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SUBMERGED COMBUSTION BURNERS and a longitudinal bore having a longitudinal axis , the 
external conduit ( 10 ) and first internal conduit ( 12 ) forming 

BACKGROUND INFORMATION a first annulus ( 11 ) for passing a cooling fluid there between , 
and a second internal conduit ( 14 ) substantially concentric 

Technical Field 5 with , and positioned internal of the first internal conduit 
( 12 ) , the second internal conduit ( 14 ) comprising a first end , 

The present disclosure relates generally to the field of a second end , and a longitudinal bore having a longitudinal 
combustion burners and methods of use , and more specifi - axis , and configured to form a second annulus ( 13 ) between 
cally to burners , submerged combustion melters , and meth - the first and second internal conduits ( 12 , 14 ) , the burner 
ods of their use , particularly for melting glass - forming 10 body comprising fuel and oxidant inlet ports near the second 
materials . ends of the conduits ; and 

a formed , one - piece , integral burner tip ( 4 ) defined by an 
Background Art inner wall ( 28 ) , an outer wall ( 30 ) , and a crown ( 32 ) , the 

outer wall ( 30 ) removably fixed to the first end of the 
A submerged combustion melter ( SCM ) may be 15 external conduit ( 10 ) via an outer connection , and the inner 

employed to melt glass batch and / or waste glass materials to wall ( 28 ) removably fixed to the first end of the second 
produce molten glass by passing oxygen , oxygen - enriched internal conduit ( 14 ) via an inner connection , the formed , 
mixtures , or air along with a liquid , gaseous and / or particu one - piece , integral burner tip ( 4 ) comprising a generally 
late fuel ( some of which may be in the glass - forming central flow passage configured to pass a combustible mix 
materials ) , directly into a molten pool of glass , usually 20 ture therethrough , the generally central flow passage defined 
through burners submerged in a glass melt pool . The intro - by the inner wall ( 28 ) , the formed , one - piece , integral burner 
duction of high flow rates of products of combustion of the tip ( 4 ) comprising a corrosion resistant and fatigue resistant 
oxidant and fuel into the molten glass , and the expansion of material , at least one of the corrosion and / or fatigue resis 
the gases during submerged combustion ( SC ) , cause rapid tance being greater than material comprising the external 
melting of the glass batch and much turbulence and foaming . 25 conduit ( 10 ) under conditions experienced during sub 

In the context of SCMs , SC burners are predominately merged combustion melting of glass - forming materials . 
water - cooled , nozzle mix designs and may avoid premixing Submerged combustion melters ( SCM ) comprising at 
of oxidant and fuel for safety reasons due to the increased least one fluid - cooled burner of this disclosure , and methods 
reactivity of using oxygen as the oxidant versus air . One of producing molten glass in the SCMs , are considered 
currently used submerged combustion burner employs a 30 aspects of this disclosure . Certain methods within the dis 
smooth exterior surface , half - toroid metallic burner tip of the closure include methods wherein the fuel may be a substan 
same or similar material as the remainder of the burner . tially gaseous fuel selected from the group consisting of 
When using such burners in an SCM for the manufacture of methane , natural gas , liquefied natural gas , propane , carbon 
glass , the burner tip is placed in an extreme environment . monoxide , hydrogen , steam - reformed natural gas , atomized 
The burner tip is exposed to corrosive combustion gases , 35 oil or mixtures thereof , and the oxidant may be an oxygen 
high temperature glass contact , internal pressure from water stream comprising at least 90 mole percent oxygen . 
or other coolant , vaporization of coolant within the burner B urners , melters , and methods of the disclosure will 
tip , thermal cycling , and the like . As a result , it has been become more apparent upon review of the brief description 
determined that thermal fatigue resistance , high melting of the drawings , the detailed description of the disclosure , 
point , high temperature corrosion / oxidation resistance , high 40 and the claims that follow . 
temperature structural strength , and ability to join / fabricate 
are some of the key requirements for designing next gen BRIEF DESCRIPTION OF THE DRAWINGS 
eration SC burners . 
Due to these requirements , noble metal alloys have The manner in which the objectives of the disclosure and 

