WD 2010/ 118008PCT/ US2010/ 030076 DEVI CES FOR | NJECTI ON OF GASEQUS STREAMS
| NTO A BED OF FLUI DI ZED SCOLI DS BACKGROUND OF DI SCLOSURE Fi el d of the

Di scl osurwo[2000gdsbodi nent s di scl osed herein rel at e gemeraisky10t0800a6
apparatus for the injection of a gaseous streaminto a bed of fluidized
solids. Mire specifically, enbodinents disclosed herein relate to an

i njection nozzle. Background [0002]In the refining and chem cal process
i ndustries, as DEMIGESHFOR INJEC T8I0 GASEOUSSTREAMST t en

necessary to inject aidePOCABED G FINUIDIZIED SOID®! y di vi ded sol i ds,
uniformy spreading the gas over the cross section of the bed and. The

injection of the gas is designed to pronote uniformand intimte contact of

t he gaseous nedi um w t hBR@I@GR(ZWB@F‘SDPSEFQSGR%N eve a purpose, such
€ g |

as a chem cal reaction between as and so s and/or a mass transfer
operation between the gas and $@did dstheMQSHdupparatus for injecting the gas
into a fluidized bed typically consists of a flat grid plate with holes, a
pi pe grl0B0tlyst emEnobodamseisi disclosedc barsentrelats gemeyslly These apipgtatusbiroths ar e
desi gned to .physi cal.ly cover as much of th ed.cr.oss. .section as.possible
S0 he to pr dROVET A6 BebRoE SERUTRo bsh ThivgucioRTgSe VRE sheiRa Beq.
Gas i s intragteRenéds BistiBedIRAGE rhaBeaihinj&igioh hak-z1@l ate distributor or into
the main header of a pipe grid and/or the ring distributor froma central

source. Fromthere the gas flows tRidgghwdt the pipe grid or ring system
and th jbscharges, i nt-o.the bed through a nqultiplicity of pnozzles that
't r 1 DIP2E e o8 o i o A p O BHE S Pt Flahohs 8 BT BlsPRsskies
typi cal 'y nahd@edm| Btiebfterd héksdatit todnRcth shebusitic@ht injo &Pe®bf HoM dsadass t o

better withstand the pressure exerted by the gas and/or the weight of the
bed of sol i d8lidhoveforplyaserceding the Las oot s cioay setionayl Hist bebandi nlhe

nozzl es, but. typicalkl pat f F S b d: I h ate to
al | ow gas tor %’(tgé/{/l ?j hrt%eugﬁé ?{Sn'td %‘Sgll?leed Eoehgn%tgeurntﬂ@hﬁoﬂidﬁ@%lﬂ%fc bg%‘{ét 6 B¢
di st ri but or akarus mddin bethsthobed of sadisls smas wdehtenr fuypse dush b behangaland

so-call ed "nmushroont distributors. [0004]In order to achjeve uniform
di stributi Or{e%ﬁtlopﬁ)gt%egg ttﬁe g@qﬁ,ﬁd JoldS and/gi- Mgss transfer operation between the gas

and solids.

[0003] Apparatus for injecting the gas into 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
introduced into the space beneath 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 into 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 nozzles, but typically
only use a pattern of holes laid out in the plate to allow gas to flow through into the
bed. Other embodiments of gas distributors for fluid beds of solids include dome type
distributors and so-called “mushroom” distributors.

[0004] In order to achieve uniform distribution of the gas medium, the injection
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 wll cause
a pressure drop to occur as the gas flows through the injection nozzles
from t he wpgbrobsoson WO 2010/ 118008PCT/ US2010/ 030076 heeawars2émisoovhe bed
of solids. The mai ntenance of a positive pressure drop across the injection
nozzl es insures that the gas flows evenly to all of the injection nozzles
in spite of differences that can occur in the pressure in the bed at the
poi nt of di dehdargeto tisnbed eheoligas The swintemnae af & Rpotighpicherdewpoicressiticds,

t he bed bec N i di zed" i i Qui )
e e eq MRS or, hi ARl %3&?1%9%&'32%@%%?@3%?’0%39? iid ilcon ﬁﬂgﬂﬁiﬁ‘t h of
It'he pgd ?nd.sphfoﬁé'g&irén_ﬁe@fhaggafmhih ﬂlst$erb;@sulrre in thetti@ﬁ aﬁagmpdﬁftrt;fleﬁs_ca_slrgwgul d a
I qul (6] similar ens|t an ept n. | Ca ..Su S O L ulal Ze

sol' ds wi |l OBifgecieas Hepbr t%ow%ﬁ_@p HoligS e ogeatmeeeuio Dr e
and will ex *yn%teéﬁs@@@éﬁ%@% %{2@1 g%lgc%“ag fiiZh P %f@&i’&s%w&%rt%:[geé‘su c

foot to over ounds per cub The resulting pressure exerted by

t he col umm gfrofdrtiowthil 2@ thesdeipthdst the bed aﬁxh@& dengity afSgdsisblidemagurt ipohmnshnper
square inch si) to as high.as 10 psi ,or .nore. reaver., .the he f solids
o Len quitEElAbar Gy g eHe Jreud e dtithnyt Gl oskih P Ho bed
fluctuates vadillizEd §Rid@NEIIWMiRde iM ABYthTFRRa B Feett® aPRIUBE 2880 EocBbVBRrdARE h I n

the bed. For this reason, it is inportant to design gas distributors with
sufficient pridlssbitat dmspsused density ronging o ¢ feov powssls peecylic frod 40 Pearsth hat

d he | i f the,. di ib i he bed .t.ypi cal
o, ectehethad B LASEUAA i, KRR B SR 2

pressure draopligheul ehnbe fibhPagiittlt Ae 1 hREnd pesIuULR iﬂém@sf)% a§i IR0 pRPHNt ed
i njection nozzles and 30% of the bed pressure drop for upward pointed

di st ri but or snoRJdsIcPHCra i R9dorf tobidpras pften ARiFytUADHEHI MGARipe dicspricesusy 8 f or

uni form di st i buti oF i L Nj i S e si gned
to dischargezmﬁ}elllte %@“ﬁﬁ{%pﬁﬁgﬁgggggé“&%ﬁgﬁ%3@?baﬁﬂgﬁzééﬁb%ﬁfb?@$§ﬁﬁ%§‘gas
velocity is dioa depwti inpthe dsdir Bopthissr@hdoans i ampormnett dsighypas dissthis@k ivdth t o be
pressured bacgyards and flow fromthe bed into the injecti%n nozzl e. Such
backf | ow of SYBIGIEE PIAEYCAROR 1 BTt BiTrReL e PressyRdSIREMIehaSaP CXR%iFY ead
to erosion of @G chlbPEF HRN Jfgocﬁgthﬁutfof mﬁehﬁeacomgﬁ&sﬁ“ﬁ?&w {HghtACo} i Of

t he solids and/or plugging % an injection nozzlé' it the solids becone

| odged i nt o desigoloif ganaastsibufdny Balva the minimbm wodsutksdrap shqrieébs Uif B fftlar bainough
into an injection nozzle, they can then enter the i,n, header ere they
are pioked By G AP UFHE g e OErREE T DKoo b e TR | on
nozzl es fartfigp rHQNaEd Sfted URuSBikbrs| atter case, the result may be severe
erosion in one or nore injection nozzles downstream fromthe nozzle through
whi ch t[8808pl i ds lenidditied tb heaihtesdiey a nioinpmepesssurb alcdyf fownformalistdbutiont o t he

i njection no es, the velocity in the nozzles is, generally, nmaintained
dbove & cer ChthE BTGy Avsion Yelen org T b ety s Bar hie e
(fps). WO Q404 FAZORBPRLL WRRED/ PBHE 445 LOBEIB] A tBS aBl aifedshRt put@fibheds to
pl ague gas distributors in fluid beds is erosion of the injector nozzles at
t he poi nt ofmeeuhalygrausniadids tie bpexicsefred drelagardoped flaw foory thebtbintotha i ne,
the i npact Ol{ljea?olnl ﬁio DY tguccileb%ck ov&ro1 soq{dgclrl]t%ra%em%gtgoen gofzzfehlg uh{ilés%gl%l%ras\{\f H
cause gradual’“wear at the injector tip. ASt'he ar i ncreases, € éend of
the nozzl e can leidoderddsn entieghjcbaeknselafoinahe @sitimigd tsbeurp@i dttio®fof the
attachment where the injector nozzl e passes through t he header. The result
is a hol e i rfolifeakerdalpagipg ofap gyection neaele ot thesebdpbecons ladgadriptoug erlid waen
this occurs, p j I ] i are r I r ore

t he perforné%%%’gg&%ﬁgxgggh %ﬂﬁ?%%gﬁ%%%%%%?gﬁ%&&§&gﬁjnh%g%h%fg%%%%t? t he
pet r ol eum r efah nhergentadthet myint leaternehas thigeawfpidedsupdy ftha@byingy wisdedesol i ds

is the fluid, .catal ytic cracking.(FECC) process. The FCC process is used for
the cracki ng'¥higsd W OBGPT M9 %é%ctlav |n0§%1?se cf gowsgaﬁ@e Iﬂﬁmf.h rPLSHSFe,

li ghter boi lj0g.sRli FMECHS scvIHEBrofidn JRBAL IoP en 8 Ghjblt AL Iz RY Ao R JF RN Fom! e
FCC process uses soli'd catalysts in powder formto facilitate the breaking

of the car bdhe veazbothragbnituctbthndslids entdred rdicaddr. fTeguctent baskfpwmdlsbleds

