WO 2010/118008PCT/US2010/030076 DEVICES FOR INJECTION OF GASEOUS STREAMS INTO
A BED OF FLUIDIZED SOLIDS BACKGROUND OF DISCLOSURE Field of the Disclosure
[0001]Embodiments disclosed herein relate generally to an apparatus for the injection of a gaseous
stream into a bed ot Htfitied solids. More specifically, embodiments disclBS&d $eidipsperate to an
injection nozzle Background 100021In the refining and chemical process industries, as well as in other
processing industries, it is often necessary to inject a gaseous stream into a bed of finely divided
solids, uniformly sprEECUVEIES g8 RVENFTR(CToRD Neghio ol Siedves anprFhenajection of the gas is

designed to promote uniform pNE@IQBEBMRE LU BARTYWTagM With the bed of solids so as
to achieve a purpose, such as a chemical reaction between the gas and solids and/or a mass transfer

operation between the gas and solids. [00031Apparatus for injecting the gas into a fluidized bed
typically consists of a flat grid pRfeCHiGROEENDHHE Dif GYSHESNIREa series of concentric rings.
These distributors are designed to physi;zalelg I(ﬁ:{fver as much of the bed cross section as possible so as
to promote the even distribution of the gas L dbshlselRihEed. Gas is introduced into the space

beneath thefd{ plate distilodioronsintddesmaierbigadanef apipegrichand/onihefRg gistihutor from a

central source. Figorgﬁt(pne%the %S%% fLO\é\{rs thro.ughqui}tlie LS)?ipe _é%rid or ring system and then discharges
into the bed through a maltiplieity of ndssas A%t distribte tHifEEd shldimI) o thRerHkd Plate grid

distributors are typieadiynaots covrlpletehyitat lslitare aishedtlighshzigp or down so as to better withstand

the pressure exerted by the gas and/or the W@' l %&Q& bed of solids above. Plate grid distributors

may or may not contain nozzles, but typically only"use a pattern of holes laid out in the plate to allow
gas to floulflBlLigh intdreetefiniogad arudinents ofigdsstistibutees farifluithegsebsalids include

g%rtrrlieb ast/ﬁ))i C:)Ifsmgt&ﬂgfﬁﬂgﬁ Sﬁo@%ﬁeﬁfggﬁg%‘%ﬂ}e IS RUASAA0HIN UYL AR Aghigve uniform
solids, uniformly spreading the gas over the cross section of the bed and. The
injection of the gas is designed to promote uniform and intimate contact of the
gaseous medium with the bed of solids so as to achieve a purpose, such as a chemical
reaction between the gas and solids and/or a mass transfer operation between the gas
and solids.

10603] Apparatus for injecting the gas info a fluidized bed typically consists of a flat
grid plate with holes, a pipe grid system, or a series of concentric rings. These
distributors are designed to physically cover as much of the bed cross section as
possible so as to promote the even distribution of the gas across the entire bed. Gas is
mtroduced into the space bencath the flat plate distributor or into the main header of a
pipe grid and/or the ring distributor from a central source. From there the gas flows
throughout the pipe grid or ring system and then discharges info the bed through a
multiplicity of nozzles that distribute the gas uniformly into the bed. Plate grid
distributors are typically not completely flat but are dished slightly up or down so as
to better withstand the pressure exerted by the gas and/or the weight of the bed of
solids above. Plate grid distributors may or may not contain nozzies, but typically
only use a pattern of holes laid out in the plate to allow gas to flow through mto the
bed. Other embodiments of gas distributors for fluid beds of solids include dorne type
distributors and so-called “mushroom” distributors.

[0004] In order to achieve uniform distribution of the gas medium, the mjection
nozzles are typically designed with a cross sectional area that will cause a pressure

drop to occur as the gas flows through the injection nozzles from the distribution
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nozzles are typically designed with a cross sectional area that will cause a pressure drop to occur as
the gas flows through the injection nozzles from the distribution WO '
2010/118008PCT/US2U10/030076 header into the bed of solids. The maintenance of a positive
pressure drogvgg%gglf‘f%%njection nozzles insures that the gas flows eveRl§Ed @ BYtHE ¥hjection
nozzles in spite of differences that can occur in the pressure in the bed at the point of discharge. Once
the gas flows upward through the bed of solids, the bed becomes "fluidized" and begins to behave as
a liquid. Such a faidizeidtbeitdicdalito il eXertraapressitre groporionapiadhe depthebiheped and the
density of gas/sqlj ' in.the se manner as would g liquid,of similar, density and depth.
Typically, such ggg%%ﬁ(l%? |zfggd %%'I?(?éq vgﬁf r%ﬁ &in depth r%%gg f%%/voétggtguggt% A53Weet or
more and will exFiBR &f didasmend ehsity vangingthopessfewip sumbisipe ticubimfadtdiectuge40 pounds
per cubic foot. Toadesitiag pressuie exerisdiay the solumngldluidisd splids il angs fiom as litte
(psi) to as hi i ’ bed of

s Jit .
as | pound per square inc h as 10 psi or more. Moreover, the solidS'is often quite

turbulent, meaniff A PrelshrBase any SArihomidh sluiskerd bed afeslidithvilirxerhd mwithwasy from
point to point at argjxenodenih i thebesk FOnISIEaRON.(iis IBTRATANIJ0 dasignigas.disiributors with

sufficient pressure drop so as ég overcome. the pressure fluctuations that are expected at the location
of the gas distribUfaFTh Me BN A (ATh o FEErIFNBD TP the @exigr B eply disetbbesks 9 that the
minimum pressufieidiegd shiddsiaviierings iofdhetbeepressurecd o pIandawnwRrekpeintge:ipigetion
nozzles and 300/%1(?]1‘ égﬁigﬁ?g pressure (gr}'gc% f(%r u lrvlvalgd ]%oinéed distriputors. 100051In addition to
maintaining a minimum pressure drop for uniorm 8isiBatisH BPYRESJEE FHREIGRRT Ri8%toA%hozzles are
also designed tordisehargedifacgiwintd thabeliag relativelyshigted dloaity. dftirengas feldeiy is too low,
pressure pulsatighgicaniMapemaLly. cause, soli sured backwards.and flow from the bed
into the injection nozzle. Suc backflow of so!idls%i%rlllt%% El% ?r%ﬁegc%olﬁ%o él;gf\gs&ijnﬁ al%flrsab) east can lead
to erosion of theMEctibiPieysTe o Rt the! solitnirealsaotityadtidennimisensalithe ane¥orplagging of an
injection nozzle ithersopistn diecemededuerinte aisnlithmass MPISAY Bl (Re.sql %ﬁ'ﬁeﬁpﬁessured far

enough into an ing'ecti%n 0zzle, they can then enter the main header where they are picked up by the

flowing gas to b& drScHATgel RERHE oF AR Hijseliol HoPMeE st iRelcsisn Aatrdsivbwpsuetihatter case,

the result may befevereeeesiandivpbe o tnoveriactinn RezarsHRWAsHeAMTam QR Aegzle through
which the solidsagzr%f‘%r%%g he hea er, l,‘o{ﬁ% ent bactkhflowpc[)f solids.intq the &ectionjpozzles, the
velocity in the ndzzles is generally nianianed Sbave™s C&fkain mitbinY Rt B algF dBove about

20 feet per secotrdigipsy.cay/Osatindsid BOBSRICHIJSRA1 HrOR067 63001 b privest thatgpntinues to
plague gas distriputars igfuighbads iS.6195190:0f the.injector nozzles at the point of discharge into the
bed of solids. O\i}?er a Iongggeriod of time, t g%r%é%%é#%%l? sza%ﬁcdllégs gaé tﬁgpls%tﬁgég%“ga‘érg of the
injector will causBWrSIuaMFEEPURRdfEsIBPEp. As the wear increases, the end of the nozzle can
erode far gaosyh backisqasdondgstextheROINTof ARG Qhwh € niegtornozzle passes
through the header. The result is a hole in tt]%)header ang%?oss%v (gf%ef%r%lﬁlgg 8%S%lzgu§1(§?ributor.
When this occuf€, BRpeidREERY irsiBnaerarigere phipsdericred diratisebaisstie ghe iperfbrmance of

the grid or ring. 8QDAALRAE:WidelY usediRrogess indReipeikrlews r@&}pg}gs!ﬂsﬂé@mxa&mr&ﬂkes use of
beds of finely divided %oli sis the fhu'd catalytic cracking (FCC) process. The CCFErocess is used for
the cracking of heavy Boling gas Wi SiriaRiPrs s Srbdube kard v andane: figmehebrhyirdaucts, such
as gasoline anditightennydricafohsathto kG piakass uscsiselisncaialysts inqawder form to
facilitate the bregking of the carbon-carbon atomic honds of the gas oil feed to form smaller molecules
e %8??09 RS qte r%fﬁgl g}}é%gﬁ%g%\%id?ﬁ?ﬁlmg Haeeef 9o produces

that lie within the gasoline ing range. 1n adaitioh 1o
substantial yield®sddigidar ghszsnguéhms papaneand titanse|idshiehoare ielpeyeanes andigonverted to

aaDle P AR ORI RO IO, Rlecss i petroleum
refining and several million barrels per day of FCC capacity have been installed SInGe the process
inception in the G&rieroawe. e %ﬁ,h‘wg FCOProberss aidrsatedondmitovaigeganddstypically the

most profitable uRitinrgpeirelRush sefineReindhabnigdSiaesAmyrlAS i mesteflipesies around the

world. L
the result may be severe erosion in one or more injection nozzles downstream from

the nozzle through which the solids entered the header. To prevent backflow of solids
into the injection nozzles, the velocity in the nozzles is generally maintained above a

certain minimum value, typically above about 20 feet per second (fps).
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[0008]The catalyst used in the-FCC process is a finely divided solid composed of mostly silica and
alumina in both crystalline and amorphous form. The use of a powdered catalyst has been the key
feature contributing to the success of the FCC process and has lead to the development of an entire
area of proc882 TPUIAEWAS that has come to be known as "fluidization.” TRETHREYIHMEE powder
catalyst can be made to behave as a fluid when it is properly aerated or "fluidized" by means of air or
another gas. The fluidized powder can be made to flow in lines and will establish a level within a

vessel, ag¥iddip a liquid pAoblsidized pawetwitbalsggensratars Mvdtas iR @sayie Headnseportional to
the density and the depth of the mixture withip a vessel. or in a vertical standpipe as would a fluid. The
powder can alsc}%cemdﬁ%ﬁ?ﬁlgﬁ%%ﬁfﬁaﬁ Bglr%tg]g Srat 5%9&?#%@&%%9?8?%@%@@% velocity.
The WO 2010/¥£8008 PG Titt$2040080A6 alsility thefidwchiaczpadigiesédheatdbystbetivesmyessels has
been of tremendaus feqell i e dvslanmeniofiavible saialvic grackia pipesss, Fatler atempts

