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are used to adjust air flow to changes in conbustion
we@oemwdiot47ens or slight variations in fuel gas PCT/US2008/008969
conmposition while trying to maintain a constant heat
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of the tile 60. The hearth burner assenbly as shown
al so includes secondary staged fuel ports 58 and

WO 20wioat794 st age fuel ports 56. These staged f uRCT/pR200%008969
are typlcally | ocat ed outS|de of the conflnes of the

por. i 1 ik egprBRuts e TR d iy EE fackn reme
qualityi xt ure of fuel and air eX|t|ng t he conflnes of the

[oosgyi | € e@"'@rﬁé{ﬁtﬁm tdt Ql%lr a8 ok 0k, tRESIpBSiteli ?&&iégrhthbh\%ﬂﬁumers

ports 1S conS| ere art of the total fuel for
. TR PO B e ['ve'b%F erIVENUR, B PIYRY '"éﬁCP%&%?é‘P R 1o the
secohdaey gederlet irdihe whll bwvneraventod apsentbiyalThis reducesathk jnspirated wall
burn&%ﬂt r{g&ljc!eggmeg%al t%ﬁ%ﬂge Evglﬁbdfﬁetrg a‘ﬁglk nﬁ)@%ﬁettb@nwgf b fuel

or not
consian*c IThe @et effgetis 1o|inpegss theairratgin @eﬁ?%rm QUEN$rs, HPGERRS thaRlr rate
in thd VadlIELkrieRy) aﬁH mhiH&ln, toﬂarwrrdongara Onnthefuslisideieartafand well buxnet

t |
N W e T
effecupstubeemetaf teoperatuteent ur | outlet 48. [0051] In Fig. 2

[0059 h\?mﬁ)te,fsozﬂ\dai‘tébﬁa@§ sl'nfﬁh@fueﬁgn In®rt @9§ |sﬁdh%@ﬁiro@tan bMeam ora
eam

mixt ] SR G| G PR 018 raeh 425 bR oY PRERTT e je
flow (Bhiptis eﬁmb]hzelsertgemyGmm@hﬁhaie‘elstamewndﬂhetdwetgt% pegssirp profile
over HeGER |1| mll%e cR&TR oJf"he ;ﬁXss'ugaCAOWE:%n%f theBfdht Wil Be lncreased

secon as I'n i onal fuel or an ine
and t@‘a%f%aa?P"é@mefH'ﬂ@@’ *mscttora dnseyAtiop fpwthe gjf low Wik he rea'HcedTﬁ hys,
contrbiNg proviéédto b&]uﬂrﬂiﬁ lﬁ;éeﬁir rate0tp tieadanmpteewithobeomabdiey the edtal fuel

rate. k@on#%teygfr%lan "aﬂw Mt %I éend%g qutlne I%E %hﬁc!y c%gﬁt‘, Eﬂl\t%f {h@t ' o

resisiagee eormpogent L@pate@ at th@@nt\gt%iﬂetharb'ﬁ@rﬁaﬁedn g flay th@H@fhthas a
secoﬁ‘d&lﬂwgﬁ%tﬂoﬂréarh eiffigk h&@@s&ﬁ(@é&l@é thal@l ratdthrougtotiie véntedi. Thus, the

v 38 3 b0 I ol 85 LT A BT o over
desirgchrainge. y This caﬁubeldowm#sm evingdo adjiss dwnpei@psmqrwsmps THhus

prov@c%cfgﬂﬁi@!‘o\&e&&%uﬂaﬁil 8id HcidhaPNinR9stBAHdjubRRAChsaidpaRE o those
mmstrean1o the converging section 36 of the venturi

that SBRIPYPE™Snd usual Iy is positioned in the diverging

[006G}ect Amawdigngeontrbieysterb didrarbugec tsippovided hedeit Tiypically, the fuel for a

set oML h&sd t”oggﬁa L h@ac{é )%fegﬁ {Hgt rﬁ%ﬁgr'r@g n%?hadeﬁnduQﬁBw

one secon s I nlet” can be i'ncl in a Si
contrgledeyiggs to CP’H’ el tvpkence Hig heatippit igrthe 5'5?0? nf & Q%QOH*sz“e'
flow ip Opichllycdeatiolise By adjisding eetprdsisure it ihe header,aind @tus the fiowodver the