nol ecul es that4%je.mjthin tlhet as ILne.q iligg ragﬁe. hn ainii%nbto t he
gasol i ne prdBGcHS TWREOPMZEsy Y LgOHPoHER SOLBS ANPTANY PIREIHECE L ght er
gases, such @RgaieRanendafdicPyhraRy abhicaBodt ® QGRY SéRdd apd).converted to
val uabl e products. Fluid catalytic cracking is the nost w dely used
"conversion" process in petroleun1refgﬂing and several mllion barrels per
day of FCC capacity have been install since the process inception in the
early 1940's. As such, the FCC process is of great econom c value and is
typically the nost profitable unit in a petroleumrefinery in the United
States as well as in nost refineries around the world. [0008] The catal yst
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nostly silica and alumna in both crystalline and anorphous form The use
of a powdered catal yst has been the key feature contributing to the success
of the FGZopnoeas®sand has | ead to the devel opnent of amCenisee1e/0a00e@ of
process operations that has cone to be known as "fluidization.” The finely
di vi ded powder catal yst can be nmade to behave as a fluid when it is

properly aerated or "fluidized" by neans of air or another gas. The

f1 ui di 2880@bwder A arobiem tleed sontonuich tmplagud gavedistathutons inl fludd bads isshosion efvel
within a vessel . as woul d | iquj d. ,.A,fl ui.di zed r.wlhl also generate a
nvar aul o pobe iR Er b PR oG L REY Sl e BRI e

m xture W t hjfftinge, VRS §8pacObf bdlidpMtitics aBdhe Stichaipe RAg@ s WRlinfkctor filli @duseThe
powder can al so be pneumatically transported by a gas stream when the gas
has suffici efitdupbMser aytheTiniectopdipp 0Ag/tha 8FeB PETYasEs? thoroBod e Berzld ¢an t o
flow the po ed c t S} r . fit
in the deve},%%#ree%tr eglk%ly\ﬁ/i&%%%eg}%gcpg?@f@cﬁ% rpgc iﬁgﬁgg%%%%s\sﬂﬁggﬁ%gj&g@fe npt s
to use a fixedzlbgaset thi@ugh yist h@elkt. eThe wesudt is ar hak yin hiantéciap ped alyss e need
to regenerate the cata}l st .fr.e@uentl to renove deposits of "coke" that are
a by- pr oductPeBeTEFEIIINGe THYRYRE, WBEY s CSFBDPXRFINYS 87 MFAFURR N d
sulfur, deaghhyatesmyfifed@hBlyRinand snhebsr hegpysergy means of a
conmbustion step. By use of a "fluldizable” catalyst, the catal yst can be
cont i ny608Tly ci r dmeaiveidbedcdgesceshn the petroloamanfining gedstratthamakes aed of of a

nccompl | sh 58 PEREEY hv Rt alBpandiechyi S Lbepe ok BOOT I FESECENFOCess

| arge volu i r b v r from
ReEara yorosh: PRl B ek, e e sab O SRS, R0k 1

into a bed ofalwbleedigbtet dbilsig frpdwnets siclofas gapdingrand loghteri Imgiregapeons. The

di stri butor he FCC process al,so makes ,use of .| arge pipe . or .rin e

di st 11 but or F55 oG SR THI g EuEts dh FRAPS ot o SRR he) St S i et e
with steam tQrfoRravneRtbid BEEHshYIihe Rk ReINFcdab Fben shallsahldtales itBatSgNt to
t he regenerator. Smaller pl"pe or ring distributors are used el sewhere in

t he FCC pr oceidhyntlhy gasplena baslingwangst maandiiondp the gpspléegprodect pbowieaces abst al yst
ina "fluidi "or r d. te. ] iQn.n used, in ea f these
oroas of -t ndrigyeed BELEHCGRh Ardialdl B84 Ao BE RlcB i BE pb InE3AMaP hedl

[0010] A nurb&svedd aldt &mptschay ealbsda pratietst oFlutipeaMetic 0faeRinidR tho Adke
design to reduce the harnful effects of erosion and extend the useful life
of the distr¥idglyored Thaversion] pgecssHa nggelegm ehgingcand seygral axbiondhagigisc

materials t meg?tgf 05 ke d QicGGH PR%A gﬁg%lfeﬁ%liﬁcenﬁé gf‘dcegsniqc i]roﬁ ih ?ﬁiéahgrﬂ't to

erosion, pr ng the discharge en the 1njection nozzle wt d
surfaci ng sucHOas Asestuah, thw BECCayscess isrodferaat tamgmiaydusandandypcallylthagest i n

t he design of the nozzl.e. [0011]A current state-of-the-art air distributor
design for %Oéfe@er%@&ﬁ%raa SrolRuRCETS ot it ﬁsfn&sd S diSSVPE it Br M9 a
two- st age i NLELLIQrBE%hEWSES! gn. Such a design is shown in Figure 1A,
which is a plan view of a pipe grid distributor consisting of three

i denti dADO8F i ds iTheacdtalysanged ar tler FAGGgeoenss if o fowlyedivided solid cohgosed of
cross-section of ap FCC enerator,. Figyre 1B is an el evati vi ew_.of one
of “the i pe TPITESs Bifofihd Bt theolkaProaine oty Phe ik enBe FFbAf the
bot t om wt mM%% &"teﬁ{z‘& hes b%&@?h@ke%?fe%ﬂi?@%ﬁtribﬂ@n@fd the Mbes@lortRerad ds
are installed at the sane elevation’in the bed of powlered catal yst so as

to have, as mecnss yndbaplesdithihs, dexclonimeor off P exfgrareca oftogdss ohcrahiensathat i s
di scharged. Figure 1C is a crass.section.of one of.the grid arns show ng
the M0 2010r TaBBARGT AIeSa Tt Suubton; r Angfef fuidels¥ilstnMalh. St e
nozzl es at 4hadtagbersyclfasaweinhes alis p%ﬁbﬁy péRR IO HHuidestyBy hRenpsONEH Very
efficient at physical Iﬁ{@dl stributing the air over the cross section of the

catal yst bedngdict B fleidieed pamidenepn be wade &r fowindimey mdywile csteblish 2
cross sectiqu@fyf Lledbie a@lWodlaShhli8" ROARLSRH HaR%r Wil 1185 Serate 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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two-stage or so-called "Borda" tube. Figures 1E-1H contain various views
showi ng the nozzle arrangenent inside one of the grid arns. The netal grid
arns ar e WOwerogdsios erosi on resistant refractory to proPettushablostone grid
arnms thenselves and the final length of the injection nozzles from erosion
by the wearing action of the catalyst particles. [0013] The Borda tube or

t wo- st age nozzle consists of a straight tube with a concentric orifice at
the inlet erfdilityfo flag the pawderadsatglyst bptweehecssrls hacleenof dicpeadeus beactit
provi de suff. ¢ r - t : . Unj }.St L i on. o ir
across the dlrlﬁ%eea\é%egépgﬁ ?8?6?\@55@%5 gtag{ngg? %C%"t%/%ifogésp} ? ag%{rv\ag%%lpg %ulgseia and 3
psi. The orifidcdébedoffcatadlpopdidy ward Rigey hehdcapped bl ubtherd ®eepémeraté fat

sl ows down the gas so that the discharge velqcity into the bed_ of solids
does not caudklwkdiegusnily origaioyR dspemisofaice qtﬁhaﬁarafa gﬁ-@r%lsbpﬁfgﬁa?k@ée, for

exanmpl e, Jo " " i i L NG s - nwel |
Publrr})s hi ng, Sl?%gb‘?%daé\é%:tﬁ? |?1061F \h&sﬁég%&g@g%%%gaﬁj%gh%’s&gﬁnﬁ?%tg?icétﬁljyﬁtogz ein
FCC appl i cathonide r§fiovet] lhmearscdfmenmdadtibe sgp h Byousetdfe ‘Bondzabieibaitdlgsta

m ninumof sjx tines the tube diapeter .to,allowthe flowin the tube to
Docomet ol 1 Jhe sl st Pe B g Tebret: B8 rejion Lo, Bepnciaton

establ i shed yeBsely 8€ ki EEC UL s0 kHat (th&e N9Z0! RecdSok Chocﬁzlﬁlgélt prot&8 ihl Querdlo the

di scharge will be turbulent and excessive erosion will result at the nozzle
tip. [0015] Alccdropleth therecaBaordendingpencidongtepand the use of hard materials for

constr | of the n | e and/or protectjon of the nozzle tip have greatly
CprovaObf 1 ¢ dndre POE HpRh s POBHESPL T ated So iy Retentbed e
are still subiBed chRe &FoRs ithe cHBREt hitBlredie Watpst RRLLVRE crifcemt 61@%?@851@“_

ei ther individual nozzles in a grid armor replacenent of the entire grid

arm These tipjseied aftoraches ofscokee caafysi bymeanpohpipe gaiddrame tyeadishdnteme tine
requi red to perdonm routlne, mint et dsring, StCheﬂPs}g‘éb%todro“{{‘ hBe{r} Q%
[ 0016] Anot her "exa o8B En At “ay St By CulEd Y Po et y§ pping

regener at i ornsepliC &dferd Shalispetosaalybtn idJ.cdntablall enith Ndeard, t822nfAd. eiained

di scl osed therein, the air distributor includes a plurality of nozzles in a
header ri ng hdEpcpibors dgfaredhs catplynbisssang o WS 2egrofratog00SPETIrUBPE PO//OBD076
with each n . r i J ; i . e i i.gh: ure
ot The i waroubRAE ol et HREOE gROS: IhicPL AGEL DGRl PRI RERLT € o1
| ess than 7 thopowpdavd ditalystan rEeXiuidizediior avetadcitdty. Wjéduoutnodess uaedtin eachof t he
spent catalyst. [0017] U. Pat ent Nq. 4,460, 130.di scl ose i nj ector
nozzl e di spddélFsericas H%\‘ihethjq PRCE MY AICPURIST| RGO AL ?%Pﬂ@@g%% and an

i nl et ing f oy&al ral. ot = tional
area ofempﬁgpcent rét?lmé%gﬁloﬂg | %hgvetn%%?ﬁg%enﬁtl ?%‘i%?lgﬁetcflgﬁnﬁg lé)ﬁgs\}\gf go

smal | er at |redst tat hanefup@iffettstdfasrodibimtandfextend thalustfuk libhof Itet diatrivajoor

portion of the pressure drop.in the gas flow ng fromthe central passage
t hrough t he ﬂ?ﬁ@f@w@ f?ﬁéwﬁ&m%tl? allQySeandaerriyic, MAtcHpls 2p dnakpHle dygetion

?g? 21'1? |g o g u L}“@Z%ﬂ'% ));tsglg‘rhrﬁléa%f gr}cﬁhlo?e“re@f@ﬂth‘?tooéro!;i%,%rlaﬁ%é‘t%glﬁe tdRscANQk Lol Bt and

injection nozzle with hard surfacing such as metal overlays or refractory layers,
and/or changes in the design of the nozzle.