become the focus . However , being expensive alloys , it is not 45 other desirable characteristics can be obtained is explained 
presently economical to fabricate the entire burner using in the following description and attached drawings in which : 
these materials . Because of this , a new challenge has FIG . 1 is a longitudinal cross - section view of fluid - cooled 
emerged , and it would be an advance in the submerged portions of a prior art burner and burner tip , showing typical 
combustion art to join the noble metal alloys to common welded connections between conduits and the burner tip 
structural materials such as stainless steels and Nickel - based 50 comprising similar mild steel or other base metals , and 
alloys without sacrificing other concerns , such as good illustrating a central , substantially concentric fuel or oxidant 
mechanical strength , coolant leak proofing , and noble metal conduit ( not shown in other figures ) ; 
recovery . FIG . 2 is a longitudinal cross - sectional view of one 

non - limiting embodiment of fluid - cooled portions of an SC 
SUMMARY 55 burner in accordance with the present disclosure ; 

FIG . 3 is a detailed cross - sectional view of the burner of 
In accordance with the present disclosure , submerged FIG . 2 illustrating various features described herein ; 

combustion ( SC ) burners are described that may reduce or FIGS . 4A - B are longitudinal cross - sectional views of two 
eliminate problems with known SC burners , melters , and non - limiting embodiments of fluid - cooled portions of an SC 
methods of using the melters to produce molten glass . 60 burner in accordance with the present disclosure ; 

A fluid - cooled burner comprising : FIG . 5 is a schematic cross - sectional view of an SCM in 
a burner body ( 6 ) comprising an external conduit ( 10 ) and accordance with the present disclosure ; and 

a first internal conduit ( 12 ) substantially concentric there - FIG . 6 is a schematic perspective view , partially in 
with , and positioned internal of the external conduit ( 10 ) , the cross - section , of a spin - forming operation that may be used 
external conduit ( 10 ) comprising a first end , a second end , 65 to form burner tips and lap joints of the present disclosure . 
and a longitudinal bore having a longitudinal axis , the first It is to be noted , however , that the appended drawings are 
internal conduit ( 12 ) comprising a first end , a second end , schematic in nature , may not be to scale , and illustrate only 
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typical embodiments of this disclosure and are therefore not comprise minor amounts of non - fuels therein , including 
to be considered limiting of its scope , for the disclosure may oxidants , for purposes such as premixing the fuel with the 
admit to other equally effective embodiments . oxidant , or atomizing liquid or particulate fuels . As used 

herein the term " fuel " includes gaseous fuels , liquid fuels , 
DETAILED DESCRIPTION 5 flowable solids , such as powdered carbon or particulate 

material , waste materials , slurries , and mixtures or other 
In the following description , numerous details are set combinations thereof . forth to provide an understanding of the disclosed SC The sources of oxidant and fuel may be one or more burners , SCMs , and methods . However , it will be under conduits , pipelines , storage facility , cylinders , or , in embodi stood by those skilled in the art that the apparatus and 10 ments where the oxidant is air , ambient air . Oxygen - enriched methods covered by the claims may be practiced without 

these details and that numerous variations or modifications oxidants may be supplied from a pipeline , cylinder , storage 
facility , cryogenic air separation unit , membrane permeation from the specifically described embodiments may be pos 

sible and are deemed within the claims . All U . S . published separator , or adsorption unit such as a vacuum swing adsorp 
patent applications and U . S . Patents referenced herein are 15 tion unit . 
hereby explicitly incorporated herein by reference . In the Burner tips may comprise noble metals and / or other 
event definitions of terms in the referenced patents and exotic corrosion and / or fatigue - resistant materials , such as 
applications conflict with how those terms are defined in the platinum ( Pt ) , ruthenium ( Ru ) , rhodium ( Rh ) , palladium 
present application , the definitions for those terms that are ( Pd ) , silver ( Ag ) , osmium ( Os ) , iridium ( Ir ) , and gold ( Au ) ; 
provided in the present application shall be deemed control - 20 alloys of two or more noble metals , and alloys of one or 
ling . All percentages herein are based on weight unless more noble metals with a base metal . In certain embodi 
otherwise specified . ments the burner tip may comprise an 80 wt . percent 

