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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] St aged conbustion. systens are used to
i nprove conbustion by introducing successive portions
of fuel into the conbustion process to allow-the
oxidant and fuel to 5 react in nultiple zones or
stages. This produces | ower peak flanme 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 i n conbusti on THHFpOFcHEIE PNENREINIdi ng process

heaters, furnaces, steam boilers, gas turbine

combustors, @PAGED@@MBU@!‘IO&?@?S?EMCWIW' ts, and
many ot her combustion: syst he 10 netal | urgi cal

and cheni cal pr'&wggom'tﬁﬁﬁﬁrﬁgfu’%lebﬁy]c%e conbust i on

of a gaseous fuel w th oxygen in an oxygen- contalnlng
gas such as air occurs when a fuel -oxygen-inert gas

mi xture having gACREHOUNDOOF THE INVENTRORUSt i bl
regl on reaches its autoi gnltl on terrperature or is

[ood1gn 'gtﬁ%obc‘/orﬁb&%Bﬁ“s%t@ms'éié‘ LbéPR iFpreveecomtigtion by lntroducmg |
conbustion occurs in a three-dinensional Hgtroces

successiyg PRtipss o fugl ke the qambugtign peocass 101 aliowdhe Qx'aﬁaft i el to

react [FPRUtBRIzonaE bR Blageb. nThl’@?)r&deQH fvietpeak ﬂéﬁ\@i’(émpé'ﬂ%wres and
degree of mxing in the rnace, espema y. int

other é@m#&e RembUstioD qouAERS that EdUge the Jenexstionsa] r@&@en oxides

(NOQo MRRictVafBE dtathdelMRMsHEEMmetrdad a?é‘ﬁﬁcﬁﬁrﬁéﬁ:l 1SeciR combustion
nportant factor ~ in operating stabil

appl@@ﬁere&mpb'ﬁmsrqse%%é@at%ﬁrfmn@eﬁ%ﬁ%ﬂm Ho'éﬁf%gcéa g fbine dbmbustors,

coalf-ﬂ?g@ Bl Ofertir PSHAS, ér‘iﬁ mH@i othP chpBustion&ystehds ih he
i nportant to have good f| ane st abi lity and proper

met@'%@?@'(ﬁﬁ'dcﬂheﬂ?@' progges induglHesr el ative to the point s at

ich sta uel is introduced into the conbusti
10003h., e ConbLE TR Bk FBTRALS CURIGERHEs A e SR ARG ges

suctph&hir lobérs W Qﬁu@ﬁd»gpbéhﬂ%ﬁ &as inbeury iﬁﬁvnﬂb af athposition in the
i nj ection devices and jnternal recirculatio eaﬂt{)}atterns

comPHstf%fw repehesoit aitpigpitiop trmperature of isdonfiedity|? sqparate

ignitoPNBduRdd. QN hah ReSEUMetLRstian Bcéuts M @mrdé-dtrﬁ@ﬁslcgﬁl pioeBss space
energy required to 25 sustain flanme stabi

such apP AYBRCR M Aegresf MPdRR sAneiarirmRoaTl VRIS I e gomppstion

procb@s STRE BEgree D RiEAG ANthe Y Shaos, espacitilyCidIties Paglcdwneagthe burners,
coI d startup, rocess ugset S, or tur gdovvn condi tion

ctajpcalizar gas ¢p pRsilions 2 éerEB%ug?Sr @ 5%?fﬁt9f%m'mpoﬂaht factor
in oﬁérﬁhﬁ;’sth@nty?m ssions, -1

[0003] In combustion processes, particularly in staged combustion processes for NOy
reduction, it is important to have good flame stability and proper location of the flame
front relative f&the 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 patterris to imprdVe 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 .lémcetarﬂ asiapted te igniterfuel divpharaeddbere!

and/ or unburned fuel. This latter condition could |ead
to substantial pockets of fuel in the furnace and the
possibility of an -uncontrolled energy rel ease. [0004]
There is a need in staged conbustion processes for

i nproved flanme stability and conplete fue

conbustion, particularly during unsteady-state,
operating periods such 5 as cold startup, process

' and%?stﬁ'ﬁ) rne‘?irfu@lr %?sslﬁttér%d?ﬂﬁ% cS&B%éd @@bsthmﬁil Q¥Eikbts of fuel in the

stage onmbusti on systens to neet hese needs are

_fum@pg@néé@p@gsmﬁb@ﬁammwréﬂed eRergy E%%ﬁﬂe i nvention

descri bed bel ow and defined by the clains that follow.

[000} EFheseiamRsetin staged eerEiNRtioIPIRIesERSIS] IMRovasisme skability

.andctfo e %BHb?Qthne ?Qﬁﬁ:ﬁlaﬁg dérnﬁ#’tﬁﬁ&t@édy%a@b%b%?hg periods such

rrsing a ur na havi hermal” | oad and
as Q@M@@ﬁﬂlp,d?fommﬁ@r er @rogwstwdpwa cengitionsih d mprovegistaged

con'fb‘d:@ ion s ﬁijﬁm%{aﬁicegé’ nbEUSHE dféé@seﬂ Bgr‘én’;bt&@m?&ﬂ@ldﬁhbﬁﬂesent

at nosphere; and one or nore ters”assocl at ed
inventien gascrivedrhsiaw amréﬂefllrmdysthgﬁ@mm taliowo ignite the
fuel injected by the one or nore fuel |ances into the
conmbusti on at nosphere. The one or 15 m)re igniters nmay
be selectedfromthe roup consistin intermttent
~spark ignitersBRIED 6 ér%aHﬁl NTé@%' DC arc

| asmas, m crowave pl asmas, | asmas, gh energy
[0005]s AN smbadimenh el Hriirvention U?éﬂte% @porﬂevst@wystpm GQMRrising a

furng&@ HQW;% Qttherﬁ{al |o%@55tnd%€on%ustlbﬁ‘ ﬁtnh&ﬂihb%r &sﬁfﬁé\éd l?l‘i‘eremd one or

I SPOS %p|acen  ance and
&l

moreéueflganqeé pled t@nr&%qﬁ éwezj élio theegastustion Am%iphaﬁ 9@4’ gne or more
|gn|l%Fs é%%faté&‘ﬁltmhet&% SrIRbEenS 14RYs BRd! 'a@hﬁ?@dl 3 § lté meofu@l

'ance and adapted to ignite g
'nle@tﬁé b&ﬁ*ﬂ@)ﬁﬁ\e PR@OFR fiskianegs inigdhe P@WEB@'ONﬁWOW%&u he pge or

mor@rl rht‘?e?’ss P%@ Jel bR "thé’{;robﬁ %:t\é?étfhg dr MOt ebhki lgnlters

O I-men relates to a | ance conprising a nozzl e
mmyswaaﬂwgmsms D@ jaeg plaa@és rwﬁrwmameRme high

enefd@l I§§erfﬂeﬁmsaéh§ oRBSHL08I ﬂlle WEQrst e tHl@étﬁbo&ﬁ‘ﬂzn{J &t |kt one of
faces, two or nore slots extending through the

the WBE@ﬂSénib\b'a%/ dispesad adiagant i a fugtianee and may hel q&lap?si tpagnite fuel
dtscﬁ d%é’r%frﬁﬁ‘uv'ﬂ&rﬁatﬁtb ! ata&hst on¥BEfRI |§n|¥éﬂ§ %{Qfe istshfated into a

east one of the sfots is not Para
ro

Bnd '\ﬁkwﬂﬁ-‘feﬁ °f fuel lances

maysd@é&um&oﬂ@@@ﬂﬁq th@nubscHiagarra fuel at the outlet
face of the nozzle body; and an igniter associ ated

[0008] t MAridater éﬁ%lraerﬁqgﬁte%ﬁg aF0anARe %ﬂ&mgtﬁnéﬁﬁa lﬁdt@' havmg an

di scharged at the outlet face of the nozzle

mleﬁ faer tasyoutiey fase, andsppiniad flawjaxisassing dhrgugh ke 'P‘Q&@¥%Pm‘et faces,

and 18 of fefé 810ROSMendRty mr&ﬁ%’ﬂ‘lﬁé nSEHY bod'RorndRé IRt faBRYtoRe outlet
integrated into the nozZ and ‘passes through t

the
- faceg g@q:réglof BrvdngR sioh éXlﬁ,o\leqargmk;Bg§ ot axis of at least one of the slots is not

parallel to the inlet flow axis of the nozzle body, and wherein the slots are adapted to
discharge a fuel at the outlet face of the nozzle body; and an igniter associated with the
nozzle body andadapted to ignite the fuel discharged at the outiet face of the nozzle
body. ‘The igniter 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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-2 [0007] An alternative enbodi nent pertains to a fue
| ance conprising a nozzle body having an inlet face,
an outlet face, and an inlet flow axis passing through
the inlet and outlet faces, two or nore slots

- extendi ng through the nozzle body fromthe inlet face
to the outlet face, each slot having a slot axis and

a slot center plane, wherein none of the 5 slots
{00073+ e‘i\%é’&qm%tt%eﬁm%qqyf‘gmé?ﬁﬂ"aﬂlsl togsfulanag W@F@ g PPZZ'e body

havingWrdniet fide. Cmt ¢alel QRd h ﬁmeﬁlov%m&sfdgqh roiigﬁ Fﬂhé/ inlet and

conduit; and an |fqn|ter associ ated wth the nozzl

outlgifages ho atmreslots axtenging trqush the 8pzzr Beduliem élhea'l”'e(t e to

the Q&Hét ‘i‘éce‘C @5&1 abt ﬁé\ﬁﬁ'\gﬂé’é%k EX|QQP|M a sldt@eh@nblafb, \Hﬁdrefhehone of the
di sposed adjacent the outlet face of-the nozzle

SlotaiAraa RSP ARl gHe Slorsate Indud fneeraPadceiRovite
comSusl ﬁ%g &ﬂ\@um hﬁ&*&@o&%d%l thé nb24€ b&dy dh@adapted

nozzl e c;0008 n anot her alternative

to igaite B i@h@lseftaﬁ@e alethe pytirtdacmyt the rpz3ie Body. nbhe,oBitesdagy be
dlSpP 4 BGaBtht'thl Eltidi & of %H&%é@?ocfﬁﬁﬁemﬁ%lﬁ%é @hi‘t‘ér may be

OMIaXIS passi ng t hrou n out faces
integrated inke the naBEie befpard e&s@sdhr@ggb Heorigiet fase of HieA1qzzle body.
body fromthe inlet face to the outlet face, each
[0008] otin RAGthAGAteraRtye ambasimart, thedueklarncamay conaise a nozzie body
havmg &hGhiBt fAck] a{r%utfelt FHce a{%an %Iét%w%xné"’ﬁ&s%nr%'tﬁbﬁgh fhe inlet and

tersected by each of the other slots an
outletdaees-ansi %@@"I@O@fSk&% exteading #reugh theHwzzle hody from the inlet face

to the"BLRIEPREL; Sedch%idt rHa@fngI'TJ é?&’ % ﬁnd)é sfoh@erﬂ&zﬁéﬁe W@Yem aNfist slot

an |gn|ter assocl at nozzl e

of thedwptas dnare slogm iStl@teﬁ%‘teﬂLmn eaﬂwézi ther efbar %l@tStané ﬂa@ gipkgenter plane
of af l@&@c dile d iR Q%%t@réé?@ihe Trﬁ& ﬂo%ﬁ@éf tﬂ@)‘toﬁe Qb&P @$8%n igniter

Jacent the outl et ace nozzl

assogiated with ithengzzle bredy 31 Qctaptc?ﬁagp ignite th@élgeﬂ gt%éargﬁﬁ 8t theeoutiet -

facett 4% ﬁoﬁ%j&(ocﬁﬁ dTH& sifst méﬁ@H@Baééﬂ%d?éHén?fhefcﬁﬁlét i@f:e bhhe

nozzl-e body Eg 09 A°rel ated enbodi ment of
nozzlﬁb@ﬂmadiﬁmaﬁwmd 8 '@Itébmmwu@;ﬁg@;%d ista the pepeie §Pﬁ)g apd passes

thro%@ﬂf?@%ﬂ@@ﬁ@éb?ih@%o%ﬂe%@bosure and a thernmal |oad
I'sposed within the enclosure; one or nore oxidant

[0008§S A r’éllaQ&E EmboliRiEmt BCthk thyvchto® m“eluaésl Ea%o&mdnsﬁ&mvs@éht 0
|ntro uce an- OXIdant gas into urnace one

compiging pdumase reMALERY ?ﬁ eﬂﬁesurer?éﬂ@sﬁbpgn%mﬁ%%mddﬁ%'& the

enclb&§ @8 ML VxidERf ?a@ Hictots rStmtddingRé BhGlosuMB @R iabBapted to
the one 25 or nore fuel "| ances are adaPted to inject

mtroﬂu@ ap ﬁwsaﬂtmasr'uma% fumagey opp e Blorediet langes m@fdgted in the

enclé&?r@%!n@ St ﬁ‘@m@lﬁl@oﬁé of'Rlofe I))Hé‘énﬂg"éﬁ ‘Frﬁéct@f@»dwherem the one
adapt ed nlte e fuel 1njected by el ,

or Mok lanfmr@]adaﬁtqdﬁp dnigstiveliimatie ft{rmﬁ_ceoﬁ@d ePe RbMare igniters

assdcﬂﬁé@ RAth tHPInDEr r%S}eef%ﬁQnéésqﬂotJb% ga"th'éF?gnlféQ% kil infjettéd by the
intermttent spark igniters, cont I nuous spar k

fuel Jagaes-ers, DC arc pl asnas,

[0010] In this embodiment, the one or more igniters may be selected from the group
consisting of intermittent spark igniters, continuous spark igniters, DC arc plasmas,
microwave plastas, 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

