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Reference to Rel ated Applications [0001] This
wa@pphieadi on clains priority to U S. Provisi onetT/US2006/046247
Application No. 60/741,022, filed Novenber 29, 2005,
the contents of whi SRRaAENGAZLES expressly
i ncor porated by reference intheir entirety as part of
t he present nventlon
[ 0002] The p : £ oray nozzl es,
and nore parti cul arly, to spray nozzl es that mx

[0001] | MO LpBiod 3RO hA0A & TSN PEedsis Rl @pplication No. 60/741,022, filed

November 29, 2005, the contents of which are hereby expressly incorporated by reference in

their entirety as part of the present disclosure.

Field of the Invention

[0002]  The present invention relates to spray nozzles, and more particularly, to spray nozzles

that mix liquid and gas into an atomized spray.

Background of the Invention

[0003] Fluidized catalytic cracking (FCC) is one of the major refining methods used in the
oil reﬁningt industry. The FCC process is employed to crack materials consisting essentially
of petroleum-type hydrocarbons to produce products such as fuels for internal combustion
engines and heating oils. The cracking process is usually performed in a vertically oriented
conduit, or riser including a reactor vessel, that forms part of an FCC system. During the
process, hot catalyst particles in an aerated (fluidized) state are typically introduced into a
bottom portion of the riser and induced to flow upward. A hydrocarbon feedstock is mixed
with steam to become partially fluidized and injected into the catalyst flow as the catalyst
travels through the riser, which creates cracking reactions that breakdown the hydrocarbon

feedstock into a simpler (lighter) molecular form.

[0004] Optimal cracking conditions in an FCC process require a substantially immediate and
homogenous mixing of the catalyst and the hydrocarbon feedstock. Such mixing is difficult
to achieve, however, and stratified regions of hot catalyst and cold hydrocarbon feedstock
typically appear within the catalyst-hydrocarbon flow. Over-cracking and thermal cracking
of the hydrocarbon molecules typically occur in the catalyst-rich areas of the flow.
Conversely, incomplete cracking of the hydrocarbon molecules usually occurs in
hydrocarbon-rich flow regions. These factors can substantially reduce the overall yield of the

FCC process. In addition, over-cracking, thermal cracking, and incomplete cracking have
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ceramjGGAVRE prptlet defining at least one outlet aperture and a m tallic inlet™portion
defining at least one inlet conduit for receiving the at least one fluid. The nozzle further
comprises a metallic connector that connects the ceramic outlet or cover to the metallic inlet
and provides a compressive preload to the ceramic outlet to prevent looseness between the

metallic inlet and the ceramic outlet following differential thermal expansion and contraction.

[0009]  In accordance with a more detailed aspect, the present invention is directed to a
nozzle for discharging first and second fluids in an atomized spray into a vessel. The nozzle
comprises an inlet portion formed of metal and defining at least one inlet conduit for
receiving first and second fluids. An outlet portion of the nozzle is formed of ceramic and
defines a plurality of outlet apertures extending therethrough in fluid communication with the
inlet portion, and spaced relative to each other for atomizing the first and second fluids ina
spray pattern emanating therefrom. The nozzle further comprises a metal connector coupled
on an upstream end thereof to the metal inlet portion, and coupled on a downstream end
thereof to the ceramic outlet portion. The metal connector engages the ceramic outlet portion

and exerts a substantially predetermined compressive preload thereon. In one embodiment of
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[0008] I n accordance with a first aspect, the present
invention is directed to a spray nozzle for

walk®chesugi ng at | east one fluid in an atonm zedPGPUBY06/046247
into a vessel. The nozzle conprises a ceram c cover or

the préstt Bivesteh fHengetalicohgasdr taves mWachy irathe direst@naimn the upstream
metal lic inlet portlon definin | east

n
end toynd thetdoraptrease eid thagof he ope sp Seoasfiasry &F &let#%nn“tor

r
By T SRIPIAL R AR SR ERRAFLR, of B s
that threddetilymgagmhe/ ifieke threads mmrﬁxezﬂy. secarqthe Inwéed comettoe and ceramic

ceramic outlet to preven osenes en t
outlegappin by egpoiRe Bof e afios BUEaY of DR FGPHgoutet porion
with efjéé%% g%? g}él@z{d Ag% ﬂpdne%ﬁm&ﬁbémm@ﬁdﬂﬁ%t&l%%ﬁ&fbr is welded on the

accordance with a nore detailed aspect, the
upstrqanesErthereofterthd infet partidinr édteutively atha ol gornsetor can be welded

o R B B SR b BT porion. o

the mP@I ddr@BcthOEAE WdzedBE Adhedivelyd@htied ﬁ)g.h@berhlﬁ&é‘duﬂenﬁ)mon
|nIet conduit for receiving first and second fl ui ds.

out | et portlon of the nozzle is fqrned.of &eram

[00010] aﬁm aeferdanedwih preihen aspsetdpe B{?Wétmvﬁﬁté?li t frected fosh B¢y for
s ST T LA TR B O
contoat. Oftiezioagle thmpfisassin ﬂaﬂpm’acmdd'nﬁhgla‘fdeast nnt’alnbp pta;dult for

. pat ern therefrom . o0zzl
SEEORUARS CORABLT P ol B oA BpLer usHog e
that sﬁﬁb@afnﬁgﬁy EShib s 18RhAIntdrit 8bntBeF §f tBOvesddldaratipil@UtyOsT cutlet

downst ream end thereof to the ceramic outl et portion.
. apertuipeeniendailg thormeb dhaorxtering sydecetin @utde“roalﬁ‘p%m%’topéﬁ’lﬂb@? ﬂnl%trpomon
xerts tanti
ond o 5§57 05 L Yo LB PO TLREFETRLLIRNE vach
outlet apegiiiei definestBowretialforatireoting o mittamerfirstrand setopd iflmidstrough
direction froa1the ugéﬁrean1end toward the downstream
the oytlstapepiareigrthe direstign of s Y 3XiEhe net al

connector defines a plurality of first threads, and

[00011] t '1& aéda'r&a&lc@%hlaﬁ&haeis?&e&h@ pRIstHt heinyo@fs E@EAE 2 nozzle for
hreads that threadedly engage the first threads to

dlschdrgxedlry?t and sepcndtfhvédsrin pa latosgnerespraF intonaivesealafhe negale eludes an

inlet Iggg%%@?r}'glt & t h h@%g’ ﬁg{akél%‘iﬂect%ﬂg {]@%ﬁ&&mot?c#ltg%r receiving first

and s&doag iffhided Te Qb@zﬂ&iﬁlr’eﬁleismcluﬂesmﬁoﬁhc poreioh delfimipat phlrzld&y of
nmet al connector is wel ded E’ t he up t.ream end. t her

substagiali EORGEIE R HSHUTCAFEH PRSI A G7gh DT 2h§ Sach ot
apertlﬁ% %nceogﬁg({te(fﬁlnﬂlﬁg cé“ﬂrﬂﬁléﬁ i%h &8 2 e LtivRAR ! QhaW Y QUecting a
threadedly connectin e netal connector to the inlet
respe@dretdne o t}wrfusﬂmldrsed;caid fbodetbetedrowgin be brazed or
adhesi vel y bonded to the ceram c outI et portl on.

[00012] 138 8%%0 %a:ﬁng? grc apg A g%eisp%étt tgl Al 0 e%’?gxg ta H&g t(p 5%8%%

includihg &4 uﬁétq)oﬁﬁﬁmﬁﬁnfﬂgtut st dheaﬂleﬁ&cﬁﬂuil ésk xsmiayg lﬁfﬁt andisecond
vessel defini ngr an internal contour. The no

fluidse dkrppytlst gomian o f@tnoga? 5 eyngrdediorige dewnsbiap eai% of fher ket

portict? orutlxt:toéurﬁ@rﬁ? Qn £h5ﬁ§r ﬁgﬁ?éﬁﬁm&ﬂ L ifshbePor receiving
outlet ‘portion o e nozz I nes an terlor
surface that substantlally conforms to the interna
contour of the vessel, and a plurality of outlet
apertures extending thrdugh the exterior surface in
fluid communi cation with the inlet portion and
angul arly spaced relative to each other about a
central axis of the outlet portion. Each outl et
aperture defines a flow axis for directing a m xture
of first and second fluids through the outlet aperture
in the direction of the respective flow axis.




[00011] In accordance with another aspect, the present
invention is directed to a nozzle for discharging
wo pooshesaod second fluids in an atom zed spray PaO/OSB06/046247
vessel . The nozzle includes an inlet portion defining
the fir& 2Bl Yscdhil thnidaffrast Betiakt patiby. Thneelt portion filtter defirtbaiat s
for receiving first and second fl uids. T?e nOﬁz.Ide
plurality,pf First outleé pprBesaxtandingdropgh thesuiegior pHiagy My u
Bliugald - ' ' i fhE€sbout a
commifidn iy Bl AR (S, wiL FRREED, hicaRehliel Ren
periphetil beitioa e Eelxecrios sudiun dat aeinizingf theificst endrsasnid dvids in a spray
with a respective inlet, cond for di{ectin

pettery EpRRIE TSR on PSR Sper 0d teckiemal B A GG, e phuality of
outlet tageﬁ{lﬁéshirg Eﬂéhlarﬁgp%g% relafive fCQICH BfHe® aMd i Bn aKiebRee outlet portion,
aspect, the” présen

t invention is directed to a nozzle .
and edcholitietiapgrtane defihesta fiow eiis fordikr gy matturecydirsieng ssoendfluids

onduit for receiving fir d seco '
tougb B aptrsh o EEctrge 1 e BGRn Bt o] Sppfiment, he
plural PVNESK 2288 QRYeiaie tbllBfihd Qlbsatidliyofat Hiheprappdtein. The outlet
portion defines an exterior surface and a

portiog Hianthiza defigns at kesli oﬁeﬁgcond\@utlet aperture extending a{gn)élag%pstream side
2007/ 065001P . i st ST
ot theF RO R A o T SORAREkT M oI R AR BEr R Bircting o
spray bPilk HR§t sd@kicond fidslthierafromy Avfleabi soste afibé grappeitted fiom the
extendi ng through the exterior surface in fluid face ¢
secong GHRPRAHTP STAIY VRO IYATE e E IS Qﬁ]ae %tﬁ‘“g‘b‘?fﬁ}‘ﬁ gete
therebgg)?%gtn 4 g#eﬁ%ﬂﬁﬁﬁin%&) sRRERCOLHET asaQuly 2 vReh uRASH FICCU

e exterior surface for atom zing the
applichtiorst framdcodlectingcbrf theedsriprsuafaspansycapsing erosioared thet suifgee. In

t f | nbodi ment _ of i i :
one syhgrparaaie e SEoBfPRG Hgrs il SuBAERENY sbReRE Ltk wia
of thehPkiddany 8ldé 6f @B eRtebbhaifaadotihe attleOposicaf totchere that # spray

_portion, and each outlet aperture defines a flaqw aﬁgs d
emittedghergfrp meubsigntipllricyep ehegto Wpiream BFORSRIGHE CFIFLIpLfEiiace an
ture in the direction of the
tbad%ﬂ%%%%%v%&ﬁ?ﬁHgﬁgﬁgﬁg eérrbodinent, the plurality of
fl ow axes cooperate to define a substantially flat fan
[00013] s i aycoplntewith afitibemaspéast thp present fnvientiehisdigefed e sprey nozzle

o SRR AL B HAS, FILERIOR 2 o

meta) GAATRMIdER At1QBasVbhdintdd Eorlfeedinge fRaRast dnerflultl; sewind mgpaas
spray of the first and second fluids therefrom A

