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APPARATUS FOR ATOMIZING FCC FEED OIL FIELD OF THE INVENTI0N  The invention
relates to a liquid atomizing process and apparatuses, namely apparatuses
and processes used in conjunction with fluid catalytic cracking (FCC)
processes that require high fluid throughput and low pressure drop. The
process comprises forming a two-phase fluid mixture of the hot feed oil and
a dispersion gas. such as steam. dividing the fluid mixture into two
separate streams which are passed under pressure through an impingement
mixing zone. a shear mixing zone to recombine the streams into a single
stream which passes into a lower pressure atomization zone, where
atomization occurs to form a spray atomized liquid droplets. BACKGROUND OF
THE INVENTION Fluid atomization is well known and used in a wide variety of
applications and processes. including aerosol sprays. the application of
pesticides and coatings. spray drying, humidification, mixing. air
conditioning, and chemical and petroleum refinery processes, In many
applications. a pressurized fluid (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,
and the decree of atomization is determined by the orifice size. the
pressure drop across the orifice. fluid density.    WO 00/54845
PCT/US00/07025 2 ~~iseosity. and surface tcns~c~n. iltom~zation ~s
increased and the droplet size is 



decreased with decrcasiny oritice size and increasing pressure drop.
Increastna the degree of atomization of relatively viscous tlllld5 at high
tlow rates is particularly chailenein~. especially for the heavy petroleum
oil feeds that may be used in hCC processes. FCC processes are wideU used
in the petroleum retin~ng industry primarily for converting high-boiling
petroleum oils to more valuable lower-boiling products including gasoline
and middle distillates such as kerosene. _jet and diesel fuel. and heating
oil. In FCC processes. a preheated teed is often mixed with an atomization
promoting tluid.~ such as steam. to assist in the atomization of the feed.
The atomized feed contacts a particulate. hot cracking catalyst flowing up
through a riser which comprises the FCC reaction zone. Smaller oil feed
droplet sizes in the reaction zone result in more teed conversion to
valuable products. particularly with the incorporation of heavy feed
material, such as a resid. into the FCC feed. In some instances, feed
material that does not contact the uprising catalyst particles thermall~~
cracks primarily to methane and coke-generally undesirable products.
Consequently. efforts continue to try to find economically viable means to
decrease the droplet size of the atomized oil. preferably without an
unacceptably high pressure drop through the atomizer or nozzle and/or
without increasing the amount of steam or other atomization promoting
agent. Examples of such efforts are disclosed in U.S. Patents i.289.976 and
5.173.17S. which disclose an average teed droplet size in the range of
about ~UU-100U microns. There is still a need for finer atomization of the
heavy oil feed for the FCC process and of other tlu~ds for other processes
as well. It would be particularly beneficial if the atomized liquid droplet
size could be reduced to less than 30U microns.   WO 00/54845 3 SUMMARY OF
THE INVENTION PCTJUS00/070Z5 Une embodiment oi~the present invention
comprises a liquid atomization apparatus compris~ns~ a bd~ compris~ne a
fluid inlet and a fluid outlet and configured to define un impingement
moving zone and a shear m~xin~z zone. The zones are positioned bct~~een the
inlet and the outlet. ~f~f~e lluid inlc;t cc~mprtses a splitter that can
split an mcomtng fluid stream into at least two streams The impin~lement
mixing zone comprises at least one impingement surface cuntigured to
imp~n~e at least a portion ot'one fluid stream against another -irtipinged
stream wherein the included angle between two impinged streams is between
about l'_'0 and ?-l0. The shear mixing zone has a cross-sectional area ..
defined by a first dtmenston and a second dimension. wherein the first
dimension decreases afon~ a longitudinal axis through the body in a
direction toward the fluid outlet. Another embodiment of the present
invention comprises a liquid atomization apparatus comprising a body
comprising at least one fluid inlet. at least one fluid outlet. and a fluid
passageway extending between the inlet and the outlet. The passagewa~~
detlnes an impingement mixing and a shear mixing zone do~nstream from the
impingement mixing zone. The passageav also defines at least one
impingement surface configured to be substantially perpendicular to a
longitudinal axis extending through the body. The impingement surface is
configured to impart radially inward flow ( in a direction normal to the
overall tlo direction) to a portion of fluid flowing through the
passageway. The shear mixing zone has a cross-sectional area defined by a
first dimension and a second dimension, wherein the first dimension
decreases alone a lonettudinal axis through the body in a direction toward
the fluid outlet. 



Another embodiment ot'the present invention comprises a process tar forming
a spray of liquid droplets comprising the steps ot': (a) form~na at least
WO 00/54845 PCT/US00107025 t~~o Streams of a t~~ t~-phase tluit! comprising
a gas phase and a liquid phase: (b) passing the streams to ;in impingement
mixing zone wherein at Icast ;r pttrtirm of each Stream is impm~_ed against
at least a portion of another stream and w herein the included an~~le
lt~~r~n the iii~pin~ed streams is betwe~r~ about I "(t' and 19U to form a
wn~~le mixed stream: (c) passing the single mmcd stream to a shear mining
zone ~rntl impartin~~ shear mixing forces to the single mixed stream to
form a shear mixed Stream: and. (d) passing the shear mined stream to an
atomizing zone wherein the oas phase expands and increases the surface area
of the liquid phase. thereby producing a spray of liquid droplets. Another
embodiment ofthe present invention comprises a process for forming a spray
of liquid droplets comprising the steps of: (a) forming a plurality of
streams of a two-phase fluid comprising a gas phase and a liquid phase: (
b) impinging at least a portion of each stream against at least a portion
of another stream to form a single mixed stream, wherein the included angle
between the impinged streams is bet~een about l20 and 240; (c) subjecting
the single mixed stream to shear mixing forces. thereby forming a shear
mixed stream: and. (d) expanding the ;as phase in the shear mixed stream,
thereby producing a spray of liquid teed droplets. Another embodiment of
the present invention comprtses a catalytic cracking process comprising the
steps of: (a) forming at least two streams of a two-phase fluid comprising
a ~7as phase and a liquid phase. the liquid phase comprisin2 a FCC teed: (
b) passim the streams to an impingement mixing zone wherein at least a
portion of each stream is impinged against at least a portion ot~ ;mother
stream and ~herein the included angle between the impinged streams is
bettveen about l20 and 240. thereby forming a single mixed stream: (c)
passing the single mired stream to a shear mixing zone and imparting shear
mixing forces to the single mixed stream to Norm a shear mixed stream: (d)
passing the shear mired stream to an atomizing zone wherein the gas phase
WO 00/54845 PCT/US00/07025 5 expands and increases the surface area uf~ the
liquid phase. thereby prc7ducine a ~prav oc~liquid Iced droplets; (el
passine the spray ut~liquid teed droplets into a I~CC reaction zonr: and. (
I j contacting the liquid teed droplets  ith a catal~ tic crackinc
catal~~st under catalytic crackine conditions. In one embodiment the
impingement zone and the shear mixing zone are contained within an
embodiment of a nozzle described herein. 



Another embodiment of the present invention comprises a catalytic cracking
process comprisin a the steps of: 1 a ) forming a plurality ol~ streams of
a two-phase fluid comprisine a gas phase and a liquid phase. the liquid
phase comprising a FCC teed: (b) impinging at least a portion ofeach stream
against at least a portion oi~ another stream to form a single mixed
stream, wherein the included angle between the impinged streams is between
about I70 and 190: (c) subjecting the single mixed stream to shear mixing
forces. thereby forming a shear mixed stream: (d) expanding the gas phase
in the shear mixed stream. thereby producing a spray of liquid feed
droplets; and. (e) contacting the liquid feed droplets with a catalytic
cracking catalyst under catalytic cracking conditions. In each process
andior apparatus of the present invention, the included angle between the
impineed streams is more preferably between about l 7 ~` and about l80.
most preferably about 180. B13IEF DES~~,IPTION OF THE DRAWINGS Figure 1 (
a) illustrates an axially downstream view of one embodiment of a nozzle
viewed looking into the fluid inlet ofthe nozzle. Figure l(b) illustrates a
cross-sectional side ~~iew ofthe embodiment shown in E=isure 1(a) taken
alons the t(b)-l(bl axis. Figure l(c) illustrates an axially upstream mew
~fthe embodiment sho~n in Figure 1 (al IookinE into the fluid outlet of the
nozzle.   WO 00/S4845 PCT/C1S00/07025 C I~ i~ure I (d) illustratca a top
cross-sectional view ot~ the embodiment shown in f~i~~ure I(a) tal.~n
~~lon~~ the I(d)-l(d) axis shown tn f~i~ure I(b). F i~zure '?(al
illustrates a cross-sectional side view of~ another cmhodiment ot'the
nozzle. Figure ?(h) illustrates an axially upstream ~~ie~.v ot~tfie
embodiment shon in 1~~`~ure ?(a) looking into the tluid outlet of the
nozzle. Figure 3(c) illustrates a top cross-sectional view of the
embodiment shown in Figure 2(a) and incorporates one embodiment ot~a spray
distributor. Fi;ure ?(d? is an embodiment ut~ the platelets that may be
used to construct the embodiment shown in Figure ?(a). For clarity, the
platelet lines within the tluid passageway are not shown m Figures ?(a) and
2(c). Figure 3(a) illustrates an axially downstream view ot~ another
embodiment ut~a nozzle viewed looking into the tluid inlet of the nozzle.
Figure 3(b) illustrates a cross-sectional side view ot'the embodiment shown
in Fi~_ure 3(a) taken along the 3(b)-3(b) axis. Figure 3(c) illustrates an
axially upstream view ot~ the embodiment shown in Figure 3(a) looking into
the fluid outlet ot~the nozzle. Figure 3(d) illustrates a top
cross-sectional view ot~ the embodiment shown ~n Figure 3(a) taken along
the 3(d)-3(d) axis shown ~n Figure 3(c). Figure ~(a) illustrates a
cross-sectional side view of another embodiment of the nozzle. Figure .t(b)
illustrates an axially upstream view of the embodiment shown in Figure
~4(a) looking into the fluid outlet of the nozzle. Figure 4(c) illustrates
a top cross-sectional view of the embodiment shown in Figure d(a) and
incorporates another embodiment of a spray distributor. Figure ~ is a
cross-sectional view ot~a nozzle (and spray distributor) in fluid
communtcatton ~~ ith a fluid conduit that teeds the nozzle.   WO 00/54845
PCT/US00107025 7 



