USI NG A STAGED COVBUSTI ON OXYGEN- FUEL BURNER CROSS
REFERENCE PPLI CATI ONS 5 Th? present application is a
continuation-insp&rt of U S. Seri al - 09/374,921, filed August 16, 1999.
FI ELD OF THE | NVENTI ON 10 The invent| on relates to the use of roof nounted
oxy-fuel buf ners VIBTHH BFSHERTINGIA GIASS | JORURNACEUSIRIEA®S 1O the
use of at |east one oxygen- bur ne at utilizes internal or external
conmbusti on st agROOH MAMETEDYSTAIGED COMBYISTRON OY YIGENFUEL BURNER ent i on
applies both to 100% oxygen-fuel fired furnaces and to furnaces heated by
el ectric or non oxygen-fuel means, such as t 5 air-fuel burner(s) or their

conbi nati ons. B I iment, this invention
relates to the @@%@a@%%@@ﬂ@ﬁﬁw in the roof of a

gl ass nelting furnacgyd Erelg&gsgg REQ C?s'é’@ont%:%af %g“%opru gag Ot fiNg, current
production capacity with eith Ip reduction o ectr oost or as a result
of deteriorati ofp/d74,2Xi, filedgupheat 6y B90very equi pnment such as recuperators
or regenerators. The process involves the replacenent of a portion of
existing or previously existing air-fuel or electrical energy capacity

wi th oxy-fuel tion of end 25 fired regenerative
furnaces and el QF\A{}%EJ’@S@‘@@Z\PW ocess involves the blocking of
regenerative ports or isolation of recuperative burners. In particular the
desi gn selection, angling and positioning of the burners over the raw
batch material s ent eTheiipvehidorf relsece thepsovmof hpunrtioxgffustedumaeng for

i ncreases pr oduct yi el d, ,lgr ovi des better energy efficiency and i nproves
gl ass 30 qual i 8}ss pelengafldisciamentsn furtherrelaiasdp dhe wieeafrat éeaﬁtaanemxagen-

conbustion in bur rich-lean in n 0 ur.ners f.ur nace
zonal fuel /oxyé’gﬁb‘f ?Htllaef frﬁfrf]i?]d Fema~~~ “S‘J%sg inthe 7001 of a

glass melting furnace. The invention applies both to 100% oxygen-fuel fired

310CT2006II N T O I A O O i:!@
WNNMI!M 6166* 1 I\/ETHOD OF HEATI NG A GLASS I\/ELTI NG F

fumaces and to furnaces heated by electric or non oxygen-fuel means, such as

15 air-fuel bumer(s) or their combinations.

BACKGROUND OF THE INVENTION
In one embodiment, this invention relates to the use of at least one
oxygen-fuel burner in the roof of a glass melting furnace to boost production
20 capacity or maintain current production capacity ‘with either reduction of
electro-boost or as a result of deterioration of existing heat recovery
equipment such as recuperators or regenerators. The process involves the
replacement of a portion of existing or previously - existing air-fuel or
electrical energy capacity with oxy-fuel energy. With the exception of end-
25 fired regenerative furnaces and electric furnaces, the process involves the
blocking of regenerative ports or isolation of recuperative burners. In
particular the design selection, angling and positioning of the burners over
the raw batch materials entering the furnace improves the rate of melting,
increases product yield, provides better energy efficiency and improves glass
30 quality. Accurate control of the stoichiometric ratio of combustion in the

bumer, nich-lean interaction of burners, and furmace zonal fuel/oxygen

VAR
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310CT 2006 2 staging are used to optim se heat transfer while
mnimzing oxides of nitrogen and sul fur di oxi de em ssions. Regeﬁb?é@ﬂv@@ﬁ
recuperative, electric and direct fired furnaces have been conmonly
involved in the manufacture of glass and related fit 5 products. Air-fuel
regenerative furnaces fall into two catggories: cross-fired and end-fired.
Cross-fired regenerative furnaces have nmultiple ports, typically three to
ei ght on each side of the furnace that connect to either a common or
conmpartnental i zed regenerator to preheat the conbustion air. The 10
regenerators, whiBH"E e YSAd i8r PRIfBIse thesk draasfgr syhikss minevising eoxides pf 15- 30

m nut es. dependent;, 8] iy Ay BREIALRNRUTI ng each reversal cycl e
conbustion air fronfa tan passing t roudﬁ one passage in a reversal valve

enters the base of thRegepgRMe¢afcRlip@ftivenN@iiie ad diRe EHGNARSBYalS
preheated prior to entering the ports which connect to the furnace. Fuel

in the form of 1%esi tomamdnlyr inyetvedsin mheechatfaintrhesf ghderandomtdted tit ough or
si de of port to groguce a flame which is conbusted in the glass nelting
furnace.” The hotP™P¥Bducts of combustion exit the furnace through the

opposi ng side port, ﬂﬁ%el@@é&fé%&%ﬁ&ggﬂ?{rﬂé R0 ﬁaﬂggco%%g & isgggc%g)écgl easing

heat and then exiting to the exhaust sta roug secon way in

the reversal valand:fired. 20ros$ifirddnegeneigiveofibuistd BivAnuithlé BoR € AGMBAIR}E O
cools, the exhaust regenerator heats until the reversal valve reverses and
conbustion air chiesre cight on sadysidesf the fomaexthatiemnegde nishartaorommitreog| ass i s

nmelted partly d radiation of the air-fuel flame  but mainly by
re-radiation frﬁ%"iﬂ%é&%gb 12%1‘%1& e&gﬁr@o%ﬁocwr%‘}c@ Hgﬁt ‘é‘?i“él?ﬂ?“%ea‘n_ZS Product s
of combistion. Tegaltabm, Whﬂ:hiedorﬁélfnn@&%ug|sﬁ§1§es%§9%‘iﬁ%§,‘ R0erS2RAGY 1% 3gTRNY
furnaces use electric boost by neans of electrodes inmmersed I n’the gl ass.
This is costly angutssndesndentdanafpenzco ofeeatiginas Doy aath travd¢saladycte

Through tine, rgzc};)e erators can beconme bl gcked due to thermal/structural
damage and/or c P{}’-“B\‘/‘E} agATqm 3 19N passing Hipyal onp pasragesn afesersdlnalve as 30

batch material s QfeDafeGiise OF th%qg&%gﬁ?otrio%non%fsi eoéiq}uie %u?nzisc%%%id ?ssprcagéa?eads ed from

prior to entering the ports which connect to the furnace. Fuel in the form of

15 oil and/or gas is injected either under, over, through or side of port to
produce a flame which is combusted in the glass melting furnace. The hot

products of combustion exit the furnace thrbugh the opposing side port,

down through the regenerator checker bricks, releasing heat and then exiting

to the exhaust stack through a second passageway in the reversal valve. As

20 the incoming combustion air-side regenerator cools, the exhaust regenerator
heats until the reversal valve reverses and combustion air enters the

- previously hot exhaust regenerator.

The glass is melted partly due to the radiation of the air-fuel flame

but mainly by re-radiation from the roof and walls which are heated by the

25 products of combustion. To obtain higher furnace glass production capacity,
many furnaces use electric boost by means of electrodes immersed in the

glass. This is costly and can cause damage to the glass contact tank walls.

Through time, regenerators can become blocked due to thermal/structural

damage and/or caﬁy—over of raw glass forming materials, also known as

30 batch matenials or batch, or condensation of volatile spectes released from

the glass batch. As the regenerators start to block or fail, the preheat



the gl ass batch. As the regenerators start to block or fail, the preheat 3
1 OCT 2006 3 tenperature of the air in the furnace will decrease! 08hd2006
the atnospheric pressure within the furnace will increase, reducing the
thermal efficiency of the furnace. Mre fuel and conbustion air woul d be
required to maintain the sane glass pPoduction rate. More inportantly,
because of the increase in 5 furnace pressure, the rate of glass production
nmust be decreased so as not to damage the refractory materials that make

up the super str uehpéretued of hige air Ui Nte efurnRe NETION & eddE, OSHC tHeOBtnfdpiagict y | ost
to precedi ng regenerator issues or to increase production in a
non- encunber ed fRIesswEevition yhpefurtpss WHancrgesedredeonpyhe harmateeffigenqyesfer al ai r

enrichnment wth oxygen eci.fic ox n.lancin der th ort flames,
installation of tg% i f}gqre lgllf:l ﬁ%‘fC%ﬂﬁ%‘@H afri"ch"t‘élB%Fetqu“g‘ﬁHP YRR A end

wal |, and wat er -goel #ks Bryadcush rRU! NO6Se hﬂﬁ&r?ahh?,dbécﬁﬁé%“&ﬂ“‘thet iREreRQr i The
capacity increases fromthese technologies are Timted by access, process
requi resent s or foefacaptiessuye, tiener off glns prodadtion nhist b dedragbefiso @dl not to
Regenerative furnace is simlar in ogperation to a cross- fired furnace;
however, it has ‘3RIage (i rpHIcteryi mateRalsehat rake yhithh supHpEtureqof thedi vi dual
regenerators. Regeperator deterioration can occur by the same nechanism as
in cross-fired furnaces and simlarly, electric and oxygen boost is

utilized. 20 To recovRsrepésed pfldueibreaipacityt st 10 preck@ink hezeatatR iBatd gned
regenerator issues or to increase production, oxygen has been used by

three nmeans: gdpeépagasgiproduakor imempnwgincymbsred) &rmacspexygendassbggensddanci ng
under the port ,and installation.of oxy-fuel burners through the furnace.
These t'chnol ogitelovE eI, eeherhl gjr crighinant VithioHy E SRFENT SRS o
[imtations withifel e 2% HhAAGSaIREEALT N 0! ACAbLAR: BHEPRRETRR f O"
overheating of the furnace. The recuperatlve)ghrnace utirlizes at ‘' east one
recuper at or typenbehbrgirexatiangérandUnitekeodldieoxyefiehbimenrinstallel (theseugher at or
is continuous with a hot concurrent flow heat exchanger where exhaust

gases preheat cdoh®wstti oAbaicrpacitiHpensases fere tibeset Gchnedosiesdars limited foyel

burners along t ha%cgsls,dpergcegg retquererlc'lé'lr{tg % I%Tractory temperature limits.

15 The End-Fired Regenerative furnace is similar in operation to a cross-
fired furnace; however, it has only two ports in the end wall which connect to
individual regenerators. Regenerator deterioration can occur by the same
mechanism as in cross-ﬁred furnaces and similarly, electric and oxygen boost
is utilized.

20 To recover production capacity lost to the aforementioned regenerator
i1ssues or to increase production, oxygen has been used by three means:
general air ennchment with oxygen, specific oxygen lancing under the port
and installation of oxy-fuel burners through the furnace. These technologies
are typically. capacity limited due to temperature limitations within the

25 furnace, because of location and concerns for overheating of the furnace.

The recuperative furnace utilizes at least one recuperator type heat
exchanger. Unlike the regenerator, the recuperator is continuous with a hot
concurrent flow heat exchanger where exhaust gases preheat combustion air,
which is ducted to individual air fuel burners along the sides of the furnace.

30 Recuperative furnaces can also use electric boost. As with regenerative

furnaces, recuperators can start to lose their efficiency and ability to preheat



30 Recuperative furnaces can al so use electric boost. As with regen@riadtVe006
furnaces, recuperators can start to lose their efficiency and ability to
preheat 3 1 0 CT 2006 4 the air. They can beconme bl ocked or devel op | eaks
between the walls separating the conbustion air and exhaust gases. To
recover production capacity lost fromthe aforenentioned recuperator

i ssues or to increase production, oxygen has been used by three 5 neans:
general air enrichnment with oxygen, specific oxygen |ancing under the air
fuel burners andhenst alThayican comeybloukdd brideedisp édakb eretwgnothghwillse
furnace breast walls. These technologies are typically limted on capacity
because of bur nefepirating thgsompustiontdioss! exhdust 8a€&rns for overheating of the
furnace. 10 Direct fifed furnaceoﬁ nd .are

0 _recove &5o nocta ULl &St rxenhet%t edfoaé Lenfioned
therefore less efficlent thanPthe prneceéff’ﬂé é?(g Pes 'of FOrASCE Uésign. To
i mprove thermal regfdelfibeRGiks OF td Mer@RS BretdulGME ok PFbnCiRRasekh YiseSh¥ trrdsal |
oxy-fuel burners have replaced air fuel burners. Electric furnaces or

furnaces whi ch utkdrisz egepbmb tir icontlymémrwithexygegnospetific & gef laneingi ungerar e
typically costly to.operate and are subject to_a shorter  cappaign life
than the typical the Gissfuel Prierstdemsrellinor & wasé%asﬁrbﬁ%ﬁr thfough the

difficult to i [ L Thi s hhv.entl t
what Care commony REIETREa T IhCThe IRAEEY sreadbRal TN LRabTC,

el ectric furnacesaaedofingserniotatitpplidith@orsodnd dodperhs! Forac@sheatiflg Unitliecd
States Patent No. 5,139,558 to Lauwers discloses the use of a water
cool ed, hi gh- monBmagm r oof - mount ed auxiliary oxygen fired burner in a

glass nelting furnace,. Lchds directed to the interface of the | ted and
Joid glthss Tor m ng. HHGFbFRPGasss GridlighiEe BFeutbar apgtredhmebes B ve « o
the glass flow ahenemn RS Ghapes PRIHAS deaghedoshhfoR tBermal |
mechani cally 25 held back, thus being prevented from escaping the nelting
zone. United StatfeieRey eninciase PraaldiétiG 4apanityadide wdil sodyefaelsbuangs hawess f or

melting batch material in a glass furnace using a burner positioned to fire
substanti al |y dovplasedpir fusbb¥@ed. end of a water-cool ed furnace.

Electric furnaces or furnaces which utilize electricity for the majority

15 of melting are typically costly to operate and are subject to a shorter
campaign life than the typical fossil fuel fired furnaces. Once designed, it is
difficult to increase the production capacity. This invention relates to what
are commonly referred to in the industry as hot top and warm top electric
furnaces and does not apply to cold top furnaces.

20 United States Patent No. 5,139,558 to Lauwers discloses the use of a
water cooled, high-momentum roof-mounted auxiliary oxygen fired burner
in a glass melting furnace, which is directed to the interface of the melted and
solid glass forming ingredients at an angle directed upstream relative to the
glass flow, whereby the solid glass forming ingredients are mechanica]ly :

25 held back, thus being prevented from escaping the melting zone.

United States Patent No. 3,337,324 to Cable discloses a process for
melting batch material in a glass furnace using a bumer positioned to fire
substantially down over the feed end of a water-cooled furnace.

In the past, roof-mounted burners were considered in the glass

30 industry, but were disregarded. It was perceived that the heat release from

roof mounted burners was too great, resulting in the melting of the furnace



In the past, roof-nmounted burners were considered in the glass 3(%1 0CT 2006
i ndustry, but were disregarded. It was perceived that the heat rel'ease from
roof mounted burners was too great, resulting in the nelting of the furnace
31 0CT2006 5 crown (roof). In addition, high nmonmentum flanes fromthe
burners would blow the batch material ssaround, harm ng the furnace walls,
and generating a |ayer of gaseous bubbles, commonly referred to as foam
on the glass nelt surface. 5 Recently, it has been proposed to install
roof - nount ed oxy-fuel burners_in refractory lined glass nelters. These
burners are dired?%H (r@danltardiition. fagh megieatum ébﬂ@ﬁ%toﬁaﬁiezﬁslmﬁrﬁ Woudspect to

the surface of t form material. a control.led,velocity so as
not to transportbng%/égéega%%%p@ enr?gﬁqaer?'i"éq? FWE'Bg%}H“e HARES- APASEMNEME 2 and are
further control lagergichsdddsthudbled, @nasal ¥ rerel Wmatodnedn dedigxygan f1ow
conbusts proximate to the top surface of the glass formng material, to

produce a fl ame fubfate.i npi nges the surface of the raw glass forning
material. This perm"':ﬁ aaigni [ increase in heat transfer into the
rGn

i cant
gl ass, vhile maintai Bf HaBoPFen PECRSEFhiuriegalli ioR-mosaird opefist i ng
Lim (s, and avoigiigs e AuRiRoaldd ol Rt | oflangdatRl Ls ghedhp
furnace. This technol ogy approach, of using roof- Rounted burners

(non-staged) as ddwnwairdsTer yn angleC@entr ERUSH Nith BhFRS to MR furfge hunmace

havi ng no regenerators or recuperators, is described in United States

Pat ent Appl i cat i essNeremEonateniagisat: d cordRillgd vvelogity o dssnot it dangportatoest her ei n
by reference as if ful]y. itten.out bel ow, 20 The design of an._oxygen fuel
burner with int Py mé{‘%‘@fw Oitt}%e firagse fmgsphers, @Pds.arepg’t"@%’f C‘NEST.O?IS? &3%’, 483 to
Taylor.jgl ts use hix foL00fYBAAY: AEPHAL QWAL bBQL RS d,
however. It is desi r%bl e t'o provide pr oceg}éggs I?c;c}‘r’\e/tgﬁe stggﬁn%gﬁgﬁb?%eremusti on
in embodi ments topatrfacepsfothe dissatfotniiap shaenangd/ modieweflateilzs inpmged oxi des
of 25 nitrogen, in the g{gerati on of at |east one oxy-fuel burner nounted

in the roof of thegrHas fethe Ry elishfransomeRy GhispEmivENEndigant
increase in heat transfer into the glass, while maintaining refractory
temperatures within safe operating limits, and avoiding the overheating of

15 the roof and walls of the furnace. This technology approach, of using roof-
mounted burners (non-staged) as the primary source of heat in a glass
melting furnace having no regenerators or recuperators, is described in
United States Patent Application No 08/992,136 to LeBlanc, which is
incorporated herein by reference as if fully written out below.

20 The design of an oxygen fuel burner with integral staging is disclosed
in U.S. Patent No. 5,458,483 to Taylor. Its use in a roof mounted
configuration was not contemplated, however.

It 1s desirable to provide processes for the staging of combustion in
embodiments that improve heat transfer and/or lower emissions of oxides of

25 nitrogen, in the operation of at least one oxy-fuel burner mounted in the roof

of a glass melting furnace.

SUMMARY OF THE INVENTION
The present invention relates to both 100% oxy-fuel glass furnaces
30 and oxy-fuel boosting of air-fuel furmaces with or without the use of

regenerators or recuperator heat recovery devices and/or oxygen enrichment.



The present invention relates to both 100% oxy-fuel glass furnaces 30 and
oxy-fuel boosting. of air-fuel furnaces with or without the use of 31 0CT 2006
regenerators or recuperator heat recovery devices and/or oxygen enrichnent.
31 0CT 2006 6 Consequently, the pregsent invention relates to both the
nodi fication of existing glass furnaces and newl y desi gned, dedicated
purpose glass furnaces. According to the present invention, glass nelting
furnaces of all 5 designs can be boosted using at |east one roof-nounted
oxygen fuel bur r@crr(sg)uengnsﬂtei oresehtoweentidne ralates Battoh the enddaficatias ¢fhe
materials enter the furnace.to inprove fhe rate, of | tj ng and i nprove

glass quality arF&}sb‘Fggggé% %F@&?ﬁc%dyf‘%‘f"é’. dB%‘&’é?ijsed‘B#‘Tgatwdjle H%ﬁl?rs%a%lé rate

and yield of tha:u)g}a s nmelting generated by the design and positioning of

t hese burners, depending on furnace 10 condition and type, at |east one or
more of the foll owi ngcemdingetoadid exselit investionasdshs ghaking pluathided ool

i nproved glass quality, reduction in electric boost, recovery of
product iSon | ost 4¢&iEns ear ?Fel?qqst?idélﬁtngﬁéb@taStr(@@GQ@frlyo‘{ﬁtﬁQé%)'gebIﬁéﬁéﬁéldler(s)

regenerators), reduction of.ox n,_use by.replaci ng.qgxygen ri chment of
the furnace at n_tPs?Sﬂ]@P%é)o?'eerala%tr%/‘gﬁa%F "b%??éaé%aﬁ Srﬁag‘?%_ﬁ%’gﬁﬁ Wﬁﬁﬁ%’a?)%&?gen

| anci ng, reqUP“iﬁ'lg)r&fe BE WA IURERY ah® PhpfvB G1dO US| RBRE 0%y piddakt
burners positioned through the walTs of a glass furnace, reducplon in

furnace super styeldt leeausempdrcatnarcesediraerapd yedd biitheag ass oaaMirey grmetatdde,

i nproved energy efficiency, reduction in em ssions of oxides of nitrogen
and oxides of <M fhfr deHEHANG BRSHIAPING Qi fheps umss gdereprding An d¥mage

recycl ed gl ass clillifby anfGyBON: 18t Bhe §X idordbPRR FABREIALM & adiidhelnCr €ased
. I}hls P'ﬁ ?feeé) to%i‘[%aiul f

product gl ass yie vention nay be app e folTow ng types
of furnaces. In inbekselogla®d peddutor, UnipaeRdapRks gailit?,nsed@&ictrhins eldduRnt 1 on,
at | east one oxygen- fuel burner will be nounted in the roof of the

furnace. |n crosost, rreePvere gériupdudtion lbstr due ¢e ingfptiestaheadmscavent lis,
invention may s SSi | east one pair of .the ogéaosi ng

oti mes 2eS nece eaat e at S pai r .
ports to be ful que‘a?e pSGEEPERIYS) HEQYGHon Of 98Pt BRF. OV nIRIRFING oayecn
regenerative furgacemapbd GaRAAS fholfHefe, rddi¥88] bPBxysdh ukE85 tepPitng
oxygen-fuel burner will be nounted in the roof of the
15 oxygen lancing, reduction of oxygen use by replacing conventional oxy-fuel
bumners positioned through the walls of a glass fumace, reduction in furnace
superstructure temperature, increased fumace campaign life, improved
energy efficiency, reduction in emissions of oxides of nitrogen and oxides of
sulfur, reduction in fossil fuel usage, reduction in recycled glass cullet,
20 control of exit glass temperature, and increased product glass yiéld.'

