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"BACKGROUNIW@®©0/33983 DI SCLOSURE FI ELD OF THE | NVENTI ON 't he ipwenédo@roas el at es
-to fluidized catalytic cracking ("FCC') processes using a high fluid

t hroughput and | ow pressure drop, liquid atom zing process and apparatus.
The process conpri ses fornlno a fluid nlxture of a hot teed oil and a

di spersion gas. K A% d hidk G'hE ANIHR DI dr opl ets. and
then distributing the droplets i nto the FCC process The appar at us

conpri ses a nozzle Having an |nproved spray distributor end section.

BACKGROUND OF -THE | NVENTI ON t onizat.i is I 1, din a
wi de variety ofhlgﬁﬁ PHER B éWﬂ 'BP§88§§8§” O?'rté P;aﬁécql ‘@qmé}?ﬂ gﬁg
aerosol sprays. the application of pesticides and coatings, spray dry| ng,
huni di ti daemnoar 0%424ilig Jail'ic¢ datichil8ni #92. and cheni cal and petrol eum
refinery processes. Fur nost applications. a fluid under pressure. with or

wi t hout tHRKEFRNENDPIQRTHIODISC EQSE RE is forced through an atom zation

nozzl e having a relatively small oritice. , Atom ion occurs at the

downstream side of the orifice. with the degree @m&m Hmmm" n determ ned
m)w d density.

by the orifice size. the pressure drop across th
Vi scosi tﬁ@uﬂ&gﬂwﬂi}ﬁw etc.. as is known. g zation is

i ncreased and the droplet size is decreased. with decreasi ng orifice size
and increasing pressure drop. Increasing the degree of atom zation of
relatively vi SpoiiiehiibdteltestodilidizaNchalR: ctkheAd FEte) hgauusaet rol eum
o1t eogs” use T mveptibgeRics SR RO EGST  Phaktsd

using a high fluid Ihroughput and low pressure drop, liquid atomizing process

and apparatus. The process comprises forming a fluid mixture of a hot teed oil
and a dispersion gas. such as steam. atomizing the mixture to torm droplets. and

then distributing the droplets into the FCC process. The apparatus comprises a

IRy

BACKGROUND OF THE INVENTION *G00002+

nozzle having an improved spray distributor end section.

Fluid atomization is well known and used in a wide variety of
applications and processes. These include. for example. aerosol sprays. the
application of pesticides and coatings. spray drying, humidification. mixing, air
conditioning. and chemical and petroleum refinery processes. For most
applications. a tlurd under pressure. with or without the presence of an atomizing
agent. is forced through an atomization nozzle having a relatively small orifice.
Atomization occurs at the downstream side of the orifice. with the degree of
atomization determined by the orifice size. the pressure drop across the orifice.
tluid 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. Increasing the degree ol atomization of relatively

viscous tluids at high flow rates. such as the heavy petroleum oil feeds used in



an FCC process, or fluid cat. cracking as it ~s also cal]led. ~5 pnrt,ﬁc_glgal.ﬁuy
chal | engi ng, 0%5Q43 an established and wid~lv usc;d process in thr ¥«
p~trol ~t~mretinmy i nducstry pr~maril~~ for converting hi gh hoi/bscg7022
petroleumails to nore valuable | ower boiling products. including gasoline
and middle dtillates such as |.crosene. j-et- and disel fuel. and heating
oil. In an FCC prowess. a preheated teed. often mned with an atom zati on
pronoting t-~uid-~~such as st ds.atomzed and brought into,contact with a
a1 cul ot e et CHEeRR T B0kl S PR AR AE 5 TR RaleR e reP LSRN o

conpri ses t hgfak &yt | £CET AGKI NehyI RAES LAD \FRIVA: uSBb8EssOhliné gedodnep! et
sizes in the reaction zone result in nore teed conversion to val uabl e
products, paetingig adugtw bhntdrey ilecosmparahiednglobolieavyettdednmalsaoinadre such
as aresid. in the FCC leed. il that doesn't nmake contact with the uprising
catal yst partileibde Jowhebadingprodacks insdidmug dagotine hngmidgrséistiligae s

met hane, and coke. As. a consequence. gfforts continue to try to find
econoni cal | y‘bjﬁcé%ﬁeé’enﬁ%{r?s“dt@eﬂ-ﬁéw’elaéé f58UBESYl et si ze of the atonized oil .
T n Thar sy om BBHECR: BSEsL. o prknBlleH TBEE S AP § nBhaRaHTAudhOP

t hrough the-atom zer or n zz1& &Py Chner eas. ng the anount of ‘Steam or

ot her atom zabh@ingr QOTRL. isN6h WeBleanfX@RIEIZe8fan8 WrBu giififld SorAi@ vdils el osed

in. for exanple. USi." "89.976 and US i.173.175 which produce an average

t eed dropl etpagiiagaien hioh erachmge cathlyab diotving (UpOthi@@gh aTiserowdichTioenprises thel | a

need for finer atom zation of the heavy oil teed for the FCC process and
oi ~ot her f| FRHYHGErINIBE repbivasaas. adnalen oil tesghdioplal 8125808 thaureariign

b ficial if~th I i f th i i gui | > d
Cess than oo e Bh P nEeakede G riBn R P PRI lum Ty LTEHEEC, %
process and japRdbfditsh bPhe _\ore'ea%gxﬁhiawu@g agimfre_ero?%eﬁfe I?@Q @g%ar)ﬂtmgn are_

useful for atom zing and injectinU hot tee into o ~t N Z00

00/ 55543 PCH0dSO0/ma28ontact with theagtisdne eaawsopamicldsuitgrmatly eradker. to
achtcve a relatively small cJrop wze. and unit~orm drop size diatr~bunon t
t he at om zerimnlydiolshbgasesraishms methangaind-gokg. : Ap pEONSGRICEPH LTSS ot ~

the invention relates to pry distri but nmeans. . suc md' g

t an- shaped s"&ng‘?uaittgﬁt%m ﬁPg ef%!n(?'mcéﬁl'rvo 'ah[é‘ W?%quce_g%% gliesggj_pl?éaiﬁ- S ééltl;ed
cavity open 1ag atdiZeRsdil eRA AR ELrSOWNSHhBANEIANGS ) 4 GhRCaPhY\atoAGRsuFde
downstream si de ot~!he atom zing ofifice, for controlling the shape of the

atom zed sprdagp throuphathleern omideo dir meazle d¢rh@i)iinurensingnheomponselkstaaproocess
for atomzing a liquid.into a spray of~_ liquid drops. .and then conducting
the drops t HBEGHOBEZAYORPEAMPLIE RAeNIndaxamPples & guEh eHOFI8 RS @lSaosed ibut ed
spray ot ~draqpl et n r inent,. the a 0f =

98t \EmpLeOr%g]?,p' %&gfﬁgﬁg%gtl% f'7_ which @r%%[xgé H?ﬁ?%r’atgp?eed .

tnventton brretl~=~ i"ses aifning a cavity w ~conpri sing
an i npi ngemeftbp ek XiAGnZ88e1 AR, Ba SR ANO0] XEMthi&He. dDWASEsI@d Aéed foe

i npi ngenent mring zone. wherein the cavity is elongated in the direction
ot~ fluid fltowrandmézxdttendst therheagh of Ihfeed ddy thePF € eprabess anlden (bdhigr twds ai ns a
means for splitting a fluid stream adj acent the upstream end ot~ the body
into two sepSQF QHETIPEESHES aw“tew-a{h“&ul@ib@eoaéhw'aﬂaebefl@)tﬂc‘éggﬁh%fir-%%{?ﬁ $6°
enter the cayi nd.into t.he tnpjn=epent, m =i ZQRE- appar at us may

al so incl udgma{kgSfbargl%fgslf‘?tlugd%e[?h%éen@%ggjIgétébr?pﬁ?%'pﬁsml cp)é\j’\in‘s'st ream end. the
fluid entrance of which is adiacent the fluid exit ut~ the shear m xi ng
zone. with which tt is in fluid conmunication. Preferably. the spray
distributor neans is a spray distributor. The preferred spra~~ distributor
is a three dinmensional nmenber having ( | ) a front surface separated t~rom
a rear surface by a length L along a first axis and (' _'~ a continuous.
internal. tan-shaped channel open at the front and rear surface, the
channel ha~~ing | a) flat. parallel top and bottom surfaces separated b~~ a

const ant hEi.%MMA”R‘%s@IEQ‘Igg@N\ngﬂQ)ﬁ second aws perpendicular to the !
first arts -~ -

The invention relates 10 a process and apparatus for atomizing a liquid.

The process and apparatus are useiul for atomizing and injecting hot teed o1l 1nto



