SPRAY NQOZZLES Cross Reference to Rel ated Applications
[0001] This application clains priority to U S
weénoewvimssoonal Application No. 60/741, 022, fil edponsniden46247
29, 2005, the contents of which are hereby expressly
i ncor porated by ref SRRAE NOZZHESr entirety as part of
the present disclosure. “Fi eI d of the Invention [0002]
The present i , nozzI es, and
nmore parti cub&Ps b 2HA0S iy | qui d
and gas into an atom zed spray Background of the

[0oo1} ! mﬁmppqleatiom@éﬂns Pighieli a0 SCRoisihblcAslivakomNo( 6000) 1,022, filed
one of 'the major refini n%grrethods used in the oi

Novembks 27, ri’QOﬁ,ﬁb@QQIﬁVltS ghehictaredicsby $3piess %%PH&%@'@@ EY reference in
crack mat essentially of
thelrﬁrg{rthlagg ;f/% H%gs fq%%gcr%sgges to produce products such
as fuels for i nternal conbustion engi nes and heating
oi | s. The cracki ng pichcefshe Isvensionl | y perfornmed in a
vertically oriented conduit, or riser including a
(00021 pyHersgeeHa R longeaien i iy Ao g At pRBHRHETo spray nozates
thatIﬁ%rlﬁlhﬁﬁar{dféab’hﬁbéﬁgeonﬁieﬂts%r@re typically introduced
into a bottomportion of the riser and i nduced to flow
upward. A hydrocarbon feedstock is mxed with steamto
become parti al | y Backgreund of theJdnvention g i nto t he
catal yst flow as the catal yst travels through the
[0003] r 'F‘i& diz M‘Qét%%le rc?a%kﬁlg (PC@E Il g of %%é}@ﬂ%ﬁhﬁ?tmahﬁﬁi‘iﬂ% the
1hg{roca on feedstock into a si i ghter)
oil reﬁningandlmryf FheFCLQ00ss Beniplesteddo axalzk n@tqmlﬁonomsl@tm@ ¢spentially

of Peﬂglﬁﬁlggﬁﬁﬁg}“ﬁ{% 151(61% g(l? %{eoﬁlglc Subst iltwg n%ulc ﬁ%sgpﬁ gnéc?r'iaglac;%g%ustlon

engirke§ 8P hREKg oft ChdRritkify hi®cebis fif hsablly ?1 dréoraeh iu@&i &ertlcally oriented
however, and stratified regi gns of hqt catal yst

conduib|od risgireleding ercacia st khat Jasms rrtp! ap FE4r Sietth alﬁ“ffflﬁethe
proce%g‘th%h Xﬁglygﬁ%%g&% glg géljgfr%g éﬂ@dﬁ%@de)git%? Qerfg%i Cgi HheaeRl into a

crackirng’o ul'es t 'y occur
bottoitpdrtien 6Btha kiyatandiimduced tafovw iptvind. A byadro@nbnmfegcﬁtqpk is mixed

wit BEHRFY aBIEE A TGk IR ER RO FIegTisg TGS e

travefs%%ﬂ%ct}féQ’ﬁ e YSRGS ekt &tions eha® YR:ARAd wiY telhgd@karbon

procéss. In addition, over-cracking, thernmal
feedmﬁomm@;mmd(llghmmbbp@latmkl ng haveundesirabl e
side-effects such as deactivation of the catal yst

[0004] W (SﬁErgalthalecngsc%'hdﬁiﬂﬁs ﬁoancﬁlf@ 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



| aydown, regeneration of the catalyst within the
regenerator due to the conbustion of air and residual
woabk@/oesm0d t he producti on of excessive anount SPOT/US2006/046247
| ower - boi | i ng-range gaseous reaction products, e. g.,
undegimbleaive-affedtsutlnaedagetsetion p0 U0 Shtalshwihinghd dsaridueto coke
met hods for m xing .the .catalyst and the hydrocarbon .
Iy dop BetFPER TR AL HE P O FosoBBlor e Ko ibp FroRyetig of air and
residiall 8ol B PrdLEEPSE extsRB aHoANR T RRVer BoXingdanSdgaa¥ous
nozzl es have been devised that introduce the
reactiny grasiueisio g- Prayane apdbuiats gastso t he upward fl owi ng
catal yst; however, the nozzles currently available for
[0005] USfentcd ¢ i%%étﬁo@saf\é? m?)&hqg’tlfe' At Lﬂ(ﬂh& %f&lr%@%boﬁ: fe%ﬁstt?ck
t he"'ngzzI"'es can generate an uneven spray’pattern tha
withifi gduegsor viesysl arepifit£1es tHeatraukiny drbeeshy s ensardypopatmiaing, spray
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econd, e nozzl'e covers protrude fromthe

significanelimitetsmel Fivst, theinotzed dva gentrateyantunsvansspray pattenithat reduces

. .Jea remat ure erosion of. the n le co nent

tauidgteg: heduite mypeeehor tn kiRt e cSald RRgRah Fym

impedts hbHdgReas ﬁnﬁﬁ%" RIadiBf 968 For-cr Atk irpe eHRBhaNCr&kingh@d/or incomplete
nozzl e"s internal flow passna&ges can change resultin

 cracking ofitheslyslgocaphoaympleeuless fiscondathernozals cpyers piokrvde fagehe inner
[.S I ' t he
vessel- g8 FRE BSLEARY s, Wi kags Iy bR e i dndizi
compbaghicandt hvediidedviifacwde of tht hezAla tadtiyishalhnds the @arade cown erodes,
stream | ow pressure aignes in the vessel that iﬂgﬁ}er te
the geomefry Qi theoprzgler igternal £ negtege e SHBRECE PSUiRg M GHsted spray
ich & ih! t &4 B fhe FCC
e it L SR R S e e
process. e Feitisar siht phiiteiding noaele wavers tadoke thetflovtaremeftbe catalyst and create
cracking which further contriputes to,their red .
dovni B 138 I 7 o7 e YR frpiEndied Sick Moot 08 Fflpere
erosidredfithé Rz @& es Skl fukdér, dbé ol the chrdzat Rmpeitirs fluo@ugens within
luids into a m xing vesse such as reduced crude

f | _
the Fe@rvpeseh thsrnogriecpViss Sccuaestible 6o tsTmalishaemevhighcayses cracking
i REAHE AENAGTL R a58UL 5 AP R A A DA ot
refinifi progbsseethanitdize aueslss to amrafute fluidamto advzingagss], such as

joining a neta a ceramc is a challenge because
reducgip%\f}pggmﬁm@é(%m??s% gh nmelting points and are

chemcally relatively inert preventing themfrom being
[0006] dilh 86thé YprPheedt Mpliedtivdd, cobdnet abasle coRRCiRaBibed ude@implace of
0

stand@rfdirx\i{qatgr},lllig le’ilsl’o; go%%fs. %h%uél?.gelzrg%ﬁecdéov?é\ggl\ll g{“f’er rtn2ney ﬁfggtigés?%ining a
metal to a ceramic is a challenge because ceramics have extremely high melting points and
are chemically relatively inert preventing them from being directly welded or glued;
therefore, mechanical joints of various types are employed. However, the mechanical joints
currently available often fail prematurely and without warning due to fluctuating thermal

expansion and thermal contractions caused by temperature variances in the applications of



currently available often fail prematurely and w t hout
war ni ng due to fluctuating thermal expansion and
woheo7roasoocont ract i ons caused by tenperature vaPCRUSE®6/046247
in the applications ofthe nozzle. [0007] Therefore, to
the ndz@Rr ove the yield of FCC and ot her refining processes
and reduce mai ntenance expenses associated with

0007) L ThgEte g vavise G e S Bk ind oghef B BHELFR oAb Eale?
mamt@ﬁ’cfﬁ%é &fﬁ&ésﬁsﬁc%ed&@ft@ﬁe@%ﬁ fdAlef RWer dAOMEEplacements, there is
honogeneous m xi ng, reduces down stream | ow Pr essure
a need fimespaydhoezld yhat gemeeaiesa eansivientlyrflplespeait ATPER 108 frBRTOYs

I
o] wBBe S 5P ORI HAE  lcons o
mininSizé 8AMy§tQrodidh, bbd/Bs exﬁlﬂdy&fenmle&foveﬁ that Ieis aaﬁﬁicmhpmﬁlam
the flow area of the cataI%/ is de up an
mmn@mmoansmwtgmﬂﬁatm EiFea 0, AT, SR E9VCE e@ﬁ@&g’lﬁdmmm@
the ﬂ@\g ? pf the pcim nys‘? O6Hde u}? f ﬁrh@rf)smﬁ FE%L F%\gi i frAfefd isUucBle

evice 'S capa mai’nt ai ni ng a
enough t@lavoid eﬁérniahihmeb n Rubiden dmzé B amwdafor (agoitnt/equpliag deYth;that is

fluid . inlet and can w t hst nd t her nal K u
capab&%%m%@m% B T (7 §°V§J&Hﬁ$§ gt e 81‘1 et and
egytgm 118Fnd1 AR cahf s cRmsBRGEmPé biiraflfidtigionas pect ,
e present I1nvention’is directed to a spray nozzl e
for discharging at |east one fluid in an atom zed
spray into a vessdhmmpig ofthednxentithhri ses a ceramic
‘cover or outlet defining at | east one outl et aperture
a r 1
00081 3R afboREER i gl hd B RE b ehfich BinsERlq £85ay noze
for dﬂdlﬁrgmgzztl least omd fied ucampﬁormmd saraumntalal viesset ofieazale qomprises a
connects the r.am c t et cover to the
ceranji, pYer ahautgﬁt gefieing g oy el geeriireptame GuihRE bbion
defmﬁlg ra@l@hé% o 16t conBuib FR tERtvih OGS ANRES oe flukie MHeh®zzle further
[tc inlet and the ceram c outlet follown

compdsefoaemetathcaﬂonMéqrrtbat cenpraiighoreramis wblAt ?raf@ﬁ’?l‘dﬁ%hﬁ[ BeYie inlet
and PF%V\}‘S %fa%{g?}qa ?es§1 &Q EcdghRichad t@??eg@ﬁt ob B RHREERE the

to a nozzle fo argi ng
metallit fifét and dhesammé (fultlla‘ll @0 wingaliffatniidl fedmslegynsion andecontraction.
vessel . The nozzle conprises an inlet portlon f or med

of metal and . definin | east .one inl.et condui
(00091 7 dpararrsRscr PYE ks SESABTEF L BEA BUPTE OFSeraro 2
nozzleffoxich Brst §nc1f QRESROLAEs Beha0kizeNshraeint18esel. The nozzle
pl ura ty of outlet apertures extendin therethrough

compiisesfdniink$t pominm Morowediod mekilend deféningnideashone indsi condyt for
rece1g.ﬁ %%sg %cﬁ %e%%)b% ?laldg A% u‘clgtt IQ)%OI‘I ﬁth@h@z@l@ sqgrrﬁéa%ffcéfaﬁhc and

a spray ern emanat
definteplafaliondf Rt amtzm eﬁcwhtlimg Ithare’thmugh esﬂmdrmtmxhumcatlon with the

inlet gg£121$ Catng rspgcce)g Qélgt(ljve to each other for atomizing the first and second fluids in a
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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on an upstreamend thereof to the netal inlet portion,
and coupled on a downstreamend thereof to the ceramc
woubd7gssqoor ti on. The netal connector engages tRET/US2006/046247
ceram c outlet portion and exerts a substantially
the pRE& @lvenfid) €t LerProrasitivetapers inveaddly e theatirection How the upstream
enbodi nent oft he gr esent _i nventjon

end tewpddbe drvastisenénd frssod In ons uFle bodigrl Fherpsiih conaector
defm@ééﬂﬁ?}%?ﬂrs{ fﬁi‘@ﬂﬁ ahfl ?hedi?l’é@ g&‘h@ﬁ‘ R atgfh@aB9fof séddnd Migreads

such e ment e neta nnector defines a
that theadealsi ¢ngagd t}feufmtthrtehdm dixedlgrsecurt éhei métaltcopagctdramd ceramic

def i.nes lLural it o t hr ea at _t hr.eadgdl
outefpigs e sl dbgTcH R B PO R et C g porton
with & %E&ﬁfé‘d%el@ﬁw ABb T ske éﬁ% efbo@@leht, @ thétal dBinédibieis welded on the
t1on"and thereby all ow assenbly of the ceramc

upstrcnm et thersof togthe wilettpostionp eblfarnasivelys Blegngial canagstqrvap e welded

_ to theL}B%‘f P(Sg;??gd ggyﬁt@fegg$d1?§5$4$g iéﬁﬁg?ﬁe%l cpﬁne\éﬁ)l %egle%‘lett ﬁﬁﬁon or

the mitdl @6dtRtioY €4rybe briged i tadhest@iynbaided teths chamiedutid pdivion.
the | nl et portl on wi t hout threadedly connectl ng the

connect the in| et ortlon
[00010] ¢ rAErsrAnce SO eb MBactolb RS RO B o B0 g7zl or
dlschﬁ%gr?g:?iﬁt St §e§6n pﬂﬂ.&&é An AQRRAPkprhPirRE § e HaNeBiniNgta internal

ther aspect e present nvention is directéd to a
contaunz Fhendzate ahngrises @i intpt portisn dafining etlend ofe iildsondnitier

