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| NJECTOR FAN Tj P DES1IGN Thi s appl i I is a continuation in part of U S
Pat ent Application Serial Nunber Ogﬂmmmwn | ed March 18. 1999.
BACKGRO ~j jWDO@HsBHE DI SCLOSURE FI ENTI ON Thectmas@mbdon
relates to t7uidized catal ytic cracki ngeopECC') processes using a high

tluia throughput and | ow pressure drop, liquid atom zing process and
apparatus. The pr.oce MERR ise 0 ‘ 03 _o. 1| Stk g e @ hot feed oil

and a di spersi on ‘gas—st S-St Vil e xrute—to form
droplets. and then distributing the droplets into the FCC process. The
apparatus conpri ses a nozzle having an i nproved spray distributor end
section. BACKGROUWNIpglicatitiE 4 NVENTREM F partiobl) dniP2tent dpplicatwal Seriahown and
used in a wide variety of applications and processes. These include, for
exanpl e, adu@det 0FPTAYS3. (11be Myrph 1 8al999n of pesticides and coatings, spray
drying, humditication. mxing, air conditioning, and chem cal and

petrol eumggwmiﬁmpl ications. a fluid under

pressure, W or W thou € presence of an atom zing agent, is forced

t hrough an atom zation nozzle having a relatively small oritice.

At om zati o C eam side of the orifice, with the degree
of atom ZMWOHHW size. the pressure drop across the
orifice, fluid density. viscosity. and surface tension. etc., as is known.

Atom zation is increased and the droplet size is decreased. with decreasing
orifice size ankheiinvensimi mbptgsrte shidizeddcaspytic prackiagi( NCEWeprdegssese of

atom zation.of re i.yely viscous,fluids at, high f]ow rates, such as the
ooy oot < it h bt Torbu a3 dvs Heshiuce e Tou i B EARER AT 0 S020
an FCC pr ofisdppaftus | THethroadss ¢bmphibdtFoAhinga flgidahikeure ak h @@t feed oil

purticufarl~~"ehall engine. FCC is an established and widely used process in
t he pet rol andra dispersion gas.rsuok os sieapr atomizing thef mixtergio éem dwpldtgyandoi | i ng

ana m aal et Lt e Bkl Fus G E Brycst P ke (RS 10, %Rcat i g

oi l. nozzle having an improved spray distributor end section.

BAC (018]

Fluid atomization is well known and used in a wide variety of
applications and processes. These include. tor 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 fluid under pressure. with or without the presence ot 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
atommzation determined by the orifice size. the pressure drop across the orifice.
tluid density, viscosity. and surtface 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 of atomization of relatively

viscous fluids at high tlow rates. such as the heavy petroleum oil feeds used in

RN
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In an FCC process. a preheated teed. often m xed with an atom zation
pronmoting fluid, such as steam is atom zed and brought into contact with a -
parti cul at e.wbewssss3acki ng catal yst flow ng up through a ri?(‘el{/%\%{@j ch
conprises the catalytic cracking reaction zone. Snaller oi 07(9?’0p| et
sizes in the reaction zone result in norg teed conversion to val uable
products, particularly with the incorporation of heavy teed material, such

as aresid, in the FCC feed ? t hat doesn't malie contact with the
upri sing cat atyEs Cpapegss) ardluid pairaghing o5 ik ssgyelivdy 91PPryylathight eases.

such as net ha&ﬁ legMflaC ft% isAfR t@msﬁgﬁce%an&.@ctvqtst@gtoiewth@y&nna”hry to
find econom cal y Viabl e means to decrease th pl et size of the atom zed
oi |, and pr efrfiablgyindiidthoptimeirithé&mr L()m)eranehrghx:tunbmabﬂyoleurghnlpmeme drop
through t he-at omi nozzle or. i.ncrea |ng the nt, of steam or

ot her atom za‘tzi??ﬂt’%"p[%tqol‘tﬁ"'a‘wﬁ‘t“’“lﬂ H?J‘I“S#a ing pog 1 ‘fjggo“t]%”h‘ll‘? ¥F8cl osed
in. for examplqlibdSne, % % AZQ1 A 48 ireaddSof 7~ whi ch produce an average
teed droplet size In t e range of about 400-1000 microns. There is still a
need for finer atdmap&RGOpraksst hercﬂeamgl tedd. otteemlkm“tthenﬁwtgnmss and of

other fluids for oth (grocesses as, ﬁ‘# lé%\g (Joartle %
beneficial i fPfPH‘é’“asgfpt {Sugh Q%Slﬁfmt‘ﬁémé’?'& 3 "%“él}t At Bt dguced to
l'ess than 3OopdnlemeShot%tt\étéﬁtéYca%v&tﬂl%thEM%NaH EQtswaﬁi&h'c@ﬁtprri@E@ﬂt@S to a

process and apparatus for atom zinL a |1 quid. The process and apparatus are
useful for atcmtnlzmmgaahdgurmceon iZOmE. hSmaltleredl fged droples sizewwd UBIrESBWR
PCT/ 1 TSO0/ 07022 ; reaction zone.

t cracker hi eve a
el atively sraperpifngros taerRRi n abisBl b Beif SR Ear bR RN he
atom zed oi | deqpsratiofl 0FReiSteed/iaerR®Isuck U8 adsyd. ih iR POOAEAL USil ¢att he
invention relates to a spray distributing nmeans, such as an exgsandl ng
t an- shaped sphagyn ¢imske icontaer with e ypsising eatalpst nmmi% wﬂpﬂ‘ilxé@c t an- shaped

Gownst r oam s nisfy R TebEBReS e By BaE B 08 R GERTERATLAEE' of "Cne

atom zed spr agontihile @@y hﬁﬁn@ehﬁﬁmwmv viaible memviem tievtek 0ty droplt sizpbpCess
for atomzing a liquid into a spray of liquid drops, and then conducting

t he drops thrtaaehneﬁtwlcnnetnrttstﬂbt\hylthe&rﬁsthﬁwlb?raéva%p%'wml%b BIiC8§UTE but ed
spray of dr OPArSIB]&rOLEh ﬁxc%&%%{)&gﬁﬁﬁo ( mcreats g&@&%@ﬁﬂﬁ stdant &€
i nvention bri vV conprises a con avity within, conprising
an i npi ngerrenithemammganomprcamhr& zsieearExnmletgotzmmb eﬁomaterdamtowﬁ ihhe

i npi ngenent m xi ng zone, wherein the cav |t)93| s .elongated in the di rection

of t7uid rov&O‘éFr‘cP”eQJFeHESP 18- Yoandi ¥ S ddayl 75 priveia progiuge ahavesesh feednt ai ns a
means for spljp, l'ep§7éamttIhHIrg'lC%t(ﬂetgmltamoaﬁﬁ)@tmfc%supl%geeﬁn}lﬁqqtega rhe body

into two separate streans h an orifice entrance tor each streamto
enter the ca\tnrteyammdzatunrootttheheawptmgemmd)rtm:iﬂﬁgpeas aniﬂmeoetppabluaisus may

al so include a spra istributin nt to amend t he
Sl o ont r anda" S RioCkvES StiF o Boqh Be Prica il tenehtiahl B Eap EATEF ng
zone. W th Whyrehe atbrifed Iquid Ubeld &0 MRS & 188 thaR36D @fidRInY. the spray
distributor neans is a spray distributor. The preferred spra~~ distributor

is a three dinmensional nenber havine ( 1) a lront surface separated froma
rear surface by a length L along a tirst axis and

SU! OFT v ON

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

The process and apparatus are useful for atomizing and injecting hot feed oil into



(2) a continuous. internal. tan-shaped channel open at the front and rear
surface, the channel having (a) t7at. parallel top and bottom surfaces
separ at ed byv%ooésé?fétant hei ght h nmeasured parallel to a ses@ngsoditos:
perpendicular to the first axis and WD 00l 55543 PCT/ US00/ 07022 (b) curved
first and second side surfaces both being in contact wwth the top and
bottom surfaces, wherein (i) the first and second side surfaces have a

maxi mim sepag @édcge?woﬁe@tfa hi dat CRkkSUd AfGev@eldtivilyAniBKiIH R 2ERa at i on

w, at the rear surface. w, being smaller than w~, and both w, and w, being
measur ed par ahif@im dwpsizehdisidibaxos o ihmultérarred wdl dyopesmboplictsul ar to the first

and second axes. (n a preferred enbodi nent relatin 0 a fluid cat cracking
process, the i nve]?{{z’i“bﬂ‘fr SRBFY siBE appraws &b thegipventian e@“é‘ﬁé?é‘ﬁ@@' passi ng two

streams of ad;smuﬁhg%?eamwu@h _%9EH?l’ekﬁdr{@l@né‘thﬂ%%aﬂlﬁs%?aﬁ@i@trﬂm‘térﬁHhicd phase
conprising hot FCC teed oil, into an iInplngenment Xi ng zone under

pressure, i ningriatotavipdr tooprigfs actacishspedeamity wpemageiterpstgimesdwi t h t he
other. to forma single) inpingement m xed fluid stream in which the
surface aread¥nitFan ‘?rtﬂ)ii Hg&{%@éq‘ﬁéacFWcIﬁ%gg\éfBS‘fe&”bﬁd@Pglg’teé’immﬁéﬂg that in
both streans gfitd ol ébn'i‘iiomrﬂagﬁhe(sf?apeo@tslﬁé R@nlib&l Prxed streamformed in (a)
into a shear m xing zone, downstream and adj acent” to the inpingenent m Xxing
zone with which iln anothen embodiment. the invention comprises a process for atomizing a
liquid into a spray of liquid drops, and then conducting the drops through spray
distributing means in order to form a distributed spray of droplets.
Ina prefer;ed embodiment. the apparatus of the invention briefly
comprises a bod‘)} containing a cavity within. comprising an impingement mixing
zone and a shear mixing zone downstream ot the impingement mixing zone,
wherein the cavity is elongated in the direction of fluid flow and extends through
the body. Preferably the body contains a means for splitting a tluid stream
adjacent the upstream end of the body into two separate streams. with an orifice
entrance for each stream to enter the cavity and into the impingement mixing
zone. The apparatus may also include a spray distributing means adjacent to its
downstream end. the tluid entrance of which 1s adjacent the tluid exit of the
shear mixing zone. with which it is in fhuud communication. Preferably. the
spray distributor means is a spray distributor. The preterred spray distributor is 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. internal. fan-shaped channel open at the tront and rear
surface. the channel having
(a) tlat. parallel top and bottom surfaces separated by a constant
height h measured parallel to a second axis perpendicular to the tirst axis

and



direct fluid communication. to titrther mx the mxed stream primarily b~
shear m xing, to further increase the surface area of the |iquid phase: (c) -
atom zi ng t hwosresssa m xed stream by passing it through an_atonm zi ng neans
and into a | ower pressure expansion zone in which said oaspﬁyﬂﬁ(mﬁmgnd
forns a spray conprising drops ofthe atomized liquid. and (d) ~onducttn~
the atom zed spray through a spray distributor into a riser reaction zone.
in ~~ hick it contacts a partjculate. hot. regenerg&)g_g cracki ng catal yst)

at reaction conditi ons ®FuErad st ans seapng vids suntaces

REIREH N GITach it

| o~.ier boiling h r : ayndbstributor being a three

nenbe)rmt{]%@%rqg%ﬁ\(]@t%g&dgg%43h%;li PCT/ LJS00/ 07022 ( 1 ) a front
surface separated tom a reari) gigrtirstcmdbycend edgiurtidceshovepn maximdmr st axi s
and (2) a continuous. internal. fan-shaped channel open at the front

di nensi onal

rear

separation wl at the f{ront surface and
(11) a maximum separation w5 at the rear surtace. 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.
In a preferred embodiment relating to a fluid cat cracking process. the
mvention comprises the steps of’

(a)  separately passing two streams of a two-phase tluid comprising a
gas phase and a .l'iquid phase comprising hot FCC feed oil, into an impingement
mixing zone under pressure, in which a portion of each stream impingement
mixes with the other. to tform 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 to the impingement mixing zone with which it is in
direct fluid communication. to further mix the mixed stream. primarily by shear

mixing. to turther 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 effective to catalvtically crack the oil and produce
lower boiling hvdrocarbons. the spray distributor being a three dimensional

member having

roduce

and



Surface. the channel having (a) flat. parallel top and bottom surfaces
separated by a constant height h neasured parallel to a second axis

per pendi cul g‘?"‘f“(’fsi“ﬁe f first axis and ( b ) curved first amecRERRAs: Si de
surfaces both being in contact with the top and bottom surfaces, wherein (
i) tile first and second side surfaces have a maxi num separation w, at the
front surface and (ii) a maxi num separation w- at the rear surface. w,

bei ng smal |l er than,y qomRdrhol Rﬁ('at ofra &I ﬂﬂ%h%@%%%ﬂ@l%tﬂ%ﬂﬁl)h@h & a
Icular to the

third axis sinmultaneously perpe Irst and second axes. the
| ower boi l i ngxispwddocar bons are recovered and typically at |east a portion
are upgraded by one or nore up(%radi ng operatjons, such as fractionation.

