%%55‘9?;y@@ ‘&6’@1“?‘?@“53§H§IPI‘P‘F$ acti on,

which is le I 4 TS t he
cavitating ?&&éﬁ@?gﬂgérgg?gsgggg%gﬁgg'CXH{'J%%@g%Pg%'R%ﬁ;dﬂaﬁgﬂr'ilgcjior portion of
the pressur aidhi2BtiOf.C K & nitde Aelafled eindBdh&itréRting o FCAZ féed dtBnigftidhat e t he
atom zed spray. Wth respect to the above illustrations and the Exanple

bel ow, FCC pheonwsstsen aomprisdsl a fueat aragkinggetooess vtich esmprises! thenstepst ai |
here. Cat cracker feeds used in FCC processes typically include gas oils,
whi ch are hi%h boiling, non-residual oils, such as a vacuumgas oil (VGO),
a straight run (atnospheric) gas oil, a light cat cracker oil {LCCO and
coker gas oils. These oils have an initial boiling point typically above
about 450F (232CYa) ifladifizd ﬁé\ﬂ%ﬂMd?@&H&? ite AAPEMPRERES)2 solitidh end
points up to about” 1 | 50F (62l , as well as straight run or atnospheric
gas oils an®fFeie feeglasil and g cavitatimgdiquid whicineoroprisesraneharamprd eeds havi ng an

end boiling pqint abeye 1050F (e.g., up to 1300F or.nore y. be bl ended in
with the caharoraghan g s onfraptionsApptaping Matgapl waic bﬁlise@ﬁwﬂg? whol e and

reduced cru ‘ i . O5] rj i.stil] ation
of o ude. o Poting e D ki’ PRy ith AR BLSIRE AU thEarfi V8 AL e Brilslte
thermal cracfisaid AdwiipeflyidRAHEPRb&WE Ricldatioh BT bubbiés Rompitih e vapdr, of agidl
derived liquids, syncrudes and the |ike. These may be present in the

cracker feedaviating hauidrat agémperatmratbelow thetbutde pointiof saidsolutien, it end, and
'~ 9J U~ 03 00155282, PCTNS00105034 .- ,12 .e typically fromabout 5
Lo 30" vol umdodh aTHSENRE JH6d FORPERINEAhHELISS PRDIRHGTOLERY ent o

undesi rabl e conponents, such as aromatics and conpounds cont ai ni ng

het eroat ons, particularly sulfur and nitrogen. Consequently, these feeds
are often treat edbppassigy suidtvd-phaseifivid downsaanninteéndidteaghahl e conpounds
by processes, such as hydrotreating, solvent extraction, solid absorbents
such as nol EQMEENG Meas Inp anatem|zing.zongswhichiap aha presypreciawes shancthated ng

conditions iQn. K roce ihel ude a tenperature of .from ab 8001200F
(4276480, BiEPuiipeBers said o mignR R G blre Yaiq AR BPR e RR )

900- 1150F ( 4faybedmprising 1Rufth 8t6ptetd 8f VA Te DO whereth Sl QtomiEratdl v 5- 40
psig with feed/'catal yst "‘contact ti nes between about 0.5-15 seconds,
preferably alomprists 2 caé crackizg reaction zdneaamdit al yst to feed ratio of about

0.5-10 and preferably 2-8. The FCC feed is preheated to a tenperature of
not ' nore than 850F, preferably no greater than 800F and typically within

the range of fro - I i i | der st ood
with reference t@fﬁgﬁ%;(@:?f%@@?ﬁ:-ea‘yl{%@ E%MQT%’ i'egg%gfltag%ﬁ; Pﬁ%‘é“‘ avitating
fluid must bheasigstifilsaid Feaciofzem@atadion ovndhionshedfdctivitd chRitcaiiyon zed
and wi th any upstream processes conditions for each specific application.