to use a fixed bed of catalyst pellets'were largely handicapped by the need to regeniézra%éj the catalyst
frequently to renSEMS depBsEbILedkes tatoafesadsythroeiuct of attaskingnTheerokbs mgstly carbon with

some hydrogen angsylfidt. deastiyates he.satalyst 26d, st BB EEMNE LY PGARS 952 gembustion

step. By use of a "fluidizable” catalyst, the catalyst can be continuously circulated between the reaction
and regeneratioASEEERReH0{ ﬁ@(gﬁﬁ}%@rtha ey dlis REHER FIBRISbGCHRAl RS cRasNBIEer to
accomplish the repaitionranduegeneratinng siepsrlpRRRlbvihe @ aragess large volumes of air are
used in th &] enerator vessel to remove coke from the catalyst and restore catalyst activity. The air
is typicall)fqnje ted into R b¥H'O P CHRAPIAER Lt BY RROSHUBY ’Eﬁ%@@i@@ﬁfﬁd@p‘@%&ﬂ%ﬂﬁs. The
FCC process al$ednakésadgeiofdadge pipésahsingitypeatist ibutis dnkoe piipping seetipnavhere the
spent catalyst ispg;)&tga,_cltsegvzl1 S\évét%sft am It&)(%:‘mmovieheélgtrajbne hyd‘rpcalrlqon,s before tge catalyst is sent to
the regenerator. Smaller pipe of ring diSbUTOrs ate tsed Sedwhdte ThHHE FEERIBER SRS inject
either steam or aitebkedistter poderetbdattlystih as"fuidizedialr Bghatethstatebojactidhaozzles
weed i each Of fRasqRIRAs LISt CARIBRESH AR SHbiCH RAIRAOH A dasgungdabove.

[00101 A number of attempts have been made to improve injection nozzle design toreduce the
harmful effects SFEIISIRPARGERENBME WSchy Brs ofltiiecditriomorilssanvlsiades thetuise of exotic

alloys and ceramighmaseralso I kRHID R IISCHONBRRA Soithe L NBIHRT AN BQHR frsistantp erosion,

protecting the discharge end of the injection nozzle with hard surfacing such as metal overlays or
refractory layers 8AUTST SHARGEE NS Righiet #16ohor AR 40DHOPIR QR dhtataterbicthatart air

distributor desigredorandRGE regenetatoralakas peelala pine @rididistihwioriapdadwenstage injection
nozzle design. Such a design is shown in Figure IA, which is a plan view of a pipe. grid distributor
R B e BB e e T b E6 0n o an

consisting of three identical grids’in a triangu Arafan
FCC Regeneratpe! Biguré KK isama @t vatiorbsdevinghbae sof dhéhpipegrislsnsbmmivin ¢rhbwdhe,main air

supply trunk engsroming dietirpcwiidtues ianahes gt also.RRor e o, Al gldne orids are

installed at the same elevation in the bed of pow catalyst so asto have,’as n ar?ynéos‘? possible, a

uniform pressurBfHismiBAitNg dir pstnbamariritnenigirdieclisitedrésteseationedf enénofrdr grid arms
showing the WQZQ1{1:180Q8RETA)G2010/030076 arrangement of the downward-directed nozzles
at 45 degrees from vertical. This pipe grid design has proven very efficient at physically distributing the

air over thE%8ss sectidif SRtk EatiagsnbBa B thaxossscisike Bunhintvidamithcomposed of

mostly silica and alumina in both crystalline and amorphous form. The use of a
powdered catalyst has been the key feature contributing to the success of the FCC
process and has lead to the development of an entire arca of process operations that
has come to be known as “fluidization.” The finely divided powder catalyst can be
made to behave as a fluid when it is properly aerated or “fluidized” by means of air or
another gas. The fluidized powder can be made to flow in lines and will establish a
level within a vessel, as would a liquid. A fluidized power will also gencrate a
hydraulic pressure head proportional to the density and the depth of the mixture
within a vessel or in a vertical standpipe as would a fluid. The powder can also be

pneumatically transported by a gas stream when the gas has sufficient velocity, The
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100121Figure ID is a cross section of one of the air injection nozzles that utilizes a two-stage or
so-called "Borda" tube. Figures 1E-1H contain various views showing the nozzle arrangement inside
one of the grid alms. The metal grid arms are covered in erosion resistant refractory to protect both the
grid arms theREEIVESEHE the final length of the injection nozzles from er8&§&/ERFE3Wa&ring action of
the catalyst particles. 100131The Borda tube or two-stage nozzle consists of a straight tube with a
concentric orifice at the inlet end. In the Borda tube design, the orifice is sized so as to provide
sufficient pressuabitinpptiopromqtewhifalinatibtsiutioncafaisaerassihe grigkewbeieuths-prassure drop

is typically betwngh%b e and . The orifice is followed by a larger diameter tubular section that
slows down the gas so(%ﬁgat% ?hr%e%tlgso?ﬁ%%%%e gc{:‘(i}f }%tgatﬁ{el%eg% ess%li%‘iﬁ%sa%%?egu@eu@%&ssive
erosion and/or aftitibhedf aheatelialyptl Ssaydor lexanvpiendiosepid W, Wilsee] tFltigeGatatyie Cracking,"

b. 140-141, Penpielt RubliaNinay 183 dracibinguse A Bl e 8. apIEHPRIgEIe In FCC

applications. [0014]The recommended length for the Borda tube is a mihimum of six fimes the tube

diameter to allow ¥Ré MM WbeavHE Ssme ifipasyarshadivs!dwenityaive Hozdalosfiosl It has

been establisheghipractice thabifiienerzedmineihoiehasaw.althe gisehasge willhg turbulent
and excessive erosion \gl@lllt result at the nozzle tip. 100151Although the Borda tube design and the use

of hard material$Torr8EhaTr AR o?f SAHEHEL e QifHBICHrBEERABh Grtherriiy [endp rarns ateatly

improved the lifevefsthie offid Histribuiors imHGE:reiviae, ibesdrlesigngiae milsybjeckteerpsive wear

that requires periodic r?pg%a,[ emer;(t of einr indiv'g:lual nozzles in a grid arm or replacement of the
MPILs. y 1011 ang 1

entire grid d11117hese p%ge% repairs 5 en&ﬁ?lc%qts%pﬁ’lake and can lengthen the time required to

perfoiin rd@#€ImainteharceFdifting sehéaytedotions periods: 1@A1G1ANBhenexamplesef @an air

distributor used {_gﬁlg‘g;,c a}y regengration process is disclosed.in U.S, Patent.No. 4,223,843. As
disclosed therein, the ai?gﬁtrikﬁo%%ngﬁﬁgg a % ura ??;Cof %{85/25 effcifgij[rl]v%a:E 'eaT er ﬁlﬁgl Sa??&’ﬁ%agycylindrical
housing. with ea@ligiskiile foltedeivohes divaliginey botenfopljerting highripeseurdisiibTesdiverging

bore of each of thecnezzlgs issormest at-a it angie phless han £ /arRieyising, 3, Taxipip air velocity
without destruction of the spent catalyst. '
section where the spent catalyst is contacted with steam to remove entrained

hydrocarbons before the catalyst is sent to the regencrator. Smaller pipe or ring
distributors are used elsewhere in the FCC process to inject either steam or air to keep
the powdered catalyst in a “fluidized” or aerated state. Injection nozzles used in each
of these areas of the FCC process may be subject to erosion, as described above,

(6010} A number of attempts have been made to improve injection nozzle design to
reduce the harmful effects of erosion and extend the useful life of the distributor.
These include the use of exotic alloys and ceramic materials to make the injection
nozzle itself harder and more resistant to erosion, protecting the discharge end of the
injection nozzle with hard surfacing such as metal overlays or refractory layers,
and/or changes in the design of the nozzle.

16011} A current state-of-the-art air distributor design for an FCC regenerator makes
use of a pipe grid distributor and a two-stage injection nozzle design. Such a design is
shown i Figure 1A, which is a plan view of a pipe grid distributor consisting of three
identical grids in a triangular arrangement to cover the circular cross-section of an
FCC Regenerator. Figure 1B is an clevation view of one of the pipe grids showing
how the main air supply trunk enters from the bottom, with three branches that also
support the grid. All of the grids are installed at the same elevation in the bed of
powdered catalyst so as to have, as nearly as possible, a uniform pressure into which

the air is discharged. Figure 1C is a cross section of one of the grid arms showing the
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[0017] U.S. Patent No. 4,460,130 discloses an injector nozzle disposed external to the manifold having
a central opening and an inlet extending from the nozzle to the central passage. The cross-sectional
area of the central ollz)ening in the nozzle in the direction of flow is smaller at least at one point than that
of the inlet stch it ésﬂqgjor portion of the pressure drop in the gas flowil’i’ﬁwgﬁﬁ“ﬁ?@%@ﬁ ral passage
through the inlet and the nozzle is created by the nozzle. The central opening outwardly diverges at an
angle of less than 150 to avoid jetting and formation of eddy currents. 100181 There still exists a need
in the art for gasadistgbmtintiévides that drérsuiojbobrolée s £Fasiveonam SUHMNMARYIGET HE

DISCLOSURE [ - ' [ ir { jop, geérl 'sV rqvided an injection
nozzle for use |n%%??%&%ﬁéﬁ%e%ﬁ%ﬁ%ﬁﬁ%@ﬁ rgg@z%f]e&i%ﬁgﬂg%{gﬁ a t%ée ﬁ%ﬁn{goas%uid inlet, a
fluid outlet, an intf€Heiahbesaiaiit dadsaahie HipsobeHerainghieunifermiet comprises a plurality of flow

restriction ggifisps distriguied gn the axial erd g Sretuke H0919atAcGording 04,566a0d gspect of the

present invention, there is provided an ilr%;’gtion nozzle for use in a gas distribution device, the injection
nozzle comprisiny oS havirrdiedfiiarnet e & rwsoliigtsraiem weonsdameskomiptises a

plurality of flow restristinn erificesmeistributesheisrumferantialy thfreuahihetuhen QR0 According to a
third aspect of the present invention, there is provided an injection nozzle for use in @ gas distribution

device, the injechoR M2 LS AIH AL ORI & REAhBoR i SHE EERY SR BatRd W8 the fluid
inlet comprises amgthnofahorifieet surtauathingranil o sestristidn dexiceg [R031]4Cdardingiieta fourth
aspect of the present.invention, there is provided a gas distribution apparatus, comprising: a

R ticl : S : ) L
distribution manfald it fluid communication with a gas source and a plurality of injection nozzles such

injection 881¥s complisindpardabmiwitorafhuickintet nafilid @utisty aof innerdigmeibe andhan axial
length; and the fluid.] f at leas f lurality of,injectign nozzles is.disposed, within the
distribution man#%%égk%tcgnﬁﬁf& (%ut gt?&vf%gg;{?nﬁﬁég uﬁi rl%ie{l[le%? teél%r%’lea&)s?r(%l% iﬁ’jélgﬁgr‘? ‘hozzle

comprises a plutalipyoidtow fesercterrorifideerdistpismets onithorasdisidntof dfeinjenisrinozzle.