[0011] 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 in 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 elevation 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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[0018] There still exists a need in the art for gas distribution devices
that are subject to | ess erosive wear. SUMMARY OF THE DI SCLOSURE [ 0019]In
one aspecwQ 2embiasiogent s di scl osed herein relate to an i rCeaSzan/pwzel e for
use in a gas distribution device, the injection nozzle including: a tube
having a fluid inlet and a fluid outlet; wherein the inlet conprises a
plurality of flowrestriction orifices. [0020] 1 n another aspect,

enbodi ment s adiasesaes @f Her &vvinvyasd-gdirected negrlgsrjt 46 esigenhbom wertieet. 8BS pipe a gas

di stributi i ce. g e : i . fluld
Mret and o B dFo LG AR IRAF bRy Wiy Bl SR Q¥R TV
orifice surrsectivth sTgh@cdthlow beesb that theaokelBwind®y, is ubl@ad).| n anot her aspect,

enbodi ments di scl gsed herein relate to a gas distribution apparatus,

i ncl udil@812k di sthigwatlilbi wemess stcion f PReiod theorimedianinorziar that atiizes asour ce
and a pluralgjty. [.Nl.ecilLon Z ; R: ral.i I ALeetion
nozzl es incﬁu fﬁ%kéh?%dggéfn Q@ﬁd%gﬁogﬁggﬁfﬁﬁiH@?%@h%fgﬁ?F%ﬁﬁigﬁmﬁﬁﬁf old
and a fluid thehdede avdigemicnt inkide bheibfithergrigt areenihk $@salagrial armlard yoveted | ow
restriction orifices. In sone enbodi nents, the above descri bed qﬁs

di stri but i ori &HMRESE HRETBENY $BEERF! PRt getms Shepscdesrad the final

di stributi NGefbtd Y thd th@ét?o%' n(}z‘%[esct?&ﬂ%@)éim bp%é‘ atif 8 ldcA8n e akd 'chQI?st spent
catal yst regeneration, "or coal gasification. [0022]1n another aspect,
enbodi nent s mitsd¢sosed herein relate to a gas distribution apparat us,

i ncl udi ng. di stribution nifold in fluid communication with a gas source
and a dﬁﬂléla ity ofhc Eog& i ﬁbi‘zfpé&geeawfjeome%%s @tu aitiaight oebs iy iEka on

nozzles i nC'déﬁ&é?&ié’@jﬁé&&’tﬁéﬁ@i&%'ﬁ@/lﬁlﬁ?eoé&(dg?f@&ll@sigﬁ, frlcWrffick ﬁEedj!;oISQsosed

within the distribution manifold and a fluid outlet’; wherein the inlet
conpri ses artogmerafi@sufbicichi pessue doynidi prgmatd imfermedistribotioronf deveicess than sone

o e 1S3FE PRy B SRRy 385 TR hschcposed
ggls?/ ][r:s:: ;tz ?; Lfgnow&agyiaomgerscﬁﬁﬁéteﬁ afbaldy Skcti O BRE kRWsOdbwPtheCORl so that the
discharge velocity into the bed of solids does not cause excessive erosion and/or
attrition of the catalyst. See, for example, Joseph W. Wilson, “Fluid Catalytic
Cracking,” p. 140-141, Penwell Publishing, 1997, describing use of a Borda tube as
an injection nozzle in FCC applications.

[0014] 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 life 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.

[0016] 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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[ 0023] O her aspects and advantages will be apparent fromthe foll ow ng
description and the appended cl ai ns. BRI EF DESCRI PTI ON OF DRAW NGS

[ 0024] Fi gmoes10/1A8qopl an view) and 1B (el evati on view) il [POFIUS2016/0300p6 i Oor art
pipe grid distributor. [0025]Figure 1Cis a cross-sectional view of a grid
armof 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 Fi gwigh gh n@ele7iomngdmet 4 divergipg beenfor siseting higheprgpwiee tife Theews of

the Borda t rr | Ell '(gm%r f Rl [? } BLgures
2h (o1 ose- setTaar et oot Mequbasd it AU of o B e
I nj ection ngzaVighgacaaitiungait oclecibodithmndsstaicich osthd spar eatalys{ 0029] Fi gur es
3A (cross-sectional view) and Fiqure 3B (inlet end view) illustrate
[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 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.
[0018] There still exists a need in the art for gas distribution devices that are subject

to less erosive wear.
SUMMARY OF THE DISCLOSURE

[0019] In one aspect, embodiments disclosed herein relate to an injection nozzle for
use in a gas distribution device, the injection nozzle including: a tube having a fluid
inlet and a fluid outlet; wherein the inlet comprises a plurality of flow restriction
orifices.

[0020] In another aspect, embodiments disclosed herein relate to an injection nozzle
for use in a gas distribution device, the injection nozzle including: a tube having a
fluid inlet and a fluid outlet; wherein the fluid inlet comprises an annular orifice
surrounding a flow restriction device.

[0021] In another aspect, embodiments disclosed herein relate to a gas distribution
apparatus, including: a distribution manifold in fluid communication with a gas source
and a plurality of injection nozzles; each of the plurality of injection nozzles including
a fluid inlet disposed within the distribution manifold and a fluid outlet; wherein the
fluid inlet comprises a plurality of flow restriction orifices. In some embodiments, the
above described gas distribution apparatus may be disposed in a vessel, such as for
distributing a gas in vessel for conducting polymerization reactions, spent catalyst
regeneration, or coal gasification.

[0022] In another aspect, embodiments disclosed herein relate to a gas distribution
apparatus, including: a distribution manifold in fluid communication with a gas source

and a plurality of injection nozzles; each of the plurality of injection nozzles including



I nj ection nozzles according to enbodi nents di scl osed herein. [0030]Fi gures
4A (cross-sectional view) and Figure 4B (inlet end view) illustrate
i nj ecti orwocaw/agooaccordi ng to enbodi nents di scl osed helP€rus2¢1003Wéi gur es
5A (cross-sectional view) and Figure 5B (inlet end view) illustrate
I nj ection nozzles according to enbodi nents di scl osed herein. [0032]Fi gures
6A (cross-sectional view and Figure 6B (inlet end view) illustrate

i nj ecti on ndzBvidsnlgt dispeticdgvithon divdisiriveties mgndeldowdd Radeuet; pdesen tiggur es

7A (cross-s vi.e Fi e l.nl et d_wvi i { t rat
I nj ection n§§%}§§@»g%%r%?ﬁ§ﬂ?%'%‘ gd$%§ﬁ%§ﬂgﬁ§gﬁgég%ﬂ%ﬁ%%f%#ﬁ?o&@i% fbures
8A (. cross- segiboditaénty, i thwabevedddscgbikde g@Bdigtribuedn apshramuewjay bd dspsetian a
i njection nozzles accordjng .taq embodi nents discl osed herein. [0035]Fi gures
9A (cross- se€ticonalchy ppvipr TPy @ 68 (1 n\feé%e(feﬁ%a Qﬂ‘lg%tmigl palyfiesizgion

I nj ection nqzzdefs IEGRCHaNG: feBe RN FBM:B ifGhigRed herein.
[0023] Other aspects and advantages will be apparent from the following description

and the appended claims.

BRIEF DESCRIPTION OF DRAWINGS

[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.

[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 embodiments disclosed herein.

[0031] Figures 5A (cross-sectional view) and Figure 5B (inlet end view) illustrate
injection nozzles according to embodiments disclosed herein.

[0032] Figures 6A (cross-sectional view) and Figure 6B (inlet end view) illustrate
injection nozzles according to embodiments disclosed herein.

[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/ 118008PCT/ US2010/ 030076 [0036] Figures 10 is a cross-sectional view
of a pipe distributor grid armincluding injection nozzles according to
enbodi mrerwe 2disgiaB@sed herein. [0037] Figures 11 is a croPSTASCA1008@I76 vi ew of
a pipe distributor grid armincluding injection nozzles according to

enbodi ments di scl osed herein. [0038]Figure 12 is a cross sectional view of
a vessel including a flat plate distributor including injection nozzles
accor dil8836b enmbddiurent§ islaseoosedidnel giew, of 008 disgibuter 13idi ymainghdstg

secti onal viigw tofn a vgssel éincltudi g%j[.a fl ?t pl a(#g di stributor including

I nj ection ndX2f & e GPS?%% {18 "L HBBTHTRSRE 1551088 BLER: her ei n. [ 0040] Fi gure
14A - J4b33how t hggirds el Nah dbRWebRSHaE kv 8f a Pirkt ABCBUE:r Befddant RRiding

i njection nozzle as devel oped from conputation fluid dynam cs (CFD)
anal ysi s. [la@4tign Rizgles eecording 1Gembobmenie disstosedhertinames f rom CFD ani mati on

of 2 SPRIE S, R IS SR LLSPRARAE) S WSt B e RS and
all the way jh@uding i§Bdiodfnolzl8s 4débRling to embodiments disclosed herein.
[0039] Figure 13 is a cross sectional view of a vessel including a flat plate distributor
including injection nozzles according to embodiments disclosed herein.
[0040] Figure 14A — 14E show the internal flow pattern for a standard Borda tube
injection nozzle as developed from computation fluid dynamics (CFD) analysis.
[0041] 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.
[0042] 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 disclosed 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 into a bed of fluidized solids. More specifically, embodiments
disclosed herein relate to an injection nozzle that may result in a gas velocity profile
s0 as to reduce or avoid erosion of the injection nozzle.