This invention may be applied to the following types of furnaces. In
hot top electric furnace applications of this invention, at least one oxygen-
fuel bumer will be mounted in the roof of the furnace. In cross-fired
regenerative furnaces applications of this invention may sometimes

25 necessitate at least one pair of the opposing ports to be fully or partially
blocked or isolated. In end-fired regenerative furnace applications of this
invention, at least one oxygen-fuel burner will be mounted in the roof of the
furnace and the combustion air flow will be reduced by a portion of the
original design maximum flow. In all recuperative furnace applications of

30 this invention, at least one oxygen-fuel burner will be mounted in the roof of -

the furnace. In multi-bumer furnaces, wall mounted bumers adjacent to the



furnace and the conbustion air flow will be reduced by a portion of3{heT 2006
original design maximumflow. In all recuperative furnace applications of
30 this invention, at |east one oxygen-fuel burner will be nmounted in the
roof of the furnace. In nulti-burner furnaces, wall nounted burners

adj acent to the 3 1 OC T 2006 7 roof jounted burners should be renoved
and the air supply isolated. In single burner or single port applications,
the conbustion air floww |l be reduced by a portion of the original

design maximumflow 1In all direct fired furnace applications of this
invention, at | gast mewstedsbusngrgehovlddie tyuraved awil lthe bie suppiyt Bolaied. tlne r oof

of the furnace. ti- burn?r furnaﬁgs, wal | nmounted burners adjacent to

| |
the roof nount ecf"%ﬁ%@%er CHEW U PBE PRAGRIOAS ARG CRRUsHen aifigvy will be

di scontinued. | Regidedly HYY ofQe oSbing I [ ions, the combustion
air flowwll beer educgéq}gy a Opor??o‘ﬁ1 910 s%ﬁéﬁagﬁﬁ%r@ ‘desi gn maxi mum f | ow.

10 In all the above dasdkditdee fiszofienat dppBcdtione st i invenesd Qe ldaviedne t he
sane: glass nelting which was previously perforned bX air-fuel or oxy-fuel
i ncl udi Ag but ndXY8sfuss ibymep il (henmewrted hatthairdof iof he lfermaes. cIbowdti- or

conventi onal ox in t hods,, i s repl ac r oof - nount ed oxy- fuel
burners positi o%bgl 53%?‘% sé&?gsvn%%‘?eghb%?réF%&???g%%rrf’ﬂ mf’H%teﬁ?&iPWS’@e to 15
i nprove the rat gh6hldn®d trdreanSiOthe POy WRSHifual 'fnysiggl@/ Rimd! #ss
product yield. Because of the ability to position these rners at

speci fic | ocati sigle ppmeppimsgéehshthatcombastidresir flow Wik benediceéty o portioat ch
materials is achi E}\éed- al.l cases, at |east one roof-nounted oxy-fuel

A
burner is posi ti9% %On%g‘grdeil_ﬁ’é“}aéwnl‘iat%v-nat erials entering the furnace to
i nprovgethe rate of Iéoalmletdb!age ?g%ls'tﬁrgrs (yp% ' A25n iju%io}xtl ’effg%gvebgm%l lof

mul ti-port and nulti-burner arr applicati ons at” Teast

ports or pair oOfsainer pedss neitihg wikRWeE prdvioushl perfried 8y RALclaRGx§id! e
burner applications, the conbustion air and fuel are "reduced t0 a portion

bel ow t he maxi miR§lH&EEghut Thle cxelnaivef ¢f diumacesr tof utiizanelecribuberst sorpr ovi de-

energy to repl ace th%oc nventi %?)al ener%d% ﬁg[;\éggqe 5 fromthe process and

the additional &RBIGYPEUNESY PGS HEnPE Y Tontgreged oxy-

requirenents. Tifeelishdrs @BiiNehedl oviecheneddtaBitéh AMRKalsh&idrdY Rat&ace to
15 improve the rate of melting and/or improve glass quality and/or glass product
yield. Because of the ability to position these burners at specific locations,
increased heat transfer to the unmelted raw batch materials is achieved.
In all cases, at least one roof-mounted oxy-fuel burner is positioned
over the raw batch materials entering the furnace to improve the rate of
20 melting and improve glass quality, and in all multi-port and multi-burner air
fuel applications at least one pair of ports or pair of burners are isolated. In
all single port and single burner applications, the combustion air and fuel are
reduced to a portion below the maximum design. The more efficient roof
mounted burners provide energy to replace the conventional energy removed
25 from the process and the additional energy required to achieve the desired
process requirements. The positioning of the burners over the raw batch
entering the furnace improves the rate of melting. The stoichiometric oxygen
and fuel ratios and flow characteristics of the roof-mounted burners and
remaining air-fuel bumers can be controlled so as to minimize the emission

30 of nitrous oxide and sulfur dioxide from the glass furnace.



entering the furnace inproves the rate of nelting. The stoichi orretr%ﬁ
oxygen and fuel ratios and flow characteristics of the roof-nounte 0CT 2006
burners and remaining air-fuel burners can be controlled so as to mnim ze
the em ssion 30 of nitrous oxide and sul fur dioxide fromthe gl ass
furnace. 3 1 OCT 2006 8 A further enbodinent of this invention relates
to the use of at |east one oxygen-fuel burner that utilizes internal or
external conmbustion staging, positioned in the roof of a glass-nelting
furnace. This enbodi nent applies both to 100% oxygen-fuel fired furnaces
and to furnaces heat efl fbithel echadiment ofSthromy enipgenslatasetb ths ushohst laist - f uel
burner) means. The pl i Hlon t 00X fuel fired furnaces prOV|des an

i ncreased rate o‘?“e Frh € PBEI?HF"%@‘Y ?ﬁe%‘fﬂq”éaéé’f exigmal GngHStioﬁﬁFa@%nent in

glass quality, it Qé%’Hﬁ:H'oB of GRAL welaﬁgi &lOYThi€ EbBARIAY 2 F@x o

reduction in eit {'6ssi | fuel < or electros oost) per unit out

gl ass. The appl Ilﬁb':lh tOM0%% okgenpfues Airdd fuméeditandio fimiwes hextyd by efetteik ol O
furnaces permts one to inprove glass qballty, and to boost production
capaci ty or -nmai NG W)tgemﬁéqit(%h@d@@rfuéh wWaprABieeRs. W REARPIEH N tp O§YENT on of

I b d he d
caui pront - I 1 obF DRI RECa 1 BRen MAFEopt BLEaLr e RgUrhd QUER erent

or replacement &{e&raﬂ%tpkmn%t Axéadsl ALRY gREEHbaMSIN &Eé&tty'aﬂg energy
oxygen-fuel, air 15 fuel or electric energy capacity with oxy-fuel “energy

t hr ough at IeastefﬁQEnC)oQbygedluq‘twelml@uhﬂeﬁossﬂ fukl- iontkegiradboost) porttmrtmatput
conbustion staging |ocated in .the roof of the furnace. In new g ?‘63
%

furnace instal | ath &8ss thee ﬁP%]é‘é‘ﬁ‘Pnl oy Ehft PERSETE efYFRLON: Ry NOROZY M
f f
oxy-f uel, burners 04%84 ?ghﬁ'gs Bhe! tﬁaﬁﬁ&ﬁsog 129 ulrlﬁ ted %X)S&O edrod\%ﬁoﬁ)ur ner

for which conbus I ntegral ext®erna stage i‘ona

burners are FOOfcdﬂSﬁMm ofl mﬁmlrpw@@ﬂtprb&y&mhl@paa@ewméx&]eprr@dmd@ﬁ ofl rret hOd
of nelting glass formng material in a glass nelting furnace, said furnace

havi ng a back watlegtro- m<§asm/va<lldsgnabb‘me @iedl@mllohs of apuistingob#sst resaery r ont
wal |l connected to a 25 r erej ast one. ba éﬁh r for

chargi ng gl ass f‘Eﬂ“ﬂﬁrﬂa’tb ﬁtro m:im é‘oriss d?fP%ﬁSﬁé’a"q M  of t he
back wal | and thgpficela¥s!df.a portion of existing or previously existing oxygen-fuel, air-

15 fuel or electric energy capacity with oxy-fuel energy through at least one
oxygen fuel bumer with integral or external combustion staging located in
the roof of the furnace.

In new glass furnace installations, the present invention permits the
use of 100% oxy-fuel burners, including at least one roof mounted oxy-fuel

20 bumner for which combustion is integrally or externally staged. Optionally,
all burners are roof mounted.

The present invention therefore provides a method of melting glass
forming material in a glass melting furnace, said furnace having a back wall,
breastwalls above sidewalls, and a downstream front wall connected to a

25 roof, wherein at least one batch charger for charging glass forming batch
material 1s contained in at least one of the back wall and the sidewall,
comprising:

providing at least one oxy-fuel bumer in the roof of said furnace
over said batch material, wherein said at least one oxy-fuel burner is adapted

30 for staged combustion;

providing a flow of fuel to said at least one oxy-fuel burner;



conprising: providing at |east one oxy-fuel burner in the roof of %
furnace over said batch material, wherein said at |east one oxy-f d CT 2006
burner is adapted - 30 for staged conbustlon providing a flow of fuel to
said at | east one oxy-fuel burner; 31 OCT 2006 9 providing a flow of
gaseous oxidant in association with saifd at |east one oxy-fuel burner;
injecting the fuel and the oxidant into the furnace; and, conbusting said
fuel fromat |east said one oxy-fuel burner such 5 that at |east a portion
of conbustion is effected in the vicinity of said glass formng material to
enhance convective andpraddiagia 8owr ehgisspunbxidentt int assseiitgon yhthswid or mi ng

mat eri al w t hout substant'aLI di sturbing said glass formng material. In
one enbodi nent ﬂﬁ%t?WV@ﬁfﬁﬁ %PSVldes a method of nelting glass 10 forning

mterial in a glass melif ikiEAthe! HE 038 Gng BRI hidel RS T iBlang oflg back vl |,

breastwal | s above S|de and a omnstrea ont wall connected to a

roof, wherein at |east combuhibigCinid fiesl gRim faoleasthsni@iong ogl-diss buptemisugh bat ch
material is contained in at | east one of the back wall and the sidewall,

conprisbng: 15 phabwt deasga @pruoeaeftcmielswywr eféctasuiniie viginiphe! sagbglags sai d

furnace over said .batc teri provi di n fuel .10 said
it least one oxyoPRiBE TS enfis Bt Prdmeiive SenbEgRelitied o
associ ation w t hagiMdmahg heRshl mo&xmfstaehanwer&ﬁrrbmgQ;a;dﬁgegst fgighe fuel
and the gaseous oxidant into the furnace: and,” conbusting said fuel. In

t hi s enbedi ment mdteridne oxy-fuel burner may be adapted for staged

conbusti on, includinq conbustlng said fuel fromat st sal one oxy- f uel
burner such 25 that B{ODFSHPCIIGY he eﬂer&fonoraﬁmg%? drrlingalash” t he

vicini t% of sai q”oglll@ig%xatenal in a glass melting furnace, said furnace havmg a back wall,
breastwalls above sidewalls, and a downstream front wall connected to a
roof, wherein at least one batch charger for charging glass forming batch
material is contained in at least one of the back wall and the sidewall,
comprising:
15 providing at least one oxy-fuel bumer in the roof of said furnace
over said batch material;
providing a flow of liquid fuel to said at least one oxy-fuel burner;
providing a flow of gaseous oxidant in association with said at
least one oxy-fuel burner;
20 injecting the fuel and the gaseous oxidant into the furnace; and,
combusting said fuel.
In this embodiment the one oxy-fuel bumer may be adapted for
staged combustion, including
combusting said fuel from at least said one oxy-fuel burner such
25 that at least a portion of combustion is effected in the vicinity of said glass
forming material to enhance convective and radiative transfer of heat to said
glaés forming material without substantially disturbing said glass forming
material.
In another embodiment, the invention provides a method of melting
30 glass forming.material in a glass melting furnace, said furnace having a back

wall, breastwalls above sidewalls, and a downstream end front wall



formng material to enhance convective and radiative transfer of hegat gt 206
said glass formng material w thout substantially disturbing said glass
formng material. In another enbodi ment, the invention provides a nethod
of nmelting 30 glass formng material in a glass nelting furnace, said
furnace having a back wall, breastwal |18 above sidewalls, and a downstream
end front wall 3 1 OC T 2006 10 connected to a roof, wherein at |east one
bat ch charger for charging glass formng batch material is contained in at

| aast one oxy- f ORGS0 phieRin Bt AR bhe, oFEREREL B BRUERA% D o

material, wher eifgrsiakbatth he@fhl ©enkEd el 1 8 of the adaptvall andl ake f uel

st aged conbustion and contains at |east one outer oxidant injector and two
i nner fuel injectdemgll, edrepmsmgr nost fuel injector being adapted for high
velocity fuel injection _and. the other fuel. injector, disposed. hetween the

i nner most fueI.injectoﬁ?%ﬁg’ Hglﬁﬁf8?6§§Yﬁgﬂﬁhpﬁfé%ﬂ%??mg8?ﬁﬂdgﬁgﬁf%d for
10 I owers vel oci tofef WA bhidh Sfdidrpd); wRESM S8 18ast Lo B AkHBImEOs Sak et | east
one oxy-fuel burner, wherein the flow of fuel through the innernost fuel

i njector has a Hoglied stagpdrenmbistidnamd bentdihowut thstf arel outdrr @udgnt tilyectot her

fuel injector; praoviding a_flow of gaseous oxidant. to the outer oxjdant
injector, 15 hawdnyoanngnéic! iaERSuHE HESTR elgnesior Peee 19PEEJRAT t he

| nnermost fuel -y eGhoty ROTRUSIIRaAL ek Bley QI Alich SRT <Rl O01E

oxy-fuel burner 'stch east a portion o onbustion 1s effected in
the vicinity of igadrthodl &S infeeforidhd iRt Qltk@bxiignteifERite e being dapted goand
radi ative transfer of heat to said 20 glass formng material w thout

subst antoi al |y dilewar Wlogtystaekingdctiss, forming material. In anot her

enbodi nent, the present inventio rovides an. oxy-fuel burner conprising
at | east one outer oxi d’éﬂ‘(‘\élrﬁj %c@%"? %fnh‘ef\ﬂb Pifhat leastepne oxy-dgl yUner he

i nnernost fuel ig)&6Hhofkhe %\@%f%‘gé\pﬁmgﬁp{heh%\éﬁl R ﬁr)jegt&l'elllas a higher

momentum than the flow of fuel through the other fuel injector;
providing a flow of gaseous oxidant to the outer oxidant injector,
15 having a lower momentum than the flow of fuel through the innermost fuel
injector;
combusting said fuel from at least said one oxy-fuel bumer such
that at least a portion of combustion is effected in the vicinity of said glass
forming material to enhance convective and radiative transfer of heat to said
20 glass forming material without substantially disturbing said glass forming
material.

In another embodiment, the present invention provides an oxy-fuel
burner comprising at least one outer oxidant injector and two inner fuel
injectors, the innermost fuel injector being adapted for high velocity fuel

25 injection and the other fuel injector being adapted for lower velocity fuel
injection.

In a further embodiment, the present invention provides a method of
melting batch material in a glass furnace having regenerators, recuperators
and/or electric boost, said furnace having sidewalls, a back wall, a front wall

30 and a roof compnsing:



25 injection and the other fuel injector being adapted for |ower velsocigky 2006
fuel injection. In a further enbodi nent, the present invention provides a
met hod of nelting batch material in a glass furnace having regenerators,
recuperators and/or electric boost, said furnace having sidewalls, a back
wall, a front wall 30 and a roof conprilsing: 3 1 OC T 2006 11 providing
at | east one burner in the roof of said furnace over said batch material;
providing a flow of gaseous oxidant to said at | east one burner; providing

a flow of gaseous fuel ne. burner,; erati anme
fromat |east said one rg?’ﬁe %tgl&ﬁ' ?ﬁ?%n Favi ﬁ'ﬁ roof ?}55182{ ‘Wacﬁﬁ‘% Eﬁlgnt to
maxi m ze transf epated maeahl;f rom said flanme to said batch material w thout

substantially disturbing said batch naterial, and, providing additional
oxygen to conpl ete combRisviding aflowof gesgous drgdars tw §aid et ledst sae burnat; ch

t | f t | t ect or the roof of = 10 said furnace.
SR EF DESCRI PTION OF THESERRAAGSY eLETRar febio s Jeaat Sleiesn; ect s ang
advantages of this inv @n’eﬁﬂn%%ﬁ] Yi‘}el fro]ee QL. & chgl{&glrrﬂgp staboeﬂgmkhgmgg

detail ed description made Wt erence to t

is a cross sectiowalocitprgificusht mcalmaxnaneafrar@fegloaS&atnﬁbm Elzgdfﬂﬂhﬁb’iﬁﬁsd]dl
accordance with the present invention. Fig. 2A is a cross-sectional plan
vi ew of a cross- ?qt?}éﬂla‘reé'@b‘ﬁ\é}?‘é{tF\?@tanﬂ@uéﬁﬁbﬂblﬁﬁﬁeld@?tcﬂlh@atgﬂlds@dﬂel ting

furnace of Fi | al ong, r0SsS- ectl onal plap view of
an end-fired ?egener ative lﬁ%ﬁbadéfnr(r’é]ﬁ O’%’ige? ﬁo Cod?égtSC HPY ?tlﬂrﬁlﬁ%red;'%f Fig.

1 along line 2-2surfacof &4d bﬁcl@-nﬁ[é?ﬁﬁfrﬁﬁpzlt'l%%neo&%er‘{'lrﬁ%t&fmaHl@F&ff'%ff' red
recuperative enbodi nent of the glass nelting furnace of Fig.l along |ine
2-2. 2510Fi g. 2D $ad fursgcess- sectional plan view of an end-fired recuperative
enbodi nent of the glass nelting furnace of Fig. 1 along |lines 2-2.

BRIEF DESCRIPTION OF THE DRAWINGS

Further features and other objects and advantages of this invention
15 will become clear from the following detailed description made with
reference to the drawings in which:
Fig. 1 is a cross sectional longitudinal view of a glass melting furnace in
accordance with the present invention.
Fig. 2A 1is a cross-sectional plan view of a cross-fired regenerative
20 embodiment of the glass melting fumace of Fig. 1 along line 2-2.
Fig. 2B is a cross-sectional plan view of an end-fired: regenerative
embodiment of the glass melting furnace of Fig. 1 along line 2-2.
Fig. 2C is a cross-sectional plan view of a cross-fired recuperative
embodiment of the glass melting furnace of Fig.1 along line 2-2.
25 Fig. 2D is a cross-sectional plan view of an end-fired recuperative
embodiment of the glass melting furnace of Fig. 1 along lines 2-2.
Fig. 2E is a cross-sectional plan view of a unit melter embodiment of the
glass melting fumace of Fig. 1 along lines 2-2.
Fig. 3 1s a cross sectional view of the glass melting fumace of Fig. 1
30 along line 3-3 illustrating two oxygen-fuel burners adjacent the upstream end

wall of the furnace.