{
formedadseragynn Brid cammsipioatior it thed it BRITHE" SBE B dt PRt one
. apertur . :
i P55 S L A0 20t
first rifa@6l eicapplyied a substeasicepreiad ho ts secaeltradays to wheeent danseness

in FCCU applications,. fram | ect | on the exterior .
betwestyiieatiat ANPRAST RS 47 STIBh gfereal BrPa SR ag conaction.
In on® H‘éﬁocﬁﬂf@@%f"(ﬁ@fmes&@ e RBGAT) eheOitd BEarBRes hidtlicEXleeNHS second

substantially across the entire wi dth of the upstream
means isceceodmit foatlet tuast fho thislmpansds ametalléc epnpEer poprdingnbetgeen the

t hat t i 1.1 . - :
first oG gei0 P o e PRt E Rl BERt, B EbEiRE Bt 4 ¥ing and
a socleRthni RS BRY isRiRY &6 £i6 intd 08 iseddnd ineans ndsthe facket. naMe583h

In accordance w th_another aspect, the present .
crmboR FRRBR POFFRGHRIEE SaIoE B ipeLegI RS CHEATG e bortion and a reverse
di scharging at least one fluid in an atom zed spray,
conprising first means fioormed of netal and including
at least one inlet for receiving the at | east one
fluid; second neans formed of ceramic in fluid
communi cation with the first neans for emtting the at
| east one fluid in an atom zed spray therefrom and
third neans for connecting the second neans to the
first neans and applying a conpressive preload to the
second nmeans to prevent |ooseness between the first
and second neans followi ng differential therm

o s o e . o Y Y L o I




step on an inside portion, the socket defines a
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substantially prevent erosion of the outlet portion by the catalyst.

[00020] One advantage of the present invention is that the various configurations of the cover
or outlet portion of the nozzle can substantially prevent erosion of the exterior surface
otherwise due, for example, to contact with a predetermined substance, such as a catalyst in
catalytic cracking operations. Furthermore, the nozzles can be designed if desired to

generate a substantially flat fan spray pattern for improved homogeneous mixing. A further
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preseif InyenFiop apd ARlEtifg, 61 o PeleT 6F OV PBTOTARetpRfaneaieriy Syrfiee Shaped
to sub3tatBsRt @t 1 tRe (G io¥ %ﬁlffé‘ée o%kése%ﬁfﬁn%whg Y2zl is nl;xounted
extending line segnents illustrating t OW axes O

the respective outlet apertures.
[00023]  FIG. 2 is an internal perspective view of the outlet portion of FIG. 1.

out

[00024] TFIG. 3 is a side view of the outlet portion mounted within a vessel wall, such as the

wall of a catalytic cracking unit.

[00025] FIG. 4 is a perspective view of the outlet portion of FIG. 3 mounted within the vessel
wall with outwardly extending line segments illustrating the flow axes of the respective

outlet apertures.
[00026] FIG. 5 is another view of the outlet portion of FIG. 1.
[00027]  FIG. 6 is another view of the interior of the outlet portion of FIG. 1.

[00028]  FIG. 7 is a top plan schematic illustration of four nozzles incorporating the covers or

outlet portions of FIG. 1 mounted within a catalytic cracking vessel and spaced about 90



[00026] FIG 5 is another view of the outlet portion
of FIG 1. [00027] FIG 6 is another view of the

w0 mioenésoo1 of the outlet portion of FIG 1. [0082BySIbEA46247
7 is atop plan schematic illustration of four nozzles

degréencaatp@rtatacigpthdre covers or outlet portions of FIG 1
mounted within a catal ytic cracking vessel and spaced

90 d | at ther. [00029] FIG
1000291 5 1E% 3355 6EEPSERERD I of B ritieetoei of FiG 7
[00030] FIG 9 is a partial, perspective view of a

[00030] sewond 1@&?@@1&1“’9&1%p&f1v@vi@@72@ aSe€JHAQENHORENd S f P h@%émbodymg
i nvention and defi ning plurality of substantially

the presert diteptien ansh dediniga Idma»ylty of substantially concentric, substantially
elliptical-shaped outlet apertures for emanating a predetermined spray pattern therefrom.

[00031]  FIG. 10 is a somewhat schematic, front plan view of the nozzle outlet portion of FIG.
9.

[00032] FIG. 11A is a cross-sectional view of the nozzle outlet portion of FIG. 10 taken along
line A-A thereof.

[00033] FIG. 11B is a cross-sectional view of the nozzle outlet portion of FIG. 10 taken along
line B-B thereof.,

[00034]  FIG. 12 is a partial, perspective view of a third embodiment of a nozzle embodying
the present invention and including a ceramic cover or outlet portion connected by a metallic

alloy connector to a metallic alloy inlet portion.
[00035] FIG. 13 is a cross-sectional view of the nozzle of FIG. 12.
[00036] FIG. 14 is an end plan view of the nozzle of FIG. 12.

[00037] FIG. 15 is a somewhat schematic, front plan view of a fourth embodiment of a nozzle
embodying the present invention and including a cover or outlet portion defining an ,
elongated slot formed on an upstream side of the outlet portion for directing at least part of
the spray emitted therefrom onto the downstream surfaces of the outlet portion thereby

preventing erosion of the outlet portion.

[00038] FIG. 16 is a somewhat schematic, cross-sectional view of the outlet portion of the
nozzle of FIG. 15.

[00039] FIG. 17A is a exploded view of a fifth embodiment of a nozzle embodying the

present invention and including a ceramic cover or outlet portion connected by a tri-ring

8



el liptical -shaped outlet apertures for enmanating a
predeterm ned spray pattern therefrom [00031] FIG 10
w0 s00v06500EWhat schematic, front plan view of ther/oenaé/eic247

outl et portion of FIG 9. [00032] FIG 11Ais a

socket pOSHNn €6 hnietliid alldyemlepportibe nozzl e outl et portion of
FIG 10 taken along line A-A thereof [00033] FIG 11B

[ ss-sectignal, vi of the nozzle oqu t._portion
(00040 o1y B/ iiGh dicesnion BRY AL Heos congr wnnrﬁkgslz ‘FI G
12 is a partial, perspective viewof a third
[00041] emQdiT®R . 8h vwRES fofRRAVIIME HiGe | pgesent i nvention
and including a ceram c cover or outlet portion
connected by a netallic alloy connector to a netallic
[00042] g /HIGy1TIhlise top@ersbeiive yBO0OBB e piee ring of the gonnector.
cross-sectional view of the nozzle of FIG 12. [00036]

S, . ' 2.
F lO E)EO 3 %]42@2%9({] ?g&ql!ﬁioﬁrbf Yhé * :ugrtenttﬂq’r@ Eeﬁ(ldeg%fboéi%ntg‘

view of a fourth enbodi ment of a nozzl e’ enbodyi ng the
[00043] pdeSERS. 1 thveughiSonfimnembariderdiofg nazrde vétheqresonitihention is

S T DT IO B AT
secongl TRSds iRah btoRlizdd@raPhRYa ftd e defiiak 8h iR Rt eTn one

ownstream surfaces of the outlet portion thereby
embogingopepf tha grasegsneamtion therfstoiid éstoip dret seoond 100 &38 oF kigam, and

o1 SR S RO S S0t oy

skill in the pertinent art based on the teachings herein, the nozzles of the present invention

are equally usable with any gf numerous different types of fluids in connection with any of
numerous different types of applications that are currently known, or that later become

known.

[00044] The nozzle 10 comprises an inlet portion 12 defining at least one inlet conduit 14 for
receiving at least one fluid and, in one embodiment, first and second fluids. An outlet
portion 16 of the nozzle defines an exterior surface 18 that substantially conforms to the
internal contour of the vessel 20, and a plurality of outlet apertures, shown typically at 22,
extending through the exterior surface 18 in fluid communication with the inlet portion 12
and angularly spaced relative to each other about a central axis 24 of the outlet portion 16,
As shown typically in FIG. 4, each outlet aperture 22 defines a flow axis 26 for directing a
mixture of first and second fluids through the outlet aperture in the direction of the respective

flow axis.

[00045] As shown typically in FIGS. 1 and 2, each outlet aperture 22 defines a flow surface
28 extending from approximately the exterior surface 18 of the outlet portion upstream in the
direction of the respective flow axis 26 a predetermined distance sufficient to substantially

uniformly atomize the first and second fluid mixture within the vessel in a substantially flat



[00039] FIG 17A is a exploded view of a fifth _
enbodi nent of a nozzl e enbodying the present invention
wanm7osmbudi ng a cerani ¢ cover or outlet portiBrI/US2006/046247

connected by a tri-ring socket portion to a netallic

fan sptdyquatteml &h theatutteatly ple@ORARIbEY mends/d¥ thénérz8 HE the
sectjon_view of the nozzle cover shown in FIG 17A

predpigppiagq digieese it ptiepy ahewd4/liwes thakemekon gha tesrectiveroulet
aperf;u]kec%ZhéJ%cat&Q 49 %ﬁé sv.gc#m%g%b%a}?nén% ef?{ %?‘5’“‘%@ %]ge?ﬁlg%ty et u?gw a diameter

I ece ring e conn _
of atDes e BbPnchrthe bretdbertined distahye Br efieibivadofhitodhdBas determined

. h h fi, .enbodi t of
to bl B9 Lok Gepaliort o DR gk b Halo dvedregarieal |y
pred@¥rnkiR&] dighasLmee tH%LIﬁi?tﬁ‘Bf @ oriﬁpﬁf\g‘%é)l the %Qtteltrswifl 2% {pe formation

di scharging first a second S I'n an atom

of the Fatain sprep patteres Highe p@ddefrinécthdistance int@r shatt, thenpoypattern will
I nbodi nt of the present invention the first. .

be mpff it ol Vel e cmpgsdl A et H4ca ey pattormanicn is

desciited i g8t détail deloat dhyhd mugfasd@xﬂ&dﬁﬁ&ﬁ@fth#}%ﬁfﬁgeﬁﬁn, and

may be recogni zed by those of ordinary skill in th
as shgwh ppHdn Fl%rgf?t, theappagled comprisesaanimaliy dHfenbstantiailjietraight tubular
: 1 ' al | sabl
poriR28) 8l 8 BRSSO AN Al B8 Tt UFEM et porn

22 amlolefieed the pradetehmmay distanoeimer ous di fferent types of
applications that are currently known, or that |ater

ooose DS ATEYASHEL L SBRAEL e MEEL ST O ORI SeS S EL

bsthu@ ey \c iftirthl AiRBet fRRd fihtbddl @l thel Jh1ONSHBIP QML Wding;
Su S'fi rs{y gnd rsecond fluids. A% out | ete ore{&igoon 16 O@Wemo e

howeerz Hiedular peskdongrmasxteke poyrofounteanis differemsshapes and may be formed

' r to t  nternal contoyr of the
separSUBSA ARl SRS T b Pir0F it sb LRt Pliee wrvomicee
formedyipteged] hyithathe @tlet @uitioR dir bthetwic® Gy o QuetdRE d@¥erent ways, that

surface 18 in fluid comunication with the inlet
are cyrenily kpows og tgﬁ@@’?%ﬂ@%/k%ed rel ative to each other
about a central axis 24 of the outlet portion 16. As

[00047] S hoyholyRyEEdilyYin FIGE! 437 4hd el eQUl b@Ls SAPSAALATIS c%ﬁndrical, and
defines a flow axis 26’_for_ directing a mxture o N
the exteriagtsufpns ISeafdhoiottietpeion iy dafighd bhe radivd ‘&R thpieis tupseankinlly
equaltt@g réjdi&se&tﬁlnﬂ% tgé intté}%alrc%%{%%?gf thé vgslsgl. ﬁsxrlngy be recognized by those
of ordinary skill in the pertinent art based on the teachings herein, the vessel may take any of
numerous different shapes, and the exterior surface of the outlet portion likewise may take
any of numerous different shapes to substantially conform to the internal contour of any such

vessel.