PCT/1JS00/ 07022 - ~- - .~_ 3~ ~UN2003 - i b ) cur~~e.d t first and second
si*de surf aoes obedshs be~n~~ in ceintact with ~I tp and bottom s~ i rtaldbN 2003
herein i ~ ) the first and second side surfaces have a maxi MfHUSEHAIAR i on
~~~ | at the front surface and ( n ) a maxi num separation w~~ at the rear
surlae;e. w, bei ng smaller than w,. and both m and w, betns~ neasured
parallel to a third axis simul taneousl y perpendicular to the first and

second axesa rkaciporPi@ices r ed uebodiaERdr. (Lddhéda tavdll yhdlakbp ereckidg
process, the i-nvention conprises the steps of: (a) separately passing two

streams of antfaonphapeifd disthmonpr o sihegiemgas phawesandrepltisqui d phase
conprising hot FCC feed oil, into an inpingenent m xi ng zone under
pressure. in whi GOk %HPPb‘ﬁl‘oﬂh‘eé]@IPﬂfé‘tUﬁ@éM“i Wﬁleﬁb%"r‘réﬂf”em[@(éép(}\ﬁ‘t h the
other. to f singl e ingenment mxed.f | rea hthe
surface ar egl%n Hang ?réﬁfpﬁ gﬁé’ 'E%?@W%Eé‘ Lha e%épﬁ'r erﬂé%mﬂu"(‘ﬂl lﬁ\] that in
both st reampBRbEbT LhidH z&sm mébz (RRASRA %\rﬂﬁ?é‘ﬁdat% ui)@t'f‘i‘::frﬁrlﬂ'@d in (a)
into a shear m xi ng zone. wnst ream a aCe t to the 1 npingement m xing

zone with wibohsirkamserids. ﬁtcﬁeﬂﬁbhf hwademqm‘dmm@tremﬁ.sndcmrf betbhenizmx t he
m xed stream_ primaril~~ h~ shear mxnm . to further increase the surface
area ot't heorifigai tbrieaveiiing dwc)sfmp@mzhmatomee@hmw m xed stream by

passing it throu h an at om zi meaps.and .into a | ower res§ure ansi on
zone in which sai Haﬁﬁg‘eéfﬁg’rﬂﬂg%ﬁﬂ‘ %F%“HOQbPer@F)ﬁﬁW §Yy ‘Hr‘BB%“%f’gtahe
avom zed |1 gl i-89 dofdy SPNAHA 4igsl It AATLABHCHRY B dOSOMER & SRAAY

distributor 1I'nto a riser reactl on one ts a‘partlculate

hot. regenedaigBuGh@eidank M9 ofddrabytetm aadxstrrﬁﬁﬁéd %aﬁ@lﬂdrdpléms effective to
catalvtically crack the ail and produce | o~~~er boiling h~~drocarhons. the

spray distributodn balrng':reedt tmbedunensndicapphravenbethenavéniyn briefly - WO
00/ 5543 . ;. .
comprises a body containing a cavity within, comprising an impingement mixing
zone and a shear mixing zone downstream of the impingement mixing zone.
wherein the cavity is elongated in the direction of fluid flow and extends through
the body. Preterablv the bodv contains a means tor splitting a {luid stream
adjacent the upstream end of the body into two separate streams. with an orifice
entrance for each stream 1o enter the cavity and into the impingement mixing
zone. The apparatus may also include a spray distributing means adjacent 10 its
downstream end. the fluid entrance of which 1s adiacent the fluid exit of the
shear mixing zone. with which 1t is in tluid communication. Preterably. the
spray distributor means is a spray distributor. The preterred spray distributor is a
three dimensjonal member having
(1) a front surtace separated from a rear surface by a length L along a first
axis and
(2) a continuous. internal. tan-shaped channel open at the front and rear
surface. the channel having
a) flat. parallel top and bottom surtaces separated by a constant

height h measured parallel 10 a second axis perpendicular to the lirst axis

and



~0.JUN20D( 1) ati-ont surface sc; parated toma rear surface by a
_Iength 1_ nhenpEsgsfirst axts and ( ~ a nttnuc~us. Internal. ian-shaped
¢hannel open at the front and rear 5ur|ace t he channel havrpeT/ago/7bzat .
paral l el top and bottom surfaces separated h~~ a constant hel aht ed
‘parallel to a second axis perpendicular to thv first axis and ( b?agﬁﬁj@g
first and second side surfaces both being rn contact with the top and

POLL O Surfaces: ouner el chpled) iishend beahdand: SRORN BB hAGGR,NAYEN 2

maxi mum separati on w, at SUI’ maxi mum separati on w,

at the rear surfaggiopand®@bn@nms{rtlces. K\hﬁfblﬁh, and both w~~ and w, being
nmeasured parallel to a third axis sinultaneously perpendicular to the first

and second axes. The | ower hpihitivgt fydlscoadbods sartacasdmover @dxandmt ypi cal |y
at least .r portion are upgraded by one or nore upgradi ng operations. such
as tractt~~n;~trn. The crackPagiliodatl nbHeptionlcusiaspant cat al yst part| cI es.
whi ch contain Strrn, nahl ~~ h drocar bons and coke.

boi | i ng hydrocarbons an sepafat 8H™'PHH %%ér‘gfféhi"(?éfs}hq W&t >b§nﬁ ct 'et%e’[]ﬁ a
separation zone and the sp %ﬁal?&ttﬁﬁﬁﬁt grﬁ[]ﬁbt%lx%sa HstﬁéthHgtg:shﬂda

strtppina zone. to renove t stri ppabl ydr ocar onsr to pr ce stripped.

coked catal yst particles. TheaBéinbrafetd axid sxﬁmledné@hslmﬁdrﬁeﬂ@eumeo pessed
into a regeneration zone. in which they are contacted wt

oxv~en-cont ai ni ng gas. at clorsdiond eenefdxesti ve to burn of f~ the ~ol:e and

produce the hot. regener.ate tal yst part| cle ich are then ed back
up into the riser Pe"‘al&’telﬁﬁe‘gﬁﬁgog USEHNE 102 fim\gh%cw H‘SOCEE E%R~EF

DESCRlPTlQ\I)%)Q' Tll-&% %g%h lf)rs-eﬁ" 1( a) throwhi ( d 1 schematical Iv

i 11 ustrate VaTToUsY 0 au~ 200 atom zing nozzle of the

invention. with F('a?ur eseparae]d Qasﬁﬁgt\k/o(:tr‘éa)nsrtﬁ‘d’t\ﬁ&@%% ﬂ\dﬁj é’d)rﬂ}ﬁﬁssfnrcqm the
upstream and downstream, ends 0l~ the nozzle, I~ 1eurr h ) h~ino a

cut - away si dmsvyileee andl aFHcgmnt phdse(ampripag hbaFC@temmavmta)mn vnpingeimgut es ?
(a) through ' ' (d) schematically illustrate the nozzle ot~ Figure 1

miXing zone under pressure.’in which a portion of each stream impingement

mixes with the other. to form a single, impingement mixed fluid stream. in

which the surface area of the liquid phase is increased to be greater than thatn

both streams prior 10 mixing:

(b)  passing the mixed stream formed in (a) into a shear mixing zone.
downstream and adjacent to the impingement mixing zone with which itis in

direct tluid communication. to further mix the mixed stream. primaniy by shear

mixing. to further increase the surface area ot the liquid phase:

(¢} atomizing the shear mixed stream. by passing it through an
atomizing means and into a lower pressure expansion zone in which said gas
expands and forms a spray comprising drops of the atomized liquid. and

(d)  conducting the atomized spray through a spray distributor into a
riser reaction zone. in which it contacts a particulate. hot. regenerated cracking
catalyst. at reaction conditions effective to catalvtically crack the oil and produce
lower boiling hvdrocarbons. the spray distributor being a three dimensional

member having



fabricated of stacked netal platelets, including an.atom zing distributor
-a8 part of WOeomssazle. Figures 3 (a) through 3 (d) schematically illustrate
various views ot~ another enbodi ment of an atom zi ng nozzl e F&T4$8/07022
invention. with Figures 3 (a) and 3 (c) being respective views ti-omthe
upstream and downstream ends of ~the nozzle. Figure 3 (b) being a cut GVIBN 1003
side view and Figure 3 (d) a partial cutaway top view of ~Fi ~ure 3 (c%.

Figures ~ (a) throyghront(sa)aseh@imied #dny airkhustriRbat M@ it ihes antrsvi ws
and a conbination ot'the nozzle ot~ Figure 3 and a preferred spray

distributor.axRgure ~ is a cut-away schematic vie~~~ oi~an atom zing nozzle
and tip tn association with an upstreamt7uid conduit. Figures ti ( a)
Through b (c ) arfe! #iC8RENBPUSa ST IRD1Ehapebehannchepa’ abthe lrarl Indhisat i on
simlar to R!]ﬁ‘ %I hgsér at Efgri'n Figures 3 and -~. but ~herein the shear

m xi nn zone “I NEFud8s “4A 4t dh'Yieg orifice. Figure 7 is a schematic side

oo PO e Tl SR QBB I DR o e
Srrnplrtie:d schewgtith okaqured pachiato £5&nld diis pepeAgRuUEbIthe 17 axis
and
{b) curved first and second side surtaces both being in contact with
the top and bottom surtaces. whereimn
(1) the first and second side surfaces have a maximum
separation w at the front surface and
(11) a2 maximum separation w, at the rear surface. w, being
smaller than w,. and both w, and w- being measured
paralle] 10 a third axis simultaneously perpendicular to the

first and second axes.

The lower boiling hvdrocarbons are recovered and tvpically at least u
portion are upgraded by one or more upgrading operations. such as fractionation.
The cracking reaction produces spent catalyst particles. which contain strippable
hvdrocarbons and coke. as is known. The lower boiling hvdrocarbons arc
separated from the spent catalvst particles in a separation zone and the spent
catalyst particles are stripped in a stripping zone. to remove the strippable
hvdrocarbons to produce stripped. coked catalyst particles. The stripped. cohked
catalyst particles are passed into a regeneration zone. in which they are contacted
with an oxygen-containing gas. at conditions effective to burn otf the coke and
produce the hot. regenerated catalyst particles. which are then passed back up

into the riser reaction zone.



t he process of the rnv~ntrorz. DETAILED DESCRI PTI ON The. mvo-phase liurd tad
1 Ato the mwoREsezzl e may he has-cntrnuou5 or |iquid-continuous, or rt may
be a bubbly troth. in which it is not known with certainty i¥CT/B8W/06622bot h
phases are continuous. This may be tirrther understood with reference to.
for exanple. an open cell sponge and a closed cell sponge. Sponges 30 JUN 2003
typically have a 1:1 volunetric ratio of air to solid. An open cell sponge

is both 9a%iB%EElQiHﬂZBQ%ﬂﬁgﬂﬁﬂlﬁ?%ﬂﬂﬂlB£@%¥EﬂﬁﬁC'Osed cell sponge is solid
continuous and contalns discrete I spersed) gas cells. In an open cel
sponge. the solid can be satd to he in the formof nenbranes and |iganents
(such as may exist in a two-phase has-liquid fioth or foam. In a closed

cel | sponge. thel'igagesc! an Hheoweiyi éf byrdgmadicaHy i HesWHE MBPES IS pet'sifon of
discrete gas giobtrles in.the solid. Sanme. sponges tall in-between the two.
as do sone‘ﬁﬁgvﬂﬂ§§§ﬂﬁkh?ﬁ'WGBhb?W@TﬁﬂﬂgFHﬁgebﬁ2§é3%$é(épv?ﬁafﬁﬁ%hggg. | t

i s not possiibl itenhAYe n ' AR RABAY b bShe
solid-conti n‘uoﬁsﬁ' u'?gi Peﬁrgagog‘g ({)(F@k%%ﬁﬁﬁ@@d%@?&fﬁﬁgﬁpﬁasg Iﬁas aﬁd | iT~~trid
I Tuid that i sugasageitde VibausdRldire | THES haiA. cuthevpabpivesih ar  mor phol ogy of
the fluid as it is passed into and through the m ~ir~~ r;ozzle ofthe

i nvention. is notigaremy $akuhooungh-2 (dtdchematicallmtillustrdie tlesperal¢ okl gure hi s.
for this enbodinent ~I~ the invention. there nust be sufficjient gas present
tn the fl ui@%@ﬁﬁ@ﬁiqﬂtgﬁt%ﬂ@ MBsA glatglgs. tr}aféwlﬁﬁa?@tataﬁaz'&aé%%mhvsarﬁg pag ot

i ncrease th.e?@&&ﬁpe area of the liquid phase. This is reflected in
reduci ng ( ﬁ) he thickness of tiny liquid nenbrane. ( i r ) the thickness
and/or length of tiny Liquid rivulets, and ( iiil the size of tiny liquid
globules in the fluid. either before or during the atomi zation. In the
practice of the ihaenes dna) thnpi g2 fdndchanthtshBarilloivita vanaus hewsaizl e and

through orifices w]l onl~~ occur ~~~ith a two-phase fluid conprisj a gas
phase and M9BEH ﬁ“{%ﬂ%’é‘?mqu ansAlpmEAiag F‘é’ézjﬁrﬂa&‘hﬁH@z“?ﬂ“@n“dwé‘(ﬁ‘n’iggpgfé’pa\%o

00i sssa3 P F | 1~0St | ~~ (o] A IRy Nes =Gr fpasps f
e ol TR (T CoegE Febet e iRV Bl s GREpDid abwslaiTEAT b1 BRET

sl ~e; ~r MMezzld. FMel 3 (PhEER el Wi Away side vidw aHE Fh g SSEY atparaighut he
nozzle. will have: its I, mnc e:nerw fnereased directly propornc~nal mthe
pressure drapantopeew helFrerzl.(cWth a two-phase fluid conprtsinL a ~~tts
phase and a |liquid phase. the has ~~elucitv is increased relative to the
~~eloc;~tv I~ the 1 iquid phase. (i 1 in the ~npin~enent m xing zone. C i

) in the nozzle g on Ll { asg,.t hrough
bn' orifice of snalibes S1abLPRuATTEn SBFpash lu it free H S BAT R
direction tfanatbabihatich §0MEUIIzzIBATSURSS hAam Srletérh@l Qirhf deeribur.
pressure-reducing orifice). This velocity dit~ferential between the gas and

|l i quid phases results in iiganentation of the liquid. particularly with a

vi scous |iquid. Euch as. a hot FCC geed,oil. Bv.Iﬂ%anentation Lsdneant t hat
the |iquid formsl BUSRHGaE 180N KEEHALE MG &I LN SABIGBE HOFEY B eVent i al
i's decreasegsS Uﬁh@ﬂ\§ﬁﬁ§5L@EG%LBQHHJQHﬁdu?aSSing a two-phase fluid through
a pressure-reducing orifice or inplngenent' mxing it, produces a velocit~~
differential between the gas and liquid which results in |iganentanon
ot~thr liquid and/or dispersion of the liquid in the gas due to shearing
ot'the |iquid mfeureyat edthiroggment saranviéws odins peensizdn ginopale nadais ©f dial
shear of the | ~qu~d occurs when the fluid enters the orjifice enhrances of
the nozzl e BY&NHARSUPHAL Wethat Hinsyried ipdiienees S and - B BSTEHRINCSAEX: al so
adds to redugti ~ ltin~: ~t~~ droplet size of the oil droplets tn

t he atonizegﬁél%§§%Efﬂém§5§ﬂﬁfﬁﬂgmgghggﬁgg.~i .S lo~er pressure than the
pressure upstream of the atom zing orifice. Consequently. the gas in the
tluid passing through the atom zing orifice rap~~il|l~ expands. thereby

di spersing the | Fopird 7ris\auege moandidervidwopt &1 EClhteedtinecaoopi~~ zone. . Any
