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FEED INJECTOR FAN TIP DESIGN This application is a continuation in part of
L.1.S. Patent Application Serial Number 09/271813 tiled March l8. 1999.
BACKGROUND OF THE DISCLOSURE FIELD OF THE INVENTION  'the invention relates
to fluidized catalytic cracking ("FCC") processes using a high fluid
throughput 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 form droplets. and
then distributing the droplets into the FCC process. The apparatus
comprises a nozzle Having an improved spray distributor end section.
BACKGROUND OF THE INVENTION  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,
humiditication. mixing air conditioning. and chemical and petroleum
refinery processes. Fur most applications. a fluid 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. fluid density.
viscosity. gild 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 of atomization of
relatively viscous fluids at high flow rates. such as the heavy petroleum
oil feeds used in   i/ Y 1J 1' ~~~ V1'O 00/55e3 PCT/US00/07022 -t 



an FCC process, or fluid cat cracking as it ~s also called. ~5 pnrt~cularl~
challengine. FC'C  an established and wid~lv usc;d process in thr
p~trol~t~m retinmg inducstry pr~maril~~ for converting high hoiling
petroleum ails to more valuable lower boiling products. including gasoline
and middle dtillates such as l.crosene. jet and disel fuel. and heating
oil. In an FCC prowess. a preheated teed. often mined with an atomization
promoting t~uid. such as steam, is atomized and brought into contact with a
particulate. hot cracking catalyst flowing up through a riser which
comprises the catalytic cracking reaction zone. Smaller oil teed droplet
sizes in the reaction zone result in more teed conversion to valuable
products, particularly with the incorporation of heavy teed material. such
as a resid. in the FCC leed. il that doesn't make contact with the uprising
catalyst particles. thermally cracks primarily to light gases. such as
methane, and coke. As a consequence. efforts continue to try to find
economically viable means to decrease the droplet size of the atomized oil.
and preferably without either ( i ) an unacceptably high pressure drop
through the-atomizer or nozzle or (ii) increasing the amount of steam or
other atomization promoting went. Examples of such efforts are disclosed
in. for example. US i.'_'89.976 and US i.173.175 which produce an average
teed droplet size in the range of about .~()0-1000 microns. There is sell a
need for finer atomization of the heavy oil teed for the FCC process and
oi~other fluids for other processes as well It would be particularly
beneficial if~the droplet size of the atomized liquid could be reduced to
less than Q00 microns. SUMMARY OF THE INVENTION The invention relates to a
process and apparatus for atomize a liquid. The process and apparatus are
useful for atomizing and injectinU hot teed oil into   ;i ~t JUN Z003 ' w0
00/55543 PCT/US00/07023 _;. _ ~ reaction zone of a Iluid cat cracker. to
achtcve a relatively small cJrop wze. and unit~orm drop size diatr~bumon t
the atomizes! oil drops or elroplms More part~c:ui:~riv. the apparatus ot~
the invention relates to a spry distributing means. such as an expanding
tan-shaped spray distnhutor. tl interior ot'which ~c~mprtses a lan-shaped
cavity open at its upstream and downstream ends. prcierablv adjacent the
downstream side ot~!he atomizing orifice, for controlling the shape of the
atomized spray. In another 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 ot~droplets. In a preferred embudiment. the apparatus of~the
tnventton brietl~~ comprises a body containing a cavity within, comprising
an impingement mixing zone and a shear mixtna zone downstream of the
impingement miring zone. wherein the cavity is elongated in the direction
ot~ fluid flow and extends through the body. Preferably the body contains a
means for splitting a fluid stream adjacent the upstream end ot~ the body
into two separate streams. with an orifice entrance for each stream to
enter the cavity and into the tmpin~ement mi~ina zone. The apparatus may
also include a spray d~stribunne means adjacent to its downstream end. the
fluid entrance of which is adiacent the fluid exit ut~ the shear mixing
zone. with which tt is in fluid communication. Preferably. the spray
distributor means is a spray distributor. The preferred spra~~ distributor
is a three dimensional member having ( l ) 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 l a) flat. parallel top and bottom surfaces separated b~~ a
constant height h measured parallel to a second aws perpendicular to the !
first arts and   - ~ - wo oo/sssa3 



PCT/iJS00/07022 - ~- - .~_ 3~.~UN2003 - i b ) cur~~e.d t first and second
side surfaces both be~n~~ in ceintact with ~l tp and bottom s~irtaces.
herein i ~ ) the first and second side surfaces have a maximum ,cparation
~~~ I at the front surface and ( n ) a maximum separation w~~ at the rear
surlae;e. w, being smaller than w,. and both m, and w, betns~ 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 i-nvention comprises the steps of: (a) separately passing two
streams of a two-phase fluid comprising a 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 ofthe liquid phase is ~nc:reased to be greater thin 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. primaril~~ h~ shear mixm;. to further increase the surface
area ot'the liquid phase: 1 c ) atom~zin~ 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 id) conducting the atomized spray through a spray
distributor into a riser reaction zone. in  hick it contacts a particulate.
hot. regenerated crac;l:ing catalyst. at reaction conditions effective to
catalvtically crack the ail and produce lo~~~er boiling h~~drocarhons. the
spray distributor being a three dimensional member having   - ~ - WO
00/55S43 .;. 



~ 0 JUN 20D ( 1 ) a ti-ont surface sc;parated tom a rear surface by a
length 1_ nlon~~ a first axts and ( ~ 1 a nttnuc~us. Internal. ian-shaped
channel open at the front and rear 5uriace. the channel havrne (a) flat.
parallel top and bottom surfaces separated h~~ a constant helaht h measured
parallel to a second axis perpendicular to thv first axis and ( b) curved
first and second side surfaces both being rn 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 (ti) a maximum separation w,
at the rear surface. w, hetng 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 hydrocarbons are recovered and typically
at least .r portion are upgraded by one or more upgrading operations. such
as tractt~~n;~trn. The cracking reactron produces spent catalyst particles.
which contain Strrn,nahl~~ hydrocarbons and coke. as is known. The lower
boiling hydrocarbons an separated from the spent catalyst particles in a
separation zone and the spent catalyst particles are stripped in a
strtppina zone. to remove the strippable hydrocarbons to produce stripped.
coked catalyst particles. The 5trtpped. ~hi catalyst particles are passed
into a regeneration zone. in which they are contacted with an
oxv~en-containing gas. at conditions effective to burn of f~ the ~ol:e and
produce the hot. regenerated catalyst particles. which are then passed back
up into the riser reaction zone. PCT/US00/070? 2   WO 00/55543 _"_ 13R~EF
DESCR1PT1QN OF THE DRAWINGS Figures 1 ( a ) throw h i ( d 1 schematical Iv
i 11 ustrate various v ic 5 o f ;in o au~ 200 atomizing nozzle of the
invention. with Figures 1 ( a ) and I ( c ) hein rc5pective views from the
upstream and downstream ends o1~ the nozzle, l~ ieurr I 1 h ) h~ino a
cut-away side view and Figure 1 (d) a partial cut-au~av top vie. Figures ?