Fieure 6(a) illustrates ~in axially do~~nstream view ul'anuther embodiment
~~t~a nozzle ~~~e~~~d Ie>kine into tire lluid inlet ot~the nozzle. I~i~;ure
h(h) Ulustrates a crass-socoonai >i~ie v icw ot~the c:rnbodiment shown in
i~i`~ure 6(a) taken along the 6( b )-h( h l ~r~is shown in F i gure C~( a).
I= i ~urc 6( c ) illustrates a cross-sectional side wew of the embodiment
shown in C'igure 6(a) taken along the 6(c)-b(c) axis sho~~n in 1-i~~ure
6(a). Figure 7 illustrates a cross-sectional view ot~a FCC teed injection
unit ~mploving an embodiment of a nozzle. Figure 8 illustrates a FCC
process into which an embodiment ul'the nozzle or the process may be
incorporated. DETAILED DESCRIPTION ns used herein. the cross-sectional area
of an area or zone through which a tluid tlows shall be that area normal to
the x-axis shown in the F i cures and that area detined by dimensions in
the v- and z-axes. As used herein. "alone" an axis shall mean along that
a~~s or substantially- parallel to that aY~s as shoe n in the Fisures. As
used herein, the loneitudinal axis ot'the nozzle bode or tluid passageway
is alone the ~-axrs. or airs ot~overall fluid flow through the nozzle. The
two-phase tluid ted into nozzle 10 may be _as-continuous or
liquidcontinuous, or it may be a bubbly troth. where it is not known with
c~;rtaintv if one or both phases are continuous. This may be further
understood with reference to an open-cell sponge and a closed-cell sponge.
Spon~_es t~ picallv have a l:l volumetric ratio ot~air to solid. An
open-cell sponge ~s both ~~as (air) and solid cont~nuotts. ~~-hile a
closed-cell sponge ~s solid continuous and contains discrete ( dispersed 1
gas cells. (n an open-cell sponge. the solid comprises membranes and
ligaments ( such as may exist in a two-phase has-liquid troth or   WO
00/5A845 PCTNSOOJ07025 8 loam). In a closed-~cll Spcmgc. the !gas may
comprise a dtspersictn ul'discrctc ~~as ~~lobules in the ,lid. ~me sponges
tall in between the t~~ u. ;ts du ~etme tyro-phase fluids ~e~mpr~,in;~ a
_~as phase and a liquid phase. It is nut pussibl~ t h~l~'-r ~t ,ponge that
~s ~~as-~unt~nuous ~tnd nut ~ilso solid-continuous. but it i5 possible to
have a w~u-phase yas and liquid fluid that is gas-continuous only .
Chcretore. the particular morphology of the fluid as it passes into and
through the mixing nozzle of the invention, is not al~a~~s known with
certainty. 'there must be sufficient gas present in the fluid entering the
nozzle for the impact and shear mixing to increase the surface area ofthe
liquid phase. This is reflected in reducing ( i) the thickness of any
liquid meinbrane, ( ii) the thickness and/or length ufany liquid rivulets.
and (iii) the size of'anv liquid globules in the fluid. either before or
during the atomization. In practice. the impingement and shear mixing in
nozzle 10 and through the one or more orifices will only occur with a
t~~o-phase fluid comprising a gas phase and a liquid phase. Preferably. the
fluid comprises mostly Qas on a volumetric basis le.~,~.. a v ulumetric gas
to liquid ratio of at least ?: I ) for efficient shear mixing. :1
sinslephase fluid (e.~.. liquid) passed through nozzle 10 will have its
kinetic ener;y increased directl~~ proportional to the pressure drop across
the nozzle 10. With a two-phase fluid. the Jas ~~elocttv is increased
relative to the velocity of the liquid phase. (i) in the impingement mixing
zone ?'?. (ii) in the shear mixing zone ?~. and (iiil when the fluid passes
through an orifice of smaller cross-sectional area than the t7uid conduit
upstream of fluid inlet l4a (a pressure-reducing orifice). The velocit~~
difference between the gas and liquid phases results in li~amentation ofthe
liquid. particularly with a viscous liquid such as a hot hCC teed oil.
Ligamentation means that the liquid forms elongated globules or rivulets.
The ~~elocit~~ difference is decreased during shear mixing. Thus.  



WO 00I54845 PCT/US00/07025 9 passing a t~~o-phase fluid throu~~h a
pressure-reducing orilicc or mt~in~~ it in impingement mi~ii~~~ LUlll: ~~
produces a ~elocll~' ditlercntial between tl~c gas and l~dtiid ~~hich
results in I~=amentation ot'the liquid andlor dispersin ear the liquid in
the gas due tc~ ~hcar~ng of the l~qutd into elongated fig=aments ~iiidic~r
dispersed drops. ~~dditional shear ot~the liquid occurs when the Ilti~ci
enters the fluid inlet lea (openins ~6. =6~) ot~nozzle 10 and through one r
morn atomizing ortticel s ) positioned within the tluid passageway I -1.
~fhc additional shear also adds to reduction ot'the ultimate liquid droplet
size in the atomized spray. Preferably, the cross-sectional area of the
nuzzle outlet I.~b (ontice 30) is smaller than the sum ot'the
cross-sectional areas of fluid openings ?6. ?6'. Nozzle ( ti may also
comprise an atomization zone 68 at a lower pressure than the pressure
upstream of the atomizing orifice. Zone 68 may he contigured within nozzle
l0 or may be configured as part of a spray distributor 6~ attached to
nozzle 10. Consequently, the has m the fluid passing through the atomizing
orifice rapidly expands, thereby dispersing the liquid rivulets and/or
droplets into the atomization zone 68. The rivulets break into two or more
droplets during the atomization. The atomizing zone may be a discrete.
readily discernable orifice downstream from shear mi~i~ig zone ''-t, or it
may comprise a zone ~~R c~t'the smallest cross-sectional area ~n shear
mixtn~~ zone ?-1 as illustrated ~n I~iaure 6(b). In the later case. fluid
atomization begins in shear mixing zone ~-l In the strictest technical
sense. atomization may refer to increasing the surface area of a liquid
when the steam or other atomizing gas is mixed with. or injected into, the
liquid to be atomized. In the conte:ct of the invention, atomization means
that as the tluid passes through the atomizing on lice. the liquid phase
breaks up. or begins to break up. into discrete masses ~n the gas phase and
this continues as the fluid cont~nttes downstream and the liquid is
atomtzcd into a spray of droplets dispersed in the has phase.   WO 00I54845
PCT/C1S00/07025 10 The present ins rntion comprises both a process and an
apparatus Ir atomizing a liquid. whermn the l(yuid experiences both
impingement and shear mixing. The impin~~~mcnt nll\lIl~ and shear mixing
both occur in a Ilu(d passageway l-l lon~_itudinallv extending through the
interior ot~ a follow nozzle 10 that defines an at Icast nne expansion zone
20. an impingement mixin; zone '_'?. and a shear mi~iii !tine ~-1. The
fluid passage~av I ~4 is open at both ends (fluid inlet l-Via. fluid outlet
I~bl. Fluid inlet lea is at the nozzle upstream end 16. and fluid outlet l
~b is at the nozzle downstream end l 8. In a process embodiment of the
present invention, at least two separate streams ot~a two-phase fluid
comprising a gas and the liquid to be atomized are simultaneously and
sequentially passed. under pressure. through impingement mixing zone ?? and
shear mixing zone 24. In the impingement mixing zone ?2. the separate
streams are mixed to form a single mixed stream by colliding or impinging
at least a portion of each stream against the other. In the impingement
mixing zone ?2. the separate streams mis mostly (> ~0 .') by impingement.
Shear mixing means that mixing occurs mostly by shear forces. Impingement
mixing between two fluid streams occurs when the half angle between the
streams ranges between at least 15 up to 90. and the total included angle
between the impinging streams ranges from about 30 to about l80, with 180
producing the most violent and chaotic mixing. Shear mixing occurs when the
halt~ansle ranges from about 0 to about 15 In the pract(ce. at least a
portion (e.g.. >_ 30 %) of each fluid stream tn the impingement mixing zone
?? also has a t7ow component parallel to the downstream flow direction. so
that not alt mixing in zone ?? occurs by impingement. In a preferred
embodiment. at least the laterally outer or peripheral portion ot~ each
fluid stream is directed against the other (n the   WO 00I54845
PCT/US00/07025 1l 



