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METHOD OF HEATI NG A GLASS MELTI NG FURNACE USI NG A

ROOF MOUNTED, STAGED COVBUSTI ON OXYGEN- FUEL BURNER

CROSS REFERENCE TO RELATED APPLI CATIONS 5 T

application is a continuation-in-part of U mmmmmﬂl m"”m

No. 09/374,921, filed Augyst 16, 1999. FIE

| NVENTI ON 10 The invention relates to the use of > Fdof

nmount ed oxy-fuel burners for glass nelting. This

I NVvenMBTHODrORSIEAEING 8SGLASSNMELTENGFURNAECISUSDHE A

oxy en- fuel burner that utilizes internal or external
F MOUNAGIIG TACERLCOYEUDFION OXgY GEY- WHWR

fur nace. The invention applies both to 100%

oxygen-fuel fired furnaces and to furnaces heated by

el eeROds REFERENS JOR ELRITEIPAPRLICATIONS | 15

air- ue burner(s) or their conbinations. BACKGROUND

O:| THE | NYENTeseht hppliwatore ibe diontmtationhinpait mied (S deral No.

relates to the use of at | east one oxygen-fuel burner

in OA874.881, fded Augradd, k% ing fur nacey?o boost

production 20 capacity or maintain current production

capacity with either reduction of el ectro-boost or as

a resuld ff THE RVEN@IdQn of existing heat

recoveryequi pnment such as recuperators or

regenerators. The process involves the replacement of

t f i
or el 'eé’?leeaveexn'@?e relcg s obeaaf oo SR Bebpigpers for
fu Igpagt h%ltFXC 1s L ve%mf ﬁﬁj‘th%ll‘:’ rglitéfﬁ thé Q@Q 6F ALLYE ope oxygen-

et Ur nace rocess I nvol ves
theyel Bh%kﬂ'ﬁl@ uﬁflzésqﬂt%ﬂﬁ'l ot éﬁt@m@pé'dn%lﬁhoh s@abagiiffhedoof of a
recuperative burners. In particular the design

selghss imeitingafighiceg Erednpesioni appliegbath to HE0Bueryges-fesl dired
the raw batch material s ring the furnace npr oves

t h&"IPages “Bf‘ Y RGRg heated ﬁare eaféfé%ﬁ&%%@iﬁ@ﬁ%ﬁ‘ ans, such as
PrQy '1‘3 r&)ﬁormgr%b%;do%ency and inproves gl ass

30 qua curate control of the stoichionetric

ratio of corrbustl on in the burner, rich-1lean
interaction of burners, and furnace zonal fuel/oxygen

2 ﬁ%@K@%@@%@EJH%WﬁN@@@ heat transfer while

mnimzin
n%ngxel:m odlm];:nt, this invention relates to the use of at least one.

oxygen-fuel burner in the roof of a glass melting furnace to boost production
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-
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 -
quality. Accurate control of the stoichiometric ratio of combustion in the’

bumer rich-lean " interaction of burners, and - furnace zonal fuel/oxygen-
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ni trogen and sul fur dioxi de em ssions. Regenerative,
recuperative, electric and direct fired furnaces have
been commonly involved in the manufacture of glass and
related frit 5 products. Air-fuel regenerative
furnaces fall into two categories: cross-fired and
end-fired. Cross-fired regenerative furnaces have
multiple ports, typically three to eight on each side
of tdigping!afaaBed Rat oftniBe Heat Gragifehevhik eMiniimRingr oxides of
conpartnental i zed regenerator to preheat the
conbusbymnmdwnuhﬂmexm@enmgemérators whi ch cone in
vari ous shapes and si zes, rev rse e ﬁéﬁ 15-.30 n1nut

dependentReEIFRN R CECHSEHNE! 6 C“fh?“ reak fired fupa Tave
cyclg been C@Jﬁ%&iéﬁlgoﬂw%l\fedf | o@eea nfnzﬂﬂfa[eﬁﬁé' 0 o6 ozprﬂih r&ﬁ‘t%d frit

passage I n versal va enters the base o

regesred@dt®r on one side of the furnace and is

preheated prior to entering the ports which connect

to the fuhirdoe reganerativa fumaces dplhing® tye cypgoriasafeps-feed and

- AT T R R Y B
gl asl%{%glt) oh$hP&8e oﬁhfé fiRface MaPEHHest Rf eihepP H§ﬁ1hﬁ)‘ﬂ or

exi t nace through the opposing side port, down

t hr ogtghpdringentgiged efegbiiratohewk epretivnt cihs, combestiimgiheatThe
and then exiting to the exhaust stack through a
secorgerpagamgahenh ¢ame e vareausr apesvaiidvaizesagevegse qyery 15- 30

O TS o0 LG 5T BB ey el

r ever 565 Ao af oSt faﬁﬂpa@hlﬁg@%ﬁéﬁ oﬁp?assﬁé@\/ﬁ QUshetsdlGalve
exhaust regenerator. ss 1S nel partly due to .

t he gadisalid baze of tl’(ehxeomeraténm{ ofid sideof ﬁmtfumcel byd isypreheated
re-radi ation fron1the roof and walls which are heat

d
by t REOT t23nisring s BOGT WBIHSGERIO ‘h?of“HB‘F%n huel igiks form of

el cooy 1 ubsRoRe ", MeEiede Bufe AREEL YousEe aldll BEGRR, 8PRen o

gl aS§rodIEEu 8 ﬂaﬁme&@ﬁﬂch ¥s asebested Hohe %lﬁaﬂ‘ﬂ@ﬁng Guitibe. The hot
gl ass contact tank walls. Through tine, regenerators

can pecoare dfl cokdstiduexitothe harmaae /broughtthe appoaamﬁg@ port,
and/ qr carr er of raw s.f.o ri al

knowAowa Uyetgnthetesraeriag %g%ar bk Rl ot Gt and s tine
of v

Phe. Rl o faRp SEUERbERIPASRONG pABaet ey B BETeRAL balves As
t en'pﬂ{eafhblérﬁm@fcofrrhﬁxs@d)r[ alkﬁxdehegéndfan@(:&)ow lthe eblmamstasgenerator

and the atnospheric
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
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 carry-over of raw glass forming materials, also known as

batch materials or batch, or condensation of volatile species released from

the glass batch. As the regenerators start to block or fail, the preheat
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pressure within the furnace will increase, reducing

the thermal efficiency of the furnace. Mire fuel and
conbustion air would be required to maintain the sane
gl ass production rate. Mreg inportantly, because of

the increase in 5 furnace pressure, the rate of gl ass
production nust be decreased so as not to danage the
refractory materials that make up the superstructure
of ttéraperhiyrsaldhe 7o methsyBrmaseodl teuerseapadithy atrpggpheric
to precedi ng .regeperator. issues or, to |ngreas .

or oBEEEWETVHN I, Bimess LN BF s Hhdsioe the eyl plfisiency of
PeehdlAfifice! (A & ihd UEABES AR Alia B hedieid0 Withrain the
wi t h oxygen, specitic oxygen [ancing under the port

fl aneme dimst@biationtaef BRroXypdruahlypbedice bEttieditrease in
first port and charging end wall, and water-cool ed
oxy-fiumete pigssves, she rase af Blass priedutiipn mudideplsereasefhe as not to

capacity increases fromthese technologies are |imt

by 8@é§§gedF§@§@§ F@&ﬁ@ﬂbﬁﬁﬁﬂggﬁﬁuPe Fd%?SFV“mu“:O?qhe
tempgrature limts. 15 The End-Fired Regenerative
furnace I's simlar in operation to a cross- fired
furnace; Twweywes productions capatity tosbtogmededingrepdreraodissues or
wal | which connect to individual regenerators.
Regdneneiedse piedustipn imainon-engambered fuimgce, X ygeihbas been used

rrecg}an'sm as_in cro?s.-.fi r.ed fl{rn ces and si.milarl lanci
el e iobr e &rBER! b serchmentopfh PO sptifs oRuedllapeing
Proqpgtt AR ﬁﬁfﬂ&r’n@f ihQsfiatiod &' 8ERERTBUHIPBRHveen first port

regener at or ssues or to I ncrease production, oxygen
has dndemhatisegletly wally &gl weenRsooled@rpifiad] bairtiere musitailedehtough
wi t h oxygen, specific oxygen |ancing under the port

and theoatt | he capasityolgreases o heps techpologisstaie limited by
Fur NAcSs -Eggssgrt %grlgr%gxl) Q ir?e actary t tn)(}Peirgtgrlel l{' it.gapaci ty
Iim‘"iecftj%e?oeiqerrpera ar T mY ati'ons Wi thif the 25
furnace, PecEMBEIr&f REQSREHV0 fanibceGs Biamlaasn bpération to a cross- -
over heating of the furnace. The recuperative furnace

ut i | fired furatce, bawevepniéhaseap évaports inyipeerdwall which connect to
exchaa{gye .. Unlike the_regenerator,. the recugiera

contMANHIE! FFEeRCAtoRDT RegERRTaior dRieHiPTAIRM 2h; OCGRE R fhe same
icrBefiRR i1 ARS8 NCRRRc ATPURIILAD, dedivic b Hlkch Boost

of tikeatifigganace. 30 Recuperative furnaces can al so use
el ectric boost. As with regenerative furnaces,
r ecuper at e secovsr pseduction gapagyi lash i the efarpaprtinngd segenerator

ability to preheat 4 the air. Th Gan ngng .'8§§%%n$
or VP O PeEEat PIRSURITh cOiygep s been tSed by
general air enrichment with oxygen, specific oxygen lancing under the port
and installation of oxy-fuel burners through the fumnace. These technologies
are typically capacity limited due to temperature limitations within the
furnace, because of location and concemns 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 fumace.
Recuperative fumaces can also use electric boost. As with regenerative

furnaces, recuperators can start to lose their efficiency and ability to preheat
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separating the conbustion air and exhaust gases. To
recover production capacity lost fromthe

af orenenti oned recuperator issues or to increase
producti on, oxygen has been used by three 5 neans:
general air enrichment witH oxygen, specific oxygen

| anci ng under the air fuel burners and installation of
oxy-fuel burners either through the furnace breast

val lige aithegged RaHNQU0R ERod e by REFAbY Yedks Met@berPhe walls
capacity because of burner location limtations and
congceparatigothe av@btshiantandfexhinest ghagsnace. 10 Direct
fired furnaces do not utilize preheated air an&gare
t her ef or €9 g§8OVegf pmép@mn tRBRFIhdosir SOBYi thg alosspenioned

of furnace desi rove ther ef f.

o SRR gRtist oo et P, Taprrhin Fefdfa 8 e
bur Rg&sisNa¥Reral §iPleARGHNGL rwfoJ Bkydl Bk Hic ﬂy%@h Nhreing under
furnaces or furnaces which utilize electricity for the

maj ohé it futbbwhersedrtd mgtalatéort yHowrifie}l boowrs ylthcf through the
operate and are subé_ct to a_shorter %g

t harfuree PRI Rplly od8pse egolpgIFRares WPRALE AT %" Capacity
de;g’%n%eude o#bu'n%er lgcgt{oncllrlljn tat? C}} 'znﬁlr(?o% V\Em% h6: BLadus n%{[[)go(f}” the

hi's'inventionre es to are co
ref gufgdeto in the industry as hot top and warmtop
el ectric furnaces and does not apply to cold top
f ur nacesDir2ét filed tfemaGtsatoawmt Railien preNeatedait 39d §Bgthersfore less
Lauwers di scl gses the use of a__water

EI gt g pRibeamihepescerpg Fraupies of firapse @i%eﬁ%f‘mpéﬂve thermal
ur nﬁ?ﬁCle%{l’e?ﬁ; IC‘HC’%S&? Hﬁg‘ﬁlhﬁl % C?gﬁirdSIdégtvaﬁg))Agsﬁlgi B&%EI%%&VC

to ace O

f or lepidcdddr AR Bithersat an angl e directed upstream
relative to the glass flow, V\,herebi; the solid gl ass

form ng |Ialgpt@mfemsesmrefummwhl@hmn ze lectﬁél%l ferbg majority

t hus rev fro e

Uni t%tbm§?81£§repg’fpéﬁ'?ly NGPst % éé%lsél |gts§ oségorter
a pr&ﬁ@%ﬁgnf fe thzmeihte'tﬁgcﬁ%&h H@f ﬁfeﬂ%m‘a&esa QHResigned, it is
f ur nac 5ing a burner positioned.to fire

s ubsdiéfiduiltatiol iyicidassnthe pesductien feptitgn dhif maremwmwerelat@oﬂoe\dhat
furnace. In theﬁpast roof - nbunt ed burners were
consiaEpEENGMY feferred Az & tspindpgins as ot topr angdeyarm top electric
di srgqgarde %acgye heat rel ease

f r oM™ H456% a%@%ﬁé‘afcﬁ‘f%é’r%’\{“ﬁg"sp t:aoo great, resulting in
the melti UQlt&f stahg Ifak’ern@%e 53393580 L@ﬁ@@xfs)dxsdlcﬂ;es the use of a

addi tion, high nonentum flanmes fromthe burners would
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 mechanically
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 burner 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

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

roof mounted bumers was too great, resulting in the melting of the furnace
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bl ow the batch materials around, harm ng the furnace
wal | s, and generating a |ayer of gaseous bubbl es,
commonly referred to as foam on the glass nelt

surface. 5 Recently, it has, been proposed to instal
roof - mounted oxy-fuel burners in refractory |lined

glass nelters. These burners are directed downwards

at an angle greater than 45 with respect to the

sur feawen Gloob)heln glditsen, hightimdghemaine fliadles diona tleobirners [veshld
velocity so as not to transport |oose batch naterial

i nt dlewiéher Ratelnmatesialsrserndy barmingtherfarrrage #ads, and generating a
controll ed such,10. that a neral |y, col umar fuyel .and
oy BT R RBCb e R Y S ed HE % FE e HE B men
the gljass formng material, to produce a flane that

i npi nges the surface of the raw glass formng

mat er i al .Retbntdy,pRr hast Been prapobdd canhstall nooéamanied bepfuel
transfer into the glass, while naintainin% refractory

t enpReruiasraffactory lnede slopermaglicny | Theses bumges are directed

avoi gdi ng the overheating of 15.the,roof and walls of

e PPt sl e Rrohg s bt e gt gor he
nmoundied BHhAE RateANNatSd BRDIledS/eldefty Rl 88t t8QkSSorPloose
heat” in a glass nelting furnace having no

r egdnehametesiabints doufienat atrmpsphsreg @sd rardy fothien cotriltedcsuch
St at es Patent_ Application No 08/992,136 to LeBl anc
whi ¢hati s generalbyr eRjpmnaigiuskprd Axygen, v cambusta Proximate toythe

\Q'L'r :]ttg*?rs] (%%Jﬁt% ﬁpfﬁt{hgg]aas% q%x%%gg %eeﬁclzrgar]] t%f Cr?&uc%)(;;}/ gllglﬁe[tﬁegl impinges

agrng is di 0Se€

Pat aft sDNaceDo iR A3 glaSs Tohtlife madtdrial USEhik eAnit®Qfsignificant
mounted configurati 6n was not contenpl ated, however.