rivulets break into two or nore droplets during the atom zation. 1 |~

at om zi ng oeMpil@unggynazaleaodihgopegnsions eadi | y di scernabl e orifice downstream
ui~ the shear main~ zone. or it may he in the formot~ a region or zone
ot~ the small est cross-sectional area in the shear m ~in~ zone. In the

| ater case. tlu~d atom zati on beans mthe shear m xi ng zone oi ~t he nozzl e.
In the strictest technical sense. atom zation sonmetines refers to

i nereasino the surtac~ area of a liquid and this occurs when the steam or
other atomzing ~ >as is mred ~~~~th. or V1' O 00/ 55543 PCT/ USOCA 07022 -
'~ ~n ,!'1JN 2003 injected into. the liquid to be atonm zed. However. in
the context ut the. invention. atom zation neans that as the fluid passes
through i hc atom zing uri lice, the liquid phase breaks up. or begins to
break up. into discrete tnassus in the gas phase and this continues as the

IIIIIIIII L .




ot~ an enbodi nent of an atom zing nozzle of the invention 10. Thus. nozzle
1°U is showwoag@sgvlindrical body 1' '. the interior of which conprises a
single. unitary and generally longitudinal cavity |4, open aPChusH/@ammis and
havi ng a | ongitudinal axis coincident with the |ongitudinal axis of {§§
nozzl e. The upstream and downstream ends-of cavity 14 are |located at @N2M3
respective upstream 16 and downstream 18 ends of the nozzle, for fluid to

t1ow through. Ca\ﬁi&é(rc]%ﬂisjﬁlbigﬁﬁﬂﬁ&u dngfilanarhald &;ﬂc%cq\ﬁﬁa‘ﬁﬁfcfci.sol%egtl(ﬂlriﬁm to

t he | ongi tudi nal akxis and Ivided into three sequential zones.

ot whi ch ar etlicpfdagsdoLomrigasih.on. with adjacent zones in direct fluid
comuni cation. Beginning at the upstreamend and progressing downstream
cavity 1=t conprises a )laid eannS|on zone ?0. follﬁmedtby a?_lnp;ngeqﬁnt
m Xi ng zone. .."' ' ear m xing zone or roat portion ?~. e
upstrean1opgﬂigéié#ﬂgg%égiﬁgﬁiﬁuléonprises a pair of symetrically
identical and circle segnent-shaped fluid openings ?6 and ?6~. separated in
tgLsdenbo?inent by a tluid st{ﬁan1sp{ittirg ﬁEﬁnS 38.|N$ansm£i8hig_thif
enbodi ment conprises a oenerallv rectangul ar shaped plate. ic i sects
the circul ar ent ridcevcenbiasf Tuideledopid be miinspbizle My e 84S eMNGOUS PBW no
fluid .just upstream ot~ the nozzle. into .two separate. and equal streans.
whi ch pass THEG-GRAVEHISuGR lHEY e RUGREANGs I Ad: s Teg SORAGKTRL t he
{0 0 ent r anca Ay L0end A B sk o R P RinROat iRt b Tuhe Rl risapect | ve
non- ci r cul awigxtdfentct t6.e08@xampid. hinsopmedi sgRke bhe aibdedarllispospewn to be
squar e-shaped. al though other shapes may al so be enployed. .~ non-circular
orifice ~s ppenges bgicalhisaexi t: lovoluinearipaatio of amde sohdt Anoopenicsd at | east
a portion of the atom zing . WO 0U/ 55543 PCT/USUU/ 0' 7022 ' ~""J 2003. means.
Cavi £ = | - SPANEE RN 925 (RifbaRd F@L{/éf? EPRLIBIUSsWHI1E @ Pptad Ghll sponge p%sqﬁldm

~e~-a8-~~) « L i=6~-38~' ' 3= ). e 3=d.5 hown. S I 3~~ are
S neear) FoATESIORT o 0 ohititen) g Pl et
~8-' _' 3 andil#bsoliBcan be 8a1dab&heSn1RE TBfh iof AemBRf S aAE liBemehisQBuch awhypai r

is equidistant ti-omthe In<>>tudinal axis for each ~~~all. with the

~nt er sect ~oAXBE imaltive-gha36-c38-1iqrad Yrh or forin ). B a-cloBed c@lBsponae3the gasch
torm-n~ a right angle. | l's 36-38-7?3, and 36’ - ~8~-' '3' each begin

upst r eam wi f’%‘ %ﬁ eé‘gb%%’f oY el 7Fc'8F'§r°fsf“nda‘ﬁ%erﬁ’é’lnp%trféjﬁ‘aﬁ‘eﬁast?go?ﬂgs h the

| ongi t udi na i L e, t | al f 1 : circul ar
shape of thé°€%3§9§%%$?£§ﬁ92§ﬁéﬁPfﬁga @Eé“@;a%ﬁogﬁ Fgﬁggggg%q¥%§?nozzle.
Thi s shape ismprisivigh Bas puddd dnd hqeiq@!iceﬁﬁasagﬂaﬁjncatpc)tsheleet@trraamespmge he
throat portion ?4 is reached. at 4vhich point it changes to a flat shape
whi ch cont i Hudds €28 candnuadis) anchndd alse soled-apmamesus—hut hés pepsadre s hayed exit

30. to nore_effectivel il t i npi ngenent nmonmentum Thi s produces a
ror e i o B STESAISY nB G i s TE SRR Ciop] B8 OFHOh o
circular or - i I The: : i cal e i :
segnentshapggh?#ﬁ§§m§§gﬁ¥§ggOgg“%ﬂgwf%P%i¥8%$égligﬁ%@#b%&F%9ﬁgbgggg%e and
radi al | v spacediecagraht inagiiod. & aavdi0am khewhangh tedainal. axdspectifien fahidi ned
cross-sectional areas of these two segnent-shaped fluid openings is smaller
than that ofor ths smibfiregparisihonnyormntherpmust e gotfidiprirgasipsescat tatigul ar
opening ol the.inpingement m zin~ zone i medj ately .downstreamof" '0Q. in
order to reg\&%@r‘gﬁ}f’égﬁﬁgéﬂﬁﬂzéﬁdF%rp‘%‘Sf'mtpﬁ‘E‘ ‘f’]du?ﬂl’faé HSHHI0] AETE PR ERIIRC
zones. Bv cr - [ =8 . C - SECY : el to
t he averageaﬁﬁﬁ?gﬁﬁpo @ﬁ}gﬁihTﬁﬁ§§2€Q%$%fnﬁ%Qﬁgvgwg%%%gﬁkéﬁgsqypﬂrs al so
the cross- sggli@famBhaga 0NARkhikRndRaANHRIGES #eid1anvarqusd eivuldie andzidle and
this is t~~pical for a nozzle ot~ the Invention. Here~nhatter. al

ref erences tloe sizosd-aagdiuaalotareainihlel fiuief &thar detdre crdeaingsheral or

per pendi cul ar to the Qirection_of ftluid flow. . In this enboﬂ{nent,and tn any
typi cal enbdHTHEREIOBT |pARe PRFTIERIATGhe INVEBLPDUITPIB SRR HE8T THIINEADt t ~~

will he ~~elocit~~increasing fluid opentin~s. becau =t heilr. .smal |l er
cross-secti6%%P05@8§n8§ﬁﬁﬁﬁgﬂnf%“?HéﬁFgﬂ}fﬁéufP @ﬂ§8w8%8§%3g¥peanl bef or e
being split .bpfgidi i leS Reerf@ERar fHRM 1VMRherisen
Fi gure s. LégaﬁﬂsﬁggaE@g@?ggﬁa?%?§ﬁﬂ%jP&%kpggggjt7u id g%rean1conpﬁ¥gnr a
gas phase and a liquid phase conprising the I~qutd to  wo oo~sssa3

PCT/ US00/ 07022 ~ o ~utV z003 be atom zed. flomt~ i ~romupstreaminto and

t hrough cavrtv i-i ~n nozzle I(). is forced to split into wo equal streans
by nmeans ' _'~. woh each split streamentering into the nozzle tlzrouCh
respective opening pairs ?6 and ~6~. ~n thr upstreamend 16 ul ~thnozzie. In

t he enmbodi nent shown in f=igure | (aJ, the pressure drop due to the
- inpingenent onto the splitting neans 2H nad- he tc>c~ high for some

o o o I



axi s-ot~the nozzle and cavit~~. the included angl e between the inpinging
flruids is 18@ 6es58f3us. the fluid inpacting plane. taken as vertical in the
dramm~. ~s nornmal to the |ongitudinal axis of the nozzle. ThiPSTrsdi/6d022
right angle WO Q0/ 55543 PCT/ US00/0702" _ n .~uN | oop ~npngenent directs
the radiallv nvard conponent ot~both streans to a pmmt on the | ongi t3upiimedon
axts. ~~~hic:h produces the maxi mum i npi ngenent m-nL possible. ids the

fluid c;ontzpues dQuish L8aheirk: @ﬁiﬁ;c.s%f[p@gl?ﬂ?ﬁﬂic Q520 MEuOR® of at least

gross-sectional “area decreases in ownstream directi'on. to increase the
fl o~~~ yel ogi th\oardidienr $NQr nhRAUEeAtheoI8 ipBesONTid® .1 AYhid) ahokul Bsugh
primar~lv by shearing. Wile there is no abrupt change fromthe i np~n~enent
m ~i n~ zonellttonotme.shghhavt X5 Aghzenmergninchiasseé niradij wpnaportrosal iy tehear

m Xi ng begi ns downstream of the steps 38-38" . One_pair ot~ opposing walls

' 23 and ?3' PHSFUT HEPtHEOSHES M \yniloh@o-ah@sesfﬂwﬁéwr%mweéwéwg%aﬁ%mrd
in the downgtream flow direction. to the square exit orifigce 30. .The

gr adual dec?“é%gglquﬁdtp\lﬁ/és‘cr1§§59§é8't"i°5hé? ”%?f%’éegtr?lf]%eé%gﬁ)‘_r“ﬁ%(’i%ﬁl%ene t ~r om
this downst Tiﬁaﬁ]%‘ﬁds'c. ﬁ?W%@ﬁgﬁﬁgEﬁ%H Pn?xi'ng zgﬂe' (ﬁ@ﬁﬁ%ﬁ@nbm THed rﬁqﬁ\"i’no

velocim wt e maxi mum vel oCi ty achi eve Tt ownstream nozzl'e exit
orifice 30.zdzzm (19) s@arnhRe TS bgaESthrofgi? af WitTRE AATsnthlfef @F@Rtsconyn. at
the discretion of the practitioner. Thus a | ost wax or investnent casting
process couberpsadempiropedie thsdviiw dasciiar gian thaltidtortuicmeansgpprevesses.
The nozzl e ? be fabricated ot~ a.ceramc, tal or Cémbi nat i gn t her eof .
Fabri cat i onObGOHBS [ @ RISTIECAEHHCR APTITiGE ot LI yelocdly. difiereitia) &Fpveah n

metal plat eﬁleoé?sgéﬁlgé\gfdsa%laﬁgls PLARE id ﬂggﬂéma?i{%pa#t{tixglligglzigpiaﬁg‘i\ﬁﬁm' q,ig]assage

means t herern. scl'osed ‘as use or r ors’ an

pl asma t or chesdsdous ifqulid exRiser h& I Patenss. B\88dani&diafosl isaream thathhk. Thi's
fabrication technique is also useful in fabricating nozzles of the

i nvention. tguidiirmszloheatedizdabutenosrivelets: al he-veldcy duferéntaldisshop; ~n i n
Figures 1-fi,. and ngzzl es of the inyention hare heen fa%)r,i cat ed using this
techni que. fBHWEGeRd dumhRe Shearibronei dHotPasHpERdeP-PBa%se Wit RAUEEH t o t he

use ot~ thi ~Ghn for . le fabrication. Fi o )

schemati cal &etsfﬁ dée;a Figfr{e’sggngéég_‘smgl %tepoﬁéfméﬁnééhﬁ §§v§%efs_an%ézkz)?]é’\) 10 ot ~
1=iure 1. falféeatigidb@iverniheioad hhy)ighidcShRckadsiet @l i @indéheds of 1f- 62. The
tndtyi dual nmetal platelets are prepared having the required cavities and
any ot her pHgvabesd/ohdrsgiersiomot Hul leguidsh dissgan dwor iof sheesngwé higeriquk wugh t he
platelet. ~l-hev ire then 00/ SSS. ~3 PCT/ USQ0/ 07022 3 0, JUN 2003

st acked tog%%a.‘edﬂé%@ie%‘ﬁd’i”%r Cgfﬁerﬁi’s r@ﬁs-b&f@éﬂoﬁ%égfﬁ&f.mF YUY m t hr
linal nozzl ScTuxIsh}?'ﬁen fl’% iAWY Sers thd ofitic %}@5:536@51‘&]‘39Eb%ﬂgamﬁﬁrro%wlﬁpd of
the nozzle. platelet ~U conprises a di's aving the two circle

segnment - shapenpéid bAfide. Mid hddabhNedhelyalsHAASE (ERMuANEH bAtie Phigtac?8. as
illustrated in Fi~~ure 1 (a). I-yure (d) schematically illustrates disk ~6.
whi ch i ncl udexlehszs bbb thader sirgg@emsnd tBRatohmz&d gprrag. T Heddipmdiisk zoBcits i sol i d
met al di sk Pavi ng a generally rectangular cavity 1 ~in its center ponion.
Thi's i |l ust FAYESPIERBITEADAR IFePi$PREe ARYTEWA S INFIOPHEINGATIHGF- 14, adj acent

the inpi nge@%ﬂ%e&@lcﬁ%@g tlg{gﬁguetrh%'ﬂu-m @P%’%ﬂgﬁl ggI? %eeﬁgﬁx%iﬂatq}ﬁigj Arlce

bet ween opposite’s e convergrl e vertical size'ot'the
opening i n eagind. ARLBY dispefdias tHeMBqi rRiutetd aABGr RFGFIERAN TG He 168 /1ng

approxi mates the opposing, flat angled throat wall sections 23 and =~ _"3'.
i || ustrat edzone Fidguyrreviilets break into two or more droplets during the atomization. The
atomizing orifice may be a discrete. readilv discernable oritice downsiream ol
the shear mixing zone. or it may be in the form of a region or zone of the
smallest cross-sectional area in the shear mixing zone. In the later case. fluid
atomization begins 1n the shear mixing zone of the nozzle. In the strictest

technical sense. atomization sometimes refers 1o increasing the surface area of'a

liquid and this occurs when the steam or other atomizing gas is mixed with. or



( b).” Wile each of'the radialJv inward steps of each successive disk ~7-b2
i's not” | ar_&@emigis to inpart as nmuch radially inward nonentumto the
t)owin~ fluid. as in the case ot'disk ~6. they do continue tBCTmperdroa
radial)y inward. inpingenment mxin; conmponent to the flowing fluid. Figure
? (a) also includes an atontzine spray di'stributor 64 (also referrefiNtN 2003
herein as a 'tip" or "tan tip") at the downstream end ut~the nozzle. for
product n~ dnpeeredriatd. whé liatudncbd apnihapedoseray 19thd bendtami ged | iquid.
Qther views ot'tip 6~ are shown ~n Figures ? (b) and ? (c). This unit is
~~el ded. bohvediorhnazravpn ovhenvhaasabe Hohbpadses threupbzizd @ontihegeby
formng a part of the nozzle. In this enbodinent. distributor 6~ includes a
fl ange 63 fo6HCSt tEchamwAtPhose Br¢ibs 2Peor Heming Lapreakns IHA WFSTEICIBASACY M n its
center. norpagl e fluid flow direction adjacent. to. and the sane. size
and shape éggtgﬁge&ﬁ%%zqng lﬁ)‘?c(tort[gb’eﬁﬁs ﬁleg’:]fl“ cPryinugy fipVORIreyn §d fuc jgtid
downst r eam;i BidiniRed MBI A r}{vU!'@Fc;;ﬂé\g oHperiaaAtint 3as shaged channel tormino a
spray distrcbuuon tip. detined b oppospl ng ~~~alI" pairs 66-b6' and
7.1-7-t'. which define a tan-shaped atom zing zone 68. The channel is open
at its front surface ( i.e. the upstreamend ot'the channel ) and at its
rear suri-~ace ( Refermngeowswtdguredmtteare ard shaven dhiamdislieyent Zehemase vieveeen
sliphtlv conversing.n the ~~ert~cal direction proceedjng dowstre as
shown tn Fi¢ @Greénbgdmtenﬁ an QOIBBHS MZAHe! %h§t@vsmlorsﬁéa?fhwﬁxwgwm e the
tiowis di ~ [ ' | 1. 0N, sho~~~pn, cn.; 00/ 55543
_ PCT/ USOOX%% ‘2933% Jjﬁgdpﬁflé‘ lﬁ?%% ti@% énﬁ?xtébr?&(bv .%Chr%"g“"é’i’%scjgs ggl ownst ream
in orifice ufftarBhé Reh&aRybRghRINARLVRY 1400pEE OGRS bha HavERY &Y
~iir~ct~on and has its +ongest dinension <zontrailv perpendicular to the

i npi ngenentlongitidingl7aus-caincatent vrthl thp dongiuidiyal3hds-8t the' tegztd. uThk e~i ti ne t he
orttice 3l) or~the nozzl-e. enters into.the oontroll ocl u~pans~on zone 68.
tf~rou~h oMPPERMAND #P(Y%S[Tqam F‘ngsrms%‘é‘b{}’ 41318 lpsaipdiat e TReRGidfied above.

t her eby fur, i i t i QUi t.spe I he fl uid.
Expansi on z\%ﬁgé%@eﬁlﬁaﬁqé%&ﬁg&g{&gﬁ gg‘ég?gﬁ}erqg%iit’%g?pf}gis %egén%){# Hcl)ll“l ices 3U
and 70. w tdnviliel4 asgdrlerdihatectdiutirsn RS 8et 8bh Ab¥meKiandsomdithdamm zes the
liquid to produce a spray oi'thé atom zed liquid droplets. This further