As explained briefly in the Background , one drawback to platinum / 20 wt . percent rhodium alloy attached to the base 
present SC burners employing a metallic burner tip of the metal conduits comprising the burner body using lap joints 
same or similar material as the remainder of the burner is 25 and brazing , welding or soldering of certain regions of the 
that , when using such burners in an SCM for the manufac - lap joints , as further explained herein . 
ture of glass , the burner tip is placed in an extreme envi - When in alloyed form , alloys of two or more noble metals 
ronment . Using noble metals and alloys for burner tips may have any range of noble metals . For example , alloys of 
presents the additional challenge of attaching the burner tip two noble metals may have a range of about 0 . 01 to about 
to the base metal of the remainder of the burner . The present 30 99 . 99 percent of a first noble metal and 99 . 99 to 0 . 01 percent 
application is devoted to resolving this challenge without of a second noble metal . Any and all ranges in between 0 and 
sacrificing other concerns , such as good mechanical 99 . 99 percent first noble metal and 99 . 99 and 0 percent 
strength , coolant leak proofing , and noble metal recovery . Second noble metal are considered within the present dis 

Various terms are used throughout this disclosure . “ Sub closure , including 0 to about 99 percent of first noble metal ; 
merged ” as used herein means that combustion gases ema - 35 0 to about 98 percent ; 0 to about 97 percent ; O to about 96 ; 
nate from combustion burners under the level of the molten 0 to about 95 ; 0 to about 90 ; 0 to about 80 ; 0 to about 75 ; 
glass ; the burners may be floor - mounted , wall - mounted , or O to about 70 ; 0 to about 65 ; 0 to about 60 ; 0 to about 55 ; 
in melter embodiments comprising more than one sub - O to about 50 ; 0 to about 45 , 0 to about 40 ; 0 to about 35 ; 
merged combustion burner , any combination thereof ( for O to about 30 ; 0 to about 25 ; 0 to about 20 ; 0 to about 19 ; 
example , two floor mounted burners and one wall mounted 40 O to about 18 ; 0 to about 17 ; 0 to about 16 ; 0 to about 15 ; 
burner ) . " SC " as used herein means " submerged combus - O to about 14 ; 0 to about 13 ; 0 to about 12 ; 0 to about 11 ; 
tion ” unless otherwise specifically noted , and “ SCM ” means O to about 10 ; 0 to about 9 ; 0 to about 8 ; 0 to about 7 ; 0 to 
submerged combustion melter unless otherwise specifically about 6 ; 0 to about 5 ; 0 to about 4 ; 0 to about 3 ; 0 to about 
noted . 2 ; 0 to about 1 ; and 0 to about 0 . 5 percent of a first noble 

As used herein the phrase " combustion gases ” as used 45 metal ; with the balance comprising a second noble metal , or 
herein means substantially gaseous mixtures comprised pri - consisting essentially of a second noble metal ( for example 
marily of combustion products , such as oxides of carbon with one or more base metals present at no more than about 
( such as carbon monoxide , carbon dioxide ) , oxides of nitro - 10 percent , or no more than about 9 percent base metal , or 
gen , oxides of sulfur , and water , as well as partially com - no more than about 8 , or about 7 , or about 6 , or about 5 , or 
busted fuel , non - combusted fuel , and any excess oxidant . 50 about 4 , or about 3 , or about 2 , or no more than about 1 
Combustion products may include liquids and solids , for percent base metal ) . 
example soot and unburned liquid fuels . In certain noble metal alloy embodiments comprising 

" Oxidant ” as used herein includes air and gases having three or more noble metals , the percentages of each indi 
the same molar concentration of oxygen as air , oxygen vidual noble metal may range from equal amounts of all 
enriched air ( air having oxygen concentration greater than 55 noble metals in the composition ( about 33 . 33 percent of 
21 mole percent ) , and " pure ” oxygen , such as industrial each ) , to compositions comprising , or consisting essentially 
grade oxygen , food grade oxygen , and cryogenic oxygen . of , 0 . 01 percent of a first noble metal , 0 . 01 percent of a 
Oxygen - enriched air may have 50 mole percent or more second noble metal , and 99 . 98 percent of a third noble metal . 
oxygen , and in certain embodiments may be 90 mole percent Any and all ranges in between about 33 . 33 percent of each , 
or more oxygen . 60 and 0 . 01 percent of a first noble metal , 0 . 01 percent of a 

