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TI TLE OF THE | NVENTI ON:  STAGED COVBUSTI ON SYSTEM W TH
| GNI TI ON- ASSI STED FUEL LANCES BACKGROUND OF THE

| NVENTI ON [ 0001] Staged conbustion systens are used to
i nprove conbustion by introducing successive portions
of fuel into the conbustion process to allowthe

oxi dant and fuel to 5 react in nultiple zones or
stages. This produces | ower peak flane tenperatures
and ot her favorable conbustion conditions that reduce
t he -generation of nitrogen oxides (NOX). A w de
varlety of staged conbustion nethods are known and .

used in comnbustion 'Té-;gp@FcTﬁEr PRENTHEN:di ng process

heat ers, furnaces, steam boilers, gas turbine
combustors, @meébr@ﬁmwmﬂo&es\esmmwmnl ts, and
many ot her conbustion:sys é get al I urgi cal
and chem cal pr@@ﬁg'@’f‘ﬁéﬁﬂ'f—%fm—:{%% fQ‘E he conbusti on
of a gaseous fuel with oxygen in an oxygen-contai ni ng
gas such as air occurs when a fuel -oxygen-inert gas

m xture havi ng GACREPUNDXF TAEURFENTIDRUSE i bl
regl on reaches its aut0| gnltl on terrperature or is

[0001 P NiSkRfbdBONBUEEHREREIEMS | 'ag@ LB ISRV omBlistior H$58|ntrodu0|ng |
conbustion occurs 1n a three-di nension

SucopsSive prriggs 8 el hie.Be CoPUFiRst WRoRRS AP SXar e el t

react imﬁﬁﬁléletzoﬁéé bﬂ%geé nTﬁlB?ré“deél ﬁ'Me@ 6ealpﬂe§1ﬁ@$§mpé'rhﬁtres and
degree of m xing ur nace, ecially.i

I'n
othey Lﬁgpﬁﬁ-ﬁe mlpuqtﬁg cgnditigpsthat raduge f&'@ eNestion of nﬁrggen oxides
(NOJo W@btvbﬁé‘@ oRBfhgb8BRIbALIEEPethaBs atdIRioWrodrRl isedan combustion

ort ant act or I n op erating stabi
app't,cgﬁwsw'sﬁms PRESS é@at%%rf't'méﬁ‘igsaﬁef"? {P@%@%a it Bmbustors,

coalffi%@H&I/él%brﬁFélléﬂSﬁﬁ§ 4rid mBkYothdPcdraplitioh @fsteirs it the
npartant to have good flame stability and proper

met?"b'(ﬂi?q'@ﬁd&he’f“ﬁ@ PIo&Res iNAWSIHES.r el ati ve t o' -t he poi nt's

ich sta fuel is introduced into t
l°°0@b nrH hie ppm@%’%&% a gqﬁ?oeaﬂeﬁémfﬁ Ggens r%‘mg% cQyfainiggas
sucH 48R o64LR® whbh ¥ F0BYOXYGefTrdM @mﬁﬂtdw htailiiﬁgt; dSﬁmrbfosi&lu&in the
recircul ati.o

n i on devices and inter atter
comigtBifiegiie ToRE e BtpoRlion Frmareiirs &t e HiBLYR eRarte
ignitioAsBUdel. WIhai me%&mnarm Bcduds pr @ihreledinfemsiopai prooess space

energ%greqwr dto sutal flame

such a7 ERces dhe AR ! PR ST aBIST TR PR B GPBHston

prock$s. STI@Q@QgreQ ofhidahd PIthe Yerhacs ,esp@éléllydnl e degionis meagthe burners,
or tur condi.tions

rtup, cess upsets
affedia|popis 4a GoriRagis 2DK LoTooRTBTes. GO S PIgFs BrA0dpSHan factor
in optir iRy stAkdityeni ssions, -1 and/or unburned fuel. This
latter cond|t| on coul d lead to substantial pockets of

[000B}eln bsmbilgion fp%db%@@s Em&:dulwlym§&gbﬁ kbinpustfonanocesses for NO,
reduléltrl]gno rl]ttlé ?r#;lncaergan(te{]oerr\% good f%me stability and proper location of the flame
front relative t6the points at which staging fuel is introduced into the combustion space.
In conventional combustion systems, flame stability may be maintained by the use of fuel
injection devices and internal recirculation patterns to impro\)e the contact of the fuel
stream with the'combustion atmosphere and to provide the ignition energy required to
sustain flame stability. improper control of flame stability and flame location in staged
combustion systems, particularly during cold startup, process upsets, or turndown

conditions, may result in undesirable combustion performance, higher NO, emissions,
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- fuel {fnce apdl @daptegle ignig dye! &f?&héfasﬁm&‘d
| mayCHeSé‘qn L%erﬂﬁ&l@ésmﬁﬁﬂ%lﬁuxﬁberfcﬂ@gm@fs the nozzle body The
|

[0004] There is a need in staged conbusti on processes
for inproved flame stability and conplete fue
combustion, particularly during unsteady-state,
operating periods such 5 as cold startup, process
upsets, or process turndown conditions. |nproved
st-aged conbustion systens to neet these needs are

di scl osed by enbodi nents of the present invention

' and%?%ﬁbuﬁ@g ftlﬂﬁ | WSQ%r%Bduﬂ&ﬁc&Md a8 16 %@H)sﬂéintfah@éckfetﬁ dfGUEl in the

OF THE | NVENTI ON 10 [ 0005] .An enbodi nent

'fum@q;e F'Pfé“’lerﬁﬁtsﬁlbﬂ'&hdr@ cestreliedenesyglaasen syst em

conprising a furnace haV| ng a thernmal | oad

a -
[0004bnifiners isra eearbiastaged TIPSR o GREVER e stabilty

and chﬁl'plété‘ﬂfe@ §oxﬂ9§éﬂoﬁdpéﬁculﬁ&lf@ﬁnnb%ﬂstéaﬂ?@tdt@ epéra périu?]dé such

at nnsphere and one or nore gnlters assocl ate
as colglstaiiep, Grogase aiPselel oN RIReass tyngow spRditenso Imgived staged

comBU&gon dyRicrd &b tﬁ&ee ﬁ’é”ézc‘is%rre BREBsddBY emBHGRNtsBIGhd BRosent

nbust’i on at nosphere. The one or 15 hore igniters may
mveb@fs@?%?@b@@ bﬁl%’rﬁ"tq\@ef@ﬁé by teoplaimsthalfolaw.i nter mi t t ent
spark igniters, continuous spark igniters, DC arc
pl asmas, mcrowave plasmas, RF pI asmas, hi gh ener gy
| aser beans, and oxi dant-fuel ot burners In this
_ enbodi nent, atB Bé%%@UMMA%YOFtﬁéE iINMENEKN ray  be

di sposed adJ acent to a fuel |ance and magrébe adapt ed,

[0005}  Agrrmiodinent ofdhe ivaptipsuretatas tord RMbYES FY%?'F’\P@F}P”S'"Q a
fumé&e Illﬁﬁﬁd a gl 10bA anb @NdonfiusticainiRphéreipaked tHe?élﬁ orie or

| ance and adapted to ignite fuel d| schar

more ﬂ@l @"‘\Céﬁf—‘d#ﬂéd kRSt fusf infqibe qoml?eé%on L °'ieo°f more

ignit@fs A<238ialdAitr A8 dﬁ%@%or@ffuél Gﬁ?\b&@éﬁd aliaiéblo @ﬁﬁé ih@ffuel
enmbodi ment relates to a fuel |ance conprisi h% zz
& ﬂ?g Sne or

mfeqs% by Keveneyerdnore feldangeg drio thg,cospbysiion pifpesp
moré RJrftbrsl haybaskRcRATAINM %égf?b@bl%hsidf ifg loN InBrmtiesht Opkirk @dniters,

faces, and two or nore ots exten t hr h the
contiyous EPHEAGNIAISRE K RiaTRES, Migrewaye P'ﬁé’g‘éﬁ’t ﬁ*gp%waﬁa'e'eh

ene@?qélse? |b@&m|§aé(hd19x|@arﬁlf9él PRt Burnatb e Nrethis dritsodimnent, axleast@ne of
| east one of the slots is not %Jall

the ighikgrE et GRPISRFSSIGEIAaRt g e bamRa i B W?QPBGGH I jagite fuel

dlscﬁér@EQ tt@ér@fr&ﬂaﬂﬂt@ﬂ\attl%ly it 36326686 ofthk ligHiteR! mbjiBe Gruéc_i;reted into'a
face of the nozzle hody; and an | | teghasso

ey f?fH%q lances

may be di sposed adj acent the outlet face of
[0006]1 e AnRR%r @nitRdihent Pelalick @b Balid! Vol cobipising &l icletyy h@ving an

mletlégpt;qe%;\aqtuggglagé oqr}tqg'qulg% fclév% sglg?passa%gg Iﬁ@@‘] ﬂs'ugﬁrm t angy1 ou’dba?faces
and ?J/(S BF fdkd ¥iBtsesHiHiNEIRFouRRthé hbEzld @odi,' fratekhd iare Eace to the outlet
nprising.a nozzle body . havin lp%il et face

face oatLHI0 BEVNG ARA! BXS ISP Ao HORRIS ofEleash ghe ff BRGIPS s not
para‘il@lf%o'tﬁlé ﬁ‘ﬁetﬁ‘l@d/ ax@%f'tﬁé nb24&Bodyl, WAd WheFEM theSél&L“ %re adapted to

ext endi nlg roug t he nozzl e boda/ g inlet fa
dischayge a fuel'at the outlet face of the nozzle body; an |gn|ter assocnated CWith the
nozzle body and'adapted to ignite the fuel discharged at the outlet face of the nozzle
body. The ignifer may be disposed adjacent the outlet face of the nozzle body;

alternatively, the igniter may be integrated into the nozzle body and passes through the

outlet face of the nozzle body.
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the outlet face, each slot having a slot axis and a
sl ot center plane, wherein none of the 5 slots
intersect other slots and all of the slots are in
fluid fl ow comuni cation wwth a comon fuel supply

- conduit; and an.igniter associated with the nozzle
body and adapted toignite the fuel discharged at the

rooed s At iive O fstirES 1§ Bdeel e rhamds DB & gl oy
havifd taarrmat fa¥€l ah odtl&efacgmﬁcﬁén fibat flow axisrﬁﬁghgltiadugmthe ihleeand

outlﬁgﬁ © bOdémg%sl tg%%%%d}rﬁrtgwggh hegc%uz l?éﬂ ff%)gr(?the mlep ?ace to
the GUTRO tHcBPS4ch éldstmafvu@l a $1anDes Waemémtseplanawr@n Inoag of the

h t1et, d
slots isgp ek Pihes 36 e ShptlE Aot are i NOR TnForusticaton it
comﬂm fw@ugbltyhr&hauusIa@na%negnﬁm%é&uétba Wit the h&zmyeand adapted
om e inl

to g8t fuet SRpRaraec o pet iRpe-p! Shes ROl posh” g @nter may be

disp¥h&Rf &djacent He éﬁtleﬂa@b of te fid¥Iet by OhlteTRdtRreRy] mengﬁer may be -
i ntersected by each of the other slots tglfnd t

'“*eQE%WPé'P*%‘P%H%ZZ sbefy it passer TadPealeTngy of the fossie body.
sects the inlet flow axis of the nozzle bo%yﬁ de
ozZzle body

r
[000} ? HANQtRer altesnalive emledined, 1R dusl BN N BRMALIFE
hawﬁgi aﬁtrﬂ@k fhée,IBUutiet faB6; dridedn Mics ﬂb\@%ﬂ@(ba@éln%h&oﬂgﬂ ihetmlet and

oty s e S Sl SRS 1 B e gy rSRARS thiet face
to thé'duﬂéﬂa&é \e@ch »sldt Ravihg alacﬁraxmhd@sibmeew@m wnémﬁ hﬁrst slot
nozzl e rF{asses Egh t he ou | et

f
of tha §99 |°é"}96%|§‘°ts'25' B6%E &yre@fs bnetiic %ﬁvdﬂfe%'wecemer plane

of at' |60t Bhis @R tHe KIdtH (HRErsBete AN Intdt ifIOW 536SdfaRe n6bdt BEd an igniter
furnace

o R i A b e oA S et outer

face@fthd rﬁtbﬁﬁat . mmngmtér hmyttfeed;@;stséeasad;a%eame adngitiask dfche

|ntr dant as | f urnace; one, o
oz b, SHEBENAN, v Nt TpaL e ieeaiastaoaRe nafAt gk passes
throégmﬁbmﬁetqa@e 6 theBlogzIovbd@nt gas injectors, wherein

the one 25 or nore fuel |ances are adapted to inject
[000b} elA reftter éMbodithenfsiahe VentdTEInOILdeDE eomusttoe.r@stem

associated with the one qQr nore aces and '
comRRng B Aacs ST En FrapsuTR Foe edRemA e digiggpd within the
encld)s’!mé“taﬁwe erﬂd@]oxldant basinpietes nteinted ih fite etiosure am adapted to
ers

d f t
it AR PR ERT 28 PN AT ACEr 010 PLBIE (1L BnespRuned g
enCId)SﬁIﬂé tAg %pa&@ =kt fRdrA HEGne odfotd d}didamdgas @%@ﬁdfﬁ,&uhéiﬁn the one
an (0) | .