By way of arcrack smdfeed o and produsedpwer boitiag hydrosarbdms. pr acti ce of the
invention for atomizing the liquid oil feed to an FCC unit, reference is
made to a vapor pressure graph for hydrocarbons, shown in Figure 2. For the

G Sl osed by T ST UBHifie b oRaftioR? Brodhcdd Bl TRe ofdckihgfeetiod off serifuer
Preci sion of fr@nhﬂue\elgéﬁm&algﬁgﬁﬂiﬁ@s,@@ larseparation ZoAt, e trecdvered hydltraar bons,
which ~ 9 JU) 1003 WO 00l 55282

typically sent to further processing, including fractionation. The cracking



PCTNS00105034 - i3 appeared in Industrial and Engi neering Chemni stirg/ Juiv1W9,
pages | | 8 7- | 196 ( 19S7). The pressure in the fluid conduit upstream of
the atomi ziWQ0552823 ce i s assuned to be 7 at nbospheres and t hecpwseso® on
the downstream side of the orifice, in the atom zation zone, is assuned to
be 3 atnospheres. For an upstream tenperature of 750-800F, the cavitating
l'i qui d nust relétién alk6lpratiuats spat mmgmiCMdmiommnaiatstﬁp]ﬁbﬂmspher es. This
suggests that a normal boiling point between 600 and 6SOF is required for

t he cavi t at hydrotarqomsiand¢akeoagis knewmoFhe spens satalysg ppdicles are stripped in
cavitating liquid would be aoU uited. bag&&lﬁ thﬁ ’Fl anned treat rate, as
wel | as condSERPMEZINReOEMVsSne SHgP2 racATRORS QA PTOAUCHANPPEh G with t he

; . ama < priit st | at
raction pr oaatdts RHRTE. 2pnd AEpBBL dsRel dbtallsfbAickEonE AR B S | P her
source. A biepRflerafiod zbné\tin whiéh tHeyeard cohtatiediveith bRpgsh, ancortiibnsC feed, will

generate a two phase vol une expansion of 1.7-4.3 tines the liquid feed
vol une, wi t effectivertpdum offshe coke and praduee the hat, teegnerated ¢atalystparulesabat i ¢

flash. If the, ypstream concfi'tions.are changed to 7.at nospheres d

400- 450F, t WOISTLAEheIPaSrd PARK FinR Thoreaction gonk « B0 FGCHPR ams of an

appr oxi mat e - il f 4 i t dJownst r eam
o essur oo, - RGE chtprecking sofbesilsly LOfnpiists EHLBCARSHEBAR AN T
cavitating tdadtidnBend.i ng range can be defined. Sinple conparative
experinments using an agueous acetone sol ution were conducted to denonstrate
cavitation-enhanced atom zation. Sharp angle orifice plates were used for

t he at om zi , which, i erJ were bores in the plates
and their I@S‘@ﬁ? B .%.!eé)&(jé?‘gfﬁéﬁ&é%l.m 1 and 7:1. Both were
cylindrical bores having an inner dianeter of 350 umwith the plate

t hi ckness determning the LID ratio. The nain conponents of the
experinental set Bigutey Hapand ¢fsure sitgpldfed side Br@ bR Viewuicliehate, a nonosi ze
drop generator, and a_heated air chanber purged with flow ng nitrogen at

at nospher i ¢ ilssragonpeof an PCE feed injpcti@manings lss&»szarqussfa& OB@8ton.14 The
atom zi ng pressure was neasured in the pressure vessel. |Inmages of the
break-up of the fluid exiting each orifice and spray patterns were taken
with a G eenfi el gigieodyh YaptPOr vapa phess i TunlXiBR of terhplidfite ffr Lhe
sprays were taken with a canera. In every case, the orifice opened into
t he heat ed saturathdhjpdrocatbonivavitetimg fluslsm si de. The tenperature in the
chanber was identical to the liquid tenperature, to mnimze fluid
tenperature changes due to the atom zation and evaporation. Bl ank