The term " fuel " , according to this disclosure , means a second noble metal , and 99 . 98 percent of a third noble metal , 
combustible composition comprising a major portion of , for are considered within the present disclosure . 
example , methane , natural gas , liquefied natural gas , pro The choice of a particular material is dictated among other 
pane , hydrogen , steam - reformed natural gas , atomized parameters by the chemistry , pressure , and temperature of 
hydrocarbon oil , combustible powders and other flowable 65 fuel and oxidant used and type of glass melt to be produced . 
solids ( for example coal powders , carbon black , soot , and The skilled artisan , having knowledge of the particular 
the like ) , and the like . Fuels useful in the disclosure may application , pressures , temperatures , and available materi 
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als , will be able design the most cost effective , safe , and It has now been discovered that a combination of careful 
operable burners for each particular application without selection of burner tip material and type of connections 
undue experimentation . between the burner tip walls and conduits forming the 

The terms " corrosion resistant ” and “ fatigue resistant ” as burner body may significantly increase the operating life of 
used herein refer to two different failure mechanisms that 5 SC burners used to melt glass - forming materials in an SCM . 
may occur simultaneously , and it is theorized that these This disclosure in particular describes use of a formed , 
failure mechanisms may actually influence each other in one - piece , integral burner tip removably fixed to the burner 
profound ways . Preferably , burner tip material that will have body , the formed , one - piece , integral burner tip comprising 
a satisfactory service life of at least 12 months under a corrosion resistant and fatigue resistant material , at least 
conditions existing in a continuously operating SCM adja - 10 one of the corrosion and / or fatigue resistance being greater 
cent to the burner tip . As used herein the SCM may comprise than material comprising the external conduit under condi 
a floor , a roof , and a sidewall structure connecting the floor tions experienced during submerged combustion melting of 
and roof defining an internal space , at least a portion of the glass - forming materials . 
internal space comprising a melting zone , and one or more in certain embodiments the crown of the burner tip may 
combustion burners in either the floor , the roof , the sidewall 15 include at least one physical convolution sufficient to 
structure , or any two or more of these , producing combus increase surface area and fatigue resistance of the crown 
tion gases and configured to emit the combustion gases from compared to a smooth , half - toroid crown of the same 
a position under a level of , and positioned to transfer heat to composition , as disclosed in Applicant ' s co - pending Inter 
and produce , a turbulent molten mass of glass containing national Application Number PCT / US13 / 42159 , filed on 
bubbles in the melting zone . 20 even date herewith . 

FIG . 1 illustrates schematically a prior art SC burner Certain embodiments may comprise a burner tip insert 
having a fluid - cooled portion 2 composed of a burner tip 4 shaped substantially the same as but smaller than the burner 
attached to a burner body 6 , the SC burner having a tip and positioned in an internal space defined by the burner 
longitudinal axis “ A ” as indicated . A burner main flange 8 tip , the insert configured so that a cooling fluid may pass 
connects the burner to an SCM superstructure , not illus - 25 between internal surfaces of the burner tip and an external 
trated . Burner body 6 is comprised of an external conduit 10 , surface of the insert . In these embodiments a first or distal 
a first internal conduit 12 , a second internal conduit 14 , and end of the first internal conduit would be attached to the 
end plates 16 , 18 . A coolant fluid inlet conduit 20 is insert . 
provided , along with a coolant fluid exit conduit 22 , allow - In certain embodiments , the crown and inner and outer 
ing ingress of a cool coolant fluid as indicated by the arrow 30 walls of the burner tip body may extend beyond the first end 
denoted “ CFI ” , and warmed coolant fluid egress , as indi - of the first internal conduit , at least partially defining a 
cated by an arrow denoted “ CFO " , respectively . A first mixing region for oxidant and fuel . 
annulus 11 is thus formed between substantially concentric Specific non - limiting burner , burner tip , SCM and process 
external conduit 10 and first internal conduit 12 , and a embodiments in accordance with the present disclosure will 
second annulus 13 is formed between substantially concen - 35 now be presented in conjunction with FIGS . 2 - 6 . The same 
tric first and second internal conduits 12 , 14 . A proximal end or similar numerals are used for the same or similar features 
24 of second internal conduit 14 may be sized to allow in the various figures . In the views illustrated in FIGS . 2 - 6 , 
insertion of a fuel or oxidant conduit 15 ( depending on the it will be understood in each case that the figures are 
burner arrangement ) , which may or may not include a distal schematic in nature , and certain conventional features are 
end nozzle 17 . When conduit 15 and optional nozzle 17 are 40 not illustrated in order to illustrate more clearly the key 
inserted internal of second internal conduit 14 , a third features of each embodiment . 
annulus is formed there between . In certain embodiments , Referring now again to the figures , FIGS . 2 - 4 are sche 
oxidant flows through the third annulus , while one or more matic longitudinal cross - sectional views of non - limiting 
fuels flow through conduit 15 , entering through a port 44 . In embodiments of fluid - cooled portions of various embodi 
certain other embodiments , one or more fuels flow through 45 ments of SC burners in accordance with the present disclo 
the third annulus , while oxidant flows through conduit 15 , sure , with FIG . 3 being a detailed schematic cross - sectional 
entering through port 44 . view . Embodiment 100 illustrated schematically in FIG . 2 