The cracking reactd) dFOBHBHRNSe §erBRn{atestaged shanngt ppen #dhe ADHAIERH ai n
strippabl e hXQKZR%?thQ'Bﬁnﬁ:gCI’]{JGQJ&& as is knowmn. ~Che |ower boiling
e

hydr ocar bons are separ at romthe spent catalyst particles in a
separation zone and t ha) fipephratiat @mpyst bpaom wirfasesasepamtad tppe donstana

stripping zone. to .renove the strjppable hydrocarbons to produce stripped.
coked cat al yst palﬂ"t‘fgi&‘lqgg‘.easl*ﬁbd E"t“r‘llgdBé}.se‘é ILBE'AF f”lﬁ%ltr%ttﬁbllrl'ésé 2¥Pe passed

into a regeneratig{y zone. in which they are contacted with an
oxygen-contai ning has. at conditions effective to burn off the coke and
produce the hot. regerénaurdddmstangsecquarsidecsueticesbith lhemgantchaacpasbed back
up into the riser ret\act 'é)H zone. . WD Q0/55543 h.
the top and bottom surfaces. wherein

(1) the tirst 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.

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

into the riser reaction zone.



BRI EF DESCRI PTI ON OF THE DRAW NGS PC '/ US00107022 Figures 1 (a) through I
(d) schematically illustrate various vices of an atom zing nozzle of the

i nvention. vwolokssgures | (a) and | (c ) being respective views fromthe
upst ream and downstream ends of'the nozzle. I-igure t (h) PEVH$A7@Yt - anay
side view and Figure 1 (d) a partial cut-away top view. Figures 2 (a)
through 2 (d) schematically illustrate the nozzle of Figure 1 fabricated
ot' stacked | e ;HI ng distributor as part of
the nozzle. #¢ RimcacicisEn an FH ically illustrate various
vi ews of anot her enbodl rrent of an atom zi ng nozzle of the invention. with
Figures 3 (a) and 3 (c) being respective views fromthe upstream and
downst r eam ends ofigtites lnozmrmuhﬁ gursehé@ndtizpllpell wsgrase w'ttmaway\sstildm vi ew and
Figure 3 (d) artial top V|e ot ~Fi aur e (a)

t hrough ~ (c')‘to ﬂ@ﬁé‘f’l’*@%f’ 9‘ YUY Patvd ch$‘5§5 g??)f”é‘ﬁen(ﬁ W'th“é’ﬁﬁm?f

conmbi nation GhRgrdiRad Hs@badiiagdiBwAs@dh 8ndf GfRE heLIS i AWedi(B) béiRYL OF .
Figure ~ is a cut-away schematic view of an atom zine nozzle and tip in
associ ati on akutaveay s.xpst/teeaandffflgu@ lc@hdwiattial Eugawey tap Yiay. t hrough 6 (c) are

views of an atom I-Z x%sq fthroun%aﬁfd) scherrrllaucallv illustrate the nozzie ol Figure 1

fabricated of stacked metal platelets. including an atomizing distributor as part of

the nozzle.

Figures 3 (a) through 3 (d) schematically illustrate various views of
another embodirhent of'an atomizing nozzle of the invention. with Figures 3 (a)
and 3 (c) being respective views from the upstream and downstream ends of the
nozzle. Figure 3 (b) being a cut-away side view and Figure 3 (d) a partial cut-

away top view of Figure 3 (c).

Figures 4 (a) through 4 (c) schematically illustrate three difterent views

and a combination of the nozzle of Figure 3 and a preferred spray distributor.

Figure 5 is a cut-away schematic view ot an atomizing nozzle and tip in

association with an upstream fluid conduit.

Figures 6 (a) through 6 (c) are views of an atomizing nozzie means ot the
invention similar to that 1llustrated in Figures 3 and 4. but wherein the shear

mixing zone includes an atomizing orifice.

Figure 7 is a schematic side view ot an FCC feed injection unit

emploving a nozzle of the invention.



invention simlar to that illustrated in Figures 3 and ~. but wherein the
shear m xi nq’vzone i ncludes an atom zine orifice. Figure 7 is a schematic
si de view of VAY$%¥# teed injection unit enploying a nozzl epg{.,UFJ},%mzz

i nvention. WO 00/55543 ,. PCT/US00/ 07022 Figure 8 is a sinple tied
schematic of a fluid cat cracking process useful in the process of the

i nvention. DETAI LED DESCRI PTI ON The two-phase fluid fed into the m xine

nozzle may be gasgighpig E‘{Pﬂﬁmg&ﬁe%gﬁnﬂﬁﬁ%ﬁi rwf?i‘d?r n‘brfr?]c!ekiiaé p%%é%@xgsﬁﬂul?ﬁ'bb' y

troth. in which it* s not certain ases are

continuous. iHeimotay obehefinvéhen. understood with reference to. for exanple.
an open cell sponge and a cl osed cell sponge. Sponges typically have a 1 ~
| volunetric ratio of air to solid. An open cell sponge is both Bras (air)

and solid COEﬁiﬁE&%ﬁ?%;ﬂﬂﬁtg&?I%ggfed cell sponge is solid continuous and

contains discrete ISpers cells. In an open cell sponge. the solid
can be said to be mthe formof nenbranes and |iganents (such as may exi st
in a two-phase gas-liquid troth or foan). In a closed cell sponge. the gas

can be envi si onedy@sividlphdie udd FdhtPthe SR/ RB1eThaydbs G4l htMasugbobul es
in the solid. Sone sponges fall in-between the two. ‘as do sone two-phase

flui ds conpr liguideroatigesusphais enaxrit mbubbdy frathp imwdichl it is mot kopwposigi bl e to

have a sponge_ that .is gas-conti nuous and not .al.so sqlid-continuous, but it
i s possible f%&al@\yé} gm?grgril?_(glﬁgé%se@agc B L A T maéiq’teﬁapﬁ'frslfrﬁig_gs?%oéjhti nuous
only. Ther ef Qfifi refehhcBas.tbE elaRipl EDIMAIPRh REM spbngeihdld ¢lbskdailishohge. Passed
into and through the ntxina nozzle of the invention. is not always known

wi t h cert ai nbponges fvpigrdlythiaye adf | vhlumetfioratiorifairtetsotifl mévmopsh ceHe i nvent i on,

there nust b fticient ga resent in the fluid enteri t he. nozzle. for
the i mpact amPeriaFofiier ) agd FRRY sansthuphs: vils Seldse el BengRis i o
phase Thi s i ont@ubeciRbcdniaihedideiend dispersedpgdstvefkNBban Operpdty] dpofité.d
menbrane. ( ii) the thickness and/or length of any liquid rivulets. and
(iiil the sithesglidsngbe pajditeibe g fern phmembranagisad ligamgass (Beshaisendlt duri ng

(e, 240 224 L8k gt P16 S D Al A0 SRR 3, oot
fluid conprisintg envidisngahage tendra dtiacdisptribasedistietd saspuiethdeys mahe hat t he
fluid conprise . WD 00155543 .
. solid. Some sponges fall in-between the two. as do some two-phase tluids

comprising a gas phase and a liquid phase. It is not possible to have a sponge

that is gas-continuous and not also solid-continuous. but it is possible to have a

two-phase gas and liquid fluid that is gas-conunuous only. Therefore. the

particular morphology of the tluid as it is passed into and through the mixing

nozzle of the invention. 1s not always known with certainty. [rrespective of this.

for this embodiment of the invention. there must be sufficient gas present in the

fluid entering the nozzle. for the impact and shear mixing to increase the surtace

area of the liquid phase This is reflected in reducing (i) the thickness ot any

liquid membrane. (ii) the thickness and/or length of any liquid rivulets. and (iii)

the size of any liquid globules in the tluid. either before or during the

atomization. In the practice of the invention. impingement and shear mixing in

the nozzle and through orifices will only occur with a two-phase fluid

comprising a gas phase and a liquid phase. [t is preferred that the fluid comprise



_g_ PCT/CJS00/ 07022 nostly gas on a volunetric basis (e.~., a volunetric
gas to liquid ratio ofat least '':|I ) Cor efficient shear mxing, A single
phase fluid @a@ssssbi qui d) passed through the nozzle. will have its kinetic
cner~y increased directly proportional tc~ the pressure drd5TASPOIR2t he
nozzle. Wth a two-phase fluid conprising a gas phase and a liquid phase.
the gas velocity is increased relative {0 the velocttv ut the |liquid phase.
( i) in the inpingement m xing zone, (ii) in the nozzle shear m xi ng zone.
and (iii) wheWwsti&as pupyohyseias basis 6¢igh s yRlumaiigaas ©flidvdratiorotay &8t sect i on
per pendi cul ak. {,q. I v di rect] : of Ly ndyi ns

upst r eam of thqgﬁgﬁf%év%Q§$bﬁg@gufggbgﬁ g%%gﬁgbggFﬁé@?QQﬁﬁgg§é$%@§?y

di fferential ihetor0wilhaagass Rindit Lagied inthases direalyl propomionhiganeat at i on of
the liquid. particularly with a viscous liquid. such as a hot FCC teed oil.
By |i gament aPrSPrTE Sropagioss hanorde Wigup bve-phase thiid se@pasingliapspaaseor
rivulets. Theayhogid phadl fhELENGdIBLi § iHFELERTaG NI ROVERERY ot n. Thus,
passi ng a two-phase fluid thFough a-pressure-reducing orifice or

i npi ngenment  tigXidrthakd. (i)Pn oetueEsn gervelt aniking 2hé.f(éin énthealozhletsheemixhg gas and
liquid which results in |igamentatton ot'the |iquid_and/or dispersion of
the liquid i RORh@ng L&) mﬁ'@nghﬁnﬁméa?aism thpough an prifice at sRpler reRsgaeERn

| i ganents an i : L I kO curs
whon the 11 updiend caBPIEEE hPRSw RELLH 808 e AERcuh oot BHaBE L P e
at om zi ng or bf theerificki(s @dshute-madatinglvedice pl Flas adidsity differehtedl berwesh' t he

ultimate droplet size ofthe oil droplets in the atom zed spr Th
at oni zi ng zof¥ §% a&fZ{ ?‘&uiddi%sesp"reé‘élésdlnélglaﬁ’&ﬁ‘af‘ﬁ% obﬂk‘s'é‘u‘r'g H?ﬁ'g“t“%'g‘fﬁ”ﬁg t he
at oni zi ng or hRiLBus ﬁ;smgesq}éﬁ% ot FOE 288 ofl N ByNEahlddtaioRas feRdk hlr@pgh the