It iiscrdessi imbheat t warsfovinde theoglkrss ewhiler mamgaisinggireftactory

of conbustion in. enbodi nents. that i rove heat .
Cr artERBFaich b P SBRPLSE JHY pen B BEL o fhe tsrheating of

t ! ! _ ‘ ]
Ni 1rRgeshs dnfl WAIR GRRE AihaR. Of(;}%@gecgﬁgégy Eglﬁrﬁﬁ’% off WSig roof

burner nounted In tﬁe r oof

f ur nacente SUMMARY (fbn-Jtklked) NMEMIE! ffiimihe spures eift heat in a glass
invention relates to both 100% oxy-fuel glass_ furnaces .
30 aneltisgyfimpse hrydng inpgreserieralprs- PUSECUPARiRiBets dpICRbed In

W t hout # use, of egener at.or recuperator heat. . .
reco %159351 gg‘i}?s‘c 3?9385(15%99“:89(% ° ?ﬁ?gl%hﬁ&n?? Iéa’bqanc’ Which is
Consigelisbiats hebdlf bRFERRALe Adi¥eRty FRtELL&IRIW 0 both
the nodification o exi sting gl'ass furnaces and newy
desi gned, Tigtedbstat @thnpixypasfehbaaer 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 is desirable to provide processes for the staging of combustion in
‘embodiments that improve heat transfer and/or lower emissions of oxides of

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
and oxy-fuel boosting of air-fuel fumaces with or without the use of

regenerators or recuperator heat recovery devices and/or oxygen enrichment.
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furnaces. According to the present invention, glass
nmelting furnaces of all 5 designs can be boosted

usi ng at | east one roof-nmounted oxygen fuel burner(s)
positioned over the raw bat¢ch materials as the

materials enter the furnace to inprove the rate of
melting and i nprove glass quality and/or glass product

yi el d. Because of the increased rate and yield of the

gl asGonrvelidntly, generaesd inveyitibiecldesi tgnbathdtheosicdifaationg of
of these burners, depending on furnace 10 condition

and W%s@g &lass ehsmaceneanst nepily dEignpd fsficalwi nguparse Hass

achi gved:. increased glass production, inproved gl ass
qual' ““¢eduction in electric boost, recovery of

pr OdUCt i A chAn C% WI8hd Prédaf fir'n‘éhﬁ@ﬂ g'l%@ iR Fhdhaces of all
(i.e., Dblocke regenerators duction of oxygen use

by r@si@s icagbo kyaper usery atddme«mte nobf trivenfedroxggen fuel burner(s)
at nosphere, reduction of ox¥gen use by replacin

15

oxXy géﬁ“loélﬁé Mg, the day atddmaierialy g dir materip f‘r“éf‘ﬁl tg% fygace to

{ | Ll th
cor VB 908l 805 e OBl ARE, WGB! BB
Supeyigidl UsdcHfi® deHé)ﬁfc?éaQécﬁraté argaaed tﬁ&%ﬁ%ﬁleﬁﬁx@%@h&ﬁted
life, inproved energy efficiency, reducfion in
em slsy dhs deélgnxmdbsposnﬁlommgr ofyehesantirners.ddspaifding whf furpace
reductionin fossil fuel usage, reduction .in recycled

gl aseondifioneand type Adgest (ﬂne&r n@%r:tofgh%@%ﬁ%é@athﬁra@hleved
ggda%gﬁ%%s?egsggsf os Cf np°* %é%!g?ass quK‘]'fa rl)}har\égxgctnoﬁnm"g})é%tnc

t op wiREt febvehy rdfa@—%daamnl Rt 13080 Oheticht i HRYEMdo98y (ie.,
at | east one oxygen- fuel burner will be mounted in

t he blodfedofregdneraths)namducticm crfossydenr sk b}egepkamagl vEygen
f ur naces g?écatlons of this invention soneti nes

25 n@%‘?@ef‘ thg fuacs MR P TPaustiop 198 °6ES TP PYpEPIeging
to b?yf){ggla l]érfgg{egner ut:h@iln B?ox%eﬂ%QGy %plhcch% %ﬁ%tlbxﬂf}l gxy-fuel

end- ative furnace applications of

I nvetirhers positiohahtirowghethe xyajie rof faliddss lfumaey, reductiobén furnace
mounted in the roof of the furnace and the conbusti on
air wpswtwqure gemperalised lwe%eﬁbo@ma@ﬁ @Eﬂnmq@ lifei gmpagpved
desi recu§§oat ve rnace

appl PRREY SO Esiol FspatsrgRT bRt BoloRREa orides of

OXY &1 URIduBHE 8 okdil fiRg J¥BEH)tREudtant meréc%nfed flasst E\fflet,
furnace. In multi-burner furnacdes, wall nounted

bur nesrsrohdf edegisst temphmtute, mdoﬁcreasampmdumglmr)seldhoul d
be renoved and the air supply isalated. In sin
bur ner or Thispnyeatignmayaiforardisd ite te follewingdimessef f@ﬂﬂ&ﬁ In

f OV\fl(W top e!Pectnc furnace applications of this invention, at least one oxygen- -
fuel burner will be mounted in the roof of the furnace. In cross-fired
regenerative furnaces applications of this invention may sometimes
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
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
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reduced by a portion of the original design maximum
flow In all direct fired furnace applications of this
i nvention, at |east one 5 oxygen-fuel burner will be
nmounted in the roof of the furnace. In nmulti- burner
furnaces, wall nounted burners adjacent to the roof
mount ed burners should be renoved and the air supply
di scontinued. In single burner or single port

appl,bg@p,}oggﬁed BuFert QRN HeORrlyeq Tdnd thilaly sB1 BANREE 1n

I on e ori gln esi gn

I'n %H 14 BanRP QY &irpds portt PSR, {hfe (Id'ﬂrﬁ)dsﬁ&l@riiﬂ 6w will be
effectlvel y the sane: gl ass nel ti ng whi ch was

pr evedussil py parokiermefdhdyriginal dasegn roaxioup- flered
i ncl udi ngIBbut not exclusive of, fur nages that .util

eI ectri c 1Bodkfirest firgd,frmace; pRkiratiory & thip dRenting at 85t one
*&S’g 1 p5Rle Q\%ﬁ iy oG{hfeﬁ“iRLl[lé ?&P&‘fymefﬁdﬁlacpuﬁﬂ%élu-
posi t e over he raw b errals enterin

f ur naggert fAmhbes, Wl’l@ﬂ(ﬁ]rﬁé&‘bdrﬂéﬁ adfacemltb ithgrodi GMcﬁfnted burners
i nprove gl ass qual ity and/or glass product vyield.
Becahisuldobe r¢raovedi 4ridt thet & supplyi discontivesl. bl singde gumer or
specifi.c | ocations, .ncreased heat tr@@)fer t

o PP PR R oIS PR i ¢ ffjudgd By ¥ portion
CaS &5 Abri bifiAesid SndxARhm/TRUGL €d oxy-fuel burner is
positione over “the raw batch materials entering the
furnace tia AllHeOadVE hasdsathe sebpe 30 teeinvempmizdeffepivelyethe
glass quality, and in all rrultl -port and nul ti-burner

ai r samst glgssimang whshavasma\snpuﬁheeqiwnedd?y poiuel oppxy-fuel

pai r. of bur ers are jsol at rt .and

P hnSugien Bt bl‘i‘&la\’ﬂv(?ng et bt B ST or
f uel b I, ted _
desi Cogb&]llhogﬁﬁggy ef |ogt|] Eﬁel|rt o(g%s’ ﬁn%yna%gg bgﬁﬁshg}‘}sm unted oxy
pr ovﬁudbbmasgyosﬂxonecbp&aahe tdve bawhvenitiidsn ahteeng tiggy furnace to

removed 25 from the process . and the additional energ ly
r eqUITFRERV S e 5tp PRIt ANGOE INBEPVE i35t guality éa@PF gduct

Theefgl%l ﬁegzmsn%f%e Slnﬂ%%ogc?gl OM]%EC t)llﬁ'%elgs ?& ﬁp loclahlons

ent 'ngt urnace

st ol ipbeasERtHeb Ctram Y @cﬂtheaﬂﬂleﬂtéﬁ |ravV Bitbl@ ﬁnaﬁd’x\ﬁ]sf ik @Wneved
characteristics of the roof-npunted burners and

r emai ni nglnadli cdsgs| at Beashenes rapdrmbumtesoory- Hiel édrngoiSaBOStitépned
m ni m ze the em ssi on ni troys oxi de. and s

di o ox‘?‘t?é U G s TSR prEEES s Tnfogr Enispprove the Hhe of
Efﬁ‘l tanﬁ LJFUV? Lge:flgglmalllt P cﬁina:h?ﬁuftpg&bgn&’%ﬁll@fbuﬁ{er air

Ieas oxyg urn at uti es I nternal
ext efueahp;mabcbtﬁ;tdt QdhsSdgpdigof pHrasSort paineftbuirners lage isolafed. In

of a ?I ass-nel ting furnace. This enbodi ment applies

1I 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
from the process and the additional energy required to achieve the desired
process requirements. The positioning of the burners over the raw batch
enteﬁng the fumace improves the rate of melting. The stoichiometric oxygen
and fuel ratios and flow characteristics of the roof-mounted bumners and

remaining air-fuel bumers can be controlled so as to minimize the emission

of nitrous oxide and sulfur dioxide from the glass furnace.
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both to 100% oxygen-fuel fired furnaces and to

furnaces heated by electric or 5 non-oxygen-fuel (such
as air-fuel burner) neans. The application to oxygen-

fuel fired furnaces provides an increased rate of
melting, resulting in at |least one of an inprovenent

in glass quality, glass production capacity and energy

efficiency (by reduction in either fossil fuel- or

el ect r 0- badaitherpanbddiintntooft thist inveftionl @biges tdhbe use of at least
application of the present invention to non-oxygen :

f uelong@xyaeiesd uper that Jtibees intsrnaher syiermgl ag@bagzﬂni f3ging,

and to. boo roduct .o ca nt ai

o oGRS confeciony ob SRR Fufeer THA SpBoBHid® Abptics
el edghiPtPARBL oY g SERR] iRttt B0ite TdhhRB hedte @Ky SlekfMi or
heat recovery eqU|pnent In retrofit installations,

t he mhenggsnifoel gbuhass talrefusipphairerbtno rTherzquhaaimmtntoxogen-
a portion of existin% or previously existing

oxy Jél firgd| furnares prgvidgepn diereasetiatd ef @ﬁlé\ngyreé%}ﬁaéﬂ@ gt least
\glutr Eoen(rt)ax a%lﬁrenpr evga?n;ea in ogrla )Lg{%gllﬁagfagsgﬁr{?dg{]%n cgé%)qg/rhnfd%%l:rgy

| ocaiffeichéy H)hl%dﬁ&fbfn iffeithéterobdir RMEL @r eledtro®vod) p&Sunit output
furnace |nstallat|ons the present invention permts

t he ofuglasof ’m@%pp]xga{rbn@f ther pessent invehtimh mcg ren-dxygen fuel
one roof nmounted oxy-fuel 20 burner, for g
conblugtEceh p@gmtwé\@rtw gprgye kass rquatityy ag’@ag?e oost production

hurn f
ot agall e bt C7Y: E8ud BB, Fine fites ReGRERh of
for ndiegroBé sk i 8t H&pﬁe otRS deb@lokdtiva fofr RRGEng SBEA recovery
furnace having a back wall, breastwalls above

si desgmiprsentanid xatrdﬁtmstaﬂlemnsf thenprovgss lincdvasetbe edpmlomant or
25 roof, wherein at ?St.one batch ¢ agger for

char GPRGEPFHs ?B‘PYHPH SAIHRE ORATED PG PerR g

at | e
oty il sl LG b o

t he &:0@kndhelshirtlel withdnegrabve exaiall combostiomastegingllocated in
wherein said at | east one oxy-fuel burner is adapted
30 fhe reefzafdbe 86MsEsti on; providing a flow of fuel to

080 2 LSk SR T S 0 B SR
one @Voff 1k, I%Hffff@é'l bukk¥r€ Ghd108ink he 1dadebneaiods hitRinted oxy-fuel
oxi dant into the furnace; and,
burner for which combustion is mtegrally 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
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 side/wall,
comprising:

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

~ for staged combustion;

providing a flow of fuel to said at least one oxy-fuel bumner;
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conbusting said fuel fromat |east said one oxy-fue
burner such 5 that at |east a portion of conbustion

is effected in the vicinity of said glass formng
material to enhance convective and radiative transfer

of heat to said glass formMing material without
substantially disturbing said glass formng material.
In one enbodi nent the invention provides a nmethod of

nel ting gl §o°’v1?ﬂ1g  FV BY gAROEE ioRldahi i afoBRBoABYitH BAd at
fur nace, nace haV| ng a back wall, breastwalls
abO\leasbeda‘aM@I fue] barmdr;a downstream front wall connected

to a roof, wherein at |east gne batch charger for
char gi ng gliniselinethgifig) apd theoxidant site e UEaCEAM; ned i n

at | east one f the b he S| e

conpri si ng* uﬂf%?%?ﬁﬁel Orf]eg%?asoﬁaeld oXY O\T/’Ygeélel bO e, Such
In ttﬂﬂ &t 90kt proﬁ?drﬂof é’(gxﬂl%‘s@ionqy effeci@ th RUGEINIRLEKAA! glass
providing a fl'ow of liquid fuel to said at |east one
oxy-foring bmmaﬁxrl to ephawiedtiongecsivé hodwahatgasemafer ok hekne said
in association with said at |east one oxy-fu 3 .
bur redsss fogming] waterialy ikeut sestangally r%“!g@s‘@oéﬁg Bkasg fArming
into the furnace; and, conbusting said fuel. In this
enbdBi R ﬂt the one oxy-fuel burner may be adapted for
staged Ccoftyhetenfybdirh Bt tHelif@neoTBlesideB @ hi@héd bPgleltingQiss
at | east said one oxy-fuel burner such 25 that at

| eagformingondtesdal infa gianstmsltmg)mmsceeﬁshé(fmradcq Iravirigea back wall,

vicinity of said glass formng materlg nhance
condﬁé%si‘vfélsa?h?vﬁaﬁifl%‘t’?uﬁe aPi’éh@P‘é"‘r‘StE?P”h qpt fVB s%ﬂnaected toa
gl ass ormn terlal t

di Strapél%}éerg SEtISOSnef %%rt%pgfigrgér f&? c%rel él f%Yass fcgrﬁnmg batch

embogheBAL is &&ﬁmhe&qntm&a@rm Qﬁﬂqeabﬁmd mn ofd @Rl tidegall, -
30 glass formng material in a glass nelting furnace,

