Heater and Method of Operation Background [0001] The embodiments disclosed herein relate to
heaters and more particularly to the efficient design and operation of such heaters. [0002] The steam
cracking or pyrolysis of hydrocarbons for the production of olefins is often carried out in tubular coils
located in fireghhwedanssithe pyrolysis process is considered to be the heart-afianotafinzpiant and has
a significant influence on the economics of the overall plant. [0003] The hydrocarbon feedstock may be
any one of the wide variety of typical cracklng t{%&?st%cl%sg %Cl‘% as methane, ethane, propane, butane,
mixtures of these gases, naphthas, ga% (.’ﬁlgs etc % p‘l’;o Betstream contains a variety of
components; tHésglogreentiations of these components are dependent in part upon the feed selected. In
a conventional pynelysisqsecesssaposizeddeedstoeltis totiogetne mothdifitiginistedrn to a tubular
reactor located éagp(g[y@i ﬂgg@}r%qdh)%@p@[{eﬂ' hequantityof dilution steam required is dependent upon the
ok sele kLo siesreiods, W as Alhene/saR Iy eSO ZbAJoed). wihie

heavier feedst qas oils re we{js{g}eam/ eei(:!1 ratlgg osgso mcosls Q. The dilution
steam has the Qg ﬁ’ﬁﬁfﬁﬁ%ﬁ"ﬁf'fbwg'ﬂlﬁ SR R G §‘r'e"”srgure"t“:ca)jfetrfeie hydrbta t5onAnd 7 dsucmg the
fouling rate of thenpieetysie eeilse [O@UﬁP?@‘ﬂJIﬂ*ﬁj”&)ﬁ'ﬁ% %ﬁ%lﬂ%ss‘ﬂﬁ%e“ﬁ’f‘fHBﬁfﬁafﬁnT%ﬂ‘élyss coils is
one of the detesninrgctaatorsderdhgatinstream time of these heaters. As the time of operation
increases, the %ﬂb&lpﬂ%@@@;&r@é@%&@@l%%@ iayhnaitransies omtbayadiantdivebox. In order to

maintain constant piocess helloriancesAs examANed b conmaahAUleLIBRRAAE of the coil

the heat flux to t?me 00| must be maintained. The coke Iaiéer on the ms@e@ ) the 0 |on§t§f as a

resistance to h&f fitfk Stﬁdﬁﬁ%%?ﬂ‘é‘f&%tfﬁﬁ‘g}%i’é%‘ﬁear% NP QFIEPRISE Thust ﬁlngrgenase t0 allow for the
equivalent flux theeRiGRTBPRIGHEr ¥ESTSRANEEN TR TINEPIRADS FREAERedRCopEr&EBETBIE S shutdown to
remove the cokeyaepasitsaepengsroedtiredsrinraiy factareh Theitfirdiuticthalvaite BFdERIRG. Fouling
occurs as coke hyildsiseniheradiast heaing cotuAscokaiiscdepasited ondhegeidininhibits the
ransfer of heat fio e col aé}ssaerﬁéy' ofhe @é&%ekgfsg&kssr@ﬁgae@meoaea&@mo@dded to the

system to maintain the efficiency of t e rate oullrég 15 a netion &EQFB%@E?S load (heat
flux required), dfidfiofP&tta S ERHEra &ré‘“"%?}%é“r‘hﬁe a1'sart i{%é" on't Seofrﬁsrlcc?e of the coil, and the

characteristics éﬁtl??eﬂfé?édgtb@kTM?”Wr%@H?ﬁ%hﬁ@%F&P‘f@%‘g @8&8%@%‘?%%’%%& feeds. Itis
desired to maximite therongtrear tiedes {QOO5THE sBeohtda¥eYSs BiE&Smakeup of the radiant heating
coil. Typically, thecoil isunads: the efacnetatosimetatialinyrdietatsianct adolsateisemsitive to extreme

temperatures. THaLISf ‘iﬁ@ Sadiant GRibisexRASRA -2 IQMRETAIER aRevrdtmenaximunre mechanical
threshold, it wil peghn lo deteniarate, caueing. amape-fo b sadiankbentingscel Asd esult a typical

pyrolysis heater Ut Be caretully monitored to maintain specific temperatyre ranges. This become
problematic as EVEHUIRISAY ?fﬁ‘ﬁ’f‘é R RGBS ST S THU S BE R B aln{aln the efficiency
of the system. [0008] i eatiito ihtsceibsiveisie te tlasifh BWGB@?%@WF{I‘PF&?Q"C&%@ imes to
minimize the maxigatm: tilai ianetabtemp évatame shwhilessiraxiatyz ng thetotabhbatiatzngfieired through

the cail. This a"H%JQJ:mdmaeiwga&eaaaemamemmatgaeﬁmembéou&agmﬁea{aeea]edn a typical
pyrowysis process, (g, sleamieed e ' Bisea'Rd (i BIRRIIUES SRl thagnset of the
0

cracking react|on W |c |s usual ut ] C.T |s’ reheat t occurs in tllae con %ctl%g section of the
heater. The mix %ﬁ‘&ﬁp%&éﬁdﬁ 8 %&Sm‘)gé" tior Whers Pyrolysis reactions occur. Generally the
residence time fetieompolPSisABiRidapratEdranfE 6710 DY EIEUREE Sy iHat IshiBbratures for the
reaction are on e ceclgr, teabdupZOC ke SO0 Thre realctidrstHad reBEIFIS e r@ASIBFmation of
saturated hydrogarbepsris defiesate:highly-esdotoemic thussequiiinghigh tevelsef eat input. This
heat input must 8&&%?%%8@%‘?&&? JErpRarAHES s\lisaeneralikirecrgrizadndire industry that
for most feedstocks, ?Qr%neSp?%'a 3/ or n Qw[er eedst Bfé UCR 3s.naphibashortenLasidence times

will lead to hlgher sefec |vﬁy?o et ene and propy ene since secondary degradation reactions will be
reduced. Furtheffdis Hé@d’ﬁﬁi“f@dotﬁﬁf“m@qg‘v@&“ﬁ%aﬂé% pressure of the hydrocarbon within the
reaction enviroria9ent, fine bighet Hstosis|betivRiYDODBT THELEYHS o poriatedThiteadiant section
of the fired heatekas@iypicabyabevenls kH0 r@etéﬁhwhemy&ama‘mswaheeam@sep}wamrysby radiation. In

some conventionga) desians . ARRYMataly,32ste 40Mrakte-hess ires asduekintethebeater is

ransferred into fae.gals M iNRIaRBYSGIAN. Ihekpianes ol hagkie reanyaed inthe convection
section either as ee Cgere heat of as steam egenerat})on i" trggnl g}!e gt%on ngi g@gll %%Qe Jvolume to

achieve short ré&fifénce HRRES RreNHe Heaﬁ tempera?u%s of the process, heat transfer into the reaction
tube is difficult. 8 BEFESYAT TG et ?ﬁi’f?&e 8@@%%&%@8%&%%%6@"ﬁ%%ls feMiperatures are
close to the mechaininst nisifortevameiotie pitstaniergids MeBst cases, tube metal temperatures
limit the extent to which residence time can be reduced as a result of a combination of higher process
temperatures required at the coil outlet and the reduced tube length (hence tube surface area) which
results in higher flux and thus higher tube metal temperatures. Tube metal temperatures are also a
limiting factor in determining the capacity of these radiant coils since more flux is required for a given
tube when operated at higher capacity. The exotic metal reaction tubes located in the radiant section

of the cracking heater represent a substantial portion of the cost of the heater so it is important that
thav he 1itilizead fiillvy 1 Ifili7zatinon ie defined ac onaratinAa at ac hinh and ac riniform a heaat flirv ac



coils. However in a typical furnace, greater than 85% of the heat is transferred radiatively. Hearth
burners are installed in the floor of the firebox and fire vertically up along the walls. Wall burners are
located in the vertical walls of the furnace and fire radially out along the walls. [00101 In any flame
from a burneg ¢hgkrigagharacteristic combustion profile. As the fuel and girgnkdsiggigayes the
burner, combustion begins. As the combustion reaction. continues, the temperature of the combustion
mixture mcreas(ﬁ %?d heat is,r sed At some dlst nce fres Nl h% burner,. there is. a point of maximum

Asaresuit esirabl esr ssco g ¢ C%tl 0] nm
combustion an ce maX|mUm hea{ re ease %FLPI){ IS process gne’at is absor '6%/ the process

coil. The charafteA&reH 5t e ﬁ‘étﬁ'é“&@ﬁghﬂwetﬁ@’t@tgl% f;“f%ﬁ‘teﬁﬁg?rbﬁﬁﬁ‘é‘? tgh‘iﬂ’? e specifics of
the burner desits.cDifférén Bameshapesiavt searraléaseprofifes e fwisiorie depending upon how
the fuel and airjarermixecyieasinhimnesssbgpicateopasaienat.eciy ecidutycbetweereabout 5 and 15 MM

BTU/hr. In thesg DUEngrehdbesPQink oL masiT M £RMpHSION dS:fyRisal wah@t%@p%mters above the

|
burner itself. Because of the ch racterstlc Ere ea rof| L'r t&etg 551 rs. an Lg\neven heat flux
profile (heat absorbed %}OF ?gv?g ggr%egti%lejs created. ?ﬁ pica ‘;}FQ orlt e radiant coilshows a

peak flux near tﬂée@e?’i’fﬁt‘/ﬂfé\‘?a(f RO TN A ﬁ%@%ﬁ“(&?th@s%ﬁﬁ? BW%‘QQT&W EBPTBLEIBI8r heat release
for the hearth bangers)Gadtle theseierisotsie [SorioRL 6P tieltoirrsienifyiRr ¢ IIe 1A some heaters,
radiant wall burers aogdnstatieddn thiestogepatoftthiersidewalls: toaagkiatizenthef heatrfliax profile in the

top portion of th@&@éhﬂ&@&%}@@i&éttﬂﬁémQﬁ&tﬂ%ﬂ@ﬁé&écﬁmdﬂ@%&@m%@m{&pl‘ﬂt‘tles ior a hearth
burner and for a combinafion, of, h rs%%%@&%%l 3‘%% rthe |§%’§§1€!%9J t@ﬁéﬂﬂg H%% show low heat

flux and metal temperature in the owe ortion of the |re oX, which means that the coil in this portion
may be underufifiZ&d 1 H]ﬁ%&i’ﬁee‘h %E”béa'h SRRTABLY SPAHERSE RS oD P AR profile within a
pyrolysis heatefh W’ keRieAh EFstayihFASTIEINY KESFN BUPRrY'eshase axedlescadlivst the flame
shape and thussampaetthe painbofamakimuihteeaiusie dsethdaastizdygriverstatentypicaliyedesigned with
several differingfuel ipiagtian poitssybibdsrsbawnintanthesbenacavianaither dy Raswialey induced draft
or by inspiratioge\{gi,th,wel utilizing a venturi system. A primary fuel is injected into this air stream with
the purpose Of(frO\éldl? s%%Jfflment combustion to develop a stablz a § In some € Cases another small
fuel injection pomPTe uSEd TRt AHRRHESFhIR | F ki rﬁ"é“ fp LRSS RS ADHnd prevent
flame blowout. &RY&r hé%ﬁ‘ttpbuFﬁ“@r@%?ﬁ%l%e@d”l‘t)@%so‘ﬁtﬁé“ﬁéﬁrw BafiEPtuel Tird fith these
primary fuel injecticmitpomsasthe. eppnbistiely 82cudEd difanrait toefue! tatigoftistightipabove
stoichiometric ((&rkbYeexeans ain) {OQL2didMRen:NOTVal1es a6 R iparianiveensidesation, some of

the fuel from theprimary E&%H%Qr%PH%tf&Qé‘p%é@t@PM@QJ&%éH&ﬁB&ef@%ﬁ%ﬂ%ﬁ@% placed in
secondary or st ed tgps\)t{st at the ed\gee gf rt[he (t}yrner This fude{ IS regted such thag it will mix with

b
the flowing air an primary l1"ue | Stféam at some distance above %%rner %ry S agln& the mixing of

fuel and air, theCSRIBURR A BIVFI T Hive $hafiod k& BeHitdfed\848RHY PR T6NARITE® temperature
and hence lowesNEnd T oneekinigers alsE tHnpriels HieiscintoP haxirshaiied bdtciveind thus
impacts the reseltant-fluxiprpéiie to thesceiksStagingrihe faebdeessschehargedte nettainto fuel ratio of

the burner, it jusisclanogaakhepansl YR aEs: tasufuglissmbiadod e greayniat assendarnyfuel injection,
the location of ‘JAS]E Iiechian b E’?LBLT%E the %%Q%&L%&%J%‘éf@%i d-theanale.atwhigh iz injected all

impact the NO values, flame shape, and hence the coil méta tem erature profile. 0015;] U.S. Patent
No. 4,887,961 &%é‘gﬁﬁ'é&%@&?&ﬁt% [BUPISERS WPRARER K RAE arléb% 'Be}%t&eé“ A hturi to
proportions eq@PABAEIBMDAEY X EaSsANITIHE SRPRETYITL s @ U5 THeIR ARCHECEDTHEE amount of air
using the fuel asdhieaioctiveiforoeawtive theogatohithigneerdmatiin WS xPateneo #0867 98@ wall burner is
described that takesipathofdhenfuetandineciadifist eyonsdhn samseindefiesatorsrangd relies on fluid

