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TITLE OF THE | NVENTI ON:  Flame Straightening in a

Fur nace BACKGROUND OF THE | NVENTI ON [ 0001] The present
invention relates to a nethod and furnace for
generating straightened flanmes in a furnace, and in
particular to a nethod and furnace for generating
strai ghtened flanmes in down-fired and up-fired
furnaces having multiple rows 5 of reaction chanbers
(e.g., process tubes) and nmultiple rows of | ow NOx
burners. [0002] Large down-fired and up-fired

mul ti-row furnaces (e.g reformer furnaces and

et hyl ene cracki ng fuTﬁﬁ'aE&F)T*ﬁEWVE’B'ﬁ@'\eX furnace gas
flow patterns. Undesirable gas flow patterns can
defl ect flames andFlgmes@iraigiaaning & byW@afRat i ng of
process tubes thereby affecting the perforrmnce of

such furnaces. 10 [0003] A c eam nmet hane
reforner furnace BAGK %bH \Mﬂgw T' nf| guration

is shown in FIG 1. A feed é%% + natur al Pa?szl
[90918 3¢ Péﬁ?em'“i’@fﬁ'o’f‘éﬂateéftog AR fymnace 48 JEnaIR
st?é.ghtfehé& fsnd rnha ruﬁfaeérraﬁwlngpahﬁt;hmto a fieghddesatd fgamce $or

ormed in the catal Pcess tubes 180 0
gergrati Wntermq frages ip dpmm-fl(gg ar(g_pp ha&% mulfiple rows

b6tibn chahfIERY Ry, NErdEeds 8o aha Muiplé hmmmmemﬁmbem
C)Wéo. The burne;&‘sjg 1@? ?LSS ge%}ggrate flpames 130 to provide

[dooe) nEQ@%Wﬁ fredkind Qb fitdtemende hehates (@@‘ crremrmgr furnaces and

react i ons, The renoved is the
ethylene |Céa9kmrftlmpes)f*@ve eRBRRK Zufﬂﬁceagasg' quféé“%wnﬂas'fab'e gas
6N DEERE chRatect HEmBS AAY ESudRYEEMISd oirRghLY.of PRgess tubes
renalnlng gases may be sent back to the burners 111

thegpby aftec mefnféfprmfrwozi]su%fum@esl mul t | pI e burners
111 are illustrated with ar res nt at i eém@]rn@ ﬁ
(053] | AvGOpHe TRl StaAm ThIans refdimes furrac 10 g

c@rﬁﬂg’u?étléﬁ id SHdVATA FIGS A feR8 abl(mamrx r@aturhegasf) Muﬂphedlat the top
in the region of the

of BiPRaRSUGRS L0, PAD STa Sl SIEa AR S FopIBR® foforme
.rﬂhfd cfataptlse.lt huefolfér@&\?@unbéﬁ%homh@r@wmnmdrw H,, @O, tc?m H.0, and
refractory ue tunnel s ire
CiRah tYhiGho rerip YR Regr 'meﬁb%nchgﬁ%fﬁbﬁ%ﬁ‘%m%mq"
gbﬁ’&atea‘fanﬁéﬁ Tm@ Wﬂ%emeaeésfaﬂﬁhédﬂdrltﬁe endotfidronic mfarmmg
nd_the fl tx e $ rec:lrl_ﬁ_fegtlon ng
“?3&“9'?1% Tﬁﬁﬁ%‘i“%@cﬁ”@ﬁs srthem eefingd Ropwifieq dyrerJef pfaprigin a
pFdskaicdWing hé\éﬁ?ﬁerJ@QA) t@prcﬁiﬂ@évﬁydrﬁg&l rodiict. THe fePMIGihg bases may
t he course of I ow NOx bur ner
b?é@ﬂ‘rﬁﬂ%é?therpl’é” 'ﬁrﬁig ‘WA% ﬁ aspect ratio greater
[m%?b?n %g}‘ t1hﬁ1dlt$\lleetr)lltjrg{-3rsé 1f1q uar;g |Iltth?atte3 %tﬁ?ita rteHrtesg r:[atwre Uufce gas
flow pattern (on the far left). The flame jet entrains furnace gases resulting in a
recirculation loop in the region of the flame 130. Below the flame, furnace gases flow
downward, resembling plug flow, and finally flow out through the side inlets of the
refractory flue tunnels 122.

[0005] In many down-fired multi-row furnaces having conventional narrow flames, the
furnace geometry atlows sufficient flow area around the flame and may create a
recirculation zone in the upper section of the furnace that facilitates straight flames 130,
as shown in FIG. 1.
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for the conventional burners sonetines produced
deflected flanes that resulted in the problem of
uneven heating of the reaction chanbers i.e. process
tubes. As depicted in 5 FIG 2, the new | ow NOx
burners produced broader flames 31 which were
deflected or tilted towards sone of the reaction
[ooba]Th Y the 86ursE lodinfplementingnuiwnigwa@ix burpenigehmotegy ina furnace with

N

fof thenconoeational mwnéris. semetifnes produead teftected flanbes thal nesitagdn the

o 1 e SR B SRR s g bt

Fich@ytrer nevalosNOR borners ;ﬁrodmetoybroaﬂemahme’s Stpvehicit weregleflected or

ol 5ol 5 B 5 8 AR Lo

omrghctiory charellers eatides lbédlizediiedting of rracticrechmamberivealls and process

oE TR SR vk R 2 BRGS0 56 v,

anxl fcab@lrf’t reactidmec hiahndperessin dtherlrca.wgeﬂhxsxeaugtp@irfweﬂmaésg of some

ods . ncl ud
ré%eérwéa"?,l rgﬁeuqef%p g‘ysg grgcdél%gr rIzirﬁe ﬁSEStr c?Hs in process
gasetémpelrajutelsdrdm ommgrocas@e:adestﬂ &rmthad faor mmt etfh:@ncy, and may

AR POl o
R i WS T30 B By B, et

deiechvahei siighten the damies) is targe boxtype fesacese Thesa methode include:

nozzles in hot-spot regions (or burner rows) are
r epl dceuhing fus! trosexkrad banesshdre rﬂameumpmgelmaine pegurring: By

e T BET R o fibdipd Bil<g R il SRR guoea. Thus,

but owerhestirigoor hat-spdtiregionsmig pe avbided. dawvevehiis mang gases, the
fuel - 0 t

fur n BB ST LBl Bt Br S i TecRG Aty Piapk s ot gnother

f | amfurnacenipeatmnur es and over heating. Side row burners

at lower firing rate: This is used on various |arge

f ur n&basginglogt kvekinetiorone2zies nBeveral Huenes nprziesmiy hokseot regions

t hat 0 7 |:h§é t MeRE IBwer fi

A si é%rug'\?ve{ﬁév?ﬂea?e/(}é egalrr"tr?eﬁrbz?lgga gﬁé%ﬁgﬁ%'ga Sl éi wer firing
wal | rajé).t he 30 furnace. Decreasing the firing rate of

the side row burners tends to prevent these flanes

fr onﬂlﬂ‘emﬂ flame staichibmatey: Jbatiee! flow te het-3pet regien burpers is reduced
[ OOO%L n&‘?h# ﬁg‘g 1@&&‘(% ey 64185 Yuel fdahtcdBRibustion in
some t hese but

S are e rmanent sol utions
r at heelectedwaﬁrqi tme wgmoahF@ei Im@mm@tmbelpw reducing peak flame

Per f (BaRIr& and overheating.

Side row burners at lower firing rate: This is used on various large furnaces
where side row burners have a firing rate that is 60% to 70% that of to the center
row burners. A side row burner is a burner located adjacent a side walt of the

furnace. Decreasing the firing rate of the side row burners tends to prevent these
flames from bending toward the center of the furnace.
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the furnace. In a furnace where furnace gas patterns

are unstable, any flanme stabilization or strai ghtening
efforts in one region could |l ead to undesirable

effects in 5 another region. In other words, the

problemis sinply noved fromone region to another.

These nmethods do not elimnate the problemrelating to
[G008H a deegmmethds pamied ansatisfactaripcFurfiies some df Biges@] methogssare not

P paBh it i Rl GRPaBR e ARl PR pelAnce o

tHeuumace. Iha/iungacewhiergiuenace\gas pattérns aes gnsiakle ranytfiapiee

sﬁgﬁatgofn r%gﬁgrgbﬂgeﬁmggéﬁo&?mﬁé fegg&no&#@r Ig{ulﬁ Edé&no%@ﬁ‘étﬁl@ gté&s in

asothari gigtoen bdotienwoerds,i the dratdenu p&éimplgdndﬂedri@m oRg fegion to another.

TSPl B ABESE BRR A B o o

provi ding uni form process gas 15 tenperatures between
[0008] mitli$ desiedrtowaveht nn&!l:mt archa tmeadedpsgengratingustraightened flames

RN e RUERC A A 0 bl B s o

reattion cearubersng i npi ngerrent of flanmes on reaction
chanbers in a furnace using | ow-NOx burners. 20
[9010] 3]t i$ tlesiredde hiave d mathdthan & fureadedar gengratinguatiaightened down-

o T e PN TP B BRI o
bumetniand woltipleaows obreactiorpehamhers.ur nace ef fi ci ency.

