METHOD, SYSTEM AND APPARATUS FOR FIRING CONTROL Background [00011 The
embodiments disclosed herein relate to gas burners and to the firing of such burners. [0002]Burners
are known tRag bs@fielto inspirate air through a venturi tube and introdugerREgIRKRE:air-fuel mixture
that then travels into a furnace. The venturi assembly, specifically the throat area of the venturi tube, is
designed such that forﬁ@%’i%m i, ABe amqyatQf aicthatis inspeated is slightly above the
stoichiometric amount of air required for complete combustion. The air required for complete
combustiorgiscefiaed as the air flow that provides the oxygen necessary for combusting the fuel to
CO2 and 138 Typicelymibaraisaiseilaciassaparasihassanblhdowrsteagoptibe venturi
assembly i@é}gg%r to alter the flow direction of the mixture to control the direction of the flame, and/or
to create suftficient velocity exiting the burner to prevent flashback. Flashback is a phenomenon in
which the s{f8%d of tRE RS BEETBI EALRSH B FIIRLSAE BISEPHHRA YRR'EpLBY B the effluent from the
burner, and R SR IIRSTiSH Slrivm i tras Blab Rskwara st thirbather TR &M EHEPeR0IMIN damage to the
burner assemiblijchly thetivigh semnpenatumasrof.sconbestiond OO 3} BRatertitH 16442, discloses a

burner that igdesignekioReidosaieddniihadiaptnf.a fwares tprdiiingwricaly waadadiant wall.
There is a Rék@é}n%%%%!g?bh@é‘ér{ﬂ%% %F%%q%éa’ﬁ%r%e’rﬁﬂ&‘er Ic%ﬁ%%%@%sa&qv%ggg 19°g1gd, flownstream of
the venturi assembly is designed to increase the velocity of the tuel-air mixture entering the furnace in
order to préV&HY BB RYERR FERTERNESE EAIINFIC YRS Bittls SQRerA&LBnIVYAFBHBA SS the fuel to be
fired in the totdiBrvecEp gsed a53RBpIyAtevattGRihel e Ui dss TmRis inlkedsentiitdB8embly has an

effluent of premixetcaintfihe intixat is@ionich fleamn)cibhetiatanee: ofrifer ek istaddiddn secondary ports
located on tapggaeinh e aas IRABAIBLIIEE. RGRARRIDG JeanpERh (kR ktechnology are
known. LPNSef1nplogy s ern st aw NODUDeLs. 0d45e5. vaniyl asserbly to inspirate
air. This arrangement Is cFeS|gn_e to form a [&an (air HCE;'@ Lel mixture that enters the furnace.
Secondary THEPHEAS TP HRTHA AR 1S 1RV B BRAEYSIFdYo BT BT ERFY 98 WaWidH assembly and add
additional fdaMasseatr Geneane Shyhiousk strieoraraiecssiwbigstion conditions. It is important to

note that thpdogatiorusfrthenfeed injectitscpeints fomthesbusnesigete nmirascthel quaktyoof the flame and
#}e NQ”p_roey@imga‘ M?%iﬁ@%ﬁioﬁ‘ll&?@%é%@iﬂﬁm i$r@%8i£%%ﬁh§@%&£@é_tdﬂ§t prmaRsReIt is reduced.

is will inspjrat | rnately.a da upsirea the venturi is used to create a pressure
drop that v s o D e e e R e
mixture in R8T LRI el MK R R RA RS IS ATEITCHIRVIIRE 4P TR 38t and air is
drawn throudiR YREHeFaM A St oegLRseh e ot arzartvak’ dfereefirhadeeitselbe el flame created
with an extremetysfueld eanspmxtust daHeve amalet offfuethereeninedsssthiiheaispaftsubstantial fuel
fired in secenglanpeHsMAlkRe it asiakle=PP0PIL S Bate bt £H04, 3 Hislisciansadeuppes for firing on
the wall of %gg{éba&gmlgggggg%rbqlq@ists of a venturi assembly in which the air flow is created by the
flow of the tgtal fuel through a primary port at the venturi throat. The venturi assembly is designed
such that tHEBiantty 1 TRESTRAN b5/ HRE TR Wl HESURRCH 5 AU il - BIRAY above
stoichiomet?#S. PPRR RS il dRky MO BRI &R KRGO A ORAIE DRl ID £15BIEEE by Bfe the means for
changing aarfiogenkneipiesionedciv-fuelleaniriredeidvan gritheedatentsstheradreeted along the wall by a
cap with orifgesderpramete madialklandann the walkbauenetaiRDARILS (Ralentf £86xtAP also discloses

a burner for fifing, anqthe. walliql thefurnacs: bithe, describgemadiment. AimanafieLis used to
inspirate algtthr.ou h a venturi as emb%bmgﬁy?e ut'ljr' assemb!ﬁsl?og%ag&egrsuch thatS ttp‘e fuel will
(tde

. is importan to note that the joc jection poi etermipe .
provide exceSS v With TESPECt to Tha primary fuel. THe air 1ie fean) efﬂuent fom the venturi
assembly i$4ABhH RS eBeARe IFHNY cRip kP o AffEas Rraird cetHer &l uis A6°HTe Walls of the furnace.
In this caseftbidvbyeriadditaratadiasks injictetitnitite ioticide/dbthesreatairasseritsigrand cap directly
into the furpage.véfisifueksnixesasaith thesairsich mbgureuasihsirmixioe extadhe: capassembly with the
resulting airfuelabdy W BRMSDIbkelIhe RHINGTRG NG SOkl ARevaHgichiRme e
(0007 Stolclypmetis gombusign.s deline as. e auanli oL A (or oxygen hal il completely
combust thé Tuel to carpon dioxide and water. This corresponds to the maximum tame temperature for
the fuel. TyPRANYASRbAHEATEGHE EHed Bt LPURMEERLLLE 87 SRR 200 185 4 s provides
control ovelethareailolsgbpraniterivimibe sithend sebsiprbg dugtdeme i Bychigherranfolihes of excess air

leaving thefusmalee at temperatures above ambient. If combustion is operated below stoichiometric
condi_tions (baekr iCh)_tﬁH‘i?é&é'ﬂ?@lé@'ﬁbf@@@é&%éQ A%r_ﬂyﬁﬁﬁﬁr@?&{ SERHNGr %@W&O?ﬁ@s as well as
pollution. Ihiprabysat (3 0alaledueibahovs StalchipMENLe. Jieh Ihere p sigiifisant energy penalty

due to the hot excess air leaving the system. [0008]Thermal NO" formation is influenced by flame
temperature. The maximum flame temperature is at the point of stoichiometric combustion. This will
form maximum thermal NO,. Technology is known such that operation under air rich (above
stoichiometric) or fuel rich (sub-stoichiometric) conditions will reduce flame temperatures and hence
NO,. Certain low NO, burners are designed for lean conditions from the venturi to lower the primary
flame temperature and reduce NO, but then inject (stage) secondary fuel into the primary flame above

the burner to give slightly above stoichiometric conditions in total. The net result of staging is a lower
comhiictinn temnaratiire cince thare ic alen mivina of lowar temnaratiire fliie aacac in the fiirnace with



Summary [0012]It would be useful to provide a burner and firing system that can be conveniently
adapted to operate using different fuel types. It would be advantageous also to provide a burner that
would allow for small changes in the air to fuel ratio for a given fuel. Furthermore, it would be useful to
provide a con?(ﬁf’g?/gféFﬁ"[that would allow for both the switching of fuels S WP HEYIYS) of the air to
fuel ratio when firing a single fuel. [001310ne embodiment is a method of controlling the air to fuel
ratio in a bunebegmprisiay aoventus \asseitivhpth Svinepain:Upsteamsieitetdsuril@rging portion with
a pf@ma(ij injectianfuelinishiadhinatordion davnstpamdramikhescogmergingsportion, a diverging
portion downst

H %%?Jﬁéf%tla% PRl RO HIRM-PRCA0 il e BaSRRP DAY PAS NIt dngisposed
downstream?rom,t e converging partion and m)stre m frortg the Putlse¥ Jh&reng%tgl .gn%omprlses
introducini TGRARRS ﬁﬁré‘lf)vf’in{gﬁ/%ﬁf@’éﬁgﬁ“u%ﬁ' Mg FeedVhg alr B tghethe & nfet By inspiration, and
feeding a GageirreHeEts categ 0P I§ESTIaY T Vel tatevahertihtent of the gas fed through the

secondaryrgas inlet.dre=sslegiad, ToTresultisvlasdesibechaifadifneloretio Wafqide thenastlet. WO
2009/014 724 R GeEA1S2Q08/Q08 96 LRk 4 b & lughus uslyhasadieatingwaluedsstheiyange of about

100 BTU/sideulhin abaul AR08 BINPLGH bk caudhpptionalucae. al-aesgrdawgichealing value.
For example, it could_be a'hi heatlnn%%/ﬁlue uel such as a hi h?hy%rt%gegi;g Ié)ralower heating
e

. L N| fuel
value fuel BT@YA4eh JPRMELE Jud 9ATHANT RS8R e RUEhoRa and synthesis gas can be fed
interchandeany. aTise WisFdganiodsitne txeoaranaeiitiet taf PRl ifErtdas, or a combination
of fuel andvimerbgasdi@B451d kensriv Hrassentsiie SOtnermes asshutiseadybrkirepbitith downstream

from the diyergingdortion-aridbasrsenday eaairlat indormed andhe tipussspantion. In some
cases. at \eashana.aldba oy drartenaniayeloding lisseddRpaetean from the secondary

gas inlet. K_lteratlon can be eftected with a flow resistance component. [0016]In some cases, an
induced dFIFRETE ficluded downstream from the outlet. Sometimes, a damper is included to provide
additional B8ftrol oftRENRMFTEEOBREs RS AGINrBIE TR et StRE/TLEee R 8L Miber is included. In
many casesfursisyravingtaheclene tdt e ditrigevatd evireth @ ageespaide ta thOOBIW/Stdcuft to about

1200 BT Ufgiecithsandie wsed inserehange atliolQed i upethe embogimantds a arethod of firing a
heater haying gt least.one AUNGLCONIPISIAG ANCIIHE RRSSBIPHNAMAG A HRRY RAM air inlet, a

converging portion with a primary.injection fuel.inlet, a throat portion downstream from the converging
portion, a%ﬁ‘%)?é?ai%hﬁ?g rigrg?fg\}\?nét?’éca?rsﬁ ﬁéfr%aﬁ'ﬁng t%?%tn%%erﬁ%ﬁ m gﬁgtgﬁe%ﬁ%&? zmst?éecnot'ndary gas inletis
disposed dERRRREETISPERTEIAR SN ERANG PRI EPEEELEM HEH R GRITET R method
comprisestintiosgminepfesinintg shedyekiaskioss thel ferpianigisiratimgabuiie ihecairiplerehnd feeding a gas
through thg,secapdmeyngas, ket whaseirigninixiv B Hhpeang fueldnia selegtedsair to fuel ratio exits the
venturi as%%qygﬂy@g%gg‘gthe outlet. [0018]The venturi in certain cases has a resistance component
positioned downstream from the. secondary gas inlet, In some cases, such a the fuel has a low
heating valﬁ.?g\,éihe r?é%ae énraﬁ%ks)’fg% Lﬁ%ﬁ‘tﬁ? B%eré%?ﬁ%u%}?\né?swgrﬁ ng %ﬁ%rg itei(rg }Sv%ﬂ b%gr]ﬁ'grs and the
method fuRRBFESHTITiISEETE8NTY SRR LG S B SPTUN S Pthe T HeAMIFAMIE i Though at least one
additional W8rt Pesitiopadsnrmmieastrohet opeiiist Yoestiy s jaeam S0 ehiehedrPbufhers and a second
location inrite svekietthebeatestriow thervsalidumeisnanrtaioavetheheatth.bOeneis. [0019]A further

embodimegy, i RUHE! JNcding AYaRIH RS BRI £ HBRLRINGABWRI iekResomyrEging portion with
WRY d%%%[leg%fmu@%%quﬁ%g% RQHion, a diverging

a primary jnjection fuel inlet, a a %orti.on q
portion do%,?,ﬁgﬁ%‘%’ﬁ? ?rr}éjrﬁe%ﬁget rd‘gntutboﬁ?dﬁi,egr?a an o se,condar¥ %as inlet H%s positioned
To620fRROMer embodiment is a

downstreaCHORE PHEES RS P AR A TSR TR E §Rled
firing contrt@ysteamdeerconteoiing Eecaiptbefaeredtiysric 2 BUREPRLSENTH P ARG venturi assembly
comprisingwanyaisinieteduecReergingepontiantivithagrinasytianjection fuel inlet, a throat portion
dOVl‘/nStregﬁééé?m t%ﬁs@%@@?&e?@&i@ﬂb@dﬂ%ﬁ@m @mﬂimﬂ%m&m%md@erﬂmgt portion, an
outlet, an econdar in e ign;and upstream
from the oﬂ%gtr.n'?ﬁrgn r%? 9@}3\%\, %%]Oib 0%%%%%%%85%82 %g%%ﬁ%%ﬁ%%ﬁ%ﬁfﬂggﬁm C{Pr\nvprises a first
flow contrémfg{)ﬁé‘b(?éfﬁﬁg’fﬂﬁm%”fdﬁ‘f%' 187 FIRTHAN BT Primany injsction JueT inlet, and a second
flow contr@PH@Vﬁ@@%P%@ﬁtﬁfﬂﬂh@eg%qm’éfm%%‘?fth@%EB‘Wﬁ‘r?‘“ﬁ&?l‘fﬁ@ﬁcmmg& at least one of
the first antreatahd foveicontrsieidvitasis thvakaetobapreSdireuisduddmelle siimelthises, a damper is
included foreassisting k<contebel tagiminislstilou rate: [RO2HEekanothes-embddiment is a firing
control systen, for 3 S RAGES ABHRIRING A RSALR R SIREW@hiaRG RS ASseMAMNIth at least one

burner includin? a venturi assembly comprising an air inlet, a converging portion with a primary
- . hat.burner remains the same. . . . . .

injection et RTE d oAt porﬁon downstream from the converging portion, a diverging portion
downstream from the throat portion, an outlet, and a secondary gas inlet disposed downstream from
the converging portion and upstream from the outlet. The firing control system includes a first flow
control device configured to control fuel inlet flow to the primary injection fuel inlet and a second flow
control device configured to control inlet flow to the secondary gas inlet. The flow rates through the first
and second flow control devices are varied depending upon at least one of the composition of the fuel,

the heating value of the fuel, the oxygen content at the burner outlet, and the desired air flow rate
throtinh the vvantiiri accemhivy TOO221Rametimec the hiirner acecaeambivy inchiidac at laact a firet cat nf