.sai ccomprisenge havi ng a back wall, breastwal I s above

sidewal I s, and ,a downstream en frot

connect ed tRICRIMFOTL I g Rz lé‘gg?r l\gﬁi’ 63? off said fumnace
Char&%?s%@‘i)afcﬂ%zﬁéﬁﬂ glass formng batch material is

contained in at l[easf one of the back wall and the
sidewal |, oatpidisd afow 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; and,
combusting said fuel.
In this embodiment the one oxy-fuel burner may be adapted for
staged combustion, including.
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
glaés forming material without substantially disturbing said glass forming
material.
In another embodiment, the invention 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 end front wall
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providing at |east one oxy-fuel burner in the roof of
said furnace 5 over said batch material, wherein said
at | east one oxy-fuel burner is adapted for fue

staged conbustion and contgpns at |east one outer
oxidant injector and two inner fuel injectors, the

i nnernost fuel injector being adapted for high

velocity fuel injection and the other fuel injector,

di sposedtddetoneernf] hderdimmaelenst bnd batch ichprzet dor ehmigihgeglass
outer oxidant injector, being adapted for | owe

vel demipe paksh ’Pﬁf”é%lt‘ﬁ Gﬁntameei\ﬁpdat H’g‘s'ao‘fq %whéfbaF’Gé?fa”t yd the
SaIECQ&mi &ﬁ@asﬁﬁ%oxy fuel burner, wherein the flow

uer’thro e i nner nost fuel i njector has a
hi gher mlﬁﬁfﬁl@iﬁgtah%hsf Bfe bk puudfbuineelin tthe eatgtoftsARl furnace
ot her fuel injector; providing a fl ow of gaseous
OXI dant saidbathie matars, whirdiarsaid atjleast ome oxytBiehhvingyisaadapted

ment n the f ow af fuel through th
i nn ?‘i'rgg% S g‘{n CO’F‘ﬁ]‘%@E’o‘?" i‘:‘\l/{v}‘rﬁﬂ%ﬁuﬁ?ﬁﬂ %ﬂ‘“’d‘l’J E’ePX‘S?‘b‘n‘PEF‘”
| ea t: t
A, W D 8 g

sai thigl agscity RieMinjetizhtpditae oth@r mhane&o@ diypesdd b&wé&’iﬁthe
radi ative transfer of heat to said 20 glass form ng

rrat ennegmogii fusbunjestabsndntheadutgr eixidanir ipjastprs diemmggadapted for

g] ? Tatera I n anot her enbodi nent, the present
|nv AV FOYE P tVP éEWQW”bxy fuel burner conprising at

| east one %v%ﬁamgq%% dfnfu%ftt@rsai%ngt 4 bﬂ@eax fma' humer,
i nj ectors, e 1 fdnernost fuel 1njector being ad pte

f or wtiegdin B¢ dloit wf fid | thmghnihe dhne@mostnfhel hﬁ;eﬁbhhﬁs tUsgher

i njector being adapted for |ower velocity fuel '
i nj eeerherum|thamthe flovhek fughthoetighdhe othﬁh@e mgesdeTt

i nvention pr0V|des fhod of ¥ ng}batch t e
]{0 vidin OW. QO ascous oxl 1o e outer oxi 2{1’1 u%]ector
in a glass*furna & havin regéenérators, recupérato

and/iayingl £tek end@tim thah ¢hed 60 Fudlamiongh Shél iveihsst fuel
a back wall, a front wall 30 and a roof conprising:

11 1mﬁdwrd|ng at | east one burner in the roof of said

gaseous ox COEVES S5 quek HTBA fe35h BAg SPRGRY-fael buer such

EL?\#égi;aQQea@t l:ilpg}%o%f oﬂ@&ﬁ&%ﬁoﬁ Y& Efféc(?eds ﬁ'l H]ea\hmhﬁ?%tf sﬁ’i@eglass
forming material to enhance convective and radiative transfer of heat to said
glass forming material without substantially disturbing said glass forming
materal.

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

and a roof comprising:
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f ur rfa¥AoBty spiiciont i errximizgetransfer

5 generating a flame fromat |east said one burner

said flanme having a velocity sufficient to maxim ze
transfer of heat fromsaid flane to said batch

material w thout substantiﬁlly di sturbi ng said batch
material, and, providing a di ti onal oxygen to conpl ete
conbustion at or near the surface of said batch
material fromat | east one oxygen injector in the roof
of 10 sai dprbvidingce.ledSRbEEFbIMSCH MEI O eFsaldHEumRAN WESaid
Furt her features and other objects and advant ages of

t hi datghrepieriah 15 will become clear fromthe

T Sl od feper B iE i e o
| ongi t udi naﬂroViBﬁl‘ghaoﬁo@ 08bARSudRlel IQid éirlf%F%%Aﬁilrger;

accordance 'wth tthe present i1nvention. Fig. a

Cr 0Ss- sect i genadatipg arlaviecfrorafat deast @3¢ ofié bedler said flame having

regeneratijive 20 enbodi nent of th%#glass neltjng )
i lopat fmpm saig flame to said

Cross: sectional. plan wvie f an end-fifed.regenerative

embodipaneteBt Yo utsiantialty dfurp i aidbats rgnh and

al ong 1ine modididg Aditlfal SxyehtOeSmpRE ddMbHstiBh @oMhé@Pihe

of a cross-fired recuperati've enbodi nent of the glass

nmel tsurfgcd af swad batoli niatayial fralomgedst nse 8x@endbjefliogin @1 rosf of

a cross-sectional plan view of an end-fired

r ec Pkt BMage. embodi nent of the glass nelting furnace

of Fig. 1 along lines 2-2. Fig. 2Eis a

cross-sectional plan view of a unit nelter enbodi nent

of HRIEMDESTRIPTIONOH YHBISRAWINGY. 1 al ong lines
2-2. Fig. 3 is a cross sectional view of the glass

melting furnace of Fig. 1 30 along line 3-3

illustrating t oxygen-fuel hurners adjacent the . .
upst r eam %‘Hg*ef&%‘w%%n? (NG ATHETR and 3dVaigges pfj isyigvention
al t el ARtRGHhOSe® bk f‘tSllgW'r&{ d{a&ﬁe@'é’ééﬁ o 'Bfe with
furnace o? Fig.1 along |1ne -é I'Tustrating one

oxy geferénielto kherdiawingsjipeith: t he upstream end wal | of

the furnace. Fig. 5 is a cross sectional view of an _
oxygenFigidl isuaresrseetinnahlongHudmel vewsdfrasglpssyapltiag ifemace in

o SR AT AR SRS DUerets T8, 8 @
furnacgig 2A is a cross-sectional plan view of a cross-fired regenerative
embodiment of the glass melting furnace 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 1s a cross-sectional plan view of a cross-fired recuperative
embodiment of the glass melting furnace of Fig.1 along line 2-2.
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 furnace of Fig. 1 along lines 2-2.
Fig. 3 is a cross sectional view of the glass melting furmace of Fig. 1
along line 3-3 illustrating two oxygen-fuel burners adjacent the upstream end

wall of the furnace.
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having an integrally staged conbustion, roof nounted
oxy-fuel burner. Fig. 7 is a cross sectional elevation
vi ew of a roof nounted oxy-fuel burner with
associ ated external conbustign staging neans. 10 Fig.
8 is a schematic, plan view of a glass nelting furnace
havin? a rooI dn??ntedtgroupiﬂg of oxy-fuel burners
operati at different stoichionmetric ratios to
achi eve I'Tqat‘brs A SBIRISHAE F7GLOTHI §ievood e glasp sgdting fumnace of
secti 8l l,0R_Vi; a L& nag
havingﬂg ro&ﬁyﬁﬁhn?éhlg¥%8pngl&%hﬁﬁégghﬁapgwg%ﬁ Hjfcent the
assocuﬂfﬁﬁ?ﬁmﬁgeﬂyhubbﬁfmTﬁor I15 pLOV|g|nghstagﬁd A
oxygen tQ e surface. o e g ass batc t hrough the
mel t. Filje 10 3 9o seripnel ¥ispt olomapxyerr fusl bumer pashp sthematic
r oof - QFEQ ygen
i nj ecf%?%%gtg%%{r( a%Jr{ler e p?’jéﬁstgég]n |g§§§gﬁn%n Fig. | |
I's a sclEpnbiic,a emtsﬁwcyxomlewwinoa Vig@l oShaged melikufaimace
burner. 20 DETAI LED DESCRI PTI ON OF THE | NVENTI ON | n
t he ghayas pyiniegedly steged sambHstidnerqef exuptedioyeheli yrners
[ ot endedigas (L UPLEA! BHLHSTIAUREN A0S MoHHEHull ory-fuc
%f1 f Ugiémtaﬂwmi hg&@&hﬁdte@teﬂ{rfagd&ﬁeus@aoﬁ@ﬂi@ﬂ@tm&ine m xture.

ce ignite this conbustible mxture burns to
produce Eigf8 rieschpmptic, plansugwia a Hawtmelhing fsnacefying a roof
gl ass Bateh JBlS1d 8F Sev TS bRRRCESS Alnd NegPLERP Db ichiomerric
{Azssi }art]ﬂ‘oaﬁi acfhhdve?intaﬂ Burﬁ&f@}ta@m@doxy fuel furnaces,

ere. heat transfer is effected principally by
radi at i drigdPriecx Fipss sentionglhelevigionsvigwdok aoflasst meltigg funace
or 0otk £ 1ol e T A Bl B e st REB e o iber or
bur nepfos)ding stageddixtyp@ntottbe swfacadi dicighdss be@h, thromgs tlermelt.

conponent grOV|des signi ficant convective heat
transf erFigud 5 2t FRsSITHHIIGE FsvRtio aiery ABI2 To&mquatrdoxy-oil

react b%@e}ﬂﬁﬁgm&'(ﬁ&g ﬁHec?&gcﬂ: dxﬁ &%}FEX&@&QHUE tion.

nonoxi ydr oge drox to stable
conbust iFg. lﬂn@dlsdtemz&upcfhtaﬁayoaeb@lﬂ acfueﬂxiaged and fushbemner.
vapor at the glass batch surface. This type of heat
transfer is enhanced when the oxy-fuel burner is

ei thep T%Egp%isycﬁﬂﬁw FReIERIOBNTIORCK) of

extern l'y"s to del'ay a portion of the
conmbusti on, thereby | owering flanme tenperature and

radi ant hea tHeOS8RSfubakéd fdr Rehigh WSS p2bbint 38&ntidn is intended, a
reached. As a result, heat transfer to the furnace

super bPiqgt tymsr Mgschgg@ﬁcgdmxture of fuel and either air or oxygen in a

particular ratio of fuel to oxidant, to produce a combustible mixture. Once
ignited, this combustible mixture bums 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
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
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Suitabl e fuels for conbustion inblude, but are not

limted to, nethane, natural gas, |liquefied natural
gas, propane, |iquefied propane gas, butane, low 10
BTU gases such as town gas, _producer gas or the I|ike,
vapori zed or atonized oil, Rerosene or diesel, or

m xtures thereof, at either anbient tenperature or in
pr eheat.ed fcgrm Preferred,.oxidants i

| ude .
oxy GORCIERFY<BHS FamOR, MORGKI{E MYRRESR A0d heirayh fadigplsy to stable
vol yige, {i&‘??}odﬁ%&gﬁlﬁht:ﬁ di%Qid\éOAdd”@atepe\fagﬁxnﬁt’ the glass
preferably greater than 50 vol ume percent, suth as
pr odsitetd sirfackS Thisttypé iodrheanransfpt isoenhafegdomdier the oxy-fuel
separation, or the |ike; non-pure oxygen such as that
pr odrEeef 1p§ither anptegrrByrbwehinghe Bernemkleci)my exteseatb staged, so as

Bbou G s AR BT ol T PR E R Ripd Garure and

pUr era @M% oKt fREsAINE e ARAWLrRQ 1Y RlabRRI. PRS & 8hlt! Keat transfer
about 100 vol une percent oxygen, such as is produced

by atodhg bgmaviecupdrstr@@ursepeadacddon pl ant. The oxi dant

may be ingroduced at either anbient, tenperature or in
pr eheat ed§‘l“8’?’ﬁﬁ E’?’ﬁ OF ¢RINDUSHAN f1igdn x'i"b‘é’ﬁgg%trlém@%qew@r giefhpne,

intr [ f t hy:
mhe. BAitaEEs, TalclEg hlhAs HOMNE idhoBidl RRipRS B6E Bhkng Tow
f or NBUUL Qised duch dsloven EAsapidabeardasbr thrMikeg vapurized anstomized

out| et openings, burner neans for 25 discharging fuel
i nt 0oih Kerasare ehdiesrdr orf wixtuegs itheredfeativither pmiblapt keneprgature or

for di i into the, f hanber . . .
rﬁa?)%erpg‘{h%‘lﬁ,ac%@gkg%dg@l’%&w gt el aﬁyiﬂgfm%eq air,

providhednid ér@ﬁeld hsaned.9i ey he réﬁ?crenf"%ﬁ'l]‘gceni 55 bBl§ut t 418 volume
fl ame chanber. This conbustible fuel and oxygen

m Xt pareent,aprefigablgrngreder than $iefviolvenea péicemre shetyiangraduced by

root _portion in the flane chanber and tip portion 30
out sfilUIPHe24SOHHeN FBFRIANS FEPAAonn G riBF 1Ks BRBIRTG gXyeen
be u ri I ed.:.bur :
secongars TR HOERea Dy, [ GBI, R ind oS GE process
f ur t fre¥ cdntuihivig @byt BIs%o ] BiRa psrcEairto @boskLas voigmepeeent oxygen;
outside of 14 the flame chanber, such as to

oxygeil dndustrzallye pyet oXyasen sep@IRR Akt 198t volype RETENIIP about

e R e

thro pass or med i

tot &%aﬂﬁﬁ%ﬂef)l‘aﬂi. SciTae g6xiagitt snayaBe i@ dat&L tag deitHe® Mmbient
the burner block into a downstream "second- st age"

r egi smpsratomtai ini prgheatgsofarmonThé fudl eantl| theeoxadrait [agg geperally

outside the .fla chanber in, the furnace, to heat the
o asPUSZER] EIIrmACE Tpughp pumer assembly:

The burner assembly generally includes a burner block formed to
include a flame chamber having inlet and outlet openings, burner means for
discharging fuel into a flame chamber formed in the burmer block and means
for discharging oxygen into the flame chamber. In operation, discharged
oxygen mixes with fuel provided by the discharging bumer 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
outside the flame chamber. -If the burner assembly to be used comprises an
“internally staged” burner for secondary combustion purposes, the burner

block may further include bypass means for conducting oxygen outside of
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In certain preferred enbodi nents, the integrally
staged burner block is nmade of a refractory materi al
and includes an outside wall formed to include the
fl ame chanber inlet opening ,and a plurality of
oxygen-adm ssion 10 ports g?ound the inlet opening.
The burner bl ock also includes a furnace wal |

conf j ed to lie in,a furnace and forned . to inclyde

Che b dfidiecFlmhet. st at 10 GRERPRG GRS Rarh apda HF gyt
OXY G2 SHNAE P8R UhbHbEY. OHNEpdriifor® Wkl Ein maPGAL D trolgh the
al ternative enbodi nents, one or nore oxidant ‘entry
nearbypeamedns fpmaoad idabe bxiner bivkk yo the dxlygerbdisnkargdpontk ,and
as described bel ow, to enable 15 staged conbustion to
be orfeettedfiom theebyrpembleek imgia deyestisameiseean-iage” tagion
refr or ur.ner include but. a n | [y .