shears t he dXisgunidiisdtivisiedtintcahdee feguentmisioape af of Whichtwmiizithgd ti p produces
a tan-shaped spray of ~ thg |.i quid dropl 5ts. \i\,hjch cont i nue t[ﬁou h zone 68
and into t FQFBURICIBPR Y|P &d SENERIR FBES: o SHRFRHMAURD gl HNINg| gur e

3, schenati ' o ' t..of .an =N~ zzle 1U0
ot the 1 mventTorp K ES AT pRARE e SERRTKIRT e ShBR e Iur” 2,
i npi ngenentexpagsisheane AOXidpwezE) gn Bhpinemeny aiikin@zale@®MandiHcher 1- ~
ures. each split streamenters the interior cavity ot'the nozzle

subst ant i alshear paxige(zene orthropepovientH Fheuipstrdaowopéniag wif ol Caivch i s

el to the.l i tudi nal f . th it d. int mbodi ts.
e the nasoiisetdey & Naametiaidr darkical aysire i wam e Rt L othe. cavi &y

Al a I especiekdsoR ARHEOLLOM: NN hidkAIRUIHEA! LY 2 SRRALALEnaRg Aposed. as

shown. I n the I nMpingenent m-n~~ por cavit~~. a i nwar d

t 7ow conponggdns IR Mehng 08 tMehik eRpdotiHAeMondxiises (Ci@rtAb tdergumdrngenment
mxin~. The sIn~-le stream|lc~rm-d ~n the inpingenent m xi ng zone, or

portion. t#bapedpliehevhich\bisearsaht eircelor ehganengid abihgalozald. soi spinhBe 8hear

m xi ng zone and ou e nozzl -~ ~~ie of the nozzle from pstream

t't . h
end and a sﬁ‘r&8m~°*fé9\)%m€ Hhck gy ”%HFQ%@W‘F GRS NP MWOSERYEL PN _F&L@Lfs ho~~n
in Figures S.(als %@'ch?’;ﬁﬁsglipto-r rdUAZhE 799 o'pﬁni?:)@%%dai’.@ 'I{h%'{ﬁhe body 1
€. lono ~ T ein

U ' containing a sing tB I'mal cavtn W t hin.

symret ri caliwabgithilélted de®0@iR diglaiteforXhe ch¥hial BotorrOl ehdespecmvietivite

| on~~itudi nal axis ot"the nozzle. Cay~t~~ | U ~ is open at both ends tar
tluid to flawanheoffheldownsweOnGOHBHS cRATY 1 J S000EO22 NONIURNWIOXIW th its
fluid entrance ap~i ~xv nmds. c~tendin~ _through the Iluid upstream!| ()6 and
e~tt downst¥Eie 0. IRhehembefinpam thpon fige 1E10apbimbe Eﬁﬂﬂrﬁ‘bﬁa?‘ﬁ - ronpris~s a
sequence of_thre one all in fluid c nicatl an W

Trartine s PRLER TRk Svek Psot SmiiVE ey BPA el iR s et on Lom
L 10, t ihid eRj(drAl hAPLRASREY: cBinpriak a?@é&%t 4 pbRiGNEr thel dioinizinbear

m xing zone | !'-1. wth the inpingenent and s ealp nt ~I ng zones havi ng
substantially rectangul ar crosssections. As is the case for the nozzle of
Figure I. the tluid passed fromupstreaminto nozzle 100 is a two-phase
fluid conprising a gas phase and a |iquid phase conprising the liquid
desired to be atom zed. The upstream end 106 ot~ the nozzle contains a pair
of symetrically identical fluid entrance orifices | 16 and 1 16'.
dianetrically opposed and radially spaced apart. equidi stant fromthe

. o o o - S r -



WO .00/ S5543 PCT/ USCA 0702'_" | ~, 3 0 JUN Z003 inpm-enent onto thL
splitnn~ neange9RYy; be too high t~or sone appllc:atluns. A lower pressure
drop norns pan bo enployed or two soparatc streanms tram any PONWSOWESOH
source n ~a~~ bo tec) into the upstreamend ot~ the rhamher 1 t)-1. anq
preferably through shear-inducing orifices.- Also, as rs the c:asu Iar 3063
nuzzle oi~ f=igure |, the cross-sccttonal area relationships ot'the fluid

~ntrancus. fhe expanshony Ort{%ntdlh Lthapgnté,}gn UPRH SPIbARTHL 19181 sh.08 03,

i mpi nLement m Xi'hg cone al'so ap ters nto
the open-endede ugf l“eryaarmswgsu HoreRVM NI 9T @Ak Lndigeahly, ﬂxtendl ng
through the nozzle. rt imediately enters into the expansion zone 1 1

j ust upst r epanadict ahbard rguingeanenin shayenghes-18-13. a3 haR 13" .@an be
turned radially inward without an excessive pressure drop. This is not an
uncont rol | eeMERPAASRLNThdsAME oMM xedl poialespsdistanstiFom ke srgiudmal i qui d
drops farmed by.passing the fluid through the e ances ach stream
conti nues dﬁhﬁs?géaﬁ?‘ b‘%ﬂrﬁ&npéreﬁtr H?¢V6U§é$g grttohfiﬁﬁtabt a means
whi ch inparbg-a ﬁa%lc%l oY rFthr ag C%ﬂ@%&é%“' nd M‘e‘?b’/“f%tﬁ'b'égaaa
portion ot~ each Feam £ TR Where it i nges

i mpact s t heupageahlwith @%Féhaft!: @Wctrtem tsh@p@{sét%narcnwtb zh@ﬁmmamﬁmbsrs
causes ~~iolent and chaotic m xing. which converts kinetic eneny into

i ncreased Ithtdn@hﬂsen&ummacHVUEnamumngnenmycnaahrebﬁm&bﬂ@eumsaamnnecéase
in the surface area ot~ the liquid phase. 'this surface area_ increase

ultt matel v Rendwiband the duid ea!gawarqtéhe PP%ﬂJ?d d%@tpetesrsmammnqd waipl the

d |
?Lgfﬂ ors | SR PS8y DI BhGLRneThF B ROl 1 20 s PR UG R 20 2 4t 1
ot ”p@hénéé%‘iorzﬂﬂhtama vonveR dohlifues P@”ﬂ?ﬂf‘eﬁ‘t) Ur@i) $eehmidawddnshé eam as

it i npi nges upon each shou der thereby forcing a portion of each stream
agai nst a pequarershapedt keit@ihos mere etfeednelyaitiigzedihedatpétlodmevarmsmiehtunhus.
the radiallyv inward flows are directed against each other tn a head-on
fashi on. thé¥ %qu%eaé|rwgr64m1mréhtlzaﬁiasttrbmgm @rﬁthwmnge@ 8!l fdipplses: than

I ncrease thg suriare tension enerP t ~t he i l t qurd Thi s
inward t)ow cé%&artec?{tarfga[ﬁgr\ﬁa\lw'fg tﬁe ‘%%@YT&E‘H&? l%txci%Q”Sf’ S .. The
pl ane of bothadd bR SRANhEEPS akd 26" _are ¥ndirically odp%sﬁ@ﬁﬁ@lradlﬁ’“@ Bfaced

i onai tudi nal noz2le axis and parallel to the slat US) ends of
t he nozzl e apait. ¢dadetanrdromahe torigianinal amé. aThehomlmertecrbrsuschtmnnt areagQ
00/ 58543 PCT/US00/ 07022 ~ ~ ~u~ 20a3 orifice 1?8 oi ~the nuzz| e and m xing

cavity. ~I1PhHuess ts\rqsf@rnwhﬂ@%surd Omﬁlhéﬁrﬁaﬂmé“%fnhﬁ’é“t%loérﬂa‘t fpll ¢ s

preferred t o sh surfa o ~t he
| unei t udi napqéﬁégqg%%oﬁh% %’%Izlffger ‘%ﬂ gle r§“§l“§8i:étr Opg'gmg ?l I|he ’%é"hoezn% l{a[ of
Fi ~7ur~ 1. hiivise poed ﬁﬁﬁt‘égrdt@htm\/r&ﬁﬁ%ﬂ §€20!in driaer wredlibé tipNplebatre HReH
fluid evil oritit~ ol ~ the nuzzle nut be circular for the reasons given

prey nush . oThiusfluidhenexnt iomw theinsixihg zondR. VBV krédavecoamaidire® nsineantitbeger
t han the c~tf|~r and it is preferred that the | onger dinension of the
general |y ré&%rfgfarlamlsqra@eermﬁbw@ér@yﬁtaomrJ@ ﬁdl%ﬁéroaehﬁbr Rarzigy In this

per pendi cul ar_.t o,.1 he t nensi on. ot ~t

Porbutent 1 ErtineBLdP RIS vt RRerRgisheht SRt O 1Ml LUl eneSign

the shear mypd Hezae@ﬁdlrh&‘}s uvthl:motr%o%r%%rttﬁenﬁtehtcﬁﬂ Heredsatlert il oat Thl S
zone is also forned by two pairs of opposing and generally parallel walls
130-130' ande{kE?PéndeB@b crodeisehribnilairseotill atfea 1O e areglrormiabof perpettieular
General ly rectangular shaped cross-section. As is shown in Flgures 3 (b)
and 3 (d). thehspweetion /i Ayiddaw.ilp thisienkedontene 1ngnyd¥pisa by t hese two

t~ rad t d 1'?6 and
SR cornég'r%‘cé PRRBPATriot AL O MRST BLAP TR dh PabE o S s Sy pa
of which. | 30200, ]rﬁﬁd opePH plt aﬁ’s‘é W?(h‘%n‘ nhiier ?r% VOSEORAN hiW i gE41 On.

The net etié&ct i3 &ither’ a overal i Const ant ~cr 0ss-secti on of ~t he
shear m Xi ngo 1pAI&MBE TRhIHE Ith@ >frbamdbét?)9ﬂvbeﬁfo aiR ihfdatvd separ@e sesaapd t hen
di verses by from about 1 (5-~0 > | arger than the m ni num cross-sectional
area. For tHfilsseabbdisaenttor r:t\ample beFtaken. dsoakingneFidure lddnst Bpg-phase
Cross- sectlon Thi s design of divereinp and. con~~erG nQ wal | s produ

shear mixi ng! uzérstreﬁawqr@ramné\ﬁe&mfn*maatw adiqing P@P%‘@’HPH?i”@Hth“q”tcﬁ% t he
enbodi nent illustrated in Figure |I. It also reduces the possihiliy of

coal escence in the shear m xing zone. as conpared to that shown in Figure
1. The orifice entrance |3? to the shear nixing zone f 1 ~t is defined by
the radially |nmard edge of shoulders 1'?" '-1 '?" "' and the intersection
of walls | " '-t- | 30 and 1' _'-~'-130". The cross-sectional area ot~the
orlflce entrance to the shear n1X|ng zone |s snaller than that of the

R I o o Y a o " - Y .



wo 00JSSSas PCT/ USOQJ07022 ~~ JUN 2003 c~f~ the shear n~i~in~ zone shape
the fluid WmgedsRizo a gc: nerall ~~ rortan~~ul sr shape at the e~tt orifice
1'?3. us is shown in Figure 3 (c). 'this is dons tci a~~nmuUt@iaisobiee il o~~
fromthe nozzle I ()U snoothly into the atom zing spra~~ ~fistributton tip
| ~0. as 511o\~n in Fiure -4 "T hus. turnftng to Figures -t (a). -~ §B)JU8MEY
-t (c¢). it is s~~n that thusc Fi~uures are simlar to Figures 3 (b). 3 f cl
and 3 (d). ' it [ = 1he ‘e
st ri but i ot pognpedgidytd b [y REFF R ol AT EUDR AR B s i
ot ~t he nozzfgcddd iflithh@UReo Thualldfedmiasy BEahé ed. fimathgpnestdant or
c-laritv and ease in understanding the i'nvention. Thus. atom zing spray

di stri buti omieiipg inteUhe opEricsisoweigespeatlve/ofams s papedobody261. m2hount ai ni ng
a tanshaped channel or cavity 1 ~4 within. defined by opposin anol
outwardly diREEGMhENGALIY heingézigallndhe pmbogigentshownyy 'é'ﬁ“é‘é?\&'\é’s o

GPSbucsen PREARIER 85 ThIE PORIFIAE IO LR b bR RUBR R AR 2
per pendi cul Fﬁrghtr%f%Bﬁedjmﬂrcgﬁnﬁﬁn&%ﬁa@éﬁplaﬁvérgbgem@d hansHyvature is

such that thé& volunme o he channel 1s iIncreases. as shown in figure ~I(b).
The fluid emtroaneglile@ ptotihendide tan 8o eaRfoVdl Thud. hevofsepmtaid fluide.
upstream) end ot~ the channel and corresponds in shape to the fluid exit
128 ot ~ t hestraamy gotamhiehvénienssaareeaamedomphieingxd twa-phass mixiera ¢f i s an
c~penin~in th i.e. downstrea oi ~t he channel [ |d":ll’ ger

rear (i . m end whi. i s
in order togif-‘eﬁ?ﬁs‘(3 apfe hgwid %es’ﬁf‘éypecfﬁgl'i"@dm ”@Félﬁsa‘t‘@"bﬁ‘rﬁit“ﬁﬂhﬁmce
e~cpandi ng |} - : r . Riel. el han
that 1n T ne ool SRR aRI R (1R SR 3 HisermpouibRot A IE0 |
a idth ~, adepahfie GbaNNAES feeldiPntheStliiiace spdrae nozildtifletss hate tdBe sihedinel ' s
rear surface. In cases -where cun~ed side walls are enployed. w, and ~, are
measured h#r as thechieethgaddsiredghiidinlen velbcite Luiokésg at Figurth [ @b ). eadisual |y
be the cent erl, of the chanael asured along a |line smoar%ti n~.thl$ channel ' s
top surfaceSHHOHEAREISHBIPEHFSUITAAdESRECEVEgRAYd botiom phihg cay X roled ¢

Uhe 1 aar ool Yeibdin-Mfert 800b DoehislBa ShRANNS] APARMAA ddvOMrblen bT

the rear surface inm a rection approxi maiel ~~ _ I ow.

Pret er abl ~~operming int® 1Bt ch@As! 11abOGEILY is{ncrdased b¥EMRQ/dFaRd Smallef crosd-Uf ~ 2003
I't should hr nooecl that while flat, parallel top and bout om ~hanm

,url aces argectiopnbarghlof the eperingedompaeed waynahet herupstreamueandart. Tthils o~~ may

di verse ~n a tanshaped. mapner with the.separati,on i ncreasi ng tcom upstream
Lo downst r eHHIF 0 SHGHITE KICos BRFaHOR BN HEIHET Gk PRASERESU PR SueF Y

~eneral | v h@%ﬁ.th@%e?@%? tliﬁgfdé E‘Eéﬁe@-AﬁB@rh‘?ﬂeﬁ@ﬁ ?ﬂgf@ir@gfbﬁsée@qﬁﬁ%éﬁm l'y

selected. 1'reierab rvature is circu In one viewthe
side is an atgargiorazarie. &lieich aSa ebAMOIled ekparidich zdr(d)0 ( Rrfdint higureatlibusnof ~
curvature ot~ either side wall may be independently sel ected. The preferred
radi us of chrauae dr(@)) én dbvsanshizathe tlaidh iy sottpeemhieédyi freglvien@ashasnels in
the direction agproxi nmat el ?ar al | EI to the side walls and aﬂﬁr&)xi rnateiv
per pendi cul 3% 81OPIGINE 190 WA BT oRanSIA ML CTTREN BT TBIL each si de

wal I"s radi Eﬁxrﬁ&’ic'&%ﬁ%{.% séré@rﬁ?ﬂﬁrﬁ"lthmfmhg&%bge?n 'ﬂﬂa[n@%clrier.‘?e taleel to

the top and bottom surtaces, i ne bei erably Tocated at the

m dpoi nt  bepygenretdiop UpRanviRRd: WOWR! ogiervaees 1@nisk apRingionnEdrel was not

per pendi cular to the direction of i7uid flow in the channel. The m xed

t 7ui d exiti ptesehe iz ebieripatiphetad pboiey opb@dsineing: bukid A8 MEd FIPAGLs Pr~4.
atom zes into a fan-shaped spray of liquid d lets.. ich continue cut of
the exit enH“EmgGSgirfCElEémﬂ? enght angde éteP5~§é?3%r(9§ t’?m%ﬁ%‘gaﬁl‘r&h‘“ cC
unit. such - t S i.n, FLour . 1= ~ = mat i gall:y illustrates a
cut - away vi ch?@B%igea&ﬁ%\agpc\)rhﬂtzq én%%n@%%ilen yﬁd”%%ﬁ?”f%@s’s’dc?gt{}#%n with an
upstream tr ugfhodaei i whlchi JeoTHlIRt adebhotRROYiedean §B€ 14 HeWoRaitidifolr the
tluid trorn an upstreamsource to be split into to separate and equal t-~uid
streanms. whigls gtahe nontle indecavétspeetinehided zpk ke Brnveandiesinpingigniduids 15~
Fiure 6 is another enmbodi ment of an atom ztn~ noz.zlai,of the invention in
which the sh88r. diheprigebné impagdrgalang. BKEBRPOGHHES ShEISHIR#INE-HE| udes bot h
shear m xi ng _and, at om,zat.i on. Vi rt.ue ot ~an-atontzina,zq n the shear
nt xi n~ zone! O.rm?b‘r?t@f:Agngfb‘i(gpélb%“‘?ﬁ)ogmozzﬁe'F?gﬁrrgd]é”‘iré\gnztdqgﬁﬁ cal to nozzle
100 shown in Figures ~ and -1. except for the shape of the fluid inlet
orifices and PCT/ USO0/ 07022



wo oo/ sssas =U PCT/ US00/ 07022 ~ O JUN 2003 v1C ar nilllr]L~ ZuUnt. 1 hus.
nozzle 170 woebkklgs a c:vllndncal body' 17' ' c:ontamin~ a unitary cavity !
7.1 ~~Ith~n. for Inpact and shear m xi ng the t~~o-ph;is~ || ubdr/vbairen

t hrough the nozzle. .~s shown in Figure 6 (a). fluid Inlets | 17 and 1 J 7
need not he conp | ete se gnents. i t thelupstreamteed condu it ( &.0JuN- 2003
(~-1 mFi ~~ure ~) is sufficiently lane to allow an acceptabl e nozzle

entry pressyg 1ﬂe%ntfd?ﬂic§4qﬁm%rra T RwafPB6m orjrer{t:othﬁﬁh refhoRd ?T)%J)rﬁlﬁpe in
a t 1?7 1 and |

whi ch the cross-section area of the zone, Starting upstream a