impingement m~xtng zone '_'~. prclcrabiv at an angle ot'90 = 3()~ normal to
the longitudinal flow dirrcm~n ot'thc fluid (direction ot'ordinarv or
cwcrall Iluid llcnv). more prefcrabl~~ ~)(1~ - I(). inure preferably y0 ~-
;. more prolerahlv 90 = '_'J. most preferahlv ,shout c)(l (or substantially
parallel to thu y-axis shown in the figures). Fluid expansion in the
impingement mixing lone ~'_' and shear mtxine zone ''.~ is minimized. 'The
impingement mixing zone ??. the shear mixing zone '_'-). and the
atomization zone 68 arc all in fluid communication. After impingement. the
mixed stream passes through shear mixing zone ?-t where further mixing
ot~the mixed stream occurs. 'the impingement and shear mixing zones '_'?.
~'~ may comprise respective upstream and downstream portions of fluid
passageway l4. The downstream end of impingement mixing zone ?? fluidly
communicates with the upstream end ot'the shear mixing zone at the
impingement mixing zoneshear mixing zone interface. The kinetic energy
imparted to the fluid by the impingement and shear mi~cine forms a single
stream that. when atomized. produces small liquid droplets dispersed in a
has continuous phase. The u~~erage size of the liquid drops or droplets
dispersed in the gas phase after passing through the nozzle is smaller
(e.~.. at least 10  o smaller and preferably at least 50 ,' smaller) than
upstream ot'the nozzle. Shear mixins zone ?-1 fluidly communicates with an
atomizer or atomization zone 68 in a spray distributor 6~4. or as discussed
herein. atomization zone 68 ma~~ be configured as part ot~shear mixing zone
''-1. The atomizer may comprise an orifice having a smaller cross-sectional
area than the smallest cross-sectional area in the shear mixing zone '_'-1.
resulting in a pressure drop across the atomizer and further shear ot~the
two-phase fluid as it enters the lower-pressure atomization zone 68. For
example. in Fi~~ure ~(a).   WO 00/54845 f'CTIUS00107025 12 the atomizer may
~c~mprise distributor inlet l ~8 or nozzle orifice 30. I~his shear liirther
reduces tho liquid droplet size. ~1s the tluid passes into atomization cone
(i8, it rapidly expands and produces a spra~~ ut'atomizcd liquid drc~plcts.
This rapid expansion and production ta spray oi~ liquid droplets c;
c~mpris~s ~itomization. The fluid ~~tlca utshear mixing zone 2~1 tluidlv
communicates with a spray distributor 6.~ that shapes the spray into a
desired shape. Spray distrihutor 6~ may comprise part of the atomization
zone 68 and may or mawot comprise part ofnozzle l0. Spray distributor 6~ is
preferably used to minimize coalescence of the liquid phase prior to
atomization. In another embodiment. shear mixing zone 2.1 may tluidly
communicate with an atomizer that comprises includes a hollow tluid conduit
open at both ends and an atomizing orifice and a spray distributur at its
downstream end. In this embodiment. the cross-sectional area of the conduit
perpendicular to the direction of fluid flow is preferably greater than the
smallest cross-sectional area of shear mixing zone 3.1 and the atomizing
orifice. This minimizes agglomeration or coalescence otthe liquid phase as
the fluid flows through the atomizer. This process and apparatus are useful
for atomizing a lame ~~olume of hot teed of I into the riser reaction zone
of a FCC unit to achieve a relatively small teed droplet size and uniform
droplet size distribution of the atomized teed droplets with a minimal
pressure drop across the mixing zones '_''_'. '_'-1 and atomizer. For
example. with a ~l-inch diameter nozzle. it is possible to atomize 30
pounds per second of the hot oil teed. at a pressure drop across the nozzle
of less than ~ 0. and preterab lv less than ~0 pounds per square inch ( ps
i 1. W hen used to atomize a FCC teed oil. nozzle 10 will comprise part of
a teed injector l 82 (see Figure 71 that house nozzle 1 U as is discussed
later. Typically a plurality of teed in,iectors l 82 are employed,
preferably positioned circumferennalU around the upstream end of the FCC
reaction zone that is   WO 00/54845 PCT/ITS00/07025 13 proximate to the
hottom o1'the riser, The hot teed oil is usualiv mixed ~ith steam (andior
ether dispcrsion~atomizing has) upstream of nozzle l t) tt~ I~rm a mo-phase
lluid comprisinL a steam phase and a hot. FCC feed oil liquid phase. 'Chis
mixing also lncreascs the i~elocity ofthe flowing two-phase fluid. Ylixing
of the steam and oil upstream ot~ nozzle L U is typlcallv achieved In teed
in_jcctor I 8?. by steam or other dispersion has spargme means. as ~s
known. 



The two-phase fluid stream is split or divided into two separate streams.
preterablv using a splitter?8. In one embodiment. such as that shown in
Figure ~, both streams flow simultaneously over splitter ?8 and through two
separate fluid openings ?6. '?6'. Splitter ?8 may be suitably positioned at
fluid inlet l4a so that splitter 28 and fluid passageway 14 define the at
least two Iluid openinEs ?6. 26'. Fluid openings 26. 26' are preferably
svmmetricallv identical. and thev are equidistantly and laterally spaced
from the longitudinal axis (the x-axis in the Figures) of fluid passageway
14. In the impingement mixing zone ?'_'. a flow component is imparted to
each stream and is directed radially inward and preferably perpendicular to
the longitudinal axis of fluid passageway 14 (i.e.. along or substantially
parallel to the v-axis shown in the Figures). The flow component is
directed toward at least a portion of the other stream that has a
corresponding flow component directed radiallv inward. At least a portion
of each stream impinges against the other. resulting in turbulent
impingement mixing and a concomitant reduction in the liquid droplet size.
The resultin2 mixed fluid stream then passes into shear mixing zone '_'-1
for further mixing with less pressure drop than occurs in impingement
mixing zone '''_'. The mixed stream then passes into the lowerpressure
atomization zone 68. The cross-sectional area ot~ the atomlzlne orit7ce
normal to the tlmd flow direction is t~~pical lv smaller than the
cross-sectional area of the fluid conduit( s )   WO 00154845 l4
PCTIUS00/07025 NOT TO BE TAKEN INTO ACCOUNT FOR THE PURPOSE OF
INTERNATIONAL PROCESSING   WO 00/54845 PCT/US00107025 15 between the
sidewal Is defines ll uid passageway 1-I, which may hm a an wc;rall
rectangular cross-~cct~un. The cross-sc:ctu~nal area ut~an area of fluid
passageway I-1 may he varied by varvino the distance hetween at least a
portion of at least one pair c~f~opposing ~alls in u~ther a first dimension
along the v-axis or a second ~limonsin alone the z-axis. In some
embodiments. the cross-sectional area ofshear mixing zone 24 decreases or
converses in the direction of fluid outlet lib. In other embodiments, the
cross-sectional area ot~shear mixing zone 2-t decreases part of tfie way
toward fluid outlet 1=lb and may increase as zone 24 progress toward outlet
l-lb. The cross-sectional area may be varied in either direction ( I7rst or
second dimensions( s )}, i.e. along the z-axis or along the v-axis. The
crosssectional area of fluid passageway l~ is greatest at the upstream end
ot'the impingement m~xina zone '_'?. near fluid openings 26, 26'. In other
embodiments. the cross-sectional area ofshear mixing zone 2~ 'ill not vary
because the distance along the v-axis will decrease at the same rate as the
distance alone the z-axis increases. Figures 1(a)-I(d) illustrate one
embodiment ot~nozzlc 10. ~izzle 10 comprises a body I?. the interior
ot~~which comprises a single. unitar~~ and generally longitudinal fluid
passageway l=t havtnQ a fluid inlet l.~a lopenmgs ?6. ?6~) and a fluid
outlet I~b. Fluid passageway l.~ has a longitudinal axis (x-axis)
coincident with the longitudinal axis ( x-axis) of nozzle I 0. The upstream
end and downstream end of fluid passageway 14 are located at the respective
upstream end 16 and downstream end I 8 of nozzle l0. 



Viewing Figure llb}. fluid passageway 1~4 has a rectangular cross-section
and is divided into three sequential zones ( expansion zone _'0. impm~ement
mixing zone '??. and shear mixing zone '_'-t). all of which are in fluid
communication. ~~~~th adjacent zones in direct fluid communication.   WO
00/54845 16 PCT/US00107025 Referring m f~ i`~ur~ I ( a 1, fluid inlet ! ~a
comprises a pair I ,y mmctncallv identical and circU ,c~~mcnt-,hapc;d tlutd
upemn~~s ?6. '_'6' separated by a splitter "_'8. Splitter ?8 cumprisc~ a
~~cnerallv rectangular-shaped plate that hisccts fluid inlet l.~a to Split
a stream cal flo~ng two-phase tluid into t~~~o s~pttratc ,trcams that tlow
through fluid penmes ?6, ?6~. 'rhe edges ot'splitter ?R Ibrm the chordal
portion ot'cach respecti~-e Iluid entrance ?6. 26'. The downstream end
ofthe tluid passaeewav l~l comprises a non-circular exit orifice 30. In
this embodiment, orifice 30 i5 square-shaped. although other sl3apes may
also be employed. but a non-circular orifice 30 is preferred. Orifice 30
may or may not comprise at least a portion ot~the atomtzer or atomizing
zone 68. The non-circular shape ot~ orifice 34 also produces a more uni
form size distribution of the atomized oil droplets than a circular or
arcuate oritice would. Referring to Fi~~ures I(b)-l(d). fluid passageway 14
is formed by two different pairs ot=opposing walls (36-38-23) -
(36'-38'-23') and 3~t-3~', as shown. Walls 3-1 and 3~4' are identical.
tlat, parallel and are rectangular in shape, while 36-38-23 and 36'-38'-?3'
are symmetrical. The same point on a wall pair is equidistant from the
longitudinal a~cis for each wall, with the intersection of walls
(36-38-23)-3-f rind (36'-38'-23')-3-l~ each forming a right angle. although
in some embodiments. the intersection points are arced or Full radiused.
Walls 36-38-?3 and 36'-38'-'_'3' each begin upstream with an arcuate or
circular shape perpendicular to the longitudinal axis of nozzle I 0.
substantially conforming to the circular or arced shape ut~ teed conduit
164 (see Figure ~ > and fluid opentn~s ?6. 26'. The shape ot~ tluid
passageway 1~ is maintained along tlutd passageway l-l until steps 38-38'
(also referred to herein as the impingement mixing surfaces) at the
entrance to shear mixing zone ~-1. In shear mixing zone ?-f, the shape of
fluid passaaewa~ I-1 may change to a generally flat. tour-sided shape that
continues to orifice 30. to more effecttvelv utilize the impingement mixing
momentum. 