Lo cBfitafiite RoRfin o §F Aol At 5B usRc(iol Hame ibEF in the

al UfiRRcEits aeditve /gxh&si afch h&éihls of glegnded AZS, or
bonded al um na (Al1203). The particular materia

chosen. i dndettemnprateded iembpdimentfythe irdegryihe soged bamsr bipck
be nmelted ip th | ass 20 furnace. Staged.conmbustion
has 1baRHeP OB JELACPRY MHSEL e RGeS i AUINde Sdhfored to
t hogg.ii i o [ -f Lt r & cadmmicci
il S B Ctiaer LG ot o pRrthtf S dySen-admission
addigoirte aedundxli@ fileti pening eTHhebulyr bivenslse kichideala fumatdi@all
burner block in order to provide conplete conbustion

di spabewred tohf ithe figBagsianddprmasd to.in¢lnde the flams ehambepputlet
r oof - nount ed rners.. preferably.c | ete conmbystion
wou o BRLF AP R RpaRioh: TR YR ETRR it ise SRR ey Bupet
bat {penfit Ghiaftbmativs 6hebdBlents, 3A6lbf HORAbxiAXY A&y means can
injectors would be positioned to delay conpleté

contbgspriosnied rextdmaiyt er thehburhkmhiockass derpribgktielom, ttheenable
surface ofbtqe rag bﬁ%ch..TR%éJocation of the
addit1ESASPTPHT KRB P8 SHECHE FeHE AR Ehon 30 the desired
oper at i NGs OB hh@ARIs Tbr {HRGeRUHBS tiser HScMaklud@DBut are not
burner location and nunber. According to the present

i nvdimitahto skitermaeallitey zetagedZrOHnusad casn aivsnipaeiresmbisilica
provided by installing at |east. one oxggen injector 15,

mearf$43), eRendedofZer ochedded sHumizg (AdChhc&he prticylagmatenal
g ot
O ChBsdrl s {SnedBYy B éllﬁr&?g tk@%ﬁél?%sgtﬁmg%?g%{xsn?{hgeé’lass

to obtain the desited
Accatufliaag to the present invention, the at | east one

oxy-fuel burner(s) 5 are preferably positioned in the
roof (or ¥egsdngondfustiore haubasadquopdsed éortghass farmace bumners, 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 extemal to the-
burner block in order to provide complete combustion displaced from the
burmer exit. In the instance of roof-mounted burners, 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
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



15

20

25

30

batch (and optionally, cullet) materials, and directed
to the batch surface. The burners nmay be positioned

as close as possible to the batch chargers where the
cool est batch naterials args proximte to the furnace
back wall where the gl ass ?orning material is

charged, to obtain rapid nelting due to 10 the higher
thergalns 4 S8 P oA &R Rk, At 8 iTELRe

fuel burners Onay e posi?%one %t Hgﬁ ﬁ%%wghﬁg Ig)%gmybe
t he dositivaed adawistd aamrderow bbin fleoHesirdnd daydducombsstion
to provide a refining zone and insure conplete
contfli€ison of reactants. Al ternatively, oxy-fuel roof
nmount ed byrner.s nma ravjde heat .transfer downstr.eam

of the bateRruRe St S5 FRaTER, e R Cind AT LERRro)
downsé pRAFaBIYbosRIohed HAE rbSE (of BRWH) VFitheRimacefabbiethe raw
furnace. The roof nmounted oxy-fuel burner is

suc detdif (Andaemendilyngeullet)t meteriplse seditdirected o ithe batch surface.
becayse, a portion of the conbustion occurs an the

bat ch® E‘H?‘%&c‘é‘%fbetl}?é“’é’l“ﬁ‘ié‘s Pt PRRIDL atfsbatch chargers
convget.l t . th 3 it

r adi g‘ﬁré\éﬁ%ggﬁ %trgns @??er'{z}&r ?Jﬁéﬁrquﬁgtgctgrtgggié@aﬁ tb ﬁCk wall
t he \pieat elie s reidroatiategial isofhatd¥ds td Baint ﬂaﬁm méBigQdue to
roof nounted oxy-fuel burners provided wt

i nt ¢be highgr trermgh dffqeanry: Soayedionahnduduel on oxyigdnafjisl bumers

Tona e RS P b o fiksd LG R b e
| 0C3bbZmBAntTa" SuRbrst P pFONBLISS I1OfniRR Ane@hnd NRsuE! {flete

of the glass raw batch or nelt matérials to I ncrease

t he coorbustidn verdaeanhtsansit@bativetyi, atkiyvfeeleaf monated foafners may
The high tenperature flanme is noved away fromthe

r oofPTPYd8\i5RY tdBtalg AAynitams of ke batsh dntecrearaximats to the
the e abInfraNPhR DARhat i Wfr@ﬁt'w%tﬂgglrhé&nal
advantage 1s that the i1nventi've roof nounted staged
conbust i drhee mdafdinoented adxyofvs] bimepriocassesifol apRirding tonthe

furnace constructions that have higher roofs. The

del djeseqt Hpvsatieny bsgause gapatiom@f threcaubysiien gasurs ogvie batch
(eit 0X nonly/fuel only, or a .
el Tiash Y OBF R melGy Bl o Brrative gt pses g e

I N QRAiRSHAP dadTRNle, heah ehhdTer. t PEMhdr QRAEEbreARkh it &e prerred
have their flow center |ines converge on the batch or

mel tenshoadiment. of 6thisOuyvpatipmanse af ged bwunteds oxpéucht burners
[ ratio of 2:1 en the n

at a staichi.onetri atyral gas

i's dﬁ?‘é‘%ﬁ‘gt“ﬂ Beghitin Mesxbsrefbntiap W@s&szw%ﬁa.ysm%mg the

CO”V&%&? BAd ﬂgé'l’ () %?dt]e (BB AN YRR/ RS fMeE %ﬁg%%% the roof.

concentric tube | ube construction wt t I nner

t ubeTHisIpghits irgldchizig@ soad df tHeecombiRtion Ub@r at the surface of the
glass raw batch or melt matenals to increase the convective heat and
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 is that the inventive roof mounted staged
combustion embodiment allows the process to operate in furnace
constructions that have higher roofs. The delay is created by separating the
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.
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5 supplying the oxygen. The flame | ength then becones

a function of the velocity of the two flows and the
relative velocity differences between the two flows,
which will affect the m xing¢rate at the interface
between the two streans and therefore the rate of
conbustion. Because both streans will expand as they
exit the tubggen/ndieil whd bulegi dpetdte B ¥ stofeomatR stiarnd 2:1
10 conbustion will start very close to the burner

di schathge honrapral gpeispres aithapswas theopridep ay auvesoxygen. The
two fl I d

separ SO nfiphE ot ML AR R GurpBePl sPRicHicc b in ube

can beonuperiai adiinsha igrs aobs stipislyingnihy 4s asd ahe outer tube
concentric tube burner with a less than the

st oi CRPRIMEEEitBe PaY$d- of hoflpgenlengthdhere hesamasge duargen of the
| o0ut LERChpor kR GATBLEL 88 PHTLN eI RR | ARAEAS R & the

one Oltwmﬂoe/sadﬂich el akfe&tube&uilhgtrataaemle oftaifedt Han@yen the two
from the gas tube far enough that the two streans do
not niskeamg ppd theesforsatie raterqfveanapstions yBseanseibath streams will

di sta 0 , ndkgas r a
angl e%% ﬁe{lttd %%g%?’ a%{asﬂ{ehteu%t \%o&g eﬁ b ]grﬁgt)}é&a%gmle%\?v%a’é and
0 ( pacambestjon vall sast Weirgblogdioahe Binerf digghaigegbad. t hr ough
the walls of the furnace, and up to 180 if bubbl ed
f r om beneatlie PFECRURTESEN Separaes heltvo flows| (Gied and oxigant) into
m Xxi n rner ol nt
st at eg\vg %g\*jr{oic‘e ?ﬁ%&?edst}egﬁx S, lfrliI OP tew%d%%%?tréggfu%fgn? streﬁ can be
pr esenberated\ue Alghs¥dus fiet JShﬂy @bhi 4 tohck@rio We&iu@ndrh‘ﬂtﬂd)kﬁs than
nmount ed burner farther away from 25 the target, i.e.
have &hegsemharmans trati of fegast. helheorsmaimng pxygsmsequired for
mat er | f [ the f n
OoXy- fﬁglin ﬁﬁ%ﬁ s“-gtnog%t?)gellrag?g“p s 12%95 {rﬁ% iﬁgﬁg%é)xygen is
desi gmgrodshet thréuzh ane @k mae addiriend! ltybeks aloat faze 1dcnednaivag from
batch for a non-staged roof "nounted burner to

achi el &y UEF A f‘n%lghtth?ta & e st{?améi@t PRlempy Y ey have
30 R_efu%c EDG gu%sttant%}lfdlg%c%sto %@qs&ea eﬁalglsﬁ'ﬁ?ce The

mel t|ng ur nace provi di ng nD ass

gl ass ahgeehedeiahatey the @b B@EardsZcantbera@ildiv tahe° (palriu%r) or as high
glass is further refined and subsequently fed to one

or nore %91 d:pSOJé@qrdnhr@gh'lhe wal&ofrtbes fisuash, @l wpant1@Dhd bebbled

fiberizer ro t i ke (not. shown In
consi dei hieehd ??‘6?% £ B2 may by lope & r”é‘éi"ﬁt?é&z‘rtsWS¥°“d the

for pyLRRsERcE o CHARL ty certal n details of
construction are not provided in view of such details

bei ng As stated above, one advantage of the process of the present

invention is the ability to operate the roof mounted burner farther away from

the target, i.e. have a greater distance from the roof to the glass material

surface. This allows the roof mounted oxy-fuel burner(s) to operate in

existing furnace designs, where the roof is currently too far from the batch

for a non-staged roof ‘mounted bummer to achieve any significant rate of
convective transfer.

Referring 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
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conventional and well known by sonmeone skilled in the
art once the 5 invention is disclosed and expl ai ned.
Specific itens excluded are the regenerator ports,
air-fuel burners and exhausts since these are
different for each type of furnace. The glass nelting
furnace 10 typically includes an el ongated channe

haw s AR Leam Sl ilchizdd A0A LAy MBSH BRETERGhown).

al | 1redfsidering (B Pigafysi Rwilll e sReécdtyd MRt €61 ghrposes Off cBSity
alumna, silica, alumna-silica, zircon,

Zir @eﬁtladataUmOﬁaomttupben atﬁhFQimléOVldﬁd ineviewdftsheh igtrids being

The roof .22 ener as hayi rcuat e
shasetigne, S vl HREN Brotrtiarn il & gfé rE e e
Chanﬁ‘\%ntloﬁ‘qw&iﬁlosehhgnd’%? lam’éﬂ b% eaﬁcnﬁ%s HY¥luded are the
sui tabl e design. The roof 22 of e typi cal gl ass
mel tregegefatorpocts, dib-fld) busngpoand lem}mdtsbetdeaheseadlemtﬁffé‘em for
15 feet above the surface of the raw glass- form ng
natéﬁﬂhWPeA§‘W@FF known in the art, the glass mel ting
furnace s oﬁiarn!xéé fd] ﬁ 9 ?u N ag%'ioehgated channel
5 &0a/0 i ca

bubbl ers s of oo t

el e(hta{'i@n?%ﬁ ubgteéams&wmn 14had lald@wneﬁéanaem Qallqbests Wand 18
boost el ectrodes increase the tenperature of the bul k

gl assflan@0i andraemsé 22 ad made FomgippepriaOrefractont vaieanls such

under the, batch coyer. ass nelting .furnace 10
i ncl28 MR SYifdc dLEmipa- Sg&ﬁeg’rc%i’ HEOR 3y Uy Bep, fhgome

a d%wgﬁ g%ﬁ]méq TRE r6Sie 1g§hov-\|/— rﬁﬁlg} ﬁgta%rﬂr%eanzgcdﬁe shape

consi e upstreanlzone 0 | ass
f ur nageveld tohie fngitudival giass tieorhahng, heweverathe iréof may be

: char ed into the furnace using a chargln? devi ce 32 25
SR §

of ®Tmygseamesyitakleoiosignn Thaeoafra2, of the typisal glass meftingriumgee
rrat q'b' ?}) ggoﬂgg%eg%eﬁ abmlf(ﬁ uh g f@eft aﬁ@\yg tgﬁgﬁrﬂc@oﬁr the raw %]ass

|ca y use manuf act ur e

apprfslemag afhtdridt Ad Well GaBWashH theodt, (ﬂfe 61515% thélving fumace 10 may
gl ass-form ng material (or batch) 30 is dependent on

t he Ot)ypealb'f inglugds smbegrrrgoq@rbjdlbbeeﬁ 24 mpdienippys of igkectrical boost

mat e C ri.ses, i.nte si, |l ica containin

ot daipdes R LaoRaDs ey butled alaroffieficg! Pariy fetirodes
to dfcreate! L tefbfigturd S TRAMNGs MR ShtRhs {HCHBALD Glass
but not |limted to feldspar, nepheline syenite,
| i mescolagon dodeo thet mtclsadar.ash, potash, borax, kaolin

clay and _al um na naY also be used To alter the 18
proper t | ddhieoplaghanglling stomack; HbAncludssnt™ o fsugFesaRF czones, a

f
B A A P O A o

considered the upstream zone of the glass melting furnace 10 wherein raw
glass-forming material is charged into the furnace using a charging device 32
of a type well known in the art. The raw glass-forming material 30 may be a
mixture of raw materials typically used in the manufacture of glass. It will be
appreciated that the composition of the raw glass-forming matenal (or bateh)
30 is dependent on the type of glass being produced. Normally, the material
comprises, inter alia, silica containing matenals including scrap glass
commonly referred to as cullet. Other glass-forming materials 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
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Mor eover, oxides of barium strontium zirconium and

| ead may be added for special purpose glass, and

ot her color formng netal oxides may be added to 5
obtain the desired col or. e raw gl ass-form ng

material 30 forns a batch layer of solid particles on
the surface of the nolten glass in the nelting zone 27
of d, f c at,| li

pa CEopsaed OF I gsdda BRACEmbthy oD Grech8Z shiifhody Sfgues
mel tselfides; Babpal hyoﬂmesaind/@astheﬂrten@&wﬂﬁﬁayelalsbubaeﬁded.
10 34 having a controlled inpinging flanme shape and

| end¥ipreqper pxides i arim, i3 gontplemﬂ@,@nwm ansklegd mpy be added for

melting furnace 10. |t appreci at ed . t hat

e BAEP R s ailirgorat o BR PR F S bn bf o3 1o
of %tglﬁggdegngdgdq&gen fuel burner 34 in the roof 22

of the glass nelting furnace 10 over the raw gl ass-

form ng riftteeraval gl&B8-formiagcmattaink 80widrins thdaghebgat of solid
invention increases the 15 nelting rate of the solid
r awPFEEEs PR RS Mytacaicdrthaimelifa, gla%s hibegnpiting jzepe 27 of the

mai g Al r}ﬁeltn'ﬂ ARt ?tlb”%&%‘%‘h i thich bt 811%#5 U Bldss-

r ef rFac teri n ac epta era

i mfbﬁmn@snatsxeﬂ Joeiemelted PAn¢ipEIasEy aeask Gﬂébx)ﬂg&ﬂ fuel burner
oxygen-fuel burner"” neans one or nore oxygen fuel

bur Fériaving seonirolled erdplhemgl flamashapeend sxgthf mewntpd within the

t b d to util
or - axglero e embmeie SrgcE i hiaes Porsiof PR heen

the fS&hdjglﬁt thg%sttzh GHra%doﬁ% pHSEShtRE S 1 1A o0rtN6:83En-fuel

"princip y at | east e oxygen-fue burne
r ef emnermrmtthefmdf 22i ¢fsthalglat ingelisng fupndcb e Ocoveditlie 2w glass-
wher ei n, the additional or recovered gl ass production
capafemyloaﬁaleﬂ@lpi}%baccamanﬁ%e‘flthaﬂva RefseB| BUERTQT Hieyrgess the

boo%elgﬁgrrgt)é And 9511 Eb%s-%nﬁ Hg a@'aﬂé Sail @k ’Ehﬁ‘x? time,

material®is from at one oxyge bur ner

one mahtmmilﬁro;ﬁl’dﬁm@tmbératlﬁs cﬁ“hbwsunrdsuriahchrefﬂac&mﬁ maderial
the glass nelting furnace 10 includes three
oxy déithingesepiablqiepesatmg limitsi ngl e oxygen- fuel burner

34 is pos t| 0 ups re m of ..t acent |y L aned
downst rea ‘ipegfﬁe @HF er%wﬁﬁgﬁtﬁgwgeﬁﬁlg}o ﬁ‘l‘mﬁr means
apprgel o’f}trﬁé’retd% berPfiél %@H”’O&Fso Qb usewvigean Beh O@%rd'i%'[ﬁael is