Z 1 ~. at filslongaoganses;anchithehodutes 8asAsxinRinOmpifgdhiendannshr eam t 1 ui d
exit 128. Two partial cross-section views ol ~ the nozzle taken at 6 ( b) -
6 ( b ) andpesgble) Aserq BhicacenigheanionmsFearaunenéerg the Jheania eRiogurehdse( c) ,
toillustrate the sonmewhat conplex nature otthe shear m xing zone In this
enbodi nent , “EA5e-SEE ARSI 3162 depreagemprthe dewWnpisegra gilsglion. WoRer@se igrHpVest

cross-sectigpal..area within the shear mXi zone and occurs betyween the
begi nni ng ogfﬁﬁ”gﬁ@_ﬁuﬁhffﬁﬁ5%ﬁd €3k iﬁiﬁ%“"%ﬂ&bg FthVWPibB}P.B??%ﬁifice
128 i's ot t heysimcsé lsenéﬁgrﬁl%néétﬁoﬂﬂhe'i ik Eerﬂe%téﬂnﬁ\-ihlz'zeﬁ&n@hﬁdsnéar
Figures 3 and ~. The shear xing~zone 1 n thi s enbodi nent. also 1 ncludes an
atom zi ng mearmg zoriehén tigs Rntodiment onsstiofsheamiieisie passdeesiitamabr dfea.

In operation. as the twophase fluid flows through the orifice and into a

| ower pr esséiees 8o zi@re paneotdpmesingeras 2t and 23t defining the shetredinipgt he
rapi d gas ex&ansion in . the | ower ressare in the atonizingﬁzone and al so by

I
the nmore rap?tf d6¢&loPEdiangnCaversreinWaghinihe dQMRTERRR POy GEEC MO thie
hi gher densj i essi b Laquid. ) i Sk : unti |
thair vl ool s 288, uREIPh T e ifdual Uel s UPRE cr g cliBPE B BITRE e
ultimate sigeeadimixiee 2dAe topRhigh HowWhsirbsmal ANt BkreBic@Yresulteiredd Merei@w t o
Figure ?. an FCC feed injection unit 1$0 useful in"the practice of the
i nventi on ctnPridBewavdotitvwvitbeble maxeotomrvel8@y achiaetrbat the dowitsziehe means
184. h~~ nmeans of respectiye flanges 186 and 188. Nozzle neans 18.i is
shown as a ¥ ??dﬁlef‘“dﬁﬂfg‘fer ij-i ng through the wall 190 Ol ~ an FCC riser and
into the riser reaction zone 19?. The riser is a cylindrical. hollow and
substantially vertically oriented conduit. 1n a portion otwhich (the riser
ruction zone | th&zateond zefl bei thbli@REd GPMhakber bhaiftdrehsivags. Moke cat al yst
particles and is  V1' O 00/SSS43 ,, PCT/US00/0702Z 3 0 JI1N 2003 cracked
into nore udiskrdtion oie Hroctitiomerhyldus adpstonappodueEsyner(t dpsling progassti on t
the riser condui,t ~5 Shuw n for cupveni ence. |-he feed injector neans 1
H ' conpri g%lgggqﬁppgwsﬂ A3 Mepbas tprging apg OEhaiFRsHNE ﬁ@cﬁﬁgﬁeaf@dnmiz‘? ecd is
i ntroduced ¥y |0 [,LC T- . ' | - | ol ~
the upstr e sart e SPRehe T sy inhbrneleh b oo 1BkIeRE, Phblcdqty
i njector tenordaistmd MpatalifPONQGETRAL rafdh SPERK ikl poiaoazhiadie@Onof the
invention. having a |lan-si~aped atom zing tip or distributor 1 >0 as is
i || ustr at edoider B dorne as arbotehhafinginshpassegesimoans Hergioxsskifaoyn 8eédveni ence.
The tan-shaped, di stributor. 1 ~ roduces a relatively tZat. fan-shaped
spray of th ’Sﬁlc(’éﬁ’?z”‘éd‘sﬁf‘ﬁ 1thqu‘1EEE‘°t“i”§é‘Pdrpé%§é‘H Hchome- nge.xaﬂ‘é]Fegsm
spargi ng co hic. 198, ViNg-a- Iy 1 -di £ = i .area
t han t he tn?%é%so%ggéh%i dt@@%ﬁ@t‘é? égiaﬁﬁhgéa(?%csh%é@%;ﬁsﬁl?g% ?Oég;rﬁlel W th
the | ongi t utlibRdatiasinozzs QR UentiB4. mcMidifé sheesrBOdinRs obheadientral .
| ongi t udi nal axes of both conduits are coincident. This provides an annul ar
fl ow pat h |1d8idsed andeshootn i Figurgssit-6 eard wdzzidseo tethietineandi apf havteebdemj ect or .
St eam condui\%l 98 term nates inside conduit | 94. upstream of the nozzle
100. It sholRbd9siedeing thisdechiigdmm HaYexes oMVENHER pRBPVERSNA5E RiBed wi t h

the teed external,.t e nozzel , as shown_i.n fj e 8.-Aplurality of holes
or orifi g:esh%gi% tPéﬁFgﬁ@nggisﬁF%’%ﬁ’? 6,1{1%;1&{{1%!2?{!\1/@&%15}]19 t'i(?le downst r eam
end por ti ons@fenhAfeal T IONEGEres RErHRANL DAL SRUBWBS hESe QD sitEamd adi al |y
out and into the annul arl ~~ surrounding. hot oil tlow ng do~nstream towards
t he atomi zi fupreaceddt & beurnhjest anckeBhinstapplzdtiens S6-G2woFiphasgkey fduai thetal

conprising gl obules of hot oil dispersed in steam The anount of steam
spar aed i nt Blal¢elsqire preparggiheaingihpeequend covaies and any othgf pasELEdt o |

teed. The resulting fluid mxture. which rnav typically cornpr~se. on :~ ~
pl ume basi 5816’7@11839h8l'3§t g&hﬁ %rn%nqlces_ax-tencd/gg)ﬁ]rpuglg Ub‘%\g@gedelt OHF Yed%d25Te 100
which splits it into two separate steans which separately enter the nozzle.
The two streans are inptn~enent mxed in the nozzle to forma single
stream which continues into and through the shear m xi ne zone in the
nozzle. The mxing in the nozzle substantially reduces tile size ofthe oil
drops dispersed in the steam As the fluid exits the orifice at downstream
end of the nozzle, which is an atom zin~~ orifice. it passes into the |ower

o . N -



WD 00/ 555a3 =, 3 0 JUN ZD03 the interior ol~the atontzin~ tip. The

atont zt n~ WPrisge3and control | ed expansion gone 1 shomm t n f=i atrre ~4
) are hoth in tluid comunication with the |cver pressure ri’&drUse84et on
zone 1 ~?. The atom zed spray ol ~ oil drops prorceds into the ri serm 00
reaction zone | 9?. in ~~ Rich rt contacts an uptlown ~ stream ~i I~ PW)N
ratal vst particles (not shown), which catalvticallv crack the heave oil
lced into thecHlediiogdhtowelichdantiondifionebnlieéAeddedits. cHo@g@e8iis a
sinplified schematic ot~ a fluid cat cracking process used in conjunction
with a feednoagkectThoss. met houe dnd).atanhgilmogn tozzperameansd of theeodzhent i on.
Thus. an FCC unjt 200 useful in the practice of the invention is shown
conpri si ng RIBEICAPYISOMRIEE K Hish PRUBE dhe DUP €rolg5eqME Nk SPRRRShAPHY P BNINUAI t
?04. Unit ?02..ingcl s.ateed riser ' 206, the interier of which conprises
the reacti O%%E‘éh‘g,b'.‘l’ﬁﬁg bﬁ&&?“nﬁ“ﬁ%“%?‘%‘?@ﬁsi'Euf’[ﬁ:&egé‘? gt’}‘ua[g 1\9/8%_ ! (£ so

i ncludes a vapaiailcinl iALaNOIAaINEe? UMt AR E s USILBR A0PDE Anl2
containing a plurality of bathes ? 1 ~ within, In the formof arrays of
met al " sheds+eunetll ). dekettbl-@ $dirl mebtbrl haotiEa ekndrafiusesangWasuatiabl e

stripping went, such as steamis introduced into the strig!]oi ng zone via line
? 16. The stlPilppsccensgramariiont dilystlusuates eherelative sise apdsbapegleierayithg unit
?04 via transfer. line '? 1.S. A preheated FCC teed is ssed ~ is line

T 0 nt 42 Aliepeldhg AmipiGsmestgniaing L0y 195 o dDF SRAGH dECIease 1tk ' o
tluidized cat i i APR2. : hRj.act ishown. |kl gure
6 is |ocat edqsét&ﬁ&%gt%.e ﬁgﬁ? Blg)lge ﬁgfl: : gth@\%nc OI‘GEQE%‘]%%IISJ?%. \Q‘%rgﬁlﬂg rrprlq[(}:]i'ét y. In
practice. aopeninglinteachfpidierd). istiresd ofith IT-and phAresdinguafear eppicilimndiesocat ed
around the feed injectien zone ot~ the riser. The teed injectors ~~~ill be
of the t~~péhe¢ pppesingtida dngldd thpoatevall Sictians 28 andj Bct dhisirated inHe gfield
injection unit yia line2 '' *. As set forth below. the feed, conprise
a nixture ofﬁh Watel'fu?ﬁcga@ BF Fagiakpgnwarg spips-oicac SHEEFSE RSl -C SO as a
resid tractige eﬁgﬂem(ﬁmgﬁﬁ.a%%& dﬁﬁ@qn%?%m rqgﬂwo\!oeﬁqé.tftﬂ'ﬁt‘lh igot
teed are contacted wth particles of hot. regenera?e cracking catalyst in
the riser. 7hbiistheaaseiczaisiand wat db\cbhoald roipatksadibpyfigedrd.nto lighter.

| o~~er he~iling f ructions. including fractions in the <_~asoline boiling
range | t~~pmpHigement(miNjng 4QUppRent pCeUSowing Guid. akignes T (akalkp ghdndes

bU i na~et tiiel. di.egel Fuel . . kero en%@ang t%f | i ke. The, cracki ng . "

00i sssas rcTPEYBI4Ng Seray. distribyioy ¢ BF@F e inhered 45 tiP, B A R 9l
and al uni na gopL {ho &y Cifed g LNt GRANGASARpeddS 1
|, no~~ n tott hoéehgtwgaasﬁ [?%goggr?%'.%#hgadru&t”ggf EEtglﬁt?%ﬁr ggllgi na reactfijeons
start ~~ henptaveoifibedi@aieddiquil hOtiwtviesat ak viptodaretsheownisdii gatesfedd

in, tect~on point ?3-1 ~nd continues until the product vapors are separated
fromthe; speft? €at diysenit i v gidedppeitedo braziederigubemysesaiéaghsd 10 the ot ~ t he
cat cracker. ~fl~e cracking reactign, deposits strippabl.e hvdyocarbongceous
mat eri'al an(’j‘oﬁ@ﬁsﬁiﬁir?)lb‘ét;?rggeguaﬂ)&ﬁta@é%Egﬁéfe?f‘ s ﬁ%ﬁ%ﬁ’l‘%”béj&%f‘%f‘go’g’r oduce
spent cat al ygt,8&4 4 hghe ' PYATESS LpRe FIOVR ANEif8£0yeH the
stri ppabl e hyL(JlrJo%;r %hségﬁgbfﬂgn reegggoeﬁgg%ggbsntea’r]{rlu“ng of trlle] coke in the
regener at or iisReacdri eornudlitd (RO RuabNdwidiecapaladiegn( motans hioswyme 91 chad

di sengagi ng section ? 10, which separate both the cracked hydrocarpon
product vapéhapagtthenwzeta ¢xpetd Wyfgg@)@alr)bdﬂﬁheagomsaﬁ gp dOMGHIICRB! 19FRAL

e w thdr aiheRLY s Ve BEE! ROdnBREs HoHT e ST A e A oL PYTRER! o
di sti | 1at | okl LonafSONL) YIE B SandRRSRSTE Mo randensakltn aRgsdpon of the

vapors into 1 qui cnct~onates the [iquids into separate product
streanms. TheishREMg ¢ed@b¥sThRahthgdeSop@l bt oWani surbacet(l kepiengpsrens ? 1"
i'n ~hich they are contacted with a stripping medium such as steam which
is fed intochiefshe chpiney) auhat N4 mat suréace (I.estharbwrampansends! Upors. t he
stri ppabl e hydrocarbonacequs materi al deposited on the catal ~-st during the
cracki ng reéfgf”i%ﬂé. 2‘?H%§§ 1§ SFRSY St C\W%’g‘@r’%gﬂh‘%%cajj ¥4H%he ot her
product vapQqr ] 276, The Ll 2 1 5, di spe t t al

particles u%ﬁg?e\ggfﬂgvgé%P&%a he Sﬁ%éﬁ‘ﬁﬁg:]"glf'%e‘ gﬂr igb‘?’ﬁf—o]ztgﬁé&gr‘ﬂs%?%rpper and

m-n~tni ze ~ng RNy HERLKE TIoRis0divERGeinThE hoBizofad @lresliomalstshehesin n the
str~pp~ng zone. The spent. stripped-catalyst particles are renoved tromthe

bottom ot~ the str~pptna zone ~~ia transfer line ~ 1 S, fromwhich they are
passed into tluidized bed ~'' "8 in regenerator ?0~. In the t7uidized bed
they are contacted with air entering the regenerator ~is line '?-)0 and

some pass up into disengaging zone ?-12 in the regenerator. The nr oxidizes
or burns off the carbon deposits to regenerate the catal yst particles and
in so doing. heats themup to a tenperature iich typically ranges from

I T ~ O~ oA o o, o o T e T



WO W0~555a3 =.1 PCT/US00107022 fl .l11JN 2003 separate hat re~—~enerateci
oat al vst pawWPreksEd3fromthe ~zasectus c:omh~tstrc~n products ( Ilue yas).
whrch conprrsts rnc~stlv CO- C U 1-1,U and N, and fi.~etJ PHEUS00/07022
re~~ener ated cat al yst paracfes hack dovvn into | luidized catal yst hod

'8. by means of diplegs ( nc~t sl~c+*n ). as is known to those sRkilllléif}
inthe art. I-ho tluidized bed ?* 8 rs supported on a gas distributor grid.
which is hrighdre= chl r h%‘i'n' el n k€98 IaLed
cat al yst parﬁ cl es( m ?ﬁtee lfﬁ ﬁ'?‘é‘??%‘gﬁ% O\I/Ae?ﬁhg\?ﬂt he h\-{gﬁs gZeGH Lgrgrrgg lb? t he
sop ota tunmel oRwaird Wiivebpras werumeated tals ity BnReditdimeneichhe: neaplvof a
downcorer ?~0. The bottom 1~ downconer 2~0 turns into a regenerated
cat al yst tr apgfeadiquidre ozhe inTphreecovent fHlwdittayy dnregtemampeﬂecbgr tJih’c#%s Weow
down throug wnconer and [nto the tr nsfer |i

passes them Hé‘gﬁ““ﬁtgdﬁ?ﬁ’éﬂwse}"‘r‘e’étﬂqzé - £BHES [ FEP\"?WIéi/] b‘b "éi)d‘t the
hot feed entg %}@@ t'hp@ugﬂ ?ﬁ biek '71°”T‘ht19f ﬁﬁ&%h‘eﬁ*sﬂﬁ&qwﬁ Is&ﬁ ﬁlb’ﬁ%eﬂﬁn’c

removed trom t regenerator via spray

di stri butor xnfmyb\bmrm@q*eugaﬂouﬁe awgeéb@me’mwldtme &gz | eihgetuifiorth in f i
cures 1 through 7 and described in detail above. it should be pointed out
that the spEapadnemaobab@nsmayl@@empﬁﬂmunthmmﬂemMpenemmkﬂcmdywab@mnﬂ ng
nozzl e, pargtcularlv atom zing nozzles for use in FCC processes,. In this

regard. in aH WithehnaesWethentisdeasenriase Repight aypadndétainﬁb%y@faﬂ%pe Heuissied |n

d
patent - o1 oPradbeb 3Ty of BT o 2o RRRI apIEn 8 PR Shedi Ul caus
used rn FCCqpy E@%ﬁ%%h&‘f’ﬁ’n gﬁ:&p]evot'tﬂglamlzgﬁﬁ m\%%gimscaﬂrﬁtﬁmgbtﬁt Pﬁﬁ‘%ﬂ ng.

non-resi dual oils. such as a ‘vacuum gas ;~ stral

at mospheri ctie lgmdcdrbpleas higioh coafinge delsepsh obhe 68 GEd)inanthedoker phasurer | s.
These 0| I S have an initi.al boiling point tvprcal l v above about 40"F

(" '3 '"Q)! Oyﬁatrwéoeeimmmqmanbﬁl%\Jraﬁout 6~U'F ( 33°'C). with end
poi nts up to about ! 1 ~0"F (621 "C). as well as straight run or
at nospheric gas oils and coker gas ~~ils. In addition. ~~ne or nore heave

feeds having an ?'ﬂql 0_4 'sbﬁ‘gﬂgﬁ%{lﬂtllﬁ@ﬂ%{ﬁs]anoner l‘?ocﬂmenﬁ@t ARacbrYlAF or

nore) may be bl end'e e cat cracker tee eave needs

rncl ude. fonoezdarmbe)t hboh eerite. radhzaedtnssdigemi. asesids otheNOnEYdmSa1s ot

1' CT/ Us0010707?. 2 ~5. ~ U JUN 2003 "~r residua from;.ttnosphrr~r and
vacuum di st AP 1 B@PIngenedTy; ufnddsmearamlmna mml@ gtammazgpngm ﬁbwg mtl'ac? F Huguand
~~~cle oils frhomtherrral cracki ng ~| av~~ Eg:t‘ro ey ab gr sgﬁ O
shale cl. c83iH HYNVE™ FRysTDe | \shior Gadey ahdis feraie pibstrial ety G
present in {fe oﬁrﬁﬁkﬁfldftﬁﬁ’ddir@c%h PRts ggrafllrePfH QQQBBM?U&QM"&\\\ o1 ¢l Ui z~e
"% ot ~the blend. and nore typically fromabout ~ to vol unme ", o0 These:
Reds typi cakhyitxcomd. annhtmoerhbgdhnaenmmﬁﬂnttheofozumde"s‘hesatslneamrmonenmls such
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y Rononudm.}l .J\Js in the shear mixing zone and out ot the nozzle. A v jew ot the