[0023]A further embodiment is a firing control system fore furnace comprising a hearth, a side wall, a
furnace fuel inlet, and a burner comprising a venturi assembly witlia first fuel inlet and a second fuel
inlet. The firigg sQRIEPL-BY¥Stem comprises an oxygen analysis componentLonfigiiief isgetermine the
post-combustion oxygen content of the furnace. The oxygen analysis component is used to adjust the
relative fuel flow rates to the first and second fuel inlets of the venturi assembly. [0024]Yet another
embodimeFPI¥h firifyRePRFEINY SRR SPRRIFACY SiSiADPRIND o Welbbtmesssidewall, and a burner with
a furnace fugAet chatketesappietre tahferst atind haubiringhe antradsystamueamprsasa fuel analysis

componentatiomdigtiiedsQdieieainewhnifen theduel slsthedued nlekias ajawerheating value or a

higher heating-ualds: : ' | to control the flow, rate of fuel to at least one
of the fumnage. gggﬁ{é)fs%%ﬁgg%%@%ﬁ mgl;aeﬁl%rﬁg%gf%%ezgﬁ)fﬁg{ﬁg%n? ‘835@1(5% 4€°8 furnace
0 L

comprising a plurali carth BuTh8FS PR 5ISHAIR O F WAIY BiFRefe 1 andieddiof staged bumer ports for
at least ond S HREBIGEARP ST AR aFPIBYAHE AP BRI PR Eaged! bhenbies avag a second set of
staged burierepeitisadjdesnbihenfirss s€navduendirianlystherfisst aetcohssagest bummerparts is used with

higher heatingovalasfislscuyihgteigdotvibn fiiskand seerndoretsf slagedhumer ports are used

with lower Reating. I ; ect. there s rovi grda method of controlling the air
to fuel rati ign@a b i%ggé%%)%ﬁrg p?g\%}%ﬁ%}iﬁ%ﬂ%?@ ?ﬁ%n’meﬁ?gg %omgarig?ﬁ’&: 3aﬂ%ﬂ&ing air and fuel in

a venturi assembly “the ventur AsserAbiy §7a0iRgeLrPR pS (heiRrAIP AR HORbRRIBRIISY portion with a
primary injEHSREPFAIUR I e porisrrasiHnEe einloneitd convering portion, a diverging
portion dowgiitfeanrirehititesd st thortione arcssidetyand esecandans gasidnghdisposed downstream
from the conyeigingpomtiarMohupsHeam famdiheeiet, the admixing comprising introducing fuel
into the prigaaky injegti inlet, receiyi Ir through the air inlet by inspiration, and feeding a gas
through th?%égnggé?g% ?}#ﬁ% a 'J?J%Ekr)l@gpﬁ{? %Woplg}?g éﬁsdgggé?grn 8¥?Heu§i§3°'f§éafﬂi’&gh the
secondary gas Infet to adjust the air to TIEPTATE (RIRTEHAHRANRY, 102561 another aspect, there is
provided & HIHOHYIP MRS WY 8P ARG Safteexsironte syOVTRsisEam fisiing sevemtastassembly, the
method cdiewrisigaadtsikme tairandrftebin @ wenturiassemiby, the yeriudsassanblydaving: an
upstream aispirietina envasging:poRtioRWITHE RiMaEyieFIQRIueLinet. A hraas portion downstream
from the comuRIBIABREIAT. LFMPHUNLRGHION, dRDSiieam from,he hiogt portion, an outlet, and a
seconda_rycgr%lgalrgl Tt(%lspos downstream from the converging portion an upgt?éggn from the outlet,

d
the admixing compﬁsiiqﬁﬁ’ ’fﬂ%ce)sdﬁg?ﬁd%”éﬁ%?gfﬁ%' Prinfd S siiensrTGendiive tHéweel inspirating air into
the air inldt TaRAEURE ST S dEsipReR P BsE St yagaevinte] sehereis anwiateere of air and fuel in a
selected iRt mittiRoeiitsrthaifierduricassenbly ditoughitiaweuties {0A25chasapether aspect, there
is providetbaspunags ipeluding anentdAssemblysie VaRbE 35 b, FATRISIG: an air inlet, a

converging, RRERM NI aRKMARBISRAN fuglinlet, a doat portion downstream from the converging
portion, agij\(,%tgilr]g portion downstream from the throat portion, an outlet, and a secondary gas inlet

disposed downstream from the converging portion and upstream from the outlet. [0025d]In still another
aspect, thera 45 proVitRPLHHFRIUEIHRIDIISS &R es peo sl ehdhalces heslorasoiénts burner assembly
including &f38kstiopesimausitadieratiiuahpeenturbaissernblycaraprising epr@iinget, a converging
portion withrasptimanyuinjeetionfuebinieingthraat BREIaRCaNMIsteaR M hergmeeLging portion, a
diverging pRetienduRS SRR BORLUGIURRL PO ALANIEL B0 A.sGqendary gas inlet disposed
downstregmjgpg; %fagﬂ%pgfvt [rag'aiirrlgo%joer‘tj_g iOar?_!cejmut'Is,r:[rc?aam rofmt e out‘et, e irmg control system
comprisin@: 1afirst low control device configure ) QSWSI 'fﬁél inlet flow at the primary injection fuel
inlet, a selohd flow CERPOPEIRARES D MRHHEE tSEsHine HipaaTimdtehaiod theusstondary gas inlet, and a
fuel analyS8eGNpEENtteatieubdavtisie vpiteamsting theduelgib gheduelintes has a lower heating
value or epfrigheinjeedtimigelaliee aSaoldp2Rel BoyetasathanasRach gk irEpvided a firing control
system fofia#yirgaecaisoBRKSIRAANSARE wdidsWal ARd AdMENe %Q&Wéa"‘é”ﬁ&ﬂs'eaﬁ one burner

including g.ugntit Assembly mg venturi assembply comprising an air inlet, a converging portion with a
primary inJS%tion fuel inlet. a throat C%r\f%ﬁm(?opv%%éggﬁ%%rrﬁaﬁ%g%%H\?e%lfﬁtg BoHA ¥ diverging

portion d6%?1%1?8%??\"&%%"{%“%}’3%{ A Mo tiRtusd ik estisina aifesintes dispesed downstream
from the EYITPEIGHAG SORTERAINNE gpsireateh fithsabracaroas inlet tHddifiowgreentroksystem comprising: a
first flow ¢bihe okeliv e cahfigeisechtaspptroinfaad intetday tordsaprimanrdjectivnduel inlet and a
second flewoapatred fie\dggsconfigured to control inlet flow to the secondary gas inlet.



. e

[0025f]In still another aspect, there is provided a firing cohtfol system for a furnace comprising a
hearth, a side wall, a furnace fuel inlet, and a burner comprising a venturi assembly, the venturi
assembly h el inlet and a second fuel inlet, the firing control s stem comprising an
oxygen ana?ﬂ%g(%ﬂg%){%nt configured to determine the post- combustlon?(()j;(r /O COREaRt of the
furnace, the oxygen analysis component being used to adjust the relative fuel flow rates to the first and
second fudlQiféts of BREGEHIHHESHIBRINONEY S B0DATRATDABEORI IRBTIAREMEAD Brief Description of
the Drawirgs OGRE]FiY/stdschematicelbpheivoan! dxgmplelofa vatitgriassefly. 100271Fig. 2
schematicayrgepictsdn@mmypl el heasth e ter il adhmaces10028]kigwesehangtically shows

an examplg, of M@Jchléergegwl;%%@%lﬂs fh %%h?@@&%bﬁﬂ%%%n%%‘%&&%ﬁg@anontfo' system

that allows for air to fuel rago control or asi ?gae fuel. ]3 g, P sch%mgtl([:allg/nshows an example of
a firing coRfroTsYSERTIRER Mol 57 RS TSHIR -SSP § ?ﬁ% 2 CATABIRS O ArEFR AN ER) firing two
different vIERAITR!IPe2tTHY sefirReTUE*S and for switching between the two fuels. [OO31]F|g 6 shows the
results of eoshputdtienahtfiickshmisimicssimmslatiord showingthereficcinotsecoidarynport flow and
downstreagn R tadieen OdhakhoxdniengamadinenbysngAaeeepeatn gassether than fuel.

[0032]Fig. %&@%(Y?e&@?oﬁ%s&'iﬁeqio@ SRORYEoRR Jérib%?} anics éém%'?éh%‘ RPWING the effect of

secondary port low and downstream resistance on air flow, expressed as an air-fuel ratio using a

secondary*G58°8Mh &P LR raSF IO ARRT @%ﬁbwtfh%f@%[ﬁf’és@%e(%?ﬁﬁumonal fluid dynamics
simulationfSf@lving the°BREEERT 3B EBHERIN BB RTIGVNaHIPH SAMSRTERIM R iSRPIEEon air flow rate when
fuel is add&dhviatithes sedangary wentiat perbv0o 3d]FigaOcshiows the flestits dfalr tomputational fluid
dynamics gigudation shavwinagdhe effest @ sasangary ipadowsanddewasaligambiasisiance on air to

fuel ratio "%'&S%L{%Iidé Added. i QPaE&RqBQ%%Y‘?QM‘tQQB%&O%E]é:w‘%/s]rr?cé@‘é’é(}ﬁ%m%é@s“'ts ofa

computational fluid dynamics Simulation showing the effect of downstream port location on entrained
air. Detallé'atelﬂ:e'%%% oh [0036]The embodiments described herein provide the flexibility to
alternativel§Ffire furdaeleierestiersd s sy/netesisidHasmbeahbaYitio AdFRSEPRDBYEES in the same
furnace Therdissinsedeamib eskamgntsamalie wptamt tardasily switehyibehween filelasources should a
disruption gGReH indbRPHMaRLSELNER JW AlstpreMdedmproNed SaRg Bl tocontrol the total
combustioga rat oncaotpsotymﬁe%q%q{%t%aﬁg&@gw%tgﬁ i sPUBeyeRy heqyih gnd wall burners

when usmglasm e fuel or switch m&(fbetween uels of wid er%/ different volumeiric heatlng value. The

IRUTARY R e RN o A R TR A KPR R R A5 Bt al SE° A58 used with

embodlmen?gogre% HEUTaRY Wl
other type§BTHIRAFFAEERCEB A G SeRITVR R, MoWPrESHigiNecESIpBh@htrithédfs a device positioned

proximate fezdinad gabiirmegotitettvatairgetsriovwasdior cistngas dlomnyeledity. seEgetivolumetric
heating valiiq: asiwartkhier e vafersatadheyealgleassmgth the complete combustion of a unit volume
of that fue dﬁo@&% usedrhegin,;Gonvemional el refrrs 1o mixiwes Sapising ethane, hydrogen, and

higher hy {ocagbons that exist as vapors as they enter the furn?ce Non- I|m|t|n examples of

conventional tuSiS TRATGAY Fafle? EX S BEPSEREITEAT et H0E WARRT G5B %qg}%ﬁen As used
herein, "syRtHEEE Ja8 oig Yl cbnaery Hﬁ'mﬁi‘féi%ﬁfﬁ?féf%oéa’ﬁ%wrﬁ%%ﬂd%e% drogen.

Non- ||m|t|ﬁgrﬂ3§(amwptg§@ffeedmg at least a portion of the iow heating value fuel through af ieast one
additional port positioned in at ieast one of a first iocation adjacent t¢ the hearth burners and
a second location in the wali of the heater below the wal burners and above the hearth
burners.

{0019] A further embodiment is a burner including a venturi assembly comprising an air
inlet, a converging poriion with a primary injection fuel inlet, a throat portion downstream from
the converging portion, a diverging portion downstream from the throat portion, and an outlet.
A secondary gas inlet is positioned downstream from the converging portion and upstream
from the outlet, '

[0020) Another embodiment is a firing control system for controliing the air to fuel ratio in
a burner assembly having a venturi assembly comprising an air inlet, a converging pottion
with a primary injection fuel inlet, a throat portion downstream from the converging portion, a
diverging portion downstream from the throat portion, an outlet, and a secondary gas inlet

disposed downstream from the converging portion and upstream from the outiet. Thae firing



synthesis gas fuels include the products of the gasification or partial oxidation of petroleum coke,
vacuum residues, coal, or crude oils. [00331Generally stated, a method of controlling the air to fuel
ratio in a buwgrz(ﬁmgmgd of firing a heater, a burner, a furnace and conygksysiems.&ig described
that provide for control of air flow without requiring the use of dampers or other devices, or provide for
extended control in conjunction with dampers or the like. In many cases, the burner, methods and
control system® caFRIEPERERRFCEBE invecknslel Rertrgarigidedvadenybiughised iswfatk volumetric
heating valpésandhising tio seenhroatkaned yoregendhakddeas: apstrsyinthpsingasvisuadly, the fuels
gggel\gg u %@UJQJ&%H&%@%@%%M&%, g&%&%&ﬂ;@_%@%%%ﬁ%%g@ﬂ&%@dﬁwﬁw%&f@%t Sases abr?Ut
- C e embodiment is a method for firing control of a burner. Gas, such as
fuel o stens o T SRS e R o e B AR R BF et
assembly cBRESMIEL BreRifed air and fuel. By varying relative amounts of fuel delivered through the
primary fuePpit and' thangtisterthreiserdrdafisrgasrnnt temdsarhentotatdoetifiows the flow rate of air
that is eductedtintcstieskirrace sandi@ssarnied. Jius idhe systemepravides forsainto fuel ratio control
without varyigenhie dneluesish draf Re: spest Ghing sl Javs dAmPesupsirgangf the venturi inlet.