ressghg{ %P he%gwaﬁ ﬂ? ﬁﬁlg&ﬁh‘ h% bugﬁp%% Xerrh Ee& Il%vsfé%ﬂ(ﬂdﬁ} &gssgre

not

equalsHeyer é@\u sTherai floude mpgﬁdgva{maﬁﬁ et daa‘zpew@mqsd &hipgiyced draft

fans,toh @W&l‘déci tﬂﬁtrg ISOgﬂhe\_tI’_iﬁW lot &f frdnhBloWers tptHvldlr@h)aﬁm@ prégsdretflonviio the
upwar ds. . . resi stance . conp

gt B8] goeond et 4 FATRET AR APEM ol ablchd

hereihut al so for controlling the range of the air flow by

[0069T OVirgd Rdo &f M| ESHE hAmAEH QI PaHiRTd tN@§éébﬁlﬁ1r)S§%%%d®f e Rehtlri

t
asso ALY BT G B DS he SR AR = VBT oo e ar
flow torrsipiiduat buorers ¢dapvbe cohitmled byperenging thebrerafipso\iror theecagd with both

wall én'a%l@brﬁra&ﬁrqer?'tﬁe fuLIQIgﬁﬂte Fd #He hg’arfh%%r aﬂneﬁ‘r&? Htiéh Srt Gan be

bur ner 'asse or a crackin
LIS MRt
thus increbeing thé al/edictediby thenhqagth alidned. . Sinfijgoly.abe fug! to theetrimpanepret of
the v»);\a/uhl Fttﬂlﬁé}ﬁ:én &gﬁauw dndRhY D80 RS eQMBary BBk H the @v?ﬁ’ BErRLWenturi

assembly increased, thus reducing the air educted by the wall burners. In total, at a constant

12
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secotpany 47450 LB HEL B e0a ers o ahTs ERERRro b PP e
line 2fl Qi é&dr atsecdnh eovhefasetdnderstaged $ps, @enaptivwaliertiarsiageed tioTlygldine
212, H &hl@?\aﬁ %ﬁmérymﬁgtagtﬁzaft bﬁmSﬂHﬁLéI‘hb{e 2{409&8‘% dpfidr® secondary

tain t alr rate consta

wall qtnggﬁ@ f%épqe gdGr Hbq,cgne cases, an |nert gaé is fedethrdegh t%e seconda:%jl ver?tun

assembly gas line 208 from inert gas line 220. Line 220 utilizes flow control device 221.
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i.e., fuel is renoved fromthe wall burner venturi
throat primary injection port and noved to the
wG@emonddaey gas inlet in the wall burner vent urPCT/US2008/008969
assenbly. This reduces the inspirated wall burner air,
reduces the total air through the wall burners, and
[0067k e e pEhet doatrel Gy2i¢m ingluitesaufirpidiowfogetrol galvrs2agri the'pri@aryduel line

206 =Rl faesaéonu@rym@w bmwoeme Doheh Bk E;ecfoﬂ&zﬁy & nneeobl egdchfd in the

e T e T e B
abovéh ettrig dandoech flomirietep preseurefregelater ar etberamineilan devicerRPed AlsT iicgted
in therﬂuﬁ hifd Z83S % he| &;n'fpeoglfl no(ﬂ' hte&ﬁﬁ%a@gﬁpﬁyt@gl%etngg 2Piot§§t' bl e

adverse effect on tu erature. %)ﬁ\
detergipes fhedeatindealug okhe: f‘tel ??g"qfa%IO th%\ st o ”Z% t’%'sof the
relativé flovagies th@crugﬁlhmm% anhd 208 yxatit €nabl ar am“tlhergajSabmdcmlqee