34 may be posi |oned at al nost any suitable [ocation
i n trheant oldt aPZburhiers hee ddaptedcte Wdizowaygdrher datgeh enoched air,

melt the raw, gl ass- formng nmateri 30. For ex l e,
t wo 36)&59&8515‘?‘&2? A oSy @s e AXIdaRle 1?‘9'*";5‘895% |36h‘é%fm?reﬁ’ the

S! dgfhl?y es"))g'ﬁnﬁfp%ll 9t 15)9 Bt FsHRE C(;)S'geﬂ-ﬁle'l:lbgme?‘” QEfefs in retrofit

sSin
installations, to the condition wherein the additional or recovered glass

production capacity and replaced air fuel and or electric/oxygen boost energy
for melting of the raw glass-forming material is from at least one oxygen-fuel
burner. In one particular embodiment, as shown in FIGS. 1 and 2A the glass
melting furnace 10 includes three oxygen-fuel bumers 34. A single oxygen-
fuel bumer 34 is positioned upstream of two adjacently positioned
downstream oxygen fuel burners. However, it will be appreciated that ény
number of oxygen-fuel bumers 34 may be positioned at almost any suitable
location in the roof 22 of the furnace 10 over the batch to melt the raw glass-

forming material 30. For example, two oxygen-fuel bumers 34 may be
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fuel burner may be used as depicted in FIG 4.
Nonet hel ess, in accordance wth the present

i nvention, the angular orientation of each oxygen-fue
burner 34 in the roof 22 qf the glass nelting furnace
may be such that the flame 36 5 produced is directed
substantially perpendicular to the glass batch surface
S oS e B bET- R BHEeicah £, 2628 Single oxygen
pr effeelr manemninagibeanstd at ldepioteddarFiGual Naouetheless, 34 acedréance
posi tioned substantially perpendicular to the batch

mat eVithihepresgat iNgntiongtlic angelar onentafiqyy eesach axygenvielbymer

t he ~f0rdnn terial.30. The ,angl e
cov il 1 BRGTA2c0 TP e e force RS IR el Bt 5 Hpme 36
dowgbdRami £ Bffect¥bibsanti Sy gér?@n(fi&ﬂé‘lt toY¥Rk lglast Bat8R RBrface to

embodi ments by as nuch as 4 egrees, but = preferably
| esprodues 20 fldeyr oduch | Imphegesbeen thogiasst batfadehéo gfomss an

duct i t th i f gl d d
b5 aB e SLed Repnhat o
30 w . fi -

20, i Bogplesshuimytaumonthue L U geRs o) i o

and dbesgtdo idegreas editih@noahwiriv gldve-fomeaae Matéril S0t TOB .angle
The at | east one oxygen-fuel burner requires fuel and

an dRaxideiatefram theperpendicuder isitheidiregiioneafitbe dowhnstrgamiend-
j.nat | f hoth. Ga fuels ingludg th
o AP Pl B SRR s i i SRRES, b

efe Q8! itthn réddCl] un [ rt 1
- 935 GfefelBiy-luithn' HPhchAC VAR e \Rbund R 4B QRS Jrb@itiion

I's,” kerosene an iesel. Liquid fue

r equateenhdttbe lyealittyosfi glasd paodiiced nvegpleyr inzrdvedibie melting the raw
atom_ zatjon, can he either by nechanical neans or
secaiiraripmngmatenal 3L aitng IGast ome donamzadly diring tygsmfuel
OXY OfifneraBY _Rhvih€Cs ARBIED RS IASRY Shbe! hadhatt! in
some cases an inert gas. Vaporization relies on the :
heatacodrduiiee sitli thelpredenginZéntjpnoduct s of conbusti on

gases to evaporate the oil. The oxidant can be either
100% pur el ks@tdeast ane exygeade] bumsg yemswres fitgl padan oxjgdant. The

Wi t u@lncag)iyegggqga %g&%&gy ﬁét%ignor%%nﬁﬁréﬁi%és gk goetgg ;C%lzi%o%s fuels

as descri bed erring to ast

one jaxy@e thdseistddusbise, 8t welltdy Blehdieof hROdforkmefiondiegases.
glass nelting furnace 10 has at |east one fuel condurt

40 flgguid3belsrinaindé hepviyumiediantand ligltalut] aitse kenoyenerand diesel.

o el SO SYEED Lgu T vgeni e

Lgl tc.lﬁﬁg}é%edtﬂngg wn%d:ﬂéxlﬁgagqg%%@ gﬂd@gc&ﬁgﬁr 3B i SR diums 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
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 ]eést one fuel conduit 40 for
providing fuel and at least one oxygen conduit 42 for providing oxygen flow.

The oxygen-fuel burner 34 may have a capacity ranging from about 0.5 to

about 15 MM Btwhr depending upon the glass melting furnace 10 size and
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desired pull rate. The oxygen-fuel burner 34 is

designed to use a higher percentage of oxygen than is
present in air and thus the tenperature above the

area of inpingenent of theglame 36 fromthe

oxygen-fuel burner 34 is substantially higher than in

a conventional glass nelting furnace utilizing air 5

f uel debidgd B3 -rafdotie t ASzaR Pl burds 3ehd dksn%m tcpuwﬁ hlgher
skilled in the art, the tenperature of t fl

| Mpaper@dtagy Odmxmggzgﬂmnﬁ&@tesbmmemr 3 thmis tﬂepenplﬂmtlureoabove

th it f.the f th / fuel t
o oo Breh af mingdIeHb Ak e T2 SN DR er R 34 is
the ﬁﬁ%’t%ﬁ]l};@%&%ﬁqﬁ a ?Sn{/ﬁxtlokyl(?;‘lgﬁ%éﬁlﬂ ﬁﬂnLc%Vlﬁithi air-

about percent o IometTi c anpun

10 owylgernméreqNbtvthstandingiviasistellt i@ wile) ond BEillkdiéh tIﬁeOart the
oxygen ratio can be varied, however, to produce a
r angemperapue roft thagflemadi€ iimpertech byhen g?xa/gsnﬁ@ltbwger 34 is

furnace 10 to, ef nor.e, desire 0 |es

| el Garaent of ety 8F e Hhe T O SR eefuBLARE] T D frgred
I eveémwdugaﬁe% obzg%m %én&ﬂ&%rﬁ%f%ﬁ@d&ﬁ@ﬁ fual bl%@rr 34 is
in the trade’ and ot her gl ass properties.

oxygepichliyeht blevelerf aBdutedd ehZiSpdoamMnImH gtoi‘chmmandaamnmt of
block 38 located in the roof 22 of the glass nelting

f ur rAYECAIPIUERE [P GAmbHEF {he el e fsﬂdep@xzserr fﬁélwaa@eé(ﬁned

ope oQ\g:era\{b ;[?ome zﬂﬂn ¢ er%)m?étg)r 18, Cor %}tlo"}ﬁ' fﬁhﬁw lad! melttmg

| east as gre as t RS arges

conthiiriacd20 6 effect SRPANEABR! dRRed PrIpefibs; airicﬁﬂmoﬂ'f@r example,
i nside dianmeter (id) of the opening of the 20 burner

bl oade}eleway giamgelcbethmelemeladogase@sr bubblesckrasyn THheecedndind
of t% uel Hrn r 34W§ I.mary conbustion zone
is | EEFF ?H ¢ el fSS PFPRETYSr ner bl ock 38 a

di stance fﬂe&k&é 2BRINA Yl AUt exPerids A8wWhWARAS frol'8 burner block
secondary and |n some cases tertiary conbustion zone

i s e3& beatal ihah¢ meof RUrofiahe Iglass n@@ng fgrnacd 10.beEach primary

appreci ated that the opening of the hurner. block 25 38 .
ot viRERETRs koA foden 8h ORGYBH hiYiRg apdpsids d @H‘e%&‘dg hvém% is
end gf I n [ a o)

Fooud ek S N, 8 A%cmiaBRRR JTAhB RS EE 02 or 40

f r ondeppiidead bnGonfigwaricth. yTHelinside raeaneer (apbedieSopdatng of the

conduits of the burner. The burner block 38 is nmade

of abwrrld@%ﬁ? WAY SRRgH befyeqe|abowindwn8 inghashdharend 9fdthe
sui tabl e utS|de sha

o S aB-E1ET DR A, B St S edHf Bol e end of
the Emaeter HiQGK388 dRMnbE (FBYS DetWeb abb&t 01-NF8 dRhes. The

surface of the roof 22 or the ‘bottom surface nay
pr oj ®ctndagt end tihesome cases tertiary combustion zone is external to the

burner block 38. It will be appreciated that the opening of the burner block
38 between the end of the oxygen-fuel burner 34 and the end of the burner
block in some instances acts to focus the burner flame and prevent the burner
flame from spreading outwardly but moreover protects the conduits of the
burner. The bumer block 38 is made of a refractory matenal as well known
in the art and may be of most any suitable outside shape such as rectangular
and the like.

The bottom surface of the bumer block 38 may be flush with the

inside surface of the roof 22 or the bottom surface may project below the
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21 inside surface of the roof to a distance of about

2 inches to protect the burner block 38 and adj acent
crown refractories fromwear. Furthernore, as shown

in FIG 5, the fuel conduitg; 40 and oxygen conduits 42
of the oxygen-fuel Dburner 34 extend downwards w thin
the burner block 38 and termnate at 5 either

substiasiti¢ alrface ol ehesaoftoatittaml ofibd g incliestto padtéay the burner
dlfferent verti cal hei ghts fromthe exit_of burner

bl ocKolatk 3hmpbatiassat 6ﬁwnéf:f§2r%°rafﬁ from W&t g gthermeres psofhown
raw hat ngd d | 0 f -fuel
it R e ot R B S e S R A o
OXY gefursdrail Bgemmtiewnahrdandt}ﬂmttm bamnet blotheiSbmme:mxnate at
bl ock 38 will vary. 10 Additi onal oxygen

are pogEt |SB‘Pr°éHmtaH}'d‘§F afMEokpliEtlen ?!%}H’ba"stt?tléﬁg’ h?“"{’t vertical,
afterhetl s Fl)@rme gﬂ%f J}gﬁ&[k% t he raw batch. The

| ocati o hese tlona Injectors 60 is
dependent Dépendéeten lw@lt pd $uinep Blook 3B8dafm moubkted and desired

burners, however they can be |ocated in practfj cally.
any pQﬂefﬂ“"igr?Of’Wé‘Och)‘é)‘y‘h%\h‘érnqu geatanihe fagigchdlflcAsing and
with th r 0

OXy elp ﬁ‘tea%_[rgé éﬂgg%gp hc? teby ttﬂewg}"ﬁfrgérybﬁ)'cﬁeﬁ &l vary.

[ r‘rpl ngi uce east one
OXygeﬂdcﬁxu&hal bty geer mj?eétdr§60 pregistdhyd woddlaiyotdneslete@ogibustion

-a flame length greater than or equal to the distance

f r om wiid a8gr thegfampy hascimpingsdiome raw thatehs y Hhealogatym ¢inthese
raw géc‘%?t‘?ona %réH&S 6b gsgcﬁae&a{x/fe?‘ 8n§ Bér %llajao%lﬁgrx %‘??od? mounted

the no romt urround I Ng

r ef r agdrery, hd\mreﬁihyy cedbeioaget hprl’abSdGllgwfanga\perriu émthenrgof and
the roof 22 and side walls 18 of the glass nelting
f ur na®@llsto. The inpinging flame 36 may be control | ed

by such Cof\t £c9:| rcﬂg(\,@ Qf?tﬁ e g%s@ntcﬂqgrﬁmnl Who@mardly directed

standard 1 n chem cal processing. For exanple, valves,
t her ningringihg Flanteh® picgitiordsby dm:uzpllea[tt wihe hxsgnntfabl purner 34 is

servo circuits, heater  cont rs and the |ike ar

r eadi Py o5PRt rPHEﬂaéo Shee Eo[:iﬂf’é‘h TSH BT SR B f°6req“e] to the
contr gl h&gfrbﬁ tHEUBR A YRR 146l 88ith Xh@gurféc@%fftld@'ra\ﬂrgq’ass-
oxygen romt e oxygen-fuel burner 34. The i npinging

f | amefo3fmingsinpredizntsed Oyorabasurfick ef t}byn@lmmtgltidSJ andgpviryt fhom the
the rel atlve ve‘Lﬁomty ani rlrr{a

th
vel ocfHTEdine rehecterygtherehy ge %X@gud%é’gr?vg’ih%t%%ﬁﬁﬁd 22
the i EEoe&G@kvaﬂE“is%fttﬁé gﬁgs ﬁ%ﬁgffnﬂnfa(:é’%t’hﬁe ﬁ‘ﬁpmﬁgg flame 36

| east one oxygen-f ur ner he maxi mum and

m ni nay \belcoairbYedoby suvh douedl davitesay gencaniventional and standard
in chemical processing. For example, valves, thermocouples, thermistors
coupled with suitable servo circuits, heater controllers and the like are readily
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
least one oxygen-fuel burner 34.

The maximum and mim'rhum velocity of the fuel and oxygen flow

impinging on the surface of the raw glass-forming material 30 must be
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i npi ngi ng on the surface of the raw gl ass-form ng

material 30 nmust be 22 <controlled to prevent the

di sturbance of the batch nmaterial and entrai nnent of

or the displacenent of glass batch material against

the side walls 18 and roof 2222 of the furnace while

mai nt ai ni ng opti mum convective heat transfer to the
terial, It wll be

surface of the raw gl ass-form
apprceeiral? tOtma\fean*@dsstmbgm%@gﬁ% giclymafgrizgl and,epteainment of

mat e[ i agal ' . 0 '
vy 4B GRRRk i o 1sP PR Pl inf Y e e 1% oot
shorRedf thegumagewhild n@intdihmgWptibdien gbia&sti veehdat M@nsfer to the
furnace 10. In order to determ ne the proper maxinmum

vel corfase Pbitha raw falass-feming orgigaal. If hollvbe inprematedidhat the
vertj.cal | upted and fired downwards.into,a. ged, 10

o gliseecihebobafss B m i GRORsT T douAnfafdnd roof 22
Whi gt RgvasdipeEi@sinadiett ety tAalhhfl GheNposiiPiidrten the
fromthe sand and burner retractions into the ~ bl ock

( LBypetanagflife ohdpeghise meltingnfarcoe $&nd novenent was

di scerned was noted. The data fromthese experinments
was conpadfeddefglgi ddermanehe rppssmayipympKelgeity for the fuel and
co ' ' [ | fd Ui L€

codd R REIRY SHBher s S cRRIRY L MRlnairbh S OB o a bed
sur faFcahaMe avddss hsangtowdsl khdbbeendhadelr Mgl the blgher was
af orenmenti oned experinents. Table | - Maxi mum Burner

Fi riadgusRalt wsdiffont ineigbts from2theHaing and (Hugedr)rera®lons 5ntot the
6 ft 7 f ft 33.94.45.46. 11.5 4.9 5.0 6.2

6. 8 W% @%‘?)1“’8. ‘im?g. 13‘656?%“’2‘.14‘ sif’“é mojergenf Was gisgerped was
8.3 F I ' : .
Vel gRIEYy HBLUhAIRGn THRE Pttt N RO AL SRuptions
nodehs dmoah@napaeany mhidhble ZbnipusationtUfuidod Makiied todes thus

in batch materjal, batch glazing and batch particle

cohedfldmessmakenag yelocky RTRshibesyriacs shave fyhigh gand would be
abov F‘&g” re, it should be
possclﬁ%tﬁgde? g#ﬂ%ﬁagogﬁfléb e ieﬁb?ﬁ%g%?'t to vary the

maxi mum velocity up to approxinmately 25 msec. To

m ni m ze disturbance and
Table 1 - Maximum Burner Firing Rates (MMBtuw/Hour)