[00048]  The outlet apertures 22 preferably are configured to form a substantially flat fan spray
pattern in accordance with the teachings of U.S. Patent Nos. 5,553,783 and 5,692,682, both
entitled “Flat Fan Spray Nozzle”, and each of which is assigned to the Assignee of the

present invention and is hereby expressly incorporated by reference in its entirety as part of

10



[ 00045] As shown typically in FIGS. 1 and 2, each
outlet aperture 22 defines a flow surface 28 extendi ng
W0 romoesopr oxi mat el y the exterior surface 18 of PAHES2006/046247
outl et portion upstreamin the direction of the
the preespdtioneef [maacandaﬁceZ\&t]aﬂmrtex{bbmgs ot the dordpsiha patents,

suffi nt. to subst formy ato
ewprgtpase S bt eI AR P RS bR e e e aaree
T iR b oldndbin A0 A 0AARET LG 0010402471 DA in
spray pattern. curren preferred enbodi nents
spraygiiteindlovong inea c.i.mectmh ecxpssetdjetaegem m@dh@ltasgﬁmbstsntmﬂy located
t _abou

wiciy e 2R ind L5 50l YRS ey Rkt ERBEE Mo i

26 offegdh cﬂﬂle@éﬁértﬁte ZPRdirdEted BPintbedelNihd SaretdTaRBdLhaiCthe BRIt
0.866 inch, the predeterm ned distance (or m.ninmm

apertges £3 wne%&oréefmg sefstaatipiln8ef feosiyay apeut. 0d 3 tapssh T is
substgﬁﬁﬁg ?Aca 1{h1111 g g?‘elr: Pnﬁ%lgg %tha"il;[ag\r{]ﬁeea%%fé.rglg&e% Ta)éa ?egtﬁcga% ﬁxis 32 of

the V&Sﬁelabe Imbna‘ ¢mla3cﬁme:itaxf eﬁe preenbebéslonwbeltarget ‘(IMds linear and
for i,on of the f| spray pattern. éth .

aPPmﬁF’é%%ﬁ'é‘?‘ﬁ’isﬁ“éélﬂ@u o @élsl?g A G @ortacy %Oflé i ayt(f% &PHioRn
will be nore of a hollow oval pattern as opposed to a

[00049] vmhte lrh@kzlé h@m}@n c@xﬁﬁl%és a%kﬁrgr&hmmm ih SludesmithRaeatlon
her detail below. In the illustrated enbodi nent of

betwqeh éhqomlﬁ, eertioh pue Hiei apilet mmoraﬁar @h@m tlpelist 4l sEcamd fmlds therein.

[ Lur f.su nt |
In the 1{1&5’5&? dtzenileoob%igpeang n%lo Ffu%l%% gh ber Wﬁl el% golr%xe% gz&t%ﬁ{t g 8}1@?1 p\értlon 16
immegitdly ﬁpst@xmeﬁdﬁe sipkt a@amefsmm a respective outl et
.aperture 22 and defines the predeterm ned di st ance.
[Q0046] In the illustrated enbod] nent
1000501 & Repiks 9 p ? ‘Pla.%g#ter LB aﬁ%ﬁﬁt oaﬁgarsﬂdna? Rogmy fpeated
betweéﬂﬁﬁtxﬁﬁﬁﬂgféﬂa}hbgy b4 pgy ﬁlfé@boﬁﬁﬁ lérﬁidf&féﬁﬁglﬁ' t%@%@ly f’@la{tf‘lfe to
the outl ortion, such as by nol owever,
an elomgifed axis pﬁtheumnspm“ayn foatk@cemyg @pomlmm thedirdi efnﬂec@mﬂ ﬂulds and

creati 0 BFRHAL GE S oL HO RS B AL E b ¥Fyh e B,

approﬁﬁ)latél? cf:mfdrpdrtioﬁtthi@édﬂ foMﬂet:éivin@% ulidredf tROfitst i Sbbond ﬂulds
ot herw se in any nunerous different ways, that are

and cr@amgewqbytaﬂﬂaww ﬂoﬁ‘ht Theguaienticopamplainany anpsmg 4hg magner of
mcor;ﬁ;l?%ﬂ{% adiP b\fcﬁl Vake }rpthg h@l sbf tlY nBinvERFIES SR thec‘
Su anti a

dri c e exterior sur
commohlytdwsigoed p&tbntp mcbrp@ratedsb;dﬂermm& dbyvea Inanhie yscH' eﬁ&ibddmaent each

bst j.al | |t def
vane JeFnEH S O-COHRBLCTOY e 2002 SEr e AR L EpeBes ko ghitFed
embo@hehil@ah Bbe QrapbRAiMatsl sehi-cRclIe aReftkicDeRk 1864 ishased
on the teachings herein, the vessel may take any of
upstregureladivie todihe fenane lobha Braferabliidthe mezalk eamprites sue Vanse, wherein
each Jgﬂ? thrgfé(!}]sf& \%rgél}(? ﬂu!ni%'ﬁbthegpn tcﬂgc%/ f&b@%égtrl]@gbr/ el -gﬂ#ﬂglr }S)o%ion of the

inlet pgonticar 1Al As:arnziltunﬁatﬁ/fa t@thy vﬁnﬁ(h) vtemkle QR4 R}isd hepray member
2 preferaply are configured to_form

(not S%P%@Bi?%tgﬁf igadly) f‘;ﬂqléatn the Aregiionyfroma thedplst portign tqyyaad Hheeutlet
POt g S e RO B S p R Aol €y Rl
ahﬂ@each of which is assigned to the Assignee of the

present invention and is hereby expressly incorporated

by reference in its entirety as part of WO

2007/ 065001 PCT/ US2006/ 046247



the present disclosure. In accordance with the
teachings of the foregoing patents, approximately all
W@Roorkhesodl ow axes 26 of the outlet apertures 2BCEHD£2006/046247
directed toward a target "T" within the vessel for
[00051] atAomhziNngn &Hd 4itheemitienporéiomil &ism@i‘m‘d witkein £ ppdrtwed? formed

shrou £ B 40,0 i st B S BRE offr B edind gutet portion
subst§REY aPktbAhd % thOaRded cWhibli &F the Psadlqvaxt ending in the

flow direction of the spray pattern. In addition, the
w axi s 26 of each outlet aperture 22 is dlrected to

[00052] | rﬁb@ neade 19 pﬁd)w@@{y sujtablg ferrise pa e faed slishiiutet in fluidized catalytic
crack?'%ﬁfngty g %(ﬁ% ;;clgl? g&{ug%cg cr'titﬁ eg(fq{a’rg%eot% lﬁ#&? f‘tlf’@(gt}ﬁj kst | P’C(f(‘ﬂj %f’uil RCCU
typlcdlb’(]&heﬂ't matehlats cdngibtaipeseuntiely €thotioloam-apu t@d@agrbens Wthh are

({ﬁﬁl a@?\é a vertical axis 32 of the vesse|l 20. In
liquidijt @owpa) Ga P THSRET BIPEFREUTS ABS BPRMA! RIFERET- G IeqyRled imagiged, primarily

to prodﬁfes hlgtflr '8?91"{’1% ﬁ‘délﬁ d AR r(?l)aﬂggﬁtiltgé i a'n”ah/@trag ﬁfo chﬁg ?x}tef'ggﬁt f@er than

that o[ﬂ@@ﬂt@jge ‘ﬂmek,rtog@hﬂ with byptodect noompllyi Se80 s hydmca@ons The
% dg _conmuni cation between the inlet
conveﬁ%?’tfs W’lﬁ H'(tahrée Wiet portion for mxing the first
and second fluids therein. In the illustrated
erhogditemBidratutdden Bkoeb\&f HOaIYTBIdedrbet Balraii®Rtand t hi n the
outlet portion 16 inmmedi ately upstream of the outl et
aper Wik @ solpbeatalpgpseypnttinsharsaciioa zope By diceipapilly pRINoshek

gg?pvéfge%ﬁ?%gf %hggﬁcténggtﬁg n% @réér[}f)&'la&@%%:re i ?fetdﬁgedlazresult asto

and ﬁxhgddiamgirtorf anshvetr @asbyedrefiradciive dtfferca:m teeh defystetd

axi s th | et portion for recei orti,on, of

e it e fan the foad W & e oL il th same

annutating hRWriaBNhdeeddnaitdgs 8thetvBigSthe 3RO bl BhO{bsdite of such

aperture in an approximately central portion thereof

for qagadeivi ng a portion of the first and second fl uids

and creating a substantially axial flow The

Ccunh . .
[00053] . n%l%)ftg%ﬂ I%ggugfggh Ggﬁh\é\?cgﬁgerlﬁﬁg ta{t}(h@atﬁ?ﬁ éengx%tl??] Broceed in

separqfae esen twithriveesfer oficazlpstdetwvden izondsh@) dmmmysy 1saﬁ$ih“gtimd in the

reactiGhg i OTBAA VB e 66 o TO6BLLHAEd 80Py dpersed i
the hﬁdﬁﬁ%ﬂ%ﬂ@ ?01*% %E&ér@@ﬁl% _bherSONGAY 83)iRDSverdgd rEdiichee time of the

nbodi men each e is approximately sem -circul ar,
Catalyemd thensadiimzexe isdyeatprethhmtha eetagpssideronting of the Bydrocarbon
ve be. Preferably, the nozzle conprises two
Vapor“}' hg?egl 1%%%(4% each vane ext/ends transverselng t hr ough
a respect ive substantially sem -circular portion of
[00054] t Dae iammaga@jft]hmﬁ]% 10Asthanthalptefiloaf the@ot@ drlatlet portlon 16 that

), the ri se a spray nenber .
PfOJe%%lam% S ﬁeaptcye%& fil SHAVEHEOBFRH SEAH the e#vodlment
wherettﬂ@vésgél% a BRALE 'ara'i: rvgssteh?s @Hﬁfléeﬁtm B&h Ar 0 t@ ior art spray

further described i n he comonl y- assi
nozzqun&ms puriatizidg by enofienofi the cabetvmrtior] mwsrpnmt wiblotbn catalyst

t he out.| e S received with
proced5 iy (RiravaSopeune e R BLER of st R0 R Tint sorlogelo? 2 sprey
nozzlésU Gthoteahd danenge %I el k218 UD fiadet the s@dighthiebst pdtions extending
portion substantially conforns to the interior contour
of the vessel wall. [00052] The nozzle 10 is
particularly suitable fl&r use as a feed distributor in
fluidized catalytic cracking units ("FCCU') and
reduced crude conversion units ("RCCU'). FCCU and RCCU
typically convert materials consisting essentially of
petrol eumtype hydrocarbons which are |iquid at nornal
or a higher tenperature and nornal pressure, or
recycled material, primarily to produce notor or other
liquid fuel s or naphthas of an average nol ecul ar
wei ght Iovver than that of the charge st ock toget her



[00053] Also typically in such units (1) the

conversion and catal yst regeneration proceed in
wGeepanedel zones with transfer of catal yst bet we@nus2006/046247

zones, (2) the catalyst is maintained in the reaction

upstr%aﬁﬂﬁcémga&}hl@gtgeo ﬁ;ﬁﬂr@llfe &abgeuhd ndfmﬁﬁto rahieveipsmohy patteeh,welocity and
li vided solid catal yst dispersed in e hydrocarbon .