-3-
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30 m crowave plasmas, RF plasmas, high energy |aser
beans, and oxi dant-fuel pilot burners. At |east one of
the igniters may be adjacent to a fuel |ance and
adapted to ignite fuel discharged therefrom

Al ternatively, at |least one of the igniters my be
integrated into a fuel |ance and adapted to ignite
fuel discharged therefrom The nunber -3 of fue

of fuéinéi%‘és R HeCe it @) orti@sPthah @feSnuirtset of hﬁ‘llt@l@mé ditance between
Igniters, "The di stance between the periphery of one

the periphesy sheneef theoBe ok MPsn PXigat gasjiiettars “ém pfiphery of an

adj@ht RBEENcOMaFbe iAHAERBE of D@ 56 MeREs.may be in the
range of 2 to" 50 inches. [0011] Another rel ated

ooﬂ]b%dmé}t reRited &RbbdIvRAE biGRe RVBARINFeriathsdo %Qimbtl@ﬂ system
system conprising a furnace havi ngsta t her

comgiiging q:fymthaawga gpaldead #idpeeh PH@F@?ﬁrﬁ‘eae g'sposed

ther‘éﬁmarc%htrQlLHd?ﬁér HB'%’/}HQ"HJ\ Blis, Primari fud] il an bkigdntigak @ilet, and a
an oxi dant Fas inlét, and a conbustion gas ou

combusiienarg eutieh adapiad & mﬁedmegpmﬁsqun@te ’f%{é‘mace one or
mofe é%gffuepﬁﬁcé’é disp&Hed rﬁ&ﬁﬁl} fﬂ&nfth@hxlg éf‘th@%eﬁ!r&mm and ‘

fromthe axis the central burner and

adaat%’ﬁ@ aioeta stagiee fuehnge H@l Rnhustien AQSPheRE it Miadygaceyand one
or nfid %s'o&aié?ﬁﬁﬁﬂifh@% ;or#bte RRINEtuBNlafbes find GlapRidSto
ASSOCI at e

e one or nore staging fuel |ances
igniterihie stegingdyet ipjectegiiherefrome st agi ng fuel i njected
therefrom [0012] I'n this enbodi nment, t he one

00121 IndH errpIBRTSANE AT MARIATHESGRALRE Seeres pmige roup

15

20 "t

- providg Hlergeging fug B Plhong s s i g'd? <7 ToP i el the

25

30

coné@ﬂﬁg{ 4 lﬁtte?rﬂﬁteﬁpéﬁdfk IgREASCESHINGONY St IpitsRADE are plasmas

ers, DC_arc plasnas, m Ccr owave Iasna

~ m'CfﬂVé?é’ﬁ‘ﬁaS”Fﬁsg B%@@g@s Pighianesassger base o 2nd iberiiug! pilo

bunﬁ’é Olat fbastdHd E'the |g9ﬁtenls%§§ be ESJaQéntttJS‘ 8 fué] Hrice lahd g d to
acent to a fuel” | ance and adapted t ignite fuel

ignite; Hyemcﬁ@egqq#ée@rfrpmn Aligragtivelys Wew onstof F’E‘dﬁ'i""%ﬁ maye

: mteb&?ed B & RIcPiMRY aR8 adhPleBds AnRE fidltRcRarbb@therdifsie. FRE number

adapted to ignite fuel discharged theretrom The

of fll'ﬂ!u'ﬁf@?s may beLRguY tarrrdassihipn e HTRaT of PEPTSt ess t han

he nunber of igniters. [0013L@Th ?R/‘St em of ﬁq d
IOO%om%femytmﬁﬁmh@meawﬁv PiiRG MainSug|piping adapte
to ppsladd Be pn%&& ﬁJePfdJﬂﬁé Q':@nl‘i‘élfbuﬁiér %6 Yt fuéIGpubuhg ad&;ﬁtbﬂ ad
burner and sta rovi de, t

centrBFoRhéBNdMhé 'é@glﬁgquélrt@ thé 6 6ﬁx|no¥él’ét8@hg ﬂl‘éﬂlatnbés are identical in
f uel the one or nore staa ?fuel a

compoB TGRS RIS Ml Brine SPUGR put1ey & g Flgging fuelto

the Bﬁé mafn\bré é‘lﬁbmb%él%dég Rk aiffeRint MEdonTtiditioh e THE @86 g more
he one or nore stagiing fuel |ances

stasung ft@} BRees may Bastaosed Autsitecf @J??ecezﬂtr%wae@aj@wag PR lisposed

rathH&ﬂroranﬁ‘é’Sﬁs%Ftheb&nﬂ'bﬁtﬂﬁﬁ@rd outside of the central
burner and may be di sposed

[0014] An alternative related embodiment of the mven’uon includes a combustton

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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radially fromthe axis of the central burner. [0014]
An alternative rel ated enbodi nent of the invention

i ncl udes a conbustion process -conprising (a)
provi di ng a conbustion system conprising 30 (1) a
furnace having a thernmal |oad and a conbusti on

at nosphere di sposed therein; -4 (2) a central burner
having an axi's, a primary fuel inlet, an oxidant gas

| et d mbust tlet adapted t0 .. . . . ..
|t roduce 1 ndS) 4 GHBIA BT EG" AR BB HoDH TN NglinptsAn oxidant

one or Bk hISH aﬁdﬁ%oﬁiwaétldna%ﬁéﬁﬁxtldl sRpsaitonimeddaict yhe r om
the axis 5 of the cen urner -and adapted.to

i nj ect &Og‘PﬂﬁtFWgQQSUBﬁM Bt'¥N84%e conmbustion at mosphere

|nthefurnace and niter

associ at ed ke 'éﬂ)@ 36?9'%{”@[1'8 cﬂapospg &pdiplly frorp the axis
and- adapt §d deptriaPblirhér drideackipba tBQhJé(‘;t%l staljing ful pesithe
therefrom . (b) introducin the oxi dant gas through

the oxi GamPuglien atMospheldin 1e;fWEEPHEN0 fuel t hrough

the one or nore fuel |ances |nto I he cg}ng‘%sti on .
at mosphere i h*xone OVfQ?rﬁé%ter%\ﬁﬁo(:@}edo‘ﬁ' 90§ 9 Pre ftaging
Or NI e fid) Hrc8s andBdapted td ighle tHestaging fuel disthidrged thelrefrom.
| ances to cause conbustion of the fuel wi th oxygen in

the comigys hﬂr@dhcnrgtﬁé%ﬂﬂﬁﬁtegas]tﬁrdugﬁﬁ odidarit lgs inlet and injecting
enbodi ment , the

e se|lected from.natural, ga
r efuehBirguglt thgeoe OVM@%? ages do fegomaugtn g oSpherEin the
Pr afgHadd: @Rd and combusti bl e process waste gas. A
pl urallty of fuel |ances may be used and fuel s of

d:t f ]ﬁ er e(d) @l@ltﬁdé 6Rs om»rénngnwrlg dnél ignitinaethe Fuel &rbinttne fuel
0 ue ances ternative r
el FasP SOMPLRTRLAH G fnabuith gryen b t cdsgp B

coghnsdphers.process. conprising: (a) providing burner
assenbly including: (1) a central flame hol der having

[oo1sp! &t th@&ﬁﬁ?dlﬁknﬁm@mbﬁaay b@ aslectedifioat naraeah gas,aefimery offgas,
assomatc—gg1 ng trrgr% cruc?e OIPprogSétfo?\narr\ g | n%]ustlg{e &8%%%&139@9&@ ©
plurality of fuel lances may be used and fuels of different compositions may be used in

the plurality of fuel lances.

[0016] Another alternative related embodiment 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 outiet for dlschargmg a primary

zefﬂuent from the ﬂame holder; and

_ (2)a plurahty of secondary fuel injector nozzles surrounding the
<'>:utlet of the central flame holder, wherein each secondary fuel injector

nozzie 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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oxi dant gas and the primary fuel, and an outlet for

di scharging a primary 25 effluent fromthe flane

hol der; and (2) a plurality of secondary fuel injector
nozzl es surrounding the outlet of the central flame
hol der, wherein each secondary fuel injector nozzle
conprises (2a) a nozzle body having an inlet face, an
outlet face, and 30 an inlet flow axis passing

through the inlet ?jor‘?é’H :%refﬂ&g%xteﬁﬂﬂg thr%uél?me rﬂﬁ%le body

or nore slots exte gagp rou the nozzl e y from
the inlet fackomdhe et |t@ther%l@tfaéa&ﬁcﬂSéﬁthﬁuvgﬁgslataXls

slot axis angnoaagtgpémergﬁml epI ane; (3) one or nore

igniters associate e "plurality of secondary 5
fuel 1 ni ect or(snogg bPmord ighirdrS bEQALAEAWith B Hlfalior second
fuel and the (gzeéant ggslel).‘ntro t centlra i Tﬁ? seondary
hol der, fuebinigsior ngzAase primary fuel with a portl on of

the oxidant gas in the conbustion region of the flane

hoI der, @hintreducingthgintinaty el aed heapidant gas inkoihe £entratflame

ot T FOrSARY ey RA §RR b @Bl Eeb e e
semfrdmsyorf (egiiont Mﬁmj@ame heldge epd @lzﬁcparfgm a pﬁm@'me%iuent
I
t nearfanint phgaleaBridTpt ekl d ot Bog REnEHe CBliat he
| grflame kolderdangni ti ng the fuel fromthe secondary
fuel injector nozzles to cause conbustion of the fuel

WI t h t helckipiastirg thessegrndrinfuel threugh the seerndaphiuel injector nozzles
Ctﬁé gmﬂxgﬁﬂgﬂluérﬁ fH the %ﬂ‘@ Qs ﬂ‘?enﬂaminﬁd&‘ bAgry fuel

econdary e gases aving different

C 0 n‘p 0 S ' t (P ?;?erafmfth@ éin%r }hdcré' @nnt@@yaﬁqgrflﬁw{h@fuél %npfhe

refiner t he secondar may conpri
hy cie6g inienior neaziBs tp erMSE T USRI dhe Rtghwith the excess

di OGSJldjc\‘?\t f?lklhé'ceﬁﬂuét\’dﬁyréd £ssure swing adsorption

system Alternativel e primary 20 fuel and the

[00?20 QR YRS ¥rib¥BimdMMne Smglﬁu%ﬁ‘édrlﬁl\d' the sb&hdaA el may be gases

osi tions di'f ferent enbodi nent of th

havin relairporruqoa{ﬂ@aﬂ ePEBalyd4elinay ba Bride 92 OS] 'P%Wéfgas

" and the secondary fuel may comprise hydrogen, methane, carbon monoxide, and carbon
dioxide obtained from a pressure swing adsorption system. Alternatively, the primary
fuel-and the secondary fuel may be gases having the same compositions.

[0018] - A different embodiment of the invention ~rélates 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;

v (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
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(a) providing a conbustion systemincluding (1) a
furnace having an enclosure with a thernal |oad and a
25 conbustion at nosphere di sposed within the

encl osure; (2) one or nore oxi dant gas injectors
mounted in the enclosure And adapted to introduce
oxygen-contai ning gas into the furnace; (3) one or
nmore fuel |ances nounted in the enclosure and spaced

apart fromt h@) enRe oﬁfnd?@fgﬂxtér& Iadadtiated with fheedrieddrSmore fuei
wherein the one or ted to

i nj ect flgBges ?ﬂdoaqaﬁéeq‘tt?r'%@é{‘eg’r?&i'“l%’t?dztyya%ﬁé” r}?ﬁ?'e

igniters, associated with the one q fuel |ance
and ad ap(bé Higgding @?ﬁ PYIER: @oq.\t@gmg qﬂsé[gfoggh ‘@1 PFOFRE oxndant

| ang@sinjetdls infd BelcofBubiivh aneestitre Athaifiinage; gas
t hrough the one or nore oxidant gas injectors into °

the corrbceb;ﬁn;1 dHiing tHEraBNAfcRigh thd i drihBrRd8el Idnce6 into the
i njectin e fuel throu the ope or nore fuel Iances»

| nt?P"BtH@ lore BIRRAPNPHSHN & %@r%ﬂq n the furnace; and

oper the one or nore i ite,s,ndi nitin

Lhe ool () PRSFARIA e orraRTe GMER 2 gt e e g gAY the fuel
t heahst) towa&éb SonisiRfioh Bf fhaguél ant&@ &in tAé bophtion. 10
BRI EF DESCRI PTI ON OF SEVERAL VI EWS (]: THE DRAW NGS

[ OCAIOPSPR]Se- 1 is a schematic sectional view of a
burner assenbly utiIizTng secondary fuel injection

noz21 B BRECTE hip OF e AL Y drfHEdhwes

di ment of th t
otdl. P B sefieuh SefipRicu s né%ﬁ%%e%%hﬁ 250 sepgfoery

fueldnjectidQd2kleEi 9. 4 is a schematic front view of the
burner assenbly of Fig. 1. [0023] Fig. 5is a