Fig. 2Eis a cross-sectional plan view of a unit nelter enbodi ment of gdve 206
glass nelting furnace of Fig. | along lines 2-2. Fig. 3 is a cross
sectional view of the glass nelting furnace of Fig. I 30 along line 3-3
illustrating two oxygen-fuel burners adj&acent the upstreamend wall of the
furnace. 31 0 CT 2006 12 Fig. 4 is ait alternate cross sectional view of
the glass nelting furnace of Fig.l along line 3-3 illustrating one
oxygen-fuel burner adjacent the upstreamend wall of the furnace. Fig. 5
is a cross sectiondigvé avinodlteaiut@¥pgesectivgd] v BEIheadlksanSGRE ABhdcE of D
representation of a burner flanme fromthe oxygen burner. Fig. 6 is a cross
sectional el evat Fignl \aleng dimea 3y alustratingi onp faxypereéiel havherg adjacénnt tagr al | y
st aged conbusti on rOOfenHQuaﬁ]%&ﬂggfl}'_fuel burner. Fig. 7 is a cross

- upstream . .
sectional elevation View o M5lnt ed oxy-fuel burner with associ ated

external combusti OTFigt A d\GosPRBFonat Qickl O arflonlypeft (54 B bfid o Blihatb ew Of 2
glass nelting furnace having a roof nounted oupl ng of oxy-fue ur ners

operating at dif fepresptaserodichbonet flance fromtthosxtgendahiegve i nt er - bur ner
staging. Fig. 9 is crass sectional elevation view of a glass nelting
furnace having a rig8f o tdintess §s§ionalerlerationeyicanal anslass peltmeefimsgg gen

bubbler for 15 HH;%(%QA ﬁ%@%‘ﬁgﬁg%e%%%ﬂsﬁfm the surface Q%etl?huzwgl ass batch,

t hrough the nelt ross-sectt onal elevat o of a

roof - nount ed oxy- oillig. Dus Aetroyy tdeticha GREl0¥Y 988w I dT] £e3T BoRREL LN -ARIt O the
present invention. Fig. 11 is a schematic, cutaway view of a fuel staged

oxy- f uel bur ner . bumper WTA§spEiBtedES ERIabToabL DN FHEINGNYEMEI ON | n t he gl ass

furnaces, for which t.h resent j.nventi.on is intended, a typical burner
di scharZes a rrixturPtég'g§ l%fa\.Jse “34 ’éﬁ%@?waﬂf@ %?ssd?‘gl&@ﬁ farpace hayae 3 wof ar

ratio of fuel topfshdantoudify BF 894G %uﬁ%@Uﬁér%tEr&cggagh?fegg#g s{0 a?o?né%éc

ignited, this conbustible mXxture burns to pro I'S used to
heat and nelt thetigh fszhizat diteryatraed @dggng. The process of the present

invention differs .rogn_t hat utilized in conventional fossil fuel fired air
fuel and oxy-fuel 1g. 9 1s a cross sectional elevation view of a glass melting fumnace

having a roof mounted oxy-fuel bumer and an associated oxygen bubbler for
15 providing staged oxygen to the surface of the glass batch, through the melt.
Fig. 10 is a cross-sectional elevation view of a roof-mounted oxy-oil
bumner with staged oxygen injectors according to the present invention.

Fig. 11 is a schematic, cutaway view of a fuel staged oxy-fuel bumner.

20 DETAILED DESCRIPTION OF THE INVENTION

In the glass furnaces for which the present invention is intended, a

typical bumer discharges a mixture of fuel and either air or oxygen in a

particular ratio of fuel to oxidant, to produce a combustible mixture. Once

25 ignited, this combustible mixture burns to produce a flame that is used to
heat and melt the glass batch materials. The process of the present invention
differs from that utilized in conventional fossil fuel fired air fuel and oxy-fuel

furnaces, where heat transfer is effected principally by radiation directly from

the walls and roof of the furnace and direct radiation from the flames. The

30 process utilizing at least one roof mounted oxy-fuel burner(s), in addition to
a radiation heat transfer component, provides significant convective heat

transfer due to the impingement and final reaction of reactive intermediate



furnaces, where heat transfer is effected principally by radiation fdigegcCighy
from the walls and roof of the furnace and direct radiation fromthe.
flames. The 30 process utilizing at | east one roof nounted oxy-fuel
burner(s), in addition to a radiation heat transfer component, provides
significant convective heat transfer #lue to the inpingenent and final
reaction of reactive internediate 3 1 0 C T 2006 13 species such as carbon

nonoxi de, hydrogen, and hydroxyl radicals, to stapl onhust i on oduct s
such as carbon GPGIESEECHAYCHAPRMOPKHAF. Ardregea. @P‘g‘gﬁéderoﬂétrﬁcé%r‘?é@g.e Thi s

type of heat ”%&%ﬁ{%ic}nz%x%ﬁl?&é‘gﬁ& %"%%PBR%%X& {afn‘@'waté}“vr B al fheChihdier -

integrally (withrn e rner bl oc ext er na staged, so as 5 to del ay

a portion of theaghrduadate OrThid gleebly htwedtnisfeg i§ leahancee mienathe roxydfnel
radi ant heat | osses until the gl ass surface is reached. As a result, heat

transfer to théumgr isiGesinraraby (wthin theibymes dlpckyor siernalbl gagede’osast or

conbustion incluyd but are t limtedt net hane nat S

Tauer 8- nat ar & agact pafishahe fortisPPratye Bh R Ga o B R 10 sru
gases such as t @yfiafidSat IBEREUREIthE dRsOdurtal€id rekhed v ABQAEARIhédt trahgTerd zed
oil, kerosene or diesel, or mxtures thereof, at either anbient tenperature

or in preheat edo flerfomapPe efperstmdtuoxisdeditcsd ncl ude oxygen-enriched air,
containing greater than 20.9 val unme, percent, gx n to, about K 80 vol une
percent, preferably g?“été%’&f”?lﬁgﬁ{ Cgﬁ’bsﬁfwcﬁg?’ﬁ’gﬁ?r,e“?ﬁﬁ 1y ‘%P&X‘ﬁ%‘&d by 15
filtration, absqhplhQfs m@mmﬁm%?g@st tdpafe, 1QhefiEprbhiR:gal WardRel BwOXYgen
such as that proauced’ by, for exanplfe, a’vacuum swi ng adsorption process
and conbai ni ng & 0igads sudl amnewaneyas,girbdicer gisoartth® Gke,olaponizep er e®ntizakygen;

and "industrially" pure oxy(gen cont ai ni ng about 90 vol ume percent to about

100 vol une per cémk kesoyepsror digseh oadnixtiresy Barebat 5he IR eRjdFPRETaFE 9

separation plant, Trré% ﬁ)e;{i g%% na}sr#ﬁr&éd?b&g?c@a%?seq{]ﬂhdm? i5 En- SRR air

1N . 3
tenperature or in Bre onn. and e oxldant are generally

i ntroduced in thenfaHiN@@Ledidi’ BHA 0D RuKRRS pas&r nddygen Thabbutr & voRBseNDl y
generally includes a burner block formed to include a flane chanber having
inl et and out | etpetysehi mgisrablhi gresternbam $0f velump peagenbhaxchiasgrrpdided it o a

flame Cllgarrber f%lﬁt@ori,rﬁbtsgr%tig}i',r Hl%ﬁlbpzln%%%pmqoﬁegpﬁle like; non-pure' oxygen

such as that produced by, for example, a vacuum swing adsorption process
and containing about 80 volume percent to about 95 volume percent oxygen;
and "industrially" pure oxygen containing about 90 volume percent to about
100 volume percent oxygen, such as is produced by a cryogenic air
20 separation plant. The oxidant may be introduced at either ambient
temperature or in preheated form. The fuel and the oxidant are generally
introduced in the furnace through a burner assembly.
The bumer assembly generally includes a bumer block formed to
include a flame chamber having inlet and outlet openings, bumer means for
25 discharging fuel into a flame chamber formed in the burner block and means
for discharging oxygen into the flame chamber. In operation, discharged
oxygen mixes with fuel provided by the discharging bumner means inside the
flame chamber. This combustible fuel and oxygen mixture can be ignited to
define a flame having a root portion in the flame chamber and a tip portion
30 outside the flame chamber. If the burner assembly to be used comprises an
“internally staged” bumer for secondary combustion purposes, the burner

block may further include bypass means for conducting oxygen outside of



for discharging oxygen into the flanme chanber. I n operation, discEqr 8¢ 2006
oxygen m xes with fuel provided by the discharging burner neans i sige t%e
flame chanber. This conbustible fuel and oxygen m xture can be ignited to
define a flanme having a root portion in the flame chanber and a tip portion
30 outside the flanme chanber. If the blffner assenbly to be used conprises
an "internally staged" burner for secondary conbustion purposes, the

burner block may further include byg&ss means_for conducting oxygen
outside of 3 1 ¢hecilmpogwmbey fush s loneXgsarfbehares (Rgtsadroppd the outlet

oxygen- i schar 06, BahL SeMOHIle LRS! 1R'qpeRRER! 1901 nfy

e er. In
oper ati on, oxyge pass fou h ypass riﬁ%g%u%ﬁﬂg’%ﬁurner

bl ock to the oxygpiksth&ahargrd PO tHeShurdditblodetoahe 6k g@énidiuideegohsradr bl ock
into a downstream "second-stage" region 5 containing a portion of the flane
and |ying outsi ®e ej¢sted framethe fhamserblodk mirea downplsgas "teson&aRge heg@hass
batch materials or, nelt. In certai referred odi nents., the integral
staged Burner bIBRRIMIF&2 Hﬁlal‘émé)iftﬂé{s 5@5? 3%(?8?@5 wﬁ%@? ﬂ%‘?rﬁ%“ﬁ%“i‘aﬁ% Gl eéhegn Y
out side wal | forgggdcd @ nételeldesbhehhAMRichanber inlet opening and a
plurality of oxygen-adm ssion 10 ports around the inlet opening. The burner
bl ock al so includes dnfeartmageefeméd embodifiegts; 6t integtally staged Hummenddeckand

formed to include the flane.chamber autl et . ening and th lurality of
oxygon- di schar gd* FHesolan GRtF ORAMBET e ddiengn pide (Bah A o ¥

embodi ment's, ong,qpq4 'éq}a%ic%%t)érelme'iX?%mlz%gnbcfﬁﬂlura@@y efew;]gqg.%ﬁegs%nally to

t he burner bl ock, as described bel ow, e 15 staged conbustion to be
ef fectad in the pousnemead thtlintabbeningt kel tainser fotucktahse inethdesca furyacbwrabler bl ock
include but are not Ilimted to silica, nullite, zircgnia (ZrQ), fused

cast al uni na- zi reBHEwed 19 lig i a fumesy and furmieddel ingude thy flama @b baT oM ¢t
(A1103). The particul a erj . .ches 1S 1 yoe) , t he
type of gl ass to pﬁrelﬂﬁe{“%({ergﬁei' llﬁh]étygpgsog&g%dgﬁa%g‘gaﬁ%taarggép g}ﬁ)ém?ll}g%(ti on has
been proposed f Qjpefings Infalttmase aHbsEMSNtsSoiehor Msretdx@dMt eftryWeahs éanf uel
rich oxy-fuel mxture is injected into the furnace froma burner, ‘and
addi ti onal oxygéw providej exxteseplbyytonthg riirestt Wpekalas tdgsarped below, to enable

15 staged combustion to be effected in the furnace.

Suitable materials for the refractory bumer block include but are not
limited to silica, mullite, zirconia (ZrQ,), fused cast alumina-zirconia-silica
(AZS), rebonded AZS, or bonded alumina (Al,0;). The particular material
chosen is determined, in part, by the type of glass to be melted in the glass

20 furnace.

Staged combustion has been proposed for glass furnace burners, such
as those in which a fuel rich oxy-fuel mixture is injected into the furnace
from a bumer, and additional oxygen is injected by means external to the'
burner block in order to provide complete combustion displaced from the

25 burner exit. In the instance of roof-mounted bumers, preferably complete
combustion would occur in the proximity of the surface of the raw batch
materials. Preferably, additional oxygen injectors would be positioned to
delay complete combustion until after the flame has impinged on the surface
of the raw batch. The location of the additional injectors is dependant upon

30 the desired operating conditions of the burner(s), as well as burner location
and number. According to the present invention, externally staged

combustion is preferably provided by installing at least one oxygen injector



burner block in order to provide conplete conbustion displaced fromthe_ 25
burner exit. In the instance of roof-nounted burners, preferably c ﬂppgfémm
conmbusti on would occur in the proximty of the surface of the raw batch
materials. Preferably, additional oxygen injectors would be positioned to
del ay conpl ete combustion until after t'he flane has i npi nged on the surface
of the raw batch. The | ocation of the additional injectors is dependant
upon 30 the desired operatlpg condltlon of the burner(s),. as well as
burner | ocat i on ™&a "mififTEP! OATEEP A A tEnache ﬁb%%*b?ﬁygem@ﬁetpréﬁnaYets& ernal |y

st aged conbus&:aﬁ%%@e@rge%@gl Y RERY! @ebht 1¥1 lh’ésﬁé&irkh Aifusg}e Oxygen

i nj ector means 1 n the roo crown o h urnace,

al t hough oxygen dfftikgct ors nmay be positioned elsemhere in order to obtain

t he desired del ayed conbustion effects. Accordlng to the present

i nvention, the at |ea&@com1@g&<skwfmﬂembmﬁéwost}w atlegsteonp ogy-dvel ugpepski t i oned

in the rSOOf (or att 8\/\@2 a@iy posxt%oae in %e rg‘bfoto&ﬁro ? it flamﬂ;le atgoveqheox%l onall'y,

cullet) "material’s rec ace. urners nmay be

positioned as clm&) @aﬁdmﬁ@hmhﬁ é@let)haaéaamehMarrgﬁécﬁ to YREpAcH B& R0l est
batch naterials are, proximte to the furnace back wall where the gl ass

forming materi aIThesbwharrsgeab/ be positoard as aypisd agglossibly tWutde thatchOchargsrhi gher

t her mal dlfferenc nve tiqnal ai fuel or oxygen fuel. burner y be
posi i oned t hr oUGPETE FE® GRPIFY WC iaterigfareePrasnas feds fABrect Gk wall

roof - mount ed burpges (hdg EE@W&%?M&%Pis”cguaigf%etoac%?alhr} n@ﬁ%&ﬁﬂ%ﬁ@é fo
conbustion of reactants. Alternatively, oxy- r oof unted Dburners may
provi deiocheat t r athshéghed twnsilr differente.t Benbaitiohalciafugbosopygenifodtbantess t he 15

furnace downstreamend wall, that is, the front wall of the furnace. The
roof mounted oxyMRYdE R9sitigaed ithrougl dieswells 05&%%?%@ doyvnsgam ras

I nvention, becaur%%f%ofa fhi B %68 ”aSt z%HES n%” {6 Raksfye surface
a s C er to the

of the glass mel t'e Ich onvec t7ans?

traditional radi @ﬁm&@n&@@f rdat@nsf emxerﬁmvtenebxymu@e@andaunaed BiBrstrigy
preferred 20 enbodi nent of this invention, use of roof nounted oxy-fuel

burners provi derfowidethaahtrapsfan Howastreant ef el batch tchergerscoobimats ¢ thejel ay's
m xing ltshe furnace downstream end wall, that is, the front wall of the furnace.

The roof mounted oxy-fuel bumer is successful according to the
present invention, because a portion of the combustion occurs on the batch
surface of the glass melter, which adds convective heat transfer to the
traditional radiative heat transfer. Further in accordance with the preferred
20 embodiment of this invention, use of roof mounted bxy-fuel bumers

provided with integrally or externally staged combustion, delays mixing the
oxygen and fuel to project the combustion zone farther away from the roof.
This results in localizing more of the combustion on or at the surface of the
glass raw batch- or melt materials to increase the convective heat and
25 radiative heat transfer. The high temperature flame is moved away from the
roof to avoid damaging the structure, and nearer to the glass to promote heat
transfer. One additional advantage 1s that the inventive roof mounted staged
combustion embodiment allows the process to operate in fumnace
constructions that have higher roofs. The delay is created by separating the
30 two gas flows (either oxygen only/fuel only, or a fuel-lean/fuel-rich mix) by

a sufficient amount, and in one embodiment, angling them toward each other

to have their flow center lines converge on the batch or melt surface.



oxygen and fuel to project the conmbustion zone farther away fromt gg 2006
This results in localizing nore of the conbustion on or at the sur acé] f
the glass raw batch or nelt materials to increase the convective heat and
25 radi ative heat transfer. The high tenperature. flane is noved away from
the roof to avoid damaging the structur®, and nearer to the glass to
pronote heat transfer. One additional advantage is that the inventive roof
nount ed st aged conbu% Noly %ntboz ows the process to operate in
furnace constructions ﬁa?/ AV %FSWEFY? gprate haeStB EAMSIEC G0 0b4d: oy

separating the BQVHe\ﬁnh@astqumA@ls(ﬁlhr%hﬁah%&%%%kwaw% epLRQ'OO%%eW d uel

-lean/fuel-rich mx) by a sufficlent anount In on
angl i ng t hem t oweeaveatiohalgohwsel ﬂaroe Ioaygnfgmeﬁ)nmfef avesceRineenthit ne i6QBEeT ge on
the batch or nelt_ s %06 16 .Oxygen/ natural gas burners

operate at a st oi‘ 8H#8ﬁﬂ?’? |‘3%? rﬂ]? d“% SURREMNG iee gas wang ”‘Gagmi@% tgher e

met hane agnd the Qupglank he RYES 0XHd él'hé—;]o hchr%}{%tcbr%@@ o cal f,l ame
oxygen/ gas burner uses a concéntric tube in~ Const T dc on W EH‘ t he

i nner tube suppl yiehgity vé tyasvafidwshmdobit e¢latiwbecibeisugitieydndes biiecexygen. The
flame length then becones a functjion of the velocity of the two flows and
the relative vel S¥PHP™EH PhEhardediesbihpaminingrete at wes Miasfese beiwieet thei thlo af f ect

e D e, Shrcki® bR BREURCLICER LABLLNR SLLSEIB And hershore the

rate of conbustion. Because St reans Teaws v

tubes, they will enpgidnas eheyi wxit mdﬁ&tsehhéyawdl béQnC@”hﬁﬁtxhﬁﬁEd\Mtél!y sqar t
very cI ose to the burner discharge FOI nt. The present invention Separates

the two 1 ows (fsembaspnoxilleat yery slase tch@bgmerrﬂrsehxgqamlate streans. In

one. enbodinent, a fu as..sfream can be er at seous fuel only
or as a concentric tu@g]eg)ﬁ?sﬁrétrmvﬂ P epHELs tiieahyo ‘h‘?és &P%‘%ﬁ.%f@muetw atio

of oxygen. The r e#Biddinitie QAERA &MY, I Bk UnbbRinF Rl
optionally up to 100% of the required oxyéen |]s I'nt. ir%%gégée)gngﬁ ougjh one or

nmore additi onal tqmb@sedtalsat*’ams Iﬁmdahb'obrazwayorﬁdeﬁmc tubebgasr withe ldsathagnough
that the two stre % not .m X unth t hey have traveled a substanti al
distance to the t&F JECPYPLES TaHp & %’f@egurfﬂéﬁzéemmﬁ@a axidea fepwreds é&gar at es

the two ;streans (‘c@ﬁlplk@e FBmbAMAS o@txéﬂﬁfyahﬁ €b) 1009 o?%hg”rgcﬁhlred oxygen, is
introduced through one or more additional tubes that are located away from
the gas tube far enough that the two sireams do not mix until they have
traveled a substantial distance to the target, glass materials surface. The
angle that separates the two streams can be as low as 0° (parallel), or as high

20 as 90° if projected through the walls of the furnace, and up to 180° if bubbled
from beneath the surface of the melt, as long as the mixing occurs beyond the
bummer discharge point.