[0046] 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 parallel, perpendicular, or transverse
to the nozzle axis. The fluid pathways may be designed and distributed on the nozzle
so 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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[ 0042] Fi gures 16A - 20 show the internal flow pattern for Borda tubes and
nodi fi ed Borda tubes based on CFD anal ysis. [0043] Fi gures 21-25 show the
i nt ernal Wbawaopasiern for injection nozzles accordi ng t@CErtdsedionBnre

di scl osed herein based on CFD anal ysis. [0044] Fi gures 26-31 conpare the
internal flow pattern for injection nozzles according to enbodi nents

di scl osed herein based on CFD analysis to that for standard Borda tubes.

DETAI LED DESTHFPREndN Meeasimnnvaefityalsprethan tBpthplicheney chescedtiition] eft &olido an

apparatus f s (h.estibon,of a gaseous streaminto a bed of fluidized
solids. Mor %§¥¥§4%%%§+§?ﬁ%nbodinents di scl osed herein relate to an

i nj ectijgo4mMpzz! e BaadpldsRdf inRstibr ndA2lcd adéstdinglte ehibydiditd disclsRdafrdi® afeeduce
or avoid eraosion of the in%gﬁtion nozzl e. [0046]Iq%$ction nozzl es may have

a fluid inl etlustigiedsip iignrepmt i hauigh Acaiien obthgdricclipnsrazziss aronuptied o1 d,

oo 3 110 gl 0L, D GRRAALMAL Butesstlnkor pRTLE, T

may incl ude soole aprquae,eretangdarh dckaymyisl, patagbiat| ctc pekpawrdi swhearrefening to

G St7 1 but od GHMEREREBeA & Wiciorigntigh s S b e [godipey

pressure erRh§Qﬁ£§§K%ﬂ§.nOZZ|e; a stable gas velocity profile; a uniform

velocity profile that may be centered with the nozzle WO

2010/ 11[8048PCT/ USROd:10ih@ 30007t Bigtitest2A ameksascomonaiuitvw ehd @B ginkessd tian, t hat

whi ch may Caalfllsigjegttlotnr Iilotziz enacggrdfn%l tio %m%%giitnile%ltse(ﬁsc oesieg%e;elinulisqfl&s%rgfed. Injection
nozzle 10 may include tube 12 having a fluid inlet end 14 and a fluid outlet 16. Fluid
inlet 14 may be formed, for example, from a plurality of radial flow restriction
orifices 17 distributed circumferentially through tube 12. As used herein, “plurality”
refers to two or more, even if illustrated as having a different number. As shown in
Figure 2B, the inlet end may be capped with a back plate 18, having no flow
openings, so as to only allow flow of gas radially into tube 12 via radial flow
restriction orifices 17.

[0049] 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 tube 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 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.

[0051] 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; less 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



[ 0047] Exanpl es of injection nozzles according to enbodi nents di scl osed
herein are illustrated in Figures 2-9. Although features of the injection
nozzl es awe 2nidusisated in the Figures as general ly cir ealrals2¢ioogioradri cal ,
ot her shapes / profiles may be used, such as square, rectangular,
hexagonal , octagonal, etc. As such, when referring to dianeter herein, it
is understood that the dianeter is an equival ent dianeter for shapes ot her
than ci r cul smbodguards. Rbe é@dliﬂn@mﬁdﬁﬁttl@tm giifiess may pemesisiosxtes slest twithan) and
2B (inlet e [ n scl osed
herein is i Ir]‘]l(;(tljal\s{te ?%V%se%ﬁ?sgllbie ‘J’O %ttb ﬁ%rchgez T%ﬁﬁﬁ&% t& Iég u C%@%L%n ng a
fluid ijobs2] end IRefedigg ancfvlz ub 0F1 hestA J(ﬁroﬁlr‘d lsne;slv)l ﬁﬂd%BBlﬁnIéﬁ)én@&ilé\W regd, for
exanple, froma plural |t of ial flowrestriction orifices 17

di stri buted lmepwhﬂ@%%@qcardl% fmﬁlab@ﬁmeawedlacioseﬂkéletﬁé@eﬁ Heseated. Tpjeefion i ty
refers to t £ r.e er .
shown in Fi \3%)’? e Z' g%%hlga?(lﬁ?tdtb (:}i1 aUﬁ% af)ﬁelﬁggg&e aa\ﬁd{!%ﬂ i glnfl%(t%6 %ulawt

havi ng no fl2vwmepbaifngsd, o esmbie, Giohya @ldrﬁlWyfolfamad)ﬂogzat:esthatimabhﬁcesrﬁt7o t ube
12 via radia ow, restriction orifices 17. [0049] The nunber and di aneter
of the radi éllStTlLWF"é@hﬂhé?‘i%%dnlé’FPl@F%& may depend upon the desired

pressur p thr h t hofdh n

o 71 0d00 3 oy e dioaE s 3Pyl Al oM be G aEbRIET, |
row. Q her giitodi8mesihg amagyveh repheidg. adsh df tanadvemspemnrg enagnllal foowsscodf

radi al flowrestrlctlon orifices.. [0050] A ratio of an jnner dianet DT of
the tube outPEURRES é?faﬁﬁlfaérmﬁg“& aMoé?jllonftP ’r%VsePLY SPIGR Bk %8@’ may

be greater tRaAcHonlorifidts Hahlio® TP VIR Mufnt Bf‘a?uﬂl?édnocﬁfte@&' floRNEbki anet er

DT of the tube outlet to a"dianeter Do of a radial flow restriction orifice
may be [@H4) n t heCampeymgfHigure ZAlaItdCFIQLQBﬂA MO LA Kehenpdrals adprets;zntdikermds,al
flowrestricti orifices ma di spposed t hroygh the tube.a |en L from
an inl et axiafal dOF BRTICHRN Py %6836 6 & Igae dodeat tay %%O@Hﬁ%g?%‘fﬁ s,

the length Ly gaycBertRss &rbﬁ%rzveqdcﬁ?%&ﬁl% i Hlnﬁ'cfméj'eﬁl@@&l%{en%f 1ddotH @, Gty et
14; less than 1.5 tines the inner diameter of fluid outlet 1471 n ot her

enbodi nent s, allogsfor floanwithinithe gxithi@ow mestrctinanrdicer27ad sfabuizd, thus eting 4hd n

oL et TR0 Ly, A0TSRy 0B DGRl ATESE 6o b

2010/ 118008 Rfalfoki2R2/t) 38676 ae ARRICHITRADS, FohexdndsledlengthaW h@sbé hClehQrd

orifices may. beﬁBOSItI oned as close to the axial end as possible so as to
provi de bot Himes ¢é@mt@tﬂf laneyiah Agwsestiietian erifiderin sgine eypbodfngms pt Refter ri ng

now to Fi gury esa[ 51%% 2113{I )?\QP %&gcﬁsgr%tlgn% ?itce %{1? toh}ee\rtv)efntb ttﬂegjcse(:t ion

nozzl e accor 0sed her &) I nj ection

nozzl e [BOSﬂ]ay l ndhéd%ngtubﬁorﬁ%rhaﬂﬁ&g odtldtl dpdd32 Ifd elui dudteashduid disewsd et
26. Fluid inlet 24 may be forned, for exanple, froma plurality of axial

f1ow restri cuffigiersio fdevelep pstabliceunfopmelpcayipadily. 1 pengRMbadistcnis araiog.
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 to 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.

[0057] As illustrated in Figures SA (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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[ 0053] As shown in Figure 3B, the axial flow orifices 26 may be distri buted
over inlet plate 28 using an even spacing. Use of an even spacing may all ow
for ease WD 2opvuB@et ure, structural integrity. More inpecrarstéos@ven y
spaced axial flowrestriction orifices may allow for devel opnent of a
uniform centered flow profile. [0054] Conparing Figure 3A and Figure 4A,
where i ke nunerals represent |ike parts, axial flowrestriction orifices
26 may have #&oniehyt it sasng pabodraigentse at an lapgledr bewaehicbow B delsi e phelssure

drop or vel 0e%t¥g‘éirﬁ§n?§-iah8 2 ir{‘arf%%r& bgt%f?ﬂ%e%& ’12.'5321133%)%{! oty %%R&He%’ for flow

wi thin the axi oW restriction orifTicé to’s I"T'Ze, Thus exiting the

orificegoes8p nor erdferirin@r MOW ab OFighixs AOf(hlofile G@W)eSROBBI (18lcY cheSHbkj,ng i n a
nore uniformyvelocity profile at fluid outlet 26. For exanple, length Lo
may be at | dRSEtion nozrssaconediog fmepbedigrentyrdisslosef hereapviy disated.i dniceiant i ce
in sone enbqgi .- t] t | ter . ial .
restricti On%%';??{%&)?ﬁ;ﬁhglg? gg{bﬁgrz hgon@gcﬁ fﬂnﬁ%ﬂga@[%ggﬁu@ﬁ%ﬁ%gﬁgﬁ@l? \r{\{%)l?rtl an
orifice outl&t newdb3Xotmed, | for dexanipleetas24n shauladl aifke & satrbiindingent floer

devel op a stable, uniformvelocity prafile. In some enmhodi nents, rati o of
an axi al | ed§¥HeHA fHdcs ibe f%%ﬂiiﬁ%{%tﬁiié’ﬂ ﬁl%lﬁst%oﬁow HESHP Al ISP 63 M4Yow
restriction ki kil : IRy i 4 to 50:1
ot hor anighds 88k ToR, Bilrid A3 Stpndod WU Ak B HoAMIEald QTR f2. 1
restri doDs9| ori fideswideyWabfSamndrp eriflceip® maty hiepdrlsipoadhpdaasd pesslirodrdphr ough
tube 20. In sone eandi nts, a.ratio of _.an inner dianeter of the Eﬁqf
outlet to a tBionsRoerzlelaamans gther fRefprs e Ip SPRE; FRPAsimeTtE e figmstes Hf hiskt han