atom zing orifice rapidly expands. thereby dispersing the liquid rivulets
and/ or dr opl &gwiditatros eloagattdglabulrey oz civeletsinlher velodien Gtfbreatikl isnt o two or

nore dropletsg duri t.he atom.zati on. The atom zi okifice y be a

i screter reSETFYeRPuTRE ABEY SEie | s cRinBe AR HaRss UHERMERS i ng zone,
or it may bepidsirBRedRinB &rifice s aapARzctent AARANE fit, pRRIucEPd L @Btity _
cross-sectional area in the shear mXing zone. In the later case. fluid

at omi zat i on Bdtprensial hetween slieegas amid¥iqued woieh refultaen Higamertatipmolbthe stri ct est
techni cal sense,, atontzauon sometines refers {o ingcreasi t he .gurface area
ot | qu; ey PR ERERT OhER eE eS ke REFF AR (g s S i ed
with. or  welofg4e8 siadmBd labiSQPafkperied tripeCiARditionkPshehh @t the Gldud t 0 be

atom zed. However, in the context of the invention. atom zati on nmeans t hat
as the fl ui doprassSwheR fedigH enises dieomiice spirandes pt e nogalejand sir@uah e br eaks
up. o1 Degi ngohl L Sl il i P LRLE R85 & ol DaldiBn 4R e llfuRNd Lhis
continues as the tFuUld continues downstream and the | Iquid1s atom zed into
a spray ot~ droppieizs ofitispeil ahldid i the agasizehgsey. Ret atokiipiggrone tsaithi gure 1,
there are shown tour different schenmatic views o f an enpbodi nrent of an

at omi zi ng no¥YeE PEFssyngaham e Mressureupstreanmrfi the ytomiging erififs. s shown as a
cylindrical i nt.er f j i 3. S| . ifarv_ and
general 1y 1 ogg denat M bk Gl pallih ey SRR 3 Bir G rabfly

| ongi t udi nal expainds.aiéraley dspérsitigtthe tibeidlromgdté mell/omdropietssinad theheomuaigl e. The
upstream and downstream ends of cavity 14 are | ocated at the respective
upstream | 6 &N dORMNLYHIESHArEak BHYSYQPY A% ‘ﬁB&lﬂséi,““I“&r‘h? FOPYEAent P@\ﬁ/
through. Cavhiohidifte oRnEEREEAd YasaelanalliaistimsbaterRedblAka iRl to the

| ongi tudi nal axis and is vided Tnto three sequential zones, all of which
are in fl ui dthechearmixatd zme. i it maydjedaeint tormds: repiodior eote 61 thied
cormunication.l 3egi nni ng. at the upstream.end and Fr&gress[n% ?o stream
cavity 14 conPPHESEErosS-peuiogaledphifsiig inest fuxng zong HIREJRHY 4R THBi ngenent

m Xi ng zone FomizARd teBRR if 1R GRhr MRS P18 ORodAN ORlthPofrictedp ?4. The
upstream opening of thé cavity conprises a pair of symetrically identical
and circl e seghmnil-sshegpewniizanah wpeninmgse2t nocr2®ing heparfateated pf 2 hi s
enbodi nent by a tlgig strean1sFIittiQ§ means 28. .Means. 28 in this

enbodi ment  cORPFPES &S OEHE MR (e YA G BPST ORUHBE SBT STRCHAEh Obi sect s
the circular entrance end of the nozzle. for splitting a streamof flow ng
tluid,just upstream of the nozzle, into two separate and equal streans.

whi ch pass into and through the fluid openings 26 and ?6'. Each of the rivo
paral |l el edees of the plate formthe chordal portion of each respective
tluid entrance. The downstream end ofthe cavity 14 conprises a non-circular
e~cit orifice 3U. In this enbodinent the orifice is shown to be
squar e- shaped. al t hough ot her shapes may al so be enpl oyed. A non-circular
orifice is preferred. This exit orifice may or nmay not conprise at |east a
portion ot'the atomzma WD 00/ 55543 PCT/ CTS00/ 07022 10 nmeans. Cavity- I|-1
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to the direction of fluid flow In this enbodi ment and in any typical
enbodi nent o(vot@g i n~~ention. the fluid openings into the cavity will be
~~el oci t vi ncreasl f‘?d"’fl uid openi ngs, because of their small CT/US
cross-sectional area conpared to that of the flowing fluid st oAl "Hef or e
being split into two separate streans. -This can be seen. for exanple. in
Figure ~. Looking at Figure 1 (b?. a two-phase tluid stream conprising a
Qas_phase angeérelliiftdi fleRRARPIOARRE MR HoWevet. Ghkitk ddhtext WPYRO/ 5S543
PC T/ US00/ 07022 be atom zed. flowi ng fromupstreaminto and through cavity
| ~ in nozzlievehuph, atpmifapioo exkane tisphs thei thtid phsses-throgglutie emeans by nmeans

?8. with each. split streamenptering into.the nozzle.through respective
openi ng pai r°§'h§g‘ t&ﬁ(ﬁ‘qfu_‘ﬁ%ﬁse BWHF%BRL}HE’FEB‘Q&? BFF(S&I”@' e fisCirss oy 51 the
embodi ment  SHOWY pHasEbSMIHEs dortRbies 4 Re PRSP SoH RS @BwHMRahPad@e llmidgenent
onto the splitting neans ? 8 may he too hlc?h for sone applications and.
hence. a | oweftopyizesksinicea sprap ofrdeapdets disperaed e igagpidsgi d i nto the nozzle
can be enployed. Thus. two separate fluid streans from any conveni ent
source and conprising a two-phase mxture of a gas phase and a liquid
phase. may be fe@etdHifg hb® DFIZIE 1. Herd 2R shawh Ibhrydi SRARE SLIRARKIE vadiwh
substantially equal size fluid openings. In this enbodinent, the two

separ at e t e®d anembodimeend ot gn atnmiking bzriamt shpimventtombd:-zl'eus. npzgie [0 have to
be sized so.as to achieve the desiyed fluid i.nlet velocity..Looking at
Fraare 1 (B o irreae it B nlerisho Bt A Rt st ve Top and
bot t om of _thﬂit@@ﬁrﬂy%?nbﬁllQU&fgitda%aYei_x\ﬁé‘y 14, opBf bEGSh RAdORRNhAGSe 26 and 26" .
As the fluid flows through each opening into the cavity. its velocity is

i ncreased bdugiddingd axig souidepewita thrslosaitudipplaxineicdie 8pz¢lpe Tpeni ngs
conpared to i i i aring forces
because theup%\g%atng?n%ggw}gﬁg%@e %@Sgﬂ?g?ﬂ%lf %r@“gg‘?&‘f’g’% gﬁ the heavi er

| i qui d phasapstAfanen 6 ahd dowastedant | 8iealdssdfitha nbpAs Sesluiato fldwethexyxdnsi on zone.
which ~s a contralled expansion zone ?0 ( 1 10 in Figure 3(b) . .and Figure 3
(d)), m t he ‘Q¥HEd 4tk genarglly recianguias ingospeschpr permeldothelongitgdipalng. as it
is in an atQuQi.zi RA%d it | J i the two fluid
entrances a%g,sﬁhgq%gstrgéﬁ]&etﬁaﬁ%()sfeg?k%néﬁr%%{%?lgﬂPr%ﬁ?gﬁlhﬁig{e@gﬁe. reduces the
pressure dr epmhmumicasdoat with adjudest pheeindicet feid JonirheniexpansBeginziape was not
present. The quter peripheral portjon of both flowng fluid streans inpacts
or i npi nges 2HIESPFIrcarg hd apg, pragresatne doynsirearmpcavay_ 4gompgises & gt ced

radi al l'y i nwasd i JdHRIDAIE, Q) e rplﬁ & - LR~ apiggeent zone
3?. In thi s\é’glsrrbgdi ment irénﬁ)l :“(r?ﬁcgsvtaenpléﬂé -ggﬁgg}lgﬁ%goﬂ at a?(?é t angles to

t he | ongi t udhgmimiakieszonk of eomqreiien 2hd Thauvpdeant teenimecoditdedaangl e bet t ween
the inmpinging fluids i.s 180 '. Thus, the fluyid jnpacting plane., taken as
verti cal b n CORBTRSARAIGOT MO FAL e et sadicBhls CARCRAT R 0t | he
nozzl e. Thi $peaflbabs afd 95t saEheEd SR by7a NRETAMSRPLATOR2

i mpi ngenent 8i rects ?he raé?d;ﬂtyd }nne\f\}gr%orrponeﬁ‘fqof bcgth stp?learﬁs to a

poi nt on t hendapnéBt Mbanal8 axilss emhodimepr onlupes:stahge nemkly neetangyddmgenent

m xi ng possiple.. As the fluid continyes downstr it enters the shearing
Jone. whose. chsed e, vEish b et abE b T bsAsER et e fon 1o
i ncrease thewddRWrIehard Ryidanst JfpeirbiR br IRAESIC! Do Bl & Sepabatt Bed bisi d
globules. primarily by shearing. Wile there is no abrupt change fromthe

i Npi ngement swEamh gvhienpassontorradshromgh thexdilwid openiags 26 anth 28 . epasddiitent .

nostly shear_m xi beqi ns,downstr eam of t steps 38-38' . N Lr of
opposi ng wal'1'g Pﬁ%‘ﬂgh’a‘ﬁ%@&m%eﬁ&"‘?%%‘ﬁé&f pﬂﬂéﬁ‘n‘gﬁt 6 (595"5&;%4 c')%ed and
converge i Nuafrshden THaQIc AWM @ATLE tHRWadity 88 icofipriséPn hbrechauar &xiexi t

orifice 30. The gradual decrease in the cross-sectional area of the shear
mi xi ng zone ofifige’Phils thiv emboediowent e driticgny srayenwebe swarershaped.an i ncrease in

fluid t7ow v t | t he , maxinum city achi : stream
nozzl e exit dﬁb?féhcéhﬁhgﬁ%szrg?‘egﬁﬁ bg}aéﬂ’ Yi\le abSF |X?:'gt‘(E gg‘ﬂ}{ﬁgréﬁ#uirsrg}g?rgg '

di fferent wawss exit orifice €lap 6f flal @0t edmpri Qin@t & pbbeivarot ilhmsmzihgst wax or

i nvest ment casting process could be enployed. as well as forging and ot her
casting processes. The nozzle may be fabricated of a ceramc, netal or

conbi nation thereof. Fabrication of a nozzle using a plurality of stacked.
relatively thin nmetal plates or platelets. in order to forman article
havi ng fluid passage neans therein, is known and disclosed as useful for
rocket notors and plasma torches in. for exanple. US Patents 3.881.701 and
~.~.a0l1l. This fabrication technique is also useful in fabricating nozzles
of the invention. including the enbodi nents aenerallv disclosed and shown
in Figures 1-6. and nozzles of the invention have been fabricated using
this techni que. However. the invention is not intended to be limted to the

Y - . o r I r 1 o, - .