DT 55 B g0 R oI P A g bt s

that ﬁsitarmang cBhfoAa e the Rfernill @htoue Belthe tvedsel, afics pluyamgofouﬂet
first and second fluids. An out] et portlon of th

. apertyigs gxiendiag fhaeushdhe exteron wrleeqiniilEe CWH@P“@EFE%{ ‘é{ﬁli* g iplgt portion
and a‘ﬁgﬁ]lfaﬁ#; Efac&c? felegﬁle (O L& Rher GBOL M W enhl C?B(ﬂeof"f hp@l’ﬁgn @Fach

t1et” apertures extendi ng throug
ouﬂe_eaqieeuureadefmm 4 fow aixis fbf dirabting anminiucad§ Hust avidtshcarddhiigd tdrough

rtion and_angul ar aced .relative to each other
the Og@‘é@?er&“e gh@‘?ﬁ%e%%né%éﬁ TERRECHYE PRV 386r ti on. Each
outl et aperture defines a flow axis for directing a

[00011] M PhtadERdRce fvhﬂﬁinoﬁi%ﬂ aspREI0THE fﬁrés}éhtdﬁvérfﬁibﬁ Wodirdchd 0 Wtrnoetle for
aperture in the direction of the respectlve fl ow axi s.

dlschpmiit]st andl seeonst Anidein an atomied siay e paewsel (Ihe noras épfudes an
inlet *)5]1){18{}%, ngné n%ﬁt?to?gudﬁs?anﬁalgp&g{ gntf‘lg'in 4 c%ﬁﬁ‘tﬁfs%f‘&cewmg first

irs ["ui omze spray into
and SVﬁﬁrﬁlGﬂuldsTHElenmzzlb durttree inclietes am obiddt portpardefinmg dqﬂmmlﬂryg)f

plurality, of ubst anti a conc ic.inlet cond
substpigally GepseR RO Yo ST R rEen T T o gy Eand chdh outlt
apert it b ebt@&kj"ﬁﬁiﬁ c@ﬁuﬁﬁﬁéaﬁhn RAthtd REheeald MidhGoriuit for directing a
ura substantially concentric outlet apertures

respeptmh aiel of th@ﬁtseand@bmd freids therstlough-her, and each
outI et apert ure is connected in fluid comuni cation

| .0l et
[000 12] &3%% K %ﬁ{h nﬁtk{f;ﬂ %%ef 2 U %lllé n’e; 121%%1%{ B??&ﬂr%gedato anozzle
inclutiii’ag ra@tifleioptgtion defining at least one mlet conduit for receiving first and second
fluids. An outlet portion of the nozzle is connected to the downstream end of the inlet

portion. The outlet portion defines an exterior surface and a mixing chamber for receiving



[00012] In accordance with another aspect, the present
invention is directed to a nozzle including an inlet
weoaodzioesnodef i ni ng at | east one inlet conduit f®CT/US2006/046247
receiving first and second fluids. An outlet portion
the firef ardh@cdi@zerli@s frsmehnings pedioho Thé eutds\postondartherddfings a
the inlet portion. The ouéa{_et @%;ti on defi nes

pluraliy o firss pulehPpeoE e AT v Jiogh BRAERIrFERE AR ngt ne
comngdlrjx!ﬁ%{ei?r?%ﬁﬁecfﬂﬂ?nﬁ }t:ljﬁa'rxﬂ)%r fﬂ%’l_@ ohdig1y §asdd RefkE ]W?acﬁfaﬁher about a

portion er defines a plurality of first
periplewtilipetticnetheitaariestefact fogatbimiziugythetfhret apsl seqond fluids in a spray
surface in fluid _comunjcation wth the.mxin .
pettergRETBEIE HHETaRg I 4RF FRpHE Gfahe et it Bl thpigplity of
outletaa? re?a&%gﬂgﬁﬁ hacB@EdidtRe t@EadhltRhdabeit @rax B hiRcautkoportion,
atom zing the first and second fluids in a_spray

and egiitaueietanenareadefings a Aewekisdp dirasting @ nepERe st argrseeqpd fluids

resent. inventi.o .he..pl '
o 5t LR8BSI LD b JHShE ARG, o
pluraB¥ioF 8%y 4xBE coufetaR4 tonidfint @Bubstamtiakpht Putprey pajpent Uheoutlet
defines a flow axis for directing a m tur@?of first

e :
porticarfiirthearclsfiges steagbonerieerngP ARSI g qpipsfgam side
of thd x%e%i:oﬁ' O Rlank lﬂfﬂ{,\"d%\ﬁ’nﬂﬁin?catﬂ)ﬁ‘ WaR&hS HEhn S BB  directing a

tReT B GV al Tty of Tl ow axes cooperate to define a
spray s fast drall seyorfdl fhtidd thare§prayAtdedst syme offthe spray kwmitted from the

seconﬁ%&%l%%g&ﬁ{éiggé?cgg (i‘)J‘\Peg a ﬁ\!ng’[géa{n? gn o§§e (gxgtﬂgp)%%ﬁéregurface to

' el dmedRibdishct | sabklas o BmMIpiGRinaRednt FCChie
thereﬁ@?ﬁﬁgg%ﬁgnger fgr di regti ng 21 spr ag} of the fir

t and
applications droint collpstingren Brerestariongurfase grd %ﬁ@g@rose%ofég? %Hfgwe- In
emtted.fr th C t i ' . .

one Lt R B Py RSBl e B b i
of thd @pstrbah ey o BR\&fdrioa spified of drerdutiedp@titns tocensere thaidle spsay

_a catal yst when used in Fﬁ?CU ap%{gi cat i ong from d
emitteds{brrebiopngbsiamally coxeheovstFae aoags ebfeierlsior sufasan
there@fu]glfegﬁmt%’rrogi@ﬁ%fsddﬂ -euch enbodi nent, the second

aperture extends substantially across the
entire width of the upstream side of the exterior
[00013] sUnhewedaice tid aoatheraspods the prese yRitios it digrctedrip agpraypozzle

itt.ed th f ] bst .1 al .
o o et P SRS Al Pl SRS o
metaPirdShaidiaf asKed ol idle@der red@Ying theoar denstiomectuidy sebond means
anot her aspect, the present i VFHt ion is di r.ﬁgt d ttge a
formegpn aprases 1 BuidgomamyesnipgivHy tht g sepnfi o et gt one
fluid g{n %@tﬁ%@zﬁg I%g%}& g}t;& easl AldnGird Heﬁﬁs 15R 8hheb @R s@londBedhs to the

t one inlet for receiving the at

first lheas tand applfingiactonpeessive pradeatiso tlur sseondimeansita pieyentjooseness
i rst ans, for e

e S5 TR GAL e 5 00 S i Qcion
In on@Rehbbiintcslt FBRB PrdsOit iHRMABS, theBrst BRameis amektaltia itet] thetsbuand
means is a ceramic outlet, and the third means is a metallic connector extending between the
first and second means. In one such embodiment, the metallic connector includes a ring and
a socket, and the ring is sized to fit into the second means and the socket. In one such

embodiment, the ceramic outlet defines a tapered section on an outside portion and a reverse
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first neans and applying a conpressive preload to the
second neans to prevent | ooseness between the first
wand7esond nmeans foll owing differential ther mrCT/US2006/046247
expansi on and contraction. In one enbodi ment of the
step pii &xs side ipostivny the Bockehdefiries a taperalsscticn, anchm: adpeted portion of the
inlet, the s&gond means is_a ceram.c outlet, _.and the

outlef Rpriign FagAgES 118 tapeFRM RAToRObR MRekelorin oRe BHdcHpO B?%éhe ring is
comiEs bSO RS LRRA 838 oA R ROy porion
socketnd the ring is sized to fit into the second neans and

the socket. In one such enbodi nent, the ceram c outl et

i nes .a tap red,section_.on _an outS|de rti and
1000141  FeeP s B SRR Simsl it n o8 il e Afog of
spraﬁu@goﬁﬂ&ét SRCHi® thto aﬂl@aé’c d@e bﬁﬁ) edt ?Tl@ @Irabklﬁ@ aftf reliiGeduideet
portion en ages _the tapered portion of the socket. In
Conv?fﬁ@né’%ﬂﬁ ‘e ethedheomprises gherigems 9fconpri sed of at | east
two pieces to facilitate installation of the ring into
t .
o001 1) PSR O 820 398k LRI b0 SE0UIRRES

into the vesseletvhadinathe synaﬁywmjp admprésas b oothet pbitivndlefining aateast one
east one at al rack and .reduced _crude
outlel Giipures p a HSEER PO B G Lo F SuEl ORI g eeppig the a
least bRORME] arfd 2 m@traﬁié' | bRkt tﬁﬁrcéﬂn&%ztﬁé Berhiic SIREHRIGH Rothe
at least one fluid in an atom zed spray into the
metaljiggrlel;, wherein the spray nozzle conprises a outlet
portion defining at | east one outlet aperture, a
cal i Cei t i .
[00016] ggé@%}%}:ltlﬁ]pg %@ et%cg %{3:1]19{] %gét?ll ?&@ra%ﬁ%&%ﬂﬁ?cﬁt’o tg'lﬁ gérgrmc outlet
and, metual, prevertmgrieesensss bbta%en drenacthBictifiiet adrthhtaramictdutlct following
ortion to the netaJlic inlet; [00016] (ii) applying
dlffe%fl i3} thegmalpangiona 8 2" conpr essi ve prel oad to
the ceramc outlet and, in turn, preventing |ooseness
[00017] be(‘ili’)ﬁﬁtﬁoddaﬁlgréﬁﬂaﬁil}l's't Gtrdath ko fhe%&slap af@ram c outl et
I'owi ng differential thermal expansion and
ont raction; [00017] (iii) introduci n%@a cataly
{00018] st(rVééHbstWéﬂr REeveREIgarosiemel thepeazky by t )ca@b@%mamlm gxposing

only @1%%&%% g&ggeﬁieﬁ%m{ﬁ &oatah 108! c%ta% Etlfb%frfé atal yst

stream osi ng only e ceramwc t portion of
the nozzle to the catal yst stream [00019] In one
[00019] erthodt amhodiofent ¢fshe mventiang the hé¢tbodrBirthedcomyprishethe step of forming

es e s of. form an exterior surface o
on exfRBPERE o 5 B8 <Plorl B bRy b Bt ah R foblour of the
vessel ftf, @ e, nERIiedHhe Profilb O f MRTHELt foRtion WithMthe ve¥kdlialll A ther
t he prof| le of the outlet portion within the vessel

substayiglly graveafrerosion 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



substantially prevent erosion of the outlet portion by
the catal yst. [00020] One advantage of the present
wonveEmesoon i s that the various configurations 8ETIS2006/046247

cover or outlet portion of the nozzle can

advastags pasimeadthlyodiments of theposenninwdntivhés it the nozzlewah 8¢ designed
therwi se due, for exanple, to contact with a L

to regpcg&%xtv&sm% ngg%%%cgl,es g%q&g§uge%t§§%|ll}g{rn,i rgduce or minimize
catal§@ledbid ceﬁ%smdﬁqp QBIBF At hofes, AHOHIRP hiRIEge bR Eertain

nozzl es can be designed if desired to gene?ate a
embedimentaof thel firgsent iaverftion isthatihe pazdlermay emploppreovadhat has a

ous..m.xi n A furtheradvant age of. sone .
redulRAFRI Hin i ey od B HOSREM B 95 a0H 220 g, in tumn,
maxifgize {he Slotededandiedn@neskidPo B HEL1SHMNS ChRBMA. | A\Will further

ressure zones and edd&@gurrents to, in turn, reduce

P ¢ Nt
advagiagerpheeriageerabadingnts ofhe dnventiomis thatihe Rozale aoyer cambe made of

: . r A ertain. enbodj,ment,s
cros s SR AR AR e EC D LR B S
and therpby prodompaiie nsdfidife bathe aozAe Hcanariodn foethé privd 4. M ze

protrusion of the nozzle into a catal yst stream and,

i n.turn,. ximze the f] ow area, and.redyce erosion of.
1000211, Pbigt i e bt e i PG e O it gy
appaf¥ht BeFiéR bﬂtlﬁ"f@ﬂ’&hﬁﬂg Aemiled ddsbRptidVemnhd &Hrén%l%/gpé}érrédqénbodiments
nozzl e covers can be nmade of ‘erosion resistant
and aeperapdnying drawingas ceramic, that are ductile enough to
avoi d thermal shock and thereby prolong the useful
life of the nozzl i nari s t e prior art.
[ 00021] O her obj ggileEDg?m S aox?a‘ﬁlf}!:}'%@sé}whe pr esent

invention will beconme nore readily apparent in view of
[00022] t HIG: dlis oparigl, gespactive videsafia fisi anmbafimédte fawordatipodying the

e T RSP SOTRSR S8 B0 e
to subditiaBy cofBfs BEhk litrivd @Wa@f ofBrekdel $ithBIPRIEh MRMoz9E iPmounted.

nozzl e enbodyi ng the present invention and defining on

a ver or outlet portion thereof an exterior surface
[00023] ¢ ré%eg it 31 igtrpaal RRtsPeAtIvy Visshoidherpuidst pREONFEEI G ot

surface of vessel within which the nozzle is nounted.