[00201heFigi2 & a&ﬁ@ém@tﬁalwew m :ﬁlfzz% dusemely agismizbiebody that may be
ati lizi Sec? &%ry Q‘f r}{oectl on nozzl es and
b *%ﬁ%ﬁfﬂbg PEYE e IPNEMCE: embodi ment's of the
' v O e front view
oo}l Sl €8s rdslan flapinsforafe hdge BRERFR.. T TN V1 8
[o0 ﬁhj—ﬁ"&ti l% ass?c te'm% ic !froth veu\e% 8¥ therf)u(rer%(eerngs B’ly ogpfgt %r_ used
[0023] Fig. 5is a schematic sectuonal view of a burner assembly utilizing secondary
fqel 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. 8B 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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enbodi nent of the invention. [0026] Fig. 7B is a front
view of Fig. 7A. [0027] Fig. 8A is a schematic ‘ '
sectional view of an alternative exenplary igniter
pilot 25 used in an enbodi ment of the invention.
[0028] Fig. 8Bis a front view of Fig. 8A. [0029] Fig.
9 is'an isonetric¢c view of an integrated fuel injector
nozzle and igniter according to an enbodi nent of the

[0086YV elfib' s a deHeRRalkettidhal iy bﬁa@tﬁ&@iﬁidirﬁerﬁeﬁheanabntlon in
view of anot her enbodi nent of the

n
whigh the |meg§qigq fuel mgpé;gor,r}qugg B¢ |gqg§rchf % dgq,n q»gglargigas injector
are.Fﬁéilauea iRiHE RA SPdridfiRlredsia fuiaggt or  are installed in

he wall or enclosure of a furnace. [0031] Fig. 11 is

[0031113 ChgM®f ista dHRWaBE vRWGH thXtrik Wrﬁ@é@cdﬁﬁlﬂﬁuﬁﬁ B}Zmera)hs Bam
- 1n an 5 enbodi nent u&gqg1 mJItl inte

embqgimeRtgisingpyliale iatgarat ﬁueb'fu@ nwées rs Rﬁ#‘?u Jpgnd
mul%b@%nﬁﬁ"/@s inldlcRft 8f Sigofo.Fi 9. 10. DETAI LED DESCRI PTI ON
ON [ 0032] Conbustion-based processes
utilize the corrbustl on of fuel streans with 10 oxygen
to generate process heat and, in:sone cases, to

consune conpystAibEp sESCRPTIONIOFRTHE INVENTIDNEr -
process systens. In the establishnent of a conbustion

[005 B2 CtbRBustohlbaskl pReksds @lize fneeiombuaursmfgneltsneammw.th
occur if the tenperat ur e of the fuel - oxi dant nhﬁ’ Hﬁ £
oxygen to@RpEAte IREOGRSE HEBTANY, BISAemiRses 19/RN3Me RRMASIPIS gff-0as
strehfsdtdm BfeH pRice 88 8ysiénié Ulnthe e&t@bhm bﬁa cohbustion reaction with
aut ol gni tii on terrperat ure i s about AI?

thesgyyariols fusls.aytipigratien Wil et g eRSTEES elihpuPiant Rixture s

abov8 #d A4@Bighftioh hemp&ranes at e enilird. NA alrtiekurabgadaniktures, for
mxture is belowits autoignition tenperature.

- exapplexdlon evtgigaitiopiemasrature jsaboyk 1 8RP°FotA szﬁ“ﬁ@ SPWC{E Ffefeqll"ed to

SRRk BRHS b A8 fuchakiaant hilkfure is below its
mm&%rmél%ﬂtnﬁgsﬁngel ‘F*I tyl of ?mﬁ&corrbust ion process with a

autejasisenteraneratissgor i zed fuel . Stabilization of the
conbusti on process becones conplicat ed V\,hen

(004 n A S oA Seriaide, thepoRkAT FRIRNG i 5P CREBUSGH Figebhere or

confBLRH6M EbgidrA Wah BRbct(Hé BBy dithe IMBULHE® Plocesswith a gaseous or
|ntroduced into the conbusStion atnosphere contg q gm
ﬁaaed en fuel

vapgrizassisieb xStghlizationt thagpmbuston RIPCesH PecomesiapP
stafifG UL hmﬁ'féﬂ?&ﬂﬂh of R©, f Hﬂuef&ég{uﬁ@(‘rbwi’fﬁél%lthﬁut air or oxygen)

conbustion typically is identic di fferent fuel
is 'rﬁﬁﬂ?ﬂ@%'nﬁm@ew@%‘tﬁon aMPsPhYe FORtARING PSS QMIel regRinng from
an &M SstERYF combustion. Although the fuel for each stage of combustion typically is
identical, different fuel sources may be used, and the use of different staging fuels may '
affect the operating stability of the combustion process. In order to minimize formation of
NO,, it is desirable to introduce the staging fuel into the combustion atmosphere at or

near a location having a minimum concentration of oxygen.

[0034] The maintenance of flame stability and flame location in staged fuel combustion
systems may b"é difficult during unsteady-state process conditions that occur in a furnace
during cold star: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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affect the operating stability of the conbustion
process. In order to mnimze formation of 25 NO, it

is desirable to introduce the staging fuel into the ;
conbusti on atnosphere at or near a location having a -
m ni mum concentrati on of oxygen. [0034] The

mai nt enance of flane stability and flanme | ocation in
staged fuel conbustion systens may be difficult

is UHESIRDIdIAT] Rl Yoot Bt PoRIARE olaNthdoheoied drrgpessei i the
a furnace during cold startup, process upsets or

- fumagendown conditions. During such conditi ons

| ocali zed tenperatures ma be|OMI he o njitio
(0088 ElRAIA a5 WD B¢ PERe BeEton B30 fiama M it 1 the
pouﬁﬁﬁ WntFoduBttdiﬂ@fttﬁ@ h.iél StraHi® fn tAB GOMbUSIRE AMDsPIETE Ak Al k@g aspect of
unbur ned fuel -8 i s undesirabl e and

thestecssstid PBP'lCPP?F fofuﬂr"r"‘%ﬂ% dﬂrcenv%'oeﬂé#@qﬁdr@f@éw fystems,
flankd)Stabllity’i8 Afefhtain8d BY thanlis 8t cohrditatibhs/of fUBIiijBclich déW:es and

proper 'l ocation of "the flame front relative to

m'xmg nﬁﬂea?s odpeyadhe epntagt betweon fhe fugl-righ et aRd fh?éource of

oxy@@ﬁ%&h @&Iéb%h@’t Smmbﬁst@n@ktéﬁﬁﬁﬁtun@éact&i &4@en contained in
Successful application of fuel staging

the ggReQnatERaPhare iybe fupae sThQ)WOQ%‘P@?F@“ amda%oum of ignition
ene?ﬁ@@lbb id MhpoftaA lﬁs’l’dn@ﬁ?& fb&l ihjBEidASvides GidkIlp atteMPBtoCanchor

ection devices and 'm Xxi ng patterns to I aprove

the fipGrecas Al dame Boldecip. WHSHGRBIoa e Al Bvecierbelics seRfvate bl
body deviR¥ X8 &k as¥i éﬁer@nﬁt’énﬁfa@@ of F&abﬁl'y?ﬁle)c orh léﬁﬁrl Qﬁblﬁiér nozzle

Stream or. unreact ed é gen cont ail ned %‘ase

Thea‘i’rﬁﬂ’%%?fé?qnﬁeft‘tr?@aﬂ?Mﬁ eqy tyne Harpe éﬁ?&'“zﬁ'@dam% %(rh?"e a limited

turrﬁ‘ﬁth"l’Etl@fwﬂtélﬂirﬁl'tsolﬂell BtaBIif/ (si¥foRhaRcd duringReld &ak-u -up ¢ and process
Desi g for fuel ﬂé@ecu on devi ces t%gl cally

upsebcqnﬂémﬁ Any substanial distange of [iftspi ba %@M?P%thﬁmﬁ fuel jet

ﬂanﬁ‘é‘ﬁork%%nﬁhﬁe fiapb hbfdﬂe?%rFHce'vhlﬁSéJse RACHERA idlise h’érﬁé fand result in
body device (such as an external surface of ref ractor¥he

undtesqr@tale cembystiop; Rerfoapalige; inslaingdngreased NQeemisginps ard/ef

pregé}{b\é%hhgur}ﬂbdmépff body type flanme stabilizers is that
hey have a limted turndown ratio, which limts

[oosélel Wheh abhlstdad %n@wé E6riTRIbHe sdurﬁ a8 StafQifloriraedsslpsarbeeur
rocess 15 u condi tions. substanti al djsta

whitgflqw thaughyth @?f@/ﬁnﬂm ek iaging #igBea Matdpined; t thé pplufe of fuel

thaff 6316 afigh thfcentratithst@ndfdresdd dubsinviblly witiy & combustion
oscillation in the flane an? result in wundesira

systegi (128 r%awé}e%mﬁ@@ch i¢ie frod the "?l?i?ﬂo@é’%'&e?\@@y%e outside of

the Fm&wmmw@g bdiReerP @REASORE fdﬂﬂﬁﬂ!ré!&ﬁs!cdﬁdi there may be

en non-steady state conditions suc
'“SLE@%{W Ignitiesy ensrgragiabfg dnthe coldiymass. WA B\W?{Pw@ﬁf

theéé“ﬁnepﬁay ﬁg%yﬁéﬁhb af‘éﬂhbluéé@ﬁi dHe Sived @"Bduﬁ)nﬁ‘@ﬂ BF ¢hBe @he flame is
the volune of fuel that exists at high concentrations

re-esiablishd isam & single bumer. acrifiong!spprees RLICBISR0 daa Representin the

furnace. These ignition sources may be, for example, radicals formed in the combustion
reactions at the burner and/or the staged fuel injection devices. An uncontrolled energy
release promotea by the reaction of these radicals with the volume of unburned fuel in a

process heater; boiler, reformer, or other similar unit operation is a safety and operability

concermn.

[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-



system The regions near the fuel-rich jets fromthe
i njection devices nay be outside of the flamability
limts (e.g., between 5 and 15 vol % for natural gas)-
and there may be insufficient ignition energy

available in the cold furnace. Wien nultiple el enents
of 25 these fuel staging systens are included in one.
pi ece of equi pnent or when the flane is

turndewesioabitiossh elcadkrad stability dgring tbesenparioda ¢diltileaskto flame fift-off and

+ cu3RYIGRBnSlniloh bhelBy TBLaleaPREARRL: bBoldh rdHiEN@RSion is
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I ONn sou
neeided m@dddrass these pnmsallyomsafeemﬁitlons Tbe piefertagrsedution should

o e i EA DAL iy SRS BB 105 e mgp e

the ef(ed:duea of smﬁufczadmrawigrartdrmntml siems lof pmndmrcvwdatﬁwejersonnel

such o 208 5l B sonBRlpei b eS8 miBlndl By one

mor@dgm&omsodrﬁéh’%&r}e used \neubnmmnbn Rith hiee fuekiojectidrolgncesathabintroduce
i ndi vidual fuel staging .

stagf)%ﬁiggm&? Cﬂ@bﬁ%ﬁ:g‘ rggngﬁ ra?)ne at | ow fur nace

rood ) Eh Ao KeSSiefRioyiaree e B in By srtiNgHR o s mventon

in opdzr el ehsmel ignitiohl cdi thee fuief injecteld latodnxygerbsmqalang gasesina

confiyiieh SQiebp B PYofBeiRaky doafish AR Rof 4 wibine

conﬂmls&:ml mradtrh@r gasémécbcmmmbtnbn csysterr?Tlﬁeﬂ.pr lkeher isetdfised bérebmas a
anc

devig iy Bieethie bglR i tes e R o it diriciBnere, The

comexstion amsphempmutéms:ampmdattlgag, amthe Btaglrtgj fuelnmpstebynto the

on G588 AR IR SABLe oo, Sl b ey e s

oxygmeamhedrw ora combestiogrgasmontas;mg mbuaahen p:midactsrand unreacted

oxvfiiey Eot e e Fesit el lafibee ey bE RERI TS fomee
boundary, wal) @3 &hclbgme tadmeasmlm sepdratelfronaa bemeawhemetﬂia fuel

lancé%éw?éﬁv% R:ﬁ? %{Er%%ngtﬁ% fgn ]Eau%ﬁsdh%}(eegc%rjuegé’tﬁﬁ t£g tM‘bl?rEgletro difdct

conoeaycgmilyfsmgeal dmmbglsg:as eAltarnatively; ignitiostassistedifueldaives andynbe
mst%ﬂe% ce t era&t %§%ara{‘érfpc?rﬁ% soﬁhc%aépﬁzg%'ab?%as &%ﬁ a';s uc\rlpkﬂgrein the

or other gas
fuelﬂm&jeslna}ea:ieportmndei thecfdetistodhe ozidant ghs\ar the ¢meusmpe etrporphere

toeﬁéﬁag%héﬁﬂaﬁ%‘%é% Kftion’ at mspher o contains an
[00:8%I OXI ggﬂgﬂ&@ gﬁﬁésggggég tﬁ%gd hg}e%cltnlggn% ﬁl‘é%t%g%here

withirathe e‘Hcl@sooel atdoundariesm g fomaser The ny@am cembustioaditmpsphere

i R R o PR RER B SRR G

combaistiers reimatjorbproducts éé.5.6 daibon @xides,mitregen oxides, and water), and inert
gases (e.g., nitrogen and argon). The source of the oxygen and inert gases typically is
air; an alternatiye or additional source of oxygen may be an oxygen injection system
which introducés 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 furmace. 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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boundary, wall, or enclosure adjacent to but separate
froma burner wherein the fuel [|ances inject fue
into the conbusti on atnosphere generated by the burner
to effect 20 concentrlcally staged conbusti on.
Alternatively,' ignition-assisted fuel |ances nmay be
instal |l ed adjacent to but separate froma source of
oxi dant gas such as air, wherein the fuel |ances

coninjstion atparspheres thefre ey teuwd fuehpreserie Tha coraentrgtion eroxygen and

conDBISFRALRHN BRALEIPUBY Sepblf B e SRMALIS30AURM0 o1 v
locaiiossl witbinghe cnmbnsti@fﬂmtsmmph At eertadblogatidmsninjelgted fuel may react

dsre%ﬁﬁ#&&e%; %gé;&ﬁ@éﬂt%is %%(ﬁeé F\h@f'ﬁ‘é%om Stlo%vé‘tﬁw %ﬂ)hcﬂe at other

ere boundaries o
locdtions,dojected rimhrmsreaxty&gﬁmunréa@bd oxygendsi comigsation occurring

el bl R o BB Bt Wi &) and i neri ' gases.