(a) through '_' (d) schematically illustrate the nozzle ot~ 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 ot~ another embodiment of an atomizing nozzle ot~the
invention. with Figures 3 (a) and 3 (c) being respective views ti-om the
upstream and downstream ends of~the nozzle. Figure 3 (b) being a cut-away
side view and Figure 3 (d) a partial cutaway top view of~Fi~ure 3 (c).
Figures ~ (a) through ~ (c) schematically illustrate three dit~ferent viwvs
and a combination ot'the nozzle ot~ Figure 3 and a preferred spray
distributor. Figure ~ is a cut-away schematic vie~~~ oi~an atomizing nozzle
and tip tn association with an upstream t7uid conduit. Figures ti ( a )
Through b (c ) are views of an atomizin ~ nozzle means ot~ the invention
similar to that illustrated in Figures 3 and -~. but ~herein the shear
mixinn zone includes an atomizing orifice. Figure 7 is a schematic side
view ot~an FCC teed in,jecuon unit PCT/USOOI07022 employing a nozzle of the
invention.   wo ooisssas t'CT/US00/070?2 ~ JUN 2003 Figure ~i is a
5rrnplrtie:d schematic of a ilurd uat crac:kin~ process us~llr! in 



the process of the rnv~ntrorz. DETAILED DESCRIPTION The mvo-phase liurd tad
into the mixing nozzle may he has-cntrnuou5 or liquid-continuous, or rt may
be a bubbly troth. in which it is not known with certainty if' one or both
phases are continuous. This may be tirrther understood with reference to.
for example. an open cell sponge and a closed cell sponge. Sponges
typically have a 1:1 volumetric ratio of air to solid. An open cell sponge
is both gas (air) and solid continuous. while a closed cell sponge is solid
continuous and contains discrete (dispersed) gas cells. In an open cell
sponge. the solid can be satd to he in the form of membranes and ligaments
(such as may exist in a two-phase has-liquid fioth or foam). In a closed
cell sponge. the gas c;an be envisioned as rn the form ofa dispersion of
discrete gas giobtrles in the solid. Some sponges tall in-between the two.
as do some two-phase fluids comprising a has 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 t~~~o-phase has and li~~trid
lluid that is gas-continuous only . Therefore, the particular morphology of
the fluid as it is passed into and through the mi~ir~~ r;ozzle ofthe
invention. is not always known ~~ ith e:ertaintv~. Irrespective u1 this.
for this embodiment ~I~ the invention. there must be sufficient gas present
tn the fluid entering the nozzle. for the impact and shear mixing to
increase the surface area of the liquid phase. This is reflected in
reducing ( i) the thickness of tiny liquid membrane. ( 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 atomization. In the
practice ofthe invention. impin=ement and shear mivin~ rn the nozzle and
through orifices will onl~~ occur ~~~ith a two-phase fluid comprising a gas
phase and a liquid phase. It is preferred that the fluid comprise   wo
o0isssa3 PCT/US00/07022 0 JUN 2003 n~ostl~~ eas on ;.i ~~ofumetr~c hasps f
r.~.. a volumetric gas to liquid ratio c~l~ at last '':1 ) for etiicient
sl~e;~r mmn~. :1 sm~Tle phase fluid (~.~,., liquid) passed through the
nozzle. will have: its I,mrnc e:nerw tnereased directly propornc~nal m the
pressure drop across the nezzU. With a two-phase fluid comprtsinL 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 ~mpin~ement mixing zone. c ii
) in the nozzle shear mt Mina zone. and (iii) when the fluid passes through
an orifice of smaller cross-section perpendicular to the tluid flow
direction than the fluid conduit means upstream ot~the orifice ( a
pressure-reducing orifice). This velocity dit~ferential between the gas and
liquid phases results in iigamentation of the liquid. particularly with a
viscous liquid. such as a hot FCC feed oil. Bv ligamentation is meant that
the liquid forms elongated globules or rivulets. The velocity differential
is decreased during shear mi~;ing. Thus. passing a two-phase fluid through
a pressure-reducing orifice or impingement mixing it, produces a velocit~~
differential between the gas and liquid which results in ligamentanon
ot~thr liquid and/or dispersion of the liquid in the gas due to shearing
ot'the liquid mm elongated ligaments and/or dispersed drops. Additional
shear of the I~qu~d occurs when the fluid enters the orifice entrances of
the nozzle and through the atomizins orifice. This additional shear also
adds to reduction ot~ the ultin~:~t~~ droplet size of the oil droplets tn
the atomized spray. The atomizing zone ~. .~i .s lo~er pressure than the
pressure upstream of the atomizing orifice. Consequently. the gas in the
tluid passing through the atomizing orifice rap~~il~ expands. thereby
dispersing the liquid rivulets and/or droplets Into the atom>n~~ zone. .Any
rivulets break into two or more droplets during the atomization. 1 I~
atomizing orifice may be a discrete, readily discernable orifice downstream
ui~ the shear miain~ zone. or it may he in the form ot~ a region or zone
ot~ the smallest cross-sectional area in the shear mi~in~ zone. In the
later case. tlu~d atomization beans m the shear mixing zone oi~the nozzle.
In the strictest technical sense. atomization sometimes refers to
inereasino the surtac~ area of a liquid and this occurs when the steam or
other atomizing ~_>as is mired ~~~~th. or   V1'O 00/55543 PCT/USOOI07022 -
`' ~ ~ n ,!!JN 2003 injected into. the liquid to be atomized. However. in
the context ut the. invention. atomization means that as the fluid passes
through ihc atomizing uri lice, the liquid phase breaks up. or begins to
break up. into discrete tnassus in the gas phase and this continues as the
tluid continues downstream ~llld till: iii.luid is atomized into a spray
c~l~ droplets dispersed in the ~~as phase. Reterrins? now to Figure 1.
there are shown four different schematic views 



ot~ an embodiment of an atomizing nozzle of the invention 10. Thus. nozzle
1 U is shown as a evlindrical body 1'_'. the interior of which comprises a
single. unitary and generally longitudinal cavity I4, open at both ends and
having a longitudinal axis coincident with the longitudinal axis of the
nozzle. The upstream and downstream ends of cavity 14 are located at the
respective upstream 16 and downstream 18 ends of the nozzle, for fluid to
tlow through. Cavity 14 is generally rectangular in cross-section normal to
the longitudinal axis and is divided into three sequential zones. all
otwhich are in fluid communication. with adjacent zones in direct fluid
communication. Beginning at the upstream end and progressing downstream,
cavity 1=t comprises a )laid expansion zone ?0. followed by an impingement
mixing zone '_''_' and then a shear mixing zone or throat portion ?~. The
upstream opening of the e:avit~~ comprises a pair of symmetrically
identical and circle segment-shaped fluid openings ?6 and ?6~. separated in
this embodiment by a tluid stream splitting means 28. Means ''8 in this
embodiment comprises a oenerallv rectangular shaped plate. which bisects
the circular entrance end of the nozzle. for splitting a stream of tlowino
fluid .just upstream ot~ the nozzle. into two separate and equal streams.
which pass into and through the fluid openings ?b and '_'6~. Each ot~the
two parallel edges of the plate torm the chordal portion of each respective
tluid entrance. The downstream end of the cavity 1-t comprises a
non-circular exit orifice 30. In this embodiment the oritice is shown to be
square-shaped. although other shapes may also be employed. .~ non-circular
orifice ~s preferred. This exit orifice ma~~ or ma~~ not comprise at least
a portion of the atomizing   WO 0U/55543 PCT/USUU/0'7022 ' ~"^J 2003 means.