drop sjzgRnRpagAdRiogsIoN @ﬂéBWW@Péﬁ%‘iVﬁlge_ﬁ&eVEE‘g‘Q?% é}/gé‘_bf?&aﬁﬁﬁ feducing the
proﬁlé it %Bgﬁﬁ gﬂre]i ogefctst iR tﬁ@ﬁfi‘éﬂ(ﬁgf b2 VeBRLT ?@t?in'toﬁfeér ZBRRtakS of the

reater t average residence tine o
nozzlhyd isahatrheomise drpqrrsfile o f thecoutietpdriion e fontioely[r000Ges] thnezzle from

advant a t le 10.is t t fil f th
P ol My T R
cataly¥i§ $Rflon, ﬁ{é%ﬁtzﬂb’ %o%gfélr 86 pbito? chh 8e aRhdfaYSted Mt OE 8fTe ductile

streamin the enbodi ment where the vessel is a ) )
matergds il optriperisaneto Khangatesigls abed ingrioealti serdy nezdesripasdtalpic ¢recking,

thus &3gbifie B b bRRF S1itsat PPl Bl AGR FutiRlic el e ey A&
furthdd h@eRSfe T thd veriehy it Ner BRehRIhd haleupeihioh shbstatiofly tdorms to

. nozzles in conparison to prior art spray nozzles.
the infgignl KertonoriZhe sseelothe caver 96 2¥ile periionds efigptivelya part of the vessel

wall, s @i.ggﬁ‘fcaﬁtll’}bféldﬂémé’ ﬁfetﬂr%i%ﬁﬂgﬁfﬁle into the riser or vessel in

comparison to prior art spray nozzles, and thereby maximizing the flow area of the catalyst
within the riser and minimizing erosion otherwise caused within eddies of the catalyst

downstream of such protrusions as encountered in prior art spray nozzles.

[00055] As may be recognized by those of ordinary skill in the pertinent art based on the
teachings herein, although the nozzle 10 employs a multi-aperture virtual flat fan
configuration, the external surface of the cover or outlet portion that substantially conforms
to the internal contour of the vessel equally may be applied to any of numerous other types of
nozzles that are currently known, or that later become known, such as nozzles that employ

slots or flow passages of other shapes.

[00056] InFIGS. 9 through 11A and 11B, another embodiment of a nozzle of the present
invention is indicated generally by the reference number 110. The nozzle 110 is similar in
certain respects to the nozzle 10 described above with reference to FIGS. 1 through 8, and
therefore like reference numerals preceded by the numeral “1” are used to indicate like
elements. Like the nozzle 10, the nozzle 110 is provided for discharging first and second
fluids in an atomized spray into a vessel (not shown). The nozzle 110 includes an inlet 112
defining a plurality of substantially concentric inlet conduits 113, 115 and 117 for receiving

first and second fluids. The nozzle 110 further includes an outlet portion 116 defining a
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upstream from each outl et aperture enable the nozzle

to achieve a spray pattern, velocity and drop size
w@owpassabl e to prior art spray nozzles while PCT/US2006/046247

nevert hel ess significantly reducing the profile of the

plural9 % kbstaneibllpéRiceatis ouildtapérheed Ii2emiliatly spactd eclatbesebach
Yet anot her advantage of the nQzzle 10 i s that because

other 458 em}tﬂuﬂeeanﬁrturmb’l?dﬁ eoritectsd in {luid copypmigajign yithaAgsenestive
inlet Jotﬁ?mp ?ff 11§85 Lh@ EH Re dﬁ@&tﬁ'{gyasﬂeifﬁul Y Rt 5}% second fluids
catal yti'c crac vesse protecting t
therethvgh. from cat al yt| c erosion, the nozzl e cover or
out | et portl on can be manufactured fromnore ductile

in co ri son t er used in
000571 S ehfiobyey TR RO bl ol Bl G 1R ek
emanﬁﬂfgb(héreﬂoﬁlh Proemblye §ath)u|ﬂ€tt AR IQQ&E@MS tah@efp@@tﬁve&ﬁh@ @K the
than such prior art nozzles. A further advanta
first apfh secand fnisls1dis¢hergen e mwaﬁy‘@eﬂmﬁ@l @u@tpemzeééptawghpreﬁom and

v SRR MR bRt B G BE A e

and s¥@hd flofds nigev@s®al. Mal durrehﬂhylprefdr@ﬂleiﬂwaﬁﬁérﬁ of&ﬂmozzi@ 110, the
the protrusion of the nozzle into the riser, or Vesig%ﬁand

pluraljty; of @h%ﬁélap@aﬁe& b 2ore sonfigureddp dirgetib Joasteane of e snEe

secon B Y3 ﬁrggactt b Jh?We ﬂ{eeﬂstpefndtspﬁ)ﬁﬁﬁlﬁasyeﬁlﬁ ﬂ’f't{ng‘i Quﬂsﬁaﬂtlally
riser and mnimzing erosion erw se cause

uniforedyl iageniod attleest oad af ths firdtl ewhstcomhfinids nsa,lmbspnmlbuﬂathm;spray

as_encountered i.n r art s z 00Q55].
patterfiodp B SRR PO R Ret s LR endr o | ERbg A% Aol the
secon@ %’ﬁﬁd i@%fétamaﬁﬁd ﬂh@%ﬁepl'@ alcBRIskBAcHKBGS BRI eHvae@ért 30Mighthe
he nozzl e 10 enploys a nulti-aperture virtual 1 at

embodlmnt: destiibadaboverihe norsles i @ phie PswpRtdREcTEPR AFfecaBlppsable

) t et or.t t t r
wit e B P A B KB SR oty o
applidatio@)yhe@enialreehdws | T thatsmity prsmpthe muddlk esnduiat 1 Saransmits oil,

currently known, or that [at r bec
and ey genduint | IHFIPBNYS P8P AGsheTe gﬁéﬁg\ego‘vﬁﬁeﬁ@mg the end
surfacsN3g %énve[r%ﬁ)ﬁri@dﬂf ’Ebvb:elr%e e%térﬁ? Q&lﬁée H-fhefwﬂtraiﬁgglon of the nozzle,
anot her enbodi nent of a nozzle of the present
and i m uhv Merabmgmsns Dflﬂlle maz@dthgewéls ailweygdo@mWhleﬂ)r @ﬁ@r@ﬂ@@nd surface
s siml

t1s. PAER el e PR AREEREs 1 ke bl Gl Wi respect o

one akRh&(BIE.8 1BY; il oS embolitiedt| @tts & badweeri 412ue1 O 180k @nd, in yet
ref erence nlmeral s oreceded by the numeral "1" are
anothefsaaepodneiay sabevi §Ke el ements. Li ke the nozzle 10,
the nozzle 110 is provided for discharging first and
s
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flat faRQplaly Partdrhbs S8ited AGnAcHewhglk k&S tosuksiANLtiabl the vessel.
concentrlc outl et apertures 122 radially spaced

tive to each other, and each outlet aperture 1

[00059] | §n %@ﬁf@@%‘d’ﬁhﬁ opITGRIdY S HRSHicEROABIFTHPT the arerse%iee\‘ﬁni% each
outlet'agL,%e GRAAL 4 le]aélgone%ﬁ?ﬁ“ﬁ” ;&g {Ph c@htg@lctfmé B8o6nt of fluid passing

spective one of the rst an secon ds

therethrough [ 00057] The outl et apertures 122 atom ze

the first and second fluids in a spray pattern

emanating therefrom Prkferably, each outlet aperture

122 receives a respective one of the first and second

fluids, discharges the respective fluid in an atom zed

spray therefrom and the plurality of apertures 122

cooperate to define an atom zed spray pattern

including the first and second fluids m xed therein.

In a currently preferred enbodi nent of the nozzle 110,

the plurality of outlet apertures 122 are configured

to dlrect at | east one of the emtted flrst and second
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WO 2007/ 065001PCT/ 1JS2006/ 046247 t heret hrough in
conparison to the other portions of the respective
wa@p@rioesoer and/ or the ot her apertures 122. | n tPEI/US2006/046247
illustrated enbodi nent of the present invention, each
theretlﬁlt)uﬁl’ﬂﬁt dRdiphftonapend stheSpolidhs b i‘herlespeatlmmrtawt dnglfok yhe other

el ti cal shape. As shown pically in Fl
apertuffﬁelzfgt T the oSt embog BT ot ﬁ&e @Ftsat%nttezlﬂon»m%h PB{E‘F gptlet

apertu‘f\ésdltza de)‘%\es aﬁ uh?tlm?ﬁeilléeellﬁ/ éﬁglréh%‘f(\é @&s sh% t&ﬂcﬁlﬁﬁ@l(}ab for the
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first of 6dnﬁﬁbd>utfee @pemtlmm)TZZ, tte mdizlzlvidih ‘SVitiig atatryelyfnarrom “W1” ina
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1on of the nozzle. Accord |ng , for the f|r§t_ and
narrowg ecOWd” ot ¢e@trahtpgxonmf g mo22le eclitively widetah eW2” in a lateral

region] (ahemtrles Adbitngly. BT I Estant ool b Akt ELy 1A TR Adb of

the reﬁfe@l%eeﬁrsﬂ S) s%&ﬁld' Al @ isaklatiedy (Rﬂ%§ 1rDﬂhe b&ﬁreﬂl epidreof tE@no Azkeeand
hird or outer aperture 122, on the other hand, the

relatwwlycﬁrnatwm theslasual seies ofithg nesgiss t Bentthe RS 598 apfiiwre 122, on
) R Iliptical-

the 0’@% %%(gﬁﬁéﬁsdt% W? %):S ﬂhalﬁ’l@ra?hn@ wtglg Lﬁtﬂltltegsu:ﬁjes pec Ve o

shaped bp&tur®to thaebndelivetid duttstanﬂaﬂ@ﬂmmfortrh&)vap‘éﬁt uespectis fivstyor

o 2 eSO bIa e bl fery st e
pertmér?ck%?tttﬁgéd & thx tGORGENEL LR, QUkhBkan®BBRY EM{céﬁtrmﬁtlétaéE)@ig%mﬁymay

nunerous differént shapes that are currently
take apy of aherbng diffetsat shagewmtme cunently kaownderhahlatef besqar known,

B i

the fufittfohs 35 tHedutlebpkitineg s@clﬁ&tbi%t amitiiag h yutfstatlaﬂyaﬂatsfpm mtay pattern,
pattern, and/or for controlli n the a ‘ggé%lg

and/ox foe contrdiingaiha pErPUBeRSdie ¢ the G el
reglolkc A 1 nﬁj %attﬂgﬁheﬁﬁﬁéa fBat he 55‘ A A{‘;c%gdlflél Mhb Qﬁrt&%&zétﬁped

e variously sh aped, substanti al
substanamkt}emrrcenma ppmturesemaquphéach a gweetav igeloroot éycquﬁ@tlt jleng the

not, a co ant alo he, e
entive ZRELS 81 DEAPEHEP. T OHEEt oA SLP AT BRHGY € i PR L agroplet
size, iRAHaB6R of dfe%t £in s ?ta%,femth Repdchatthofople 4Hhig afnﬂ akit ffat‘icny of the
spray with respect to the nozzle axis, and exjt
fluidsvieslydgi aoptrofled tmsevarymgdlse groyncHy, espperly the ik of dheansgures.
the geonetry, especially the wwdth of the apertures.
(00060] As shown in FIG 4 with reference to the
nozzl e 10 descri bed above, the outlet portion 116 is

received within an aperture formed through the wall of
[00060] t He shews éd FIG.r witlerederonat tmelet nozalst 1 Ostrowibrd tihevee sheerutlelr