' [00403 dgA ther?rlngf 19§ 15 @% ggrﬂ}?e comb%sﬁ&%tﬁ%s Iflerg WW&HQ fiterior of

nert gases arr, an a ter Ive
the fnloede, ahateirs amlnermabfoadwg@‘medmﬁ (b)etharlneab@t@erbadrqye'naueoal

tran%éfgr& e(ﬁi}? Rﬂ%bé q@’qﬁﬂfg é%?ﬁs@hg%g%%glﬂ It@% Fue&ﬂr%d{rgﬁsferred

fronT ﬂre comtustion amn@hembeinemateriabasalt (sgeanspsrterbthmugb thth daumace

or SRR e oS BABPERE 8 o MO,

atmbspliere lethemeateriabbethgrtteatey. ect i on poi nts and the
concentration of fuel nmay be higher near the fuel
[0041)j &t exampleioha sondantrinaliystaged icombustionttuener-system is |llustrated
r
in sSERURNLRTh AETPSRISH S Shov%é"g 2 LR buftRr Bt holBE A Funded by
muliiple ihjextion \MddeS\ernmedtGTgaiaiglng fush Albarrexisdafined as an intfagrated
com%ﬁgﬁéhs% sgnmﬂ} fo¥ ﬁ{e c%\’t‘?busi 8‘{ 6)8&5% \Q’I’s& EUe” vstll%‘f'?lﬁ %@Hﬂmépﬂ
ere. cer ocations, 1 njecte nmay

adapteadm mdumtmgtm shenvalhorosnodlpesare of & ﬂmmam; d?aantra@wner or flame

| holcieph %%I’n qisé&&&el’@? ?P@ﬁﬁ%ﬁr&qn &Q% Sacfnd%@a@ gonéentnc

r eac Unr eac
plpeo'o'cy@lemmrmmt tmnbumpe 6raru<anmuta|r spacE %bem/eee outer pipe 3 and

lnteﬁﬁ’émé{ég) cP%nsn Q{%ﬂ%& T&rﬁtga (2)}1 vﬁhttﬁg frﬂajior ﬁ@ﬁjtet ﬁage 3. Annular

nospnere W t
spacent 13 betweeofinngr mcpemamamrmmw@p:pe & is hennegted to@adiirsflow

com%dl&‘:ﬁgn H(fé}%! 151&3?_'&? Ré %Pt?é? bgﬁjg%tlﬁéth@dt in fumﬁce wall 14.

transporte urnace conpusti o

OO 08 8 AT S S BT

enrichradoaig Stfiwsﬂmrthe interir of anet pipe Beapogsoomng'@air‘ flows through
the ﬁi&Qﬂ' eﬁﬂﬁeﬁ:ﬂg@ { ﬁ%né ng‘te er%tfi\{%ﬁf epm&fjofftf\g:}jlrtf%ﬁlsqmmb‘ﬁ Ehﬁmar
space 9. anary fuel 15 flows through pipe 13 and through annular space 11, and is
combusted |nmally in combustion zone 17 with air from inner pipe 7. Combustion gas
from combustion zone 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 zoﬁe 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.
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-[0041] An exanple of a concentrically-staged
conbustion burner systemis illustrated. in sectiona
viewin Fig. 1, which shows a central burner or flane
hol der surrounded by 15 nultiple injection |ances for
injecting staging fuel. A burner is defined as an
~ integrated conbustion assenbly for - the conbustion of
oxi dant and fuel, wherein the burner is. adapted for
[0043]unA stagingrfutlreysteal toroprises (iz’ulets,nweszmmmlfblnfzaiaed a plurality of

- stagfOlsflannts PE' T ebordifing B8P Gle R 3R, A SiethiRon

nozeles elemif ahyg de@rqmetyﬁ’e Stagingritiel35diows fthriongle inleyipipe 27, avechifold 29,
t
and b el BEERor ptes 5T o ool Reame duft preaige 3 pigrapicly
andi dmeiusbw;tmfheoamwnt-pomam&g oanthision gm eTHelcdmammmb ustion
t
atmifilers, P g e ACR RSty ARG oY SeBnG ) esits 57 by the
in’teFF%&-’;Srnﬁ)«irrg4 s&ction lwmmelfedltbs' noﬂﬂfé@?ﬁ £ghd the bumma&:amlrijecle‘b staging
0 on o 1S Ce ra
fuel 35 PRI GE i PN FORBInIng CoRnE SR, SRR REHoAmEreqm of the

exit of oavtral bumet he The i;oaMaa,v fuef maybers tp lsp% & thatavalifliél cuowcrfate

eriaty i SaingLind the g Bel ey be vfita e BB 1 Byrete
roodl]" 18 i e Saaine. et Sortieve e serht SomppatifLotnY have
diffarexttdoiplogitions andvbitisdr s ngite érKl geistbusy ivapdrized) ormutemized
hyafhcBiboRisanATINa Maiar, For RO (o LbmaY 26 SoeamAEr] B sroup

conslﬁtlrtd‘nfmanﬁﬁlegasS reffiyiptyastigay, aﬁsbmatéelgasffmai ertuida@pil pioduction, and
plcallyl n 30 conbu

combyyRibta §rosma WS ieE, AT asE AT P PeRE wagR SR8 13 R tLaaser

wastga&y fsorh @ prasstre EWingradsbrpibn sydiemtie aiprécees forgjenerating
here neans a region within the burner

zone', as_yse

hydrogeMoghn%Bnggst i on occurs. -11 [0043] A staging fuel
stem co es i.nl et 27 and a

too43f 5 AT Y. o e BalS it P e By 201
comptises mtgzzfelmidyl 203qeisedtyndezld inlet pige\BOBh Siatj202} illestrated here as

nozzl es, 33. d [e giLn 3
vertBRforfnst L MESE SR A0R 1 S B%aRA I g e te
dispps¢ctbetivean loatietdace3217 Stdagn indet ffave! (net seznirat tB& cbnmewtion between

ozzl.e 3 mx ra I ng. c t with the

nozfig buF 203 And bl plhs R G50 209 Bt irdudfSoagle ilet pipe 205
and Mbglsislbtsmomm@ HHep €3, iamdfatsnamkthien tnaikesowitti &natber fiuid

rapidl y entrained b 37-hy,t
surrb il e 5% oS 1 Pl iéFpaisd S0l 8622, pbfarsto
patteras aenpodsitié; tiie nojge assbnitiigamige usetkin dny ctientatist end is not

h,.the oxid on at nps

imithl e oty APHzcoal e, S Wigh (BRI $ifrBotion
perpehtlicalay idf owtlet farg 312, SxdniplaQ%ias 20421t p2 18, ahde@15fintemsect slot
207 Ea? Flgq'\t angleé Other angles of intersection are possible between exemplary 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 parallel to

the remaining slots.
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- 10 (primary plus staging) and the staging fuel may be
70 to 95% of the total fuel flowrate. [0044] The
primary and staging fuels nmay have the sane '
conposition or may have different conpositions and
ei ther fuel may be any gaseous, vaporized, or atom zed
hydr ocar bon-contai ning materi al. For exanple, the fue

[omny iee @-ﬁhesnb@ %sfdsemhb% E;rdélﬁﬁed 898A 'o?éhlﬁg tmf)uglﬁé Hbﬂile body

as, rerine assocl ate rom crude oil

JFohd mtﬁn%wae@ﬂa;wafsqrpﬁ-@eqypeé!e%sa SREL0R PgERSNdigHlar to the

mle?fkﬁﬂﬁkl@rd!fnﬁ)éd)&ﬂ&ﬁ) Madheirediar hfd lshPalattdriz88 by @'majvP&tis and a
froma pressure swing adsorption systemin a

'mmgf axies he grajqyaxisriaianggr thap afa%g@wr ﬁ?‘@rﬁ“ﬁé’t‘%%ﬂ axpgre generally
perﬁ&%&]lar%o?ﬁ%é?ﬁ%ﬂ@r ﬁ‘re%(é]@r &Bsélé’é&lbﬁ a%i3 df any klotft P“lé‘tzeéb)(/tends

e assenbly 201 conprises nozzle
between }h@ItW@ @ngp ohheAlat CrQﬁSeEIGCWPTb dheppinor gfase-sgptjon axis is

perpdrdictidral b rhﬁfo? a@s and Qxfé‘ﬁﬂ& b@ﬁ\lele)ﬁ‘tﬁé bﬁ@é Sfjthe'sﬁ)t cross-section.

I ntersected by slots 209, 211, 213 . The slots

~ Thegglet fﬂ@%b@@eﬁjm@éﬁﬁé@wncﬁi@Déﬂoﬂ-&tf@ﬁ?‘i&ha@ﬁ@f‘é@aich cEss segtion
vma)( %Eh&@&@}lzﬁ l'I))I DReRRPPSAL 6%n98ﬁ"\ﬁﬁ8re (,%‘ﬁﬁ'éid%é%(fﬁé/ u&%

and nozzl et pipe 205. Flurd 219 flows through
Qeoﬁ@zfiq@eflnﬁlflét pi pe 205 and through sI ots 207, 209,
213, and 215, and then mxes with another fluid
looé,l]r A sletimay berfarthar shagiarized by prslot @istdeiRed as aistraight line

_ conﬁé‘étﬁﬁrtﬁe SR &F i bt c?oss%@ﬁ&nss | lﬁtadaﬁoﬁ’aé $18f May B& €

possible; the nozzle assenb can be used in any
chapactesized oF dafinasdbyi & cener planemv e intersepis t@%ﬂ@tcmcrgss-secﬂon axes

‘ of alt Qo E%E-@bcﬂﬁse @a@ﬁ s cﬁ:@?o WBctio YR8y Kh bidiéular sylmmetry on

direction perpendi cul ar outlet face 217, exe ry
eithgy gjgle obihiz, cepier planes Therpenter planetaxtensstbeyped eltmenapf the slot

andrrh&hﬁe a8dH ®defifk Wsl%leﬁ?ati% rélafl\?éz t%%é h@iklé‘fﬁd inlet Ellow axis

ossi bl e between exenplary slots
Sf'%ﬁ%PeéﬁP%t 207. When viewed in a direction

%Sr pendi cul ar_to outlet 30 face 217, exenp Iarg sl ot s
[0048)9 Al pectioml-1 of {be pazziewidFiga? 8| 9“@" in &g e 1AIRbIGL XIS 301

pasEEYBY&Igh thO E&REr STHRREILTRBEE Sipase2, nﬁl%‘?fa% @03 rbﬁ@ﬂbtﬁl@t faBe 217. In
or nore of these slots are not

this egigatmaeny top segter plapes gelelp 2Pﬁe§t1en2ﬁr?» @%%15 'é?sa"l?é"élfs to inlet

ﬂowlmsem (1.8, 8pL hovashrarl RNinRPASW Blis 30k Pékﬁﬂh taamﬂdh&mé%’m the
ther solid material wherein any slot cross-sectio

Sloti at %uﬂet trcgdy |'@H'V9'&'f19e¢16ﬁcém%ﬂf°md"?ﬁl?w S 8011 | W%B@?rsp'ane
of sReLONEshIYOL pOMbN | I&ﬁf@aoﬁs L& HF@F@; diso Fdadt antMigiezs ShiBdflow

a maj_or ‘axi s and m nor axis. The major axis is
axis) %)ﬂg eTrhlq examRlay fﬁ@tH@(dlm%ﬂ% Hoqnﬁge neetle ouliet face in another

diveB§IRG bRt thon IroR€ ke mewwtsagm Eﬁ ’thn@é%?ﬁblﬁry érhsodmeﬁtr when viewed
cross-section axis of any in Fig.

in-a direqiionrparprndiguiarda he @ﬂaltseetm @ftFl@r?o§£°1%%QQ %chm Wiersect at
inlet'faB® Bo@fc%ﬁn %ﬁ&ﬁa‘ QyeBO5Sslofs 211 and 213 intersect to form sharp edge