auowgﬁpa@ rph’tfceagpo{bz{ I gn%ﬂ@&)éfr%ﬁ; PekiL sh.#xaa %%ae%féw%hon

either;fiad CP'@B¢S§Paﬁb@<V9¢Tda'Ta gis Juhe é’fﬂue'tthlé 'smeé'saémte cpitest flquerates

toa p@ME\thérQ eheHaB b Whiall ¥hibdnt Bﬁoxﬁ]@éﬁ'@ﬁdmm@h@p:éﬁll?S%lal'éﬁesentmg 10%
streamof the throat will be increased and thus

excesl’sc?r‘wa constant primary injection inspiration flow, the
[0068hi r THequessilelat peiopedoatiods inThaieentuticietermines e flew vdtelefdirt o

mspwﬁt@b HﬁJ thk bt&\ﬁ@rp:ﬁc%w fkds orf ﬁfe?n‘hﬁ?estd@ﬁ édér @1@091 SMrIdrEGI Httyplcally are
e ot al

part o ﬂ entigad) E%ﬁf’h%ys'ﬁﬁ‘ “t"}‘?ée E“Ego P¥ tsaﬁ‘?l:'@’ ‘ES BF‘P?LE? lé‘rﬁ’e Rgader
systeintapd uresdlreerasme ottberfueheiiites in t@be theat orfibe caebé detérmined by

port s%t \i cor@bhtibRsi '&@rﬂé?s;}sf%rrgﬁr% f%k%urﬁ%@ %Dldta% be %Brﬂﬂz‘ﬂé& By

ort can elther I ncrease or ecr ease he air rate
the h%‘ﬂ?b?f@??“fer?é‘dv@ﬁ'ldlﬁ‘m have g gentrel Hevigee it e |5V§§§H digglosed herein,
lines 2Bdng 208 utilizk tldsw tdnitrsi 2oIcks 282 £ 228 ke gésalibgaadbbye. tidne 210

utilizel %B\WBSM%\ 5ev ce %?% Vﬂﬁé %1[6| i ﬁzge%\flgw cgntgn??e\; Cf%dzsb a?lgeesecy;Ua

staged Epg (lipgys10) 0 mm %ecemdew \M%bsstarbduzatmﬁlpwéel%ﬁi @[Pr la?@y fog the flow of
the fuefiithGheIB @yr He@tufg%@ﬁﬁmrﬁ&hé}r% FRmtains c&@ﬁﬁﬂﬁe@dmbm té the $€ater,

t hat onl u mper s n
a muc:sl'1msg{her vqfl%rrrle czf? IfS reoéur%%)%\?p %]oéH\ atu@\bﬁ% ft|uel Lrh% he
volurrfewétheﬂqwer aeatiog vajﬁe tarmay e q&ae@saswﬁtouﬂ}rhlgileh@ad@r the

hlgheﬁlye%hﬁdnélmtlel TRy é:WldéTPaYlg@ @\t fubl ¥R m'ef?@ 'hgétﬁ’tﬂ @lalu&i the pressure
devi ces to confrol

OW hence
requirQ By e [ 01T Yabieos (ipuatogon hied ortices atouig Breseriggy The
analytioppdeyik 297 catibwaty méoitdsytha ipatimbivaige binkorjue ssmpasition intline

205. Jﬂﬁ an‘;f‘ﬁple 3@%4 Q?‘ idefia WOQ% P%I%F it Qﬁalfn@;ﬂ hSlideSS gﬂgestar\@w

orirtrces 1n burner 1's determ ne Lower

heat"ﬁé’é@@ If“eb rtréeslg‘ﬁ? 81024418 CP'?)WE?F’GF‘F%W sofgRidAReratedo(Rives 228,
. 230 octhait eqliaeat, baspamiastp, tiedt adbapaased arpleeicodpositivau Oedvaﬂltlﬁfaﬁ or

hlghe{)t?e@ﬁn%\paﬁuquelgggtﬁgase%ﬂge 565 ar%fzﬁttgr?e f]‘omrr%uﬂj beaéeq P]y ;5 gggure in '

pressure
the hegdengdS¢ 5%P?}@W?Uﬂ?§t"@ﬁvaﬂq?éu%lUQV%s 228 ard ¢R3Q @dﬂ'?ﬁ'i"h%”éq and
headeﬁllpfesédr@mghﬂﬁﬁ lis¥ld td SonteIIRé fidvedefee @Iaﬂdm& 6 aka There haits) Ghe

flow c%rE) tr)et\ I% (%er %thSér% \l%lr Hr%ssure |n¥\eac5J |20§) W % g)tn(gi ¥1a pre%s%?e reglﬁatgrs%?‘s