Another ad s that floW control range can be varied by including various resistance
componen%ﬁ%’%ﬁg%ﬁ‘ _S%ﬁ%eﬁ‘g‘ng%r{‘%ﬁﬁ% j‘“ﬂ%{%ﬁ’é’?’é’gi&gﬁ%@”&ra%ﬂ FWREGAR A B utlet. It is typical
to include &"6&VI F87AhAR 2HTG AR SSRISATR HFEH IR EF RImRLPRYIBSHERBY FrAMERIe air flow.
[0040]AnotFREy &aisbRitfiaTe wpsiealidebfotifirmtjetomteoiraloxduimbmeten corabasesitie individual burner
control systemoenesmpassiogighepiretyoyrasiniEoticiondninary epsbarsembiuand a gas inlet
downstreamefedvaraingsecianHLaRSRamALihe.aytier with additional fusknozgles and control
valves to a}laq(\_% I%Llﬁxipei_l%t §udch a s%(ﬁtem can be configured to allow for firing control over a wide

range of volumetric heating value fie s,oe\#]%olrgr%iéjr?}’é%ﬁsaﬁf VRS FREP LR RRY B FHEPS %o operate on
various fuets PRI XSt uribAlerion vaug A derugliioe gagefreyintesiaeusRiels.
[0041]AnotPiéFe AT derifrsiTE sl vy e topnphisingeatveatssmadsembly. The burner includes a
secondary [geezinlet fotherassemhlysownstieamofitba:civerging seciengimventuief a premixed air
to fuel heaghhupagsaadian WalERE TR SSERITAN Sas ilstusHallisAp dpieglign port. In some
cases, the serQan, agpInlel s A Upocaiss al e axial center of ne venturi that directs fuel along
the axis of the venturi assem%r]y. e venturi assemabl(i/ clades an %?P?hlé't%sﬁﬁ%eéﬁ’ya\‘uel injection
point, a converdiig LIRS TR ASiR B SIREP S GRAMIEBRTEN FoPREIMRTGSaS [Thspirated, a
throat, a dil@¥GRity o cexpaidichdsedtisnsforpimssiieomtoliely fandtmoutiettar emitting a fuel-air
mixture inteta fecnatesesicingateuhseeondapsgasiatesistasatesdevwnstiram from the throat and
upstream frsymsthe Ouphef BRiGARMRES iNihg SSERNTRARNORS RllMAYGhER bE fbg fimace fuel or an
inert 9as sy 25 afeA-BLAVIRIR. 0D CASES, & Mon eristance compoNEnt 5 ncluded
downstrearq from the secon lary gas Inlet and upst eant ﬁom e Bt etf.y _
2009/014798PF R FESBHE1608869' 1O IR AR IP PPl AThesYRS e haces and the like are
not able to“SHREFFHRNER RSP JasDEItTedIoahePsprsies s betenisétad thiedsegdhariation in fuel
and air ratesypetwedysisonventional feed andisynthwosisigas:Hooexamplenth@sane heat liberation of
synthesis gasoraqutresa Bield atavhickeisdiye times larger than the fuel rate of a conventional
methane/tygsagen sl T /EAUIGARY (52390 s, howeyar, i 2 conuentional fumace, a set of
fuel ports ié,:‘erqI fors nthﬁasis gas operation wi ot as,pl?'a}en}he correct amount SFhir required for
operation USig ConventioRar filfrhie" &vE aRsE e BUFHIS 2 SranEreste dtsHirhal&%or a given
burner, woliTeF 5EVEY BYRRISCAIRSRPTGY it RBANRh ARG PITEhEconfio was & thisTepredetits significant
additional testsindthe the otkdrsa sinrdosaiing ealle: beareiguereddmgwatch bueneeiatarmals. Neither is
desirable. iorssiiast dbs dislangthenhodinenis allawsirr shsingle Riwpe! fphapdisboth fuels by
switching ftgggﬁ'gggmﬁtgpﬁ,g;@ggg port to the secondary gas port downstream of the converging
section buw%ﬁ;rearpng@m th% %utlet or from a resistance component, if included. Furthermore,

ue

additional orts Can be meluded at the SaEoraRry ip HBEHEN e hBdRf bémers, and on the
wall for thé WalPLUIHRFSUTR N BT ThPeA AbHRATS TUBRTIBWTH HideRFVETVS mewRINeat release fuel.
These camBritaGHEdsytze sigradilyfrd ek umleco amgositomanal ysisagatiber¢formenample a - Wobbe
meter). Thasjasenoththiessecontapngas partis: Haeoenlsd aliowsiot & stableiflamado be maintained for
both types-effuelallaisasians innarsaamiess Hansiign dhe use.afafonysrtigoal fuel if a
synthesis gas, SWRRIY. is s@%ggegal%éqgt el vice versa. [0043]The seCcondary gas port is sized to handle a
large portion of the muc |g$1er syn%ésis gas fuel rate as compared to the conventional fuel rate, but
can aiso be used with conventional fuels. By properly designing the fuel inspirating port, and
secondary gas ports of the venturi assembly, and in some cases, by including a flow resistance
component downstream of the secondary-port, the system operates as a "fluidic valve," allowing for
firing control for synthesis fuel and conventional fuel, and providing for easy switching between fuels.
[0044]The variables associated with the design of a venturi, including the throat length and diameter,

the angle of the diverging section, etc are all operative and are used to set the overall design point for
tha air flow The ratin of nrimaryv to ceacondaryv fiial iniection and the downetraam reacictancre are than



generally designated as 10. The venturi assembly 10 has an upstream converging portion 12 with an
air inlet 14 and a primary fuel inlet 16. The downstream end of the converging portion 12 is connected
to a throat 18. A diverging portion 20 is connected to the downstream end of the throat 18. A
secondary gas. inlet 22 is positioned downstream from the converging portion 12. In the embodiment
shown in Fig. 1, the secondary fuel inlet 22 is disposed on a tubular portion 23 downstream from the
diverging portiord®8%hd ups$treremsierh Beroisthee ed Beediucoridanyajas igair20 fittlconfigured to
receive either arrdteit gas e additianglfueliifikessecondarnnduetintetpiymgadiyrisiagttibe oriented such

that the gas is feghaxially gl@n@,{l&gs\g%wrjhg%mnrg,gseﬁﬁ%@cﬂmglg the flow rate and substance
introduced into the se%ﬁr,]darg g%s inlet 22 theg?lr ta §uel ratio in. thg l]f et'unq ;ssembly and at the outlet
24 can be controlied,” 500! iéf%ﬂg@?ﬁ? ?)Blg 0888 [5‘682 i igure €hows an exemplary
hearth burner asSEIHIRY S O asERAEKIRG IR Lo BNSSIrtiRh Gk 488ERTHY in general consists of a
refractory tile thatoproVibasfemdisirgaiarttien naetaltieitandad seotierbumaredngactsias a thermal shield
for those metal paWsstdbthirothedilenikerearerrovaiopsriamniestingolisel, sentialiing the direction of
the air and or fu%ﬁh%@ﬂ%@%k@& i%tﬁgrﬁ%‘éﬂﬂﬁ‘é& aL'% iREflama,Aiabilipyfdgure 2 shows a

burner tile 60 w%p internals as de cr| e qve conswhgaI of venturl assemblles and fuel injection

ports. A total of 6 Ventiris Ara Heat |sel:? 76t SRdE GRS B80E B3/ BRLAR3Y'%33, There can
be any number &%@Wuf@ﬁﬁ%?@?%ﬁ‘%&&%ﬁ%’@ HiesgpRisearetdrisix 9 adieshtosi 32, fuel is
injected throughahe préhmatiy tfualghjbetiotieport 34 in the converging section 36. The jet from this port

creates a low pregare in the uRRHAH At R IGbVIRSPY Mas RIS A Ifadhe: venturi
assembly thfou@l@ﬁ?‘én@'%ﬂ@%‘kxgﬁ é%@r{@uﬁ'é@éﬁ%@' AQ'%%%J’E&H% %%V%%‘;giggpa‘?”'on 36. The fuel

and air mix in the venturi throat 3 flow through the diverging portion 42 and into the burner tile 60
of the furnace. THE ftiIASAl rﬁﬁ?&ﬁ?@%é@%é@”ﬁﬂ?cﬂﬁ@wgﬁ Bptihal resistance component 46, such as
a grill, and exits FeRASGAMIAITEHHAPBErangrEVentth o piiseagniFriepiydenas aypically does not
protrude above theatppebhosizontedrsttfaceeaftivertile; oortidh e hvargmdpsnien assembly as shown also
includﬁs Isecong@gmrg%?f@;gltm?@aﬁ%%{%tgﬁt@méﬁm%féé@gpc]?;,g;g@@mm%%ogtﬁg(had fudel port? zwe
typically located gutside onfines of the tile enclosure itself hut s.thro the edges of the
tile. They inject fﬁé’f%gan%afﬁ nile |ﬁfg?ﬁggm%u#e otaPueﬂ P3G alrrg%t?ﬁ dp"ﬁ;cén?#éqs 301 the tile enclosure.
The fuel that pa§§g§"'fﬁP8Li'§F?‘EH@§%fb‘ar‘fgcig“ﬁé’ﬁgiﬂ?ér‘ﬁ’ﬂcﬂ‘&?ﬂﬁ fHSt’th%lf‘fﬂé'Pﬁfﬁfafﬁ‘@ farth burner.
[0050]If an optioindl ‘A daingicrr8deeding ugksdhandiche sasphiepyanriaiieimeemeitly controlled by adjusting
the vertical posititixwé tieieindampes sedhatherer Rt siidanpatbisdneludesygir flow is further
controlled throughethgdpjection of fuel, inert gas, or a mixture of fuel and inert gas through at least one
secondary gas wﬂ%ot?ﬁ p05| |one gpg\smgg e%r';,}erpefrorpo\EI e copvergl in sectlon ai] nd upstream from a
venturi outlet 48 5 ]in F| secohdary ggs In e({ At %os Foﬁjgc?a? & downstream end of the
diverging portlor??F?rB*f'Yh@‘?/é‘?ﬂ’lﬁ‘ﬁ %&Hb@‘ﬁﬁ’ﬁ?'ﬁé‘low the surface of the tile 49, This enables
convenient deliverpibinttie ayas et @iy aodessiiiteal otatoriniByion dhedimiet.at teastroriersecondary gas inlet

52, additional fugb@rsidmarsgascanbeirg o) e sysigpbabihisdeaasionydhisdnlet can be
employed, for e&mm&n% mgpgws'g&mﬂ, ngs @M@@dgég&\%éﬁgﬁh&mwc ratio, such as for

synthesis gas, or when the ueI bel used has a high air to fuel stoichiometric ratio, such as a
conventional me?ﬁnvﬁé;‘f:'l%? é’?’ 1?8?@&9{%%%% es the secondary gas inlet may not be used.
However, it is pri&8éplin ordéﬁ% %@@aﬁmﬁmat@eawaﬂ@wd@ﬁm@iwﬁe@rm WErYfe burner. [0052)The
secondary gas intetrb@ngaimn: e pdsiti atechamuviee tesdonim steeding af festcpaverging section 36 of the
venturi assembI)ésggmjgsmalmA@@g&@'%@%%hg,@verging section 42 or the tubular section 54 that is

downstream fro%tgg QQ{G}{% %KB N 4 j. Wl\qr%epmnlaap%%gg gﬂc%gpa@{ %qérlnlet can be included in a

single venturi. In some cases, t & secon as inle IS posmoned near the venturi outlet in order
to avoid dlsruptlﬁﬁ%%rﬁgéﬁﬁéhfe%%ﬁ}% OGI\?e?Efﬁ‘i%ir‘é;e%‘ﬁB?{‘Eﬁwﬁﬁi’ﬁéﬁgﬂ?’ﬁcﬁ%hown in Figure 2,
the tube that WOr20eorird 72 aRETANS26008/00 8969 furidispaecdsovnsiagnytaaritet 52 would enter
though the side vealleadi ﬂg@&%ﬁuﬁ&h&ﬂﬁﬁhmwm&tw«yards (00531The resistance component 46 is
sized not just for dlrect;ﬂgfﬂawcgﬁsm!@vamﬂ ackirfub@!sshier sanitllingdha [ange of the air flow
by providing a pres§r0§? e op Ht%w%rt yar u;&secem lary é?%rlte flov;/e[:%tesﬂo'\l;vheo ressure drop impacts the
pressure downstréam oL% he venturi a ons M Ventur ins fTratlon tI"’Iow tRos |mpact|ng the flow rate of
inspirated air. [0OBBWRLE £ SROTPS B BRAMpIE B?aswandsmﬁ@ inlek SRbRUSHABIE Eracking furnace
provided with a vemtgricatsenihiie@R. detrerencarndtbeatiy fughabte delerttines mipeaallel. Typically in
ethylene furnacesfmaghanaibbarmpiehasoreseaturi assembly. Multiple wall burners can be located on
the walls of the ethylene furnace. In venturi 82, fuel.is injected through the primary fuel port 84 and
combustion air is inspirated into the venturi assemb%y through the air inlets 88. The fuel and air mix in
the venturi and flow into the furnace through the orifices 92. The flow is directed radially along the
walls of the furnace by employing a cap 94 on the venturi outlet. The combination of the size of orifice
92 and flow direction change created by cap 94 generate a pressure drop. This combination provides

for control of the flow as well as increasing the velocity of the mixture as it enters the furnace to avoid
flachhacl If the ontional air damper OA ic inchiided air flow canhe nartiallhys maniialhyy controlled hy



[0058](2)To maintain total air rate constant, the opposite is done in the wall burners, i.e., fuel is
removed from the wall burner venturi throat primary injection port and moved to the secondary gas
inlet in the wall burner venturi assembly. This reduces the inspirated wall burner air, reduces the total
air through the wall burners, and keeps the total wall burner fuel constant. The net effect is to increase
the air rate in the hearth burners, decrease the air rate in the wall burners, and maintain total air
constant. On thé"rseside, HedpHRaPURPaRSSHIARE e SIT4ted afengrieREpIG¥se TS dninimizes the effect
on flame shape anchthedqpassitie: adwerse ftaetipartlbeumetaktemperdttuselef80SBb) As an alternate to

shifting fuel, an INEREOASLEHER A HTRABRIKY, HEFBN A BHHIYRASIBRE Bk alid, el can be used in
the secondary gas, port, Be/o'r%ﬁ?_\i?tﬁ'Q%&E\%é%%é!&‘é%ﬁ%:%%&‘%t%‘%gi\tpd&%ﬂe%%@éééﬂf@é%gh the resistance

and the outlet, the pressure profile over the venturi wi changed. ressure downstream of the
throat will be incVéea“é’é‘aeéﬁ‘fEPt‘PﬂE%"be&‘&ﬁﬁ%?ﬁ’&?ﬂﬁ%?@%ﬁ?@&iﬁ?ﬂﬁ‘%‘iﬁ?é‘tf’gﬁ‘ﬂ%‘wz fhe air flow will be
reduced. Thus, cotirtalnig prevideentoasdiied ditresetaloairstegertdreeife peneaaivigodicchanging the total
fuel rate. Compuier sisaetations slrawtthat, depending on the resistance coefficient of the resistance

component located at the ¢¢ %%Wﬂ%teﬂﬂc%?ﬁﬁﬁﬁ& nResdlawiauordhs.resemdary gas port can
either increase or decre se %a'r rate through the venturi, Thus, the venturi can be designed, with

ontrol fuel in w to the a?P?TSW% echon fucgt[lﬁlre’[ ané'J a éecang (ﬁow cainﬁol avic

this port as an integral part, to permi riation over a desired range. This can be done without
having to adjust WAAHEF FoSiBH EkatiitysoriSHSHE ST IMRiproved accuracy and efficiency in
system adjustmé¥izé§ comparit] auotherseibet hedy isseddan pdirsg COB0] Avsew firing control system for
a burner is provigagddhesaipdivpicadrihe duelion aseked hrpeis passesibresighiadaeader system

that may or may, ot Agve individual flow.coniig) H‘ﬁhﬂﬁ%%#& eRNRL the fuelflow Renge the heat input to
the furnace. The gasequs fuel flow is tgelcal%contro edé\zc}%ﬁ%usnng the ressurrE{e in the header, and