WD 00/ 55543 PCT/ US00/ 07022 -13 stacked to>aether. bolted and/or diffusion
bonded together, to formthe tinai nozzle. Thus. in Figure ? (a). starting
tcom t he upswoaasssend otthe nczie. platelet ~0 conprises a disk having the
two circle segment-shaped openings in it detined by the st PEERS®#M22t i ng
plate 28. as illustrated in Figure | (a), |'i ~ure id) schematically
illustrates disk ~6, which includes the $Houl ders 3R and 38~. In Fi gure 2
(d). disk ~b is a solid netal disk having a generally rectangular ravitv t
~ in its cent®gansoCavh |4 Thigmed bygwedt Eerenheairsed tappoeing vadls 43t 3817dpe of
the cavity 14, 13di3e88!) §18,L1PI NARIRAL \Fh! 89,3898 HET R Thie ner adual
decrease in thé distance bétweeh opposite sides o the conveirging walls
(the verti calpagille¢and atehectapaunhmig shipeathied@oal &LBhhd 36t-38 23w t h 57 and
proceeding to 62, approxi mates the opposing, flat angled throat wall
sections 23 anmmericalj [lhgsamatroit ion apvflipair 15 gy distppy iremdbg [pngftugiaal adi al |y
i nward steps S S| A ~7- ' {4 h e inpart as
much radi al | yaglgsn@/g(ré%hn%}%@ﬁ? ﬁ%ﬁ}%dg{eﬁgéc?q%gm%ﬁéﬁ% {% ﬂg %ag?‘li ﬁﬁ]‘?ﬁ% c’tgse of disk
~b. they do @3njs4iuech Gornmipaiatright hisdle aW Allsi 36Ws8-A3 ahdPENRFENETtcalh i Hig
conmponent to the flowing tluid. Figure 2 ( a) also includes an atom zing
spray di stri Bipseeansyvithansycpale of pisehlatshape perpendicyiar joghe igneitudinat pgs)  at

t he downstre ; : ' I

tan- shaped sari Sy SPRRERY SoploBid O LR JRPEL Pk Bm P 1
Fi gures 2 (b)coaduit 3nd the. flutdiestrates of the nekzled ThixodHapelis hiiamdekdountibtiner W se

attached to the BI%Z | e. thereby formng a part_otthe nazzle., In this

enbodi nent . J§f<Pp ' 3 e £nirapee igdae treatpegionsa?t tsgrachet AANHRAR PO Y nozzl e.
The tlange h L, T Lo e : : F ow

di rection adﬁ:ggxgénkf Q?8,ﬂagghdgptgﬁ{émgg%r@tg?g%%’n%%jgg{énggt {eﬁlﬁ%&zézlﬁéﬁéexi t (30
in Figure 1 )squdeishapsl et Ihemmonpeifientivelyredineithe onpingementahdmenftuat. and

di vergent tan:shaped channel formn spray di.stribution. tjp. defined by
opposing wal |1 FLpIoGuess oporeynitor. syzp distplifin abheromized Al bles BB 2i ng
zone 68. The a@ﬁ%ﬂ&‘%'orb&uQ&%itﬂ@oleﬁT}bé and s?xiirlhi;e?r‘?c?xrl]lg igexﬁicaim déBafeheam end

of the channel ) and at its rear surface ("i.e. downstreamend o t the
channel ). Lorshagg flwd opemings 2ghtd 36 ¢ arevdiamgemgaliy oppesite and rahalldspaged i on

ding d t .sh in. Fi. _? t trol_th te of
Chear  m xtnr SPRGIC AR AR B longiepaife) s’ 1Y s lpfe Bktar e b on. s
shown in  \WOrek¥se pRé 3edmeri-shiseltl 14570 QpOriA 22 ssniilee than (62t ot THesrhalp ends

downstreamin or~t7ce 7?) which is oriented normal to the outward tlow
spray direct icspansian 2eme 20t but largge dran dhenegtangnlag epening pithgamparggment ar to

he i npi tluid.£Low. di i d by 38-38 . T he flui it
the oriti oo Syirg 2SR smsblsrth SehnSPednf RES0 AR oPerE redfes ikl Eerlt oot ! 650

through oritio¢ehe/fuid ehtbrmglibiotiiemigingabaest By tlovi-ectidfaln@ed isonemt akove.
thereby further reducing the drop size of the liquid dispersed in the

tlui d. Expan$resa-sedinmabgrep sogmaldo thaperagediind flow thropahrihe nogzde.r Welhisof
orifices 3U r It ' , ds and
atom zes the% I 8@?%65%40& %r%%@g%g&ssﬁF ggﬁi E)a{ Htgﬁenggﬁ%lﬁp?@eg‘oﬁgg%@héﬂdl%%@gt S.

Thi s further tisdearzie drtethls igwipdeal fo wdzzleaviihe e chaon. SHafenatfer.tdlle at om zi ng
tip produces a tan-shaped spray of the liquid droplets, which continue

t hrough zone "®i8reaRes orfresseisationphareaplgeisr &0 UG\t RUHM PHRUPFHHCYADWN i n
Figure 7. Fi i Yid b : ; i ment of an
atom zi ng nogglp% ﬁreg%ﬁ@?@h@cﬁ%ém{h&)&é&ﬁﬂéﬁ&x{?ﬁps en“gg@rmtgg as in the other
enbodi nent s embadimemiof genmnéntaondthettad openth gginmothelceviod wilhee Malweny{ on
shown in the Fi gures each split strea%enter the interior cavit f the

nozzl e subst & aél“}gyt_]wgr?&lel“é‘l‘:’s*tbﬁc‘f%é % era%mal_qu&r%w%w“al YEREPHRY hich i s
parallel to thgat eﬁmetrwaﬂe'nuﬁm&am.seﬁohl@b&a&'sém iARftwd gzgm?éﬁre%mod' ments,
al so the nozzle. These streans are equal . sy trical and enter the cavity
at a respect ilhés cappeasedn.dot ¢xmmplban kgewte anmdtookoad dt Figepar bl @ taoephapposed.

as shown. In the inpingenent mxtne portion of the cavity. a radially
Cvard 11 ow COHpBFE SOMBhTIEe FE6s PISC RO oNG! Rhase snbrisite ok b0t fe

i npi ngenent m xi ng. The single streamforned in the inpingement m xi ng zone
or portion, flows generally parallel to the longitudinal axis in the shear
m xi ng zone and out ot'the nozzle. A view of the nozzle tromthe upstream
end and a side viewin partial cut-away tashion are respectively shown in
Fi gures 3 (a) and 3 ( b ). Thus, nozzle | 00 is sho~~-n as a cylindrical
body 10? containing a single. longttudmal cavity 10~ within. being
symmetrical about its longitudinal axis, which ~s coincident with the

| ongi tudi nal axis of the nozzle. Cavity 104 is open at both ends for fluid
to tlow through.



WD.00/ 55543 -1~ PCTNS00/ 07022 with its fluid entrance and exit nds.

ext endi ng tha,g)log/g the fluid upstream| 06 and exit downstream 1 U8 ends of
t he nozzl e Cavity I ()~ conprises a sequence of pphrg ?3 al |
m fluid comuni catlon Wi th each other. Starting at the upstreamen o] f t he

cavity they are, ( i) a fluid expansion.lbone I I (), (I i ) a fluid

I npi ngenent mxing zone 1 12 and a fluid shear mxing zone | |-t. with the
i npi ngenent Vi df I
crosssect | ond® YZAREL, MWIAN SRIBSREY WY ofUbELAR LB I ! RHAPINED | acsed
from upst r eartoroet 0o spitzhe thWeOcqual Ardans- thaezmsf:t&mdthoanntnsplstmngam gas phase
and a liquid phase conprising the |liquid desired to {1 Qm ze The

upst ream end SNEFBINgringoH, eﬁBﬁ‘Féhré?Bﬁi éqSH%C“é’e[S‘&F‘r‘mepaE?/nﬁéf‘ FEalf ¥4 dent t cai

f1uid entranqeseédngtﬁ@%%tp@em h&he enbgartgtem %wrquneeﬁeﬂ( Anger adi ally

spaced apart, "equi di stant romt e center In the shape of a segnent of
a circle. As pressureairopsec f@rhetipingenmsne onto-tke splitdng means E&nmvéwnodl ment the
two fluid entr%ces are also radially equi distant ti-omthe center and

separat ed by MEHER PRI ApP 'eet%@aﬁahengt rﬂelgmesansetr?ﬁ@oppmse@ Pig. which

bi sects the i the two
paral | el edggg{r@luﬂﬁtg 18{29{?1? %B%ZIQE?%{%‘% |¢8 Tﬂﬂﬂe%tﬁgrﬁgﬁm};ﬁ{ltl on of

each respect istrearhb triodh mucmetenﬂ'mce mddamphmrhg)m»ne-phamnnumtroéam into

the nozzle is split into.t dentic [ea hof whi.ch passes into
and through &% BE B\f‘el"t‘t P a%nﬂ“&%@éeé "‘i%wg?dtf 48 ‘Wé’rfﬁdiaﬂt' dPR4T
interior of taﬁﬁnﬁﬁééh&tadtﬁm*’é‘qﬁal Enin@8dirAdid Snsdi¥end. theftw@ure 4.

the cross-sectional area-of each f UId trance is | ess than hal f that of
t he upstreamstpara@g feerhbngst teeding $hmﬂladswphaparat¢elozz!sllmlc18t hawsttogmoieedf t he

t t teri 1 t B t .h { hat di at el
upstream Thitd e diuey Be daated Ty Thel Briouh” FRoi0E o ialE Hil oM her cby
i ncreasi ng t hplibitfdadtR iRhr6ducel ihBQ respgtdtite RIPAIRA-bok@AKbMEe dhvily, GvtoBBh 3 (D) .

Figure ~ (a) and Figure ~. a fluid streamtlow n~ into and through nozzl e
1.00 is forcedhe velepiky-increasing apsninga b apt 264mds mtlntéélvsvﬂ thagighegelh of which

enters into the nozz ctive e size orifi I6 and 1
16'. Wile qupet"t"rgnﬁmjhgfh‘dfuvghtfIvﬁf gﬁgtsrlgﬁtﬁaf’ ecw\% ogglbaTrggﬁers‘% ?8anms in
this fashion seaigzanyesiofiHo opehthds R¥EIphtednoitSat BPthd upiiread cofdiihi Fhis

enbodi ment. In the enmbodi nent shown in FiQure 3. the pressure drop due to
the WD 00/ 388413 in shearipgTorgsn b @meRtheilighisigasrehase gaederaifs MYEIGRHGKES neans
may be too hi r | i cati r ans can be
enpl oyed or tt% tihggg?xg?ﬁ@tpﬁggn%e ffg@?htgﬁ 'La g‘q@uégf%%%ﬁlégsﬁrggcgﬁ?mg@e be fed into

the upstr eame&ﬁﬂlsﬁﬁmdﬂ&e“ﬁmmbekoﬁtréﬂe‘d eﬂﬁdsnbﬁ ebed 20t 1y OtihrFoggh 3(b) and
shear-i nducing orifices. as is the case Ibr the Mizzle ot~ Figure |,
the cross-sect®HRAl(dak éhthFéF%t‘teltbﬁéhif Byidgis nopperf{ieyLoatigely srrand. ghik s

expansi on ZOQFcujr onlrfzﬁt%gzoh@emﬁs ﬁ?@%p%ﬂg'ahané){)emxe@r‘?tﬂemo”ﬂﬁat ~ent m Xxing
zone al so apply here each reamenters into the open-ended,
unitary and sntngiudedrandan tipstrbarh dndrtgltmwdmmﬁhdmer&xmlarmhl zoget fedoesghhd he

nozzle. it immediately enters into the expansion zone 110 just upstream ot~
the i mpi ngenmdfEsSHioATAR fpghhanid Wold etharwise b%bfnh?)@‘ﬁaﬂﬁlﬁééot‘%&’aépg& i nwar d

wi t hout an elyg)q-gs%ﬁ{ VEhPofiEs Yy hgfaqgomo'n ¥ tti ﬂm’x}ﬂtg d‘éf} 29% f@f’ﬁps f or med

expansi on. it mnimzes cence o e sn’a | qui

by passi ng t hmpirigas dlrbhhoougb thde gletinpsenaess. 3 8438 ‘aadhis etrcmamd(amtlnwaeis
downstream the ci rcmﬁer entially outer gortl on cont a,ctF @) means whi ch
imparts a radf 4PPYREF EEFE IR GR grigimpigement f"r?@r‘eby %%%ing a portion

ot ~each str eamydihéin WA kys $0198Y fle bOMIEAGidht ahdTel AORE |G IGubIFaRCL S T he
radiallv inward flow fromthe other stream head on. This causes viol ent

and chaotic X thhe i g arpd cavetyt shekncriedecbamghebqueﬁmtlw lmmmgagé]@lldsuauu d
phase surfacelgg1 ected in an.incr gase in the surface
Y’

f
area of the Bhég%ﬁ”gﬁl'mpg‘%‘ééﬁef’ BE: 1 euns; VELHGaL i ﬁldtr?‘h’éllge\qy mani f est s

itselt as smajoh@hl tbltﬁwdim%@mhﬁtés bf'thtem%ziuenatus%@m #R4; higei d spray. Two
arcuate, circunterential “or peripheral shoulders. ! ' 7" ? and 1 ?2'

extending radia(ly inward fromwails | 25 and | 2~ ~. inpart the radlallv
inward flow conponent to each fluid streamas it inpinges upon each

shoul der. thereby forcing a portion of each stream agai nst a portion of the
opposite streambeing directed towards it. Thus. the radiallv inward fl ows
are directed agai nst each other in a head-on fashion, thereby producing
violent and turbulent mxing to further increase the surface tension energy
of ~the liquid phase ot~ the fluid. This inward flow conponent is normal to
the longitudinal atis of the nozzle. The plane of both of the shoul ders