As stated above, one advantage of the process of the present
invention is the ability to operate the roof mounted burner farther away from -

25 the target, i.e. have a greater distance from the roof to the glass material
surface. This allows the roof mounted oxy-fuel bumer(s) to operate in
existing furnace designs, where the roof is currently too far from the batch
for a non-staged roof ‘mounted burner to achieve any significant rate of
convective transfer.

30 Referning to the figures, there is shown a glass melting furnace 10 for
providing molten glass to a glass forehearth or refiner 12 wherein the molten

glass is further refined and subsequently fed to one or more glass-forming



20 as 90 if projected through the walls of the furnace, and up to 1.389 dCfT 2006
bubbl ed from beneath the surface of the nelt, as long as the m xi ng occurs
beyond the burner discharge point. As stated above, one advantage of the
process of the present invention is the ability to operate the roof

nmount ed burner farther away from 25 the target, i.e. have a greater

di stance fromthe roof to the glass material surface. This allows the roof
nount ed oxy-fuel burner(s) to operate in existing furnace designs, where
the roof is currreaghinestsooh ﬁsaq:orﬂaim:rstfﬁsrizatscﬁoatfb@thsamddmEkea@edsho&mb mount ed
burner to achieve an§psi. n| ficant rat convect i vg(?transfer

Referring to thenfiOgRIAgs P 5 1tg ’g\/\PF apRjPAded that rr‘l{j‘”?‘?f?ﬁ&f:%la’i@ for
provi ding nol t eng ?Bﬁsc?etﬁi% &rcghﬁ umageh,ga é},qsmeé efib0er sdh emﬁrs%em t he

nolten glass is further refine and uent y fed to one or

gl ass-forning 3 cbn@eiliohal@B6 wdlY kmmehi bgssene askildnimithe s, ofldebelfd zers,
float baths and the |ike (not shown) In considering the figures, it wll
be apprevi ated tRYENOFr SpAiSpEEEs aB@ f‘é‘lplaﬂ“?@cdy SPerifisi v easindedofre the

I
construct I on ar erg@&%erﬁspéérgﬁzgiri e | n n& %gﬁaqut Cﬁ%h%@lapgdl e?enY?nt I ona

and wel |l known soneon e art once |nven ion'is

di scl osed and exgpkhiypedf fopecd.fic itens excluded are the regenerator
ports, air-fuel burners and exhausts since these are different for each
type of furnace. The Ehleagléswﬂsmaéummmub@ym_cellvyrpﬁhe,c&ls|ayeiqneate@iefsanaﬁl

el ongat ed channel  .having. an u L e 14 an wn end wal |
16, side walls %éaw%an . ltg%rp egg ﬁgwan 'ﬁ’ft”éarrﬁl Hgngg %fgﬂgrl ate
refractory materi absr 201644 ﬁocﬁmmxmad@frbhp@p réHriate Reagbly rﬁ@(enilb KGN,
zirconi a-alum na-silica, chrone oxide and the | i ke. The roof 22 is shown

generally as hav¢sngluann%1r %haat,eahsrnapahqar arsSoBr Beconm-almiraesighat whitoma axi s
of the channel, ho d’ iléﬁ( oof ﬁ of m) & r]é sui tabl e d%m gn. The
roof 22 of the t% Ve dke rf’f’ﬂ%y’fslf YR ECAB DS VPSS TALF RSt ween

about 3 - 15 feeﬁmﬁb%@t&hﬁl§ﬁ'§1f@%] 9fisF8hd AWnBLIABSweVeP L RbrTREESd @l . As

wel | known in the art, the glass nelting furnace 10 may ~ optionally |ncI ude
one or nore bubbd)fémsstMy-san@Hlodeqngl The gbofed eeft the tylicabglast melting furnace

15 10 is positioned between about 3 - 15 feet above the surface of the raw glass-
forming maternial. As well known in the art, the glass melting furnace 10 may
optionally include one or more bubblers 24 .and/or pairs of electrical boost
electrodes (not shown). The bubblers and/or electrical boost electrodes
increase the temperature of the bulk glass and increase the molten glass

20 circulation under the batch cover.

The glass melting furnace 10 includes two successive zones, a
melting zone 27 and a downstream fining zone 28. The melting zone 27 1s
considered the upstream zone of the glass melting furnace ].0 wherein raw
glass-forming material is charged into the furnace uéing a charging device 32

25 _ of a type well known in the art. The raw glass-forming material 30 may be a
mixture of raw matenals typically used in the manufacture of glass. It will be
appreciated that the composition of the raw glass-forming matenal (or batch)
30 1s dependent on the type of glass being produced. Normally, the matenal
comprises, inter alia, silica containing matenals including scrap glass

30 commonly referred to as cullet. Other glass-forming matenals including but
not limited to feldspar, nepheline syenite, limestone, dolomite, soda ash,

potash, borax, kaolin clay and alumina may also be used. To alter the



el ectrodes (not shown). The bubbl ers and/or electrical boost el ectrodes

i ncrease the tenperature of the bul k glass and increase the nolteg 1gbes 00
20 circul ation under the batch cover. The glass nelting furnace 10 incl udes
two successive zones, a nelting zone 27 and a downstream fining zone 28.
The melting zone 27 is considered the wpstream zone of the glass nelting
furnace 10 wherein raw glass-formng nmaterial is charged into the furnace
using a charging device 32 25 of a type well known in the art. The raw

gl ass-form ng mabetpeales 36X My ghes,aa minvt Winfouaf of aamsdiid, edrtialanyt ¥piraad,| y used
in the manufacture of glass. It wll be preci ated that the conposition
of the raw gl assSYIHERs rf‘g"‘r‘?fﬂ‘t dijogdey @Pd@at%gt)f COS’GPqngmée'péhd%Wt boreddere type

of glass being prpduced. Norng %X%Imnﬁxeonr{r%t erszomum gﬂeaé ! n%@; glia,

o]
silica containing ma erla s7inc g scrap “grady OB Fed to

as cullet. O her sgdcasd pufpdterphgs, ABE etHeakslok mmch r'ﬂgtabbbhdeﬁ(ﬁﬁy bee Riide@dot O
fel dspar, nepheline syenite, |imestone, dolom te, soda ash, pot ash, borax,

kaolin cbay and ab@i adﬁ‘asﬁdeqokw be used. To alter the 31 OCT 2006 18
properties of the gla | nor camunt of e

sul fi des, carbon, fl ugf?]é W r%‘(‘fﬁ §Fmip s, gpat zﬁ"p Z ﬁ&ﬂ?%})%e’bé’? gé

Mor eover, oxides Qxfnctb@rdnumc Sub RO bE W ks Msy M i’r{}dmleﬁﬁad 25Y¥ zlgeotemged for
speci al purpose gI ass, and other color forming netal oxides nmay be added to

5 obtain the desigtagsl nmblhmg furfibee 1GWWTgd dlestifgsatidnbatehatperticids cB“Oraﬁvogms a batch

| aver of solid articles o he surface of the nplten class in the nelting
zone 27 of the g‘l’%ggﬁ’éeﬂaﬁag)ﬁ‘i?rrﬂ ted PrtneippHY by Rblsest 9ge SBY§eR- I!B%Jtl%‘ﬁ‘er

ticl f | o f | t
particlgg of rawsghasss of ShFbNG i h@ﬂa{%@sﬁ;{ troll%né,gu %hﬁk@&ﬂ%t@/ﬁhpy a

| east one oxygen-fuel Burner 10 3 vfng ac I mpi ngi ng

shape and | engt hronfiztefdhargibds meiting furhaaf 1022t ofll bdwppgdciaead e it hagbebnr nace
10. It will be appreciated that it has been found that the installation
and proper cont r &ungs that theemstallapen and gapper sentrolnefy Heleast sonenoxygen-fesdt 22 of

(e S 2e el 9805 0 B0t O £ ALARE TSR L0,
solid raw gl ass- fiefith@ @i 30ah RBGkdaide W tEAPRsdnt Muention increases the
15 melting rate of the solid raw glass-forming material and, at the same time,
maintains the operating temperature of the surrounding refractory material
within acceptable operating limits.
As used herein, the phrase “at least one oxygen-fuel burner” means
one or more oxygen fuel bumers. Also as used herein, by 100% oxy-fuel is
20 meant that all burners are adapted to utilize oxygen or oxygen enriched air,
as contrasted to air alone, as the oxidant. Furthermore, as used herein the
phrase “principally by at least one oxygen-fuel burner” refers in retrofit
installations, to the condition wherein the additional or recovered glass
production capacity and replaced air fuel and or electric/oxygen boost energy
25 for melting of the raw glass-forming matenal is from at least one oxygen-fuel
burmer. In one particular embodiment, as shown in FIGS. 1 and 2A the glass
melting fumace 10 includes three oxygen-fuel burners 34. A single oxygen-
fuel burmer 34 is positioned upstream of two adjacently positioned
downstream oxygen fuel burners. However, it will be appreciated that any
30 number of oxygen-fuel bumers 34 may be positioned at aimost any suitable

location in the roof 22 of the furnace 10 over the batch to melt the raw glass-

forming matenal 30. For example, two oxygen-fuel burners 34 may be



mai ntai ns the operating tenperature of the surrounding refractory rr?ateri?l
Wi thin acceptable operating limts. As used herein, the phrase "atd | i 06
one oxygen-fuel burner"” nmeans one or nore oxygen fuel burners. A so as
used herein, by 100% oxy-fuel is 20 nmeant that all burners are adapted to
utilize oxygen or oxygen enriched air, 18s contrasted to air alone, as the
oxi dant. Furthernore, as used herein the phrase "principally by at |east
one oxygen-fuel burner” refers in retrofit installations, to the condition
wher ei n the addiRostiraed Bra yide-bysidsdelglion gs depigierint Fl6h 3capastigly oxyregns epl aced

o1 fvel and o oLl fLharyasR.Paosl B S, REeELLLNG, S e

glass-formng materia rom a y

particul ar embodi it e préentSiAOdMlionNthE lafiularlorfdhthtidA off BEHH 3 Sn- e bhirnbd
furnace 10 includes three oxygen-tfuel burners 34. A singl'e oxygen- fuel

burner 34 is posi4indhetofpgdtafdbergiass malbingdpmeeninay bpssih thant fladevdtst r eam
oxygen fuel burners. However, it wll be appreciated that any 30 nunber of
oxygen- fuel bur rPéPéucﬁgf‘Sr\@i?eCt')eé’ ﬁ’&?étiam‘ﬂh'e%er&%’déﬂ“??dsf? ‘%Fn%]a%ﬁ.}?at‘%b?”éfac? Kcation
in the roof 22 dhe Luppaee vier s t i el | gss-
formng materi alqu%O. For examﬁ?wtl%l%%(}gggﬁ-%Eer’pdlsng'r%nutgagg&? %Tgb%sS 1 0C

T 2006 19 posi timpirextment @es G dnyprefeded embadinent, dise clopientfed bumel3d 3 or a

si ngl e oxygen- fuel burner gﬂy be used as depicted in FIG 4. Nonethel ess,
in accordance V't ROYpRNeHsHREAUA nPsmendisulat ethg batish apateral @htmengdhobf each

oxygen-fuel bur i |34 nace,my be

such that the flrhg’ﬁgt ?g gg%rtre%gﬁe?:% eits%}cli‘ﬁaé{:?glasg ﬁﬁi’%ﬁﬁ‘?f%‘??i&g@‘rep%‘%ﬁ cul ar

to the @l ass batmhy gevidtadoni the prrpshdeala ih tin@redkibs bf tHPddaREean ehlle gl ass
surface to form an irrpieglgerrent area 26. In a preferred enbodi nent, the

oxygen-f uel bur n¥l5(iz4 thesfrent el in soreeiembedimgntsibalas ynysbrapdhdiegrgbsabut o t he

batch material at_an,angle,of ..about 90 deqrees relatiye to the raw

gl ass-forming narfreef;%lrag?y %68. thfﬂeloac%éfegs'lgt B ealé_i?‘ﬁ'setﬁ?tr%%gﬁﬁ%pf?@%%! cul ar

in the directionaRfandhBe 4eNNS OTQAF PRSHuc¥BIay be-ifrproviel ®yf fONhe W fadv 1 N sone
enbodi ments by as nmuch as 45 degrees, but preferably |éss th%n 10 degr ees.
It has been fourglassfatmmhenajenals30owat at ti¢ashong doenaadlyt hengwalgdnyfuelf gl ass

Pr oducel(; may be gurgl'[l)grogg dhaQXngneal tciorqgollie%e irrn%}ll\llging flame shape and length in
accordance with the present invention.

The at least one oxygen-fuel burner requires fuel and an oxidant. The
fuel can be either gaseous or liquid or combinations of both. Gaseous fuels
include those listed above, as well as blends of the aforementioned gases.

20 Liquid fuels include heavy, medium and light fuel oils, kerosene and diesel.
Liquid fuels are required to be atomized and/or vaporized. The atomization
can be either by mechanical means or secondary atomizing mediums which
include air, steam, oxygen, any of the aforementioned gaseous fuels and in
some cases an inert gas. Vaporization relies on the heat of the surrounding

25 products of combustion gases to evaporate the oil. The oxidant can be either
100% pure oxygen or a blend of oxygen and inert gas with an oxygen
concentration of preferably 50-100%, as described above.

Referring to FIG. 5, the at least one oxygen-fuel burner 34 within the
roof 22 of the glass melting furnace 10 has at least one fuel conduit 40 for

30 providing fuel and at least one oxygen conduit 42 for providing oxygen flow.
The oxygen-fuel bumer 34 may have a capacity ranging from about 0.5 to

about 15 MM Btwhr depending upon the glass melting furnace 10 size and



glass-formng material 30 with at |east one downwardly firing oxygen foeel 2006
15 burner 34 having a controlled inpinging flanme shape and I ength in
accordance with the present invention. The at |east one oxygen-fuel burner
requires fuel and an oxidant. The fuel can be either gaseous or liquid or
conmbi nati ons of both. Gaseous fuels i8¢lude those |isted above, as well as
bl ends of the aforenentioned gases. 20 Liquid fuels include heavy, nedium
and light fuel oils, kerosene and diesel. Liquid fuels are required to be
at omi zed and/ or dgsipask pulbdateThbe axpadnzitel dnmec @i Isedasignhérto bage raebigheri cal

means or secondary atom zi ng nedi uns which include air, ste xygen, any
of the af or enondie A, AL ASTAMT et & miteEnn abigind Dl i PG <o
Vapori zation relj€gre@RfiReind8AEnOdr thBSlafd SPHPR MY 2D d-RLUGESe034 is
conbusti on gases to evaporate the oil. The oxidant can be either 100% pure

oxygen or a bl ersdbgiéntmily degheatidniime convgasomil ghsamettinggfemace otnlcang aiat i on of
preferably 50-100% as descri.bed gbove. Referring to FIG 5, the at |east
one oxyden-fuel BelrbiEpersNMIHsRndRg. as yaH kiowaitorine FlkedsinpBe eitn e ur nace

10 has at | east igrﬂ ertlf‘d?é o?.qgguhémed'o.%f %?:rngb@v Bii,ﬁz}éf g&g%é‘%ﬁd?ﬂugﬁq%r aly lseaSt one

oxygen conduit or providi ng oxygen urner 34 may

have a capacity depagiengor therquabguif tBe fudl @nd ety gd® Vi dbiou i petdgesadi ng
upon the glass nelting furnace 10 size and 3 1 OC T 2006 20 desired pull
rate. The oxygerfhedimenty Hher oBYReNs CoREsnigaid ob the oxugHt- sk bumse3deiit age of

Oxygen than | s ALERRN aiNeBllordntk 1S e STRERLUESARONE ankdlf & °2 Of

i npi ngenent of romthé oxy arn

subst anoi al | y higleén tedaied & @nERABVEBITIONThe Ghl $6 oPlehiriid Edhrdrasgieal i i zi ng
air 5 fuel burners. Notw thstanding, as well known to one skilled in the
art, the tenperhamever,d¢ product|armss®fiopseating ccopyditions ox yere slatualelting ner 34

or ef or e onbodPHEHE 10 hE eS8 P CBHEGTEr ot PORESES RSP RS Giah PR Ebur ner
34 is typicallyeddx RvbE\Welss RblAPRRIRY of chéuBBBERE KAbwhNg St &fd onmetric
anount of 10 oxygen required to conbust the fuel. The fuel-to oxygen ratio
can be varied, Hinsweyarthe tradgpamidulee ghass argert@k. operating conditions in the
gl ass rrlesl ting The oxygen-fuel burner 34 extends downwardly from a bumer block
38 located in the roof 22 of the glass melting furnace 10. Each primary
burner block 38 includes an opening having an inside diameter (id) which is
at least as great as the external diameter of the largest conduit 42 or 40
dependent on configuration. The inside diameter (id) of the opening of the
20 burner block 38 may range between about 2 - 8 inches. The end of the
oxygen-fuel burner 34 primary combustion zone is located from the end of
the burner block 38 a distance (LBb) between about 0 - 18 inches. The.
secondary and in some cases tertiary combustion zone Is external to the
burner block 38. It will be appreciated that the opening of the burner block
25 38 between the end of the oxygen-fuel burner 34 and the end of the bumer
block in some instances acts to focus the burner flame and prevent the bumner
flame from spreading outwardly but moreover protects the conduits of the
bumer. The bumer block 38 is made of a refractory material as well known
in the art and may be of most any suitable outside shape such as rectangular
30 and the like.
The bottom surface of the burner block 38 may be flush with the

inside surface of the roof 22 or the bottom surface may project below the



furnace 10 to effect one or nore desired properties, including, for 1 0CT_2006
exanpl e, redox level, glass color, the |evel of gaseous bubbl es kﬁ%w& As
seeds and blisters in the trade and other glass properties. 15 The
oxygen-fuel burner 34 extends downwardly froma burner block 38 located in
the roof 22 of the glass nelting furnage 10. Each primary burner bl ock 38
i ncl udes an openi ng having an inside dianeter (id) which is at |east as
great as the external dianeter of the |argest conduit 42 or 40 dependent
on confi gur at i omsidehairiang pHide docftetaahstinat)of@bout Randpsrid prptedt thengurd® bur ner
bl ock 38 may range. hetween.about 2 - i nches. The d . of the xygen- f uel
burner 34 prina C&‘oﬁb@é‘ta}%&?e’?cfﬁ%‘v?ée stontes drom it ﬁ@"@ﬁﬁ“%‘[e aﬁ%@x’%urner

bl ock 38 a di stanegc( bBmk MEl uREkAReUhd SxyedPedddiftes2 oFIfie p2pRANGArY and
in sone cases tertiary conbustion zone Is g%terna to the burher bl ock 38.
It will be appréahatad ¢hatd dhenopdniwithiofthd bembubloek 33 mokie2hind® Met ween
the end of the oxygen-fuel burner 34 and the end of the burner block in
some i nstances &8%@ sepstantiglly tthe SBHE nesTticdlahsigiiner fotalle iffersat petisdr  f1 ane
from spreadi ng . i ects the conduits of the burner.
The burner bIocEggﬁm%égﬁggﬁgﬁggggﬁggfﬁg%%gﬁy material as well known in the
art and nmay be of nDPepandens bh thaiphe op biietlBlosk 3R dronl¢dv dStcheal @egtddar 30

and the |like. The bottom surface of the burner block 38 nay be flush with
the inside surfopewting conbtionseif thobusper he dseaterche Faetianced fiehystaging andt  bel ow

the 31 OCT 2006 21 inside surface of the roof to dj siance of about 2
inches to proteé?ygﬂbs@ﬁFﬁepﬁ?ﬂﬁogﬁf§§“ﬁﬁﬁ @d?ﬁg% mbﬁ&ﬁk #e??ﬁc?§¥1es from
wear . Ryrther morgiqidshad taseygbn ihjectbls@0 are JobRiohstelo &AM RRQoRBEsRNY gen
conduits 42 of the oxygen-tuel” burner 34 extend downwards within the
burner bl ock 38 uand afier e fktre ks 1Bpaigeien thabysy datchal The lohatigaofethesr t i cal

hei ght or totally different vertical  heights fromthe exit of burner bl ock
38. Dependent oﬁdﬁéiogﬁklﬂwtoaﬁ%rdee?r@@w IRNYTBTHaNQWOBEPR 19T Hfd reReteded

operating condi tﬂu%s,(?lfov\{eb& tm# 'be lbpzﬁa@'ér? gt'ica?lpfég;' Eagﬁxtt ii@&quo%#]%l

staging and oxygen staging Internal an xt er na he bur ner ock 38
will vary. walls.
15 In accordance with the present invention, the downwardly directed

irhpinging flame 36 produced by the at least one oxygen-fuel bumer 34 is
precisely controlled to give a flame length greater than or equal to the
distance from the exit of bumer block 38 to the surface of the raw glass-
forming ingredients 30 or the surface of the molten glass, and away from the

20 surrounding refractory, thereby reducing the risk of overheating the roof 22
and side walls 18 of the glass melting furnace 10. The impinging flame 36
may be controlled by such control devices as are conventional and standard
in chemical processing. For example, valves, thermocouples, thermistors
coupled with suitable servo circuits, heater controllers and the like are readily

25 available and conventionally used for controlling the quantity and velocity of
the fuel and oxygen from the oxygen-fuel burner 34.