[0014] It is desired to have a nethod and a furnace
[9031] g dirie dasitaddo bavargrateerband & fureace faspragidingwniiapm process gas

BHERBEE Sl IFUIRIEY AIAEIERHER, HRALEEad bR Bramer
oﬁé!héam.f or generating straightened flames using

| ow- NOX burners in a furnace having nmultiple rows of
[012h e itds desiraditbthape 8 mashed afd meaasior mducing tiedeflection and

ré/%lﬁfng' |Hf>f?1§fémfeh?&‘?laﬁﬁg0% Eéﬁﬁp'cﬁalﬁhéﬁ% gqU%gw[‘gRgr%t\)Nélr\px

a reaction c
bgrrsm EF SUMMARY OF THE | NVENTI ON [ 0016] The present

invention relates to a nmethod and furnace for _
Q3% dtis dgsireskto hiayh a eratod anghe furnacedfor gﬁnea@t@g stigightened flames

i Eh%a&é’mﬁ \Wﬁgg%@H%WfLﬁ \/\,ﬁ Wi lh’ﬂé% @chmbustlon space for

ural 1t oxl dant conduits eac
Irpmrovea!fur@acz@fefﬂmerwant conduits have an 5 outlet in
fluid communi cation with the furnace interior
00141 s desiredi tohave ameathest archa fusnagerfer generating straightened flames

using low-NOx burners in a furnace with an aspect ratio greater than 0.8.

[0015] Itis desired to have a method and a furnace for generating straightened flames
using low-NOx burners in a furnace having multiple rows of burners and multiple rows of
reaction chambers wherein any flame deflection is directed toward an adjacent flame
rather than toward a reaction chamber.
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furnace. The first interior end of the furnace has a
hori zontally projected area. The oxidant conduit
outl ets define a conbined horizontally projected
turbulent free-jet area at 30% of the average
di stance fromthe first interior end of the furnace to
a second interior end of the furnace. The second
interior end of BRIEFISUMMARY OF Ap{EOMNMVENTION f i r st
interior 10 end. [0017] The nethod further conprises
[0016] odhe ipraseat inuaitionmelates tpBumethod gnadbfurdagelforcganerdting,

.t raj i f, fuel. j : :
BB S P Bt T i colf s fE Rl cnd BY Bt into 2
plurelidy ofcxidanbzonduite, wheze actsof theplrality ofenxitiapt corlgiwits have an

o1 0L ok o R usPgBRers o v

fUrGdeES Tha ffiest mierivo éndl of thedurnacerhas g berizantaliygpreiected arda. The

e

30%r dfitonaverh@ddidlandd romethé Gkt interion end obtinp fiirease to a second interior

e Bl s Tl fe 745 Kepbid A e Pt e birkadtinsPhens fret fptoror
epdurality of reaction chanbers traverse fromthe

first interior end of the furnace to the second _
[007§r iToe neatbbdbfurthbiecdmprisas etrod0cifign e fyrl inta kipiyralidy of fuel conduits,

Cl | a I i i I .
oBREB T BIPHBA A PR aR B e 5 i i e
fiepaceddteriot proxiovate thetfiet iptedoradndiof thef fufnaske. Thanpbutality. of fuel

The r ri ing the
bR R oSS R0 SR SRR SRGpioHaN Y, o oy
0 i. f £i o
(FEE, T FHARL o RERAE AR PG B ey
and ceasting the fhelraraloxidant thetabydorminga phualitp sogang partienteen
25 90% and 105% or between 90% and 104% of the
[0038] z Ghe andtiyohiuthertamprises fransfetring heat fsam thepleralityrof flame
. . ' ' ol ,
ofins EOPHaIIS BEcRstha BRI BRI A1 B0 cRimbers
traverserem thk st interias end ofithei fumacatof the seconst interior enchef the furnace.
« C d . .
THE PSP A s R PR rn3Biodh SRERR o pralty
of addat chhduitsianddie epdagdirelatiorctorthe phialitwoffuelcendyits. of
oxi dant conduits proximate the first interior end

[0028] e Thaehethod futbeptamprises yedicingthelapmbioes Hofizoataly peojected
TN 1L 8 Yoo 1A 40004 oIy it o o e
futeddento the secandritterierderidaf itheolurngick o petwieen t18% ang Hifi% rar between

‘ = [+) r 9 i . .
b B el o byl AN (R EbSAR eclégahd e s
inderigsiendd hori zontally projected turbulent free-jet

area at 30% of the average distance fromthe first
[0a21&r The pegrsnt ipvention alssoielades totadumace égrgensrayag gsaightened

1AM fNS 1utAach, TRE FRRAMEESMEtRER 8kt iHteri8r Pl HaSnYRHbrizontally

projected area and a second interior end opposite the first interior end.

[0022] The furnace further comprises a plurality of oxidant conduits proximate the first
interior end where each of the plurality of oxidant conduits have an outlet fluidly
communicating with the furnace interior. The plurality of oxidant conduit outlets define a

-4-
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5 90% and 104% of the horizontally projected area of

the first interior end. [0023] The furnace further
conprises a plurality of fuel conduits proximate the
first interior end. Each of the plurality of fuel
conduits have an outlet in fluid communication wth

the furnace interior. The plurality of fuel conduits
c@nbined hemznelly pedjedted turbwettiee-jpl arealkt 39% of thexdvesage distance

frﬁﬁﬁg&:‘flrltsf gpt%%)r %88 fé%lﬁéggqr%ﬁbﬁ?‘lgﬁericﬁ%gﬁg%ﬁﬁgwoﬁ%ntﬁly projected

turlsuseiee- bt ared th80%iof e dvetaye distasoedfrdro tHefirsisietedadend to the

o4l Bk 08 10, SRR SFE1088. gt

9oLl 10UYs off the hiodzontally posjdeted areand therfirspiatesidr erd. at | on
to the plurality of fuel conduits. [0025] In an
[e82BDdThe hurnade fuktker cowgniseoa plurdlty difuelesoaduitsyproximate the first

it SR AR Jor Ry o o EBRURs Rl & 8oy Rt Borynication
with thehfarnage émtexisr. The plaratity dfifaehcohduitsiare in spated rejatioarid the
oA, e 7 T O
R G S e R e
triveBse Romstha fisst mteriat iend tb thgrsaoond intesior end. The plurality of elongated
SR itierk &Yk A, af BOMPRGSeend poln 1 T BRI oxican
cehaduils and iin $peced a¢lation te the ploslir ofdualicemduits. a f ur nace

with straightened broad flanes firing downward. 25
[028P9]n &1 @nbddimenhofdhé awabtian, thedfgrmare mdyoptiosaliyregmprise a

I Vi of f - , S - '

RS ok Eichian e SPRE G oot siighred il R B 61 the
aderpge distegce rom the ffits lintgriqrreof éc thedsecondinteziot efid.ee- | et

areas of oxidant conduits. [0031] FIG 6 is a

schematic diagramillustrating a plan view of a

furnace depicting wunutilized oxidant conduits. 30

[ 0032] BRIEF DESCRIRTHONORSEVERARYABMS OF T6tE BRAMGNGS

pl an view of a furnace depicting neans for reducing .
[Q026] c Fi3.st isecichemalic diageanbillugtratiog attranswerae viewiaf|adumace with

n?rﬁ%\{‘z(ﬂ%\%ﬁﬁﬁfdoﬁnwgrg? schematic diagramillustrating

condul ts angl ed towards an adjacent oxidant

A el e R
deflestesibroad flamnas &g downverdt es to a net hod for

enerating straightened flames in a furnace. Referring .
[G028F| EIG.3H isig sahemeatic Hiagram Hlpstrating edeansverse view of a furnace with

straightened broad flames firing downward.
[0029] FIG. 4 is a schematic diagram illustrating a ptan view of a furnace.

[0030] FIG. 5 is a schematic diagram illustrating a plan view of a furnace depicting
horizontally projected turbulent free-jet areas of oxidant conduits.

[0031] FIG. 6 is a schematic diagram illustrating a plan view of a furnace depicting
unutilized oxidant conduits.

[0032] FIG. 7 is a schematic diagram illustrating a plan view of a furnace depicting
means for reducing the cross-sectional area of oxidant conduit outlets.