[0022]Accordinggtoa fiffh agrest.oftReRss se N invantivn. ther.iPiovided A gasdistribution

apparatus, comprising: a distribution manifold in fluid communication with a gas source and a plurality

of injection nozzf@lastih ijéckissh st dnthginec domBRaiviR B IiRY niBe &2fiuiel Biddkean inner

diameter and andaxdialiengthpdithe fdiddalelrofatileastone faihe pikality.ofiniastiapagzzles is
disposed within the, distribution mh%nifold nd%ﬂuid outllet; Whehe'k%tfﬁguid inlet % the at least one
istribu

injection nozzle BSHISHs8E BpICHE of 6% rESuTEABR Srifl e P Birchr&AtERGon the

injection nozzle.Cracking,” p. 140-141, Penwell Publishing, 1997, describing use of a Borda tube as
an injection nozzle in FCC applications,

[6614] The recommended length for the Borda tube is a minimum of six times the
tube diameter to allow the flow in the tube to become fully developed following the
nozzle orifice. It has been established in practice that, if the nozzle is too short, the
flow at the discharge will be turbulent and excessive erosion will result at the nozzle
tip.

[0015] Although the Borda tube design and the use of hard materials for construction
of the nozzle and/or protection of the nozzle tip have greatly improved the iife of the
grid distributors in FCC service, these designs are still subject to erosive wear that
requires periodic replacement of either individual nozzles in a grid arm or
replacement of the entire grid arm. These types of repairs are difficult to make and
can lengthen the time required to perform routine maintenance during scheduled
down periods.

106416} Another example of an air distributor used for FCC catalyst regeneration
process is disclosed in U.S. Patent No. 4,223,843, As disclosed therein, the air

distributor includes a plurality of nozzles in a header ring and in a cylindrical housing,
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[0022alAccording to a sixth aspect of the present invention, there is provided a gas distribution
apparatus, comprising: a distribution manifold in fluid communication with a gas source and a plurality
of injection nozzles such injection nozzles comprising a tube with a fluid inlet, a fluid outlet, an inner
diameter and an axial length; and the fluid inlet of at least one of the plurality of injection nozzles is
disposed within the distribution manifold and a fluid outlet; wherein the inlet of the at least one of the
injection nozzles comprises an annular orifice surrounding a flow restriction device. 10022b]According
to a seventh a&mcwﬂatmezﬂ[egeﬂhmvenﬂm dikerging provided devesgdighpreising dhe apparatus as

defined in the fourth, and fifth cts dis Spose W|th| the esse bodiments, the vessel
may be used t%?r il ﬁ)ﬁ%% %dE AYeagy forpe Lﬁf} A

atiofATeattions: spéen fe4d yst r eneratson or coanasmcatlon
[0023]Other amtﬁ@wmummmhg upbauedtﬁmmmmﬂhﬂ@wmgtdesrbmtion and the appended

clams. GREF DESCRIPTION OF DRAWINGS 1092 4igtres A Glanudenl s sleygton view

illustrat ior art pipe gri ufor Ure fC 19 3 cross-sectional view of a grl arm of the
prior art pipe griehdisidihatonpfeFigonallspanoleiding anBotda tatsednjedlion tbeziezzle to the

central passage. The cross-sectional area of the central opening in the nozzle in the
direction of flow is smaller at least at one point than that of the inlet such that a major
portion of the pressure drop in the gas flowing from the central passage through the
inlet and the nozzle is created by the nozzle. The central opening outwardly diverges
at an angle of less than 15° to avoid jetting and formation of eddy currents.

{6618} There still exists a need in the art for gas distribution devices that are subject to

less erosive wear,
SUMMARY OF THE DISCLOSURE

[0019] According to a first aspect of the present invention, there is provided an
injection nozzle for use in a gas distribution device, the injection nozzle comprising: a
tube having a fluid inlet, a fluid outlet, an inner diameter, and an axial length; wherein
the fluid inlet comprises a plurality of flow restriction orifices distributed on the axial
end of the tube.

10619a]  According to a second aspect of the present invention, there is provided an
injection nozzle for use in a gas distribution device, the injection nozzle comprising: a
tube having a fluid inlet and a fluid outlet; wherein the fluid mlet comprises a plurality
of flow restriction orifices distnibuted circumferentially through the tube.

[6020] - According to a third aspect of the present invention, there is provided an
injection nozzle for use in a gas distribution device, the injection nozzle comprising: a
tube having a fluid inlet and a fluid outlet; wherein the fluid inlet comprises an annular

orifice surrounding a flow restriction device.



[0026]Figure 1D is a detail view of a Borda tube used in Figure 1C. [0027]Figures 1E-1H present
several perspective views of the Borda tube arrangement within the grid arm of Figure 1C.
[0028]Figures 2A (cross-sectional view) and Figure 2B (inlet end view) illustrate injection nozzles
according to embodiments disclosed herein. [0029]Figures 3A (cross-sectional view) and Figure 3B
(inlet end view) illustrate injection nozzles according to embodiments disclosed herein. [0030]Figures
4A (cross-sectional view) and Figure 4B (inlet end view) illustrate injection nozzles according to

embodineenty disclosaddbearin +d Q034Akigpas SAkerpassecionalodewdand Figue B ginlet end
view) illustrate jnjection nozzles according to embodiments disclosed herein, [0032]Figures 6A
(cross-sectiongf%}fé%ﬁ?%c?ﬁmssﬁofﬁﬁg‘?@ﬁd @ié\%ﬁrmﬂ’éf’r‘ét@?ﬁf@ﬁowr%‘i‘flle@%‘(‘}?’cﬂﬁ'ﬁtﬁ)?o

embodiments disblaseghhies@ince and a plurality of injection nozzles such injection nozzles
comprising a tube with a fluid inlet, a fluid outlet, an inner diameter and an axial
length; and the fluid inlet of at least one of the plurality of injection nozzles is
disposed within the distribution manifold and a fluid outlet; wherein the fluid inlet of
the at least one injection nozzle comprises a plurality of flow restriction orifices
distributed on the axial end of the injection nozzle.

[0622] According to a fifth aspect of the present invention, there is provided a gas
distribution apparatus, comprising: a distribution manifold in fluid communication
with a gas source and a plurality of injection nozzles such injection nozzles
comprising a tube with a fluid inlet, a fluid outlet, an inner diameter and an axial
length; and the fluid inlet of at least one of the plurality of injection nozzles is
disposed within the distribution manifold and a fluid outlet; wherein the fluid inlet of
the at least one injection nozzle comprises a plurality of flow restriction orifices

distributed circumferentially on the injection nozzle.
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[0033]Figures 7A (cross-sectional view) and Figure 7B (inlet end view) illustrate injection nozzles
according to embodiments disclosed herein. [0034]Figures 8A (cross-sectional view) and Figure 8B
(inlet end view) illustrate injection nozzles according to embodiments disclosed herein. [0035]Figures
9A (cross-sectional view) and Figure 9B (inlet end view) illustrate injection nozzles according to
embodiments disclosed herein. WO 2010/118008PCIMS2010/030076 100361Figures 10 is a
cross-sectional view of a pipe distributor grid arm including injection nozzles according to
embodipentadisclosee:hekain 1d @G3ihHgpiesol his prawasseestionakhvemiobeopipaidisgrbutor grid
arm including H} e ion nozzles accordin? to embgdir%ents discloﬁg herﬁini_1 [00381Figure 12 is a cross
%IS 1 O 1n I

sectional view 6#3(; B PRRE G SHET Bite Aidthibigtston mant communication

with a gas source and a plurality of injection nozzles such injection nozzles
comprising a tube with a fluid inlet, a fluid outlet, an inner diameter and an axial
length; and the fluid inlet of at least one of the plurality of injection nozzles is
disposed within the distribution manifold and a fluid outlet; wherein the inlet of the at
least one of the injection nozzles comprises an annular onfice surrounding a flow
restriction device.

{6022b] According to a seventh aspect of the present invention, there is provided a
vessel comprising the apparatus as defined in the fourth and fifth aspects disposed
within the vessel. In some embodiments, the vessel may be used for conducting

polymerization reactions, spent catalyst regeneration, or coal gasification.
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including injection nozzles according to embodiments disclosed herein. 100391Figure 13 is a cross
sectional view of a vessel including a flat plate distributor eluding injection nozzles according to
embodiments disclosed herein. 100401Figure 14A - 14E show the internal flow pattern for a standard
Borda tube injection nozzle as developed from computation fluid dynamics (CFD) analysis. 100411
Figures 15A-15K show sequential frames from CFD animation of a standard Borda tube injection
nozzle that illustrate the movement and instability of the jet from the orifice and how the instability is
present all the way to the end of the tube. 100421Figures 16A - 20 show the internal flow pattern for
Borda t nd mo fed Bord tub S based an anal SIS 0043]JFigures, 21-25 shaw the internal
flow pattié)fr‘%fgr nject?grt;1 R0Z2169 %%%or &em %{;%a SRR e&é?ﬂ%‘%e%%zﬁ‘@fﬁ analysis
[00441Figuresa@é1Bd apmmparbcthmmternal flow pattern for injection nozzles according to embodiments

disclosed herein based on %ﬁ&ﬁﬂ%ﬁ@&%fgﬁt@@dgﬁ%ﬁ@% DETAILED DESCRIPTION

[0024] Figures 1A (plan view) and 1B (elevation view) illustrate a prior art pipe grid
distributor,
(0025} Figure 1C is a cross-sectional view of a grid arm of the prior art pipe grid

distributor of Figure 1A, including a Borda tube injection nozzle.

[0026] Figure 1D is a detail view of a Borda tube used in Figure 1C.

[6027] Figures 1E-1H present several perspective views of the Borda tube
arrangement within the grid arm of Figure 1C.

[6028] Figures 2A (cross-sectional view) and Figure 2B (inlet end view) illustrate
injection nozzles according to embodiments disclosed herein.

[06029] Figures 3A (cross-sectional view) and Figure 3B (inlet end view) illustrate
injection nozzles according to embodiments disclosed herein.

[0030] Figures 4A (cross-sectional view) and Figure 4B (inlet end view) illustrate
injection nozzles according to embodiments disclosed herein.

10031] Figures 5A (cross-sectional view) and Figure 5B (inlet end view) illustrate
injection nozzles according to embodiments disclosed herein.

[6032] Figures 6A (cross-sectional view) and Figure 6B (inlet end view) illustrate
injection nozzles according to embodiments disclosed herein.

[0633] Figures 7A (cross-sectional view) and Figure 7B (inlet end view) illustrate
injection nozzles according to embodiments disclosed herein.

100634] Figures 8A (cross-sectional view) and Figure 8B (inlet end view) ilustrate
injection nozzles according to embodiments disclosed herein.

