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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

I NVENTI ON [ 0001] Staged 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 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 wde
variety of staged combustion methods are known and
used in conbustion TAPE CFatiBMVENEIQN ng pr ocess
heat ers, furnaces, steam boilers, gas turbine

combustors, — cogip aécﬁéowrﬁsnwsvstrsmwwt s, and
many ot her corrbustl on systens in the net al | ur gi cal

and cheni cal prolﬁﬁ@"‘?Nd%ﬁﬁ'ﬁngg Fl{!@l@@.@f\leﬁ% 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

mi xture having apG@ARORbUNRIOFTHENVERGTDNS! i bl e

regl on reaches its autol gnltlon t enperature or i's

[Ob&gbhgttgggéf c@mﬁﬁ@cﬁ)rnaﬁr@terﬁegﬁbtdseﬁ‘ 1S Prefe cé?h@lﬁ’stl'bh By m’ﬁroducmg |

on occurs | hr ee- di nensi onal CEeSs$S sgacg
supBessiMerpartions dfdueldne the W@@'P@@Wsﬁﬁ&ﬁl‘@’f oA arid fuel to

reé&ﬁr‘? Hlﬁtg:{!e ¥<§Hésac9'| s?ad t‘ﬁ?\% SrogiEstibwer péﬁkﬂéﬁ@tem&%tures and

furnace, especiall
oth@gamblnmmmﬁbommn@ms thaifredisedhe seawﬁyéaofgfatgogen oxides

(h@ﬁgggﬂé%% Q%Pﬁetfgfrjsﬁ?&j@érﬁﬁﬁ&l%ﬁ meRéhist a’i‘r@ 'kﬂBﬂh %nti %s@ﬂl |n combustion

n operating stabil u]r
ammmutmmmp@@g%@,maﬁa@t fusnaces| steam b@! %f&eaas fiftbine combustors,

co%med\@'F lggﬁﬁr‘éﬁéﬁ gitd %Pd & Qth&Eefibustion sfstérfis in the

npor t'ant ood flane stability and proper
memﬂlagmhamﬂ charaical Fﬁﬁ%essf"ﬁdﬂﬂﬂqsel ative to the point s at

whi ch staging fuel is introduced into the combusti
[0892)c eThe pombusiips if AEReEOEINBLWIH O os) R @ﬁgxyqqnavr@tammg gas

sehaRidid 6&6u%é’r€a ‘ﬁ?éi% éiﬁiﬂeﬁba& AfxtUFeeha¥ing alebmposmon in the

I nj ection ces and 1nternal rec:lrculatjonéi)tte t
cqnabush’pheae@lon eacben s euioianiaRdemperatire s s gnlipd BY Bigparate

ighifaR UShen vﬂ’iéfﬁ%@ REFBUSh dRuRY iR tHRetdifehgibhaliptcess space

energy required to 25 sustain flanme stabjli

suchmscﬁo@maaenthecqegme ol rEiMB0d: ABFINT Jsant Yaisbla i g parpbustion

sgét @?Q@B%Fﬁ@n $HSfPiEe, @é}:fécié}ly lirptheyregiond R@ar the burners,
start process upsets, or tur n,bcgpp{ﬁcondl ti.on

affmv}s loeglized qaﬁ corpesitiennprd W@He@na fRges @n iRBSHant factor
inYpdhfing QiR ssi ons,

[0003] In combustion processes, particularly in staged combustion processes for NO,
reduction, it is important to have good flame stability and proper location of the flame
front relative t.o"'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 patterns to improVe the contact of the fuel
stream with the‘combustion atmosphere and to provide the ignition energy reguired 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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-1 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 conbusti on processes
for inproved flanme stability and conplete fue

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

‘a c? F%@u&@é@oﬁéf?@ﬁé Igtrtg{ E@'R:‘ﬁ‘[bgcér%ggi' Iéécﬁfbssubb{mh&\t%@kets of fuel in the

ese needs are
fucha:el avslahle byssinitity dif apnnsorgfolled engrgy selagse. i nvent i on

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

{uBRuEFTsumwe@a i EgeIERTUSN Togessesior prarebiame ﬁtablhty

o] e By RSB it o st

ageott sEriupnp@tessyiEets od prpesetimdesmetandition® tmprovest etaged
fuel |anc t
cop R avaeraa s e g8 hre diHogedl ) ARSI I prosent
intdreicardzsonbetbiveiow aet dleﬁmrbisy ’dmd:ieampumdoltow ignite t he
fuel injected by the one or nore fuel |ances into the
conmbusti on at nosphere. The one or 15 nore igniters nay
be selected fromthe group consisting of intermttent
spark igniters, BI&IEIEt$MMM£EH‘I§@EﬂR‘|E VEMFION DC ar c
pl asmas, m crowave plasmas, RF plasnmas, high energ
[o0asEr Ab @mtmdlraerui wmajamntba eelamsu@ﬁ qgmhughcg’n system ﬁP@P rising a
enbo
fum%gg%ag@lﬁ Lng%lﬁg?ci ar?cf'? Eb}.u%t%eétlglﬁbﬁﬁé@ d[)%%s&ﬁtherem ‘one or
mbre fughlahesd a@ptedjiosmhalrfgeuntoﬁbﬁv e@mbustlo}&l&ﬁ!@ﬂﬁ%{'tel"%-eﬂ“ﬁ one or more
I
s S355 08y 6 B B Y T At gt o
infeloterady thenonEhee rorerties! 1aIfceS ind¢ thm@ystlmymwpéa@aﬁhe@"e or
ar le t
il 0 BEeBUF RSl 36 A Seung PRGBS i oo
cdmitiyobaspark igniters, BICearciplasmasamicsowaye plesoes. Bmblagmas, hlgh
inlet f | e t f
ol loed Bl B BERSIAGLI BSyat bestone
thedgritess bw)befdlspnsed adjagkettofadyel !mpe_t rvay beg Qg;cegl g?;@mte fuel
dlgﬁlapgéé fht n% nﬂpﬁrgé{s fg Y, ga’fle%st Yesahd i gfrfl@rs%é’} bé‘iﬁtégrﬁfed into a

e of I'sS not para
fuehlaate Bhoadapted tolgnitt fueh disghargedtherefema. The ﬂemﬁe& t ofduel lances

el B Sl A e E‘OJ@, e T or “associ ated

[dgbbﬂhh'ﬂ&h pgﬁﬂ:ﬁ n oui{?t @9 o é‘ﬂ%ﬂaﬁ@ab@mpﬁé\hb | ﬁg&ﬁlefﬂéﬁk having an

arg e ace o e nozzl
inieg fatee AN watietfecel mp@@eulehﬁqva@@ﬁpaﬁsﬁ@g Hueugit the jlet Vg5 olilet faces,

l e/ ﬁéz&le b TR tHeehiefRite #6 the outlet
aﬁéﬁ"’e&?éﬁé% ?ﬁ?%ﬁ%& thg{ QF} thgysses t hrough the
famatd;mh élrad@vufg a slet mzﬁf‘@r@mﬂgp slot axns 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 outiet face of the nozzle body; and an igniter associated with 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 nozzie 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
[o0bT]er AR atteatiar ermbotimenhperigins tgra iuRblagge pamprising & nozzle body

hgv‘ # dgn f‘nlle‘?‘%c%o gﬂ‘éﬂfl&%é@ RnWahniBt fl%@% Eaééﬁj th%{%' tMe inlet and

an | gnl er assocl at nozzl
oweugacasmwammcare sioteextgnding thraeaht m@moazl@ SRy Hean ta@ inlefeface to

thg o& Igttfa%@%gcl‘?fslott Fg\{l gyslicﬁ aQQ%}‘rg éegimrtpﬁne”%e#éﬁ\ none of the

pose acen out'| o the nozzl e body; _
slath iretersatt athe:ys!ots leadiareif ther slniayar@m fluichiewy eemewinicatien Wik a

I f
o556} Bk B e aLBE 35 o AT 3o 6 B acepr
todyritecthentrd discharged el tHeantiet faay ottmqugle b@dm oZh¢ &nBetipay be

e i e T
magdatwmmmenmzelegmiyandmaeaea thepughrtbe ghitiat ﬁﬁ;cerﬂiih& Bozzle body.

body fromthe inlet face to the outlet face, each
[08081t Maanoﬁgeraltenmtwmmsoamna tihe tie! lepae may soapese a nozzle body

wh
hqvm%gqeryé\!:et%%c %E 82 (%tfa?e, taﬂé I&gtlﬁé{r’ﬂ %)Efgbﬁsszllﬁ%dﬁﬁ the inlet and
outletitaees phdiveo &Emofe sibis|exterdingribrasighttheenezzis kody from the iniet face

to'zﬁé slét%%%ce Eg@-ns %lgl lietﬁwrgd Qgioﬁékt eaﬂéotzsfkﬁ cﬁg b%n@qgﬂereﬁl@ﬂrst slot
ofaliaptedr more gotistiwintdreedietby dagtbidhgethesslothandie|siat center Plane

o A Do e 0035 ot 09585 an e

aﬁbbleterdamihrmby'goztibebodg ahd adapieg td ignite thegfuat d;@pharﬁesi atitle outiet -

faﬁ%% { %%g bogg F’gg‘fﬁ]ﬁer ﬁggfﬁggiéb&togﬁ% ngél:@ﬁt tﬁ@?@tléﬁ‘aéer@ the

nozzieetmdyoatternmlmde $hesigoitarimoat e mtegvﬁted mttr)] él'tﬁﬂbcrzizllﬁ lPngYaﬁnd passes
nigtig36E oBRTRier ot AOZRIBREL L% B0 5, ot o oxi dant
[Dgﬁ‘i] ogjrglgfe%reﬁ'ntg(%ﬂgﬁtdof te ﬁwt}?ntﬁﬁ%aﬁﬂ’ésea B adRALGStehP

uce an urnace; one of nore '
cdmpisirigam &Eeammmmlngart enclosuing Bod a thermalioad glspgsembwithin the

1{0?10%"}& %%E%Q%O% o%ﬁﬁt u@%‘s’ ﬁ 2BlordAduhiBhi & i hcloMiRS &ddadapted to

ances are adapted to inject
infroducel art axiddrd giaintathe fumegepere of Maiserfuel Igmﬁqsemgunted in the
f e%ﬂﬁ' herein th
er%zozs%fé %ﬂfgpé@ehfhtptgnﬁho%ﬁﬂu ne:En}J rg%rt@ebgbgln?g%iﬁj 5 W erein the one |
ol rameefsel I{amajre Bdapiad o mjesdilelinte thetfu@agﬁ,ear@ronmr@wore igniters

ass er et f”{*ﬂﬁ% RE GGG % 4R hB GcgpRHRo gg‘ﬁﬁ?ﬁ#esﬂbﬂﬁje@fed by the

park 14 ers, continuous
fuelgand;eesrs . DC arc pl asmas 30 microwave plasmas, RF

pl asmas, h| gh energy | aser beans, and oxi dant-f uel
[0671 00t In this embodiment, the one or more ign:ters may be selected from the group

consisting of intermittent spark igniters, continuous spark igniters, DQ arc plasmas,
microwave plashas, 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
integrated into a fuel lance and adapted to ignite fuel discharged therefrom. The number
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burners. At |east 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 integrated into a fuel |ance and adapted to
ignite fuel discharged therefrom The nunber -3 of
fuel lances may be equal to or less than the nunber of
igniters. The distance between the periphery of one

f nc
oﬂ@?l Igﬁce%q'ﬁ%g?ﬁe UV é&’gfé Ig%’%”ét}aﬂq e i’)LgHrwlggrté? @”ﬂt@é&dl'laﬂéqilqlsta € between
thea:reglehew oz one obthei mfmsﬂorﬁ ositant gasdnigelers anche geriphery of an
acggg%%%ﬁgncg e M P8 B9 Biftheb0 @ combusti on

conprising a nace having a thernmal | oad
[@gﬂ ﬁ&ggir"ﬁelértg g\?}{bﬁmﬁ?ﬁ?gﬁﬁhg lrﬂ%ﬂﬁ&ﬁjﬁaﬁﬁﬁs’ R d“colrﬁllnuestlon system
ccanpmbmgiamrngtzeshawﬂgea theanal igad aodd @gtﬂbaﬂw@aﬁm@a@heé? disposed
t

thpﬂera?ﬁ. egc?ntt%}]!é%rép Hé\ﬁr‘?%‘%#?x 1§ q‘gﬁfﬁ&ﬂg‘?ﬂ?lgﬂgte gﬂg?;g%@g@:s inlet, and a
cusraldusilbh was ootiettavaptedite Irdfoduh@tf@szmmlstlmﬂﬁﬁelﬂtoatﬁé furnace; one or
BBl o B PP R o B o e SIS 0rene
adegpdext toaitjedt a\rst-it;lrlgﬁeelomte tiva combustion atnesphersin they ; and one

and ada, ted ‘
of HEreBPRS Spiip b fd &% Judheiad ! luel GBS &t adaptedto
|gngmthmag|ngawdbmjem¢céthee&jrdn om t he group conS| sting of

intermttent spark igniters, continuous spar

 [doda] t brisis ddbatiment, tens, or merergieremay e rs&a@ctemfrom the group

CBHRIFE DRSS RS BROTRye B GBS upsmas

: nmﬂp\aa\alpiasmaa RRiplasinasddghaacergyl lasecbiearns, iagdioxidantyiuel pilot

di
b?rlﬂéps 3&9?%1 @Hﬁgﬂrﬁqgﬁlteﬁ% Fn%p %?é g]’a%le%{t toaatfybﬁ?&feaﬁb:agﬁted to
|gadamedadasbluarggd1theeeffmel Ademahmlsg@ﬁleﬂh@ﬂﬁ ofdhe ignfiers may be -

er o I gni he syste
ofrbiddncesmhayrag efjualttd or les® thani the number efigniteps. pi ng
adapted 20 to provide the primary fuel to the central
{uﬂd BheiThasystemanjithig efnpetinsing may furthestcemprise mainietriping cdapted

