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a L ARRLO i mat el %
@ggg‘ &?hOHEirB% iersq g%ltrlllexf wm %ﬁ%?leé'gre 8%%?@&@%2:&}”50%3 of
isyetiapsany i prﬂﬁrgthphmeeﬁrmgl r@akﬂgd tdisclogspe he(RineN e £ smore fully

lﬂf@@éﬁﬂod Tmeg@@ﬁérﬁblﬁuélﬂa{ot fidteH¥ed W llnlﬂltﬁﬁi(G%S&a@krfe $RBe af the
f o conventional furnace

%"!‘%ﬁﬁ%&g E”Nfseéﬂ%,c'f'c?w)gg"fageéjds to reduced NOx and a
stable flane. [0056] The excess air fromthe hearth
I flame m xes with the fuel rich effluent from
| burner and conmbusts at higher elevation i
[0PRO] f FiperBD e 8rd Sofpprasert €asa dE?ﬁ\/é‘ﬂ’PP‘Bﬁé’Pa'f UF‘hé’bf’éam'CS (CFD)
erﬂ&léﬁﬂnb NG d6MBbiraieans respbitive [vedital @smpeeatiehprifigsnefraniethylene

ﬁwac e{rlnP ?‘T’Ie r%%gﬁwfd??q,eﬂ GL?GY e{rqadc%: J}lﬁor}éﬁf{ﬂ%h ﬂernl 4“8% ng\fv fmng

BT He omd rom
maétpm degcrived herpiot She pampusatignal cﬂ“'fi‘ é’grp?@h%ﬁ Finidations for ath geamples
WS pen[f&%a Lisirl Blu&htéﬂ'l@dmtﬂ'&&&llp:ﬁvam6oh1pata[|orm0¥dﬂﬂ@re package

vertic ter fuel-air .mXxi )
Bl P Bty BcoBlaelihls Teatalls BTl af S he bllea win

e dresent inventign tof recreath@wpgéﬁs dpw@%‘nﬁr@m the pyrolysis

[@@61'] F&r@%&}mé@ﬂnérﬂs Rk ethﬂén&%ﬁﬂ'ﬂ% fiked ab&al*émh@(ﬂ/ll\bBTU/hr and the
ese e

LA cdnding el PR b eri S Gt ped R b Bt e

tummarn t Thefwal Riereers are locaitattat e disteoce eftabodi81 Réhsd et ﬂ@vg the

SRR ﬂeéﬂs.mmmng BEow tﬁé wehﬁéaalsén%emure réghrfdnﬁnéﬂ d efeO&tloh A8m
wal | rners run at

10-
B bracd Bt B oGP lmbie HisTpN e ish ereghap vatous posions or
the whustieremceadf theumil at any eleviatiomao dotpesest e dearclyrukrmghe a

\tetﬁﬁmqv §§§/s‘?e°rﬁ9@a§ L'lsrelj NehPabAvahtbnailddse” tﬂb(@i\‘%peﬁ% §r$d5dr§f't §|zed for
mthe hearth hurners i nﬁ,%eases t

ORBIS PR PRRSTUTTREAT o P PRERSGT P PSR BTRGABRs P an

excess air fromthe hearth burner and | ower conbusti on
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"intensity" at the wall resulting fromthe reduced air
conbine to yield a difference in nonentum at the point
wob@sa4dnere is a hot spot created in a convenk@CDKES1008/006201

hearth/wal |l fired furnace and m nim ze the detachnent

of the flame fromthe wall. The disclosed firin

pRening AP R gzadkiapryieye igherar jiow than meﬁ@af@ntpn%m?ﬁ%i%f tag pum of
Wnﬁdﬂlﬁhdsléeorhﬂwmébmltﬁ@ﬁ&aﬁ%utrbg Iength of the vortex

u |
PR, et R R e b BB e ool
patierneliere ath the wall buspers ancthe n@anhrﬁumrash@maﬂ &l kel rafietaf 9.6,
f/hen .@mgérﬁl@mr@drﬁawmma&eﬁs apgﬂ&wm%mmrf ore changi ng

t t h tu
6o e R e BPaes o Splsilufonpndlh S e o
the fuebio sheiheantroltlorsesanidri 694 thedieal inthepwaliemers. Bhigin contrast to the
@d?\mtleﬁél h% pgfterﬁgir Fgures, %%Swéﬁ'bﬁrn'e% V&E‘P@dé@@ﬁédgﬂld Qb@rﬁ@& Wwith an