? ' and I |s nornal to the Iongltudlnal nozzle ax>s and paraIIeI to

b1 1 a1 Vs 1 I~ 1 NS\ T . S o o Y o e



orifice 128 ofthe nozzle and m xing cavttv. Al though slight tlivereence
ti-omnormal can be tolerated, it is preferred that the plane ofthe

shoul der surw@®des$s43 within 90~ ~" of the longitudinal axis ofthe nozzle
This is also the rasc for the nozzle of Figure | It is pref’ﬁ”"@‘&m‘ﬁzthe
practice of the invention that the fluid.,exit orttice of the nozzle not be
circular for the reasons given prewouslv. thus, the exit orifice l' '8 wll
have one dinension longer than the ther, and it is preferred that the

| onger di mendigHEsMeph ""gféhé\edP‘i“?“}‘ HBY3EH GaMBPREH 25 8qth HiFRAT MO HORi ng
zone be nor mﬁ)e angﬁﬁﬁxﬂgl lgl\'\iﬁéh éx%d[xpe% thgﬂgﬂﬁﬁuﬂ' H‘ﬁﬂﬁie%n?fm{llﬂg fluid exit

orifice. The turbalent fluid pasSes t~romthe inp m X1 hg zone into
and through tpossibleeats mt‘)ﬂungcmmeesl dawinstehme it emmeeyrs dieshedumzrmdr&rwbaﬁeto as a
throat. This zone is aI so forned two pairs of opposing ‘and (\g%ﬁerally

paral | el wal 5055 36CHOB! aréﬁd‘e&rfﬁsei%“)e %W@He?'ﬂtdérreﬁ “&1‘““;5”96‘ fVe. to
formthe gen ﬂJchV ah8 FhARG YL Rlce 3220 FIe IRLRELbL AR ﬁndrﬁ»%@c’s ar‘uﬂz Fi gures

3 (b) and3 t he shear m xi ng zonelnthlse odlrrentls ef 1 ned by
t hese two palwml@fhereadlrwldbyumppmsqette(namhie oppogementwaixing zaowdo pla sheaf whi ch.
1 7?6 and | 26'...conver, eJn in the treamflowglrectlon nd the
other pair ofMiiEAPne; | éb‘s ofigpent. gp 3@%5‘("6&85335‘1’?5 RYNEEAR L g‘ﬁmflow

cross-section of the shear m xi hg zohe normal to the uid flow, or one
t hat conver s@snaruk slhped dld/wge@ebywandamtmmnaaamﬂ@wmptmmam thehe
M ni Mum Ccr 0Ss-sect i gna ar, impent. it glzl;en as a

i
~eneral | v condVaRFXE Pglge 3l Ihf)ﬁrad’l*ﬁ‘ ‘iec&féléfﬁhtthcr%ﬁs\fg?tb?%bagﬁdﬁ fhver gi ng

wal | s producghérshigig 20n¥itREn 2RH8oWAMIAM Wall C¥BFerédridt deddliC $:5 b thcfda0P
through it. than the enbodinent illustrated in Figure I. It also reduces
t he posst bi | il uisk lewarwssrnyish the mapdmsine velopityk hetye vedrie thia@‘,o\tmﬁtpamed to

t hat shown i r orifice entrance 132 to the shear m xi ng zone |
doByPERE oftet 4

direction. TRepR8k.3kf @% rp'aﬁ‘ &'obgssrm@waﬁm @hd 230&&1’:{1‘111% tlﬁ%@&ﬁﬂhmg

14 is detlne v inward ed>7e of shoulders | ??-1 ??' and the
intersection of ills |l ?~-130 and | ?:~"- | 30'. The cross-sectional area
of the orifice entrance to the shear ning zone is smaller than that of

t he conbi ned ar eadogtle|10xgn fadabndatag in aTWFT&eF Rk fidteseny ways. atdhocity of t he
fluid as it f

di ver gence angsgﬁ%lﬁbe%&ﬂé%%gc &}%he%%m)gfggﬁ of o an/eEtlfHe%t 8'{gmglpii%a&"tsil\ll) 001 55543
PCTNS00/ 070220uld b efm;ilb&cs heazleilriisX@n&hmﬂ&)tﬁétaﬁaxﬁgﬁ@-obésseﬂ Thonozzid 0 a

generally rectangul ar shape at the exit orifice L?8. as i5 shown tn Figure
3 (c). 'thisM& El?ﬂdedae%%m& a3 ricpmbinatipp Hhgreple Fragsisption ofigy

srmot hly int fs A in Figure
T Thus, |t aegre sah S oA SR LU SLRUPHY B i shads of RGBSR T
these Fi ~: ur esdeartet@imar aticlehakingutied passabg meany thpreands Bndwly and espect i vel y,
with the exc on. of the atonjzing spray distri ion tip 150 adj acent and
attached to 5%&'%6%%\&%@&&#% FlIBOLELS ft“ aﬁ%‘oﬁ%ﬁl"é I9HSXAPPIE; ggre 4. This
was om tted paRftsH. 84 %0 Band DASShGT | Tiis Wxﬁﬂéﬁtécﬂnﬂ;ﬂg% A6 06k BLint he

i nvention. Thus) atom zing spray distribution tipt 50 conprises a

general |y tamabs ape&lnwdgp df th@inyemtiat. mahgding t}mmrstbmbmdm@tmnﬂ@lh or cavity

154 within, defjne posi and out rdI ivergin I side wal |l s)
15~ and 15~ (as\ﬁ}r? a%%sr}\?p cfng'ifﬁf S ApH8 %ﬁoﬂstp%H%SPg?r\fqlg aetkbﬁgpm ng fluid,
into a tan-shaprdiedRikmg thASenifildS IRfvevieh Sh¥lvesti oM o€ ifiehdeddoibd a

di rection apgr oxi mat el y perpendicular to the divergence. Nreferably the

side wal | s' duovigditathe yss Oéﬁimhtmhamqueh@mmrfebmatmhe F(cgtmﬁém | s increases,
as shown in fj e fluid entra an openi ng

b?
in the front 5?&“@%%@) PP’éE}[ﬁlfs 88&?%1“‘%‘1?8“@%3%’@ %fﬁlfzégrre%t oﬁﬁrg i'n shape to

the fluid exitdbrkd@doft atphraifzalseacked Mt:mmdtéleﬂssxam AThedivid@aexkdal 160 of
the tip is an opening in the rear ( i downstream ) end of the channel

whi ch is | arghgclety ﬂEPrléféPaer) hpengilie lteh@lrfai eritiesdind gRA Pt Pakgard drops to
continue exp [ e A r s | ower
Chan that 1 nRrCRasig. ol AR ERNAY ol BeFaUe T tuehhdd Pt eq
by a width w, at the channel s front surface and a width w, at the
channel's rear surface. In cases where curved side walls are enpl oyed. ~vi
and w, are nmeasured tvhere the side wall separation is the w dest. which
will usually be the center ofthe channel neasured along a |line separating
t he channel's top surface fromthe hottomsurface. Preferably. w is at

| east about |.~(L). where L is the length of the channel neasured ti-omthe
front to the rear surface in a direction approximtely parallel to fluid
flow. Preferably. w~ is at (east about | .~(w, ). WO 00/ 5S543 ~ C~

PCT/-US00/ 07022 It shoul d be noted that while flat. parallel top and bottom



are genetally preferred, they may be curved. Further, they may diverge in a
t anshaped nagB{b, g%_i]h the 5cparatton increasing tiomupstreamto
downstream |t SFIOU d al so be noted that while the side walrtsusbddroz:
generally have the sane curvature. the curvatures may be independently
selected. |'referablv. the curvature is-ci-rcular ( i.e. in one viewthe
side is an arc of a circle. as shown in figure 4(b), and the radi us of

curvature of sgickb@togttiie yidel aNBMr BATISRAEPRTIEENS dhGelosRiRGhe ThA preferred
radi us of curvatureis about h/2 where h is the height of the channel in

t he directi omoappr dxusdndligurparal lsairtingiromeths ugetreoa krd ahndic appzloxi mat el y
per pendi cul ar lttglegg(?”‘d fI.Oé/\,/., (yshi hev no? 8¢ u(id.rczdS thel(%ﬁ,nt r %);tr eacl? si de
wal | ''s radi ud Bt<cur VATAFES % '&lé ar'a '@/ PocAt e TR A RN S ppétngf e to the
top and bott eetiaed baaessudahesgiitie: paics. ps afetakyin IFeaaé edaptrikle m dpoi nt
between the upper and | ower surfaces and approxi mately perpendicular to the
di rection of (€} ishamprieaily hlustieletdishAél whithdneludesathe sbowldess B8iaag 8helmozzl e

into the |owe pressure atom zing cavjl. 54. atonm zes into t ap-shaped
spray of 11 Q@B ardareret G CioRdRe itk btined el iy BV et
and mto a ri9grinhigaehicPPodne THiAMNubElted tHetrelatiVe Biza and BiddpeoFeMncdviyFi eure 7
Figure ~ schematically illustrates a cut-away view of an atom zing nozzle
and tip. in d¥sedipeant dre ipihgemmeny pokingshreidgisd Tderaradual detrgasg isdidui t | 6~
provi des the fl| ow h.for the tlutd.ti-om an upst m.Sour ce. -be split
into two sepéjrléatt T egb%}jw%cc?u%qpofs i %lg'ggsts?trt grcrgl.wc\?\‘iﬁ‘lngﬁﬁaﬂ{gggwi\fle?tgmt?glégﬁé%ﬁecti ve
nozzl e entr angesing id €acnslatelct R 'startm @with 56 and procdelimlg 18 6ROsHpFBXimatds~an
aton~zi na nozzle ot~the tnvention in which the shear m xing_ zone is

actual |y a coRpeRRASINE Hat drglethihres Wdlsschons2 Sanehe3 willustigred ik wuesnd zat i on.
by virtue of i.Z 08 i L Xi i_ 74 ozzl e
70" shown i n (B oRhAEiGhLLGr &R Afuially lprdaR: oF ik BpldiGe aifim €1 RAGRTTET ©
except for thagskapeghofo itiparifdswhethirabiatly diwiddarsmanmdm to\iE: A6NVIRHAGId. O

PCTI US00/ 07022 . shear m xi,ng .zone. Thus_ nozzle | 70 includes a cylindrical
body 17? contaithihegage ahdisks(. ey do cantinuejprimpart arradiallyyardand shear

m xi ng the two- ; 197 AS,1\S A igure 6
(. 01 ui'd i yRRERRRpl hitilghpaRth Gl I TAE Flebre FEdiiiBeer 2
upst r eam t eednaomlizirig {prayv-distribhitqrad4i (alsbirgiered ) hesirsastd tipl' ent fag tlpda t o
al l ow an acce t&(l):)le nozzl e entry pressure drop. the ghe r n(]%(l n% zone 1 |