307, and slots 21 3 and 215 intersect to from sharp edge 309. These sharp edges
provide aerodynam:c flow separation to the slots and reduce pressure drop associated
with bluff bodles Alternatively, these slots may intersect at an axial location between
inlet face 303 and outlet face 217, and the sharp edges would be formed within nozzle
body 203. Alternatively, these slots may not intersect when viewed i in a direction

perpendicular to the axial section of Fig. 2, and no sharp edges would be formed.
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per pendi cul ar to the major axis and extends between
the sides of the slot cross-section. The slot nmay
have a cross-section of any non-circul ar shape and.
each cross-section may be characterized by a center
poi-nt or centroid, where centroid has the usual 10
‘geonetric definition. '[0047] A sl ot may be further
characterized by a slot axis defined as a strai.ght
[0049]neThecterméinteit figwtais" ae nsed hereinis aalaxisglefined by the flow direction

of ﬂg\rgo?rg%rfngﬁw% 2-85%? apgw%qﬁjl' % wr?erg’lh%is mlpggsesv\ﬂrouRh the inlet

SF T Red nter
andi autlet faeed. s Typieallypputmot rmailseases,tth@ mlabtlew axisfis petpendiguiar to the

o OE e AR LT 571 B e e

perpvemdicmlartyl AMben nbezlcialet prperﬂoaneaemcmh dginddged nﬁn@ﬂr&mhown, ihe
t t
e fin i s Bt Joof Boqilent §50 O pR AR ' T o

[Oogtﬁesmjaz%l% iq%r LB dlsgleelﬂﬁgv% ﬁ% gﬁzﬁ%]gté‘ﬁ le@ S&A{egﬁ tr#q ll\ozglé inlet

faceaxnc ot fageaks exambleo betiwekeh mlete‘ad:eesoa)and}mzﬂek tace @1 étof Fig. 3.

e

mindil&ossuektidhaxig. €Tt rlalﬁdsl Ig»f the axiall slot ?Fgﬁltotheasl@@ewu maﬁ/ be

to i t is 301
ergsert s ErRIERRE 2 fom the_ Slots at outlet face 217 in
[oogg f‘@% raﬁgldfg s %tf |"§$ g&é%gb%;gh Hctér%%'r ?ﬁéi)la%g]pelﬁé?\%qulﬁr to the

inlet ffove axin. As shbgn |r8FigaE,sfor éxa&spla,tskaxa 20821, 203,iandeX1 Sfihigvsect

o2yl OBt SIS oA o oo o

the mlétékow axns traorglésotiber tﬁhmmglabargle%O Adjdoant $iots alseanay intersect

PR eV ESR T 10y s 00 RSARTPBIE .. e

showntue Fie 6t foabxampleeslofsam SR ridniecedt atrislebfacel§63 BoHrm sharp
21 ~

edof A5 ebie M Gined, 118 B otplopo B Aoy Bpentd Hancs of the

slot8hd dlsrebetwebartie estyersplamps ofeadh s@éaod%eanietfww eyis, may be

oL 4 T A DTRE 201y e

diresfiart elatimy to theemozzletaxit. an axi al | ocati on bet ween
inlet face 303 and outlet face 217, and the sharp
[00582]g eﬁtamatlvd b@ofze bedy may ererwisionkd in whigh neog of the slots

inte@ ! tdtNS ﬁ ang gfa?:% rﬁelr;%rﬁh 8{1 g r36§ efrf‘ﬁf%tal .

R o the axia
emt:miuhentnfomfexﬁmgle ail slatsdne\mecthappnwdgefstommﬂtﬁequwfﬁ%afe

ol RO 8bol B BRE. LRI oAb A8 st

the aatale bhigigt Aevithoutzdla 247, tvherelmtlhemowe Moutmaveiml)’tﬁlﬁts 209, 211,
21 3?555’ 29§.S§ﬁ§set sr]&g% i‘wpe“?séc[t1 la%glly as shown in Fig. 2.

[0053] Fig. 4 i§ a plan view showing the discharge end of the exemplary apparatus of
Fig. 1 utilizing (;h'e 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 nozzies 433 (earlier described) may be disposed
concentrically around the central burner as shown. In this embodiment, the slot angles
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and outlet faces. Typically, but not in all cases, the
inlet flow axis is perpendicular to the- center of
nozzle inlet face 303 and/or outlet nozzle face 217,
and neets the faces 5 perpendicularly. Wen nozzle
inlet pipe 302 is a typical cylindrical conduit as
shown, the inlet flow axis may be parallel to or

coi ncident with the conduit axis. [0050] The axi al

of ttfd QbttéEREchion Roftdd Aecbridatedhe direrds f]éctécﬂ staghigduellie diveeging
the nozzle inlet face and outlet face, for exanple,

d"%"&'\ﬁé@ﬁt'}’?ﬁ%ﬁhe%@e" seatrabymRitlt et face 217 of Fig. 3.

e sl ot height defined as th er pendi ¢ |

100815 GheEnBes eserale ortpietiag may e UHB TGO Bpdy 203 (Fg. 2)

at th‘er lﬁ}tieﬁnéreléﬁc%ﬁd?]f ﬁg quhﬁoizaésl 433C(F|gt hp Bdﬂe&bn@hé?lthé epehiifigs in
e slo ei

b d
ot S af s S A oS Ko e S SRS oE RS cose

“shapél Sﬁérﬁﬁds fofinéd BY M&m@&éé&nﬂé 's% aAltérﬁatNéS/ ahybiler fy‘p@\élof

axi s. shown i n

openings rrmyobeztissedu iRthe %é?@{e onYdecezwlrcaPaY? a‘PﬂPeér?eréem fr?m the.

slotél88ddriBdd abbgse sl ots may intersect in a plane

perpendi cular to 15 the inlet flow axis.at angles .-

[005%] herhel iathpldrg ebnadHifilly-stidiod eBmMbustont mﬂé@s@y of Fig. 1 may
i ntersect when viewed 1n a plane paral]

be megitied a¢copping fasan pmiodimenkoldae iNVEALQN @%fat%‘? @h*gs 5-plgniters

501 SSHOMh thdte Ebﬂemgtlcd“? rar@é%&iue&ed ﬁtﬁ%’fagﬁ'@gfuélﬂdn@ek]m and are
intersect at injet face to form-shar

adaplgd te ignitg stagingiug! 37rﬂ'§0%ﬁﬁg%ﬂ emnorZles drs ﬁhﬁ "gtﬁbﬁq@ ay ﬁs

adjae8Rt1RE sfﬂgﬁ{beﬁaeﬂﬁnééﬁas SHoWnS whardih theSgnifei WBG:?& the igniters

center plane of each slot and the inlet flow axi

are BACRIM 2 TRRIOUoZaES 330 Altematively the nters Tiay P injeorated fito the

stagmqsﬂ?@ﬂéﬁ@é% dd @e8ctibed ez h‘%e'dénéﬁtyn'féﬁhrﬂg toethe tdith eighlté?ﬂas used
tive to the nozzl e axis. %ﬁAlternatlye

hereip s devigrilp gRApPraje RSP U ASYe 10 ABIOT IR

teméraiufe of tHeGUSIEHddaRRAlitGieh For eRarmple, @hwe 506 lRIRIREh I8 rdzzles
to axis 301. In this alternative

33, thermhy ensudng 'ggrt'&nsofv}%ﬁé@ng&%éﬁ%ﬂfeﬁ%ﬂe%‘%rﬁeﬁbme

sché?ﬁé“bafl@ﬁxeﬁgr $ a8 nfHIR @Hyaysaer lgﬁité?@hpatﬂé of gasdratiidher
sl ot Suc anozzle coul d, for {ng *‘{)92 élmlar’;
temparatures sufficigntly fiighy to ignife thedpixtuse gt staging Tyghapd Pxidafte For
exar’ﬂﬁléz trRsegHitdrd\dug g@ﬁélﬁté{bl@! fam89at igailion eRdSS50RWHerRIbthe pilot
ese, slots may inters as shown .in Fi

flampB 855 {orpeg by.FOIbUSIRA & ey PRAP BB SSEa tth degefirdant

mixtQfe bfitRe e¥RFA bafnera PRamativsty, Q?nlteFé 801 ﬂnaylbbhrhtéhﬁ@eﬂespark
stagi ng fuel |ance nozzles o

ignitegsi eeraﬂmaoes BPp&JINtesS, %amasm "M@f?wé}ﬁ% P%@aan'ﬁﬁﬂﬁsmas
highSdtF§\5ladESetings, ‘bl&nY\’Gih@h B®f fgritbest ighitioh &l 503.
0

nmenbers or fins tte staglngfuel i njection

[00589Z ZtheIodkiidn (0t &id ighiters @Kl Hafdy b’éeaeehen tHespars eidw of Flg 6.
concentrically around the central rner

showtﬁg §h%ﬁﬁetaqxrﬁgﬁp of e cgnyal lgﬁ@qere%pd sclflnematlc |gnmon ends SOQ

associated with concentric injection nozzles 33. In this embodiment, each ignition end is
adjacent a stagfﬁg 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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-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] O her
types of nozzle configurations my be used for nozzle
body 203 (Fig. 2) at the injection ends of staging
fuel nozzles 433 (Fig. 4). For exanple, the openings
in .5 outlet face 217 of nozzle body 203 nay be

fuelflaﬁdf&d lhBné Bﬁambap@nmérsm 231 amb@twmamwe@ staging fuel

openi ngs forne sectin
langae ISR R TDSRY IGhser S ifaas Bem et el jancesy Apy number and
conﬂé@r@tlbﬂﬂ of iBRiters ﬁ*?elyfbehmé)ﬂ th affect\Whopd idritich fiag staiging fuel-oxndant

dr ff nt from.the ts descrihed ab e.
miskkenf QP prosst diEpRuR) 15 et rea0adRg R ivahs AL An iohter
asséigtcIWit a ?mquémahcefiQaB@pté@fbrfahG@b éé?;féfbiéjcbfﬂgmﬁmg m@ fuel-

enbodi rrent 0 he invention as jllustr

oxidagh mbetts forspad by He\ategieg wekiera i ?@51093 'g#fé?e and'the Siidant
presért ffihatregioiabifacshtanéd B@;cﬁéﬂgé of fea&sce3 M@m@n@drﬁd%@pé ©sh

- to ignite stagli ng fuel |schar ed fromnozzl es
igniter @spefiated with @d9n%maaaf agiacentihe o GG MEYIAgAn 'PEﬁQ&%‘é’aft of
the hcghown, wherein the ignition ends 503 of the

igniters are adjacent the tips of nozzles 33.
[008Y]t SGRiRdris0d! (Fig. sma}, gfiliZe&d SilotHYmB %rkﬂ&d&dlr?ﬁm éritf 503 by a pilot

the' 15 stag ances. as descrl 5

fuel s PSS RERATIn T TSTPIpHuoL AN e oS M4 o5 LRPTaieg g the
staglﬁg fuclRWES Srinfaydse 8 Hiefer? fleh 8adH &£ fort HERPIE I BriralgViael 15 of

he autoignition tenperature of the fuyel-qxi dant

cenws&ttufv%ﬂ Foite RiiehRiant manbe air<oxyaen-gay Ir, 05ON8L 71 es

oxyéé’n-cbrﬁlﬁfnﬁ*QYQa?n St d"r@cilcﬁﬂbftth@ BllcﬂfﬂaHéQ:hﬁlﬁﬁj?l?laﬁ ue |gene rally -
ni a

paraley iR SO nG FBENGIG GIRTT RIS S ABIRA Y Jer st any angle

to tHditINBR bﬂﬂw@rsft?églﬁglfuﬁal GibSHHrgy. I dHe érﬁbcbcﬂthéﬁ@tﬁehﬁlot flame may be
m xture o a fuel, apd oxid

d'repwssféd'ﬁ@hww@g ey trp#es gt besente Bingrodss apﬁgﬁ?i ¢rgodiment

ma)ﬁﬁ‘éi gir&ded Wrﬁllﬂbérﬁl&al B thetaxis éf&l‘@&etﬁfa@ bﬁﬁfeﬁeﬂh@pmot fuel and
usting a fuel - oxi dant qEnxtur arate

plloqc% and gaay. premlgaddfpétrggmt the-end otdh [ﬂﬂtﬁ%?r alternatttoely the fuel
andAIXicRInD aly bRl delivérgitd 8hd carfBudiBy né&r th@tgefﬂmtdrﬂraf tiseppildt-type

ol o R M Atk L L 00 B0 L TS

fuel%@@ot@(da’ﬂﬁhs@bb@lbeﬂ)ﬂ@tbv@f igniter at igni tion ends
503. [0056] The location of the igniters in Fig. 5 may

[0058] Sﬁﬁéxérﬁblé@ﬂgrﬁ]{eai’s & piwdelicEisBowR in FighomA (¥itid :iéb’ﬂonal view)
and, {53 of e d Bkt CoTuRREs Attar RS 10 GBS FIE 105, Hiow turbulence

. genbfﬂt@%rlblmf 5?927!%5 aﬁ@anmmtxé ’mnst ARregidanEgHs, stUEﬁﬁb air or oxygen-
acent a sta ection nozzl
- onvigfeth i o Brguch bl Ve o) N Yyrhplegee,eterRidg or it body