COr - Qs Sem
other gyitgble dRyiensghn bk useddmplaee of ﬂA!Y CPBthﬂe%i‘t‘,qsl bed above t he

[oosgpl I Thkdigh tHe JsBdi ﬂb:malroﬂaev.%r(e .S asw b&t@wwee o} &dséaye

e .ratl.o cas
reouaf AT RARAGPE O 7S BehepoT o R Gor pott Ty fapnsuBds
secongdary Nerrturppqrrmmpemqlugtgq tcaehigee air tlowncdmgrol and thus control of the air to
fuel ratio. The flow to the secondei'y_ port of the venturi assembly can include an option for
use of a gas other than fuel. It is noted that pressure regulatore are the preferred devices
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increased while the fuel flowrate to the secondary
port in the venturi assenbly is decreased, thus

w0 p@peeseng the air educted by the hearth burnB€T/US2008/008969
Simlarly, the fuel to the primary port of the wal

smceQHe( {;\%gsu?eaiﬁ t&%e{ ﬁgg?&qeﬁlﬂg 26816 ifdiFdual l%e% bSs mp@été(rmmes

urner venturi assenbly | ncreased
meﬂ?ﬁG&“@éﬂD@%%@”@ﬁ@'%fo%ﬂWEF@Htwﬁ the wall burners. In
[0070] Ot aln,ondlemdodigBst mebtm&l sylsteaVotIFaL 6 attvatel o vosmm@telves |be

detec%m%&g I,]nacagtgahtaIl;]gF(:“qsrlﬁrJl UIFI(I')ﬂ?u tco Clﬂgsmok OW]Q[%E ghftg(/egrg%sl\')%ﬁ;& P
“onlingf bythe psg ¢f instrumentetion sUCD&D3 WIOfqu metet Hetetesmines thswe?fdi‘g
valud d1hef i BEE Qf ih vBImeﬁc hé&lﬁ@@éﬂ@éjof%e ﬂ@ﬁrfﬁéﬁﬁg |sV§uI:mthbltthere

wit b R0 Sheto resdRameinggy e opstes Bty ey vaaie 19 160
thesd additiondh porsa(inthé becandhristagadpodiensition o oo dhe el or plsewhase i the
firebd ¢ @§€odan‘ﬁ' thdaRMBRS QH@F}\E a88HdUS tHEBRbok Oit IshHeted that

secoﬁ%gﬁ venturl assenbly gas inlets to maintain
Va"aEQS‘ﬁéfea‘?ﬂss'P'eé]thPI'OGW'O”[OM‘Gé‘]'e P*one embodi nent of the
[0071]i r i ContOGHthir fonstheiyh the@sé bicaluidid \edvettyrecysthmtdh éhe type

dlsclc%ea ﬁérgﬂq’rqmﬁﬁ?z%g ﬂ% rgt{] u?r‘é’m‘é&%rr c%l'\t]gngglvddﬁxgtcl‘ne‘rﬁg(?l dt\éﬁrglal%%{ deced

draft faué purrecnﬂseuweaft Pwom flsvy Jhe P?féfof‘?j@?mp?'ﬁ &n §ieypRay burners that
exist GRARA BRfcadtmbde iMBREEIhe 04 bigickstaime tahgredemberesmaiiid fdtow

mhly. 10
eaailSeeble SpstaliriGh FelsnERRoNke bkl pysf o ba UG
This exderhal gontestiofithe &ir toduel ragio firgthe heatgreussid t¢ gestrol oﬂ(ef?dilfuin@qgel

efflcnl,;’riecg gyn ﬂngﬁagq"l Véx@@s% dw@h@ lrﬂlijDhl'TBﬁ% phttdhs W Jb@cnﬂ@ad}usﬂﬁ&\t@to