toichiometric air in bur ner.s
ar so ”?'éﬂ%?ééé“"l\@? S PPRRY BT 5865%'& ﬁ@'Fh'%%H'C A |”8%f’§8 for
pontfusticd. ahieosdsss toheir vetribjected inl tee gtlhbwhert has mavedxthe aeatth
@Ie té@t BRel N sdﬂflb; &fr%”bfctﬁie lwaméﬁrﬂlarst ﬁ%@ﬁﬂn‘dél%alﬂféqn the wall

ter use of . I'n sum operating
brpesialf &9 feekr atrOr%br@t é?@w%‘laﬁéa'%a’t iq@actios é‘Ted‘sééE!h PH" P?fﬁg’ to fuel
28b.t Bidhdarp lbOM@l& vﬂa@é bpadéted hizaat aion flny ratib oEZt.5, Which Ire@bemnts

4 fu I Lak
DGO S S TR PR, AT e
Weraé'l‘s"bko"/a§x@$$@!énced by the data provi ded bel ow.
o6&k 9]30r'nbarﬁn§ @dé' ndo Pts) Ltﬂ@l@b@ h@@ﬁehb&btufd’b@oﬁeﬁééuﬂ% g the firing

ST, Gl Tl O AR RE PPl bbb B} b
anymibieumgem pératutep overdiercot leoath. Ws@e@mﬁpﬂeeyﬂemermhe!ght

bfr}E@ @6‘9&135 ﬂdlkét@g impr Ve RYil Wii¥atoR@ng CaQQ@eerealE RRtal temperature.
cl Osurﬁrﬁg‘gess ot herwi se spec

te
SR raoeoghb Kb 5o B ol Bersping neat
oputrud it poeeds cbil, thedulohysugfacecdoseERdine §ame (tert guores oftFagure 6 had
gﬁ\%FﬁﬁFnrtéﬂwﬁergtU% o? @@@R%hé’tﬁe )L‘&{vter‘ltﬁﬁJJI RBa8hSMHA Fig. 5 yielded a

& ’6'%‘5%5‘%%%%?%%‘5%?% i %r@%g%ﬂ\’f%fﬁt‘gedﬁéw 159 Figyre 6. it can
paddee tirat tiack is A eutsantidlly greatpr pabtre phhedestsbibbe oh theetog iofithe coil
@g;%ePQE(BHB t '19\@:%' nL) LHng) &hV Qfarmet hgpd{u?és' i this E(Q{e tﬁ+tl would

re per orne usi ng commercCl a
adieate ipweehe@bliyie he P@lr?éf‘haé%(f”it\/\é'i‘%b%lé@lé’éﬁ‘é PR P Seiihes Simier
Eanaitiods d¢@nidended By siflidd @fetas Riipsratieed) Adt@geB ik NeaMux represesits

zed with the present invention to-
gg&er&ﬂ?aé'gﬁﬁ*%%éés”ults descri bed hereinn. [0061] For both

firing patterns, the ethylene furnace fired a total of
g{,ﬁn BTU hr and the fuel distribution consisted of

0 the_hearth burners ag? 16%to a (?i n%I e L pw of
RRB‘Pff] B'Q\”ﬁ%?é”d SriRRreyRN! iR PR EF R %’“?’Eé% QPngfatgine respective
hrtiabimeae flod prafilesudf a8 elhyfene (Wnaks fimed the spmaleit@needrogen fuel.
ﬁ?@t{atsg% ar;r m@ntﬁhlqy{h?t:bé%@§hWWthnfes‘S%h@G MRieHimaces are operated

enperature as a function el evation fromthe hearth
$55P R 12 8 PRI BInSrRERACEY ANREEIEnPht PREANNG Patter
tespriteg éBpteiry am Figurs 7 p0s pibi las s poonotitieed Cperak bedt@nxdnte2 o5 w/m2

%trb% éig}ahor@%%ﬁ&Ymﬁ!aI?‘é%éth frolrrp tt@%ﬁoﬁao?% flrébcﬂeafrﬁéqls at the

turi type system was used
elpvationsithesingle reu givall Rugessin BRIGKRISEH TAR (PPANd Petog) Pf@t?"? githe
mhwemaﬂgelysbdl@htﬂay tradraidele poaios bf waebit. | Thua, the mbheepronounced
[
%ﬁ%ﬂgpll-' §U°f Iu%tga‘?easgﬁéll\ber\@/%gﬁglg g{}% Egt‘;s%)gtag.la@@v%ﬁ% r?r}gﬁqlﬁ r8$‘Qjmcreasmg
conventional case (for the sumof primry and
secondary fuel in the hearth burner).
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[0062] In Figure 5 the ethylene furnace was operated
according to a conventional firing pattern where both
W@ b@smgdol2 bur ners and the hearth burners had aPCHEUS2008006201