dynamics to pull this;’ tﬁeqeafta%stae fughs Jet wal hymea e tfmﬂaw;ptl&tqr(@cpsthe air and part

of the fuel. [0014 US Paz_tgr;tI NO(§ h%or ﬁaaq%sa eart bggnggtg%th %\f zone ' just above

the burner whef the TFhiktire 8?1% d a (excess al?) vest tile and B urns ﬁi%e "second "zone"
is at a higher e@Féﬁ'&??ﬁh@?ehﬁ?éeéegﬁ'ﬁd‘ﬂmﬁ'&‘?ﬁ&‘@é‘W’tﬁ@ddﬁ?ﬁ hG AP The net
resulting air to faediinixeietheisetoindezoerer ks giRghity a@everdrgsicheatstric ratio.. [0015] Another
means of contrpllivey coik metal termiperaitres isdessribeabindd 15.2Raterbdxion 6;685;8384In this patent,

a wall burner is,spegifically-places i taelaor atihesfupracseavs theldlpenadsditeetedialong the floor in
order to heat t@%ﬁéﬂgt&w&%%f;g&%rw%ﬁ'geﬁ%%QM ide %QPBEPR&@'J&%%‘?&%L%%JOF the lower

portion of the coil, The base burner can be designed !toAns irate air a]zrt)h %mt uce sllghtly greater than
stoichiometric &7 to¥aF i Q?u?é“t%#’b&ﬁa&?%%’ A hatel IhE B8 Bl Aet Cah Ltilize fuel withdrawn
from the secontrily SEGEW Hh & oM e/ 8aith ‘Bmﬁé’f‘el?f‘%?ﬂié%fﬁ%{\?‘é RSBl RNEH DM the base
burner, some quantity of air is required to be fed with this fuel. Since the base burner is located in very
close proximity to the hearth burner, there are a number of combinations of air and fuel for these
separate burners that still result in a slightly greatér than stoichiometric combustion mixture at or near
the floor of the heater. The vertically firing hearth burner can operate with excess air and the base
burner with a sub-stoichiometric-amount of air or they can be operated in reverse with the base burner

having excess air and the hearth burner with slightly sub-stoichiometric air. Some important design
nninte are that hyy malkina the floar nart of the radiant crirfare the fi11the metal tfemneratiire can he



maximum combustion to the pyrolysis coil. Under these conditions, the hearth burner is operated
under excess air conditions while the balance of the fuel is added through the wall at a point above the
hearth burner, This approach not only stages the fuel to reduce NO, but alters the flame shape by

pulling it backyte #he,ywadhthus reducing metal temperatures. [0017] Improvipg-the,hAgakhpurner flux
profile can be difficult because of NO, requirements and because of the steadily increasing demand for

higher burner heat releases. Another way to equalize the flux profile is by using wall burners only.

However, sincétie RGRURPHERRISIEAER BraIIPDErnarid b6t (rinReTHad tH Y that of a hearth
burner, the sigifiednbyinerisee otk huhadesrddudideryenefesirdyuvakeitthegeielease profile
limits the practicalityueddiRisrappreach tSummaryd0Od fed toreatissiraspectitheretisiprovided a method of
operating a heagtgt.including a radiant heating zone comprising a lower portion including a hearth

burner section gactan Uppet porion indluding a wall wraer section, akIeastne ybuay heating col
located in the radiant ing zone, ah eating cog] aving a eré%lt earth burner section

comprising a pRiraiit W%ﬁr%ﬁrﬁ@s@%téﬂ”ﬁﬁfﬁ@h??@'fﬁe tofh ‘F?éfﬁ?‘fﬂt £y iR the radiant
heating zone; aadtitheanial IsoPreptaEctiche coMmprSImgTa<plis dittyastnill Berhérs'Rscated adjacent to the
opposing wallssdhe migtnod compristagier, tndrireduemg tef thexivalhbtmerssection adivst air and fuel

miture having s dbe SIS eMelTi UARS Al LSaIANSi9B gtduel iirodkced to the wall

burersection. ad, . IS Lo, e earh BUma sechon .peennd alf andyelmpxture having
greater than the stoichiometric quantltyo air for combusti ue introduced to the hearth burner

section,  th&OVIAR oIy &%Fﬁt%ﬂﬁcéﬁa&?ih@ﬁeﬁh BlehTEr ELRB 4N AR Burner section
being at least a&r6ickiB Rty liRitEy 2[0GT 7H] TGS dtsit Aspestvhie wprgvided & method of
operating a heaitey ichugingarasiant hatingszove. compesing:adawereparnitionfineldding a hearth
burner section anghasisiPRERPLiPRNEIYAING awall Busnerseetior: atdeasionasibular heating colil
located in the radiandeatiteanes NgdRafLh AnEoensREtion FomaLisina Bl Rl pEhearth burners

located adjacent to the bottom hearth for firing in the radjant zone; and the wall burner section

h
comprising a pRIFAIRFOPWAR BATaTYoe SRS o KT8 (i %@B‘Sé n@%ﬁﬁ@”&ﬁ%ﬂﬁ%’%od comprising:
introducing a fl%ﬁé'ﬁl%ﬂ@%@%ﬁ&ﬁ’r@%ﬁﬁ‘é%@ﬁ BigAE(FdBAGAHIRE RS AT ATHIUEId Bture having
less than the steigin@saetricr duartityholuaiefmabimbustiend botiomtroticrgingieesedosrdiairsand fuel
mixture to the heamhbureensasiion ina-direatinmeensalypampleldethetengtbafdhaheating coil, the

second air and{ug| ayxiute fiaving mee andssieisbiamete syaobueLalk ereambustion; and

combusting the fuefl and air in the rg |§thg ing zone, v[\(}ﬂgreglgn |1r0raang atportlon Pf th%fuel introduced
at the wall burr&? SEctioh CombUSraat & Firat combu ?on rate anga portion "6t the a

and wali burners at the same neai: liberation rate show iow heat ﬂux and metal temperature
in the lower portion of the firebox, which means that the coil inn this portion may be
underutilized.

[00t1] There have been a number of attempts to control the fiux profile within a pyroiysis
heater. It is known that staging the fuel 1o hearth burners can be used o adjust the flame
shape and thus impact the point of maximum heat release. Hearth burners are typically
designed with several differing fuei infection points. Alr is drawn into the furnace via either
by natural or induced draft or by inspiration with fuel utilizing a veniuri system. A primary
fuel is injected into this air stream with the purpose of providing sufficient combustion to
deveiorp a stable flame. In some cases ancther small fuel injection point is used just
adjacent to this primary flame to help stabilize the flame and prevent flame blowout. Older
nearth burners typically feed 100% of the hearth burner fue! fired with these primary fuel
injectior pbints. The combustion accurred at an air to fuel ratic of slightly above
stoichiometric {10-15 % excess air}.

00121 When NO, values are an important consideration, some of the fuel from the primary
injection point can be removed from the emtering air flow and placed in secondary or staged
tips just at the edge of the burner. This fusl is directed such that it will mix with the flowing
air and primary fuel stream at some distance above the bumer. By "staging” the mixing of
fuel and air, the combustion profile of the flame can be altered, leading to a lower flame

[#5]



introduced at the hearth burner section combusts with a portion of the fuel introduced at the wall
burner section at a second combustion rate that is slower than the first combustion rate. [0017c]In a
third aspect, there is provided a heater comprising: a a radiant heating zone comprising a lower portion

including a hgarthdauwaerssection and an upper portion including a wall busaer;sestienifrat least one
tubular heating coil located in the radiant heating zone, the heating coil having a length; c. the hearth
burner section comprising a plurality of hearth burners located adjacent to the bottom hearth portion,
the hearth burl@PREEHEH BEIRGEB MG FET o fire FRAYIR A TR RISIEHIB R Sl E*AIREUhts of air: and
d. the wall burrersestiorrecoinsrisersia prurslitipsiiwer ol fers fed \WwarbafireiebEiffg ebnfigured to fire
along opposing:wsalls trethe sadienbheatingizobenwitht jesscthagesteiehientetfiers theaimbisnts of air, the
heat_er being F%&i&yf@%@@&%%%%@%ﬁw&%@mﬁﬁ@m5f (083 el adpurthraspect, there is
provided a firing attey 91,6, 938 \SAIGIIAYTNS PG DA PLITES REGHO0.ARY Anhpper wall

bumer section, the firing pattern comprising introducing to the wall burner section a mixture of air fuel

P [
with less than tHERGACAIBHARE GALRED! SFHRPRFEdHTlstion and feeding additional air to the hearth
burner section i i8kult §n Ratestdeafl §1 i essrbrairHethy FhbHEBRMRE MBI FIOFYRFIR a fifth aspect,
there is providetearmethod .efoperatmgrache ateivitsiuding @rackiesssheating zohe scimrising a lower
portion including adbeatihbesnessamipnARE @mypRetNak e insldingawalkbusnerssection; at least
one tubular heatlfqg{gqg Jfg%%%ﬁg%%?e%’d%%%ﬁm@8@%@4&%@%&3&& P&k SRRUQRCOMPrisIng a

lurality of hearth burmners Jocate acent to ' [ i ;
R the wall bUHEPSbEATADENGS (a5 Wl SIS e 1 e opposing
walls, the methseceafAprisiagd fuel - fatroefliirita firkt B SadulbiGHigiiie ¥omprsihg A5 more than
85% of the stoitkiometric quantity of air for combustion to the wall burner section, the first air and fuel
mixture haVing{mﬁjth@‘@.th&é{m.mﬁmﬁ gentity ehadrfos eombiusHORL “zone” just above

the burner where the mixiure of fuel and air (excess air) leaves the tile and burns. The

second "zone' is at 3 higher elevation where the secondary fuel mixes with the burning

airffuel mixture, The net resulting air 1o fuel mix at the second zone is slighily above a

stoichiometric ratio.

[0015] Ancther means of conirolling coil metal temperatures is described in U.8. Patent

No. 6,685,893, in this patent, a wall burner is specifically placed in the ficor of the turnace

and the flame is directed along the floor in order to heat the refractory floor of the furnace

and provide additiona! radiation surface for the lower portion ¢f the coil. The base burner

can be designed to inspirate air and produce a slightly greater than sfoichicmetric air to fust

mixture for combustion. Aliernately the base burner can utilize fuel withdrawn from the

secondary staged tips of the hearth burner. in order to have a stable flame from the base

burner, some quantity of air is required to be fed with this fuel. Since the base burner is

located in very close proximity to the hearth burner, there are a number of combinations of

air and fuel for these separate burners that still result in a slightly greater than stoichiometric

combustion mixture at or near the fioor of the heater. The vertically firing hearth burner can

operate with excess air and the base burner with a sub-stoichiometric-amount of air or they

can be operated in reverse with the base burner having excess air and the hearth burner

with slightly sub-stoichiometric air. Some important design points are that by making the

fioor part of the radiant surface, the tube metal temperature can be reduced, and by staging

the combustion through by staging of the fuel (and excess air location at the floor), NOy

production can be reduced,

0016] In U.S. Patent No. 7,172,412, a different approach is used to control metal

temperatures and flux profiles. Fuel is withdrawn from the secondary staged tips of the

nearth burner and injected intoc the furnace at some distance above the hearth burner

through the walls of the furnace. This injection serves to create a low pressure zone along

the wall and thus the flame is “pulled” to the wall thus reducing proximity of the point of



introducing a second air and fuel mixture comprising between 20% to 100% more than the
stoichiometric quantity of air for combustion to the hearth burner section in a direction generally
parallel to the heating coil, the second air and fuel mixture having more than the stoichiometric quantity
of air for combustion; and combusting the fuel and air in the radiant heating zone, wherein the air
and a portion of the fuel introduced at the wall burner section combusts at a first combustion rate and a
portion of the air introduced at the hearth burner section combusts with a portion of fuel introduced at
the wall burneesiestorrabesterc st coYThEstiorl ratodiTdbéss kywdiicha ihthesfirst wonebestion rate to
reduce the ovptalissamiaustieassiedndinenvatiburaeaseationrefithadeaterhrougn wiberin the heater
operates with,af lpastiahew QX aieRlRr thank theSiRichipmeue Quantv. ot ALV, [0018] One
disclosed fe%ure o[fstge f?mbodlments is.a r.pgthé)g ?,JI operating a heater that includes a radiant heating
dﬁ%b acK o the wa % )

zone having a i%‘% om e%ﬂpﬁisggpr}feidbﬁ an posing walls a juascen%ggaﬁgméif?@r?&ﬁtguﬁSWardIy from the

bottom heartfPPortidgPPHE NEStIPEIEy fETTEe at B v tibuTEitE abriG sl Ricktéd in the radiant
heating zoneteaurenthisbarhdesaeton’ compiasitly aphaditydeftsedrttr hivherouoeateebadjacent to the
bottom heartkepastionfardringyir the:saciant heatingzene uand SawaltbiEnersectiangomprising a

plurality of wall hurpatsdecataekrdiacenLie he HRRAIING APt e athad.comptises introducing to

the wall burn rsectt'hon a first air and fuel mixture having Ieds than the stoichiomet{ig q antity of air for
. e, | ? sgn: ;ca% NLTDEar WEL UMENs negde O&En%ﬁ’&te @il eqmvalﬁﬁ Eﬁ% .
combustion of fUel infroduced to the wall burner section, and irtro ucing to the hearth burner section a