[00024] [ qql@}z 3lis £ife vRw c?f t%?(éﬁtfétt B6Bh n&%ﬁ%@ﬁ%ﬁﬂi}égiv\éésgwfqg esh&?as the

outlet portion of 17 [00024]
wall off acgtadytia ¢racling wt. portion nounted within a vessel
wal |, such as the wall of a catalytic cracking unit.

000251 (38628%e £l Ry BRURASTRLinh R OL LRl b Rinche vssl
wall with watvedly exteadid}; tige bégheensSiliRning ithd sk bads JT9hd RSpective

fl ow axes of the respective outlet apertures.
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
wonoweroesnnl of the outlet portion of FIG 1. [00028jUuskio@046247
7 is atop plan schematic illustration of four nozzles
degreesgolapivr mtdaciyothlie covers or outlet portions of FIG 1
mounted within a catal ytic cracking vessel and spaced

Od Li 00029] HIG 8
o001 PR RUSHLES LA S SRty L0007 P

[00030] FIG 9 is a partial, perspective view of a

[00030] seBEd i wipadialeispedtive vm\zaf@seeaf&p@iﬁbdmxn&ﬂ%f@rrﬁﬁﬁ%mbodymg
invention and efl ning a plurality of substantially

the Pé??ﬁ%téﬂ‘t’%‘”en and, gefining  Rlurality pf subsiaptiallyseasentric @ubséantlally

e T e

front pl an view of the nozzle outlet portion of FIG
[00031] 9. FI(p (0393 sdrhévhat koheirmitia, foom phnsaet bHihanowilewuiddt pbiton of FIG.
9 nozzl e outlet portion of FIG 10 taken along Iine A-A
 thereof. [00033] FIG 1IB is a cross-sectional view of
the nozzle outlet portion of FIG 10 taken along line
[00032] B-HG.hengoh crds@08ibhal vidsy oflthe ndzAe Batlek bottionREIFE® eHI 1ak&h along
view of a third enbodinent of a nozzle enbodying the
line /fﬂ therofi nvention and i ncl udi ng a ceranm c cover or
outl et portion connected by a netallic alloy connector
t F 13, .
0] TR gt S} o bl b peiEpp 5t 1 i along
line B-@®0D3GPL.FIG 14 is an end plan view of the nozzle of
FIG 12. [00037] FIG 15 is a somewhat schemati c,

fr Ian vi.ew of a.fourth e nozzI
(00034] ¢ 30 1 K vk o demefi T ot AP R P bt ag o Gopcving
the pfiiserd lﬂﬁ\}eﬁtlorpal{d melﬁdﬂgfal detanic 8bveRlo® BER: POrtRnQRbnhEdiES, Pietallic
an upstream si de of the outlet portion for directing
auoyé"PmPe@‘é)éttO paetallig allgydnlehpewiorni t t ed t herefrom onto the
downstream surfaces of the outlet portion thereby

[00035] pfﬁ(}emﬁ ﬁsfbgcrsgsos%bﬁéha@%em%tﬂélﬁéﬁie A& pn. [00038] FIG

is a sonmewhat schematic, cross-sectional view of
e outl et portion of the nozzl e of FIG 15. [00039]
[00036] FIFCISG 14 i aneend planptiod of theinowzlobf BIG.i 12t h enbodi nent of a

nozzl e enbodyi ng the
[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



present invention and including a ceramc cover or
outl et portion connected by a tri-ringsocket portion
woao@/oaswal | ic alloy inlet portion. [00040] Fl &CTARBOG6S46247
a side section view of the nozzle cover shown in FIG
sockdt partidna0 Q4idtallit elloylinlet ipsrtwhop vi.ew taken al ong Iine
F-F of FIG 17B. [00042] FIG 17D is a top perspective

Vi t.he piece ring of the connector. . i]ed
100040] 8. v e Seefioh el Gt JomicReT B EI b s

[00043] In FIGS. 1 through 8 a first enbodi nent of a
[00041] NI, @70fis & {4 REW ERBA aloflY BAE FANF BIG. NGRCat ed general |y

by the reference nuneral 10. The nozzle 10 is for

discharging first and second fluids in an atom zed
[00042] s Iy, WE?tl%)a topesspestiveryieye pf tieipipca Aing ol dherreinnesdert our .

I n one enbodi nent of the present invention the first

fluid i ﬁefy.iied ﬂe@@rijﬁn Snb ldﬂrgelitﬁ' PhTertbd Fof im
the vesSEl 15 a catarytrc Crackrng vVessSer . WEVET, as
may be recogni zed by those of ordinary skill in the

[00043] pdnthin&nt thapuglbhs Sukt embodimetieefizhiargk didhegimsent ingention is

iP5yl e P OB Bl 304 BB s and
secor@OMAGEHnl Dhtdvhizbd iy Rito A YEREIVWSIctinffg@mahterday 8880 @ In one
applications that are currently known, or that |ater

embogaraere! iheaweseny ipporion thhérshByidlieoil.ghe savprd 8uid isgas a1lsteam, and
t: def i ni | i.alet i 4 :

e 005 QBB SHLOI 1 Ry 8 kDR SRRy g St

skill fniths pertineht setdard dd the eachifgs leuéihethe pordlésart tHdprofent @ention

nozzl e .defipes an exterior. surface that . )
are QG SIS MG BhRGRTHEYS GTERE! AESE Hat I BrécBRetiar vifeny of
numeYSRSBHerdlh tgﬁe@gg%pﬂkdaﬁ@ﬂw thitt £E cRHHS KnBRA! SithfiTateSHRY e

typically extendi ng through“the exterior
knowsyrface 18 in fluid comunication with the inlet
portion 12 and angul arly spaced rel ative to each ot her

[00044] gmno?zls%tcp%ﬂ?ééiagli@ét [?f{rti(télg Rgéﬁlﬂlﬁé%ﬁg%gp eﬂirnee§ 'ﬁ%np(ﬁlit 14 for

ypi ca
receivird atlesst and flold aad) is o6 efnbbdidiche dirstagd 3edvnd flufds. & outlet
nd s d fluids,through the outlet aperture in

i
Porth%@s%fi thepessdemes Meexigigssutpcrel & thatsulstpatially sopisps jesthe
mterr%g&yi@odrwit&axbels%l h0, 5k G turkti o%tlet%fi‘b‘égu%&tsb%n AR P22,

' defines a flow surface 28 extendrn rom
extending thnouginthel exterioe swiace i 8 ar flgidrcbapani@tion witheheo indt gortion 12

and o BB ISR B et S8 SR 5 SRR SR ¥on 16
As shoWRsysiedliyaih IFIGUAI dacti Bkt ap@irg 82 HEnek ialfRly BAE2E RE AREcting a
fluid mxture within the vessel in a substantially

mixture g firghandgesgndsidetioughihe prilet aperie inthe disection of the respective
ﬂowgggodi ments of the nozzle 10, the

[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



predeterm ned distance is at |east about 0.4 tines the
di anmeter of the respective outlet aperture 22 or
wanreetoes001 | n one such enbodi ment, for an outl| ePCT/US2006/046247
aperture 22 defining a dianmeter of about 0.866 inch,
fan $phey ]pat‘edetlartm' awerbntly prefereal drbodimetitsrufmhe hbiile €0,/tengt h)
was deé {m ne t be about 0.34 inch; Generally, it is
predgiarnug gl%‘ﬁ? I8t o4 bopg.  §imes fe digragieret theygespective outlet

aperBir€ A8 b LT dInCHnétsﬁ{H: eﬂd difent, fo f F 9% !oﬁtr%taB?r‘P&re tZ? Gc‘ieﬁmng a diameter

orifice surface tter W ormati on
of alpdwe Oﬁﬁémmaﬁlewchgermﬂteﬂ eistance {ortohieinpure deifies lﬁng&@i was determined

di,st t b
to bRl R iy (ieilRed ool ulin o, B ereaser ot ot
predE@ﬁnﬁx@d adtanad L, 'ﬁhe Iéﬁgtﬁ%f kR AIgRE %ﬁl@fc@) {He teHEd ‘Pﬁflrfhe the formation

detail below. In the Tllustrated enbodi nent
of theflat éamspfamp@ﬁ@nno rff thalpded&wmimwdlstﬁes@ isitpo B, tiR; sprdyepattern will

uralit stant al
v o 4y TP RST o L VB LR it
describsd m(fartbertdefmlsbemﬁt Ineheilfuseare@etbsdifehi yRhOplek& invention, and
and defines the predeterm ned distance.

Siad e
as s 8 inFIG; dhe pcpqgget 10gomeprisagrppluraditt of subetantially straight tubular
portRHOS0, 3Hekedh Eé’chstﬁl:i b Cax’f@%‘%@@ upgfe%a}noﬁ] %QG %gm? hlef gperture

subst’antial 'y cy egra
22 anchéefmgs tfetprq:rtﬂﬁmd @satveas by nol di ng; hovvever t he
tubul ar portions nmay take any of nunerous different

om0, SBBRA A AP B o

subsfmualty&yﬂlﬁdﬁ@tﬂ ahdirRgb@hedVihieBral RRhhe diRlet POHiibh AR hs by moldmg,
othermn%e in any of nunmerous different ways, that

howesigr sy ylakh@%ﬁn%max Fdee an:aﬁ%murwemffmcwhap@wdmy lmformed

F ves S
sepa L BommtBe Pl ot Paiiopiecdd AR ueh BF Y RREfs e e
formed intdgpaloviti fthb opﬂa:ttpomnn @ otiefrivise dn My & duattreiss differefth@dys, that

ant i a radius defining the
are Cm?rgfﬁgﬁowgé)ﬁ?%ya ?f?bef’%eg%%‘%l As may be recogni zed

by those of ordinary skill in the pertinent art based

[00047] OnA$ ktevirageich Mg FESeUT add'® tNeRsedl 20%@&13@115&1@1{3&' g/‘%drlcal and
numer ous di fferent shapes and the exterior su

the eiftﬁeoro%ﬁfaeft 1ok the entlstinesignde defingdthalearading “BY thau mmb.ugnuauy
equafjtb r%ﬁ?&e%&% 1ﬁt?m§tppo§1tt(ﬁﬂtof el %Sﬁ%P n‘Rgé{ﬂnﬁ reﬁggnlzed by those

I nt er na such Vesse
of ordingrtyeskillbipehd prrtisen? art ﬂuaﬁdem&thé ’geaélﬁ@sd&fﬁm,ghé @€bsélandyotake any of

tantially t fans r pattern in accordance
num‘iff“lsffio 8ntt DapsF; ?fgj{; SFX‘@@ ?fta %Negﬂewoew likgwisgrppy take

any 0 n’é&&o@g diffepQit Bhael td éﬁgtant'i_dl@tcoﬁﬁﬂrnQB rtl?eymjcg?@ ﬁntbmatﬁ%ny such

each of which is assigned to e Assignee 0O
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
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present invention and is hereby expressly incorporated
by reference in its entirety as part ofthe present
waelk@chewor e. | n accordance with the teachings RET/UBM06/046247
foregoi ng patents, approximtely all of the flow axes
the pﬁﬁennfdls’cheureu i atcoaiamet thhﬁmezeaobmgs df ﬁlecfbxegomgxpanedtsa
for ato

target " W thint sel zZin
apprynSeallpE A Py e Broripeotilet Sherte Lorn it ionard parget

“1” vﬁtlﬁrpf}iéyveﬁb%l FoR afbrhibBWiaRg dir8t g @ thiRGlrd PR FH Q28 k&Rdnd ﬂulds ina
target, and the target is substantially |ocated w thi

spraypapErarfio veng mdm@tmn acmss ﬂhb tugddi andahe tzamgabﬁs Stuhéa@p\lla}located
ddj.t 2
iR gt BepBnB 8 e 88 i P Al PR PG s ow s

26 ofsheoutRabpdifuge 2Rsld@bctaP & intbi&st e t&4paPar tch ther e buine
a substanti al Ir%iffl at fan S@d tgattern and the target
aperturgs 22 goopgrpie frficfing pyulbstrabinkba f1oh tam spraz ppffeineng thetarasy “T” is

substiﬁ'&ligﬁg é@cgeﬁi%gﬂg % ﬁlaglg eﬁéxt% %tlt ar?rle a%y%%%&{e%@faﬁ?@% a \?e%tlc%fl axis 32 of

the vdsgal @6t Twone ¢rthieodimeget! theTpred;e&t Iniverstiin, ﬂ:ﬁdal@aﬁﬂ@m tindae hiyd
i ntersects the centr.al 4 of the endtiurf ce 18

appro¥maiply TEEspels t (fFPﬁf%JﬁXIS%OIﬁ englsuriacs, L4 of the optlgt pagion.

conprises a m xing chanber 34 in fluid communi cation

[00049] bathaeesit he firfleetompridel AMnidg chivbauy 1ﬁtﬂuRP£dn|uﬁﬁ‘mEﬁfon
m xing the first and second Tluids therein. In th

between thesinieh periios ahd therpytlet, pqrh@n for aiinige dhrabitseandsgconst ﬂulds therein.