[ enerqgy |a
or mB1q B BiraaATe ORploR ia et el S Hedoites: Loty Thwe igntters
assoRiBtGC itk tHeCorre 6rttﬁbre|faémého%§fénafé@lﬁfaﬁd tb @nite ¢e fuel ihjeeted by the
di scharged therefrom Al ternative at | east one of

fuel lapees. gniters may be integrated into a fuel lance and
nite fuel di ed therefr

dt h
tootRfiBtis aroadlent e et i e Ay teelPiadiiEn thagrovp
consigtifig ¥ iagitednt spavktigiiters, Toatirliots a3pamk iPeiter& T arc plasmas,

microwave plasmas, RF plasmas, high energy laser beams, and oxidant-fuel pilot
burners. At least one of the igniters may be adjacent to a fuel lance and adapted to
ignite fuel discharged therefrom. Alternatively, at least one of the igniters may be
ihtegrated into a fuel lance and adapted to ignite fuel discharged therefrom. The number
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t he periphery of one of the one or nore oxidant gas
injectors and' the periphery of an -adjacent fuel
| ance may be in the range of 2 to 50 inches. [0011]
Anot her rel ated enbodi nent of the invention pertains
to a conbustion system 5 conprising a furnace havi ng
a thermal | oad and a conbustion atnnsphere di sposed
therein;- a central: burner having an axis, a primary
of fe! @ncéé‘ %l beduakiodi MssdAsgn tHel rﬁﬁnbe@@ﬁlgmteréorrhel gistante between
gas outl ef adapted to |ntrmé%ce t he conbuatlon E%
the peRNeIE QN ol des one, AEMFe OFiGATE Gas jRotRyS A8 hg RETIPDENY of an

ad,éébﬁ%éﬂanéé&%?bbyn fHeqBh§&16f 240 50 iAEhddhe central burner
and adapted to inject a staging fuel into the

[00P] TRHIN R RelaicTRBRTiRehtbf iEinlértibAGRtam8 do aRmMblstiun system

nor e |3n|ters associated with the one or nore Sﬁ@ g
compyiging [BdHE@se havwng adpemal fqad am&rﬂ ¢miystion atmesphere P osed

therkil 8 €bAFal DR a0y ahQkis2h prithdriuel R sldnt ghd MietNand a
or nore igniters may be selected fromthe

combyRiangas it adanted i intedhoedha PRMPUFTIoN S inte it ARG one or

moré I%ﬂdfnd f%l lhﬁéés dis¥osRH Gacﬂi&lﬁﬁfmiﬁ the &€ 6QNAEENtRAI @sm@&s anBF
- pl asnHS, ILﬁ? .ener aser beans, and oxi dant-fuel

adabieride mss! BLAANG USRI B3 oTONBIAS atmHEPhaRiTT BedURggeiand one
or n%q RBis ats@oé}a!‘eﬁ%nﬂ A8 GRe P thoré! 3l PFP@ 8 laricaBiah@ abissted to

ar ed therefrom Alternative at | east one of
lgnﬂleﬁbe S@angék’%' iniggted gherpieragr at ed into a fuel |ance and
adapted to ignite fuel dlschargedtherefr

 00finfiefiis smbpSIBIeTY 4he 680 REPOTIOBRTMAbeAC L oR e group

15

20
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30

-m'crawm slgsmag, R

con&n%d&'mﬁﬁm&&nt' ?ﬁ iﬁﬁﬁersl QSMidliouEspaiy %hi@éf‘s abCtaké plasmas,

nbodi nent ma er conprlse mal n uel
iéd"%ﬁ”m bightanergyrlpsaibpamsend Sifiarifue pitot

burf?8! AftbadyrReS tﬁ@@nﬁér@%é}&)é H@hcdhit B 8L mBé afld aBapted to
provi de the staging el to the one or nore s
lgmﬁelﬂé@ dischatged th?r@frsmr r‘fﬁW‘#‘M@'V' tdeasigne EEWFH%(P“%%WE% Pe

 inte§fated iR Shadianee hHE ladé;ﬂe@l REighRE el diBBHR clgéd f@tai®ni. UBhe number

ances are identjcal conposi tion ternatively,
of f%@“ﬁ?? may perapl tPcPrﬂef?é tﬁ@hﬁezﬂ”"mﬂfﬁfe\g”ﬁ?fa the staging
to the one or npre st uag@fuel | ances .are.

ootal fTé\eeﬁyﬁt%ofctswp%%bqq"Bﬁm F RMRASEINB gl Rl adapted

" to pfdiRle thé‘fbﬁ@féryw}él dahé comas @dméblhﬁd dﬁgm‘g fubieisien adaited to

burner and

oo ni e e s e B b 8l o e

cen@AIRIA 194 staMgifiM 20 tHedbnd mh&@%%a@ngﬁﬁbuateme identical in
process conprising (a) provi dh % aj%t‘ ust|$rh %/{stem ([t
compaRBPTHREdYeIy 1 £ty kebiorhe Pag tesoig jel to
the 8né BRABEL $t8Hing FEY FRES Bre @iﬁérléﬁﬁiﬂd:oﬁi‘p@émbﬂ Thé oﬁébr fore
central burner having an axis (P ”ﬁx}/ fuel, in 8
staging fye| langas may be disposed outside of the central bumer and may be disposed

radially from the axis of the central burner.

[0014] An alternative related embodiment of the invention includes a combustion

process comprising
{a) providing a combustion system cofnprising

(1) a furnace having a thermal load and a combustion atmosphere

disposed therein;
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gas inlet, and a conbustion gas outlet adapted to
i ntroduce the conbustion gas into the furnace;. (3)
one or nore staging fuel |ances disposed radially from
the axis 5 of the central burner and adapted to
inject a staging fuel into the conbustion atnosphere

- in the furnace;: and (4) one or nore igniters
associated with the one or nore staging fuel |ances A
and adapted to ignite the staging fuel discharged - .
Chorof rom . (@) PaieS BURErBATLA DR e Y 1o il An oxidant
the oxi gasini@asnd 8lceinbastibni giisentietngiapted todhtrdduce trgh
t he one or nore fuel'lﬁgﬁgs i nto the conbustion

at mos ph&PEPLSfigas gt NaC¥nd (c) operating the one

or nore igniters and igniting the fuel. fromt fuel .
Jances to caddePNEolY iS@ﬁg"Eﬁqf”?ﬂ@”ch?e‘%'S%SFaqr%é]ngefﬁo%ﬁhe axis
t he' conbiifiel @RtrapbUurBGHHIRI Riapfed tb (Hjddila stagitdfuel into the

enbodi nment .- t he fuel mag,b@ §el ected fromnatural gas,

ref i ner $OBPREioR atmesphare it e TwHacs: 28 cr ude oi |

production, and conbusti bl e process wast as. A ' .
plurality of (‘ff)d%ﬂ_e ?ram@@égrﬁ‘&f;%%ofi@ _ Vﬂﬁhﬁeg’é‘ﬁgﬁé"e staging
di f f er eflel EPRBOShE baARedRYighite theatadiny fuehdisgharged iheyefrom.
of fuel lances. [0016] Another alternative related

enbodi mptindduchigy the vriBahiQgasBugh e éxidamt g@finlet and injecting
conbusti on process co ri?l g% (gqat)npprﬁ%)i (ﬁ;l)gnrg burnsr in th
2o el Birggh e e R mard Juek g il thelcambuRlis SRt ren the
I nhghadang for an oxidant gas, inlet neans for a -
primary fuel, a conbustion region for conbusting the

oxi dant (Qaspepdtitg!the ofs bimbie ifhiedrs aad iynitingabie fuel frbmrthe fuel
' i ma nt framthe f

di scharging a primary 25 effluye | ape
holkees utrisp sprab st oithe frebHE Brvaradd e grsreRiBac or
nNoagh&sphety.rounding the outlet of the central flane
hol der, wherein each secondary fuel injector nozzle

[0016P RT ihieSmbEdihent, taziubembp By sbiavted droannatotat gad,aefinerpoffgas,

outlet face, apd . 30 an inlef flow.axis pass,
assciRieR g 1B riece IAEOQIan wHd ForESbk Rlotsss Wath o oA
plurddity SFELE! IshcdisSn@Xbe Ds8dend faeisud biffehent compbsititrediyay be ased in
t he i ace to the outlet face, each slot having a

nl et
the plyrality of ?L?l Tances.
[OO‘iG] Another alternative related embodirﬁent of the invention pertains to a

combustion process comprising:
(a) providing burner assembly including:

(1) a central flame holder having inlet means for an oxidant gas,
inlet means for a primary fuel, a combustion region for combusting the
. oxidant gas and the primary fuel, and an outlet for discharging a primary

'éff_luent from the flame holder; and

(2) a plurality of secondary fuel injector nozzles surrounding the
():utlet of the central flame holder, wherein each secondary fuel injector

nozzle comprises

(2a) a nozzle body having an inlet face, an outlet face, and

an inlet flow axis passing through the inlet and outlet faces; and
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and a slot center plane; (3) one or nore igniters
associated with the plurality of secondary 5 fuel

i njector nozzles; (b). introducing the primary fuel

and the oxidant gas into the central flame holder,
conmbusting the primary fuel with a portion of the -

oxi dant gas in the conbustion region of the flane

hol der, and discharging a primary effluent containing
con‘loust i ]Qn ﬁr odugt (]?lbpmb ﬁ*@?@ﬁé&sl&& esl@ntiingaisroliglothet itz zle body
outlet of the 1 0 n t] the .
secondary fudremn medm&EFatCﬁéo gﬁg'f‘%?é?}" 4“3?% glpglast]ot axis
nozzles int chﬁdrues@wdmér)p:@{efl uent fromthe outI et of

the flame hol der; and (d) operating the one or nore .
igniters and (egamé bigoidgnitets hsdocited With tregsioatigrof secondary
fuel injectaor nozzles to cause conbustion of the fuel
with thé”"‘é)&'a%%tgr“‘i &xi dant in the conbustion

products In this e
and t he (919‘59 rgg Peanay ugga%gsom%ggg%m%\%gpgﬁ@l flame
C OWrtdoﬂﬂﬁlster@ﬁlenJ’rinf&W Sueh with aim)‘tldiﬁomﬁé oxigantgas m) the

refinery nd t he second conp
hy dﬁ°66°é‘ﬁ“°’h@8i‘?§rﬂ§ the.flaio olAEm 829 Séc{‘%{ﬁtﬂ‘g@a

di @ehtihigPésthbiesioh HRiBudtsPirRiSskdbss Sxdidrd gad mﬁﬂhe @utlet of the
system ternatlvely the primary 20 fuel and the
seé'@ﬁl?d’ﬂ!dqftf@? may be gases having the same

conmposi tions 18 iffe odi nent o
i nvent i df 'F‘J@P'éi{% lsgc%f“g”&ﬁ%ﬁgi?‘f nﬁﬁéﬁg’daﬁyo{‘fﬁ{'m?cﬁﬁ nozzles
: ( aJintd rﬂ@é/gmha@ IR RoMLthe Bulietof 818 fianed bsliagand) a

urnace aving an enclosure with a thermal | oad and a

'co n‘qu)sépeaau@t RO DAB®F fotké RIpRSIE hndiigrittiny theduel from the
enclo nmor e oxi dan

oG DI rEiPelo cavie samLain o e DTl e excess

OX WRANERNKG LODGst@AProdilcss.t he furnace; (3) one or
nmore fuel |ances nounted in the enclosure and spaced