-5-
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vi ew t hrough furnace 1, the inventive nethod conprises
i ntroducing an oxidant into a plurality of oxidant
conduits 11. The oxi dant conprises oxygen and may
additionally conprise fuel and/or products of
conbustion. The oxidant may be air. The oxidant may 10
conprise at |least 10% by vol une oxygen. The oxi dant
[0633] beF |G 08 issalsdheoatic giagcamiilustrating foél canduitsl angiedtowards an
[ ntroduced t hrough t he oxi dant
a('%igarc] Eg OXl &gﬁ{éﬁmay be at anbient tenperature or
may be heated to a tenperature higher than anbi ent
tenperature. [0035] Oxidant conduits 11 have outlets

12 116l dly compyal o beacMiRONSFHHERVENTDN 15 the

furnace 1, whérein are proxi ma

[6(534? IR%P %ﬂﬁwo{ipn%t of]fﬁ%nl?\fé‘ﬁtlc}n 6y d’r%ﬁr@%@ﬁmﬂ‘é‘a’t&rﬁ alrhethod for

nterigdr en
gsnaatlag straightaved flamed @ fugmcenBeferring te frilc.60) ilivsirating atransverse

Foudh fhr'?n'égé Hotrhe‘?r%nﬁ\% mbthot #)ﬁ{ggQ%sf 'ﬁ{?ﬁdd“ﬁ% an oxidant into a

aractteri ze I nner sur
pMallty Otmn@tmttcondwa L]|1t Ehel oxidant chepgses wgge anemay a@dltlonally

cganf Fi6é | fd&@ 19&8 G6&S of thtgﬁpém GI‘I‘\teI gﬁé M2YFe blilignt may

SS- sec |on areas or sect1 ona
cam@ase af leagia0%\by v¢IUmstop<m&m| Thg omlalntphey be]fqnln@l frem
. F oL ) -
ARl 0t ) 1 PR HE GG e b B e
chhdit Toe okigart mayble af ambient tempnmwe oAMmaydedreatattiard temperature

h%h%h:%ﬂraff%%@%ﬁe”aﬂkér enbod! ment. 111 ustrated in PG
I R A e i
tmmiusnaﬁesh mhergiethe @ﬁib’@t‘éﬂre aroxymateinteden angd wiaaee 1. The

oFTFi?Htsmmeiﬂ di‘mw bﬁ HGEERAN He IK‘%‘E’I?IL ‘?ﬁﬂr 50. [A%Qs}%hn% FIG. 3, furnace 1

ustrated Iin’t plan vie nace
ajoothasi interierendsio wegh is opposite viariar pd pO.dJreiptesiar endis cmracterlzed

bk?lﬁ’é ﬁﬁﬁpéﬁ%cgﬁf [H%%nrn%gé %ﬁ Ud))ﬁ&arft Iaaﬁiﬁﬁtsaﬁerﬁaoy ﬁave ike geomatry or

ori zont the
diffeniog |gzomﬁhlespoudentuqmtlatSdﬁrreu haye Ike cmasmbthrtal alieés or differing

ths”s%ﬁ%@l psgne. In case the interior end 50 is not a
anar surFac for exanple a slanted or arched

61298 ||Ilfsrl’|%fe%"6g éfaﬁg;ﬁ@m AGS8, |P§egﬁ{ %}cf@d f%ija?jﬁm-fﬁ‘ed furnace is

orizonta Ive a hor proj ect
tfaﬁ waf omygres snd ¢f theduinaer and intgrios ead 60 Jsathe élp@l’rqfé‘PWQfE@ﬂd of the

fﬁ}ﬁé{@e. "?Alth?%%ﬂ- és)’a Ehﬂﬁ?ﬁff@% QH%ﬁ%WhSY ggtgg e or arched.
Ctlﬁ’fhe' cf}nt%ﬁgeﬁt C||| RO PG, tﬁ%)h&’ént Qnﬁ@édc@@%@the

horlzontal ect t ur bul ent free-j.et area
le’O%QJSPUQSF?é"T'aUAeV Ilmﬂgwawa@l Fﬂbﬂ?ﬁlphfmsﬁ%pf féﬁcﬁ'%ﬂp&ufﬁv

sUBStSAtNY ve ic&l@ﬂil il a@@'ﬂ%@né Rﬂﬁlﬁh@rdeggélfsﬁf vBRichzontal l'y

pr o ecte tur ree-jet areas
[0038] As illustrated in the plan view of furnace 1 in FIG. 4, interior end 50 has a

horizontally projected area 71, represented by the rectangular shaded area. A
horizontally projected area is the area projected onto a horizontal plane in a direction
normal to the horizontal plane. In case the interior end 50 is not a planar surface, for
example a slanted or arched surface, the surface may also be projected onto a
horizontal plane to give a horizontally projected area. Typically, an industrial scale

-6-
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represent a conbi ned horizontally projected turbul ent
free-jet area. The horizontally projected free-jet
area relates to the cross-sectional area of the jet on
a horizontal plane. [0040] A turbulent free-jet area
is a calculated value defined by R 2 Afet - 4 et ,
where Diet =Do + 2L tan O 10 [0041] Do is the
refomneztreay kevet2nborontidy prajectédeared 2npwiere yetveaenl 46517 (50 ft°) and
ween 0.203 m(8 in.) and 0.508 m(20

432%)W5§0%h§e the diameter of the outlet, Do, is not

r | , .
[6659? 3 dep g?%dalnﬁéggl éca‘lt}p %%ﬁgﬁt[atﬁfﬂe{ fl Hérﬂ% tﬂﬁlz%ntaily projected
ttprbulpo@e@-jet arehis at 30enofitomavirage dlstenee fromi igtetoreneiie interior

o34 890800k DHns iBblooh o BIABG Rl AOB R P g o5
represaxit la codibdtegimrizorstalhf projecteddl Uoutehtafreeqe(b gee@. Thaboiizomtally
pﬁg s a reg? 1 a?éeg}e‘ertérjgo tr%stﬁ% &%se Sgctleﬂgf frgza g@'é?etrbtnh% H@rizontal plane.

stance e l1nterior en

14RO Y8 Y81 SPea ROLIIMGDSaiyd B RKATP! © Lhe

el's ner entrons ("'not shown).
Typl%ally, the reaction chanber | ength nay be anywhere
Apem@l m (20 ft) to 15.24 m20 (50 ft). In case the
dlsténce haemeen the interior end 50 and interior end
60 varles tipe average distance is used. Bis the
Qkﬂ%&lé’z' -Jet spreadi ng angle defined as the

edan by t he eoct bo dar es
19555 o Dot ecermgBat e Pchrhoulat % 481 bealY aY be anuiere
bbmeelvr\;h 01203 ﬂgst(tmua; and@.5D8n @@ﬂlﬁ ). I ?%@ me@iuaﬁnEéterSof\mé getset, D,, is
er e rry_s e ngl ne
RERBELhe BYHAULR diABRter s UdsdbThe GPCISHEArER B RIoARIPd gt a length,
Lég%Mhé ktﬁ)tsﬁe of ﬂlsﬁh@mlo%fﬁhﬁwlﬁl L ks evR)ated:tk30°4 Offthe operall
e r S S osur.e,
G%J e otePo e £ 19 4n thivies S Bp e gric. 3, €8 Gveran
diztsed |@foédW§l ) ex;@e@drwéarctlmcm‘mﬁdwomgmﬁt scedliddiHeated
f nace 0042]. Th corrbl ne or| ont a
Sieth de bt o e BOLETELAY & B s P exaes,

prditeusiond] for dxmh.blu tieepfunbidlatigg ahqubbvuraet tilé egtgntam; (AbESTOWN).
I N

) count i s taken for e t he i dual
TVia, Bi6 lepeion Chagbek ooty ba RS B 1 Ani20 116 15.24 m
(wnpumea:behaé diseica berva®hahe Hitdribr kHE 8O Iaeauntémennm vanes the

ar ea % greater than the cross-sectijonal area

ayerage o IS used. 8 [sdbe Byroyientdiaerpicspsgading @lee:fieyneg as the total
ehaﬁséd‘éﬁ@dlé by e Rdi0RIbRY 'EBﬁhc?a?@s ' \Dﬁér@ %}bﬂ&lﬁ v(eldﬁlty b&dreases to

plurality of fuel conduits i e fu may be any
hfilJ éhe IRe)RaXimumas the iet axis-. T@[Seq;jgle has values soméwhere between 209

[Perry's Chemical Engineering Handbook, 6™ edition, p. 5-22] and 242 [F. W. White,
Viscous Fluid Flow, McGraw Hill, New York, 1974, p. 509.] For the purpose of this
disclosure, @ is 222. The turbulent free-jet area, as defined above, is based on physical
geometries of the oxidant conduits and furnace.

[0042] The combined horizontally projected turbulent free-jet area is the simple sum of
the individually calculated turbulent free-jet areas. No account is taken for overlap of the
individual free jet areas. By this calculation method, the combined horizontally projected
turbulent free-jet area may be greater than the cross-sectional area of the furnace.
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nmet hane refornmers and/or ethyl ene cracking furnaces.