experi ment s yy ature below the boiling point at the

at om zi ng p%@@@m orifice plate, with a pressure drop of
30 psi across the orifice, indicated that the orifice having the greater
LiIDratio of ' 7:1, perfornmed better than the shorter one having the | .4:1
L/ D ratio. Howevdhe fiuidpasyimgihrosghuthe atomizing ontansnebichitypicallyher L/ D ratio
when tha water '.teg;}leerat.urewa wer than the boilin oi nt,. at the

| .
at oni i ng. prEEUTISES A% ALTIZNE RTis, PaKinga TORSSCLONRLATER PERRFPLIGHAT 9 bl o
nucl eation t : I i 3 ; , Wth
The Singre (REBEIPAG ifhbh SBfMleR s IS Y Aid o BRAGRBESreatieS, "
occur and t Ifarthet duschibed belobg ihe avephabofieid comprisihg agap phase 4mi pliqeddce

bubbl e nucl eati on. . o L.
phase. The gas phase comprises cavitation liquid vapor and the liquid phase

comprises a solution of the cavitation liquid and the liquid to be atomized. The
two-phase fluid passing through the atomizing means may be gas-continuous or
liquid-continuous, or it may be a bubbly froth, in which it may not be known
with certainty if one or both phases are continuous. This may be further

understood with reference to, for example, an open cell sponge and a closed cell



In contrast, a simlar set of runs using a solution of 6.8 nole %RyH: Bk
in water resulted in cavition-induced bubble nucleation and fine sprays, at
t he sane 3WQ#¥s5pB2essure drop across the orifice having thepctDsoomsodan of
7:1. The orifice having the L/Dratio of I .4:1 did not produce as fine a
spray. In these runs, the tenperature of-gthe acetone solution inside the

chamber Wasspgﬁgﬂ: %bﬁﬁbs‘h?ﬁio@ﬂ&%v&hel:owmn@etﬁeirmﬁo of air t944&lid. oAnlopérs acet one
solution. For The case of the short nozzle or orifice having an LID ratio

of only 1. 4ell sponpe isbothegasyai) kndsolicheoinuous, whide 8 glased colb spNEns ed at
the exit edge of the orifice. For_the |ang nozzl e havi the LID ratio of
7:1, a port§W oMunyeus)a §%@‘Q§r4}‘§°"ﬁ?&%m§f5¥§éé§g?§s‘f°@é' gﬁénﬁBEQFg! These
experiments r.at. , ' ' 29J U
eXper et SR EBSSRI R hsplto Bl SR ISR R LRrfltted AIESAAD | 2
ratio of 73éuclPﬁ@ﬂi@e&iﬁtiﬁWtw&?ﬁésieagdsqmum'%lﬂe& foasi)ddntahgosedzzlle or
orifice bore. It is understood that Vvarious other enbodi nents and

nmodi f i cat i osponiga, theezas can beenvifionddas mthe foromofia dispbrsiempeladiseretetgas and can

be readily made, by, those skilled in t .art w thout departing fromthe
scope and s&‘iOgP};ede the,go i%vg‘hmeéﬁoﬂﬁ%%g BB‘(P%‘MB%‘?‘CAWG() %ﬂ‘h&qrg? ™e is not

exact descr Dt fidE PBPpRrinEl b TR AR RIRS pHEE 1Pis e phRbB o BBV T e
as enconpasgifishgd thaffs éa'ﬂ%oﬁﬁﬁhHﬁ@ﬁd’ﬁoﬂ%&&%lﬁpécﬁltﬂﬂﬁﬁﬁ,tﬂﬁt (inhé phssittetgle in

the present ihvention, Tncluding all the features and enbodi nents which
woul d be t r bastecaitvas-phass gad and Hquideflwidfthityis ghosentiivious edlyi. T enefor, thet o