thus the flow over the ra&i&IAA&RY 8 HECLHEENRIET AR BT REPREFRISANIREEY Lower header
pressure equals!folfErmiae TeResareinsie T onteen e Rdan & braatiseryoepaelveif induced draft
fans, or by direct@omineh0idhe dhev/tobajrstromriitiveck s fov diegiptsifine goressure flew to the burner or
by combinations;pithe mbova.Aeeuigchnique of air flow control is described herein, [0061]The ratio
of fuel to the primary fuel port and the secondary gas port of the venturi assembly allows for changes
in air flow through the venturi. As is described above, the air flow to individual burners can be
controlled by changing these ratios. For the case with both wall and hearth burners, the fuel flow rate
to the hearth burner primary injection port can be increased while the fuel flow rate to the secondary
port in the venturi assembly is decreased, thus increasing the air educted by the hearth burner.
Similarly, the fuel to the primary port of the wall burner can be reduced and the fuel to the secondary
port in the wall burner venturi assembly increased, thus reducing the air educted by the wall burners.
In total, at a constant fuel flow rate to the furnace, one can change the ratio of air flow split between
the hearth and wall without changina the overall fuel flow or overall air flow. [0062]If the total air flow tO
the furnace is to be increased or decreased without adjusting the split of air flow between the hearth
and wall burners, the flow to the primary injection ports in both the wall arid hearth venturis can be
increased or decreased with subsequent adjustment to the secondary venturi assembly gas inlets to
maintain constant fuel flow. [0063]In one embodiment of the firing control system, the flow rates
through the first and second flow control devices are varied depending upon at least one of the
composition of the fuel, the heating value of the fuel, the oxygen content at the heater outlet, and the
desired air flow rate through the venturi assembly. [0064]Fig. 4 shows a control system 100 for a
venturi assembly 102 configured to fire a single type of fuel. A main fuel line 150 divides into a primary
fuel line 151 and a secondary fuel line 154. The primary fuel line 151 has a flow control valve 160. The
secondary fuel line 154 has a flow control valve 162. In some cases, an inert gas line 156 with a flow
control valve 164 connects with the secondary fuel line 154 downstream of the flow control device 162
to form inlet line 158, which introduces fuel and/or gas at the secondary gas inleL152. The fuel control
system can be combined with the conventional control sytem variable (ca induced draft fan speed) to
achieve even wider range of control. Since control of air to fuel ratio can be achieved using flow control
devices such as pressure regulators or flow valves, this system can be configured for remote or
computer control. The speed of the fan can be used to vary the pressure inside the furnace (draft) and
thus change the pressure profile over the venturi assembly and thus change the flow of air through the
venturi assembly. These devices work in response to a measure of air flow or air/fuel ratio such as an
oxygen analyzer, [0065]Fig. 5 schematically shows an example of a firing control system, designated
generally as [0066]200, for a hearth burner 202 confjgured for alternatively firing fuels with significantly
different heating values. A similar system can be used for a wall burner. This system is designed to
allow for controlled firing of two fueis with widely different heating values. The system combines the
venturi control system with an analytical device and allowances for additional tips to handle the higher
volume flow of the lower heating value fuel. These are turned on as the fuel composition changes to

allow for the same heat input at higher total volume flow. As is shown in Fig. 5, a first fuel is fed
throtinoh fiiel line 204 A cacnond fiial can bhe fad throiiOh a cecnond fiial line 202 Thece fiial linec



[0069]Through the use-of flow control devices (e.qg., flow control valves or pressure regulators for
example), the flow ratio between the primary venturi port and the downstream secondary venturi port
can be adjusted to achieve air flow control and thus control of the air to fuel ratio. The flow to the

secondary pBit ¥ tEhturi assembly can include an option for use of & Ga&StHeY WA fuel. It is
noted that pressure regulators are the preferred devices since the pressure in the headers (either line

205 or indiidppkings:idh esandrdlingetermines the flow of fuel with fixed orifices in the fuel injection
tips. [007@%%:@ embodimeniadhg SNl SYsiem.qf Eigrm.actvaes flow control valves by detecting
significant changes i_r%; fuel gas composition. These; difffe ences can ;;)Oer aq%tr%g%%d "online" by the use of
instrument&tfdh sudh®8 %frg%ﬁ%”ﬁldeet%?t A GelErmmés the heating value of the fuel gas. If the
volumetrid®@8ting VAU sehamatealy eS| 338 BlEH At (HEPE will be limitations due to the geometry
of the existiogpportstand presstireligvailables forfiole, drcseadditioraseortsaliaite Ké6ndary staged
port positignyQl eRdhswalbes elxpwvhare in the firebox) can be opened and the additional volume
added to thgdebor. t s naled (Ofl RIS AR PaSsibIG B e eripmaldiadual ports
[0071]Control of the air ffow throu thef use of a ifIL%idic val\{/jﬁ_f-éyé%%}%yst%m q{egyﬁ?twﬁedisclosed herein
minimizestfﬁé’?ﬁﬁﬂ%ﬁléﬂﬁﬁ%ﬁ?ﬁﬁ'ﬁaﬁ BNl Sldampers or induced draft fans currently used to
control air fHefvaTHer sufiehyl oTeaEeRP ER 1A RS many burners that exist within typical furnaces involves
the use of famkshaftsighasianescumeisorieanpuiaionsatiily dmenabiéintdaiticitat teHtfol. Jackshatts
can not be.ggployad rRasioanivahbusresscdhis axtieraalcantsel infotiteeaisddifiel satio in the heater
(used to cor%tergol n%XW%stHtr ace efficiency by managing excess air and individual flame patterns by
specific adi ustments 1o individual dampers can be simiqlif_igg Qa/mqgsng{%ui&%f%%&%\gtqgvices (pressure
or flow) e lly. (08723 RN TR rPE B S AR & A Rirhace comprising a plurality of hearth burners, a
plurality ofefied! #isRrerdasl pRErienanR SEWERERT SEitatre 15/ e REHTRSAGHEIE A a second set of
secondaryrstageiddips=fonthe beartebiiandvsl. Only the first set of secondary staged tips is used with
higher heatipgsyalue-fiiglsacnbite: battithe fitsk-andmeaonstssts olsepanatary sstageritips are used with
lower hea%’%@ﬁ&’%i ue fusls, In manycasss.dheheahpunarsans. confinued dndnterghangeably
operate with high heating value fuels and low heating value fuels. The overall performance of the
furnace Wéﬁ&%@%ﬁﬁ?ﬁ% FE)%yi'analytical devices on the process periormanae and by analysis of the
oxygen an@®ther fliis JaEewiRRREHES thaRRaLRRosR % EAARES AT ERE MK " 8E rocess called
for increasiffgoovidecredmingptifewrndess chitsarthesoriciuel préedintasipieeRdgdiér could be raised or
lowered toprvigarnese-fael lR1aspense, the ratio of firing between the primary and secondary inlets
in the ventyyg-assembly could be, adiusted: toRrvidediioner aylemes airdlawsaseasigred to maintain a
specified level of oxygen ytvithin tr;teg furpo%ce fé)rto té um performance of the whole furnace (slight
excess). [(56’:75}]"?0?’ e ?&Tﬁ_\f\ﬁ%{a %Oxaﬁ?f)l‘es are inOlUded to illustrate certain aspects of the disclosed
embodimeResa#et BaswisiRended to limit the scope of the disclosure. Example 1 [0074]A
computatidgergsiuid dyaamicdit@RDYssirirdatiorsivas demtaddritr @ AliavRESMRoying both hearth
and wall bar-heesiusingrenterh b ek asse tebliesitnaviie koarying taerramet s:offige Were injected
through tp%ip&ﬁ(}@rgrp&giae%@ngum %%%@ﬂaﬁwfﬁ%m&nﬁn@ GFlesigulations for ?u e)grf?ples
were performed using Fluent, a commercially available. r . t, Inc. Other
software pglékugé'%réo@gﬁr g‘e%l?t flzné%%geﬁer%?éa% e égljj\ﬁdsggg\é\{(:%fgde%%ﬁg%&g tf él’%?%@e%(ﬂ hearth burners

had a total SFISPDRRIRT 6 SpR M WABCHR WM ERFE RS HE BtSP SR Seh T

(il Assemblies. The
venturi assestbliesrfonttbe usiadl osinaterisiéad sy tahger fovesisaiein) wialy HBRETOrHENEI burners. The
fuel was a kigherwalimeyieheatingvateeddelat B321BTidistrlastt firelMyiere weresio resistance
corﬁlporlﬁntﬁtigggjggpgtgqéggg Mﬁ;\,pﬁ,l{é&gggtgf fm@f@g flowst‘through the assemblies v;]/ere cslclulated as
well as the Imum tube, meta mperatur . =g
Table 1. B 000 L DT IUCI NGOG PASL 1 LA E SR S 10 Fuol(caec)

proximate to or at a burner outtet that directs flow and/or changes tiow ve ocity. . Fuel

volumetric heating value” as used herein refers to the heat reiease with the complete

combustion of a unit volume of that fuel. As used herein, "conventional fuel” refers to

mixtures comprising methane, hydrogen, and higher hydrocarbons that exist as vapors as

they enter the furnace. Nos-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



Hearth fuel Venturi Throat .0974 .1363 .1908 Venturi Second port .0934 .0545 0 Secondary
staged fuel 0.0629 0.0609 0.0609 Tertiary staged fuel 0.0115 0.0115 0.0115 Total:

WO 2009/014724 PCTAIS2008/008969

synthesis gas fuels include the products of the gasification or partiat oxidation of petroleum
coke, vacuum residues, coal, or crude oils,

[0038] Generally stated, a method of controlling the air to fuel ratio in & burner, a method
of firing a heater, a burner, a furnace and control systems are described that provide for
control of air flow without requiring the use of dampers or other devices, or provide for
extanded control in conjunction with dampers or the like. tn many cases, the burner, methods
and control systems can interchangeably use fuels having a wide variety of gaseous fuel
volumetric heating values including those of methane/hydrogen mixtures and synthesis gas.
Usuaily, the fuels have volumetric heating vaiues in the range of about 100-1200 BT U/stdouft,
and in most cases about 200-1000 BTU/stdcuft.

[0038] One embodiment is a method for firing control of a burner. Gas, such as fuel or
steam, is introduced through a secondary gas iniet at the downstream end of & venturi
assembly containing premixed air and fuel. By varying reiative amounts of fuel delivered
through the primary fuel port and the gas to the secondary gas inlet at the same total fuei
flow, the flow rate of air that is educted into the furnace can be varied. Thus, the system
provides for air to fuel ratic control without varying the induced draft fan speed or using air
flow dampers upstream of the venturi iniet. Another advantage is that fiow control range can
be varied by including various resistance components, or a single component with adjustable
resistance, proximate the venturi outlet, It is typical to include & device for analyzing the
oxygen in the burner effluent to determine the air flow,

[0043] Ancther embodiment is a method for firing control of & furnace. It combines the
individua! burner contro! system encompassing the primary gas introduction into & ventur
assembly and a gas inlet downstream of the diverging section but upstream of the outiet with
additional fuel nozzles and control vaives 1o atiow for flexibility. Such a system can be
configured to aliow for firing controt over a wide range of volumetric heating value fuels, and is
particularly useful for designing burners to operate on various fuels ranging from conventional
fuels, such as natural gas, to synthesis gas fuels.

[6041) Ancther embodiment is a burner comprising a veniuri assembly. The burner
includes a secondary gas inlet in the assembly downstream of the diverging section of a
venturi of a premixed air to fuel hearth burner and/or wall burner. The secondary gas inlet
usually is an injection port. in some cases, the secondary gas iniet is a tip iocated at the axial
center of the venturi that directs fuel along the axis of the venturi assembly. The ventur]
assembly includes an air inlet, 2 primary fuel injection point, a converging section into which
air or another suitabie oxygen containing gas is inspirated, a throat, a diverging or expansion
section for pressure recovery, and an outlet for emitting a fuel-air mixiure into a furnace
enclosure. A secondary gas iniet is located downstream from the throat and upstream from
the outlet. The gas used in the secondary gas inlet may either be the furnace fuel or an inert
gas such as steam or nitrogen. In many cases, a flow resistance component is included

" downstream from the secondary gas inlet and upstream from the outlet,
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[0042) Current bumers used in ethylene furnaces and the like are not abie to switch
between conventional fuel and synthesis gas because of the large variation in fuel and air
rates between conventional fuel and synthesis gas. For exampie, the same heat liberation of
synthesis gas requires a fuel rate which is five times larger than the fuel rate ofa
conventional methane/tydrogen fuel. The required air rate is 30% less, howevet. Ina
conventional fu{rnace. a get of fuel ports sized for synthesis gas operation will not aspirate the
correct amount of air required for operation using conventional fusl. Thus, two distinct
burners, or twe sets of internals for a given burner, would be required to allow for fusl
switching, In the one case, this represents significant additional cost and in the other, a
shutdown would be required to switch burner internals, Neither is desirable. in contrast, the
disciosed embodiments aliow for & single burner to handie both fuels by switching fuel from
the inspirating port to the secondary gas port downstream of the converging section but
upstream irom the outiet or from a resistance component, if included. Furthermore, additional
fuel ports can be included at the secondary tip position of the hearth burners, and on the wall
for the wall burners, to aliow for additionat fue! flow for the lower volumetric heat release fuel.
These can be activated by a signa! from a fuel composition analysis oniine (for example a
Wobbe meter}. The use of the secondary gas port in the venturi atiows for 2 stable flame to

* be maintained for both types of fuel. it also atiows for a seamiess transition to the use of a
conventional fuel if a synthesis gas supply is suddenly iost, or vice versa.

{0043] The secondary gas port is sized to handie a large portion of the much higher
synthesis gas fuel rate as compared to the conventional fuel rate, but can aiso be usad with
conventional fuels, By properly designing the fuel ingpirating port, and secandary gas ports of
the venturi assembly, and in some cases, by including a flow resistance component
downstream of the secondary port, the system operates as a "fluidic valve,” ailowing for firing
control for synthesis fuel and conventional fuel, and providing for easy switching between
fuels.

{0044) The variables associated with the design of a venturi, including the throat length
and diameter, the angle of the diverging section, efc are all operative and are used ic set the
overall design point for the air flow. The ratio of primary to,secendary fuel injection and the
downstream resistance are then used to define the control range around the design point.

’ Furthermare, the exact point along the length of the ventur| assembly where the secondary
gas enters and the direction of that gas entry both impact the gquantity of air inspirited under
any given conditions.