The impinging flame 36 is precisely controlled by controlling both
the relative velocity and the maximum and minimum velocities of the fuel
and of the oxygen streams and the internal and external staging from the at

30 least one oxygen-fuel burner 34.
The maximum and minimum velocity of the fuel and oxygen flow

impinging on the surface of the raw glass-forming material 30 must be



10 Additional oxygen injectors 60 are positioned to delay conplete
conbustion until after the flame has inpinged on the raw batch. Th&! 0CT 2006
| ocation of these additional injectors 60 is dependent on nunber and
position of roof nounted burners, however they can be |ocated in
practically any point in the roof and__walls. 15 In accordance with the
present invention, the downwardly di r éét ed i npi nging flanme 36 produced by
the at | east one oxygen-fuel burner 34 is precisely controlled to give a

flame | ength greater than or equal to the djstance fromthe.exit of burner
bl ock 38 to théoBlipHeida P&VCP%@CWY@}P’&%“SQfth%*?ﬁf%&amj*ﬁ éﬁ% EMTANEEN R ¢ he

surface of the t ] . - L ctory,

t her eby reduciﬁgﬂ%hégﬁg%%%%¥ogg@?ﬂ%%¥?%%R?%LQ§E%¥ﬂgg&agﬁ@ﬁg?ggﬁﬁé%ﬁé 18 of
the gl ass nel t i2ngfftHE ABfgehOhilclingintdiRingdpfighunh asmvedfive e thasfeprt thel | ed by
such control devices as are conventional and standard in chemi cal

processi ng. Forsugiearpf ¢he waay edass-fermeingooaapiledt wilhdenpraresiated dbafpthed with
suitable servo gircuits, heater control.lers.and the |ike are readi,ly 25
avai | aPl e and é%ﬁ@%ﬁFFBH8F$§ghéﬂﬁgﬁﬁ?aﬁﬂﬁ??ﬁ?ﬁﬁﬁd“&%@mﬁﬁ§§ﬁfo98ﬁgkvelocity
of the fuel a%lloéggé?ﬁli' r Gct NG X8I UhicRY NRE BdssiblPesHoriehn@eng fl anme
36 is precisely controlled by controlling both the relative velocity and

t he maxi mum andpetatinglife vethegldss arltofg funecé @8l and of the oxygen streans
and the internal and external staging fromthe at 30 |east one oxygen-fuel
burner 34. The naxi nirAra¢idofctrming (8| Feperymanmum, velgeity s0rdthetygemds | ow

i npi ngi ng on the surface ,of the raw.gl.ass-form Lal be 310
C T 2006 22 convest ey "tbé‘“b‘i’e“\’/aesrﬁewﬁ‘%ielyd?os nuerdbaé]rqg—ggg%ig\%hgaf)qg?%tﬁ%sn%tderi al
and enprai nment,QfjassQfand Ao %ﬁc’%ﬁ%&%%s Rid Bdepshadat Ghhiredhebuadera@ai nst the
side walls 18 and roof 22 of the Turnace while maintaining optinm
convect i ve heatadjusteds foediffecent Meighsufrbac theofand edraungl wéectiansnintogtheat er i al .
It will be appreciated that _the 5 displacenent of glass batch terial

agai nst the si ddodta(}Bblicafiang syfs 20 Whith Fadqey&Begt WRT SECCRE a5f ract ory
material and pogsl bl ¥y shortel, th&e IBELRALAEHds' dofnpted Dai @k 3iTuIdBAs! N9

furnace 10.
run on a commercially available computational fluid dynamics code thus

15 yielding a maximum velocity across the surface above which sand would be

disturbed in the aforementioned experiments.

Table 1 - Maximum Burner Firing Rates (MMBtuw/Hour)

20 Height (feet)
(LBb) 5 6 ft 7f 8 ft
13 3.9 44 54 6.2
11.5 49 5.0 6.2 6.8
9 5.5 6.1 6.4 71
6.5 6.4 7.2 74 8.1
4 6.9 8.8 8.3 9.1

From these experiments the maximum surface velocity was

ascertained by comparison with the CFD models to be approximately 21 m/s.

Due to variations in batch material, batch glazing and batch particle cohesion

25 the exact maximum may differ from the above calculated maximum,
therefore, it should be possible for one skilled in the art to vary the maximum

velocity up to approximately 25 m/sec. To minimize disturbance and



In order to determine the proper maxi numvelocity for the fuel an oxygen
flow a burner was vertically nounted and fired downwards into a b d 0@%%@5
gl ass sand across which grooves had been nmade. Wil e the burner was
adjusted to different heights fromthe sand and burner retractions into the
bl ock (LBb) the firing rates at which s&hd novenent was discerned was
noted. The data fromthese experinents was conpared agai nst simnulations

iall. idab tati | fluid.d ' de th 15
Ji'e1 ding & maxt mTNURTBH AP e bR B STHe! LarPatc P BBV BPSATOMANEd be

di sturbed in theyafiolpRES) [pped experinments. Table | - Maxi mum Bur ner
Firing Rates (MwBtu/ Hour) 20 Height (feet) (LBb) 5 ft 6 ft 7 ft 8 ft 13
3.9 4.4 5.4 6.2 11. 5The tndZiHu. shd6niBirBurh.valoGitiks @f 4herfudl arfdl. &F the dxyger 7. 4
8.1 46.9 8.8 8.§ 9.1 Fromthese experinents the maxi mnum surface velocity
was ascert ai ned°bycOREER NGO WPEN34 e depcorirlied toohasaess sk maximirel y 21

ms. Duge't Lal | | g l.al h ' nd_bat c article
coﬁesi on§a250t \ﬁgr giéar f%’%’(ﬁﬁgﬁ]}nﬂjﬁ% fen;a}erg 13(? %}foﬁé%aa? Q%cg'lecsu“\né)flg%n Xi mum

therefore, it shesftadtdpe npnasdlbTRe haiximng Gkidy! 86mi the tilPirdidg NAmYA6Yist he
maxi mum velocity up to approximately 25 m sec. To m nim ze disturbance and
3 1 OCT 2006 233&nevedi BirBHRIMEInghEe anaght phheati releasdrbioe ther glasshseltiagi mum

Vel oci 11 e of ¢ hETPEE: Tl B UER Py SR B EE (B3 PRRATPE AT 34 ar e
al so control | ed LRHHAIESmMhREITIKI TR BpeRtibRE Tk ihLAMddNBinARL Rigy f | ame
36 without damaging the surrounding refractory material. The naxi mj?”’n ener gy
from th&oi npi ngi rapgk Ifemthe3Byigen-fimd husee 34 by generntei & agepthidle dwmuminsfet heat
released to the th%c? thrgell_:;[“i/ Igigass-forming material 30 without damaging the refractory
mateﬁa] furnace walls and superstructure is a function of the design and
location of the oxygen-fuel burner, burner block opening geometry, the
velocities of the fuel and oxygen from the oxygen-fuel burmer 34, bumer
15 staging, interaction of adjacent oxygen-fuel burners, fuel burners and furnace
exhaust.
The stagnation region 56, is the region where the flame 36 penetrates
the thermal boundary layer and impinges upon the surface of the raw glass-
forming matenal 30. Within this region 56, the flame 36 penetrates the
20 thermal boundary layer and impinges on the surface of the raw glass-forming
material building a sharp pressure gradient at the surface that accelerates the
horizontal flow of the deflected flame causing the flame to spread outwardly
radially along the impinged surface. The end of the stagnation region 56 is
defined as the location on the surface of the raw g]asé-forming material
25 where the pressure gradient generated by the impinging flame 36 drops to
zero. Within the stagnation region 56, by carefully controlling the
momentum of flame 36, the thermal boundary layer that naturally exists at
the surface of the raw glass-forming material 30 is penetrated and eliminated
and thus its strong heat resisti've features are attenuated. Accordingly, the
30 heat generated by the impinging flame 36 penetrates more easily into the

partially melted raw glass-forming material 30. Furthermore, within the

stagnation region 56 the flame 36 luminosity significantly increases which



furnace 10 conbustion space and maxi m zing the heat transfer to the raw
glass formng material 30. The operational maxi nrum and nininunlvélb@ﬁnyQb
range for the. oxygen-fuel burner 34 to generate an acceptabl e heat
transfer rate to the raM/gIass-forning material 30 w thout damaging the
refractory material furnace walls and“$uperstructure is a function of the
design and location of the oxygen-fuel burner, burner bl ock opening
geonetry, the velocities of the fuel and oxygen fromthe oxygen-fuel
burner 34, bur néfhanseg theiratatiomhedt dganstsy 180 j&@%ﬂghbﬁﬁﬂth Ud2SBur ner s,
fuel burners an : : aust. The stagnation region 56, is the region
where the f|aneq8%H%82§§?£?§§' the thermal boundary | ayer and i npinges upon
the surface of the rant (hkasdial KmdithoNde vadgaitichl regldn 34/ thbiwalitjbi gioagison 56,
the flame 36 penetrates the 20 thermal boundary | ayer and inpinges on the
surface of the rbggingl lsthistregignntge famme6 awpessendiaHy raralipkio ghg eriagade
gradient at the surface that accelerates the horizontal.flow.o e

Qe ect dd 11 ane ‘SaeT G R SrPERE PR IR dtor TRy Apinge BTty ¢ he
i mpi nged surf acemd hewsadrah thdhQaslaon 24dion 56 adiuPtheIferrial be@idaperyas the

| ocation on the surface of the raw glass-form ng material 25 where the

pressure gradi erstartggndnid ag résjoningethe mpifavgiremgstircarne tiethedt By nto thezamo.
Wthin the stagnation regi on 56, carefully controlling the nomentum of
flame 36, the tt@?ﬁ%ﬁ?m&l&gﬁ’aﬁ?fﬁﬁ %CF'that naturally exists at the surface

of the raw gl ass-for mpgcsmofkd Handtheht o BRRRIhANh R dRE;&!kabA3led nand thus
its strong heat resistive features are attenuated. Accordingly, the 30 heat

gener atied by t haesulpbfighendedigrawé 6 opyreatfuealt BenanB4 masle | diametto of Ikee

partially nelted raw gl.ass-formng material 30. Furtherpore, w.thin the
stagnation regi owen@et d) pf dhrebumer Giackotd epd dehnthe reamtveyvelertiesadts whi ch
31 0CT 2006 : - iat:i: f {, ot tivel
col der raw gl ass’%é?‘%&%%ég%{“%? }"é‘?g@g&‘%} 0? ﬁgé roé(gggf aﬁ‘lﬁ nqj %‘sgf)%an}%hg@ sve

stagnati on regi arlcefivélieonrblling@he deGEOBf Uk ob@@hiTesl BuindriB4s thiehimer, t he
flame 36 flows essentially parallel to the inpinged 5 surface and the
t hermal boundar yolody 88 gramesried! gingisnhend thy Meleprting of uthe segen and fuel

15 streams a reduced shear stress between the oxygen and gas streams is
produced providing controlled partial combustion and reduced thermal
radiation emissions. It will be appreciated that by optimizing bumer design
and operation of the oxygen-fuel burner 34, the flame heat generated in the
free jet region 54 and the heat transfer resistance at the raw glass surface in

20 the stagnation region 56 are minimized thereby maximizing the heat
generated in the stagnation region.

The heat generated in the free-jet region 54 is the result of the
following processes. First, the controlled partial combustion in the free-jet
region 54 permits controlled combustion at the surface of the raw glass-

25 forming material 30 thereby bringing the combustion process proximate to
the surface of the raw glass-forming material. Bringing the combustion
process proximate the surface of the raw glass-forming matenial 30 generates
an elevated temperature gradient at the surface of the raw glass-forming
material thereby improving the convection heat transfer. Second, the

30 controlled partial combustion in the free-jet region 54 generates an
acceptable temperature for the chemical dissociation of the combustion gases

and the products of combustion. These dissociated species, once impinged on



and outward fromthe stagnation region 56, thus the thermal boundary | ayer
starts to build up restoring the surface resistance to the heat 8l10GCT
the raw glass-formng material surface. The controlled flane heat
generation in the free jet region 54 is the 10 result of the design of the
oxygen-fuel burner 34, inside diameter 26f the opening (id) of the burner

bl ock 38 and both the relative velocities and maxi num and m ni num

vel ocities of the oxygen and fuel streans. By selectively control]ing the
design of the oxpPgedafYry cpldeneiiasg of the ray shey-forping patgiah dbmpatidlyal

design and the Vr%&&ﬁﬂ)ﬁ‘xk e&oﬂte&%ﬂ%ll?}%’&%ﬂtiﬁg%isgtn%géanl]ﬁea% [%rgmé Sfuged shear

stress between the oxygen and gas’’streans”i roduced providing controlled

partial conbustiar gdas-foadigetateHell TRt hesrafbrattho®Bx@Ndrafic eeustiond furthed be
appreci ated that by optim zing burner design and operation of the
oxygen-f uel bur megIEALs thsonvegtee heagtrapeprepracess The mipemizapier of e healyi on 54

and the heat transfer resjstance at the.ra | ass s ace i 20 the
st agnat i"on regi orﬁs%t.a%ceazglgh?nmﬁ ’}ﬁ'?ré(ﬁegt‘%réﬁ ét?yﬂ%asﬂfgr‘fez%ée {heBhén Om@’}sgner at ed

in the stagnati ofafeA8l IWis tHRsest thd BIRvahethcldns.t he free-jet region 54 is
the result of the follow ng processes. First, the controlled partial

conbustion in the frekrjtethe theegrbouBdanydayxrtis eloomated [throdgle theestrolded at t he
surface of the raw ss 25 form terial 30 thereby bringin he
conbusti on proceldnpebRTHREIT o PR RLE B alE DA fPrBP Pl
material . Bringi ignlfiGof QHAMSEHSRs PHRCER PP P TBLE ghBe fothidARGAhI the raw
glass-formng material 30 generates an elevated tenperature gradi ent at

t he surfoace of t3k Scavnd)ltixs dodabized ngfacaestr geakbratibre nbdoys farphevomgrsidie
convection heat transfer. Second, the 30 controlled partial conbustion in

the free jet regPlothsdoyetfisimtlesongictive capt sseiranperatiend Alr Nt
chem cal dissoci S&rg?l@arﬁf G GRITRURL! %%ltgr?gf%?s mAfatt ?ﬁis%éﬂ?&%&%a@v% 06 25

conmbusti on. These~di ssoci at ed speci es, once inplnged on

the relatively c@réehatipérrefeddt thhQurfaawt@p@statt @idie Bficiatti§rihLl thaw
partially reconbine, exotherm cally, generating significant heat at the
surface of the glaw-iprameg maendlsgrirat erial. The heat fromthe exothermc

reacti o further In the cross-fired regenerative furnace Figure 2A with regenerators 81

the preferred embodiment of the present invention utilizes at least one crown
mounted burner 34 positioned over the raw batch materials entering the
fumace to improve the rate of melting and improvement in quality to recover
or boost production capacity or reduce electric boost capacity. Crown-

20 mounted burner 34 impinges the surface of the batch matenal 30 in
impingement area 26. In all cross-fired regenerative furnace applications of
this invention at least one pair of thé opposing ports 71 will be fully or
partially blocked or isolated. This will typically be the first port and perhaps
the second port dependent on the amount of boost required. Additional roof-

25 mounted burners can be located down the glass tank provided there are
crown mounted burners positioned over the unmelted batch materials. The
energy delivered from the crown mounted bumers replaces energy removed
from the previously firing ports, the removed conventional electric or oxy-
boost.

30 In the end-fired regenerative furnace of Figure 2B with regenerators
81 the preferred embodiment of the present invention utilizes at least one

crown mounted burners 34 positioned over the raw batch materials entering



augnents the convective heat transfer process. The mnimzation of the heat
S resistance at the stagnation region 56 of the surface of the raw gct 2008
glass-formng material 30 is the result of the following factors. First,
the thermal boundary layer is elimnated through the controlled flanme 36
nonment um and t he turbul ence generated lzg the carefully controlled
conbustion characteristics at the surface of the raw glass-formng nateri al
10 30. Second, the localized surface heat generation allows for the
conversi on of tthe filmacd lemmprove dhdua¢ iof enelang ghdseplovememginngiating & 30

into a significantly better conductive nolten glass material. This
conversi on al | oWEOVEBPT PPRSt REMUCHRIheAPAEIBHOFEdYasEIesting Brast epapinelnradk e nor e

efficiently int Oentdhﬁrea %%epngaﬁgé'ﬁirgﬁg ligﬁyo\?nmg E[oﬂlthigﬂ'%ntiorf'ﬁxel J&gﬁbra?lg%e

cross-fired regenerative turnace ki gu regenerators

preferred enbodidieahd ebnidndopslefmentequire@sits GrillUld tdddesi abml @@Sredt@ Cr own
nmount ed burner 34 positioned over the raw batch naterials entering the
furnace 3t o i npr ddeeIghand serdacs Yitht ensERYali@m sy v dasinong rerepiml meuntado

recover or boost pr cti.on acity. ot _reduce.electric boost capacity.
Crown 20 nount e}%rﬁ?rgr)lgg p@i%f)rrlr%?ﬁ\éeéstwﬁ%v éﬁtf’?g&a enoa_ss ?Wfamboa\?%ﬁg%léa? al 30 in
i npi ngement  ar eama@rialk in dnbingeMeHt hrleh 6. AASIRIBEAIAbLNALAED BameAPRI eat | Ons
of this invention at | east one pair of the opposing ports 71 will be fully

or partially blloeked downi thgl glassd tankKhprovigetl | therg pire adrown breotrited ursts por t
and perhaps the secon ort dependent on the amount of boost required.
Addi tional roof %S“WB&%PE&‘ r'ﬂE‘?ersftegg’ﬁtc%emFtS’aﬁf'gd!fg%\ﬁﬁergﬁéleEYeé%‘ggP’é‘nk
provi de@ there ame crdwPiidufeld BuRRr LI RELSRAS iRiRE Gy Ble f d ed
batch materials. The energy delivered fromthe crown nounte urners
repl aces ener gy meawwv@conventoonal hiecipicev oaydbystfi ri ng ports, the renoved

conventional electric or oxy- boost. 30 . In the end-fired regenerative
furnace of Figure 2B Iith crasgdued scupaativerfumage pi Bienre 6 VaHDBERREER®T of t he

pesent | vent1of, o bty i oos SRR IRUS 0SSl
furnace to i npronef id@ntedtbamh 3agickitidgeAokr itEfaOMEIE inaieAaly Walekihy tHeO
15 furnace to improve the rate of melting and improvement in quality to recover
or boost production capacity or reduce electric boost capacity. In all cross-
fired recuperative furnace applications of this invention at least one pair of
the opposing burners 73 will be fully or partially blocked or isolated using a
block 74. This will typically be the first zone of burners and perhaps the
20 . second zone dependent on the amount of boost required. Additional roof-
mounted bumers can be located down the glass tank provided there are
crown mounted burners positioned over the unmelted batch materials. The
energy delivered from the crown mounted burners replaces energy removed
from the previously firing ports, the removed conventional electric or oxy-
25 boost.
In the end-fired recuperative fumace of Figure 2D with recuperator
82 the preferred embodiment of the present invention utilizes at least one
crown mounted burner 34 positioned over the raw batch materials entering
the furnace to improve the rate of melting and improvement in quality to
30 recover or boost production capacity or reduce electric boost capacity. In all
end-fired recuperative furnace applications of this invention the combustion