second air argREIMTREUPE A LA MPOVERT AR AHB™@Bichiometric quantity of air for combustion of fuel
introduced to the hearth burner section. The overall quantity of air introduced to the hearth burners and
wall burners gugiraast a stoichiometric quantity. [0019] In certain cases, the mixture of air and fuel

introduced tqpaeh oﬁg@qﬂ\é\fa&ggg&y}gg@I;@gf@ggy@gmgmggg%%@i%ﬁm% incoanr]%:lséion of fuel

introduced tq\ghia\t Wallel:%:lfl}menrs,i %?%Eq%émgo%i ng mixture of air and fuel introduced to each of the hearth

burners has grgg{%ﬁ%an the st lometric quantity of air for combustion of fuel introduced to that
hearth burnefelif 6L LY MARSATHRIRAOPRAIPRAH THEPhiteticed trbAERBRENaf RANEFE has a
substoichiometriergeality ofildickveccortiisustiont db&iielintred trectkétrif atipsaticy latanvatt oernea{0020]
Another disclgseq fealreahihermbadismgniss.aumathac of Qperatipaaheaker camrising adottom
hearth portiop anl gRAgsing walls.Adiacentinand isRAngupwadiiom e hotepubsarn portion

forming a radiant heating zone, at’least one tubular heating coil locate the radiant heating zone, a
hearth burneP et B8P 52 EPROS IR RS o P REGHP B GPRBFS Mtated adjacent to the bottom hearth for
firing in the radiant A&edif# 2 oAetnandad WaIMHuFBlige &idrFcamsirch plakakityafiogliessrivers
located adjacenitiiherapposingtywalis. fhemettiod conepirsesutttiad trcingabiirstair sswdiduelnanixture to
a Wakl)l bu_rner sec(;iqgt,rgegcﬂbst@ir@gdﬁé@r{;{nm%@ haMdng, |%ﬁs@l@ﬁéh§i§t9@i%e%&%@wr@f.aif for
combustion introdu sec | Nixture to the hearth bumer section in, the heater in a
direction gengé?é)iﬁzr éz%%l?é %os?#eg ?%#ggtﬁgof ‘%e‘{ﬁ!éa%ﬁ]ga‘éouﬁ‘”th“é‘“é%‘é%‘ﬁa a?f jﬁe fllj%ior%ﬁ%&ret%ag\ﬁ/?ng
more than th&*&i5iEHIBHhETFIEuantity of air for combustion; and combusting the fuel and air in the
radiant heating zon@e Riegiidruaptitiehab i Biecrsrifer duresitabuvesnedrtnraed sedtivneonsstien at a
first combustiemng ateszans seopoidiostaf dlaati. introduced at the hearth burner section combusts with a
portion of thegtre| inkieduest atsbe, Walthusreidsectinamt arspeaitconbissiRndateathatds slower
than the first,combystion rinistedyersthe overall combustion rate in the wall burner section of
the heater a3, compAIGE R oV MENLR BleRIomAlIc quantlies.of all ate Joligduged n the wall
burner section. In some cases, the temperature difference along the length of the heating coill is at
least 10 K sHTBHEF (FEH &Y Rparalle GifaPant & 2iEng Zé”h%éﬂﬁd“%%ﬂ*’rg?“ﬂ’ﬂ"eé?é?‘ﬂsﬁ?@“@f&ﬂﬁ@aff’ent
overall flow reiueaBys¥ fiserth RerafFsrPreHPa Bt HdhedeiogUmatity of Bingsiinho tuliad aethe veak:
burner secticmd[062ddtinwcestaiectmbodimneints pthierfirst &ifan chdtred-mibdake) agaomaoectharbabout
85% of the sfpighipmeticasamiyief air for combustion. Sometimes, the first air and fuel mixture has
between aboult S0% j el e LA igmelis.uanty gtain lorcombuston, B0Zelcsorging to
embodiments illustrate ﬁereln,_th_ere also is provided a heater comprising a radiant heating zone
having a bottGHF &SR FoRTH A BREE Y At X ARy 8% ardly from the bottom hearth portion,
at least one tubular eaH CotRRIOERE IRt At Hehtifgarbrinirachestthrbnmeresdsticarsomiprising
a plurality of jzestethib uina eesdiocateckaciatant:to, tire batiom bearib pentienand heing configuiedto fire
with greater thamsticRigmastiGRRIGMES@f aliarda wall burner section comprising a plurality of wall

burners located adiacentig he oppasing,walls.andheind,configured Lo.fire,alond, the, oprosing, walls in
the radiant heating zone with less than stoichiometric amou%ts of air. [?)Ozaér] Another em%o iment is a
firing patternToP Y GALhE5EPh ARG SFESRHTBURHET &R RT3 WS BEHhErS8RBHCT ALFTIRY
pattern comprises operating the wall burner section with less than the stoichiometric quantity of air for
combustion and feeding additional air to the hearth burner section to result in an overall net excess of
air being fed to the heater. In some cases, when the gas heater is a pyrolysis heater with a heating
coil, the firing pattern reduces the difference between the maximum and minimum outer surface

temperature along the length of the heating coil by at least 10 K as compared to a firing pattern in
which the ecame fiial dictribiition nattaern ic 1icad hiit the wall hiirner cectinn ic onearated r1icinAa at leact a



using at least a stoichiometric quantity of air. Brief Description of the Drawings [0024] Figure 1 is a
diagram of a typical flow pattern within a firebox of a heater having hearth burners. [0025] Figure 2
shows the flow pattern through a heater having hearth burners operated . with high excess air. [0026)
Figure 3 is a simplified vertical cross-section representation of a pyrolysis heater. [0027] Figure 4 is a
cross section of a hearth burner. [0028) Figure 5 is a computational fluid dynamics simulation showing
a typical metdTTEHHEETRUNE S5 RHRS FRBlRTIFErBRITHLGH GF aprtisthyietie fusnaceoperatechaceording
to a conventidHelefidedjipaatersef0029tBigiice Gistaztdnapuationahiuiddsramigssimsation showing

the metal temperature profilg droughaut the elevation of an ethylene furnace operated according to an
embodiment of the firing pattergrh{ of the prse}F}sen%g(ﬁsac ggfﬁe@%@ Figure 7 is a computational fluid

dynamics simflatidegiFoiwingfizs typieaiormisng fuikpeofiletirrwghiout theretevationsobactonventional
pyrolysis heater. [8@34] drigiine 848 iaccamputatiopat-fiuigaynamics simulation showing the vertical flux

profile throughputdhe eleyatian.of adurRacs aperaiesascording R%a@ﬂgemgdi%er@a%ééhgoyrmg pattern

of the present disglao\ﬁﬂurg.I 00 2] Figures 9A and 93 are graphs showing the outlet tube metal
temperature profile thr%ug BUt the elevation of an ethylene furnace firing synthesis gas fuel using
conventional firind"® RaoMS i GRS BT dirnk) 18 B e ATissti mentrafehrtaiingaoattemtist the
present disclosureofteig.188}h portion, the hearth burner section being configured to fire with greater than
stoichiometric amounts of air; and
. the wal burner section comprising a plurafity of wall burners the wall burmers being
configured to fire along opposmng walls in the radiant heating zone with less than
stoichiometric
amounts of air. the heater being configured to operate with at least 10% excess of air.
[0017d] In afourth aspect, there is provided a firing pattern for a gas heater having a lower hearth
burner section and an upper wall burmer
section, the firng pattern comprising introducing to the wall burner section a mixture of air fuel with
iess than the stoichiometric quantity of air for combustion and feeding additional air to the hearth
burner section o result in an overall net excess of air being fed to the haater.
[0017e]  In a fitth aspect, there is provided a method of operating a heater inciuding a radiant
heating zone comprising a lower portion
including & hearth burner section and an upper poriion inciuding a wall burner section; ai ieast one
fubuiar heating coit located in the radiant heating zone; a hearth burner sechon comprising &
plurality of hearth burners located adjacent to the bottom hearth for firing in the radiant heating
zone; and the wall burner section comprising a plurality of wall bumners iocaled adjacent v the
oppesing walls, the method comprising:
introducing & first air and fuel mixiure comprising no more than 85% of the stoichiometric
auaniity of air for combustion to the wall burner section, the first air and fuel mixture having less
than the stoichiometric guantity of air for combustion;
introducing a second air and fuel mixture comprising between 20% to 100% more than the
sioichiometric guantity of air for combustion to the hearth burner section in a direclion ganerally
paraliel 1o the heating coil, the second ar and fuel mixture having more than the stoichiometric
auantity of air for combustion; and
combusiing the fuel and air in the radiant heafing zone, wherein the air and a portion of
the fuel introduced at the wall bumer section combusts at a first combustion rate and a portion of
the air introduced at the hearth burmner section combusts with & portion of fusl introduced at the wall
burner section at a second combustion rate that is siower than the first combustion rate o reduce
the overall combustion rate in the wall burner section of the heater,
wherein the heater operates with at least about 10% greater than the stoichiometric

quantity of air overall.
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Detailed Description [0033] The embodiments disclosed herein include a firing pattern useful for a fuel
firing system in a pyrolysis furnace such as an ethylene furnace. The firing pattern includes a plurality
of wall burners operating under fuel rich conditions. The balance of the air required to combust the wall
burner fuel is supplied by a plurality of hearth burners, which operate under conditions of greater than
stoichiometric air. The net result of modifying the air distribution within the firebox is a substantial
reduction in the tube metal temperature as compared to a furnace operating under equivalent fuel
firing condition$B1# uSRRyEAIERE FReIetHC TS avekndsrsithio metricodivfosdrdistibndarpattern in the
hearth burnersiandithes waliebureetsy Eheediaclosed fiiog palierppravides fesipsrgasesd operating run

Iengdt_h_s befofr_e A@asirng the gggmq%gug&g?@w{@ge%tgg%? ?Qgﬁgrpgﬁfiﬂiitsr@g?ﬁgé% t&sgperlate uhndehr
conditions of | $ rl | I temperatures |nit e firebox) whnile maintaining run lengths that
are equivalentr}t%E %%glg% égra\éfig% é%%g\%n?%ﬁg%fﬁ?‘ﬁ%éﬁéﬁ%‘bé‘ré ?o??“r‘ﬁ‘éfﬁ?ga%’.‘%’ﬁi] %geﬁgggd herein, a
"wall burner setIBH" TELESHEH R HPHEaliR YRRk By et AdiRcaf doeorimincludes other
supplemental iPFHGEELIST ol folnaiesdngl opttiet drat ans ased tiared ssittothewadbibumers, In this

disclosure, air ginaiity ftebirtroducedstta admadrernes opfcsadhamwalt hurmensd inshusessair and/or fuel
introduced direcihtioyghivealpuinses andoalsoiair andlariiiekadasd ioifaswalhyrper section
through other Bgadycion golnls BsSPRAEAINLINS wall bumers A andjor fuel intoduction points
"associated with" the wall burners are typicall Iocated' about 17516 me?ers away fr6fH a wall burner.
[0035] As used rﬁdeipéﬁ%i%uacmﬁ&éga%%'ﬁﬁmebﬁ%eét? 98 B %BEHORAT Sths BRI ASHTA QTRE%E hearth burners
and optionally RIS SHEP SUPHIBRTB REA T At GaTRISHPpBifite furogicanty iefirsirtthbitraze associated
with the heartrebrinnersid avitidl disoldsatel; mirahdéorifuet inttioduced:ttena hessthreryper’ or "to the
hearth burnersgdaciugesainansdi@afuel introduced directly through the hearth burners and also air
and/or fuel adggd 4o theheanaaumersechon tioushoiherintoduction points Assaciated with the

hearth burnerﬁi Air and/or T‘nlflel | trodui tlgpaﬁglnts "%ssouate with” the hearth burners are typically

located about 173 ?3‘?%% ers away Trom a hearth burner. AR P SRRt HiBlbeE6h point located
between a heattT BUPRRIE AN A1 HUARRIUR BERMHER! {6 Treraridor errth RRSKIZR8WEIBUmer is
closer. An air #wad/efiethinmaiisctivntisoieidontec ibetwed futharadiduMesseadietween two hearth
burners is deemegnioche:associated wish the roloseraldhedwa-huf pRrealN36-Asysedderein, "air and

fuel mixture' refgrminnaomBimaian of slandimebiniodnseddogainer.he aland flgl can either be
pre-mixed befpys, prRuelion L candissR s muedalierniioduchion 163 ln a1, ciylene heater
the typical temcperatu_re rige of the outer surface of tﬁe eating ot 1S SE -tg'?(aper ay due to the
increased resiSTARCE 16 PP ARRFE RONIRIAT BYPRERRY BIT AIETRRIRADY B THERHRYEBN. When the
process tubes'SF8 (BB ALEATE LA BRI P EwTIRs & (A oatinegyne. & jsesianaidmianheatehanically
allowable tubesonétedtegringeratdienidenitheww errehliB86riker Theidumansispgeapingeyele length is
determined by:theratianabicmetali@mpesaiyintise nthe alonablernelaliamueiiusise is defined
as the differenge hehwiesn-aSlading-slsanrol.reialiemnpgratie angd-the,maximym pechanically
allowable metgl erpeigire didspy. e Jemperature rise per day feculing fiom colng. A
reduction in the tube-metal temperature of 15 K Wil Fesutt in annéreass i operating fine of ab6ut
5-10 days beforE deE5K Ty 8 Wt Tt MR BBtERI astar KEme SReeHiGy 33 ot it is desired to
keep the samB'CYEROTRHEBRGHOLISER MBEGHE sy Sehiear o thitatwdighemirgrytiene, thus
increasing the temperature rise per day due to coking, it the initial tube metal temperature has been
reduced. The higher firing rate will result in increased conversion or furnace capacity. P0O38) In a
conventional furnace operating at 10-15 % excess air, there is a flue gas recirculation pattern set up
within the furnace. The vertical flow of the firing from the hearth burners rises along the wall until it
contacts a wall burner. At this point, the momentum of the wall burner firing radially along the wall
contacts the vertical flow from the hearth burner. At this point, the vertical flow is kicked off the wall
and a vortex is formed. The conventional case is shown in Figure 1, which shows a computational fluid
dynamics (CFD) simulation that presents the flow pattern defined by release of weightless particles
from the hearth burner. There is so much energy in the wall combustion that the vortex is short and
disorganized. Further, the hearth flow does not reattach to the wall. The point where the vortex forms
is usually the point where the heat release is at a maximum and thus where the metal temperatures
are highest. [0039] Wall stabilized combustion péi?s a flame back to the wall if the flame is "rolling over'
toward the coil. It also increases the vertical momentum of the hearth burner flow and thus provides
more resistance to the wall burner kicking this flow off the wall and forming a vortex. In many cases,
the vortex occurs higher up in the firebox. [0040] When the wall burners are operated at significantly
below stoichiometric combustion (e.g., <85 eto of theoretical air including any fuel injected through the
wall below the wall burners), and the hearth burners are operated- with high excess air, including any
fuel for base burners or secondary staged tips on hearth burners, the hearth flow has much more flow
energy than the wall burner flow. Since the air/fuel mix from the wall is substoichiometric, the

combustion is slower (starved for oxygen) and the radial intensity is less. Thus the hearth flow can
dominatae [0DN0A11 <Uith-ctoichiomeaetrie wall hiirner comhiictinn allowe for a hetter more 11niform vorteayvy