nozzle trom the upstream end and a side \iew in partial cut-away fashion are
respectively shown in Figures 3 (a) and 3 (b). Thus. nozzie 100 1s shownasa
cylindrical body 102 containing a single. longitudinal cavity 104 within. being
svmmetrical about its longitudinal axis. which 1s coincident with the longitudinal

axis of the nozzle. Caviry 104 is open at both ends for fluid 1o tlow through.



about 0.~-10 and preferably ?-8. The FCC feed is preheated to a tenperature
of not snor &a bgssB0"F. preferably no Geater than 800uF and typically

wi thin the range of from about Q00-800F. The invention ~.vil PCbesbusdier
understood with reference to the follow ng exanple. EXAMPLE In this
experiment. an atomzing injector was used-simlar in design to chat sSpw 2003
in Figure 7 and had an atom zing nozzle ofthe invention mitlar in design to
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stream splmmg plate [ 18. which bisects the circular entrance end of the nozzie.
and with each of the 1wo parallel edges 119 and 119" of the plate. forming the
chordal portion of each respective fluid entrance. Thus, a {luid tlowing from
upstream into the nozzle is split into two identical streams. each of which passes
into and through a respecuve fluid entrance 116 and 116" and into the interior of
the nozzle. In this embodiment. and as is shown in Figure 4. the cross-sectional
area of each fluid entrance is less than half that of the upstream fluid condut.
This means that the velocity of each of the two streams entering a respective
entrance is greater than that immediately upstream. This produces a shearing
action on the nwo-phase {luid. therebyv increasing the surface area of'the liquid
phase. Looking at Figures 3 (b). Figure 4 (a) and Figure 5. a fluid stream
flowing into and through nozzle 100 is forced to split into two equal sireams by
means 118. each ot which enters into the nozzle through respective equal size
orifices [16 and 116°. While splitting a singie tluid stream into 1wo separate
streams in this fashion is convenient. the invention is not limited 10 this

embodiment. In the embodiment shown in Figure 3. the pressure drop due 1o the



I'n all cases. at conparable 1~ ater and nttro~en flow rates. the nuzzle t-~
the inventiwo opsedeced an atom zed spray having snall er Sauter mean

di anmet er WD 00/ 55543 f' CT/US00/ 07022 =, _ _ ~3~0 JI NN 2003rCT/AUSGpAi70k2
droplets. than did the comercial design. This shows that heifer
atom zati on was a~hm~~l with the nozzl e ot-~the invention. It is

und~r st ~~~d that -~arrous other enbodi nents and nodifications rn the” JUN 2003
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h~ , those akill®ed int art’"'w rtthout departing fromthe scope and spirit

ot ~t he i nvenbivenpeascrd g Mmbavecarfse emdl@dyor tho E&arat sirah@sdem that the
scope onthe cl ai ns appended hereto be limted to the exact description set

f onh above. donvenignheourchamay he ted aitmshbepsorm enda ke envohpaldsi. mgdal | on

the features oi' patentable novelty which reside in the present inventjon.
i ncl udi ng alNreignbly RIS hEAE 1RAEERE RERCES- Whilth Aot BC Pl dwzal of
equi val ents t.here by those ski|led in.the.art .to ich. the inyention
pertains. lég%lel\g}hgxﬁ 5'%_“1R“§L‘Pr§9 realﬂw%m tha}/m’_ﬁjrL éra&!“r‘rseﬁ]\s{fonal
menber havi wpﬁngoﬁgUnéqqg a(nli)th?ﬁ%g@iﬁx?\ﬁ%ﬁﬁ%ofmeiﬁ%iﬁuéﬂehﬂﬁf?\%@gone