: m{ﬂ?%ngt% ngggfa f,45hnde W&d%@%rﬁ@%& cfxs%hgfﬁeld%é'efraﬁn The number

Tt r%w%@ %ef Hr%?r&qi.lélqg tlﬁ@en%l BXRhEr é@?&h@ﬁg fuee bl{)h@%ﬁted 1o

central r~ and
pfw@@ﬁhg Sfaacﬂg fuel to tiee oMeeoroNOTRCItRging fugl legcesielhe pripay fuel to the

cé“t?‘al bgfﬁgﬁ !aﬁ{i’ k{e-' sﬁ?%;ﬁﬁ'fme?ﬁﬂ t‘i‘lle%e o?'rﬁo‘?é tt_:;inéefhé(i Jiafde8 are identical in

e"centra bur ner e st at?‘ 9 )
compositan: attéraativedy, dhe pomarydusidp e Sandal uRerandie Staging fuel to

,.% ,1‘ e(?r“?ﬂcgrel %@‘@%ﬁgﬁl‘,@amy}%r@rﬂ% %m |ﬁor125rrg@}gg Stmore

ances | SpOose ut si d central
stagingduel darttesmyayes dlsswsielﬂltmd%@lf the |cyntfal Guimenang gay ke disposed

réedr}%lg& nerg}%lao’&uéf%é DBrLtFHP?JﬂJne’IQ‘n alternative rel ated

he” Irnvention includes a conbustion .
[0014] An alternative related embodiment of the invention includes a combustion

process comprig;ing
fa) providing a combustion system comprising

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

disposed therein;
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~ assenbly

process conprising 30 (a) providing a conbustion
system conprising (1) a furnace having a thermal | oad
and a conbustion at nosphere .di sposed therein; -4 (2)
a central burner having an axis, a primary fuel inlet,
an oxidant gas inlet, and a conbustion gas outl et
adapted to introduce the conbustion gas.into.the
furnace; (3)- one or nore staging fuel |ances disposed

radially fromthe axis 5 of the central burner
“adapted to inj & e eenialymey Feybe anfxs: ?r%'"%ﬁﬁl%ﬁ?eg an oxidant
at rmsphergaé ilel, iRl (f-*édiﬁﬁ%ﬂoﬁ‘@gs bdlet aBEpIAE toMErBduce the

i gni ters AssoCi at e he“one or nore staging fuel
| ances anebrakisioegas ite HigifuBacke st agi ng. f uel

di scharged therefrom (b) introducing the o

through the ox{Xigne ogawre AREINIdWR] lqﬂﬂegéiﬁpﬁﬁe&i dﬁr]lélf'%m the axis
through tHe,0Remedl biRIeP ahd SHaﬂJtéﬂ' EERjdchh @tagtr? fuel into the
conbustion atnosphere in the  furnace,;

oper at | ngcqrhfélséfﬁ@aﬁmﬁﬁﬁlﬁ@ inghe fusnaceadied i gni ting t he
fuel fromthe fuel Iances to cause co%éstlon of the
fuel with oxygehons of mereigniers@asseciated ib e pRe onEore staging

[0015] Ingt lhﬁcg%'%%d tot@ﬁ‘teftHS ktalgtly 106! Ahardedidherefrom.

from natura gas, fgas, associated gas

fromc r u d&) ﬁltllodpélﬁgw 6%nt gﬁg trfr@urﬁH*Ehb 'd&ld@np@ﬂﬂﬂ&s and lnjectmg

wast e uel | ances

fuel foebhrcighftes ene oe@ﬁrﬁafslﬁt lnBeRS iRy ne EO'SE@'%?"“P%’G"G in the
plurg O#cghgrq fuel lances. [0016] Another alternative-

rel ate odi ment of the invention pertains to a 20

conbustio rfeodﬁ%'d Thotg igriidls MPghitihg thehertesm the fuel
F%BPQ% ﬁét ) ar centlral SfI ang h ?der a\u ng :

i nl elanqmatﬁ§aﬂ@e cgﬁb@suoa&ﬁthegfasl with SoYSEn i
pri ng 5, @ combustion region for conbustlng the
OX|dant as and the primary fuel, and an outlet for

[Oﬁ‘l @c hl‘ﬁrtﬁl's '&nlﬁ)dﬂﬁérﬂafh)é fuel In&f td sE8dted Hrom Adweral gadyeefinery offgas,
assocuated gas from crude oil production, and combustlble process waste gas. A
plurality of fuel lances may be used and fuels of different compositions may be used iq

the plurality of fuel lances.

[0016] Another alternative related embodiment of the invention pertains to a

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

(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

“effluent from the flame holder; and

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

nozzle comprises

(2a) a nozzle body having an inlet face, an outlet facs, and
an inlet flow axis passing through the inlet and outiet faces; and
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(2) a plurality of secondary fuel injector nozzles
surrounding the outlet of the central flanme hol der,
wherei n 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 and outlet faces; and -5 (2b) one or nore slots

ext endi ng t hrough the nozzl e body fromthe inlet face

to the outlet face, ®aghe Dk florda¥ts Ekiehditdthralighdhe AEzle body
a slot center Iane 3) one or nore igniters

associ ated wi t fomrge filatfass Wh%PU@&ﬁ%Sﬁh SiBt haying a siot axis

i nj ector nozzl ggy a(gp,)tcé,%p@gHg ng the primary fuel and
the oxidant gas into the central flame holder,

conbusting the 33ro'ng%?Ynd‘ré‘ﬁimt@#stdés@c:@l@ﬂ%mﬁh@b[uﬁ'é]@ of secondary
oxi dant gas in the conbustion region of the fl

hol der, afwg! Biestaiacglerj a primary ef fluent cont al n| ng
conbust i on products and excess oxidant gas fromth

out | et  of (b fréroducing thenprimanydeel and e prfantgas éie iy gapdral flame
SecondaLy c&HSust{ngrtﬁé‘ th&ﬂﬁu?l% it n?&ﬁt‘ ioh BEthel MdRAL §ds in the

nozzles 'Into mary eff fromthe outlet of
the ¢arapustinpreien okthe flaas heldarcandlisahreivgne PEmappeiiiuent
' gnl Ecﬂtﬁniﬂ?‘éoh@%ﬁc}ﬁ’&o&ﬁs EHE bxdds8BxidaRt gSrR dRY dutiet of the
I nj ec nozzl es to cause conbusti on of the fuel
V\Athflarh%h@kd@régﬁd 15 oxi dant in the combustion
products. @LOOl? In this enbodi nment, the pri narlg/%
and t he séinirpling tmm@conﬁyrm@elgla@égh thesacaRdaly { f%?ﬁtor nozzies
CONPAR b B 5,7 BB 1798 thef difflet GFe HEmB Holkieplargas or

refinery as an the secondary fuel nmay conprise

hydr ogen, %dt]%f) d tf?eaénéo& ABRQHiEes add @nﬁzﬁ@ quel from the
ne

di oxi de o rom a-pressure sw n% adsorp

sy st espondany dvel dnipster yozthséo ERUSAFIMBUSTPR Of th&ﬁﬁe*t"ﬁ'@ the excess

seco, i #8l cofshén Sdsesshavi ng the sane
conp%gﬁl?‘éns C[0018] Algdlfferent enbodi nent of the

[O'Orl‘?’]enh' AR dnRfirRent! ﬁeﬁ‘:rﬁr@i@ﬂﬂ hﬁd‘tl’@réé@@ﬁ@ary I RTaly Yedhses
(a)” providing a conbust i on system i ncl-udin a%a%l 93 ﬁ
havmm@ﬁ@enhmm@osawnéna he prrmaruehmay Pﬁé‘ﬁﬁﬁ?’ ga5 44 relifgnaorigas

 artPthe GBEBRLR Ridt AlaRBRIPASE hHHrEHAE Mikthérid) cBrboRiénonoxide, and carbon

encl osur e;
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;

(2) one or more oxidant gas injectors mounted in the enclosure

a}ﬁd adapted to introduce oxygen-containing gas into the furnace;

(3) 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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(2) one or nore oxidant gas injectors nounted in the
encl osure And adapted to introduce oxygén-contai ni ng
gas into the furnace; 30 (3) one or nore fuel |ances
mounted in the enclosure and spaced apart fromthe
one or nore oxidant gas injectors, wherein the one or
‘nore fuel lances are adapted to inject fuel into the
furnace; and -6 (4) one or nore .igniters associated

W th the one Ol 6, rHc%la Hn@ﬁcﬁ ?ﬂad@ﬂﬂﬂh@@né%r more fuel

ignite the fuel' i nject I'ances; .10 (b)

i nj ecti nglances amygéwte@m namm H@fg@smeﬂe@@gﬁ’& fve! lanessr

nore oxi.dant gas injectors into the conmbustion

at mospher &) mmet:ﬁr@ the oKpass;canigining pag irerpht the onger more oxidant

thr ogg%w j) E&H&sifa%@&pﬁs.% ih ﬂ’i@qu!a%e

conb nnsp ere 1n the nace; :
operati ng

hel 1 r o e RE P ERolnE 8hE gﬁ‘cor%ﬁ’%! fa*aﬁ&o‘ﬁ‘*"?ﬁs

f uel comnbustionadonsphere ndhe furbaes 0@ at nosphere. BRI EF
DESCRI PTI ON OF SEVERAL VI EWs OF THE DRAW NGS [ 0019]

Fig. 1 is(d operatingttheoneer nerdpnitsreandigniingjhe el irom the fuel
asse { [

G5B 1ol LORLBBRAN R4 el W olyBef ) ARSI
assegatmasphere. nozzl e body that nmay be 15 used in an

enbodi ment of the present invention. [0021] Fig. 3 an

axi al section draw ng of the nozzle bod

[ 0022] BRIGF DESGRIZT N%SEMER%MIEW%&#&HE P@%\&'Nﬁﬁ
assembly of" Fig. 1. [0023] Fig. 5 is a schematic

[09481 i Gigall is/h sohernatic Segtional vigwsd eunertassemplygtilizing secondary

¥ el injection nozzles and exenpl ary
f”.%gﬁ g@i cr)zéfée%'tl ng to enbodi nents of the invention. 20

[dggggﬁ‘tlg%% rﬁasb&e%cs\f 025? BRk ngzA1é Qé’éen’{bl)‘?%@ﬁoiﬂl‘@b&w thef may be

is"a schematic
uwbn.a@mbqﬁlrewwtfmnpreﬁ@wwgom -gniter used in an
enbodi ment. of the inventjon. [0026|] Fig. 7B is a front

[opRaly Big. Riag. axiphseqtipndrawipg §f thenqzz eziwgz REf Pc

sectional view of an alternative exenpl ar)( gr_nl ter
[092ebt Fig. 4isa schematlc front view of the burner assembly of

[0023] Fig.5isa schemattc sectlonal view of a burner assembly utlllzmg secondary
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. BA 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 ermbodime'nt of the invention.
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25 used in an enmbodi ment of the invention. [0028] Fig.
8B is afront viewof Fig. 8A [0029] Fig. 9 is an
isonetric view of an integrated fuel injector nozzle
and igniter according to an enbodi rent of the
invention. [0030] Fig. 10 is a schematic sectiona

vi ew of anot her enbodi ment. of the invention in which
the integrated fuel injector nozzle and igniter of

[@ﬁg] %,qaqg i£4 s%rﬁ&l&tsegﬁo%dl Pﬂeﬁr“c}f %ﬁotth Smb?&t'rf%h{ @fqhé ﬂwentlon in

Oor enclosure o ur nace 1'g
which dheeimbagrated fieatinjécter mrzziei sndrignites obrigoPBOd an @ﬁf@%@%ﬁﬁmecwr

aéef\n&anéd ﬂf{ﬁé’g)ﬁﬁ%%n S0 of  hirhds? i ntegrated fuel

or nozzles and 1 gni Fig. 10 and nultiple

et G
embbtiiment usieg cuitiplsintegnated faliiectormeaniss ant ignitersplyiged 0 and