Height (feet)
(LBb) 5t 6f 7R 8 ft
13 3.9 4.4 5.4 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 7.4 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 matenal, batch glazing and batch particle cohesion
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
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23 entrainnment of the batch material, however, the
maxi mum vel ocity should be kept below 30 nisec. The
maxi mum and m ni mum vel ocities of the fuel and of the
oxygen of the oxygen-fuel hurner 34 are also
controlled to harness the rmaxi mum 5 energy fromthe
i npi ngi ng flanme 36 w thout damagi ng the surroundi ng

refractory materi.al .. The. i mum eperqgy.fromth

i R ke dRtshgm ARl BORe by DTSR g Qe should be
amupdy BéloReRt m/set.eased to the glass nelting furnace

10 conbustion space and nmaxi m zing the heat transfer

to the ralhe glasssurh andrimgimmen eeloeaitie80f thEHeelamdreftthooaygen
maxi num and m ni num vel ocity 10 range for the

oxy ginthe Ry esrfisd bumer 1y gerdioatntiphied de disrmass dhaamimum
transf - I a -fornm rij.al .
o, 5 eV S50 G B 1 i
val | g fraftdrys Haesral. I Tid thainhfin @nérgh GrdrANhOfimpigikefams 36 is
and |ocation of the oxygen-fuel burner, burner block
opemchigvgé dryeminymizing they emount plebeasfrelenseds igetheaglass melting
oxygen fr the o en-fuel, bur.ner. 34 burner 15

ot nofeimgct IR, <o SEice i SBERPTARG o DL TnBGF fsfhe raw-
fuel o1bur BehfoaRstefisr R GRe \%E@?Q%tl ma}PﬁuﬁtﬁQ%ﬁﬁrﬁﬁ}n velocity
regl%n 56, |§ the region ere the ane 36 penetrates

t he rahgs ol thoeupgearfuel bymer 3ddo igemernges atoeptabblbeeat transfer

surface of the raw gl ass- forn1n8 material 30. Wthin
t hi sratcetyi e @Y, glaprelormgigemaripe Al tyithout demaging the gelpagtory

boundayr.v. er_and.i i nges .on,the sugrface of..the r.aw
or gl FRenieiss AR SRR nBabeds BrBER 8L ohr GebiB and
gr adip@ition2bf the o&?génaﬁx%l tHlAHer, a6& AL bRIcRSopddghg geometry, the

hori zontal flow of the deflected flame causing the
f | ameeleotiepob it Hist wad dixygenr frdinatheyoxaigendud! Hmirnerpd4 geaner

et | e M EHE B oL AR T P ghe g s gpd fumace

gl asgthesim ng material 25 where the pressure gradient
generated by the inpinging flame 36 drops to zero.

W t hi n t h€hsstagmtibnoegior §6,08 titregion wiare thd flame 36 penetrates
controlling, the  nmopentum of flanme 36, the therm
boun@ﬁr‘?erf%ilgi’“‘tq‘?ﬁf laysk adAmRingstiupes the surface of (e Fpslass-

ol i bRl B ART A TG B bR 58 i pRERRIS Pefra®itine
f eat thegfal MoGn@dry ¢dARRDimpAeERI0fi the butfack b thkOralvefliss-forming

generated by the inpinging flanme 36 penetrates nore
easi Ingteriak bnitdies a sharp ipagskyre geadiend af Hw gyrass thiab pepelegates the

mat eﬁcgnazlon%(?ﬂogvuortt tgg HORected H\Ar}leh Ez{]u&n%ethe 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 glass-forming material
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
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
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stagnation region 56 the flanme 36 [um nosity
significantly increases which 24 enhances the

radi ation heat transfer into the relatively colder raw
glass- formng material 30. »At the radial Iimts of

the stagnation region 56 the wall jet region 58
begins. In this region, the flane 36 flows essentially
par al blantéd tHeeradidHbmgRe: tronsFet in&C ehaafdativedy tbldemmedw glass-
boundary | ayer grows along the inpingenment surface and
out wafamingmatenal ¥ agnati on regi on 56, thus the

t hermal ‘boyndary .| f r ' | g

the. surf ach Bt o3 i ihle P ieldh HE s SpHEK) Bgion 58
gl assbEQRSIIAhiTRdgad, He duid 36 Howd ety rpatdiletitof thairepinged
heat generation in the free jet region 54 is the 10 -

r esul surgfceah@ thectbermyrnl bundaey l8¥srgaows alens Hgrimenegment surface

i nside_diameter. of th eni id t ¢

ol ock oA EBeft vhatenti sandootng e AEmal BEhdary laver
and niaxEhMR @rickloffg te suffecereyig@icerddhd hiat flstrig@ditse raw
By selectively cont ro%l ing the design of the
oxygesglaku&irming metenidsurfaeie burner bl ock 38
geonetri cal. desi ngd th Locitie e_.0 :
and f uel 1L5r h§tcrogrg@v]se%aﬁaf’éedﬁ%%%esffwr%tzlor" %t t?];esfée gﬁ%‘t%@ﬁ%‘h@ the

OXygepResafithiome debighadtbtht oxypérPiet @dmpf G4) fHshig diameter of the
controlled partial conbustion and reduced thermnal

r adi appemngrtid sifoths . burnervitlptk B8 angphatleithr &elativeatelpgities and

optim zi ng burner .design ,and o ation of th
oxygeﬂ’-af‘ffg\"mbﬁ'f Spsp tvﬁg’cﬁeg ﬁga?xyég%eapgt @81 Sireams, BY
free g8tcdRY @dshn%‘ilixfgndx_etd@eighe&tth& lbRPEdnefiel BEhé&t 34)QBe dumner
the raw gl ass surface in 20 the stagnation regi on 56

ar e nbhicki 3% gepmetrishly desist g ithg velnsitissaf thgeprerzgneand fuel
in the stagnati,on reagion, The heat .ge eqd i :
free ¢ an?sgé‘ i SR FEf RE esfsegﬁtlwteerbft% %g{@e%’o??do%a%gﬁeams '
pr ocepsRiuced grévidingh oiiied opdréisl panbistibn camdbusduced thermal
the free jet region 54 permts controlled conbustion .
at t headigfdraeraisgpng hl Wil RegPREssiatad thefr by erjimiging Huger ggsign
t her eby . bringi e, Lombust | | 8ratdd in th
the. sabt Sp8 bR B REP IR bk PARARE MRl HH BRI in he
Bri ngifre jtthegivarsausidi the heft haa s repisaxteTat the rdve ghass facze in
of the raw glass-formng material 30 generates . an

el evatthel stagmpomirggien g3t dre MpnamIzed otheighy aaxigyzipgethe heat

e S A

partial conti¢shéadrgeheratedeinf theefipdjet regibws454 geneesait e the

an following processes. First, the controlled partial combustion in the free-jet
region 54 permits controlled combustion at the surface of the raw glass-
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 material 30 generates
an elevated temperature gradient at the surface of the raw glass-forming
material thereby improving the convection heat transfer. Second, the
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
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acceptabl e tenperature for the chem cal dissociation

of the conbustion gases and the products of

conmbustion. These di ssoci ated speci es, once i npi nged

on 25 the relatively coldeg surface of the raw
glass-form ng material 30, partially reconbine,
exothermcal Iy, generating significant heat at the

sur fiRe ﬁemﬁvew BoldEAWr 8T thO kAW Rehs e ffih@imatdild 30€hrtially
fromthe exothermc reactions further augments the
convewimbipe, xathetmealy,egenprating ssgnifl¢aat heati atithasudaceodf the
t he heat 5 resjstance at_the stagn ﬁtlon regi on 56 of

t he T3V glagsdopping APl Jhadsat 5o tRg eXREaNF drackigns durther
t he ngﬁlléhlrs tﬂé cJ)rWé mcél llxegl\’\”lrglgsiéﬁ? t%s‘? Tf%&%xnkiﬂ%n of the heat

ounda a er ed throu

Contrésﬁithm atftlhe’iéfﬁorﬁﬁoﬂﬁé'@m Boodftt subfacd of ﬁhwre\mg@ass forming
generated by the carefully controlled conbustion
charmaatemsli3dtis the rasulftcrféh@fnlkoa‘deg dictarhie raw

e N A e T
the f. o IOSLMRLhuGP R EE W Bulale Blpied B mer&aremﬁmrﬂ}oned
30 into a significantly better conduct’lve nol

gl asembabtteri aharaclérissice anvier sirfiae alf ltieveaw fgblss-tfdsmnhgaxhatenal
generated at the surface to penetrate npre eff|C|entI
i nt o0 ﬁécqﬂeﬁlwthegll%?s"éz?do?‘ﬁf%@ hgat: gsnpratioy @ews f IB“‘Fr?OPYFéS'O“

Crosy” hler chgwr g-%gﬂ%ﬁr @Em&{l% 1vé’lrrqglc % Eg g&lﬁnqngﬁn%\{ %1%1 30 into a

regenerators he pre erre

Pr eseHifi¢ a9 bett@contibdtiveemonttn bRSSHhaRAS. ThRXWdnvERieAtafBws
burner 34 positioned over the raw batch materials

ent &oi thg hehlegentratadant ehet surfanp topenetrhte mere gffofientiyl mfonide raw

and i nprovenent |n klty to recover or boost
prodﬂ%?ﬁgﬂnwgﬁﬁﬁﬂi 8% educe el ectric boost capacity.

Crown 20 IHQH@&%QS BHGRES endfhtivEhMGESFib e 25U0BGE %é?nfsra'icﬁﬁ 81
batch material 30 in Tnpingenment aréa 26. In I

cr odbe prafated egleridment ofehé presers enepbn cahzesras labt ortehjrswn

invention_ at |east one pair of the OE&OSIH ports
wi | Imejanted, bugneg 34 B%Sr"t"i’%ﬂdl Vel Beay bt Sy enmng the

willg [nggé Fﬂ$ Opé‘i U}gte E-Fe{iltxﬁcpﬁﬁd l?r{b% Jﬁ‘?ﬂf‘qu&lﬁﬁto recover

second port ent on anount 0 oost

Addidri wouat }ii@cﬁfctl&’i dapavifyedr bedutereedtad boestl afpatepl dOxuwn-
the glass tank provided there are crown nounted
bur reewntpbdiumesndd isprges htheuswrticeeal 1be datohameaterigl 30 in

¢ epl pa R G Bndal s dttes Rl b et oy ons of

ggggﬁ)s fRent{ SRV RAStCRIVERE I02NAE oBh&FAS bErt®710%ME 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-

mounted burners can be located down the glass tank provided there are

crown mdunted 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-
boost.

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
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30 In the end-fired regenerative furnace of Figure 2B
W th regenerators 81 the preferred enbodi nent of the
present invention utilizes at |east one crown nounted
burners 34 positioned over fhe raw batch materials
entering 26 the furnace to inprove the rate of
melting and inprovement in quality to recover or

boos,e %I%Qﬁ ﬂﬂpx‘b@@ﬁﬁ# bite g)rf rﬂgﬁmg ?!iﬁ@?&e&e%??r? quality to

capacity regen urnace
applre€dier 6nBo&sht ptcmustmmv@ﬁtﬂtsaer tddace eaHE bbo capddityarl all
conventional fuel requirenents wll be reduced from

t he q@dé‘Vﬁémsgdsle@élgﬁ g’wnamanpéxphmwfvmshnmpgym conbustion

he at ast one cr t ed b ers 34 sitjoned.
bvert e Ealy Bate el P Esas il By AR ¥an 3ag prf vious
mat Qfek@hsaﬁdq réﬂ?&éﬂgﬁmnén@é}eéﬁ'o@r@ th@%‘fidﬂeés&) le crown mounted
r oof - nount ed burners can ocat e e gl ass

t ankupnay Bdgbsitivaed oa¢rethe Irzo,wrh)athﬁitedalblaﬁm&hﬁmging the batch
positioned over the unnelted batch materials. The

enermBHCREs 1) MpHZEME %atzﬁeA@ﬂﬁmahwmnE%‘rW@S can be
g Gty S Ao WG ey, o

Cr ogositioned ovectHeedihdlia tfat&hnﬁ\ﬁ@nafs Flmere%ex?gf@ &ditvBred from
recuperator 82 the preferred enbodi nent of The

pr esheitrownvmounied butmers wphcet erleegistedocrd fromoke Adngped, the

burner 34 sitioned, over the raw batch material s
ent dFPAYSY E‘é’vfét‘?‘lf&ﬁléﬁ@ct%of‘%ﬁ%% the rate of nelting

and | npr QyeERfosk q}rgcp?éch%%aﬁ@e furlrde¥ O Fl%{ S@‘J\%h Lecupgrator

pr oduction capaci t uce e ectric t capaci

I'n 82l thermsferretii d’rﬁlﬁbdilﬁemp@ﬂ ki presehtiimestor pilizesadti 108 one
of this invention at |east one pair of the opposing
bur mepkmpgnigd jburiss 3fHosifioped preritharavwy bifcloslatanady entering the

' So'fﬁf‘ne‘lge Hﬂ 96 t}R:l rg@ls)fgn ltuT !n?d M@é{hv&%ﬁh ?riaé fo lteggver

first zone of Buf ners an per zoneé

depeajrddtt pradb&nocipucity @ﬁreae@eséleétﬁa lbbbﬁd:apd'&i@' tInCA)Péross-
roof - nmounted burners can be | ocated down the gl ass

t anKirpd aequperhtivi efu@aaer epplicrioons ofolbrst mderbmnnfé rleast one pair of

osi.ti oned ovr th t batch rlals )

Do tht SR Pl ke Byt raniA doqka R j@iited using a
r eplAGa&S78NefGy Wi hyiedy bé ¥R rm ZBHEVF BSleds {dd | bGflaps the
ports t he renoved convénti ona electric or OoXy-

boostcondnzdrteedepedddnt roadthe emopet af buest frequiede Mdlﬁmgaj rreof-

2D with recuperator 82 the preferred enbodi ment of
t he pewdehOumesen &s loeated z‘g%‘maf he) glasy tapkeproxidgdrihere are

m)ur&_g\g %J?l?gd §1§89r§§)|0g1tlgﬂ§cfjo%rq{1e Lﬁr%eftm;ga% ﬁul'ﬁtenals. The

terrals en
energy delivered from the crown mounted burners replaces energy removed

from the previously firing ports; the removed conventional electric or oxy-
boost.