[0045] Another advantage of the embodiments described herein is that they provide an
improved capabitity to contro! total air rats and the air split between hearth and wall burners
by varying the gas rate and gas type to the secondary gas inlet. This is for any given fuel. in
conventionai burners, the air rate is controlted by adjusting air damper position in the inlet air
plenum. This is a time consuming control technique that sometimes is imprecise. With
conventional technology, fuel can be switched from the staged fuel ports to the venturi throat
port to contral air but this can significantly aiter the flame shape and in an ethyiene furnace
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adversely affect the tube metal temperature and run lehgth. The advantages of the
secondary gas iniet are that this new port facilitates control of the air flow through a given
burner without a change in the total fue! fiow to that burner and without requiring changes in
damper positions or induced draft fan speed. By moving fuel between the throat and a
secondary port on the venturi, the air rate, which is inspirated through the venturi, can be
adjusted without changing the total fuel flow through the venturi and thus without changing the
heat input 16 the process. Further, the fuel i;s introduced at the same point within the
combustion zone of the burner. This will minimize the impact on flame shaps while providing
air split control and control of maximum tube metal temperature and ismperature profiie.
Additionally, by introducing an inert gas, instead of fuel, in the secondary gas inlet, the iotal
air flow rate can also be adjusted without changes in primary fuet fiow and damper settings,
and without effecting bur'ner flame shape.
[CG48) Aturther advantage of the secondary gas iniet in the venturf assembiy is thai this
new port facilitates a rapid transition betwesn two dissimilar fuel sources when operating an
ethylene furnace. Because of the very different heating values of convention fusl and
synthesis gas, the synthesis gas fuel rate needed for constant firing is about five times higher
than that of the conventional fuel rate. The air rate with synthesis gas, howsver, is about 30%
lower. Use of a secondary gas port on the venturi aliows cparation with bath types of fusl
because the same size primary fuel injection port and venturi throat gecmetry could be used
to inspirate the correct amaount of air.
[0047] Currently, dampers in the air inlet passages are used 0 adjust air flow to changes
in combustion conditions or slight variations in fuel gas composition while trying to maintain a
“constant heat input to the heater to maintain constant process performance. Combustion
performance is usually monitored by analysis of the effluent flue gases for oxygen content
and operators attempt to control to a given level of oxygen thus controlling the airffuel ratic.
The dampers are adjusted by hand andfor using mechanical linkages calied jackshafts that
are cumbersome and not sensitive to smalt changes. in some cases, dampers can be
etevated when the new burners are used.
[0048] Referring to the figures and first to Figure 1, a veniuri assembly is shown and is
generally designated as 10. The venturi assembly 10 has an upstream converging portion 12
with an air inlet 14 and a primary fuet inlet 18. The downstream end of the converging porticn
12 is connected to a throat 18. A diverging portion 20 is connecied to the downstream end of
the throat 18. A secondary gas inlet 22 is positioned downstream from the converging portion
i2. In the embodiment shown in Fig. 1, the secondary fuel infet 22 is disposed on a tubular
portion 23 downstream from the diverging portion 20 and upstream from an outiet 24. The
secendary gas inlet 22 is configured to receive either an inert gas or additional fuel. The
secondary fuel inlet typically is a tube oriented such that the gas is fed axially along the
venturi centerling. By adjusting the flow rate ang subsiance introduced into the secondary
gas inlet 22, the air to fuel ratio in the venturi assembly and at the outlet 24 can be controlled.



100751As can be seen by Table 1, as the fuel is shifted from the primary to the secondary venturi
ports for the hearth and wall burner venturi assemblies, the air flow from the hearth burners is
increased while the air flow from the wall burners is decreased. The fuel to the secondary staged tips
in the hearth"3efABYHeffdins unchanged. As is also shown on Table 1, thBGHAXHHFRIBE metal
temperature decreased when air was moved from the wall burners to the hearth burners by shifting

hearth andipryyall feglusingdhe seernsniy Reskio@BRiesemiINTSIA Drlisigwiation was conducted
for a ventugi,assemply, "té'é MWL aLHe e QoWQ!@Qaﬂ?&éﬁ%‘ﬂ%@ﬁWvBQétastﬂ% gs was varied. The

gas used was steam. The flow of Erlmar mgectlon ueI vgas{d%onﬁtant Trh|e inspirated air rate was
determined &< 5 3URERSHS 6f tie MBaAFARS tHiDL OIS e ThRdRiAR SO A GHill Tesistance coefficient.
The resultd'ar®esheRmPeMIKiesT s iaaefi7 {%mﬂe‘%ﬁc}mﬁw@g Oemawefﬁ@gdvetéi’&p though the
downstreaandcsvaiof et ventbrictep ended twp tarth etagiist&mreccogffictentwhthtigéSisttince component.
The resistansg £oefficionbls incafinediaspressuie shamspvssithel igsistaneecompenent divided by

the velocityheadl0e 0w ThIS i5,0PUR KL he LAALAIRRIA: oz AP T2V ubere P is the AP is
the pressure drop, p Is the ensit Is th eggas velocaa/&l 078 When n f|‘QV\{ resistance

componen?Wé‘g'ﬁ?@fﬁeantt‘g%mt'?ﬁba'iigyg%g%fg%g‘ 68 aRAt ‘bs'the HSA YatE OF Gir inspirated into
the air inletsdtigaed/BrRUSN e rsiaEY e {Rectoaeitritd thFtagMerEB SeUAEPy §28IHdR Thereased. This
was because the sresogductienetsieamtincreased riae3éatbcitynepthesepfirgkbmixairieithereby

decreasingih eSS4 e taraat af the verhy inSincenthe: oxverad pressw esdtemityyough the burner

remained the, same ﬁ@taegttoamgatHmﬁamém&tm%As&wamw@epgﬁa%%m the throat

resulted in a greater air inspiration flow rate. W en the flow re5|stance com onent had a
resistance FocHidieitof %”?% ftﬁeG%SWFatﬁ”Sf’ lir fﬁ R TN B R ERRTT SR About the same as
the streamCRARSAHRS HiRD SLeBTRAAST (S %ﬁ#ﬁ@r@d‘sé@d petdtR s Frestibre Gr8iKeross the
resistance \comporientsvascomipetisated foddey achighece pstredhs pressurainttie diderging section of
the venturiof@suilting. from isste ased aisdiawinihadhreaioohdheweatdrdaherdhaBow resistance

component ada ey .@#&a%%ﬁttw%l%gsé%gt%%%%gatrtmt@teemmeaw inlet of the

venturi decreased As thf ow rateI into the tecon ar ort mcrea% 1, ecau%e a higher pressure
(lower veldtity§ SAL Re8dR R THE GV FHGP YRS T Re Vertar d Compensate for the larger
pressure diHeeFcEe tatPdigraries %fﬁﬂ')éfﬁfeﬁ‘t W@Fl@onﬁfﬁ%cﬂf\@%ﬂiﬂét‘ﬂﬁﬁ'@ séffie data of Fig. 6,
but with aifte e beaties shrovan bestheosaxisnFhisag regtrsthews:thet thetw ntatodlragio can be
controlled pysotroducingmnnaeit gassveb o sirRm Atihe dewastieam eadalthe venturi. Example 3

[0081]A CER.SiYIANon was eert@tt%@atm@om@%ldgteé(%ettwmw& in-which.the secondary
port flow o% as |r?ug vent rlwa ried w l|Iedr’galntﬁum(__jn[g the tota#uetfel cr?nstant ThIS : represents the

AARE) ar CoOntro
flow control that can e ac |eveoTt With & Constant trnace. Fhe ga gas S'lised was a lower

heating vaRi&eién rAgtiAgpt Pé‘té@éﬁ‘?éfé%%eﬂ%’t%?%ﬁ?éd”% S RATERBRISIME FACITdE the total fuel
fed througlththesecindsrstportidthesdtaméten Bvehthieotirvag; and grill resistance coefficient. The
results are(simwn on Fig.B100flAs-ganshesaers anmdniguieit, asdihedaereentage: of the total fuel is

changed g3 HTNANA0SSSANE A IPaahe-al oVt Bl es. LY. RISl 3006 Over the range

considered. Tl]e desi bles fventurl dlameter ang W r |stap%e magn nltude can be adjusted
DIEg £o men EJ ver B afSé ]an accessible Joca IO.n IHC ng % L One
to move this control 1a 0 a number-of differing a 36IULE Alr flow rates. 3|Figure 9 presents

these resuﬁ%cﬁ‘?‘t%ft’rﬁésdqa’irsgo%% “t%f&“%ﬂﬁéﬂt@?’tﬁésréﬁstt%ﬁﬁ‘ée%‘eﬁﬁ%ﬁé'ﬁte@ W44 or 570, the air to
fuel ratio inereisedtasithe perceary et festormpbiueings the fde\vwpistressd Bsd 5MIFE fenturi decreased.
[0084]By shitikigoaigreaierperaeantageafjihefiteidg theprimarydnjectiosqiint ardrie=dr is inspirated

and the airgfuel; cafiginirEeaseth, This showshthaidhe aliniielatigsande contioliegfor a given fuel at a

constant heat m,&glejtS E%Oa eater E[%amgle 4 \{}{sce) 291%\,9\,{30%ﬁl?@éﬁrgfﬂlﬁ“%%qg§@08969 [0085]A CFD

S|mulat|on Was run to ete?{rﬁlne eaS|bt1|t smg the a si
accommodate a variety of fuel types ina smgte burner.
[0052] The secondary gas iniet 52 can be positioned anywhere downstream of the
converging section 36 of the venturi assembly, and usually is positioned in the diverging
section 42 or the tubular section 54 that is downstream from the diverging section 42. More
than one secondary gas inlet can be included in a single venturl. In some cases, the
secondary gas intet 52 is positioned near the venturi outlet in order to avoid disrupting the

pressure recovery in the diverging section 42. Although not shown in Figure 2, the tube that
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system including fuel injection ports with fixed orifices in all of the fuel inlet to fire both a conventional
high volumetric heating value fuel and a synthesis gas low volumetric heating value fuel in the same
system. The conventional fuel was 90 mol % CH4, 10 mol % H2. The synthesis gas was 43.6 mbi %
CO, 37.1 maY 99204118419 mol % CO2. The firing rate was 225 MMBTURIM SRS EF heating
value). Case 4A used convention fuel and Case 43 used synthesis gas. [0086]The cases were run in a
multi burnésersotebeepese oting A8 obaldeneidbouphdrhsirvBLPhBRVRNEST BoRATB RN venturi
assembly Q&rﬁgwarwth a grill resistance to prevent flashback. The wall burners employed the venturi

assemb'y ééa 1. meré@@!gw@&haan&w@g SROTURMBRIA R PN Atiwhieky the primary throat
fuel was a A SRt Org@%am%eg.%P%&@m%.%eaf&@égmsgmn@ém [0087]The

process flljt%E r?tereatt?le raa?é{” eater at equivalent conditions for all cases. The furnace
employed tﬁﬁfﬁ‘@\ﬁfﬂ%”I%IWth@?@B%BWU{%?%Wﬁ:mé%fifsé'ﬁ%dffg SPETylire 5) and two rows
of secondainy staiged tipss@Enhemamdrepitelionridfer §nedrssna0e Y 2R HNERYARE 8Y- The results of this
simulation jagseashowngins Tade 2 $RE1BRHReasedAethaeonyentionatfuehdtiersystem was operated

with the V%Y&%LB ihe sSennFacy.rou, e staged diRsand sererdaewaiLiMelsasiclosed. Since this fuel
nas a e egong el e vlue oy el nc st e e eath burers
operated witR i T tRE R R AR Thjection por rone In the Secondary port of the venturi assembly.
Thus valvé’?ﬁ“ﬁ’f’fec%ﬁe('lﬁf@@ WégecW%E’]f tﬁ*ﬁ@@iﬁﬂ%\’?ﬁ% Ot YRR fﬁ? WEFIZS 19.36. This ratio
representsi9@dotexpassrafueTiw Béarthchmmesisroperdieaated @@ﬁtﬁﬂéb‘%ﬁﬁ?ﬁ%’l“?&tlo of 21.57. The

wall burnets-alge eperate withTiiekin she primarytiejestion spariandinordumabetsegondary port of the

venturi aS%ﬁm'fycelBgqum@m@u@ammw dHeldi edithsorgh he-pemamayal stadilization tips to
srabilze g, faTe Aok nadl a0ainst e Wb 0% %%&REF@&E&&BE@%@ an air-fuel ratio

slightly above s%mc lome rlc conS| erlng only the air an that went through the venturi assembly.

There wasHRHFICTBARASF PR DR Qé%ﬁW&éW%tB@%aoﬂt?g‘ﬁ‘f??ﬁé%gﬁ?tw BIE BATOne to the outer
row of secendatyestagersiipsheTstepneeshearintirah d0Er R PO IRy 53 R ddtermined to be
39.5 psig teseasdhtherdesirddrlinatesdositheseorificestj0psanencavaitattie, it is economically
adva”tageQMésHRWQMJ&%&QW&?%@%M@%@ §é’ nihesinaasdvel cEhpsythasis.gas has a higher
molecular wejght but lower heating valu o%%gtr?_?\{:?el\l/a SUIG RASISHALOPRAIHGR prgler can sense these

differences andN Make tﬁ’ oll%wmg chan ves to the outer row of secondary staged tips and

second rov?’l?f'ngﬁﬁaﬁﬂﬁaﬁﬁh‘?ﬁf’é%%%ﬂéa BN RPTHE G RREEENOW (VElves 228 and 230
on Figure Bpriieitecsivns theisFakanceeP(ByneomipitePbmedimgedida iyraafiaigthe pressure in
the main headexding2amirdm gureib4te wante| tptatiueldnpetsao: treaatioyaktieldldis between the
primary angSReRRdaNsROSS kiR ROLYEIAS SEMBIYiNES Wi 8Rrdu0SI higuredieseadjusted by
adjusting valves (25 ANd 224 1 s ol.Ie balanceg lous pieshovn asease ¢ tis important

to note tha f’l\ilere was considera ow Increase in the sfeciont ar venturlcfg)r%rtg |for oth the hearth
and wall bifFRSRS ¥R ihe Lo RS WERLBUES IRSHTIRIER i TRIR ewall burners was

stopped simsEfe-reg@Fetitsiver amount of air can be achieved via furnace draft only. The secondary
staged tipsj@ma] a substantial asseuisly olffew-arerthie ambsttithoaddritrdiwealltstabilizing fuel flow

was through,ihe sReaNdR"kwialh skabilizationdins.shiasassive indhaideagiesanas determined to be
34.9 psig. Neehanag, Ip Al dampelRostion auladused Aiallianchastwandendiad. [0090IThe

process co |t| ns re aine tical. The Coil Outlet t tempera %ebgtndlcatnve of performance is

constant atbi—f'%‘:?égrﬂiaéwslﬁé@v{j”'ﬂﬁg'%?%%ﬁ WEHEERTTR Y58 FIPnace outiet is equivalent (1.86 vs 2.0% 02
in the stacKyaNBTENEheR IR & g LRRRTRHES L A ATRAFBSSIBIE ST BB THR R EMBRE Shows the ability
of the ventutiassenablysysierutdrawitcihdroa nmesfoelstocanbeeriohes copfrsMlithout requiring any

changes in&%@mge@n@ withauhispinging omperformanca:ahthe precess AN,
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Process Conditions d rate,
the air to fuel ratlo in the heaﬁth purners and decreasing this ratic in the wall burners. The use

of a secondary gas intet permits this to be done in the following manner:

[0057] (1) To increase hearth air rate, fuel is diverted from the secondary gas inlet of
the venturi assembiy in the hearth burner to the throat port of the hearth burner. The greaier
“flow of primary injection fuel results in increased inspiration in the venturi and a larger air flow,

Since the increased fuel to the throat of the hearth venturi comes from the secondary gas
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port, the total fuel to the hearth veniuris remains unchanged. This minimizes impact on flame
guality.
{0058] (2)To maintain total air rate constant, the opposite is done in the wall burners,
i.e., fuet is removed from the wall burner venturi throat primary injection port and moved to the
secondary gas inlet in the wall burner veniuri assembly. This reduces the inspirated wall
burner air, reduces the total air through the wall burners, and keeps the total wall burner fuel
constant, The net effect is to increase the air rate in the hearth burners, decrease the air rate
i the wail burners, and maintain total air constant. On the fuel side, hearth and wall burner
fuel rates are unchanged. This minimizes the effect on flame shape and the possible adverse
effect on tube metal terperature.
[0059] b) As an alternate to shifting fuel, an inert gas, such as nitrogen or steam, or a
mixture of inert gas and fuel can be used in the secondary gas port, By inc}easing the total
tlow {air plus fuel plus inert gas) through the resistance and the outlet, the pressure profile
over the venturi will be changed. The pressure downsiream of the throat will be increased
and thus for a constant primary injection inspiration flow, the air flow will be reduced. Thus,
control is provided to adjust the total air rate to the furnace without changing the total fuel
rate. Computer simulations show that, depending on the resistance coefficient of the
resistance component located at the venturi outiet, an increase in gas flow through the
secondary gas port can either increase or decrease the air rate through the venturi. Thus, the
venturi can be designed, with this port as an integrai part, to permit air flow variation over a
desired range. This can be done without having to adjust damper position setlings. This
provides for improved accuracy and sfficiency in system adjustment as compared to those
that only use dampers,
{0060] A new firing control system for a burner is provided herain. Typically, the fuel for a
“set of burners passes through a header system that may or may not have individuai fiow
control devices to control the fue! flow hence the heat input to the furnace. The gaseous fus!
flow is typically controlled by adjusting the pressure in the header, and thus the flow over the
resistances of the small fuel orifices in the burner is determined. Lower header pressure
equals lower flow. The air flow is controlled by means of dampers, speed of induced draft
fans, or by direct control of the flow of air from blowers providing positive pressure fiow to the
burner or by combinations of the above. A new technique of air flow control is described
herein. 7 |
[0061) The ratic of fuel to the primary fuel port and the secondary gas port of the venturi
assembly allows for changes in air flow through the venturi. As is described above, the air
fiow to individual burners can be contrelied by changing these ratios. For the case with both
wall and hearth burners, the fuei flow rate to the hearth burner primary injection port can be
increased while the fuel flow rate to the secondary port in the venturi assembly is decreased,
thus increasing the air educted by the hearth burner. Similarly, the fuel to the primary port of
the wall burner can be reduced and the fuel to the secondary port in the wall burner venturi
assembly increased, thus reducing the air educted by the wall burners. ln.totai, at a constant
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fue! flow rate to the furnace, one can change the ratio of air flow split between the hearth and
.wall without changing the overall fuel flow ar overall air fiow.
(0062} i the total air flow to the furnace is to be increased or decreased without adjusting
the spiit of air flow between the hearth and wall burners, the fiow to the primary injection ports
in both the wall and hearth venturis can be increased or decreased with subsequent
adjustment to the secondary venturi assembly gas iniets to maintain constant fuel flow.
[0083] in one embodiment of the firing control system, the fiow rates through the first and
second flow control devices are varied depending upon at least one of the composition of the
fuel, the heating value of the fuel, the oxygen conient at the heater outlet, and the desired air
fiow rate through the venturi assembly,
[0084] Fig. 4 shows a control system 100 for a venturi assembty 102 configurec to fire a
singie type of fuel. A main fuel line 150 divides into a primary fuei fine 151 and a secondary
fuel fine 154. The primary fuel line 151 has a flow control vaive 160. The secondary fuetl line
154 has a flow control valve 162. in some cases, an inert gas line 156 with a flow control
valve 164 connects with the secondary fust line 154 downstream of the fiow control device
162 1o form inlet line 158, which introduces fuet and/or gas at the secondary gas inlet 152.
The fuel contro! system can be combined with the conventional control syiem variable {ca
induced draft fan speed) to achieve even wider range of control. Since control of air to fuel
ratio can be achieved using fiow conirol devices such as pressure regulators or flow valves,
this system can be configurad for remate or computer control. The speed of the fan can be
used to vary the pressure inside the furnace (draft) and thus change the pressure profile over
the venturi assembiy and thus change the flow of air through the venturi assembly. These
devices work in response to a measure of air flow or airffusl ratio such as an oxygen analyzer,
{0065] Fig. 5 schematically shows an example of a firing control system, designated
generally as
[006&] 200, for a hearth burner 202 configured for alternatively firing fuels with
significantly different heating values. A similar system can be used for a wall burner. This
system is designed to allow for controlied firing of two fuels with widely difierent heating
values. The system combines the venturi control system with an anaiytical device and
allowances for additional tips 10 handie the higher volume fiow of the lower heating value fuel.
These are turned on as the fuel compaosition changes to allow for the same heat input at '
higher total volume flow. As is shown in Fig. B, a first fuel is fed through fuel line 204. A
second fue} can be fed through a second fuei line 203. These fuel lines usually are used to
alternatively deliver different types of fuel into fuel fine 205. Fuel line 205 suppiies fuelfor a
primary venturi injection fuel line 206, a secondary venturi assembly gas line 208, an optional
secondary staged tip tuet line 208 iocated outside of the venturi assembly, an optional fuel
line 210 for a second row of secondary staged tips, an optional tertiary staged tip fuel line
212, an optionat primary wall stabilization (WS) tip fuel ling 214, and an optional secondary
wall staging tip fuel line 216. in some cases, an inert gas is fed through the secondary venturi
assembly gas line 208 from inert gas line 220. Line 220 utilizes flow control device 221.
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[0067] The control system includes 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 devic.e 1o contro!l the total fuel flow to the header systern described
above. This can be a flowmeter, pressure regufator or other similar device 225. Also iocated
in the fue! line 205 is a fusi composition or heating value analytical device 227 that
determines the heating value of the.fuel being fed to the system. Compuierized control of the
relative flow rates through lines 206 and 208 by ratic control or another suitable technigue
aliows for automatic and rapid adjﬁstmént of fuslfair ratios. This shift can occur based upon
either fuel composition or oxygen. analysis in the effluent. Itis gdesirable to control flow rates
to a point where there is a small am’burzt of oxvgen remaining (typically 2% representing 10%
excess air). '
[0068] The pressure at varicus locations in the venturi determinas the flow rate of air
inspirated inte the venturl. Flow rates of fusel in lines 207, 208, 212, 213 and 214 typically arg
part of a more conventional control system where the fiow is set by the pressure in the header
system and the dimensions of the fuel orifices in these lines, or flow can be determined by
port size. in a conventional control system, the fiow in line 208 would also he controlied by
the hsader pressure and would not have a contro! device. in the systerm disclosed herein,
lines 206 and 208 utilize flow control devices 222 and 224 as described above. Line 210
utilizes flow control device 228, Line 2186 utilizes fiow control device 230. The secondary
staged tips (line 210) and secondary wall stabilization tips (ine 218) are used jor the flow of
the fuel with the lower heating value. In order to mainiain a constant heat input to the heater,
& much higher volume of fuel flow is required than for the higher heating value fuel. Tne
volume of the lower heating value fuel may be as much as 4-5 times higher than for the
higher heating valL;e fuel. For a wide range of fuel volumetric heating values, the pressure
required to pass this higher volumé flow through fixed orifices would be excessive. The
analytical device 227 continually m’cl‘mttors the heating value and/or fuel composition in line
205. An example of such a device is a Wobbe meter. if analytical device 227 senses a low
heating value fuel, the lines 210 and 216 can be opened by solencid operated vaives 228,
230 ar their equtvélent, respectively, that activate based on fuel composition. Conventional or
higher heating value fuels would use lines 20&‘;} and 214 the fiow would be set by pressure in
the header 205. For the lower heating value fue! vaives 228 and 230 might be opened and
header pressure might be used to contro! the flow there. By adding flow area (more porfs) thea
flow can be larger at simitar pressure in header 205. It is noted that pressure regulators or
other suitable devices can be used in place of flow contro! valves.
10069} Through the use of fiow control devices (e.g., flow conirot valves or pressure
regulators for example), the fiow ratio between the primary venturi port and the downstream
secondary venturi port can be adjusted to achieve air flow conirol and thus controf of the air to
fuel ratio. The flow to the secondary port of the venturi assembly can inciude an option for
use of a gas other than fuel. It is noted that pressure regulators are the preferred devices
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Coil Outlet T, KI 1095 1091 Bridgewall T, KI 1422 1446 Flue-Gas 02 mole%:i .0186 (9.3 % excess air)
.020 (10% excess air) Max TMT, K 1290 1265, Example 5 (0092]A CFD simulation was run using
both convention fuel and synthesis gas. In this case, a resistance cap was added to the wall burners to
direct the floXARIATMESE burners along the wall. Adding this wall resistahtd Wit §{ii1e%is gas flow
volume lowered air flow rates. The results are shown below on Table 3 comparing the no resistance
cases 4A aNee4R WithsHie FaBrstaptessigiess B8 RPsBITARB] ires PIEARHRONGSSARACE6 Syngas Fuel
4B  Conwvensonaduelath fixed orifices in the fuel injection tips,

[0070] in one embodiment, the control system of Fig. 5 activates fiow control vaives by
detecting significant changes in fuéi gas composition. These differences can be detected
“onling” by the use of instrumentation such as a Wobbe meter that determines the heating
value of the fuel gas. If the volumetric heating vaiue of the "new” fuel gas is such that there
will be limitations due to the geomatry of the existing ports and pressure availabie for flow,
these additional ports {in the secondary staged port position or on the wall or elsewhere in the
firebox} can be opened and the additional volume added to the firebox. It is noted that
variations ére possible in the iocation of the fuel ports.
[0071} Controt of the air flow through the use of a fluidic valve-type system of the type
disclosed herein mimmizes the requirement for continuat adjustment of dampers or induced
draft fans currently used to control air fiow. The control of dampers on the many bumners that
exist within typical furnaces invoives the use of jackshafts that are cumbersome and not
readily amenable to external control. Jackshafts can not be employed easily on wali burners,
This external controf of the air to fuel ratio in the heater (used to control overall furnace
efficiency by managing excess air and individual flame patierns by specific adjusiments to
individual dampers can de simpiiﬁed by controlling fuel flow devices (pressure or flow)
externally. |
0072} A further embodiment is a furnace comprising a plurality of hearth burmers, a
plurality of wall burners, a first set of secondary staged tips for the hearth burners, and a
second set of secondary staged tips for the hearth burners. Only the first set of secondary
staged iips is used with higher hea;téhg value fugls, while both the first and second sets of

" secondary staged tips are used with lower heafing value fuels. In many cases, the hearth
burners are configured to interchangeably operate with high heating value fusis and low
heating value fugis. The overaill perfermance of the furnace would be monitorad by analytical
devices on the process performancs and by analysis of the oxygen and other flue gas
components in the stack of the furnace. I for example, the process called for increasing or
decreasing the process duty, the otal fuel pressure in the header could be raised or lowered
1o provide more fuel. In response, the ratic of firing between the primary and secondary iniets
in the venturi assembly could be adiusted to provide higher or lower air fiow as required to
maintain & speciied level of oxygen within the furnace for optimurn performance of the whole
furnace {siight excess).
00731 . The foliowing examples are inciuded to itiustrate certain aspects of the disclosed
embodiments but are not intended to limit the scope of the disclosure. )
Exampie 1 |
[0G74] A computational fiuid dynamics (CFD) simutation was conducted for a furnace
employing both hearth and wall bUfﬁers using venturi burner assembiies in which varying
amounts of fuel were injected thro’u.gh the primary port and through the secondary gas port,
The CED simuiations for all examples were performed using Fluent, a commercially available
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WO 2009/014724PCT/U52008/008969 Wall Resistance No wall res'istance Wall resistance No wall

resistance Feed rate, kg/s 7.4 7.4, 7.4 7.4 Crossover T, K 839 839j 839 839 Steam/Qil .4 .4.4 .4 Fuel
rates. kcts
WO 2009/014724 PCT/US2008/008969

software package from Fluent, tnc. Other software packages can be utilized to recreate the
results described herein. The set of hearth burners had a total of 12 venturi assemblies and
the wall burners had a total of 18 venturi assembi\ies. The venturi assembiies for the wall
burners nad a larger fiow capacity than those for the wall burners. The fuel was a higher
volumetric heating value fuel at 832 BTU/stdcuﬁ fuel. There were no resistance components
included at the venturi gutlets. The éir flows through the assemblies were calcuiated as well
as the maximum tube meta! temperature of the heating coil. The results are shown below on
Tabie 1.
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Hearth Rrimary venturi throat .1908 .1908 .100 .216 Primary venturi downstream 0 0 654 .538
Secondary Staged Inner row .0629 .0629 .0629 .0629 Secondary Staged Outer row 0 0 .411 .411
Tertiary .0115 .0115 .0559 .0559 Hearth total

WO 2009/014724 ‘ PCT/US2008/008969
TABLE 1

Example No. 1A 18 H»
Fueifka/sec)
Hearth fuel
Venturi Throat 0874 1383 1808
Verniur Second port 0834 0545 0
Secondary staged fuel | 0.0628 0.0609 0.0808
Tertiary staged fuel - | 0.0115 0.0115 0.0115
Total; 0.2652 - {.2652 0.2652
Wall fuel
Venturi Throat 380 324 1285
Venturi Second port 0342 0702 282
Total: 3942 3842 3842 .
Alr (kg/sec)
Hearth air 5.043 5492 . £.069
Wall air 7.200 68.76 6.042
Totat: 12.24 12.25 1210
Maximum 7
Tube Metal T, K 1300 1288 1270

10075} As can be seen by Table 1, as the fuel is shifted from the primary to the secondary
venturi ports for the hearth and wall burner venturi assemblies, the air flow from the hearth
burners is increased while the air flow from the wall burners is decreased. The fuel to the
secondary staged tips in the hearth burner remains unchanged. As is also shown on Table 1,
the maximum tube metal temperature decreased when air was moved from the wall burners
to the hearth burners by shifting hearth and/or wall fuel using the secondary port.

Exampie 2

[0078] A CFD simutation was condugcted for a venturi assembly with a grill at the outlet in
which the secondary port flow of gas was varied. The gas used was steam. The flow of
primary injection fuel was constant. The inspirated alr rate was determinad as a function of
the steam rate through the secondary port and grill resistancs coefficient. The results are
shown on Figs. 6 and 7. .