B BpRLREPR P 180 (M eam trom of her

process systems. In the establishment of - a combustion
reaction with these various fuels; -autoignition wl|l

occur i f the beFRRER BESCAiFHBR OFTHEPNVEARKION Xt ur e

is above the autoignition tenperature of the m xture.
[do%gg' hg{lcﬂ{ LS SPhEdS4EE Btiliz %Qﬁe S&ﬁﬁ‘ﬁ%ﬁn ot AR streams with
nperature is a An ignition
omgende geeerataaqlnmcw hest ang, in ﬁome@aae&, F%CWWS“‘D'G off-gas
t un f - X . . .
S0P A S B o8 et 91 koo pgton it
theae aadmua fuels| awtaighitibh auill edear i thectemperatuie,af Hie fugl-@xidant mixiure is
aB@H%%@@é@rﬁtﬁd@ﬁ Bl efturd of t bi fPaif/R&LRAIN gas Miktures, for

'ty of the conbustion procéss with a

. empleuﬂ;ecauto:gmipmrtemp@r&ﬁul@l is alSLEi 00036t Aprigriion sesirce is required to

n@;taéegfﬁ? | %ﬂ:t%ﬁ@rﬁ?etsagtc? ﬂ{ﬁ%m&ggﬁxﬂg%ﬂl‘%qu@{qafn&‘ﬁmﬁg is below its
astbigitiog tempevaturel (wi thout air or oxygen) s

i ntroduced into the conbustion atnosphere contai ni ng
[0838E s Anadylilienalnaniablei the extatof mixingdn thegorsbugliop atmosphere or

§r9ﬁ;g§{%§w rgﬁo?,éla%haﬂé?nhg @?aﬁzllg)g%fttfmg rcPfﬁBg?t o? Q@es@fwﬂgl a gaseous or
vamrized fuetn $idbdizetierdof the Qomhgst@g@rmesa |bﬁﬁ@’ﬂ@~?1§0'§Plé?gFQ‘i’gWheﬂ fuel
stfggﬁgﬁs p@é(d tod lnﬁlﬁ‘a'mé SRED, 241k Rk St 9 I'JV\Yf @f %th@ut air or oxygen)

0Cess norder to m
isdBtrddRed irto lthe crshusiibh ethesphete @mtmelng mcaasa:gww m@inmg from

ah ggﬂlﬁg Et%p%? @ME&&‘:&“ %ﬂ?ﬁ@{‘ﬁn‘é@ué?oﬂach %?é%;re éi ob aétidmypma!ly is

I mum concen
|dmatlml,ed1ﬁie1'eet foé! gdusces reayabé Lsad, apd thef lum o gmt wshfuels may

aﬁ%&%e oE&%mi%ﬁBM@tc{f Wb cc??(ﬁjs‘ﬁgﬁ’ spelncgré r16 Wikimize formatlon of
ing uns € process ¢b t| ons that occur
N&,f itiismeswable to mtroduce the staging fuel mto the combustion atmosphere at or

near a locatioft having a minimum concentration of oxygen.

[0034] The maintenance of flame stability and flame location in staged fuel combustion
systems may be difficult during unsteady-state process conditions that occur in a furnace
during coid sta'l: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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during cold startup, process upsets, or turndown

condi tions. During such conditions, 30 |ocalized
tenperatures may fall bel ow the autoignition
tenperature of the fuel-oxidant m xture and may
result in unstable flanes and/or regions containing
unburned fuel. This is undesirable and may |l ead to the
possibility of an uncontrolled energy release in the

AR5 PR RIS bR oSy B gf Bl

furmdoeoduct i on of the fuel streamin the corrbustl on
atmosphere, is a key aspect of 5 the successful
[oapp] i Eameostamtityf whiith &t thgipneper lacatiomekthe flomalfront egattye to the

oG BLSR A e sHAT PRI b BByt 8 chopoct o

thflswlt:c@stlﬁhbﬁl:mg% of ﬂft]:atn;agn?gt meconwentnog! ﬁegavb@crm_ busdion systems,
el - e ) . .

e bR S Bee T O4 i cePlbingfiotP et MBbF 8¢l chs and

mmm ;aam forimptdve tgasmtast trstweespthe faslirich fétant mmmmce of -

oo BB 5310 N M RIBH Pl deb bt Bt AR orcancs

thte)gasécﬂd:d aarrwtsblﬁm’etin the famaber The b&)pfer km'atltat artchamoblird iof ignition

elgegl%gg I%?q#f%ntc D%can 39 {(L’Jg?l(l ?{1 ééch?e%ttgé( ?él{y (?l:efnpt t anchor
the lﬂafrw tied flaraé haklentiy, whidregan b the fesliimjbetot itdelf| & separate bluff
gt e s B ERBE RirecB M TNt e, of el sl Blhi¥nozze.
Theltirskbadk obddnveniidnacbiuff ibodly typelilame stabifrers isyhat they have a limited

VBt S PRSP s

ubeit gbhditeiswetry éubetaaﬁaigﬁﬂaﬁo&ejr liftetf heidha betweeantbe staged fuel jet
the. fl ane Fol der fac

fla}rp%ffgn%t ggiawa qo erawg%c? vrwgﬁggsu S:gsr?ol%g{;rl\ lgnathb ?lgmerén{:lr}gsult in

urﬁtﬁsfr@lbla’&bﬁﬁ:usﬂmqbermrmgnam irichafireyindi@asedh NSy eoissicns dindfor the
t he nce f unburned fuel. [0036] Wen
prﬁgﬁn a'tﬁ‘g Wleonditions such as start-up or

r@éﬁﬁeﬁﬁweﬁ%iﬁt%aeq%‘:% s onPlrCodohnt Sl B BPoBEss ypeets ocour
whiitg ﬂumtkméugmteb coh?aﬁloeadlfsetstmngwsygstem isToeintained, thesvolume of fuel
th#: ?Brﬁﬁ %ﬁtgg(?% 'aﬁ %’ E%] hllegﬁé QS?SQ%H)?{M@H théf‘n X(Erh?ﬂgtlon
s;d;eamc ghe n@to@mtm fkel-xidh jetsHe:nfx theenmigbiion dwdelsma)sbe outside of
v el 5 PP it o d bt g may oo
insutfitibet |gmhdn éuergaaea[labwm mem:d:ltl fyphaces| Whermnmltcpﬁe glgments of

th f
51l G 8 e OB VBt AgIE o oo
reaeﬁahﬂghed frumrwsmglad:d:rrter,oarﬂirﬂc&ahsmsaﬁ igrogtiantinen bera;esbgt in the

ese furnace. se . Lgni :

Beee et e LI B S ieaPle {RIAEHERER ¥ combustion
reaetiaris ainise mrnehmdmrrme Bt@adﬁmt injéatios tdayieds.f Arluncontrolied energy
reien sgc&rénqgteg%\ff'tﬁe Peaction & ﬁgé]et rra%llc!a?s%lﬁ'pﬁue%[ume of unburned fuel in a
process heater; boiler, reformer, or other similar unit operatlon is a safety and operability

concern.

[0037] Conventional bumer technology cannot provide flame stability for individual fuel
staging lances during cold start-up, at low furnace temperatures, and during upset or
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rel ease pronoted by the reaction of these radicals

with the volunme of unburned fuel in a 30 process

heater,' boiler, reformer, or other simlar unit

operation is a safety and operability concern. [0037]

Conventi onal burner technol ogy cannot provide flane

stability for individual fuel staging |ances during

cold start-up, at |ow furnace tenperatures, and during
tudRfERin @nditidné.U Ladowstammgl Idtml@mesé aekodsfcostdabadi tatflame fift-off and

d th d to f | f 1. .
SBIRTREOTIBH CrBTavaa cere s fepLred ol Ardift baffh s
n@é%{é\det? aaldﬂlfe@b Wse?ﬁtéﬁtiagﬁ |tJ;h§afe peeditemtst d‘fhaqbde!feased sdletion should
otentl a u are condi.ti,ons er.err
«fip ehendenand SepRmoRe e Cimtanafianee sAg thdran require
th‘é@%’@ét?ﬂdn% ?a@m@e@mumg a8d Eorftedt bl@ps bip @l‘bcesﬂuperetlrfg pdfreonne!
execution o

speci f perati cont.r ol
S Eeltiop Brdisd aseie o GuBRRGrents & 1B pLeeRi tanan FEere one or
melSighRiss Golifdes BROGUCERR dnjohctidhevif 188 el injevtientdrees that introduce
wherein one or nore ignition sources are used in

staging dvrl Nt & cRMbysteRregiRn o 49N 8ct i on | ances t hat
[ [ fuel into a conbusti

IOBBRL iqriasRips et ADsRsne Lot PO ons R Beb R e ffyention

in\GAiQH BneiFeGgh iGN bthe fudl h‘tjéctédlmé)t Bn-chBtainhgogabes it a
ensure-ignition of the fuel tgcte

CERRLFEAD GERPSANGFH I RIOSESS 'Preaéer msi?sﬁﬁeawq%oe‘ﬁbgaﬁ&f@“?n

c&nﬂ!é@&eﬁﬁothgﬁéﬁ ilrefj \CoRBBStorSsy@ R, baifld lancg asdéfinetingesin as a
rrbustor ‘or ot her %as fir conbust i

GGMiR Tor HYRSHG Suhaf A PvRISH WPIooRE TP & GEATPLRIch rrosphire. The

corb@&ibh Rémbsteré borRt8ing laf \bricaift g@ a6d the dtaging fuel injected into the
conmbusti on atnmosphere. The conbhustion gt nos

R GPRS SRS QRGO HOY 8P Ee GBI 4P JFaPe air
eR- énh@hécﬁa@@r@iai&ntﬁﬁﬁoﬁ §a§éﬁmaiﬁh§@ombhbndﬂmcwbt$ and unreacted

t d
om;gg%'négfareﬁedlsa'ﬂ?ﬁ agélsfsag'efrl%r?ﬁ? aﬁyglsénile'ilﬁddﬂ @ fHgpace

b&ﬁi@éﬂﬁ iR Nor¥rfbit kS adiasbri B l@@l%bﬁdrat@#drﬂ &burf@wherein the fuel
exanp ni tion-assisted fue

lapgas 'alqC’é%'eFﬁththﬁﬁPﬂﬁ’é'ét'Orb%tm?&a'PVe Sapretedly @ﬁa“&ﬁlﬁ jeefiect

c@lﬁeﬁﬁ%ﬁly stagdVboriBRaioA! G-\rtfefrﬁtﬂr ¥]bgmﬂﬁ’( agd'sié@ftﬂl kahees may be
f uel |'ances |g{ect fuel into the, conbus

el BHBFEM 0 AU SPBER'B JOTHR SR 81 STGPTL BRe crygs air wherein the

fu@PlBﬁé’éE ihjeetbdriond GIURE fifd ! fHal eXibanfhhebmnak icembystion atmosphere
nition-assisted fuel |lances may be installed

ta %Eﬁfr'xt%agﬁﬂ c%ﬁ’ﬁi“ﬁ'i‘e froma source of oxidant gas
uch as refn the fue Iancel_taﬁl nject Eortl ons

198 n2e fatr “ohFBUE %Wa%l?ﬁfeg%%,uscﬁd ein mghng dbg giposphere

wﬂlﬁﬁ@ﬁé’é@dl@suré or Bodrefaties ot 4 fumadeadrd mrémmmenod a’\bhere
term " conbust i at nosphere" as usléecf er.ej

WG tat RUSREPB O 5 THiraHE FODRE<B AP St e TR Prpgontaining
céthbastioH ré@tion pldtic@V@I@) darsebnigds, aitrogbiosinbs rand water), and inert
gases (e.g., nitrogen and argon). The source of thé oxygen and inert gases typically is
air; an alternative 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 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
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W thin the boundaries of the furnace conprises oxygen,
fuel, conbustion gas containing conbustion reaction
products (e.g., carbon oxides, nitrogen oxides, and
water), and inert gases (e.g., nitrogen and argon).