[oomarm tHis enaibbdiimem eh@pnm’arryeu@andam s@amdam faeltmagbe gases
n.the anc r e a
neviAg T B PPREE ¥ O RPEIY el Ty BT RNy Stdas

uent

 and ItlgélsécﬁxhﬁaryaeélOﬁayaécﬂﬁbﬁuetﬂydtdgenpmetmemamorf mehoxma,lmescarbon

ciot pBEREY i pledBih ebtacodsbfiyih B SRbE Rt B! #8'primary

fuel taht diepsedoRdargigel aray By gaswsiHaaing the same compositions.

[0018] - A different embodiment of the invention relates to a combustion process
comprising
(a) providing a combustion system including

(1) a furnace having an enclosure with a thermal load and a

“combustion atmosphere disposed within the enclosure;

(2) one or more oxidant gas injectors mounted in the enclosure
and adapted to introduce oxygen-containing gas into the furnace;

(8) one or more fuel lances mounted in the enclosure and spaced
apart from the one or more oxidant gas injectors, wherein the one or more

fuel lances are adapted to inject fuel into the furnace; and



10

15

20

25

gas injectors.into the conbustion atnosphere in the
furnace; 5 (c) injecting the fuel through the one or
nore fuel lances into the conbustion atnosphere in
the furnace; and (d) operating the one or nore
igniters and igniting the fuel fromthe fuel |ances:
to cause conbustion of the fuel with oxygen in the
conmbustion atnosphere. 10 BRI EF. DESCRI PTI ON OF
SEVERAL VI EWH4Pond HEniaWhh@S ab@&ﬂéﬂad ng thelonesommore fuel

Eflhf.”?fh‘: Sy Glatie el Birads @"éf?f?'éwf

noszl o bEkRaEs TagngetcoRafindof s 3 RS O oxidant

t heggwigigeits intvias icombustiddbsptiege irdthefumstal section
draw ng of the nozzle body of Fig. 2. [0022] Fig. 4

| s a schepmidcting trerfieMh@ighthd tree drumoerfusldaresblinto die

of Cortietiey aisphpfm ?Rqﬁrf%%‘:h e ndars. toop View

|nJ ection, nozzl.es, and exe S relati t
enbodi el B AUTGH S g ok g ety sghing- g HoetMbeh fhe rue
S ¢ hanaisite chusendonvthustion bf lhbeuél withexygarsiarthé gorabudtiong. 5.
[qu%gr[: Flg 7A is a schematic sectional view of an

ex '35'3 gniter used in an enbodi nent of the

i nvention. [0026] Fig. 7B i s a front viewof Fig. 7A
o or SRESRBIBTENOF i ias ok G iy
roo 415 asEhglat ptEal el ob @ Paer byl omierd BeBBfery

fueldamjectivhagzaleed fuel injector nozzle and igniter
according to an enbodi ment of the invention. -7 [0030]
[0027619 Flg].O?. |b$nasméteunbmf$emzizkeralsembmarmrnoadeﬂjmdy that may be

usof 6 Fﬁ?s%‘ b5 PRI “of "R g, o and an

[oozgﬁcl 6%ur lalnéegﬁér}]gr@g ﬁé@eﬁwgéleego% fltiggﬂglclhe?nrat iC
0o gl @ a@%}nét.é L HpAAG SPERT I AsSHmbiF o) B, 17 °

ment ust.ng egra ector
[00%332 Zf—ll@ %elglégsrciswgm @Qéct%&%l':\h&m oflg baEr agg'gn]idlyphtﬂlz%'éé%ﬁdary

fuel injection nozzles and exemplary igniters relating to embodiments of the invention.
[0024] Fig. 6 is a schematic front view of the burner assembly of Fig. 5.

[0025] Fig. 7A is a schematic sectional view of an exemplary igniter used in an

embodiment of the invention.

[0026] Fig. 7B is a front view of Fig. 7A.

[0027] Fig. 8A is a schematic sectional view of an alternative exemplary igniter pilot

used in an embodiment of the invention.
[0028] Fig. 88 is a front view of Fig. 8A.

[0029] Fig. 9 is an isometric view of an integrated fuel injector nozzle and igniter

according to an embodiment of the invention.
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0032]

- Conbust i on-based processes utilize the conbustion of

fuel streans with 10 oxygen to generate process heat

and, in sone cases, to consunme conbustible off-gas

streans from ot her process systens. In the

establ i shnment of a conmbustion reaction with these

various fuels, autoignition willl occur if the ‘
{00363 nmg atoise sl*xetdaﬁc teetlonaliielaot ardthdremdddsnerdlobthe ibhention in

Whl%‘u{h mgt%agé)cp @ggln‘%c%bgge g;x%t}gla cﬁ_g:t' 1'q ezirﬁl aﬂm oxidant gas mjector

are figtde@in theQvall Grrgpelostter of & farmabeut . 1, 000F. An i gni tion
source is required to 15 initiate the conbustion

[0031gacHig.oN isfa dchemiatapienadf @ matex furhaced eombusiiorsystem in an

e B LB LA R B B0

mul§EBKigkhgRsAhEBRRNEN Fig.010. conbustion regi on, can
affect the stability of the conbustion process with a

gaseous or vaporized fuel. Stabilization of the
combusti on process becones conpli-cated when fuel .20
staging i s WEAAILEDIDESCRIPTIOROFOTHBEINWENTION n f uel
staging, raw fuel (wthout air or oxygen) 1is

[0032)t rCutiinEEtionbased prcessdsusilizeothe zbmbsipiiver & foe straams mygth

oxyéq);}%%fpfﬂ}%)éqv‘g %ﬂqc{eggﬁaﬁ aprﬁ!elfng%ge ?%P(se af N ﬁ%{nié g&né’éstlble off-gas
stre@®P8Htadi oBr pivpesHbysyerns. Inithe est'abhslhmem 6ffaeccomtbusmue reaction with

thesp Ot SER 1P. atfoidhitar it SeelrtfiH ufdraird 08 Mo Rl Wixure is
abot® tHeURItoigNitipn esreScratureroftthd ermixtue. i’ lalrmanﬂfalfgas meiktuces, &dr

e R B b OV AT TSk B

initidta \hd GorAbiEtioh FHA0tI0A MRS tenitbdratredds th mnx.d{ama@rema)enow its
mai nt enance of flane stability and flanme | ocation in i

autalgriiremeraltBnbust i on  systems may be difficult

duri at e roce s.conditians,t
100331} PO FRTAPG dhe BUPh g PbB SaT B a St gpndid or
conibU&f@Dwgm\Q Bah bfien $he &Eblh’@g)f gHecdontartivn propnsss wia gaseous or

ool SRS HES T oS e B UG LA
stagr iglusetifo mnﬁt@hiaﬁoiﬁ banex;* Rifdéicstaging iran suet Gmtruhaingr oxygen)

s iR Giahe b Ton ATiReShiTF GoTEET Ry PRpea R from
an ddfer stdp éfaxa;mbu{s@&fa 5{\!;{!&??@@%@%# bhaoh stadp offcombustien typically is
0] 1 on O e a
cerfisinSitfon fisl Spuiees BRY e RS A15ane 4bs et fadin tuets may.
affe6IthB ld)fabtaﬁﬁg atdBNBpoEhe com?u%ﬁ:dnqyompem ordér tominimaize formation of
S C a ation.o
NO S4BT 7Bl v Efob 6 ) BBl gmosetero t o

neab h &atibi Yialifg BBhiRinair egndintratien dfssxygén.conbi nat i ons of
fuel injection devices and mixing patterns to inprove

[0034]e TrRYhaRterAtyBEIMarhd Stablifi arid flaing letatindn ttaged fuel cembustion
systgms may pé difficult during unsteady-state process conditions that occur in a furnace
during cold sta;'tup, process upsets, or turndown conditions. During such conditions,
localized temperatures may fall below the autoignition temperature of the fuel-oxidant
mixture and may result in unstable flames and/or regions containing unburned fuel. This
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oxygen, which could be the inlet conmbustion air stream
or unreacted oxygen contained in the gaseous :
at nosphere in the furnace. The proper |ocation and
amount of ignition 10 energy also is inportant.

Designs for fuel injection devices typically attenpt

to anchor the flanme at the flane holder tip, which

can be the fuel injector itself, a separate bl uff

is uR@ERIrabiRVArREMA Y el t@memsemmqman Wicohwelrd@hergsf releabority the
tile), or a swrl stabilizer nozzle. The drawback of

. u”@ﬁﬁvenu onal bl uff body type flane stabili zers i's that

d
oo} rEE Sl s e Ermne Bttt i e bbb o the
pourﬂb@ﬁ%&_ udtﬁnuﬂfﬂﬁ fuémttﬁtahi mﬁﬁ? ﬁé%ﬁbt;ﬁi@bsimaéprwre ,dé aikayl @epect of
0 etween the s

the BiesrEuEPRIFRIN G iee AT 18 GPPREBOu statied sofibustor Systems,

flanfesstabilitlid MAintdinddey fease. chBémbipatioris ¢ffuel ije@dhrdebices and
combusti on, perfornmance, bncl udi P?ﬁgfugﬂcr ea

iSSP0 AHePUR e beatech 1o gt IREend fgisource o

oxy§ER IHicHERIY PO theShIBBEBMISISELE alf @8I o? A resierll cﬁ@gen contained in
process, upsets whi l e fl ow

tart occur
the BHEUEAVERTRIBHA P IThate SR prepes ierAtbR SRd et gygntion

eneidwealy@isumﬁoﬂéntf BRkigns Rattfudl Xrlu&iti%n Qfevi&ég typﬁn%ﬂji tﬁﬁér’héﬁ toQiehor
combust i o

i ncrease substantijally i
the §5i8e ahineTiaene G 16, nhish chh be tiefus} iacior 886F. e pRrate bl
body E’dle@i@é (mh@%\érpee@erﬁaxsuhac@w Bird6olf tile); BEa bivirngtadliider npzzle.

ween and 15 vol % for nat ur g‘ &
TheaqﬁawP%% c%ﬁverwgnahh!mquév%ﬂam@ﬁ fi&?f%%\%@*ev ave a limited
turndbwh k@), Which I8 tRalt Stabitify PREBrmaNER UMY bl start‘—hﬁ &ﬁﬂ tp‘irocess

Upsgﬁ (\‘é}%gmtg?se 28[]{/ g&;lés‘tﬁtsﬁtg dlgﬁ%gﬁg Su:]lgtrrgff g{almgh'ql é‘e%llvgene%e staged fuel jet

flarreSirat bAR SRR 61887 surkicd YiEcdvies RebilatRdh tneamhe and result in
sources of i gnl tion may be present in

f
USRS SIS PEBTRAE g S Trased A amist gk gaer the

predePicERfunBurhéfuepnbusti on reactions at the burner
and/or the staged fuel injection devices. An