Cavit~~ I-i ~s lurmed h~~ two different pairs ol~()pposlnL ~~'alls I
~e~-a8-~~) - ( ~6~-38~-'_'3~ ) and ~-1-3-l~. as shown. Walls 3~ and 3~~ are
~d~noc:al. Ilat. paral lcl and are rectan~~ular in Shape. while .i(~-
~8-'_'3 and 36~-38'-'_'3' are S~~mrnetrical. The same Point on a wall pair
is equidistant ti-om the In<>>tudinal axis for each ~~~all. with the
~ntersect~on of walls ( 36-38-'?3 )-3-1 and ( 3(~~-38' ?3 ~ )-3~' each
torm~n~ a right angle. Walls 36-38-?3 and 36'- ~8~-'_'3' each begin
upstream with an arcuate or circular shape perpendicular to the
longitudinal axis of th a nozzle. substantial lv conforming to the circular
shape of the upstream teed conduit and the fluid entrances of the nozzle.
This shape is maintained until the steps 38-38' at the entrance to the
throat portion ?4 is reached. at 4vhich point it changes to a flat shape
which continues (?3 and ~3') until it terminates ~n the square-shaped exit
30. to more effectively utilize the impingement momentum. This produces a
more uniform size distribution of the atomized oil droplets. than a
circular or arcuate exit would. The two symmetrically identical and
segmentshaped fluid openings ?6 and '_'6~. are diametrically opposite and
radiallv spaced apart. equidistanrirom the longitudinal axis. The combined
cross-sectional areas of these two segment-shaped fluid openings is smaller
than that of the small expansion zone 20. but larger than the rectangular
opening olthe impingement mizin~ zone immediately downstream of"_'0. in
order to reduce the pressure drop of~the fluid entenn~ into the mixin;
zones. Bv cross-secnonaf area ~s meant the cross-sectional area normal to
the average fluid flow throueh the nozzle. In this embodiment. it is also
the cross-sectional area normal to the loneitudinal a~~s of the nozzle and
this is t~~pical for a nozzle ot~ the Invention. Here~natter. all
references to cross-sectional area will refer to the area normal or
perpendicular to the direction of tluid flow. In this embodiment and tn any
typical embodiment of the ins ention. the t7uid openings into the cavtt~~
will he ~~elocit~~increasing fluid opentn~s. because ot~their smaller
cross-sectional area compared to shat of the llow~n~ fluid stream. before
being split into two separate streams. This can be seen. for wample. in
Figure s. Looking at Figure 1 (b). .~ two-phase t7u id stream comprism~ a
gas phase and a liquid phase comprising the I~qutd to   wo oo~sssa3
PCT/US00/07022 ~ o ~utV z003 be atomized. flomnt~ i~rom upstream into and
through cavrtv i-i ~n nozzle I(). is forced to split into wo equal streams
by means '_'~. woh each split stream entering into the nozzle tlzrouQh
respective opening pairs ?6 and ~6~. ~n thr upstream end 16 ul~thmozzie. In
the embodiment shown in f=igure I (aJ, the pressure drop due to the
impingement onto the splitting means 2H mad- he tc>c~ high for some
applications and. hence. a lower pressure drop means liar introducing fluid
into the nozzle can be employed. Thus, two separate tluid streams ti-om any
convenient source and comprising a two-phase mixture ofa gas phase and a
liquid phase. may be fed into the nozzle) at two radiallv spaced apart and
substantially equal size tluid openings. In this embodiment. the two
separate feed lines teedin~ the tluid two separate nozzle inlets. have to
be sized so as to achieve,the desired fluid inlet velocity. Looking at
Figure I (b), each split stream is introduced into a respective top and
bottom of the cavity. through the velocity-increasing openings 26 and 26~.
As the fluid flows through each opening into the cavity, its velocity is
increased because of the smaller crosssectional area of the openings
compared to that of the upstream conduit. This results in shearing forces
hecause the lighter has phase accelerates more quickly than the heavier
liquid phase. Atier this. each tluid stream passes into the expansion zone.
~hich is a controlled expansion zone ?0 ( 1 10 in Figure ~(b) and Figure 3
(d)), in the sense that the fluid is not permitted to ti-eelv expand. as it
is in an atomizing zone. This slight expansion zone between the two fluid
entrances and the upstream end of the impin_ement mixing zone. reduces the
pressure drop ti-om what it would otherwise he r f the expansion zone ~as
not present. The outer peripheral portion ot~ both tlowin~ tluid streams
impacts or impinges directly unto the right angle steps ~8-38~ and is
forced radiallv inward to impinge directly into each other in impingement
zone ?'_'. In this embodiment in which steps 38-38' axe both at right
angles to the longitudinal 



axis ot~the nozzle and cavit~~. the included angle between the impinging
fluids is 180`'. Thus. the fluid impacting plane. taken as vertical in the
dramn~. ~s normal to the longitudinal axis of the nozzle. This radial.
right angle   WO O0/55543 PCT/US00/0702'_ n .~uN loop ~mpmgement directs
the radiallv mvard component ot~both streams to a pmnt on the longitudinal
axts. ~~~hic:h produces the maximum impingement m~nL possible. ids the
fluid c;ont~nues downstream. it enters the shearing zone whose
gross-sectional area decreases in the downstream direction. to increase the
flo~~~ yelocitv and t~urther reduce the size ot~the liquid globules.
primar~lv by shearing. While there is no abrupt change from the imp~n~ement
mi~in~ zone to the shear mixing zone, in this embodiment. mostly shear
mixing begins downstream of the steps 38-38'. One pair ot~ opposing walls
'?3 and ?3' defining the shear mixing zone. are sloped and converge inward
in the downstream flow direction. to the square exit orifice 30. The
gradual decrease in the cross-sectional area ot'the shear mixing zone t~rom
this downstream wall convergence results in an increase in t~uid tow
velocim. with the maximum velocity achieved at the downstream nozzle exit
orifice 30. Nozzle 10 can be fabricated in a number of different ways. at
the discretion of the practitioner. Thus a lost wax or investment casting
process could be employed. as well as torgin_ and other casting processes.
The nozzle may be fabricated ot~ a ceramic, metal or combination thereof.