2:1; within doaenh angee iR 3: o o_t.9|)5 #ed-thi rfn&ré R SRAHRE. Sront 0824 10AS

illustrated in Figures 5A (profile view and 5B (inlet end view), where
| i ke numer altsnesghe emendiainicice opmbt 62 imgihat crhbadamertst ri ction orifices 26 may
orifice rease in.dianeter

be taper For exanpl e, axial flow. 26. may in .

from DOBPOK | oo rGitararEisd T 0w T 7ds S0 IE TARF S FTAREF DI Syt er

di amet er  mMaydvAR&kr donddbvAROIEniy URve @ 1c¥h 201 Hal HBQ0RPLTiold28LAMRAIO A7 6

about 15 in sonme enbodinments; at an angle a between’about 5 and 15 in other

enmbodi ment s;deaineil pressare dmploe velobigt weéite. 7insomedni@dnénts, yetgtiotheray allow

enbodi ment s “for flow within the annular orifice 68 to stabilize, thus exiting the orifice at a more

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

at fluid outlet 66. For example, length Ly may be at least 4 times width W; at least 5

times width W in yet other embodiments.

[0061] The length from an annular orifice outlet end 72 to fluid outlet 66 should also
be sufficient to develop a stable, uniform velocity profile. In some embodiments, a
ratio of an axial length L of the tube to a length L, of the annular flow orifice may be

at least 4:1; within the range from 5:1 to 50:1 in other embodiments.

[0062] As illustrated in Figures 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  up to about 15° in some embodiments; at an angle  between about 5°
and 15° in other embodiments; and at an angle B between 7.5° and 12.5° in yet other
embodiments. 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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[ 0058] Referring nowto Figures 6A (profile view and 6B (inlet end view),
an injection nozzle according to enbodi nents disclosed herein is

i1l ustratwo.20lonj18®8i on nozzl e 60 nmay i nclude tube 62 havcmgSaolosiods i nl et
64 and a fluid outlet 66. Fluid inlet 64 may be forned, for exanple, as an
annul ar orifice 68 surrounding a flow restriction device 70. As illustrated
in Figure 6A, flowrestriction device 70 may include a disk 70D,

appr opr[0863] y sustEn‘d@d npreleshecopeding rto gimbodenénts ehscmﬁ@ld dfreintrs 2cribdd059]
The width W f annul ar ifice n. desi r.ed pressur e drop
Chrough. nos A EOTLRHEE b E SR TR RIS o SEOL IS AEREAS U PRI, o
di sk 70D mayfof an@eifém® Melchyt grofled deritbrd@ Satt e héw2es odil@metigject@dn hubged?2;
from0.6 to 0.85 tinmes the I1nner dianeter of tube 62 in other enbodi nents.

[ 0060] ConpardceRydmiggiarentmdinens disglosed hgreingmay aveidigenpighipn &F drqas hreigemt | i ke
parts, flow At ilored
o achi eve 4 gey b8l S1eBRHLEReBalTHly DENE pRelcRAM o A IRIon IR, iRt
enbodi nent s nolelBgthBch)%edﬁH;ereaﬂl lroay faosidf p@wratioh hofh atche haning! amegativici ex€al68 t o

stabilize, rs eX|t|ngtL1e orlflce at a re uniformvelocity Proflle

cor r espondi nch tr‘:’é’é‘lﬁ“ﬂ“?‘i’?g} § PIOZ& W@t S EY %lin&clpwwa?lsﬁmsenar@ %1 ui d

out | et or e i nes t | east
5 ti nes[%&(‘jf fﬁﬁﬁg{é er e ?Enear?'? ge q{l@)o%%] aIlﬁpe S engt%\gagodr}ﬁt}é\éutg&r?nul ar
orifice outlapparand. Iﬂlettmnfﬂazzlés «autolr@hg b cmbadidnal dwldsed derfefn wae bt ukal

devel op a stable, uniformvel OCJty rofile. In some enbodi nents,. rati o of
an axial | erfgith AT TS ¢ e dSRITOER” APNagGt VK SPTY He SRR AR o 511 | ce
may be at |Qﬁ§tﬁblﬁe&- int¥Va el B HRIZANGRAS. rpépeﬁaﬂig\feodég‘lbjatdrﬁ‘ R N&Eude a flat
enbodi nents. [0062]As illustrated in Figures (profile view, 8B (inlet
end view) , Plat¢drsoflbter, alpaw) grlchswlst@B a(mmg distribntbrya downg- -tyyeedigiribiioe, andrer al s
represent |ike. part nnul ar ro fi.c be t ere . Suc

through use BT G PG Fhoreihedy Suer FotbuRa misy® ABPESHin Sk dr
exanpl e, gjélrf@i‘mfrﬂg%n@ﬁé tdaeBoBBorMYss! Rk RAIR W Rndhe RS 8fd E51RR) ARl i ce
inlet end 72 to an orifice outlet end 74, where the outer dianeter ma
taper at an gl s2@lysh tegendsaiion 18essels.s ogrs-hEtOdPAREMESZation ayessahyl &0

bet ween a_t)ou%t?s]t%cgtﬁ(%1 %ﬁ')d ngog}el}ga%cellgg gng}e iR 1rsand at an angle 0 between 7.5

and 12.5 i USYPated in Figure 9A, the outlet
end of [ggesral flRReriRs tbwclol Fipude VD afd 19GvA®Y IiRe nhﬁiéfulﬁieg%séﬁtqué Oﬁa'rt@,g ina
frustoconical flow restriction device 70F) WO 2010/ 118008PCT/ US2010/ 030076
[ 0063] | nj ectinisationagraes aewwsdiag g embedimetisndipelesedi Batios abbpreadeih 2 gas
descri bed ab(ffé‘[? butw?lg)apa\fusd%r ﬁfus@'at%{l at% (Ylgt 1Bf[t1(§1¥ a?e{tui %O H%'é’c{?’h %eCt i on
nozzl es may provi 2 ani T orm Vel oc ered a e nozzl e

outlet. |njediy gperidadbesr awe alghtagd) (haﬁﬁ@@dgdsemstslbdn@c hoa#dldhel & flufday
avoi d generation of areas having a high velocity or localized jets that may
cause parti CPEMBHNEAONIHT AgR %quﬁ%?élnﬁyﬁ plpryigeef iBieCHe: Bozeacsdids d1as8 & ther ei n

may avoid ggﬁﬁ@ﬂ, 91'8 Als ?ﬁa?aﬁwtc*ﬂ?dé' DO GdNHAAL &y 31 sg%k@d WP Ghd ydli%ﬁﬁﬁé%déz} €

t he nozzle us re ing rn alow noz erosion rate.
I nj ecti on nomadifedd dmd;arﬂlhxeduﬁdzt(ﬁz%e Imesonizecrdbefimsetd, such as ghewdliis Figueitl D.on
appar at us. ta enbodi nents di scl ose ei n may

ot ¢ HAL TR B BE R R B i A oo BB e 9ot phave

i s being di salgthbwcﬁqnaﬂ?&d @2 bﬁfioﬂaér S dinged 86k hfshownah Fegiﬁm &he fluid
distributors may include a flat plate distributor, a pipe system a

ring distri butlor§8 maﬂtﬁmmayqa@t acnosmtrqxtmmacblto gardistabutisgshmaifol B%t ri butor,

anong Suc i utors ma e di spos in vessels for erform ng
vart oudOPBBE: i oncotoH i rTiah PR SARUEb I FHG | Je e AEATAEs FRETH ng
FCC catal ysthkreqﬁe@ eiﬁ;%ul&ﬂnyzefe%eh@ord&g&o eﬂ%em%ksvd{m)s%a%% \B$HofdSin «coal
gasification, and iron ore reduction, among others. [0065]Referring now to