[0042] In some cases, use of substoichiometric quantities of fuel in the wall burners, with the additional
air being added in the hearth burners to result in at least stoichiometric conditions overall, and in many
cases 10-15% excess air overall, results in a decrease in the maximum tube metal temperature in an
amount of about 10 to about 70K, or about 12 to about 40 K, or about 15 to about 30 K for
conventional fuels. The magnitude of the reduction is dependent upon the relative firing of wall burners
compared to hearth burners, with higher values resulting for furnaces that have a higher percentage of
firing wall buthe &2 EoP &yiprersagarrathsraisieateeinnttb vitbammatnube metattemgerature as a result
of using substeidhbritie tavagtitios tlaaitrin dbemaldnirnesswith dneadditinaalaigheing added in the
hearth burnessreuaipg MaousI LRI RROWEAHEPRERRYLLAL0 ADANE 20KQh Rkt 13 to about 40 K.

The higher values reflect the differences in fuel composition. [00431 In many instances, use of
substoichiometric quantities of fuel in t e”%%f’bﬂ‘?%%% With The SRR AFEHE i ded in the hearth

burners to resaltin at leaat s%ig‘,rﬁioq%aerfﬁcbﬂ%ﬁi?ﬁﬁ%@*b%?ﬁiﬂfsﬁ“’nﬂ’im apycast e e0uEb% excess air
overall, resulf& S B @ fHme Fredm ahe Restrfiuxalongithedengtns efthe coil by at least 3 to
about 15%, drshbmiistien seut 12%uoraheuldanmaboutia Y% Al As.sed harsin, "conventional

fuel” refers tenenivivsies comprisiRgRRBANCWRXARISN.ABC Nghek Lydracarbons. that exist as vapors

as they ente,the flinacs. Monsimiting sxamples, of conventional fuels include refinery or
petrochemic%I fuel gases fnaétu?al as, or hyc?rc') éen{;eﬁgeﬂastgr ﬁiéﬁfeé HF@WE‘S?@%'D s defined as a
& heal il i af ?

mixture comprising carbon m%ar_%;i( deeTIbER 3&”@8@?%&?‘?@@%6@@ ofaipmersis gas fuels
include the PrOBGERTMERY Gaifist GIsR DI aGRidhtioh=of petivletim eckesvackum residues, coal,
or crude oilszitimtosandipercenmgesvallosuseaddierein are based on mass unless specifically

indicated othenziisen {@045} Figuresa:shawsa Grass GecHananualisheale) 40 Heater 10 has a

radiant heatiy¢,z oRe 46 asnvectirR e, zong 16. Located in the convection heating zone 16
are the heat,ex e Sé”f?g%ii (1E d 20 wﬁ%gﬁ’ﬁ’%higs‘”&‘a%‘%’ Bre ﬁ%@f%@%ﬁﬁ?'ﬁ?@%@%ﬂng the
n %%nﬁ] [l o 8‘2 the &

hydrocarbon fee IS 70na may afsd ESHAH T HEa P EXERa IR Kidaeeioproducing steam. The
preheated fead FomAFREBRVR EESRAL e i fttsiad Dereis. therhaistifgpopitieenmeeally cegignated 26
located in the FifisinterEngingreormey it aTintaracketh prodorc bfioabiemeatingsaihafexits at 30. The
heating coilsmaiberanyrdesited sentighsatianinckiding vastisehand eiizonialcis, [0046] The

radiant heating@s=#0AeadfCRmprises walls.Assignale and 36 and a flpor or hearth 42. Mounted on
the floor areﬁ&qe\é%gjggégﬁgrghgggg Qaﬂrj‘tpetgﬁgner 46 vvgﬁ?g CAre directa uop?igﬁgfgé?‘é’a’%ﬁt heating zone
6ish ile

h
14. Each burner 46 is housed within a fie 48 of the RERRFPALYEdRdroHE stepte hans 34 and 36.
[0047] Hearth BUMRSTE AR BEDPUMCING Al SarF FRetiar aagann: sirowaitindtiga, the hearth
burner 46 cBHERTs 'BFaER AfiRielilcdu BoarpRe NG avtis Ah & hainstthegwall 24reresgh which the main
combustion@rcging fués erter i ieatendzack it hesenaymersida £4aips@Ne 9F more openings 49

for the mairiazzs) buatioriabsiaie 1 arTaNg RiGTAT: UkAdEIEs 200 NE el faddition, there may

be a spoilersiaereais Juruisnee @ggoﬁ!lqwet%g%%eer%ocg%main in the tile (not showns. There may be

additional fuglnozzles, s?sl%%%t?ﬁeoslﬁi e the tife. In other 8?%%’8%8?%"8%’%_%,‘ ¥R RY"8 and fuel nozzle
50 are not the sole source for air and el Ter ButHEPReC Rt HEY, cqmtsiAR selwiRoand fuel nozzles

(not pictureB) AR TOBLIRE B ISRIN LR BRATRSHAE IR anaverristadcisontdiopenirigs and fuel nozzles
are associdftiaIRAHUINEPTS 106 8hhn Heditometastieaseaisibusarrsithensathhumers 56 are
included in treitnrentparteolithe fisekoxerbbsvalb MANRES HB- A8 RRHRIGML0R theaalls. The wall
burners aradigsigned 5@@@@4@5&}@5{!@@1@9@%{&%\9@q&ar%ﬁprag%g} 2C10S thefwalls to avoid flame

. . . . . : arad {0 AL
impingemepf.an.the cail bes, The airflow is created by either the naturaFdraf?_o?t_ﬂe furnace,
induced drajt created by a fan hIwoc:at?_eéII ggtnt ”8"8&% eFof theed VRS hBYRARGSSEHRY 1% by a venturi

system where fuel is Used o pirare Ll W iHehivthadeSera EsasbiMaiviobite above. Fuel is
injected in BBVEFS PRACASHIERED R ENBHRE AR fOe Frsdnjeistedetuiniob & Guntotihe:diowing air stream to
initiate contlustReg thsuefigtvatiine tieettile ayjeniageandiprevidedairve iical-aggalesatian into the firebox.
This acceleveitiompushesibeifiamaicprakeng thesued.e¢ RUnRrsAesigned tg,0parate with lower NO,,

there is typisalisasecenrdanidwelRezaRH2/asated at the edge of the tile. This nozzle "stages"” the
fuel to the flowing air stream. By staging the fuel, the rate of combustion is slowed by the time required

ior fuel-air Q;jx‘i%%, Ieading to lower temperatures and thus reduced NO,. These secondary nozzles
usually are ConSidarad part SPHE AR burner system. Depending upon the angle of injection, the
fuel from riB2fbs B9 1R acha Siavsdircs s earsaatieifietng haights nbovesthabuerestile, This -results in
raising or [eRgBriRgrtees point of maximum combustion. [0049] Hearth and wall burners generally are
designed to each operate independently and are typically operated with air to fuel ratios that are
specifically intended to achieve stoichiometric combustion or, in many cases, slightly greater than
stoichiometrio combustion (e.g. 10% excess air). The disadvantage of some conventional burner
operation methods is that they produce intense points of maximum combustion leading to hot spots on
the pyrolysis coil at that point in the furnace. Hot spots created when a furnace is operated under

conditions of near stoichiometric combustion are more intense than when operated away from
ctnichiometric combiictinn One Mmethnd of avvoidina hot enote invivolvvee the introdiictinn of eveace air



[0051] The location and intensity of a hot spot from any burner is dependent on the fuel combustion
Kinetics of a particular fuel and air mixture. The closer to stoichiometric the combustion is, the greater
the temperature of the hot spot. Further, under close to or near stoichiometric conditions, peak
combustion easunssatsseme distance from the burner, i.e. away from the paintoigessstion initiation.
The kinetics of combustion and the kinetics of mixing the air and fuel define a heat release profile for
the flame. Typ t ‘J e heat is
released Whlcikﬁgﬁvéeﬁntﬁg %Vg%%ﬁgi?géggﬁgﬁégt@? %ﬁg%‘%gﬁﬁﬁgﬁg&@(ﬁs %ﬁ@%t '[0052] In
furnaces wher& Bat'h&SHH &d wall burners are used, the high heat release from the floor creates a
"hot spot" in thE%Eb&ietat Eraates! ﬁeédﬁ*é%%(‘iﬁﬁﬁ@eﬁ?@ﬁ BEIPRETAIRS ReaPreleisB5ittile, The point of
maximum heafdeleaseasdypcaloat theipotwretetiteecombustion from the hearth burner moving
vertically up theyall megts she sembustiondrom: thearalkbimens maingd adially:fremathe wall burner.

The ,CombUStiW@ﬁ%%%%FBﬂé/ %H%u@h%&’mé@%\g iGeHonsiand. Lo AmRlfY.AnRetSRAL ] he point of

maximum heat release from the .combustion defines a point of maximum heat flux to the process coil
and hence a mEHRURTRIBE A& ?emperature [0053] The method disclosed herein for operating a
pyrolysis heatdP48?ItHagsifr oy &is D CATRHERATO S BrovIaREfoF RHRATRY pRR¥rPWher&'#f hearth burners
operate with a igreatertieamitoichigiretritegirantioy ofaisfordireigombartigiedffoering®duced at the
hearth burners;addhewallbweens epesaterwithbless thandhestoichiometric quantity of air based on

the amountof el 3L WAlLWIDEIS, 0 Sy GaRbeclnents b amelhasprovides o
e with

radiant heating zon a subst ntlallry l%nIfOI’m heat {ele se I’O{I|e by distributing air around the
rofite th 0 out thm VE onveml? ?g Y%S
firebox to achiéve' par e ar air/tdel ratios. ThiS contras th prior known ﬁyhractlce where for pyrolysis

heaters, the fubl& moiE %mﬁ&%%*ﬁ%ﬁ&f@?aﬁﬁmﬁﬁt%ﬂé‘iﬁtéci”aﬁ”?&” FYSH AW given burner
remains withinaofigrtowrgargéhslidpvdicalsd e dustoistioerrstr GCfoGH] Wé@(ﬁ&i?ﬁ@ﬁﬁﬁddlmnts described
herein, the wallilny pateairoand fuelsmisbsresinas no more than about 85% of the stoichiometric quantity

of air for combysgian. dp,50me, %@é%& vxaﬁsbéﬁmﬁﬁgaw@&%émbm@@r%h@&@@twseﬂ@bout 50% to
80% of the Sto'ﬁh'orqet{ %%%%E‘Eﬁ ALor.com Pn%%%! STy ast%Héﬂ?fﬁgDJ GHFess air to
result in a total qua Fait to the heater i about 10- %8/% excess over the stoichiometric amount.
The quantity of’ 6’3&:%@?'Q?PH%ﬁ@ﬂ@é\"{ﬁ“ﬁﬂ%’é‘??@ﬁgﬁa@"ﬂ%ﬁfltﬂ%ﬂﬁﬂﬁﬁﬁg‘?{%?%Pb‘ﬁ?ﬁérs operating
under less thaistoighiofniethe conditions, considering that the firing of a single hearth burner is
approximately about 6 to 10 times the firing of a single wall burner. The important criterion is the
operation of thg mallperner {gg,§ub -stoichiornetric conditions. In some embodiments, the hearth
burners operat out 0 to.about 100% excess air,.or about 20%, to abo % excess air, or
sometimes abe% (\%I%LQ? Eo é%oufné%% %x%%%9§ glﬂrr gcéjr%e %ﬂm exge%g&ng %r aen Pfqm%n the particular
firing pattern d&%iiEY bR m@ﬁﬁéfﬂﬁnéﬁ?js\ﬂfé‘lIaﬁtﬁ’h%%"ﬁ?ﬁjﬂfﬁl?‘ﬁhr?ﬁﬁFﬁpﬂj%?tfﬁr g@‘”@%ﬁ%lly, the overall
excess air for thieraintivbvfeirhercervenmatiruatapireXinfa1yiir0s1 596 bxerssoHITCCHTSIIESt with achieving
good thermal efficiemnay: fbelisctoscddirng paten oadsitp sevenaleffectsvi0Obidethie hearth burner
flame with eXC@%&@&M@%é%@/@F&&@H@EJ@%%M‘Beareﬁh@re@my@mtm%ma@@@emeraﬂng

conditions. Thig,eade o, 150Ukd NQ, and AsiaRle 1M JORSRL The Reeessalk gy fbe hearth