[0635] Figures 9A (cross-sectional view) and Figure 9B (inlet end view) illustrate

iniection nozzles according to embodiments disclosed herein.



100451In one aspect, embodiments herein relate to an apparatus for the injection of a gaseous stream
into a bed of fluidized solids. More specifically, embodiments disclosed herein relate to an injection
nozzle that may result in a gas velocity profile so as to reduce or avoid erosion of the injection nozzle.
100461Inject\wo% ?%‘yﬂggﬂﬁnay have a fluid inlet, in fluid communication witht&§&3%detslettion manifold,
and a fluid outlet, in fluid communication with a vessel, for example. The fluid inlet of injection nozzles
according to embodiments disclosed herein may include one or more fluid pathways parallel,

perpendicl(836dr trans¥égseal this nozrals-sdsotde fivicopatwayssmaye desigaethand distributed
on the nozzle so. & tf result in one o .rg(ire OTB %.desire%é essure drop across the nozzle; a stable gas
e

. . _ les.
velocity profile; a tniform velod fcrg’Fo I gfnm%)}%%l o] fte nozzle WO

2010/118008FPET/US 2010030076 outlets-andienataximun velpeigidensihapihahwhich.may cause
attrition of solid padicles heing fluidized. 1004 7]Examples of injection nozzles according to
embodiments diglglosed her!éiln agé%ﬁﬁ?lg gqteegl Prﬁl %ﬁl}tegsg;- K 8%% features of the injection nozzles
are illustrd¥¥# the Fidiges 48 generalyscitaularr vieylinitricals dthehshape sidnafiessmayibe used,

such as square, jiegtangulac.hexagonal .octagonal, ete. As such,.when referring to diameter herein, it
is understood that the mﬁetér IS an quivalent%?%%% gr%ﬁrlslﬁé{bsggj Soefflnere%lgh circular.

100481R&RU3 Mg now WiFUTddsZAclerosertentionatniéw ) amd 2B (idiet erfthivipdmy digmilingeetion nozzle
according to embesimevigiacloserlherein s lusaiedylpissianagezls 40 may include tbe 12
e

having a flyid inlet end 14 and a fluid outlet 16. Fluid inlet 14 may ormegﬂ'or example, from a
plurality of %44 flow rEgtibiorifikds drwishibnten diomfmentially throughrtuBerd? niis used

herein, "pluralityisfeifics i ivio & cwargpey el Wisiialedan hauinaaiclipsas) aumber. As shown in
Figure 2B 9)‘[{;&J’:Inlet end may bﬁ%%ag ed with a back plate 18,1ha\!>;i}r%g %10 iloﬁv%%pen?%ss', So as to only
KEve

allow flowd s radiafEHes RO OTaN IR A SemRetoficonfddd amnkoon 9f Bheandmnber and

diameter of the Iastied a@m@g@asmﬁmaﬁsimyrgeM&%ﬁfa%ﬁﬁy@mﬁﬁw@jQtfﬁe&brough tube
10. The pIuralitytgf Ia ial floa/\ilrestgction Eiri&ges 17 may be distributed through the tube 12 in a

circumferentially Tow. Othar eBdafHt SReRraL AdbRivAR I RS ERtdRsWs of radial flow

restriction@@#ies.  Figures 16A - 20 show the internal flow pattern for Borda tubes and modified
Borda tubes based on CFD analysis.
[0043] Figures 21-25 show the internal flow pattern for injection nozzles according to
embodiments disciosed herein based on CFD analysis.
[0044) Figures 26-31 compare the internal flow pattern for injection nozzles

according to embodiments disclosed herein based on CFD analysis to that for standard

Borda tubes.

DETAILED DESCRIPTION

[0045] In one aspect, embodiments herein relate to an apparatus for the injection of a
gaseous stream 1into a bed of fluidized solids. More specifically, embodiments
disclosed herein relate to an injection nozzle that may result m a gas velocity profile
$0 as 1o reduce or avoid erosion of the injection nozzle,

[B046] Injection nozzles may have a fluid inlet, in fluid communication with a gas
distribution manifold, and a fluid outlet, in fluid communication with a vessel, for
example. The fluid inlet of injection nozzles according to embodiments disclosed
herein may include one or more fluid pathways paraliel, perpendicular, or transverse
to the nozzle axis. The fluid pathways may be designed and distributed on the nozzle
80 as to result in one or more of: a desired pressure drop across the nozzle; a stable

gas velocity profile; a uniform velocity profile that may be centered with the nozzle
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100501A ratio of an inner diameter DI of the tube outlet to a diameter Do of a radial flow restriction
orifice may be greater than 2:1. In other embodiments, the ratio of an inner diameter DT of the tube
outlet to a diameter Do of a radial flow restriction orifice may be within the range from 2:1 to 20:1.
100511The [)‘Hj?azl?tly%}spa%ial flow restriction orifices may be disposed throtighH¥hetiBaeréength L from
an inlet axial end of the tube proximate the inlet. In some embodiments, the length L may be less than
2 times the inner diameter of fluid outlet 14; less than 1.5 times the inner diameter of fluid outlet 14 in
other embodimentsldesmthamitimes thedniner diametethaf fidoutier Lk athergmiogdinents; and
less than 0.5 timg&gﬁ%éﬂy@ﬁ{ %mg&r of fluid outlet 14 in yet other embodiments. In other WO
2010/118008PC /U82010/0%0076 embodiments, the radial flow restriction orifices may be positioned

as close td4f74xial enbamplsssibiejstias twpiovideddihmanufactuability erdstuetamalintegrity.
100521 Referringnaw g Flatrss.3A Prafile vigw).and, 3B8-(inlet end view),.an injection ngzzle
according to embodiments dis%:?llosed he.reinci’};1 I\t%ﬁ%g%sd%%lgclﬁ n tﬁotj)azrzi ez)ziﬁg r%rgﬂﬁﬁ%ﬁ{%é fftbe 22

having a fluid inlEt2 R gHes 4 giereiatist 9B ubvidarieddd nathtrestommed pofiexamplafromia plurality

of axial flow restgefioasosifiers Qe%tgigﬁilaﬂt%@xﬁglﬁ#&x t&&&'%gﬁdim&w%g 28n[00R3]Ag;shown in Figure

3B, the axial flow, orifices 26.may. be distributed over inle plafe 28 using an even spacing. Use of an
even spacing m&y BT F6ia b bRHeETnat thit e distnisr isteneiy ions dinpsteaftystepently spaced
axial flow restrictdreotificesamay. allow for development of a uniform, centered flow profile. [0054]
Compariréﬁ)g' re 3A a]?g[l Figure 4A, where like numgrals represent like parts, axial flow restriction
orifices 26 may have a IShGIA £ Wal i aSH5s @ilorEas o sinadeviene srd P Bréskirendrois ok velocity
profile. In some emibpdimentszlengthriomayatoufenfeumdteiniheiaxialflowestistiangrifice 27 to
stabilize, thus exjting t rifice at [ jforn]],v lacity profile, corr S ondingly resulting in a more
uniform velocity)%%%ﬁﬁgt%ﬂ?%ﬁ{% et %jg?(liglﬁg&g%ﬁlﬁ?]l%h% (f_rﬁje%% éiglﬂ‘ﬂéléﬁ%@‘tﬂﬁeg diameter
of an axial flow réstfidtiomayifise frrset denbedipie nisnatdedstbitimes i tidnetexefasmraxial flow

restriction orfice,inyel e emAarinentz-AARRRI dhedsnalh from.an arfies outlel end 33 to fuid
|

outlet 24 should also be sufficient to develop a stable, uriform velocity profile, n % 1r"i'%/bodiments,
a ratio of an axiaFleRdthiBPRE e &ydnihdipeitiobanaphudillisror flowbestrictismenfices may be

at least 4:1; withiigifie BIg@Jrom:bdhioSRy11R ethpEemadiments {9R56EThe numker and diameter

of the axial flow restriction orifices may fﬂso _ _
openings, so as to only allow flow of gas radially into tube 12 via radial flow

restriction orifices 17.

10049] The number and diameter of the radial flow restriction orifices may depend
upon the desired pressure drop through tube 10. The plurality of radial flow
restriction orifices 17 may be distributed through the fube 12 in a circumferentially
row. Other embodiments may include additional circumferential rows of radial flow
restriction orifices.

[0050] A ratio of an inner diameter D of the tube outlet to a diameter D of a radial
flow restriction orifice may be greater than 2:1. In other cmbodiments, the ratio of an
mner diameter Dy of the tube outlet to a diameter Do of a radial flow restriction
orifice may be within the range from 2:1 to 20:1.

10051} The plurality of radial flow restriction orifices may be disposed through the
tube a length L from an inlet axial end of the tube proximate the inlet. In some
embodiments, the length L may be less than 2 times the inner diameter of fluid outlet
14; Iess than 1.5 times the inner diameter of fluid outlet 14 in other embodiments, less
than 1 times the inner diameter of fluid outlet 14 in other embodiments; and less than

0.5 times the inner diameter of fluid outlet 14 in yet other embodiments. In other



depend upon the desired pressure drop through tube 20. In some embodiments, a ratio of an inner
diameter of the tube outlet to a diameter of an axial flow restriction orifice is greater than 2:1; within the
range from 2& t%ZQ;i]igi” 8other embodiments. 100571As illustrated in Figures 5A (profile view) and 5B
(inlet end views), Where' ke numerals represent like parts, axial flow restric¢t{of GRHEEBEEmay be
tapered. For example, axial flow orifices 26 may increase in diameter from an orifice inlet end 30 to an
orifice outlet end 32, where the outer diameter may taper at an angle a up to WO
2010/118008PCTMYsR0L0!0300 76dai ol Sdsnsaine erfhosimants: abancandlesachebmgenabout 5

and 15 in other gmbodiments.and &t l? een 7.5 and.12.5 in yet other emhodiments
100581 Referring now to Fr;%‘usres 6% ?%?S%\L%é%v %ﬁ/g] %‘éuf?r?flel dﬁhf&%\@%@ﬁ%ﬁjgé iSRHSzzle
according ¥ &Mbodimdinkuisg i ved e FainiesilistiatetlldnjestiprmioaBe(Blemaydinchvde fbe 62

having a flud it &4iandaluigk auilet:oR EligdlEhRuMmAnRE fAlRed, i exaliPls, fe an annular

orifice 68 surroundin% a flow restriction device 70. As illustrated in Figure ow regﬂﬁgﬁ% device 70

may include a disRZFEB 0 dptr st W Rashbrdee afitid wérited etdndlinrboeid 2f.1He $1@00591 The

width W of annutar pefice éSrnay dependipondhe, k'g%%mea%ﬁgr%ap{m{awho@%keﬁo, among

other factors. In som embo%fhnywents, abcgzemeter of dis may range from 0.5 to 0.95 times the

inner diameter o 15’5 ugﬁi; 5 d’.%ot% ﬁﬂ%%t% %ﬁe inner diameter of tube 62 in other embodiments.