The fuel may conprise at | east one of nethane,

natural gas, refinery fuel gas, PSA off gas, reforner

tail gas and other 5 light hydrocarbons. As shown in

FIG 3, at least sone fuel is introduced into the

furnace separately fromthe oxidant. This is

(0048}t Refsringeagain &dFiCo 3athefineintied mgthod cangrisesmintyeducing a fuel into

T e

metitaneastoryescngor Athyldreanackirg famaceh dinedag! snayl gomprise at least

o i%hr 2k o FRRE oS B, AR Bl aggcver

ligrd \hwgdrcatbets. AxOsHowmiid G o3) mtisasicsumentyelis iritradbeed into the furnace

stphelidtort e R TR S shireuieEetbled B bl o and o oo

eﬂ':enti?el ifcfr redﬂdimg NOx 2hissignstfon b lfm_l‘lam amdesmgibed orU.&n Baﬁ Mlos.
o348 PSR, A TRMGBH GO BRI Clod 361
343 OGS Gl P LSS s 48 B0 TR AR 11

Fueloopdsitsc21 el outietsR2 ftuidiy sordmihisaiingywidly thednteeraf thaafurnace 1,
E { haki .
B g BB 4 ol YEr BAESO Bl 1. P cont e
23 paydies0Bh WithOnistiorers 5¢ ordueitdoadyitsud1anay gxtend intethe furnace such
i i t i . i .
VESHE 32 S AOERSLE RIS P S8 1 B e
geondetrearcditiering gacaisfridso Freimytiats 22 nayahaveylike fcrdsssaestional areas or

o8t 683 SHorolfl aries oL alfRls 25 ol ol BhocHhiad frosy sections as
dasggribad in @& tPat dvie 6[866,508nd oxi dant is m xed in the

furnace interior, thereby enploying the so-called fuel
(0045} Frye! ffap0#6] plkdality of fushcenduity Rliaat oxigaoiffrant theeplurality of
[ 30,4 S,ALL I j :
oBBEH AR 2 I8 LS8 e sPoBlFALS B acion oy rming o
plealihaofdlamss portiens 30. ¥¥hileisome foslartanidagbmay e remixgd and
_ . 1 : e _
RS o S B 1L 630 8 g o 938 i o
fistagedptesor, Mrgreimoemploying thecsrscalledifygi gtagingt i | | ed with an
et hyl ene cracking catalyst. Suitable reform ng or
[a046) | Heet iromdhe plyraiity ofiffamesagtians 39ds ransferserhio aplarality of
[ . C .
oAt Sy Raoe SR 0 ALAES B bR gt
cegmbers £6tare at lehsirpsetially Stechwiltereformingicatalysti rihe casemof an ethylene
_ ) lodr- 2k Ly . ) i+
CRRREF{TELS % gh nk R ) i it BN fec v an

ethyiene szankingreataiyatbBuitabBoefammingrar sttylede ceaskindeqatalysteate
c?ﬁ\reﬁh&nal QP§§%+h F‘ﬁlhg laﬂ‘."’RQéﬁﬁnﬂ fﬁﬂgﬁbb%fbcgga}%ﬁe' attﬁeg Race from the

_turnace. ] I'nventors have di scove anes ]

intericr end 80do theninteribeentt60. disastionehpnrers 80 bamarend portion 81 in

spatidd! rglag&li tothe piu r%lﬁ¥r PFé){i&{hlt %Hécﬂﬁis HYTNAG el 985&5ts'25. PRIcess
rovided, particularly tor -

gases may flow in the reaction chambers 80, cocurrent or countercurrent to the

prevailing flow of combustion gases in the furnace.

[0047] Inventors have discovered that flames in furnace 1 may be deflected and/or
unstable if sufficient space for circulating furnace gases is not provided, particularly for
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furnaces wth an aspect ratio greater than 0.8.

Unstabl e, deflected flames nay disproportionately
heat sone reaction chanbers 80 relative to other
reacti on chanbers 80. [0048] Cenerally, the width and
| ength of interior end 50 is the sane as the w dth and
5 length, respectively, of the furnace. For the
fyroapesswith am aspecs radiogeéatstthan Olge Unstabde aleflectpa émes triay

eIt o R Bl Aplrpolod ek ph Bl thambers

88spect ratio) is the ratio of the furnace wi dth
di mension to row |ength dinension (furnace interior
[0048] n Gienesally, theovidinvanddengti of istesibesnd 50 istibe pame@she wigth and

PSR & 5, D£8R e
aspectuaticsis tefiney/bytheaispectaatic of the :nlmioy end 50. Becaspsat ftio of the

. ) i 8 . i i .

B e R Fato R g T bl e, R irbogion o row
|@1anmmsm (tunmapteriohsdimen$ibﬂs)cTrnrf]Eimylesgthceld@edehedwimaw row
ROV A R oo e RO SR o oy T
R L
sebentisey Va0 ReBdtionestampless 80 inay alBoberaignesintinntuy And secondary

S B SeR iR R o Sollnd\ S BRASY b row.
showaimflce 6, iimeJEtE]aaqseé thxoygh apdmafy rowanf réastion hbarbleers 80. A

oG B ool 1 g PSR o ABAE i aoos.
theprimaryenws ohedaction clambens 88 Faitexampleatine D-4hpaddes through a
oRHERE o B B 19, RS04 EEES 03 SRR AR, wini
cohefructibh éoler@ncass talthamuinnarowst di eeaction chambers 80. Fbreexample, line
A B i o e B D S8 ot hlnadis £ 70 aber

[?(fotg: gbtgkger\%aﬁiSné Harleﬂf'ﬁﬁqo %n\&l"i]lggrba]r buﬁ%? frstafiatichs g@tﬁqov'é NOx burner

) rnaces navi ng rger urnace asp .
insdallatien praigatharersumynasizednin Table .07y difflerdné furnaces age eaptesented in

1o oBIe2 Cagh? 1 MG PASF e SRR, YR oyt RGP lr length
ig theareactioo chambeclesgthanvimaglizedetithsha gdaction elarhizerdangth 6f the
et GFedk® 5 GAFeR T Bl S PR g Ao OB i Wi b Bomect
ratiisuwhish aré greateritharel 8hehilezeases Blapd 4relitetotfathaces having smaller
B0 Sl O b FuMEHEO AR e
hawiog fice| istaging, sihile paseod ralates faa humasedihiciidebsyot haee fuel staging.

TRBCRER A i 20% 1 468 139 bufpod Mut B Fp Bimpffed rebontaly
prejected durb@ent fragyiehareatad 36% of thepaverage distance inem dlaefirst interior end
°ﬂﬁ¢ﬁg§§§ ‘rfé tl'{()eﬁéeic%d InfsiRr EA@Bt Re farnLd G6iaB® by ¥ Forizontally
projected area of the interior end 50.

[0051] Results for cases 3 and 4 suggest that the area ratio at 30% may not be so
important for furnaces with aspect ratios less than 0.8, since no flame impingement on

reaction chambers was observed for area ratios of 127% and 130%.
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reacti on chanbers was observed for area ratios of 127%
and 130% -9 [0052] Results for case 5 suggest that

the area ratio at 30% may not be so inportant for
furnaces wi thout fuel staged burners where the furnace
aspect ratio is greater than 0.8, since no flane

i npi ngenent on reaction chanbers was observed for an
[005eh Results fof caskZB8aggesy thaRBE aHavatieat 3% sy rbt bado2mportant

o G gL T RAAT Bl e e S B g ter r
08hsincé® né flame impinhemenigoroeactemschamtbers wad obﬁm—:gi foyan area ratio of
1?%e 1, where the area rat io at 30% was 108% fl ane

I ngenent on the reaction chanbers was observed,
[df%ﬁﬁ/e%wfe ?r%sse% n%er}']%% [Irlg%tiglg aft rﬁéor{r:% hﬁdl@é] é’%%é%“i%d 2 relate to
afursachbavinga furhidcd P84 raBageaterdhdf @B ant cowmlayingburners with fuel
<308 e 7 obAE Sl o Ak 25 882 Mo 1P eRlon o
rdmtimu)harﬁhmrs waebsenved, assnedsdoecase 2 Whereltee areatratio ate?D% was
1%, 7 bortE DenbepicR B Bl harmsdis e 3036ed DCCT
(Bl P2 ok R o0 1 A R b il A PRI s o

fiees onuditizied bxiddne canduitsr(descobed fBiDes bajowh Guel cmd%s_cﬂssomated with
ey izelie R a5BRs befp 368 BB Tl el 2ed React on
BT T5ob 08 b £ g 41 8058 ApBay v 03

asy byinets w@xfuvéstagies, flame iNpingament Rareastion clrombers §9:may be

El nt on Reaction
%ﬁéer/ldoers Q@%&I@'sﬁ%@@(@%?agg%orm ng to an
enbodi ment of the inventionpaglpe conbi ned horizontally
projected turbulent free-jet area at 30%of the

L LO 'L
i eri or end 60 i s reduced to betvveen O% and 105 4% of

e maﬂ@; SPRER (L | zon ol 1y arsecpgas' T3 ohe 33“ 25

Noprpa| o ?rhléanﬂm eri o dnd 60 may 0 03
Furnace Aspect Ratio (Width to Row 1.3 1.3 0.3 0.6 1.3
Length)

Fuel Staging Yes Yes Yes Yes No
Area Ratio at 30% 108% 104% 127% 130% 128%
Flame Impingement on Reaction Chambers  Yes No No No No

[0056] According to an embodiment of the invention, the combined horizontally
projected turbulent free-jet area at 30% of the average distance from the interior end 50
to the interior end 60 is reduced to between 10% and 105% of the horizontally projected
area of the interior end 50. The combined horizontally projected turbulent free-jet area at
30% of the average distance from the interior end 50 to the interior end 60 may be

-10-
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reduced to between 90% and 105% or between 90% and
104% of the horizontally projected area of the

interior end 50. [0057] By reducing the horizontally
projected turbulent free-jet area at 30% of the

average distance fromthe interior end 50 to the
interior end 60, sufficient space for 5 circulating
réducedde bgtmaes 908 amd V0596 cortbiebresm90%6 and §o4%rof the harizontally
pfréaagfgag fqﬁngxﬁbgloggnd re uni form heating of the

058] The horizontally
T e
averagedimmeb‘;orame intesibeend30 tosthe mteriar end B0psuffigierd spack for

B bEII o5 T8 D el 30BN 1Bl BB

moTetuniforredeatinigdé tite reactituni ghambefso8red when t he

introduction of oxidant is substantially or

[aeh8]l cfihel horizentalygrojedtedTres jetrarea dtidd% of thefaverdagadistange from the

| . .