whi ch the inventjon pertains._Thus, .the .invention can, be conbined . wth
processes t H%Tt“cHLaé ’B&’@F’Bﬁ’rﬁé’d’ﬂj& lhsﬂ’d PaHdE PRtsed ARty a&%tthmugﬁégga@agmaad
liquid flui ' i | . or ' ce
bubibl ¢ 1 or nicElh ey BREOE ABGE b wifhretla ] irdiokL v SRR e IAGHEE
processes a lga%uﬂ'ﬂi:iiéﬂtafa9obpf83bﬁt b dRiid eftebigtRO MR mpEmede, Ra%le . - . ~

shear (and any other mixing upstream of the orifice, but downstream of the
bubble nucleation) mixing to increase the kinetic energy of the fluid, by
increasing the surface area of the liquid phase. This is reflected in reducing (i)
the thickness of any liquid membranes, (ii) the thickness and/or length of any
liquid ligaments or rivulets, and (iii) the size of any liquid globules in the fluid,
either before or during the atomization. In the practice of the invention, it is
preferred that the fluid passed through the atomizing means, to form the spray of
oil droplets, comprise mostly cavitating fluid vapor on a volumetric basis (e.g., a
volumetnc vapor to liquid ratio of at least 2:1). A single phase fluid (e.g.,
liquid) passed through the nozzle, will have its kinetic energy increased. With a
two-phase fluid comprising a vapor phase and a liquid phase, the vapor velocity
may be increased relative to the velocity of the liquid phase, (i) in mixing zones
between the bubble nucieation and pressure drop means, (ii) when the fluid
passes through an atomizing orifice of smaller cross-section, perpendicular to the
fluid flow direction, than the fluid conduit means upstream of the orifice (a
pressure-reducing orifice). This velocity differential between the vapor and

liguid phases is believed to result in ligamentation of the liquid, particularly with



CLAIMS: 2 9 J UL 2003 1. Aliquid atom zing process which corrprlzsggm 2003
contacting a flowing fluid conprising a solution of the liquidto

atom zed angloaeseer boiling cavitating liquid, under presspe@nbsostds @
tenperature bel ow the bubble point of said sol ution with a pressure
reduci ng neans to reduce said fluid presz.lre and thereby produce bubbl e

nucl eati on | I d

bubbl es andtas %cg)rug]o%‘{l%srﬁﬂﬁ Yg?f?fp?fggl nig lgglhg {nl:ﬁ't'ag Pade ‘@gégﬁmst ream
and through lﬁ*ﬁl&f&?ﬁszélaﬂgﬁ@@@%w%scbr%éaﬁm WhithSd#é %ﬁé&ﬁh@téfenéd)ﬁﬁas to
atom ze said fluid and forma spray conprising droplets of said liquid. 2.

A process acbaretsnghemtomiding 1oxwhmrae arlowar pressiyb itiemn the presgurewpistrean o€
upstream of said atonizing neans. rocess accqrding to claim2 wherein

sai d pressurtbe awzmgoqnﬁe@ Synssr;apgntbf euaeorr:edh%ﬂwg nassing through & t han 50
. 4. A

omor i ses A PBLARE BRLCEARIAl AR BgaY Farhst B i SAMFEIERTG 1 o cl ai m

4 wherein atditRagh Qhéhgmd P(%é?ﬁerﬁé‘hﬁd/ﬁ?&%& tk”x&o'th&b&bﬂuhﬁg\é@ﬁ@f hagd by said

bubbl e nucl eat’i on nd subseqUent fluid atom zation rocess according

to claimb5 Wganents saiichiht break intg tweanrsnoreropkesduringahe aiomiaatiar.i fi ce. 7.
A process according to claim6 wherein said pressure drop-produced by said
pressure reducing neans is |ess than 15 psi.