~, has a conphdounsiza sndph b o . dpooduging pgrarrally 84t g tRehapsfe,
starting upsipeamdhe Q-t%gr}i flided. Ot vidwiSor P64 GRSRBwRNA FidiREs 3 9 eases.
prior to the dowmstreamtluid exit 128. Two partial cross-section views of
the nozzl e takéad (al. Bhihnit-is Be(dsyl. aitd6braced or Ghé¢pVisaancbbdinthen Fi gure 6

b) and Figure ,ta illustrate the sonmewhat c L ex nature of the
Shear i xi g BEE: FHEbY IPEDBRBIT TS PR oGS ATBRY QOIS (e
region or zoRgidesSIRAdRY3 foF aRhARkhl {LNRb2A EBhdMihdlehak AR opifiREI7OTh Xi NG

zone and occurs between the beginning of the shear mxing zone at |21-121"
and exit ori filscente2gondal foi the tluRBlow doettidreadjacent &i. 20d thecsagieayee angl t hat in

the nozzle iljustrated in Figures 3 and.4. The _shear m xing zone.in this
enbodi rent . 3P4 FbF Deede kP HERRRE The QrURR iR B A0SR ERE e o

snmal | est crosen&aRY fANAd dFEaend AnRRSFH dHARnelaBrihMe af speph@seiblitivh dpf | ows
through the orifice and into a | ower pressure atom zing zone downstream

atom zati on idefipebhyPpposiyE WAK pPriEpPEHO§asndXbdAsivdrich detiniee fagvidapsst essure in
the atom zing, zone and al,so-.hy . the nore rapid accel.erati i ghter.
conpr essi bl egboﬁlzf%%onf%g ' ﬁqhﬁh“ ‘l"‘mﬁféhs_s?&? “?é[ﬁgmln?lg%rtr%re Zéésﬁﬂi: g%“\tﬁqﬁ’ui d phase.
Thi's ~nduccs ca@e@theldHahhell) BRd it i%SleDCIuriags (NN IR dRAsukamndldiziee This shear
further decreases the ultimate size of the oil droplets tn the atom zed
spray . channel). Zone 68 is seen slightly converging in the vertical direction

proceeding downstream. as shown in Figure 2 (a). to control the rate ot shear

mixing while the tlow is diverging in the horizontal direction. as shown in



Referring now to Figure 7, an FCC feed injection unit |80 useful in the
practice of the invention conprises a hollo~.v teed injector |I 82. attached
to a nozzl e WOME5584. by neans of respective tianges 186 and 188. Nozzle
means 184 is shown as a conduit penetrating through the waPETiUS9/03922an FOC
riser and into the riser reaction zone 19?. The riser is a cylindrical.

hol I ow. and substantially vert| cally oriented conduit. in a portion of

whi ch (the rlser react on zone) the atonized. oi contacts the
upri sing, hot! 18YE (F&t Thakpicafedoyprepm in "W‘JCGGFSB’S& ’P@TF@S%@PW@ZQ

cracked i nt o gOLEWFE HEly sprﬂ\’\@ﬁuj&%hlahﬂﬂa?i@f&%@gtbﬁﬂﬂeﬁsl&qggﬂédll\() nlv a
portion of the riser conduit  1s sho~~~n for conveni ence the teed injector
means 182 comerpemds.uanrhmﬂwmmmmwm fluB#tlow nlirecidn orhpdried tyr Baséit eltheoi | t eed
is introduced, via feed |ine ch ti>ns . a ~f- g({ iltlon with the wall

ot't he upstréB{‘ﬂF“}ﬁ’Bgtﬂi‘%ﬁ’f‘B‘F“ {‘h@' ﬁhﬁw@é%lermterhwaak}m i 5OPASBW of t he
injector ter %H@%gsthwhgﬁ‘drmcg@enmimgr SPRGAT thd é?&'.ms ARAGLR A2l the
invention. having a |an-shaped atomzing tip or distributor 150 as is

il lustrated itherBbyturehed redmotntz tbé dwipi ite afithe hhmmilas:rinmeshd ﬂmdconvenl ence.

The fan-sha distributor.1 ~ roduces relativel at. fa aped
Ty o7 S Pe S nahsioh goth o8 israt 3 loer HiEGare thah Bt srvSrauof §3icn 0y
spar gi ng condwi {vithY8e réaawtm tRe SA¥RINLSE rasicwewarnd@ bnd hdRSz&a6E lighal war ea

than the injector condm extends into and is axially aligned with the
| ongi t udi nal pa&dtsce@fspwmuhc aedized hquitidsopdetbo Thisgtther shears g Hauid

Longi t udi nal s, of ndui t are .coincident. This provides an annul ar
f1 ow path 197ja?F§FtstaH8%h l{z]mgﬁ?pc?}pt ?F@W‘Bgfnptq{gg'éggﬂa 8?.8’? 4SREY Hj ect or .

St eam condui thd I8 ddespTbR kAR hi ORISR tﬁm@wzbné%é and b kRAIBWRE ptddsureozzl e
100. It should be noted.that steam may al'so or alternativelv ge m xed with
the feed ext alowastream {dpatinpshewn irBigeteoln in, tigure 8. A plurality of holes
or orifices 199. radiallv drilled circum:erentially around the downstream
end portion of 198. provide the neans for sparging jets ~t'steamradially
out and into the & ardchemuticAitugttatesiotitr lenfbo@ithdtd ofl anafniigam t ovar ds
the atom zing end of the injector. This produces a two-phase fl ui d

conpri si ng gneBeed80ef th?dﬂ"@ﬂl"“dﬂéﬁéﬁ gmhodiment. g thnherpubrdipensdam
sparged intoth n t oil
feed. The reshl?‘?mgeﬂe ;hydogh% urgXI %h:"%gl r?%flﬁet@b'?%tyq Sh’o“% lﬂr?ésgﬁug‘%

~~ol ume basi saclvéplfisiram e B dntdRor’cavitYoodithe ndz&lemﬁa&eduilb pdrallgieazl e 100
which splits it into two_separate steans which separately enter the nozzle.

The two stredbfsovrdll i ey sizgetion. k\é@chlﬁp@wéleh&tfpéort%wfits&ahwsgrmj
stream ~vhi chueod | Wﬁ-ﬁsé%go Alnt hm&a{g.{;ﬁ ks "segereg aréggeaun the

nozzle. The mxi'ng In e nozz & substan uces e size of the oil
drops di spersemimemctalhemﬂ;tetamhe/ksvhhmdiaspcbtﬁxltmlsaﬁdﬁhaotmm fherez at downst r eam
end of the nozzl e. ich is an atom ori asses.into the | ower

e.
pressure confrEPHEAIGF ARG G QRPES F‘? ﬁfécﬁ”‘by{“ ‘%WBG‘IE BEAMBEGE US00/ 07022
the interior eﬁmeof%@@m\ngrad,m TR @i hagaotheont rol | ed

expansi on none (showmn mfrgure ~ are comuni cation with the
| ower pressulengiiugimal weaaimeeztbnembm@@mcirhmmmnir hesinglprsapamifoonéd dr ops
proceeds intg the.riser reaction zone | h it ont acts an

upt | owi ng st FETHRIPECIGY MUXINg 2P8F OpBPTICRY éw ﬁmereﬁom“e i

cat al vti cal | Yodpi@lhal BGs RE@E%hEIr mllxﬁf‘gdzdn@taﬂd%tl?ofjﬁﬁ'nb@ﬂﬂ AWAEwRithd Ng
product tractions Figure 8 is a sinplitied schematic of a fluid cat
cracki ng proocesde tr@edthﬁmlpsmqrm aed anrha gide vicay trepatiainjueewap fasieernod and

at om zi ng nozzl e i nv hu 200 useful in
the practi cer%§Pe‘f‘hV§?v %Sﬂ?é‘fﬂ 'i“gbrejigﬁl@s 6\/\%“1(:30% ﬁbpﬁ&oégcé;dglnwf}omw atki ng
reactor unit o?G2draadbedy FEEAMAHINS siibiE. 18P uddit] tavi®21 0ncAhBeseingfl eed
riser 206, the interior of which Conprises the reacti'on zone, the begi nning
of which is PrameHicadakent298ongitudiiagaxib.nehuhescanudgyrydt weyengividinahgagi ng
zone 210 and cont ai | [ les ? 14
o thin intASePEHERL I KRR IR SRRk Belte R tht B bASRLER %D { che
roots of houses. A suitable stripping agent such as steamis introduced
into the stripping zone via |line 216. The stripped, spent catal yst
particles are fed into re~eneratine unit 204 via transfer line 218. A
preheated FCC teed is passed ~~ia line ? _'"Uinto the base of riser 7?06 at
feed injection point ' ' '-1 ~~i~ the tluidized cat cracking reactor unit
202. The feed injector shown in Fi Uure 6 is |ocated at ??~. but is not
shown in this Figure. for sinplicity. In practice. a plurality of teed
injectors will be circunferentially located around the feed injection zone
of the riser. The feed |njectors wl o be of the ‘type |Ilustrated |n Fi

o — ~ -, T N 1 . ~ NN s



PCTI1 US00/.07022 catalyst is a mxture of silica and alum na containing a
zeol ~t e nol e&@l ar_sieve cracking conponent. as is known to those skilled in
the art. The QP’éﬁs‘ﬁi c cracking reactions start when the tg@gﬂﬁ%&gts t he
hot catalyst in the r~scr at teed injection point ?3.t and continues until
t he product vapors are separated fromthe.spent catalyst in the upper or

di sengagi ng section ? i 0 of the cat cracker. 'fhe cracking reaction
deposits str R\RHI[%PJ ﬁuip"eﬂ&%@é DONAGEQE, L%én%riwhr(m :ﬂ? ’Pr%ﬁ({ h;lﬁ’s‘?ﬁé%eme .

car bonaceous nateri a nown as coke, to produce spent catalyst particles
whi ch nust bendtxkit dpedsttaant ¢MP¥Risaitdhe AEVE s shevst Capipabl€ ctiyigriossar bons
and then regenerated by burning off the coke in the regenerator. Reaction
unit 202 con‘é*%.qq%c“e?fcqh&?e@“eﬁd‘?l 18 HBugh Fommunkatign é‘éﬂ’g’d’g‘ﬁh’&“%eéﬂfﬂﬂg 910,

whi ch separa . racked, r - s the stripped
hydr ocar bonstdfea‘g%yg‘ﬁ%% gﬁj%tt ?gtrﬁ ‘gﬁtgxg%\gﬁtg ) (Eg?gﬁ{/dg%%g?l%{?g?ﬁebs! ﬁ!}ﬂg ydr ocar bon
vapors pass Ujpid migingéméhenixgacione 1a0cAndnalud shehr awRing #nkilne. @2 thelThe

hydr ocarbon vapors are typically fed into a distillation unit (not shown)
whi ch condendBBRINERBERGHESHSADNEIBHERCE RaBMESHBSIHRFBTeFiapgulps ¢f@fds and
fractionates I qui: i R ERAL t : ~Shent cat al yst
particles faf%aﬁg\%\hglgﬁ%@esc? %e%o?)l ng %ﬁe&rﬂgg&i lri%%ﬁ@%aﬂ%eqé@@ cont act ed