[ooaaf] CaNhé®hbeetcalE sEe cdr@tt@as Sugh &&‘@thﬁd};hy prosess e@eéts mcur
whif gy ieh 3 FdBaonal'ys] FegiRo Sifia s Marringt s volume of fuel

that@ix¥td &rhighedncepRatiins @an nrﬁ:r@as%a;‘uegmnw@ vt thiei doribyistion
concern. [0037 ona

Co ve ur ner. technal o
sysigiy s oBioBRBoRt B aYigh s PRGNS Miertion RGPS LpS Dyt of
the ﬂ@ﬂﬁ@su@urrmm(efgolduétwé@fs ahdp15 ?bl% fonnhtuiral @/2€) and there may be
an ri ng, upset, or

erat ur es
ins T i eIV KEHnE REg Tarsg WS SURP elggaents o
thes‘eCfuéldstégiﬁ? systerhs a@nblutﬁéd mfdneqmbe dfldq&méﬁﬂ br when the flame is

ed ase di scu

re-eB BB te T i IG Sirmere 8GHON SAERS ST RRR B2 De present in the

fumﬁ@é e'ﬂﬁés%' lbﬁ(tlcbm&ﬁfr@eé?tﬁaﬁ bé, f@ﬂéxanTph@ radicale ﬁérﬁ(édﬁﬁkh& ¢émbustion
utilize ch anges and en ancerrent s to

rea%ﬁﬁ egwre&amw@ﬂa/ﬁéﬁ"@ taged fueliniertion deyiges, é@mcen%o'{eﬁee"efgy

rele83epiohiddet BY theResdtioh Gf REE aditkls ARH tHOWIMAE of UAENEY fuel in a
‘Pr ocess .operating personnel
process heater, boiler, reformer, or other S|m|Iar unit operatlon is a safety and operablhty

concern.

[0037] Conventional burner technology cannot provide flame stability for individual fuel
staging lances during cold start-up, at low furnace temperatures, and during upset or

-9-



Such a solution is disclosed in enbodi nents of the

present invention wherein one or nore ignition:

sources are used in conjunction with the fuel

injection |l ances that introduce staging fuel into a

conmbustion region or zone. [0038] Ignition-assisted

fuel lances are used in various enbodi nents of this

invention '10 in order to ensure ignition of the fuel
turnidoyve corditions; d-ack pheabityrdusing itreperesiods pouid leagderfierseilifiroff and

- subgéai&éf«g{}rgqoﬁgbﬁbgge i ge';;as%ea%tﬁcusééa DaGe: AZ:BBQ&‘s'BRﬁibﬁﬁs
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or- ot her gas-fired conbustion
needgd toearidrgssithese petantially sindafeicoaditions. eThe prefesredeplugen sbeuld
o B0 ot Uil Eop R HESTUkA Sl ot s e v
the gmwﬁomef mciﬁinioparaﬁng apd cgnmlsmsgyagomsfopetating pegaoguel.
such B 1 O8GRI U8kt SOER VLI WA B o o
more Xgrjtiom sour¢estaze uaed in mnjmcﬁ@nhiﬂsthednelgajsct&mﬁamasith@f introduce
Stagzr&o?anfb.‘i%ﬁé{,oo%]ﬁ&r{ﬁ?&lﬁ% §%@gr§l tugg acted oxygen. For .

I'on- assiste uel |ances may be

. IOngEjsg é!ﬁ&q?%g?%gq Méﬁ E-xﬂg% afkQLada V. ﬁo‘ﬁ@lémb\ﬂ%{m&ﬂ% Bftﬁ%riﬁvenﬁon

Separat e froma burner .wher el
in ofdeeto ensareigsitionjobthie fieldhjectad into brygenrdomtziniog gases in a

con BREPIGE SO B e, WEREL e e

combgstiot,ion nthes gasfird domiustiomsystema foel langeds definagl herein as a |

s
combtistidneatiosphdratontaine amoxitiant ggasandrthe baging itel snjeded into the

oo 0 B o LN R R Al DB

oxydemeeraicired pineora catBbustivhigas tomtaining casnhustion pioductd and ewreacted

f f - : '
A e i L
bourideey, walionberstliosune gdjscentrio birsapgrate fatnusburoar whereinitbe fuel
il U5 o e 0 B G U B0 W8t
concEmtricatiyrstaged combustinny guternatively Nignitionrassisted jysi ianicey may be
g e P St BTt SR VPR e
fuel angge injant poutinesi oblihe feel dito thendxidany grs oy thexopgiwstion atmosphere

toeﬁe%m%?r%(-&gﬁed?, &iﬁfohon process. The conbustion
to eff (

nospher e®i's heterogenous because the concentration

t _ varl es: t he ;
oo} 18P SATROARDS R A Epnd QYUMo By e
withinethe eoglpsiarator boyindzries 0f pdimnace. afiie ovesaltenraystipa airgesphpre

} withir#ﬁla pBENaSs o %%pﬁé‘éé‘%ﬁ&lg%é%uc%géﬁ,l f6&t &&Hbtﬁs‘ﬁbﬂ rgﬁf ﬁér?}gining

er regions O ron at nospnere )
combrastidnereactionuprodynteteept caribore oxides: eittagenioxidesf angkyeafer), and inert

oosdl o, ARSI AL 801 AR ol S GaR sy
air; an alternative or additional source of oxygen may be an oxygen injection system
which introduc_és oxygen-enriched air and/or high purity oxygen to enhance the
combustion process. The combustion atmosphere is heterogenous because the
concentration of the components varies throughout the furnace. For example, the
concentration of oxygen may be higher near oxidant injection points and the

concentration of fuel may be higher near the fuel injection points. In other regions of the

-10 -
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| ocations within the conbustion atnosphere. At certain
| ocations, injected fuel may react directly with
oxygen in the oxidant gas injected into the conbustion
at nosphere; at other 5 |locations, injected fuel nmay
react with unreacted oxygen from conbustion occurring -
el sewhere in the conbustion atnosphere. [0040] A
thermal |oad is disposed in the conbustion atnpsphere. ‘
coantsﬂmmattﬁmphememem mafy betdmduélmfes;&me Then eonsentrationtas mgen and

ok e SR s SRR B8 s

locatibes withintthe corabtstion atmasm"fm r A’dcel‘[alrf boanonhsnpcteﬂdmhmay react

oL RSB 4 5udE G Pt ol 8 BB epnere: at otrer
locatippsrigjected ammmeaa witraurséaatedhexigeh from a;dmbus@mm asey rong

ret t.he terlal bei ng heated. [0041] An
elseg%g ﬁgﬁ%]cony el F‘PF%’?ﬁ'?y staged conbustion burner

ol el B Sl i

the funmacey wmilerkirby thekthahiolt igpdiefinedjasd1) tbe heatrabserbfediby material

verb RS g T S ST e oo
frompthietdntbustich Atnedsphidecto ehenmiahegiabas i esrtranspomthqhtwhﬂm fumace

T WERIER UM A ey

atmdspheee tethe matefial tbeingelbiatdde pi pe 5, and i nner
concentric pipe 7. The interior of inner pipe 7 and '
[0041) N Areexasie ef 8 cbatantrinallpstaged popbugicaruiney system is illustrated

di
i sh LSRR B Rl Sy 35508 £ BHAREIENGR ety
mumme &fjeqpiop ¢antea ot mjat:m*rgmaiglag éueahi A@umer s definnd es @d integrated

fl ' i. i & I
con e, 6 FRLY S48 o 45 lerbbe i
adap@a@4a] mbuntingen theewalt doenoifsuténofsa tuerdcealCeptrakizirner or flame

| holc%?‘( g\%g)rr}fpﬁl %s ?-%tg}(B ?EJ cgnc%l #nc% %&95@ é’ ;gé‘ﬁ'a‘?’\laqgné}'c@\c%rﬁ

er’ I"or ortron o
pipet hi Thalinterfdr ohimnehpipe grardsariokr ISMQB‘Q between pn’we PipgiJpand

mteugrl‘)]%cﬁ?tg rpﬁpesfriJ arel e R él%'wrF];anPrgurx 1:%{ %It:[‘lén% thé\’lc;r o& lo@l@? RIE)Q 30 Yehutar

I ary roug
spad31 abdtWelencuurng piprenT bad mq{rmaeilatd piparfds pgnn@tﬁctigsmdm ﬂOW

i niti
on}gmﬁwéc on &thgﬂéltlr“gﬁg é% g %e@g%bwﬂs 1 aﬂnlﬁgtgﬁ] _;WSEe wall 14.
ooy Ty FAid AL A AN SR 9BE iy i
ennmnezzi eh]f)el Stflcavsantoythe miérhqr 0|f suifeo pm:eGB amoﬁ@mm thie sir flows through
c [
e 0y Py DBEhbl 7 RAD P SR o B S U i
spacofe Prigmnuiet 15 éows treaugh pipe d§iaod thiough annuler spaes i, and is
in i.ch combustion occurs,.. ..11
corlbD e RbL AR ER s (it o7 CRfiodstEn s
fromptambiistioy zohe 17 mixes with additional air in combustion zone 19. Combustion
in this zone is tyﬁically extremely fuel-lean. A visible flame typically is formed in
combustion zone 19 and in combustion zone 21 as combustion gas 23 enters furnace

interior 25. The term “combustion zone” as used here means a region within the burner

in which combustion occurs.

11 -



10

" 15

20

25

30

-staging fuel lances 31. The ends of the staging fuel
| ances may be fitted with injection nozzles 33 of any
desired type. Staging fuel 35 flows through inlet pipe
27, manifold 29, and staging fuel injection |ances
31. Staging fuel streanms 37 fromnozzles 33 mx
~ rapidly 5 and conbust w th the oxidant-containing
conbustion gas 23. The cooler combustion atnosphere
[0043] fAsaging fusltsysient coprises iragti pibe/27% miardfolde2d, lyd atphgaliy of
I nt ens xing acti

- stegigf usban6e3n omtndia o HaRB T laope iy et Bafighgon

noztige B3ios anp dsiridagpey $tbginbeue§l>®5db% tiwoogaintet pipe 27, manifold 29,
wnst r eqm of t

and SR e BiSRLO Bos 1 o IRy o U a S BN eB g, B rapidy
andtobmtiuet with theadxiddnevortaintglddnibustioregas 28. Uﬁzécfdvyer@mm&on
e tota

fuel be 70 to 95% of
atmpskeTe By uTiacp duaT 268 &Ry PO, EREPRGE Frpeagy by the
mteuh\s’é/mn@dgeaa@ﬁq)r@ﬁm@a tio2%le ©B83 e thé eencetttrickiy-iidcted staging

fuel | ?n)%gsn wglp d elt gr %M%ﬁo g\{ﬁcgpﬁ?rﬁgd%Wnstream of the

exit BRE&HtiaRburnen. %élﬁiﬁhﬁ fubPmbyBé 5rtaxaoiaeof3|eé tdl ekl flow mate
cons Jefiner

(Priay st Baingaa e %‘%ﬂ%&gﬁ%ﬁv B 28 R potet Wiriatet Biel A vt

stiple pr cess ste n exenpl ar roces
tood] s it prknar Bl staeina ol dndlheve e SAGABOMPERRGT S hay have
diffelPért TOHPOsHIBh Sndditdr Mid AayDesdryrgasBods, NasSHZed, érCHtomlzed