Wi
burner flame mixes WItP1 the ric ef uent romt ewa urner and combu sath her elevation in

the firebox as COMFEFEdYS CHHTERRTH REELE SIFRPRRY B5haHenS nFHl%n‘?e lUced fcarth burner-wall
burner interactiHCPPEGEITtH GRS Rt ieaPiaRE v HE REEPIHPBURTNER 16 REBISTEHIRG ffBM the wall and

forming hot spats vilisates: raspaisibteddrime dasingeNGie{ 09 5% SHsedivighetnmassebitearth air moving
vertically allowsdrbetigrfyelaliaaxinpeatthertepsotfibesfirabox jeading teimprovedheat release and
more flux for the LpREK PORIAR; 9&5@959%%(@%%‘& Qﬂéﬁh\ﬂ\/@#ﬁsﬂé’ﬁc’éﬁ&ﬂwﬁlg te:Rehaynd by theory, it

is believed that these effects are ue to chan com us |oncﬁatterns res Itlnrg fror{p the high

1 N CoOnvenuona
amount of excEds GPToH e UM T Ha A urners combined with ﬁ1epFess thaE Sorchiometric air
for the wall burfﬁ%?%. Ag used herein, a “wall burner section” is a section of the heater that inciudes wali

burners and optionally includes other suppiemental introduction points for air and/or fuei that
are associated with the wall burners, in this disclosurs, air and/or fuel introduced “to a wall
burner” or “to the warl‘ burners” includes air and/or fuel introduced directly through wall
burners and also air and/or fuel added o the wail burner section through other introduction
points associated with the wall bumers. Air and/ior fuel introduction points “associated with”

the wall burners are typicaly located about 1/3 10 5 meters away from a wall burner.



Typically, furnaces are run at 10-15% excess air to ensure the complete and stable combustion of fuel.
In a furnace operated according to the disclosed firing pattern, the higher excess air from the hearth
burners increases the mass flow of the combusting gases vertically. The higher amount of excess air
from the heasilwburgersand lower combustion “intensity" at the wall resulting-freryihesigaiiced air
combine to yield a difference in momentum at the point where there is a hot spot created in a

conventional h ik gohl leddnace, %!Qan'm izedhe detachgiantalibedame fiamdhe wall. The

disclosed tirin ttern a so chang es t pical’ heat flow pattern within th e box to mcrease the length
of the vortex zé‘ﬁ%ﬁhﬁﬁjé“ﬁ?éi?ﬁ %DE?&B“&B?&H%%H&?I&?HB@W@‘ RS SR RRRSARIPBAPSEY allows for
rapid combustitys! faiiseewespBriprafUBS iraiifURl b AiFGHRveTr LATRINE VR SiFis nearly
consumed, befese ebatging o armore:gradtial.combusticr astheifuelsichimuixtereMiies with the

excess air from theglowenpakh %Lm&sf ikebaidndroghigad:in theshearthoouwnersufbescerahination of more
excess air in the, he%” hBPrH%? %%Rtgt%gﬂé%”éﬁt [oxci i %%‘?EN"S’U %é‘u’é“%?r thus plsgreduces NOx

and provides a smoother heat release profile across the vert h of the firebox, and promotes
more uniform dBiioRHst ?Pt%‘fﬁﬁe?éfﬁ?éagegﬁvd”bgf?&eﬁgg S A bAiIR ciﬁtc:suar%(}%pzraqung a pyrolysis
furnace accordifiiete anavdietiadear firhve Patterfiinpioves W%ﬁ?&ﬂ%’ﬁt K aeEREMGGrdater uniformity
in the tube Mmetadstemperaturesand Hluxeprofideroaen thercoictiirdughoticthesstevatioriofdahe firebox as
evidenced by thg gatapravitiedobsiow dORR:Ibshauidbe.sngerstandhiatibe tallowdng examples are

given only for purpgses AL Lstallon abdin greer naLthe fing,mathed disclosed herein may be more

fully understood. These examples are not |nten ded tq limit in any way th the scope of(}k}e glsclosure
uniess otherwiS&EPetTidaRS Fafatdd. EXaHprE! ’fuiﬁofgéﬁrﬁltcu?e%) dP rep reggnt data from
computational WW&?&%E‘?{Cﬁ'_f?)%Wﬂﬂéf%ﬁ%"t@'Tﬁé’iﬁé’rﬁ%ﬂ'ﬁt@%%@@?ﬁ@é‘f%‘%rﬁ&%ﬂemperature
profiles of an etayterefiurdade: firingativethane/hydrogen fuel using a conventional firing pattern and
the new firing pastern descebgenbargin: The gerapsationalduiddynamicssisuationsider all examples
were performeqeuﬁhgg:flgea%uegcamgaﬁagﬂbé ?OV%%@%M%FQH%@L%QM@%M% available from

Fluent, Inc. Other softwar% gac agfes known |n % an be utilized with th ‘{3 nt |Qvent|on to
ene

e
recreate the reSUfE GESES CEreine E%% For roc%??é??@ he eth %rﬁace fired a total
of 348 MM BTLﬁﬁP%ﬁH*ﬂf@%@{"EYS?YW%H‘%%[E@I"B?'BQ%@ R R LR r‘ﬁ’g}%e%em% to a single
row of wall burisess. ifitherdealbbiBfiers. aredoatec: atrgrdistangeedbedioir Sde(9etbiméiers) above the
hearth. The simatioesshowtheriube metahtempenatureasaniunationiof lestatéarnfrom the hearth
burner to the t%@&%@@e@eéﬁ%@%m@amﬁ &%ﬂ@éﬁﬂ&r‘éﬁﬁé’H%%%E%ﬂﬁ&ﬂn‘i@éhﬁiﬁ%mfefence of the
coil at any eleva |on In b tn cases, a hearth fg)u(l;]n I’Wlt out a venturi %VF?ue %!s &I Was | used. The

"conventional case’ had an ope ﬁ?%fmean Verart sized or schieving sight Ve Stoichiometric air. The
examples of thé W&W*&%H&Bﬁﬁ%@ﬁ%‘%{%%ﬁém& Bnd dLiEE é'aat?) &%ﬁ?&%é“rﬁ@%"&f‘%qr flow than the
conventional cége ffobte Ssifrarpringrieaptdnsdtoprige/ i frthie BEapRBlrhEY SPIUB2] In Figure 5

the ethylene fufneceiwas ivperated accerdingstoa cokumentiosalditieg pattessyateerezbath the wall
burners and thﬁa_h@ﬁémghw ﬂ@f@rﬁ@dﬂﬂ@ Airdastueliaiienpé40.8 ahichagpiasentsapprexmately 10%
excess of stolchipmelfio Alt, 00631, laucesB. e £iens unage had Ihe sAme: ek distribution

pattern, e.g. 84% of the fue hearth burners and 16% of the fuel in the wall burners. But, in
contrast to the cﬁrﬁ%?ﬂ%on‘a?aﬁ ?ﬂgobfai?eaf:ﬁ %?Fflgrﬁre 5, the wall burners were designed and operated
with an air to fuel3fiads ?ﬂ%@ﬂ@@b?ﬁ?ﬁ%&ﬁ’ﬁﬁé‘ﬂé@%d%@ thexsesichloMeRie air'Heéaed for
combustion. Thecimalggooaitenotanjesitch hdhenaal Huenverscadssmbvedrg fhenhearda®urners. Given
the smaller duty efdieewallibvy prreathesbstantios caapgedn thenwabibuimenaitdaduedratio did not
represent as lagge, animpagt ondhehasriRuBrsALLR HelLalia Hheheahdumsisevere operated

at an air to fuel ratjo of 2 epres e % excess.air. The ntlr furnace
(hearth and waﬂ\ E%jur %’P%thoe Veera'l eﬂ ov\vl%r'%a Eeé Tg@B excesgI aﬁozﬁﬁiéﬁ Eﬁé ﬁ?lﬁon\fﬁelﬁvﬁg plots, the tube
metal temperafifé Eﬂfﬂ@%&ﬂﬁ?ﬁ@‘ﬁﬁﬁ?ﬂfé‘?ﬁ’ﬁ@ T BPEY BHCHAIE “mémg'?ﬂﬁ”catlve of a
smaller differerice bespaeheiompeatient AsTed pHirfisasmienssEratarRBtsiReMPR BSiNRTbth. A flatter

temperature prefileovendherheightiof thergpihalsovaticatesdtoprovetcoingtilization and a lower peak
metal temperatiggsEisthernane, whilkdheR¥appiescesespandingdo rigscrandsbdiath had the same
heat input into &Q%QEQ&#??% BQAEN}%@ Pgﬁtwﬁecaecm?eﬁggsm@ flame.(ap-cunue) f fgie 6 had a

maximum tempera the conventional method shown in Fig. 5 yielded a maximum
tube surface teﬁ'?pe?g(l?d?e“ %‘?ri%@lgreﬁh% &itference is 15K. For Figure 6, it can be seen that there is a
substantially gfe2i®r diabeiRbbrerearaBEbmRYIA tRETSFGI e U6l (H]@ﬁ@?%‘%v%ﬂﬂ%ﬁwfhere is no
drop-off of metal temperatures in this zone that would indicate lower heat flux to the coil at that point.
The bottom of the pyrolysis coil has similar conditions as evidenced by similar metal temperatures.
More uniform heat flux represents better utilizatiorf of the coil. Example 2 [0065] Figures 7 and 8
represent data from CFD simulations to demonstrate the respective vertical heat flux profiles of an
ethylene furnace firing the same methane/hydrogen fuel. The cases are identical to the cases shown

in Figures 5 and 6. The furnaces are operated according to a conventional firing pattern and an
oambodiment of the new firina nattern deceribed hereain In Eicrire? the nlot hace a nrononiinced "neale



the flux in the firebox under conventional firing conditions at the point where the hearth burner flame
encounters the wall burner flame. [0066] The plot of Figure 8 does not show the extreme heat flux
differential between the top, bottom and middle portions of the coil that were evident in Figure 7. As a
result, the finpg patiesm of the present disclosure produces a flatter flux prefitevgttnaozaximum flux of
1.12 X 105w/m2 at an elevation of approximately 11 meters above the hearth or significantly above the
elevation of the row of wall burners. The reduction in maximugrphlexair%%bout 5. 7%:,1his reduction

translates into &8 R Fldl BRS RCATSIRIR TEB & RTSTAr temperature. Example 3 [0067] The effect of
moving air aroWdﬁtﬂﬁfem%mim%%WWé%FﬂﬁdM%gW%%@Lfl?@%f\%gp %ited. A CFD
simulatic_)n was-eanducteshincahickha ywyrslysisfunizheeswasfrédbwith synthesis gas instead of the
conventional 9QgkemethanehyskpaemBlixtuke. chbesorapasiian-nishesayntberisgasivas: Table 1
Conventional E}gf%lb§%{i%%h Séls g%g % M%J\e%%ﬁaat air including any fuel injected through the wall below

the wall burners), and the hearth burners are operated with high excess air, inchuding any

fuel for base burners or secondary staged tips on hearth burners, the hearth flow has much

more flow energy than the wall burner flow. Since the air/fuel mix from the wall is sub-

stoichiometric, the combustion is stower (starved for oxygen) and the radial intensity is less.

Thus the hearth flow can dominate.

[0041] Sub-stoichiometric wall burner combustion altows for a better, more uniform voriex

formation (at a level above the lowest row of wall burners) and thus smoothes out fhe flux

profites by controliing the heat release or combustion profiles. As a result, the meial

temperatures are iower. Figure 2 shows the smoother pathlines of flow that are obtained

when air is moved from the wall burners to the hearth burners. The simulations shown in

Figs. 1 and 2 usé 10% excess air based upon the overal! firing to the furnace.

[0042] In some cases, use of substoichiometric quantities of fuel in the wail burners, with

the additional air being added in the hearth bumers to result in ai least stoichiometric

conditions overall, and in many cases 10-15% excess air overali, results in a decrease in

the maximum tube metal temperaturs in an amount of about 10 to about 70 K, or about 12

tc about 40 K, or about 15 to about 30 K for conventional fueis. The mégnitude of the

reduction is dependent upon the relative firing of wall burners compared to hearth burners,

with higher values resulting for furnaces that have a higher percentage of firing wall burnars,

For synthesis gas, the decrease in the maximum tube metal temperature as & result of

using substoichiometric quantities of air in the wall burners with the additicnal air being

added in the hearth burners can be about 10 to about 80 K, or about 12 to about 50 K, or

about 15 to about 40 K. The higher values reflect the differences in fuel composition.

[0043] nmany instances, use of subsicichiometric quantities of fuet in the wall burmners,

with the additional air being added in the hearth burners to resuit in at least stoichiometric

conditions overall, and in many cases 10-15% excess air overall, resulis in a decrease in

the maximum heat fiux atong the lengih of the coil by at ieast 3 to about 15 %, or about 4 10

about 12 %, or about 5 to about 1G %.