WO 00l54845 PCTNS00/07025 17 f=luid openings ~6. ~6' are diametrically
opposite and radiall~~ and ~dulistantl~ spaced apart tram the longitudinal
a~cis. the ce~mbin~d ~ross,cctional areas e~t~e~pcnin~5 ~(~. ~6~ is Smaller
than the cross-~ection~tl area ul' ~~pansion zone ~'U. hut Iar~l~r than the
cross-sectional area lust dc~n~trcnm c~(' steps 38. 38' to r~ducc the
pressure drop ot'the tlutd entering shear mmn<~ zone '_'-t. f=luid openings
fib. ~b~ arc yelocitv-increasing openines because their rrosssecttonal area
is smaller than the cross-sectional area of the fluid conduit I 6~ as shown
in Fisure ~. Referring to Figure I 1 b). a two-phase fluid stream splits
into two equal streams over splitter ~';~ and enters tlutd passageway
through openin~~s '_'6. '_'6'. The pressure drop across sputter ?8 may be
too high for some applications and, hence. a IoW er pressure drop means for
introducing fluid into the nozzle can be employed. Flow throti~h openings
?6. ?6~ into expansion zone ?0 imparts shearing t'orces because the lighter
gas phase accelerates more quickly than the heavier liquid phase. Expansion
zone 20 is a controlled expansion zone ?0 in the sense that the fluid is
not permitted to freely expand. as it is atomization zone 68. The expansion
zone ?0 reduces the pressure drop ti-om what it would otherwise be if it w
ere not present. At least the outer peripheral portion of both streams
Impacts ur tmptnges directly onto the right-angle steps (impingement
surfaces) 38-38' and is forced radially inW and to impinge directly into
another impinged stream in impinEement mixing zone ?'?. In an embodiment
having right-angled impingement surfaces or steps 38-38'. the included
ankle between the impinging fluids is l 80 Thus. the impineement surfaces
are formed in the y-z plane normal to the ~-axis. The impingement directs
the radially inward component of both streams to substanttallv along the
longitudinal acts of tlutd passageway I -1 to produce maximum impingement
mixtnQ.   WO 00/54845 PCT/US00/07025 18 As the Iluid cnt~nucs downstream,
it inters shear mixing lone '_-t where the cross-sectional arra d~crcases
in the donstream direction to increase the Ilo~~ v~elocit~~ and lurth~r
reduce the size ofthe liquid droplets. prim~tr~l~ with ,hearing forces.
w'1I~ there is no abrupt change from impin~emcnt mix~n~_ zone ?? to shear
mix~n~~ zone ~'.~. shear mixing substantially bc~_=ins downstream of steps
38-3R'. ()nr pair e>I'opposing walls 23. ''3' defining shear mixing zone
?-1 are sloped and converge inward toward orifice 30. The gradual decrease
in the cross-sectional area of shear mixing zone 24 increases the fluid
velocity, and the maximum fluid velocity occurs preferably at orifice 3U.
In another embodiment not shown, two separate fluid streams t~rom any
convenient source that comprise a two-phase mixture of a gas and a I~quid
pass into fluid passageway I ~4 through fluid openings 26. ?6'. In this
embodiment. the two separate teed lines must be sized to achieve the
desired fluid inlet velocity. Figure ? ( a ) i l lustrates another
embodiment of nozzle l 0. fabricated of a plurality of stacked metal
platelets, ~0-62. For clarity, the intersection lines of platelets ~0-62
within passageway l d are not shown. The indwidual metal platelets are
prepared havma the required passages therein. as holes. slots. or orifices
extending throush the platelet. They are then stacked together. bolted
and/or diffusion bonded together. to form nozzle 10. Starting from upstream
end 16. platelet ~0 comprises a disk having two circle segment-shaped
openings 36. ?6' defined by stream splitter ?8 similar to that shown in
Figure 1(b). Fi_ttre ?(d) illustrates platelet ~6. Platelet ~6 comprises
two shoulders 80. 80' on opposite sides of ontice 1 ~. Shoulders 80. 80'
and orifice 1 ~ are sized and configured to appropriately define
impingement surfaces (steps) 38. 38~. Progress~na downstream. the sizes of
orifices 1 ~ in each subsequent platelet decreases as shown similar to the
convergence of shear mixing zone 3-t shown in Figure 1(b). While each of
the radiallv inward steps of each successive disk ~ i  



WO 00l54845 PCTIUS00/07025 l9 (~? is not (arse; ~nou~_h to impart as mach
radiallv In~~~trd momentum to the Iluwine fluid as shoulders 81). RO'. they
impart a radiallv inward mlxine component to the Iluw Ing field. hhe
oriticca 1 ~ ul'the: platelet that d~finc shear nllXin~ zone ?-t have
wlr\'In~ first dimensions, wherein the first climcnsmn ut'the entice l ~ of
each platelet defining shear mt~ln~ zone ?~ Is sm~tllor than the first
dimension of the url f ice 1 ~ uf~ the platelet preceding It. Pretcrabl~~.
the uri I ices l ~ of at least one platelet that define shear mixing zone
?~ have varvin`~ second dimensions, wherein the second dimension ofthe
orifice l~ oi~each platelet deiinin~ shear mi~ina zone '_'-1 is greater
than the second dimension of the orifice t~ ofthe platelet preceding it.
Referring to Figure 3 (a). nozzle 10 may also comprise a spray distributor
6~ positioned at do~nstream end 10 and in fluid communication -ith fluid
outlet lib to produce a generall~~ flat and tan-shaped spray of the
atomized liquid. Distributor 64 may he ~~ elded. bolted. brazed or
othenvise attached to nozzle 10 and form a part thereof. As shown,
distributor 6~ comprises a flange 63 to allow distributor to effectively
attach to nozzle 10. Distributor 6~ has a passageway 70 (with an inlet 70a)
passing therethrough configured to be substantially the same size and/or
shape as orifice 30. although the cross-sectiona~ area ut'passage~.va~ i0
may suitably ~~ar~- to promote formation ofa desired spra~~ shape.
Passageway 7U opens up downstream into a generally flat and divergent
tan-shaped spray distribution tip 71. defined by opposing wall pairs 66-b6'
and '-1-7-1'. ~hich define a tan-shaped atomization zone 68. As sho~n in
Figure '_(a). atomization zone 68 has a first dimension that may converge,
ur decrease. ~erticall~ (along the ~-ails) when progressing toward orifice
;? so that the first dimension is greater at the inlet than at the outlet
to control the rate of shear mixln~. In some embodiments. however. the
first dimension of zone fib may remain constant. :ltomtzation zone 68 has a
second dimension that diverges. or increases. I along the z-axis ) when
progressing.toward orifice ?'? so that the   WO 00I54845 PCT/US00/07025 20
second dimension is Lrcatcr <<t the outlet than at the inlet. )-ip 71
terminates at orifice %'_'. ()riticu 7'_' mad hu oriented normal to the
outward Ilo~~ ~prav direction arid hats its lon~_ust dimension along the
z-axis. pretcrahl~~ t~~~~ in~z rounded ur tllll-CaClltlll.'d rnd~ Walls
7-1. 7-1'). Walls i~. 7-1' ~~cmrallv have the same curvature. hut in Some
embodiments. the curvatures may l ~nd~p~ndentlv ,elected. PreFerabl~ . the
~t~r~~ature is circular. The preferred radius ;~~' curvature ~s about
one-halt'the dimension ot'passagewav 70 in the v-axis. While not required,
the center ot'cach wall's 7-1. 74' radius ut~curvaturc is generttllv
located near the centerpoint ut'the v-axis (centerpoint ot~tirst
dimension). In embodiments where first dimension varies alone the x-axis.
the radius t~ curvature may also vary In alternate embodiments not shown.
the converging and/or diverging dimensions may be along dif'f'erent axes,
but preferably, alone axes having a 90 separation. The first and second
dimensions of passageway 70. or zone 68. are preferably measured at the
widest point ot~separation between uppositl~ walls. i.e. at the widest
point ot~ curvature from the center or loneitudinal axis or passageway 70.
In one embodiment. the width of inlet 70a alone the z-axis is at least
about l .~ times the length ut~ distributor 1 measured along the x-axis ).
and the width at exit orifice 7'_' is at least about 1.~ times the width
ot'inlet 70a. Fluid exiting orifice 30 enters atomization zone 68 and
passage~~ av 70 to further shear the fluid and further reduce the liquid
droplet size. Expansion zone 68 is at a lower pressure than orifice 30.
resulting in a rapidly expandmU aas phase that atomizes the liquid to
produce a spray of liquid droplets. This further shears the liquid
droplets. and the tan shape ot~the atomizing tip 71 produces a tan-shaped
spray of the liquid droplets that flow into the reaction zone t the FCC
riser reactor as shown in Figure '.   