[0077 As shown on Fig. 8, the pressure drop though the downstream end of the venturi
depended upon the resistance coefficient of the resistance component. The resistance
coefficient C is defined as pressure drop across the resistance component divided by the

velocity head of the fiow. This is shown in the equation below
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.26521.26521.28411.284 Wall Primary Venturi throat .324 .324 0 0 Downstream Venturi 0 0 .3
Wall total .324 .324 0.3

WO 2009014724 PCT/US2008/068969

AP = CpV? where P ié the AP is the pressure drop, p is the gas density, and Vis the
gas veiocity. )
[0078] When no flow resistance comaonent was included, resulting in a resistancs
coefficient C of 0, the fiow rate of air inspirated into the air inlet of the ventur increased as the
steam rate through the secondary gas port increased. This was because the introduction of
steam increased the velocity of the air-fuel mixture, thereby decreasing the pressure in the
throat of the venturl. Since the overall pressure drop through the burner remained the same
(ambient to inside furnace pressure) the lower pressure pressure in the throat resulied in &
greater air inspiration flow rate. ‘
[0079] When the flow resistance component had a resistance cosfficient of 570, the flow
rate of air inspirated into the venturi stayed about the same as the stream rate into the
seccondary gas port increases, because the pressure drop across the resistance component
was compensated for by a higher upstream pressure in the diverging section of the venturi,
resulting from increased air flow in the throat of the venturi. When the flow resistance
component had a resistance coefficient of 1000, the flow rate of air inspirated into the air inlet
of the venturi decreased as the flow rate into the secondary gas port increased, because a
higher pressure {lower velocity) was needed in the diverging section of the venturito -
compensate for the larger pressure drop across the resistance component,
[0G80] Fig. 7 shows a plot of the same data of Fig. 8. but with air to fuel rafio shown on
the Y axis. This graph shows that the air to fuel ratio can be controlled by infroducing an inert
gas such as steam at the downstream end of the venturl.
Example 3
{0081} A CFD simuiation was conducted of the control of a veniuri assembiy in which the
secondary port fiow of gas in a venturi was varied whiie maintaining the total fusi constant.
This represents the flow control that can be achieved with a constant heat input to a furnace.
The gas used was a lower heating value fuel. The inspirated air rate was datermined as a
function of the parcent of the total fuel fed through the secondary port, the diameter D of the
throat, and grill resistance coefficient. The resulis are shown on Fig. 8,
[0082] As can be seen from Figure 8, as the percentage of the total fuel is changed from
primary to secondary tip, the air flow varies by approximately 30% cver the range considered,
The design variables of venturi diameter and flow resistance magnitude can be adjusted to
move this control range to a numbaer of differing absolute air flow rates.
[0083] Figure § presents these results in terms of air to fuel ratio. Whether the resistance
coefficient C was 0 or 570, the air to fuel ratio increased as the perceniage of the total fuel to
the downstream end of the venturi decreased.
[0084] By shifting a greater percentage of the fuel to the primary injection point, more air
is inspirated and the air-fuel ratio increased. This shows that the air —fuel ratio can be

coniroiied for a given fuel at a constant heat input (¢ a heater.
Example 4

18



0.3 WS .0702 .0702 1.605 1.605 Total fuel .6594 .6594 3.189 3.189 Air rates. kale Hearth
5.6735.72

WO 2009/014724 PCT/ES2008/008969

{0085] A CFD simutation was run o determine the feasibility of using the a single firing
system including fuel injection ports with fixed orifices in ali of the fuel inlet fo fire both a
conventional high volumetric heating value fuel and a synthesis gas low volumetric heating
value fuel in the same system. The conventional fuel was 30 mol % CH4, 10 mol % H2. The
synthesis gas was 43.6 moi % CO, 37.1 mol % H2, and 19 mol % CO2. The firing rate was
225 MMBTU/hr LHV (lower heating value). Case 4A used convention fuel and Case 48 used
synthesis gas,
[0086] The cases were run in & multi burner mode! representing half of a furnace. The
hearth burners incorporated the venturi assembly of Fig. 1 with a grill resistance to prevent
flashback. The wall burners employed the venturi assembiy of Fig. 1. The wall burners
included a porous jump at the piane at which the primary throat fuel was added. This
simulatad the use of a damper upstream of the fuel injection point.
[0087) The process fluid entered the radiant zone of the heater at eguivaient conditions

- for all cases, The furnace emploved both wall stabilization tips {two rows — reference lines
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 simulation are shown in Table 2.
{0088] For case 44, the conventional {uel, the system was operated with the valves 1o the
secondary row of staged tips and secondary wall fuel tips closed. Since this fuel has a higher
heating value, the volume flow is iower and these are not requirad. The hearth burners
operated with fugl in the primary injection port and none in the secondary port of the venturi
assembly. Thus valve in line 208 (Fig 5) was closed. The air/ffuel ratio for the total furnace
was 18.38. This ratio represents 8.3 % excess air. The hearth burners operated at a
combined air-fuei ratio of 21.57. The wall burners also operated with fuel in the primary
injection port and none in the secondary port of the venturi assembly. There was a small
amount of fue! fired through the primary wali stabilizaticn tips to stabilize the flame and hold it
againgt the wall (W8), The wall burners also operated at an air-fuel ratio slightly above
sioichiometric considering only the alr and fuel that went through the venturi assembly, There
was flow to the inner row of secondary staged fips on the hearth burner but none to the cuter
row of secondary staged tips. The pressure in the header {iine 205 in Figure 5} was
determined to be 39.5 psig 1o reach the desired tuel rates for these crifices.
[oo8g] When avaiiable, it is economically advantageous to empioy the lower healing
value synthesis gas fuel. The synthesis gas has a higher moiecuiar weight but lower heating
value on & volumetric basis. A composition meter can sense these differences and make the
following changes, The vaives to the outer row of secondary staged tips and second row of
wall stabilization tips are opened to aliow 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 tota! fuel input} and the ratio of
the flows between the primary and secondary ports in the venturi assembly lines 206 and 208
in Figure & are adjusied by adjusting vaives {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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5.64 3.79 Wall 7.509 7.054.175.95 Total air 13.182 12.77 9.819.74  Air to fuel Ratio  Total (w/
Wall Stabilization)

WO 2009/014724 PCT/US2008/008969

secondary venturi ports for both the hearth and wall burners. For the synthesis gas case, the
primary tip injection flow for the wall burners was stopped since the required lower amount of
air can be achieved via furnace drat only. The secondary staged tips saw a substantial
amount of flow and the most of the additional wall stabiiizing fuel flow was through the
secondary wall stabilization tips. The pressure in the header was determined to be 34.9 psig.
No change in air damper position or induced draft fan speed was required.

[0090] The process conditions remained identical. The Coil Outiet temperature
{indicative of performance is constant at essentially 1085K. The oxygen content in the
furnace outiet is equivalent (1.86 vs 2.0% O2 in the stack). Note that further stight trimming is
always possible,

[0091]  This example shows the ability of the venturi assembly system to switch from one
fuel to another under control without requiring any changes in hardware and without impinging
on performance of the process.
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19.99 19.36 3.06 3.05 Hearth (w/o Wall Stabilization) 21.39 21.57 4.39 2.95 Wall (including Wall
Stabilization) 19.05 17.88 2.19 3.12  Coil Outlet T K 1090 1095 1087 1091 Bridgewall T, K 1395

1422 1406
WO 2009/014724 PCT/US2Z008/008969
TABLE 2
Example No. 4N 48
Conventional Fus! ‘ Syngas Fuel
Process Conditions
Feed rate, kg/s 7.4 7.4
Crossover T, K 839 839
5/C ‘ 4 4

Fuel rates. ka/s

Firing Conditions

Hearih .

Venturi Primary Throat .is08 216
Venturi Downsiream 0 538
Secondary Staged Inner Row 0628 06238
Secondary Staged Duter Row 0 411
Tertiary 0115 L0EBEYS
Hearth iotat 2652 1.284
Wall

Primary Venturi 324 0
Downstream Veniur Q 0.3
Wall burner total 324 0.3
WS {total both rows) L0702 {primary WS tips only) 1.805
Totat fuel (hearth+wall+WS} 6584 3.188
Air rates, ko/s

Hearth 5.72 2.78
Wall 7.08 5.85
Total air 12.77 874

Air 1o Fuel Ratio

Total {w/ all fuel) 19.36 3.05
Hearth {w/o Wall Stabilization Fuei} 21.57 2.95
Wal (including Wall Stabilization 17.88 3.12
ruel}

Process / Furnace Pericrmancs

Coil Quilet T, K 1085 1091

Bridgewali T, K 1422 1446

Fiue Gas 02 mole% 0186 (8.3 % excess air) 020 {10% excess aif)
Max TMT, K 1290 1265

Exampie 5

{0092] A CFD simulation was run using both convention fuet and synthesis gas, In this

case, A resistance cap was added to the wall burners to direct the flow from these burners
along the wall. Adding this wali resistance with synthesis gas fiow volume jowered air fiow
rates. The results are shown beiow on Table & comparing the no resistance cases 4A and 4B

with the resistance cases 5A and 5B.

TABLE 3

Example No. 5A 4A 58 4B |
Conventional Fuel Synaas Fusl |
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1446 Flue Gas-02 mole frac .0246 (12.3 % excess air) .0186 (9.3% excess air) .0243 (12% excess air)
.020 (10% excess air) Max TMT, K 1290 1290 1268 1265 Primary Throat Port Inlet P, ps q 40.0

39.563.0 34.9
WO 2009/014724 PCTIUS2008/008969
Wall Resistance No watl Wall resistance No wall
resistance resistance
Feed rate, kg/s 7.4 7.4 7.4 7.4
Crossover T, K 839 839 836 839
Steam/Oil 4 4 4 4
Fuel rates, ka/s
Hearth
Primary veniuri throat | .1808 .1808 100 218
Primary venturi 0 0 B54 538
downsiream
Secondary Staged 0828 0629 .0628 0828
Inner row
Secondary Staged 0 g 411 A1
Quter row .
Tertiary 0115 L1158 0559 0558
Hearth total 26852 2852 1.284 1.284
Wall
Primary Venturl throat | .324 324 0 {0
Downstream Ventur H ¥] 3 3
Wali total 324 324 0.3 0.3
WG L0702 0702 1.605 1.805
Total fuel 5584 8584 3.188 3.188
Air rates, ka/s
Hearth 5,673 572 5.64 3.79
Wall 7.208 7.05 417 5.95
Total air 13.182 12.77 9.81 8.74
Ailr 1o fuel Ratig :
Total (w/ Wall 16.99 19.36 3.08 3.05
Stabilization)
Hearth {w/o Wall 21.38 21.67 4.35 2.95
Stabilization)
Wall {iriciuding Waill 18.05 17.88 2.8 3.1z
Stabilization)
Coil Qutiet T K 1090 1085 1087 1081
Bridgewall T, K 13095 1422 1406 1446
Flue Gas Q2 mole frac | .0246 (12.3 % 0186 {(9.3% 0243 (12% 020 {10%
exXcess ain) exCess air} excess ain excess ain)
Max TMT, K 1280 1250 1268 1285
Primary Throat
Peort Intet P, psig 40.0 38.5 £3.0 34.5
C5 Conversion, % 75.3 78.2 71.0 2.3

10093]

As is shown on Table 3, adding the cap to the wal burners to direct the fiow along

ihe 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 vaiue fuel but substantially for the lower

heating vaiue fuel due to its much higher volume flow (from 34.9 psig to 63 psig). The loss of
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05 Conversion, % 75.3 76.2 71.0 72.3 [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 € H¥&d& Mcreased only slightly for the high heating value flieFBUE4EEEEAtially for the
lower heating value fuel due to its much higher volume flow (from 34.9 psig to 63 psig). The loss of
WO 2009/91 #4R34RGEIBSRS0R/ORBREiqispaststhe sl bbrsererAuentorithae sigheempiessure drop across
that ventu gssembBeieahiied WataoifALAS SUBRIADI S IGARDWNGAR SRR be seen the

primary fuel injection for the hearth burners increased from 0.216 to 0,432 kg/sec and the flow to the
downstreaﬁr}? E%?{‘ dcé%rpeeéssgar Féﬁ%}%%%%%gd‘?s%e%ﬁf%eé aﬂ?iéhianéorvevéosgg Qe Raarth Air flow from 3.79 to
5.115 kg/s¥ErePReA 08 Attt R ke Maati 888t RITAIRRED ALEMYt T8Mehth!tuel Tespectively.

[0094] Addigigethé resistarice thdngedrtngicehtoicranecofdast fardant hesmsnsistinrit-in all cases, stable
operation and«onsisient O ERESRES HARFRCAJREMRCRIRYeE Wihentithe et thrahange air damper

positions apdl. ol fanspeed.Notrhatadding capdtniie.wal burpeLisadrsignghoice not a
variable to behmodlfle online. ExamRI 6 &0095LA EFQ S|mulatdgn was run to s]pow the effect of
10 cﬁigrnts’ ed. No aqdi a

adding seContany flel Atvansus I ioea L ing I The Thioar %8‘?%%%? the %%H?ﬁri, the diverging
portion, artiAHESER&gFREFSHoR RS e ARttt diverging portion as shown in the venturi
assembly Bx#agielé The results are shown on Table 4 and in Fig. 10. TABLE 4 Throat kg/s
Downstreagdsg/s Expandad.aifiok@/s Riverghig aie &g/ dihnamtaisckeisriiidafueliexpanded Air to fuel
diverging iocations, inciuding in the throat poriion of the veniuri, the diverging poriion, and the straight

portion downsiream from the diverging poriion as shown in the venturi assembly of Fig. 1.

The results are shown on Table 4 and in Fig. 10,

TABLE &4
Throat | Downstream | Expanded | Diverging | Throat Airto fuel | Airto fuel | Air to fuel | Fraction
kg/s ka/s air, kg/s air, kg/s air, kg/s expanded | diverging throat dwnstrm
fust
$.002 | 0.018 0.138 0.1548 0.1505 6.47619 7.371429 | 7.166667 | 0.804762
0004 1 0017 0.1545 0.1682 (.1586 7.357143 | B.009524 | 7.552381 | 0.BOS524
0.006 | 0.015 0.1734 0.1871 0.1701 B.257143 | B.909524 | B.1 0.714286
G.008 | 0.013 0.1887 0.2004 £.1803 £.085714 | 8.542857 | B.5B5714 | 0.8198048
0.01 0.011 0.2018 0.2159 0.1918 9.614286 | 10.2B085 | 8.133333 ; 0.52381

[0098] As can be seen by the data in Table 4, the secondary gas iniection point can be at
any location downstream from the converging portion of the venturi, However, the control
“range and response wili be different depending on the location and the inlet fuel rates of air,
fuel and secondary gas.
[0097) it will be appreciated that various of the above-disclosed and other features and
- functions, or aliernatives thereof, may be desirably combined into many other different
systems or applications. Alsc that varicus presently unforeseen or unanticipated alternatives,
modifications, variations or improvements therein may be subseguently made by those skilied
in the art which are atso intended to be encompassed by the foliowing claims.
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Air to fuel throat Fraction dwnstrm fuel 0.002 0.019 0.136 0.1548 0.1505 6.47619 7.371429 7.166667
0.904762 0.004 0.017 0.1545 0.1682 0.1586 7.357143 1 8.009524 7.552381 0.809524 0.006 0.015
0.1734 0.18¥h4).4 ¢ahk8i57143 8.909524 8.1 0.714286

1. A method of controlling the air {0 fuel ratio in a burner comprising a venturi assembly, the
method comprising: admixing air and fuel in a venturi assembily, the venturi assembly having:
an upstream air iniet, a converging portion with a primary injection fuel inlet, a
throat portion downstream from the converging portion, a diverging portion
doWnstream from the throat portion, an outlet, and a secondary gas inlet disposed
downstream from the converging portion and upsiream from the outlet, the admixing
comprising introducing fuel into the primary injection fuel inlet, receiving air through
the air iniet by inspiration, and feeding a gas through the secandary gas inlet, adjusting
the flow rate and content of the gas fed through the secondary gas iniet to adjust the
air to fuel ratio through the outlet.