Referring to Figures 1(a) and 1(b), an FCC feed injection unit 10
comprises a hollow, liquid feed conduit 12, through which a hot, liquid FCC oil
feed is passed from an upstream source. At the same time, a cavitation liquid
comprising a lower boiling hydrocarbon liquid is passed down into the conduit
12 via line14, which intersects the conduit at the tee joint, as shown. The
cavitation liquid is injected into the flowing hot oil, with it mixes, to form a
liquid solution comprising both liquids, in the vicinity of zone 16. This mixing
to form the fluid solution, is shown here as occurring in the fluid conduit
upstream of the préssure drop means 18, for the purposes of illustrating'one
embodiment of the invention. However, such mixing may be achieved further
upstream and even outside of the feed injector, if desired. The pressure in the
conduit is sufficient to maintain the cavitating fluid in the liquid state, so that the
so-formed mixture is essentially all liquid. This fluid mixture progresses
downstream (from left to right) and passes through a low pressure drop static
mixer 18, which induces bubble nucleation. The so-formed fluid'mixture having
nucleated microbubbles, continues downstream in the conduit to an atomizing
orifice 22, smaller in cross-section than that of the conduit. By cross-section is
meant the cross-sectional area of the conduit (nr® for a cylindrical conduit) and
the cross-sectional area of the atomizing orifice perpendicular to the fluid flow
direction. Preferably, the wall of the conduit terminates into the orifice by
means of an arcuate or curved surface, 20, which converges the flowing fluid

stream into the atomizing orifice with minimal coalescence, which might
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sufficiently lower than the pressure on the upstream side in the conduit, for the

cavitating fluid to flash or rapidly vaporize to atomize the FCC feed liquid into
droplets in the controlled expansion atomization zone 24. The embodiment
shown, of the conduit terminating by means of an arcuate surface into the
atomizing orifice, along with the fan-shaped controlled expansion zone, is
disclosed and claimed in US patent 5,173,175. However, other atomizing orifice
and nozzle cc?nﬁgurations may also be used, such as those disclosed, for

example, in US patents 4,784,328 and 5,289,976 and the like.

An important and essential feature of the invention resides in nucleating,

- in the liquid to be atomized, bubbles comprising cavitating fluid vapor by
pressure drop means, and preferably upstream of the atomizing orifice. More
preferably it will be advantageous to permit the nucleated bubbles to grow by,
1.e., additional pressure drop inducing means upstream of the atomizing means.
The pressure drop means preferably comprises one or more static mixers, to
provide the desired bubble nucleation with a minimal pressure drop. If the two
liquids, the feed and cavitating liquid, are merely mixed together and thén passed
through an atomizing means without bubble nucieation, the bubble exparsion
and vaporization will be slower and the desired degree of atomization of the feed
liquid will not be achieved. The pressure drop across one or more static mixers
upstream of the atomizing means and concomitant agitation of the so-formed
bubble containing solution, initiates bubble nucleation and preferably bubble
nucleation and growth, so that expansion of the bubble vapor is much more rapid
across the atomizing orifice, and feed atomization is therefore enhanced. By

analogy, if a bottle of soda is opened without agitation, foaming either does not
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occur or occurs slowly. If the soda is agitated before opening, rapid and violent

foaming occurs when the bottle is opened and the pressure is released. Shaking
of the bottle allows the soda to be sprayed out as a spray or mist, due to the rapid
bubble growth across the opening where the pressure reduction occurs. In the
present invention, the reduction in pressure and agitation produced by the
upstream mixer causes bubble nucleation just as shaking the soda, and the
resulting fine atomization of the feed can be accomplished by the subsequent
depressurizing and the cavitating mechanism described, rather than by the two
phase shearing, as with conventional atomization nozzles. The bubble
nucleating means is preferably designed and/or selected to produce the smallest
pressure drop necessary to vaporize a small fraction, which is less than half and
preferably less than one-third. of the cavitating liquid to provide bubbie
nucleation, with the major portion of the pressure drop occurring across the

atomization nozzle, to generate the atomized spray.