118 . of . 1 h tl et
portioggr g ireeie DB TrerTe el meol af UERLATARL gy i one
embo@i!i’rQen’t Enotl gt dhddit@idradifiuse 1B of &Mutl&hpdﬁibn titatantislly conforms
sel ected to substantially conformto

(or
to theduibdemeamicar oy theygesel wal aad jsaifined bret r4divsg Rt”r{eoti Hewn) gt is
f I t e

select?(gg{o sf{‘t%gtagtgslf}rtk‘%ny FRt6 r(%fc’%g%bgglﬁ@b@ Qqﬁﬁ% 4 61‘? dF%%#g £

interiGkdutfacd of thé eesﬁervtut}nﬁ mithicdrrthe hawzéedis oo be tneunteé,c His mepy be
herein, the shape of the exterior surface nmay be
defined only in part by the radius "R', or may define
a different shape in ortfer to substantially conformto
the interior contour of the vessel wthin which the
nozzle is mounted. [00061] One advantage of the nozzle
110 is that the nmultiple annul ar passages elimnate
the geonetric shapes used in prior art spray nozzles
that can cause increased stress that may, in turn,
| ead to cracks and/ or mechanical failures over the
operation of the nozzle, such as in FCCU applications.
Yet anot her advant age of the nozzl e 110 is that the
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[ 00064] The nozzle 210 is provided for discharging
first and second fluids in an atom zed spray into a

wo emseésojnot shown). The nozzl e 210 conpri ses BOT/US1086/046247
portion 212 formed of nmetal and defining at | east one

recoghﬁE@By fRREbf 6rd3111f‘y KGN id 86 Pbi¥inBft ol BaSéd Sithe 3@LAMPs herein, the
An outlet portion 216 is formed of ceramc

shapeaxfdhqal@mrmwﬁaqglmyalpq defingd oplyitin pert fp shergdivs “RY,0r may define a -
t [
dlffergr)ﬁ se%pe 18 {éeaﬁ guall)g%ﬁﬁlﬁgré ertrl aSF?C/ le I eg@hhroc%}"herlzc{lgsél Bithin
whlc}aﬂhem)zzl@g hdigitdd, r st and second fluids in a spray
pattern enmanating therefrom Although the illustrated
outl et portion 218 define

100061] s evmagsu techerieckl O0g PRELe Aib Ry A hsssagps.efiminate the
geomgt’% lsRéped ﬁse@ﬁhﬁ)'il'opﬁrt 3 a{r 5?1???21&%1 nﬁ&t cah Q%fs@ sy stFé%ﬁ‘{}ﬁf iy, in

an ‘i nternal conto e vessel as describ
turn, hbcbtoecra(ﬁs andl/oh mchlmnmat flilereg @Vdebc Dp@einbmhenomzﬁﬁe such as in

rocr iR, o oSt BB R P00 LR il BRASS
passa?ég:cbh Bfbdusddl r@a&ROWinet ﬂ@tﬁ@ﬂi Epthg paiedh ARS pRufdt@iqld sntact

_ directing a mxture of first and second fluids
with thee@alyst inlaeonesmitated aprarwhsnaised ferrxadipiee &t FeQUapligréions.
flow axis. Preferably, the plurality of flow axes
c _ [ 3 r
[00062] %q}%ﬁ{e?‘ta&f E}%g g]%{l‘{éﬁxogznlglflg%atgét i l?%n&aﬁhrel ta@ \f}gﬁ tlé‘g/erl]rlous parts
or reg‘u’dns of efeapiay gasies daade tebniollediged: g ﬁegmedemrmmd vadiths “W” of

e T PSR STl (12 CEL BT 5y 2L O o

nozzl@ r mﬁmﬁfe {284 ATHIBSe GBS Sow @%h@@&tsf@@ of BEQAINEZBH of the
hose" of ordinary skill in the pertinent art based

spray @nttctrhelf de@@ﬂ |on gﬁaehm@rqqulr@i o rmakangaite enaHuhwislteedativelydarge

in thegg%tgo:?'g %}gﬁ at él&fu ct 10, {92’[& \étsﬁg g\éﬁte[rgldgéxgﬁ %lst% Spray pattern. In

additiph, gy @Usdidle IEtOhﬁti:asd & dbbfb@se&hﬂﬁ&@be bfatarntzeﬁ@mbﬁthb $1qﬁ1d ina

chal | engi di sposition, Since (F:ﬁr am c¢s have e i X
partichiag Fegins qfit ﬁ%spa@r PRUSTI: P IngFeasing @RfIecarasipe; EpRiciiyelysthe width of

r
the eds 60 bGP EARARELIBUARE FaPuS e fpT<s %Q@h’%%ge‘”“.‘hs‘he
11qu1dsn emchgegiah@). whendingly, ﬁenmwdemtlehmrtatqnoeﬁgtﬁratlmamm’vmt
el ev because .of ence mal
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wi t hout marnlng when tensile stresses are appli ed.

[00063] TheFEFDIQ, thicdgh ast@0tHeh embatidehicofauidzelk off et predest n@ention is
the nmetal Lic inlet portions, the nozzle 10, in one

indicagghasaeistnby thasefdiencecymber 2K Hhemopal 240 Anidpilar inzgrain
respen?t%‘fbg[%lg Ho s d;:?;ltlb %Erfﬁ@&i 1%)4% thexre EnckQo FISs, meﬁl?du§h 12, and

portion coupl ed on a ovvnstream end
therefbledikeatfetamct hememisgmre@dediby e muoretdl 677, 2t GrecAdedclanthb gumeral

RS AL S

predet erm ned conpressive preload thereon. Preferably,

[00064] t T8e ABLEA 2 OB PESLEH] 134 distiRpahs fit9t\wad Hcyn@fluidd 6n hmatbhgzed
direction fromthe upstreamend 248 toward t he

spray geQagessebmpbsie w0 Theaezdt 218 eosurriset areinjat pogiopad @ dormed of

metal%@&%@&t’ IF&S?I résrﬁltle? cﬁ{a ;ﬂsﬁ%ﬁf reéﬁigl %q{rk nﬁ es?corl;xgrf%ulds
212 defines a plurallty of second threads 256 that
t hreadedly engage the fiGdst threads to fixedly secure
the nmetal connector 244 and ceramic outlet portion 216
to the inlet portion 212 and thereby allow assenbly
of the ceramc outlet portion with a specified
preload. Also in the illustrated enbodi nent, the netal
connector 244 is welded at 260 on the upstream end 248
thereof to the inlet portion 212 to prevent rotation
of the metal connector 244 and consequent | oss of
prel oad [00067] As can be seen, the et aI connect or
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[00068] If desired, the outlet portion can be wel ded
to the inlet portion but not threadedly connected to
W@ b@706doet portion. In this case, the shrinkageCniS10ng046247
weld netal is selected to set a substantially
outlepp@ded 21arsfethaduiteaats wel dgufekoadidlity howrkt apertures 222
connector on the ceram ¢ outl e%}dgo |on to reduce

extenging tBerethrueh A flaidh copypyrgagion PO T PG TRRGEA Tplative to
o R0 el o S S ey o
Althmxghttmuuﬂtm«fd oullespatibml 18 defelee atseldstamtaléy calvessbiped sx@nior

s, 238 5NTA O B TURTTER SURRLY ByoDp A ptemel

contdul 6 §8 Rk Casdbdrled RS ¥, L With ﬁie'ho%fl@ 108tk bk & alstdvk Oe
connector. In this enbodi nent, the netal connector and

plurab@r@mudetcnwett@nes P2 eieangwialy wbtd]@laém yemhlqﬁlger tab@érae@ms of

the ot pEAER. R Wres FhaTREARED R vk Ele BB Hture ot frs

and sE&ﬂlGMdsl tBroaph eetRitioBdgemereafitiecdingenién of tht Mew dxye Mrefmbly, the
the nozzle further cort[prl ses a chem cal bondi ng agent

pluratifyanf tomedics apanprase ude e aisubsiantishi ot fop ARraypplgm.
connector and ceram c outlet portion to the other and
f r Al
000631 B A e D PP coeon Plled ffcon carbide
and, jperprelrredraybadiinest, deopemat ivwsitiaperigdesucli @ &y easmple SL 200

hgwn efi erent shaped surfac
ST, RS B4 e CE il fe A bEHER, S Rcl Soaiedtylhos? of
ordm@ﬂmm X8R perfindte ahaniLIaln 15€ Péachlﬁ% éﬁycﬁﬂer@eidﬁﬁé or non-metallic
separately or in conbination wth a chem cal bonding

materige et prg chapfyt oW, of dat lpghbesatodaemng eryia gy be used.
connector and ceramic outlet. [00071] As may be
r e 4 | o . .
100066] | 2EB 26y Bl IORT ] oI Colncitl p chdlch iy REDRAIST Since
oeramlm:lllaw extrandg higleheltiag byinesend add dg:nnmﬁy&ckatlveiy ierrtkthey cannot
nts as descr.i.hed i.n the above- 0 nts.
be WG e ARG O oA PR R FPipyeihd e BRURaeS s
even gfeuieﬂ SVhBH R Msedvivedb®pilaf@eothe gﬁh’iﬁs bRyAMIBedali® dThd @Fferences
ertures. As shown in FIG 13, the inlet portion 212
in th erined exrensian ratptla piditon, neraadies tend il veithoutwaiming whsn tensile
[ | 7,
stressggé}gn éh e]?l% tf@rehtgz Z téﬁ %ggr%m %ﬁSﬂe? p%rsti[é)g? %I tﬁ% et th inlet
portidrs, thé abzztléWEO e b ad émb‘odiﬂnbﬁxy ﬁnmeﬂaﬁhlﬁrtsepa ekl esni@ctor 244 coupled

positive cont ai nnent . f or ecuring t ceram c outl et
on ety RHECTIOEBIBS OHL N PEHAE bp Gerfdeeadn a downstrean
end 2§U‘@f§égéo'f?6‘{ gQEﬁﬁhéjSﬁtle@ oﬁﬁ)ﬁﬁmp%%'cﬁh\’)@ sé‘eﬁ%@'nﬁ@?ﬁ@%meotor 244

further l'ows a speci f onpr essi ve
engages dlmohnmo obéetqmttlonm&tdmdrexammmba@enaﬁy prh@tq:mmzddecozmesswe

is,that th odi nent.s e oV a _chemn ndi.ng,. ..
preloggfuiBh, PSS e TRGY Ep Sl oo7 eerararoty 40 M irction
from tHRQHRRESH ¥Rl RS whel thadbRisticaf &aaTitkeredt 1280 PAhd i1RBrated

and to seal the joint against Ieakage that may require

emboflgpgayt, thapets] cormscler Réd delinse s pbrality oh et thspads 296 camddhe inlet

t

por PPN FOASELE Q00 RO e Yty AALIP Lo LR A
to fixedly sta@resibe uticed coondctre 2dé nadta@anid diekt patidh 206 anitle inlet portlon

nozzl e body with a conpressive preload as descri bed

above that allows the netallic parts to expand

relative to the ceramiclbutlet portion wthout

releasing their hold on it and that otherw se would

result in a | oose connection.