Figures 10 ead distibusionepparits ateitestatted r Gpy diseibutipn kepapnt %) 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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i njection nozzles according to enbodi ments discl osed herein, disposed in a
gas distribution apparatus, are illustrated. Gas distribution apparatus 80
may i ncl wle 2a1i1s@st ype di stributor (not illustrated) havirns2@ao9am76
distribution manifold 82 in fluid conmunication 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 nmanifold and a
fluid outl etFigge 12ntheofieid oweld? vy e lecaied proxgngan tp srifeter W abflatplat 1 ui d

outl et 88 be | t i I Gi: er,enge. 8
ai'stri buti on ot POER BRoBRLTRLG 30 Rk fln BEGUTAD VR AEC RS By & 11
the fluid outingihat88t apyint shovie n@t @urfate 8 pHilatplesdernal to gas distribution
mani fold 82. [0066] Simlarly, referring nowto Figures 12 and 13, where
li ke nURBPAl s r epreswAtionddieboyay tdcctiphnOgElPH ACGREHRE da catbedinginty diselosed

enbodi ment s d| I i ] } i i t s, are
1T ust rat ed. Mg S SR RELT Do BERATGEabGRugBRLlop FECUFY BRREELH

di stri butor f8d ewahplen &njv@sehoRls hwuidigy @ Gasbodirsdntd kisclosed merif @hay 93 in
fluid conmmunication with a gas source 94 and a plurality of _injection
nozzles 95. FEGEIPNBHY Phiscrry Q@Er BAFURBY 21 BETARES PHEF S el gt fiyaseates

di sposed wi tiji 4t f&ceat Witk UEdRp: FRPILA! § N < akdhk NP4 0617 wilith FOMTe
enbodi ments, such as shown in WD 2010/ 118008PCT/ US2010/ 030076 Fi gure 12,
the fluid oubéepordZdreycibdyl wbatred. phoxdestabed an thep'tdQrfageme @8 dstribitadn pl at
99. In other enbodi nents, ggch as.shggm i.n Fi g%re 13 he fluid oqutlets 97
may ter m nat®@PHENS iBi Mt UEB IV OF # S{EBPes ﬁ‘fd“fqlaﬁucﬁ FaPIEAHET NfERESH As
nentioned ahgiea EdMIPES IcCBRKIRZ ZdaBBoGeNcli BT f6:0 iGENRAI FERKSe OF | 25 e6k
herein may be used in gas distribution apparatus used for cat al yst

r egener at i orconfhastiaxandprmovalgf eeks Bommospehtestadstor di ng t o enbodi ment s

di sclo rein dditionally be used in other portions of a cracking
procesjﬁﬂggf\el |, g{i%}???s illustrated in and described with respect to

Figure [90g9) U. S. FRRNEWHE cxdmpld £1QeriVdll £Bml Sl PHRGRY ah8a8houdy

reference. As described in the ' 610 patent, gas distribution apparatus may
be used for thajweck ivew aofually sthicpgi, tlye medintors de nehprasens tlesmegamplcs o gen,

into a catalytic cracking reaction vessel, or for injection of oxygen or
air for conﬁéétttle%ﬁ?tgﬁampg’%@é?pp&fcg@S “¥rom a spent catal yst.

[ 0068] Egpmof es [ NRRIaliBRs bOlidjeMoAIMESRIRLES dRE G0 d@RtoURHCtE QB REEhiRH
t echni ques and al t hough the work was actually achi eved, the inventors do

not present arhes@paxdriplBozdd tubehengasedifieth Berdactubermpiing Vibarhpupipinat dbide

l es. [0070] Si nul at i nj | i ng_to_enbodj ment
i'scrosed nabar s SRR EFBLS b Ry Tk et sRBEREANT o B8 URRE usi ng
" conput at i orfedm fal giivéh d}?’d&ﬁﬂh @97z1€ Chbligurdida, b$ iU ekl Gn @x%mésnm-amd Azonpar e

u 2zl e

the flow patterns resulting froma given injection no configuration, as
i |1 ustrat ed denshppgu irgection npzzlepgeanirding i capdimentsnilisciesed hepdn Maysredeecor di ng

to enbodi ne I.S,€ I F - I o)
st ani 1t ahepRREU TS DRIt GGRI OB ENELA ol W e
studi es ar e CrIDdyedied attsicogduceentisiegl ideandi tchbadisiofioforeasth ifj¢eiohi asrzivozzl e

O o S e et L B eyl ou, 2 PrEsSULe L ops, ver e the

cach design.

[0071] Comparative Example 1

[0072] Referring to Figures 14A — 14E, CFD results for a standard Borda type
injection nozzle that is widely used for gas distributors in fluidized beds is illustrated.
The nozzle is 9 inches in length, has 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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[0072] Referring to Figures 14A - 14E, CFD results for a standard Borda type
injection nozzle that is widely used for gas distributors in fluidized beds
is illustwatet/118 nozzle is 9 inches in | ength, has amrCiraserods@net er at
the outlet of 1.5 inches, and the inlet orifice is 1.04 inches in dianeter.
Figure 14A is a cross-section of a gas distribution header, show ng the
flow velocity vectors inside the header, the Borda tube, and the
sur roundi ng Vsasityfick at ihes gaspacoglstates theoushpbetasiicet angr divirges ip ghe laager
2010/ 118008 &T\ﬁggz&ptﬂé g%?a%tffb %i&r?ﬁlttteijo?to ﬁ§ethe gas accel erates through

n

the orifice a iverges 1n arger |arreter of the Borda tube

downst rje@mspf oriHip@e. 14@&63&5%6%E>c&§18e&b@vm b RenglebraE that \cast @fdghn a
single plane that cuts through a cross section of the header and Borda tube
and out i nt gresspegiosrofdhe herder b Bprdartubs andopytdpioadbairtaelidy bee plraly el to

the directi O&leﬁ]e(caitsg%s %Qfﬁﬁhﬂ?%& 8Ie f’gcﬁ@n %ﬂﬁe ng?qul Ha‘év 195 fle%t%i Lhe

i ndi cate that exi e orifice~rs | uence e gas flow
in the headefFD Msmﬁommqatdmet taalgzmteedmﬁfgll&hmﬂ\”&eﬁshlaﬂuér’med@gshq &fs ﬂo@v mot

st abl e, but from si de-to-si.de inside. the a tube. [0074 ur es
14C and 14Dt g@@@e&séwarﬁowaﬁsehw@a@fi @ shqwsit E% the gas 19ids @PF pla l@ 3Wewed

fromtwo di fsﬁx%ﬁ?ﬁ’omdélﬁeefbtél@@ﬁmdg'ﬁ?e Nh@WnhRi Ng in the direction of the gas

flowin the header and the second view bei ng perpendicular to the direction
of the [08%34f | ow. Higurcs 14Ceani FADbard fleseuy isemphothall thhigag pt ffonoithe béficr i fi ce

i s being influengc t fl ow of. gas in.the header 0075 ure 14E is a
vi ew al ong &1&¥5fy ﬁ%mﬁWQrngf?l’l’?PbijV\n{g?f“Pﬁ% OBE Y g?}flg fth ee%éea%mt %E@%ﬁaﬁ Hophe

orientation jpfhd R@dR! ARELEIP %Wehxﬁ‘ét% dferddiG A6 BLLIRBHA] o4RS hd QYW I N the
header. It is surprising to find that e instability of the gas | et

persi sts beylondltanérognthess vicwe thaotheljef faomd therdicehebyieg irduchtad Wi thedlosol i ds
despite the ozzl & hg cp? the m ni nrum recommended |l ength to dianmeter ratio
(LID) of 6. g%]rneg?/ “the instability of the gas jet actually results in

a negat 'OWSPX' al Pigl!u@qutxs h@l&ﬁﬁoﬁgﬁtsm%ie B fhrgh bR JTRkEHoMR SO Of
the CFD study shows that the negative velocity region Is not stable, but

moves from svitte theoommlalqnnoii the nlabebeiag patdllgb ta dteedirdchiofriodgae oA in dre end

(caval ti e TAar b poShapEie pad FG R RIRE ST b e TS Bkl e

i njection nagzihe oM oG BAY thd®cl &f MBMES fsoRM Fedftet BeSiddelel Ravikie tiRor da
tube. It is clear fromthese results that this nozzle design may all ow

solids to baglkimew respmmanded defiedh tof dlﬁ@g'@f irgdo k1) ofeb-Bci tMoreavey, the be
pi cked up aqgst%ﬁgﬁhgg?ﬂ[ Egcth/ﬁsspl%g]g% 1 g‘é{'& 2am Je mtyqx% gggselfql?s i n

t he tube. The Vi or e un col nci rved wear

pattern on tthies erﬁwma&ﬂ viegsiatl @Stha'(IFB sttﬂ@}estW’s thatpReE n@gzhtloé vEloB®y region
[0076] Conpar.ative Exanples 2-5 [0077] Referri nqj now_to Figures 16-20
( Conpar at i véS EQTaﬁﬁ?l%sbui npyves @ﬁgbgﬁ%fo gifleifsthe 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 backflow 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 unstable gas jet coincides with
observed wear pattern on these types of nozzles after use for a period of time.

[0076] Comparative Examples 2-5

[0077] Referring now to Figures 16-20 (Comparative Examples 1-5), snapshot views
along an axial plane through various injection modified Borda tube configurations are
illustrated. All of the injection nozzles are evaluated under the same conditions of

inlet pressure with the orifice openings sized to provide a constant pressure drop of
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al ong an axi al plane through various injection nodified Borda tube
configurations are illustrated. Al of the injection nozzles are eval uated
under theweanw/asedi tions of inlet pressure with the oripCras2apesongs si zed
to provide a constant pressure drop of WD 2010/ 118008PCT/ US2010/ 030076 2.1
psi across the injector. Each nozzle is 9 inches in length and has a 1.5

i nch inner dianmeter (L/D of 6). [0078] Conparative Exanple 1 (repeat) -
Figure 16 i <1 nel astospdy i@ioBtordEactupezalg st wckesnpllengl prd bas a &8 ipeheipneius| y

shown in Fi 5, shown again here for reference.
[0079]Cbnpagg%ﬁégaéﬁgggpi - In Figure 17, the Borda tube includes a

doubl e [001'78]'hce ( a@sihipathtive Bxelple 1 [(@pedch- Bidrd By (shBe stafldadoeda @be hilid
inches) with a 0.75-inch space between the orifices. The CFD results
i ndi cat e no S GVdsenes PEEVIGNSLYs sy i Figirey HE gneh 1o shoyer pgais disee fosr
regi ons of q§§§%k%e axial velocity in the nozzle tube as conpared to a
standard Borda tube. [0080] Conparative Exanple 3 - In Figure 18, the

ori ficqoong] udes @mpRitivesEepepleSECtihaFigoR 1heahd Buigd terMneRdes AG&juble t he

CFD results indicate no inprovenent in the stability of the %et or the

presence of AEYFépehof-iidgadeneh and bavinep deamajerof 1ffeinghos Mathra,fd>-inch
[ 0081] Compargt I MeHEREAML Srifices. | ThdEBY EiId FdiERE BE ihFrovt Gt iR ddFiifend

vi ew of
of the jet or the presence of regions of negative axial velocity in the nozzle tube as

compared to a standard Borda tube.