fuel ratio of 19.6, which represents approximately 10%
t%)?(ﬁl >? ‘3\ ntgé %F%Ja&%' ﬁgg?\'i/%nﬁ%nﬁ'ﬂrmg %oqgﬁg’f] IASt{ﬂ’]r | %(%F Irv@ﬁr(é thd ngarth

bﬁmfé'ﬁfﬁe epcqynteg4s wall Ruer fIigiBe- i n t he hearth burners
906%] 166 @bt of hgurkwaloes Rotishew walelxtrdrnis meaat fux dBf.drentlalrbetween the

G or%qrt]tgr%fﬁa% Fn cgoh er %ogt?(agg\?gt?w% gﬂﬂhatfva/erré %eﬁﬁk @(J :J: é %‘éﬂl? the
firing paiterf ofdhe presest displdseregfodgees adkatt@mlpaf Hﬁﬁ%{tﬂe‘l’ Wasomndwx of

ﬁ l'11éfx $ERIrea SNEBEVation &Iabprsﬁrad@l;i 11 HetePOABIUShE BBarth O eugmstw

i r not S.was

S Hiep e e S cobATPRS: IR ol ot §oaf BT~ oo
BawneTsis retectisn ebsiates ato dheari§eK ireduction Wamalewﬂhé#beamPta'
{eﬁ\ E%ﬁjr ratio did not represent as |arge an inpact on

t é’ rth burner air to fuel ratio. The hearth

burners were operated at an air to fuel ratio of 2

Exéingm/ei ch represents approxi mately 21% excess air.

F0EnSh Hfed B P55, SDSRLARIfaR as IEN o) o RG] B nen

excess ri
pllema;*,e fuphevera fised: b CAP sireuigsion wes pendgpted mm'c%@smwsﬁumace

fveomred hﬁh s‘yhuhbéigga@ms&e% 1t BE criventioBalios: 10 tHage:hydrdyen mitsre.

;ﬁdl cat Wt tga erswga{sfference bet ween t he maxi num
CHTRP! EWEPSI IR ver the coil length. A

flatter tenperature profllleMmler the height of the

oirt—atso—indicat ebeﬁUéhﬂbY‘lS‘ILFu% ot Sﬁﬂ{els@r@a@no a
lower peak netal tenperature urtherpore, while the
Mebipl es corresponfing to Figs. 5 and| 6 both had t he
sape heat 1nput 1nfgothe process coillothe tube
cnrf Arn pclnncpnet tAalthe flanmma (+an aviedsa) ~AFf L e o

TaCC— CTUoOoCot O rc—r ot UoUp Lul Ul rgurc o

ad a maxi num tenp

e:l ture of 1293K wh

e the

€Onventi onal net ho

dOshown in Fig. 5y

&.8ed a maxi num

t@ge surface tenpergture of 1308K™ Theigigfference i s
15K__For Fi gure 6 |1t can be seen that there is—a
deBstantial Iy great &0 anount of heat prH%rbed in the
H@ﬁtm@f\/atubQBWIbb (h gloeo el evation). Thexae is no

roo HE - o
etad eratures—+n—tmt uuc tHhat—woutd

F‘rwgu%;§t8'c r8v§gr hea ?‘?ux to the coil % t hat poi nt

The bottom of the pyrolysis coil has simlar
%@ﬁi' t'l'h@%tr@?ns Gé(sl fﬂ& 'Péh%ﬂecmbn§héfbﬂlya6wéfﬁﬁ\6unt§ SRR BErANKILEIS The

re unjf epr esent Fette utilization
iy t5s pRissR SR B

atP'CP'ﬂ@eE'B ?'Ir to f& éﬁlﬁl ' 98P ‘and 8
f09p9)e Fautes 9Aad 958 @ruGPD sbpvmb e respectiverutietithe etz tegpetaaire
Pﬁ)ﬁ@@ U Rol¢ ﬁ*\retellé:éétliontb?% etHIIéHé f@rrchf,e' f|r|ﬁ§th@fs rﬂﬁbsﬁst k@ﬂ@wder

urnace 1i1rin e same net hane
R RN SHIHE5) Sgone CERBBES BHOUHGI A arlleal?P g of e