[00074] In FIGS. 15 and 16, another enbodi nent of a
nozzl e of the present invention is WO
wQ@OD7HHBO01PCT/ 1JS2006/ 046247 i ndi cat ed genep@l/Uy2006/046247
the reference nunber 310. The nozzle 310 is simlar in
212 agbtht@b all®@s ﬁmtnbl}t of thheermaiczdutist Addtiod Witharsge@fiéd preload. Also

descri hed ove wth r ference ta Fl L 1 rough 14,
in the e PEPORENH ke e CraHEaonAar afeLied b 24 el ustiipm end
248 thg&%f E)“t'ﬂ@ £kt po;"tlon Theo rf)?@v%hterot?align o8 tRIMAIASAnd b1 244 and
I'scharging Tirst and second fluids in an atom zed

conse@ntlpss of meladessel (not shown). The nozzle 310
conprises an inlet portion 312 defining at | east one

o001 | RS S PR G e e o
upstreERVMAgE DU 8 AL &FAn@ b chhclon betletPOErftiron5842 theraﬁvr@uédrﬁ tnd 250
portion 316 defines an exterior surface 318 and

thereof Yhertgpetsd pogion44 of dhe mealgopneriond oxjondy betaons e dolet

fl
e LB B0 s T AL AP0 o
248 to3dd ghetdenaiingunt ér[dmi}h "EH@&eﬁmle outet pstiioh@d 6 d8fiBesianceramic

fluid conmunj catjon w e m xi ng ch er 334, and
tapereg ¢GRS HAg PATHIQR dd2 e ed BRI Be e portion 246 of
the mAEI BRSS! 249r°FI;11| b QReeRbr ¢ aﬁ‘ﬁc@%i @61’ tﬁé oﬁﬂl’ertfp@i%ﬁ)anB defining the

atom zi ng the rst and second ds in a Spray
pluralipadf ewtlet epaivats 22§ dxivadefragh tl@SccmntdftOI teleh @1261111@%25139 As can be

seen, B Bk a0 Pe R ey SRabeant psRr Sty ceramic

outlet PbARK a8l @Hdrt A cANIrSssBe pidleadihbledh tPPetédr reinde ﬁ‘la@l’(amcal
outl et aperture defines a flow axis for directip

failurqyi Iptaddigions asfoan e sepidths arasH GoRRGIULPREBY g“rfieﬁllgée‘b%’t f?eétovef the

ovrs LY br ISP B Al DR ppicions, oo
embodiakhne the fivbstican thea&ﬂmkafgle af tHeameld meeql ipwldceadrio sdirpesubstantially

outlet portion 316 further define east one..seco
predeiGifpied %B@FF%Y%Pfégég ghivé s %goalileaﬁﬁ S UPSEPEARES ghon o
reducggrﬂr%n@ﬁk@ﬁdﬂa]%m@ce 318 and in fluid conmunication

vv| h the m xing chanber 334 for directing a spray of

e first and second fluids therefrom At |east so
[00068] o1t deescs Bragplenarnatican el Bdbo e sutlicatbi BpePraely

r

come 8 S IHEERER OUSlisL 18 RIARLEGOD BREIIEARAA KA1 0

a subsvdneinlly pedetermin@Ctbrappbdicatrtiond of the ametd ebheectdrg thncdrreic
exterior surface and c u3| .erosion of the surface.

outlet pertiog o B"éjsug%%PreY%l%eég %ﬂﬁ%t aperture 323 extends
substantially across the enti re width of the upstream

[00069] StHg QleridiRe @xbBAInRINT SHhE AELNnEKS aPleadt Bae 8P HeShetMbhheRLr 244
to ensure that the spray em tted therefrom

and C%mb@muﬂ@ﬁ rdrtign 3Hvistbrazet o dewrherr Asrgalit fedaséedgnatetid such as
f
o AL pRHSIBEB SR B0 PRSI SRR gt

and thefeay padityingké tdrainiv dulet pation néthin the tnehvélscemllogrmomhmor In this
teachi ngs herein, the outl et tgegrtl on 316

defi ne
embogipiert, (hfaRC B PRI SETATEE OU PPTHOS, g iF R gOgRGelde tapered
smfac@?é&h%%?%&’&‘&éfﬁ{e c@f?&%ﬁ%@]ﬁadr%}’fage%f\hﬂ?a 8f¥edEonnection
numer ous di ff'erent shapes that are currently known, or
that |ater becone known for performng the function of
the second outlet W) 2007/ 065001PCT/ US2006/ 046247
aperture(s). For exanpll, the second outlet aperture
may define a nore uniformw dth throughout than shown,
or may extend through a greater or |esser angul ar
extent of the exterior surface than that shown. In
addition, the first outlet apertures may take any of
nunmer ous di fferent shapes, nmay be provided in any of
nunerous different patterns, and/or the outlet portion
may i nclude any desired nunber of such outl et
apertures Although the |Ilustrated outlet portlon 218

1 . e




[00076] One advantage of the nozzle 310 of the present
invention is that the portion of the spray emtted
wo p@mobtdoer second outl et aperture defl ects cat abyBEUSAEYI6247
fromthe entire exterior surface of the outl et
thereB@tvkéon, thereby protecting the exterior surface from
erosion that otherw se m ght be caused by any catal yst
omi ng into contact therewith, or_ bein eposi t ed,

C
[00070] ¢ Hape ghernyate carkodkest adihgivygEonrihe Ao & copprises a
chemﬁéa%oﬂ%%{ga#g?ﬁt &Q@ch?ﬁﬁ%gﬁ& bBRE 4t Wt SheRIFAERLGE b O R
erosi ve effects of the catalyst, 1t can be
ceranm@ oufla gottioado theortheramé foraiss finidtighr ahtherebetesers t brthist o

o e ST T o TR B LA P
surfadedlal BRSw:A QY 8RY 39 LditbRat BRAEd QurBds With bbddzed Bonrlettici

outlet apertures can be arranged relative to each
therelsteen. tlo aprwindéveenybadiment, 4 machahical sopl ia g mpéaved eitharisgparately

. 1s particularly effecti.ve for F l.icati.ons.
or in ROy Ep plerfiehdmiE st 1§ Trm BPRYE ML BORvcen the meta
conneé ol eRhmi®butkt.Nnozzl e of the present invention is
i ndi cated generally by the reference nunmeral 410. The
nozzle 410 is simlar in certaip_ respects to the
[00071] b e bqvpoawdﬂdﬂawcpr}@fgnmég% ip ke REsHRR %’tgﬁ?e‘i on the
teach %ﬁ&%fhc Ehelfd ik SP0 by LR Qe S he A teQ?eﬁ@ifng MEerhBeks or like
r&f erence nuneral s afe preceged by the nuneral "4 , or
comppnategedttstybetitie theaberamenddned peteatdonfacilitaingdhemattere of the
1t "2t or 3" re used. to i,ndicate |j ke el enents. .
fiest ol st A8 ot o BptRG o R HETHE el oI FEy. Angpovm in
FIG. $8aROhId: pbitis 21D definddlddninZe@risPéaice tHeteoda peesiel of Agtular
shown) and shares simlar internal features and
steps ghiitaate epmaaiienas t he previously described nozzle
enbodi ments. Additionally, the nozzle 410 i ncl udes
o . : e F
[00072] ¢ h‘@ﬂeeidvé‘z&%et o rfg%géz?z?e 210 o%he“@feéfeng bl BRSNS Prak ThelibIIiL lloy

I'S nozz i'ment, the teramc outlet portion 4
conneght petidd sl & @ sitive ebntpntenofor 4d@iriag ¢hg airaveid owilet Holéon to the

follow n onstruction. .JThe ceram c outlet .or cover
nozzly; shi U gapasited Faibod e S RRe g et PhaiffocoHfiment
methdB2hd RN AUSRE b RESKiFed ARS8V Bd16 A0 RetO MAIIRer advantage of
outside wall and a reverse step or undercut 405 on the

the nozds 218 invehiat the ewgbodigeent DemgoipCT chgsRaldBNdg2gyntTy drazed

.secti. 4 i .
conndeR pENIRIERLIA0 SRAREAARLES % SREAThe SEAnt B Ftion and o
seal tiejoile dghiasitibukapgethat miag rdgalre fevpmphitothad dthey sipagofconnections,
staqgfrd i ping. weld preparation. Aring 420 having
such gsfgeliphival «@nesFiofs i nsi de both the cover 416 and the
socket 415. At one end, the ring 420 has a di aneter
[00073] " AYet afbthGd¥nt8FRd 1 1BE nd DRI 100N tHab %ie%tﬂ!li@ﬁﬁée%or&%ctbhﬁxay be
socket "d2"; at the opposite end, the ring 420 has_a
securef] trtbe egramgrutlchpetipn pirhroazleebosiyayitheseompisisiie raelapdeser
nd4". | v 4 t ' ver . .
sesrff o} GSUBRY S5 AP SRS BrBid BHIR SRRSOy porion
witholut Fefeadid@ thesr M bh iti and aliat loeaswist woukindsuli in adoese connection,
enbodi nent, at least three places, formng three ring
pi_e 427, 428 and 429. One of the spljts 421.is . .
[00074] a|IBE§5%- (e ae&t%mrr%@dwwf HBOZHG & ta¢ PRepRt jrypeption is
410, and the other two splits 455 are along the chords
~ 445, This permts installation of the two pieces 428,
429 which share the radi@l cut 440, followed by the
installation of the final piece 427 with two chord
cuts 455. If the final piece 427 was not cut along the
chords it would not slide into position. Follow ng
assenbly of the ring 420, the pieces 427, 428, 429 are
wel ded in place to the socket 415. Shrinkage of the
weld netal as it solidifies draws the cover 416
towards and into the socket 415, formng a joint 460
t herebetween. This joining technique is applicable to
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WO 2007/ 065001PCT/ 1JS2006/ 046247 parts and all owed to
harden before final assenbly. This provides both a
wo b@uiesodi ght seal and uniform contact betweenpd11€S2006/046247
parts. [00080] In one embodi ment of the invention, the
indicated gefersliyeby ihegefRBcd SurdRR308.] Thé 8bxld 3 1S sivilad it &ftain
end of the socket 415 in order that thernmal expansion

respegts tp i noggler 40,214 Oggd ail O descpbrdsttigme withirgisrenchiéo FiGHy 1rtbipugh

es
14, bRSGARCSKE LR i QR RSV M5 45T Bt 1o
provided &r d1s(chhr§mgFfastemﬂ sBcomB IuTBI an blvenigaidpesnt iatood vei&ﬁal @{ibt
e |nt elr entire
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show] “FAHCEE JIGOpPasE e Eus & SN tiseshoR bl gendui
314 ﬁﬁ%c&@m@ﬁﬁ&t‘ £d sE&)nH HRid:e anmlﬁlePgMuSﬁ 3%56 dsC%ég%cééﬂT@ thd

prevent failure in tension escri
dowrspens ¢id %thm;letn?@rmw@n i Theautdst polntise3 Iif dedinels avagxterior surface

318 i st S B G RE e s SR ek b A5 o maBe it portion
The dudlet etiaDOMEAGBSCAdRESa pRchIR) bEfirseHRed| b?@ﬂ&@s P &kiRiding

nozzl es of the present 1nvention wthout departing
through g axkraios e ol 8 imBuid woemiingation witbftheyedking clndmdaer 334, and

e BRPSRAES S Th RN X $08 CELATLE U Bl o

atomizdpahafirsoand ecauny floifls W@;Jpatmm?ﬁ?ﬁhamg $ttlel@iﬁtdi@ g lratk :agtg the
ace 0 e ou

nozzIgh [} {00l ohoveo el T oNet aReeioh 24 e oniagy

spaced ré’l@t?r'v%edo A HihBr %hﬁﬁx Woi{’(ﬁ@ et E}Prtﬁ;‘ﬁuﬁ] £ BN %pef'rture

applied to any of the nozzles disclosed herein,
deﬁn%srwﬂcew akig iy desting b exrixtusepdirgfand sgoind ﬂm(ﬁtthﬂolug]ﬂ thetduele,

differen aper ture
st B B TR 1 b B 1 Bl Bl S AP B
defin€h gutseintiallynflxi Mg spihy patedt. eShandlePporfibRN1 & ﬁﬁ'ﬁ)er bées 8f Bast
currently known, or that |ater becone known, may be

one sep eyféf‘d apeftyrRd 2y srieeias plong Prypscansidonidbeeterior surface 318
and il fRYi8 %ln?rﬂmb af ?12 E&?ﬂgg e%ﬁ)xcl)ﬁoé]&lﬁrrq)%f 344 gﬁi dg'gétﬁ{gka%ﬁré%ﬁofq{le first

current
and s¢cohd $tidatherefforas Ao frastsechetod tla: sipra*yn dnhittgd Sensthe secChdbivEet
f.or di schar | east one

fluid
by SIS 0 SR L2 3o St
prevetednly Bhiag s8 twHeR 38dd RTE QU bhSIcaBRR! Fbffollecting on the exterior

surface and causing erosion of the surface. As can be seen, the second outlet aperture 323

extends substantially across the entire width of the upstream side of the exterior surface 318
of the outlet portion to ensure that the spray emitted therefrom substantially covers the
downstream portions of the exterior surface 318 and thereby prevents erosion of such

surface.