ﬁtﬂﬁ(ﬁft j lﬂ(ﬁ!o thle h?érlrzr"ro %@{i}?ﬂ rl;rHy Bengﬁgfe%‘ﬂytérﬂ)%w@e{ o ﬁf'éhﬁs It may be

reduoeddy temrrgnatmgéhe rr(unductt@nuqhmdamirto eh&as;cnrteo:fttmﬂspluralltv of

R 12 Ay e BRENR RO G BT guoton o
oiiglantig smastantually Ior zonipletalydtarminateddiing tntrusd@ctlpntd oxdantii®n

S%%I%Hﬁllggé}n{lﬁbﬁ?é tl"ﬁlne r‘égplﬂﬁ# g-ﬂ" 8‘2&" @g &‘g n’ﬁﬁrﬁéﬁtum to penetrate

acen O unu
18fsof the avenage ﬂma;,m..te fiopothe|inttier endt&odq mhﬁ mtﬂﬁlooend) EO et

cBﬂtnEH lérl tﬁe 8 ghﬁgirbq\;%&?aﬂﬁé{e@ ﬁjr&g%ﬁé‘%%t igt rB? is zero for an
Ufnutelt;ep @Ndané@ormlwt 0% lolfrodmaomofefualge thediust condeits 2b ﬁssqﬁ@ted with
el BbRbefy R8s bBGa L GE R mEPDsE e drRgREEr s have

I Scovere favor resu tS can

[Og} G | ﬁ@@dbcﬁ&’?o%dnlt tZ dglé'&ﬁj%t gh’é @lﬁg%?erminated to

posritione ombDnN secon
r@&tmﬁhe combined hodzontallytordjected turbudentdrﬂe -jeargaiat 80%f Hredaverage

a'ﬂfﬁﬁn‘? %e%ﬂfé? ?Sér?daﬁof URL wﬁé’r‘ib‘i“éb& %ozﬁwerﬁﬁu% Hé%td'iécb@é?rgd that

con are s own oned
raere danaable reswits p@maapbtaa'@dswrrenah@ uwtdieedamdarmcendm@ are

pﬂgﬁbﬁ%d’ . d SEGbn cdﬁ'&%{g} Hglrvz G 0% LR arf L& Svith three SRutilized

filve OXI nt c UItS N a secon ﬂy roOw wer e
oidlant ¢angwils 1 & and essasiated urtilized-fuelaonduits:24. Thsainukilized oxidant

cbRERE' b %? ES@\Loﬁe'&‘?n Q%ﬁ%ﬂeeﬁﬂ@ar& Woypace were

nmeasur ed of the reaction chanbers using an

[@??d] CagBY r1%tfﬁ%%§ﬁ§mgﬁvﬁ6?oglg?% ﬁ]ﬁ%f & lﬂ'ﬁ:’t‘!l%&i'%@aﬁ%ondwts In

reacti on cha
cgag2f five exidast candyitg irpa semﬁp@dpwmrg ungijized et center of the

fanacd eI"'ub ?e%Féraﬁggéé géegtghé g@‘&ﬁ ?hhﬁ SGnBQY e th&AduYed for each

proj ecte € aver age

oeﬂm rsﬁ@t@nfqmmblerﬁeusm an p@tncaémdometetroThewerailt ndgrd geldation for
180rdz% 6%%% utté}ﬁ 8@51‘3!8% d34884cPbadds 1 §ﬁ’d5§
rgge gbdy ur |ty OXI ant conduit outlets.

pec

[0061] Another means for reducing the combined horizontally projected free jet area at
30% of the average distance from the interior end 50 to the interior end 60 is to reduce
the cross-sectional area of at least one of the plurality of oxidant conduit outlets. It is
readily apparent from the calculation of the horizontally projected turbulent free-jet area

-11-
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readily apparent fromthe cal cul ation of the
horizontally projected turbulent free-jet area -11
that reduction of the cross-sectional area of oxidant
conduit outlets affects the conbined horizontally
projected turbulent free-jet area at 30% of the
average distance fromthe interior end 50 to the

thah resiuiction efitble 6Mss-Shetiomal areatof oxidard conduitautistsafiesisdhe combined

h(‘?r(r3 z?:?}iﬂ?%r(ﬁgcteé AANGEHR free%t a\?‘é&g{%@a é)%\g\a/égfé% cgseta%ce 5from the

of ceram c sl
intarios ehd B0 tpthetinteriohend 60 d‘ he @xidgnicalitiebcross-segticnalrares may be

BT SR o o Ry e 130 S0 e o

tumedike padror bushing desigres todityithia dhehaxidand sonduity Fi§3.0 l&wﬁt@ées three
omEl?r?t doﬁ&u@sr\gl"ﬂ%lgh?veaﬁé’d%fle gg.‘gver age di stance from t he

error en St'&Fior end 60 is to repl ace

e
IQea) - ARbngl foBhs o Pedtidiathe b ERetthbfizchitl oRikctb o et area a
Sp%mime average distanpafremahe intetios g 80 é@thehaherl@md‘ﬁfhlﬁéo replace

|t Yhil
afTeBEt S M BB p BEirF ldhavif SR dinster oxcan
conduitroutietr as illustrated in FIG 8, the nethod
further conprises introducing fuel fromat |east one
[a963] hénvehtorahaveyaled discaveredtibatihie fleme straighteningemey, be affected by

tr%sa@bngﬂﬂl:rgdl}cﬁ Ptﬁe'ﬁ'fkff Iﬁ%ﬁ%%tﬁatdiiﬁerﬁ)égg@gﬁve‘h%%l? ﬁllu%ﬂ‘ated in

I ne e angl e may be rees
Fir8, theamethod further @omrla@gnmcmgduel from gl Igaﬁt ongof ﬂ@ Qlwallty of

1P a5 tF 2% %Bgﬁ% M@L&cb%‘t‘hn aRgle l%é/fvsf g'lr_é slegriaRs didam conduit 11

verti ca utatio ynam CS
cemtﬁﬂmaﬂwg}err@y @eridoaoamrmﬁm vemealmr 15da 60fdggrees from

vér’f\@ Sor .’?sy‘t%'éi)?%éeq?&@sr it EniBASeo tdbyréiﬁrﬂ;on?%}%ﬁlt

cen erI I ne st mul atrons sugges at by angling

? 26t aﬂ“%mﬂ%' fﬁJEbgd);Héff{é 25 s?mh%ﬁ w r%'ﬁbh&géi?d having four of ten

e ar ea O e tur
ftfel' @@cgsaangied tmw@ﬁ an agsogiatackyidant g@m@emedmet W@e simulations

N e
Gﬁeqtmanentcéma)mrteﬂm gee-ital BOYepf H1e avecage distanesiern the, iterior
g&’hﬁ‘f fHe m%ﬁ?t‘)&r'loaé@ﬂggbé ggﬁﬁ'ﬁé§ %ﬁ?’% to Hé%cﬁfzfﬁﬁﬁy ¥Rjected area

er 0 he oxid
ohieiintener:and/s0 Aspling efdhefushtoward thn@dna@enm pesaciatechair jebfeduces

tf{eeéffgcil\\/@dl%ﬁ\g‘%g)f ih%f d)f(%@l&@#ﬁ(?ﬁlt%ﬁl&hﬁ taqgrg%{)ﬁﬂjz%ta'ilp Brojected area

nterior en n anot
ot the turhulent freerjet relativede thenhorizantelic proiectast aree of the "Herlor end 50.
furnace for generating straightened flanmes in a

[0065h a dreanather grapadinoentral jhepiaverdien: the cueent inxenien relates to a
fd?ﬂé’c‘,’c‘-;nfoP eﬁ&&tlrg\%tr%dfﬁérﬁ{?rﬂaﬂbstiﬁ a’furﬁ’ac@’ Th'e'fur‘r\ﬁ&é Alaly B8 Bnstructed

ransve sSe Vi urnace 1, I nventive
by maaas knewh T theast. Betﬂrmgaﬂouﬁlﬁ %-flﬂ@%ﬁmﬁw trapsuerse Wew through

fuTH&ceOi L{ﬁé‘lrivéb{tlve%m‘ééé g@rﬂbné&@bﬁhfaﬁtgﬁ o%é(nt%nahltsgﬂﬁ Cl'he plurality

pri rmry secondar I OWS ant conduits 30
oh@v@ani @9[‘@!"@ 1ﬂzmw be allqnegamrﬁﬁmawandrﬁ@cmarw fayes. OXIdaﬂt conduits

11 HaGé bbfiet®12 1l dihtAGRcating WA tRd MidrfdP of the fumace 1, wherein the

“outlets 12 are proximate interior end 50 of furnace 1. As shown in FIG. 3, furnace 1 also

has interior end 60 which is opposite interior end 50. The furnace 1 may have at least
one inner surface connecting the interior end 50 to the interior end 60 thereby forming
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outlets 12 are proximate interior end 50 of furnace 1.