air and conventional fuel requirements will be reduced from the previous



recover or boost production capacity or reduce electric boost capacity. In
all end-fired regenerative furnace applications of this invention the
conbustion air and conventional fuel requirenments will be reducet 0To?008 he
previous 5 design and replaced with energy fromthe at | east one crown
mount ed burners 34 positioned over thé’raw batch materials and inpinging
the batch nmaterials in inpingenent area 26. Additional roof-nounted
burners can be |ocated down the glass_tank provided there are, crown

mount ed bur ner s dep88 R sspderedvth enrERfiRwI theat l5at ORe FEVEY aPRied fr@ekner gy

del ivered from 1 é}o@ﬁio%[%&)%ergﬂgP:I\A?Gatghlm%{rﬁalﬁr. ARG x%%%%\(ngeﬂ%‘dﬁf‘e from
t'he e

the firing port, renoved conventl ona ectric or oxy-boost. In the

cross-fired recupgrid iocatedudoas ahofglissglane p2&ided Mhdrecatp efrav@rmodided he
preferred enbodi nent of the present invention utilizes at |east one roof
mount ed bur ner 3mrsss pesiened aigethe wenglted bstehonhatamaler The sneray deliveged he 15

furnace to inprove the rate of | £ing and i nprovenent i uality.to
recover ° or boo orﬁrt %Iﬁch“l'rbHloélélgg;ac%"f?g%rrePlél%ﬁfceé’eﬁyef,et%rulc%dqtf)rom {hec%rbré%i ty. In

oS

al | cross- fireddeaRemdlid o htAfte lRPBkiof 8ky-868st0f this invention at
| east one pair of the opposing burners 73 will be fully or partially

bl ocked or isol ated usithgdaectifirod kurfidce qitfiigurai2E, theyprefeatell gmbedimeat of r st
zone of burners and perhaps the 20 seﬁond zone de endqggvon the.anaﬁnt of

boost required. 'AHEF FYARYCIUSBAM AR Mt 6 BT AOND BRI f@&gﬂ%ﬁ"WB t he
gl ass tank provigded gHene Bi@ maleBun ém&mggﬁlebmestopi rbiOnRMapYer the

unnmel ted batch materials. The energy delivered fromthe crown nounted
bur ner sior epl acesmeltieg gyd irepmvesient mognatihetopeemieo us byost ipradugtigoedpacity he
removed conventional electric or oxy- 25 boost. In the end-fjred
recuperative furdfaedusstelestyebeosmapiaity. rleclipdrest dired Bynycseapplictiops gf

embodi ment of t he; nf G561 t{x%&ﬁ%%?@n%j zlnidzc%ﬁv&ttiokﬁat%{al I%H\%rexﬁe{nﬁéé@pf@é‘m ed
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burner 34 positlonea over atch nmaterial's entering urnace to

i mprove the rat ere@ficedEidm Mg @@diohﬁﬂéﬁ%xﬁﬁr&ﬂicpiaﬁed}wathietnyrgfy(fr&ﬁ) teeRQ¥RE Or
boost production capacity or reduce electric boost capacity. In al
end-fired recupesnst ¢rownf menaice tappirs dasitiones ofertthe yawnbasel mstertalre In
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Additional roof-mounted bumers can be located down the glass tank

provided there are crown mounted burners positioned over the unmelted

batch materials. The energy delivered from the crown mounted bumers

replaces energy reduced from the firing port, the removed conventional
20 electric or oxy-boost.

In an electric hot top furnace the preferred embodiment of the present
invention utilizes at least one crown mounted burners positioned over the
raw batch materials entering the furnace to improve the rate of melting and
improvement in quality to recover or boost production capacity or reduce

25 electric boost capacity. Additional roof-mounted burners can be located
down the glass tank provided there are crown mounted burners positioned
over the unmelted batch materials. The energy delivered from the crown
mounted burners replaces energy reduced from the firing port, the removed
conventional electric or oxy-boost.

30 In all cases nitrogen oxides and sulfur dioxide can be reduced by the
careful selection of stoichiometric ratio of the different roof-mounted burners

and remaining air fuel burners. Referring to Figure 2A as an example in the



27 design and replaced with energy fromthe at |east one crown nognteghr 2005
burner 34 positioned over the raw batch materials. Additional roof-nounted
burners can be | ocated down the glass tank provided there are crown
mounted burners positioned over the unnmelted batch materials. The energy
delivered 5 fromthe crown nounted burn®s repl aces energy reduced fromthe
firing port, the renpved conventional electric or oxy-boost. In the

direct-fired furnace.of fFigl,?dure 2 ferred enbodinent of the present
ed

th [
i nvention utiliz88SPred CBr?BPE?%WH’e#g{JﬁF@Ger%ﬁ mausted 8 f de @™ Rer the
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and i nprovenent in quality to recover or boost pro tion capacity or
reduce el ectric (osokiinglequacin the fiimaat.| Betiopeeiting eitiedt bhitenad et gppldnd®C i ons of
this invention the caonbustion air and conventional fuel requirenents wll
be reduced fromdH¥ P guidiedesqrgrpoah @l maih lasdhanptoishiomsteg oXyesmor he at

| east ane cro -ppllé%ggfm NErS. g [ ed..over the~raw bat.ch terials.
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tank provided there are_crown nounted burners positioned over the unnelted
batch nateri al s.ZoTRdn dhtefipacge| Thid rish-I¢anoneh penfignmation redlenti vl bageseths

repl aces energy f fi.rin ort, the renoved conventional 20
electric or oxy-{)ooosi%.ggl? ngog_%g Ee)FZ%_ firaa ot° tOBBmszrlheé’&gPaP & 6‘?‘2?‘%‘1"}’%‘66

enbodi ment of t hgubg@seille fdrEOH bPBredtihg h 28SoRdn6 /AL s&B&.Cr own nount ed
burners positioned over the raw batch naterials entering the furnace to

i mprovel® he rate of nEhe dnlgastrane ronpmovetedixygen-fiehbitngr 84 mayclsy eitheor boost

production capacity .ar reduce .2 | ectric_boost capacity. .Additi onal
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energy delivered fromthe crown nounte es energy reduced
fromthe firing foer bnlyt Aeedr Amoaced It ednVienbpmBahted! tasit theCpragendXyveagest . 30
In all cases nitrogen oxides and sul fur dioxide can be reduced by the
careful sel ecti ofcidfates dreistaptat prlkrateincoease, reductign fin glashmeltingf fumsant ed

bur ner sy 10 wall temperature and improved glass quality as compared to the same air-
fuel furnace that is not retrofitted with at least one roof mounted oxygen-fuel
burner as described herein. Furthermore, as will be readily appreciated by
one skilled in the art, the use of at least one oxygen-fuel burner as opposed to
an all air-fuel system can appreciably reduce NO, emissions, dependent upon

20 the stoichiometry of the oxy-fuel flames and the air-fuel flames.
Example 1. Retrofit with roof mounted oxy-fuel burners.

One demonstration of this invention was the oxygen boosting, 100%

25 oxygen conversion, re-conversion to oxygen boost and finally conventional
air fuel firing of an existing hot 3-port cross-fired regenerative furnace. The

furnace was initially firing all air fuel. Port #1. firing was replaced with at

least one roof mounted oxygen fuel burner. The furnace fired conventionally

air fuel regenerative on the remaining two ports. In the second phase, Port

30 #2 finng was then replaced with at least one roof mounted oxy-fuel bumer
and the furnace fired conventionally air fuel regenerative on the third port.

In the third phase, Port #3 firing was replaced with energy in the already



and remaining air fuel burners. Referring to Figure 2A as an exanpi ¢ idv bfae
31 0CT 2006 28 cross-fired furnace application, the burners 34 nounted
in the AL or AR positions are operated with excess stoichionetric oxygen
to create a fuel lean (oxidizing) zone in the furnace. By operating either
burner 34 at position BC and or burnelR% at the second port 71 with |ess
than stoichionmetric oxygen or 5 air creates a fuel rich (reducing) zone in
the furnace. The remaining ports are operated with excess stoichionetric
oxygen to creat énsialfedapol-sapntedrx sl hyimers; ok fumagheapagiin Yagncrgise
rich-lean-rich nf | ton effectivel i es of
the furnace to g%tﬂlK %93%?%%0%5 pgrréazﬁ's\f\"élr] r%nuﬁg%g%?%{ }Z@Et %?%%ihﬁrg% e

formati on by creatlignghn? BREUMON TROGRHinEe Sedsercontéhetn® alr heddirngni r oof
mount ed oxygen-fuel burner 34 may be either placed in a new air-fuel glass

nel ter furnace imrrementel ptogdst t dHisi enample dewiopstiaies thei abihityeto gelegyelyel t er
furnace to increase the.glass guality relatjve to a i.r-, fuel |y fired
furnace? It will o aé?péﬁ‘ﬂgg’é’gé‘fre@'efhﬁ?%?ﬁé ‘Yﬁ_tjfegsetﬂtprf’ﬂagﬁ?tf]o]ﬁeayfn&?f)qutaat es a
substantial pul lgjdsatBmafiC KRS foo fIrfSlHEdd BRy- k] HudPs. Mk fi8cdsslddacRotlS 10
wal | tenperature and inproved glass quality as conpared to the sanme air-

fuel furnace thatquis waitr-coetaddfurtdred with at | east one roof nounted
oxygen-fuel burner as described herein. Furthernore, as will be readily
appreciated by one skilled in the art, the use of at |east one oxygen-fuel

bur ner as opposed gt ab il dufiiBle WRLSACARARRKFCkAR g educe NO

em ssi ons, dependent upon e stoichionetry & e oxy-tuel flames and
the ainefuel flames. Exanple 1. Retrofit with roof nounted oxy-f uel
burners. One denonstration of this invention was the oxygen boosting, 100%
25 oxygen conversi on At @XpdvRldrsnemproyidsdyyih ipisesd staging iof pxygen, by
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regenerative furnace. e ur nac n uel . Port

#1 firing was rephe8hck hdd REn sh@AFio HRAQideGRirediod ReAUrOXgand fadateddur ner.
The furnace fired conventionally air fuel regenerative on the renaining

two ports. In tNOsecdnaebrginaste, theopres@0 isferftionj @t legst onpeaf thespymeeef with at
cat 95 0" TRABLRE Ky bk T35 o B8 DI JHTRRCo! 4 i

furnace 110. The burner 103 is ideally positioned over the raw batch

materials 130 and is preferably angled such that the angle alpha (« in FIG. 6)

equals about 91° to about 135° in the direction of the glass flow 104 in the

furnace.

20

Example 3. A bumer and burner block with extemnal oxygen staging.

Referring to FIG. 7, it has been shown that a burner 122 with burner

block 121 mounted in the roof of a glass melting furnace 111 with 2-8

25 oxygen injectors 112 external to the burner 122 and block 121 can produce
higher heat transfer than a non-staged burner. The burner 122 is preferably

angled from about 91° —to about 135° relative to the surface of the glass and

in the direction of the glass flow in the furnace. According to this example,

0% to about 90% of the stoichiometric combustion -oXygen is injected

30 through the primary oxygen bumer 133, and the remaining 100% to about
10% secondary combustion oxygen 134 is injected through the oxygen

injectors 112, which are angled from about 0° to about 90° relative to the



In the third phase, Port #3 firing was replaced with energy in the alriqﬂg
31 0CT 2006 29 installed roof-nounted oxy-fuel burners. The fdrhdt b
capacity was increased from55 to 85 tons per day with reduced energy
input from23.5 nmBTU hr to 18 mm BTU hr. The furnace was re-converted to
air fuel firing in incremental stages3oThis exanpl e denonstrates the
ability to selectively 5 boost an existing air fuel furnace as well as to
provi de total heat input for a glass furnace fromroof-nounted oxy-fuel
burners. The prooess dobs ghot. Aenunn dewapetiacaodeondskined & thexaayiee 2.
Burner and burner block with integral oxygen staging. 10 An oxy-fuel

bur ner provi ded qur’iaﬁﬁ’égar“élar%‘i“{i‘gioﬁgtaéﬂgd%@y‘@éﬁg pgnednspsaEicdty fon&adhur ner
configuration or i i i 0n W I o] ,..has been
shown to providéhﬁﬁg?ggégﬁFH%@@gfggﬁgggbggw fﬁﬁ%uc2d4gﬁﬁﬁf“2§@§%§fﬁb to the
present inventi @tneatthd Qafice 0NtheGhwidiiss bhttReadiald i ntegrally staged burner
103 is provided in the roof 111 of a glass nelting furnace 110. The burner
103 is iPdeally positioned over the raw batch materials 130 and is

fer abl | ed such, t hat th | e_al ph in FIG 6 | s about 91
Fo about 135 tn tREMPIFedt | Do PR HEUELbrER 104t eRerof dPotmted 20

Exampl e 3. A burgyeker&nd burner bl ock with external oxygen staging.
Referring to FIG 7, it has been shown that a burner 122 with burner bl ock
121 nounted in the roof of a glass nelting furnace 111 with 2-8 25 oxygen
injectors 112 external to the buyrner 122 and hl ock 121 can produce higher
heat transfer than a H6nS@8Hge PGP RBISUOPLUURERREePXY Sl Buppist &3pey

and Tl he i r ey o hrP pRRRha e BRI Sy Rutd AR DenkEFed T

and in the direct?%% ow int ur nace. gtothis
exanpl e, 0%t o ladsouwo 3086 afounted iraeshi OnEbLf ithe Gaffdsis opertéy GeRub-S
injected 30 through the primary oxygen burner 133, and the remaining 100%
to about 10% setQRHaPGIcokYalst ithH Hxyigen MgUneh megecindd thenisenegh emhe

oxygen additional burner(s) is run with the balance of the oxygen required for

complete combustion, that is, in a fuel-lean mode. Experimentation was
15 conducted on the boosting of a conventional air fuel regenerative glass
furnace 110, where two of the rear burners 162 were operated in a fuel lean
mode, while the upstream, roof mounted oxy-fuel burner 161 was operated in
a fuel nch mode. (FIG. 8). This mode of operation produced an oxy-fuel
lean zone, adjacent to an oxy-fuel rich zone, followed by an air-fuel lean
20 zone. The result of operating the glass furnace according to this method was
to increase furnace capacity while reducing the emissions of oxides of
nitrogen on a per ton basis. This method of inter-burner staging can also be

applied in conjunction with the two previously detailed staged combustion

embodiments.
25
Example 5. Staging combustion in-a glass melting furnace with oxygen
bubblers.
One method of staging combustion according to the invention
30 involves the use of oxygen bubblers in conjunction with at least one roof

mounted burmer (FIG. 9). Oxygen bubbling has been used for several glass

manufacturing applications, such as to mechanically promote the convection



injectors 112, which are angled fromabout 0 to about 90 relative tpo th,g
1 OCT 2006 30 surface of the glass. As it can be appreciated bﬁ bLT 2006
skilled in the art, the nunber, angle and anmount of staging ports is

desi gned specifically for each furnace, in order to delay the conbustion
of the fuel 145 until it inpinges on @1 near the surface of the raw gl ass
batch materials. 5 Exanple 4. Inter-burner staging between at |east two
roof mounted burners. The staging of conbustion utilizing oxy-fuel burners
can be 10 accomphiestsedithiocidednolent glashe Oxygentis enluble imgkss, bmdnerdest agi ng,
between at |east t roof.nDunEﬁd burnFrs. One of the R%rn rs i operated
at sub- stoi chi JifER] CPEEANEES condiligns; only @ smefle pmeppt, (fisHieMahmy®t R second

or additional BuSiBRbhRlrid) Biloed KllnflRahAbARE g1:8l bgg)ogﬁmﬁg dtqgug red for
conpl ete conmbustion, that “is, a fu%l- ean node. Experinmentation was 15
conduct ed on t heonleaosf inognted ozy-tahbemer bbbk i singdd oxyege beblkdtn 108, gt ass
furnace 110, where two of the rear burners_162 were operated in a fuel |ean

mode, wHi | e t he 3t PERMRdI 8bPuRiert & és BRSIIGI onsiatadie roi mpyetedeyat ed i n
a fuel rich ”Ddemex(tﬁ{r&%rgsﬁ)msmpér ﬁ%%o&fetn%po?rsa$~|5 ﬁ‘cﬂ?&gag%gn&}nor?égﬁé uel
(0] ue ol | owe

| ean zone, adj acent OXY- rich zone, y an arr-tuel |ean

20 zone. The I’eSsh!#ablyQﬁe@&ﬁﬁiﬂﬁérrtgcbh@uglcﬁxs@xyfgeﬁ N34 @iasubBled DEB looatediis Met hod
was to increase furnace cqpacity whil e reduci ng the em ssions of oxides of
ni trogen on a pehetftner tddi af thphglasspmeherd 1. iThie enlamcere thestvaghbiditicah al so

be applied in conjunction,w the t reviously, detail.ed. sta
combustion embotsehtee s el hariecs PR he SanlnlileRsh e SLPgFaLY
nel ting;of urnace wijiiRePXNEBR ok PRIFLEESr réREvaRidMEdalesSt agi ng combust i on
according to the invention 30 involves the use of oxygen bubblers in

conjunction wth at | east one roof nounted burner (FIG 9). Oxygen

bubbl ing_has been sed, [ SOYS B,

Conventional oil and oxygen oil bumners for glass melting furnaces
15 rely on the combustion of oil drops which have been atomized by either twin
fluid atomizers (using steam or compressed gas) or mechanical atomizers
(using either pressure or rotational energy). The flame shape is governed by
the thrust of the spray and the size of the droplets. Conventional oxy-oil
bumers would release a high pfoportion of the heat in the near roof position.
20 As shown in FIG. 10, in this oxy-oil bumer design, the majority of
the combustion oxygen (greater than about 60%) is injected by at least 2
nozzles 136, or a plurality of nozzles up to a concentric ring set apart from,
yet substantially surrounding the oil stream 137, to a point beyond the initial
non visible combustion zone of the oil spray. The centerline of these nozzles
25 1s preferably angled about 45° to aboui 101° from the horizontal. This
staging of the oxygen produces reactive intermediate species, such as
described hereinabove, and delays complete combustion until it impinges on
or near the raw batch materials. The remaining oxygen can be injected
immediately adjacent and concentric to the oil stream 137, such as via the
30 atomizing medium 138, via an additional concentric oxygen tube (not
shown),or by tertiary injection in the fumace such as by an oxygen lance (not

shown), to achieve complete combustion. This oxy-oil, staged, roof mounted



manuf acturi ng applications, such as to nmechanically pronote the convecti 5'6
31 0CT 2006 31 currents within the nolten glass. Oxygen is sol%bloéTiﬁ
gl ass, and under nornmal operating conditions only a small amount (I ess
than 5% of stoichionetric) of oxygen is injected into the glass. By
positioning at |east one roof nounted oX¥-fuel burner 105 above a single
oxygen bubbl er 108, or 5 a row or bundle of bubblers, it is possible to

operate the roof Lgount ed ox%l/- guel Iburner(s) 105 under stoichionetric or
sub- st oi chi onet ri CUEEAGITIYAT, "CAhtF east fhRF ©RE whHereanapiBizings hesp trausder ton

oxygen 134 via bubfd gfsbdi08 dwecatigdaddi; f.4h | ass.nel ter
110. Thi s enhances the avail z;bi I iltya%df?no%a%a@rf%g%e %%(Za tré %férsgri %‘ﬁ?‘if%lce for

secondary conbust iTbr bofnef oely bercoplad biyalwater j2éke0kidhg 8dirtanBushi ap opfi@duct s
or reactive inter gsgl ates. Exanmple 6. Oxy-G | Burners. Conventional oil and
oxygen oil burner or glass nelting furnaces 15 rely on the conbustion of

oi |l drops:which have b . I ifher.twin, fluid atom zers si ng
st eam or (Szonpressed ga%?at@%gg?%ogé{%ﬁ? g}ﬁg glafﬁgﬁ%ﬁgryefqﬁ@"ﬁﬁf’%égure or

rotational energy)melfiitgchds Baee shbapeby megOMuenBas nMe drfie BhW@ﬁlePfyarﬁHF spray
and the size of the droplets. Conventional oxy-oil burners would release a

hi gh proportion ofZEHEPRdhE 3emizee upiagrlaseoPoppisi tinpemoRetrAstoshmdned n Fl G

10, in thi - Ol [ h jorit nmbusti on,
(gFcater 1 han SbofiROR s rnr SEPLEfy rieiosd (Whe |REPHFMesetoiocs, "

plurality of nozzheth ddmpressad gipncentric ring set apart from yet

substantially surrounding the oil stream 137, to a point beyond the initial

non vi si B?e combust i on Woeveffownte thit| ins friaynd Theothenseridsi 0f bofnerd)ese

nozzles 25 is preferably angl ed about 45 tq ahout 101 fromthe horizontal.
FREBE A e var
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This staging of the lcl)siiéaé) T SLTRIRE 1S the ol rReAtathe axysen gamsuch as

descri bed her ei nabovigibicand ﬂ’eﬁﬁ@-%%n%mpﬂtﬁésgedcﬂr@BWﬁH@QHcl‘I&tf’} m 'tle hRiJA0es on
or near the raw batch materials. The remal ni ng oxygen can be inj gcted

i mredi atel y adj acépt Brong dhisemtnrvisibteo combustioh saseamtAsS ot SUeh mating a t he

30 atom zi ng nedi ﬁ%nPlSB viq an.qdditi onal concentric_oxygen tube (not
shown), or by tert FAPSFSi M atli BRtGIR Staseist rAnesdedus i cadothgrmig eysmagetiont ance

(not 15 When utilized in a roof mounted burner, this endothermic reaction absorbs
radiative heat energy from the surrounding environment, and advantageously
reduces the net radiative heat transfer to the furmace roof.