[00075]  As may be recognized by those of ordinary skill in the pertinent art based on the
teachings herein, the outlet portion 316 may define more than one second outlet aperture, and
the one or more second outlet apertures may define any of numerous different shapes that are

currently known, or that later become known for performing the function of the second outlet
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a netallic inlet defining at | east one inlet conduit
for receiving the at |east one fluid; and a
woredoakbsoer connect or that connects the ceran c But/Ustood/@ic247
the netallic inlet and provi des a conpressive preload
apertukds) Fr e, ahosdchbed obitlet pparieninay deSenessrdetiiverwitithe

metallic inlet and the ceram c outl et foII
throughopf thprephova of FaY FEPNG el N, o‘?gb?fgem of the

o ORI it sSse

numerohis! dtfferdnln shapu, nety H&q&oadedemtaamoé nuserofia diferent ppiteras, iang/or the

of outl et rtur ten e t
outlet G RacE AP G e A e Tstiete e Threibg
111ustr§t?,@ Uk@ert gx ﬁﬁ%@%eﬁﬁésaé éu%ﬁaﬁt%ll?%ﬁv&tﬂﬁﬁe@&@&ior%ﬁrfw&l 8 may if
ut and each outl et aperture defines a flaow
desired e Bnd @y exi¢rice stifmg thatrsukstantiellp tofprmg togmdniseabpentour of the
rouhthe t] et ture in the directi f
vesselop et S gL e e praetgs SRRk S 1R LR N ae "
defined in claim?2, wherein the outlet includes a

[0007 6] POsEalivdnyagefof hetdoRtle 306 9€the peeseht mwetritmh ibihssthd pbitive s the
respective outl et aperture | engt h

spray Gin&i—‘ﬁéltf&m th)secepdputlenmeghs eledlpotp gaalypiea “)Qty ijé%g{e eRfEs pterior
surface'%f the outlet eﬁ)O‘i’Hofﬁ tﬁ@é@ n;?rlo u?%%b ReErib s tadé Mok dreionat

avin surface contour,
otherwd@e ﬂﬁgm bb keused be nip catslgrstfcanengmhscmqt dierﬁwlﬂb af being dengsited
nt
thereon eYe!t anoet enr%ldvaryterlgeagfethec r%]ztz?e%l Oof thta&1 gecausestﬁe butlet portion is

protected from the erosive effects of the catalyst, it can be manufactured from materials that

are more resistant to thermal shock than are the materials currently used to manufacture such
nozzles in FCCU applications. A still further advantage of the nozzle 310 is that the first
outlet apertures can be arranged relative to each other to provide a virtual flat fan spray

pattern that is particularly effective for FCCU applications.

[00077] Referring now to FIGS. 17A-D, another embodiment of a nozzle of the present
invention is indicated generally by the reference numeral 410. The nozzle 410 is similar in
certain respects to the nozzles 10, 110, 210 and 310 described above with reference to FIGS.
1 through 16, and therefore like reference numerals are preceded by the numeral “4”, or
preceded by the numeral “4” instead of the numerals “17, “2” or “3”, are used to indicate like
elements. The nozzle 410 is provided for discharging first and second fluids in an atomized
spray into a vessel (not shown) and shares similar internal features and characteristic as the
previously described nozzle embodiments. Additionally, the nozzle 410 includes outlet
apertures 422. A primary difference is that in this nozzle embodiment, the ceramic outlet
portion 416 and metallic inlet portion 412 are joined via the following construction. The
ceramic outlet or cover 416 is configured in a substantially cylindrical fashion and defines a

tapered section 400 on the outside wall and a reverse step or undercut 405 on the inside wall.
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5. A nozzle as defined in claim4, wherein at |east a

portion of the exterior surface has a radius that is
weubshesti al |y equal to a radius of the internedT/us2006/046247

surface contour of the vessel. 6. A nozzle as
The tdpérechmdtwlm 400 erigapds, a shokgtelil B hhviag YeBsielr tiper al7 IneagktaDREder

cat tic cracking and a reduced crude conversion
425 ‘@@g% s wel %%mftbf‘r geiaflicdngt paftign f*i%u%g a gapdarh pipéngcveld

prepafrétiHnd A ﬁn§‘49@ﬁavm)§ two dl?l%ete lfﬂ?fﬂé aﬁ b%f}r he ebbnedih ?nﬂglgisg&ket

2, wherelin appro axes 0 |
415. dutone tnd plar ting 420 hse diamcﬁelt ‘@d” Bbghﬂydsnmllbﬁﬂﬂﬁthevmﬂﬂle Miameter of

oo o138 1855 el R  reetod d sr or
insidd Miame@t F@L1ih IR @lﬁ/@f’@% §0hﬁ t(g gﬁﬂ Ble ek &b184 d"ﬁrlg%?dér ?ch%ermlt

substantially |l ocated with | ane exten
instalfatigpyofitheaiing; the rivg 42Ads sppit ayatdmst @ymand, 81 onA mdmdimemsat least

threeg césg Zogon ﬁr a r?xg?pslec,\:\?? ggﬁlﬁﬁfl 8 45§ r(§rtle c}cfj tﬂé gjphltsSAIZOII is al%ng a
radius extending from the axis of the part 410, and the other two splits 455 are along the
chords 445. This permits installation of the two pieces 428, 429 which share the radial cut
440, followed by the installation of the final piece 427 with two chord cuts 455. If the final
piece 427 was not cut along the chords it would not slide into position. Following assembly
of the ring 420, the pieces 427, 428, 429 are welded in place to the socket 415. Shrinkage of
the weld metal as it solidifies draws the cover 416 towards and into the socket' 415, forming a

joint 460 therebetween. This joining technique is applicable to any purpose of connecting

similar shaped ceramic pieces to metal piping or tubing.

[00078]  The purpose of the tapered socket portion 400 is to place the ceramic material in
compression when the weld metal cools and shrinks. Expansion of the socket 415 in a radial
direction and elongation of the ring pieces 427, 428 and 429 provides a compressive preload
on the assembly. Sufficient preload is applied to prevent the relatively large amount of
expansion of the metal that takes place at elevated temperatures from relaxing the connection
and allowing the cover to become loose. As will be recognized by those of ordinary skill in
the pertinent art based on the teachings herein, the specific dimensions can be adjusted to suit

the needs of particular material combinations or operating conditions.

[00079] A problem with ordinary processing of ceramics is that geometrical features such as
diameters are not perfect. Metal parts, on the other hand, tend to distort when machined and
split. This lack of perfect geometry can lead to point contact between the mating parts which
can Jead to failure, especially of the ceramic, due to high stresses. While the elasticity of the
metal provides protection because some deformation takes places as the parts are loaded, in

one embodiment of the present invention a ceramic compound is applied between the mating
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9. A nozzle as defined in claim1l1, further conprising
a mxing chanber in fluid conmuni cati on between the
wo moebesaod the outlet for mixing first and secBomus2006/046247
fluids therein: 10. A nozzle as defined in
partscﬂrﬂlaﬂoﬁﬁd fwllarcﬂmrbecfara‘ﬁ'mlalsasmnl&ly TaR oW bode lifgig alp@fseal and

bet we éege mél ng‘itchanber and inlet, and extendi ng
unifqrpgo, V6 WE B8Rt e to an el ongated axis of the

i nl et for receiving a portion of the first and second
[00080] f | It i e dENARBT 18 ifveRWb, |th@éhdadmh’é fi‘ﬁ% ﬁi@ﬂ’“aﬁﬁ%%nately flush

defining at |east a portion of an aperture |
with gheging eif st serket déhin eddepibet themal hgraesibn b6therteoas avs qygalaas

s B R0 6 S SRR 305 SN i

ot al. dBTS. Patkni No C3, 24071 88) Ml S0k dettaN §UND 2218 § 953 I??f) the contents of
f or mounting the outl et

4 s a nmounting surface
Whlcﬁﬁmﬂpheﬁe%é(ﬁn%%@rﬁw dyireferanee ipdbeippntirety as part pfthefpresontdieslosure.
F urth%? r?g:?élg{ékggxg& Be %@{f@&& ghe‘é@?aéﬁ{: Quﬁeﬁér nﬁxtfe?l Ilhgs fa:rg\r}fgq gaégzre in

tensmzm af d¢scr1h¢cba‘ttolve ceram c outlet and the soc_ket.
13. A nozzle as defined in claim12, wherein the

100081] AL bt Gz Dol Y TG ek lL 2 the ertinggu ar Anyre o tae
teach&@s derfein) @@mbidus Eﬁdrigbélé’nd Mh&E8Hdnk BBy He Gﬁhd'a%é t}% a‘fbb{leS H?]scrlbed

di ameter at one end that is appr oxl nate y equal
and oftheg caBodmasId ﬂhedfOthheoétbc meqsentamnaos mtbnuit chhpanmg dirom the

er han a
Scopegtlgf a’{%ﬁﬁéﬂ?{ﬁo d@fu?&ﬁntd?ea dhpell mf‘n OF exaATI, ieg?]%et %eﬁaqnﬁ outlet
portidrhmeaybg :hppﬂled to any of tAdnoAled dZsZ:lo@ecHl&réiﬁf &8 dny Bf ShAdrBhs other
IS conprised of at | east two

erin
types ﬁ?&%@éﬂst ﬂ?l&%r:fsr, ithexgaerios shrfpqe il tlsrouslet partion fhagsubstastialiye
confo@§ tPthe AEiIABKRYr of 2 vessel within which the nozzle is mounted may be

applied to any of the nozzles disclosed herein, or to any of numerous other types of nozzles.