Still referring to FIG . 1 , fluid - cooled portion 2 of the includes a formed , one - piece , integral Pt / Rh or other corro 
burner includes a ceramic or other material insert 26 fitted to sion and fatigue resistant burner tip 50 removably connected 
the distal end of first internal conduit 12 . Insert 26 has a 50 to base metal conduits 10 , 14 . Burner tip 50 includes an 
shape similar to but smaller than burner tip 4 , allowing outer edge portion 52 and an inner edge portion 54 . Outer 
coolant fluid to pass between burner tip 4 and insert 26 , thus edge portion 52 includes an extension 53 forming a double 
cooling burner tip 4 . Burner tip 4 includes an inner wall 28 , lap joint with an extension 55 of a lapped end 56 of conduit 
an outer wall 30 , and a crown 32 connecting inner wall 28 10 ( as more clearly indicated in FIG . 3 ) . Similarly , inner 
and outer wall 30 . In prior art burners , welds at locations 34 55 edge portion 54 includes an extension 57 forming a double 
and 36 , and optionally at 38 , 40 and 42 , connect burner tip lap joint with an extension 59 of lapped end 58 of conduit 
4 to external conduit 10 and second internal conduit 14 , 14 . Weld , solder , or braze areas may be added as indicated 
using conventional weld materials to weld together similar at 60 , 62 , and 64 for the purpose of strengthening and / or 
base metal parts , such as carbon steel , stainless steel , or sealing the double lap joints . 
titanium . Despite the use of coolant and even titanium 60 Certain dimensions of a double lap joint useful in the 
( which ordinarily is considered quite corrosion - resistant ) , burners of this disclosure are illustrated schematically in 
the operating life of burners as illustrated and described in FIG . 3 . Crown 32 may have a thickness “ t , ” ; outer wall 30 
relation to FIG . 1 are very limited in the SCM environment , may have a thickness “ t " ; conduit 10 and may have a 
where temperatures of molten glass may reach 1300° C . , and thickness “ tz " ; and double lap joint formed by portions 30 , 
the turbulence of the molten glass caused by the burners 65 52 , 53 , 55 , and 10 may have a thickness V . Thicknesses ti , 
themselves as well as combustion gases contribute to form t2 , and t4 may be expressed as variables in terms of tz , where 
a highly erosive environment in contact with the burner tip . tz is the wall thickness of external conduit 10 . In burners of 
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the present disclosure , tz may range from about 1 mm to the floor , where the angle may be more or less than 45 
about 10 mm , or from about 1 mm to about 3 mm , or about degrees , but in certain embodiments may be 30 degrees , or 
2 mm . Thickness t , may range from about 0 . 5tz to about 1tz , 40 degrees , or 50 degrees , or 60 degrees , or 70 degrees , or 
and t? may range from about 1tz to about 2tz . For example , 80 degrees . 
using tz = 2 mm , thickness t , and may range from about 1 mm 5 Melter apparatus in accordance with the present disclo 
to about 2 mm , and t , may range from 2 mm to about 4 mm . sure may also comprise one or more wall - mounted sub 
Thickness ta may then range from the lowest value of merged combustion burners , as indicated at 525 in FIG . 5 , 
2t2 + 2tz , to the highest value of 2tz + 2tz , or from about 4 mm and / or one or more roof - mounted burners ( not illustrated ) . 
to about 12 mm . Roof - mounted burners may be useful to pre - heat the melter 