ri ght-angl e inpinged and shear StTeam passes, separated frcma
rear surfacaltyappil diege.hAls @kaniuid stieimtengers Snanthe(chenaenaled! umuoysind

expandi ng, internal, fan-shaped channel open at the front and rear surface,

t he channel ShaSulargeavaly f94tonginrdanaly extendiagdhivtahotheswezlge sdmegsiaigbed by

a constant he%ileqrsnintg tﬂgaeiggr?sqoﬁazro%lelﬁlﬂjhsq u%stream of the impingement mixing
zone 112, so that it can be turned radially inward without an excessive pressure
drop. This is not an uncontrolled expansion. but it minimizes coalescence of the
smaller liquid dr-c.Jps formed by passing the fluid through the entrances. As each
stream continues downstream. the circumferentially outer portion contacts a
means which imparts a radially inward flow component to it. thereby forcing a
poruon of each stream to tlow radiaily inward. where it impinges and impacts
the radially inward flow trom the other stream. head on. This causes violent and
chaotic mixing. which converts kinetic energy into increased liquid phase
surface tension energy. as reflected in an increase in the surface area of the
liguid phase. This surtace area increase ultimatelv manifests itselt as smaller
liquid droplets in the {inal atomized liquid spray. Two arcuate. circumierenual
or peripheral shoulders. 122 and 122", extending radially inward from walls 125
and 125", impart the radially inward flow component to each tluid siream as it
impinges upon each shoulder. therebyv forcing a portion ot each strcam against a
portion of the opposite stream being directed towards it. Thus. the radially
inward tlows are directed against each other in a head-on fashion. thereby
producing violent and turbulent mixing to turther increase the surface tension
energy of the liquid phase of the tluid. This inward flow component is normal to
the longitudinal axis of the nozzle. The plane of both of the shoulders 122 and
122" is normal to the longitudinal nozzie axis and parallel to the flat (106 and

108) ends of the nozzle and. therefore. concomitantly parallel to the tluid exit



second axis perpendicular-to the first axis and (b) curved first and second
si de surfacw® obssds' being in contact with the top and bottom surfaces,
wherein (i) the first and second side surfaces have a maxi nuAf5EpMa22on W
at-the front surface and (ii) a maxi num separation w2 at the rear surface,

w being smaller than wz, and both wi and’w2 being measured paral | el ddUd2003
third axis sinultaneously perpendi cular to the first and second axes. 2.

The spray disfieéhagast aé r@)|7§kmnlj GRSV $\18{odoRaTondlAuEadhed tronp (L) -
3. The spray distributor of claim2 wherein w2 is at l'east about 1.5(wl) 4.

The spray dnstmalbunore oficaltal.m 3 prhlereidnhhheesiide: stitfeates!dravertideehsanme
radi us of curvature. 5. The spray distributor of claim4 wherein the side
sur f aces havelhan Pﬁgiius of Usulor@tiudwabhxsadube mb2zle6. This fl Wl theatse Facki ng
process, |nvent|o conpri ses the steps of: WO  00i sssa3
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t wo- phase | Ly S ha and iqurd hase” compri srnsg, ~ hot
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portron of ~TRa€hhs kA i F Mg BN haDE ¥RE detehsleIQOHEé}Elﬁan fe m(monﬁwa is
single. inpingement mxed fluid stream in which the surface area ot'the
liquid phaspreiferred thaabedort gerfidmensioniogth¢ hemeraliatrecan pdbhisisipedans prior to
m xi ng: (b). passing the m xed stream forned in (al) into a shear m xing
zone. domstm)él@r&eaml AIXHPBRONG bﬁ ncpr@mqu;nmgemt:u ot %0 g 120gest Wimensii ch it

isin dlrec(t)t ; dcormun -cat ofufﬁgg Iheaned stream
primarily by WP RN ﬂr't}cet ]Fu‘r'r Hignt @Qéi?stjﬁ%mé ¢ PERIDEEPER! THXINg e
li qui d phasgsnd ko ah@ThZLR thb%héd?e;ﬁ{x,mz %6fe 345 CM cHPMaPERD &gre&etnetd%ough

an atom zi ng nmeans and Lnto a lower pressure expansion zone In which card

has expandsasmthroat.n¥his spTealy alsompimed by ¥ OPSirObt-bpgosai MM d eehdralpui d.  and
(d) conductlng the atom zed spray through a spray distributor into a riser

reaction zoR&allehwallsH3@h!3Q" angnt24ct 36°a Wideh intarsgeeat m%ﬁ&aﬂggdﬁé@@ﬂéhﬁ

~racki n~ cafa ctl n conditions effective to at aI v1 l,v«, crack
the oil and& éo%ﬂ%ée‘ftg ablﬁﬁ??eﬁjgcrﬂ%?%%“b 15 TW%B}E L br‘ﬂfj\cli’r bei ng
a three di nﬁ)Sll@”@JeaFﬁ{mﬁ{g Péhe iRghis embodiment is defined by these two pairs of

radially opposite and opposing walls, one pair ot which. 126 and 126". converge
inward in the downstream flow direction and the other pair of which. 130 and
130", diverge outward in the downstream tlow direction. The net effect s either
a generally overal} constant cross-section of the shear mixing zone normal to the
fluid flow. or one that converges and then diverges by from about 10-30% larger

» than the minimum cross-sectional area. For this embodiment. 1t will be taken as
a generally constant cross-section. This design ot diverging and converging
walls produce a shear mixing zone having a lower fluid pressure drop through 1.
than the embodiment illustrated in Figure 1. It also reduces the possibility of
coalescence in the shear mixing zone. as compared to that shown n Figure 1.
The orifice entrance 132 1o the shear mixing zone 14 is detined by the radially
inward edge of shoulders 122-122" and the intersection of walls 124-130 and
124°-130". The cross-sectional area of the orifice entrance 10 the shear mixing
zone is smaller than that of the combined areas of 116 and 116°. This mcreases
the velocity of the fluid as it flows into the shear mixing zone. In this

embodiment. the divergence and convergence of the two pairs of opposing walls



(1) afront surface separated froma rear surface by a length L along a
first axis \aaq,oggg% a continuous. internal. tan-shaped channel open at the
front and rear surtface. the channel )-~avtn~ (a) flat. parall ecTiusp/anzt
bottom surfaces separated b~~ a cunstant height h neasured parallel to a
second axi s perpendi cular to the first axis and WO 001 55543 10 JUN 2003
PCT/ US00/ 070~2 - ;0 3 0 JIJN 2003 (h) cun~ed first and second side surfaces

both hei n i 1, GRotaeh, Wil e, qRoand. ROLE O SHIS 25 SPerallOSLEL ol siapl e

l[irst and secon aces ar a t the

trout surt’ %@Qh@@%'dr)h@e ngmmlﬁ@ﬁaﬁﬁhﬂn Wo)atrh PR Jcﬁ‘»éﬁo%'é[d‘n%ﬁﬁ)dare
being smaller than w~. and both w, and w~ being neasured parallel to a

third axis shefldvensaushy npezlpe(mkd)t smioath|t dntohie bioraizirnsbrae dondbaxes tip7.
The tluid cat cracking process ot'claim6 wherein w, is at |east about
.~(L). 8. TH&.fsghavdatd breackiin; process of claim7 wherein ~~ is at |east
about t .~(w, ). 9. The fluid cat cracking process ot~claim8 wherein the
side surfaces have the sane radius of curvature. 10. The fluid cat-crackinp

8{ Eggzﬁt Oth/~ g' al Z‘{Rﬁ"l%’ﬁ %&Qﬁ;@kﬁ?@%‘c(%‘3%%*11%-).7‘?isasJeﬁqiquSmQLCP' oYfdure
are similar to Figures 3 (b). 3 (¢) and 3 (d). respectively. with the exception of
the atomizing spray distribution tip 150 adjacent and attached to the downstream
orifice exit of the nozzle 102 in Figure 4. This was omitted from Figure 3. tor
clarity and ease in understanding the invention. Thus. atomizing spray
distribution up 150 comprises a generally fan-shaped body 152 containing a fan-
shaped channel or cavity 154 within. detined by opposing and outwardly
diverging walls (side walls) 155 and 135", which serves to control the expansion
ot the atomizing fluid. into a fan-shaped spray. As discussed. the walls may be
curved in a direction approximately perpendicular to the divergence. Preferably
the side walls' curvature is such that the volume of the channel 1s increases. as
shown in figure 4(b). The fluid entrance 138 of the tip is an opening in the front
(i.e. upstream) end of the channel and corresponds in shape to the 1luid exit 128
of the nozzle to which it is attached. The exit 160 of the tip is an opening in the
rear (i.e. downstream) end of the channel which is larger in order to permit the
atomized spray of liquid drops to continue expanding into a fan-shaped spray.
The pressure in 154 15 lower than that in the nozzle cavitv. Accordingly. the side
walls are separated by a width w, at the channel's front surtace and a width w at
the channel's rear surface. In cases where curved side walls are emploved. w,
and w, are measured w here the side wall separauon is the widest. which will
usuallv be the center of the channel measured along a line separaung the
channel's top surtace from the bottom surface. Preterably. wy 1s at least about
1.5(L). where L is the length ot the channel measured from the {ront to the rear
surface in a direction approximately parallel to fluid flow. Pretferably. wais at

feast about 1.53(w ).
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each side wall's radius of curvature is generally located near a line parallel to the
top and bottom surtaces. the line being preferably located at the midpoint

between the upper and lower surfaces and approximately perpendicular to the

direction of fluid flow in the channel.

The mixed fluid exiting the nozzle into the lower pressure atomizing
cavity 154. atomizes into a fan-shaped spray of liquid droplets. which continue
out of the exit end 136 of the tip and into a riser reaction zone of an FCC unit.

! such as that shown in Figure 7. Figure 5 schematically illustrates a cut-away
view of an atomizing nozzle and tip. in association with an upstream flud
conduit. Fluid conduit 164 provides the tlow path for the tluid trom an upsiream
source 10 be split into two separate and equal tluid streams. which pass into the

respective nozzle entrances 116 and 116",

Figure 6 is another embodiment of an atomizing nozzle ot the invention
in which the shear mixing zone is actually a compound zone which includes both
shear mixing and atomization. by virtue of an atomizing zone in the shear
mixing zone. Atomuzing nozzle 170 shown n Figure 6 is idenuical to nozzle 100

shown in Figures 3 and 4. except for the shape of the {luid inlet orifices and



10 10S :!10%& ()- ,f8@O0% ()- ;WU®= 10 10! (10%& ()-37! (10% : & ()- 37!

| 1+2100 () PG00 - & ()~ 1vS) L% - & ()21 YYS) 10% ()-1)" YS) Lotz

0& ()-"YS) 1088 ()- 10 0YaB+=109% ( 10%& ()-f& 10%& ()- S3%A0%&: ()- )

@#f 109& ()- !'Sf 109& ()-fSf 10% & ()-f,w0- dYNCL0% 10 10 20 JUN 2003

10y3: ! 109%&' () - s@1109%& ()- f/10%& ()- f-mlO%& () -

,_ shear mixing zone. Thus. nozzle 170 includes a cvlindrical body 172 contaning

a unitary cavity [ 74 within. for impact and shear mixing the two-phase fluid
Hlowing through the nozzle. As shown in Figure 6 (a). fluid inlets 117 and 117
need not be complete segments. if the upstream feed conduit (e.g.. 164 1 Figure
3) 1s sufficiently large to allow an acceptable nozzle entry pressure drop. The
shear mixing zone |13, has a complex shape in which the cross-scctional arca of
the zone. starting upstream at 121 and 121", at first decreases and then increases.
prior to the downstream fluid exit 128. Two partial cross-section views of the
nozzle taken at 6 (b) — 6 (b) and 6 (¢) — 6 (c) are shown in Figure 6 (b) and
Figure 6 (c), to illustrate the somewhat complex nature of the shear mixing zone
In this embodiment. the atomizing zone comprises the region or zone of smallest
cross-sectional area within the shear mixing zone and occurs between the
beginning of the shear mixing zone at 121-121" and exit orifice 128. Oritice 128
is of the same size and shape as that in the nozzle illustrated in Figures 3 and 4.
The shear mixing zone in this embodiment. also includes an atomizing means in
the form of the zone of smallest cross-sectional area. In operation. as the two-
phase fluid flows through the orifice and into a lower pressure atomizing zone
downstream. atomization is promoted by the rapid gas expansion in the lower
pressure in the atomizing zone and also by the more rapid acceleration of the
lighter. compressible gas than the higher densitv (and incompressible) hquid

phase. This induces shear until their velocities more nearly equalize. This shear

further decreases the ultimate size of the o1} droplets in the atomized spra) .