e ] Lat el .
In the 1ﬁﬁ¥%geadvr§r%l¥bd§1ﬁélﬁ th? Fm%]gg %érrg)g %@fhfn%’g@gj t%fl-.ﬁleltlet portion 16
1mmedﬁzez~y epslﬁamrcﬁ“ftleaf@bleyaﬁduﬂutd?.@rz conpri ses at | east one
.vane (not shown) | ocated between the m xi ng chanber 34

a inlet_portio 2. and extend transversel
[00050] | Eﬂ% %73 ﬁ@P%ﬁﬁefé&éSMeéGOQRﬂ%es&f eaﬁ@nf«' KRR (g @W\% lqcgted
betwdef ¢IRd mmgg aaa&%f 3P BnPfnlek Psrtf‘oh st a@%&ag%ﬁganfs‘béﬂée@y%re@me to

creatlng SW rl |n annul ar fl OW and I Nk n
an elongatsd axis pbtheiinlat mrtlam fog peqemm@a pertian odphsriosi amétsecrcyld fluids and

ereatfiF A St Bl B UM o, B el BB RARa BB bRl By o,

appro@haatly thydl p&’h@n@hﬂré@fbi necaomg erfekidrest thafigs a@h@cbﬂi‘tbﬂulds
manner of incorporating each such vane in the nozzles

and C@Ft”i‘&w%s%)@@%ﬂ Y xR dlopy. QWWG%WJCPWPPF?Q vanes and the manner of

mcorp;og%fg‘%rgdﬁ a3 \ane gwﬁ@%gi%ess df@ﬁ@ﬁl@%ﬁin%gntmﬁ d;ﬁ? El?d'vﬁpﬁ%he

I'n one su I ment,” each vane I nes
commeubysisaignedpatynts cwompordtebey micteacesibbed. aﬁmtumlshc;h mlvmhment each

vane d31Es o bl RGeS By 5nBRRIA TELES Lam

embodigledt, ie¥éh loBe ISPprXNERYE seRRBircilhe hfd ARlc¥nvdxEbdRA8dated
conprlses two vanes, wherein each vane ext ends

upstreapailaiise ey corgaye ithea Praferpblot e @oszlp seraprisea g vanes, wherein

' 0
s ST U L LB 8oy o
inlet popiicay]3rebar alternative to the vane(s), the nozzle may comprise a spray member
(not shown) that helically extends in the direction from the inlet portion toward the outlet
portion, as further described in the commonly-assigned patents incorporated by reference

above.
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(not shown) that helically extends in the direction
fromthe inlet portion toward the outlet portion, as
W0 eovketoodescri bed in the conmonl y-assi gned paR@nis2006/046247
i ncorporated by reference above.[00051] As shown in
[00051] FIAG shdymtih €IGUA, Itkt owplet portinn 16 is recaiexlewilgd aniapdrivre 4B formed

ert for t hr.o 40, of . f he. vessel
througf & eflaD o e s SRT 9p SRS ety sirtege i g BR poftion
subst&ﬁfallz @Bnﬁﬂﬁﬁo&ﬁ& hddriof c6ABTIOSMRe Vdsdivg@ll Nt eri or contour
e vessel wall. [00052] The nozzle 10 is

particularly suitable for use as a feed distrjbutor in
[00052] ¢ I]Ihedho%%l@ 18 aa partjeularicsusteRle ey usa s 8 feedmatiibytonindluidized catalytic

s SRR AP AV S D A Bl

typlcanszt donbva@tmateyia doysistaasskheatisl Wb wirodsuen-tyipg lhydjroaﬁrbammbh are
a hi g}her t enperature and nornmal pressure

liquic 3 a9l 4 rNEHET EPIDSHEIR P PGIRA) DRSPS U OB THRIEIse T mgimarily
to prdd'ugé‘fngtoF 93 l;)ﬁlelo ql t@%‘lgm?ﬁfltﬁ eaRf@l% o TRIKEH Wel%}]lt lower than

ower t r e Stock, toget
that oxﬁ/ﬂterchbqge ptooki,uo gethtrrwnﬁl bwpgﬂs@wmh&dgasewsﬂudmcafﬂoas The

converS| .on g{g Lgally carried out: a) at
converipm 5t Epic l?'scalnﬁ Xess” of about 500 degrees

Fahrenheit; and b) with a solid catal yst present in

t Iaya it&&ﬁfédr@ﬂilre'sﬁﬂ exdesy oft dbeusiiBCdebices Patirpsieg; Sid
effecting or influencing the reaction and wher eby

t Rérwith 8 splidentelug paeserisiy the rgaction zopefog the-spgeilis haipoge of
et ertierf pEREEEnde (8 3akliadd M Hheldls BrOBL{ feulas o

pr o dpclddchmretctertdf erchanteorspeadtafi n@cman diffeadrs taim deﬁmtely
ond |ons

Cuc MR e S Yyl el b Fro g Vi e ame

(1) st,tmng BRYS LS B AR Rh bIREWESHR @slhéﬂbuplﬂ tRY 85884 of such
in separate zones with transfer of catal yst between

zone@’fal}(sﬂ) the catalyst is maintained in the reaction
zone in the formof a fluid nass nmade up of finely

[00053] d 'A\{éodtgg %Leindsuﬁﬁ‘hﬂ%té’ e c%ﬁ%rﬁgg ghc?%,%!gl?%tl}xgéngﬁlﬁBg Bfbceed in

vapor rgoi ng co erS|on Vera
separate gorbe nath ttansfer of cattzldgstd:atx@eyszbnesn(ﬂ) e qaedyst isomaintairediis the

reacti%g/gqar{ggg Fl%eh Prgtgg lﬂglvc]e : g SI d lytzc%ﬁgec? qu%ldglgﬂlysbc}gpersed in
the hydE0carHoa9ap&s uhiGo b8, %%bﬁvekqoﬁ, %n& b}@tthé %r@e%éﬂi&m@tnﬂehﬁ the

cover or outI et por ion 16 that projects into
catalytein $kd reactival z0ne s gedprbasthe averaghessidancel tinge ofﬁlhg bE@QCﬁTbOH

vapors i B30 fod A§cemOdi ment

[00054] One advantage of the nozzle 10 is that the profile of the cover or outlet portion 16 that
projects into the vessel, and thus projects into the catalyst process stream in the embodiment
where the vessel is a catalytic cracking vessel, is reduced in comparison to prior art spray
nozzles, thus minimizing any erosion of the outlet portion due to contact with the catalyst
process and thereby increasing the useful life of the nozzles in comparison to prior art spray

nozzles. Another advantage of the nozzle 10 is that the straight tubular portions extending
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where the vessel is a catalytic cracking vessel, is
reduced in conparison to prior art spray nozzles, thus
woRm7mveziong any erosion of the outlet portion BAEUS2006/046247
contact with the catal yst process and thereby
upstréafiﬁ fi@asdaol otifle ap&rafre bndhild the abzalhe avhiext aspﬁam pattern, velocity and
onparison to prior art spra ozzl es., Anot h .
drop g DS L0 PR HoEEIOZBier $hilpagveiRelest ety reducing the
profile ¥ eoPRIh, t‘i’ﬂ?jec%(fn?d"gie RELRST SRRV dssMyRRsdb iRk bl @intage of the
aperture enable”the nozzle to achieve a spray pattern,
nozzl@dl()os:ﬂﬂybaauisedh@proﬁlemf th@mptht amEnte&e@mebfrremowest}bp ayzzle from

e BT S5 B g AP B LGB U o

catalﬁfc ér@ﬁoﬁ/ /SR zzle (BVerdt Autler po@t%&%hhdﬁ@n@ﬁlfdchﬁedlﬁéﬂ 1BorkQ@uctile
hat "because the profile of the outlet portion

mateeals mqmmlnyorr torthe ewterials used in pyior egpraY0EEeHi0y sttalytic cracking,
thus %pragﬁxé% \émﬁtatz]%llfas ttogaggéra&%fh é%dgg%ﬁ%?%i}ogg éﬁr/agl?ﬁ%l prlcirwl?ot%les A

furthmzrhlﬁag‘e%&ﬁhe a6 zzeUt(l ie thap bedabsunthe aﬁtlél@oﬁmmwﬁbﬂammig conforms to
fromnore ductile material s

conparj s
the inggrpelrcPRIcar OEE Pstel MeGova o CSJPRPTIS POECPBly & Bart of the vessel
wall, Qﬂzs% e%ﬁﬁﬁccdn g??ﬁgﬁg ﬁ}éér ]El‘_gfrugﬁlg t Qﬂoii]@mﬂ?ﬁ%lr%& dr%essel in

than such prior art
comparizga eprioAaft sptah epzzichy ant hgebp naxieizingah¢ Bowardanfthaatalyst

...because the.oqutlet partign substan |
withip 5 it B DR TPBR O HET JEELar M <dgparT bR telabst
dowiRHbaR bf ARAr&Fusichs 86 EeGubi¢Ridyin pribasdt sgthy hbelesessel
I, thus significantly reducing the protrusion of

nozzle into the riser Qr vessel in conmparison to
[00055] prA%mag pe ragpeBivedy thpessof ogﬁ@aqng}lgvg);h%gglﬁqrg 2 baggdeon the
I
o R AL SO M et
conﬁginatmmttm go&tmailmmfad:er @fthe ofves ucbutjet portios itlow sutsstantially conforms

o BTGP o B AGEART o 5 s
nozzE@fHa’t &%Qﬁrr@ﬁ 87 l@ﬂﬁ%d oPthat BRr beReiY @Sy Qichial noAdléd vsdimploy

the nozzle 10 enpl oys a nultl-aperture virtual flat
slots baflowpassegesrafiothen shape ext ernal surface of the cover
or outlet portion that substantially conforns to the
i nternal contour of the vessel equally may be applied
to any of numerous other types of nozzlies that are
currently known, or that |ater become known, such as
[00056] ndnAIES. ¢ ﬁaougmpllmgncgl 148, singtherf ¢row diraes af esople of thepresent

056 FI.LGS. .9 thr h A-and 11 B
inverd A BiichiRa Gamay D eTe kit AR b/ TAEBagg 10 is similar in
certal Pé§abis 98 tHeSholzi16 11 0 A QAibEE BRI ish feYerédve t6 BIGS. elmhﬁ)ugh 8, and

number 110. The nozzle 110 is simlar in certain

therefase ke referprcetvanerily pregeded hydbe pymperal dp v ussr e indicate like
elemen“at? °f kK09% ﬁo%zﬁ: ﬁsthe 110%]5 gyg ﬁﬁo?ﬁ‘gﬂ%}g ﬁgg@%@&gﬁ%@d second

erence nuneral s prec
fluidsises dtemizadisgray ttd b kz&ssel (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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el ements. Like the nozzle 10, the nozzle 110 is
provi ded for discharging first and second fluids in an
wabkeTissdl spray i nto a vessel (not shown). ThePawaBkm6/046247
110 includes an inlet 112 defining a plurality of
plurafityasttsabitamdially coearietoutlet dpettetes ¢hehdially spacd rdlaGiveatodtach
117 for receiving first and second fluids.. The nozzle..

otherg any cogh pYt aperire 484 iseanpRstaddn TPt qqryRuneaiogeyiihe FRgpective
inlet @cgldu{t%hs,t M f%%xd%‘f?%ﬂi}ebﬂé Y1EPRESObAd 6f RS tnd second fluids

apertures radially spaced relative to each ot her,
therethnghighach outl et aperture 122 is connected in fluid
communi cation with a respective inlet conduit 113, 115

‘ 117 for _di ing. ti f.the f]
o00s7) 2 el er i 528 2 ERRE A 1SRy L S B
eman@ff thfe@®ml 2R AN, 28cH Hialet hpestura T wesiond debpictte ot of the
spray pattern emanating therefrom Preferably, eac

h
first andispesmdflyeds, diseharges thetsepsptive Huides ga giamyecdomenygherefigm, and
the piu'ragil%%of‘eﬁ)%rtﬁ?e% 494 .cgééé.é'rgg {0 g ﬁ?)% RRLASS 4 \Gr ml‘;eﬁ{ in¥fuding the first

an at om zed spra erefrom an
and spdond duidsymiakd dpedib.ulrescukRtle pagatal enbolimerdtiof¢hearwzzle 110, the
atoni zed spray Eat tern j ncl dicpg the fir stqjagd secgrﬁg
phirafilya @ytlefi apEULeR &7 o %5 COR et i e § eq5t eiecylagemitted first and
secord AR Mbi&fthé &ﬁem%l grusgéxgi seb YRl Mhidg Ald, h?’tu?ﬁ, sﬁbgta{rﬁ?iﬁ%ly

apertures 122 are con to direct at |east one o
unifotthly atornizt etlletstose ofithe fssgaod dedond iflugistioa iswystantialh 8at fan spray

other of the first and second £l ui ds vl turng . .
pottey ISP bty Pt Ao Aramhes o Pieadlh g ot
secorld flid isHchns QEQ R Yekddl thsa dafalpicsaadingNdsadll Yiomweatr, hawith the

spray pattern. In_one currently preferred, enbodi nent

embogfmerfi desesiped aboyveothe magzles kot ﬁﬁ/e_tnrseun%méiw@or&%e Beeble

. . i . i
o (2 . 0o O RSEL . S g merccy
appliedtions the teatrabeomides 113 Gandmitstseeapy, d@weniddiernoadeit dh5 tramsmits oil,

equal |y ysa wi th other fluids,. t SYS
and i G E AL AR QISRRY /ot T B otk i VL CeEeRsg the end
surfa@PPIgl &R 4180 SawdrlE t6RRItRE e ilifacelid the @AEA] defiohlof @B nozzle,
the mddl e conduit 115 transmts oil, and the outer

and i thedatietal fepionsof thermozele sheowalls diverg oviivardly Fav@rd thesgendispeface

L l.s defining.th nd j .
1. o Bl s AL R AR AR Ot opect o
one ah6iReN@2G| E1B)aftoreenibvdith@ited Blin begicomabaift 1¢ hed h&Fzing, in yet
the walls diverge %Jt wardly toward the end surface
anothen gmbodigess, @msmoy,f e outiet apertures 122 diverge
outwardly at an angle awith respect to one anot her

8] (AhGcudbly preferRASnBSRRKNTE he pRlssnt iy REbHARE pREAHMY ofloutlet

100058} anh§f§0 l?%lydr,)ﬂelﬁn yet anot I’?er en?rl}))gédsi nment, ais agoutiﬂ%g. e
apert{u@9 0BBjrelcnnfigwred toedrfing apnbitentiay flahbodpragpetten. Preferably, and
as sh&W y%?ctallly rfr\llﬁf&éoﬁandtdj Sith lre er%hc';ettx tﬁ)ef nooz%fel i3 above, the substantially

flat fan spray pattern is oriented at an acute angle relative to a vertical axis of the vessel.