Heights “ h , ” and “ h ” are also illustrated in FIG . 3 . 10 apparatus melting zones 514 , 516 , and serve as ignition 
Heights h , and h , may also be expressed as variables in sources for one or more submerged combustion burners 510 . 
terms of thickness tz . Using this reference , h , may range Melter apparatus having only wall - mounted , submerged 
from about 2tz to about 10tz , and h , may range from about combustion burners are also considered within the present 
2h , to about 10h , . For example , if tz = 2 mm , then hy would disclosure . Roof - mounted burners may be oxy - fuel burners , 
range from about 4 mm to about 20 mm , and h , would range 15 but as they are only used in certain situations , are more likely 
from about 8 mm to about 200 mm . to be air / fuel burners . Most often they would be shut - off 

FIGS . 4A - B are longitudinal cross - sectional views of two after pre - heating the melter and / or after starting one or more 
non - limiting embodiments 200 and 250 of fluid - cooled submerged combustion burners 510 . In certain embodi 
portions of an SC burner in accordance with the present m ents , if there is a possibility of carryover of batch particles 
disclosure . Embodiment 200 differs from embodiment 100 20 to the exhaust , one or more roof - mounted burners could be 
in that lapped end 70 of conduit 10 includes an angled used to form a curtain to prevent particulate carryover . In 
portion 72 , and lapped end 80 of conduit 14 includes an certain embodiments , all submerged combustion burners 
angled portion 82 , as illustrated . Another difference is that 510 are oxy / fuel burners ( where " oxy ” means oxygen , or 
both of the lapped ends of walls 28 , 30 of the burner tip are oxygen - enriched air , as described earlier ) , but this is not 
folded inward , and lapped ends 70 , 80 of conduits 10 , 14 are 25 necessarily so in all embodiments ; some or all of the 
folded away from each other . Yet another difference is the submerged combustion burners may be air / fuel burners . 
presence of only two welded , soldered , or brazed areas 62 , Furthermore , heating may be supplemented by electrical 
64 . Embodiment 250 differs from embodiments 100 and 200 h eating in certain embodiments , in certain melter zones . 
by having the lapped ends of conduits 10 , 14 folded inward , Suitable materials for glass - contact refractory , which may 
toward the burner longitudinal axis . Lapped end 90 of 30 be present in SC melters and downstream flow channels , and 
conduit 10 and lapped end 92 of burner tip outer wall 30 refractory burner blocks ( if used ) , include fused zirconia 
form an outer double lap joint , with an angled portion 94 . An ( ZrO , ) , fused cast AZS ( alumina - zirconia - silica ) , rebonded 
inner double lap joint is formed by lapped ends inner wall 28 AZS , or fused cast alumina ( A1 , 0z ) . The melter geometry 
and conduit 14 , with lapped end 96 of conduit 14 including and operating temperature , burner and burner tip geometry , 
an angled portion 98 . In embodiment 250 , there may be three 35 and type of glass to be produced , may dictate the choice of 
welded , soldered , or brazed regions 62 , 63 , and 64 . a particular material , among other parameters . 

FIG . 5 is a cross - sectional view of an SCM embodiment The term " fluid - cooled ” means use of a coolant fluid ( heat 
550 in accordance with the present disclosure . Embodiment transfer fluid ) to transfer heat away from the burner exterior 
550 of FIG . 5 comprises a peripheral wall 502 of melter 550 , conduit and burner tip . Heat transfer fluids may be any 
wall 502 having an inlet 504 , a batch feed chute 515 , and a 40 gaseous , liquid , slurry , or some combination of gaseous , 
melter discharge 506 through which molten glass exits the liquid , and slurry compositions that functions or is capable 
melter . Melter 550 also comprises a roof ( not illustrated ) , a of being modified to function as a heat transfer fluid . 
floor 8 , a feed end 9 , and a discharge end 11 . Gaseous heat transfer fluids may be selected from air , 
Melter wall 502 forms an expanding melting zone 514 including ambient air and treated air ( for example , air treated 