[0044] As used herein, "conventional fuel” refers to mixtures comprising methane,

hydrogen, and higher hydrocarbons that exist as vapors as they enter the furnace. Non-

limiting examples of conventional fuels include refinery or petrochemical fuel gases, natural

gas, or hydrogen. As used herein, “synthesis gas" is defined as a mixture comprising

carbon monoxide and hydrogen. Non-limiting examples of synthesié gas fuels include the

products of the gasification or partial oxidation of petroleum coke, vacuum residues, coal, of

crude oils. Al ratios and percentage values used herein are based on mass unless

specifically indicated otherwise,
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{0045] Figure 3 shows a cross section of a pyrolysis heater 10. Heater 10 has a radiant
heating zone 14 and a convection heating zone 16. Located in the convection heating zone
i6 are the heat exchange surfaces 18 and 20 which in this case are illustrated for
prehaeating the hydrocarbon feed 22, Thiszone may also contain a heat exchange surface
for producing steam. The preneated feed from the convection zone is fed at 24 to the
heating coi generally designated 26 located i the radiant heating zone 14. The cracked
product from the heating coil 26 exEté at 30, The heating coils may be any desired
configuration including vertical and horizontal cofls.

[3046] The radiant heating zone 14 comprises walls designated 34 and 36 and a floor or
hearth 42. Mounted on the floor are the vertically firing hearth burners 48 which are directed
up inside radiant heating zone 14. Each purner 46 is noussad within & tile 48 on the hearth
42 against one of the walis 34 and 36,

[0047] Hearth burmners can be of differing designs. in the arrangement shown in Fig. 4, the
nearth burner 48 consists of a burner tile 48 on the hearih 42 against the wall 34 through
which the main combustion air and fusl enter the heater. Each of these burners 46 containg
one or more openings 49 for the main combustion air and one or more primary fuel nozzies
50 for the fuel. in addition, there may be a spoiler 1o create turbulence and allow the flame
to remain in the tile {not shown}. There may be additional fuel nozzles 52 located outside
the tile. In other embodiments, opening 48 and fuel nozzle 50 are not the sole source for alr
and fuel for burner 48. Rather, additional openings and fuel nozzies (not pictured) are
tocated pi’oximate to burner 46 such that these additionai openings and fuel nozzies are
associated with burner 46,

[0048] In addition to the hearth burners, the wall burners 56 are included in the upper part
of the firebox. The wail burners 56 are mounied on the walls. The wall burners are
designed to produce fiat flame patterns which are spread across the walls to avoid flame
impingement on the coil tubes. The air flow is created by either the naturai draft of the
furnace, induced draft created by a fan located at the outiet of the conveciion heating zone
16 by a veniuri system where fuel is used to inspirate the air. into the furnace, or &
combination of the above. Fuel is injected in severai places in the burner. Primary fusel is
injected at inlet 50 into the fiowing air stream to initlate combustion usually within the tile
opening ang provide for vertical acceleration into the firebox. This acceleration pushes the
flame up along the wall. For burners designed to operate with lower NO,, there is typically a
secondary fuel nozzle 52 located at the edge of the tile. This nozzle “stages” the fuelfo the
flowing air stream. By staging the fuel, the rate of combustion is stowed by the time
required for fuel-air mixing, leading to lower temperatures and thus reduced NO,. These
seconcary nozzles usually are considered part of the hearth burner system. Depending
upon the angle of injection, the fuel from nozzles 52 reaches the air stream at differing
heights above the burner tile. This results in raising or lowering the point of maximum
combustion.

[0049] Hearth and wall burners generally are designed to each operate independently and

1



Total 100 100 Heating Value (BTU/Ib) 22000 4280 Air/Fuel (Stoic. ratio) 17.5 2.6 [0068] The synthesis
gas fuel required considerably lower amounts of air per unit fuel. The stoichiometric air to fuel ratio for
this synthesis gas fuel was 2.6. [0069] Figures 9A and 98 are graphs showing the respective outlet
tube metal tamparaiysesprofiles throughout the elevation of an ethylene fupgacestisirgdhe synthesis
gas fuel under conventional firing conditions and under conditions according to an embodiment of the
present invention. Figures 9A and 9B represents data from CFD simulations of an ethylene furnace in
which 45% of & fEFHaSHARRNEY t5 ttﬁeﬂf?éé?fﬁsom‘ﬁe%easﬁ(ﬁ@g%yoﬂ%dsﬁ?e V\?gﬁledylgtributed to six
(6) rows of waltibiahirsrsithseiaridoeateBaNorRythe ifiyaester than stoichiometric combustion

(e.g. 10% excess air). The disadvantage of some conventionat burner operation methods is
that they produce intense points of maximum combustion leading to hot spots on the
pyrolysis coil at that peint in the furnace. Hot spots created when a furnace is operated
under condittons of near stoichiometric combustion are more intense than when operated
away from stoichiometric combustion. One method of avoiding hot spots involves the
introduction of excess air into the furnace. However, introgucing excess alf aiso tends 1o
reduce the averall thermal efficiency of the furnace.

[0050] A known approach for adjusting the temperature of combustion in a furnace
involves fuel staging, or the process of moving fuel outside the combustion zone and letting
the fuzel mix with excess air. As indicated above, conventional hearth burners operate with a
mix of fuel and air at slightly ahove stoichiometric conditions {approx. 10-16% excess air).
These candifions produce stiff flames within the firebox and there is minimal fiame
impingement on the coils, With the onset of NO, requirements, fuel siaging has been used.
For systems using hearth burners, “secondary” hearth burner fuel has been introduced at
points further and further away from the location of the “primary mix" that initiated
combustion. Under these conditions, as the lean flame moves up into the firebox, the
“secondary” fuel mixes slowly into the flame and completes combustion at a net lower
temperature. When wall burners are employed in a furnace, the heai release profile that is
obtained is the result of the hearth burners coniroliing the heat reiease characteristics of the
lower por*;‘edn of the firebox, while the wall burners control the heat release charactenstics of
the upper portion of the firebox. in furnaces where both hearth and wall burners are used,
the high heat relgase from the floor creates a "hot spol” in the firebox that creates a
corresponding high point in the heat release profile,

[00561] The location and intensity of & hot spot from any burner is dependent on the fuel
combustion kinetics of a particular fuet and air mixiure, The closer to stoichiometric the
combustion is, the greater the temperature of the hot spot. Further, under close to or near
stoichiometric conditions, peak combustion occurs ai some distance from the burner, i.e:
away from the point of combustion initiation. The kinetics of combustion and the kinetics of
mixing the air and fuel define a heat release profile for the flame. Typically, the lower
portion of the flame is cool but as mixing occurs, the more heat is released which eventually
creates a concentrated zone of high heat release or “hot spot.”

[0052] In furnaces where both hearth and wall burners are used, the high heat reiease
from the floor creates a “hot spot’ in the firebox that creates a corresponding high pointin
the heat release profile. The point of maximum heat release is typically at the point where
the combustion from the hearth burner maving vartically up the wall meets the combustion
from the wali burners moving radially from the wali burner. The combusting mixiures
moving in opposite directions tend to amplify any hot spot. The point of maximum heat
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[0070] In Figure 9A, the air to fuel mass ratio for all burners (hearth and wall burners) was 3.02 which
reflected a 15 % excess air condition. As indicated by the graph, the conventional firing pattern
produces a "spiked" temperature profile with a maximum temperature of 1355K. The combustion of

this fuel procgededsyany rapidly as a result of the higher hydrogen contentdpthabfuehollis noted that
the hydrogen component has a very high heat release and burns rapidly. This led to a point of

maximum combustion lower in the furnace that wasf%ute intense. 007 In Flgﬁ ?B dIhe same

ethylene furnaC&eaR o8I iR eHRSR S A h3L L ST ROWeVET, e o TR AT B el was reduced
to 63% of the SBNERRMRBITARNGBATH BHPEEEER to fuel ratio of 2.19 (mcludlng the fuel fired on the
wall for wall stafifization) mEleddiaveeddfatimiasdiretied tortheihaeater burhers tsder the
circumstances gfiasmuchshgheepercentagari-therfuelfinecin thewal fevipermangdher operation of

these burners g susigichiome Jiggne@fmlmma the beasibihymers aRRIAle-ata RR%axRess of
stoichiometric. As illustrated in t g‘r&%% '%ht ewmgﬁpattern thagtwafsau ed had a dramatic

effect on the tuBE HEAT 1A W@Pa}Pure S‘Pﬁ%ratFo was not a spi N BatTa 5

er 4 smooth curve with a

maximum temﬁér‘ﬁﬁﬁ@‘%ﬁ‘l?gﬁ)ﬁ Wﬁdé'é?ﬁﬁéf‘é‘?ﬂ%“&b‘fﬂ%ﬁtl%‘ﬁﬁﬁﬁf@@Sﬁlﬁ%@ed‘b%?aﬁon of the
furnace accordinyitedhe nearfitingipatern déscrilsetbhetein procducedza Feksediitiomin the maximum

tube metal temparatiirg foRmmat 1Q0FLA SRR wascrndyaied-mwhich threadifferent levels of
firing were useg.@é'msamémuw%wser Bywaéwa@/slq%w%em@éel IRMpEliyresJesulted as the

air in the wall burne\}\{? was reduce ue% stglchlometrlc The fuel was %90/10 methane hydrogen mix.

he i’l&t a En bumer femains i 8 narrow ran
The results are 5?1% nbﬁe ow on T a Eird
siightly above stoichiometric,

[0054] In certain embodiments described hereir, the wall burner air and fuel mbdure has
no more than about 85% of the stoichiomelric quantity of air for combustion. In some
cases, the wall burner air and fuel mixture has between about 50% to 80% of the
stoichiometric guantity of air for combustiors. The hearth burners provide excess air 10
result in a total quaniity of air 1o the heater in about 10-15% excess over the stoichiometric
amount. The quantity of excess air in the hearth burners depends upon the numbaer of wali
burners operating under lass than stoichiometric conditions, considering that the firing of &
single hearth burner is approximately about € to 10 times the firing of a single wall burner.
The important criterion is the gperation of the wall burners in sub-stoichiometric conditions.
in some embodiments, the hearth burners operate with about 15% to about 100% excess
air, or about 20% to about 80% excess air, or somefimes about 20% to about 80% excess
air. The amount of excess air depends upen the particular firing pattern desired for the
hearth and wall burners and the particutar fuelin use. Usually, the overali excess airfor the
entire furnace remains at approximaiely 10-15 % excess alr consistent with achieving good
thermal efficiency. The disclosed firing patiern leads to several effects:

[0055] The hearth burner flame with excess air has a lower temperature as compared (o
conventional furnace operating conditions. This leads to reduced NGO, and a stable flame.
[0056] The excess air from the hearth burner flame mixes with the fuel rich effluent from
the wall burner and combusts at higher elevation in the firebox as compared 1o conventional
furnace operating conditions. This reduces hearth burner-wall burner interaction, preventing
the vertical flarme of the hearth burner from detaching from the wall and forming hot spots.
It is also responsibie for reducing NQ,.

[0057] The higher mass of hearih air moving veriicaily allows for better fuel-air mixing at
the top of the firebox ieading to improved heat release and more fiux for the upper portion of

) the pyrolysis coil.

[0058] While not intending to be bound by theory, it is believed that these effects are due to
changes in combustion patterns resulting from the high amount of excess air intfroduced at
the hearth burners combined with the less than stoichiometric air for the wall burners,
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Tyoically, furnaces are run at 10-15% excess air 1o ensure the complete and stable
combustion of fuel. tn a furnace operated according to the disclosed firing patiern, the
higher excess ait from the hearth burners increases the mass flow of the combusting géses
vartically, The higher amount of excess air from the hearth burner and iowsr combustion
“intensity” #t the wall resulting from the reduced air combine fo vield a difference in
momenium at the point where there is & hot spot created in a conventional hearth/wall fired
furnace and minimize the detachment of the fltame from the wall. The disclosed firing
pattern also changes the “typical” heat flow pattern within the box {o increase the length of
the vortex zone. The use of a sub-sioichiometric mix of fuel and air in the wall burner allows
for rapid combustion of the wall burner fuel in a fuel rich environment until the available air is
nearly consurmed, before changing to & more gradual combustion as the fuel rich mixiurs
mixes with the excess air from the lower part of the firebox introduced in the hearth bumers,
The combination of more excess air in the hearth burners and sub-sioichiometric air in the
wall burners thus alse reduces NOx and provides a smaother heat ralease profile across
the vertical length of the firebox, and promotas more uniform coil metal temperaiures and
better use of coil metallurgy., {n sum, operating 2 pyrolysis furnace according to the
disclosed firing patiern improves coil utilization by effecting greater uniformity in the tube
metal temperature and flux profite over the coil throughout the elevation of the firebox as
evidenced by the data provided below.

[0059] It should be undersicod that the following examples are given only for purposes of
llustration and in order that the firing method disclosed here‘m may be maore fully
ungersioed, These examples are nof intended ¢ limit in any way the scope of the

disclosure uniess otherwise specifically indicated.