705, and fuel gas fiows through inner pipe 703. The fuel and oxidant combust to form a
pilot flame at the outlet of the pilot. If desired, an electrical ignition device may be used
for initial ignition of the pilot fuel and oxidant. An exemplary ignition device is shown in
Figs. 8A and 8B, wherein electrode 801 is installed in the interior of innér 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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30 staging fuel lances 31 as described later. In the
enbodi ment of Fig. 6, each injection nozzle and fuel
| ance has an adj acent igniter, and the number of
igniters and the nunber of staging fuel |ances are
equal . Alternatively, the nunber of staging fue
‘lances may be less than the number of igniters,
wherei n each igniter effects the ignition of a

annmdérfw' Féé Qf:tlv allﬁmt h’ﬁhe ?t#egp%@ r?d%mrl\r?er lpe 703 and

gni ters asSsoCl at ternati ng ?]
outérpipe 7®‘am§lremted byﬂmaﬁugmat@ﬁ bueymemethg en@ 0 tﬁ'pfelectrode

andttng]grmémh oPEut(eFEﬂlpelﬂﬁ‘CGS Any nunber and

configuration o gniters may be used to ef f ect proper

[oosgn' Ad 9fe Jlﬂéuéehg F‘@hﬂ& dildEhaf bk 4284 as qgate.rnauvé o #@@ 8A and

sent term ™associ at
8B. tlnathlsa!tetr@ﬁvq dnned pipsstd istnetiusdd, And adqiremixef ﬁl@wx'q’fﬁﬁ deixture

is phﬁn dapics hE) darlosigﬁ i &s ark'fr%m fHTe'w‘dtd? BidkHEdie 801.

ant Torme t’he tag| ng fromthe
a h
[ooédé %%@P?ng%%%ﬁc@és tLbQ/r Ky fl?é‘&;?]era egiﬁt%gﬁnddmsfy for example,

during @petatied oab fwpacesfiredibyra pleraliysd bormers dokgxempde, lagde burner 1 of -

Fig.[BY AR &g Rt fg&ﬁ%%gf Fi beBp8 r3€d 8H|¥: hiig )eagggmub of the
furnacé Rhg wosllddie ipactivieedvsing oomaal cperatigniaf tttmfuemesos by a

pilot fuel and a pilot oxidant. The pilot fuel may be
[00611e A pitatigritee bt BigstHaang7Bwr figs. 86 and 8B manhe ﬂ@terﬂgéadjacent

each %Fa‘l:?g'g L Iﬁﬁ'é/ p%?st‘?ovm i$1 §§ %tSarfoU@' AR BRS, tHeBilot lfmter may be

nary central burner
desighed es ariintaaral pay obe steiging fushigrae amilugirated Wi Fig. Srin this

, exempfb‘?? eﬂgﬁﬁﬂ%ﬁﬁ Ctﬂﬁte@c{?b&‘@agﬂéled gner gx'u o F@;Q &4 aﬁcﬁ‘@B is

paral l el to
mtegmedjtm@tbe ifiag |@ffcetaﬂild r!s’JtZalgl ah @"'Q‘Sué landi3s dh é\fPQg'étegﬁﬁted fuel lance
andﬁr‘h%‘} aaldnigl OW 5@69 aljo2 D008, 913! zSh& @‘Pc'» ﬂ{errgé& bl@f‘Q@f as

Fscharge. 1 n one enbodi nent
shown| and al?ams maay tlU@ugldfuebl@ﬂ@@ nezaR acmma @ndldip ﬁi"@iﬁﬁ; hie inlet

flowaa%ss%fo(f\e fdMBe GBBHE fridh leiHrﬂBWs R l"ienskﬂg at Htet pARAA Vrfﬁ Biverglng
directed generally para the axis of
dlre@@nsﬁmm inletdlew,. axis elhs lgawterqumpnaﬁ%outsr P@? 96%i inae plm§04 and
eleci®dR'oBE! a?ﬁfjﬁhégé E&rﬁ?&‘n?ﬁs .IaltéQn g &b 4 Brel 't%b@l?fhe%nce paraliel to
lve ox |

al t er nat ant may del i vered

" the as ghthedangsu sTr@dgnléqmpereées gﬁﬁes%lheé ﬁéo‘(ﬁ thfh geference to Figs. 8A

andiiig ot-type igniter. The igniter itself may be
equi pped wi th spark ignition neans to ignite the pilot

[oogzje! Fu%f‘g1 P laht‘é]’s P! Iéjr%tm@??ﬁ’c? siehvs Reeuge bﬁ\lﬁterm%@]paééhge (nat

exenplary igniter is a devi ce Shown in

- seeq)s ped exiéceiptoR7, 90 1, g‘r?d apg 918174 noraiaface’ii7s F’?lpt fyel 921,

wha&Pr‘ﬁEg Fé?ﬁe Qéﬂu lor BiffBRenf then laﬁkga%?fé%e O,Z\Q§ mtt,g hﬁa\’through inner pipe

ence gener ator or 5
9044 filot erddary pas ﬂa ofarexamplea gir o OKygen-en rtch@ﬁal atskw%ﬁ#nto and

through the annulus between outer pipe 903 and inner pipe 904. Ignition electrode 905
is used to ignite, the mixture of pilot 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 enefgy laser beams.
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enriched air flows through annulus 707 and over.flow
turbul ence generator or bluff body 705, and fuel gas
fl ows through inner pipe 703. The fuel and oxi dant
conbust to forma pilot flame at the outlet of the
pilot. If desired, an electrical ignition device my
be used for initial ignition “of the pilot fuel and

ol 8P R SRl %4 OB A

havtnbet»dldﬁne Injentoreffor lnjleehing)oxmn’i’ 93s infdhe fursack arfd sdparate

S48 o8 LA S0 R R B arrs e

use@iiithivémbodieienpivhich/day badonsitensd pirpatriy 6dmbustiopayktens The

ener at ed between the -end of th e
sys R GITUETRS SRGE LV e B PSHitGRe 4 et dedd Gaboie witin the
encbbﬁﬁél, bhé al more britigntaze . injédtogansuraedlinfthe Ienélbsxwetdmd@dgbted to

S e s A b i o ST B e

the 8H¢IBSurBiapd spQded &bt B the)ond eudnbrse axidgmagés ofsvtoratvetterein the
- bet wee t he end of

d.th
onegyr MR[e t,xe rlzf‘gs mad%p@%& mj’gﬁ{ @efg‘pﬁ t%ggcie; gﬂ& 8P¥V%l' l'nore
ig mte%laéswavéd With FRYoritcoruRed fasl iaritesland adapted do ignité&ittesfuel

iS5 o oD s s BB e B e o

fuelidrfieisdRs! ub&d, ah Borabistior G¥stentmigbé defihdiyasa aadrXistagen
the end of electrode 801.. [0060] The pilot igniters

E‘P’? Bbove may be operated conti nuously for

l°°§7y13 € e BB 0B 10 BBt oo

100|fi|§|n1&:)ed N{?l@hgﬁddanebds llnzjéw)trp lotbat'nouyated iafernaseywhlt or enclosure
at.e ur i Co r

100§n gih%ﬁmac% @é’l H&E?‘F ramay, W&?Spﬂ Ig%léfe 6%tﬂé%]l%fr§ctory 1007

as émma@«da[rﬁgﬁéh 08 pidydie digokygen-africhéd gis, or Ay atiter bBygen-

confarfie age flcteoEAn 9B s iRt I005 i e combustion

atmdbpiedra @i ihedhtgriort 10 1ofltiod fungadet er may be designed as
an integral part of a staging fuel |ance as

[0066] | ughitieh-@gsistedfug larte 101 3tihdisposaddnuraase wathteiSapart from

oxidgat o et 1DRR R FPErE olbeb({ilp! i 0o i Tambis Bfor 101+

andfbgs distribanal] fdel das jehB0iMtigoitiar- aselétae fuel kance 10313&@ shown here as

s s o0 B8 ke by S v 8, e

typepefsignitibi-asgstet! iericel macioe nsadz | Ehef distangd D betwiedri degeriphery of

o BpE S 1 Enk e B e BR s Se cs o

maylbe &1 me ngngedbfr 2t So0inshds. cPilot fiarae 101 @i fasmed biTthe combustion-of

R A e

eledtioda disvoeedi ithinghe tdmee laa radiep desrlrlbed to

4 [0067] Pilot fiaime 1019 ignites the fuel-oxidant mixture formed by fuel 1017 and

oxidant 1009 irxcombustion atmosphere 1011 in the furnace interior if the temperature 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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the axis of the lance. The igniter operates as

descri bed above with reference to Figs. 8A and 8B.
[0062] .. Fuel 919 enters the lance inlet end, flows
through an interior fuel passage (not seen), and
exits slots 907, 909, 911, 913, and 915 at nozzle face
-917. Pilot fuel 921, 25 which may be the sane or

di fferent than |lance fuel 919, flows into and through

the bildt9lanty iBﬁ‘lterEﬁ%y ndtibe HeeBd: %?fev@raéfagf%aon of Pk pﬂ&%@ may be

alr or oxyge nriched air and th

contimedtRrip\ m@ttm@ﬁmdvelroweyﬂém@eampqmﬁéa ﬂ]ﬁ ery@ngghan 4
opeFélfr‘nbMp@Btuﬁ' Mng%% Q tiohS used to ignite, the mxture
OXi

I ot u ant gas as descrlbed above.

[ooéééoﬁduddﬁéi i?ﬁfﬁoﬁfas%] iBedRiidl Mncks %Pc?s%dcgt ofHé? §§£’ced-apan

ove as part gni tion-as |ste [ ance -of

locatipgs infurnagg vwlﬁ@psxfypexample cfhianeg idegljcal o laseel 10Thmay be .
mstél%' ih %_Fetaﬁfg% 1885 §ﬁi\ﬁr%ﬁ the 6@'&% ke o%ﬁHQﬁt‘:?as injector 1003. In the

I nter t spa |gn|ter contl nuous s
embogimendrof Figod0aexidasit sgmctornw@amdvmmmgmed fel lance 1013

(an&’%ﬂﬁ&ﬂér ighfiend %Qigte@rf@él cleQﬁSf s%ﬁﬂ'ﬁy |ca]17 F %Qralérélements

t‘ernatrve e ment O e |1 nve t|on

instaligatin furnace welk1@05. P Prigoexdxidant gas jr\mt@rsgnﬂ@r plurality of fuel
: i t
landeQJnl‘?{;)I[%@n@sa?g?}ag;?%\hoﬁegéﬁdt&&ageé %ﬂ@&ﬁmﬁ ?stéﬁpaf ate

n I'anc rinjecting fuel into

[OOéSE_b Wéma%l}ﬁathﬁ g{agbg %&allgﬂc{)rggf lﬁln@rrﬁultlélé%%daﬂt &4 Hjectors
and ignitinnsassisted fuef lancestia diustrated i thecambadiment of Aigiridadn

’exelgﬁbé'ri‘ i <101 GS HEfmed ) Ik RFe G ﬁgbsur@alq odits %eéjngﬁtt hi n

ncl osure; one or nore o as- I njecto
para¥gleniped comburtoresReice X w@lumcﬂr@mm@lcqmbusvﬁﬂ eaosRhese,

alth(?{‘%#ﬁﬁ it e Jaisht 9 éd?ﬁtﬁ:sﬁ&? a{n’rﬁs?xﬁ@r% m Se Shel é§b¥ any

' ances nounted I'n € encl osure an ace

furnaeeyphapge Aopldrality ofxisapkgardniectpss 1108, dd 96,@ 1WHranda plurality
of ‘Q?E‘EP’#%?Q’?H??&* 4qk 1] ﬁﬁgeén@ﬁ #1 @Q@E%llécﬂn'tﬂé ﬁﬁﬁer boundary

L ur nace, one or nore I gn
or cgjling)ef the &emnaga. hEagheo! dheoxidantges injeetprs lamcweaﬂa or streams of

oxidﬁﬁ?ﬁs‘%ﬁtov\ﬁe 'flﬁﬂééeeaﬁdqé‘adch%l g(nl a'mr-]et%“sﬁs?éh ) bhRged M?rbduces jets or

en one or nore as I nj ectors and
streging phfuet gass Bs ilfugtsated by dess dgww@rgea:rowqféom Gapl st the nnlectors and

lancéy. Sﬁ'ﬁ%ﬂ?%lﬁasd@febtefsdmng% gé‘ |d@?1§|5él X6 6{(@9%%‘3%@%? §6&Fof Fig. 10

system his e Iment I s

and ymenﬁpn@ﬁﬁlstfd fuel fanges Ty ieddentcabtol igailen gegisted fugd fance 1013
of F|b51 (') NoRedr %ererf %ﬂgnt‘ﬁﬁsqﬁg&o%a&td 19}11%85 %‘ssu% QquéWéHHeg %ay be

fur nace or encl osure ur nace wal
used)as degiresls awé annge@eetnpai@dramemem of tpxidanpaasiniactors and lgnmon-

assuét@&ﬁ@é}'ié?{c)ésk%ﬁﬂbe shown. Oxi dant gas 1001 may be
alr, oxygen r|c air, or any other oxygen- -

[0070] The lbqjected fuel gas is oombusted with the oxidant gas, and combustion may
be initiated by the pilot flames in the ignition-assisted lances as earlier described with
reference to Fig. 10. Flames typically are formed below the downward-directed fuel jets,
and these flaméé may or may not be visible. The hot combustion atmosphere including

, 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.