In the end-fired recuperative furnace 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
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
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'OVEP

the furnace to inprove the rate of nelting and

i nprovenent in quality to 30 recover or boost
production capacity or reduce electric boost capacity.
Inall end-fired recuperat5ve furnace applications of
this invention the conbustlon air and conventiona
fuel requirenents will be reduced fromthe preV|ous 27

deSIde ,qgﬁl? Fegﬁ’ibc%éi Q'gth%ﬁfgg%prgﬁxtg%e Al lgggt olﬂg ?Chvrll %%%B at CF|ner

cr own I oned over e raw

mat guipakBionédlgidri the fdw baeh nileHH £ A dIRidHAI FoofGHRSunRR burners
| ocated down the glass tank provided there are crown

nnuna@dm bmaWér@omwﬁhc|$m@dmokqnowﬂeiuhﬂelmadmbamcmmunmd
rials. The ener del i fromt crown
e B theo sl FtcR bt | ThR chAgy delivered
f|r| [
Ty b 0t S i AL 15

t he pprtethe reradvehduodentoiial electric loe opy-86691t 1 nventi on
utilizes at |east one crown nounted burners positioned

over t he Ip 8¢ diaediradhfnacs of Fé&‘tréﬂﬁwghet prefermigd eahodiment of

e e s A Pa R ST B P gicon
;ed'é‘?}@r ﬁ{eefhlw 'bﬁttchoxﬁﬁltenfﬁﬁp?ﬁéﬁﬁg tHenfL?McedttbLﬁlﬁJrofrf]% 'i}%?rate of
urnace applications o is 1nvention the combustion
ai r nzeigng awd, gnprioverakntf inejualiyotei reerven b buwst [prdxiuction capacity

reduced, fromthe, previous desi gn _.and replaced w th
enePgYeFucs fecH Qg o5t caracityoria Al gt @ﬁﬁiﬁﬁéﬂa%tﬁpﬁéiﬁém“s of

pos'tlﬁxk %\’%QP&Y e ¢ J?ﬁbt{sﬂ ﬂ'ta‘f‘) | gﬁ{l&rﬁoﬂglsfuell ﬂggai?ements will be

tr-alr uel - urner app I ons at

bur neducéd fiohl thelifevisnd aésegh andMdgiatédWath ehedly- o Miest least
burners can be |ocated down the glass tank provided
t heoae grewe mogynted brmeds posinenss s the gawdbaiele matérals. In

?Eﬁ:‘?g%ﬁ Rnl% n{x‘mgptﬁ ! h@h&ml@? felst oY b%Pl;er Ao dlql Bé' Rlated.

aces ene

f r omddigorfal roBgnRRkted bhﬁefﬁ@f{e& qmv&mdo%althe %ﬁlass tank
el ectric or oxy-boost. In an electric hot top furnace

t he pm\ed@r ﬂ@de @nft)@m\m maousfed hemprses@&ntuoneudnmtthg ranmelted

s e oo Vel KRG, B TS BORh et

| nproy §cets, h&xef ?e&fce@eﬂé%rggt?e Sf;‘rgncﬁj ?Hﬁr WETERbvdd conventional

qual ity to recover or tion capacity or
r edeteetrdboralxgeidast boost capacity. Additional

roof - nount ed burners can be | ocated down the g
t ank pr oJn@B@lacHs kotdpr fupessihepisiired wbadament of the present

gg:'ruté\i/e?lggﬁ utﬁe):ég% a¢ heeastupﬁgs c}o% R%Eﬁtgd %ﬁ'x‘;’é’ré % 5 tlongéie over the

raw batch materials entering the ﬁlmace to improve the rate of melting and
improvement in quality to recover or boost production capacity or reduce
electric boost capacity. Additional roof-mounted burners can be located
down the glass tank provided there are crown mounted bumers positioned
over the unmelted batch materials. The energy delivered from the crown
mounted bumners replaces energy reduced from the firing port, the removed
conventional electric or oxy-boost.

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

and remaining air fuel burners. Referring to Figure 2A as an example in the
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nount ed burners replaces energy reduced fromthe

firing port, the renoved conventional electric or
oxy-boost. 30 In all cases nitrogen oxides and sul fur

di oxi de can be reduced by thg careful selection of
stoichionetric ratio of the different roof-nounted
burners and renmaining air fuel burners. Referring to

Fi gurgodfiRd RtRXappli&tion, thehrfers F4OSnhted 86 the! masleAR
application, the burners 34 nounted in the AL or

posi t posnt®nare opeated vathwikcdss etotbssnetio DEYgeonetcraatr a fuel lean
oxygen to .create.a fuel |eat oxi.di zi,n zong, in the

Fur el RaGEREE if tedSptheary GhFAGE SUeRPuBELHt Fihesien BC
and Ofn A NRh& s af tHeRecon@GRADT IPRAh 163 (Wit ﬁoﬂcﬁi%ﬁletrt@&kygen or
stoichionetric oxygen or 5 air creates a fuel rich

(r edusr ogteg alﬂeel |mht(t¢éuctlmg)rmoem tRedumeci 'ﬁlengmpmntgports are

ar e era exGcess StOlCthﬂEtrlC OoX
o et SR Sy e PP R SER D Fesie AP fadizing)

Thi s finehnlif@RirhAGh BROHEWALL @R eRtibY %Wctﬁﬁe?}g% es the
the conbustion zones of the furnace to optim ze

t r anséambuatidn rrongof ¢he fiirhacegenoptnde Heot transifon axhry minimize
creati.ng a carban m)nog}llde screen, 10 The at | east one

roof WHGRELAIER tipR, BY CESAYMER? CHROMEPIEIR PRy

pl aced in anhhemealt sdeUsbs Fbagied 'B%&%é?{ ﬁjfepﬁmgrel’:ta-g’:a?rbe either
retrofitted into an existing air-fuel glass neltér

fur naplecdd)manm\xeaséueﬂ lgasgimaler quuaalce 19 or edtaffitted irito amexisting
air- 0 f|re f ur nace. i1l be reci.ated
t hat %’h U%@E%Séﬁ’ee IehJERETON m?rge?q e lass aliyelaivg foum air
pul | FRf %nly”%?@da%ﬁnacree‘iy%m{é bﬁbrg&é’é& tHR! tthler}&}eJeH{ Hfehtion
15 10 wal | "tenperature and i nproved glass quality as

conpafaeditites & kebstante]l pull ratd inekeabe)radicaon aglassmebing furnace

retrofitted with at | east one._roof npounted oxygen-fuel .
bur not® el b PisEtIaR BT R AP Ao comRTag i B gime ai-

readi i} ARRPIRGhALEHot rBYofitiA8y oK bi eRH oh& rddfencihted dxBen-fuel
use of at |east one oxygen-fuel burner as opposed to

an al buragr as d@ﬂcnbcﬁshemnc &nrtheprage,i zsbivill be derddy N@precmted by

g)r(nysfs{?lrgqn%q’lll glrf'ggp‘g%gtt{l% S€ qfra?%a':gtho%ﬁétgﬁ%e&hfu%g «%/r S i)pposed to
Ret 1 ok 41 wrlfﬂdrg? QEmMBan Bpsdciay iRk ND' rdﬂrﬂEsﬁons@@emdent upon
denonstration o

this invention was the oxygen
boostﬂmgKN@U@W@UQQf6&ygbﬁh@éhv3ﬁQn®ﬁwaﬂéhe%aVEﬁslon to
oxygen boost and finally conventional air fuel firing
of an existing hot 3-port cross-fired regenerative

furnace.gxhhfle { URBRSM WiBSroohidudlel Yoxbifhdianld. air
fuel. Port #1 firing was replaced with at |[|east one

roof nounted oxygen fuel burner. The furnace fired
convention l l )éemonstratxon of this invention was the oxygen boosting, 100%
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 bumer. The fumace fired conventionally
air fuel regenerative on the remaining two ports. In the second phase, Port
#2 firing was then replaced with at least one roof mounted oxy-fuel burner

and the fumace fired conventionally air fuel regenerative on the third port.

In the third phase, Port #3 firing was replaced with energy in the already
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air fuel regenerative on the remaining two ports. In

t he second phase, Port 30 #2 firing was then repl aced
with at | east one roof nounted oxy-fuel burner and

the furnace fired conventlogglly air fuel regenerative
on the third port. In the third phase, Port #3 firing
was replaced with energy in the already 29 installed

r oof - I

wms TP o S Pl Frors P MR SR RP M foeregeed
ener gifomripud 8brtoms 3 .day mihBédiided enérgy hﬂatmﬁnoB)T]ZB Bmm BidJ/hr
furnace was re-converted to air fuel firin

i ncr etfeht dimsBAYAY:  Thesfussasapyes ErefRNETF e ok el firing in
abi |1 f¥rehRns@ls FaQ’H Vels %xgﬂg%t déhlb @?f 3L 1R By ftéj%lelectwely

furnace as well as to provi total heat I nput
gl assbdast aaedstingoair figed furmaemndseseldny tof pmkndleuonabh&t 1ﬂihm for a
process does not require water-cool ed burners

Exanpglass2fumsee feam Jae-marned ospydee RURers: n?&g?rézpess does not
pxygeggﬁﬁgggggcodéfbégegxy fuel burner provided with -
0

i ntegr sta oxygen, by neans of the burner
configuratlon or the burner in conbination with the
burner bl ock, has been shown to provide jincreased heat

t r ansf dixage 2 e Bumes anq\@@erﬁt&e@w% ytegak Heepr dasne:
invention, at |least one of this type of 15 integrally

st aged burner 103 is provided in the roof 111 of a

gl ass mel t AnQoxytfuendamed pooviddie withir inedgrdl Oadisg iodemdyleyn, by
positioned over the raw batch nmaterials 130 and is

pr ef emgHIsyofaig) RamFueaniighetion s tha fuenea) ipremuigatiop with the

FI G

of 1 a4, hath!shdhn1p pRNRE inbidsdd gk Rk BR ffced
bur neNOétnd Avgsrdéig bj QK préstit Bwegtiondl at deysyeomessagiingype of
Referring to FIG it has been shown that a_burner

122" WP HeT eI 028 FBUATE I PRb Hogf o dfesg melting

gl assp el ting. f YiRaggndd Fovit hdga‘llg %o“sxt?aﬁéee&ve'r Nh&GLQ! Hatch
112 external to the burner 122 an 121 can

pr odugeteridlsgBe and &aireferMs hrgdled 1A titat fiangleadpith (< in FIG. 6)
burner. The burner 122 is preferably led from )
about e@ls-shgub BB abgst } & ar |tlwedltrfe9t1pn of é&r ghaeefloy 10Adn the
glassgand. in the direction of the glass flowin the
furnace ﬁccordlng to this exanple, 0%to about 90%

of the stoichiometric conmbustion oxygen is injected

Example 3. A bumer and bumner block with external 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
oxygen injectors 112 external to the bumer 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
through the primary oxygen burner 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
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an oxyadidsdat "dusker

30 through the primary oxygen. burner 133, and the
remai ni ng 100%to about 10% secondary conbustion

oxygen 134 is injected through the oxygen injectors

112, which are angled fromagout O to about 90

relative to the 30 surface of the glass. As it can be
appreci ated by one skilled in the art, the nunber,

angl egande JMENG 181 At AW aRDPYptidisd BESh@8EHed in the art, the
specifically for each furnace, in order to delay the
combuswinber, ofgle bl fmentiofStagimg poristis dagipneyespepriicaldy for each

near the surface of the raw.gl ass t ch eri.als. 5
a8 T BFHE TIOR8t DS GHE/ o BiL L Tpgibees on
roof pouaAt 8 sulietTTife raW 8 asstiginnBatefialgonbust i on
utilizing oxy-fuel burners can be 10 acconplished

according to the invention by inter-burner staging, :
bet ween_at | east. t roof nmounted burners. One of. the
bur ner QE’f%“pdi)e atlgﬁ\p%?@ﬁ (128UE, PEREE R P8t | (NP [l mounted
that {gmeish @ fuel-rich node, and the second or
additional burner(s) is run with the bal ance of the
oxygen required for conplete conbustion, that is, in
a fuel -1 ean, node.. Experi nentation.,.was 15 duct ed on
t he boost i ﬁﬂe of "% oﬁﬁéﬁ%&ﬁ%ﬂn ﬁtvlzﬁeloxygg‘gng’}lg}efsvé:an be
gl ass acoHpNAGER sbdCdind8rtRe iWRnBEn b TutErBUMEWHAPRE bifveen at
were operated in a fuel lean node, while the
upst r &ast twooofof mpeuttet] bosgrst u€lneafr therbubgers waoperated at sub-
operated in a fuel rjich.node. (FIG.8). .This de of
oper afPERIGIYIdEF inthgk S e gﬂ‘f%’é‘ﬁh z%‘ﬁg?’ ) ;{B% necqng or
ﬁ%?riﬁ ;ruh GVEPWRE bAMn@ ofithe fdt§ben k&plred for

20 zone. The result of operating the glass furnace
accor dompleteocantiustionst thetdisnas 2 fugl-leasrmeedse Eyperaoentation was
capaci il Sy LROELIG, e OBl RTS o B diiniline g
i nt er fibkidaar 0sivaghengoinhé ks bhmersal®2! w&d dpbrated in a fuel lean
conjunction wth the two previously detail ed staged .
conbustodervhitethepsieams roof mampiadiske-ael bomggilfl was operated in
conbustign.i.n_a.gl lting f e Wth n
bubbl 8reS BRSO P o T mg L BBl dn i B ER en oy fuc
-t 0 t R@nijouenidjRent @0an BYX PV SridhNfonds GolldfvedXbygem air-fuel lean
bubbl ers in conjunction wth at |east one roof

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.

Example 5. Staging combustion in a glass melting furnace with oxygen

bubblers.

One method of staging combustion according to the invention
involves the use of oxygen bubblers in conjunction with at least one roof
mounted burner (FIG. 9). Oxygen bubbling has been used for several glass

manufacturing applications, such as to mechanically promote the convection
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nmount ed burner (FIG 9). Oxygen bubbling has been used
for several glass manufacturing applications, such as

to mechanically pronote the convection 31 <currents
wthin the nolten glass. Oxygen is soluble in glass,

and under normal operating conditions only a snal

anount (less than 5% of stoichionetric) of oxygen is

i nj ect@edtotAtiNenOhdRen gBss POOkfdea s NGluble Ire@fdss, andeunder
roof mounted oxy-fuel burner 105 above a single oxygen
bubbl eprmialogperatings candivansoronbyimal| senadk amewhl less theni 8% of

possi bl e.to gperate the.roof upt ed oxy- Juel ... .

Do mof G TR e 6 b1 IR T st By Rsitoning at least

sub- sbk fUreRRIntdoxG FR8iHubR 305 abéle qssahp%é ¥x @ bubbler 108, or
Vi a

remai nder of conbustion oxygen 134 ubbl ers 108
| ocat edowrer tundlefdfdwbblen7itds ppsseble taeperate|theroof mpunted oxy-

Thi s enhances, avai l.ability.of X n at t -

131" s B BEE oo} Bl PgbibiebiCon s g Bur on 8RS and
parti @JxﬁcP\{y tHDreAMirde? 6Cc o5 sBTRUSH bRybeR 104 ued Sutdlers @08 ldcded in
i nternmedi ates. Exanple 6. Oxy-Q 1 Burners.