The source of the oxygen and inert gases typically is
air; an alternative or additional source of oxygen nay
be an oxygen injection systém 30 which introduces

comiMEEon afhbspheck, ahdre anal/ sy ndnfughpresentt Yhescpgeantiation of oxygen and

cTHBAN P PR BB BOAL B THEONEHH SADPgiop e various

loBatidni @vmﬂm@rmmm:sw amsbhér@u@ltoamaln rezafions) aqm:ted:tmel may react

SRV o PSR e R FE g g v over

Io@éﬂofnue:hge&ma foel Maghsict Wi lnidaetst vygenmyan tbmbugtibnrdesurring
of the -10 conbustion atnosphere,

In other regqi
9'???’&[?969% e&'@"&ﬁ’#‘%ﬁmﬂﬂ’s@g@'ﬁt The concentration of

ORI o A S 5Ll S35 B e i o

thk PGRBES Veheankih R tﬂeﬁﬁhﬂ mmb definedasat mm@t abso%ewy traterial
| ocati ons, i n4 ect ed react

R gRR IO G s CORAUAAD SErGtPhert BhemEs o8 el gpsterred

frath RS ShRBIRstioR atrRbdierdid tAE Aldiems as ithg Bahispdriby ehrouglythe fumace
r eact vvlth nr eact ed oxq%énfromc%gFﬁstlon ccurrin

ordP apAg 2pRABINSEISR G R EpEr keatfigFuthp cambustion
athb@ﬁ%’etbﬂ@mhﬁanﬁlﬁéi@?ﬁéhtédl the combustion atnmosphere

in the interi the furnace, wherein a thernal

oltomd AR etﬁafo']n bras a@nééﬂtnéégﬂ? -SeRid mnb b?rdbth‘yiem&!m il lliustratled
ra rte rou ur nace usti,on
I REI R VIENAN i 1 NBich SERwS BreeBt RS gt fiaie Mot Buf odhed by
m?lﬁﬁ@ﬁﬂ%@t:cﬁl Ih?césh‘@r MRicBhd Slaging fuélhmﬁidma% gefirieeichs an integrated
ro e furnace ea

HER abokrmbly he sompusion el ORgaR Bhedish RASEi e LHms: s

adﬂpl’@lﬂ@h ﬁfo@nt"rﬁg inftRe Wall @F bﬁd:lo:ﬂﬁe ofa hﬁ’ﬁﬁt&d Cérﬂﬁxﬂﬂ:ﬂ;rnénor flame
a concentri cal lrﬁg ?%W rmus i on, bur ner’

h%%’t%?ﬁrf‘%"%eﬁl%gﬁtﬁp cope 2rielH Bifp B gnefeoncentrc

pipd7¢C h'hégrﬁmﬁora)f(irﬁfdr pﬁie bamd grhinutdr s‘plaaem bhnrbmrouter pipe 3 and
surrqunde

e EREl s B NI isaiorci (2 JuBiREs cyf¥rpipe 3. Annutr

spadk ag rbﬁtﬁébrcmﬁbm;ﬁpe Wanasméﬂ‘i@édiaté @ipe Hiz cvanbeted toandih flow
oxi dant. and

cqRTHAPHET el el Pog o Tecienlre ey rFledge 1 fumos wall 14,

10G82L o fuan opPatpRpL e P T g oS el RREaM 4P br BhgEn

elﬂ'@ﬁé@ afry 1$ﬂo\ﬂs o t?le iftedon dftorkdr@ipeod, d portsn of this air foma through
en_out.er

0P AERohad MR Pl 250 S IR o R RBR AL ALl T royghngeer
spatt & | mat hedltiertlopispierodgh pipeul3asnd tamga ahdulbespazert 1, and is
ogﬂa.lerr-ﬁp lf’lﬁigUy? m%rgagnbus u():}nr ande ‘fy wm}? afo?rom m%ercpggé] 9Cbombugtton gas
from combustion zone 17 mixes with additional air in combustion zone 19. Combustion
in this zone is tyéically 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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conmuni cation with fuel inlet pipe 13. The central
burner is installed in furnace wall 14. [0042] In the
operation of this central burner, oxidant gas -
(typically air or oxygen- enriched air) 15 flows into
the interior of outer pipe 3, a portion of this air
flows through 25 the interior of inner pipe 7,- and the
~ remai-ni ng portlon of this air flows through annul ar

[O%EQF eA%t agD td fRl éﬁ(siéh? Eor% n&ésCIM\I‘ét biBé Qvgﬁaﬂfdl’&zéi’arﬂ@plurahty of

nnul ar ‘'space S onbusted initial

. sta@mgémﬁima@ Atz 6 he ems m thﬁ Sbagmg fuelriﬁm?ﬁfiéﬂa)bb%ﬂeﬂ with P'/’uefztlon

&%(fjé@!ﬁ éf%y%élrecf kO35 Wﬁh%gmlﬁﬂgﬁplﬁ\é bR manrfold 2g,
t7 ona u ti"on zone

alr 1n . Conbustion in
anchsteging fieel injeqtipp |I&m|es 91 etagngfug! $tt9@1ma Fafiompogzies B gnix rapidly

arld E&odsY Rith hd Mxlbé"lt%‘%ﬁ{éﬁﬁnd IQUS‘EIBHB% bBORhE %&eﬂ&)rﬁlﬁ‘@’s’uon

I N CO usti on zone as Co usti on 23 enter
atimospbere in fuibags ioterip625 rsﬁéplﬂbfraﬁtramd&)rﬂaqm f#@h@f‘e% 37 by the

m‘ré}c‘]%g nhﬁﬁ moﬁmofe%%fpﬁ‘bz\[@lg%?? ahdMhdBdnBEtricall -1r‘{}@é:t68' staging

ustion occurs A staging fuel- system
fugldappirbustet mitbtthe pxidamtzontaiming gomb@lonmowhﬁmﬁwnqtsﬁam of the

e)@fof cﬁhﬁg'ﬂﬁ%érqelTﬂewg}et Eﬂ%eeg‘%%daf of 8 tét'ér'ﬁb%w rate

ances I'njection nozz
(pofnaangtus etigingd! anq e staping fuel) rrfeuéie 79501950mef the igalduel flow rate.
inlet pipe 27, manifold 29, and staging fue
[Onme cTheprimarycns stagingstusty may ha thesemerepmppsition gr may have

d'ﬁ%éant S r([B'g§ aﬁ@%ﬁtﬁé él AP Qﬂyﬂééeo%hﬁpbhf‘?d or atomized

OoXI I Nl Ng USt 1'on
hxdmctan!scm-mntananmhm!e Fpnexammctbe fual araydie sg@qt%d from the group

ccfn@@'hgé}ﬁf ﬁﬁhh?g@?q?ﬁ?‘)érf% ngsg g}*geds ésem cﬁ]:ie%ﬂ dra@uctlon and

e mxin I on nozzl es 33,
cambustiblernrecess yvasty gas. ¢n gx@gplarg ProGRss w@a:maéltee@ll gas or

] R e R

hygirogesy fyorh neturatggsbe 5 to 30% of the total fuel fI ow
rate 10 (primary plus stalnga and the sta ng
[0845] bAn pRemplansypepf noria 33 islilivstratedrin 6i9- 2a Zzle[@eam!]ﬂy 201

Fgﬁ'ts% ey wd ] ba&gzéé éElgcof gﬁ% § iMEOpifEY . { 18t ST Rlustrated here as

osition or may erent COHDOSItIOﬂS and
V%ﬁiqaﬂmonem@ﬂ lﬁwemc@ﬁﬁy@@%aa% 211a@bhiapd @150 hgskys 3&d

dl%gcgég [‘\,g%eh cQ g aﬁataﬁrlh@{ fack g{ot Q&R the éd?ﬁe&ﬁtfﬂ between
n

romt e grou i sting of natural

bac OGN rmzzlga@et nise 965 aPluisl SHSNqwsdhTRuEh A678p inlet pipe 205
arff 's@ﬁs 28f dzoszWrmsah&Jhﬁs Farneq:eéﬁmmwhmtheé\nmd

exenp DTOCGSS wast gas 1S he tail gas or

wast e
sug@yndm@ f—aslpt euiets: elnsaﬂﬁﬁlgn a@mwtunﬁﬁe%mm in E'%@ other slot
E[?%gﬁﬁiﬁ’é g?gélb%eﬂﬁrﬁzb@%ssgﬁﬁ?fy%ﬁ'be Js‘é@:ﬁ‘ ahybAdnt&ish and is not

exe ary type of "nozzle is 1llustrated
limitedrp ghe genmlmmchzagtgﬁwuﬁryatm@owaww hesedewed in adifredign
pegﬁﬁjdéﬂi%?g et?géig??,'e%ﬁbla?y B8teZR, 2P H13284d 215 intersect slot
207 at right angles Other angles of intersection are possible between exemplary slots
209, 211, 213, ahd 215 and siot 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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-20=vertically-oriented, i s intersected by slots 209,
211, 213, and 215. The slots are disposed between
outl et face 217 and an inlet face (not seen) at the
connecti on between .nozzle body 203 and nozzle inlet
pi pe 205. Fluid 219 flows through nozzle inlet pipe
205 and through slots 207, 209, 211, 213, and 215,
[@Q@l theg téHT?(%E)t*’ﬁé v de@r}%%lﬁﬁs t.fiéfhh'eg as%ﬁrdﬁéth@'tﬁl%ugﬁ% nozzle body
outlets. tion to the slot pattern s in
orpther solid snatesial swh@rela gy alot eoas-sagtiondbe. sﬁ seetionpespendicular to the
m%‘?ﬂéweax%st%?ﬂ@& lﬂefﬁﬂz zsbr?odiélﬁﬁfa‘r %Hénsycl'%rrécﬁ@r‘iz%ﬁ' by MAfbr bRis and a
lTmte ener al orizontal oriéntation
METRE @S- wwémnmoream'sﬂwwm e ngnor 9@@(%’%‘8?6‘@? axeg gre generally
in Rigde d
PEHERGEEE For hdmole BERLAEY ot 8ieBrkitc dr gy tlotin P owtends
betvepn the waarnidsof Heeslploesspsastipaitne émn@')&é@ﬁiﬂ-wo% %F $
%ﬁgr\m%&i&r toS ma %x%]a%daé%rﬂs% %"}%s\ﬂf ﬁ'\’éeéiot' dlog-section.
rection perpe |cular to outlet 7,
Theeipbinay pavs acsosga@ctiqaf argrgn- camiazﬁlsam andeacll aress-gastion
v S 8
B B PRl Ehiz=lBY R Finer pOREL oFIRRL LR Sorifs RS 2p e
geanetrindefidting. ni ng slots. -12 [0046] The term"slot" as
used herein is defined as an opening through-a nozzle
[0047) Asiotnaydre fughetchasadiernzed hyrresiel axisdsiined@s a straight line

, cﬁn%ﬁnﬁgtcbﬂﬂolﬁé 8??” si6t d&g&{ é%mﬂ@r Resudinfon! é"stott thel ggﬁl .

ow axl s I'S non- CIrCU ar a ‘
cheinecterizesiar fefingy byaa eapier plare svfmﬁdn@rsaﬁawtbﬁ magiprscrogegection axes

ofrH?iJ sgét ac?&éés%écﬁorlnslo MNElch ééé}%gos% %\Ié p@%lnﬁﬁﬁiah%metry on
ettmjr sidecf uBsc@uert mlalme a?hsscsaﬂemwn%eﬁendmbﬂogd ejthengnsiafghe slot
arl?bertn\gf 88 sB81d &‘Qf neer}ﬂé sfak oﬁéﬁaﬁdn%la%b@?c??é%l@ Bodf et flow axis
M Nt Jcross-section axi a5's perpendi cul ar to the” maj or
apgescrined belewvends bet ween t he si des of the slot
cross-section. The slot may have a cross-section

[0848] ndxaksecton ki okthepezaaef Eige B ixgiver insdg: 3.olplet ﬁa‘y 35@ 301

pefsgaéﬂ‘?rb ﬁl%q:eﬂiér%f ﬁS‘{kiee@le?gl tsdérl RAdeCAdh, a%%b&glace 217. In

centr0| ast e usua metric definition {

%
this emirdimeyt, e ¢amterrpéane@r¢éﬁm& 209. 23, B3, and LdB ligR gngles] to inlet
ﬂd%f&iq? 261 §%. aarétr{oﬁb&‘aﬁeﬂtb et fﬁﬁ%ﬁdﬂ Gubh ma@ﬁ@a BvE$rom the

sl'ot” cross-secti ons. tion, ot _may be
slets &t utietfaces?ll 7oin dineraing direstioas fem ilet fipw @élsmﬂ ¢ The center plane

of sﬁEt%%?Bﬁi? gibﬁud”@f%s Sl RSsetRGh FRY sf‘éréé lie®ht a?H bngté & inlet flow

Cross-sec Ot Cross-secti on may have
axie8Qbndhis gkamplepnieaturg disects Huig |ftqffeﬂ19§1Q¥é'ecﬁUﬂFhf?§e in another

r R n t '
di(?&'gfr% dl@kﬁé@r%rﬁ r‘ﬂg % rr%(is bf" fh ?é&@ﬂgﬂé??lé%@d?ﬁén‘ﬁ%hen viewed

e use fine the sl ot
ingr dieastian peivepdicalar pghe @xah%eqﬂ@@ #f Eigb8dslote 208 and|2d intersect at

infKfate BB tg?oﬁﬁ\rél-ﬂ‘?ﬂ e 895, slots 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 aerodynarmic fiow separation to the slots and reduce pressure drop associated
with bluff bodie‘é.: Alternatively, these slots may intersect at an axial location between
inlet face 303 a;'ld outlet face 217, and the sharp edges would be fortmed 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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[0048] Axial section I-1 of the nozzle of Fig. 2 is
given in Fig. 3. -inlet flow axis 301 passes through
the center of nozzle inlet pipe 302, inlet face 303,
and outlet face 217. In 20 this enbodi nent, the center
pl anes of slots 209, 211, 213 and 215 lie at angles
to inlet - flow axis 301 (| e., are not parallel to

i nl et f|OMIaXIS 301) such that fluid flows fromthe
[00l40] S ThE tart listet ffomcac:s’l'bk useddievesn [ @l argaxis defreddydhd flomdirection

(fwﬁntglrlﬁ%vp}aqxrsﬂs;z Jtlt Fe§ ent eéer%@atﬁ%l %(?%pa%sgé hggqgsh the inlet

ahd GatI?tfaQB arlytgic$|gt. oui mdt et ai]! ba}alﬁg ?:enmemm airmlsszerpendrcular to the
at.u
oo TS S04 ROLPE Pt Pt BB 21T S Prisdtl iekks
pémbﬁdnaﬁlérly | WHeRin®zsix @nigtl myambwiypleaitqyllmal agnduibds shown, the
il gowiadTey B2 pBEBTA % Sanphpivuetnifie Zha AGE | o0e "503
h 0 |

b8l S0 SER d l  AEPghe e
fab@ afnﬂ it Tats) fedagemphy beﬁtrmﬁmshfaw sea @ad ouflstdaced2! 7 of Fig. 3.