As shown in FIG 3, furnace 1 also has interior end

60 which is opposite interior end 50. The furnace 1

may have at | east one inner surface connecting the
interior end 50 to the interior end 60 thereby form ng

-12 the furnace interior. Oxidant conduits 11 nay have

tHei flumage gvteriary Oxidanti dohduitsnt) mpey heve ikesgeom@iry g differing geometries.

O%Iﬂ%a*x%lfﬂe 1%?@"5 d &6 scgé)c?iﬁﬁgl%?%%gﬁaiﬂeﬁiﬁ%?os@fsectional areas.

erin |ona areas
=B 35l 12 Pl Bl TG o s
howf\&b mrejectby atdael 1, e@ares@mmby t@a aetﬁahgulamhawsarea A
dn?a‘?l?@?{%ﬁ%ie@ F%ﬁgg Erﬁedargé F)?Oéétft?% %‘?to %Llfo?lzﬁﬁt?loﬁ@eeﬂ LokRtion
ntmnal zmmemonpomlqalanen Inease theintériar enid 0 ienet s50anar sudace, for
e%rﬁ[?\acess’fé’r{t%(fm?arc@&g seurf%:@n{‘glk%uﬁ lzé @rggﬁggiyg cfﬁ‘%]%?lgg gnto a
horigontad plask tpoivee t o give a [0067] horizontally
projected area. The interior end 50 nmay have an aspect.
[0087] o hatigonfaiyaprejecteitated. The iftle0@8Nd/E0 may haveean aspect @tio
g%até? gyl dant outlet 12 defines a horizontally
projected turbulent free-jet area 85 at 30% of the
83 248 PR 1816 R o0 PR s T iy 0t
turuleod feaetjet areasﬁeat 3avectdnesavarags dstance Homomiﬂrlwmd 50 to interior
P%% etHéPJtrFe%E %Qn%dm@# a?&gctB{i ﬁﬁbhl@ﬁt fRleSigt arkas 85

rlng agai n nventive

rennesmte combp‘redslwzmtpllmraiectey tebulentiree-isba@ai t s 21. As
shown in FIG 3, the fuel conduits 21 are in spaced
[0089%t iReferting again toRIGI Snthedaventive Burnace cpn‘aar@@?)apa{r@ﬁv of fuel
céﬁ’cﬁhts%nﬂé’bﬁ&vﬁh éoﬁ%brﬁ?% chRAURE 29 %rd B %%c&?‘ tion to the
stagi ng | ances an technique of stagin can
oydartrgopduits . The separats fug! Qmu't%ﬁﬁeﬁmﬂ@eﬁ Mﬁfrad to as fuel
steiriGRa RS OAL tEAAGuE Beoing fhel DT o8 Ve Ry Tedkila NoX
emnstfrmafurma@ asmgetionsd abaw conduits 21 may be at

| east four tinmes greater than the nunber of oxidant
[QQ79H uiMudtiple fuepongits Bbmeyibe asscriated witha $ingle oxidant qol'}QP't n.

THQ ﬂqgirbbg &elrtg\ﬁdmfs 2 maly se%& |eAQt fbumﬁesggr@efeﬁhamﬁ@nmer of

XI condui t . Fuel conduit have

ozslg@mtéiogd@ts 1. @rasyshewmin ﬁl& ét thegnupples of tvel ¢<-’rndé'|t$ 81 msy be at
|éa§f31(§ HB&§reater t?&ﬁfﬁh@'d&n{dé? oPé&&&a‘%ﬁ Eor?&ut@% alf@el BbRALItE S have

e Interiror en furnace . conduit outlets
optetggy flyiglyf sanymunigating withtbe irttencué ﬁatfsdur@aw devhersindoe Pgt'ets 22

arelp r@ﬁ%a@é&%ﬂﬁte’n&t t?hcf WofffHFn%E'@ ? Isﬁ’é? Boﬁ&lﬁ'ltodﬂéfs' 2 rﬁayzge flush with

are downst r eam oxl dant outl et el conduit

inarigrend|$8\as fuel gendyits 23tmay exteny] intocthe Mnawtthat@ﬂets 22 are
dEWﬁ%tré%\% b%ﬁda%@ om?éfs HaVigudl ElfRILRE 28 iayafdvie BRE heShERP odiffering

erin
geometries. uei outlets 22 may have like cross-sectional areas or differing cross-
sectional areas. Fuel outlets 22 may have specialized cross-sections as described in

U.S. Pat. No. 6,866,503.
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sectional areas. Fuel outlets 22 may have specialized
cross-sections as described in 30 U S. Pat. No.

6, 866, 503. -13 [0071] In an enbodi nent of the

invention as illustrated in FIG 8, the fuel conduits

21 may be angl ed towards the associ ated oxi dant

conduit 11 centerline. The angle may be 1 to 90

[T eds ah remhodiment ohthe iorentign agillestrated) inrgdd§. Br ihimfuel conduits 21

e

1atn<90fd£@re&sdmm vertical 1 onbtolfio dagreesdrqnmvmlcﬂlr ored5 toiB0adegrees from
' r tory material. [0073] The
v?hr%%gg{}? {%Q&*@%ﬁﬁm ngcgppl urality of reaction

[rlg?}Jb %ﬁd%ﬁ TQ &ehr'{ssh' ?lsfgelgo ea?e'ﬁgq p@H?fﬁ@@ ]Jrf ﬁfbggf@? fire or
blackhwhick fmayrbeng refeciry miateriah t he case of an et hyl ene

cracki ng furnace, reaction chanbers 80 10 nmay or nay
[0@73] b T hetfuinaas further comaplisesfal plurality\of teacaomyinammrs 80. In the case of

a5t hn G Rrariier, r%t%ﬁ%h&mb%&fﬁéﬁ Hledbt et lﬁiﬁﬁ\gnth

racki ng cat a StS are conventi ona [
rafprmlngt@atalysd)rln thﬂmaf an 8ﬂ1ylana\neao§<mgtfh@aﬁesrrﬁa@@nfqh@mbers 80

{}F rfbrﬂésgﬁ%tgfe £Mhsp ﬁarttlgl af filBa With & neeé?gckgr% %ﬁtﬁiﬁcﬁbl%le

hav ortlon In s atl on
reforming op kethylenetoyaaking cxaxalwmaremnmnttogallmdmwnu@the art. Reaction

cﬁgmmstéo t?évefééxp[a%ﬁ&e ﬁ&ﬁ%éﬂanfw 8o &1 me%taﬁ&tenafso

e IFnventio ur nace I's oVl dg
Regstivmehambsars 86 have ay epd opﬁlon @a in smamdeelatlarr @dh? plurality of

d| stance fromthe interior
O%Q%ﬁ%'g& R{%ggpapﬁl ?%@ug% 60 i s between 10% and 105%

[ 74]h‘?AJ&8Fd rﬁt’&tﬁ' énr%bd?fuﬂéﬁgf Fr‘?é itV &tioR! fufraBe 1 W%E dvﬂed%ﬁ%re the

0. "The or1 zont proj ecte tur
cprr@mddtonaere;allmm&ot&ddﬂrbmeet ﬁe%mg@acaté?ﬂwem amfagqn distance

ot B Mo Behehsh g Perick Bl B & bfyoBl folk pp s ot ne
hegzentalin mpleytegrawaa@fttbel inkerigs eodl 50hEhe earebined h@rﬁ'@nwy prOJected
tl[!fgg%ﬁi fréré‘%bfaféfagﬁ'}%ﬁ%“@f% g %S&é G@%ﬂcé‘ﬂgmctﬂé‘ﬁgéffb?‘eﬁé 50 to the

I ned hori zon rojected tur

intpder- qr@tﬁﬂanembabem&o% a&fé’/ﬁayé)eﬁﬂWe and d@4Yerad the

j j j d 60 b 10%

roRE SR proiREted ared & the upidrSnl 80, ° 0 e tveon 25 000
[@(Wi‘)é 1%4&9%3&%%&%& !gn@!:l 'a)ﬁfi EBﬁQtRﬂe‘ﬁ%fN £8oMbinkd ﬁonzontaliy

INtérior en tirve f ur nace %
orRiasted Bbyigntieagsetarea e aRRkT Hma\@@aﬁwﬁtﬁn@ fpradheipterior end 50

té tHeHieRBE rfd 6¢ btt%en 368 arit 10%3/3/008%&@%@0% 88$105%, ordbetween

di st ance ronwt e Interior en he interior en

B ank e of Wk%ﬁ@!‘@b@/@le@wdtﬁé@%@h& feqaead BOsAderpatively, the
ragh¥e ﬁi‘&y%@%@diﬁed]tgﬁﬁi@fa (fb@%iné&qdriié}ﬁélﬁj projeBleaitGBLRA free-jet

area I nterior o
area at 30% of the average dlstance from the interior end 50 to the interior end 60
between 10% and 105%, or between 90% and 105%, or between 90% and 104% of the

horizontally projected area of the interior end 50.