formed by a first trapezoidal region , and a narrowing melting 45 to remove moisture ) , inorganic gases , such as nitrogen , 
zone 516 formed by a second trapezoidal region of wall 502 . argon , and helium , organic gases such as fluoro - , chloro - and 
The first trapezoid forming expanding melting zone 514 and chlorofluorocarbons , including perfluorinated versions , such 
the second trapezoid forming narrowing melting zone 516 as tetrafluoromethane , and hexafluoroethane , and tetrafluo 
share a common base in this embodiment , indicated at B , at roethylene , and the like , and mixtures of inert gases with 
an intermediate location between the melter inlet 504 and 50 small portions of non - inert gases , such as hydrogen . Heat 
discharge 506 . Common base B defines the location of the transfer liquids and slurries may be selected from liquids and 
maximum width , Wy , of melter 550 . The primary impor - slurries that may be organic , inorganic , or some combination 
tance of these melting zones is that no 90 - degree corners are thereof , for example , salt solutions , glycol solutions , oils and 
present in the melter where there may be stagnation of the like . Other possible heat transfer fluids include steam ( if 
molten glass flow . While this is preferred , other shaped 55 cooler than the expected glass melt temperature ) , carbon 
melters may benefit from use of the burners of the present dioxide , or mixtures thereof with nitrogen . Heat transfer 
disclosure , and the present disclosure is not limited to SCMs fluids may be compositions comprising both gas and liquid 
having shape of embodiment 550 . phases , such as the higher chlorofluorocarbons . 
Melter 550 includes submerged combustion burners 510 . Certain SCMs of this disclosure may comprise one or 

In embodiment 550 , burners 510 are floor - mounted burners , 60 more non - submerged burners . Suitable non - submerged 
illustrated in rows substantially perpendicular to the longi - combustion burners may comprise a fuel inlet conduit 
tudinal axis , A , , of melter 550 . In certain embodiments , having an exit nozzle , the conduit and nozzle inserted into 
burners 510 are positioned to emit combustion products into a cavity of a ceramic burner block , the ceramic burner block 
molten glass in the melting zones 514 , 516 in a fashion so in turn inserted into either the SCM roof or the SCM wall 
that the gases penetrate the melt generally perpendicularly to 65 structure , or both the SCM roof and SCM wall structure . 
the floor . In other embodiments , one or more burners 510 Downstream flow channels may also comprise one or more 
may emit combustion products into the melt at an angle to non - submerged burners . 
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In certain SCMs , one or more burners in the SCM and / or tions such as disclosed in Applicant ' s U . S . patent application 
flow channel ( s ) downstream thereof may be adjustable with Ser . No . 13 / 633 , 998 , filed Oct . 3 , 2012 , now U . S . Pat . No . 
respect to direction of flow of the combustion products . 8 , 973 , 405 , issued Mar . 10 , 2015 . 
Adjustment may be via automatic , semi - automatic , or Certain SCMs and process embodiments of this disclo 
manual control . Certain system embodiments may comprise 5 sure may be controlled by one or more controllers . For 
a burner mount that mounts the burner in the wall structure , example , burner combustion ( flame ) temperature may be 
roof , or floor of the SCM and / or flow channel comprising a controlled by monitoring one or more parameters selected 
refractory , or refractory - lined ball joint . Other burner from velocity of the fuel , velocity of the primary oxidant , 
mounts may comprise rails mounted in slots in the wall or mass and / or volume flow rate of the fuel , mass and / or 
roof . In yet other embodiments the burners may be mounted 10 volume flow rate of the primary oxidant , energy content of 
outside of the melter or channel , on supports that allow the fuel , temperature of the fuel as it enters the burner , 
adjustment of the combustion products flow direction . Use - temperature of the primary oxidant as it enters the burner , 
able supports include those comprising ball joints , cradles , temperature of the effluent , pressure of the primary oxidant 
rails , and the like . entering the burner , humidity of the oxidant , burner geom 