[
s PP AT ORGSO US BB RAF (PGETR PB™) 54
exterhally. a fl ow control valve 162. In sone cases, an inert

[007%'as klfl{:l:‘ﬁl ot éﬁé?lt g faﬁlém%ep&m&lghg é( ﬁllu}é@tyjoﬁﬁea(r‘m%ﬁ%‘;sg a

st ream of
plurality gfwalldines a desy F?,t@f e5Nqapy ?Tt%ﬁeﬁ1t'P?1T°éfhelhieﬁ'g‘ BusBers(aRf @n
secohdéet oikecERiafylidgea ripl or thg Asard buktes. S@UYIhd dirsy se) @assdcnhdxry

stage%§ﬁ$ |S-U3§d wﬁheﬂlgﬁe(??]gét%b vgl%)/ec‘ u%@ WwiHa blgﬁ tﬁé’ﬂ'@ﬂ; dh @e&ﬁn‘d%e{shﬁ

‘ ntrona emvari abl e uced

secofdgry sipaed dps &g uaequ@vlewer\)@ﬁtm glie fyal de mgny easse ripg hearth
burne$é Hr‘é%oﬁﬁbﬂfsﬁ% in@frcrahgeab opbiRte w.antmgh H‘eafhdl%ltﬁcﬂhlélﬁa(r&ﬂow
heatlr(]ﬁ va'JLﬁe \éllh\e/ 8§eralf;?ﬁr§ev%/n§$ éf ?urn 88 Iﬁ Selrj{lo% 5 JS? H)l{ Qﬁawn%al
devicegnmthe porcessarepiatreance amd b;cﬂnalvvﬂh ef tgpewe@ﬁnct piberfflyn gaan

compgged@ﬁ%éasg%&ﬁ }ﬁetﬂm'ﬁa(fér @ﬁ@r%rxﬁmblﬁsthg SroE&h% cfEthrdn@rQﬁcreasmg or
us ofjle ov
cecrayi el RS ERI PURE ERALHBLD PR PO B ey or eres
to pravideougé fueh én xesponse) thasdie nbﬂlrylg bdtmesre the evimerysandseeondery inlets
in thd VeRRIA AS&entol) c%uﬁ%saufu@ﬁemo @bligd b gﬁ/gr 8f Io@!alr Jlrfﬂ‘é@/l as'ré&duired to

sucﬁﬂas an ‘oxygen anal yzer.
ma'”@tﬁ‘lr?e??&?'f'?,dd?‘fGyO S né&%h*ﬁlaee Oat"w"e P‘ff&"’&%rfﬂer% fhe whole
fuma&yem@mbmﬁﬁgjgnated generally as [0066] 200, for a

mw#ear Hﬂa fgf#{]vﬂl? ﬁleggnef Wgﬁ?c} Jll%'irat% ﬁéi HQ%Pe%é'oY thf | écﬂ:ged

I'cant erent heat i g val ues.
embc@mﬁnﬁ%aut 35¢§pb'mee@m1 tBémﬂMCPRﬁOfﬂ‘e\/%qosbfﬁr ner. This
Exanfpié 1 en1|s designed to allow for controlled firing of
[0074i st é I%)rg%u n%i‘ ong]l fmdddgné/mlg {%ng |ﬂ1tu angf\svéé’]&nxﬁét ha Emr?ace

empioyiaal bpt] Al e WELbLETRIS HHIENRENEGSTELFSSEaEIaSIWBIED YaTe0
amoun® diaRMvére irfjitddi taaegh 18 biBry pb@uhdihrdur the@eedndhgajak Port.