Fabrication of a nozzle using a plurality ot~stacl:ed. relatively thin
metal plates or platelets. ~n order to form an article having fluid passage
means therein. is known and disclosed as useful for rocket motors and
plasma torches in. for example. L1S Patents 3.881.701 and ~.~~~.~4U 1. This
fabrication technique is also useful in fabricating nozzles of the
invention. tncludtni? the embodiments aenerall~~ disclosed and shop;~n in
Figures 1-fi. and nozzles of the invention hare heen fabricated using this
technique. However. the invention is not intended to be 1 invited to the
use ot~ this t~chntque for nozzle fabrication. Fi gure '_' ( a )
schematically illustrates a cross-sectional side view of nozzle 10 ot~
1=iure 1. fabricated of a plurality of stacked metal platelets. ~0-62. The
tndtyidual metal platelets are prepared having the required cavities and
any other passages therein. as holes. slots or orifices ewendm~ through the
platelet. ~l-hev ire then   w0 00/SSS.~3 PCT/US00/07022 3 0 JUN 2003
stacked together. hoped andic~r dit'tusion bonded together. to I~rm thr
linal nozzle. 'thus. in Figure '' (;t). starttn~ from the upstream end of
the nozzle. platelet ~0 comprises a dish having the two circle
segment-shaped peitin~Js in it detined by the stream apfitnn~ plate ?8. as
illustrated in Fi~~ure 1 (a). I-yure (d) schematically illustrates disk ~6.
which includes the shoulders 38 and 3R' In Figure ? (d), disk ~6 is a solid
metal disk having a generally rectangular cavity 1 ~ in its center ponion.
This illustrates the relative size and shape ~~t the cavity 14, adjacent
the impingement mining shoulders. The gradual decrease in the distance
between opposite sides ot~the converging walls (the vertical size ot'the
opening in each platelet ). starting with ~ 7 and proceeding to 62.
approximates the opposing, flat angled throat wall sections 23 and `_'3'.
illustrated in Figure f 



( b). While each of'the radialJv inward steps of each successive disk ~7-b2
is not lar_e enough to impart as much radially inward momentum to the
t)owin~ fluid. as in the case ot'disk ~6. they do continue to impart a
radial)y inward. impingement mixin; component to the flowing fluid. Figure
? (a) also includes an atomtzine spray distributor 64 (also referred to
herein as a 'tip" or "tan tip") at the downstream end ut~the nozzle. for
productn~ a ~eneraliv tlat and tan-shaped spray ot'the atomized liquid.
Other views ot'tip 6~ are shown ~n Figures ? (b) and ? (c). This unit is
~~elded. bolted. brazed or othenvise attached to the nozzle. thereby
forming a part of the nozzle. In this embodiment. distributor 6~ includes a
flange 63 for attachment to a nozzle. The t~an~e has an orifice 7() in its
center. normal to the fluid flow direction adjacent to. and the same size
and shape as the nozzle exct (30 cn Figure 1 ). Orifice 70 opens up
downstream into a ~eneraily flat and divergent tan-shaped channel tormino a
spray distrcbuuon tip. detined by opposing ~~~all pairs 66-b6' and
7.1-7-t'. which define a tan-shaped atomizing zone 68. The channel is open
at its front surface ( i.e. the upstream end ot'the channel ) and at its
rear suri~ace ( i.e. the downstream end ~f'the channel). Zone 68 is seen
sliphtlv conversing in the ~~ert~cal direction proceeding downstream. as
shown tn Fi cure '_' ( a ), to control the rate oi' shear mixing while the
tiow is diver~inQ in the horizontal direction. as sho~~~n cn   WO 00/55543
_ PCT/US00107023 ~a  ~ ~ ,1~!N 2003 Figure ? (c). The tip cods downstream
in orifice 7?. which is e~riented normal to the outward tlo~y spray
~iir~ct~on and has its longest dimension <zontrailv perpendicular to the
impingement tluid t7ow~ direction Imparted by 3h-~8' 1'he fluid e~itine the
orttice 3l) or~the nozzle. enters into the oontrollocl u~pans~on zone 68.
tf~rou~h orifice 7U. This Iilriher shears the fluid, as mentioned above.
thereby further reducin_ the drop size oFthe liquid dispersed in the fluid.
Expansion zone b8 is at a lower pressure than that upstream of orifices 3U
and 70. with the result that the gas phase rapidly expands and atomizes the
liquid to produce a spray oi'the atomized liquid droplets. This further
shears the liquid droplets and the tan shape of the atomizing tip produces
a tan-shaped spray of~ the liquid droplets. which continue through zone 68
and into the lower pressure downstream location shown in Figure 7. Figure
3, schematically illustrates another embodiment of an atom~z~n~~ nozzle 1U0
ot'the invention. In this embodiment. as in the other embodiments ~t~ an
impingement and shear mixing nozzle of the Invention shown in the 1- ~
ures. each split stream enters the interior cavity ot'the nozzle
substantiall~~ parallel ~~~ the overall fluid tlow direction, which is
parallel to the longitudinal axes of the cavity and. in these embodiments.
also the nozzle. These streams arc tquai. symmetrical and enter the cavity
at a respective top and bottom. heln diametrically separate and opposed. as
shown. In the impingement m~n~~ portion of the cavit~~. a radiallv inward
t7ow component, normal to the longitudinal axis. creates the impingement
mtxin~. The sln~le stream Ic~rm~d ~n the impingement mixing zone or
portion. t7o~~~s penerallv parallel to the longitudinal axis in the shear
mixing zone and out ot'the nozzle. ,-~ ~~ie of the nozzle from the upstream
end and a side ~ few in partial cut-away fashion :Ire respectivei~~ sho~~n
in Figures 3 (al and 3 (bl. Thus. nozzle 100 is shon as a mlindrical body 1
U'_' containing a single. lonoltudinal cavtn~ 1 ()-1 within. LeinL
symmetrical about its longitudinal axis. which is coincident with the
lon~~itudinal axis ot'the nozzle. Cay~t~~ I U.~ is open at both ends tar
tluid to flow throt~~h.   W O 00/5 543 PCT/tJS00/07022 0 JUN 2003 with its
fluid entrance an~i ~xv mds. c~tendin~ through the lluid upstream I ()6 and
e~tt downstream l I)R ends of~the nozzle. as shown. Cavin l f)~ rompris~s a
sequence of three zones, all in fluid communication with each other.
~tartin~ at the upstream end ~f~the cawv they are. (i) a fluid wpansion Lom
I 1 (), t ii 1 a (laid impingement mixinL zone 1 1? and a lluid shear
mixing zone I !-1. with the impingement and shear mt~ing zones having
substantially rectangular crosssections. As is the case for the nozzle of
Figure I. the tluid passed from upstream into nozzle 100 is a two-phase
fluid comprising a gas phase and a liquid phase comprising the liquid
desired to be atomized. The upstream end 106 ot~ the nozzle contains a pair
of symmetrically identical fluid entrance orifices I 16 and 1 16'.
diametrically opposed and radially spaced apart. equidistant from the
center and in the shape of a segment of a circle. As is the case for the
nozzle ot~ Figure 1. in this embodiment the two fluid entrances are also
radiallv equidistant trom the center and separated by a generally
rectangular stream-splitting plate I 18. which bisects the circular
entrance end ot~ the nozzle. and with each of the two parallel edees 1 19
and 1 19~ of the plate. forming the chordal portion of each respective
fluid entrance. Thus, a fluid tlowin<T icom upstream into the nozzle is
split into two identical streams. each of which passes into and through a
respecnve fluid entrance I I 6 and I 16' and into the interior of the
nozzle. In this embodiment. and as is shown in Fii7ure 4. the
cross-sectional area ot~ each fluid entrance is less than half that oi~ the
upstream fluid conduit. This means that the ~~elocitv of each of the two
streams entering a respective entrance is Greater than that immediately
upstream. This produces a shearing action on the nvo-phase fluid. thereby
increasing the surface area ot~the liquid phase. Looking at Figures 3 (b).