[0080] 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 in the
nozzle tube.

[0081] Comparative Example 4 - In Figures 19A (profile view) and 19B (end view of
nozzle inlet), the thickness of the orifice is increased from “-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
nozzle 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 is not centered in the tube and there is a relatively large, though stable, area of
negative axial velocity.

[0083] 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 1-5

[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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nozzle inlet), the thickness of the orifice is increased from1/4-inch to
1-inch in length. This arrangenent denonstrates |less instability in the CFD
resul ts. wowewerigoo8he regi on of negative axial vel ocityPC3/useelolo3@resent

al t hough the location of the negative velocity region is nore stable.

[ 0082] Conparative Exanple 5 - In Figures 20A (profile view) and 20B (end
view of nozzle inlet, the thick nozzle includes a | ong sl oped region at the
outl et end dfoYiHe agpanplaplepreviirg deanr ahddniytacesphs tiegiers. Eaghrmpzaledp|e

vel ocity pr %+ﬂe in Mﬁgﬁ"a%’haé Q? ﬁﬁah{n%%r (E)lﬁmr&%% Fﬁ/ﬁnéf%r)ed in the tube and
there is a relative lI'arge, though stable, area of “negative axi al
vel oci t[p0860083] ThenphD1 anBlgiss 10 (pRofBerdéw) wie? 8B dentDdichi etnd3arcdialdtubes

in Figures 16-20 exhibit unstable flow and / or negative axial velocity,
each of whi dHustetm QI aralyds of powridise sieias tp dhat dlletratedgiasthe gpbedingpts

nozzle. [O008ALEXANR] G &5&48%@]@%&%&5@.”%& Bﬁﬁﬁé gl ra%ﬁoh%ﬁclf,@%adﬁp' es
1-5), snapshot views afong an axi al plane through 1njection nozzles
accordi ng t anenlaodpeniiy surchiuadingsieftht ldéske 17 5dnehek lid daticadt add VAlnlch o 1dnkth

i njection nozzles are eval uated under the sane conditigns as nparative
Exanpl es 1- BURA imrhétceawéégﬂweﬂfatﬂ# t %@J%frtliopi@ézlsp&hmgg%?ogwwm

2010/ 118008Rg, é-@@l@)é@} %ﬁgﬁJG HvaEe(rEHech@ vEB@%& ?ﬂ?fg@{i?%y Eéhtﬂ{é&’%t e ButhetPS!

across the injector).” Each nozz I's 9 inche ength a has a 1.5 inch

i nner di ametAddifiedallypthe6 malyO@8BicExzdpicgiohs -wherg baddlol miglgrakint endsitten) and
218 (end vi envgzglfe n?a%lzbzel (Eff{cﬂlt% 2nanufacture.

[0087] Example 2 — Figures 22A (profile view) and 22B (end view of nozzle inlet)
illustrate a CFD analysis of an orifice similar to that illustrated in the embodiment
described with relation to Figures 9A and 9B. The orifice configuration includes a
tapered cone suspended at the inlet of the nozzle to form the annular orifice opening.
This nozzle performs as well as that of Figures 21A and 21B from a stability
standpoint, but shows improvement in that the velocity profile is almost perfectly
centered in the nozzle tube. However, the nozzle may be difficult to manufacture.

[0088] 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 3B. The orifice configuration includes
seven (7) smaller orifices to provide the same pressure drop as the single orifice
arrangement. This arrangement exhibits a fairly stable velocity profile, and, the
velocity profile at the nozzle exit is very uniform. 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.

[0089] Example 4 — Figures 24A (profile view) and 24B (end view of nozzle inlet)
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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illustrate a CFD analysis of an orifice simlar to that illustrated in the
enbodi nents described with relation to Figures 6A and 6B. The orifice
conf i gur avpanio/mnsdo8des an annul ar openi ng surroundi ng aPCraS2ai0®B0(®. 75
inches in diameter and 1/4-inch in length suspended in the center at the
inlet of the injection nozzle. This nozzle has a very stable velocity
profile. However, the velocity profile is not centered at the outlet.

Addi ti onal | YMorcruerethempitiat whishithe eelosibgirefils hosemes wakwkm esgursisgprerdedur and
t he nozzle hﬁ)l%éﬁl%fbf-?gl a\ﬁ%n{gﬁpw no;‘jﬁ{lgg [0087] Exanpl e 2 - Figures 22A

(profile view) an ew o e’inlet) illustrate a CFD anal ysis
of an qoodorce si rHAaaipld 6 -t Rigurds| Ausipratied/itw) bie2sBhiodt TR oft@sell ke W th
relation to Fi %ures 9A and 9B. The orifice configuration includes a tapered
cone suspendbustite a (D gpaysipiof aheoriise Amilarotor Banilkupisatgsh iy ther crgbediment

openi n Thi I I atof u Jroma
s!to abi | |gty stcgesg%lanv?lﬂpg&%t%nh \Alg@}l%rggrzév%%rge%? |Tnl%t?{lzl?ti&t(%ogﬁr1 %081??130 lé%gfl le is
al nost perf emhlltlyor(fe:ﬁtaaraeghmesnttwhm giginZ R ehdletbthat Hrd@m)\tat motbetonthz zide offey be

difficult to manufacture. Ie3- gures 23A (profi ewew
and 23B (end"¥5 B %‘zez%pgﬁwg?l}% 458tiaffe Téle@@ealﬁaﬂgff‘g}ngsaflt h by f| ce
simlar tot iAloh S8R to
Fi gures 3A g%ESZB%ghhrllﬁ%eHeorl fleg{ebaé%%% %T% a{)ﬁ%ﬂ%ﬁeﬁg&g ggﬁgen\yéinlgg fﬁklgﬁgﬁber
orifices to qfrbhpdeastmelnwm for e gueaowy a:(pangsmbm slihedTIeD studigscsbow that

arrangenent., This arra nt. ex its. fa| stapl e vel oci t

anae The veitbii FBrBATTERD i R b sritoaRs el leq rre ariingl EFR: ¢

sone areas QqbsyMe@ié Yseal%sﬁho vxﬁiv@ﬁfeﬁwdet&séd Ihese i gﬁaﬁuen%oﬁe@v&h% nl et
hal f of the nozzle and do not reach the nozzle tip. }1 anple 4 -

Fi gures 24Aoprlef d¢sigviiewpsiarid puBufaetue \Iﬁlewfbftontb@zﬁténdam eByrda| tubstefat e a
CFD anal ysi S(E% antw%ﬁfal ce. imlar to that illustrated in the enbodi nent
descri bed BRSPS Fi gures 4A and 4B. The orifice configuration

i ncl udggoarpul ti -Plkiples ( Fighrlsee-ar e@fﬂﬁ@femlil) shilysRroft Riffesamal1& B, thexcept
that the thin orifice plate (114-inch as been replaced with a thick

(1-inch) pl atléstraﬁﬁielm Hewigs 2dnansk 21 maltht #i(dP endlysice ﬁlﬁeﬁﬁ?éldﬁliﬁp]ﬁ@‘ﬁéstuh%@f
stability of 0, .show n
a very U%I fOCrorﬁl ar%x/t?ve atn}éarl F usg%t(é\@ Elpﬁ{ghlg Cé) f‘fgi}(, %%glltg %s F!g]ulr 5927a\%% arid 9
2010/ 118008m'rfdd$2»ﬁﬁé3{1&ﬁ90‘7/ﬁeﬂb’bl7@g\fHA atn|€l63 POirggreht Wr@ﬂ"lletxhewvaichVB,y
profile becorres un| form occurs sooner than with the thin orifice

arr angenent 9B, ERARPPecHesIHEUOPEN T PEIS nozpicduleds thsporifiearnfiguratieny) and
25B (end vi f

i ar o thapds AREEDAS Skt hN AL R A TPAR R (AB TGN BRF

Fi gures 2A o @BoﬁFEhxeewraffnoczeleanlet)l, gixr @ ihotesi (Foduoeke2t /Aa (ond tzllew()ranﬂlz(SB

ar r angenent vvit 8) . hol e ee .nove ot the
PbanIehnr (hasile Bltnhr briamen ddopnin o Gitased deid Fisvo dearte

t he back pI Pf?oﬁlé‘gébv”of ﬁoﬂ%le%l'ef)'tﬁeﬁ h%’iz@%eéxﬁm@b&ﬂ@ thO®sigk %Y'tlféecuB@i%t@e?ﬁEan
overal|l nozzle pressure drop o .1 psi as maintained for all previous

ar r angenent seinphga@dDnsthg dta@splstmvif htehatretriol apeaimgang elnﬁehetckrpéml tAgzaim thee

bl f CFD L
oot o TS e B sl pr B st of TR o aioBiot TR eSS 21 o

design is easyintathcdBrvt aCt pegiohe! Atahy@mérs.t h@’h@t@-ﬂldaétddl%@rslﬁ@wt whe @bsc
Conparative Exanple 1. [0091] Exanple 6 - Figures 26-31 conpare CFD anal yses

of orifice girrnpementproshlain stabhlggmifarmagelogitFpitess(rancemheascaRitigh OrCEiPD

anal ysi s of f u ated
in Figure 16 Ogﬁ)(f rd 2[82@{ %%‘%gé‘gﬁf’%dé?ﬁg’%zi‘%%%ﬂ gt%glegfﬁéglﬂgggg%tﬁévéﬁ %an