IR e AT BT b 5P RIS 11 1T be iR g the oroup

condieiig) of r‘&&ﬁ@ﬂ_’rﬁs}/ refllﬂéry oHYab/ dss68iateddjak ¢robrDehide O prcmwmh and
nlet, pip 207 |IIustrat

combyQsibla pirisers Wapte HoR, D RNEEPIATE PARCSS WRNE Og° Byhg el Gas or

wasééOQas 123 a préSsuré BRing Hrisorpiien 8Yér imk@roticsy ﬂﬁi‘@nbﬁtlmen
t face@il? and an inlet face (not seen) at the

hyd'@@ﬁﬂ OF UBed%ken nozzl e body 203 and nozzle inlet

100y S A smmae e ore® e Nugerios 16 5 MoerltaSeBoly 201

comﬁﬁﬁbst dikﬁzldlbomom jbihe@ tihdizle ihletpige 2061 ISl 207 Nilustdaeed here as
s. .ln additio hown in

vertga oo iSrarpededhy bRk AR, 1 Asrind Pt ik figt W

disposed b]et_me_sa @nbét)fac?m bandiaethiat n‘ac&r(yiomeean tiathe @nnmmx_ﬁom $etween

o] t to,t ont orl entat.l .
noz bary b 8RS ppe et g BB Sluino F8s Bunii SR hBeiee 205
and thrbligih sibaczn7? 2(7)'|9 ZiXeaps,aing 21I5p4isd fief mISZéslwuh?éﬁothamﬂud
215 intersect s o

surGieing e csarm aditar o he BBl ndlkh Shausiniry. SRHE Yo

pattﬁﬁg arepdssitid;3he ag&léﬁéése@ﬁtﬁly 8arobe B6d m?&‘fr@mn@hta‘ﬁad andhisanot

. .direction | ar tq outl et ace 217, . .

imitgey i el ety PN Sestal oBontaan Showh (Nbes Yemeih a fegion

perpendicalae tdeutiet RReEME| exeniilagrsicterRog]i @ NL 63, @ind Z163wedsbet slot

207 tagngm@gleggg?tﬁérn%ogiq% énttepsggt?onsérgtp%sg[ﬂe brég}/eé)naéxaeln%p%ry slots

209, 211, 213, and 215 and slot 207. When viewed in a direction perpendicular to outlet

face 217, exemplary slots 209, 211, 213, and 215 are parallel to one another; however,

other embodiments are possible in which one or more of these slots are not paraliel to

the remaining slots.
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- [0046] The term "slot” as used herein is defined as an
openi ng through a nozzle body or other sol i'd naterlm
wherein any slot cross-section (i.e., a section
perpendicular to the inlet flow axis defined bel ow
i's non-circular and is characterized by a nmajor axis
and a mnor axis. The major axis is longer than the

[Oom]nofheﬂéhﬁ “6te ak B8ed H@reﬁ%§%eﬁf'i&i SL8ebpeding irough a nozzle body
erpendi cul ar. For exanple he ma{ or cross-sectiogn

or ol S0l MalyabieRTeiy AN ot csssaaetian o $30EAN PABSTRUIar to the

inleEtiPas défRdPeMw)GE RSS- bﬁ&ﬂéﬁ aﬁﬁ{ is EH&raGie‘ﬁQéd by a major axis and a
Cross-section axi's is endicular to the major axis
an E‘@gn

mingheKie x T ken@naiop axigdsiongerd ther axie agg &he two axes are generally
perp‘?érﬂ&ﬁﬂa?eFBi Sampld Be flafr FER5-d8R¥%EN Bxi§ LPaSy SIBCi h'F‘P@ 2Q$xtends

non-circul ar shape and. each cross-section
betvmi\r the twe padsiofifhe glot @rﬁﬁéﬁe@tﬂnnthedmn@éﬁioﬁ%secﬂqwses

per;fe‘?ﬂfcﬁ%r & {H@%éj?ﬁaﬁi&% edEnGEHSREEA g1éj§8éé"6ftth9 Biot £894Ebction.

er characterize a slot -axis

| Thegigtimaydhaxe aCcress-eRayan of amenore:@mé%rtahﬁge and eagh eross-gection
_ma)pc?1 aluéra&.]eﬁ’iedgfyoaséefg&cﬂdlrﬁ ceh?o:@%érb%rtr&dﬂagtthé’r@éba@e

aracteri ze ef1 ned by a center plane which
geomgirirdafipitiont he nmj or cross-section axes of aII sI ot
cross-sections. Each slot cross-section

[00473 Feslal ay be furhereharpcigrizedsbia sipb axis |d§&n%¥ agf ﬁgaight line

_ $ be used to defi'ne the s .
chargetesinedof drfined byta casterplaneawhieh interseels yhe mpier CMSWC“O" axes

, comgé;dghg][the%e 5 dg;'a? %g%fgﬁ‘#?ssEb@ﬁ%seﬁ SB&*ﬁorP%VéP&%ﬁy B@er

of al@ﬁlb@croé’@-sgﬁﬁﬁé | pach 98 &%s LQ&%ﬁ]ma@xﬁﬂe f%?ﬁédo%hldr “symiPhetry on

enozzeo,lg. grven 1n I nl et | Ow

eithengide ohis opaies planen rT ba @ﬁ"?ﬁ plase remndébevmm@er an¢ef the slot
and Pr'léiﬁoeg&)s%d Jb 'Elleﬁﬁe {h@Cs‘?ot O (é?éﬂ\)e% tﬁé"ﬁ@zz%lgo g lﬁ‘let ﬂ’&v axis

I ment center planes of slots 20
anQig'beérh?'%S lie at angl es toinlet flow axis 301

4(@;& are not parallel to inlet flow axis 301
[0048} 5 :Axal awomldwé the nprzierrd Fig 1246 given infilg- 8¢ Inlald “Q@vs PR

passHsMAFdGA %éjéérﬁéﬂdf %izlé Wéf‘dnﬁﬂ %2 fnr‘ll@Waéé( B&3, 3P ouflBace 217. In
cent er pl ane gortl on of this slot

this penbedigient, ﬁhfrcpg’\tew'areﬁ%@f a'qt@§0%t21an ahqnd 218 lieatandles daniet
flowaxis30dQile., aR ﬁot %ﬁaﬂ@i Blief R b6 36 fﬁ&hihét'ﬂdidjﬂd(visqmm the
the nozzle outlet face in another |ver
slot&jatr%'ﬂ fape £i6in divergingrdireglions from miet f\ow awﬁ g@??pmt@f plane
of slsnmdeoﬁw portibye B ﬂ’\lseé{&ds sééh ) fﬂg r:ﬁ GldoiRsREBR %ﬂ I'e%'irﬂét flow
to the axial section o ots 209 and

axis 30 e TBisxeRPIary fpaserorcieeis 0! fram s hoeApyfeb nge iapaother
divefdi lgtﬁ 8irechidn ﬁ’Bﬁh ﬁﬂs@ﬂéﬁbﬁ“&%@t A thid Qiéﬁﬁﬂl@rdhtﬁﬁﬂ'ﬁent?’ﬁﬁen viewed

slots 213 and 215 intersect to from sharp edg

ina gmgctlomm&engwal% tetgexial peefignd Figk Bo 8lpte2A%2ard 2\ intersect at

inletS8RAEEY 1038m} ehéria %d@é @bé éi&@l 21?%8921@r:ﬁ§?§é6ﬁto‘?69rﬁ’sharp edge
associ at ed bodies. Alternatively, these

307 aangk sdotrgy3 |ant1 @ﬁ 8 éﬁ@rsa@t ta roaxsharp péeca@%ﬂb%m@*am edges
provid@a' :?érocﬁﬁx‘é%n@’@&v ?@&ar%rl Bt é 8fots gr]d7 lredﬁl%J p@%@ué@éﬁ) associated

or med Wlt I'n nozzl e

with Mtgbbq%ﬁs v%teynatlo/ﬁlys@ew sliots may lni@tsefptrﬂt en @é@i l%@n between
inlet Ya&VB6B Ay Gutidt FREWD19 and the sharp edges would be formed within nozzle

body 203. Alternatively, these slots may not intersect when viewed in a direction
perpendicular to the axial section of Fig. 2, and no sharp edges would be formed.
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betwger; 3

per pendi cul ar to the axial section of Fig. 2, and no
sharp edges would be fornmed. 13 10049] The term "inl et
flow axi s" as used herein is an axis defined by the
flow direction of fluid entering the nozzle at the o
inlet face, wherein this axis passes through the inlet
and outlet faces. Typically, but not in all cases, the
inlet flowaxis is perpendicular to the center of

[004!1]2 Zite termh &hiet fiove aBn@Baanchbrneremtxé et akie z:keflmaed‘ kyctbe 2ioW, direction

N e

anditiertacédeT ymdailly:,tbdt howinal icasem yhebialep fiowa kislis perpemdicular to the

conteP ol oo 1262 AR el adhon e a1y She HREIWe s,

perﬁdmldmazw e\llrnem r?izzleﬁglggpme goaw & e,qonc;aaq&ndrﬁla;ﬂ c?:d'a:xmses;own the
tween | nlet n 0 e ac 6] |
et Somep R FL R meRt Wik e @PRUE el o O

ol R i L e g

facd @nd b\tiesiaet, foeegdrhp lﬁpbetbeen Ipet e GOBamat outletiade 2o of Fig. 3.

The%?ﬁtg\%gggé]qegngd g?lttﬁpr ﬁ%rﬁﬁq%?cet%e%\? &%d ot{\@elf at the
min&@Xdréss- éié’ctu&l’i@m iThe Eatga ofahe twial statdendti to ftiecﬂlcﬂ ha@at ma;me

213, ag‘gl ntersect slot 207 at right angles. If
hoyt 1 aéb S may intersect in a plane

[OO%S he etrﬂ@ﬁilalg Ir 5)&%) tn;an?a%zége b%{y Shay {q?ev}’g?cﬁria g ag% rﬂwﬁ_ﬂose%dicular to the
inlet flIMEAEE CAS shdvem inviFig V& dor en(amnni alots pe9,A1H 213, ant 245 intersect

o S A i S8 b PLALR b Briner

the infdt ﬁbﬁ%&ts éitangl&beﬁhérm BdH3 ahglef 0 Adjesbrtrgiots eisgen3(bteasect

B A Y

showR M Eig. B! fonexaphpleasidts 200tand2d 1 ﬁdterseuﬂ attinlétiface 308 ®,formgharp
ed. This

ST RS I TN NN S
slots, elnatalsccbdt@ed melwwér¢>lane| of eaf) 6o and\thiedniatfiaw axis,anay be
w7 R R R IS B RO e

direttibnonsiativ8 blthelroziibiaxisal t er nati ve enbodi nent, for
exanpl e, all slots viewed perpendicular to the nozzl e
[oosx]d)Alt‘emlva,raEnafzI@meaye baedvidionedin whitkenerrof tbe lsiots

nto R Sy tict f NEFBE pSGitrionel by HIETRY “m S Ao, *°
embodliraérd, fopekamplayvall sluﬂswey\tadtperﬁﬂ%cmm theorkzlechodly 2dce are
congE Sy 5 s SR 550, Bl BBy el od e
the ﬁézﬂlé’lﬁf Y. (‘ﬂrwltmm shppay, aﬁhes'emfthe Rozple WoultliHave ionly slms 209, 211,
213 '?fg%ﬂ? f i, gg%(yg'%%g @%allygﬁ?%’%QW? @5}% 0se annul ar
[OO%ﬁa é$ 441(s)9a P Qn vnéel\}vlsh\é@vm% hg rd(l?sc a'a}gteee%dvgf EIQ& c—r»%mp"ﬂry apparatus of
Fig. 1 utilizing tpe staging fuel lance nozzles of Figs. 2 and 3. Concentric pipes 403,
405, and 407 enclose annular spaces 409 and 411 which are fitted with radial members
or fins. Slotted staging fuel injection nozzles 433 (earlier described) may be disposed
concentrically around the central burner as shown. in this embodiment, the slot angles
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or fins. Slotted staging fuel injection nozzles 433
(earlier described) may be di sposed concentrlcally
around the central burner as shown. In this

enbodi ment, the slot angles -14 of the slotted
injection nozzles are oriented to direct injected
staging fuel in diverging directions relative to the
axis of central burner 1. [0054] Qher types of nozzle

of th@%ﬁﬁ&qﬁj@&ﬂid?iﬁoz‘i@é 26 oHemdd todiretd ijdtedodying @l (Ftigerging
at the inject l?zn ends of staging fuel nozzles 433

dlreqtppg relgjve tpdpe axigprental Hé”’@ﬁém ngs in .5 outlet face

17 of | & body 20 b th |
10055} ¢ Fhergres GhnsesieRRLetatBTAGRS ord B nigre Rt 285 (Fig. 2
at thle nﬁ;sét&ﬁféddag)f %{ayirsg fudl nzlRa YRS ¢Fiy. 4)ar5br@ksmplet umeﬁngs in

peni n used in the nozzle bo

outle) Sae ST B AR OBy S8 s AR orfBed &) toe Shies. ot onedl e eross-

 shaplddBpehinbB fofeNBY @ané@é&ﬁﬁg §l’ot?sa| Altérﬁétae@dar@o@fhus@pég of

burner system of Fig be nodi fied
openiRgsfay #Bd’éﬁﬁﬂhﬁhed’fozt’—'ﬁeboﬂbﬁ%%ﬁ?t‘?"a?h have $hapes citiegen ‘?,ﬁng the
slotsiiecribed Asvet €rs 501, shown here schematically, are
associated with staging fuel |ances 31 and are adapted