Figure :~ (a) and Figure ~. a fluid stream flowing into and through nozzle
l00 is forced to split into two equal streams by means 118. each of which
enters into the nozzle through respective equal size orifices I 16 and I
16'. While splitting a single fluid stream into two separate streams in
this fashion is convenient, the invention is not limited to this
embodiment. In the embodiment shown in Figure 3. the pressure drop due to
the  
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splitnn~ means may be too high t~or some appllc:atluns. A lower pressure
drop morns pan bo employed or two soparatc streams tram any ~onvenrent
source n ~a~~ bo tec) into the upstream end ot~ the rhamher 1 t)-1. and
preferably through shear-inducing orifices. Also, as rs the c:asu liar the
nuzzle oi~ f=igure I, the cross-sccttonal area relationships ot'the fluid
~ntrancus. the expansion zone I 1 U and the upstream opening oi~the
impinLement mixing cone also apply here. As each fluid stream enters into
the open-ended. unitary and singular cavity 10~ longitudinally extending
through the nozzle. rt immediately enters into the expansion zone 1 1 U
just upstream ot~ the impingement mixing zone 1 12. so that it can be
turned radially inward without an excessive pressure drop. This is not an
uncontrolled expansion. but it minimizes coalescence ot~ the smaller liquid
drops farmed by passing the fluid through the entrances. As each stream
continues downstream. the circumferentiallv outer portion contacts a means
which imparts a radiallv inward flow component to it, thereby forcing a
portion ot~ each stream to flow radiallv inward. where it impinges and
impacts the radiallv inward flow from the other stream. head on. This
causes ~~iolent and chaotic mixing. which converts kinetic enemy into
increased liquid phase surface tension energy. as reelected in an increase
in the surface area ot~ the liquid phase. 'this surface area increase
ulttmatelv manifests itselt~as smaller liquid droplets rn the final
atomized liquid spray. Two arcuate. crrcumierenttal or peripheral
shoulders. 1'_''_' and 1??~. extending radiallv inward from walls 1?~ and 1
'_' ~'. impart the radiallv inward tlo"~ component to each fluid stream as
it impinges upon each shoulder. thereby forcing a portion of each stream
against a portion ot~the opposite stream being directed towards it. Thus.
the radiallv inward flows are directed against each other tn a head-on
fashion. thereby producing ~~iolent and turbulent mr~ing to further
increase the suriare tension enersy ot~the liquid phase ot~the fluid. This
inward t)ow component is normal to the longitudinal axis of the nozzle. The
plane of both of the shoulders 1'_''_' and 1 ~'''~ is normal to the
ionaitudinal noz2le axis and parallel to the slat ( 1 U6 and l US) ends of
the nozzle and. therefore. concomitantly parallel to the fluid exit   w0
00/5S543 PCT/US00/07022 ~ ~ ~u~ 2oa3 orifice 1?8 oi~the nuzzle and mixing
cavity. ~llthoueh slight dmer~ence li-om normal c:an be tolerattct. it is
preferred that the plain ot~the shoulder surface h~ within 90u + ~" f~the
luneitudinal axis of the r~ozzl~. This ~5 also tf ca,c fir the nozzle of
Fi~7ur~ 1. It is preferred in the practice ol~ the ~n~-rntion that the
fluid evil oritic~ oi~ the nuzzle nut be circular for the reasons given
prey mush . Thus, the exit on f ice l ~' R will have one dimension longer
than the c~tfi~r. and it is preferred that the longer dimension of the
generally rectangular-shaped impingement mixing zone be normal or
perpendicular to the longest dimension ot~the fluid exit orifice. The
turbulent fluid passes from the impingement mixing zone into and through
the shear mixing zone I 14. which may also be referred to as a throat. This
zone is also formed by two pairs of opposing and generally parallel walls
130-130' and 1?6-I26', which intersect at a 90u 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 ot~ radiallv opposite and opposing walls) one pair of which. 1'?6 and
1'_'6~. converge inward in the downstream flow direction and the other pair
of which. I 30 and 130 ~. diverge outward in the downstream flow direction.
The net etiect is either a Generally overall constant cross-section ot~the
shear mixing zone normal to the fluid t7ow. or one that r~n~~er~es and then
diverses by from about 1 ()-~0,.> larger than the minimum cross-sectional
area. For this embodiment. it ill be taken as a ~enerallv constant
cross-section. This design of divereinp and con~~erGinQ walls produce a
shear mixing zone havinG a lower fluid pressure drop throrigh ~t. than the
embodiment illustrated in Figure I. It also reduces the possihiliy of
coalescence in the shear mixing zone. as compared to that shown in Figure
1. The orifice entrance l3? to the shear mixing zone f I~t is defined by
the radially inward edge of shoulders 1'?'_'-1 '?'_'' and the intersection
of walls I '_'-t- I 30 and 1'_'-~'-l30'. The cross-sectional area ot~the
orifice entrance to the shear mixing zone is smaller than that of the
combined areas of 1 1 b and 1 I (~'. This ~creases the velocity of the
fluid as it flows into the shear mixing zone. In this embodiment. the
divergence and convergence of the two pairs ot~opposin walls  
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the fluid flow into a gc:nerall~~ rortan~~ulsr shape at the e~tt orifice
1'?3. us is shown in Figure 3 (c). 'this is dons tci a~~nmmctdate the ilo~~
from the nozzle I ()U. smoothly into the atomizing spra~~ ~fistributton tip
I ~0. as 511o\~n in Fiure -4 'T'hus. turnrng to Figures -t (a). -~ (b) and
-t (c). it is s~~n that thusc Fi~uures are similar to Figures 3 (b). 3 f cl
and 3 (d). respectively, with the exception o1~ the atomizing spray
distribution tip l s0 adjacent and attached to the downstream orifice exit
ot~the nozzle 102 in Figure ~t. This was omitted from Figure 3. for
c-laritv and ease in understanding the invention. Thus. atomizing spray
distribution tip 1 ~U comprises a generally fan-shaped body 1 ~? ountaining
a tanshaped channel or cavity 1 ~4 within. defined by opposing and
outwardly diverging walls (side walls) l~~ and 1~~'. 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 is increases. as shown in figure ~I(b).
The fluid entrance 1 >8 of~the tip is an opening in the front ( i.e.
upstream ) end ot~ the channel and corresponds in shape to the fluid exit
128 ot~ the nozzle to ~hirh ii is attached. The exit 16U of the tip is an
c~penin~ in the rear (i.e. downstream) end oi~the channel which is larger
in order to permit the atomized spray of liquid drops to continue
e~cpanding into a tan-shaped spray. The pressure in 1 ~.~ is lower than
that in the nozzle cavity. ..~ccordin~l~~. the side walls are separated b~~
a idth ~, at the channel's tiont surface and a ~~~idth ~~ at the channel's
rear surface. In cases where cun~ed side walls are employed. w, and ~, are
measured  here the side wall separation is the widest. which will usually
be the center of the channel measured along a line s~paratin~ the channel's
top surface lrom the bottom surface. Preferably. ~;~, is at least about
l.~(L). where L is the length ot~the channel measured ti-om the lront to
the rear surface in a direction approximatel~~ parallel to fluid flow.