[00059] Inaccordance with a currently preferred embodiment of the present invention, each

outlet aperture defines at least one width “W” selected to control the amount of fluid passing
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apertures 122 are configured to define a substantially
flat fan spray pattern. Preferably, and as shown
woyppi7oakdoy in FIGS. 7 and 9 with reference to POEUS2006/046247
nozzl e 10 above, the substantially flat fan spray
theretBRIupR ilcdBpa@isb et thel oftier portiansudfeharegpestive bisrivveartdiordhe other
vertical axis of the vessel. FI‘%300059 .In accorﬁag&g Het
apertyipg H22a Lnthe ilpstrajed srabadient of H5AIPTBHRVERton,gach OL tg futle

| | il ' ) h
apeﬂ%@%?#de@@ess : ectaﬁﬁ&l%yeélhﬁ&%[ LHABE. Si§fshd'b%§tyﬂcfail .ﬁﬁllflé}) 9efor the

] ted to control "the amunt o .
first op aagtiah gttt mperhre 12d) thewadipdrpadth EBA is eclativelyondnesrw at “W1” ina

ortions,of the respective,ape re and/ or the
centrf] Ggiertp e o 1 T RGVEY ML Ra0kt BrOBATEssiotey tpfoezte
SimilRiE $6the kW6RNbE ARdICSG Rt @jlsergub@_x:m;meatadiap@mm 1w id Rhtively
defines a substantially elliptical shape. As_s

hown
narrowap{ BA [y a central ggim ofithe nezste gndrelptivaly wéda ataW U adsteral
. a ture,12 t he ragial W "W [ i.vel
regiof B P e o e Rl Ml sodlnd GBI 122, the flow of

the refdcaid ARt ¥r ekl Ailiid 9 RTativelydedsat erealenttagegion of tht hezzle and
nozzle. Simlarl J)ér for the se~on%‘i)or n.

relativghe exeaice intho laterplregions af thgnerdie. e 1 ﬂi“’(éjqdé\r? 9@%?#%‘% 122, on
the oG e t‘ﬁfz widhh “whis @q%ﬂtiﬁw RSP ighbhand Qﬂ%{aﬁtiﬁ@elliptical-

relatrvely w de at Ina lateral Tegion of the
shaped@paftere td\thembgidalvey 2 sbbstatttially inifetm Sow of dreomspeotivd st or

pertyres. 122 the flow of the respeciive fifsSk: a1 s
secorg bt e the APt vy PREcoBRERHY i of il st in e
pertihit 4rBasBPEE iR 18dMlinp8 hadeiny EleVsuBsi@@ially cofcehti® daleBagitures may

regi ons of the nozzle. For the third or outer aEerture

take any 2f npmercie different shapeelthat prs owrently kg, er thablates Regomng kpown,

con t throu t ' i P .
O R E
the fifnb@oMsff thdh@utkesRemtdsysich ias & eatitting aanbbtdritiailg flat fan spray pattern,

t hroughout the apertuyye. be recogni,zed.by those.
andlofor ORI USROS B 141 bR LR oA oA BB Sh e Pective
regioh SR JH8y Eﬁcfe% BmittcdSrott BRtRRs1E. 2l kYo ra PB 5L fHelakio@dl kiefped,

apertures y take any of nunerous different shapes
substarttiatly apmceatricrapettings kapwach mve alggometay ghat isawb Asondamhalong the

..and, the wi.dth of. each .apert ur
entreReCIely og'}heoa(p%é?)w & é‘rtﬁ o H}ersg%ﬁe q’ngrdrgg%‘lt foc?rﬂ?nee§ égf%aettem’ droplet
size, fndedtiordT 11 fld Hieh Guidyt with agapédt i B8 nosxle bxigsanti@xit velocity of the
emtting a substantially flat fan sﬁra]%/ p%tter{H,
fluidsamaly be cangiolled hy vVIngThe Bsrmeiivb asnecigtly fheowiafs ot the apsrivggs.
and/ or second fluids in the respective regions of the
spray pattern emitted fromthe nozzle. Accordingly,
the variously shaped, substantially concentric

apertures nmay each have a geonetry that is not a
[00060] cAssthamn inFiagh with refateneetogbe heaslee}0 dgscribpd abpwe, thy eutlet

Further, the shape a ensi
pors G i Sfeceh B 0 AREARERY e e PRABLAIHARL g on
embod@84if ChotisRowRethe ezetier sxfase 1 E6F the birtler bndintsybsvdntiale conforms
fluids may be controlled by varying th(? Sgglgnget r¥, .
to thessiseier aeniguiceheyesesh vl anfés gadpd Gy agadius™R” (not shown) that is

selected to substantially conform to (or be substantially equal to) a radius defining the

interior surface of the vessel within which the nozzle is to be mounted. As may be
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60] As shown in FIG 4 with reference to the nozzle 10
descri bed above, the outlet portion 116 is received

waoizodrioasemn aperture formed through the wall of PCHAIS2006/046247
vessel . In one enbodi nent (not shown) the exterior

recoghitlell 3§ €hokd Bf Bfdiddie sialtih eHe peftiehOft BALES bA M t8hdhings herein, the
conforns to the interior contour of the vessel wall

shapepicthy extaren syelicaoan be defined onfy inpagtbyshoadjust et oy may definea -
diﬁe%ﬁ{)sgx‘é)geﬁ ﬁ’l c;g??ritg gg%sgé%i'tag% L%nf?@@foﬂ@mg&et%k%%ﬁagﬁ gf the vessel within

I nterior

which tiiefraede @f mbhged.essel within which the nozzle is to be
mounted. As may berecogni zed by those of ordinary
skill jn the rtineng. ar sed on the teachings, .
1000611 o advepinee ofiEpaOHe | HED Uit B op oSl P ciminate the
geonRE{d AEFLsAREY inl iR AftlspRY HobBed At 48 cafSe: inQbasiB ¥trék khaf hay, in
a difflerent shape in order to substantially conformto
turn, ldad té ertacls amd/or amecharicad ffaitunes aves thelopaiiatipi af thkinefzle.isach as in

ozzle. . s nt ed. 0061 e_adya f, the .npzz
FeCh 3Gt R TeesTien 0 BrRCalr ARG LR Bl e R RE e
passagBEcAEREMIcE laGelaive hibtsee lat fin Rpia®haférh (B HRYMITET KBS contact
__that can cause increased stress that may, in turn, |
with he gatalyst erasrorecrartndarenwhomaed dor examnle.ds Fe(-4f appigations.
operation of the nozzle, such as in FCCU applications.

[00062] Ez{;?clﬁ'%lf}ta%{nt%‘évﬁfﬂﬁe%%zf&fl 1bheHR0Ee gﬁ)nﬁ%egioin% bRty tlto;l%rious parts

e annul ar passages can produce a relative
or regibisufehe §pragt ptm squrt@ycopto et by vanging pregrrodetseniingiuividths “W” of

the SR ATt e catal vobo L 2 concenty aled. ot 52 MHS0r e

nozzIBNPbPSandly 3k pESIHK td diRchRdE Bowk dDthe SutshiRtoridieral regions of the
atom zation and flow to various parts or regions o

spraytingesp ialgsited areitheryise resmined v oakisg theynpalng vidiheelatively large
in th&%@f&sﬁ#&?ﬁﬂm%h@cpﬁ?ww th%fouis ot geﬁgljal Ig@é%;ls |Drf1 the spray pattern. In

antrally concentric outflow passa
additdf i ermtibleas iikreise bedicodse tk dehee pbapizatibonf thedipldein a

it is possible to direct nore flow to.the outside or .
partiquly E55i9™ PEige SRTeY TR Eywwmﬁar@swﬁ?ﬂ% r?fag‘ftwsgﬁ g width of
the g4 APBFWNES 16 EHHshEindly iERIGEOSE Adddfeasd bl lldsy ¥ ik Mhixed with the

refatively large in e portions thereof that direct

liquid inswch regidnés) o dicsordingdy, themayehoutlet gpestuse efnfighentiop alyws
attern..ln additfion,  i.t i.s ssi.ble te.increase or
custoffeigh € oo e8Pl s DR A P SP§ e,
particul ar region of the spray pattern by increasing
[00063] orlnBGE emsthRghghrids pedlicr e/lbydinticheof aidaleasf thd)pregas invention is

indicg hELFT G SR IRERE N 2 e Sirele J14 18 R ar i ceran
respebS Y ﬂfé(rﬁ%zlcsb‘ﬁ}:&ﬁji 1 NeritleApHRRh PUtkRle BRBESU] Birough 12, and
confrguration allows custom zation of the flow and

therefroltetefgence swmsral preerded by seemunayh] ‘RRcorgpeceyledphy themumeral
I n FI 12 thrqu%@.l4 .anqther enbodi nent of
P e} lélﬁe g %ments.

[ 149 22004 O 6 "
2 it 33 e el e i R
[00064] The nozzle 210 is provided for discharging first and second fluids in an atomized
spray into a vessel (not shown). The nozzle 210 comprises an inlet portion 212 formed of

metal and defining at least one inlet conduit 214 for receiving first and second fluids. An
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i ndi cated generally by the reference nunber 210. The
nozzle 210 is simlar in certain respects to the
woeze®0l0 and 110 descri bed above with ref erPC/ES1006/046247

FIGS. 1 through 12, and therefore |like reference
outlehpureoal 56 Briewedeardt coyntihenddefmeah pluzdlity of oxpﬂee apctadesBR2

the nuneral "2" jnstead . of, the nuneral "1", are used. .
extending therethaqugh)in @éldéw@ﬁ%ml%ampd@%ﬁ? H#ﬁé”ﬁ&lz pral sppeed telative to
each th%}/ G gmgl%% tHeSHRALRI Rbrdd ﬁuc-i&s ﬁ%@g&?&ﬁﬂ%nférﬁﬂngﬁné theRfrom.

atom zed spr Into a vessel The nozzl e
Alth(ﬁigﬁ thmnﬂﬂpstraa‘,aisomht potien 2b8)d¢ﬁllﬂ>l azﬂb’statnmalhe domszmhdqmld eatedior

def,i ni ng .at. | .east one inl et ui t
surtaf, gt deied Gang i PaerovRiEtea Gt SBRENGHY SgBOFEs o attnternal
contduP bR v@isc%r&%ﬁbe@ REoRETANREN thelobF18 110 W¥scPbe@HbdVR] the
apertures 222 extending therethrough in fluid

plurabtymﬁmﬁletaapﬁﬁwew%alteraegmlmhespap@d relagive t@mhm @bout an axis of

ve t t her for Lrst an
the ol SRR, 4R o8O Hurlhs BBfmly® BePled P L BF ol g ot v
and sé¢dndaligds thivegh tHeusklepdpRetuLih kigd difpetibh 6MNthe I8 wosdhd. asfetubly, the
substanti al |y convex-shaped exteriar surface, it may

plurafify Qflomy etes geancrate indedioe arspbstantially Jablanspgay pattern.

substantially confornms to an internal contour of the

[00065] VERSRL eﬁ‘l%o«gigxgﬁf d)ibtﬁﬂ Ycﬁl th%%ei‘ﬁn%‘ id e[ﬁ%a&%zﬂoﬁdécpsﬂlcon carbide

descri bed urality of outlet apertures 222
and, mraeprefegad ambgdmrpat;elmb aeednat isesiticorsgtridectitteas, &yawample, SL 200
s. of t | et r and each outl et
ST, i s Beridte Sh ey B: AP el wbey b R e e
ordin@fkSEBAne pérhﬂér@ arttiakuahthé RackHibgd Rireid P @hérWeanhid of Aéh-metallic
direction of the flow axis. Preferably, the plural |é&/

matergls thapgye snaentlogipama pkthablatse beqeaeknoyys equstly arayyberys
fan spray pattern. [00065] In one enmbodi ment of the