100601 Cdffsaling Figurestévarid FigussPAiwhera ke, Rumerals iapresent e pads. gy restriction
device 70 may h \é‘% zadéeggth LA that may be taiJored o achieve a desired pressure drop or velocity
mbodime

profile. In some & ments fergth R RE atdti for o i tine dAnuvtiies e8tPStabilize,
thus exiting the mﬁix;éaatuaam&tremmafbrmt&g;imity Mafﬂegmpmm&gncﬁv@wrgp%agm@ nmge uniform
{mes wid W Yot Strer BN G PR TEAGRL o AR AT Bt onl 72 to
fluid outlet¥4hould afsemparing Figure 3A and Figure 44, where like numerals represent like parts,

axial flow restriction orifices 26 may have a length L, that may be tailored to achieve

a desired pressure drop or velocity profile. In some embodiments, Iength Lo may

allow for flow within the axial flow restriction orifice 27 to stabilize, thus exiting the

orifice at a more uniform velocity profile, correspondingly resulting in a more

uniform velocity profile at fluid outlet 26. For cxample, length L, may be at least 4

times the diameter of an axial flow restriction orifice in some embodiments; at least 5

times the diameter of an axial flow restriction orifice in yet other embodiments.

|0055] The length from an orifice outlet end 32 to fluid outlet 24 should also be
sufficient to develop a stable, uniform velocity profile. In some embodiments, a ratio

of an axial length of the tube to an axial length of the plurality of flow restriction

orifices may be at least 4:1; within the range from 5:1 o 50:1 in other embodiments.

[0056] The number and diameter of the axial flow restriction orifices may also
depend upon the desired pressure drop through tube 20. In some embodiments, a ratio
of an inner diameter of the tube outlet to a diameter of an axial flow restriction orifice

is greater than 2:1; within the range from 2:1 to 20:1 in other embodiments.

[6057] As illustrated in Figures 5A (profile view) and 5B (inlet end view), where like
numerals represent like parts, axial flow restriction orifices 26 may be tapered. For
example, axial flow orifices 26 may increase in diameter from an orifice inlet end 30

to an orifice outlet end 32, where the outer diameter may taper at an angle o up to
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be sufficient to develop a stable, unifoini velocity profile. In some embodiments, a ratio of an axial
length LT of the tube to a length LA of the annular flow orifice may be at least 4:1; within the range
from 5:1 to 59# iglgm)%o%mbodiments. 100621As illustrated in Figures SAé%rofile view), 8B (inlet end
view), 9A (profilé view), and 9B (inlet end view), where like numerals reprES&HTRREFAPIES annular flow
orifice 66 may be tapered, such as through use of a flow restriction device 70C that may be conical.
For example, annular flow orifice 68 may increase in diameter from an orifice inlet end 72 to an orifice
outlet end 74, wiibsattRé cinteprimnreledimantiaperatagiangbett@:ap tboabdttihd inssdmether
embodiments; ataRaNGIe 3 aNee.AhoNs Bag <N Aler embadmenis and atan andle p

In FI , the

between 7.5 and 12.5 in yet other embodiments. As illustrate ure outlet end of conical
flow restrié¥®rtlevice Rrbeiiag Bevrindam dshiiny e fiuslooohi6Bl fiowiresttiction)deuice 70F).

WO 2010/LL8008RETA SZR10NAAT 10 AR HnIREHRNerAEs Recarding i gmbodiments disclosed

herein, as described above, may provide for a stable velocity profile. Such injection nozzles may
provide for a unifSAASBIBRY BOwE Bkt araiivd idebidiand ajluibrnHerste Fhdddnding to
embodiments diséloses hereimneay avoisgameraionohamas awiRg aNigvaIRGy of lesalized jets
that may cause Peaq@i;%l{? %tHfi:tiocn. dition I}Ig,E jn'gtction.nozzles disclosed herein may avoid generation
of areas having & negative axial v 1051‘\/@ TSt HESHES 18 oUR%t MG YRS 6T Sn/d BWnozzle
erosion rate. 100844dinjetitioilin zripeaibsclibadpabdseimay bedisgasethis a:gast aistribution

apparatu ﬂggg tion nozzles.accqrding to embadiments disclosed herein may be used with all types of
distributioSL app%ratusoviﬁeérvg%&nlly a"g%s“e%ﬁ%"ﬁh%ﬁ’ée’us’%&‘éi SRR B e LS HSidoBd solids.
For example, dighibuzbraoardy ficludeng ditepl e distrinusona qipedindrsy sietiznacting disigibutor, a

dome-type distriagfomAMAMHSHOIT, STRHIALAMANG AISLe: SHER dsHiRulars map e disposed

. (4] , .
in vessels for performing various reactions or mass transfer between the gas and solids, including

FCC catalyst re(@herddansedsansiyad mhade potyhserrhudimeatssels, coal gasification, and iron ore
reduction[@geong otheis,/QRAR] Relgring m@ﬁé@gp@&@e‘e}ﬁg ilr&mw,g%r ﬁ&%ﬁ}ﬁpgral% represent
spose

like parts, injection nozzles according to embodiments disclosed herein, di ina Bdassblistribution
apparatus, are il Rt &taHCENs Sk (8 SRR TRt S BBy iRy Deingleype Wisteibetoranot
ilustrated) havingargasrdistibutignomaniald S8 flluidcammumiaationwith ioes sayrge,and a
plurality of injecttionflfnozzlet 84thEach ?f the injection nozzles may include a fluid inlet' 86 disposed
within the distribdtion’ manioid Shd S HA P& Be01s Luhms b gain e QidfragisheWiFin Figure
10, the fluid outletig8mayldetjonatéed, proxispatdiapt puter dirgumierencendd:of gas distpiyation manifold
188 ma%teiminate at a point

82. In other emhodis h as shown, in.Figure 11, the fluid outl

external to gas %?g'[ir{g%%%:%%rl\e?n%a%hif?ﬁa %ﬂ%e@f%%ﬁﬂﬁ?%%éﬁr?ﬁﬁtn WS FIIPed 13 4571 3, where
like numerals reprezseritdikéiparist pfestorbadzres according to embodiments disclosed herein,
disposed j s distrigiitic t i ted. Gas distribution, appar 90, may include a
flat plate cri?sﬂt’?igitor 914&%&%? %?gggs%#gfﬁgg\#r%%g%a%ufﬁﬁ%%?ﬁ;r?orr}]igﬁcllfgﬁ}ﬁ 5%% gr: S}Hdcaoﬂrér/ﬁ’munication
with a gas sourd® SUHAEH PR EisjetigonmbrZIss 05t avHib! tHe Mjoctionbndzates may include
a fluid inlet 96 dispesedibin thediliiyiionmaniiold and 3 Sk ek Fold SEFIE SARIMents,

such as shown in WO 2010/118008PCT/US2010/0300
at least 4:1; within the range from 5:1 to 50:1 in other embodiments.

[06062] As illustrated in Figurcs 8A (profile view), 8B (inlet end view), 9A (profile
view), and 9B (inlet end view), where like numerals represent like parts, annular flow
orifice 66 may be tapered, such as through use of a flow restriction device 70C that
may be conical. For example, annular flow orifice 68 may increase in diameter from
an orifice inlet end 72 to an orifice outlet end 74, where the outer diameter may taper
at an angle 5 up to about 15° in some embodiments; at an angle p between about 5°
and 15° in other embodiments; and at an angle p between 7.5° and 12.5° in yet other
cmbodiments. As illustrated in Figure 9A, the outlet end of conical flow restriction

device 70C may be truncated (resulting in a frustoconical flow restriction device 70F).
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Figure 12, the fluid outlet 97 may be located proximate a top surface 98 of flat plat 99. In other
embodiments, such as shown in Figure 13, the fluid outlets 97 may terminate at a point above top
sgrface 98 %@?{g‘}lﬁ}%@g% [0067]As melznti'one_d above, injection nozzles Z},(;CQP[%IHQ 998385%)ocjiments
disclosed herein may be used in gas distribution apparatus used for FCC cat/alyst regeneration, for
example. Injection nozzles according to embodiments disclosed herein may additionally be used in
other portions of a cracking process as well, such as illustrated in and described with respect to Figure

1 of U.S. HieHk No. 5 Bieru naisish stacdnsotatetiivstisinnty defdrsnt diergndescridredlindthe '610
patent, gas distrifglion.apRaRids MY ReKseddaripirsien %&%ﬁﬁ%@&%ﬂ%@%@@&ﬁeam or

nitrogen, into a catalytic cracking reaction vessel, or for injection of oxygen or air for combustion and

removal of cokelfforh 4TE[ER Yatafat. IUBS1ERERPISE 10DETETReRIIwintieBPRPROEE?E derived

from modelinlg taelst;;{ﬂﬁgsoaadwaﬁwﬂb Hﬂ?%wﬁr?( H&?e?@ﬁéf!ﬁ'&)ﬁnﬂﬁ@@f(&dﬁi&ﬂ%ﬂ?&%@&%@:@gQPt present
these examples.in the past tense to comply with applicable rules. [0070]Simulations, of injection
nozzles accordifi VS%‘B@’G‘?@@WL‘@&?@S A R A e PE e o B OV HOBEY it HiiSRified Borda
tubes using "compudatiafiatifisid dynamiesy (GSoll).(Ciddibseld inaxaming and-gativeangithe flow
patterns resulting fram 3 glven nigetion nozsle canfigurations s liustaleddn Figuros 14-17. As wil be
shown, injection nozz E5ecor ing to embodiments disc osed Kefein may reduce thé potential for flow
instabilitid9édl potentiajforierosivewedmatithe abarietipy Tiee PB:stuties are cindbiated using

identical conditiqns, agh:injedti | F rati imulate ” t.the air, flows,and
pressure drops c\%?eﬁré%fﬁlz sqa?%%%% %%c‘%% ﬁé?ﬁ%%?%}i%%%%%ﬂétﬁ% S(%lm%%l TS%‘?SlLﬁ%dferring to
Figures 14A - 148thCHD rasite FodistsbatidardrBerdastyybdisjcetion hazstothaplieswidelained for gas
distributors in flujdizesbedsdsilusisaind The Aaagers: 2inRhes denaibas,andnaendiameter at the

outlet of 1.5 inches, and the inlet orifice is 1.04 inches in diameter. Figure 14A’is a cross-section of a
gas distribution RES0EFTERERing RIRS #E Vsloin? vEE S HSIE thdmabmr dherByien #HE, and the
surrounding bed:afsaalids. s ivould ecexpaced Iher dilsrbiigh e disposed in vessels for

2010/118008PC;;|‘-3/rlfJoSr'r%ion1gO<z%§138:Z ?eactions or mass transfer between the gas and solids, including

FCC catalyst regeneration vessels, gas-phase polymerization vessels, coal
gasification, and iron ore reduction, among others.