2. The method of claim 1, wherein the fuel has a heating value in the range of about 100
BTU/sideuft to about 1200 BTU/stdcuft.

3. The method of claim 2, wherein the fuel is a conventional fuel or 2 synthesis gas, and
the conventional fuel and synthesis gas can be fed interchangeably.

4. The method of claim 1, wherein the gas fed through the secondary gas intet is fuei.

5. The method of claim 1, whereain the gas fed through the secondary gas iniet is an
inert gas.

6. The method of claim 1, wherein fuel and an inert gas are interchangeably fed through
the secondafy gas inlet,

7. The method of claim 4, wherein a mixture of fuel and an inert gas are fed through the
secondary gas iniel.

8. The method of claim 1, wherein the secondary gas iniet is disposed downstream from
the throat portion.

9. The method of claim 1, wherein the venturi assembly includes & tubular portion
downstream from the diverging portion, and the secondary gas inlet is formed on the
fubular portion.

10. The method of claim 1, further comprising altering at ieast one of fiow direction and
flow velocity downstream from the secondary gas inlei.

11. The method of claim 10, wherein altering at least one of flow direction and fiow
velocity is effected with a flow resistance component.

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, whetein an induced draft fan is inciuded 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 fiow rate of air through the air iniet.

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

17. A method of firing & heater having at least one burner comprising & venturi assembly, the
method comprising: admixing air and fuel in 3 venturi assembly, the venturi assembly having:

an upstream air inlet, a converging portion with & pritnary injection fuel inlet, a
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. 0.008 0.013 0.1887 0.2004 0.1803! 8.985714 9.542857| 8.585714 0.619048 0.01 0.011 0.2019 0.2159
0.1916 9.614286 10.28095I 9.133333 0.52381 [0096]As can be seen by the data in Table 4, the

secondary gas injgctio ggip&mtpe%rgtf%%gg%ayon downstream.from the converging portion of the
venturi. However, the Egnitrol range and respon%ev ?/\r/ |In%godl%l g’rgnfvgrgf)ngr{)&r{aﬂon the location and the

inlet fuel rates of AV RIEGPIHEPELEG ISH PGHE" (6067181 Rl e SpprecTaRHITHIRRRE D US of the
above-disclosed dpMnaitkar feamiresemdrdometdns 2ot ertreratifes thereti thapdexaesirably combined
into many other differeistgystednsroriapplicationsnadsodhahvasious, presentiidirafareseen or
unanticipated alterpatives MR dificAUARS. MAHaHRDSRIIRUEM SRS felRidnay be subsequently

made by those skrmglgrinome aré w ich ar 3!%) tpttggjd%d to be encom@assed by the following claims.

What is claimed is: method Of CORtrofing the air 10 Tuer Fatio I 4B AT 2B MPRYHg a venturi

assembly, the méﬂ?diﬂ't@bmprising: admixing air and fuel in a venturi assembly, the venturi assembly
having: an upstré@amiainatikat cactonVviérgimgaporyomeniitl &k fearynic fegtiorafogl inletial throat portion
downstream fromcthe€osergingpQeien, a diverging portion downstream from the throat portion, an

outlet, and a Se?@.”ﬁ%r%&_ﬁn%iEH@?a%?ﬁ?ﬁﬁ_QrQPWQ%Q?@E%E%@% ;Eeq converging portion and upstream

from the outlet, gae dmnﬁl]ng comprisin introducing fuel into the primary injection fuel inlet, receiving
air through the &1 in1&t Y MsPiriSn, aNFRBARGE GRS AN #EEcondary gas inlet, adjusting the
flow rate and cofitetiesreRetRisrEd throhghitHecseobidapy B iatet wisivstadTeranetsd fuel ratio
through the outlehaitidies reetisod=0f tiairmd savbrereingtienfeel has a heating value in the range of about
100 BTl_Jlsttlllf:]cufEiiOTaQ%&ﬁ?]%QQ &Mswﬁ%@mlfa@a&epﬁaglgfat;i%mé@r %eé{@%{?”%r%&%eysfad
conventional fuel Qr a. | ..and the conventional fuel and_synthesis gas can be fe
interchangeably. g”%%y%%%%gr%%%@?n%f \L/‘veigg?gian ?ﬁveha%{? ?é’é@ﬁré”ué*ﬁrt??é” Ere%é%dary gas inlet is fuel.

5. The method of CFAIT T 'FATET LG sR%&y firdlngnake Ledbryaheestmes 38Hietert gas. 6. The
method of claim PoWhesémeadel Arirkeninefadas aretivnteritantfedilypdedntbroeghaties secondary gas

inlet second location in the wali of the heater below the wall burners and above the hearth

burners.

23. A burner including a venturi assembly, the venturi assembly comprising:
an air inlst, a converging portion with a primary injection fuel iniet, a throat portion
downsiream from the converging portion, a diverging portion downstream from the
throat portion, an outlet, and a secondary gas inlet disposed downstream from the
converging portion and upstream from the cutiet,

24. The burner of claim 23, further comprising a resistance component disposed
downstream from the secondary gas iniet.

25. The burner of claim 24, wherein the resistance component is disposed proximate the
outtet.

26. The burner of claim 23, wherein the burner is a hearth burner.

27. The burner of claim 23, wherein the bumer is a wall burner.

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

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

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

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



- 7. The method of claim 1, wherein a mixture of fuel and an inert gas are fed through the secondary gas
inlet. 8. The method of claim 1, wherein the secondary gas inlet is disposed downstream from the
throat portion. 9 qu,g r§ethod o En»% whe e the venturi asase Myrnfc\!uc{es a tubular portion

e urnerofcarm ere ur nerc m rses
downstream from the diver ion, andnt € secon anSI etis’formed on the tubular portion.

10. The method oFSERITRES %?r‘f'ﬂ?e? ??t?ﬁ‘n‘ﬁﬁ%”ﬁ@sd'i‘f@rﬁﬁ’%?% BHEBT fIBW 'Bf-ERHFTPAAd flow velocity
downstream fromrgrecs@odndsirsagesinkoe dutlsThe method of claim 10, wherein altering at least one of
flow direction ared flosvinetanity is-affeateshwith.a leviresistange sampesesisd-s il he method of claim

L wherein the buper s ANeaiBOuIRL 43.Te Metadatelaim . ubersin the bumer is a wall

burner. 14. The method of claim 1, wherein an induced draft fan iIs included downstream from the
outlet. 15. The méthdt '%?tcfaN‘TT%Qé’roelr? RS B A RS R T BtFE &N SPIRE hturi assembly to
provide addltlonaldéﬁﬁﬁ@laﬁfffﬁ@ AW rHRESSToIP YD @i BREngipriet. cpBnSieemiErdieof claim 1.
wherein fuels havingaapmiumetric e ating vatuediytbesrargespblitad2eanBtafsttleuft can be used

interchangeably. nArgthadoatfilingsadipateriavingdat least one burner comprising a venturi

assembly. the method compIsing: pAMING, g LeLings Vel assemply heentur assembly
havrng an upstream air inlet, a convergin tion"with a primary Injection In et a throat pOftIOﬂ

downstream from{HE" ‘35%@6 ﬂ&wp%m%“@adwfﬁﬁ?@ Bﬁrﬂ?ﬂ‘ﬁ &&?ﬁ%’ﬁé‘ﬁ\”ﬁcﬁ’&}rﬂ' flf¥throat portion, an
outlet, and a secodaeyrefhls piitad s dyedie iviktrezmmnfemyzhédcbmdmive attion and upstream
from the outlet, thecagonibtingcrmptisirgténtiad ueistgdiuat mtpdhesFuienannt iegtigmfuel inlet, the fuel

inspirating air |ntohgé%,@|r,émggrgr}pgg‘,geﬁég%&\g@a%through the secondary gas inlet, wherein 'a . mixture
of air and fuel in.a selected alrtq fuel rafio exrtg ventu |as emb th ough the outlet. 18. The

rln COPHr g mo claim < a 2 0 the irst gnd secon
method of claim 17 Whergin eating va ue andjhrgﬁ Preatrng vallié fIeI65R be used
interchangeably. i@w?ﬁ'é"%%?ﬁﬁf’cf &fabl’éﬁ‘ﬁ 17, Wherern the gas comprises fuel. 20. The method of claim
17, wherein the gag cotriprisedreisistert gfasi@ B3ThesreietitoekofookmiittEfrwwhererrthe fikenturi assembly
has a resistance coptpoRRREPRSiinnLdsrynstseam from the secondary gas inlet. 22. The method of
claim 17, whereip the.heplchias &lialiaol bearthbumeraand adplucellalull hurners and the
fuel has a low heating va ue, furth er comprising feeding at least’a portion of said low heating value fuel
through at least of&’ g%l& oﬁa’lrr%eﬁ BS’sr"i‘f%ned in at least one of a first location adjacent to the hearth
burners and a séCoh&FRSCERIGA’ FYHFE AR bR KearEbe ettt wallburhardariabove the hearth
burners. 23. A bumsesrigiuding aasentuhassenthiyintheveentlssasseynibly eompesiagsian air inlet, a
converging portioeowkshsaq@amrwgajee&iﬂrbrgr% rmer@mme%p@ry%%ww%mafr%rhe converging

portion, a diverging portjon downstream from the thr qrjon, an outlet, a secondary gas inlet
disposed downstrrleﬂem fromt rgaconver |€?1comtl_7rr or% 8%1'5) stdr;eglr%nﬁgmgt e outIS *J4. The burner of

claim 23, further dBRPPRIAGE ‘?‘@E%Teﬁﬂ‘c‘eu n’i’ﬁ%ﬁéﬁf?ﬂ%%ﬁ AlEhsieREs A ERTRE secondary gas
inlet. 25. The burrierohelimeangesieimderasismien temshent is disposed proximate the outlet.
26. The burner of claimn23;ingherein shedautaapisisyheartnbumeroldevitbedrgoerad claim 23, wherein

the burner is a walbysingL: 48 fUHﬁJJHé FRhClgime3s ithen comprising sydamper disposed

upstream of the vgnturl aseelrpe% ¥O Con il “gl-:ielg rer wa cslgér)nn 3, Wherern the secondary gas inlet is
configured to be connectedto a sup | iNe of at feast one oaf%%epand an inert gas. 30. The burner of

claim 23, Whereﬁ?tﬂaeﬁ@éﬁa%{r?/@ lﬁI%ft‘i'é‘@oﬁﬁ@’L']Fé‘?i”tg‘f)ﬁo&’dﬁﬁéékﬂé‘tﬂ’% BBiKsaatel supply line and
an inert gas suppBetiers! B, cPhiechiaviersaieiaimmabpaitgmeinthetiesistarce ttemponent alters at least

one of flow directigshabslHews wRlagitytne heating value of the fusl, the oxygen content at the heater
outlet, and the desired air flow rate through the venturi assembily.

38. 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 fiow control device
configured to control inlet flow to the first set of staged burner ports.

4C. The firing control sysitem of claim 38, further including & third fiow control device
configured to control inlet fiow of @ low heating vaiue fuei to a second set of staged

burner ports adjacent the first set of staged burner ports.
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32. The burner of claim 23, wherein the burner comprises a plurality of venturi assemblies having a
secondary gas inlet disposed downstream from the converging portion and upstream from the outlet.
33. A firing control system for controlling the air to fuel ratio in a burner assembly including at least one
venturi assembly, the venturi assembly comprising: an air inlet, a converging portion with a primary
injection fuel inlet*5 TRFFSPPEROBH SRt &RR 8y the bshvingiiyshartbs aadiverging portion
downstream from thentlrezit tpdetionirerebetdtoend Gsegondaion gas inlehdiapasedrdewnstream from
the converging portdeingse wpstieam-figgriberositigs:,  the firing control system comprising: a first
flow control devicg,confignied, iaantl el plet .2t the primay njectin fuel inlet, a second flow

control device confic%ured to control (%gg inlet flow to the seconéary gasin JAnd a%uel analysis
component configuied to detetMnEl MR SIEUUP SPTR R inlet has a lower heating value or a
higher heating vafde 3BnorRatisistesr ol systerronhelaing 3Beavthereideatdbastonesdhithe first and
second flow controlntié\does ismaerabreprdbg ENefiingssontigl sysiemrofciaim, a3 wherweln at least one
of the first and secangliflovyconiRbAexisesds a pressure regulator. 36. The firing control system of

claim 33, further comprig}igg{g dc%m%?rf r assisting in control of the air inlet flow rate. 37. A firing

control system for a furnace comprising & neann, o sidewar Zha s boPRer L SABY Gt at least one
burner including a J&RITITaLSAPBIcoTEh RIMISESERIYESimBiTary HA aiviatenabednverging portion
with a primary injeceowduet ipdisy esthiroadpertivnreaivastebiom faemnitheedosergiagspoftion, a diverging
portion downstrearmitierT fhevbitoatpertion, an outlet, and a secondary gas inlet disposed downstream
from the converging portion and upstream from the outlet, the firing control system comprising: a
first flow control device configured to control fuel inlet flow to the primary injection fuel inlet and a
second flow control device configured to control inlet flow to the secondary gas inlet. 38. The firing
control system of claim 37, wherein the flow rates through the first and second flow control devices are
varied depending upon at least one of the composition of the fuel, the heating value of the fuel, the
oxygen content at the heater outlet, and the desired air flow rate through the venturi assembly. 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. 41. The firing control system of claim 38, further including
a fuel analysis component configured to determine at least one of the composition and heating value
of the fuel being fed to the primary injection fuel inlet. 42, The firing control system of claim 41, wherein
the first and second flow control devices are controlled by the fuel analysis component. 43. A firing
control system for a furnace comprising a hearth, a side wall, a furnace fuel inlet, and a burner
comprising a venturi assembly, the venturi assembly having a first fuel inlet and a second fuel inlet,
the firing control system 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.
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