[00066] L;lbr(ﬁ}girlgﬁsly M)‘t%d %anfﬁ{E m'etscll @nég&‘gicqg‘a Qﬂaﬂﬁﬁgmg iglisngQ{ion. Since

and, erre ment ramc 1Is
cerangicshdvie ce@nemelty rhugilenlellth paits afndrareeuimptzély rSlatig€)P ST, they cannot
of. Cer.anifTec AG

be waliRd a1 5 o g e SeintSGr AP Rk o ot b The FasBe i

even gfehtch @:88l etV t&ﬁ@&ﬁhﬁ@éﬂh@ §ht'ls elRVAred bé‘(ﬁﬁﬁiﬂﬂh@dlfferences
non-nmetallic materials that are currently known,

in thet therimal gxpansips é@iﬁdnladéwmn CSTATEPS Vnﬁayfadwlu@éﬂwa{rm@qn tensile
stressﬁ‘%al I ée% zf‘%lr <9 ttee% faétgﬁ ﬁ‘)g%graﬁngg{lt EICEIOﬂS 90%@ g}e?al rlé 11'1361:

G5 tTOR, S hce cerant ave extre
portidrisgthe reiAlé n(g nﬁ) onenérab(aﬁﬁhem ﬁlrthhﬁmmpihdeya ek chwedcyor 244 coupled

i nert the not _be. wel ded . or ued so chani cal
on an, ypsiream g 248 thege Wb%gle@f gﬂf‘érpa?t 2, e §5|0@ﬁgdé>wn§tream
end 2@8 %r&ff%@%h%rce%ﬁ@ ohfie P%ﬁfo‘x&'ﬂ@ Wenhe B@Eééheth@fmétﬂ%ohﬁécfgr 244

| evat ed because of the differences in the thermal
engam plm@rfmmc oatles. portipredidi and ersrtcesubsiaotallygmrddeternfisgd compressive

' r0i en. t.ensi esses are;a i.ed o
prelolf 8 BPh, BRAELOP. U0 Bk REheefou v SRR PRSP R 3 g divccton
from tHeQupeBéaath bAC248"bord the downstream end 250 thereof. Also in the illustrated
embodiment, the metal connector 244 defines a plurality of first threads 254, and the inlet
portion 212 defines a plurality of second threads 256 that threadedly engage the first threads

to fixedly secure the metal connector 244 and ceramic outlet portion 216 to the inlet portion
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portions, the nozzle 10, in one enbodi nent, further
conprises a netal connector 244 coupled on an upstream
wend748o1 hereof to the nmetal inlet portion 21PCTAS2006/046247
coupl ed on a downstream end 250 thereof to the ceramc
212 anditHeedbyptlotvi aasenihlp of e ceramidbeutie portion vdthreespetified preload. Also

i o e AP o Py R A B3 B o end
248 tRE&IF G thel iR FRflon Efzgff &Ry rot#tle df@ﬁ@;heﬁpémﬁ@étﬁf 2@

0
tapers 1 nwardly at in the direction fromthe

consegpastt lasaf pretbad48 t oward t he downstream end 250
thereof. Also in the illustrated enbodi nent, the netal

connector 244 defines. a. plurali 0 ' .
100067) 585 SERE e b G e 2 Bl b ol A o e
upstr&araid48ingasitand 2 ohhéttortdutletapertine X258 gaghe ddvenstienatend 250
threads to fixedly secure the netal connector 24 an%H

thereqfe rTAgTaPeR NOBEO G ldhe eigl emertar 244 extendls PEfwseD 1 15
| . o g :
apertD G E QI apMisE S SEIRY tholS S ) A dircDit] SEmARE dsfiBam end
248 tendrd trr]ﬂila’mmnstrbztm endsgﬂz. 4’Ehrtmmmio routﬂetz‘}:;oirtﬁaon_/@liﬁcttérﬁnaa etl Q@anic
t he upstream.en hereof to the. et portian
taper%ﬁ@fnp%?tﬁg 39@}%&1'25&%%% “65‘?1% %ﬁ%ﬁfiﬂ Wish Hedrdredpaptiah, 346 of
the m?tﬁ,p@(ﬁﬂg@cﬁf 240 3heUxtdRiot k@ ake 2 §8BMhElouds: oRioPEl SRSiing the

e netal connector 244 defines a connector inlet
pluralitpef outle aperturhe22pextenda threvgh the gonrteeios oftleiagersure 258. As canbe

onnect or out | aper,ture 258 o 0 :
e SRIRER PPt e B RSE L U SRATERIARTLERS coramic
outletGRMRCAnArexeddla ExhpRESvdIRtWaE thetdod tb Pleatntapesduse encalxthical

. outlet aperture 258 and tapers inwardly in_the
failurgyj Herddition. py G berveeny &qm@taﬁ%ﬁsﬂ%wo igdgstped to flex over the

operagﬁg\@ﬁ{dﬁtmo?ﬂ% a%?ﬁ%atﬂ;'ﬂ?of:tﬁé 2084, QH KIFEOD taﬁﬁl%bsat;-laﬁs In one

efInes a ceram apered connecting portio
embodimeet vEidhe invention, disheinkagped thd whldithetalia pelease focset & sybstantially
246.0of the nmetal connector 244. The exterior.surface..
prede g CPRETSTY Bie RN L5 Y oRA T LS RS Llef Btion t
reduc@br ?llé%rgtm@ﬁgﬁ&grfﬁﬁng_zz ext ends through the connector
outlet aperture 258. As can be seen, the tapered
rtion of the metal connector eng%%es the tape

| d
[00068] dF dasised e ORIt eaitiaRicen BRTFBEd SOTENER RATHOTRERSG Hacadedly
conneeiHaRb (ﬁ:?esihTé‘? Pgr{ti]‘ca)h.o ﬁ{jthfmgee %Qat PRIV e REIARAHNGE sc-%lf%céed to set

mechani ca ure. I'n ad I on, as can be seen, .
a substaitially pestetecinored gempesssiye pelodd oif theadetalocohestomarethe céremic

operati ng,conditions of t.h lications of the
outletipstiqngto r @}tcﬁoégreﬂ%@‘eﬁﬁi‘ﬁl?%ﬁ‘ﬁgﬁs. I n one enmbodi nent

of the invention, the shrinkage of the weld netal is

[00069] S&h 8E bR AR eeRibodirsét SF eidtihaintiyn, it Gt @iersffigdmetal connector 244
conpressi ve prel oad of the metal connector on

and ceramameulebneitien 2o ix ragedite theethrse Aospepially éﬂ?ctﬁ%{%gg?ﬁi?’c%ﬂch as
an Alf/ﬁi éli’bryecsr multi-layered materials can be used to braze the two components together
and thereby contain the ceramic outlet portion within the metallic alloy connector. In this
embodiment, the metal connector and ceramic outlet portion may define cooperating tapered

surfaces as shown, or may define different shaped surfaces with a brazed connection
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[00068] If desired, the outlet portion can be wel ded
to the inlet portion but not threadedly connected to
woOheo7ioak@t portion. In this case, the shrinkageCcofustive046247

weld nmetal is selected to set a substantially
therepéieedi.er m ned conpressive prel oad of the netal

connector on the ceramc outlet portion to reduce or

prevent nechanlca, fa|IU£ éOOOG In. a lternative

iy

[00070] & ke alfermatigg e nitony 15 20275 Brrier S4RPTGE &)
chenﬁ@ﬂ 'Bﬁ % ﬁ%ﬂ‘ﬁf“t}ﬁf‘&eﬁﬁé 137' %n@é‘&tl 1645t B $£ RO LD chrmePloR R

speci ally selected material such as an
cerarAm/(NltleHberl ortheruther ardafpemsea {ntteght sdad therabetyecens dthiso

onents toget nd th cont
e e g SR NG T P Ro PR oY eSBhE tepered
surfa6HIRAE WA, or byt deififie @FRadtit d stiffcsRiithla eoRARehYctiend
ceranmic outl et portion nmay define cooperating tapered

thereetiveas ebn angpligrnstivie ewbodimpt 8 fashardeal peal isrpmplpygdeither separately
or in cgmfbl%%gﬁ N thgtc;%gtg{cgﬁg &%%ena%t%ﬁ 1#)??]%12&1{62@12(% ¥Y§ et\%%gl(hzglnetal

conne@mzduﬁéembenﬂaorrprl ses a chem cal bondi ng agent that
chenically bonds at | east one of the netal connect or

00071 7 G50 A b 0 e A5 BN b e

teacHiRsHerdt® TRERIDTe A0InBLhaNHE v RlicaB é}dté?ﬁldﬁﬂﬁerﬂﬁér's N like |
cooperating tapered surfaces as showl, or may defi ne

compmhinefite ae d@scsbmbmdh@wgmﬂmmdwpaéem o2 datilisatingeibe mgture of the

first W%;le SO dgtie gss%ré?rnt? glsg %ee {)/f] S%trl’{e\ét{%ﬁ)%gg epog‘rtalgl{ a&eﬁuroeﬁ iArS1 shown in
FIG. oMbk dét piitiod 112 dfiabesi aaintdpidn dinfige dlgesdf atpurhityroftaheular

quLd-tl ht. between the netal connector and ceramc
stepsdp apiggte 2 0@?@@71}?}1 As may be recogni zed by those of

ordinary skill in the pertinent art based on the
[00072] e?ﬁebé ﬁtag@ B?ﬂh@ no}AE2 ﬂP@fzthg p?\:%&lt 'fi?éénh&?{sligﬁ tNSRERllic alloy
xt endi ng nmenbers, ke conponents as

conndcésmprpbldds a posuﬂn@ cabtritenens for scme'mgrih@ esraumict itlet portlon to the
a i.f at e.of the .fiirst and s
nozzle’ ingeeBidedfy opfedthdiathuthe seSvted et oL Bpiapent
metha@edntl Wirlger, AR wahapecified fdfpredsdve frbiead © e sep oAhdther adl@ntage of
defines on an interior surface thereof a urality of
r@ﬁ@@qenmebr

the ngzeie,? Hi is dlas phe qrabadiments eapley g achemingl by azed
com?n?%ﬁﬁn&?ﬂ&%&flatfvgg %ﬁfi}fe%vgysqg thddén 1RE %&%ﬂﬁc SuNEEPLi8A and to

e net oy connector provides a
seal the §iihii ageinsolaticign it nafy oequiredewemerts hiencehayes ofitéreections,
hport ion.to the nozzle. The threadedly connected
such g5 seh CHNEHWEs an easy, positive contai nment
[00073]  Yet another advantage of the nozzle 210 is that the metallic alloy connector may be
secured to the ceramic outlet portion and nozzle body with a compressive preload as
described above that allows the metallic parts to expand relative to the ceramic outlet portion

without releasing their hold on it and that otherwise would result in a loose connection.

[00074] InFIGS. 15 and 16, another embodiment of a nozzle of the present invention is
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nmet hod, and further, allows a specified conpressive
preload to be set. Another advantage of the nozzle 210

wO0d7vasoot he enbodi ments enpl oyi ng a chem cal PonadiSme/046247
agent or brazed connection provide relatively

indidareegeaeally by tyisforenct asinber 310e The mapile 3 0V islserhilAGh tér@din
seal the oi nt a%gl nst Ieakage that may require

respetgiithe a0t Hahl CANGH DR bed Ao B tetsprse 18 FEGS astrough
14, dﬁa‘iﬁ@%&aﬁke%ﬁ%ﬁg thﬁé als[a%)ﬁx%géde}f tﬁ'@ﬂﬁxﬁfrﬁl adv %E% ?zle 310 is

of the nozzle 210 at t metallic connec
provigesgt f@edlmargl@ﬁnsbaﬁdmcwmg:mmmaltcﬁhmw sprapint@a dessel (not

s ShE piE 3t r AR Bt on 117 0F o B i it B concui
314 foRrételviry €18t Arl¥seEG Pl fs. OML b@ﬂet?@ﬁfo&l@ﬁ 6\ LR ted to the

releasing their hold on it and that otherw se woul
dowmé@amtend ﬁf éhel inlekportion At ThenutleDpOTdl 31 défireSan tfedndsurface

315 80 ADRH oA L TRy o5A 8 S B, BLG3be t porion,

The outleb p«sruaﬂ,e 16 Tiréhen aztzdeg aPhidalits oF ibdt oafleti dpe®@ed M Nextending
ects to the nozzl es 10, 110 and 210 descri bed
thm%g\dg%eww spifacer Hiyda flug! qommmniqationvthytihe mixingshamber 334, and

a5 L DE 5 RSB 5 B Ul o

atomgiigtha figitagd fécoad flaild is e smag phtiath elﬁlanatmgnhaéﬁamz e with the

nozz{3  Fhed B1E uSeriEibont s ot g v e ak avglrly
spacddteRtive & éhdh bl 4bdu®bn hES $f ‘éhb %ﬂtlét' otfiorRBRd 5&?1% ot aperture

fluids. An outlet portion onnecéted to
defmé%%\:ﬂgwmwrfpédmemng Bhrixiung @f ﬁl}sbfmdl sgcm@lmdm@httheemuﬂet