With respect to the above illustrations and the Example below, FCC
processes are well known and need not be described in detail here. Cat cracker
feeds used in FCC processes typically include gas oils, which are high boiling,
non-residual oils, such as a vacuum gas oil (VGO), a straight run (atmospheric)
gas oil, a light cat cracker oil (LCCO) and coker gas oils. These oils have an

. initial boiling point typically above about 450°F (232°C), and more commonly
above about 662°F-(350°C), with end points up to about 1150°F (621°C), as
well as straight run or atmospheric gas oils and coker gas oils. In addition, one
or more heavy feeds having an end boiling point above 1050°F (e.g., up to
1300°F or more) may be blended in with the cat cracker feed. Such heavy feeds
include, for example, whole and reduced crudes, resids or residua from
atmospheric and vacuum distillation of crude oil, asphalts and asphaltenes, tar
oils and cycle oils from thermal cracking of heavy petroleum oils, tar sand oil
shale oil, coal derived liquids, syncrudes and the like. These may be present in

the cracker feed in an amount of from about 2 to 50 volume % of the blend, and
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high a content of undesirable components, such as aromatics and compounds
containing heteroatoms, particularly sulfur and nitrogen. Consequently, these
feeds are often treated or upgraded to reduce the amount of undesirable
compounds by processes, such as hydrotreating, solvent extraction, solid
absorbents such as molecular sieves and the like, as is known. Typical cat
cracking conditions in an FCC process include a temperature of from about 800-
1200°F (427-648°C), preferably 850-1150°F (454-621°C) and still more
preferably 900-1150°F (482-621°C), a pressure between about 5-60 psig,
preferably 5-40 psig with feed/catalyst contact times between about 0.5-15
seconds, preferably about 1-5 seconds, and with a catalyst to feed ratio of about
0.5-10 and preferably 2-8. The FCC feed is preheated to a temperature of not

more than 850°F, preferably no greater than 800°F and typically within the
range of from about 600-800°F.

The invention will be further understood with reference to the examples

below.

EXAMPLES

Example 1

The lower boiling cavitating fluid must be soluble in, and compatible
with, the liquid to be atomized and with any upstream processes conditions for
each specific application. By way of an illustrative example specifically for the
practice of the invention for atomizing the liquid oil feed to an FCC unit,
reference is made to a vapor pressure graph for hydrocarbons, shown in Figure
2. For the purposes of this example, this graph is a simplified version of the one
disclosed by Maxwell and Bonnell, in an article titled Derivation and Precision

of a New Vapor Pressure Correlation for Petroleum Hydrocarbons, which
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10%| 4] & () appeatdth Fadustrial BA&Hincering Otéhiétr{) v.49, pages 1187-1196
(1957). The pressure in the fluid conduit upstream of the atomizing orifice is
assumed to be 7 atmospheres and the pressure on the downstream side of the
orifice, in the atomization zone, is assumed to be 3 atmospheres. For an
upstream temperature of 750-800°F, the cavitating liquid must be a liquid at 7
atmospheres and a vapor at 3 atmospheres. This suggests that a normal boiling
point between 600 and 650°F is required for the cavitating liquid, although the
nominal boiling point for this cavitating liquid would be adjusted based on the
planned freat rate, as well as considering the boiling range and miscibility of the
fluid with the process feed. In this example, the cavitating liquid could be a
distillate fraction produced from the FCC process or it could be obtained from
another source. A blend of 1-5 wt. % of the distillate, based on the FCC feed,
will generate a two phase volume expansion of 1.7-4.3 times the liquid feed
volume, with a temperature drop of between 1-7 degrees, from an adiabatic
flash. If the upstream conditions are changed to 7 atmospheres and 400-450°F,
the required boiling range for the cavitating fluid is approximately 290-31 5°F.
Similarly, for differing upstream and downstream pressures, and differing FCC

feed preheat temperatures, an optimum cavitating fluid boiling range can be
defined.