27A, 29A, anggl31#) tospr @3 enfout (4 optnihgs Mi@uyedamdfoZiBy 112&Bouaﬂdleﬁob3yr epr esent
an end view of the nozzle inlet). The orifice configurations incl|ude

mul ti - dPPP2ke ar risndeseshed ahpyan ivicgiian pegzlesorassrding gqjleé@osémmn{%ﬁuclvs@m) and
26B (profil |l e | Sofl e Vi ew)
and 268 (pr QS BcsBRE bl Flokjastlof nlpriBoSors s AHICRIHS ERE 2
(end vi ew) amldfoaﬁBre(qn[tpfat e MJeemoIoﬁozmtDezmhtteuainldeltmtetdmtglolﬂa\hmbgamelgwm to
the side of the tube rather than being placed on the back pl ate. There are
no openi ngs pelacibn c Rdsppgsounyatuch TRIREHY N2 MgYetssils I PRl 18 el de
the same ovefaldJ1028ig, %&%?zsléﬁ%atq a@tpatf?ft of; éncﬁﬁ{ rGed RS Qisditdgdnf or all
previous arrangenents. The D studies s P ese arrangenents result
in stable, uniformvelocity profiles %ﬁeduced oscillation over tine)
conpared to the standard Borda Tube. e CFD studies also show that noving
fromeight (8) to six (6) to four (4) openings inproved uniformty in the
outlet velocity. [0092] As described above, injection nozzles according to
enbodlnents dlsclosed hereln my advantageously prOV|de for one or nore of
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WO 2010/ 118008PCT/ US2010/ 030076 [ 0093] Whi |l e the disclosure includes a
limted nunber of enbodinents, those skilled in the art, having benefit of
t hi s di scwo=uorea,18mB8l | appreci ate that ot her enbodi nent s Poayush@ogdanrsed

whi ch do not depart fromthe scope of the present disclosure. Accordingly,
the scope should be limted only by the attached clainms. WO

2010/ 118008PCT/ US2010/ 030076 CLAI MS What is clainmed: 1. An injection nozzle
for usd00B3lh gas Whae tichdisdlamraimeludes a fimated mustbei ohemboedimentsotirpsd iillest  a

t ube havi ng | ui,d, inle nner . di.a an, axi a
engt he wnerBith® fitar e hendle st i dfitiectle 17 ePARIa B SIRE PR on
orifices di shiy but@sdied Whighadd abt @Bpardffrdniahé Woepe 3f AN prodeRCUIsORsOZ 2| €
for use in a gas distribution device, the injection nozzle conprising: a

t ube havi ng Acoerdinglyi the é@op&ﬁhm&dfopémuteémyeby thfatircdicn ctaesf | ui d i nl et
conprises a plurality of flowrestriction orifices distributed
circunferentially through the tube
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3. The nozzle of either clains 1 or 2, wherein a ratio of the inner

dianeter of the tube fluid outlet to a dianeter of at | east one of the fl ow
restrictiwo20rifis@®es is greater than 2:1. 4. The nozzl ePofi/useatoms00eé ai m 1
or 2, wherein the axial length of the tube is at least 5 tinmes an inner

di ameter of the tube fluid outlet. 5. The nozzle of claim1l, wherein the
flowr restriction orifices are axially aligned with the tube. 6. The nozzle
of claiml1, mherein a ratio of an LAIMSngth of the tube to an axi al

|l ength of at | east one of the plurality of the of the flowrestriction
orifice¥hptgs ghimedist 4: 1. 7. The nozzle of claim2, wherein an axial end

of the tube proxiiRt&d he-At Yo d@'u%é Yo Of ol 'Eifsﬁggu;ﬁ?ﬁ n(?e'v?éel ¥hd @ét%ﬂ ﬁéz%lé&

restriction orifices 1s cappe The~nozz aim 2 ereln t
plurality of ciroconfpesmgtially |ocated flow restriction orlflces are

di sposed through the tube within a length L froman inlet axial end of the
tube proximate the inlet, wherein the length L is |ess than 2 tube inner

di aneters. 9c1tuﬂ@héﬁhg?&?ﬂhﬂﬂnfé@zazﬂlﬁdfoﬁﬂetus%{emh& Radlder, dhe bk bl ueﬁgthdew ce, the
injection nozzle conprising: a tube haV|ng afluidinlet and a fluid

outlet; wherein the fluid inlet conprises an annular orifice surroundlng a
fIOM/restrlctlon zzl e of. cl ai in the
Flow oot ri aifindEY I insh st B il BLo/IR8F iSuRieR Rl Teoio Bbel b,
inlet. 11. The i nhegtincsmdn@zird @bef claim 9, wherein the flom1restr|ct|on
device is conical or frustoconical.

2. 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 a plurality of flow restriction orifices distributed

circumferentially through the tube

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

greater than 2:1.

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 aligned 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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12. The injection nozzle of claim9, wherein a width of the annular orifice
is between 0.05 and 0.25 tines the inner dianmeter of the tube. 13. The

i njecti orwoaaw/as®B claim 9, wherein a |length of the fl ®@@TEssawiostoren
device is between 0.1 and 0.9 tines a length of the tube. 14. A gas

di stribution apparatus, conprising: a distribution manifold in fluid
communi cation with a gas source and a plurality of injection nozzles such
i nj ecti on nozZihegogdaef ickimg. avheraye apiaxigl gnd plithg thba pioxinpte thei plugslity ek ;| an
i nner dianeter a ial | ; Ll d i t jof at |east one of
the plurality ofqﬁﬁ?@é Pg%HX3§%%%g%T§R%Fggﬁgggﬁﬁ%Fﬁ?%ﬁFﬁe di stribution
manifold and a fluid outlet; wherein the fluid inlet of the at |east one

i njection nozzle conprises.a plurality of flow restrigtion orifice

di stri but ed ‘onlkehBozZHls § CEHB gfw ¢rein; HiceRlpadity ﬁBﬂP@ﬁf@I@.UaJ&ygla%ated Tlow

di stribution appatatitison GRS b Ak ogedﬂh%dag;h%& @ RPN Ot f fr#‘ndan
conmmuni cation with a gas source ang a plurality o |nject|o§ nozzl es such
i nj ection nozzl esnlcoapal sidrg tlee tibbpromrhéte shef inlet,dviiantietthe kngthli d lenstthat , an
inner dianeter and an.axial length; and the fluid inlet of at |east one of
the plurality of 1HPeEYFbHAEF Y es is di sposed within the distribution
mani fold and a fluid outlet;

9. 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.

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 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.

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:
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wherein the fluid inlet of the at | east one injection nozzle conprises a
plurality of flowrestriction orifices distributed circunferentially on the
i nj ecti orwoaan/as0086. The apparatus of clainms 14 or 15, pamarseém/osdees f | ui d
outlet is proximte an outer circunference of the distribution nmanifold.

17. The apparatus of claim 14 or 15, wherein the tube outlet is external to
an outer circunference of the distribution manifold. 18. The apparatus of
claims 14 ora distribyien sanifald it flod spmapuniention vdithh reee sowree eae atniwalibuef et to
a dianmeter of at . f fl.ow r L CEi or ki I r. r than
21 15 “The appdPSRit BPEIS Sl il pBEALT SRl bt G d B ALY

di ameter of the tflbéootldt] &iinher Hardétan@idedn axfial déngtleaall one of the fl ow
restriction orifices is greater than 2: 1. 20. The apparatus of claim 14 or
15, wherein a length of the tube is at least 5 tines an inner dianeter of

t he tube out 21 I : i -al i of
7o, o et T eReaia e et A AL, W ok
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.
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

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.

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
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 a diameter of at least one of the flow restriction orifices is greater

than 2:1.
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22. The apparatus of claim 14, wherein a ratio of an axial length of the
tube to an axial length of at |east one of the plurality of flow
restrictiwo2orifis@es is at least 4: 1. 23. The appar at ueCofUSeI1i080016,
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 fiPorthaspestptas obpldinafl4tand 5t whercpy @)kthmfeantln@en dpragter Qﬁwgfséilbﬁ t he
|l ength L is |ess o4 tube inner dianmeters. 25. A gas distribution
apparatus, conprising: a distribution manifold in fluid conmunication with
a gas sour celi@anétesoffdt lasd aricyofalic flay esstrii@ioneifictes gseatdt than 2dti on nozzl es
conprising a tube with a fluid inlet, a fluid outlet, an inner dianmeter and
an axial length; and the fluid inlet of at |east one of the plurality of

I nj ection noggzirgs ﬁ%p%x P§BP§1%% F]‘%BPH‘ WHEeifl la $44. gtl?b'f ﬁg@uﬂ’éﬁig'af rhd Selﬂﬂesaan luid

outlet; whereint | east one © e I njection nozzles
conprises an annuhar orifice surrounding a flow restriction device. 26.

The appar at of ¢ erein the fluid outlet is proximate to an
" urbuparce e bR euife

outer circu Fistribution manifold. 27. The appar at us of
claim 25, wherein the fluid outlet is external to an outer circunference of
the distribution manifold. 28. The apparatus of claim 25, wherein the flow
restriction dediheepporpsictedaim tH,skhacigpbadbdality af Hove egstreatiopfortiies iard et .
29. The appar at us, of, claim 25, wherein the flow restriction device is

coni cal or frustoé&ﬂ%cal

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 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; 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.
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30. The apparatus of claim25, wherein a width of the annular orifice is
between 0.05 and 0.25 tinmes an inner dianeter of the tube. 31. The

appar at uswof2oolaBews 25, wherein a |l ength of the flow resPCirateao/0s@é ce i s
between 0.1 and 0.9 tines a length of the tube. 32. A vessel conprising the
apparatus of claim 14 or 15 disposed within the vessel. 33. The vessel of
claim 32, wherein the vessel is selected fromthe group consisting of a
spent cat al y¥t Thegaperagtsopt claimpoldy miareiatthe fluid aetlptols preskedte t@rig euwel

gasification. 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 inlet.

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 vessel is selected from the group consisting of

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

gasification.
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