The present invention includes the use of an atomizer that produces a
significantly higher particle size, of greater than about 100 microns (100x
20 10E-06m). Less energy is required to produce this larger particle, and as a
result, the thrust of the flame is reduced. The partially atomized large oil
droplets free-fall from the roof-mounted bumer, and at least partially
evaporate in the endothermic, non visible combustion zone adjacent to the
roof. |
25 The maximum velocity of combustion reactants and products at the
surface of the raw batch, however, should be less than 30 m/s to avoid air
borne movement of raw batch materials. |
Because a gas (such as oxygen) free jet expands about 11°, an oxygen
outlet positioned close to a fuel outlet will cause oxygen to impinge on the
30 fuel jet close to the outlet point. It is therefore preferred that staging of
oxygen, and hence combustion, be accomplished by angling the oxygen

outlets from about 45° convergent to the axis of the fuel stream to about 11°



shown), to achieve conplete conbustion. This oxy-oil, staged, roof nounted
31 O0CT 2006 32 burner mininzes heat release to the roof whil&? 0CT 2006
maxi m zing heat transfer to the raw batch, due to the additional
convective heat transfer on the surface. The burner may be cool ed by a
wat er jacket having an inlet 139 and an outlet 140. 5 An oil atom zer
comonly used in the glass industry fot’ conventional nelti ng has been
shown, by neasurenents nade of the oil droplet particle size fromthis

‘ i ler An , d : j.cl |
i amet o1 of abclvCSE i eRIRG 2 B0 oI B G ATbRE ZSE Al TRe CBlfpr cssed
air. 10 Ve haVeeﬁt&HQlfﬂy §98dd bulinérd)] & Waflad Qitﬂltiﬁt‘%%raﬁ%ia%%d BLrRHY VRS thd e

conbustion of the oil” spray is delayed unti e 0il "nmeets the oxygen

stream A vi sidiygeti notldth argdrovidad betheibunes kdkat up to 18 inches fromthe
atom zer tip. During this non-visible conbustion phase in the hot glass
melting furnace, thB 1§jPospiRiq it¢|further, geduge thegadigh(ridosses dingptadral ¢

vapOrati on. Lo NEN bl EE B AR IR SA RS 5T et i, SR e i o

reacti 6n absor bs ve-heat SRENGY 8UrPouhidi h PV Shnent ,

and advant ageouglrbonat &HidGpecibNth RL f14Adi atid/ Bolifdh Procdisdseleadifg ihiend Ur nace
roof . The present invention includes the use of an atom zer that produces a

signi ficantly hioghetiompaf thesd epesieseare difjugh pledse crackisug aldongfor@Bomio€ tlens ( 100x
20 10E-06n). Less energy is required to produce this |arger particle, and
25 a result. tHESt HGLE OmPORENF i e 9id dfasdiic b ea9e8uHRFSE SONGENIEEAR 2 ed

llarge oil dr Oplle%t%ng!’lgzﬁﬁ ald s§ ;QFOnr O?Itlé AR cmﬁ{i s eQQ&r@aﬁed east

i ‘ Bt atn
parti aIIy evaporate In the endothermc, non VISl e conpustion zone

adj acemt to theby riagk. dafplethsizeganduihey réendey off areaiatiustompourdaceé.ant s and
products at the surface of the raw batch, however, should be |ess than 30
ms to avoid ai#phimae fbosaeand weEchaawnb i prlemededein hilgh. teBperatises andgas

(such as oxygenf)u LreC }gt £ nds_abaout % watd) Qxygden out Iel?c'ttmﬁé)sé'ti oned
close to a fuel™§uf} Et SR ?Eﬁfsep%ﬁ%éﬁ on ?(ﬂrﬁ N g’ ohashd » €8
acetylene, can react via a multitude of reaction paths to eventually form
aromatic networks and eventually solid soot.
15 In one embodiment, the present invention preferably utilizes a high
degree of atomization to produce small oil droplets, on the order of about 5
to about 50 microns, preferably about 10 to about 50 microns, so that the
time spent in the liquid phase is short. Thus, liquid phase cracking is
minimized and any resultant solid carbonaceous residue is finely divided and
20 will thus be oxidized more readily by its increased surface area. Rapid
mixing with an atomizing medium in the initial burner region, such as by
inducing a relative velocity difference between the fuel atomizing and
oxidant streams to increase the rate of shear in the gaseous phase, rapidly
dilutes the fuel rich regions surrounding each oil droplet, thus creating a
25 more substantially homogeneous mixture overall of vaporized fuel droplets,
oxidant, atomizing medium and partial combustion products. Reactions of
the fuel vapor with an oxidizing atomizing medium creates a partially
precombusted mixture which is less prone to sooting. The amount of
atomizing medium introduced in the initial region of the flame is very much
30 dependent on the sooting nature of the fuel itself, which is a strong function

of its chemical make up.



30 fuel jet close to the outlet point. It is therefore preferred that
stagi ng of oxygen, and hence combustion, be acconplished by angl il OChe2606
oxygen outlets from about 45 convergent to the axis of the .fuel streamto
about 1 1 31 OCT 2006 33 divergent fromthe axis of the fuel stream
This can be acconplished with externaliy staged burners, as well as with
integrally staged burners where the oxygen outlets are provided in the
burner block. It is possible to further reduce the radiative |osses from

oxy-oil 5 flanmes by alikemond thiteas"®6RARIERTNE Bare6 B0 sbARfE het &xhisamel Y
radi ati ve carbonaceous species in the flane. Two common processes | eadi ng

to the formnatiorelgpd ththweC ébe&tme@f the @il| vathiadmpttaseucedackdengy amdoot at

reformati on of the s volati onents in he oi | droplets and
gaseous phase coﬁﬁ@ﬁgz{sc%’i’fe"ﬁr@éﬂsl 3&&?‘?&@?%66’{% LQBYes 3 EREY SFRUTRE f or ner

mechani smis exagr RahRfcilP dPyht ahdeindfaRk el o Sﬂa@%sa&g g'ﬁqm?lé/ %r%ﬂg?o of

aromati c conpounds e.g. asphaltenes. The setond nmechani onoted in
hi gh t enper at ur esocimg. Thuelthe dtomiziegimedsmitied fecaparetddabhtygevatiyichbsed tgaseous
phase reactants, acetill ene, can react via a nultitude of reaction

paths to event uaffl%-;‘/‘gfii‘ dhmsoY F]‘E“Cﬁ(ei"\ﬂ/cr“rligéa“&ﬁdo%%ngdélr??o sohiomigegt . 15
I n one enbodi ment,eqdhA& RESSE Cbm?’%oér A ngqmgré%%cytlln luags“ Ogg%‘-{‘]‘ 5degree

of atom zation to produce snm ets, ont to
about 50 mi cronsstepnefignablys afibhydragert e zab@utreaﬁerﬁbf:rmﬁéﬁrﬁﬁvé hate & he
time spent in the |iquid phase is short. Thus, qui d Rhase cracking is

m ni m zed and an?“rFB’s?ﬁ’fl'&H’cg et dhe kshiyraliavs ke ?@%qtd’lﬁé png thadl:l reliei ded
g B g P e A0 ol A Ml it S SER HRR S BGESS" S0

Rapi d mX|ngvv|t an ato zin umant I'n

as by inducing ehat ebatﬁng/eowcﬁh@@s bie avdider ersceﬁnbﬁby\@eébrﬁtb]ﬁe(f dfkctabMn zi ng
and oxidant streans to_increase the rate of shear in the gaseous phase,

rapidly dil ut esceyded with r,aqixghv? égat@ﬁsfr@urth@mm ﬂgmeaa@r:l/omfumdcreophmes t hus
creating a 25 nor ral | of vaporized

tanti horm
fuel droplets, 5%1%]3[?%“ reatcom zti%nog_:'fC 8 aBéHJ it R’E‘EFfbrﬁgctt’iOBn product s.
React i Iolns of the fueFoNapRg Wet Mitad &&t diuzdeﬂqegqtaﬁ,nhﬂé RegfRAiligICrRAt €S a
artia
P lg/ stream becomes essentially a gaseous fuel stream, and interacts with
surrounding secondary oxygen streams in the same manner as experienced

with use of the staged gas burners discussed above.

Example 7. Fuel Staged Oxy Fuel Burner.
20
An oxy-fuel bumer 150 shown schematically in FIG. 11 was
designed for use in roof mounted glass melting furnace applications, using
fuel staged pninciples, from one outer oxidant (oxygen) injector and two
inner fuel injectors; one central fuel injector being adapted for high velocity
25 injection and one annular fuel injector being adapted for low velocity
injection. The injectors preferably comprise at least three concentric tubes.
Burner flame length and oxidant-fuel mixing is controlled by a central high
pressure fuel jet 142, which is supplied through tube walls 152 from the first
fuel feed 147, utilizing about 10-90% of the fuel stream. This high velocity,
30 high momentum flow govemns the flame shape and the mixing, rather than
the lower momentum fuel gas shroud 143. This gas flow is also higher than

that of the oxygen flow, in order to control the mixing. The remaining fuel



preconbusted m xture which is | ess prone to sooting. The anount of

atom zing mediumintroduced in the initial region of the flane is3VeB§T 17dsh
30 dependent on the sooting nature of the fuel itself, which is a strong
function of its chemcal make up. 31 OCT 2006 34 It is known that as a
broad rul e the degree of sooting that décurs is related to the CHratio
of the oil, with a nuch reduced tendency to soot at greater H

concentrations. ver th rend heconmes extrenely erratic as the
aromaticity of tlg‘g\@ﬂ’é’lt 9bﬂ‘§)r‘9@a3§égpré!e&fr%ﬁew§ow @%éﬁeﬂéﬁﬁlcynﬁml% 5
sooting. Thus t ] 71 I i . dvant ageo sen to
r edulcegt he g oot ?ﬁaﬁ%]g%]d?ﬁ%% n\g?aghgﬁ 2&62? +J%%t8g?°r?1§g%éﬁiﬁer ggﬁ%ﬁéé’&@ |eng

medi uns useful iwallsa¥s} efthnge tHAbENIVLI IG ke NIEBEY g isOSp 1A GHh lthe BXYIEN,
steam natural gas and hydrogen or a mxture thereof. The first two have a

purely oxidi zi ndeask 14 via aheuleagnnelap irjester fammedftyetube ofallsl t4r amptibee C: H
ratio 10 in the fsailel S\éapgrlatogi zat i on1 g&gi umm xture in the near burner
region 30 that "@Sth Ry 2GHE o5 Biceara | RIBUTCSEESHAT ey e s dBRiRt et
effect, and - coupksd Welih theRiifly td 0 b [ or
furnace, causes gg%”l fiectatti ongr tég%ﬁ?ﬁgﬁ@ dtf{omecl:elifuIrﬂlé gi&é{%ﬁé %E%Teglncgﬁ ,0 for

further reacti orthe Fobhdwgng thheetoridaiyakanaasantsur This are@k&nenttfieviaed gi nal
liquid fuel 15 stream beconmes essentially a gaseous fuel stream and
interacts with TSP 8619&?9‘?&1%@646%5?50%}%@? nptyralgas, prd ehewiogribe feginer as

experienced wt S f the st d, gas burners di scussed above. K Exanple 7.
Fuel Staged Oxy © utkah. %?Cnte\’?ﬁ}h rafggitﬁh g@_o]xtyj%qn olis ﬂgq,edlrgémgeﬁam tg‘éﬁéﬁati cally
appl 1 cag i ons. st a Pl P e SslF el Vg paepoee
(oxygen) i nj ect get ranyl have a loweermdssghan mlj:e@&mm)ocupefuelej‘et,ral lohgeds thej ect or
bei ng adapted for high velocity 25 [njection and one annul ar fuel injector
bei ng adapted fSOMIURALISRS eqptral i§f sdtighgs. The injectors preferably

conprise at |east thrge congentric, tyb rner flanme | ength and
oxi dant-fuel mxing is controrled by a%g%hntvgg)fcg%icﬁﬁtrg jet iy comprise a
liquid fuel supplied by a liquid fuel burner, such as an oil burner, rather than
15 a gaseous fuel, and the lower velocity fuel shroud may comprise a gaseous

fuel.

The patents and documents described herein are hereby incorporated

by reference.

Although the invention has been described in detail with reference to
20 certain specific embodiments, those skilled in the art will recognize that there
are other embodiments within the spirit and scope of the claims. It should
therefore be appreciated that the present invention is not limited to the
specific embodiments described above, but includes variations, modifications
and equivalent embodiments defined by the following claims.

25



pressure fuel jet 142, which is supplied through tube walls 152 fromthe
first fuel feed 147, utilizing about 10-90% of the fuel stream ng’gl ﬁ ]hl&fs’l
vel ocity, 30 high nonmentum fl ow governs the flame shape and the i (Q 2
rather than the |ower nonentum fuel gas shroud 143. This gas flowis also
hi gher than that of the oxygen flow, i order to control the m xing. The
remaining fuel 3 1 OCT 2006 35 143 (about 90-10% is supplied fromthe
second fuel feed|add8 concentrically through at |east one annul ar fuel
injector formed by tube walls 152 and tube walls 153, with the combustion
oxygen 141 being suppl ied fromthe oxygen feed 146 via an outer annul ar
injector forned by t %Jc 8 J] apd ube 5 vval.llfs. 15?1. Si i. of the
central high pressur meﬁﬁ‘ IgPeiGBY 8T IATHENE HRETAE N 481355y fyrgagengaifhi gh
moment um of tHeicehavihBe b%@l@Waﬁl bilefdiwhiSs A0St bAd atdzsev gﬂ?éa%%pgwgﬁ the
secondary gas streans. This arrangenent provides a means of propelling the
fuel gas, sucdonasciadhtanabofjagherainctdtdsovhdi@atchehbiget forgdfarding igiserfa@tiny t h
raw bat ch and oxygen in a staged nmanner near the batch 10 surface in a

gl ass fur naceb@gpimaserial ois. cagipineshan |4 leasieoncenf the barlghvalklapdithy sijesyalbmy
have a | ower nass.than the low velocity fuel jet, as long as the nonmentum
of the centra‘fom%risnfgs hi gher. I n one enbodi nent, the high velocity central

jet may conprise a ﬂrbqlum& ettu@Ast SHOBLY-aL IBMrn%r ¥ ahulrsoff éﬁambﬂrrf%‘cre oveHGdig as

an oil burner, rather than a gaseous fuel, and the |ower velocity fuel
shroud may colvm(rh wtalajj,aS\éEmn shide ht léﬁlateopatoeimfselahdmdocumdantsd des Gtaghéd
herein are here i.ncorporated by reference. Although the invention has

been descri bed®MiHSH& ai | with reference to 20 certain specific

enbodi ment s, those S;ﬁbl b d o BE AR To é’éﬁd %t 1%%38&{"&6%11%[‘?1‘&:1&1‘” e are other

enbodi ments within the sprrit and scop alrns should therefore

be appreci ated that ;Erbeldﬂfoeé;éll@h' mhgmbumxlusmrmtaskdd*atioadwm@ shideat 1842€0héi C
enbodi nents descri bed above, but includes variations, nodifications and
equi val ent endodiugkbirserdef i ned by the foll owing claims. 25

injecting the fuel and the oxidant into the furnace; and,

combusting said fuel from at least said one oxy-fuel burner such that at
least a portion of combustion is effected in the vicinity of said glass forming material
to enhance convective and radiative transfer of heat to said glass forming material

without substantially disturbing said glass forming material.

2. The method of claim 1 wherein the mixing of said fuel and said oxidant is
delayed to localize combustion proximate to or at the surface of said glass forming
material.

3. The method of claim 1 wherein the injected fuel jet and the injected oxidant
Jet are separated, and are optionally angled with respect to the other, by an amount
sufficient to cause the respective flows to converge proximate to or at the surface of

the glass forming material.

4. The method of claim 3 wherein the fuel jet comprises one of a substantially
fuel only jet and a fuel rich fuel-oxidant mixture, and wherein the oxidant jet

comprises one of a substantially oxidant only jet and a fuel lean fuel-oxidant mixture.



310CT 2006 36 W claim 1. A nethod of nelting gl ass fornlng mat eri al
in a glass nelting furnace, said furnace having a back wall 44672008
above sidewalls, and a downstreamfront wall connected to a roof, wherein
at | east one batch charger for charging glass formng batch material is
contained in at |east one of the back Il and the sidewall, conprising:
providing at |east one oxy-fuel burner in the roof of said furnace over

said batch material Thevieiheldf SRif 4aihdr@ashe RBEjcOXM &4@Int RYLRSphGteadant ed
for staged conbustion; providing a flow of fuel to said at |east one

oxy- f uel burn@ndﬂbwobr@mﬂ@taemﬂnmh@ﬁhgmé%dudxmk9@ant in association with
said at | east one oxy-fuel burner; injecting the fuel and the oxidant into
t he furnace; and, conbusting said fuel fromat |east said one oxy-fuel

burner such that at Tlllee?'%Eho@ AidioD I\A;lﬁlfere BRigh 19%ubﬁle&fftfo%?%g&ahptél%@ass

vicinity of said glass rmng nater to enhance convective

radi ati ve tr afsiérg obtehielaturface.sai d gl ass formng material w thout
substantially disturbing said glass formng material. 2. The nethod of
claiml| wherein the mxing of said fuel and said oxidant is delayed to

I I nmbust t f d
materi a3, e ot oA BT & Redh Jniebithe TR uRisohE rinef SRR

injected oxi dé}i%lesbﬁ)txnﬂét% taspartﬁé BMlss @&qu@rrﬁa@musgn’sﬂé y angled with respect
to the other, by an anpbunt sufficCient to cause the respective flows to

conver ge prOX|nate to or at the surface of the glass formng material. 4.

The net hod of cIa|n1? wherein the fuel jet conp zes one of a substantially
fuel only jet 8.and a thremefodpfe ]ld%?%%ﬂﬂh%?&ﬁﬁﬁ’bm@ﬁﬂ”%ﬁé?éﬁﬁ‘Pﬁé“%&?dant

ool - oxi ant et or e/ PR Bkiathegt SR s B0t Rl B o e P

the fuel jet angraisiagantofjseid axidansepdhjet@sh @6 the same oxy-fuel burner block.

9. The method of claim 1 wherein the oxy-fuel burner is contained in a burner

block, further wherein said providing a flow of gaseous oxidant comprises providing

external staging of said oxidant via injection separate from the oxy-fuel burner block.