WO 00/54845 PCT/US00/07025 21 Fi~,~ur~ 3 illustrates another embodiment
ut~nuzzle 10 that is operated and cunti~~urcd tn a manner as pr~~~iutrsl~~
described t~or other cmhuclimcnts. Viewing Figure 3/c), cxtt orifice 30 has
arced lateral ends 130, I30' (pret~r~thl~ litllradiused) and has a
drmcnsrun along tho z-airs longer than tltc dimension along the v-axis,
similar to that shown in f=igure ?(b) and described curlier. .lrced ends
I30. 130' are prelerahl~~ lull-radiused to correspond to the lull-rad~us~d
cads ot~ distributor 6~. As is shown in l=ieures 3 (b) and 3 (d), shear
mi~rn~~ zone ?-1 is defined by two pairs of radiallv opposite and opposing
walls I 2G. 1 ?6' and I 30. 130'. Walls 1?6. 1?6' conver~~e inward in the
downstream flow direction. and walls l30. l30' diverge outward in the
downstream flow direction. The net ~t~fect is either a ~enerall~ overall
constant cross-section ofshear mi~in~ zone '_':l. or one that uec:reases or
converges and then diverges or increases by about 10%-~0% larger than the
minimum crass-sectional area in shear mixing zone ?=1. fn other words,
shear mixing zone '_'.~ has a first dimension along the vaxis that
decreases progressing toward outlet 30 and preferably a second dimension
alone the z-axis that increases progressing toward outlet 30. This design
of diver~in~ and convergtn~ walls produce a shear mixing zone ?~ having a
lu~er fluid pressure drop across it than the embodiment illustrated in
Figure 1. It also reduces the possibility of coalescence in shear mixing
zone '_'-1 when compared to the embodiment shown in Fisure 1. The entrance
to shear mixing zone ?-1 is defined by the radiall~ inward edge of steps
38. 38' and the intersection of walls l2-1-130 and 1?-1'-l30'. The
cross-sectional area at the entrance to shear mixing zone 3~ is smaller
than that of the combined cross-sectional areas of opemings 26. '_'6' to
increase the ~elocitv ot'the fluid as it flows into shear mixins zone
'_'-l. In this emhodiment. the divergence and convergence of shear mixing
zone ~.~ shapes the fluid 110 into a generally rectangular shape that may
have arced ends as shown in Figure   WO 00/54845 PCT/US00/07025 22 3(c ). f
iris shape prc~it>tc~ ~muoth transition ut' tlo~~~ Iluid I~om nuzzle ! l) t
~listributur f~4. Fisures .l(a)--1(c) ~IluStrate the embodiment sltctwn in
l~i~~ures 3(~r)-3fd) with the addition ut'a spray distributor 64 attached
to nozzle 10 in a conventional manner as premou,ly ~dsrusscd. Spray
distributor 6~1. as Silowtl It1 Fi~_ure ~), comprises a ~ener~ill~~
tan-shaped body l ~? containing a tan-shaped fluid passageway I ~4 within,
defined by opposing and outwardly diverging walls 15~. l >j ~ that serve to
control the e~cpansion ot'the atomizing fluid into a fan-shaped spray.
Walls I ~ ~. I ~ ~ ~ comprise the rounded. full-radiused lateral ends of
passageway 1 ~~l that preti:rablv diverge along at least axis of passageway
( S=l to provide a tan-shaped spray. The embodiments shown in Figures
3(a)-3(d) and -l(a)-4(c) comprise arced walls 1?6, 126' as shown. The fluid
entrance I58 to spra~~ distributor h~l rurrespunds in shape to orifice 30
in nozzle l0. and the fluid outlet 160 of distributor 6.~ is larger to
permit the atomized spray of liduid drops to continue expanding into a
tan-shaped spray. The pressure in passageway l54 is lower than that in the
nozzle fluid passageway 14. The mixed fluid exiting nozzle 10 and entertn~
fluid passageway 1 ~4 atomizes into a tan-shaped spray of liquid droplets
that tlo through outlet 1 b0 and into the FCC user reaction as shown in
Fisure 7. Fi~~ure ~ illustrates a cut-away view of an atomtzin~ nozzle 10
and distrtbutor 6~4. ~n association with an upstream fluid conduit 16a.
Conduit 16=1 provides the flow path for a two-phase fluid to enter nozzle
l0 through fluid inlet I.la tupenmas ?6. ~6') Figures 6f a)-6(c) illustrate
another embodiment of atomizing nozzle l0 ~~.~herein an atomization zone 1
) ~ is contlgured to be part of shear mixing zone '_'~.. In all other
respects. the nozzle I U shown in Figures til a )-6i ~ ) operates
simtiarl~~ to the embodiments already described. As shown in Fi ~_ure 6 (
a). fluid openings ~6. ~'6' need not be completely arced segments if the
pressure drop across splitter '_'8 is not too great.   WO 00/54845
PCT/US00/07025 2a 



Vi~wtn !=i<~urc c~(hl. sllcar m~xin~~ zone ?-t f~as a complc~l~ ~I~ctp~d
flaw area where its crass-,~ctie~nal area first decreases and then
increases as it pro!~resses toward orifice 3l). l~wo partial cross-section
view o)~tl~c nezlc tal.cn at 6 (b) - h (b) and h 1c) - h (c) are shoen in
Ficure (~ (h) and I i~~~ir~ f~ (c). t illustrate the some~~hat cuii~plex
nature ut~the shear mixin~_> iun~ ?-1. Atomization zune 1 l ~ comprises the
region or zone of smallest cross-sectional area within shear mtxin~ zone
?~. Zone t I ~ is preferably positioned adjacent to or near orifice 30.
Atomization zone 1 1 ~ may also terminate in uriticc 30. ~ritice 30
preferably has the same size and shape as that described and shown in
preytous embodiments. As shown. a first dimension of shear mixing zone 24
decreases toward fluid outlet 1=lb at a first rate for at least a portion
of shear mixing zone ?.~ and then decreases tu~s~ard fluid outlet 1 ~b at a
second rate for the remainder oi'shear mixing zone '_'-4. -Preferably, a
second dimension of shear mixing zone ?-4 increases toward fluid outlet
I=lb at a first rate for at least a portion of the shear mixing zone ~=1
and increases toward fluid outlet l ~lb at a second rate Ibr the remainder
ot'shear ~Z~ixinQ zone 2-t. In uperation. as the two-phase fluid flows
through passageway l-t into lower pressure atomization zone 1 t ~,
atomization is promoted by the rapid gas ~xpans~on in the lo~~ er pressure
region of atomization zone l 1 ~ and by the rapid acceleration ot'the
l~ahter compressible gas than the higher dens~t~~ (and incompressible)
liquid phase. This induces shear between the phases until their ~~elocities
more nearl~~ equalize. The shear forces decrease the ultimate size of the
liquid droplets in the atomized spray. Nozzle I () can be fabricated in a
number of different ways .~ lust wax or investment casting process may be
employed. or a forging and other casting   WO 00/54845 PCT/US00/07025 2-4
process may he used. ~c~rzlo l U may he fabricated Irom 5uitahlc ceramic ur
metal material ur cumhinatiuns thereof. As shon in (~i~~urcs ?(a)-?(d1.
fabrication ol~nuitlc 10 usin~~ a pluraliy ut'stacl.cd. rclativrl~ thin
mrtal plaW s ur platelets to lorm a hc~d~ I'_ hay ink a fluid passa~ewa~
I-l thcruthruti~h is l.nown and disclosed as usrtul for rocket motors and
plasma torclic~ in. for maniple. l.~ S. I'atcnta 3.i;81.101 and ~.~~~.~()1
This fabrication technique is also useful in fabricating nozzles 10 of the
present invention, including the embodiments generally disclosed and shoal
n in Fieures I -6. and nozzles of the invention have been fabricated using
this technique. However, the iit~ cntion is Trot intended to be limited to
the use of this technique for nozzle fabrication. Referring no~~ to Figure
7, a FCC feed injection unit 180 that incorporates one or more the
embodiments described herein is shown. Unit I80 comprises a hollow teed
injector 182 attached to a teed nozzle means I 8~ via 186. 188. Feed nozzle
means 18~ is shown as a conduit penetratin~~ through the wall 190 of a FC-E
riser ?06 and into riser reaction zone 192. Riser ?O6. better seen in
Figure 8. is preferably a cylindrical. hollow, and substantially
verticallyoriented conduit. In reaction zone 192. at least a portion of the
atomised oil feed 300 contacts uprising, hot catalyst particles. and reed
300 is cracked into more useful. lower boiling hydrocarbon products. ()nlv
a portion of riser ?O6 is shown for convenience. Feed injector I g?
comprises a hollow conduit 19~ into which preheated oil feed 300 is
introduced ~ is teed line l96. Feed line 196 forms a T-.junction with the
wall of the upstream portion of feed injector l 82. The downstream portion
of feed injector l8? comprises nozzle 10 and prelerablv spray distributor
6~. both of which are shown as boxes for convenience. Spray distributor 6~
produces a relatm elv flat. tan-shaped spray of the atomized oil feed 3(1()
into reaction zone l9`_'   WO 00/54845 PCT/US00107025 25 :1 Steam
spar~_~n`~ conduit 198. hlavin~~ a smaller diatrotcr ~~r ~ros~~cct~onal
area than the inieetur conduit 19-l, r~tends into. c~nd is cc~-axiall~~
~ili`~ned ~~~ith_ the lon`z~tudint~l a~~s utconduit 19~. In this
cmhodii~iunt. the runtral lcmytudinal avcs c>I conduits 191. I98 are
coincident. this pray nl~s an annular tlo~ path l97 tier hut oif teed 300
upstream utthe ~~it ~iicl ul'tl~e injector. Steam conduit l c)H terminates
inside injector conduit I ~):l. upstream of IlUZZIe 10. ;1 plurality of
holes or orifices 199 are radiall~ drtll~d circumferentiallv around the
downstream end portion ot~ conduit I 98. I fobs I 98 allow steam to sparae
rad~all~ outward and into the annular flow path 1 c)7 to mix with the hot
oil feed 30U tlow~n~ through path l97 to produce a two-phase tluid
comprising Qlobuies of hot oil dispersed in steam. The amount a t steam
sparged into oil feed 30t)'~s tvpicall~~ between about 1 and about ~ wt.
",' of the hot oil teed 300. The resulting tluid mixture. which may
typically comprise. on a volume basis. 7~-8~ "' steam and 1 ~-?~ % oil feed
300 passes to nuzzle I U which splits it into w separate streams that enter
nozzle 1 () to mm and atomize the oil feed 300 as previously described. The
atomized spray ofoil teed droplets 300 pass into reaction zone l9? and
contact the uptlo~~ ing stream of hot catalyst particles ( not shu~~ n 1 to
catalvtieallv crack the heavy- oil feed 300 into the desired lo~~~er
hu~lin~ product ti-actions. 