Referring now to Figure 7. an FCC feed injection unit 180 usetul in the
practice of the invention comprises a hollow feed injector [82. attached t0 a
nozzle means 184. by means of respective flanges 186 and 188. Nozzle means
184 is shown as a conduit penetrating through the wall 190 of an FCC riser and
into the riser reaction zone 192, The riser is a cylindrical. hollow. and
substantially vertically oriented conduit. 1n a portion of which (the riser reaction

zone) the atomized o1l feed contacts the uprising. hot catalvst particles and 1s
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the riser conduit 1s shown for convenience. The feed injector means 182
comprises a hollow conduit 194. into which the preheated ol feed 15 introduced
via teed line 196. which torms a T-junction with the wall of the upstream poruon
of the injector. The downstream portion ot the injector terminates 1n an
impingement and shear mixing nozzle 100 of the invention. having a fan-shaped
atomizing tip or distributor 150 as is illustrated in Figure 4. both of which are
shown as boxes for convenience. The fan-shaped distributor 150 produces a
relatively flat. fan-shaped spray of the atonuzed oil into the riser reaction zone
192. A steam sparging conduit 198. having a smaller diameter or cross-sectional
area than the 1n_;e~ct0r conduit 194. extends into and is axially aligned with the
longitudinal axié of conduit 194. In this embodiment, the central. longitudinal
axes of both conduits are coincident. This provides an annular flow path 197 for
the hot oil. upstream of the exit end of the injector. Steam conduit 198
terminates inside conduit 194. upstream ot the nozzle 100. It should be noted
that steam may also or aliernatively be mixed with the feed external to the
nozzel. as shown in figure 8. A plurality of holes or orifices 199. radially drilled
circumferentially around the downstream end portion of 198. provide the means
for sparging jets of steam radially out and into the annularly surrounding. hot oil
tflowing downstream towards the atomizing end of the injector. This produces a
two-phase fluid comprising globules of hot oil dispersed in steam. The amount
of steam sparged into the o1l is tvpically between 1 and 5 wt. %% of the hot oil
feed. The resulting {luid mixtwre. which may tyvpically compnise. on a volume
basis. 75-85 % steam and 13-25 % oil. is passed to the nozzle 100 which splits it
into two separate steams which separately enter the nozzle. The two streams are
impingement mixed n the nozzle to form a single stream. which continues o
and through the shear mixing zone in the nozzle. The mixing in the nozzle
substantially reduces the size ot the o1l drops dispersed in the steam  As the
tluid exits the oritice at downstream end of the nozzfe. which 1s an atomizing

orifice. it passes into the lower pressure controlled expansion zone defined by
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sone (shown 1n Figure 4) are both in fluid communicaton wath the lower
pressure riser reaction zone 192. The atomized spray ol oil drops proceeds into
the riser reaction zone 192, in which 1t contacts an uptlowing stream ol hot
catalyst particles (not shown). which catalvtically crack the heavy oil leed into

the desired lower boiling product fractions.

Figure 8 is a simplified schematic ot a tluid cat cracking process used in
conjunction with a teed injection method and atomizing nozzle means of the
invention. Thus. an FCC unit 200 useful in the practice of the invention is shown
comprising a catalvtic cracking reactor unit 202 and a regeneration unit 204.
Unit 202 includé's a feed riser 206. the interior ot which comprises the reaction
zone,. the beginning of which is indicated as 208. It also includes a vapor-
catalyst disengaging zone 210 and a stripping zone 212 containing a plurality of
battles 214 within. in the form of arrays ot metal “sheds™ which resemble the
pitched roots of houses. A suitable stripping agent such as steam 15 introduced
into the stripping zone via line 216. The stripped. spent catalyst particles are fed
into regenerating unit 204 via transter line 218. A preheated FCC feed is passed
via line 220 into the base of riser 206 at feed injection point 224 oi'the fluwidized
cat cracking reactor unit 202. The feed injector shown in Figure 6 is located at
224, but is not shown in this Figure. for simplicity. In practice. a plurality of
feed injectors will be circumferentially located around the teed injection zone of
the riser. The feed injectors will be of the tvpe illustrated in Figure 7 Steam 1$
injected into the feed injection unit via line 222. As set forth below. the feed
may comprise a mixture of' a vacuum gas oil (VGO). a heavy feed component.
such as a resid traction. and mixtures thereot. The atomized droplets of the hot
feed are contacted with particles of hot. regenerated cracking catalyst in the niser.
This vaporizes and catalvtically cracks the feed into lighter. lower boiling
fracuons. including {ractions in the gasoline boiling range (tvpically 100-400"F).

as well as higher bothng jet fuel. diesel fuel. kerosene and the like. The cracking
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cracking component. as 18 hknown to 1hose skilled in 1he an The catalvuce

cracking reactions start when the feed contacts the hot catalyst in the niser at feed
injection point 234 and conunues until the product vapors are separated trom the
spent catalyst in the upper or disengaging section 210 ot the cat cracker. The
cracking reaction deposits strippable hvdrocarbonaceous matenial and non-
strippable carbonaceous material known as coke. to produce spent catalyst
particles which must be stripped to remove and recover the strippable
hyvdrocarbons and then regenerated by burning off the coke in the regenerator.
Reaction unit 202 contains cyclones (not shown) in the disengaging section 210.
which separate bOl}-l the cracked hydrocarbon product vapors and the stripped
hydrocarbons (a.s .vapors) from the spent catalyst particles. The hyvdrocarbon
vapors pass up through the reactor and are withdrawn via line 226. The
hydrocarbon vapors are tvpically fed into a distillation unit (not shown) which
condenses the condensable portion of the vapors into liquids and fractionates the
liquids into separate product sireams. The spent catalyst particles fall down into
stripping zone 212 in which they are contacted with a stripping medium. such as
steam. which is fed into the siripping zone via line 216 and removes. as vapors.
the strippable hydrocarbonaceous material deposited on the catalvst during the
cracking reactions. These vapors are withdrawn along with the other product
vapors via line 226, The baftles 214 disperse the catalyst particles umiformiy
across the width of the stripping zone or stripper and minimize internal retluxing
or backmixing of catalvst particles in the siripping zone. The spent. sinpped
catalyst particles are removed trom the bottom of the stripping zone via transter
line 218. from which they are passed into fluidized bed 228 in regenerator 204.
In the fluidized bed theyv are contacted with air entering the regenerator \ia line
240 and some pass up into disengaging zone 242 in the regenerator. The air
oxidizes or burns off the carbon deposits 1o regenerate the catalyst particles and
in so doing. heats them up to a temperature which tvpically ranges from about

950-1400"F. Regenerator 204 also contains cyclones (not shown) which
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(1ue gas). which comprises mostly CO; CO. H,0 and Nyand feed the
regenerated catalyst particies back down into fluidized catalyst bed 228, by
means of diplegs (not shown). as is known to those skilled in the art. the
fluidized bed 228 15 supported on a gas distributor grid. which is briefly
illustrated as dashed line 244, The hot. regenerated catalyst particles mn the
fluidized bed overtlow the weir 246 formed by the top of a funnel 248. which 1s
connected at its bottom to the top ot'a downcomer 250. The bottom of
downcomer 250 turns into a regenerated cataiyst transter line 252. The
overflowing. regenerated particles flow down through the funnel. downcomer
and into the transfer line 252 which passes them back into the riser reaction
zone. in which tinéy contact the hot feed entering the niser from the feed injector.
The flue gas is removed trom the top of the regenerator via line 254.

While the spray distributor may be practiced in connection with the
nozzle set forth in figures | through 7 and described in detail above. it should be
pointed out that the sprayv distributor may be used in connection with any
atomizing nozzle. particularly atomizing nozzles tor use in FCC processes. In
this regard. in an alternative embodiment the spray distributor may be used in
connection with the FCC injection apparatus and method set forth in {.S. Patent

No. 3.173.175. incorporated by reterence herein.

Cat cracker feeds used in FCC processes tvpically include gas oils. which
are high boiling. non-residual oils. such as a vacuum gas o1l (VGO). a straight
run (atmospheric) gas oil. a light cat cracker oil (LCGO) and coker gas ols.
These oils have an initial boiling point tvpically above about 450°F (232°C).
and more commonly above about 650°F (343YC). with end points up 1o about
1SOYF (621°C). as well as straight run or atmospheric gas oils and coker gas
oils. In addition. one or more heavy teeds 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 heavv feeds include. for example. whole and reduced crudes. resids
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or residua from atmospheric and vacuum distillanion of crude oil. asphalts and
asphaltenes. tar o1ls and ¢yvele onls from thermal cracking of heavy petroleum
oils. tar sand oil. shale oil. coal derived liquids. svncrudes and the like. These
may be present in the cracker feed in an amount of from about 2 1o 30 volume %
of the blend. and more tvpically from about 3 to 30 volume %5 These lceds
typically contain too high a content ot undesirable components. such as
aromatics and compounds containing heteroatoms. particularly suitur und
nitrogen. Consequently. these feeds are often treated or upgraded to reduce the
amount of undesirable compounds by processes. such as hydrotreaung. solvent
extraction. solid absorbents such as molecular sieves and the like. as is known.
Typical c_at 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-] 150°F (482-621°C), a pressure between about 3-
60 psig. preferably 3-40 psig with feed/catalvst contact times between about 0.5-
15 seconds. preterablv about 1-3 seconds. and with a catalyst to feed rano ot
about 0.3-10 and preferably 2-8. The FCC feed is preheated 10 a temperature of
not more than 850°F. preferably no greater than 800°F and typically within the

range of from about 500-800°F.

The invention will be further understood with reference to the following

example.
EXAMPLE

In this experiment. an atomizing injector was used similar in design 10
that shown in Figure 7 and had an atomizing nozzle of the invention simlar in
design to that shown in Figure 4. The operation of this injector was compared t0
that of'a commerciallv proven slot and tan design. similar to that shown in US
patent 3.173.175. The commercial nozzle simulated a pipe with an end cap

containing a rectangular. slotted orifice. Both nozzles included a tan-shaped

h 10
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commercial nozzle. The injector was the same for both cases. with the
difference between them being in the nozzle design. Both injectors produced a
Nat. fan-shaped spray and were mounted horizontally and ortenied 1o produce a
Hat. fan-shaped sprayv with the maximum width in the vertical direcuion. in the
laser light beam path of a Malvern particle sizer. This instrument is well known
and used for measuring Jliquid spray characterisucs. Light diffraction patterns.
each associated with a characteristic drop size range. are focused by a Fourer
transform lens onto a multi-element photodetecter. The light energy distribution
is-converted. via a computer. into a corresponding liquid droplet size

distribution.

A grid of comparative experiments was conducted varving water and
nitrogen tlow rates and the Sauter mean liquid drop diameter was calculated.
assuming a Rosin-Rammier distribution function. The results for the mvo

different nozzle designs are compared in the Table below.

t Injector Type ! Water ' Nitrogen * Sauter mean diameter |
i . mass lbisec sctisec nicrons i
. Commercial Fan | 4.93 : 0.93 : 285 ]
! 1.99 039 ; i
| ) } 4.47 ; 0.62 ' 315
l » 3.04 | 040 ' 4351
I ! 333 0.94 233
MThe Invention 4.84 | 0.93 232
i 4.97 ; 0.40 32 |
! 4.36 ! U 63 , 29] |
I ' 346 7,30 362 !
i | T3 0 62 ‘;

In all cases. at comparable water and nitrogen tlow rates. the nozzle ot the

invention produced an atomized spray having smaller Sauter mean diameter
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(10%*-& ()-S | is understond that vanious other embodiments and modificatons i the
practice of the invention will be apparent to. and can be readily made by . those
skilled in the art without departing trom 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 torth 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 thereot by those skilled 1n

the art to which the invention pertains.
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%lént surface, wherein an incoming right-angle
impinged and shear mixed fluid stream passes, separated from a
rear surface by a length L along a first axis and
(2) a continuous, expanding, internal, fan-shaped
channel open at the front and rear surface, the channel having
(a) flat, parallel top and bottom surfaces
separated by a constant height h measured parallel to a
second axis perpendicular to the first axis and

(b) curved first and second side surfaces both

being in contact with the top and bottom surfaces,

wherein
(i) the first and second side surfaces have a
maximum separation w; at the front surface
and
(ii) a maximum separation w, at the rear surface,
w; being smaller than w;, and both w; and w;
being measured parallel to a third axis
simultaneously perpendicular to the first
and second axes.
2. The spray distributor of claim 1 wherein w; is at least about
i 1.5(L).
3. The spray distributor of claim 2 wherein w; is at least about
1.5(w;) .
4. The spray distributor of claim 3 wherein the side surfaces

have the same radius of curvature.

5. The spray distributor of claim 4 wherein the side surfaces

have a radius of curvature of about h/2.

6. A fluid cat cracking process, the invention comprises the

steps of:
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mixing zone under pressure. in which a portion of each stream impingement
mixes with the other. 10 form a single. impingement mixed fluid stream. in
which the surface area of the liquid phase is increased to be greater than that in

both streams prior to mixing:

(b)  passing the mixed stream formed in (a) into a shear mixing zone.
downstream and adjacent 10 the impingement mixing zone with which it is in

direct fluid communication. 10 further mix the mixed stream. primarily by shear

mixing. to further increase the surface area of the liquid phase:

(c)  atomizing the shear mixed stream. by passing it through an
atomizing means and into a lower pressure expansion zone in which said gas

expands and forms a spray comprising drops of the atomized liquid. and

(d)  conducting the atomized spray through a spray distributor into a
riser reaction zone. in which it contacts a particulate. hot. regenerated cracking
catalyst. at reaction conditions etfective to catalvtically crack the oi) and produce
lower boiling hvdrocarbons. the spray distributor being a three dimensional
member having

(1) a front surface separated from a rear surtace by a length L along a first
axis and

(2) a continuous. mternal. fan-shaped channel open at the front and rear
surface. the channel havmg

(a) tlat. parallel top and bottom surfaces separated by a constant
height h measured parallel to a second axis perpendicular to the first axis

and
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(b) curved first and second side surfaces both being in contact with
the top and bottom surfaces. wherein
(1) the tirst and second side surfaces have a maximum
separation wy at the front surface and
{(11) 2 maximum separation ws at the rear surface. w being
smaller than w,. and both w, and w, being measured
parallel to a third axis simultaneously perpendicular 10 the

first and second axes.

)

7. The fluid cat cracking process ot claim 6 wheren w, is at least about 1.3(L).

8. The fluid cat cracking process of claim 7 wherein w- is at least about 1.3(wy).

9. The fluid cat cracking process of claim § wherein the side surfaces have the

same radius of curvature.

10. The fluid cateracking process ot claim 9 wherein the side surfaces have a

radius of curvature of about h/2.