[6665]} Referring now to Figures 10 and 11, where like numerals represent like parts,
mjection nozzies according to embodiments disclosed herein, disposed in a gas
distribution apparatus, are illustrated. Gas distribution apparatus 80 may include a
ring type distributor (not illustrated) having a gas distribution manifold 82 in fluid
comrunication with a gas source and a plurality of injection nozzles 84. Each of the
injection nozzles may include a fluid inlet 86 disposed within the distribution
rnahifoid and a fluid outlet 88. In some embodiments, such as shown in Figure 10,
the fluid outlet 88 may be located proximate an outer circumference 89 of gas
distribution manifold 2. In other embodiments, such as shown in Figure 11, the fluid
outlet 88 may terminate at a point external to gas distribution manifold 82.

[6066] Similarly, referring now to Figures 12 and 13, where like numerals represent
like parts, injection nozzles according to embodiments disciosed herein, disposed in a
gas distribution apparatus, are illustrated. Gas distribution apparatus 90 may include a
flat plate distributor 91 within a vessel 92, having a gas distribution manifold 93 in
fluid communication with a gas source 94 and a plurality of injection nozzles 95.
Each of the injection nozzles may include a fluid inlet 96 disposed within the

distribution manifold and a fluid outlet 97. In some embodiments, such as shown in
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velocity jet as the gas accelerates through-the orifice and diverges into the larger diameter of the
Borda tube downstream of orifice. 100731Figure 14B shows the velocity vectors on a single plane that
cuts throughngCE%ﬁﬁlfﬁ}%Qf'on of the header and Borda tube and out into a bed of solids. The plane is
oriented so as to be parallel to the direction of the general gas flow in the HEARH HIEEED results
indicate that the gas jet exiting the orifice is influenced by the gas flow in the header. Moreover, the
animated CFD shows that the gas jet is not stable, but sways from side-to-side inside the Borda tube.
100741Figures Fagurand-1thp By odet §p srapshbertiitneogandetdrom tiaorifiBerfiduweadafrom two

diferent directios, opegienaiadie dIselon e 0as a1 (e hEas;And e sgeond view
e jettr

being perpendicular to the direction of the gas flow. It is clear from these views that t om the

orifice is being inTIRRAESH R NHBLUIOR s gRE fRase hehlat PEt®?% 1 Figure 14E is a view along a single
plane thrqegthe centarahthedderdadbeimithithe.Rusntationiihedl ans.ReiRg:pPaalislig the

direction of gas flow.in the header. It is su%)rrising to find that the instability of the gas jet persists

beyond the end SFHRABY e W6A A& HEBErErndRnEissnad Madiite A s AechERiRfthe

minimum recomfoendadgengthiecdiameressatiodbd Ot 6. OmMararver, dRelinstahiitrofibe gas jet
actually results in,a negafive axial velgcity in one part of the tube. The animated version of the CFD
study shows thaﬂ% G5 a# RIS gﬁ%@%‘f 8 RTEVEESHEHY ShEE 5 La¥THYhe tube, as

6 Negative Velocity tegion 1ah
illustrated in Figuremd Acanlandwitwobtive woFigerinletabdSFiButes 168-1.3K4, oitick sihtain
sequential (equa), time, i , . fram the CED analysjs of ,Borda tube injection nozzle
showing how the jgﬂﬁo%gﬁg%ﬁg?ﬁé?fﬁég%n %e %(frg)%e?ut)%?h% isgc eg?{ r%hf’ ge%é?%g%ﬁis; that this
nozzle design nPHRBIY SeNdS peshiKTiancnes the redompimmsgativeuakial svetotity whiyztobe picked
up and ejected akiigh valogity Whaerthe gasiist R%%%ﬁ,%%?%ﬂék&ﬂ@ntu&e oxfigRefaYior @f the

y

unstable gas jet coincides with observed wear pattern on these types of nozzles after use for a period
of time. 100761 CURPAPAIAE EsCIBIbeix ek £RBFRIGRGMEw to Figures 16-20 (Comparative
Examplesda63] snapshotayigws along an axial plane through various injection modified Borda tube
configuraiiﬁéwgs?j:re illustrated. All of the injection nozzles are evaluated under the same conditions of

inlet pres ith the OPfide/SBdrEngeEpEs 16 slaviad Burepdslipedsshmiaenppngralthough

the work was actually achieved, the inventors do not present these examples in the
past tense to comply with applicable rules.

[0070] Simulations of injection nozzles according to embodiments disclosed herein
are compared to Borda tubes and modified Borda tubes using “computational fluid
dynamics” (CFD). CFD is used to examine and compare the flow patterns resulting
from a given injection nozzle configuration, as illustrated in Figures 14-17. As will
be shown, injection nozzles according to embodiments disclosed herein may reduce
the potential for flow instabilities and potential for crosive wear at the nozzle tip. The
CFD studies are conducted using identical conditions for each injection nozzle
configuration simulated such that the air flows and pressure drops were the same for
each design.

0071} Comparative Exampie 1

[06072] Referring to Figures 14A — 14E, CFD results for a standard Borda type
mjection nozzle that is widely used for gas distributors in fluidized beds is illustrated.
The nozzle is 9 inches in length, bas an inner diameter at the outlet of 1.5 inches, and
the inlet orifice is 1.04 inches in diameter. Figure 14A is a cross-section of a gas
distribution header, showing the flow velocity vectors inside the header, the Borda

tube, and the surrounding bed of solids. As would be expected, there is a high
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WO 2010/118008PCT/US2010/030076 2.1 psi across the injector. Each nozzle is 9 inches in length
and has a 1.5 inch inner diameter (L/D of 6). 100781Comparative Example 1 (repeat) - Figure 16 is the

standard Bo ith a single orifice, as previously shown in Figures wn again here
ﬁ)% ?]1 b cugeéms N

for reference. omparative Example 2 - In Figure 17, the Borda tube'In a double orifice
(each 1/4-inch in length and having a diameter of 1.04 inches) with a 0.75-inch space between the
orifices. The CFD results indicate no improvement in the stability of the jet or the presence of regions
of negative axialV¢B1pitityinahép s ectlerssscimopabetheocsiBeantiuh diBenzes fakse the larger

100801 Comparagtiveexamplesralntiigdisad«dhe grificgdpncludes a short sloped section on the
downstream end. Again, the CFD results indicate no improvement in the stability of the jet or the

presence 8frions offi8gailABsharvaRicity A iihe AioA tubsinebiosirte Sitparsiecesmple 4 - In

Figures 19A (prefies\iestpod th-aR{endvieBorfnagelsminian itae thickaessi ok thenerifigs.is increased
from 1/4-inch to 1-inch.in Ieni%{t/l%éThis agan&grﬁgent_de onstrates less instability in the CED results,

However, the reJiSiHef AegaIR - Ra% bigd r‘é‘fﬁf’ﬁr%é EIRABLER YR ARoA B the Hégative
velocity region i€ Hidresstablelid00 82jConypafativaibxaheplefice 1nikipures@bAKprefilévien) and 20B
(end view of nozgle fnjat, the,thick nozgle ncludes lang siongd ragion atihe outiet,gnd ofthe orifice,
This arrangement demonstrates a very stable ve ocity proﬁTé. OWeVer, the gas je% 15 ot Centered in
the tube and thetwdys drpaiatidety sidgenthsubh Beadsidutea of negative axial velocity. 100831 The CFD

analyses Rg(ﬁﬁorda tupk%d}gsd ﬂi@déﬂﬁd@ﬁ rgt% tHE’%Sd{J Eﬂ%j{ﬁos[slgf‘ %Qe gas jet from the orifice
viewed from two different directions, one view being in the direction of the gas flow
in the header and the second view being perpendicular to the direction of the gas flow.
It is clear from these views that the jet from the orifice is being influenced by the flow
of gas m the header.

10075} Figure I'4E is a view along a single plane through the center of the Borda tube
with the orientation of the plane being parallel to the direction of gas flow in the
header. It is surprising to find that the instability of the gas jet persists beyond the end
of the nozzle and into the bed of fluidized solids despite the nozzle having the
minimum recommended length to diameter ratio (L/D) of 6.0. Moreover, the
instability of the gas jet actually results in a negative axial velocity in one part of the
tube. The animated version of the CFD study shows that the negative velocity region
15 not stable, but moves from side to side in the tube, as illustrated in Figure 15A, an
end view of the nozzle inlet, and Figures 15B-15K, which contain sequential (equal
time interval) snapshots from the CFD analysis of a Borda tube injection nozzle
showing how the jet moves from side to side in the Borda tube. It is clear from these
results that this nozzle design may allow solids to backilow into the region of negative
axial velocity only to be picked up and ejected at high velocity when the gas jet
reverses sides in the tube. The behavior of the unstabie gas jet coincides with
observed wear pattern on these types of nozzles after use for a period of time.

[0076] Comparative Examples 2-5

[0677] Referring now to Figures 16-20 (Comparative Examples 1-5), snapshot views
along an axial plane through various injection modified Borda tube configurations are
Hustrated. All of the injection nozzles are evaluated under the same conditions of

mnlet pressure with the orifice openings sized to provide a constant pressure drop of
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exhibit unstable flow and / or negative axial velocity, each of which is an undesired flow characteristic
of a gas injection nozzle. [0084]Examples 1-5 100851Referring now to Figures 21-25 (Examples 1-5),
shapshot viqug ﬂ;lﬂ)ﬁ%ﬂ&a)(ial plane through injection nozzles according I,%%%B%% %Q’F? disclosed
herein are illustrated. Alf of the injection nozzles are evaluated under the same conditions as
Comparative Examples 1-5 (same inlet pressure with the orifice openings sized to WO
2010/118008PCT/US2010/030076 provide a constant pressure drop of 2.1 psi across the injector)
Each nozzle is FihdtescatehgtiigathabaM earehsinasitiamdtae it mbhs) 2 10086 Example 1 -
Figures 21A (prqﬁﬂ%yﬂg;v@@}gf%}_B (end view of nozzle inlet) illustrate a CFD analysis of an orifice
similar to that illustrated in the embodiments described with relation to Figures 6A and 6B. The orifice
configuraf®®’Blcludes SATARRIEF SH5aMRG SUFrBEHdMG SHal GiskhD sendath B9 da dibn et and 1/4-inch
in length suspenggddntifecentenatihainigiaitha injgehan nozale. 1 Fhisipeazigasmarvery: stable
velocity profile. However, the velocity profile is not centered at the outlet. Additionally, there may be
localized region§"WhH&l& backflow might occur and the nozzle may be difficult to manufacture.

10087 1EXa0miE 2 - Figuiesa2di([Hodilepiiclv) and-228:(and viewstinazsle e diusiatela CFD

analysis of an orifice similar, ta that illustrated.in the emhodiment ge ribed with relation.to Figures 9A
and 98. The orif%'élggrﬁ?%ﬂ‘gra‘fi%l |ﬁ%lllje<§‘é§aal%gphéiféﬁgcdo STRGEHER e(%félﬁ Eésxrﬂié?]oaf%h%ﬁ%%le to form

the annular orificpaopéringeilhismdrzie pEridlifb aswelbaddhamof iFigures2ddiatic 24Blfrom a
ity el LS TR A PO iR et
compared to a standard Borda tube.