Tlaﬁ élg‘%ﬁ?@htd? Gﬁ}l P Seﬁg{pgta:laega c\s\lfa( fis n&fa eﬁ% qhé SEW\%SIIS at the

miNdr @fdsatsewdaryaxls hﬂfﬁ@ redioQif shen@yalisiit Grgticlo the smn haightahay be
n bet Iet face 303 and outlet face 217,

. locati
b%m’ﬁe't"ﬁgo'éthk? %’&‘Q‘Bg woul d be formed within nozzle

e T R L

mfe@ﬂbwmsOfAé:sr@wnZn Fagl@ fto exbaple, sidpezooneul 2 1Beadde Tihtersect

sipt2f et apaes BB M el iy aderoliy B bbhcicutr to

thenhiet fldvgakis @t aﬁ@éé othet th‘ahmghﬂbmjles‘ akdjacash elots aisd hiay intersect

R T s K e 26 88 gt .2 5

shcﬁwpﬂfm@rﬂfjlf@rtéxamde? sidie20®an@ 1 Dinteroact labiniet faze J03de form sharp

S By D5 068 o B RSP ot o
slbﬁépaﬁtﬂiblsﬁﬁetWéHn mlelc?m@ﬂ plahé ohsacthsoandtthe !nietriﬂoawta)dsl ovay be
t
B, P 20 e FARESTr le bo

diretigh helafivetosh@hoted wgien the nozzle inlet face and
outl et face, for exanple, between inlet face 303 and

[oos2] enltémaﬂvez hinazkleficgly iy beTéravisidrad ihevhight ndne ol dffs siets

di cul di h
it S bR BB S5, iSbaghld
embodimesit, dbr éxangild) dialdid elewbdtpel‘peinghuianmfthbmozﬁebmdxeface are

about 1 a e ' S
oG o8 5] SIS BIE B o sier o
thehzzlierdt &g. 2 \mmoaxslst 20% \nmlemm themdiiz@. wdlyid hiave entpaiotss2089, 211,
9,211 and25| i .skaot, 207 at
2?4 @F‘? 25??9 These H‘O '@EY }ﬂé%rseq, t?é‘iaéy g? %Eék%{' g:’gn% ersect in
[O%SQi aEe Qer eIpCrL'I xﬁéj\kr% owmg the discharge end of the exemplary 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

-14 -



10

15

20

25

30

15 the inlet flow axis at angles other than right
angl es. Adjacent slots also may intersect. when viewed
in a plane parallel to the inlet flow axis, i.e., the’
section plane of Fig. 3. As shown in Fig. 3, for
exanpl e, slots 209 and 211 intersect at inlet face 303
'to formsharp _edge 305 as earlier described. The
angul ar rel.ationships anong the center planes of the
oﬁllnéjél%ﬁe@ﬂﬁ?&hﬁgo%ég"ﬁfé‘bﬂéﬁ?‘e&%%r‘é&t iRjeBRE stdgivprB ﬁl'dNergmg
'ow axis, may vari ed as desired
direisliensafeladive 1o thei axis of agatral RiRerr bed from t he nozzl e i n
any selected direction relative to the nozzle axj

[0p8415 2Pthar types &f nozvle gonfisusations may bediseR dOTRAS) QoY EOB:{Fig. 2)
at"l‘ﬁé I?wilecrt\eﬂ %n@g of &Fglﬁb Rt notﬂé@i@@(ﬁg QQC RoPbkfipié, th@BPenings in

per pendi cu his alternative
os.élgbia@pﬂﬁtof npzle bg@m@(p?emambp f@qn@ﬁdsm\ﬂ’l%g\;@pe of one or more cross-

sh%ﬁéﬁggghlﬁ frmb8 B gﬁ‘ﬁor}ﬁ PANCT tsf ﬂﬁ@m@fnﬁ‘elﬁ% %‘Hﬁr@*ﬁts of

I nt ersect ot er s ch nozzlfe coul d
odepingsraaypbe usdskinghernpzale bedy ftan@ m@bﬂage@hamsgdlﬁg ent frofh the.

SI%HQQ&@:&B{'%X 07, wherein the nozzle would have only

ot's 213, and 215. These sl ots may
[Obgéger'?ﬁé:éx blﬁ@lw n@éntﬁgﬁﬂg@éé dFdo%bL%tlorﬂ Q%%l sy}:sh&n olelgS1 may

VI ew s char e end exe
bearppdifiad ascarting p gn emhqsdtrmarmoﬁ@etm@rﬁlpa@s HE;’S%T@F‘ ' n%wc g. lgniters

de Oé%\ﬁﬁ' Hg%oqv-l?hgﬁ'ra Qre%ssgagt‘é@ Reifh s‘ia%h@ﬁ:%l ﬂa%es 3P an?i1 are

annul ar spaces 9" and
adapted totignite staging fteedj Ba|dla¢bm@d irorruaoazlassﬁs J f@t lsz@lt-prs may be

ad;irac%%t)ﬁ% d&&% %hgm RhELOBs BRGE, ‘%Ymeﬁl ?m(é%@hinbﬁ "en9§§§3 bm@).gn.ters

concentri cal around the central
arp @dmenhtbe sinewhnoazest 38. sAItam%twalyeme ignitess Maybedpigpeaied into the
J ¢ ak
il eI A0 R STt o o
hareihds adevice te geneiaies ioralizedterapengimre éEO\P thegotRignitgher
te gﬁa?:irgfof?%zﬁleﬁgﬂéﬂt'rﬁ gé ' P&P?exgﬁ%lé)?gdﬂ%%&%dj&%% tenozzles

i njection ends of staging

33, u@arebwemt@@gmqrmfghe at)agmcwel@kréﬁm dgnitere 58 hark spyn
sc'thaﬁHélQ‘?ﬁ F];ga%%n%]rZan)e %f?pcr P ?%aﬂ%yof%%ngﬁbﬁ@d

one or ape openln
temperatared m@nﬂhh@h%mﬂﬁ@%mge q&ﬁta@mattle dyoxidgy, For

e)%f':ﬁﬁé tﬁé(ééel nﬁa&\'}ﬁn@ﬁ llﬂﬁ'le%%@ ?{:{Hﬁfbnté?ﬂs@@éﬂi’%rem the pilot

face |ffere fromthe sl
flaamareﬁgmeﬂﬁ_w@omtgmggp fqﬂ@@a@hﬂi)ﬁwy separaie from the fuel-oxidant

W& SN 'c%krwb@ﬁ%g %ﬂteﬁ%mggt agﬁfeerb BOA PhayStES hesientbark

accor to an erbodi nent of

igeitess, qwénwausrspa& ugnite.rgx Patase pliaﬁmaﬁgmcsnwavgrnla%ﬂﬁ%ss 5giplasmas,

hl% eﬁéﬁgg?és%r Bgﬁ\‘ﬁ 'dtﬁ(er eeofeﬁr%ﬂs? LlgRfioWiehs 8b&9i ng

nces ted to ignite staging fuel

[o8geydi '?I‘Fé‘f?sﬁgﬁ‘di\ 51‘&9@1@%:%' i ?‘-'193% mdy'Be 586H h&HS pERAWId of Fig. 6.
showing the di's:charge end of the central burner and schematic ignition ends 503
associated with concentric injection nozzies 33. In this embodiment, each ignition end is
adjacent a stagi‘r%g injection nozzle. Alternatively, the igniters may be integrated into
staging fuel 1ant‘.es 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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' a"t‘i’d fang vigw). altds Pilot capREPas Qe @H‘P

adj acent the staging fuel |ances as shown, wherein the

ignition ends 503 of the igniters are adjacent the

tips of nozzles 33. Alternatively, the igniters may be

integrated into the 15 staging fuel |ances as

described | ater. The generic meaning of the term
"igniter" as used herein'is a device to generate a

| ocal i zed tenperature above the autoignition

quﬁHﬁ@ésatlH%ﬁe kampR, fdﬁﬁérs%éydﬁé‘hséﬂcﬁtéﬁ ﬁfth Eﬁém@ﬁﬁy@h@ng fuel

ers 501 adj acént to nozzles reby ensu
P?[e!?'ic

lan«gaﬁ wherﬁmdhe nHEbet aljoniters ischalithe @armbe! %frf 850 fﬂé{rnél%nber and
co?1'ﬂ Waitio Bh%ﬁﬁérb%@éﬁ e Lisbdtb@fiett zﬂaﬁerﬂ@m&?oﬁﬁd stagPR 10é1-oxidant

I ter ca generating eratures

m £i 1 BetArgsant gﬁcbguregmettgrm ﬁ@smsgmr@t%megtwg@q; gn igniter
adsHEit WittPX bﬁ?ﬁ'gg fubQanceSX 3ABp1Rd f&rbﬁ@% bgb"léb‘l@bﬁg NG the fuel-

generate p l'ames at ignition ends wherein the
o@ar@mrxtmeafme%bntheostﬁ@ag Byel trerdhe stagipafupl janceanathp oxidant
I e
St SR SRR, L ilr 6 A Agie o
ighiter @sapciated withgalprce rr@mbpead@ceab eilange s nagydrecan integral part of
thk HLers, DC arc plasmas, microwave plasnas, RF
pl'asmas, 25 hi gh energy Iaser beans, or any other type

[oﬁ{mt g@h&&f 5AL(F Sg%?]Ha.?%u%dé pﬂ%arr{quﬁﬁéd a—t'”lﬁndléﬁ:@ﬁd 808 by a pilot

niter seen 1 n lan vi ew

fugifare @plloa oxisiaatai The whéfuﬁ BeM éﬂegbe eafne del @p Jﬁ%@mw%ﬂd to the
t%iﬁﬁ Rlol hde SGTHREPDE § diffEertinge) sﬁEﬁ’ as ﬁgﬁexéﬁpﬁé’ Qhé‘bﬁﬁkary fuel 15 of

concen’t rrc 1nj ectl on nozz es 3,
ceatrabllirnent., Teepiiptioyisiant mAY ba@in @xygﬁa}%@'md %ir sﬁtfa*g‘heﬁg

oiyﬁ%ﬁ Chh@hi %31;' efgbeAéhFe%{l&@Bf t?ﬁ@ gﬂo fiede ﬂlgéﬂatrﬁé falfds d@eﬂeraily

egrate st agl ng ances as déscrib
paraliet to therdinentiorepitibel st@gmg fael disghargs, Oéa@maﬂﬂe@dﬂabhe at any angle

to¥d néi'r@ctﬁp oY {Hé%ta# iAg Rkl B%ﬁhé’rﬁe ag &?@&hbb&ﬁiaﬁ? khe ﬁr«bﬁ' fl&k@ may be

niters and of staging fu

duregtﬁgiergd@i!yeo@q@aqi from the pigof thel ggntrph@rﬁgrng@f in @rxogpagmp@dlment
mé\% B& cirdfied ?ﬁﬁ@fﬁll??amh&? tl"EehéWs Elhtﬁe %Hmrbuﬂfer' Q‘Hé b#étFuel and

erern ea er ef nition of

pllpt gm@\amtmasobe p@"nwempatr@ﬁﬁe@f th¢ Ane ﬁ%thémﬁ?r ar a'FQj'Fﬁ“t"éWéhe fuel
@élﬁ reldith '5 é%ﬁnbﬂﬁbh PEastha Hrittorf 18] of the pllot-type

ances rein e nu er of ﬁgnlters is half the
Igwtmbéfhedﬂmheu@qselﬁ IAY: B8 equiRpet W @pa@n@wrt:%mea@%mgﬂ%the pilot

fu@lfadoq:mof SkidarTa dScisthdi@wef f ect proper Ignition of

he stagi ng fuel-oxidant mxture. In the present
[0658?]0 | RS HR@mpIEI;!ﬁghﬁér'Té a PASYvitehoWwhlif Figsean %s@@éécti@ﬁal view)

iter associated with a staging fuel |ance
9phdn@qféaquféq3 flow turbulence

gemetAlaNbr BTl BH{E)P?(?EP A8 GnXius 767 S hadixiiant §8d sdche® dihé oxygen-

stagi ng fuel ["ance and the oxidant present in

t he
_ enrishedair dayva deraugh ﬁ@ldl#%EWa"f‘@%O‘tﬁr flowdurbyipnge gﬁgeramf or biuff body

7d§e Qﬁd:l g dadhows thré‘urbh ihB&1 fisé 7655964 RlePEndVbkiBard doﬁﬂb@@t to form a
be adjacent the | ance or may be an integral part

pll@? lame at tl‘@n:@élet of the pilot. If desired, an electrical ignition device may be used
for initial ignitionof the pilot fuel and oxidant. An exemplary ignition device is shown in
Figs. BA 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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10 [0057] Igniter 501 (Fig. 5) may utilize a pilot
flame fornmed at ignition end 503 by a pilot fuel and
a pilot oxidant. The pilot fuel may be the sane. fuel
as that provided to the staging fuel l|ance, ar may be
a different fuel such as, for exanple, the primary
fuel 15 of <central. burner 1. The pil ot oxidant may be
air, oxygen-enriched air, or other oxygen-containing

as. direction .of the pilot fla of .
s 24 gospciva migin 3 Telleh BemasPitie She< oARAG o 78S anc
oliteehipd 76 ¢ Naridsre ighiteall Hyed srserk yeharatsabebeesrt tharendah tlesslectrode
to the directi 0{1 of t stagi ng fuel discharge. In one
a'@ﬁ@&dri"??ér‘lﬁ FRUSEPIRG Y ane may be directed radially

d th [ f 1t tral ' .
1okl hAP abaBRY S ERE o iRl mAl e uReg dtar el ¥ & Figs. 84 and
83._01!1 1715 fa‘lt?ég%ti?é, ihher sips70Bis ﬂnduuaai,.anail@rp;miiﬂed fueebxidant mixture
. pi xi dant may_pe preni xed upstr.eam.o n
s PR RN aiPa R bAnblerle §Y o Bsr B ¥ P SRedey 801
(o8R8 ofe RSt EFIETS G55abeY SRvedney or B0RGIR GrtRpRlsh; T grample,
qualg&meirf@alcbfmmma_&'e a:éd bygﬂ pbitraaity mfgnmers,ofo'r @En}l;ﬂe,tdsein burner 1 of

pilot fuel and pilot oxidant as desgriped | .
B R tertvs e Biipt et SR b SpeRGonR 0BG B siartygof the
fulrisge andAvduid B¢ irsetid Qurilg noneia) operaaiibn/dd thefuinadeew) .