[0076] A modified furnace may have a means for reducing the combined horizontally
projected turbulent free-jet area at 30% of the average distance from the interior end 50
to the interior end 60. The means for reducing‘the combined horizontally projected
turbulent free-jet area may comprise at least one unutilized oxidant conduit. The means
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30 [0076] A nodified furnace may have a neans for
reduci ng the conbi ned horizontally projected

turbulent free-jet area at 30% of the average distance
fromthe interior end 50 to the interior end 60. The
means for reducing the conbined horizontally projected
turbulent free-jet area may conprise at |east one
fanmedudingztbe combined thogzondallytprojgeled Mbwgntfleﬁ-lﬁbareﬂéﬁﬁ)’cﬁqli@)flse at
aBeweRIiRS dtanf Q@ﬁft&% Wl?b&‘éét B ét‘l’éé&&‘h@d‘ Jiligsr bdant
area nmmy conprise a €ast two unutilized oxi ant
cenghitaimay. be posititined ima epmiries seeondegstow.wo unutili zed

oxi dant conduits may be positioned in a conmon

[6F7D n dhe yneans forfredacig thasombines hosrontalyurpiggtedierbulent free-jet

aFe%'méyﬁa Bie £ HehAs fof réduRin Ctﬁ@ Erd gé‘ 59&|0%9Larfeé SEtHeRutliet of at least
y conmprise a neans or re

oge otthepiurality ntaomdaré gooduitshEheoxidiant ouﬂet@fossmtlonad) peeagnay be

rédﬂl‘éetﬁ’lfw @%drﬁﬁ a‘?:?&‘n‘ajaaﬂtef % t rar@@% n dﬁfétsleélfel rﬁéy be a

SS-sec a ea nay or exa
ttdo@dikng:aa qr@nslaog designad fodit mthlc tlsa exigant conduits F v7elllu%t5ates three

dtofit t hi
2@*&%“5@%*‘&%&3@ b R B A8LS" e ol cant

Uiak
fc?”é? RUF pfang R PR tho LoABngh okl PR dRed e jetarea
aarage gistgnee freon the é@ef}%tenaﬁeéo the inte(jor &57d §his to replace
aPib8EagHe o Ltﬁ'é 5\28% tfléé)mtﬁ Beubddr Gl r%ﬁl‘ng%rﬁglé GlaHé%fr oxidant
I nterior repl ace ast one of e
C@Mﬁﬁéﬁmﬁtles Wit h a burner tile having a smaller
di ameter oxi dant conduit outlet. [0079] Al thou

[0079];s Athewah Hvsiratrssand drsaribrd Rerainwithyefasensedn @ég@iﬂ specific
ef®bbiM dhtsS RRChrlebént Hv'%nﬁ&p%meq@ﬂﬁé‘lesstrgf wﬁérﬁﬁ%% be i|m|t<a<(:1]I to the

Invention is nevertheless not inte limte
details preowricRathes variRermotitieations mambecm@dermmef detals wigyn the
s6pe 2y ﬂéﬁﬁ@ of Sould rﬁ b 21afthd Qh@w&h@t d2p&RRg ABE the PRt of the

qui valents alns and w thout departing
WW?GWﬂthe spirit of the i nvention. -15 W claim

CLAIMS 1. A nmethod for generating straightened flanes

in a furnace conprising: introducing an oxidant into

a plurality of oxidant conduits, each of the plurality

of 5 oxidant conduits having an outlet fluidly

communi cating with the furnace interior proximte a

first interior end of the furnace, the first interior

end of the furnace having a horizontally projected
area, the plurality of oxidant conduit outlets

defining a combi ned horizontally projected turbul ent

free-jet area at 30% of the
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average distance fromthe first interior end of the
furnace to a second interior end 10 of the furnace,

the second interior end of the furnace opposite the
first interior end of the furnace; introducing a fue
into a plurality of fuel conduits, each of the

plurality of fuel conduits having an outlet fluidly
Wepelaimi cating with the furnace interior proximte the
first interior end of the furnace, the plurality of

fuel conduits in 15 spaced GlAIMS on to the plurality

of oxidant conduits; mxing the fuel and the oxidant

in tAe fuAnaetioffergenerating stieighieged H@ﬂesj@laf@mﬁc@rﬁ?@mprlsmg
oxi dant thereby forming a plurality of flame porti

t r andtteedpeing ap exidantipia a plérqbtymf Sxidant Wdﬁ'ﬁsaﬁéc'befrtf‘? @H&a"tv of

to a OQI'dHﬁladdnHEﬂé’ﬁa\f iRt bitidt flﬁalg"EPﬁ{nﬁJmc“aﬁhg with ‘tﬁ@fuh‘ﬁa)ée interior

of reaction c mbers traversin romt
i nt ePTa¥Malg@ firet inerierend of theytuenace, thﬁélr%‘té%,t@w qr\dtté thediurnace

end @hih§g Ho‘ﬁ&&ﬂ&lﬁ» pragbtédrarég hd %Mraqi Jf %ﬂﬁhhpdbndwt outlets
chanber s™ havi n orti relation to

t he prfiniag g neaﬂoamta"yoqmegteﬂéur uleni fm@she@a at 30% of the
rel abi,gaqk @Ilsttath%ef?nlo\'ﬁ ﬁ‘\'e'fﬁ'é& |r%r|(§rlé‘f'lh of Heirlage t@Q decond interior end

reduci ng t he conbi ned horizontally projected turbul ent

f r ee of B fainage.dhe secpngfinterier er@\mrﬂeeg grmgice ogpewterthe fiist inderior

firs [ d of the furnace to the second

|nte%Pg?fﬁ%g9@ﬁ§@of the furnace to between 10% and

_105%r9ﬂ‘odh@iﬁ% RALbIZRB aPibed)ith fonL@P&&ﬁ'juﬁé ach of thblvmrémy o fuel
2. The net hod of

Interior end. . i claim1l wherein t
conbicreduitsdaving@nautiet fuidly semeynicaiingvitethe ﬂﬂrrne@e Jn&ﬂor
ar ea p?dxnrﬁQt@tﬁ’é fsfshfﬁte@\ﬁ? BAYST b %rﬁﬁé‘dﬁ thd SRty f fiel 8bnduits in

interior end fur nace e second’interior

end éPaQWGf&JF’Yh&t@elpéﬂfﬁ'éﬂQE@ﬂd&"@Cﬁ‘éﬁ‘%en 90% 30 and
105% of the horizontally projected area of the first

i nt eMiypg thedfuel antghe oxigipat indefymage interiarm 1 wher ei n

the step of reduci n% the conbi ned horizontall o
pr oj ERan0 the yal anstthe p§|gantghergp1§gpr@tng@my@htytq%lame portions;
average di stance from the first interior end

f ur ndéestegingieat ke ibe PiiraliRy SflaEgPosionsiie amilr ﬁ'é% QF reaction

Conpbhétﬂﬁeﬂseééw 6@?&IﬂgoﬂrB§ctloﬁtoh§ﬁ1ﬁéltsltﬁHWeﬁeﬂ‘ n ﬂ"kﬁn €hd fitetihterior end
to at st one of the Iagl ur al

cona6 16 Toinace fiseron BETel @ichoring liriaiss SaBpbralty preacton

t er NcAghbee Habhg'afhtérﬂcbdﬁﬁdn% sﬁécedf ﬁé%horﬁ b the I@Jﬁdﬂélﬂ& bf dxidant
of fuel conduits adjac one

pl ur &P?‘M‘S&"d "Z‘)ﬁPQ?&Htre@B‘PfU{?itf‘% ph’éﬂ}'%@ f%‘?\‘é’opﬂ'f'?soa'ﬂfit i on

of oxi erm met h

wher & q gpgla @pg ?‘QH{Rﬂt’ﬁQ qrq:qgctea H{FP‘H%'EF free-jet1 area at 30% of the

average distance from the first interior end of the furnace to the second interior
end of the furnace to between 10% and 105% of the horizontally projected area
of the first interior end.