[6080] Comparative Example 3 - In Figure 18, the orifice includes a short sloped
section on the downstream end. Again, the CFD results indicate no improvement in
the stability of the jet or the presence of regions of negative axial velocity i the
nozzle tube.

10081 Comparative Example 4 - In Figures 19A (profile view) and 19B (end view of
nozzle inlet), the thickness of the orifice is increased from Y-inch to 1-inch in length.
This arrangement demonstrates less instability in the CFD results. However, the
region of negative axial velocity is still present although the location of the negative
velocity region is more stable.

[0082] Comparative Example 5 - In Figures 20A (profile view) and 20B (end view of
nozzie inlet, the thick nozzle includes a long sloped region at the outlet end of the
orifice. This arrangement demonstrates a very stable velocity profile. However, the
gas jet 1s not centered in the tube and there is a relatively large, though stable, arca of
negative axial velocity.

[6083] The CFD analyses of a Borda tube and modified Borda tubes in Figures 16-20
exhibit unstable flow and / or negative axial velocity, each of which is an undesired
flow characteristic of a gas injection nozzle.

{0084} Examples 1-3

[0085] Referring now to Figures 21-25 (Examples 1-5), snapshot views along an axial
plane through injection nozzles according to embodiments disclosed herein are
illustrated. All of the injection nozzles are evaluated under the same conditions as

Comparative Examples 1-5 (same inlet pressure with the orifice openings sized to
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100881 Example 3 - Figures 23A (profile view) and 23B (end view of nozzle inlet) illustrate a CFD
analysis of an orifice similar to that illustrated in the embodiment described with relation to Figures 3A
and 38. The %' 'Eglg}qm};gyration includes seven (7) smaller orifices to provide the same pressure drop
as the single orifice arrangement. This arrangement exhibits a fairly stabld GAEERYHP3E and, the
velocity profile at the nozzle exit is very unifolin. There are some areas of negative axial velocity, but
these are confined to the inlet half of the nozzle and do not reach the nozzle tip. 100891Example 4 -
Figures 24A (proffevifévd) emdtaBr{estrvidwnbhdzy ipsintetpiiusy dtécat@F D Buvdlysiszbf Anvorifice
similar to that illustéateshinsbe enshedimest dascrbegi withelaiipnyte Figures 4A and 4B. The orifice

configuratior% includes a multi-orifice (7 hole) arrangement similar to Example 3, except that the thin

orifice plat®P$0-inch) HEe BBk lrepfasEgs i o PrEke(Titvonynel &EB Thlintlusidmodleeitiiok orifice

plate improves thnstahdity cithamys/acibr RrRofigicompaed JazxamRie:3, Whils alsspowing a very
unifolin velocity p _ofiI%?%the injection nozzle outlet. WO 2010/118008PCT/US2010 03087 Moreover,

the point at whicATIE VIS EHRE SR EorEs GAIBROStedits Suiferapriicwitian éndidesrifice

arrangement of Exanhpler8nhQOaRbxdimpierat-dribwes 28 dprotiteniswhand, 238, @nd.yigw of
nozzle inlet) iIlu%;lr%tﬁengeg:FDt enecal %i§ g{f n onrjl%ce gﬁnil,ar to.that illustrated in the embodiment
described with relation to Figures 24 and 2B The ohifcRUESHAR aREESh il deedsiaticormive
arrangement withtdighv¢Bchiplemtiat Hdve dheentmordetty theSiddsofdhedubrdatharthandpeing

placed on the bagglale. hefe 215,001 0RAIAGE PALING DA plate Again, the ofce areas sized to

provide the same overall nozzle pressure drop of 2.I°psI as maintaired for & tpPg\{i}guegl rtdhgements.
The CFD studieél%mﬁéf’ﬁ%g?%ﬁgéﬁ%ﬁaﬁé@@ns in a stable, uniform velocity profile. In the

animated [@g®7yesult, t@g%ﬁ@gn_oﬁégge@%gr@g@h%e{gg&gdd@{a(%v%ogto F%r%fp%bzl\éﬂr% ver, the

nozzle design is easy to manufacture relative to the standard B omparative E ample 1.
100911Example BUSE eS8 -anlesinph e cHbraminisssiofbrfidesimiinothhatiftosirated in Figures
2A and 2B with a&aDanalsieriifiestrdad Borda bive ehComparativeaxampis ddllustrated in

Figure 16 and repeated as Figures 27, 29, and 31 for convenience, where 27A, 29A, and 31A
represent a profild Vish B SPESYB Hd Bt ROFdpravERicn &g hsiiartlie sosonsing The orifice
configurations intludewmnaiti-prifisenareangeentshadtbreight8) DolestFiQuees26A ;(eﬁglbygi@/v) and 26B
(profile view of inlet), six (6) holes (Figures 28A (end view) and 28B. (profile view of nozzle
inlet), and four (Afné?)gﬁéﬁég ?’F%ﬁrsehéj %&&rlagﬁo ?/%é%% 5%%‘0%‘]?&%%@%859% s A2t Rshave been
moved to the sidebtipreinube rethisrithan Beiny plabedwonl thedydekdpiftel: Thereafe:ne:openings on
the back plajggAgain, [fice arga s sized to provide the s overall nozzle pressure drop of 2.1
psi as mail?ntas} ﬁ};\d for a%?%ﬁ%?/%l?s aﬁ %%eé%@e%tg; ‘%ﬁ(]ee CYEB%S%LIJI g?%ﬁ%ﬁ%ﬁ‘f”tﬂé’@ Zéﬁ?aﬂ&é)ments
result in stable, USRS velddRyaprbitieofred et o stilidiorn oher itimehednipale dtchtiinstandard
Borda Tube. ThadRRtudias:alsashanatmorngiam eight (Bdo.six Blinufour () openings

| z

improved uniformity in the outlet velocity. 100921 As described above, injection nozzles according to
embodiments diSERdd hEPEIF TSN AR tBERH D AsvIGePTShBFe P maralst airglbleifietocity profile,

a uniform velocityrat ga@dnjectivn nezzlguliet .anditimitesinegionsnauing:a praative flow,velocity.
Advantageouslyveﬁgcp in'%%igntr%gzzles {na%/. result in one or more of decreased erosion, decreased
catalyst attrition, and }‘f"n%rrovedl g4 BEHBGHONS VW S0P S00EPEPMS 540 I FEFEVe

axial velocity, but these are confined to the inlet half of the nozzle and do not reach

the nozzle tip.

[0089] Example 4 — Figures 24A (profile view) and 24B (end view of nozzle nlet)

illustrate a CFD analysis of an orifice similar to that illustrated in the embodiment

described with relation to Figures 4A and 4B. The orifice configuration includes a

multi-orifice (7 hole) arrangement similar to Example 3, except that the thin orifice

plate (1/4-inch) has been replaced with a thick (1-inch) plate. The inclusion of the

thick orifice plate improves the stability of the velocity profile compared to Example

3, while also showing a very uniform velocity profile at the injection nozzle outlet.
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100931While the disclosure includes a limited number of embodiments, those skilled in the art, having
benefit of this disclosure, will appreciate that other embodiments may tzjebdelviseddwhitlzht()jotﬂot (i?parl:td
the scope.a resent disclosure. Accordingly, the scope should be limited only by the attache
z:rlgrirr]m. WO %?91%%%%%PCT/u32010/030076 CLAIMS What is claimed?ﬁ?ﬂiﬁ%ﬁ@&%@ﬁﬁnozzlg for
use i.n a gas distribution device, the injection nozzle comprising: a tube ha_ving a fluid |_nlet, a fluid
outlet, an inner diameter, and an axial length; wherein the fluid inlet comprises a plurallty of flow
restriction orifice¥igisariisuttd peithet aslihahd ofithestpbei 2 bArinje cidfmozzlafosdsserima gas

distribution devic‘gﬁmgmgggﬁ&%ﬁg%%grjﬁi@gé&j%bje having a fluid inlet and a fluid outlet;

wherein the fluid inlet comprises a plurality of flow restriction orifices distributed circ_umferentially
through th@8d8 3. Thfmempie Sreftimiaidibds (brofil; vikeleinda i deofithizinnenatiameten of the tube

fluid outlet to a dimmetes f@treasiipne of thefigw.resttichon glr:ﬂi?ﬁl?ﬁiisage?%etli)gh%%b%&imem
described with relation to Figures 2A and 2B. The orifice configuration includes a
multi-orifice arrangement with eight (8) holes that have been moved to the side of the
tube rather than being placed on the back plate. There are no openings on the back
plate. Again, the orifice area is sized to provide the same overall nozzle pressure drop
of 2.1 psi as maintained for all previous arrangements. The CFD studies show hat
this arrangement results in a stable, uniform velocity profile. in the animated CFD
result, there is almost no movement detected in the velocity profile. Moreover, the
nozzle design is easy to manufacture relative to the standard Borda tube of
Comparative Example 1.

[0091] Example 6 —~ Figures 26-31 compare CFD analyses of orifice similar to that
illustrated in Figures 2A and 2B with a CFD analysis of the standard Borda tube of
Comparative Example 1 (illustrated in Figure 16 and repeated as Figures 27, 29, and
31 for convenience, where 27A, 29A, and 31A represent a profile view, and 27B,
29B, and 31B represent an end view of the nozzle inlet). The orifice configurations
include multi-orifice arrangements with eight (8) holes (Figures 26A (end view) and
26B (profile view of nozzle inlet), six (6) holes (Figures 28A (end view) and 28B
(profile view of nozzle inlet), and four (4) holes (Figures 30A (end view) and 30B
{profile view of nozzle inlet) that have been moved to the side of the tube rather than
being placed on the back plate. There are no openings on the back plate. Again, the
orifice arca is sized to provide the same overall nozzle pressure drop of 2.1 psi as
maintained for all previous arrangements. The CFD studies show that these
arrangements result in stable, uniform velocity profiles (reduced oscillation over time)
compared to the standard Borda Tube. The CFD studies also show that moving from
eight (8) to six (6) to four (4) openings improved uniformity in the outlet velocity.