The éll-EB é’lr%ulfayo%ls for all examples were performed using Fluent, a commercially available
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These are turned on as the fuel conposition changes to
allow for the sane heat input at higher total volune
WO b@wo14524 i s shown in Fig. 5, a first fuel is P&HUS2008/008969
through fuel line 204. A second fuel can be fed
softwagewgp%g zrrogqgu%ega Ir’tcu %éhe(r 8?%’52"‘19 saﬁk;rgh%chln &e: ?tlull 94 tf)(?écree%te the
resultspssibed hdreiel Thesed of health bumerszlesa etgiof 12 yanturizggemblies and

the W%Hl Qlﬂ'hérgfﬁaé H?Atalt)pf 8 venRkil a@?érﬁ/bl%@ anér\)enthﬂ}a&ééHbﬁ)ék fhigd wall
['1 ne 206, second a2§ vent ur |

burness, hag laegeat '0%%9@8?1%’? thesgdedhg Y"fB'F‘?LUéﬁ’é/ 19'1»?3“92 ¥gs Fﬁtﬂﬁ?fed
vqunwrﬁ(Shedmg)faILIehﬂBI WESB2BTIU/sxdesé idal. y Thesewerp tnb oesistante edmpdngets
mclu(?e% I leﬁt%uz u?t%gd ﬂh@‘ﬁﬂrﬂgwéfﬁ%ﬂgﬁ'{eﬁsf&nﬁﬁ@gwér{a lRRicul&td as well

uel
as th@ mawswm tubg mﬁ@ktwmwreﬁfa’tﬁ heiati%& Goin Thagsuls afe ?rhﬁlé(f‘ beloyen
Table2fl4, and an optional secondary wall staging tip fuel
line 216. In some cases, an inert gas is fed through
t he secondary venturi assenbly gas line 208 frominert
gas line 220. Line 220 utilizes flow control device
221 .[0067] The control systemincludes a first flow

control valve 222 in the primary fuel line 206 and a
secondary flow control valve 224 in the secondary gas
line 208. Located in the main fuel line 205 is a

device to control the total fuel flow to the header
system descri bed above. This can be a flowreter,
pressure regulator or other simlar device 225. Al so

| ocated in the fuel line 205 is a fuel conposition or
heati ng val ue anal yti cal device 227 that determn nes
the heating value of the fuel being fed to the system
Comput eri zed control of the relative flow rates
through Iines 206 and 208 by ratio control or another
suitabl e technique allows for automatic and rapid

adj ustment of fuel/air ratios. This shift can occur
based upon either fuel conposition or oxygen analysis
in the effluent. It is desirable to control flow rates
to a point where there is a small anobunt of oxygen
remai ning (typically 2% representing 10% excess air).
[0068] The pressure at various |locations in the
venturi determnes the flow rate of air inspirated
into the venturi. Flow rates of fuel in Iines 207,
209, 212, 213 and 214 typically are part of a nore
conventional control systemwhere the flowis set by
the pressure in the header system and the di nensi ons
of the fuel orifices in these lines, or flow can be
determ ned by port size. In a conventional contro
system the flowin line 206 woul d al so be controll ed
by the header pressure and would not have a contro
device. In the system di scl osed herein, lines 206 and
208 utilize flow control devices 222 and 224 as

descri bed above. Line 210 utilizes flow control device
228. Line 216 utilizes flow control device 230. The
secondary staged tips (line 210) and secondary wall
stabilization tips (line 216) are used for the flow of
the fuel with the |lower heating value. In order to

mai ntain a constant heat input to the heater, a nuch
hi gher vol une of fuel flowis required than for the

hi gher heating value fuel. The volune of the | ower
heati ng value fuel may be as nuch as 4-5 tinmes higher
than for the higher heating value fuel. For a w de
range of fuel volumetric heating values, the pressure
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required to pass this higher volunme flow through fixed
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Tubeddetal WEbbe nEt36® t hat deteril@8s t he heati ngl27@l ue of
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[0072] A further enbodinent is a furnace conprising a

plurality of hearth burners, a plurality of wall
whernetes24 a first set of secondary staged ti psPEDUS100&008969

hearth burners, and a second set of secondary staged

tips for the hearth burners. Only the first set of

sedBrdeaVy waera Fos thei4Rsis the PrRssHre ‘tphp I5itaheas deasity; agt V is the
gas velciye fuels, while both the first 'and second sets of
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to the hearth burners by shifting hearth and/or wall