aredertiinvenfioe. Figuress®eandaBeeppeantstdat fmoTCiisimglations af an ethylene
VETH W@MS"I 6frtﬁenf9 J%‘éh@rﬂut@@ & tﬁ@h&'rm Qgﬂn%%hd @g%tohﬁe fuel

newglnn ern describ
WP%F'SWB%‘efgtopﬁ”‘dﬁHGW% éfd”a"ﬁ’ééﬂ?rﬁﬁ%ﬁweﬁ '89@‘9"0‘1"0’% th fé’+'"53°9v/ er

qadomqn IrefigurabA aime sif1p ek astratlofor®ll erhers helrtband wedl bboetspwas
ch]c Pﬁq ?Q%J(uﬁ\n{egrg/s Ie>'<nc%ts talr %ﬁdl%ﬂevag Qi EW%eSérQﬁH &he

eat er he tOP ottom
5%9%3' fising tRattera prpduge® 3y éP'h%q Venperatyregeipetile H%W? § ffegximum

fEnthkRurp of 1366/ e chiBugion bf.thid h:uaqrodeb@admel’yeammjmlﬂdf the
r fnpBnertt R4

S5 Sl Ul e ) 4l RESRR058 Byt oo

the firebox under conventional firing condl tions at

the point where the hearth
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burner flame encounters the wall burner flanme. [0066]
The plot of Figure 8 does not show the extrene heat
WO bawg/1¢li91f erent i al between the top, bottom andrei/tsoes/006201
portions of the coil that were evident in Figure 7. As
the firin t . di ;
Aot ideas PRl aP s U BRI Lot or PERRERicoib ol NP
meMnacem@wwnaurmseJ evati on of approxi mately 11

| 3B 6" & F?(ﬁl?é’ 6B, ttﬁ@séﬁ@@éﬁw el fuﬁﬂa@é’lbrfd fa@ndfistributidropeteinh@as used;
el evati.on

L1
B A e B e e o PO e Gl B
aintb fuet dato df 3. 1R (inelatling thefuel firedrmthamathferwath stagiization). The balance
&fea{m%sa&}é[:t%d t@?ﬁ%rﬂéhﬁh %urhgrg67dndahﬁe %fr&ﬁr@s‘ian@@s BY imfteh Righer

around the firebox even rmre rono ‘eg \% b.
aqffe@mapéth? it Goqo tee Wil rersandies SRErRIPR D) (BreqpuEners at su

stoipdorséteccanditionsi b hearpybudieyssipsrafelat memseemass df stoisiomettity As
ﬁé/&%i&‘é% tﬁyg@gh bf'ﬁ%?@gB Qlfle ﬁrmﬁ ggtfg?ﬁ’ fF\QltWé%ntﬁlad I%b at]@ramatlc effect

ane: xt ure. HBOSItlon of
QY ihe e r@tagt@gw PRERture. THIS RIOt as R @SPRathReak PHiiraBeasmpedh curve
wieh nfaeuﬁtuhfteﬁhp@remse steatik .y Al ovBgaréo wohwentidnabiiring [@enditions,

uni t.. ' [ Cqalr : '
?pher S’flog %n éusr’rllase%‘ézgorcg &fgqﬁé ﬁé\rgﬂr@g pf%e%&é%%b?%ﬁe'éégn B&Euce a
: 9%(rarhectlgrrlamgm@wavmmgoetm@a'ﬁ@gmwﬁve outl et tube netal

tenperature profiles throughout the el evation of an

t hyl ene furnace firing the synthesis gas fuel under
g@%&(@-ﬁ-@i onal firing conditions and under conditions
moT2)r AiCHP tvas asndectbddi whinh thoée difierepirlewnef firing everd vsed with
Edn%”t@ﬁal ﬁé’saa’ﬁogge%su(lép ro%ﬁtﬂﬁegmgﬁttéméérgtm'eg:@uﬁédﬁél tRd LiPAthe

an et ene furnace i n which

?'b‘i%'”eé%‘f’%%‘ef"&ef’ ReloW st mstiicn 'éP%fus'MS@@% ‘8@%”??@“’?“&%(@8"
WasS Tele sdstltdrié eltbvinewivxon(@blerows of wal | - burners t hat
were | ocated al ong the furnace. [0070] In Figure

9Althe air to fuel mass ratio for all burners (hearth
and wal | burners) was 3.0228RB2ch reflected a 15 %

Ethyfene Hehter SRAY CohGéhtiohal FUelll cat ed by The graph, the
L conventional firing pattern produces a