Example 1
f[00B0) Figures 5 and 6 represent data from computational fluid dynamics {CFD)

simulations to demonstrate the respective vertical temperature profiles of an sthylene
furnace firing a methane/hydrogen fuel using a conventional firing pattern and the new firing
pattern described herein. The computational fiuid dynamics simulations for all exampies
were performed using Fluent, a commercially available computationa! software package
available from Fluent, Inc. Other software packages known in the art can be utilized with
the present inveniicn {0 recreate the resulis described herein.

[0081] For both firing patterns, the ethyiene furnace fired a total of 348 MM BTU/hr and the
fuel distribution consisted of 84% to the hearth burners and 16% ¢ a single row of wall
burners. The wall burners are located at a distance of about 31 ft (9.45 meters) above the
hearth. The simulations show the tube metal temperature as a function of elevation from
the hearth burner to the top of furnace. The multiple lines represent Qarious positions on
the circumierence of the coll at any elsvation. in both cases, a hearth burner without a
venturi type system was used. The “conventional case” had an opening and draft sized for
achieving slightly above stoichiometric air. The examples of the naw embodimenis had an
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opening and draft sized to achieve higher air flow than the conventionai case (for the sum of
primary and secondary fuel in the hearth burner),

100821 In Figure 5 the ethylene furnace was operated according to a conventional firing
pattern whare both the wall burners and the hearth burners had an air to fuet ratic of 19.6,
which represents approximately 10% excess of stoichiometric air,

10083] In Figure 6, the ethylene furnace had the same fuel distribution patfern, e.g. 84% of
the fuel in the haarth burners and 16% of the fuelin the wall burners. B, in contrast to the
conventional firing pattern of Figure 5, the wall burners were designed and operaied with an
air to fuel mass ratio of 9.8 or approximately 50% of the stoichiomelric air needed for
combustion. The mass of air not injected in the wall burners was moved 10 the hearth
burners, Given the smaller duty of the wall burners, the substantial change in the wall
burner air 1o fuel ratio did not reprasent as large an impact on the hearth burner air {o fus
ratio. The hearth burners were cperated at an air o fuel ratio of 21.5, which represents
approximately 21% excess air. The entire furmace (hearth and wall burners) operated
overall at 10% excess air.

[0064) Comparing the two plots, the tube metal temperature profile resulting from the firing
pattern of Fig. 6 is flatter, which is indicative of a smaller difference betwaen the maximum
and minimum temperatures over the coil length. A flatter temperature profile over the height
of the coil aiso indicates improved coil utilization and a lower peak metal temperature.
Furthermore, while the examples corresponding to Figs. 5 and § both had the same heat
input into the process coil, the tube surface closest to the flame {top curve) of Figure 8§ had
a maximum temperature of 1 283K while the conventional method shown in Fig. 5 vislded a
maximum tube surface temperature of 1308K. The difference is 15K. For Figure €, it can
be seen that there is a substantially greater amount of heat absorbed in the top of the coil
{higher elevation). There is no drop-off of metal temperatures in this zone that would
indicate lower heat flux to the coil at that point. The botiom of the pyrolysis coit has similar
conditions as evidenced by similar metal temperatures. More uniform heat flux represents

better utilization of the coil.

Example 2
[0065} Figures 7 and 8 represent data from CFD simuiations to demonstrate the respective

vertical heat flux profiles of an ethylene furnace firing the same methane/hydrogen fuel
The cases are identicai to the cases shown in Figures 5 and 6. The furnaces are operated
according to a conventional firing pattern and an embodiment of the new firing patiern
described herein. In Figure 7, the plot has a pronounced “peak heat flux” of 1.2 e+5 w/m2
at an sievation approximately 9 meters from the bottom of the firebox. This is at the
elevation of the single row of wall burners in that heater. The top and bottom portions of the
coil are relatively colder than the middte portion of the coil. Thus, the morg pronounced
peak of Figure 7 illustrates the presence of a “hot spot” that forms as & result of increasing
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1442 Flue Gas 02 mole frac .0115.0095 .0096 Max TMT, K 12881270 1300 [0073] Table 2 shows that
as fuel ratios change, maximum tube metal temperatures (TMTSs) shirt. The highest hearth air results
in the lowest metal temperatures (case 4-2). [00741 The embodiments described herein are
particularly ugefubdp/ e production of olefins, and are useful in systems emplayinggaryentional as
well as low NO burners. The embodiments are particularly useful where a larger number of wall

burners are emplqyed, andphere Al Balefueks 3R d e B0 Al thananthe wenhagiments have

been described with reference to et{gxlggtiﬁ furnraﬁa%g, the firing pattern is not limited to such burners, or

. burper {lame encouniers burpe . - )
their arrangemen?s or Getaife Flirnaces that fire Wltﬁ a combination of wall burners ar'hd hearth burners
5]

where the wall BRfflers s RPbY & arEdE R 885 HEH BT TE 86O the LB At Al Fequired, or
between 50% torB®%oftiieritcichivinetric &t rebilirerrwityitee! afinte of AirietHl ffroduced at the
hearth burnersirwbich@peratevathbetveenabotiic20%6i10:l 009 raieess aingareindludéd. Higher

amount of air ajsg ¢a e used.HNa:SOPS IS AlsaBt imitee Bydhamattarm erdesations of the wall
analor hearth bmers wihin ihe fuinace . Sillariv. einetmad leatians. adanialions.and alternatives

apove ing ale
may occur to one s% e§ Inthe art without departing from the spirit and scope of the embodiments
described here@ﬂ%. This reduction translates into the 1% K reduction in maximum tube metal

temperaiure.

Example 3
[0067] The effect of moving air arcund the firebox was even more prohounced when

alernate fuels were fired. A& CFD simulation was conducted in which a pyrolysis furnace
was fired with synthesis gas instead of the conventional 90:10 methane:hydrogen mixture.

The composition of the synthesis gas was:

Table t

Conventional Fuel Synthesis Gas
Mol %
CH, 80 0
M2 10 374
cQO 0 43.6
CO, 0 18.3
Total 100 100
Heating Vaius (BTU/Ib) 22000 4280
Air/Fuel {Stoic. ratio} 175 2.6

[0068] The synthesis gas fuel required considerably iower amounts of air per unit fuel. The
stoichiometric air to fuel ratic for this synthesis gas fuel was 2.6,

[0069] Figures 9A and $B are graphs showing the respeciive outiet tube metal temperature
profiles throughout the elevation of an ethylene furnace firing the synthesis gas fuel under
conventional firing conditions and under conditions according to an emboediment of the
present invention. Figures 9A and 9B represents data from CFD simulations of an ethylene
furnace in which 45% of the fuet was distributed to the hearth burners and 55% of the iuel
was distributed to six (8) rows of wall burners that were jocated along the furnace.

[0070] InFigure 9A, the air to fuel mass ratio for all burners (hearth and wall burners) was
3.02 which reflected a 15 % excess air condition. As indicated by the graph, the
conventional firing pattern produces z “"spiked” temperature profile with a maximum
temperature of 1355K. The combustion of this fuel proceeded very rapidly as a resutt of the
higher hydrogen content in that fuel. it is noted that the hydrogen compenent has a very



Claims: 1. A method of operating a heater including a radiant heating zone comprising a lower portion
including a hearth burner section and an upper portion including a wall burner section; at least one
tubular heating coil located in the radiant heating zone, the heating coil having a length; the hearth
burner sectiag:camprising a plurality of hearth burners located adjacent tophedatiamdagarth for firing
in the radiant heating zone; and the wall burner section comprising a plurality of wall burners located
adjacent to the!} RASIN @'&nagﬂ%ﬁrm%ﬁﬁ@ COMPHFIG: point ol MEGARGINSRREWRILBUFNer section a
first air and fu |xtur ss than the stoichiometric quantity of air for combustion of fuel
introduced to tHE WAIRBLFREIES SR TS introducing to the hearth burner section a second air
and fuel mixturBIFAVily rEateR tHarFIRe SIBITRHBRTE M/ BFRHIRS VIRBUEESIDF fuel introduced
to the hearth buoswevessdtiore wall bineecvesaliequetttittet aitintrogticedits thewearts&¥ner section and
wall burner sectiop:bging.at least:asthighiemetiiccuantityal 2 Thesmeitbodrof taisaidnweherein the first

air and fuel mixurp cOMprIses 1o arE:han, A% of e staichiomelrie.durntinaf algfor combustion
3. The method of claim 1 W erein.t aiﬂrSt alrl} d fuel m%ﬁture comp g a%out 50% t u% 80% of the

stoichiometric §E&RTRFHPAIEOIFCERBOSOR 2 UTRE fa efra‘tfalm Wherein the mixture of air and
fuel introducedSlIEREEE B AN piR TR R Y AL SRR AN R R G ST Sh RSB P RFFSr Combustion of
fuel introduceditossaiid walk huapes! FauThebribtfodeofatiaimthat wirevesd tiad atauadof&f and fuel
introduced to egciaof taenbearh hinnrss hasgreatendhamnihe staichiometria guantityotair for

combustion of (el Inioghised e hearhaaner, & FhRmethedtiskain A wbeieindhe mixture of
air and fuel introduced to each of the wal rners tsﬁ{a su stomhmg&gtggreq‘yﬁ%%%gg air for

Hon of e raoeacar o e N dgs
combustion of fi&lAntroduced 16 Sai I'P%urner thod of claim 4 wherein the plurality of

hearth burners’Stigpiy/is B‘éfﬁ?rféé"ﬁ‘i‘%ﬁlw%&iﬁqﬁfﬂgﬁ‘i’&?f&i&rﬁamlty of air for the combustion of fuel

introduced to the wall burner section.

Exampie 4
[0072] A CFD was conducted in which three different levels of firing were used with

conventional fuels. Progressively lower tube metal temperaiures resulied as the air in the
wall burners was reduced below stoichiometric. The fuel was a 80/10 methane hydrogen

mix. The resulis are shown helow on Table 2.

Table 2

Ethyiene Hester Study Conventional Fuel

Case | 4-1 4-2 | 4-53
Air to Fuel Ratio

Totai 18.58 18.37 18.55
Feanh 20.71 5788 15.02
Wall . 17.15 15.33 18.26
Coil Ou’;ie‘( T, K 1102 1101 1106
Bridgaewali T, K 1448 1466 1442
Flue Gas O2 mole frac 0115 0085 .008e
Max TMT, K 1288 1270 1300

[0073] Tabie 2 shows that as fuel ratios change, maximum tube metal temperatures
{TMTs) shift. The highest hearth air results in the lowest metal temperatures (case 4-2).
[0074] The embodiments described herein are particularly useful in the production of

olefing, and are useful in systems employing conventional as weli as low NO, burners. The
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8. The method of claim 1 wherein the heater operates with 10-15% greater than stoich ometric quantity
of air for combustion overall. 9. The method of claim 1 wherein greater than the stoichiometric quantity
of air for combustion of fuel introduced to the hearth burner section comprises 20% to 100% excess
air. 10. The wethagnkelaim 1 wherein at least one of the wall burner sectionaggdfieshearth burner
section includes a supplemental introduction point for at least one of air and fuel. 11. The method of
claim 1 whereln the fuel contain ast ol Ah dro engdas. 12 The met laim 1 wherein
use of less thaf tﬂ to|c%fa(gﬁf)eatri%u%ﬂ5n§|?§?/§o%ﬁ?elﬁ%{1 5!%%?82‘?“%@%‘%{8%;?35@%%%% eegjtemperature
difference alorfj$aiePireedics2torifhred to a system in which a stoichiometric quantity of air is
introduced in tHRO Al IMmen sectorPodiBersniensorest cisertRty Wihaakerinel iRIipgyadiant heating
zone comprisingra:dewerdipirtioniacl udingiaiti@asth burneree otior anthageuppewportidn including a
wall burner segiop, at Lﬁ@mwmmm il losatedin theJadiani-heatingrzong; the hearth
burner section comprising 2 Bluali.of head humets RealeAAtiagentda e Brligmaeartn for fiing

in the radiant heatlng zone and the wal urner section comprisin lurality of wall burners located
adjacent to the B@BQWQM%YOEHQWEWOWE?ﬁ‘ﬁ'ﬁ‘ijﬁﬁ’é{he ba'al?ft? gﬁ’{: J AL G fuel mixture to
the wall burnerhsedtiom e fibsthaipeipd a8 aeixeaRe brw RRTH &5 SR B8 SIBi BFCTABESE - quantity of air
for combustioniigher dptsoctusinig esseeond aieandfaetomixtupstorthéntiedrth harmaesection in a

direction generigly;paraiighin.hedepath af dhadieaiing:soibihe.sesand, aif-anddumimbdure haying
more than the sloighiomeliic. guantiny 5%@5@9@9%@%@&@9mqwgaﬁ iy SORELSIRG A fuel and airin the

radiant heatlng zone wherein air and a portion of the fuel introduced at the wall burner section
combusts at a fr&Y 88%8%?|8H%?@3?\%”é9ﬁ%ﬂ%ﬁr%ﬁﬁg i'introduced at the hearth burner section
combusts with a portion of the fuel introduced at the wall burner section at a second combustion rate
that is slower than the first combustion rate. 14. The method of claim 13, wherein the temperature
difference along the length of the heating coil is at least 10 K smaller than the temperature difference
along an equivalent heating coil for a heater using equivalent overall flow rates of fuel and air in which
a stoichiometric quantity of air is introduced at the wall burner section. 15. The method of claim 13
wherein the first air and fuel mixture has no more than 85% of the stoichiometric quantity of air for
combustion.
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16. The method of claim 13 wherein the second air and fuel mixture has between 20% to 100% more
than the stoichiometric quantity of air for combustion. 17. The method of claim 13 wherein the wall
burner section includes a supplemental introduction point for at least one of air and fuel. 18. The
method of claim 13 wherein the hearth burner section includes a supplemental introduction point for at
least one of air and fuel. 19. The method of claim 13 wherein the heater operates with at least 10%
greater than tH@&toichiometric quantity of air overall. 20. The method of claim 13, wherein the fuel
contains at least 2&=inel% hydragere dasie2 bebdgatercampresimg: fna tadigndfeatingzaengion
comprising al}@W&ﬁ@Qrﬁ@ﬂzﬂ%%@i@@dﬂ%ﬁ@@%ﬁ@&ﬂ@@ﬂc’%ﬂ@@ wap%rpgg@ﬁdncmgw Gvall
burner sectlon Barafg east on ulartﬂeatw%pgll kocated |q,]ther dlant heatln t% me he %;ung colil