This pil ot conprises outer pipe 701, inner pipe 703, ,
[0D6DW A pilbluyeite ©f Fiife. BRBAY FBWr Figs. BAUN SBomy BeSnstalled adjacent

oAt o o it b A5 el S PR ey be
ddsigried| enein@ga paltet aGtadd fuel landy as M0Stratadth Figed. hsthis

* evephiA vt e iR reame ol Wt sk R Wphen e

infeigheabd intd tHidaer iatke and RdeRs ofi Kigd. 2i and 3.1 larthel intégretedtyel fance

be used for,initia .ignifti f .t il fuel

oot sl A e B 8, 50 5, A Bl g or o

sHow@is an@ All alots -;&f&s tivoege furel Hn;eggaba@?ﬁ failof7sanidnist atldng@sita the inlet
rior o e .

ny St PhBe 1e4ss cueh RO Bl e Tty o Enftp S g7 aversing

difeiciens/ém et fickw abkis. P T ifniterncdniysrisee guten pipet 9032 mnehpipe 904, and
ol irEieoguapE indBaompenes ot Mefflied b PP s dlef B finbe paraliel o

* thi BRierof ed lanoé. Thié Rihiter ¢perated avkiescritisbiabele eithoeferdnse to Figs. BA

e trically energized. Oxidant and fuel flow through
r pipe 703 and -16 annul us 707, respectively, mx

Lp..t he region, between the ends, of .inn ipe . - '
o P S FE o e BRSPS Bl o
sch), wreexith 8loeNBD A 00D hel g bes anaii®l 5 atrdbzEiedacen®ith. Rt fuel 821,

af outer pipe 701..[00 alte ive t f, . .
v iR BEmfy e o diprilnds W B it B 3gmrouah nner pipe
902A Rilatl oxiBaitByas| 9231 [forsexaintpte, et onoxygemasrichededr) #08s irdo and
thpo%tghlfﬁc’g ghmﬁﬂsd betwRER oller %%eféb%l én%hrqgmipgbél.ufgﬁition 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 energy laser beams. '
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is provided through pipe 701 and ignited by a spark
fromthe and of el ectrode 801. - [0060] The pil ot
igniters described above may be operated continuously,
for exanple, during operation of a furnace fired by a
plurality of burners, for exanple, as in burner 1 of
Fig. 5). Alternatively, the pilot igniters may be

R St SRy B S o AR v

hé\Hﬁ@ 8%i @ant[lﬂ @@tb]‘s Br m;édﬂhg bglﬂahteg’asmﬁto@ fgmatcé’ AndiepaiBiteor
acen

_ lggttsggra@@s;qpefpeq Iapﬁe@ fggm@qg%faqehn}g lggjfurga% B! lndh vidual burners are

uéild igrtRdEntdmenth@hieh nedy b@éﬁrﬁslﬁér&@d ma@ix dbesiugtiedsasem. The
an integral part of -a sta fuel

systerpSomprises ﬁﬁurpag,e haying T efs %SUF%%B%R@W%I?BS&'WE?" within the

eﬁ&@sﬁé% &qﬁo@%%dlﬁﬁgaé’intéaoré EHdUhRK 1@ihecélﬂ$osu&bamddapted to
I's 15 integrated I nto

he fuel | ance and D di
 infogice an ANBEB-OONYATRING OP G R URepE e of e Tl fEnces mounted in
| tHegéHdo%,ﬁreaéﬁd?%déd Yt Hontihg-ond or%’qd?é oxid8 ga%lﬂ;eclﬁﬂs? wherein the

intersect slot 907 as shown, and all s] ot

omgrsmprﬁ bebhneerare| aglapiedrie inied fyed into gipAumigge; andl ofe “or more
|g?\F&Jsea%s8&alteB‘%wihﬁh§bne ol MuréKioblafbed &l éeﬂs@ﬁéd @ugrliitetthaﬂ‘uel

fromthe slots at outlet face

inigiotest gy g fuelilancesi YHRer eRene" HPBLONCaG5 MiSCHor, g & pluralty of
fu gﬁh&@g afeQiBet 8ottt 8liorPéyaeer] Aray Hedidine®eb @ Afix-stigdd

f el ectrode 905, and these conponents are installed
corbigstien sy stenT- ough the | ance parall el to the axis of

the lance. The igniter operates as des ed abpve

[G08h TBRGrarRmed I /IGSAIak R By B0 Whetag cXispgt oes

1?‘G’f RisjetB8 thrdl§e oklﬂbl‘ﬁtga%ﬂﬁiectﬁ} 58 rhbﬂﬁtéﬂih ﬁsmac@tvfallldﬂrenclosure
passage (hot seen) ex% ghoks 907

1005 The turnagegvajhey emcqug;_ezmgy pg@%e rtg@"lpp{%qre g%fiactory 1007

7 ag éhé{\ﬁh Cbx%%t ida mayBe 4lr, Gﬂybéﬁ-bﬁﬂéhdd‘ﬁiﬂ ot angethbtetygen-

, flows .into and through inner
c@azalamg@aslmggtsd oxidgnt %&iﬁﬁp% !SHinP%ﬁebW%é'ﬂt%ﬁe&ﬁw“Smn
aﬁhd&ph&*eowthé M&Horn 811 biheyahatdle annul us between outer
pi pe 903 and inner pipe 904. Ignition electrode 905

OO%GE S ﬁ%ﬁtﬁd?\-ésﬁsfﬁté&iuel RAce' 31 isRiisPosed irdfurdade walindos apart from
oxi dan

as as_descri bed abovye. 63 1 of t
o ARBLGREIAREoT 0 a1 oprelgedainieah RLoas 1B Piofnfapg mieror 1011
ah(? forkd dﬁftn@:&t%d Sl Gas {A Jbﬂl!l’l_ﬁ Egnﬂfonﬁis@msté& fuslnsined 10413 is gpean here as
0 i gniter be use e lgnitrer
apPeiANal Figw & HimBres SeabPRAPPYn IR FRIFENPS 5 £ i ‘eflough any
tﬁlar&‘ '|Q?Mi8h5as%%lﬁ.?éd<lah6@ hfa?(rjb‘é us@@ The dwtmas betwaieq tioe\psriphery of
asnas asas an aser
P LB GBS AFSGIT LPOBET WedIRBB o FIBE SR G on S B el lance 1013
ma9!RtiRshd fande &P B1iY 8D ||r§Hhe§yPtlﬁrﬂan’(baw1lws eotirdany the combustlon of

* ag eldeaties! miire PomidesoiispIck el dp2 T 2o Bt ofatt EREipRS oy the

elebftbdd BlsPoddipwitiih BRO8ncd\Es Eﬁ\ﬁél\/dé%uﬂbed)ur ners are

' [0067] Pilot flame 1019 ignites the fuel-oxidant mixture formed by fuel 1017 and

oxidant 1009 ir-combustion 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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used in this enbodi ment, which may be considered a
matri x conmbustion system The 5 system conprises a
furnace having an encl osure and a thermal | oad

di sposed within the enclosure; one or nore oxidant
gas injectors nmounted in the enclosure and adapted to
i ntroduce an oxygen-containing gas into the furnace;
one or nore fuel lances nounted in the enclosure and

tr}%ﬂjﬁg{gﬁmﬁ@ ?dn&tﬁ# fnayhbpgee RESIR hswg\%r,oaﬁesiaglranl SA%e pilot flame may be

ors, ere one -_or rm_re fp ances are
centimped to providejignitiort ofdhe fuet-oxidart midtuial acededindhe eypnt of an

L. g0 der iated with the one or nore fuel
°$§%ﬁ‘éi9%$%ma@§6§@§é§gﬁ¢'§hu ‘e the fuel injected by the
| ) . ol ]
) PR AR S Ao B el dpacod.apar
locatidngsn funacsy walk 9o jorrxatneld, adencesdentieat ioilanagt Hyjsédnay be \
rERTRLH SRR BT e B O Rt Res legter 1003, In the
embedifren] 00Aigi K0,ioxjdent gas injecton 460D aNdighitiogassistgddueldance 1013
Q3; t.ed.. i

RN LR HALls RS SRBEhPAHESl HALepariotemens
instatjad incfuprecatveallel 0081 Qret armyore @3Idantgassiniewiers and aphtrality of fuel

S 0 belTRba R plivias LRI CiithoBof syt ot her
Y

andjignttioorasaistEdstieldanasslis llasteated tithe iembodinpriy @fiFign 11. An

ity Be 1BER FARE bl BTG ofphidlig 370 OB Ran

panfi@epiped tobbustindpoe nr wilsme iehalpeing farsimbygtion atmosphere,
i L. ' f | i
ol 9825 B SfbdriChe BRES SR oS RR Y/ Erckacby any
furrdoershape. Aopliality of Oxidahtdasinjactars,1105y p#0Bbfand 1109 and a plurality
j gRi-Li on=asS| b . The. dist:
oS 89885 ST HICkE 71 B S arl et Bery By bouncen
ongeilinged thefurmace: \Eash o theaeddant ggs injeaters iedyce ipts gestreams of

l.an - : i .
o305 b 3 nd e 8 o A Bl Bl o cos s o
stoednsof fuelgsls; asillusivated py tve dewnvgrd gimows frare padogf tha fjectors and
AT TR R8P b et B Hohli 1RS48 ptprresd of . 1o
and thesgnidardassisted fee! tanees maly-bevitlenticel toiignitioreadsintestipeblance 1013
I 10 ) rae )

o 1t 2O U s R OGRS 50084 R eSS ey bo
usdead dediredxanthany aeonoetrieal iagrabaeroent; of xidargasinieriers and ignition-

ags?ﬁgt?fngeﬁ gnge%ﬁv@ib%qjge& a flame (not shown) is forned

i mredi stream of distributed fuel gas jet
IBFAE  The i oq hETDEL 810 Blocsilh i ool 40 b oS pldon may
be [Htiated 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, ‘ni'trogen 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 injecfed in fuel lances along the flow axis of the furnace in the direction of the

outlet of flue gas 1117.
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the pilot flame igniter may not be needed; however,
operation of the pilot flanme may be continued to
provide ignition of the fuel-oxidant m xture if needed
in the event of an operating upset in the furnace
operation. [0068] Additional ignition-assisted fua

| ances may be di sposed at ot her spaced-apart

| ocations in furnace wall 1005; for e arrpk)
[00% 8t A dhgrmablopd dyrically W4l st ipimacestifitag ??fb@p%q{{] gyt the
coRGR LSRN BLE: O%éﬁe?éi@d HEPEIR] 1rEthfd |Fllﬂ=.t:%ﬁo@>gcﬁémhtlc9ﬁ§at exchanger 1119
injector 1 In the enbodi nent of

ls ghawn i) @'@tQS’FtOE[UUSh%M”@C@ﬁPthieé'fPrag%ﬁssfﬁ%‘a gﬁf%?év 113} E%‘? convert it to
p Eﬁés% efﬂlf’el?w‘iI sﬁ‘é‘é(m qt B8 exhigg td BifaRE S FRdREs ol stleant eR 1Ay be

pi cal are separate elenents installe

'heramd]@éae nacem or W%ﬁ%@%ﬂg&&ﬁm%@qm%cgmsg change in

th@?)ow BHEahinay & méy‘f%t o“b@url ABSEMINTPN 11 pirrsildra pllcatlon

eamatrlx staged combustion system [0069
ln@@éﬁpf APYOeES rstrﬁar@toag'@asma §h%ﬂhraaﬂalé<?ﬁ0bﬁrﬂ0i% Mgy b mﬂveved