[oos!-T,E 88 'e&@mﬁla%@b&ﬂ:eﬁﬂ%lalgzgtagééQ&QBM@nfﬁuﬁfBr@S’é@HﬁS F3§ 1 may
e .1 gni ter

be nwrf@ﬁ!cﬁmomgeﬁom\emw'm@ﬁff %ﬁr&%@fs%slﬂgﬁ* ?FLm'Fag 5. lgniters

501,IsBBivhHee sél{%é%&bﬁsﬁ QRd aéé&laﬁéd)ﬁlt@&agﬁéﬁhﬁi’raﬁdés 31 and are
‘Al'ternatively i gniters may be integrated. i

adaptegto '95"%?@9"\9@‘“?'@& Ischiargad f§§“ 805763 $3q T h%@@ftefsm%v be

adja8&i¥hd StafPgLiéldalestddeshbRhwhé@im the 'ignltﬂﬁn étfé:l%$03fwltﬁé Kiniters
is a device to eneratealocallzed ture abov

Ve
are adjgcent ths; t@q, gf ,n@ﬁzle§ g%ékgqngp\@%fthq W@ﬁgrgépay @gﬁqrated into the’
stagﬁ?’f&élrlﬁce’é%rs s Blater IThé @éﬁerﬁmaeékﬂh@ﬁﬁﬂﬁb tétﬂ’l ®ress used

t hereby ensurin nition of th
hereigy ip @eﬁﬁ"'qedﬁ |%@P@t%6%°%?@ds‘ﬁ8\%'a"§r@|?§%? E‘%a‘?‘&?'gpﬂ‘)t&l g.
temp%ratuﬁé ofe Pfelmwah?hfﬁ&t&é rlaneiaeﬁplé Apaidre s0f aa;ae@ﬁtab inBgzles
eratures sufficien

33, thpreby ggswfnggaagpﬂg AR AR AR §>’<%P'éown

schemtiRally id afénmﬁ%e%w@ &I@mterf:b@am@oegene@aur@ on
ends 503 erein t

flanmes are

tem%%t?ﬁ%t#@@twm fexwﬁ% e e of staging éﬂf*La'fC? M?We For
exanﬂrbl@' thegé Rférs rﬁé%ééﬂé?a@fpllbhﬁnﬁéﬁﬁtﬁ@hm&tléw 503 wherein the pilot

Alternatively, igniters 501 may be intermtten
flames;pfe fBrEed By ROkl Jing askyg quiiagm ik sqRaralp fop) %gﬁﬁé-ox'dam
mmttﬁ?efdfﬂ\(@d@nm pames., Arnat erszs‘mhhsvhb@mmém&gark

beans, or any ot her tis pe of I gniter at |gr\|t|on'§,p
‘9"‘"“?{@800’["08%‘6% SF’FHE Igriess: &@réfplelsﬁgsr BYRTPWRYE PIASTRRY. SP'FT‘&(/”""S
high *éﬂeﬁﬁﬁ@sérrbehh@ Bt @y Mthemtypé oﬁgauerﬁn igrititpvdrile s08e

c

di scharge end of the central burner and schematic
[0056PNThé Mtattsl 5t &@%n.@sssmqr@tﬁﬂawbb fseaﬁ m:matmamwew of Fig. 6.

nj ection nozzl es . hi s
shoviigh 4 disthereh Fad oLihs SeRi! BAmar apAGhoPEL NG AN 89S FRS
assobiatéd W tyRientridiARclidihd21es 33 s efbeEI®ng bdchtignition end is
adjacent a stagf‘rig injection nozzle. Alternatively, the igniters may be integrated into
staging fuel lances 31 as described later. In the embodiment of Fig. 6, each injection

;.

nozzle and fuel lance has an adjacent igniter, and the number of igniters and the number
of staging fuel lances are equal. Alternatively, the number of staging fuel lances may be
less than the number of igniters, wherein each igniter effects the ignition of a plurality of
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30 staging fuel lances 31 as described later. In the
enbodi nent of Fig. 6, each injection nozzle and fue

| ance has an adj acent igniter, and the nunber of '
igniters and the nuitber of staging fuel |ances are
equal . Alternatively, the number of staging fue

| ances may be |ess than the nunber of igniters,
whereineach.-igniter effects the ignition of a

fuelRhnte! i1k )én@%xamél@ ighidrs! assb&aﬁﬂ&mﬁ?(ﬂmﬁhaimg staging fuel

gniters e assocj ate i th alter ng sta '
lanqegapherP R i BURR: o ST ERR S 388 nanbegh et hoss. By fumber and

conh{;@'aﬂémbﬂ?nﬁrs heglbd weaes eﬁé‘éi)prébéﬁw tichnsl the staging fuel-oxidant

configuration of igniters may be us ef fect 0
mix{ugeri 1 HR p&senhelsg'tagtgﬁn@eft%@ yaéﬁ?‘a%tﬁg 'h]pw@a?%t af td%@ef
ass@éu&@@%tlﬁé sta m‘guaa laricB8s h&dpted R 2R lls’ﬂéé?ﬁbw 6ff‘gn|tiﬁg&ﬁé fuet

hat an ‘i gni associated with a

fu
| ox'qagt mwéamﬂ bsam stag'@gawbﬁr@n 6'?9 $taaﬁn9 .fwd Iahoe aﬂel éhe Oxidant

presbHt §Pikk r@@&t\ Hﬂf%cé&rtﬁ@alsl%(arb@ of fhedshdad Adwabntidneiabbee, an
staging f 'ance and the oxi dant present in the

igniteg gﬁwaéeqi a'EE fclaneeemay e Relagentdhe tanee PaRtay begd integral part of
the [BBti oned above, an igniter associated with a |ance
may be adj acent the | ance or may be an integral part

[005’)f] lbﬁlﬁaﬂs@"ﬂ ((Plg épmhff) Qﬁl% d ;Si!@)'t ti&he $Hnedit ynithoh éﬁ@%OS by a pilot
ITze a formed at ignition end 503 ;"Eﬂf’

fuel ;ﬁ“ldcﬁ pilo e@paratn J hs pﬁm fye! ey bathe. Samfus# pdihat provided
staqnﬁ’@fu%ﬂﬁﬁcé L@'mé}ﬁoé Qﬁﬁfe%r@ﬁjeqj 8GcH &5, ?&féxaﬁ{pﬂglftmgprfrh@& fuel 15 of

ance, or. may “different fuel such as
centsglhusner 1. tme xeﬂqt ﬁﬁf’?""ffﬁ@f bey gir. Axygenrsanricheddiny AESET The

oxyéérﬂ QéntQMln@QﬁJs % di@ctidr of t%ﬁ&ﬁﬂaﬁﬁrdxﬁhéﬁbe&hé¥ b Eenerally

er gen-containin q The direction
parzﬂliei torthe |daﬁ%tw@| Qfé*l’ﬁﬁt@@mﬁ’g‘jﬁ gischaiger &n aiternesivaly may Qﬁ atyggy angle
to tﬁé‘&rédﬂtlbﬁ et 1h€%té§md hu%l &E&Cﬂr@& Ifnlifﬂe &HhiSsdiReatCihePilot flame may be

alternati vel be tant¥‘ le to the direction

f
diregted radial Wﬁtﬂbﬂmm themds gt e|Cﬁn6ﬁ@umﬁd@aﬁrﬁﬁ?°th%fr€éﬂb°dlment
mayPbhé Qﬁeété@g&é?ﬁw éh?alléﬂtd PElR dfask addtdal BuineR! Thd ﬁummaem @nd

axi s of central burner and in another enbod

pilotR¥jdast mayrRecRTEmiXePERPR 9 HieeNoee! e IanHer Garemstively e fuel

and Q&Wahﬂ}na?%wwerérﬂ% aihd e8mbuiRdd ASH the Idnﬂfon @ﬁddﬁﬂ{e g type
rem Xed upstream of the end of . the Snl ter

'gnﬁ&rtﬁhmnrtww fipRy be equipredwith spar ignti %taéqnﬂeéfa%aﬂof .

fuel BAdEE GRIEM 55 BescHBRE Helty.i gni tion end of the
pilot-type igniter. The igniter itself may be

[oosaq U'Alﬂ@)@sn%léﬂ? igIer ks 4 gifdt HeGibe BROWS irf Figs. oM (’s&ietdéetl@idl Qlew)

nd ot oxidant  as descri bed bel ow, 5
- andg&w.aﬂénew), JhistRilet camprisgs ogter diRg ¢, W'Pﬁﬂ"g fglwwwe"ce

25

30

: gené@t&%r%ﬁﬁ hatyaHosY heMannuii70B A% BRidaht su&'lh &§ aipiok 6kygen-

|ses outer pipe 701, inner

‘ enn@h Hens throughgnnulus: 797 ‘apd qypﬁﬁc?w g.ggylemge%ﬂor or bluff body

705 aé»w#uéﬁg@f?ows&nr&?ghdﬁ@r q;%snw CtheXBeldrd @adaw@aaust to form a
air hr gugh annul us 707 and over

p"ottflﬂ"aﬁmfethe @ua%trfé ey :aﬂot off dﬁF'[ﬁdf ap Gigptricpbignitign deyige maé@e used
for |f1|h9M%gu§|&¥ gﬂtﬁgrpkl&ﬁﬁél dRsxidER8 - Ad BRerhpialy igRtlo®¥bHS s shown in
Figs. 8A and 8B, wherein electrode 801 is installed in the interior of inner pipe 703. The
end of the electrode typically extends beyond the end of inner pipe 703 and is disposed
in the region between the ends of inner pipe 703 and outer pipe 701. A spark is
generated between the end of the electrode and the inner wall of outer pipe 701 when

the electrode is electrically energized. Oxidant and fuel flow through inner pipe 703 and
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pilot flanme at the outlet of the pilot. If desired, an
el ectrical ignition device may be used for initia
ignition of the pilot fuel and oxidant. An exenplary
ignition device is shown in 30 Figs. 8A and 8B,
wherein electrode 801 is installed in the interior of
“inner pipe 703. The end of the electrode typically
ext ends beyond the end of inner pipe 703 and is

anngbl%%%egsa%g}vbgfnﬁ)?%dqg r%ff egn heEOR e gp E@tﬁ 7%'3051d

and © generate

- outeripipee Tl , @hdtane igrited by acwadmbrtemied hatweendhé end ofthe @iectrode

and%@ﬁn;pavg“"@fﬁutg; ﬁ?e‘%?a rode is electrically .