-19 -




10

15

20

25

30

and the
 heategiip g\elfe%cem] PVithQUE #EOMPRAY

“containing gas. Injected oxidant gas forns distributed
jet 1009 within the conbustion atnosphere in the
interior 1011 of the furnace. 20 [0066]

I gnition-assisted fuel lance 1013 is disposed in
furnace wall 1005 apart from oxidant gas injector
1003 and operates to inject fuel gas 1015 into furnace

interior 1011 formdistyibuted fuel gas jet.1017
1007 1A irSfmaderc Bl Bl S Bunes 0t ShansbTh apperisd Stine
com%@f§ﬁdrﬂﬁ§dt g}éh&gté@fthéﬁéﬂ\ | lankie llmﬁﬁﬁﬁdnb g6harhdticchest BXchanger 1119
rererence 0 | an

is shoyy initeak battam of tie Pﬁﬁ&%kﬁg oGRS %ﬁ&eam L12fqnd gonvert it to

proc!égg eHRBN StRaReT 1 Fhtingthe Z@rnaesé dlam*ceg@ﬁaeu Rireamor 21 ®|Q§y be
phery of adj acent |%n|t|on ssiste

§ chermical Bgofare 1186 change in
the pobéds dtredPmbl bY may ik bB&S, d3bdnGmgiiRe phitiellar @pplication.

oxi dant - f uel ; mxt ure prow ded by pilot, fuel (]ﬁOZl and

Instead efia farfepa%ﬁﬁtrefazeom@mﬁ'@ge@eﬁper '089» adicles qrydessrygyed

throM?ﬁ Merfuﬁﬁée kAR @BsE® Heaf thefdin, 3486&4Ensl-in EQ\Q&Zﬂur@bﬂQieat treating
ane 1019 ignites the fuel -oxidant m xture for m?‘ ))/
e system and

procege| Regardless @f the yre abmatetigheassig thronghths iymace, t

proc@&gfafeoaﬁrré‘ctéf%@! Byrh {HaemAallbaRGAich 2bS6Mb8hebf fré ghe hot combustion
nperature of the.fuel-oxidant m xture is belowits

atm%ﬁnhsr@w.th? Biinacemde @atemtpdlmwﬁ ehiheyinvenfipn,jae eﬁ'affﬂc meaning of

"theﬁlha%ad" a8 chAfefBEsdribeR Gl ﬁt) q{é/hét@wa%rbeaay ﬂfaté’ﬂiaﬂrﬁh&iﬂrfé@i
jet 1017, 1f t nper.at ur e of

throwbﬁhegs&maaﬁ PO'HPS{*E’[[SP&"@WS%H%% wherein i1 faﬁag i tﬁfl??ﬁ"ed from the

combBSIRA AkndEShere E’@ﬂ"@tm%nafas' itlid tHﬁ§p6}ié00ﬂ1rJdgﬂ|Tﬁe flﬂlﬁbdeeér (2) the
may not be needed; however, operation of

heakgxghangmgPrasatus sAaptrd detraesier *aﬁﬁt érem 'QﬁuCPmS’HS*&“ Qtﬂ@sphere to

the thbRkialPdifPREatBl X THE @oﬂnﬁuétﬁﬁldéiﬁho*sﬂwé@@s SHRathe®ivitiA the furnace,
op eratln up set in the furnace operatlon L

wheysifa I fHiiiee |‘~°g¢ﬁft“ieé RSRHINeqsyre with "H%\&%t% f injected

ox,dghtsd}@qgg@kugt her spaced-apart 5 |ocations in furnace
wal I 1005; for exanple, a |lance identical to |ance

[oo7h§)1$vméyth@@maoaﬁﬁ@h berigl M1 MRSHALES a%l fQﬁhabB enclosure
osite side of oxidant gas i |t_| g
with éggwwﬁt Oa\f"“ﬁf% dirggied BuGTiRIRt a'l@' ?fnﬁ’eéE? 999'68‘53’ H}?ér be used.

For &xHmhple QRe AFhhSd @ICFl? Uel mapbeavaliGiksd w(tﬁlhdnﬁdntal(ﬁxlmht and fuel
nition-assis

uel | ances not are
'“le“é'gB&F gey be f E’i?é}if%d withupwardoxidant ?‘Ef?ﬂ‘érﬁ'é %H%{’? g@ﬂggt"’é%
cylindFicaTBlirfa hﬁ@fﬁe R4 ih WhRAUAE roxass fubkk laf@insfaye@fn 4 ciedular
10 | ances be used to provide a(g%trlx st a

990@6%8%&64‘%}60%?3%?”%@’8@? ﬁ\‘?'é@éﬁfﬂ 9%??.'943@?%&@6 bottom

of thbrf%abé it drPBpwdird| direttith aRd Edrib@stion ipPetiictsRay bxit Sthe kS of the
i gni tion-assisted fuel |ances is illustra [
lies-Broei & o

fum@f}?eth&\dssm sl Arongegtriopfy-sigged cembpptign sysia Hd
a matfix-8Rlge @Emblistish dyBtedh (FEE.1 10%P1 1) Wy Bouded imany firpace

geometry to yieid a uniform heat distribution, better flame stability, and lower NO,

emissions.
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par al | el epi ped conmbusti on space or vol ume enclosing a
conbusti on atnosphere, 15 although in other
enbodi ments the conbusti on at nosphere nay be encl osed
by any furnace shape. A plurality of oxidant gas
injectors 1105, 1107, and 1109 and a plurality of
ignition-assisted fuel lances 1111, 1113, and 1115 are
installed in the upper boundary or ceiling of the
furnace. Each of the oxi dargLA#aS i nj ectors introduce
jets or streanms of oxidant gas into the furnace and
each of ignition-assisted fuel |ances introduces jets

1.or ZOocanbustionssysfeni cahprigitgy, as il lustrated by the
downward arrows from each of the injectors and '
| ances. Tk fusiagehavigma thennaldeas andmgonphustiereatmasahere @isposed
oxi qRdtbingas i njector 1003 of Fig. 10 and the
ignition-assisted fuel lances may be identical to
i gni tion @sshesr ffbrd s@bing ARF RIndéblatiabied.-to et Riefinttfthe combustion
types of oxidant gas Injectors and ignition-assisted

f uel@MesRbe RBY be used as desired, and any

geonetri cal arrangement of oxidan as _injectors.an

Jani 1 on 268 gt SR Bhters Brso il ops oL B8 Siratpriyp! tances

The andjaeiapted td igaite tha fuel hjectetibythe dnendrtrhorelstaging fdalrances into the

gas, arg)d tcon‘gusti on. may be initiated by the pil ot

f1 afBLPPRPFETPHENPES on- assi sted | ances as earlier

described with reference. to Fig" 10. Fl anes

typically are forned bel ow t he downward-directed fuel

j etsg t fl LSl
201 The sttt €%ty 1@ Sn Bortor ke Rferd e/ st W roup
copsiplingcs inteyRittrns spaji igaiters. geptinunyRsaark jgriers, Daric plaanas,
migdHave Bébhad, KF@ESasl high eAsrgyliatlr Bésmsl had oxidant-fuel pilot burners.

Mat ri x- st aged conbustion occurs in the furnace as

portions of the fuel are injected in fuel |ances

along the flow axis of the furnace in the direction of

3.t he Thewldtein of Cidihuewigasin hflikdst oné ?f {heGghiltersAs tispogwail adjacent to a
| oad. typically wll exist in furnace 1101 to absorb a
siqgit eh{BusE Ty Sianias8 iR YL HECTENR BPloher o . 1 h
this illustration, schematic heat exchanger 1119 s
shown in the bottomof the furnace to heat process

fee LL ol : ;
ot r omelig] L AR Efehatche LPneRARERTE 1fbd o = taging
fugll 1ance @ng ispadabteddaignite fuel dischargadiiberefreit h or wi t hout
acconpanyi ng chem cal reaction. Phase change in the
process stream nmay or may not occur, depending on the
parti cul ar application. Instead of a process stream
5. conﬂ?‘P§Vﬁ@mt°ﬁ \3im drwharein iecnumper Pfﬁ@@"grﬁ‘?' 'Bﬁc‘i,sd?ﬁ@iﬁé@ or less
tharhthe wofMmbbhet idriterskace and absorb heat therein, for
exanple, in a netallurgical heat treating process.
Regardl ess of the type of nmaterial passing through the
furnace, the system and
6. A staging fuel lance comprising

(a) a nozzle body adapted for fuel staging having an inlet face, an outlet face,
and an inlet flow axis passing through the inlet and outlet faces, and two or more slots
extending through the nozzle body from the inlet face to the outlet face, each slot
having a slot axis, wherein the slot axis of at least one of the slots is not parallel to the
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10 process are characterized by a thermal |oad which
absorbs heat fromthe hot conbustion atnosphere in
the furnace. In all enbodinents of the invention, the
generic neaning of “"thermal |oad" as earlier
described is (1) the heat absorbed by materia
transported through the furnace conbusti on at nosphere
wherein the heat is transferred fromthe conbustion

at np ere to the material as.it .ig transporte ,
e GRGHobt s o e ooy ard terefs T St BBcAcdfge to ischarge o
appduel atithe dUttas of tite tazaledlody; dndat from t he
conmbusti on atnosphere to the material being heat ed.
The conbyis)tandgniter esspiatadevithshe oorzie oely and taldapted keignite the fuel
fur [ f ' fined as an
enc%&ﬁ?rge%fﬁgﬁnﬂﬁ% Oggﬂr%oarﬁgflfgg)ﬁ of injected oxidant
and fuel occurs. [0072] Wiile the enbodi ment of Fig.
11 illustrates a parallel epi ped furnace encl osure 20
7. WHe std Ry AUBHAA R EPNARANItEr&ih HIREGRithr isdi§osed adjaédht the outlet face
ot her desired geonetry may be used. For exanple, the
of fhernezele bAY-Fi g. 11 may be wall-fired with horizontal
oxi dant and fuel injection or may be floor-fired with
upward oxi dant and fuel injection. Alternatively, a
cylindrical furnace e used in ich the process
8.1 Ypdbe siapauelieagr Flam B3rmeRh e Tolgh rdotpy e g nozze boay
antpabses thrplgmthei cutét faecd dfshe harzle ladg. oxi dant may be
injected at the bottom 25 of the furnace in an upward
di recti on and conbustion products nay exit at the top
of the furnace through a stack. A
9. condestaging flel kanes eeptis®@nbust i on system (Figs. 5 and
6) or a matrix-staged. conbustion system (Figs. 10
and 11) f@\A mzzigdedy adanied for fuehstaging \@?ﬁeawle?@cyiaﬂwﬂetface,

a Unink QhMi&eRW ﬁisﬁdarsjsihgltﬁr&ggh tReInle® and bauge razbaivb iof bhore slots
and | si ons. -20
(040

ower NO ems 0 CLAIMNE 1. A
SenAing teughdie BesAR badyi i G inletiege ig he pilet fage pach siot
: Eefhﬁ_ﬁ'hg berA amib dn@acswtr‘eemén't meamf w:l’le::rne oﬂ'trfémhf(\jtﬂihtterzect other
erelLn,; ne or nor I N u Jdances ada
{ oC faand T RS ol R PRl s eatiod bR S BN oel supply

(c) conduitpandrore igniters associated with the one or
nore staging fuel |ances and adapted to ignite the
fuel inj ¢otapdgriter bsseciated with the nezzis lagly mgd dapted trigeite the fuel

I nt %istcngrged at the outlet face of the nozzle body.

10. The staging fuel lance of Claim 9 wherein the igniter is disposed adjacent the outlet
face of the nozzle body.

11.  The staging fuel lance of Claim 9 wherein the igniter is integrated into the nozzle body
and passes through the outlet face of the nozzle body.
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conbusti on atnosphere. 2. The systemof Caiml
wherein the one or nore igniters are selected fromthe
group consisting of intermttent spark igniters,

conti nuous spark igniters, DC arc plasnmas, mncrowave
pl asmas, RF plasmas, high energy | aser beans, and

oxi dant-fuel pilot burners. 3. The systemof Caiml
wherein at | east one of the igniters is disposed

adjacent. to a staging fuel lance and is adapted to
15 gnlﬁ%ag'ﬁ%fueb'?ﬁ%%@'"ﬂher efrom 4. The system of

Claiml erei n at st t he niters
i nt egrat &4 9 qﬂzalegzogy 3@‘?%@‘? B@I staging. bgﬁ'i‘ﬂja'? @Ieégagst%outlet face,
t 0 Iagﬂ iahéniétfidly akisgeassing Gﬂloughahefrien and 6utIeTI‘m:esdei eva a@fmore slots

r el he n
equaﬁx epglngfhrplégi}gthepﬂ en?%Jé(fW rg%t?gci‘.e lﬁ?? ?@wf’%%e &ach slot
st adianigg busidt akialane actotpentsr plane| wheralrrmfzrsl slotlnd the two or more slots
ada f j
% ?Pefrge%[ed Bileéagﬁ tof"@\b %ﬁwe?glﬁs%dgﬁel %pr%g\gerr ﬁ%‘?\%a ﬁfgt Ie%st one of the
t he siqﬁs iptersacts tbeutnleitﬂowaesleswf thermgzzleody: andr e sl ot s
extendi ng through the nozzle body fromthe inlet face
to the oﬁh)w@ugm@e assogigtad withghe negzlg bgyand jagdaptgst tasignite the fuel
merd‘?écﬂar#;@@a%@*ou@éﬂfa%e%fftrfétndzﬂé%bdyﬁme of the slots is
not para to the 21 inlet flow axis of the nozzle
body, and wherein the slots are adapted to discharge a
fuel at the outlet face of the nozzle body; and (b) an
13. gniTthe rstagﬂ'@CfOélaérﬁ;d ofCigim tt Devhesirzine idniteyis alsposatigjadnt the outlet
f%ag(gjlrt]e t.h di scharged at the outlet face of the
IhEness ¥ The staging fuel lance of Gaimé6
wherein the igniter is disposed adjacent the outl et
face of the nozzle body. 8. The staging fuel |ance of
d ai r RO
14- T'Fﬁb@gégg@ f@élnaé\tc@g); gg@h? ?vghgehd éﬂhg&ggi ‘ﬂwté g%gtlrg?the nozzle
boﬁbaaqi pasgsgsl{hroggh tmgvtéﬂgfa«vg dtﬁ@lnoﬁdﬁéedsconprl sing (a) a
nozzl e body adapted for fuel staging having an inlet
face, an outlet face, and an inlet flow axis passing
throu h the inlet and outlet faces, two or nore slots
Sext &1’1913"?%‘39%%&&?@ tHEP RSS2 | e body fromthe inlet face
to the outlet face, each s|lot, hav .
25l ot U mERE Ram B anciasiie & fee lsed dshoSEi wihin the
i nt enslesiurept her slots and all of the slots are in
fluid flow comunication with a common fuel supply
(b) one or more oxidant gas injectors mounted in the enclosure and adapted

to introduce an oxidant gas into the furnace;

(c) one or more staging fuel lances mounted in the enclosure and spaced
apart from the one or more oxidant gas injectors, wherein the one or more staging
fuel lances are adapted to inject fuel into the furnace; and

(d) one or more igniters associated with the one or more staging fuel lances
and adapted to ignite the fuel injected by the staging fuel lances.