Figure i3 illustrates a conventional FCC process that may incorporate one
or more embodiments of the present mvennon. f CC unit ?00 comprises a FCC
reactor '_'0? and a regenerator ?04. Reactor ?0? comprises teed riser ~U6
containing reaction zone l9'_'. Reactor '_'02 also comprises a
~~apor-catal~~st disengaging zone '_' 1 () and a stripping zone ? 1'_'
comprising a plurality of battles '_' 1-I that look Pike array s of metal
"sheds~~ that resemble the pitched roots of houses. A suitable str~ppm~
anent. such as steam. is introduced lntU the   WO 00l54845 PCT/US00/0~025
2G ~trippine zone ~ is I~n~ ~ I(~. f he stripped, spent catalyst particles
pass into regenerator _'()-l via transfer line '_' I 8. A preheated I~ ~'~'
l'~td passes via lint 2'_'U into the base oh~ riser ~Uh at feed injection
point '_''_'-1. I~he preheated teed 300 may ur may nut be pre-mixed ~~ ith
a predeterm~n~d duantit~ ut steam. Feed injector 182 shown cn 1=i~~urc G is
located at 2'_'-t. but ~s not shown in Figure 8 for srmplicuv. In practice.
a plurality of teed in,j~ctors I 82. such as those shown in Figure 7, will
be located around the circumference utriser 2U6. Steam may pass into teed
injector l82 via line 222. The atomized droplets of hot teed 300 contact
the catalyst particles in the riser. This vaporizes and catalytically
cracks the teed into lighter, lower boiling fractions. including tcactions
in the gasoline boiling ranse (typically l00-400F. 30-'_'0~C). as ~~ell as
higher boiling jet fuel. diesel lirel. kerosene and the like. The FCC
catalyst may comprise any suitable conventional catalytic cracking
catalyst. The catalyst may comprise a mixture of silica and alumina
containing a zeolite molecular sieve cracking component. as is known to
those skilled in the art. The FCC reactions commence start when the feed
300 contacts the hot catalyst in the riser'_06 and continues until the
product vapors are separated ti-om the spent catal~ st in the disengaging
zone ? 10. The cracking reaction deposits strippable hvdrocarbonaceous
material and non-strippable carbonaceous material known as coke, to produce
spent catalyst particles vyhich mast be stripped to remove and recover the
strippable hydrocarbons. The catalyst is then regenerated by burning off
the coke in the regenerator. Reactor'_0'_' comprises cyclones ( not shown)
~n the disenaaemg Section 10 The cyclones separate hoth the cracked
hvdroearbon product vapors and   WO 00/54845 PCTNS00/0~025 27 the stripped
hydrocarbons ( as vapors ) from the spent catalyst particles. I'hc
hydrocarbon vapors arc ~~ ithdrawn via fine '''_'6. The hydrocarbon vapors
arc t~~p~callv fed into a distillation unit or t'ractionator ( nut shown)
~~ hich condenses the condensable port~c~n c~t'thc vapors into li~~uids and
lractionatcs tl liduid~ into separate product atrcams. The spent catalyst
particles pass to stripping zone ? 1? where they contact a stripping
medium. such as steam. The steam passes into stripping zone ~ 12 via line ?
16 and removes the strippable hvdrocarbonaceous material deposited on the
catalyst during the cracking reactions. These vapors are withdrawn along
with the other product vapors ma line ~'''6. The baffles 214 disperse the
catalyst particles uniformly across the width of the stripping zone 212 and
minimize internal retluxine or backm~:cing of catalyst particles in
stripping zone ? !?. The spent. stripped catalyst particles are removed
ti-om the bottom of stripping zone '_' I? via transfer line ~ 18 and pass
into a tluidized bed 2'_'8 within regenerator 204. 



The catalyst particles in tluidized bed 2?8 contact air entering the
re=enerator via line ''-10. Some ot~ the catal~ st particles pass up into
disengagine zone ?-~?. The air ux~dizes or burns off the carbon deposits to
regenerate the catalyst particles and heats them up to a temperature which
typically ranges from about ~~0-1-tU0t-' ( ~ 10-760C) Regenerator 204
comprises cyclones lnot shown ) that separate liot regenerated catalyst
particles tcom the ~aseuus combustion products, or flue has. which
comprises mostly CO~ CO. H~O and N, The cyclones pass the regenerated
catalyst particles back down into tluidized catalyst bed '''_'8 via diple~s
(not shown), as is knov~m to those skilled in the art. Fluidized bed'_''_'8
is supported on a `Tas distributor ~=rid '_'-~.~. ich ~s illustrated as
dashed line. The hot. regenerated catalyst particles in tluidized bed ~'_'g
overflow tho weir ~-16 formed b~ the top of a tunnel '?~.8 that is
connected at   WO 00l54845 PCT/US00/07025 2b its bottom to the top ~~t a
cic3~~ncomcr'_~0. flee bottom tit~du~~ncc~mcr ~~U turns into a regenerated
c~ttal~ ~t trttnsl~r line _'~~. ~l-he o~~crtlo~.vin<_~. rc~~~norctted
particles slow do.n thruu~~h funnel '_'-18, do~~ncc~m~r ~ ~U and lulu tlic
transfer line ~~'' to pass hae:k lulu rc;~c;tic~n zone 19'? I he flue !_as
i~ rrmcnrd li~tn the top ot~the regenerator ~ is line ~~~. Cat cracker
feeds used in FCC processes typically include ~~as oils. which are hieh
boiling. non-residual oils. such as a vacuum eas oil (VGU). ;.t straight
run (atmospheric) ~;as oil, a light cat cracker oil (LCGO) and cokcr gas
~~ils. These oils have an initial boiline point typically above about 150F
(?3?C). and more commonly above about 6~0F (3~3C), with end points up to
ghoul l 1 ~0F (621C), as well~as straight run or atmospheric eas oils and
coker has oils. In addition. one or more heavy feeds having an end boiling
point above I1)a0F (~66C) (e.g.. up to 13U0F (70-1C) or more) may be
blended in with the FCC teed. Heavy feeds include. for example. whole and
reduced erodes. rcsids or residua tom atmospheric and vacuum distillation
of crude oil, asphalts and asphaltenes. tar oils and cv cle oils twom
thermal cracking of heavy petroleum oils. tar sand oil. shale oil. coal
derived liquids. syncrudes and the lil.e. These may be present in the FCC
feed in an amount ot~ from about ? to s0 ~ plume 'o of the blend. and more
tvp~callv from about ~ to 30 vulume'%~. Heavy feeds typically contain too
high a content of undesirable components, such as aromatics and compounds
containing heteroatoms. particularly Sulfur and nitroeen. Consequently.
these feeds are often treated or upgraded to reduce the amount of
undesirable compounds by processes. such as hvdrotreatins. solvent
e~tract~on. solid absorbents such as molecular s~e~ es and the like. as ~s
known. Typical FCC reactor process conditions include a temperature of from
about 800-I200F ~-l'_'7-618C). preferably 3~0-l l~0F (-~~-I`-(,''1C') and
WO 00/54845 PCT/US00/07025 29 ~ttll more preterabl< <)t)l)`~- l I ;()F
(-18~-~~~ l C ). a pressure hens crn ~thout 3-h() p~i`~. pretcrabl` ~--)()
psi~~ ~~tth t~ed~catal~~st contact times bct~~~een ahuut t).;-1; ~~conds,
preterabl~ ahuut I -~ seconds. and ~i ith a catal`~st to li:uri ratio
I~ubout t>.~-l0 and preterabl~~ '_'-~. i~lie hCC feed is preheated to a
temperature I~nut more than 830F (-l~.)~' ). preferably no <~reater than
800l' (-l?7C) and t~~picall~~ ~iithin the range ul' loom about Q00-800F
(26U--l27C'). The tnvention  ill he further understood with reference to
the f~ullowtnQ nun-limiting example Example 



In this experiment, an atomizing injector similar in design to that shown
in Figure 7 with an embodiment of atomizing nozzle similar in design to
that shown in Figure ~ was compared to a commercially proven slot and tan
design, similar to that shown in U.S. patent ~,173.17~. The commercial
nozzle simulated a pipe with an end cap containing a rectangular. slotted
orifice. with an attached downstream diverging flat tan atomizing tip. Both
nozzles included a tan-shaped atomizing distributor or tip and were
fabricated at a scale ut~ one halt~the size of a t~~pical commercial
nozzle. The Injector was the same for both cases except for the nozzle
design. Both injectors produced a flat. tan-shaped spray and were mounted
horizontally and oriented to produce a flat. late-shaped spray with the
maximum width in the vertical direction, in the laser I i <~ht beam path
ot~a Malvern particle sizer. This instrument is well known and used for
measuring liquid spray characteristics. Light ditfracuon patterns. each
associated ~ith a characteristic drop size range. are focused by a Fuurier
transform lens onto a multi-element photodetecter. The light energy
distribution is converted. ~~ia a computer. into a currespondina liquid
droplet size distribution.   WO 00/54845 PCT/US00/07025 .i 0 Gaseous
nitr<t~=cn ~~~as used to simulate the eas phase and liquid water was used
to simulate thr I~~lu~d phase. f~ grid of cc)mparative experiments was
conducted ~~ar~ in~_ ~< atcr and nitrogen flow rates and the Sautcr mean
liquid drop diameter ~~~a5 calculated. ussumina a Rosin-Rammie:r
distribution function. The results t~)r the two different nozzle desi~~ns
are compared in the Table below Injector Type i Water (mass Ib/sec)i
Nitrogen i (scf/sec)tauter mean diameter ~ (microns)Commerc:~al Tan ~ 4.93~
0.9 ~: ?83I -(.99U.39 i-4.4Z4.470.62 I313i .i.640.40 !~l~ 1 1:.~3 ~0.94
~2~3The Invention-~ 840.93 i'_'~2=i.970.40 I342-1.360.63 i 