Example 2

Simple comparative experiments using an aqueous acetone solution were
conducted to demonstrate cavitation-enhanced atomization. Sharp angle orifice
plates were used for the atomizing means, which in these experiments were
bores in the plates and their length to diameter (L/D) ratios were 1.4:1 and 7:1.
Both were cylindrical bores having an inner diameter of 350 um, with the plate
thickness determining the L/D ratio. The main components of the experimental
setup were a pressure vessel, a heated liquid hose, a monosize drop generator,

and a heated air chamber purged with flowing nitrogen at atmospheric pressure.
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break-up of the fluid exiting each orifice and spray patterns were taken with a
Greenfield Speedview 700 imaging system. Droplet images of the sprays were
taken with a CCD camera. In every case, the orifice opened into the heated air
chamber at the downstream side. The temperature in the chamber was identical
to the liquid temperature, to minimize fluid temperature changes due to the

atomization and evaporation.

Blank experiments with water at a temperature below the boiling point at
the atomizing pressure upstream of the orifice plate, with a pressure drop of 30
psi across the orifice, indicated that the orifice having the greater L/D ratio of
7:1, performed better than the shorter one having the 1.4:1 L/D ratio. However,
fine sprays could not be obtained with either L/D ratio when the water
temperature was lower than the boiling point at the atomizing pressure.
Increasing the water temperature to above its bubble nucleation temperature
resulted in a fine spray in some cases. Thus, with the single liquid alone {water),
bubble nucleation by cavitation did not occur and the water had to be heated

above its boiling point to produce bubble nucleation.

In contrast, a similar set of runs using a solution of 6.8 mole % acetone in
water resulted in cavition-induced bubble nucleation and fine sprays, at the same
30 psi pressure drop across the orifice having the L/D ration of 7:1. The orifice
having the L/D ratio of 1.4:1 did not produce as fine a spray. In these runs, the
temperature of the acetone solution inside the chamber was 98°C, which was
below the bubble point of 104°C for this acetone solution. For the case of the
short nozzle or orifice having an L/D ratio of only 1.4:1 , Substantially all of the
30 psi pressure drop occurred at the exit edge of the orifice. For the long nozzle
having the L/D ratio of 7:1, a portion of the pressure drop took place inside the

nozzle. These experiments demonstrate that, the extra pressure drop incurred in
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the longer nozzle having the L/D ratio of 7:1, produced stable cavitation bubbles

inside the nozzle or orifice bore.

It is understood that various other embodiments and modifications in the
practice of the invention will be apparent to, and can be readily made by, those
skilled in the art without departing from the scope and spirit of the invention
described above. Accordingly, it is not intended that the scope of the claims
appended hereto be limited to the exact description set forth above, but rather
that the claims be construed as encompassing all of the features of patentable
novelty which reside in the present invention, including all the features and
embodiments which would be treated as equivalents thereof by those skilled in
the art to which the invention pertains. Thus, the invention can be combined
with processes that use preformed gas or vapor to form a two-phase gas-and
liquid fluid which is contacted with one or more mixing means to induce bubble
formation of the cavitating fluid. It may also be combined with processes that

initiate. bubble nucleation by temperature increase.
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atomized and a lower boiling cavitating llquld under pressure

and at a temperature below the bubble point of said solution,
with a pressure reducing means to reduce said fluid pressure
and thereby produce bubble nucleation to form a two-phase,
vapor and liquid fluid comprising said bubbles and said
solution, and then passing said two-phase fluid downstream and
through an atomizing means into a lower pressure atomizing
zone, to atomize said fluid and form a spray comprising

droplets of said liquid.

2. A process according to claim 1 wherein said bubbles

also grow in size upstream of said atomizing means.

3. A process according to claim 2 wherein said pressure
drop produced by said pressure reducing means is less than 50

psi.

4. A process according to claim 3 wherein said pressure

reducing means comprises at least one static mixer means.

5. A process according to claim 4 wherein at least 0.5
wt. % of said cavitating liquid is vaporized by said bubble

nucleation and subsequent fluid atomization.

6. A process according to claim 5 wherein said atomizing

means comprises an atomizing orifice.

7. A process according to claim 6 wherein said pressure
drop produced by said pressure reducing means is less than 15

psi.