fuel using the secondary port. Exanple 2 [0076] A CFD
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row ciiceqoadary btegedaips STrerptessceripiadadder (106804 infFigyre 5) vesows a
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cORAUe a ven asse
followif] ¢gnggse The valves to the outer row of secondary staged tips and second row of

wall stabilization tips are opened to allow for the higher mass flow (valves 228 and 230 on
Figure 5). The heater is then balanced (by computer control if desired) by adjusting the
pressure in the main header line 205 in Figure 5 (to control total fuel input) and the ratio of
the flows between the primary and secondary ports in the venturi assembly lines 206 and 208
in Figure 5 are adjusted by adjusting valves (222 and 224 in Figure 5). The balanced flows
are shown as case 4B. It is important to note that there was considerable flow increase in the
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secondary port flow of gas in a venturi was varied
while maintaining the total fuel constant. This
WO epeesEed s the fl ow control that can be achi er€dUS00$1008969
a constant heat input to a furnace. The gas used was a
| ower heating value fuel. The inspirated air rate was
secogfianevanfuiagraor poth mﬁdleP@han’fWQ'W@"}ﬁ@r Fenthe synthesis gagrease, the

prlmefr 51 mFSﬁi)ntfiaVv%i@ha Will%uﬁféw&tad'tdbpﬁ@ﬁlhce the ﬂeqdlréiﬂ&ha’f antdudf of
stance c
air cap §u’—1|c

& %0te ERBorah ot oo Eo oA Y b eea
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o B 0eE  rpe B IR I 10
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fuel te aricther npdes contehvitroupyeadéngany ehasfges ehafdware ang! witheut impinging

on paXoinfBREY of thé Betdsen point, nore air is inspirated and
the air-fuel ratio increased. This shows that the air
-fuel ratio can be controlled for a given fuel at a
constant heat input to a heater. Exanple 4[0085] A CFD
sinmulation was run to determ ne the feasibility of
using the a single firing systemincluding fue
injection ports with fixed orifices in all of the fue
inlet to fire both a conventional high volunetric
heating value fuel and a synthesis gas | ow volunetric
heati ng value fuel in the same system The
conventional fuel was 90 nol % CH4, 10 nol % H2. The
synthesis gas was 43.6 nol % CO 37.1 nol % H2, and 19
mol % CO2. The firing rate was 225 MMBTU hr LHV (I ower
heati ng val ue). Case 4A used convention fuel and Case
4B used synthesis gas. [0086] The cases were run in a
mul ti burner nodel representing half of a furnace. The
hearth burners incorporated the venturi assenbly of
Fig. 1 with a grill resistance to prevent fl ashback.
The wal | burners enpl oyed the venturi assenbly of Fig.
1. The wall burners included a porous junp at the
pl ane at which the primary throat fuel was added. This
simul ated the use of a danper upstream of the fue
i njection point. [0087] The process fluid entered the
radi ant zone of the heater at equival ent conditions
for all cases. The furnace enpl oyed both wall
stabilization tips (two rows - reference |ines 214 and
216 in Figure 5) and two rows of secondary staged tips
(inner and outer - reference lines 209 and 210 in
Figure 5). The results of this sinulation are shown in
Tabl e 2. [0088] For case 4A, the conventional fuel,
the system was operated with the valves to the
secondary row of staged tips and secondary wall fue
tips closed. Since this fuel has a higher
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on performance of the process. TABLE 2 Exanple 5 [0092]
A CFD simul ati on was run using both convention fuel
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[0093]

As is shown on Table 3, adding the cap to the wall burners to direct the flow along

the walls decreased the wall burner air flow at equivalent primary venturi port flow by

increasing the pressure drop across the system. To compensate for this, the pressure in the

header increased only slightly for the high heating value fuel but substantially for the lower

heating value fuel due to its much higher volume flow (from 34.9 psig to 63 psig). The loss of
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14. The nmethod of claim 1, wherein an induced draft
fan is included dowmstream fromthe outlet. 15. The
woreiokot7ed cl ai m 1, wherein a danper is incl udedr/us2008/008969
upstream of the venturi assenbly to provide additional
control of the flowrate of air through the air inlet.
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12. The method of claim 1, wherein the burner is a hearth burner.