Preterabl~~. ~~~~ is at least about l.~(, ).   WO 00/55543 ;i (~ ,lUf~ 2003
It should hr nooecl that while flat, parallel top and boutom ~hanml
,urlaces are ~~enerallv pret'erred. thev may he curved. Further. tilo~~ may
diverse ~n a tanshaped manner w ith the separation increasing tcom upstream
to downstream. It should also be nosed that while the side walls will
~enerallv have the same curvature. the curvatures may he independently
selected. 1'reierablv. the curvature is circular ( i.e:. in one view the
side is an arc of a circle. as shown ~n ti~ure ~l(b), and the radius of~
curvature ot~ either side wall may be independently selected. The preferred
radius of curvature is about h/2 where h is the height of the channel in
the direction approximately parallel to the side walls and approxirnateiv
perpendicular to fluid t7 ow. While not required. the center ot~ each side
wall's radius ot'curvature is generall~~ located near a line parallel to
the top and bottom surtaces, the line beine preferably located at the
midpoint between the upper and lower surfaces and approximately
perpendicular to the direction of i7uid flow in the channel. The mixed
t7uid exiting the nozzle into the lower pressure atomizing cavity 1 ~4.
atomizes into a fan-shaped spray of liquid droplets. which continue cut of
the exit end 1 ~6 ot~ the tip and into a r~s~r reaction zone ot~ an FCC
unit. such as that shown in Figure 7. 1=i~ure ~ schematically illustrates a
cut-away viei~- of an atomizing nozzle and tip. in association with an
upstream trued conduit. Fluid conduit I6~ provides the t7ow path for the
tluid trorn an upstream source to be split into to separate and equal t~uid
streams. which pass into the respective nozzle entrances 1 16 and 1 16~.
Fiure 6 is another embodiment of an atomiztn~ nozzle of the invention in
which the shear miring zone is actually a compound zone which includes both
shear mixing and atomization. by virtue ot~an atomtzina zone tn the shear
mtxin~ zone. .~tomtzin~ nozzle l70 shown ~n Fieure 6 is identical to nozzle
100 shown in Figures ~ and -1. except for the shape of the fluid inlet
orifices and PCT/US00/07022  
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nozzle 170 lnclUdes a c:vllndncal body' 17'_' c:ontamin~ a unitary cavity !
7.1 ~~lth~n. for Impact and shear mixing the t~~o-ph;is~ Iluld tlowing
through the nozzle. .~s shown in Figure 6 (a). fluid Inlets I 17 and 1 J 7'
need not he comp I ete se gments. i t the upstream teed condu it ( e.~~.. I
(~-1 m F i ~~ure ~) is sufficiently lame to allow an acceptable nozzle
entry pressure drop. fhe shear mi~cin~ zone 1 1 ~. has a ~otnple~c shape in
which the cross-sectional area of the zone, starting upstream at 1? 1 and I
Z 1 ~. at first decreases and then increases. prior to the downstream tluid
exit 128. Two partial cross-section views ol~ the nozzle taken at 6 ( b) -
6 ( b ) and 6 ( c) - 6 (c) are shown in Fi sure 6 ( b ) and Figure 6 (c),
to illustrate the somewhat complex nature otthe 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 ofthe shear mixing zone at i21-121' and exit orifice I?8. Orifice
l28 is otthe same size and shape as that in the nozzle illustrated in
Figures 3 and ~. 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 twophase fluid flows through the orifice and into a
lower pressure atomlzin~ 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 Qas than the
higher density (and incompressible) liquid phase. This induces shear until
their velocities more nearly equalize. This shear further decreases the
ultimate size of the o11 droplets in the atomized spray . Reterrm~ now to
Figure ?. an FCC feed injection unit 1$0 useful in the practice of the
invention comprises a hollow feed injector 18?. attached to a nozzle means
184. h~~ means of respective flanges 186 and 188. Nozzle means 18.i is
shown as a ~ondult penetrating through the wall l90 0l~ an FCC riser and
into the riser reaction zone l9?. The riser is a cylindrical. hollow. and
substantially vertically oriented conduit. 1n a portion otwhich (the riser
ruction zone I the atomized oil teed contacts the uprising. hot catalyst
particles and is   V1'O 00/SSS43 ,, PCT/US00/0702Z 3 0 JlIN 2003 cracked
into more uselul. lower hoiling hydrocarbon products. ( )nlv ,i purtion t
the riser conduit ~5 Shuw n for cunvenience. I-he feed injector means 1
H'_' comprises a hollo~~~ ~undu~t I y4. into which the preheated ~I lecd is
introduced via feed line l96. w iich lurms a T-.junction with the wall oi~
the upstream portmn of the injector. The do~~ nstream portion of the
injector terminates in an impineement and shear mixing nozzle l 00 of the
invention. having a Ian-si~aped atomizing tip or distributor 1 >0 as is
illustrated in Figure 4. both of which are shown as boxes for convenience.
The tan-shaped distributor 1 ~0 produces a relatively t7at. fan-shaped
spray of the atomized oil into the riser reaction zone 192. A steam
sparging conduit 198, having a smaller diameter or cross-sectional area
than the tn,lector conduit 194. extends into and is axially aligned with
the longitudinal axis ~of conduit l94. in this embodiment, the central.
longitudinal axes of both conduits are coincident. This provides an annular
flow path I 97 for the hot oil. upstream of the exit end of the injector.
Steam conduit l 98 terminates inside conduit I 94. upstream of the nozzle
l00. It should be noted that steam may also or alternatively be mixed with
the teed external to the nozzel, as shown in figure 8. A plurality of holes
or orifices 199. radiallv drilled circumferentiallv around tile downstream
end portion of l98. provide the means for spargina jets of steam radially
out and into the annularl~~ surrounding. hot oil tlowing do~nstream 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
sparaed into the oil is typically between 1 and ~  t. ' of the hot oil
teed. The resulting fluid mixture. which rnav typically cornpr~se. on :~ ~
plume basis. 7~-8> 'o steam and I ~-''~ % oil. is passed to the nozzle 100
which splits it into two separate steams which separately enter the nozzle.
The two streams are imptn~ement mixed in the nozzle to form a single
stream. which continues into and through the shear mixine zone in the
nozzle. The mixing 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 atomizin~~ orifice. it passes into the lower
pressure controlled expansion zone defined h~~ 
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atomtztn~ ~~rrlice and controlled expansion gone 1 shown t n f= i atrre ~4
) are hoth in tluid communication with the lcver pressure riser reaction
zone 1 ~?. The atomized spray ol~ oil drops prorceds into the riser
reaction zone I 9?. in ~~ Rich rt contacts an uptlowrn`~ stream ~il~ hot
ratalvst particles (not shown), which catalvticallv crack the heave oil
Iced into the desired lower boiling product fractions. Figure 8 is a
simplified schematic ot~ a fluid cat cracking process used in conjunction
with a feed injection method and atomizing nozzle means of the invention.