A Y I M

deﬁné lalsublﬁarftiaﬁynﬂhhﬁn ispag@tpatp@h! TAO outld Poishl 386 f@Kdridefinsa b least
her defines a plurality of first qutlet apertures
one SS@zldé&lf ghiperigree e &es@ﬁdma alobg e wpeFean ideptihs eycripr suriace 318

and ih hHidCt:o‘ﬁﬁﬁﬁﬂiéHtBﬁtv{uﬁﬂhW&né Rfariibet 1389 fiﬂlﬁi@@@fé%% Sbay 8Pfe first

angul arly spaced relative to each ot
and seeemid ghddsetherpfiomi okt ledst somee eithespray emiitet dmen fharsecond outlet

oo OB A L S0 e L L8 SR 10 ety

preve@ﬂ&y%&lﬂs@ Swlidniged aPRVEU F)Bﬁcaﬁbﬁi FHont YoIRLtiRHbA & exterior
apertures 322 are angul ar spaced rel ative to each

Surfa%‘t Hdrcapsiag erogian gk the S@ffa(teh Ibétsem ithe sspondemulebansiiure 323

f di
S 08 AP PES 0y B s FELB e
of theapetlet portion to éﬂseredhaitehé spoday @hitted ehebd fsh sxdissantially covers the

Pr ef er ahl lyrali of flow axes cooperate to
downgzgguhRorHo ﬁ%@'g%ﬁﬁ?%% Wé%l"a% 18rand thgspby prs¥enteergsiorpesuch
surfageut | et portion 316 further defines at | east one second

outl et aperture 323 extendi ng al ong an upstream si de

of the exterior surface 318
[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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and in fluid comunication with the m xi ng chanber 334
for directing a spray of the first and second fl uids
woher@bsoom At | east sone of the spray en ttedrETmsedohe46247
second outl et aperture 323 is directed over the .
apert 6@ skdreanmple] fh aeond foutléterpertire miayrde§ine & amee diforowidth
t hereby prevent any catal yst, V\henﬁrgrsed i n EICCU i
througlsyt theBsheyy OF fiiag Ficteaf e Hethy ST5AIST elSEt MISUSY SEiPE ofdle
~ exteri?ﬂ o5y ?Hag Pt rs{?cﬁh‘? Nofadliiog, Bl HAGatetAPetdts RAy $&RANY of
e second outlet aperture 323 extendS substantially
numesas déferédtahses| mey be prolided irt #ny ofpemetenmdsfferentartierss and/or the

teri f 18 qf t tl.et ti 1
outletgogon mey TR SanAeated "pimarirur cubSreiten ERRHA fhe
iuusufg%g ot%ﬁmfotrﬁ&m SARHNEPRSuRIantify ®RveE-blRies bxtbacEsuhes, it may if

ereby prevents erosion of such surface. 75] As
desiravedefipe an extorjon susidcdipat swbstantisilysoaforas §o akinfqrnal gortgur of the

ertinent, art based t.h [ ngs herein, the

vesseﬁ%ﬁcfeé?r%gnﬁ??‘éenorﬂ%y l)pec?léﬁh%lg&% ér‘e t han one second

outlet aperture, and the one or nore second outlet
[00076] aﬁﬁfetddﬁfﬁﬁagﬁiyf thefivazk Hioyfolic prasont Duventdinfif gragtie i the

t hat tl hat t b Kk .
o e bl 2SRl B RO D otror
surfa@ifthd &Hﬁeﬁgﬂn‘ﬁlgﬁ StherebPprofcBiP LR extdi®r §@ERB Eropviérlosion that

aperture y define a nore uni form wi dt h t hr oughout i
othertvizamighicercaused hyepny extabysticarhing i centagt dharewitly jor beipg deposited

angyl ar extent of t} exterd or [ e t.hat -
there Yt Snpfhet driepenol Grbofds S0 Bipet Shedicik gl ieion s

protebta BoB e efosive BEEEH ST thefchRlysn it cah &P esnufmyurdabfipmondtetéds that
in any of numerous different patterns, and/aor the

are motg fesistapidptthasmahgipck Hen siethy matea qusrently, Resdto sranufagiyre such
nozzI @ e %ﬁ@ﬁc’éﬁ?ﬁs’. Ak r EMn{arlg% UBtE db e 91 {s@hat the first
So’rnt | erl d

on nes a substantially convex- shape
outleEatleBities cars by drearg@ed rdlativeyto iefichdebirrte grogétei avartasl ik faay spery

surface that suhstant.i confor.ns to an internal
pattendagtds pargsu f‘%e&&‘é’gﬁor?sé%%&?%&amabove or may define
anot her shape. [00076] One advantage of the nozzle 310

[00077] OfR4f8in mEFAD FIGBYEM-DY Bndthertdhedodinient pos hoie of the heesent
~ “spray enmitted fromthe second outlet apertur gfgélect :
invengign ad ipdicatedagneralbnby the refstepeeneneral 119y §M0zER “bY 1 alar in

certagﬁt?%pgeété I o{hteing Dted n? 1862 10" BH85H 4PQriblfa ¥l ference to FIGS.

rom erosi dn that otherw se m ght be caused by
1 threuph 16akml Hetefore tikatpférat@ montras tretptereded bihtheammisedl igy”, or

deposi ted theregon. Yet .another agdvantage.,of the . .
precegqe by therygier _egaﬂ“ssbeag ﬁgaﬁd’ﬂlﬁﬁf al% ot t in%n‘%i 3 prot Seeéltqg é&dlgate like
elemdt® n}‘ﬁyﬁoﬁfeqﬁb\@pﬁfvfd‘%& S RfchbfpghCvbBdndssecondt flifddnink@ atomized

manufactured frommaterials that are nore resistant to
sprayt inter avedssal Kot she wWayendrshare s similar evoragldeatunes apd PRarapitic gs the
previ{)rltlasr]?}lfJ fdgs%%ig&f nosz%ﬁahembodiments. 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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nozzles in FCCU applications. A still further
advantage of the nozzle 310 is that the first outlet
waperniodses can be arranged rel ative to each ot ReT/usSe006/046247
provide a virtual flat fan spray pattern that is
The paered cedtian 490 efgpes & varkbiot] SHﬁ(Zidgamimh ila‘&ﬁ%@gf’ﬂ il Qﬁ@f?a'fholder
ferri ow, to FILGS, ~17A-D, apot her enhodi nent of a
425 \?ﬁ’fgﬂsewgﬁ { Iethe medadki injeh paition 41\ 2 using ggtanded pijen el | y

prepé}ﬁtlérh A HREADORGRnE WIE Hﬁ{nefe;@ﬁts Tﬁlﬁ dd AK k & 1% ]-ailg the socket

simlar in certalh respects e Nnozz es 10,
415. Atpongredd 3ho ride 420 hhmjdlainetze“&\‘u”tsﬂlghtﬂ?j smaliee ¢handhdin€i8e diameter of

the s%ég(&? Mc%hd ]’[gye gﬁg)shg fril}%rmenzgl ém,)j}ar AR ‘dg’l‘l Fegr?g ltl?ana}c{le smallest
insid@ di¥eicedr “d4" in thS t&RE 406 sd Ao %ﬁ&ﬁ@f&ersé step 465 ﬁfordgf to germlt

are used to indicate |like el'enents. The nhozzle

msta\éﬁtmqf ﬁﬂéﬁ teft rergib Apjittin pisleasa o ek dnone ¢m|b<1§ﬂ$mq=m, arieast
threegﬁ a%@% ar in E}rﬁ%% lﬂé §1§ eus\r/422 %,?Oa(n g%‘?f? a@?%?‘? tgf’ ¥ ltgg?{ ﬁéﬂong a

radiup Bﬁ\‘tndmg rpnoihs axis b€ chepazzl10, sulbe bientve spﬁ&dIStS | a@dﬂﬂbhg’ the

zIe 410 incl udes outlet apertures 422
Chorf% S a?qu@rléﬂ@iatm of HigttWorpiqess §26 922 wéucéwb@r@. theradial cut

440, fd]l%w‘é@ LPRLinQU NI tRIn ST, c?t iz apl%%@ 4?’719?’(%\'&8%&8 LAl&S If the final

portion” 412 are ] oi ne OW Nng cons ruct
piece Fé vosmahtw atnng|the clerdscio wenlddibb slide ianjdsiiche (Folltmwﬁhg assembly

TR —
the welderRet@l asUNERIAEEs Hws @8 ct e 4ﬂ6‘§iv§§?dé"ﬁ4d| inthNfe E&F%@tr A8, forming a

section 400 enga ges. a socket 415 having a sim
Joint $6{erchatyeen Ahideigingrieshaisue iv@plipatihta anywermhed of connbeing

sumlﬂ%?x%;eld'c%ra'nﬂl: A Ahéﬁ&l Hag;}xﬁégist] Wbthe? standard pi pi ng

re aralon. avichg two dianeters fits
i nsi de both the cover 416 and the socket 415. At one
[00078] eridhe putmse bfithe 48@rdva® cleet gportivntdd0 is' @l placﬁlth@&ﬁrdt%c&%bﬂléﬂﬁn

e s b R oS, 5P bl
directidiodhdtellshgaii®n bk rling%ie@@s Ai7anes &id 42§gproblﬁe§ J‘godlgé}\éfsﬁve preload

416 so as to gri e reverse step 4 In or
on theyassemblyi Sﬂsﬁialenbpnebﬁd dfapphied to prgyent He rpiangem Mge anmpit |of

odi ast
cxpan b Py SR RS 3 43 b S cion
and al(lmelngfthd tvespl beb&mé Bbsé.sAakINGe gech atizdiSbyethbaéH diginky QML in
rt. 410, .and the other two splits 455

of, th a
the Peéi‘ﬂ%eng ﬁ@seé 1 tﬁ%%ﬁﬁgn&ﬁzt@remrﬁh%smé&fm dtl@elﬂﬁifsftszﬂall he pdinsted to suit
he nek [ di al cut
the n @Oﬁwlﬁéﬁquﬁ% mﬁ%ﬁ%%lcﬁ%lp I on %?&Fﬁu&% nal piece
with two chord cuts 455. If the final piece 427
[00079] vve%spfﬁblerrk:‘mth ardimegy prosessingrafseiamiosois kltht gedmettical dedtmeosuch as

sse of, t
S B SR PR b B30 b S
split. THi5 lackhif badfeg gedhetry 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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the weld netal as it solidifies draws the cover 416
towards and into the socket 415, formng a joint 460
woOher@estoneen. This joining technique is appli eablus2d06/046247
any purpose of ‘connecting simlar shaped ceramc
partp a@:@bvx{ed torbarden pefpienfinabassemblyn G hi{ #60id&d bokha liquidP@SHeE seal and
uni % t,[ﬁg ered _socket portion 400 is to place the
%rél?ﬁ(?ﬂ%c PR the RS onpr essi on when the wel d met al
cool s and shrinks. Expansion of the socket 415 in a
00080 racﬂm ahe ethbcHehéRdf @din ] Igﬁ&ﬁ
[ ] 428 and_ 429 pr ov?%lgig ?gg%%tggﬁggeq%?g agsg ate ﬂuSh
Wlthé@% endnfiphe soket LiSdn prc}ﬁ dapthgrmal cappisioad{tie fevoes emequahaas

a ion of the netal
pos B A1 ch S B DS AR L el b ot
et alc@hﬁ eRat&nD Noafd4a/1 BHWind S14vae eCAV@T.S L udie 6 338 7@9}3% coﬁfents of
wh reco%nl zed by those of ordinary skiil in
W w#@f & ’P"ﬁ g Ingerporsirdey Ehrense in gk sntigty s of the pr@sent dlsclosure

F urtl%‘i’ e£hkload %a rs?ig?fﬂecd t%ElHe pe‘? | B EE bferHlslio %)FC%&I%%%I lre in

partlcu eri al I natrons or oera

tensmmmsudmombsd a[xi)@079] A pr obI emw th ordi nary processing

of ceram cs is that geomstrl cal features such as
on the othe

0081 A 5885 B e G S

teacﬂlmﬁxe&ﬁn pRbfctnls HE¥E bhd naifich®fd ha ROhMe t%%’é AMolve-described
ween the mating parts which can l'ead to failure,

and Qég‘?f edbafngents ofithe n@?@l@a 9if éhe Paessnt igveritigh veithos dermrtinghrdre the

t
scop} B EAARMG 19ficRned BN EDRnBL A TR LRAGHE B peramig e
portibmads b;: appliedrie a&yrbﬁlrﬂe mmlesaﬁscﬂdxed héreig 6 tol ahy ST hii@Brods other
; es(ﬁro S ond %plle I{ﬁeenthe mat | ngparts
ypes o1 ROzLlgs, y,ﬁg? 8>g the putlet g@ﬁ@p)ﬁhatmlpsgantlally
confdrid\th %ﬁm’@ﬁblhcdi\ltddr@% Qfe§sblgxbfthlﬁ Sl n‘go 1d R0 ?e{ahﬁ%I be

between the parts. [0 I'n one e nment o
apph%tﬂeawmé the nogeles ﬁt&cbﬁedtlteeem,l ardo dB0of mmmnqmsa)thamy}ﬁs yf nozzles.