ener and fuel fl ow through inner pipe

[00&93 3 QPQI n]rg’h\féw;ﬁ]gfs 8nger pil 32 Be6E 'u¥§31 ¥s §ﬁ1§ﬁer’ngtn;er\8 qus 8A and

glon etmee
8B. gnpilais Alarnatived innes plp@rﬂaaesl nbyusedspm! h pg@nwraatfeell -Qdértané erixture

- i A DAY 40 ey
[oocﬁy lﬁfgnﬁgrs%sajit}e%ra{b%%\ﬁ?a Wﬁted% usea@ 8xample

ernative I nher
dunpg epenanedofaxmrnaoe fdadbymptmrahtg of barners; Yorcxdmple; es g‘hbumer 1of

Fig. %) P& tgrQlétn fh@P%g%]ﬂQﬁlﬂag B?o eIart@ r‘il? 3u@'gkgco% Btaatup of the

furnacmmd wayldibe inadivetdedng ootmal wpasit:yn of the feraopl e,
during operation of a furnace fired by a plurality of
[0064]r fepilot ignder efxEdap |74 arak7B or Bige @4k add 8B mayi e inStelled adjacent
t il ot igni S oper
eact Bl Tel @ik o offbulih Pior, o, AT B R RGPy be
designed a$ ar indegriahparhol arstaging dueltarme asfulluswatémnm@ In this

- oxoh R BGR. hORERLPLos AR R 16 9 By 4

integratecdntashe fusianice aht gozzI8 ofiRigs 62 and Be rlmtneu mtegga,ted twel lance

and Y@ acdNe S0P EE 0. 688 b 3 81 i YrBihBlocBtib 07 as
shom@mll aéjrs}ote phssithiergh fueHanes mezzieddee 832 iand delapangdes to the inlet
flow:(agﬁ' d ?rgen%]écé; % ntggtaﬁllﬂ@ ﬂ?\ﬁgfrbﬁ. tﬂ\g Sg’ﬁ%g%;ﬁ%ﬁ&fﬁ gﬁ 9 it &erging

direc¢tione froat ipt¢t flow axisa e ignited cowgapm@omgsmnw% darier phpe 904, and

elecﬁ%@e 2(25, a?\h%ésegc%ncpﬁ\%ﬁts %é%nstzﬂ@g i %%dré]{rﬁ&fqiﬂctfwe T’a{n‘&[e é)aralleI to

ot's pass throu

" the axizof the fanse. Jhe igniter bperatas mseebecbabm withi referermeotw Figs. 8A

and8ii S of the lance such that fluid flows fromthe slots
at outlet face 917 in diverging directions frominlet

[oosfzk 0Wu§?‘é41% en-'t_gu%éf'agl?z{ %Enl&%%gng\ﬁ&r%&ﬁaﬂn%o?% gé%‘éé (not

ese co

, seerﬁr @nd exfisalate 071909, BT 18N aod §hS eheodzieiace PaT aF’NQ;tIfUQlé?21

whlcgnﬁa%&gog%rﬁg]gr ﬁ%}%ﬁ %@ fa(edr?ggu%l d E?Wsa@%sarﬁﬁgroggh inner pipe
904.[ Bt ZKidantyasnI2B, éior examplaeail an@e/gemeemcleeﬂjalr)fﬂomnto and
ol S 5 e 9S00 B 55 e o

is usgdi 10 igaite,_me ixdlire 3P piiot fuel and oxidant gas as described above.

[0063] Instead of the pilot flame igniter discussed above as part of the ignition-assisted
lance of Fig. 9, any other type of igniter may be used. The igniter may be selected from,
for example, intermittent spark igniters, continuous spark igniters, DC arc plasmas,

microwave plasmas, RF plasmas, and high energy laser beams.
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25 which may be the sane or different than | ance fuel
919, flows into and through inner pipe 904. Pilot

oxi dant gas 923, (for exanple, air or eoxygen-enriched
air) flows into and through the annul us between outer
pi pe 903 and inner pipe 904. Ignition el ectrode 905

is used to ignite the nmixture of pilot fuel and

oo AR BRSPS RS Al e

havir@oXidon irdécostiedinjedfind andant gbs itg a fi@nacagndsdparatey pe

s e 55 o RS, B, PRV EEALrors v

use@omm@ BAbBdiRTERL kvhighninag be coR§idered aphaisinesmbustionraysiene The

SYS{%GSBS%SWS a,juma l & nﬁ}qvwgnag\[ﬁl}i?%h enercg¥ tr{ asglrlﬂ%iﬁvt@?%%edjwlthm the
enddBups; @Bietod nibré Qﬁ’ﬂuﬁﬁgdsﬂnjémt’saﬁbudtad irnlge @xtideurt and adapted to

S oo RS RIS 3k B ey FBER Aci

the EH@lbsur’étdhdtsl@Qcédlépm&omhhe bl bwmdtéibxdnnt lges m;entm?s wlseém the

in this eﬂbodlnent whi ch der ed
onelg5 fieTe e mPe PR PoaaY & SRt Wl b R 1 Bac% o PRk bk fore
sgnlfé@é! h8sbcille®With @566 antlo fLBlaamGR dnd@diadieﬂp@sﬁde the flieh

encl osure; or nore oxi dant
iieRBERYERS 111 FIcesMEBaNE o5 pra SR e e 45 R lusgty o
fue|q5d®%rar§ QBbdithé BQmIQétlohl‘sﬁ/@teH‘lzﬁafl be defited &€ matrixAstaged
Iances mounted in the enclosure and spaced apart
confb(ugﬁp@ A¥i¥Re or rmre oxi dant gas injectors, wherein
Qne nore fuel |apces are adapte i nj ect
roofgle) TR eepHEN T iR Rt e %Ergeqﬁdv?ﬁe@%'l‘ Papant oas
100858 W@écﬂécﬁtﬂ\rdugﬂb)&dwlrt] gﬁf miéllfctdmloesu mwintdcdindersacmdall or enclosure
ite the fue

ed to i
1008 BedUrmiARe A0 96 SEFORHP SR AeLIAR WIS SRS L e siagtory 1007
as sHownal Oidarfigas 106l mayrseasr, akggarsatichbd aircamdnysitheroxygen-

S I T N RTINS T e

atmosprearatin thal ihterion ¢11%f tdfumiedeei n oxi dant gas 15 1001
is injected through oxidant gas injector 1003 nounted

[0066] figniianaseisied fos! lavel 109 Bﬁ@dlsﬂ@éﬁi in Tireadeuwalh t@05\zpdrt from

oxicipt Bat PRy T60F and Sretdlim'o ieflintEes R g8 Wihfos pterior 1011

anddfbim distitgestt el gmemmwr Iguitioraaysisted éuel (any:gems is shown here as

a sgcdpnSofV i PR Tance RS A 6 W RIS P S 1, bR Gny

typé ot i_gfu!thtﬁ ai&éibdminde?ﬁa)f b ngere Tf@dlét@ﬁﬁéip between the periphery of
anition-ass ue SPOS

oxidei . EoEe 1 OB GO A e v SIRGraR ol s Fiekhye! tance 1013

mayb&h m@dang)‘g(ﬁbfaﬁ 50 iAchdy. GFalott flamé 1048 ;s]fﬁ&ﬁed uy thefapmiaistion- of

erior Str ue
an AT ridu T pRticet B PG Ee 1081 5P PIFO G D28 igbRed by the

ele@feiel dispdsed Wahinahe tdmee lag redicd desgribbdd above wi t h
reference to Fig. 10, although any

‘ [0067] Pilot flaine 1019 ignites the fuel-oxidant mixture formed by fuel 1017 and

oxidant 1009 ircombustion atmosphere 1011 in the furnace interior if the tefnpefature of

the fuel-oxidant mixture is below its autoignition temperature. Typically a flame (not

- _shown) is formed immediately downstream of distributed fuel gas jet 1017. If the

temperature of the fuel-oxidant mixture is above its autoignition temperature, operation of
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type of ignition-assisted | ance may be used. The

di stance D between the periphery of 25 oxidant gas

i njector 1003 and the periphery of. adj acent

ignition-assisted fuel lance 1013 nmay be in the range

of 2 to 50 inches. Pilot flane 1019 is. forrmed by the

.combustion of an oxidant-fuel,; mxture provided by

pilot fuel 1021 and pil ot oxi dant 1023 ignited by the _
the ‘I&Qkﬁmgn@rw bdirfdlbiBd;: tHotvelah BSet%{ioﬁ@f ﬂhb%lot flame may be

descri b Pilot flame 10 nltes
conflwdt@ﬂrww 'thb@f‘l?ﬁ therfgelrRddany nm@le' eaﬁat@cﬁvem ofan

ope%in%%eﬂg% junscBpepdtionn at nosphere 1011 in the
ace interior if the tenperature of the

[Ooédie| Ad&ﬁ&ﬁﬂ@nﬁbﬁ%n&eh3u& 6Télﬁ?)é’s 'nﬁa’fy LGS EHR ! | ther spaced-apart
énperature.” Typically (not . shown)

ned
|°th'ﬁﬁ%t!1 famace vmyvorﬁ)@ﬁrfeaﬁwnplm %tar\p% eﬂeeacql G%!ang%\éoi %fnay be
instatielin obEmﬁ? Q025 SHINGH B tcCopfoskdSidb 'fb?bmeér'\t(b%@tlnj@bﬂﬁ YOE3. In the

I's above 1Ts aut ol nition tenperature, operation

of
embogimentef Fig. 30, exidant gpg iniecer 1993 angtignitiomassinted fuel jance 1013
(anchQr“\F&?lEr ﬂﬁi‘éﬁ%‘s&@fég%eltlﬁ}%eg'anéth@rf}WpléH%y aREse arate elements

cont |nue @rOVI nition of OXI
instalegtin furnage wak 4QQp. | @ne ném@rﬁewdaﬁt 0a# ln!%ﬁﬁ@fﬁ@tnﬂr?g"w@g@t of fuel

IandeE md}fod Héé@t%? g&g@% Q‘rr'né%ﬁk-st[ag@@ edmBGstiohiy:

I gni t'i on- assi uel Tancés nay be di sposed at ot her

[00@9?39@%)@?@6[513 rRathig- %@gb@ "ﬁstélﬁtléh‘ ﬁﬂ&ﬁ\% M@I’tlble%t §& injectors

exa nce 1 dentical ance. 1013

and usml%n awte%f%@ﬁpeﬁglsﬂb@ga@ﬁmecﬁmb%mﬂwm e1 1siAfe

gxeﬁbla‘?&?‘ﬁﬁﬁéﬂe i BERRIdDy AR, ehelogth‘r% 11@@8 HrAd gl

% 0, ant gas |nJ ect or :
parglig ptne@'moagwisweepaoaar vpb'm,eeer!pdpfmg g awab@ﬁwn@t"ﬁewhere

althbsdH lh'o?rﬁbrmoﬂirﬁ&tg Wl oc;rfi‘flfsﬁén Qﬁﬁosﬂﬂ@wﬁlay 15@ 'eﬁé‘lblséld Bé/] @ny

separate el enents i nst furnace_wal

furnwe sieane. ok Plysality ofpxidant eeg biestarnd 1@, ﬁﬂQ?amq 1/1Qﬂ=a%9e P'ura"ty

of 19%9105%%&6%& IQﬁcéésﬁq 1t P14, aHE 491 Qa@ihéﬂaﬁe@h%@ @pper boundary
onbusti on system [0069] An exenplary matrix-staged

or ceth@g af thafurpacet Fachyofibe puidentgas '@ﬁﬁtewtr@%ceuﬂﬁsaﬁsg?gms of

oxnd@ﬂfjgéﬁﬂiotth@ ‘Furﬂﬁé’é §rtnc?gacfHJ<§¥| ugﬁlﬁ’cﬂﬁgs%létéd fel lepbein@ddiides jets or
enb exenpl ary furnace 110

odi nent o
strea@s gbuchgss. 59 "%@Ffﬁ?dg}y the é'pwgwa@ anqyes remegehrhthejiggstors and