16. The system of Claim 15 wherein the one or more igniters are selected from the group
consisting of intermittent spark igniters, continuous spark igniters, DC arc plasmas,
microwave plasmas, RF plasmas, high energy laser beams, and oxidant-fuel pilot burners.
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conduit; and (b) an igniter associated with the nozzle
body and adapted to ignite the fuel discharged at the
outl et face of the nozzle body. 10. The stagi ng fue
| ance of Claim9 wherein the igniter is disposed
adj acent the outlet face of the nozzle body. 11. The
staging fuel lance of daim9 wherein the igniter is
integrated into the nozzle body and passes through
the outlet face of the nozzl e bod 22 12. .
175 QTP SHREMEB T 4P No() SLIoa 53¢ U1 5 73 e doceb o staging
fudl Uflce aha W dtplea\s R@it@fuel diseHardediaerefiomout | et face,
and an inlet flow axis passing through the inlet and
outlet faces and two or nore slots extending through
the nozzle body fromthe inlet face to the outlet
18f ac ghe epstemsif GlaimHawhereimatdeant ong pktha ighitersds integeated isto a

st il RS e QPR iy b g PeBlrol RS o

center plane of at |east one of the slots intersects
the inlet flow axis of the nozzle body; and (b) an

19i gnithe rs%/ﬁéﬁaQﬁ CﬂiﬂﬁdS\Nhferlﬁ e riuAbet 6 ey Bamséa s &flial @ or less

gnite di scharged at the outlet face of the
th?’fbt?‘z"l"émﬁﬁro‘if'gn.ltgrs The staging fuel lance of daim12
wherein the igniter is disposed adjacent the outl et

face of the nozzle body. 14 The st agi ng fuel lance of

i-m 12 vvher thgryt 8ne of th
20107 Ik g Cllm 3SR Rt BB R ot/ Spg o the one
or mere bxddrs ggs injestors\andbiib petipheny s@awtasijaoeomjagm fugl laage i in the
rargqér&aft Bmﬁéy ng an enclosure and a thermal | oad
spose gvm

I'n the enclosure; (b) one or nore
OX|dant gas injectors nmounted in the encl osure and
adapted to introduce an oxidant gas into the furnace;

21(C) AOEBUstiERPSBteht &dthpinguel | ances nounted in the
encl osure and ‘'spaced apart fromthe one or nore

Ooxi dant NS fuiliaBé haVing a HMeahlilchd dh DEnIUstiGPAttospieee dBposed
fuel |ances are adapted to inject fuel into the

fur r'ihaed'%' and (d) one or nore ignhiters associated with

the one %) a cen raIS:} r%r hgvufigl;J S}, ax:gl naC;:»GrTc’mary fuel inlet, an oxidant gas inlet,
and a combustion gas outlet adapted to introduce the combustion gas into the
furnace;

(c) one or more staging fuel lances disposed radially from the axis of the
central burner and adapted to inject a staging fuel into the combustion atmosphere in
the furnace; and

(d) one or more igniters associated with the one or more staging fuel lances
and adapted to ignite the staging fuel injected therefrom.

22.  The system of Claim 21 wherein the one or more igniters are selected from the group
consisting of intermittent spark igniters, continuous spark igniters, DC arc plasmas,
microwave plasmas, RF plasmas, high energy laser beams, and oxidant-fuel pilot burners.

24



and adapted to ignite the fuel injected by the staging
fuel lances. 16. The system of C aim 15 wherein the
one or nore ignhiters are selected fromthe group
consisting of intermttent spark igniters, continuous
spark igniters, DC arc plasnmas, mcrowave plasmas, RF
pl asmas, hi gh energy | aser beans, and oxi dant-f uel
pi | ot burners. 23 17. The system of C aim 15 wherein
at ast one 0O niters is adjacent. to. t agi.n .
257 o1 THE BT ol Susafirel 3 BapCaretc HRligniels srizpfae  staoing
fuél herice fand 18 adbBted Th Ryniy Rickdisciardddahereftdmwher ei n at | east
one of the igniters is integrated into a staging fuel
| ance and is adapted to ignite fuel discharged
therefrom 19. The system of C aim 15 wherein the
24nunbBhe systes oflaig 2 uwhereinat teast Qneenﬁtrml ignitersis integreted into a
[ of Claim
SRR R ofpiechBidrRe oot ARnald BURHER U1 o e
of the one or nore oxidant gas injectors and the
peri phery of an adjacent staging fuel lance is in the
25r an TPe @l/stémtc? Chiimi2n hebein th-numbepaitlitsdindfielSdsdee ™ equal to or less
risi nlg gq%a furnace having a thernmal |oad and a
th%rb GeEPgiof Sphere di sposed therein; (b) a central
burner having an axis, a primry fuel inlet, an
oxi dant gas inlet, and a combust i on gas outl et
da
26a ar ﬁ'glﬁeesyg%ni g'fgdlg %g?ﬁur/rl% I?h'lﬁfus ngéﬁﬂdmggsé rﬁgﬁm aﬁrﬂ%‘é& @fdagted c}o provide
the armrnam/lft;el ta thencenteal huiner arfd staging tuehpiping adapted:io pm\dde the staging
g §Ee o bPriofd Seking Bl ABLA0 Tucl 1o Lhe conbustion
at no ere In urnace and (d) one or nore
igniters associated with the one or nore staging fuel
| ances and adapted to ignite the staging fuel

27| nJ ahk %sistérh%f efdif @6 whereir the pﬁmhﬁmbns tie cnfraduridrene ithe staging

one or niters are ed from.the group
f”‘i‘ 6‘?1@?&”? RG™ere ?tﬁg'gﬁl fet laBeas %%%R“‘?%Wn PEPESItiNnt i nuous
spark igniters, DC arc plasmas, mcrowave plasmas, RF
pl asmas, high energy I|aser bearrs and oxi dant - f uel

28p| I o.l, b ﬁuy A {éer grqlalﬁr.}é;?\{v@%?,ﬁ éﬁ%’ Er?rﬁgjgﬁjegﬁg tﬁ? c?%traﬁ@rﬁgr ?nd the

stagmg fuel to the one or more staging fuel lances are different in composmon

29. The system of Claim 21 wherein the one or more staging fuel lances are disposed
outside of the central burner and are disposed radially from the axis of the central burner.

30. A combustion process comprising
(a) providing a combustion system comprising

(1) a furnace having a thermal load and a combustion atmosphere
disposed therein;

(2) a central burner having an axis, a primary fuel inlet, an oxidant gas
inlet, and a combustion gas outlet adapted to introduce the combustion gas
into the furnace;
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fuel lance and is adapted to ignite fuel discharged
therefrom 24. The systemof C aim 21 wherein at |east
one of the igniters is integrated into a staging fue
| ance and is adapted to ignite fuel discharged
therefrom 25. The system of C aim 21 wherein the
nunber of staging fuel lances is equal to or |ess
than the nunber of igniters. 26. The systenlof Caim

21 which further co ises majn fuel pipin p

provide the |°ﬁ%P§/“‘P[?e'°rtaQ"89 {“ﬁlela'&“@ﬁt‘fsgg %ﬂf@ﬁ@ﬁy &?fH the’axis of
st agi ng ihéedenﬂblmtﬁgaraddﬁﬂﬁdedm injechd sisgitidfaesihghe gombustion
fuel to t ng fuel lances. 27. The

re sta
syst em of r@sgﬁgﬁeé%tt\'%ﬁgrpgﬁ;%aﬂ fle primary fuel to the
central b_ur neh@ﬁ? IOF pl&&&ﬁ%'r?%&&n?@ vflt‘ﬂ tﬁ@gné)&qn&re star?mg fuel

nmore stagi ng ances>are in conp

28. The $ansesancddaptesi tmighie iecstaging tualedlmharmdyhefra@mt 0

the central burner and the staging fuel to the one or
nore st afd)irfradyeing therpxidantgas thiopgle nerpxidanpt gasrplgkand ipigeting fuel
29. 1 BEgrethe oREoPofd SthdivdtheMafdeR iinto tHtcapibistdn éf%ﬁphere in the

staging fuel lances are di sposed outside of the
cenf¥Bcehapther and are di sposed radially fromthe axis

of the central burner. onbust C

conpr 1 si 9 PAPURY boicre 95 R e Gnis prignana Feidisl om the staging
comptidl &inBgs foldause Eanibaten bfaké fugl with degyemin the admbunstion

conb stl n atnosphere disposed therein; (2) a central

bur 7 597 ng an axis, a primary fuel inlet, an

oxi dant gas inlet, and a conbustion gas outl et

adapted to i ntroduce the combustion gas into the

34f ur %g g dpc%gs ngﬁz ?'ﬂp:?br \%er tfre ﬁkﬁg 's?lgctgﬂ fbm! r?a‘ﬂfrﬁlsgag refi inery offgas,

di spo radi e axi tral” burne
asaenrintediaps feem coide @jl @tqduathm ard mymlmbtple |prqcess Waste gas

conmbustion atnosphere in the furnace; and (4) one or

nore igniters associated with the one or nore staging

fuel_ lances and adapted to ignite the stagi ng fuel
32i sdREPERSESS Fidr'aim dhvhersin & Rl P BE?'tﬂ%f“Q ' f ugegand fuels

of tifferngEorh piRitions 8dNisedasthe PluddlitypsTdtdgngeraéliiages.uel
through the one or nore staging fuel |ances into the
conmbusti on atnosphere in the furnace; and

33. 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;

(3) one or more staging fuel lances mounted in the enclosure and
spaced apart from the one or more oxidant gas injectors, wherein the one or
more staging fuel lances are adapted to inject fuel into the furnace; and

(4) one or more igniters associated with the one or more staging fuel
lances and adapted to ignite the fuel injected by the staging fuel lances;
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(c) operating the one or nore igniters and igniting

the fuel fromthe staging fuel |ances to cause
conmbustion of the fuel with oxygen in the conbustion

at nosphere. 31. The process of C aim 30 wherein the

fuel is selected fromnatural gas, refinery offgas,
associ ated gas fromcrude oil production, and

combusti bl e process waste gas 32. The process of Caim
30 where of st.a u ances are u
and"fuer &) e Bt pbtien et gs Sro huoun R SBR oo ant gas
pl unigédtorg imb that dgbastidntmosgheeein thedflirnadeconmbust i on
process conprising (a) providing a conbustion system

i ncl udi nge)(digctiag the foeldbrobglvthegnaor eocd staging fusl kahces into the
ther lby%t@ﬁ%trﬁ %hgre |ﬁ rsnta'cé’rénﬁt nosphere di sposed

wi t 1570 encrosdre, one "or nore oxi dant gas

i nj ector

it roduo ) CRYRLRS e nfRe AR Sndlefund R Bk Ping taging
one fugl larme%t%qaage eamipusten ofdhe tuel withexyean inthe ﬁ@mbusﬂon
enclgasdphed spaced apart fromthe one or nore

oxi dant ‘gas injectors, wherein the one or nore
staging fuel lances are adapted to inject fuel into
the furnace; and (4) one or nore igniters associ ated
with the one or nore staging fuel |ances and adapted
toignite the fuel injected by the staging fue

| ances; 26 (b) injecting the oxygen-containing gas
through the one or nore oxidant gas injectors into

t he conbustion atnosphere in the furnace; (c)
injecting the fuel through the one or nore staging
fuel lances into the conbustion atnosphere in the
furnace; and (d) operating the one or nore igniters
and igniting the fuel fromthe staging fuel lances to
cause conbustion of the fuel with oxygen in the
conbustion atnosphere. 27
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