2. The method of claim 1 wherein the combined horizontally projected
turbulent free-jet area at 30% of the average distance from the first interior end of
the furnace to the second interior end of the furnace is reduced to between 90%
and 105% of the horizontally projected area of the first interior end.
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10 horizontally projected turbulent free-jet area at
30% of the average distance from the first interior
end of the furnace to the second interior end of the
furnace conprises termnating the introduction of the
oxidant to at least two of the plurality of oxidant
conduits. 6. The nethod of claim5 wherein the at

| easB. t wo Toe meétbopofiaiaimi t wherkindhie dteptof radiicingritie combiaed

00! ARl o CATHRBFRRIE ek B of P o o

hor i tenfirad ihteripr efcbatttbel furnadetb dine séaoed interior and af the fBoHEce

oF § Bl B bR Byl §3 b e orE B
f ur nakeality ohgidase somaeiteci ng t he cross-sectional area

of at least one of the plurality of 20 oxidant conduit
out | éts. FheTmahedbofiaimad fugthai enmiprisingttheminatingdhe intreguction of

. t . M f' , .
ol ur 10 3 8 By Aol Bidtons 03t B3 Pl o i pluraiy o
subs paidantdnguits/kaving:the lintragoolioneof @xidant tereinatetdhod of

claim1 further conprising introducing the fuel from
at | Sast The neathodbof alaie bwhersin thg step af ueducingriieicembined

Nt 0 gl A3GiE0B 15HBuIBAGHER bPYRE UF 3%, of il ARAlp distance from

oxi d centerline erein the angle is

60 ddw fresinterionend/efrthe fanacelto thexsgapnd dnderiar emgof Hiefyrnage

first  hakerd i ' j l
£ koh e QI YRR HHRTR RORAELSH ot o ey
i nt eof exidantgonduits7 a plurality of oxidant conduits

proximate the first interior end, each of the ) )

pl ur & i t y Thefmeshodiafialaicdnwbered thaat legsidwost thegplurality of oxidant
flui : hGalt | i interior, said

pl urg ?{(tjlgtgo E?(lgggdr?{a gr(]:\énr? Eﬂ&ﬁﬁcﬁgﬁgg%\?'i ning a

conbizned [ : ' I B8 vh@bi

areaat a0gpoRARpabt daimf hgeirttle sl radllorig i chiibiped

i nt ehpazongally nrejectad twbdentdraenpbares at 80, of heaverage digtance from

of f ltl‘?%fir%ﬁﬂ%‘r‘i}:ﬁ SndP5AKE ﬂ?ﬁ&%etta?hé Eécgahd i G3reRb of HE furnace
each of the plurality o uel condults having an _
out | épmprisgsaieglugiogringraressrsastonal area ¢f @t fegshenecof the plurality of

i Nt elplighnt &%Hﬂito&‘t{léfé.al ity of fuel conduits in spaced
relation to the plurality of oxidant conduits; and a

plurality 1ok sdipe9at Glm' ?ﬁ:?ﬁmbpébngé}%%‘%ﬁﬁoddcﬁl\gﬁﬁé b&dant from at
d to 10 the

fromthe first interior en 0t secondinterior
end, Iqa&t,pm@ofghe Shealioet exigant sondyiis indo el fuinase sulstamniially
pl ur gbitieNiydownward.

9. The method of claim 1 further comprising introducing the fuel from at least
one of the plurality of fuel conduits into the furnace at an angle towards an
adjacent oxidant conduit centerline wherein the angle is 25 to 60 degrees from
vertical.

10. A furnace comprising:
a first interior end having a horizontally projected area;

a second interior end opposite the first interior end;
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oxi dant conduits and in spaced relation to the

plurality of fuel conduits; wherein the conbi ned

hori zontal ly projected turbulent free-jet area at 30%

of the average distance fromthe first interior end

to the second interior end is between 10% and 105% of

the horizontally projected area of the first interior

end. ajfurality ofhgddnirconduitsairoximatertha dirshinderior end reach of the plurality

B A g S AP o

i nt efrtenoresaid pluralithef axisaohcbriduit eutlets defining 8 chrvbinedmorizontally

90% 9% of ' d ' : -

the Froened et Hegal a8 at gty Bt B s g the frst
wher @iteriartendfto thet secone intesiorend; has an aspect ratio 20
greater than 0.8. 13. The furnace of claim 10 wherein

t he Aaukrelity of fueliednduis proixingate thedfirst intetior end, epeteef the plurality of
grea ] . . OX] I 4 ; :
7 ndoh bRt A SRR e iRy LR BB RHAEne Hhace Rrerior, sai
r edu@iunglity hifuelocamuitecio shacedrelatian to/thembyrality etioidarng cpeduits; and
area at 30% of the average distance from 25 the first

i nt emipurality of elongated seacton charolkers traveraiag frog theiiest interior end to
furn Lal el s ' :
conpi espeond bt SRAF sh CtFodtaNR cplbed RIMERTOyig uraity of
of t lsidanterosguitsiant inrspacdd wiatioh o frierplurality of tuel eondgiist

to the second interior end conprises a neans for

r edusvhecpin the conakired karizontahymprofacted totbulané freeriat @reasdt 3fe of the
| eas%w ge%fstér{b% fmnﬁjfr%glr%tYnt?{i]or%anme $BAY irkkstor 3Rd Opetween
The furndce of clalm urther conprising at |east

one (Rt and ¥de okihedetizordallyquiected egealof thefiest interionead.

of claim 10 further conprising at |least two unutilized

oxi ddit  dbeduineee ofigaimTHwhergindbe conbippd hatizontal orepeted
the %rbhl@@@ﬁeé—f@?aﬂéﬂ‘étt Bb%@%é’ﬁe‘i’é’#ﬁ dis@ﬂé@'@bhﬁﬂ@fir%t interior end to
positioned In a common secondary Tow. 5 19. The .

f ur ndheesesond interiar Eodimbeteiean 90% andstO58nef the herizontally projected

Dl U hdd o 1€ ffskPheriob gAGUIT LS [s angl ed tovards an

adj acent oxidant conduit centerline, wherein the

angl gpi ?h@@rﬁébfeﬁﬁ i rm%a\ewiﬁgﬂr?gﬁﬁttih&ﬁbr ertbhastarf ésrp@ﬁ:@ﬁo

conprising: a first Interior aving a horizontally
pr o] 8Feaser thar@.8and havi ng an aspect ratio 10 greater

t han 0. 8;
13. The furnace of claim 10 wherein the number of fuel conduits is at least 4

times greater than the number of oxidant conduits.

14.  The furnace of claim 10 further comprising a means for reducing the
combined horizontally projected free jet area at 30% of the average distance from
the first interior end to the second interior end.

15.  The furnace of claim 14 wherein the means for reducing the combined
horizontally projected free jet area at 30% of the average distance from the first
interior end to the second interior end comprises a means for reducing the cross-
sectional area of the outlet of at least one of the plurality of oxidant conduits.

16. The furnace of claim 10 further comprising at least one unutilized oxidant
conduit.
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a second interior end opposite the first interior end,

a plurality of oxidant conduits proxinmate the first
interior end, each of the plurality of oxidant

conduits having an outlet fluidly communicating with

the furnace interior, said plurality of oxidant

conduit outlets defining a conbined horizontally 15

pr oj d@t ed Therflrabentf dlaieet( fatthar comnpaisingQideaist twoeunutilized oxidant
aver g,er Lgzl{sstance fromthe first interior end to the

seco ? erior end; a plurality of fuel conduits

pr oxi,gat e - :

DX © Bt b AT B e RS Pz g

co mmondxabl ang positionedtie afaommamesecnndary oow. said

plurality of fuel conduits in spaced relation to the

pl ur &Bi t y Toike faxacaot claiontlwvberpineat tead0ore i the pluralipy offfuel

el on r: [

"t o Ponihe GRS Byl BUaEhdebar SRRE WnliPRirofing rhein he
end pogleiisRs tn6s gegreds fremaertsal.t o the plurality of

oxi dant conduits and in spaced relation to the

pl ur &0i t y Adfuriagelconprisingt s; wherein the conbi ned

hori zontal |y projected t ur bul ent free-jet area at 30%

“of t ladirstanterierendchayingreckeorizonially prejgctedsarea and hawng &R @spect ratio

to tﬁ %&o‘m plghterior end is between 25 90% and 104%
orizontally projected area of the first

' nt el Reofid fiteriol Bnd opposite the first interior end;

a plurality of oxidant conduits proximate the first interior end, each of the plurality
of oxidant conduits having an outlet fluidly communicating with the furnace
interior, said plurality of oxidant conduit outlets defining a combined horizontally
projected turbulent free-jet area at 30% of the average distance from the first
interior end to the second interior end;

a plurality of fuel conduits proximate the first interior end, each of the plurality of
fuel conduits having an outlet fluidly communicating with the furnace interior, said
plurality of fuel conduits in spaced relation to the plurality of oxidant conduits; and

a plurality of elongated reaction chambers traversing from the first interior end to
the second interior end, having an end portion in spaced relation to the plurality of
oxidant conduits and in spaced relation to the plurality of fuel conduits;

wherein the combined horizontaily projected turbulent free-jet area at 30% of the
average distance from the first interior end to the second interior end is between
90% and 104% of the horizontally projected area of the first interior end.
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