I''913.46 I0.39 ~~'6?.~l.00 ,IG? I In a11 cases. at comparable water and
nitroeen flow rates. a nozzle of the present invention produced an atomized
spray havinE smaller Sauter mean diameter liquid droplets. than did the
commercial desien. This shows that better atomization ~as achie~ ~d  ith a
nuzzle of the present invention. It ~s understood that ~ arious other
embodiments and modilications ~n the practice of the invention ~ill be
apparent to. and can be readil~~ made b~~. those skilled in the art
~~~ithout departtna from the scope and sp~rtt ofthe ~n~~ent~on described
abo~~e. .-~ccordingl~~. it is not intended that the scope ot'the ~latms
appended hereto be limited to the exact description set forth abo~ e. but
rather   WO 00I54845 PCTNS00/07025 31 that the claims b~ construed as
encompassme all ot~ the features t~ patcntable novelty which reside ~n the
present ~nventton. ~ncludin~ all the features and embodiments  hick ~~
could be treated as equivalents thereof b~ those ~Lilled in the art to
which the in~ent~on p~rtatns. 



WO 00/54845 32 CL,A~MS: i~ liquid ~it~m~iin~~ apparatus compns~ng:
PCTIUS00/07025 a bodv comprisin~~ ~ fluid inlet and a fluid outlet. said
bode conti_urc:d to define an impingement mixing zone and a shear mixing
zone. said cones positioned between said inlet and said outlet, said fluid
inlet comprism a splitter that can split an incoming t7uid stream into at
least two streams: said impingement mixing zone comprising at least one
imptn~ement surface. said impingement surface configured to impinge at
least a portion oCa fluid against another impinged stream wherein the
included angle between two impinged streams is between about I20 and 240;
and, said shear mixing cone having a cross-sectional area defined by a
first dimension and a~second dimension. wherein said tlrst dimension
decreases along 



a longitudinal axis through said bodv in a direction toward said fluid
outlet. The apparatus accordtna to claim 1 wherein said impingement mixing
surface is confii~ured to be substantially perpendicular to the overall
direction of fluid flow through said body. 3. The apparatus according to
claim 1 wherein said impingement zone comprises at feast one ri=ht-angle
step. -1. The apparatus according to claim 1 wherein the wherein the
included angle between two imp~n~ed streams ~s between about l 70 and l90
The apparatus according to claim 1 wherein the wherein the included ankle
between two impinged streams is about 180.   WO 00/54845 PCT/U500/07025 ;;
h The apparatus ~tccordtn~ to claim 1 wherein said imprn~~emcnt surtacc
imparts imptn~~ern~nt fl~t tee the portion ot~satd stream contactin~~ tn a
direction t about 90 normal to the longitudinal airs ihroueh said body. 7.
The apparatus according to claim 1 ~herein said tluid uutl~t has a
noncircular shape. 8. The apparatus according to claim 7 wherein said
second dimension of 



said shear mixing zone increases along said longitudinal axis toward said
fluid outlet. 9. The apparatus according to claim 8 wherein said first
dimension decreases toward said fluid outlet at a t3rst rate for at least a
portion ut~ said shear mixing zone and then decreases toward said tluid
outlet at a second rate for the remainder of said shear mixing zone. 10.
The apparatus according to claim 8 wherein said second dimension increases
toward said tluid cutlet at a tirst rate for at least a portion ot~ said
shear mixing zone and then increases toward said fluid outlet at a second
rate for the remainder of said shear mi~cina zone. 1 1. The apparatus
according to claim 10 wherein said shear mixing zone has rounded lateral
ends. t'_'. The apparatus according to claim 11 further comprising a spray
distributor in fluid communication with said fluid outlet. said distributor
detining an expansion zone having a pressure less than the pressure ~~
ithin said shear mixins zone.   WO 00I54845 PCT/US00107025 34 13. The
apparatus according to claim 1? wherein said distributor comprises a
distributor fluid pasaa~~cw av extending therethrough, said paswgew av
having a first dimension that di~crges along the longitudinal axis ol'said
p~155~tge~~a~~ in a direction toward said outlet of said distributor, said
passages a~~ comprising rounded lateral ends. 14. The apparatus according
to claim 13 wherein said body is configured to define a t7rst expansion
zone positioned between said sputter and said impingement mixing zone, said
expansion zone having a cross-sectional area. l ~. The apparatus according
to claim 1 ~1 wherein said body and sa ld sputter define at least two fluid
openings, each said fluid opening having a cross sectional area. and
wherein the sum of the cross-sectional areas ot'said openings 



is less than the cross-sectional area of said expansion zone. l6. The
apparatus according to claim I 1 wherein said shear mixing zone comprises
an atomization zone. said atomization zone comprising an area of smallest
cross-sectional area within said shear mixins zone. l7. The apparatus
according to claim 13 wherein said bodv comprises a plurality of plates.
said plates comprising an orifice extending therethroueh. whereby the
orifices of said plates define said fluid passageway. 18. The apparatus
according to claim 17 wherein the orifices ot'said plates that define said
shear mixing zone have van~ina first dimensions. wherein the first
dimension ot'the orifice ot'each plate defining said shear mixin= zone is
smaller than the first dimension ofthe orifice ot'the plate preceding it.
19. The apparatus according to claim 18 wherein the orifices of at least
one said plates that define said shear mixing zone have varying second
dimensions.   WO 00I54845 PCT/EJS00/07025 35 wherein the second dlmcnslun
of~the orifice ufeach plate d~tlnlll~_ said vhcar mining zone is =realer
than the second dimension of the orlticc oh the hlatu 



hreccding It. ~U. A liquid atomizing apparatus comprising: a body
comprising at least tine fluid inlet. at least one fluid c~utl~t, and a
fluid passageway extending bet~een said inlet and said outlet: said
passageway defining an impingement mining and a shear mixing zone
downstream from said impingement mixing zone; said passageway con figured
to define at least one impingement surface. said impingement surface
configured to direct fluid in a direction substantially normal to a
longitudinal alis extending through said body: said shear mixing zone
having a cross-sectional area defined by a first dimension and a second
dimension, wherein said first dimension decreases along a lonmtudinat axis
through said hodv in a direction toward Bald fluid outlet '_' 1. The
apparatus according to claim ?0 wherein the portion of fluid contacting
said impingement surface is a peripheral portion of the fluid flowing
through said passageway. 



'_''?. The apparatus according to claim 20 wherein the wherein the included
angle between two impinged streams is about l 80. The apparatus according
to claim ~U wherein said impingement surface Imparts impln~ement flow to
the portion of said stream contacunQ In a direcnon of about 90 normal to
the longitudinal axis throush said body .   WO 00/54845 PCT/US00/070Z5 i(
'_-I. The apparatus accr~rdin~ to claim ?U wherein Said fluid otttlct It~ts
~1 noll circular shape. hhe apparatus acc:ordin~~ to clairn ?0 wherein said
sccand dimension increases alone said loil~rtudrnal arts toward said fluid
outlet. ?6. The apparatus according to claim 20 wherein said first
dimension decreases toward said fluid outlet at a first rate for at least a
portion ot'said shear i~i~ine zone and then decreases toward said fluid
outlet at a second rate ror the remainder of said shear mi~in~ zone. ?7.
The apparatus according to claim 26 wherein said second dimension increases
toward said fluid outlet at a first rate for at least a portion ol~said
shear miain~ zone and then increases toward said fluid outlet at a second
rate for the remainder of said-shear mixing zone. ?8. The apparatus
according to claim 20 wherein said shear mixing zone has rounded lateral
ends. 



?9. The apparatus according to claim _'U further comprising a spray
distributor in fluid communication with sand fluid outlet. sand distributor
defining an expansion zone haven; a pressure less than the pressure within
said shear ii~ixin~ zone. 30. The apparatus according to claim ?9 wherein
said distributor comprises a distributor fluid passagewaL extending
therethrough. said passageway having a first dimension that diverges along
the longitudinal axis of said passa~e~~~av ~n a drrecuon toward said outlet
of said distributor. sand passageav comprtsina rounded lateral ends.   WO
00l54845 PCT/US00/07025 3', 3l. The apparatus ae;cording to clam '_'()
wherein said hodv is ~onliurod to define a first expnnsmn lone positioned
between said splittcr anti said impin<,ement mixing ino. said expansion
zone having a Truss-scotic~n<<I area. 33. 'rhe apparatus according to claim
3 f wherein said body and said splitter define at least two tlu~d openinQS,
each said fluid opening havine n cross sectional area. and whcre~n the sum
ot~the cross-sectional areas ot'said openings is less than the
cross-sectional area ofsaid expansion zone. 33. The apparatus according to
claim ~0 wherein said shear mixing zone S comprises an atomization zone,
said atomization zone comprising an area of smallest cross-sectional area
within said shear mixine zone. 3~. The apparatus according to claim 20
wherein said body comprises a 



plurality of plates. said plates comprising an orifice extending
therethrough. W hereby the orifices of said plates define said fluid
passageway. 3~. The apparatus according to claim ~-I wherein the orifices
ot~said plates that define said shear mixine zone have varvine diameters,
wherein the diameter ot~the orifice of each plate detinina said shear
mixing zone is smaller than the diameter ot~the orifice ofthe plate
preceding it. 36. A liquid atomizm~ apparatus comprising: a body comprising
at least one fluid inlet. at least one fluid outlet. and a fluid passageway
extending between said inlet and said outlet: said fluid inlet comprising a
splitter. said sputter and said body defining at least rn~o fluid openings
to said passa~ewa~:   WO 00/54845 PCTNS00/07025 3~ said passa~~e~~t~~
dctinrng an impingement mixing and a shear mixin` lone downstream t~rum
said impingement mixing zone: said passagcit~~ ce~nti~ured to define at
least one imp~n~ement surface positioned near the periphery c~t~said
passa!~ewav, said impingement surface 



e:onti~ured to direct the fluid in a direction substantially normal to the
longitudinal arts cxtendrng through said body: said shear mixing zone