thFMgr\'thé furadetHt a&%?o héﬁt%r@hsfor @ n%i@ Nintd rﬂBtaﬂﬁr@io‘ét skt treating

l'ances is illustrated in th odi nent of

pregessafRegardiess clithe tperphmatarid ma$%n9ﬁéﬂm%dhwlfmq #ksystem and
prSEl%gch?é‘ tRarhifefiz® b\? Qrtﬁ%r?na‘i Io%Htwhld?ﬁé@oF@ IRt BB the hot combustion

ustion space O unme encl osing a conbusti on

atmpaphash & he famage Hb@}wrnb@ﬂl@pn*@rof theniBeTHeR: thegeperic meaning of

%%QHBL%O% &t Bitfe W%e RE& éb%sﬁaekaxbyaﬁatenéqua?@s@ned
p ura It OXI ant gas I n ectors
thioug th@hmnappo:@mﬂgn ptmmsaheneywhasemutéﬁ h@@tdﬁtra@;%f%%tﬂom the

chﬁiﬁJstu&ﬁHﬁrﬁ%g%ﬂe]to i i‘r%ter%ﬁ‘gs # @ﬁaﬁ?@né@ &Hrad heﬂe 'ﬂﬁ\'nh&? or (2) the

or ceil ur nace. of

haak ezg@hﬂngg aﬁparmh@oadﬂpﬁed tnttmat% Begtdram He m%ﬁ%ﬂ a'fmosphefe to
thg}‘r\éiéﬁgl bgff‘@ He%&é?j He dr’n‘iﬂl@ﬁ@n i?'ﬁjos?ﬁér@ i@tontained wuthm the furnace,

|gn| i on-assi sted fue [ 'ances 1 ntroduces jetS or
whareisdhe fusnageisidetiped asian pnelpaire aitain wiich ﬁ@namm wlecfed

oﬁdarn%ﬁdfde‘?%&_ﬁ‘gh of the injectors and |ances. The

oxl dant gas I njectors nay be identical to oxidant gas

[OPf‘i]eC\FVWIe }%Oén%dalﬁbﬁtdof#@g ﬁlr]FﬂJsttrl&%s' agﬁﬁrbliéiéblﬁﬁﬂﬁrﬁeﬁﬁ enclosure

| ances may be entical to 1gnition aSSISt ed f

withelepenaynted dewnywarg diregteddpipeters; @pe gthgf dgsiredAReMey may be used.
Fdr@xgﬁb@ %@ﬂ%dc@@f F "]1 ?i‘ﬁ;a? 5 RAl fn‘éﬁ'wdlﬂ'ﬂﬁ&&ntﬁﬁ&x;&&ﬁ and fuel

use desi r ed geometrical arrangement
inigRtiareenmenke f‘ﬁ?feféf?@ M&th awardg,%l@a"ﬂ @nd Sugl é[!i%?g‘@f‘e &“PU@W&'%
cyiaﬁd?&%ﬁfuﬁ?ébet}ﬁw‘ﬁ@ tsed ﬁ%ﬁéh fFB%rbéBs%%t%‘s dro @hstAIRd ih & c:rcular

mbusted with oxli dant nmbusti on may
aomettryazaé@llebgp tihﬁ@yb?dr@@l watlﬁng:yel %nq' %darﬁ Y, Qﬁ]m&%dsﬁté*ae bottom
of'tl?é“ﬁf?r%c.%sin %ﬁrd '\A%Fd Qi‘?é&fbh *&ﬁg c\ﬁdrbt]sﬂdn%ﬁr@&ﬁﬁ@ fhayleit fat the top of the

. Flames t are forned bel ow t
fua@mmawgtua ﬁ{ﬂi‘?’ke&‘ qaneentigaly-stagasramiistion pysieR (Figs- and 6) o
aiﬁﬁ)ﬁx@&g&ﬁcdfhﬁjs%ﬁ systBf d(h@s ¢OERYSY) PRy Bb'ﬁ@é@hﬁér@ furnace

I ncl uding. 30 car on OX| ni trogen oxi
gepREsda MRl aupiiemm heal @istrkaition geattes fl@i@ﬁtst%whé\@‘g 'O‘i‘i"d‘io
erfiSsibhdie gas 1117.. Matrix-staged combustion occurs in
the furnace as porti ons of

-20-



10

15

20

25

30

the fuel are injected in fuel |ances along the flow
axis of the furnace in the direction of the outlet of
flue gas 1117. -19 [0071] A thermal load typically

will exist in furnace 1101 to absorb a portion of the
conmbustion heat generated therein. In this
“illustration, schematic heat exchanger 1119 is shown
in the bottomof the furnace to heat process feed
stream 1121 and convert it QlAIMY ocess effluent stream
1123 exiting the furnace. Process feed stream 1121 nmay
be 5 heated in the furnace with or w thout
1_agmmay¢mgys@é)ﬁ&bm@ﬁsihgacti on. Phase change in the
process stream nmay or nmay not occur, depending on the
par ti cul a(a)aiiseathiadifg a théizt hdainda gormeastion atmespnere
conpr.i Si rg% hhe_t_her mal | oad, articles may be conveyed

t hr o#i§PPIRd P8 hace and absorb heat therein, for

ST, ) e S ke b g B Bt

f ur nggsphé@; aygt em and 10 process are characteri zed
by a thermal | oad which absorbs heat fromthe hot
cgb nbg_st | ofE) oﬁ? @ﬁ@h@fgﬁitér@_atsb@ciétﬁﬂ nitbehe bne at nore fuel I]?nces and
enbodi nents .of, the inventiop, .t he gener| ni_n
"t herdameq rantede il foigeod Bi e SMen FBop TSR the
abs ogdimisLidliyn aBhesghate.t r ansported. through the furnace
conmbusti on at nosphere wherein the heat is transferred
fromthe conbustion atnosphere to the material as it
is transported through the furnace or (2) the 15 heat

2.ERIed syrem aib Chdimt udh@dimthe dné or tricae ihétershara selboieahfiomethe group

compust j op at here to the material .being,
coPRBRS b PUTPRE B e oGRS Pty Ry R Al Bhsmes.
microw@p lasniids; IRH plasmies, fighhaeegy sddbéames] aad oxidant-fuel pilot
encl osure within which conbustion of injected oxidant -
BUR@FSf uel occurs. [0072] While the enbodi nent of Fig.
11 illustrates a parallel epi ped furnace encl osure 20
with top-mounted downward directed injectors, any

her desired.geo ' . E _ J
3. IRt Bl el SantPré Prite o B HERL G plypbent o 2
fueldaniEnandis cidbpied to ignite ddel dizscbarged yhevefiréoor -fired with
upwar d oxi dant and fuel injection. Alternatively, a
cylindrical furnace may be used in which the process
tubes are installed in a circular geonetry parall el
4.t Bha bystemlof Gthimncdavhevaln at lestiehe afithe dgnitsamis intagrated into a fuel

b 5 B O g g, 27,

of the furnace through a stack. A
concentrical |l y-staged conbustion system (Figs. 5 and

S.ﬁlsné) %)gs)t/&B ?&i&é@fﬁﬁ@r@& tﬁg HOHBE! HuSMai&E i% Eb% 1 éplgéé‘ﬂlan the

n any fturnace geometry
nupnipefraf igriteest  di stri bution, better flane stability, and
| ower NO,

6. A fuel Iancefdbrnprising _

(a) a nozzle body 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 outiet face, each slot having a
slot axis, wherein the slot axis of at least one of the slots is not parallel to the inlet
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em ssions. 30 CLAIM5S 1. A conbustion system conpri sing
(a) a furnace having a thermal |oad and a conbustion
at nrosphere 5 disposed therein; (b) one or nore fue

| ances adapted to inject fuel into the conmbustion.

at nosphere; and (c) one or nore igniters associ ated
‘Wth the one or nore fuel |ances and: adapted to

~ignite the fuel injected by the one or nore
| anc dewiaxiseof threnazzlebrdyu 304 Whewinbeids are qdapt%to dlscharge a

5YSt 8181 1 i gt ouPHE ndzb Bolipcur@r More i gniters are.

sel ected fromthe group consisting of intermttent

spark i gnig) eérﬁgni?é?%b@éié’t\éa wHRAR& nb S b&dSand Bd=ptéd to ignite the
pl asmas, ‘mcrowave plasmas, RF plasmas,” hi gh energy

| asefuehdigabaraadat @ﬁl%ﬂtfaﬁft@ﬁ theinogzle badpur ners. 3. The
systemof Caiml1l wherein at | east one of the igniters

i s disposed adjacent to a fuel lance and is adapt ed

to ignite fuel discharged therefrom 20 4. The syst

Toffhertughlancewdh laim whereidbe igniter srdisnesed QHJ?F@P@[’“? qulet face of

tHe" K291 into a fuel Vlance and is adaptedt0|gn|te
feuel gl scharged therefrom 5. The systemof Caim1l
wherei n the nunber of fuel lances is equal to or |ess
than the nunber of igniters. 25 6. A fuel Iance

8C PAR et idi@e @bl@m@ﬁﬁér@mﬂﬁé’ an‘itéh’ ks tegratdd i@l the deezle ®Bdy and
outlet face, and an inlet flow axis passing through

pagsesitimough tiecusiet fase Ofﬁ@e,@zz'&rhﬂ’ ¥wo or nore slots
extending through the nozzle body fromthe inlet face
to the outlet face, each slot having a 30 slot axis,

wherein the slot axis of at |east one of the slots is
Inbiupldanga @MRMENGhe inlet -21 flow axis of the nozzle

body, and, wherein the sl ots are apt ed o disc e '
fuel at 't () AARZEbAUYARVIBE avBieh{Ees: an 9 acsna"f? B inig flow

| gni bRk pasSiRg trrbwsh the et diRl diBEEiated) @Y of Afbra diRi @deriding

' gni 'Eh?-of:ng the nozzle body from the inlet face to the outiet face, each slot having a
slot axis and a slot center plane, wherein none of the slots intersect other siots
-and all of the slots are in fluid flow communication with a common fuel supply

conduit; and

{b) an igniter associated with the nozzle body and adapted to ignite the
fuel discharged at the outiet face of the nozzle body.

10. The fuel lance of Claim 8 wherein the igniter is disposed adjacent the outlet face of

the nozzle body.

11. The fuel lance of Claim 9 wherein the igniter is integrated into the nozzle body and
passes thro'ughft'whe outlet face of the nozzle body.

12. A fuel lance comprising

=02,



fuel discharged at the outlet face of the nozzle body.
5 7. The fuel lance of Claim6 wherein the igniter is

di sposed adj acent the outlet face of the nozzle body.
8. The fuel lance of Caim6 wherein the igniter is
_integrated into the nozzle body and 10 passes through
the outlet face of the nozzle body. 9. A fuel [ance

conprising (a) a nozzle body having an inlet face,
outl et fada)aapglakofnhpading @@wlet zﬁ@ﬁes ap qutistiace, ﬁ‘f‘%@@t‘ﬂ'e‘ flow

the iRsasaing tMelbs thd iRREand bUtiet PiceBRNE tWb BF fore slots extending -
ext endi ng 15 throlgh the nozzl e body fromthe inlet ‘

face th r@ualh theginzziet ch%ré@m brdpletiage. tm@@maetafa%e@ph §lot baving a

and st laQs a%arg Qét danw%danwﬁhsaem Qﬁ%@sl@f oftthE 164 B Sore slots is
i ntersect other sl|lots and he slots are in

5 flui dniprsggied dinnash ehthedtihes edcrts anfé ot cetar P&RgHf it least one of
d |
condighg sio%ggtgt@égtsﬁtﬂe_uﬂéﬂ o at>ﬁ§§fqﬁé ﬁ?% Bbdy & hHe nozzl e

body and a toignite di'scharged at
the outl et bf&?@n@ér é&@cn&@é%ﬁn tﬁé’%zzlelgody-ri}ﬁj édé‘ﬂted RN§ARite the
of d ai m eln th di sposed adj acent _

Che 4l Klschriged abfne auiet e of beinoagie boey.11. The f uel

| ance of Claim9 wherein the igniter is integrated

into the nozzl e body and passes t hrough, the outlet

ace of the nozzle bod . A fuel |ance conpri

LI 3 273 he dyel lange £5 péﬂi@o%wf{gvmﬁge igniterip disppardadiasend dﬁ @tﬂet tace of
' tHeAsSzictdiyan i nlet flow axis passing through the

Inlet and outlet faces and two or nore slots extending

t hrough the nozzle body fromthe inlet face.to the

outl et face, each slot having a slot axis and a sl ot

14 emhg Fud? |Ia'#i&8 of Gfmei2 witerbinté ig%h@rt is HiegriRdliM® B8 nERAEbody and
slots is |ntersected by each of the other slots and

P?*F?@Séh'"é’t‘%g?ﬁ@#ﬂebfa&ﬁé’ Bye nozzled8y- one of the slots
intersects the inlet flow axis of the nozzle body; and
8 (b) an igniter associated with the nozzle body and
: gdapte to ignite the fuel discharged at the outl et
%6;2%!'@06'88?"‘910 13.. The fuel |ance of

Su? : g‘t 12 \é\% & Irrpqotﬁg:% gbtg%bmioghl% aon?:iea?I the%gﬁo J dlsposed within

the enclosure;