10. The method of claim 9 further comprising providing at least one secondary
oxidant injector in the roof of said furnace to provide additional oxidant for

completing combustion proximate to or at the surface of said glass forming material.

11. The method of claim 9 including injecting from 0 to 90% of stoichiometric
oxidant through the oxy-fuel burner block and injecting from 100% to about 10%
stoichiometric oxidant via at least one secondary oxidant injector separate from the

oxy-fuel burner block.

12. The method of claim 1 wherein the glass forming material enters the
furnace through at least one charger, including providing the at least one oxy-fuel
burner in the roof of the furnace proximate to the at least one charger above the glass

forming material.



angled with respect to each other fromO to about 90. 6. The nethod of
claim1 wherein oxidant is bubbled frombeneath the glass for n‘i3nb Gedt 200 al
surface. 7. The nethod of claim1l including fully conbusting reactive
internediate species proxinmate to or at the glass formng nmateri al
surface. 8. The nethod of claim]l wheregign the oxy-fuel burner is contained
in a burner block, further wherein said providing a flow of gaseous

oxi dant conprikxes prond didligod iofit @gihdll StRediAghef bigaed iPmelandd YiBstdntiaggt i on
fromthe same oxy-fuel burner block. 9. The nmethod of claim1 wherein the
oxy-fuel bur nearpgnslicadmittaihivedrioee of thegliss forivingoRkatefigly t her wherein said
providing a fl ow of gaseous oxidant conprises providing external staging
of said oxidant via injection separate fromthe oxy-fuel burner block. 10.
The method of j£l ai m-Bhd elRETorCTRY | $ivharddt B SiAG Rimd uf 16 4%60%2&%@3/
oxidant injector in the roof of said furnace to provfﬁe addi tional ©xi dant
for conpl et iawpycfoorbulsd payperpliaxirmat eoward oie ddwishean drdnaoall of tisafuchagk ass
forming material. 11. The method of claim9 including injecting fromO to
90% of stoichionetric oxidant through the oxy-fuel burner block and

injecting from 100% t u % .stoichiopetric oxidant yia at |east. one
secondary oxig%nt?r%iggﬁgg @%égwgﬂé gb%ﬁ% ﬁ%_“%&?leBPmBﬁ¥ﬁ8P“BF%?@?’1@.
The net hod of degledk Mo WMegeBichdichiar SP®Wat PRI SR8 freht AT 6f Be FllRace.
furnace through at | east one charger, including providing the at |east one

oxy-fuel burner in the roof of the furnace proximate to the at | east one
char ger above(%?e gl.ass nornnna material, 3 1 0 CT 2006 38 13. The
met hod of clai®m 1 whiiFeMithofeohtipier! Metshy Hice aXidemsis asslectad) fjom the group

per pendi cul arcoﬁlgﬁs{i%oﬁ&{)&@ﬁ—%nﬁéhe&iQl?r, %rﬁé@re&%%@onnég}g ﬁ]rsérﬁily" e oLkhgoTeL hOd

of claim 13 wherein the burner I's nount egrees way omthe
per pendi cul ar and toward the downstream front wall of the furnace. 15. The
met hod of clajim 13 wherein the burner is nmounted not nore than 10 degrees
from the perpendi culbe meHwdidvidainr b Hecludngstegiarihé lowtofifatll from thdiexy-fiehace.
16. The nethng&; claiml wherein the oxidant is selected fromthe group
consi sting of oxygen-enriched air, non-pure oxygen and "industrially" pure
oxygen.

18. The method of claim 1 wherein the fuel is a gas selected from the group
consisting of methane, natural gas, liquefied natural gas, propane, liquefied propane

gas, butane, low BTU gases, town gas, producer gas and mixtures thereof.

19. The method of claim 1 wherein the fuel is a liquid selected from the group

consisting of heavy fuel oil, medium fuel oil, light fuel oil, kerosene and diesel.

20. The method of claim 1 wherein at least one oxy-fuel burner is provided in

the roof proximate the downstream front wall.

21. The method of claim 1 wherein the glass forming material comprises
material selected from the group consisting of cullet, silica, feldspar, nepheline
syenite, limestone, dolomite, soda ash, potash, borax, kaolin clay, alumina, arsenic,
antimony, sulfates, sulfides, carbon, barium oxide, strontium oxide, zirconium oxide,

lead oxide, color forming metal oxides, and mixtures thereof.



17 The nethod of claim1, including staging the flow of fuel fromthe
oxy-fuel burner. 18. The nethod of claim1 wherein the fuel is & 1g886T 2006
selected fromthe group consisting of methane, natural gas, |iquefied

nat ural gas, propane, |iquefied propane gas, butane, |ow BTU gases, town
gas, producer gas and m xtures thereof.;g19. The nethod of claim!| wherein
the fuel is aliquid selected fromthe group consisting of heavy fuel oil,

medi um fuel od., |ightie fneglbod @iflclaitier DR ERAvidigsal furkébe biRgerias bR fed
claiml wherein at |east one oxy-fuel burner is provided in the roof

proxi mat e t hebwddhst ream front wall. 21. The method of claim 1 wherein the
glass formng material conprises nmnaterial selected fromthe group
consisting of cullet, silica, feldspar, nepheline syenite, |inestone,

dol omi te, sods ash, PRt arbhoddSf 8%im kla%(jllﬁﬂiﬁé %Yoyi@ihgrglpﬁirngt‘res&%gns as roof
antinony, sulfates, sulfides, carbon, barium oxide, strontium oxide,

zi rconi um oximeynted bawghesxi de, col or form ng netal oxides, and m xtures
thereof. 3 1 0OC T 2006 39 22. The nethod of claim1 including providing
all furnace burners as oxy-fuel burners. 23. The nethod of claim1

I ncl uding pr %4.di ng el nfeﬁ%g%?%lal?r%.rln?r{c% a‘?rrsgecré;ge?;tlr}gengggﬁgsggpggél ﬁ%@wﬁﬁm&fhe

met hod of claim 1 including operating a 0

oxy-fuel bur ngty-fuel Burhéteh arfuelridiofedeedid AleakEatsalN@of Rbintk@eky TRUYBLER:
oxy-fuel burner in a fuel |ean node. 25. A nmethod of nelting glass formng

mat eri al in anglfasldegreinbiderg furnace, said furnace having a back wall,
breastwal | s above sidewalls, and a downstream front wall connected to a
roof, wherein at | east one batch charger for charging glass formng batch

material is contRinadod rbflaﬁlel'tiﬁgsgtlasg%rtﬂ@&&fﬁﬁtgggph) %Lstsﬁlgglrtigg?fugriagg,\g?%é ’

conprising: providing at |east one oxy- urner i

furnace over faaiade hbeihgh baelt enllpbreagpwad gtiorg sideivhidyvand aldoGmbigedn gbnt Walfai d
at | east one oxy-fuel burner; providing a flow of gaseous oxidant in
associ ati on wionReded & atropleadierein at least one batch charger for charging glass forming

batch material is contained in at least one of the back wall and the sidewall,
comprising:
providing at least one oxy-fuel burner in the roof of said furnace over said
batch material;
providing a flow of liquid fuel to said at least one oxy-fuel burner;
providing a flow of gaseous oxidant in association with said at least
one oxy-fuel burner;
injecting the fuel and the gaseous oxidant into the furnace;
combusting said fuel; and,
controlling the velocity of the flow of fuel and oxidant to prevent
disturbance and entrainment of said batch material while maintaining convective

heat transfer to said batch material..

26. The method of claim 25 wherein said at least one oxy-fuel burner is adapted
for staged combustion, including:

combusting said fuel from at least said one oxy-fuel burner such that at
least a portion of combustion is effected in the vicinity of said glass forming material
to enhance convective and radiative transfer of heat to said glass forming material

without substantially disturbing said glass forming material.



one oxy-fuel burner; injecting the fuel and the gaseous oxidant into the
furnace; conbusting said fuel; and, controlling the velocity of ghe thnﬁﬁ
of fuel and oxidant to prevent di sturbance and entrainment of sai d 8

mat erial while nmaintaining convective heat transfer to said batch
material .. 26. The nmethod of claim25 wherein said at |east one oxy-fuel
burner is adapted for staged conbustion, including: conbusting said fuel
fromat |east said one oxy-fuel burner such that at |east a portion of
conbustion is effected in the vicinity of said glass formng material to
enhance convet¢tive ahlk mediogh dl elaim adfs wbiereat thee axy-fusl Suirner gis asvstaimadrimng

0.CT 2006 4% Blotle Rlbeienebn R e b e e E ma i) i prran s
contai ned in @e BHiH %fnotﬂfféﬁﬁ&omdbrn% oﬁrm\é@t%nefr&ﬁl?é erﬂe%)@)—(l gpﬂlrhgeol(g&seous

oxi dant conprises pr ding Integral staglng of said ant via I njection
fromthe same oxy-fuel burner block. 28. The nethod of claim 26 wherein the
oxy-fuel burner is contained in a burner block, further wherein said

i nj ecting the?§aseoubhioricddt olcelipn i Hewhpieayithsi AYy-fiskttwrmal is swoatineg of asai d

oxi dant V|a|n cty ratefromtheo

net hod of cl aldnrﬁ%%bg ?ﬁ erc"k’)hrfc'ﬁerllnss’lalrcli R Ehgpgaé)‘?ouﬁ@éhc{aflﬁﬁo%ﬁ?”Sieégécfw&-%e
oxygen i nj ect@fternfll didpengd OCfaidPéxi8aHt did i e@ﬁ@@sip@ral% A¥indRe aediel Bﬁ'ﬁ'er pyigen to
conpl ete conmbustion at or near the surface of said batch material. 30. The

met hod of cl aim 26 conpri si ng injecting a mpjority of oxidant set apart
from and subs; nti al quid fuel flow to a point beyond

the initial n VI s—l-%q 31%&{9 s‘il?‘ghEQE‘tﬁ%herscfn]pT‘ﬁ'é‘g ¢ K@ fomEF%{l% ajfeast
| nel udi ng anabidNG DR IR BAEURor B hald kLS BlwiX bt g&g(g #3010
| nc

about 101 fromt orizontal. of ¢C a|m3

i nj ecting thecdnqmiemdmrbugfontdaer ﬁe@rcﬂlaeruurfaa@lpﬁsaecnbatémn@fwlaponcentrl c to the
injected fuel. 33. The nethod of claim 30 including injecting the remai nder

of the oxidant by tertiary injection into the furnace.
30. The method of claim 26 comprising injecting a majority of oxidant set apart
from and substantially surrounding the liquid fuel flow to a point beyond the initial
non visible combustion zone.
31. The method of claim 30 including angling the injected fuel and the injected

oxidant about 45° to about 101° from the horizontal.

32. The method of claim 30 including injecting the remainder of the oxidant

adjacent to and concentric to the injected fuel.

33. The method of claim 30 including injecting the remainder of the oxidant by

tertiary injection into the furnace.

34. The method of claim 26 including staging the flow of the fuel from the oxy-
fuel burner.
35. The method of claim 25 wherein the liquid fuel is selected from the group

consisting of heavy fuel oil, medium fuel oil, light fuel oil, kerosene and diesel.



34. The nethod of claim 26 including staging the flow of the fuel fromthe
oxy- fuel burner. 35. The nethod of claim25 wherein the liquid fuel _is
selected fromthe group consisting of heavy fuel oil, medi um f del 0672006
i ght fuel oil, kerosene and diesel. 31 0 CT 2006 41 36. The net hod of
claim 35 wherein the injected liquid fugl has a droplet size of greater

t han about 100 m crons. 37. The nethod of claim25 wherein the burner is
mount ed substzmti al | yhe peiRaNAictdinags Wielhethe Uhjtace 1ighidt fuel RAtLBropRY 8k al -
38. The nethod of claim 25 wherein the burner i's nounted up to 45 degrees
away from t heofpependacabaut 16hditromard t he downstream front wall of the
furnace. 39. The nethod of claim25 wherein the burner is nounted not nore
than 10 degrees fromthe perpendicular and toward the downstream front

\A"al ! . of the fyjnace. A0 O?Ectlﬁf?le fwﬁér@fnmtl?eSbhrgl%} qggﬂ&n%oo%gg[teﬂgla lhe
liquid fuel to produce roplets 1n the range of about m Crons to about
50 microns. 4ferpditcutmtibost wifacd af the A@kch Agkertiing rapidly mxing the
droplets with an atom zing nmediumin the initial burner region to forma
substantially honbgeneous mnixture. 42. The method of claim40 including

) o s A TR AR
atom zi ng theyld\athd thalsdrp¥ididlilAnd R QIHZhN 8o WREE h 62l uld Amabe group

consisting of ai'r, oxygen, steam natural gas and hydrogen or m xtures
thereof to reduce the CHratio in the fuel/atom zing nediummxture. 44.
A nmethod of nelting glass formng material in a glass nelting furnace, said
furnace havi niy-a backhewdiethodfekdmg) pdesivihe Rurgsvamaiintedneptaners izt 1 @am

el oot 1 ahdar @ MGE el Roficl B0 1md INBLEUR Blunk M 8IRAPAERe FHRAGE [ O

chargi ng gl ass ormn I's contained in a t he
back wall and the sidewall, conprising: 31 OCT 2006 42
40. The method of claim 25 including atomizing the liquid fuel to produce

droplets in the range of about 5 microns to about 50 microns.

41. The method of claim 40 including rapidly mixing the droplets with an
atomizing medium in the initial burner region to form a substantially homogeneous

mixture.

42. The method of claim 40 including atomizing the liquid fuel with an

oxlidizing atomizing medium to produce a partially pre-combusted mixture.

43. The method of claim 40 including atomizing the liquid fuel with an
atomizing medium selected from the group consisting of air, oxygen, steam, natural
gas and hydrogen or mixtures thereof to reduce the C:H ratio in the fuel/atomizing

medium mixture.

44, A method of melting glass forming material in a glass melting furnace, said
furnace having a back wall, breastwalls above sidewalls, and a downstream end front
wall connected to a roof, wherein at least one batch charger for charging glass
forming batch material is contained in at least one of the back wall and the sidewall,

comprising:



provi ding at | east one oxy-fuel burner in the roof of said furnace oqver
said batch material, wherein said at |east one oxy-fuel burner ids! #§3pl0e
for fuel staged conbustion and contains at |east one outer oxidant
injector and two inner fuel injectors, the innernost fuel injector being
adapted for high velocity fuel injectigg and the other fuel injector,

di sposed between the innernost fuel injeéector and the outer oxidant
injector, being adapigdidfiratllowebnd 8k0eicl YuinéLln iHaIrB6t 60Rid RIrMYdevagsadf | ow
of fuel to said at |east one oxy-fuel burner, wherein the flow of fuel

t hr ough t he ibatdr magriaf, iehereinj sact atr lehsiona duiyefiuelr burpeeist adaptet afior e stdgedv  of
fuel through th(ﬁaot.her fuel injector; providing a f|low of gaseous oxi dant

to the outer WRRHSHON i3 ecdAiS RhJFash ORC QWtte PRIARME HYSHRT: Akt (WASNPE ekt
fuel th h : i b4 ECHOE i: s fr.
ue rough e dr NG FBEIthSF Rlel lr@ c?(%:rhﬁ%'fng ad%PI@B Yt ng vél@b%'nfdgfln&%c%@g]gﬁclti on

| east sai d one oxy-fue urner su at Tat least a“porti

is effected ithetdigerviuel mjécyorpispaied lgdtasen fHer indgnd¥aledl i igjectol An@NhaRGRr
convective and radiative transfer of heat to said glass formng nateri al
wi t hout subst@ndanalinigetel, Seing bilerjed &ir dovysrasocity fudl iyeetiomer i al . 45. The

met hod of claim44 wher.gi n ahout glo/ E)o agoytl 9t0% of tgje Luel flow. i
utilized by the innéf RSt &lerY ?ﬁgl (‘ﬁ } saig gt leppteonfephs el PUmeh; WheARinifier ei n
the mass of ti@ybpalel il{rQM‘%lpﬂletilm%rxhﬂﬂqﬁémﬁjte_ctoi H&! a hith&GhH &ehtﬁn{}tﬂgﬁﬂ}e’[ _the
mass of the fuel flow of the other fuel injector. 47. The nmethod of claim
44 wher ei n t he foelgbroogh theeotherdhielfiheetoaf t he i nnernost  fuel injector is
greater than the mass of the _fuel flow of the other fuel injector. 48. The
met hod of cl ai m 44 viHeYding aflpvaliggssaye oxjdaniiodhe Qur pidenreinjesinsr haydte 2 f uel

njector, andogeoasaptil teh denRl 8y Pl R GRS Figintahector . 49,

The nethod of claim in qui I's sel'e m t he group

consisting of heavy doutus@id said&délufibhug] et Isaidl bighbxy-HRl baider sk&f asene and
diesel; and the gaseous fuel is selected fromthe group consisting of

met hane, nat ueat agestjomoficonbpsteos efiegtejin thef Vieditn af saidlglayasormpng parezial

| i quefi ed propan as, butane, |ow BTU gases, .town ., producer gas. and
m xtures t hertgoef”‘.ﬁa'%. éoﬁﬁ%“%tﬂ@dra\éy’fa“(‘f? AP ﬁrélogvﬁi‘éfftetf)r?%ﬁ%]agﬁjg%rmi‘% Hlatfﬁ@?
sel ected fromvidiei glikntialPastEbinE daiale| AR ESBNE mARtYr al gas, liquefied
nat ural gas, propane, |iquefied propane

45. The method of claim 44 wherein about 10% to about 90% of the fuel flow

is utilized by the innermost fuel injector.

46. The method of claim 44 wherein the mass of the fuel flow of the innermost

fuel injector is lower than the mass of the fuel flow of the other fuel injector.

47. The method of claim 44 wherein the mass of the fuel flow of the innermost

fuel injector is greater than the mass of the fuel flow of the other fuel injector.

48. The method of claim 44 wherein a liquid fuel is provided to the innermost

fuel injector, and a gaseous fuel is provided to the other fuel injector.

49. The method of claim 48 wherein the liquid fuel is selected from the group
consisting of heavy fuel oil, medium fuel oil, light fuel oil, kerosene and diesel; and

the gaseous fuel is selected from the group consisting of methane, natural gas,



gas, butane, |ow BTU gases, town gas, producer gas and m xtures_t hereof.

51. The nethod of claim44 wherein the oxidant is selected fronﬁﬂh@cbﬂﬂﬁp
consi sting of oxygen-enriched air, non-pure oxygen and industrially pure
oxygen. 52. A nethod of melting batch nmaterial in a glass furnace having
regenerators, recuperators and/or eleckric boost, said furnace having
sidewalls, a back wall, a front wall and a roof conprising: providing at

| east one burligrefied natuealr @6f pobamailiduéfivdnpopariy gds, Satade, IBWCBTUNBAEY, itéhvn
providing a fl ow of gaseous oxidant to said at |east one burner; providing
a flow of gas@BuRrofluer eapanghmiktyes theeeof. one burner; generating a flame from
at |l east said one burner said flanme having a velocity sufficient to
maxi m ze transfer of heat fromsaid flame to said batch material w thout

substanti al | ysgli st urbidgesdl drialGhuaahetidihe a0ds a0k RERY Jﬁgﬁjiﬂjiei 23ap
oxygen to conplete conbustion at or near the surface of said batch
mat eri al fromasistieast netenoxygenl gay, diquelied mtofak ga ropahe siqufitd phcaae

gas, butane, low BTU gases, town gas, producer gas and mixtures thereof.

51. The method of claim 44 wherein the oxidant is selected from the group

consisting of oxygen-enriched air, non-pure oxygen and industrially pure oxygen.

52. A method of melting batch material in a glass furnace having regenerators,
recuperators and/or electric boost, said furnace having sidewalls, a back wall, a front
wall and a roof comprising:

providing at least one burner in the roof of said furnace over said batch
material;

providing a flow of gaseous oxidant to said at least one burner;

providing a tlow of gaseous fuel to said at least one burner;

generating a flame from at least said one burner said flame having a
velocity sufficient to maximize transfer of heat from said flame to said batch material
without substantially disturbing said batch material, and,

providing additional oxygen to complete combustion at or near the surface

of said batch material from at least one oxygen injector in the roof of said furnace.