W th a stri pppstecamediteingpzzieitdd Bs: stoepimse Waidtompsrifieg aigns phadeendtar i ppi ng

zone via line ? 16 and rengves, as vapors. the strippapl e hvdrocaybonaceous
mat eri al depg‘ngng‘a%c‘frﬂ%”%ﬁg HTV&H““HE?%‘WQ tp ﬁ?é a&’%’éﬁgngﬁ? éﬁ%fqa{ih%‘!J These

vapors are w : I I i i.ne ?2G The
attl os 2 14 0 S ey RRSnyh bP o el Rl RertBRINAd thiadeelS Wi cth of
t he stri ppi ngrifiogsel i@rarsit Flioppdamanatalty npposed and radiaily) spactd aparn~ or

backm xi ng of caf al yst rticles in the stripping zone. The spent. stripped
catal yst par fi¥ E?“ﬁré ‘Z‘ﬁﬁ\?@‘&r f"i“i)lﬂ ‘ﬁ‘ﬁéh%c{f%rﬁesg‘ef‘h%t LS f)'p%ﬁds ne via
transfer |ing,2L8y tﬂe%%l\éﬁyﬂﬁﬂg&rbgn-rﬁg% RRsRAeAthe b Wuill ZRthnRed:R?8 i n
regenerator 2U4. In the t7uidize be they are contacted with air entering
t he regener atlsp radially equadiRtantUtrancths cemteparskseppratatt by o gsmngldgravipngolae 2- 12
in the regenerator..The air ? i di.zes.or burns ?ff t he car on de o§its to
regener at e tﬁté‘_wd%'tsalllv_glgp ?tl~§'l‘5l§’°5??&ei:tﬁ R M”“ﬁ%%ﬁ?“f%ﬁ?ﬂ Z2% a
tenperature whd Githtedbh 6Pt wWOHASAR Eamlab%%ﬁgg?rme idte. f3RgRPaRat or 204

al so contains cyclones (not shown 1 which 55543 a_ PCT/US00/ 07022
separ at e hot chedelhmrtiordf eahaksmectipafluidengsnée. ohhushe Hiyad Bowsnivatust i on
products ( flu as. whi ch conpri.ses nost | . CO._1-1,0.and N, and
teed the reg@ﬂ%?e%f’h‘&}dcg‘_teé’loﬁlf 'i)%t‘i‘%‘r’ég“’aiw%ag%?&eaffﬁt 8&%(&%{1%8%85% al yst
hed ??8. by iRaAAd thrbugh PrLPscilventlid Shemrel, i 6andi1s6 kvt thetin@sior 8Ki | | ed
in the art. |~hc: tluidized bed 228 is supported on a gas distributor grid.
whi ch is bri #fdnpzeie} §sthaeadodinenisindds|is shovn m: Figurpte thperosy-egséinailat ed
catal yst particl Whathe t1luidized. b rflo h i formed by the
Cop of o Fanbish 3t (SRl O TEE PEER AL Bod S s PGt Pk ngBR T
~downconer 23Qis néhsRipdtttpen abcindoneeR MEEhe2Sd dtteaits entdridiga rfesgeaes at ed

catal yst transfer line 252. The overt7owi ng, regenerated particles flow
down t hr ough SRIERICE yh@ERter Hnprtbyrimmedielvitsiresns. dhigrigpdycesiafBearsi? whi ch
passes them ' e ri cr I | | .act the
hot feed ent g?‘lgdrﬁllg&fﬁg nt;rvpgjgra g?ﬁ%‘r% ?%gégﬁggﬂ%?ﬂj“:%& e&r"%ﬁ@'#‘?’ﬁé"%@ I?S r enoved
ti'omthe tophak. tvekingge RFeqaénd (b Rigurae (D2hd Fiurk . b lend poreyn di st ri but or

may be practiced in conpection with the nozzle ?,et forth ir] tieun%s 1
throueh 7 andO¥&sEIihaRf throusdy nzzlegfive forced Wipkit NG EVR AR SHERTE O hat t he
spray distri jtor l@%a%of"@ﬁfézh'eﬁt&?”ﬁ@%'ﬁgggtﬁ%&m‘es@E&W@é g fezzle,
particularly atom zing nozzles tfor use In procCesses. In this regard) in
an al ternati vatiessobidi amnit] 6t h &t jar syittehi gsd sinpletttuid smganbentoswd separgw®nnect i on
with the FC.C injection apparatus and nethod set forth tn |~ S Patent No.
~. t 73.175. S‘ir‘??é}éﬁrlﬁdp’éttéﬂ”%lSrC@Pé‘FréPféethﬁéF\é‘i“HP“@?O‘dffﬁ‘é‘?@é?o Peds used in
FCC processe | [RYA : LS e i b |

non- Feai dual “epemc 1 R CHHERIAAR sRbwin Pluyhe pRefite by UBGIo the
(atnospheric) has oil, a light cat cracker oil (LCG) and coker gas oils.
These oils have an initial boiling point typically above about 450"F
(?3'""C). and nore comonly above about 650"F (343"C). with end points up
to about I 1 ~0"F (62l C. as well as straight run or atnospheric ass oils
and coker gas oiis. In addition, une or nore heavy feeds having an end
boi li ng point above 1050"F (e.~.. up to 1300"F or norel may be bl ended in
with the cat cracker teed. Such heavy feeds include, for e~canple. whole
and reduced cruder, resids WO 00l 55543




-35 PCT/ US00107022 or residua ti-om atnospheric and vacuumdistillation

of crudc oil, abphalts and asphaltenes. tar oils and cycle oils fromthernal
cracki ng of Weaegssaetrol eumoils. tar sand oil. shale oil, coal derived
liquids. svncrudes and the |ike, flhese may be present in FRYUSIMEREr teed
in an ampbunt of fromabout ? to 5() ~ ol q? /a of the blend. and nore
typically ti-omabout 5 to 30 volune '% These f Beds typically contain too

hi gh a content of undesirable conmponents. such as aromatics and conpounds
cont ai ni ng helEHRERAMSERS onfeatheiselittiag meany mayrbedag high fos §eme ABRi<EgiRnt v,

these feeds afefbHARLURA! Rilafl ARG POy UGB RS AT HorRlny

undesi rabl e conpo ocesses fvdr ot eat1 ng, sol vent
extraction, sanvenabs@ubehsy beithl iat helupstiéami csd ovehe chmaibehBE)4. hikd) as is
known. Typical cat cracking conditions. in an FCC process | nﬁ‘l ude a

tenperature ofretar iy AHgHEh BrRar-Ipiisme Qriices 6 AAWER§ lsp@sﬂwsr egwgziejof 150" F
(454-b21 "CO) BRGreSt.ithd cfdR- eeo@mﬁ;le{r@p} z}t%qgh %Qépﬁxe(tﬂﬁgcﬁgﬁnu@lhea pressure

bet ween about 560 psig, preferably 5 sig wth feed/catal yst contact
ti mes bet weerexgpbosion @orﬁﬂsl(smbnhd:upstpwam epabﬂag/otaﬂheumpln&enset:mndsa zamd with a

t|tttd fbt05 bly,2-8.. The FCC f eed
?2 Sr gﬁeat Ce)d gozggp[ghﬁrgoaﬁt%ag &“"?16‘("@?’18‘?‘8’%‘?\@’&4%%8%‘ e%qeéif 3?'5‘5?’;‘ fo grggter
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impinges upon each shoulder. thereby forcing a portion ot each stream against a

portion of the opposite stream being directed towards it. Thus. the radially

inward flows are directed against each other in a head-on tashion. thereby

producing violent and turbulent mixing to further 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 ot both ot the shoulders 122 and

122" is normal to the longitudinal nozzle axis and parallel to the tlat (106 and

108) ends of the nozzle and. therefore. concomitantly parallel to the fluid exit
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impingement mixing zone be normal or perpendicular to the longest dimension

of the fluid exit orifice. The turbulent fluid passes from the impingement mixing
zone into and through the shear mixing zone |14, which may also be referred to
as a throat. This zone is also formed by two pairs ot opposing and generally
parallel walls 13.0|-l30’ and 126-126°, which intersect at a 90 angle. to form the
generally rectangular-shaped cross-section. As is shown in Figures 3 (b) and 3
(d). the shear mixing zone in this embodiment is defined by these two pairs of
radially opposite and opposing walls, one pair of 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 is either
a generally overall constant cross-section of the shear mixing zone normal to the
tluid tflow. or one that converges and then diverges by trom about 10-50% larger
than the minimum cross-sectional area. For this embodiment. it will be taken as
a generally constant cross-section. This design of diverging and converging
walls produce a shear mixing zone having a lower tluid pressure drop through it.
than the embodiment illustrated in Figure 1. [t also reduces the possibility of
coalescence in the shear mixing zone. as compared to that shown in Figure 1.
The orifice entrance [32 to the shear mixing zone [ 14 is defined by the radiaily
inward edge of shoulders 122-122" and the intersection of walis 124-130 and
124’-130°. The cross-sectional area of the orifice entrance to the shear mixing
zone is smaller than that ot the combined areas ot 116 and [ 16°. This increases
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



wo aoisssas '? g . CLAIMS: | . A spray distributor conprising: a three

di mensi onal nenber havi ne PCTNS00/07022 ( 1 ) a iwont surface separated
tcom a rear wornbsssgs by a length L along a first axis and (2% a continuous.
internal, tan-shaped channel open at the tcont and rear suFPfHEE0O7Re
channel having (a) flat. parallel top and bottom surfaces separated by a
constant height h neasured parallel to a'%econd axis perpendi cul ar to the
first axis and (b)~curved first and second side surfaces both being in
contact with afiibe shygr anxingernephapartheteid flawaneiargepemnlly hectangudar shape second

side surfaces, have Ao R MHM.S RPRALAL! 1R idlre 3Ll PBuil FCMne 18 Wl &GEmB Bt
the {low from the nozzle 100. smoothly into the atomizing spray distribution tip

150. as shown in Figure 4.

Thus. turning to Figures 4 (a). 4 (b) and 4 (¢). it is seen that these Figures
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 trom Figure 3. tor
clarity and ease in understanding the invention. Thus, atomizing spray
distribution tip 150 comprises a generally fan-shaped body [52 containing a fan-
shaped channel or cavity 154 within. defined by opposing and outwardly
diverging walls (side walls) 155 and 155°. which serves to control the expansion
of the atomizing tluid. into a fan-shaped spray. As discussed, the walls may be
curved in a direction approximately perpendicular to the divergence. Pretferably
the side walls' curvature is such that the volume of the channel is increases. as
shown in figure 4(b). The fluid entrance 158 of the tip is an opening in the front
(i.e. upstream) end of the channel and corresponds in shape to the fluid exit 128
of the nozzle to which 1t 1s 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 is lower than that in the nozzle cavity. Accordingly. the side
walls are separated by a width w, at the channel's front surface and a width w, at
the channel's rear surface. [n cases where curved side walls are emploved. w,
and w are measured where the side wall separation is the widest. which will
usually be the center of the channel measured along a line separating the
channel's top surface trom the bottom surface. Preferably. w) 1s at [east about
1.5(L). where L is the length of the channel measured trom the front to the rear
surface in a direction approximately parallel to fluid flow. Preterably. wa is at

least about 1.5(w).



(1i) a maxi mum separation w~ at the rear surface. i being Smaller than w-,
and both w~ and w~ being neasured parallel to a third axis si mJItaneoust
per pendi cul &0 &s8Ne first and second axes. ?. The spray distyd p{
ot'claiml wherein w, is at Least about f .~(L). 3. The spray c?ls 1 but or
of claim? wherein w, is at |east about_t.~(~, ). -1. The spray distributor
ot~ claim3 wherein the side surfaces have the same radius of curvature. -~.
The spray distributor of claim~t wherein the side surfaces have a radi us
of curvature ofabout h/?. 6. .A fluid cat cracking process. the invention
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between the upper and lower surfaces and approximately perpendicular to the

direction of fluid tlow in the channel.