h k
Still fu#ﬁéxh %M/ é%tg%g?lgﬂﬂgfg {{élg’&ealglc ettlg%apé:&t}%ﬂ cogggwagg% prgay pattern

configirationst mxmg clganitys, nfie@E BELELRS a@abm@ﬁuzfenathap E&'Eﬁffr@ntly

rrow xuggt described in Bedaw et al. (U Pat ent
ovE: I, 1@3‘5 SRECSNaYAsmaY bapmplogedsin thw@musslosza@ 071'889 present

inventibg.
bibg e%g%gﬁ%® tg{ﬁse %hl?ﬁtclﬁ%g r}ﬁ;ﬁg?%mjrv{h?lgfﬁ%ﬁgf ?rggéécllql{nents is to be
takendh gu ilbstratéve, Rueprveed toa lpnitingaehsamy be applied to the

ceram c outlet or cover 416 to prevent failure in

tensi on, as descri bed above. [00081] As may be

recogni zed by those of ordinary skill in the pertinent

art based on the teachi ngs herein, numerous changes

and nodifications may be nade to the above-descri bed
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and ot her enbodi nents of the nozzles of the present

i nvention w thout departing fromthe scope of the
wonvEesoon as defined in the appended cl ai ms. POT/US2006/046247

exanpl e, the ceramic outlet portion may be applied to
WhaY istlaihdeq j§0zzl es di scl osed herein, or to any of
—numerous ot her types of nozzles. Slnrlarly t he

ext erior surface of the outlet portion that

sub antlall f r

veschrpiy e Rk AR (R LRI Lo RaThOH k.2

Conmmwugpplled to any of the nozzles disclosed herein, or to
any of nunerous ot her typ%s of nozzles. Still further

a eigaisfouendativing Al er e MUtRERPEI P S s, outlet aperture \
&gﬁ%ﬁﬂfeﬂié %atslpe[sf"bfné)ﬂett %Iﬁlu?t%f B4 AL leddt snehid; and

ers g structures and/ or atom zers, that are
a mldraﬂe:rttoln;ledtmdhat coomectstht céramisr ouslst torthe kastals mrﬁayncb@rowdes a
the various nozz

compresstv,@\;gﬂpwgw tho ceramyf %\eg,to RrRyeR ﬁgis%efs boe(’?\age : B{etalhc m%et and the

ceramic o.‘ﬁHFtr BNbwiheRTiSE A @h&ﬁf@!@dtpﬁﬁsﬂ&ﬁaﬂd?coh&a&lﬁmt aken in an
iTTustrati ve as opposed to a limting sense. What is
clarned is: 1. A spray nozzl e for discharging at |east

outI ltn%lagl? fl%g]e laﬁl? ? \%Herr%t Qéggél'd%ﬁﬂ& anQnt%ﬂfa%Grﬁour, the

eas one OU et aperture,;

inlet recel@t @lfkdt Fuiddl a shebhdilwig, b ol siefinesenni extezior smtfad:a ithat f or
’ receiving the at | east Ocﬁ fluid

substantierAREEAET t Hifin OGO ST P i P GAGR. e frgrtoes
extendm%rﬁr}ﬂgh o btbSdr ARSLAR AP ESnBuSORISS T R iREShRash 4l

eram c outlet to prevent |ooseness between the
angularlyt‘@h@ddl relativertostachnthet dtwut er axis of theobidat, 4 W]@ﬁmlﬁgaCh outlet

e TR B bR SBRRPL PG RL P RRLAER g o e

aperture ﬁlletfxé Bcctidn olfﬂie%é“p%l:tnﬁéoﬂlﬂvﬁﬂils the inlet receives a
first fluid and second fluid, the outlet defines an

exterior surface that substantlally conforns to the

3l ntey n%lzzlg%gﬁl&%cfzd% {aﬂﬁ %ﬁé%kr » th& o Rl it lhde¥ a?ﬁur@l‘rt&'o@buﬂet

aper t'urées éx exterior surface in
bosses, eﬁdhtbtﬂlecmmefmtal retpem\td‘nmh’eaperﬂufﬁ, aengthi @), andch diameter (D), and

|l arly spaced relative to each other about an axis
L/D for e@ththé ipteast abAh @ wherei n each outlet aperture

defines a flow axis for directing a m xture of first
and second fluids through the outlet aperture in the
4di r edtncaalea deﬁ:eedrxesbemzt wéeﬂerrbthe arszssgl efinegamigiespal catour, and

s SV oS T L AR e
radius de'ﬁﬁﬁigetﬁé lnY&nﬂonhfbfur apetveysel, a | engt h (L)5 and a
di aneter (D), and

5. A nozzle as defined in claim 2, wherein the vessel is at least one of a catalytic
cracking and a reduced crude conversion vessel, the first fluid is a liquid, and the second fluid is

a gas.
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L/D for each boss is at |east about 1 . 4. A nozzle as
defined in claim2, wherein the vessel defines an
wono@roasdol1 cont our, and at |east a portion of tReT/US2006/046247
exterior surface is defined by a radius that is
65 ubs tAamizzkl ds yle Bapdain cllaimaz M&dﬂehsambedmmhmg/ dlhef theflewraxks of the

contour Of the vessel ozzl e, as def.ined i
outlet apsrturgare dirgeted fowas §éffrg?tsz§tm theesebive aisPmizing ad quteg a

mixture Gﬂ' 86 ki Padofd ﬂ@i@k’%ﬁéj c}ﬁ'ﬁ teFPING IS iR d}‘r@ét):dgi acr('is@@he target,
first flurd is al and the secon

and the tgrgst, i6 subitantially bcasd d\etﬁlmmpllanmememllmg m,th@\ﬂeweﬁunctlon of the spray

approximately all of the flow axes of the outl et ‘

apertures are directed toward a target within the

vessel for atom zing and directing a m xture of the

first and second fluids in a spray pattern flowing in

Ta di Perazrlses defirisintcinimtSapierein the dirst iflid groglewdithe second fluid is

substantially |ocated within a plane extending in the

flow direction of the spray pattern. 7. A nozzle as

defined in claimb5, wherein the first fluidis oil and

the second fluid is steam A nozzle as defjned in

8cl ai mopzzle 38 drilpeddp sfimd; ﬁgthgr PRI BYvHRE chambrer dn Huid
conMnunimﬁ?ort [ orﬁﬁfé%ﬂrﬁ?nngi&t [ résdtae[g%gﬁt?e nfghff i ui gs %ﬁ%?ae‘ﬁ?&%?d fluids
therein. A nozzle as defi ned in claim8, further conprising at
| east one vane | ocated between the m xi ng chanber and
inlet, and extending transversely relative to an
oel ongatopse ax s i RRxid B! |irthbPEorkRER Vit MhsBoROFaht ReaRfl
the first and second fluids and creatl ng a swrling
between theraixing chpeier addnlge fndxgnding transyersely pelative a@felmated axis
of'the 1n1?bol%f %egélg}n Irb 1&%@1‘.: t?xlé gg&%ﬁ& %(erc]:ggcﬁ]}l@ts éreét? (%5 d}%p?lﬁ a&mular
flow, anchdtdmmg%ﬂeaﬂtga portio s anztpva"ﬂiufeyin ax Iaﬁﬂ)rokinmaelly l@ntra‘l\pl‘iﬂilmltl@reof for
|ncI|m2 erein the v se fines an
receiving W%Tl?fé?fe ‘gs s and serad IS A8 SieeiE A ¥ é%an% Hig dlovy
nmount i ng surface for nmounting the outlet within an
aperture forned in the vessel with the exterior
1&ur f Acwzelals tefinedan lpino @nivbeninthe vesselvefiperamintere! cemtour, and

the nozzly Mpfick e B ing AP Conbibe 418 PR pfipBRamppertre
formed irCHBWEssEEWitia tHel gXEerdR Surdiacs @GkseintiaBy ot fbBning A tHeToflod LS an

to fit into the ceram c outlet and the socket.
interior surface of the vessel.

pattern.

steam.

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

and a socket, and the ring is sized to fit into the ceramic outlet and the socket.
12, Anozzle as defined in claim 11, wherein the ceramic outlet defines a tapered

section on an outside portion and a reverse step on an inside portion, the socket defines a tapered

portion, and the tapered portion of the outlet engages the tapered portion of the socket.
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12. A nozzle as defined in claim1ll, wherein the

ceram c outlet defines a tapered section on an outside
weoaodzioesoand a reverse step on an inside porti @aT/uSkhm®e6/046247

socket defines a tapered portion, and the tapered

1or t i Anogile dfi@bd hbdlaig IR G@Rrdil thelrdfpez8d M ddRAerOh one end
the socket.13. A nozzle as defined in claim 12,
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17. A spray nozzle for discharging at least one fluid in an atomized spray,
comprising:

first means formed of metal and including at least one inlet for receiving the at least one
fluid;

second means formed of ceramic in fluid communication with the first means for

emitting the at least one fluid in an atomized spray therefrom; and

26



second neans formed of ceramc in fluid comuni cation

wth the first neans for emtting the at | east one
wohw7desan1an at om zed spray therefrom andt hi r BHCTESDB6/046247

for connecting the second neans to the first means and

tRIhdHng Go1BcoBASERING 315 360t BEaR o tHe firliem&s andlappiaing at o
prevent | ooseness between the first and second neans

compres§ivst prolppd ¢ thefseeand maans to preverh loossisankatypendhe first and second
' . . [ inclaim17,
means AR kg Myt BRI AN ABAIRA, 17 PR T
second neans is a ceramc outlet, and the third neans
is a netallic connector extendjn etween the first
&nd $e103rk andalied mglaim 1 o‘é’E‘fr%mége B e A reqtalin i, the
second n\’é’gﬁiﬁ 'a%elta%gc Uﬁﬂ&,l 31ldGhé BRAGHEAS is! NAEUARS oAk AExRABiNg between
socket, and the ring 1s sized to fit 1nto the secon
the first andaeendnokanhe socket. 20. A nozzle as defined in claim
19, wherein the ceramic outlet defines a tapered
section on an outside portion and a reverse step on an
19nsi dencRektak @BfinddNA chAGK 8! whEinRS matallane@ynaectsEiat @, a ring
and the tapered cioort ion of the outlet portion engages
and a sockpe anchibering ipeired torfitantothesesendaaeansand thegogkstiz| e as
defined in claim?20, wherein the ring is conprised of
at least two pieces to facilitate installation of the
201 NQAi fivizeletab defonddl i tclap@r®] wheraindhs ogkmic. oudldt dofineeh hupered
. of spraying.at |east one fluid into at |east on f a
section og gp 8PS$td>F/>d’°EtF°é’cﬁPFir‘i‘gre‘é‘ﬁ§F FeRieRr ayingidg @@“@Bn‘j’é ﬁ%?lﬁh&f?nes a tapered
i jofioRéhel g & 1BY LAERA R @¥he socket.
section, A e e b e e B | Rl B socke
atom zed spray into the vessel, wherein the spray
ozzl.e conpri,ses .a aqutl rtl defining at,l t
e e s gehvedn Stamal, B e e isPe B off ot
pieces toFcikit@RShstARLioh B Be raPNietsl the b@ilet peERINMLAGodKRE at | east
one fluid, and a netallic connector that connects the
ceramic outlet portion to the metallic inlet; applying
oM hAHH@th@@B?%}JHiﬁ?é:&rlg&? bR nifid SROBY RASIOKE oPh %étglgﬂc bQcking and
the ceramc o et and, 1 n turn, preventing | ooseness
reduced dredeeranersioa wedehIcbimpricing ¢lie sieyd ofhe cerami ¢ out | et
fol].owing different.i t her ppl expansj.on and . .
PROQHiRER BITBATOR2 105 JIERHEIDE o KesOpE UL if da e gAgy into the

vessel, wHESRGhe sA nSHASEARIRS h ¥ullt PYAMN RENREQS AR Bk duf& aperture, a
nozzl e by the catalyst stream bé)zexposn ng only the

metallic iplst apition definiag aplsastionn et aonduiniez 2¢csiving thpet lsastang &pid, and a
. stream .23. A nethaod as .defined in. clai .- furt her
metalic G5hEAT oot (18 SafiBug SulP Bl Ml Ty
afyihg Sfthithe Slebslica¢unnadtbya eanfrodsielReland iothe t&ramic outlet and, in

turn, pre&e%?iggo ﬂ)rosgrfesst Qegcwgcaenst?lg Imetta(,)ﬂic inrllettalrjlcrl ’?He ceramic outlet following differential
thermal expansion and contraction;

introducing a catalyst stream into the vessel; and

substantially preventing erosion of the nozzle by the catalyst stream by exposing only the

ceramic outlet portion of the nozzle to the catalyst stream.
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mnimze the profile of the outlet portion wthin the
vessel and further substantially prevent erosion of
woheo7mesdoet portion by the catal yst. PCT/US2006/046247

23. A method as defined in claim 22, further comprising forming an exterior surface
of the outlet portion to substantially conform to an internal contour of the vessel to, in turn,
minimize the profile of the outlet portion within the vessel and further substantially prevent

erosion of the outlet portion by the catalyst.
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