b co Ef\oca ed i the 18 eating .zone, the heafln il navin
haVIng alen L% c.t e geart burner section com rlglng a plurality %F% \ﬂwgburne S Iocateofadjacent

to the botto “r‘i%eérfﬁ%B?t%"r‘i“pt‘i’%”ﬁ@a?{W%'EYrﬁErh%@&l8H”E?éﬁ16°8&ﬁﬁ*f@“{ﬁéﬁ"idoflvée\)9ﬂﬁo&éﬁf§?ﬁ’?én
stoichiometriéramouts whait hagiddzahe walltrur@ébgeeticactomprisitg a phivadity of wdlbboerers the
wall burners leg adjiacent to the opposing walls, the method comprising:

introducing to the wall burner section a first air and fuel mixture having less than
the stoichiometric quantity of air for combustion of fuel intreduced to the wall burner  section, and

introducing to the hearth burner section a secend air and fuel mixture having
greater than the stoichiometric quantity of air for combustion of fuel introduced to the
hearth burner section,

the overall quantity of air introduced to the hearth burner section and wall burner section
heing at ieast a staichiometric guantity.
2. The method of claim 1 wherein the first air and fuel mixture comprises no more than
85% of the stoichiometric quantity of air for combustion.
3. The method of claim 1 wherein the first air and fuel mixture comprises about 50% io
80% of the stoichiometric guantity of air for combustion
4. The method of claim 1 wherein the mixture of air and fuel introduced to each of the wall burners
has a sub-stoichiometric quantity of air for combustion of fuel introduced to said wall burner.
5. The method of claim 4 wherein the mixture of air and fuel introduced to each of the
hearth bumers has greater than the stoichiomeiric quantity of air for combustion of fuel infroduced
to the hearth burner.
6. The method of claim 2 wherein the mixture of air and fuel intreduced to each of the wall burners
has a sub-stoichiomeinic guantity of air for combustion of fuel introduced o said wall bumer,
7. The method of claim 4 wherein the piurality of hearth burners supply the balance of said
stoichiometric guantity of air for the combustion of fuel introduced to the wall burner section.
8. The method of claim 1 wherein the heater operates with 10-15% greater than stoichiometric
guantity of air for combustion overall.
8. The method of claim 1 wherein greater than the stoichiometric quantiiy of air for combustion of
fuel intreduced to the hearih burner section comprises 20% fo 100% excess air
10. The methed of claim 1 wherein at least one of the wall burner section and the hearth burner
section includes a suppiementai introduction point for at least one of air and fuel.

11. The method of claim 1 wherein the fuei contains at least 25mot % hydrogen gas.



configured to fire along opposing walls in the radiant heating zone with less than stoichiometric
amounts of air, the heater being configured to operate with at least 10% excess of air. 22. The heater
of claim 21 wherein the balance of air for firing the wall burners is introduced at the hearth burners. 23.
The heater of claim 21 wherein the hearth burner section includes a supplemental introduction point
for at least one of air and fuel. 24. The heater of claim 21 wherein the wall burner section includes a
supplementall fntreRItieted piotitior aeisismm etairartsfgsicheaeThalrsttepioficiaibs 23lwtreeein the
wall burner sestion fiesawithe|esspthan 8Bifaof-thasipichiomeiriccame uoipbait.:026s Ehen heatamof

claim 21 wheseipidhernaarth.burner sestiandies WthdpiegRe208;ta 100% greater than the
stoichiornetrig a oqugcg ajfr 27..The Q}gglter.of céaim 21 hn?rein the wall burner secqg@ fires with

k) bperat i i lowe |
between 50% to BO% of the Stoichiometric amountof air and r}%aem?‘?eé? Y Barmer Section E{JB%E’E at

least thebalaliEE Bi4ie St MIBRTERTE GO SR OIRAFTEPTIRE LS AP bPHIE IRFEATcEdRS thBSwall
burners. 28!Fherheaiewofodldineted whereddizhie tvetirthouendrs aerttvalibersersScarecoperated with a
fuel containingefiteast2btmalerhydeagenjc29; 1A fingipatteraiforangas healesdavingaiowes: hearth

burner sectiog, g anuBRAEWRIBHIOSE SecHon HHNSifiring RALE HL COMBILSI %@;m&qmm@g%&gﬁgwa“

burner SeC“O\,[,‘aﬁ‘S”Qﬁguﬂg %1; aior rr1;urelﬂ\1/virth less than the stoichiometric quantity of air for combustion and
feeding additional air to ﬂ1e Redrth Burner section to result in an overall net excess of air being fed to

the heater. 30. Th&WirtHy PaRtdre 8F crdiv2 oiHE & mhe sl aHBErFrYse clier el WithHuessian 85%
of the stoichitmietriessriieutitecfiaihiometric quantity of air for combustion;

introducing a second air and fuel mixiure to the hearth burner section in a direction generally
parailel to the length of the heating coll, the second air and fuel mixiure having more than the
sfoichiometric quantity of air for combustion; and
combusting the fue! and air in the radiant heating zone, wherein air and a portion of the fuel
introduced at the wall burner seciion combusts at a first combustion raie and a portion of the air
introduced at the hearth burner section combusts with a portion of the fuel introduced at the wall
burner section at a second combustion rate that is slower than the first combustion rate,
14. The method of claim 13, wherein the temperature difference along the length of the heating coil is
at least 10 K smaller than the temperature difference along an equivalent heating coi for
& heater using equivalent overall flow rates of fuel and air in which a stoichiometric quantity of air is
infroduced at the wall burner section.
15. The method of claim 13 wherein the first air and fuel mixiure has ne more than 85% of the
stoichiometric quantity of air for combustion.
16. The method of claim 13 wherein the second air and fuel mixture has between 20% o 100% more
than the stoichiometric guantity of air for combustion.
17. The method of claim 13 wherein the wall burner section inciudes a supplemental introduction
peint for at least one of air and fuel,
18. The method of claim 13 wherein the hearth bumer section includes a suppiemental infroduction
point for at ieast one of air and fuel,
19. The method of claim 13 wherein the heater operaies with at least 10% greater than the
stoichiometric guaniity of air overall.
20. The method of claim 13, wherein the fuet contains at ieast 25 mol% hydrogen gas.
21. A heater comprising:
a. a radiant healing zone comprising a lower portion inciuding & hearth burner section
and an upper portion including a wall bumer seciion;
b, at least one fubular heating coil iocated in the radiant heating zone, the heating coil
having a length;
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31. The firing pattern of claim 29 wherein the hearth burner section fires with between 20% to 100%
greater than the stoichiometric amount of air.  32. The firing pattern of claim 29 wherein the gas
heater is a pyrolysis heater with a heating coil, and the firing pattern reduces the difference between
the maximum and minimum outer surface temperature along the length of the heating coil by at least
10 K as compared to an equivalent heater having a firing pattern in which the same fuel distribution
pattern is used butttieererat burmessqeionispRelal ' 1 legst a stoichiometric quantity of air.
33. The firing pattegef@hqlém%%M&?Eﬁé%E gﬁ%ﬁéﬁ“;g@?g%%ﬁo 93?%%%'&@%{‘/?91 adineenirig ibeil; and
the firing pattern reg&&%?ﬂ;[ remrta1aximu heat flux aFong%oé] Igﬂﬁﬁwfwﬁe?atfmg el hpatleast 4% as

compared to an equwalemt eater ng’vci’na'raaﬁ’ﬁng pattern in which the same fuel distribution pattern is
used but the wall BUFn&?'sBLtSH fsdperateuissingeaieasy aostaighiametic,quaniity, of air. Dg*l%‘d?ng ]

method of operatirf§idwesster inctuding acradiantheating, zgpe ggg}gri ing a lower portion inc
hearth burner sectias:aBdeamn: upper portion including a wall burner séﬁgﬁgﬁ atlEadt"Snétantrar heating

coil located in the gadiant heating zone; a hearth burner section comprising a plurality of hearth
burners locgiedadjacent to ;h‘e bot?(ajtr%f R ATt TOPAIFRAgARPE Pkt Isestiiyezomesasdsthe wall burner

section comprising a pluralty SENaIPBuMRsE b BrR Padjmeent tosthaoppesingwallsythe method

comprising™ "SRG g frseetir and fuel mixture comprising no more than 85% of the
on, the first air and fuel mixture

stoichiomefife §traheposiairfor omiaustion: tathe, Wall Jurner section, t ARG S REErs i and
i Fan

having less:tivamthesigishiomatric siantity of air for combustion;
% to 100% more than the stoichiometric quantity of air for

fuel mixture.campyising hetween 2 00% I

combustiop tq the hearth burn%?1 ggg{%%ti‘ﬁ 2y REneregeiveranydraraltebtosthen he ating e, the,second
air and fueg 5r[mg htl%rg] Fclslev‘ijrfna'rrﬁﬁ?é"‘(‘??iran the stoichiometric quantity of air for combustion; and
combustingth Caa airdiaithe tadimntihesting:zongshersin, the.air,and.a pprtion of the fuel
introducedsttidhieryealt boener @aation combusts at a first combustion rate ar?ésa%(ajrftigﬁ ot et

introducedkat the:heaulh) irpgrsectiqp) combuists with a portion of fuel introduced at the wall burner
section at #,565900, ﬁ;%gg)lﬁ’stion rate that ieénsl%\elve??et?\'gh PHE it sEb fistiorvitatestomamiu casthecoverall

combustiop rafe in the wa Biiner Caeti6ABr R heater, wherein the heater operates with at least
about 10% greaft?elh tAish fhee&Bichiowhemi doantity efuaieo¥etath fires with between 50% to BO%

of the stoichiometric armount of air and the hearth burner section suppiies at least the b

of the stoichiometric aquantity of air for the combustion of fuel introduced to the wall bualame
28. Tb? heater of ciaim 21, wherein the hearth burners and wail bumers are operated with o
coniaining at least 25 mol % nydrogen. "
29. A firing péﬁem for a gas heater having a iower hearth burner section and an upper wall bur
section, the firing pattern comprising introducing to the wall burner section & mixture of air fuel n'er
lese than the stoichiometric guantity of air for combustion and feeding additional air t¢ the : o
bumer section to result in an overall nat excess of air being fed to the heater. =

30. iFi i i
.Th.e firing pattern of claim 29 wherein the wall burner section fires with less than 85% of the
stoichiometric amount of air.

31. The firi ] i
e firing pattern of claim 22 wherein the hearth bumner section fires with betwean 20% to 100%
greater than the stoichiometric amount of air, °

32. The firi i i

frfng pattern of ciaim 29 wherein the gas heater is a pyrolysis heater with a heating coil
and the firing pattern reduces the difference between the maximum and minimum outer rf ‘
e . sutrface
perature aiong the iength of the heating coil by at lsast 10 K as compared to an equivalent

heaate 7 i i i t
. r l'.;avmg & firing patiern in which the same fuel distribution pattern is used but the wall burner
seclion is operated using at least a stoichiometrie quantity of air



33. The firing patiern of claim 29 wherein the gas heater is a pyrolysis heater with a heating coii,
and the firing pattern reduces the maximum heat flux aiong the length of the heating coil by at least
4% as compared to an eguivalent heater having a firing pattern in which the same fuel distribution
pattern is used but the wall burner section is operaied using at ieast a stoichiomelric quantity of air.
34. A method of operating a heater including a radiant  heating zone comprising a lower portion
including & hearth burner section and an upper portion including a wall burner section; atl {sast one
tubular heating coil located in the radiant heating zone; a hearth bumer section comprising a
plurality of hearth burners located adjacent io the bottom hearth for firing in the radiant heating
zone; and the wall bumer seclion compnsing a plurality of wall burners located adjacent to the
opposing walls, the method comprising:

introducing a first air and fuel mixture comprising ne more than 85% of the stoichiometric
quantity of air for combustion to the wall burner section, the first air and fuel mixture having less
than the stoichiometric quantity of air for combustion;

infroducing a second air and fuel mixture comprising between 20% to 100% more than the
stoichiometric quantity of air for combustion o the hearth burner section in a direction generally
paraliel 1o the heating coil, the second air and fuel mixiure having more than the stoichiometric
guantity of air for combustion; and

combusting the fuel and air in the radiant heating zone, wherein the air and a  portion of
the fuel introduced at the wall burner seclion combusts at a first combustion rate and a portion of
the air introduced at the hearth burner section combusts with a portion of fuel introduced at the wall
burner seciion at a second combustion rate that 1s slower than the first combustion rate to reduce
the overali combustion rate in the wall burner section of the heater,

wherein the heater operates with at least about 10% greater than the stoichiometric

guantify of air overall.
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