'spniked"
>+

tenperature profile with a maxi mum tenperature of
€3&5K  The conbds4-ion of thijsi-Fuel proceeded3very

rant dl vy ac o sl ¢+ p=% + b B Al sl o At s H
raprurry—aSs— a rcourtc Ul e T yiretd 1Ty Ur oyt CUTTUTTIT 1T
that fuel. It is noted that the hydrogen conponent has
artodrughRgjle heat |rel ease and |burns rapidly.] This led to

FotRO1 N Of  aXi MFFgg0NMDUSTT 0N glz@Wer i n t N4 1T3L5r5nace
that was quite iintense [00¥41]l In Figuwe 9B_the sane

E?ﬁ;‘l ene furnacd Qé)r?d fuel di %rspbutl on pat|t 1§roﬁ was
waed; however, di17.150 t he wdgl1b.3Burners wag 18e@uced to
63%of —the—stotrechtomretr+ec—armount—or—a mass arr—to fuel
ratio of 2 .19 (including the fuel fired on the wall
£oilOwligl T. K5t abi | i|z€ORon). The B8l ance of ai|r''@as

TBldRWRFET KO the [ngagth bur nermss under the | 1442

] s oft amuchhigher_perecentagetof_thefuel
?'P?gas Eﬁ "Tgﬁfr%al 198 ner s an ooqgﬁe oper at i gn %8 { hese
Max METsK at subst|oi2éBi onetri ¢ 1@ehdi ti ons, t/hH&0keart h
burners—operate at—a 60%excess of stoirchionetric. —AS
illustrated in the graph of Figure 9B, the firin
PRT o #% AhoW AL 88 A1oh B0 CRA R PET AR e mEA ie%@eratures
TwrR) sreft. af hethigmpstatrttt &ir reSililg ipihe lowsstsmetaltterapesatiiles cape ale).

BH%]r ?ﬁ§8ﬁ\b9dirﬁgmsoh£§cmfé&/ﬁerein are particularly useful in the production of

olefins, and are useful in systems employing conventional as well as low NO, burners. The




with a maxi numtenperature of 1280K. As conpared to
conventional firing conditions, operation of the

wo eogae1according to the new firing pattern deGOUE19081006201
herei n produced a 75K reduction in the maxi mum tube
netal tenperature. 00
e R GLTE R ACH UEel Seth 4 P BP O Geb ol e s figployed
aveirvenetssadrnatetfbelc aeweed. i onal fuel s. Progressively | ower

(R/aﬁ? it né 'ﬂ%ngﬁ&%‘idﬂlérﬁss h£1\55‘e3 Héénegesﬁﬁbetdh\ﬁmﬁkerferéﬁbet tlaeethylene

rs was reduced | ow stoichionetric.

fiieFes S TEMGRANEG FAIFARTED Ry By f oo Frraor gy pigetis.
RUreaceh thamfirealito\w combihatidneof vall b{i@6ré 3hd Tiadthebuneshwinee teawall

@%ﬁl?eoﬁ% eBRif ?ﬂﬂ&h b%?t)gﬁg;bﬂh gtgﬁsp.gragtﬁé ait E4URSE B} BHicen
$Q%\f@§9%rpétralst0tcé\¢ﬁ@rrﬁ@u Fesigirgdgthéhenatance pfad paing mieduced atthe
edERn dumwst Wwhictesperdtdwith tfh@ﬁéﬁnrab&fteo%adi 10038 baebsy/ainisefinbluded.

LGt e B iR g Brvat | (SRS B B s pater o
lbc,atlneerojthememwduewmmgn%w@Itmmthﬂucr@p%trsuy"ams@m!mM@ﬁ@ns

BBk SR anB WREtiveS m¥Pddcutit bRESIAIed nh&aPNsaCHcpBting e ehe
alternate Al t hough the