havtns a cross-secttonaL area defined by a first dimension and a second
dimension, wherein said first dimension decreases along a longitudinal axis
through said body in a direction toward said fluid outlet. 37. The
apparatus according to claim 36 further comprising a spray distributor,
said distributor comprising a distributor fluid passageway extending
therethrough, said passa~ewav having a lateral dimension that diverges
ti~om a distributor inlet to said a distributor outlet, said distributor
inlet configured to be substantially the same size and shape as said fluid
outlet of said body. 38. .A liquid atomizing apparatus comprtsin~: a body
comprising at least one fluid inlet, at least one fluid outlet. and a fluid
passageway extendins between said inlet and said outlet: said fluid inlet
comprising a splitter. said sputter and said body detinmg at least two
fluid ' openings to said passageway: said body comprising a plurality of
plates. said plates comprising an orifice extending therethrough. whereby
the orifices otsaid plates define said fluid passaae~~~av. and wherein the
orifices of said plates that define said shear mixing zone have ~~arvinQ
diameters. wherein the diameter of the orifice ut each plate defining said
shear mixing zone is smaller than the diameter ot~the orifice of the plate
preceding rt:   WO 00/54$45 PCT/US00107025 ~9 said passageway defining an
impingement mixing and a shear mixing none downstream from said impingement
mixing zone: 



said passageway configured to define at least one impingement surface
positioned near the periphery of said passageway. said impingement surface
~ontigured to direct fluid in a direction substantially normal to a
longitudinal axis extending through said body; said shear mixing zone
having a cross-sectional area defined by a first dimension and a second
dimension. wherein said first dimension decreases along a longitudinal axis
through said body in a direction from said inlet to said outlet. and
wherein said second dimension increases along said longitudinal axis in a
direction ti-om said inlet to said outlet. 39. The apparatus according to
claim 38 liirther comprising a spray distributor, said distributor
comprising a distributor fluid passageway extending therethrough, said
passageway having a lateral dimension that diverges from a distributor
inlet to said a distributor outlet. said distributor inlet configured to be
substantially the same size and shape as said fluid outlet of said body.
.~0. A liquid atomizing apparatus comprising: a body comprising at least
one fluid inlet, at least one fluid outlet. and a fluid passageway
extending between said inlet and said outlet: said fluid inlet comprising a
splitter. said splitter and said body defining at least two fluid openings
to said passageway: said passageway defining an impingement mixing and a
shear mixing 



zone downstream from said impingement mixing zone:   WO 00154845
PCT/US00/07025 =lI) said passageway configured to define at least one
impingement surface positioned near the per~phorv of said passageway, said
impingement surface contisured to direct fluid in a direction substantially
normal to a longitudinal axis extending through said body; said shear
mixcng zone having a cross-sectional area defined b~~ a first dimension and
a second dimension. wherein said first dimension decreases alone a
longitudinal axis through said body in a direction from said inlet to said
outlet. and wherein said second dimension increases along said longitudinal
axis in a direction from said inlet to said outlet; wherein said first
dimension decreases at a first rate in a direction toward said fluid
outlet, then decreases at a second rate in a direction toward said fluid
outlet. said first rate being greater than said second rate: and. wherein
said second dimension increases at a first rate in a direction toward said
fluid outlet, then increases at a second rate in a direction toward said
fluid outlet, said first rate being greater than said second rate. -11. A
process for forming a spray of liquid droplets comprising the steps of; (a)
forming at least two streams of a two-phase fluid comprising a gas phase
and a liquid phase: (b1 passing said streams to an impingement mixing zone
wherein at least a portion of each stream is impinged against at (east a
portion of another stream and wherein the included angle between the
impinEed streams is between about 120 and 240 to form a s~nele mixed
stream:   WD 00I54845 PCT/US00/07025 =l 1 (c) passing said single mixed
stream to a shear mixing zone and imparting shear mixing forces to said
single mixed stream to form a shear muted stream; and. 



(d) passing said shear mixed stream to an atomizing zone wherein said gas
phase expands and increases the surface area of said liquid phase. therehv
producing a spray of liquid droplets. _ 4?. The process according to claim
4 t further comprising the step of combining a gas phase stream with a
liquid phase stream to form said two phase fluid. 43. The process according
to claim 42 wherein said impingement zone and said shear mixing zone are
contained within a nozzle comprising: (i) a body comprising a fluid inlet
and a fluid outlet, said body configured to define said impingement mixing
zone and said shear mixing zone. said zones positioned between said inlet
and said outlet. said fluid inlet comprising a splitter that can split an
incoming fluid stream into said at least two streams of a two-phase fluid:
(ii) said impingement mixing zone comprising at least one impingement
surface, said impingement surface configured to impinge at least a portion
of a fluid stream contacting said impingement surface aeainst another
impinged stream wherein the included angle between two impinged streams is
between about I'_'0 and ~40: and. (iii) said shear mixing zone having a
cross-sectional area defined by a first dimension and a second dimension,
wherein said first dimension decreases   WO 00I54845 PCTIUS00/07025 -42
along a longitudinal axis throueh said body in a direction toward said
fluid cutlet. 44. The process according to claim 43 wherein said shear
m~xin~~ zone has rounded lateral ends. 4~. The process according to claim
44 wherein said nozzle further comprises a spray distributor in fluid
communication with said fluid outlet. 46. The process according to claim 45
wherein said distributor defines said atomization zone. said atomization
zone having a pressure less than the pressure within said shear mixing
zone. 47. The process according to claim 46 wherein said distributor
comprises a distributor fluid passageway extending therethrough. said
passageway having a first dimension that diverges along the longitudinal
axis of said passageway in a direction toward said outlet of said
distributor. said passageway comprising rounded lateral ends. 



-18. The process according to claim 4I wherein the included angle between
the impinged streams is between about l20 and about 240. .19. The process
according to claim 41 wherein the included angle between the impinged
streams is about 180. ~0. A process for tbrming a spray ohliquid droplets
comprising the steps oF: (a) Pormm~ a plurality ot'streams of a two-phase
tluid comprising a has phase and a liquid phase:   WO 00/54845
PCT/US00/07025 =I 3 (b) impinging at !cast a portion ofeach stream against
at least a portion of~ another stream to torm a s~nele mixed stream,
wherein the included angle between the impineed streams is between about
120 and 2-iU: (c) subjecting said single mixed stream to shear mixing
torces, thereby forming a shear mixed stream: and. (d) expanding said gas
phase in said shear mixed stream. thereby producing a spray of liquid teed
droplets. ~ 1. The process according to claim ~0 further comprising the
step of combining a gas phase stream with a liquid phase stream to form
said two phase fluid. The process according to claim ~ t wherein said
impingement zone and said shear mixing zone are contained within a nozzle
comprising: (i) a body comprising a fluid inlet and a fluid outlet. said
body configured to define said impineement mixin_ zone and said shear
mixing zone, said zones positioned between said inlet and said outlet, said
fluid inlet comprising a splitter that can split an incomine fluid stream
into said at least two streams of a two-phase tluid; (ii) said impingement
mixing zone comprising at least one impingement surface. said ~mpineement
surface configured to impinge at least a portion of a fluid stream
contacting said impingement surface a~~ainst another impinged stream
wherein the included angle between two impinged streams is between about
l7U and 19U; and.  



WO 00/54845 PCTIUS00/07025 ( iii) said shear mixing zone having a
cross-sectional area dc;i fined by a first dimension and a second
dimension, wherein said first dimension decreases alone a longitudinal axis
through said bodv in a direction toward said Iluid outlet. ~3. The process
according to claim ~3 wherein said shear mixing zone has rounded lateral
ends. ~4. The process according to claim ~3 wherein said nozzle further
comprises spray distributor in fluid communication with said fluid outlet.
5~. The process according to claim 54 wherein said distributor defines said
atomization zone. said atomization zone having a pressure less than the
pressure within said shear mixing zone. 56. The process according to claim
~~ wherein said distributor comprises a distributor fluid passageway
extending therethrough, said passageway haying a first dimension that
diverges along the longitudinal axis of said passageway in a direction
toward said outlet ohsaid distributor, said passageway comprising rounded
lateral ends. ~7. The process according to claim ~6 wherein the included
angle between the impinged streams is between about 17~ and about 185. ~8.
The process according to claim ~6 wherein the included angle between the
impinged streams is about l80. 



~9 The apparatus according to claim 7 wherein said fluid open~nes have a
cross-sectional area. wherein said fluid outlet of said body has a
cross-sectional   WO 00I54845 .t5 PCT/US00/07025 area. wherein the
cross-sectional area of said fluid outlet ot~said b~dv i5 Icss than the sum
ot'the cross-~eca~onal areas ot'said fluid openings. 6U. The apparatus
according to claim 2U wherein said fluid openin~~s have a cross-sectional
area. wherein said fluid outlet of said body has a cross-sectional area.
wherein the cross-sectional area of said fluid outlet ot'said bodv is less
than the sum ot'the cross-sectional areas ofsaid fluid openings. .An.AYY
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