Still further, any of numerous different materials, outlet aperture configurations, spray pattern
configurations, mixing chambers, mixing structures and/or atomizers, that are currently
known, or that later become known, may be employed in the various nozzles of the present
invention. Accordingly, this detailed description of currently preferred embodiments is to be

taken in an illustrative, as opposed to a limiting sense.
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16. A nozzle as defined in claiml, wherein the outlet
defines a plurality of substantially concentric outl et
apertures radially spaced relative to each other and
coupled in fluid comrunication with the inlet for
directing the at |east one fluid therethrough, and
wherein the plurality of outlet apertures atom ze the
at least one fluid in a spray pattern enmanating

t herefrom 17. A nozzle as defined in claim1l
wherein the netallic inlet defines at |east one inlet
conduit for receiving a fj luid and a second
fluid; and t he outléigﬁﬂétion an exterior
surface, a plurality of first outlet apertures
extendi ng through the exterior surface in fluid

C OMUNIACRtaly Q&zl@"f&rrﬂls&lﬁ?glﬂg% Rlst SR Aud Mo athdiNd SRAC&S rlsmg
relative to %%ﬁ about an axis of the ouile

WHEFBMIF o8aE Aeffnegt leﬁb?“Fél’ﬂeé"i?é‘in’c‘% re defines a flow axis
f armetki| Bed Gkt dafinifg aviesdt ufiednletfcodduit St reﬁﬂﬂn@tﬁcﬂm.stbhdﬂlﬂﬁ and

g“hf{ Ha 1%‘0 Hzgeftkfxﬁéé%gngg&sg% éeFa%l‘icﬂ%Het koethe é%aﬁﬁct lglﬁteaf]é Brp%ﬁ‘e% 7
compegpdiveecdasd &b theretaatic @zﬁértq prevent|lesaeneas (hetmﬁnahe mptatlicriedel amndstheleramic

outle@H11dwiAE: @itk Herrddl BfpaGRn b coflbhidCt | N substance

flowng in the vessel in the direction froman

upstre n1t war d.. a do ream ct.ion th .
P ¢ Aoy BB SRR L Bl et PRol e G e o ane
a secahd inist theanietdhs dntreted@ owirde, o plutabty ofpdetaperares exi@ud thiougptha yxterior
; surfa&‘ﬁ% ﬂl.!u@ cogrgﬂunﬁhﬁiﬁ%ﬁ%eri‘ﬁet%d alr@ﬁ@ﬁlarﬁr@ﬁacgd Hﬂaﬁve't@e&@l@oﬂ]@er about an axis

atom zed spra conprisin fi'rst .means forned
| of thefsfiey| andhprgh Pfiel AperFcRCS P RY eERESEHINGE TP PUEERY sgpnd fluids

thmugm.e @ilef ag@tite DM€ dirdctiblif i eGpRtveTRANSsS or med of ceramc
In fluid comunication with the first nmeans for

€ rg ttl rAgru:-gfeeays%(ttfined in claim 2, wherein the outlet includes a plurality of outlet bosses,
each outlet boss defines a respective outlet aperture, a length (L), and a diameter (D), and L/D for each

boss is at [east about V4.

4, A nozzle as defined in claim 2 for use in a vessel having an internal surface contour,

wherein the exterior surface substantially conforms to the internal surface contour of the vessel.

5. A nozzle as defined in claim 4, wherein at least a portion of the exterior surface has a

radius that is substantially equal to a radius of the internal surface contour of the vessel.

: 6. A nozzle as defined in claim 4, wherein the vessel is at least one of a catalytic cracking

and a reéduced crude conversion vessel, the first fluid is a liguid, and the second fluid is a ga's.

7. A nozzle as defined in claim 2, wherein approximately all of the flow axes of the outlet
apertures are directed toward a target within the vessel for atomizing and directing a mixture of the first
and second fluids in a spray pattern flowing in a direction across the target, and the target is substantially

located within a plane extending in the flow direction of the spray pattern.

8. A nozzle as defined in claim 6, wherein t[_1e first fluid is oil and the second fluid is steam.
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| east one fluid in an atom zed spray therefrom and
third neans for connecting the second neans to the
first neans and applying a conpressive preload to the
second neans to prevent | ooseness' between the first
and second neans followi ng differential therm
expansi on and contraction. - 19. A nozzle as
defined in claim18, wherein the first neans is a
metallic inlet, the second neans is a ceram c outlet,
an®l t het 197lp & delieaddn ¢lgmd, fygheapdmpeisicpnmisios ehambsetiefid ng

1 connﬂﬁﬁdéﬁﬁrbe%&l thd fst and 0 oXRERNEixNB &RSand second fluid Qtereﬁi
nozzl e as deflned in cIa|n119 wherein the netal

copec tA) n(*zzie ? (.ié? Seaifeld c] n& fu?‘tﬂer ¢, pSr;%Elk etl%aﬁtd)ng Hatélg @8%%21?“\'%11 the

‘ is sized At0 the Secosd™
- mixiigichargbenand zle, aad exdenfling émsvwehlrdatm @@n elphgated pxis dfitfe inlet for

) receibifd ?ﬁﬂrﬁbm %Ptth!e kst DA Sectnd (RS Eﬁreﬁﬁxﬁﬁ s@ﬂhr%@nﬁxf‘a? !ﬂg@ aﬂ@ﬁetf hxﬂé‘at least

and the out] et engages the sock
a portign fﬁ &% FPREYe i empa?wﬁmﬁy CefjfFrd pestion tbqﬁe@f for f?gﬂ‘f“é% chmsp p@bﬁdﬁrst and
secor@ifflu@it arllde:fe@ting! AMObspin@01@ Sxidl Gow.

11. A nozzle as defined in claim 4, wherein the nozzle further comprises a mounting surface

~ for mounting the outlet within an aperture in the vessel.

12. A nozzle as defined in claim 1, wherein the metallic connector comprises a ring and a

socket, and the ring is sized to fit inlo the ceramic outlet and the socket.

13, A nozzle as defined in claim 12, wherein the ceramic outlet has a reverse step on an

inside portion and the outlet engages the socket.

14, A nozzle as defined in claim 13, wherein the ring has a first diameter at one end that is
approximately equal to the inside diameter of the socket, and a second diameter at the opposite end that is

larger than a smallest diameter of the outlet to engage the reverse step in the outlet.

15. A nozzle as defined in ¢laim 14, wherein the ring is comprised of at least two pieces to

facilitate installation of the ring into the outlet and socket.

16. A nozzle as defined in claim 1, wherein the outlet defines a plurality of substantially
concentric outlet apertures radially spaced relative to each other and coupled in fluid communication with
the inlet for directing the at least one fluid therethrough, and wherein the plurality of outlet apertures

atomize the at least one fluid in a spray pattern emanating therefrom.

17. A nozzle as defined in claim 1, wherein the metallic inlet defines at least one inlet
conduit for receiving a first fluid and a second fluid; and

the outlet portion an exterior surface, a plurality of first outlet apertures extending through the
exterior surface in fluid communication with the inlet and angularly spaced relative to each other about an
axis of the cutlet, wherein each first outlet aperfure defines a flow axis for directing a mixture of first and

second fluids through the respective first outlet aperture in the direction of the respective flow axis, and at
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facilitate installation of the ring into the outl et
and socket. 23. A nethod of spraying at | east
one fluid into at | east one of a catal ytic cracking
and reduced crude conversion vessel, conprising the
steps of: providing a spray nozzle for

di scharging at least one fluid in an atom zed spray
into the vessel, wherein the spray nozzle conprises a
ceram ¢ outlet portion deflnlnﬁ at | east one outl et

¥

least QRO é“ﬂe%flpﬁ%{f%‘levaﬁeé o ) WETB P efihccrateristishgontor deflassing

substaive flbwingin te:onReh if the @ ecti@invdn Iﬂ&u{edﬁ@toﬁrhrd l G&&Istrééﬁﬁilrecnon thereof
n at onnec

R Ry LR S R L ET
p y|n with the netallic connector a conpressive
pr & oad trevikerleiar dsshasgien it Jeast ongdinidiipmm atgmdzed smyay, eamprising:

Pr 8xieiahd Yornle@ Qﬁﬁeﬁﬁ S%d iBdARMeds e MR Bk }eb&whé‘thﬁét least one fluid;

ort n an ceram.c_outlet portion. f oW n
i TPRP AT gfrf %ffﬁramm comgpnEe Khey ﬁreweaw for emitting the at

leastpmﬂum:iuenﬂgmaedcsamﬁthylsﬁomtambam into the vessel; and

SU{‘HE‘% a%g f%L Laﬁn&[n%tﬁ@&ms 8B rggnem%ncp %gxg!ng %,gesm

cata tream exposi ng on
Pfeioabtmth%woeﬁ MeapBLo REFY P l@oqe@es& treveerihafisiond seeend neens following

differential thermal expansion and contraction.

19, A nozzle as defined in claim 18, wherein the first means is a metallic inlet, the second
means is a cerarnic outlet, and the third means is a metallic connector extending between the first and

second means,

20. A nozzle as defined in claim 19, wherein the metallic connector includes a ring and a

socket, and the ring is sized to fit into the second means and the socket.

21 A nozzle as defined in claim 20, wherein the ceramic outlet has a reverse step on an

inside portion and the outlet engages the socket.

22. A nozzle as defined in claim 21, wherein the ring is comprised of at least two pieces to

facilitate installation of the ring into the outlet and socket.

23, A method of spraying at least one fluid into at least one of a catalytic cracking and
reduced crude conversion vessel, comprising the steps of:

providing a spray riozzle for discharging at least one fluid in an atomized spray into the vessel,
wherein the spray nozzle comprises a ceramic outlet portion defining at least one outlet aperture, a
metallic inlet portion defining at least one inlet conduit for receiving the at least one fluid, and a metallic
connector that connects thé ceramic outlet portion to the metallic inlet portion;

applying with the metallic connector a compressive preload to the ceramic outlet portion and, in

- turn, preventing looseness between the metallic inlet portion and the ceramic outlet portion following

differential thermnal expansion and contraction;
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24. A nethod as defined in claim 23, further

conprising formng an exterior surface of the outl et

portion to substantially conformto an interna

surface contour of the vessel to, in turn, mnimze

the profile of the outlet portion within the vesse

and further substantially prevent erosion of the

outl et portion by the catalyst. 25. A nozzle as

defined in claim13, wherein the ceram c outlet has a

t aperdaeingrsetlysiitresm A theyessiid@d porti on, the socket has
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out] e ngage e pered portion o e socket.
Omle?é’#m?\oﬁg‘zz%e %éﬁeocéﬁy%é%eawh claim 21, wherein the

ceram c outlet has a tapered portion on an outside
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portion of the socket. 27. A .
proif gt &fhpaion Wi G et &g sHarm i lly Prevint epsippet ©f ot portion
by thotaalyend that is approxi mtely equal to an inside

di aneter of the socket, and a second dianeter at the
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of the outlet to engage the reverse step iIn e
outside pe1tigq, the socket has ptgperes ppiEon, ped thectangied perliep 9 theoptdet PRgqges the tapered

portioMdethekdtkdthe conpressive preload includes a radially
i nward conpressive prel oad. 29. A nozzle as

q qé i ne 91\ 1&0921@9 ésgf;egﬂeﬁ)ﬁlf cila\fm 9 ,%}Erehnﬁe ERIRI G h%‘seé taggr% %ﬁm on an
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taperQIQPORIHLL &GhaiRclRr. €l oad includes a radially inward
conpressive preload. 27

27. A nozzle as defined in claim 21, wherein the ring has a first diameter at one end that is
approximately equal to an inside diameter of the socket, and a second diameter at the opposite end that is

larger than a smallest diameter of the outlet to engage the reverse step in the outlet.

28, A nozzle as defined in claim 1, wherein the compressive preload includes a radially

inward compressive preload.

29, A nozzle as defined in claim 18, wherein the compressive preload includes a radially

inward compressive preload.

30. A nozzle as defined in claim 23, wherein the compressive preload includes a radially

inward compressive preload.

27