00 5

B80T FroRe §Hﬁ%\9’@g?§jé’8ﬂ“%iges?8{’tfeﬂé‘8 M th reference to

- ethylene furnaces, the firing patternis not limted
to such burners, or their arrangenents or details.
Furnaces that fire with a conbination of wall burners
and hearth burners where the wall burners are operated
with |l ess than about 80% of the stoichionetric air
required, or between 50%to 80% of the stoichionetric
air required with the balance of air being introduced
at the hearth burners, which operate with between
about 20%to 100% excess air, are included. Hi gher
anount of air also can be used. The scope is al so not
limted by the pattern or |ocations of the wall and/or
hearth burners wthin the furnace. Simlarly, other
nodi fi cations, adaptations and alternatives may occur
to one skilled in the art without departing fromthe
spirit and scope of the enbodi ments descri bed
herein.Clains: 1. A nethod of operating a heater
i ncludi ng a radi ant heating zone having a bottom
hearth portion and opposing walls adjacent to and
extendi ng upwardly fromthe bottom hearth portion; at
| east one tubular heating coil l|ocated in the radi ant
heating zone; a hearth burner section conprising a
plurality of hearth burners | ocated adjacent to the
bottom hearth for firing in the radiant heating zone;
and a wall burner section conprising a plurality of
wal | burners | ocated adjacent to the opposing walls,
the nethod conprising: introducing to the wall burner
section a first air and fuel m xture having | ess than
the stoichionmetric quantity of air for conbustion of
fuel introduced to the wall burner section, and
introducing to the hearth burner section a second air
and fuel mxture having greater than the
stoichionetric quantity of air for conbustion of fuel
i ntroduced to the hearth burner section, the overal
quantity of air introduced to the hearth burner
section and wal |l burner
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section being at |east a stoichionetric quantity. 2 .
The nethod of claim1 wherein the first air and fuel
WOorooBa4®1Zonpri ses no nore than about 85% of tPEI/US2008/006201
stoichionetric quantity of air for conbustion. 3. The
nmethod of claim1l wherein the first air and fuel
GRiMsir e conpri ses about 50%to about 80% of the
stmmgthb@mbéremgcumatei ihylu@fg Adatiahtoeating rzbmtamoga bdttom FEagh
mat had  of i.m [ e I I
PP Dol s Al o4 ARl i inetom' 4Ry
APt dsagteing bl keatingdail fogated indheradizsyt heapgrpat:iadgargyburner
sfe'éﬁ‘dn doﬂ"tpﬁgﬁ’élé} §Id raht? ofiRdatth \bEnkrsdsatee ad ja&ant to tiebdi@inttedrtiofor

he m xt ur e of aLr _.an u
o8 b st aPerit i el oy P B s A
wirwEre lecaedadiacentto thetdppgsing walls rthe meth@@m'ﬂnm of fuel
i nt r odGRAiInG & thd @alh@tﬂﬁér%e&léﬁ réelFst aPandlil@ nﬁfﬁﬁr'é@ﬂwﬁé Iess than

I 2 wh t
i SRl el P b7 G etava irel o i e g
speddri, byd of air for conbustion of fuel introduced to
sai d Wﬁ!)&ucmyrt(ﬂﬁ{e he?arth b0ferBdchata Qfaco(nh %'lernG fL\M“ﬁﬂﬁbr@ HaliRg

Iura ear burners supply al ance o
@?@tﬁrcﬁ?fb fipigh Qﬁ‘ﬂl%\'r’ﬁ Auaptity ot air FO’fCBF‘bt‘Sﬁ'Q” ebh’sugtf?dé'ﬁeip the
fisaeth bumbr«ditted to the wall burners. 8 . The net hod of
cl ai 0

gr ea{qehr% t\é‘%ﬁﬁ&d ?tlt%/ Qﬁa'ﬂﬁ%%dr%%%&g Sr%gtte?ﬁt t‘Mn{g s@&%‘%n&@alﬂb@@er
LASHYTLRAINIRY legter figighiongetric qq@ét't)‘ret hod of claim1 wherein
9r ed Aethbd aﬂcl:in'ﬁel \ﬁﬁe@énﬁ: tHerl’@fa(ﬁ:'I lafd ﬂjléﬂﬁﬁ(lute/cda;pngésr nd @bre than

intr ed, t eart urners

SRNPHRk bhe ShiaborSth MlarRHEER T ol Srldiudh®] (1 BN,
Sf Tiod mietod ofaimeli wheggin N@asst ajsiaed bie! mbrireedmpriges 2Ryt 50% to

S5t 3@@oﬁﬂgst5|9ﬁorh&% &lﬁhnhﬂroﬂﬁffoﬁ&ﬁﬁﬂugﬁbnl ncl udes a
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19. The method of claim 13 wherein the heater operates with at least about 10% greater
than the stoichiometric quantity of air overall.
20. The method of claim 13, wherein the fuel contains at least 25 mol% hydrogen gas.
21. A heater comprising:
a. a radiant heating zone having a bottom hearth portion and
opposing walls extending upwardly from the bottom
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b. at least one tubular heating coil located in the radiant

heating zone;
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