(b} one or more oxidant gas injectors mounted in the enclosure and
20 adapted to introduce an oxidant gas into the furnace;

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

' {d) one or more igniters associated with the one or more fuel lances and
25 adapted to ignite the fuel injected by the fuel lances. "

16. The systerﬁ of Claim 15 wherein the one or more igniters are selected from the

group consisting of intermittent spérk igniters, continuous spark igniters, DC arc

plasmas, microwave plasmas, RF plasmas, high energy laser beams, and oxidant-fuel
30 pilot burners.
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14. The fuel lance of Claim1l2 wherein the igniter is
integrated into the nozzle body and passes through
the outlet face of the nozzle body. 15 15. A
conmbusti on system conprising (a) a furnace conprising
an enclosure and a thermal |oad di sposed within -the
encl osure; (b) one or nore oxidant gas injectors
nmounted in the enclosure and 20 adapted to introduce
an oxidant gas into the furnace; (c) one or nore fue

| ances nounted in the encl osure and spaced apart from

h el erystem ablaing 1 b yderein atlepstjanetch ihe IgnKRIe i ariaceet Ba fuel

Iéﬂce@{oqsfablﬁlbteﬁ%‘@%ﬁe fif Bisenagbethetdirdnili ect fuel into
the turnace; and™ ' (d) one of nore igniters associ ated

with the one or nore fuel |ances and 25 adapted to-
ignite the fuel injected by the fuel |ances. 16. The

18Y wraygfen%mmnﬁs \WhgFehh Bt [bh& dPBRT fHe iBRits isOfelRited into a fuel
are selected fromthe group consisting o

lanceeangliis adapted fnigrite fiel disehargedtheratioius spar k

igniters, DC arc plasmas, mcrowave plasms, RF

plasnas hi gh ener gy | aser beans, and- oxi dant - f uel 30
i Lot burners. -23 17, The sy stem of O aim 15 where

1 at Thesyptephef Gpim h2 Wihgfﬂ"t t%wumbeaaf tweblapcasys gapglde o less than

tﬁ@ﬁ@ﬁbw,g,ﬁte@apt ed to ignite fuel discharged
therefrom™5 18. The systemof O aim 15 wherein at

| east one of the igniters is integrated into a fue
| ance and is adapted to ignite fuel discharged .

2bh qhefslygmn éf%laﬂ%h €5 %éieﬁmh@fdué%@erﬁe’eﬁeamweﬂpﬁ of one of the
| ances is equal to or |ess tha

unbe
ORRIRBETOrS PXiFgRGAEIBSCiers 3! the ReREsY Bham Adiasa fvel lghce is in the

rdfRY &ionotgtanéstiest ance bet ween the periphery of one of
the one or nore oxidant gas injectors and the

peri phery of an adjac ent fuel lance is in the range
of 2 to 50 inches. 15 21. A conbustion system

¢omp¢d;ﬁbm<;,ﬁggstgnfd¢mgm having a thermal | oad and a
conbusti on at nosphere d| sposed .t herein;

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

(b) 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;

(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 furmace; 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 ane 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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(b) a central burner. having-an axis, a primary fue
inlet, an oxidant gas inlet, and a conbustion gas
outl et adapted to introduce the conbustion gas into
20 the furnace; (c) one or nore staging fuel |ances.
di sposed radially fromthe axis of the central burner
and adapted to inject a staging fuel into the '
conmbustion atnosphere in the furnace; and (d) one or
nore igniters associated with the one or nore staging

u 25 | ances, a dapted tq ignite.the stagin el ...
2hnTbe clctertddarbal wos ot fideay oran bF sl gl 5 staging
fuehrnesendlis afdpted Bighity iebdischaejerithedfromom t he  group :

consisting of intermttent spark igniters, continuous

spark igniters, 'DC arc plasmas, mcrowave plasmas, RF

pl asmas, high energy |aser beans, and oxidant-fuel - 30
opi ITae shstemedtTlaim?2! RBereihat Isas basobihe@riions 3intabeted into a

at | east one of the igniters_is adjacenf tq a staging
spoiooTRiea s caia i ones el ARt st heltihar gad
therefrom 5 24. The system of Caim 21 wherein at

| east one of the-igniters is integrated into a

t agi ng fuel, | ance apd is, adapted i.gnite fuel.
2§ Bk aeseti BT S oRhersts 3 AR S E ot stadifE kel ehSh = eauat to or less
thah ehehombbeofngiitees. of staging fuel l[ances is equal to

or less than the nunber of igniters. 10 26. The

system of C aim 21 which further conprises main fuel
pi ping adapted to provide the primary fuel to the ‘
26.eThe aistbmrof@laimat whislfurthel verinpyisegsi majin ks jpiping adapted to provide

rovide.th staging fuel to.the pne .or r -
1Ry il o By aneiinally RRF oo ZRefiel g Pldlie e
stagingdng! 16 tred orieoortrherecatadingifueblances. and the stagi ng

fuel to the one or nore staging fuel |ances are
identical in conmposition. 28. The system of C aim 26

wherein the primary fuel to the central burner and the
2%t Age systémealf Claimt 26ewbereincthe pimansiualfioribe tendtal bameesnd the

o4l & PG P2 Ryl

are di sposed outside of the central burner and are .
di sposed radially fromthe axis of the central burner.

2§’.0ThéAs§é%éml{§ Eleﬂﬁl\ Y Rfiérain the gﬂfniaﬁ} 1381 to the central burner and the

staging fuel to the one or more staging fuel lances are different in composition.

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
(d) providing a combustion system comprising -

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

disposed therein;

-25-




25 (a) providing a conbustion systemconprising (1) a
furnace having a thermal | oad and a conbusti on
at nrosphere disposed therein; -25 (2) a central burner
having an axis, a primary fuel inlet, an oxidant 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 of t ke ecesntiehbumer haingaridsi#prisoany dusl iiecan oxidant
a staging e
furnace; géjﬂz& emooab&ﬁb?r%@g@éﬁtohﬁers g@?g@ﬁgﬁgg&{h@
the one ofombustiostgagiintg thémacleances and adapted to
ignite the stagi ng fuel discharged therefrom (b')
i ntroduci ng th23 mecmmorga@gmrfualgmqeﬁéiimsqérﬁdlajaérom the axis
i nl et andg
5 fuel Iancestlmlr':'(raﬁ:t‘:é Ig){@%g%%cg atdré\g{ qun{)é’scgﬁ I'n tﬁﬂfoerhe
f ur nace; Mblési)bnmomhaf@mtthefwn@ceoandore igniters
and igniting the fuel fromthe fuel [|ances to cause
conbust i on of (%@nﬁlmlmqmigmiteweﬁciawdt\ﬂfb the ahe st ingre staging
at nospher ' : j
the fuel e Bapefend Al AT b stlofiTlcRustpRkEdtnerefrom.
of f gas, ' | AT PEE
conbust Jbé*’ﬁ#f%@éﬁ HE AT B0 Y0 heRSRBHE T B ecting
10 30 viveribrauga the anabt tnpra)mef lanted intodhe cambusiivacttmpsphere in the
fuelgs 'q g&different conpositions are used in the
pl ural y' of - fuel lances. 25 33. A conbusti on process

(1) centd QPORAS e el Mg iicReafBhiing BY (@5 the fue

oXi oﬂan@eegta§auses pdrabustionef thiedvelwiti oxyger irf ﬁntelcorr@ustion
conb egi on for conbusting the oxidant gas and
t he %{rﬁfongﬁ?/rgfuel and an outlet. for discharging a

15 primaryeffluent fromthe flame hol der; and (2) a
plurality of secondary fuel injector nozzl es

313 UfHeOMBQéé;%;ftdlé‘ m Qé‘ﬁvh@nteupfhetf@& i§§‘é]é6té‘dl frbinaRurirg e Feftnery

wher el n secondar I nj ector
offgas, associated gas from crude oa! productton and combustible process waste gas

32. The process of Claim 30 wherein a plurality of fuel lances are used and fuels of
20 different compositions are used in the piurality of fuel lances.

33. A combustion process comprising:
(a) providing burner assembly including:

(1) a central flame holder having inlet means for an oxidant gas,
25 inlet means for a pnmary fue!, a combustion region for combusting the
oxidant gas and the primary fuel, and an outlet for discharging a primary
effluent from the flame holder; and

(2)a piUraiity of secondary fuel injéctor nozzles surrounding the
outlet of the central flame holder, wherein each secondary fuel injector
30 nozzle'comprises

- 26 -
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30 nozzle conprises -26 (2a) a nozzle body having an
inlet face, an outlet face, and an inlet flow axis
passi ng through the inlet and outlet faces; and (2b)
one or nore slots extending through the nozzle body
fromthe inlet face to the outlet face, each slot
having a slot axis 5 and a slot center plane; (3) one
or more igniters associated with the plurality of

secondary fuel inj G{%Pénlﬂ%b@&yha(\hﬂgamﬁﬂéﬂml a@omlm face, and
primary fuel and the oxidant gas |ntg%$jhe cen

flame hol der, @blﬁ{ﬁjgt?wﬁé:stqq@snﬁg thvay g@yle%r\drp%let faces; and

portion of t he OX|dant gas. in the 10 co ustlo %
of the flane hol der, Ehﬂ”%?rs@ﬂr&r%‘?tﬁﬁx‘&” FQE’HPS* the hoz2le body

effluent ~cont aidh Rk iRRITHE th B3 RAIBOHES, SRAGITRERARG a Slot axis
oxi dant gas fromthe outlet of the flanme holder; and
(c) injecting tan8 aBeLrRATPIANGel t hrough t he secondary

fuel injector nozzles into the pri r effl nt fr
the outlet of t(RLORG @FBCKRJPERrS a%’%?&'ai ;fi‘ﬂ"ﬁ{'tb/ﬁ secondary

the one oRydjEctbEMbARiss and igniting the fuel from
t he secondary fuel injector nozzles to cause

conbust i onpphtrbfietidd Bk fM'rfal?‘y fuBParfiBie DxidaAkgatAnto thé cbh®al flame

conmbust i on products. The conbustjon process

a ai PSS \aeEREHNG the P;SW%WI v B PRAPNH @%@e@mﬁ §F§ in the

20 f UsbasRGRA dt & Aindl hbifier ﬁﬂ(‘! dREREERGE misary - %Enuem
The conbustion process of Caim33 wherein. the

ry
f uel cpatamwcanbtge&@n Brodugtsrandeagess pgdant Sﬁ%lfrPWetﬁe outlet”of the

second@edhdidi® arPPr i ses hydrogen, nethane, carbon
monoxi de, and carbon di oxi de obtained froma pressure

SW ng adsgg;nhjbemgsmétss&nd%@ 81 thidlRyhGREBeSINHaKy fRéIaGesr nozzles

of Caim wher el n rimary fuel and the secondary
fuel iNgp @Qg%rga%wwﬁw%fr?mh% aw'éet @Bwﬁéhamq 'zﬂ%%er ax A
conbustlon process conpri sing grov Rg

conbusti o d)sg;grgmg,th@pugioh@o:@gngers and igniting the fuel from the

secondary fuel injector nozzles to cause combustion of the fuel with the excess
oxidant in the combustion products. ‘

34. The combustion process of Claim 33 wherein the primary fuel and the secondary
fuel are gases having different compositions.

35. The combustion process of Claim 33 wherein the primary fuel is natural gas or

refinery offgas and the secondary fuel comprises hydrogen, methane, carbon monoxide,

and carbon dioxide obtained from a pressure swing adsorption system.

36. The combustion process of Claim 35 wherein the primary fuel and the secondary
fuel are gases having the same compositions.

37. A combustion process comprising

(a) providing a combustion system including
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(1) a furnace having an enclosure with a thermal [ oad
and a conbustion atnosphere disposed within the.

encl osure; (2) one or nore oxidant gas injectors

nounted in the enclosure and adapted to introduce
oxygen-contai ning gas into the furnace; (3) one or

nore fuel lances nounted in the enclosure and spaced
apart fromthe one or nore oxi dant gas injectors,

wher ei n the one1pa furnaee hdvire ah andesranih adhgmed)dad and a

g ters aeubbft AfgsPhORTsngRB yrhPESpdln P8 2 .
ances. 10 (b) (PR ha% iy 5B ReEfe Beshkg 8 enctosure

t hr ough t leadamiapted tointedoze daygen-apataining gas intstherdumace,

t he conbustion atnosphere in the furnace; (c)
i njecting the f(@ebnd hrrmugffublhanm&enmmed)mehé entlostae @ad spaced

e R B 471 e o

the fuel fuataricke afeiadaptddbid ingecEaeliotodhe fienamrangdt i on
of the fuel with oxygen in the conmbustion atnosphere..
20 {4) one or more igniters associated with the one or more fuel

lances and adapted to ignite the fuel injected by the fuel lances;

(b) i'njecting the oxygen-containing gas through the one or more oxidant
gas injectors into the combustion atmosphere in the furnace;

{c) injecting the fuel through the one or more fuel lances into the
combustion atmosphere in the furnace; and

(d) operating the one or more igniters and lgnmng the fuel from the fuel
lances to cause combustion of the fuel with oxygen in the combustion
atmosphere.
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