' Ianc@§r Fht @keBh |ﬁfé%¥§|tn'ag Be%@ﬁn@al% o%@be%sﬂﬁ}éb@ﬁ HO@B 8f Fig. 10

onbusti on al nosphere in

and élwsaitlﬁeTﬂS§'Stq¢efueldmﬁ?§tme%ldﬁawhé} 'snwgg} ap@istef|dyeldange 1013

f FIRY 16N DOthdr4ysEacst adinRlidr2hihd nfibnssdrffugas b
° % ectorsrq?l105 Oi(%gﬁgandﬁllw an?nl |'ur al |tu 21ces may be

useg Qﬁ desieas, agd jagy ggomegtsical arrngement of oxic Qa%mPCiqfi gng jignition-
ass|§t@atf§é|||%eb%é)hﬁe yeper boundary or ceiling of the

furnace. Each ‘of the oxidant gas injectors introduce

[0070§t Sl' h%ﬁmé&t'é@%@ g8k is BrhslaRdd GRS tHe:@idnt §ad, HndaeftRfon may
each of“ignition-assisted fuel |ances i ntroduces jets

be igjiiated by the:pilas flames inthedaritionsassisted ancas ag epfjief gescribed with
refe%?n‘é@‘f@F@T% ! %JSr SR e Wrmiddibeld B RwnviRd-directed fuel jets,

| ances he oxi d gas injectors nay be identical to
and @b@sgafmn@ggay af @gy 5pt t;ﬁmglb Tteghot ]_:gmbustlon atmosphere including 7

carbon oxides, nitrogen oxides, water, unconsumed oxygen, and inert gases exit furnace
1101 as flue gas 1117.. Matrix-staged combustion occurs in the furnace as portions of
the fuel are injected in fuel lances along the flow axis of the furnace in the direction of the

outlet of flue gas 1117.
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~and the ignition-assisted fuel lances nmay be identica
to ignition assisted fuel lance 1013 of Fig. 10.

O her types of oxidant gas injectars and
ignition-assisted fuel |ances may be wused as desired,
and any geonetrical arrangement of oxidant gas :
injectors and ignition- 25 assisted fuel lances may be

ed 007 he- ted fuel conb sted Wt
ootic A oAk et pa it RerteayOF SEAR papeinig) tre
comrblitigh théatt gbheaRs théreimhanltlﬁifﬁ iluERAtoRS §¢tﬁn&ﬂ|c|l"@ate&:hasger 1119
W t rererence.

is s e Hth of Bie flmene I heet mebres /et veam Liatdndfdvert it to

prodeQL‘ sfflueAtstrdafe $ 23 &aiRStheRYMate. marbceefsstofebc sgeam ki _21 nid\ebe
carpon

usti on at mgsphere i ncludin [
heaiggp 8‘@?2’?!”1%‘8? JU6 or BN aceRrRGYIRG BheRiFRaCay Hiab$ Ehange i

the Sd86ss Shdaim dly BRARRY nbl BdclSddpendingdn thd %chular application.
Nhtrlx staged conbustion occurs in the turnac

Instgast Bl applSoes Stiaen FRBPTSIILING gl igafcATiElEs ey hedonveyed

thro rofh@ fuf@cé bAWab¥drb ekt thBid, %m&m id) irt B%éihll@gﬁb&l%aofreatmg
outlet of flue gas 111 7. OO?lgfﬁ t her gg

queS%dRF?%’idl?&P 1o thei type @W%‘@”P‘ﬁ’a}sﬁiﬂﬁé eugh B¢ ipnagpIBe Sygtem and

prodd8s hieOdhaPactéidd By efhaldad \Whlch @856Ha hes fidik HRJ bt cbfhbustion

this |IIustrat|on schemati c heat exchanger 1119

i-s
atmagpbigre indhe fsnass: t18 /@l embodinents Akibe 'QV@"H%tth%Q?Reé‘gé“ea“'”g of
“thefn®8 tockt bS @BHibt ddsciiBed ‘Fé)ﬁ?(ﬂfet hddt ab&orbéd B¢ afseri frahsp@afed

stream 1123 exiting urnace. Process, feed s

throygiythe fupape: CEHUHOBAIRSRIIRES PBFEIR BATERh SJrarRIarTag dom the

comBG&RINRAMBEHEre feteGRdtefifE! i@ rﬁranE;bafe@ tAfaaE thd rmmatcbebr (2) the
process Sstream may or nay not occur, gendl n

heatp%cf‘?f&ﬂﬂ RPasypP ?99@‘?6#’ tr arrsﬁ%ftf@aafrem the GPHPusto %s%tmemere to

the rRE1ERkI @élﬁ%héé’(@dt ree H&'nbhélﬁﬂ atRbEPHErE s dBRYaIRSY WWMN &eflimace,
t hr ou the furnace and absorb heat therein,

whe%m? Kmacs isdefiaed as angnelosureauithin WB%‘%‘P@"%FB%%@“’“M

oxidaeaMadLiesecafs. t he type of material passing through the
furnace, the systemand 10 process are characterized

[oo7y ®vhilkar&Bmboamtbntbf Eig. abmgétbaeba@hréué@mdebeulhabe enc|osuré
conmbustj on atnqighere jn the furnace

with G R e CvOVoE B BTk ieclss. 2t seired BESP RgmBY be used.

For eidWl@&he Ifmaéce SFigari may bd emriredith fofizontdl leridasednd fuel
erjial transporte

infecBBR L6y G IaPr B HR B enand fuat Miechiols At aReY. 2

cylintifiedNfliface FaIbESIsedih Whﬁastﬁ&lgfo@eésntubbg afeametauai inascifdular
rnace, or

is transported throu he f
georpgly P%&‘ﬁﬁéﬂ&? doﬁ'%? wgﬁ éﬂd%'dﬁf"d%é% ep "H%%{%ds #t thbottom
of tht h@naeeTUST u;ﬂﬂbratdifﬁéﬁﬁ%&érﬁl éd?nﬁd%ﬁoﬂpfdﬂjb@ m&eéxidat the top of the

heat e The conbusti on, at nosph s cont ai ne
fumaged Lﬂh‘ﬂhé&éa‘?k vih EPRERtrCRY- Fféﬂﬁg{%%m ustiparayRieR &égsah and 6) or

a maﬁﬂ%‘»b@@éﬂ SoMblistioh teﬁ’ﬂ Nﬁﬁ@ﬁiﬂd@ﬁ ) ffayi b @idanl anp Hinokede
d fuel- occurs le the enbodlnennggf Flﬁo

georﬁqtrsr 1o yiglg raa{réfgrra hﬁafr%wtr'emﬂ Beteriigmestabilty atigwer

emissions.
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20 with top-nounted downward directed injectors, any
ot her desired geonetry may be used.. For exanple, the
furnace of Fig. 11 may be wall-fired with horizontal
oxi dant and fuel injection or may be floor-fired wth
upward oxi dant and fuel injection. Alternatively, a
cylindrical furnace may be used in which the process
tubes are installed in a guamsar geonetry paralle

to the cylindrical walls. Fuel and oxi dant nmay be
injected at. the bottom 25 of the furnace in an upward

. Alcomplsdtion prockssUomprikingn products may exit at the top
of the furnace through a stack. A

concent (@) pAdviding badieflagsembisihtiogingy st em (Fl gs. 5 and
6) or ~a matrix-staged. conbustion system (Figs. 10

and 11)" may {g ale@ttal flanfgolierHaing inlgEmeahs for an o)(idaht:lgas
a uni f grm heat |strlbut|o better, fl ane tablb t}rf
{Q usting the

and | oviBlet fggans %’rﬂ Ry Suel g CampHSEpA oD for cam

conbustéxidhripigas ass trreomﬁaﬁlfm ar(d&e)n quttev fodidRghbrgirges primary
assenbl y_ i ncI udi n% &1 cent flame hol der havi ng
i nl et yrntfrgm Ly fig edﬁ‘{’ '’ inlet means for a

primary fuel ion re for conbusti n

oxi dant gas @hapﬁwgp }ﬁ%ﬁcﬂ'/"d?& del injggjorpp t%"lssé'frg'f"&$ng the
di schargitlegorthe r;bmmameafo‘rdewe\mtseréh@abh Becdéridameiuabindetor
and (2) %ﬁél uraljty of secondary fuel injector nozzles

surrourf QOMPSERt | et of the central flame hol der,

wher ei n each seconggﬂ)é hole. Bd&}/?\%’{/ﬂb fanrmléﬁa%e CéWPUﬂe? §3ce, and

(2a) a nozzle -bod avi ng an ace, an ou

face, and ananmlettﬂowwmssqua@yghghq Imlai@gd ouHet faces; and
inlet and outlet faces; .and (2b) one or nore slots '
ext endi ng t hrough (2 qngpzrr@r%legs extendinhibroughdhe nggzle body

to the outlet Bﬁ\o(ﬁe rrﬁ%%kesﬁo%e BN 'ﬂﬂ:e eﬁcﬁéloﬁﬁév%g &8bt axis

a sl ot center pl a nor e

associ at ed wamdars@tpemteaplaw of secondary fuel

i njector nozzles; (b) introducing the primary fuel and

t he oxi dant g&3 onmoomornerg@éensmasoqiatadwthrtm Qélfa"ty of secondary

combust i |fgg| lnﬁﬁto?hb%sy fuel with a portion of the
t

oxi dant cOnbustion region of the flane

hol der, (351 E’m%bé&ﬂ&fr%‘ Bty Ridi GRA YheBd fiddHE Ghs into the central flame

holder, combusting the primary fuel with a portion of the oxidant gas in the
combustion region of the flame holder, and discharging a primary effluent
‘containing combustion products and excess oxidant gas from the outlet of the
flame holder; and "

‘ | (c) injecting the secondary fuel through the secondary fuel injector nozzles
into the primary effluent from the outlet of the flame holder; and

(d).operating the one or more igniters and igniting the fuel from the
secondary fuel injector nozzles to cause combustion of the fuel with the excess
oxidant in the combustion products. '
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cont ai ni ng conbustion products and excess oxi dant gas
fromthe outlet of the flane holder, and (c)
i njecting the secondary fuel through the secondary
fuel injector nozzles into the primary effluent from
the' outl et of the flanme holder; and (d). operating the
one or nore igniters and igniting the fuel fromthe
secondarg fuel injector nozzles to cause conbustion of
2t hEhe gembygtion Rreeess)af £4aim d)XW'@ﬁiﬁlﬂ they primarycfyairnst the gecondary
n process of Claimi
nﬁ%ﬂ?ggﬁé?ﬂg@%?§g§%§ﬁ08 an s;?he secondary fuel are
gases having different conpositions. I. The conbustion
process of Claim1l wherein the primary fuel is natura

39aphdEomb&iion ‘?frb!cé%fs fnamiRng wigeis Qﬁé’ﬁﬁ#ﬁébj{ fﬁéﬁé natural gas or
conpri ses hydrogen, nethane,. carbon nonoxid and

refieryifaas and e srsonrian dugl comprsqs hysikeges, mfr{épe carbon monaxide,
a,ﬁ)d&.%m bBRid8 YbtdifRd flom Hlste E\% YdIs6 98ﬁ§%t&’§1 G aim

wherern the primary fuel and e se ondary -fue
are gases having the sane conp03|t|ons -22

4. The combustlon process of Claim 3. wherein the pnmary fuel and the secondary

fuel are gases havmg the same compositions.
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