13. The method of claim 1, wherein the burner is a wall burner.

14. The method of claim 1, wherein an induced draft fan is included downstream from the
outlet.

15. The method of claim 1, wherein a damper is included upstream of the venturi
assembly to provide additional control of the flow rate of air through the air inlet.

16. The method of claim 1, wherein fuels having a volumetric heating value in the range
of 100 to 1200 Btu/stdcuft can be used interchangeably.

17. A method of firing a heater having at least one burner comprising a venturi assembly

having an upstream air inlet, a converging portion with a primary injection fuel inlet, a
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25. The burner of claim 24, wherein the resistance
conponent is disposed proximate the outlet. 26. The
wheonet470f cl aim 23, wherein the burner is a heEF/UB2008/008969
burner. 27. The burner of claim 23, wherein the burner
is awall burner. 28. The burner of claim 23, further
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27. The burner of claim 23, wherein the burner is a wall burner.

28. The burner of claim 23, further comprising a damper disposed upstream of the venturi
assembly.

29. The burner of claim 23, wherein the secondary gas inlet is configured to be
connected to a supply line of at least one of a fuel and an inert gas.

30. The burner of claim 23, wherein the secondary gas inlet is configured to be
connected to both a fuel supply line and an inert gas supply line.

31. The burner of claim 24, wherein the resistance component alters at least one of flow

direction and flow velocity.
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inlet, a converging portion with a primary injection
fuel inlet, a throat portion downstream fromthe
w@owemetgesyg portion, a diverging portion downsPCEHN2008/008969
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firing contro stem caonprising a fuel analysis
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39. The firing control system of claim 38, further comprising a first set of staged burner

ports on at least one of the hearth and the wall, and a second flow control device
configured to control inlet flow to the first set of staged burner ports.

40. The firing control system of claim 39, further including a third flow control device
configured to control inlet flow of a low heating value fuel to a second set of staged

burner ports adjacent the first set of staged burner ports.
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to at | east one of the furnace fuel inlet and the

suppl enental fuel inlet. 45. A furnace conprising a
wbweal47e4 of hearth burners, a plurality of wedT/US2008/008969

burners, a first set of staged burner ports for at

| east one of the plurality of hearth burners and the

431 Tpaafiring pogro! gygtem Waﬁ@ P& furllighingudig 3 ftig! &Natysis CORPY5aY
bubmgurp@fotcfete’ﬁrdjnaaemhsttoheoff the sdmpeition avuetteating \ahieyof thieduel

elfho B8l it e AR RERBCCI 5 Lo b Che i st and

erein both the first and
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heintett,ragd a dumer ¢amgirising A dentanegsembly with g fu(pafug@nlﬁmdg_ second

fuel inlet,
the firing control sysiem comprising an oxygen analysis component configured to

determine the post-combustion oxygen content of the furnace, the oxygen analysis
component being used to adjust the relative fuel flow rates to the first and second fuel
inlets of the venturi assembly.

44. A firing control system for a furnace comprising a hearth, a side wall, and a burner
with a furnace fuel inlet and a supplemental fuel inlet,

the firing control system comprising a fuel analysis compbnent configured to

determine whether the fuel at the fuel inlet has a lower heating value or a higher
heating value, the fuel analysis component being used to control the flow rate of fuel
to at least one of the furnace fuel inlet and the supplemental fuel inlet.

45. A furnace comprising a plurality of hearth burners, a plurality of wall burners, a first
set of
staged burner ports for at least one of the plurality of hearth burners and the plurality
of wall burners, and a second set of staged burner ports adjacent the first set,
wherein only the first set of étaged burner ports is used with higher heating value
fuels, and wherein both the first and second sets of staged burner ports are used with
lower heating value fuels.

46. The furnace of claim 45, wherein the hearth burners and wall burners are configured
to '
interchangeably operate with higher heating value fuels and lower heating value

fuels.
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