The mixed fluid exiting the nozzle into the lower pressure atomizing
cavity 154. atomizes into a fan-shaped spray ot liquid droplets. which continue
out of the exit end 156 of the tip and nto 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 upstrcam fluid
conduit. Fluid conduit 164 provides the flow path for the fluid from an upstream
source to be split into two separate and equal fluid 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. Atomizing nozzle 170 shown in Figure 6 is identical to nozzle 100

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



(?) a continuous, internal. ian-shaped channel open at the ti-ont and rear
surface. the channel havine (a) flat, parallel top and bottom surfaces:
separ at ed bywe oe/ss3si ant hei ght h nmeasured parallel to a second axis
perpendi cular to the tirst axis and WD 00/ 55543 -30 PCT1ECEEFGPH22 (b)
curved first and second side surfaces both being in contact with the top
and bottom surfaces, wherein ( i) the i &t and second side surfaces have a
maxi mum separation ~, at the front surface and ( ii) a nmaxi mum separation
w, at the rearhenniizgg.zong. Bbingoszialll@inddes awylindrigalthodh 2 cant@inipg bei ng
measured parallel to a third.axis. simultanequsly.perpendicular to.the first
and_ second axdnnan bt B Rof el AEPTRS IRRERREMLFROES b o' Wi ' Ts
at | east aboutloha®d ntough thdABz21E UAE sE@kn &f Righid@ (DI AGRSIAIce-C] RaD 71 Wher ei n
w, is at |least about 1.~(wi). 9. The fluid cat cracking process of claim38

wherei n t he sherd rRejbegeaWw g8 veermpeus. if the upstream feed conduit (€.g.. 164 in Figure
5) is sufficiently large to allow an acceptable nozzle entry pressure drop. The

shear mixing zone |15, has a complex shape in which the cross-sectional arca of
the zone, starting upstream at 121 and 121", at first decreases and then increases.
prior to the downstream tluid exit 128. Two partial cross-section views of the
nozzle taken at 6 (b) — 6 (b) and 6 (¢) —- 6 (¢) 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. Orifice 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 ot smallest cross-sectional area. In operation. as the two-
phase tluid 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 density (and incompressible} liquid
phase. This induccs shear until their velocities more nearly equalize. This shear

turther decreases the ultimate size of the oil droplets in the atomized spray .

Reterring now to Figure 7. an FCC feed injection unit 180 useful in the
practice of the invention comprises a hollow feed injector 182. attached to 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 [92. The riser is a cviindrical. hollow. and
substantially vertically oriented conduit. in a portion of which (the riser reaction

zone) the atomized oil feed contacts the uprising. hot catalyst particles and is
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shown as boxes for convenience. The fan-shaped distributor 150 produces a
relatively flat, fan-shaped spray ot the atomized oil into the riser reaction zon¢
192. A steam spargme conduit 198. having a smaller diameter or cross- -sectional
area than the ln_]CCIOI' conduit 194. extends into and is axially aligned with the
longitudinal axis 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 of the nozzle 100. It should be noted
that steam may also or alternatively be mixed with the feed external to the
nozzel. as shown in figure 8. A plurality of holes or oritices 199. radially driiled
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
flowing downstream towards the atomizing end of the injector. This produces a
two-phase fluid comprising globules of hot oil dispersed in stcam. The amount
of steam sparged into the oil is typically between 1 and 5 wt. % of the hot oil
feed. The resulting fluid mixture. which may tvpically comprise. on a volume
basis. 75-85 % steam and 15-23 % 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 in the nozzle to form a single stream. which continues into
and through the shear mixing zone in the nozzle. The mixing in the nozzle
substantially reduces the size of the oil drops dispersed in the steam. As the
fluid exits the oritice at downstream end of the nozzle. which is an atomizing

orifice. it passes into the lower pressure controlled expansion zone defined by
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the interior of the atomizing tip. The atomizing orifice and controlled cxpansion

zone (shown in Figure 4) are both in fluid communication with the lower

pressure riser reaction zone 192, The atommzed spray of oil drops proceeds into

the riser reaction zone 192. in which it contacts an uptlowing stream of hot

catalyst particles (not shown). which catalytically crack the heavy o1l feed into

the desired lower boiling product fractions

Figure 8 is a simplitied schematic of a fluid cat cracking process used in
conjunction with a feed 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 incluch:‘s a feed riser 206. the interior of 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
baffles 214 within. in the form of arrays of metal “sheds™ which resemble the
pitched roofs of houses. A suitable stripping agent such as steam is 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 of the fluidized
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 feed injection zone ot
the riser. The feed injectors will be of the type illustrated in Figure 7. Steam is
injected into the feed injection unit via line 222. As set forth below. the teed
may comprise a mixture of a vacuum gas oil (VGO). a heavy feed component.
such as a resid traction. and mixtures thereof. The atomized droplets of the hot
feed are contacted with particles of hot. regenerated cracking catalyst in the riser.
This vaporizes and catalvtically cracks the feed into lighter. lower boiling
{ractions. including fractions in the gasoline boiling range (typically 100-400°F).

as well as higher boiling jet tuel. diesel fuel. kerosene and the like. The cracking
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cracking reactions start when the feed contacts the hot catalyst in the riser at teed
injection point 234 and continues until the product vapors are separated trom the
spent catalyst in the upper or disengaging section 210 of the cat cracker. The
cracking reaction deposits strippable hvdrocarbonaceous material and non-
strippable carbonaceous material known as coke. to produce spent catalyst
particles which must be stripped to remove and recover the strippable
hydrocarbons 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 both the cracked hydrocarbon product vapors and the stripped
hydrocarbons (a.s 'vapors) from the spent catalyst particles. The hvdrocarbon
vapors pass up through the reactor and are withdrawn via line 226. The
hydrocarbon vapors are typically fed into a distillation unit (not shown) which
condenses the condensable portion of the vapors into liquids and fractionates the
fiquids into separate product streams. The spent catalyst particles fall down into
stripping zone 212 in which they arc contacted with a stripping medium. such as
steam, which is ted into the stripping 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 baffles 214 disperse the catalyst particles uniformly
across the width of the stripping zone or stripper and minimize internal retluxing
or backmixing of catalyst particles in the stripping zone. The spent. stripped
catalyst particles are removed from the bottom of the stripping zone via transfer
line 218. from which they are passed into fluidized bed 228 in regenerator 204.
In the fluidized bed they are contacted with air entering the regenerator via line
240 and some pass up into disengaging zone 242 in the regenerator. The air
oxidizes or burns off the carbon deposits to regenerate the catalyst particles and
in so doing, heats them up to a temperature which typically ranges from about

950-1400°F. Regenerator 204 also contains cyclones (not shown) which
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g\ QF10! 10 ]((Plue gas). which comprises mostly CO, CO. H,O and N» and feed the
regenerated catalvst particles back down into fluidized catalyst bed 228. by
means ot diplegs (not shown). as 1s known to those skilled in the art. The
fluidized bed 228 is supported on a gas distributor grid. which is brietly
illustrated as dashed line 244. The hot. regenerated catalyst particles in the
fluidized bed overtlow the weir 246 formed by the top of a funnel 248. which is
connected at its bottom to the top of a-downcomer 250. The bottom of
downcomer 250 turns into a regenerated catalyst transfer line 252. The
overflowing, regenerated particles flow down through the funnel. downcomer
and into the transter line 252 which passes them back into the riser reaction
zone, in which t.héy contact the hot feed entering the riser 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 tigures | through 7 and described in detail above. it should be
pointed out that the spray distributor may be used in connection with any
atomizing nozzle. particularly atomizing nozzles for 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 U.S. Patent

No. 5.173.175. incorporated by reterence herein.

Cat cracker teeds used in FCC processes typically include gas oils, which
are high boiling. non-residual oils. such as a vacuum gas oil (VGO). ua straight
run (atmospheric) gas oil. a light cat cracker oil (LCGO) and coker gas oils.
These o1ls have an initial boiling point typically above about 450°F (232°C).
and more commonly above about 650°F (343°C). with end points up 1o about
[150°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

teed. Such heavy teeds include. for example. whole and reduced crudes. resids
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or residua from atmospheric and vacuum distillation of crude oil. asphalts and
asphaltenes. tar oils and cycle oils from thermal cracking ot heavy petroleum
oils. tar sand o1l. shale oil. coal derived liquids. svncrudes and the like. These
may be present in the cracker feed in an amount ot from about 2 to 30 volume %
of the blend. and more typically trom about 5 to 30 volume %. These feeds
tvpically contain too high a content ot 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 c;u cracking conditions in an FCC process inciude a temperature
of from about 800-1200"F (427-648°C), preferably 850-1150°F (454-621°C)
and still more preferably 900-1 150°F (482-6210 C), a pressure between about 5-
60 psig. preferably 5-40 psig with feed/catalvst contact times between about 0.5-
15 seconds. preferably about -5 seconds. and with a catalyst to teed ratio of
about 0.5-10 and preferably 2-8. The FCC feed is preheated to a temperature of
not more than SSOOF_. preterably 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 simular in design to
that shown in Figure 7 and had an atomizing nozzle of the invention similar in
design to that shown in Figure 4. The operation of this injector was compared to
that of a commercially proven slot and fan design. similar to that shown in US
patent 5.173.175. The commercial nozzle simulated a pipe with an end cap

containing a rectangular. slotted orifice. Both nozzles included a fan-shaped
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spray distributor and were fabricated at a scale ot one half the size of a typical

commercial nozzle. The injector was the same for both cases. with the

difference between them being in the nozzle design. Both injectors produced a

flat. fan-shaped spray and were mounted horizontally and oriented to produce a

{lat. fan-shaped sprayv with the maximum width in the vertical direction. in the

laser light beam path of a Malvern particle sizer. This instrument is well known

and used for measuring liquid spray characteristics. Light diftraction patterns.

each associated with a characteristic drop size range. are focused by a Fourier

transform lens onto a multi-element photodetecter. The light energy distribution

isconverted. via a computer, into a corresponding liquid droplet size

distribution.

A grid of comparative experiments was conducted varying water and

nitrogen flow rates and the Sauter mean liquid drop diameter was calculated.

assuming a Rosin-Rammier distribution function. The results for the two

different nozzle designs are compared in the Table below.

| Injector Type I Water Nitrogen ' Sauter mean diameter
i mass lb/sec | sct/sec microns
Commercial Fan | 493 i .93 | 283
! 1.99 i 39 ; W)
B 4.47 i 0.62 ; 313
| 5.64 | 0.40 | 431
BB 3.53 H 0.94 ; 253
The Invention ; 41.84 1 0.93 f 232
497 | 0.40 : 342
436 | 0.63 { 291
] ! 3.46 0.39 262
' F 3352 1.00 162 ]

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

invention produced an atomized spray having smaller Sauter mean diameter
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liquid droplets. than did the commercial design. This shows that better

atomization was achieved with the nozzle of the invention.

[t is understoad that various other embodiments and modifications in the
practice of the invention will be apparent to. and can be rcadily 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 ot 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.
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CLAIMS:

1. A spray distributor comprising:
a three dimensional member having
(1) a iront surface separated from a rear surtace by a length L along a first
axis and
(2) a continuous. internal, fan-shaped channel open at the tront 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
(1) 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 [.5(L).

. The spray distributor ot claim 2 wherein w- is at ieast about 1.5(w).

i

+. The spray distributor of claim 3 wherein the side surtaces 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 tluid cat cracking process. the invention comprises the steps of:
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gas phase and a liquid phase comprising hot FCC feed oil. into an impingement
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 that in

both streams prior to mixing;

(b)  passing the mixed stream formed in (a) into a shear mixing zone,
downstream and adjacent to the impingement mixing zone with which it is in
direct fluid communication. to 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 effective to catalvtically crack the oil and produce
lower boiling hydrocarbons. the spray distributor being a three dimensional
member having

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

(2) a continuous. internal. fan-shaped channel open at the tront and rear
surface. the channel having

(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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9. The fluid cat cracking process of claim 8 wherein the side surfaces have the

same radius of curvature,

10. The fluid cat-eracking process of claim 9 wherein the side surfaces have a

radius of curvature of about h/2,