Convetitd Bnait 1687 lof dhel gtagy gesitenilll 0 Fheeshanses ghenguailability of

e O S B 1 Sl B G QT B Qe P goriy
at oM 3g{dszdedhibdstinGR6AREs GQBRVE HRemBaRlesOr

nmechani cal atom zers (using either pressure or
rotational energy). The flanme shape is governed by

t he thr#st oféigf S8 and the size of the droplets.
Convent F8HAP €Sk y=Bi " BIPHA&rs woul d rel ease a high

proportion of.the heat in the near roof position. 20

As shown in FIG._lO,.in this oxy-oil burner design

t he maj ori tGonyéntionhleoit ant wsy gemoibkymers fogredass encltipg, furnaces
about 60% .js injected.by . at least. 2 .nozzles 0, - 0r -
a pluf %P’ @]yt h%f’ °Tﬁ%‘?§ B ef loj% g g%écg‘n}clzaé’ SOF 'fncgt? ng %gb é’te“%er fvin

apart fiui®Romi¥&t (64HSkRE & Edmpressed s cgmebikanidal atomizers
stream 137, to a point.beyond the initial non visible

conbudusing cithmerassure Reraspionabengyey) THA dispeshppeis governed by
th | i :
oo BREHE IO D FUGHE S LRGSR Rpat oxon

OXYgemuicpdweeld réleae aihigh prop&tior df dHeehestriacheassar suot positon.
descri bed herei nabove, and. del ays conplete conbustion,
until it it PRRE BF1Gorl Onthis AEy-PRARUBISE drsigmkt8F Aty of
The r Lol 1Y, & Al Etd O°I % égd ¥y at least 2
adjacgﬁacgﬁgg%%ﬁégﬁg?f@QF%'Ekghgﬁﬁ s?régﬁf g% SULR' as

Vi a t hezA0s 886 10r ai PigraliBod iez2138 up o a_coadenaitdiiig enabpart from,
concentric oxygen tube (not shown),or by tertiary . . ..

i nj ectiebsubisintipldy sumovadiae dureil seapy ] h 1oz pgik bpyprddhe initial
(not non visible combustion zone of the oil spray. The centerline of these nozzles
is preferably angled about 45° to about 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
atomizing medium 138, via an additional concentric oxygen tube (not
shown),or by tertiary injection in the furnace-such as by an oxygen lance (not

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



10

20

25

30

shown), to achieve conplete conbustion. This oxy-oil
staged, roof nounted 32 burner mnimzes heat rel ease
to the roof while maxim zing heat transfer to the raw
batch, due to the additionegl2 convective heat transfer
on the surface. The burner“may be cool ed by a water

j acket having an inlet 139 and an outlet 140. 5 An

oil ,atom zer _co |y, used .int ass_indust.r or
conV IR TGREm R Pefh genc Cybg o ST PRy R ok bffger o
madepefraw Rt budiPdealddRRmbl difvectileZifeal HAMIENLS the surface.
atom zer using Laser Doppler Annenonetry, to produce.

a rEarbypaetmay be chcdareben watergiukat hddingnarcindatd 39%0dan outlet
| CE-06n) when atomized wth conpressed air. 10 W
havel4%ound that in this and in other series - .of

bur ner s, . i . Qb i | .
ot & MRS £AARHS ol uBPiiht RRK Afubehy A B fehtional

f | anméltigarhab®evn bMBHS S ReasiPerhéntd rade@ifabe biladfoplee particle
atom zer tip. During this non-visible conbustion
phas#zd frotrh thih gtongkersesing [LasergDopplen Asmempmgtryi to produce a

G agBFaN PEHE FESRE S LAToH] S PR oA (151 ORelghen aomized.

bur ngfin cbitpRes&iad@t herm ¢ reaction absorbs radiative
heat energy fromthe surroundi ng environnent, and

advant ageWies hyve fadwdcédmt tihethietand adi ather @etigsaof bumers, the
transfer to the furnace roof. The &;esent i nventi on

i nclepmeistipe of Y apk spazy wrdsiayed untihike opaerle e qxygen stream.
i gnj f.j. cantd v hi gh ticle sjze, . of .
Sbout Bt R Fin BE s esbhBrap M BEER B 8 domizer

r equiig. e D hgndIE UoR- kbR tamhBedtioRaptas€ i, thansbtaglass melting
result, the thrust of the flane is reduced. The )
par t fugdcy, thteomil zadidlasiye i teduchdophets ehdetberfmic| evaporation.

t he of -mount ed burner, and at |least partially ..
evap P50 SRR ik SR B Bubtes, B e PisnBiinhgtion gosorts
ZONeraafhide BBt chérl Fom IRMurrodRdihE @nRSInTRHT) Hf Qﬁ'hﬁt‘ég&fusly
conbustion reactants and products at the surface o

t he rducdsabehet ribateredieat shsiidrdo e fupmse tdodn 30 nis to

avoi d air_ borne novenent of raw batch materi als.
Because algaBresd erhveag%wgtéw; ?}Per%sé ﬂ%éf‘ alypizahatprggpces

L1 | ST bt e B38 h Gfrne 1o
j et DOE66m).0 LehicerRudy Birefoired to produck thivelagfedparticle, and as a
pref liglglidthte -q}?}ustséfa%ienf?argg 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. |
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
bome 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
fuel jet close to the outlet point. It is therefore preferred that staging of

oxygen, and hence combustion, be acéomp]ished by angling the oxygen

outlets from about 45° convergent to the axis of the fuel stream to about 11°
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oxygen, and hence conbustion, be acconplished by

angling the oxygen outlets from about 45 convergent

to the axis of the fuel streamto about 11 33

di vergent fromthe axis of the fuel stream This can

be acconplished with externally 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-divdrger ffdnantesaky oéittteefuehstredne fboheani accompliskethwith

lTead to extrenely radiative car bonac&ous speci es |
g

1.N
t he eKteanAdly sfigsd baFAph 2p WeHEs SBEh Indegitingstess ers where the

fOr'Eﬁggé%ﬁoﬁ[eéi@%foéﬁe%%?ﬁe Rirfied 6’18&1{0' phase cracking
and Terornation the less volatile conmponents in

the oi | dtagplpksbrne Gagreusdpdtatr edidivesidbiesnfrom oxy-oil
reactions | eading to soot formation. The former .
nec Hiamesnby slteriag shd aneshaniompythptacgre lepdopst sktremslysraginiive
the presence of aromati ¢, conpounds e.qg. asphaltenes

The CRBRHE SREESH T8 T5FBno B SRR A BSe ol the
and o fhalor b €l HeLRS A BEEd RARLd &atRing 2hd'tébBfation of the
gaseous phase reactants, e.g. acetylene, can react

vi a lessmdlitile edmpofientemcthe @il ¢graplks dmi gasemtsydlakeg céraiensation
aromati ¢ networks and eventually solid sogot, 15.1n on

( Yy e
enbdERGHERE leadng tor ook Mrmakiornkhisnoppet weehhnismy{s syasgdated

a hi,gh,_ degree, of .at oni Lon r I '
d_rop et]%r,ggo(rllr%ﬂweg %rec?eg}mcz)?‘ ng%e%é%g@ ? g%‘g‘g“&%_ﬁ@ SJ(S)HRJOILmdS ©&
M CrRpifalteRELT ThebédonahithadiOmt i@ REMLLedIA HIBIC kSeratafes and
that the time spent in the |liquid phase is short.

Thusfpell righi @gphasehae gektially safuratddnigniervsl phase seaptants, e.g.
resul tant solid carbonaceous residue is finely djvide
and SOV CPhERchY bR MR B8 seacHaRPRPsHy ey form
| ncrgasefe SbAGSNA S nudtBPidid Sbiki Ng wi th an

atom zing nmediumin the initial burner region, such as
by i nducinngneaembedditniente theepreserityindérftioa rprefemblye utibzes a high
the fuel atom zing and oxidan [ eas

streans to | ncr
t he 9e8ree ¢fratumEzalon o ngubeaggaltlj Qllﬁ;{{g@ggs, p%med?r)ger ofe about 5

dil b ’opbﬁgfn%}onej Gladral) 985 16 10 4 Iﬁgﬁaryléziéo that the

dro us creatling a nmor e subst ant

-honoggeapust i Xeuliquidvgtiage lis GhomapThiug, eliqfidigihase cracking is

dropl ets, oxidant, atom zing nediumand partial |
conbustingedpnd dox resultmd selid eprbondceousmesidue s fnglhp diviedand

an oxidi.zi ng atom zi ng nedi,.um.creat.es a_partdall .
pr ec‘aﬂgéf&isegﬂ Sih %fﬁem. | Eeﬁd’lif% qye§§ BFEH 5)ts . él(g% [Ag. Rapid
The AMBuOtvidf an loPiLidE MHedBA] Mh NhitANYGREr kékiétlSuch as by
initral Tegion of the flanme is very nuch o
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
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

dependent on the sooting nature of the fuel itself, which is a strong function

of its chemical make up.
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30 dependent on the sooting nature of the fuel itself,
which is a strong function of its chem cal nake up.
34 It is known that as a broad rule the degree of
sooting that occurs is related to the CHratio of the
oil, with a nuch reduced téﬁdency to soot at greater
H concentrati ons. However the trend becones extrenely

cathes. Shis BASYRHRNSS bl P S g gf 502 B Sl
o TR IR DB By 3040 SR ey o o
C: H grafteOH &meentritions. Helveves theseénd bécomes emtremelygertdie as

sooting tendency include air, oxygen, steam natura
gas hacropaiobenl dhe duehi inergpses i reapthas Tafe extrenelit gepne to

have a.. purely oxidi zing effec he .l ast two have.t he
o 1 ewptgl TRpE RO Y o5 g5, e gt gl o o
VapofiadeOtHeZ 8ddtig EREEALH WhXdiFRiohNoft (IR TSI ralYr NREomizing
region so that sooting conditions are avoi ded. Steam
has medionisi neefuleirf ecunterany thec sapingdtend¢rtyr mdlugei aig oxygen,
heating fromthe majn flanme and/or f\hir nace cg_uses

gasi {iFERt FAW 2} 82 ANdRdregF N ixtysed aﬁeﬁg &bF 1% tiyp have a
for - L eactdan. I | t P ] - :
bur nédr+ egll%’%ﬁ%t ee%grﬂljé;&rs]g?yq F%S itggf E%t d%tegﬁgéhzfn? ‘H ratio

bec ojiethe aslevipbithioynifatdasraediSmf medturstin@hemeantimer region so
interacts with. surroundi ng secondary oxygen_streans
i n tthet seetingraenitionss arex penideshc Seanwihap a §embmed taffect, and

g: Zg%glp%%iwgﬁrg E&rgﬁyg b?ﬁ%%;{ggrﬂﬂgg\@lq Eféﬁ]%ﬁ%{%ﬁ%‘rfug%gé, causes
.Sho"‘%asfﬁﬂﬁﬂﬁ}éagﬂl)ﬁé’toid&cﬁ ?i_eld%;% WePanddeSfod Rfthef RlactiGe
In roo ng

nmount ed gl ass nelti urnace applications,
usi ng f uBblieviagethepinitivdi mdae shurfiaroregmme theitertgimsti lipnd fuel
(oxygen) injector and two inner fuel injectors;, on .
Con S BOTE] crsraiialis hostist BUF 1AM i, sEieRy With

25 | m‘ﬁﬁﬁa‘g?{% aRn oﬁ?%@“ @feafiid8h thOIs&RE Fharfiet BY experienced

adapte ow vel ocli Injection. The 1 njectors
pr ef etithhlsy of heptdgeé gad bureas dischssed abborecent ri ¢ t ubes.
Burner flanme | ength and oxidant-fuel mixing is
controlled by a central high pressure fuel jet 142,

fi'r sbriplF ERSHERBRy FUIBIR S "0 0% of ¢ he

fuel stream This high velocity, 30 high nonentum fl ow

governs .t I)\% folxi-rgels I?Jgrpn%r alnsc(i) tslqgwrrln é(cihgr%htiéa?ltyh?rg IEIE‘”” was
designed for use in roof mounted glass melting furnace applications, using
fuel staged principles, from one outer oxidant (oxygen) injector and two
inner fuel injectors; one central fuel injector being ad.apted for high velocity
injection and one annular fuel injector being adapted for lov;/ 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,
high momentum flow governs 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



10

20

25

the | ower nonmentum fuel gas shroud 143. This gas flow

is also higher than that of the oxygen flow, in order
to control the m xing. The remaining fuel 35 143

(about 90-10% is supplied fromthe second fuel feed

148 concentrically throughsat |east one annular fue
injector fornmed by tube walls 152 and tube walls 153,
with the conbustion oxygen 141 being supplied fromthe -
oxy LA/ Vis : iNeaqt

by TR R E PO PRI (RPROALGICPIRA S ooy
centthadughiag feaptr @esanhelar fiied Ghjectog formied dytthiee vatle 162 and tube
m xi ng due tq the high monentum of the jet., The

centw%is 133 Wit the spgmBugiinn exygen hél being sHppitpdoffomHbe oxygen

roaneeb s IEE af S Tty G AL EHETY oBe M B aput woe
and 2oy StAe bitle cO@81 highl ﬂi&@hécﬁajéﬁc%rf%cfv?lgﬁsbtﬁé Ghe of

and oxygen in a staged manner near the” batc
sur frazeng dueatoghabighfrnomentemapight gat The cer@pl janabthged due to

the central,. hi vel oci jet may have a | ower nass.
t harlh¢ RErAuginey |618iﬁ69°9<f§§r ghoptreayts. | B apangpent provides 2

no f : r Let 4§ hi n :
ol A PoRTIRE T O8] BE) oo BER gl R owing the fue
a |gdagqub htéraed wRhppk ibatthbindxlypeiinth ftugdd Mufie meaSthe batch
as an oil burner, rather than 15 a gaseous fuel, and
t he supiaes invealglass fympeeeippdisaivend Paijornmdlypiheseentralhighoigtocity
fuel.. The patents and docunepts described herein are

ner By TN CI Bt S 55 PR APEIRE R HoliGhi s 1onE s the
| NV eRbneMRupAST e 8Lt R4 b4 ﬁgﬁeﬂ n detail with reference

to 20 certain specific enbodi nents, those skilled in
the art winl bnea embgdinront,t thathipherbcitareentblh@@t may comprise a

enmbaodi nents within the spirit and scope of the clains.
't SIS (el YRt dy bad ful dumshaych Anen PHeUptEsather than

i nvent ' bl thide he e _
N TR o Ty
nodifuelcati ons and equi val ent enbodi ments defined by

~the following claims. 25 36 CLAIMS 1. An oxy-fue

bur ner cohit PHg and dpeymentydescobed hergin 216 derabyjisearperated
and I nner fuel injectors, the innernost fue
injé’t%?“%g%hg adapted for high velocity fue

i njection ) ) - - o
Although the invention has been described in detail with reference to
certain specific embodiments, those skilled in the art will recognize that there
are other embodiments within the spint 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 vanations, modifications

and equivalent embodiments-defined by the following claims.
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5 and the other fuel injector being adapted for | ower
velocity fuel injection. 2. The oxy-fuel burner of
claiml wherein the innernost fuel injector is adapted
to provide a central high pressure fuel jet; the
other fuel injector is adapted,;fo provide a
substantially annular | ower pressure fuel shroud
outwardly concentric to the central fuel 10 jet; and

t ant injector is adapted to provide a
substanti al ly annul ar oxi dant stream outwardly
concentric to the fuel shroud; the oxidant stream
bei ng provided with a | ower nonentumthan the centra
fuel | eAn oXy-fhtlebupxar-chmplising mhkast@whe ober nxilantiafeeionand two inner
the fuel injectors are adapted to 15 provide a

IFEQHR clokE the iflnertldst ﬂ&Mn{e@_@r bbiap Respted fo hadhMelocity fuel injection
wherei'n the innernost fuel injector is adapted to

P E?ggitﬂgegot?g] égglgbﬁagv gkigggg%gﬁg@gogg i Vettihty itd166EQfor. S
2. The oxy-fuel burner of claim 1 wherein the innermost fuel injector is adapted to
provide a central high pressure fuel jet; the otﬁer fuel injector is adapted to provide a
substantially annular lower pressure fuel shroud outwardly concentric to the central fuel
jet; and the oxidant injector is adapted to provide a substantially annular oxidant stream
outwardly concentric to the fuel shroud; the oxidant stream being provided with a lower

momentum than the central fuel jet.

3. The oxy-fuel burner of claim 1 wherein the fuel injectors are adapted to

provide a gaseous fuel.

4. The oxy-fuel burner of claim 1 wherein the innermost fuel injector is adapted

to provide a liquid fuel and the other fuel injector is adapted to provide a gaseous fuel.