[0092] As described above, injection nozzles according to embodiments disclosed
herein may advantageously provide for one or more of a stable velocity profile, a
uniform velocity at the injection nozzle outlet, and limited regions having a negative
flow velocity. Advantageousty, such injection nozzles may result in one or more of

decreased erosion, decreased catalyst attrition, and improved gas distribution.
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4. The nozzle of either claim 1 or 2, wherein the axial length of the tube is at least 5 times an inner
diameter of the tube fluid outlet. 5. The nozzle of claim 1, wherein the flow restriction orifices are
axially align «XV#BQ t}ﬁ? &i e. 6. The nozzle of claim 1, wherein a ratio of an axial length of the tube to
an axial length of at least one of the plurality of the of the flow restriction JFfESASUPIELSt 4: 1. 7. The
nozzle of claim 2, wherein an axial end of the tube proximate the plurality of circumferentially located
flow restriction orifices is capped. 8. The nozzle of claim 2, wherein the plurality of circumferentially
located fldfHtriction Bfifitetharisdisposeadt linfeughiitiedubenpéihin adengthehtiran @ninlel axial end
of the tube proxi i i length.L is less.than 2 tube jnner diameters. 9. An injection
nozzle for use in[gqgt%\gl%cﬁs{;r%%% |0§1%%\f/?ic§gsmese ‘%ﬁggﬁ%rﬁe’n\glzfzI%pgf)erﬁﬁtﬁs?n%t: Ao e A A uid inlet
and a fluid outle®Whéfeifrthecduidhirieteomprisperarfranntiar sxficecsutirounding alflolusiestriction
device. 10. The iniecaRdpzricseb Al ORHEIBSBR I8N S AR fgurg comprises a disk
suspended in the center of the inlet. 11. The injection nozZle of claim 9, wherein the flow restriction
device is conical or frustoconical. 12. The injection nozzle of claim 9, wherein a width of the annular
orifice is between 0.05 and 0.25 times the inner diameter of the tube.
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13. The injection nozzle of claim 9, wherein a length of the flow restriction device is between 0.1 and
0.9 times a length of the tube. 14. A gas distribution apparatus, comprising: a distribution manifold in

fluid cqmmuwgaﬂ,q&}%gasa gas source a_lnd a pIuraIity of injgction nozzlesg&;}&%n'?{c}:}io&%ozzles .
comprising a tube with a fluid inlet, a fluid outlet, an inner diameter and an axia ;feng%, and the fluid
inlet of at least one of the plurality of injection nozzles is disposed within the distribution manifold and a
fluid outlet; wherein the fluid inlet of the at least one injection nozzle comprises a plurality of flow
restriction orifices distributed on the axial end of.tAdlififection nozzle. 15. A gas distribution apparatus,
comprisingjlﬁtqgs&%tggn manifold in fluid communication with a gas source and a plurality of injection
nozzles such Injection nozzles comprising a tube with a fluid inlet, a fluid outlet, an inner diameter and
an axial length; and:thenfrsidoimleetiatfiwassomne of gthe pisirilityiof tjectiothqndziziemis dispiesed within,
the distribution manifolg,gpg a.fluid outlet; wherein the fluid inlet of the at least one injection nozzle
comprises a plurality of flow restriction orifices distributed circumferentially on the injection nozzle.

a tube having a fluid inlet, a fluid outlet, an inner diameter, and an axial length;

wherein the fluid inlet comprises a plurality .of flow restriction orifices distributed on

the axial end of the tube,

2. An imjection nozzle for use in a gas distribution device, the injection nozzle

comprising:
a tube having a fluid inlet and a fluid outlet;

wherein the fluid inlet comprises a plurality of flow restriction orifices distributed

circumferentially through the tube

3. The nozzle of ecither claims 1 or 2, wherein a ratio of the inner diameter of the tube
fluid outlet to a diameter of at least one of the flow restriction orifices is

greater than 2:1.

4. The nozzle of cither claim 1 or 2, wherein the axial length of the tube is at lcast §

times an inner diameter of the tube fluid outlet,

5. The nozzle of claim 1, wherein the flow restriction orifices are axially alipned with

the tube,

6. The nozzle of claim 1, wherein a ratio of an axial length of the tube to an axial
length of at least one of the plurality of the of the flow restriction orifices is at

least 4: 1,
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16. The apparatus of claims 14 or 15, wherein the fluid outlet is proximate an outer circumference of
the distribution manifold. 17. The apparatus of claim 14 or 15, wherein the tube outlet is external to an
outer .circurr@%%%l%g&e distribution manifpld. 18. The apparatus of clai %/%42%)(0}05 vgpe.rgin a ratio
of an inner diameter of the tube outlet to a diameter of at least one of the Tlow r%sgrlcﬁg% orifices is
greater than 2:1. 19. The apparatus of claim 14 or 15, wherein a ratio of an inner diameter of the tube
outlet to a diameter of at least one of the flow restriction orifices is greater than 2: 1. 20. The apparatus
of claim 14 or 15, Whersw's Rirtltirefirrehaipe m axiebstb afitlestabeinrrinmerbtepiofalie tibe outlet.

21. The apparatus of claisiri#ravhengin the Plualitselfew aatiction.grifices are axially aligned with
the tube. 22. The apparatus of claim 14, wherein a ratio of an axial length of the tube to an axial length

of at least one of the plurality of flow restriction orifices is at least 4: 1.
8. The nozzle of claim 2, wherein the plurality of circumferentially located flow

restriction orifices are disposed through the tube within a length L from an
iniet axial end of the tube proximate the inlet, wherein the length L is less than

2 tube inner diameters,

9. An jection nozzle for use in a gas distribution device, the injection nozzle

comprising:
& tube having a fluid inlet and a fluid outlet;

wherein the fluid irnlet comprises an annular orifice surrounding a flow restriction

device.

10. The injection nozzle of claim 9, wherein the flow restriction device comprises a

disk suspended in the center of the inlet.

11. The injection nozzle of claim 9, wherein the flow restriction device is conical or

frustoconical.
12. The mjection nozzle of claim 9, wherein a width of the annular orifice is between
0.05

and 0.25 times the mner diameter of the tube.

13. The injection nozzie of claim 9, wherein a length of the flow restriction device is

between 0.1 and 0.9 times a length of the tube.

14. A gas distribution apparatus, comprising:
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23. The apparatus of claim 15, wherein an axial end of the tube proximate the plurality of radial flow
restrictions orifices is capped. 24. The apparatus of claim 15, wherein the plurality of radial flow

restriction orfigesarg lisPposed through the tube a length L from an axial f@%éjsf?t%qg/ ﬁtyot%%proximate the
[ uti

inlet, wherein the length L is less than 2 tube inner diameters. 25. A gas distribUtion apparatus,
comprising: a distribution manifold in fluid communication with a gas source and a plurality of injection
nozzles such injection nozzles comprising a tube with a fluid inlet, a fluid outlet, an inner diameter and
an axial length; ardstreufian maetellan dhad saebieiveratith of sajestivecrigziestisaligpoSed within
the distribution manifolsaacha Abishudlesi wherein shellesat ihe: sy leagkanedl sinieatpn nozzles

comprises an annular grifice surrounding a flow restriction device. 26. The apparatus of claim 25,
wherein the fluid outlet /b rSKirhate T fibineictred Atrarét denstdistribution manifold. 27. The
apparatus of claim 25, wherein the fluid outlet is external to an outer circumference of the distribution
manifold. 28. Tit’ge ?ﬁffr%t spftﬁnlf:ai[p 25, ﬁ/herein,t e flow restriction device comprises a disk
suspended in the comterb tReIHEE 285 Pha S BPEPAN S PSR FRIRL R TR o R tion device
is conical or frustsbonicah Beniféie apparthtidsoafielaim 25, wherein a width of the annular orifice is
between 0.05 and

wherein the fluid inlet of the at least one injection nozzle comprises a plurality of flow

restriction orifices distributed on the axial end of the injection nozzle.
15. A gas distribution apparatus, comprising:

a distribution manifold in fluid communication with a gas source and a plurality of
injection nozzles such injection nozzles comprising a tube with a fluid inlet, a

fiuid outlet, an inner diameter and an axial length; and

the fluid inlet of at least one of the plurality of injection nozzles is disposed within the

distribution manifold and a fluid outlet;

wherein the fluid inlet of the at Jeast one injection nozzle comprises a plurality of flow

restriction orifices distributed circumferentially on the injection nozzle.

16. The apparatus of claims 14 or 15, wherein the fluid outlet is proximate an outer
circumference

of the distribution manifoid.

17. The apparatus of claim 14 or 15, wherein the tube outlet is external to an outer
circumference

of the distribution manifold.

18. The apparatus of claims 14 or 15, wherein a ratio of an inner diameter of the tube
outlet to & diameter of at least one of the flow restriction orifices is greater
than 2:1,

2]



0.25 times an inner diameter of the tube. 31. The apparatus of claim 25, wherein a length of the flow
restriction device is between 0.1 and 0.9 times a length of the tube. 32. A ves_sel comprising the
apparatus ofglai Qadd disposed within the vessel. 33. The vessel oflgzla[lm 32, wherein .the vessel
is selected frorlfj?l Eti;}é} glroup consisting of a spent catalyst regenerator, a pol§n{gﬁ%€gﬂfooﬁo%gctlon vessel,
and coal gasification. :
19. The apparatus of claim 14 or 13, wherein a ratio of an inner diameter of the tube
outlet fo a

diameter of at least one of the flow restriction orifices is greater than 2: 1.

20. The apparatus of claim 14 or 15, wherein a fength of the tube is at least 5 times an
Inner

- diameter of the tube outlet.

21. The apparatus of claim 14, wherein the plurality of flow restriction orifices are
axially

aligned with the tube,

22. The apparatus of claim 14, wherein a ratio of an axial length of the tube to an axial

length of at least one of the plurality of flow restriction orifices is at least 4: 1,

23. The apparatus of claim 15, wherein an axial end of the tube proximate the

plurality of radial flow restrictions orifices is capped.

24. The apparatus of claim 15, wherein the plurality of radial flow restriction orifices
are disposed through the tube a length L from an axial end of the tube

proximate the inlet, wherein the length L is less than 2 tube inner dizameters,
25. A gas distribution apparatus, comprising:

a distribution manifold in fluid communication with a gas source and a plurality of
mnjection nozzles such injection nozzles comprising a tube with a fluid inlet, a

fluid outlet, an inner diameter and an axial length; and

the fluid inlet of at least one of the plurality of injection nozzles is disposed within the

distribution manifold and a fluid outlet;

wherein the inlet of the at least one of the injection nozzies comprises an annular

orifice surrounding a flow restriction device.
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26. The apparatus of claim 25, wherein the fluid outlet is proximate to an outer

circumference of the distribution manifold.

27. The apparatus of claim 25, wherein the fluid outlet is external to an outer
“circumference

of the distribution manifold.

28. The apparatus of claim 25, wherein the flow restriction device comprises a disk

suspended in the center of the nlet.

29. The apparatus of claim 25, wherein the flow restriction device is conical or

frustoconical.

30. The apparatus of claim 25, wherein a width of the annular orifice is between 0.05
and

0.25 times an inner diameter of the tube,

31. The apparatus of claim 25, wherein a length of the flow restriction device is
between 0.1

and 0.9 times a length of the tube.

32. A vessel comprising the apparatus of claim 14 or 15 disposed within the vessel.

33. The vessel of claim 32, wherein the vesse! is selected from the group consisting of

a spent catalyst regenerator, a polymerization reaction vessel, and coal

gasification.
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