Thus. an FCC unit ?00 useful in the practice of the invention is shown
comprising a catalytic crackin; reactor unit ?U? and a regeneration unit
?04. Unit ?02 includes a teed riser '?06, the interior of which comprises
the reaction zone, the beginning of which is indicated as ?08. It also
includes a vaporcatalvst disengaginE zone ? 10 and a stripping zone ? 12
containing a plurality of bathes ? 1 ~ within, in the form of arrays of
metal "sheds~~ which resemble the pitched roots of h-ouses. .A suitable
stripping went such as steam is introduced into the stripping zone via line
? 16. The stripped. spent catalyst particles are fed into regenerating unit
?04 via transfer line '? 1 S. A preheated FCC teed is passed ~ is line
'_''_'U into the base of riser ?06 at feed infection point '_''_'-1 l~the
tluidized cat cracking reactor unit ?02. The feed injector shown in Figure
6 is located at ''~'-1. but is not shown in this Figure. for simplicity. In
practice. a plurality of teed injectors w~il! be circumferentiallv located
around the feed injection zone ot~ the riser. The teed injectors ~~~ill be
of the t~~pe illustrated in Fi pure 7 Steam is injected into the feed
injection unit via line ?'_''_'. As set forth below. the feed may comprise
a mixture of a vacuum gas oil ( VGOI. a hea~~~,~ teed component. such as a
resid traction. and mixtures thereof. The atomized droplets c~t~the hot
teed are contacted with particles of hot. regenerated cracking catalyst in
the riser. This vaporizes and catalvticall~~ cracks the feed into lighter.
lo~~er he~iling f ructions. including fractions in the <_~asoline boiling
range I t~~picall~ I ()()--4UU"F). PCT/US00/070~2 as well as higher
bUlina~et tiiel. diesel Fuel. kerosene and the like. The cracking   wo
ooisssas rcTiusooia~o~~ ,;. ~ 0 JUN 2003 catalyst is a mature c~l~silica
and alumina containing a zeolite molecular ~~e~~ cracking component. as is
l,no~~ n to those skilled in the art. The ratal~~tic ~rackina reactions
start ~~ hen the feed contacts the hot uatalvst ~n the r~scr at feed
in,tect~on point ?3-l ~md continues until the product vapors are separated
from the; spent catalyst in the upper or disengaging section ? 10 ot~ the
cat cracker. ~fl~e cracking reaction deposits strippable hvdrocarbonaceous
material and nonstrippable 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 ?0? contains cyclones (not shown) in the
disengaging section ? 10, which separate both the cracked hydrocarbon
product vapors and the stripped hydrocarbons (as vapors) from the spent
catalyst particles. The hydrocarbon vapors pass up through the reactor and
are withdrawn via line ??6. The hydrocarbon vapors are typically fed into a
distillation unit (not shown) which condenses the condensable portion ofthe
vapors into liquids and fcnct~onates the liquids into separate product
streams. The spent catalyst particles call down into stripping zone ? 1''
in ~hich they are contacted with a stripping medium. such as steam. which
is fed into the stripping zone via l~ne ~ I 6 and removes. as vapors. the
strippable hvdrocarbonaceous material deposited on the catal~-st during the
cracking reactions. These vapors are withdra~~n along ~j~ith the other
product vapors wa line ??6. The battles ? 1 ~ disperse the catalyst
particles un~ tormlv across the width of the str~ppin~ zone or stripper and
m~n~tnize ~nterna! ret7u~in~ or backmi~in~ of catalyst particles in the
str~pp~ng zone. The spent. stripped catalyst particles are removed trom the
bottom ot~ the str~pptna zone ~~ia transfer line ~ I S, from which they are
passed into tluidized bed ~''_'8 in regenerator ?0~. In the t7uidized bed
they are contacted w ith air entering the regenerator ~ is line '?-)0 and
some pass up into disengaging zone ?-12 in the regenerator. The mr oxidizes
or burns off the carbon deposits to regenerate the catalyst particles and
in so doing. heats them up to a temperature  iich typically ranges from
about 9~0-1 ~;OOoF. Regenerator ~0~ also contains cyclones ( not shown )
which   



WO U0~555a3 =.1  PCT/US00107022 fl .lIJN 2003 separate hat re~~enerateci
oatalvst partrcles from the ~zasectus c:omh~tstrc~n products ( Ilue yas).
whrch comprrsts rnc~stlv CO~ C: U. 1-I,U and N, and fi.~etJ the
re~~enerated catalyst paracfes hack down into lluidized catalyst hod
'_''_'8. by means of diplegs ( nc~t sl~c~~n ). as is known to those skilled
in the art. I-ho tluidized bed ?'_8 rs supported on a gas distributor grid.
which is hriell~~ illustrated as dashed line ?-t-1. The hot. regenerated
catalyst particles m the tluidized bed overflow the weir 246 formed by the
sop ota tunnel ?~8. which rs connected at its bottom to the top ofa
downcomer ?~0. The bottom 1~ downcomer 2~0 turns into a regenerated
catalyst transfer line 2~?. The overflowing, regenerated particles flow
down through the funnel, downcomer and into the transfer line '?~? which
passes them back into the riser reaction zone, in which they contact the
hot feed entering the riser ti-om the teed injector. ~fhe Clue gas is
removed trom the top of the regenerator via line '?~4. While the spray
distributor may be practiced in connection with the nozzle set forth in f i
cures 1 through 7 and described in detail above. it should be pointed out
that the spray distributor may be used in connection wall any atomizing
nozzle, parttcularlv atomizing nozzles for use in FCC processes. In this
regard. in an alternative embodiment the spray distributor may be used in
oonnectron with the FCC injection apparatus and method set forth in l'.S.
Patent '~Io. >.173.1 p. incorporated by reference herein. Cat cracker feeds
used rn FCC processes tvp~calJv include gas mls. which are high boiling.
non-residual oils. such as a vacuum gas ml ( VGO). ;~ straight run (
atmospheric 1 gas oil. a light cat cracker orl (LCGU) and coker has orls.
These oils have an initial boiling point tvprcallv above about 40"F
('_'3'_'"C). and more commonly ahoy a about 6~U"F ( 33`'C ). with end
points up to about ! 1 ~0"F (621 "C). as well as straight run or
atmospheric gas oils and coker gas ~~ils. In addition. ~~ne or more heave
feeds having an end boiling pc~rnt above 10~U`~F (e.g.. up to 1 3UU"F or
more) may be blended in with the cat cracker teed. Such heave needs
rnclude. for example. whole and reduced crudes. resids   WO 00/55S3
1'CT/US001070?.2 ~5. _ ~ U JUN 2003 `~r residua from ;.ttmosphrr~r and
vacuum distillation ofc;rudr `ail. a,phalts and asphaltenes. tar ils and
~~~cle oils from thermal cracking ol~lav~~ petroleum ails. tar sand oil.
shale cI. coal dorived liquids. svncrudes and tho lil.~. 1-hcse may be
present in tl~ cracker feed in an amount of from about ? to ~(~ ~ c~luiz~e
"% ot~the blend. and more typically from about ~ to 30 volume ",o These:
Reds typically contain too high a content of undesirable components. such
as aromatics and compounds containing heteroatoms. particularly sulfur and
nitrogen. Consequently. these feeds are often treated or upgraded to reduce
the amount of undesirable compounds by processes, such as hvdrotreattng.
solvent extraction, solid absorbents such as molecular sieves and the like,
as is known. Typical cat cracking conditions in an FCC process include a
temperature of from about 800-1 ?OOt~F (427-648oC), preferably 8S0-1 I ~0"F
0454-6? 1 "C) and still more prelerably 9U0-1 150oF (482-621"C), a pressure
between about ~ 60 Asia. preferably ~-=t0 psig with feed/catalvst contact
times between about 0.~ 1 ~ seconds. preferably about i-~ seconds. and with
a catalyst to seed ratio of 



about 0.~-10 and preferably ?-8. The FCC feed is preheated to a temperature
of not snore than 80"F. preferably no Greater than 800uF and typically
within the range of from about Q00-800F. The invention ~.vill be further
understood with reference to the following example. EXAMPLE In this
experiment. an atomizing injector was used similar in design to chat shown
in Figure 7 and had an atomizing nozzle ofthe invention mmtlar in design to
that shown in Figure 4. The operation of this injector was compared to that
ofi~a commerciall~~ proven slot and tan design. similar to that shown in US
patent ~.173.17~. The commercial nozzle simulated a pipe w ith an end eap
containing a rectangular. slotted orifice. Both nozzles included a
tan-shaped   WO 00155S43 PCT/US00/07022 30 4`2.N 2G03 spray distrthutor and
were t:~br~cated at a scab 01 one hall tht: 5iz~ ~~t ~~ (~~p~cal commercial
nozzle. fhc injector ~~as the same t~or hoth cases. ~~~ith tl~~ tiit3erence
bet~~~een them being in the nozzle des~an. Both in_j~ctors proc~uccd a
flat. inn-shaped spray and were mounted horizontally and ortentccJ tc~
hruduce a l~at. tan-shaped spray with the maximum width in the vertical
dtrectiun, in the laser light beam path or a Malvern particle s~zer. This
instrument is well known and used for measuring liquid spray
characteristics. Light diffraction patterns. each associated with a
characteristic drop size range. are focused by a Founer transt'orm lens
onto a mufti-element photodetecter. The light energy distribution
is-converted. via a computer. into a corresponding liquid droplet size
distribution. A arid of comparative experiments was conducted varying water
and nitrogen tow rates and the Sauter mean liquid drop diameter was
calculated. assuming a Rosin-Rammier distribution function. The results for
the n~c~ different nozzle designs are compared in the Table below. !
In)ector Tv_ pe ~ Water Wiaro~_en ' tauter mean diameter i . mass Ibisec ,
sctisec microns i I Commercial Fan ; -4.~ ~.9 ~ ~~8-4.9yI 0 3~-I-t''i '
-t.-.t7~ U.b'' '~ 1I I ;.6~i () -1() '-t> 1t.94~; ;The tnvenaon -l f;-lI
Q1.9.;'_'~? i -t .9 7 , tl.=tU - -t ~ I ., I ~ -I. i6 ~ U b, ~nl ~6 U.~~
~~~ -'_1 .~'' I .()0 ~ I (~~ 



In all cases. at comparable 1~'ater and nttro~en flow rates. the nuzzle t~
the invention produced an atomized spray having smaller Sauter mean
diameter   WO 00/55543 f'CT/US00/07022 =, _ _ ~3~0 JINN 2003 _ liquid
droplets. than did the commercial design. This shows that heifer
atomization was a~hm~~~l with the nozzle ot~the invention. It is
und~rst~~~d that ~arrous other embodiments and modifications rn the
practice ot~the rn~~~ntrc>n ~~ rl I be apparent to. and can be readily made
h~ , those akilled in the art w rthout departing from the scope and spirit
ot~the invention described above. Accordingly. it is not intended that the
scope onthe claims appended hereto be limited to the exact description set
fonh above. but rather that the claims be construed as encompassing all on
the features oi' patentable novelty which reside in the present invention.
including all the features and embodiments which would be treated as
equivalents thereon by those skilled in the art to which.the invention
pertains.   CLAIMS: - 28  1. A spray distributor: a three dimensional
member having ~ 0 JUN 1003 (1) a front surface, wherein an incoming
right-angle impinged and shear mixed fluid stream passes, separated frcm 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 wl
at the front surface and (ii) a maximum separation w2 at the rear surface,
wl being smaller than wz, and both wl and w2 being measured parallel to a
third axis simultaneously perpendicular to the first and second axes. 2.
The spray distributor of claim 1 wherein wlis at least about n 1 . 5 (L) .
3. The spray distributor of claim 2 wherein w2 is at least about 1.5(w1) 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:   wo ooisssa3
1'CT/US00107022 3 0 ~uN Zao~ (a) separately p.rssrne two streams ot~a
two-phase llurd ~omprrsm~ a has phase and a liqurd phase comprisrn~,~ hot
FCC teed oil. into an impingement mixing zone under pressure, in which a
portron of~ each stream imprn~ment mixes with the uther. tc~ (~orm a
single. impingement mixed fluid stream. in which the surface area ot'the
liquid phase is increased to he ~~r~ater than that rn 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 mixin g. to further increase the surface area ot~ the
liquid phase: (c) atomrzin~ the shear mixed stream, by passing it through
an atomizing means and into a lower pressure expansion zone in which card
has expands and forms a spray comprising drops ot~the atomized liquid. and
(d) conducting the atomized spray through a spray distributor into a riser
reaction zone. in ~~~hich it contacts a particulate. hot. regenerated
~rackin~ catalyst. at reaction conditions effective to catalvticallv crack
the oil and produce lower builing hydrocarbons. the spray distributor being
a three dimensional member having 



( I ) a front surface separated from 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 )~avtn~ (a) flat. parallel top and
bottom surfaces separated b~~ a cunstant height h measured parallel to a
second axis perpendicular to the first axis and   WO 00I55543
PCT/US00/070~2 - ;0 3 0 JIJN 2003 (h) cun~ed first and second side surfaces
both hcin in contact with the top and bottom surfaces. wherein ( i ~ the
lirst and second side surfaces have a 171a\11711i n1 ~~paratton ~~~, at the
trout surt'ace and ii) a ma~imurn separation w, at the rear surface. ~,
being smaller than w~. and both w, and w~ being measured parallel to a
third axis simultaneously perpendicular to the first and second axes. 7.
The tluid cat cracking process ot'claim 6 wherein w, is at least about
l.~(L). 8. The fluid cat crackin; process of claim 7 wherein ~~ is at least
about t .~(w, ). 9. The fluid cat cracking process ot~claim 8 wherein the
side surfaces have the same radius of curvature. 10. The fluid cat-crackinp
process ot~ claim 9 wherein the side surfaces ha~.~e a radius ofcurvature
ot~about h/'?. .A[.Al;.A.AYR.AAr.AhfY 
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