Certain SCMs and / or flow channels may employ one or 15 etry , combustion ratio , and combinations thereof . Certain 
more high momentum , non - submerged burners , for SCMs and processes of this disclosure may also measure 
example , to impinge on portions of a foam layer . High and / or monitor feed rate of batch or other feed materials , 
momentum burners useful in apparatus , systems , and meth - such as glass batch , cullet , mat or wound roving and 
ods of this disclosure include those disclosed in Applicant ' s treatment compositions , mass of feed , and use these mea 
U . S . patent application Ser . No . 13 / 268 , 130 , filed Oct . 7 , 20 surements for control purposes . Exemplary systems and 
2011 , now U . S . Pat . No . 9 , 021 , 838 , issued May 5 , 2015 . As methods of the disclosure may comprise a combustion 
used herein the phrase “ high momentum ” combustion burn - controller which receives one or more input parameters 
ers means burners configured to have a fuel velocity ranging selected from velocity of the fuel , velocity of oxidant , mass 
from about 150 ft . / second to about 1000 ft . / second ( about 46 and / or volume flow rate of the fuel , mass and / or volume 
meters / second to about 305 meters / second ) and an oxidant 25 flow rate of oxidant , energy content of the fuel , temperature 
velocity ranging from about 150 ft . / second to about 1000 of the fuel as it enters the burner , temperature of the oxidant 
ft . / second ( about 46 meters / second to about 305 meters as it enters the burner , pressure of the oxidant entering the 
second ) . As used herein the phrase " low momentum " com - burner , humidity of the oxidant , burner geometry , oxidation 
bustion burners means burners configured to have a fuel ratio , temperature of the burner combustion products , tem 
velocity ranging from about 6 ft . / second to about 40 ft . / 30 perature of melt , composition of bubbles and / or foam , and 
second ( about 2 meters / second to about 12 meters / second ) combinations thereof , and may employ a control algorithm 
and an oxidant velocity ranging from about 6 ft . / second to to control combustion temperature , treatment composition 
about 40 ft . / second ( about 2 meters / second to about 12 flow rate or composition , based on one or more of these 
meters / second ) . input parameters . 

Certain SCMs and method embodiments of this disclo - 35 FIG . 6 is a schematic perspective view , partially in 
sure may include fluid - cooled panels such as disclosed in cross - section , of a spin - forming operation that may be used 
Applicant ' s U . S . patent application Ser . No . 12 / 817 , 754 , to form one - piece , integral burner tips and lap joints of the 
filed Jun . 17 , 2010 , now U . S . Pat . No . 8 , 769 , 992 , issued Jul . present disclosure . Other forming operations maybe 
8 , 2014 . In certain system and process embodiments , the employed , such as stamping . A steel bar 102 may be used as 
SCM may include one or more adjustable flame submerged 40 a support to rotate conduit 10 ( or material for a burner tip ) 
combustion burners comprising one or more oxy - fuel com - using a lathe or other rotation device , as indicated by the 
bustion burners , such as described in Applicant ' s U . S . patent arrow 106 . An end 56 of conduit 10 is illustrated being 
application Ser . No . 13 / 268 , 028 , filed Oct . 7 , 2011 , now U . S . formed on one end with a lapped end using a mandrel 104 
Pat . No . 8 , 875 , 544 , issued Nov . 4 , 2014 . In certain systems and downward pressure as indicated by arrows 110 . Arrow 
and processes , the SCM may comprise a melter exit struc - 45 108 indicates the direction of orientation of mandrel 104 as 
ture designed to minimize impact of mechanical energy , the lap is formed into the shape 56 and 55 as indicated in 
such as described is Applicant ' s U . S . patent application Ser . FIG . 3 . The ends of conduits and burner tip materials may 
No . 13 / 458 , 211 , filed Apr . 27 , 2012 , now U . S . Pat . No . be heated for softening to aid the spin forming process . 
9 , 145 , 319 , issued Sep . 29 , 2015 . In certain systems and Alternatively , an intermittent spinning with heating may be 
processes , the flow channel may comprise a series of sec - 50 employed to relieve any work hardening . Spin forming is 
tions , and may comprise one or more skimmers and / or discussed in U . S . Pat . Nos . 6 , 694 , 791 ; 6 , 701 , 617 ; and 6 , 660 , 
impingement ( high momentum ) burners , such as described 106 . For thin metal pieces , such as noble metal burner tips , 
in Applicant ' s U . S . patent application Ser . No . 13 / 268 , 130 , use of a pressurized bladder may be beneficial , such as 
filed Oct . 7 , 2011 , now U . S . Pat . No . 9 , 021 , 838 , issued May discussed in U . S . Pat . No . 4 , 953 , 376 , which discusses a 
5 , 2015 , and Ser . No . 13 / 493 , 170 , filed Jun . 11 , 2012 , issued 55 process for necking - down a thin walled , deep drawn steel 
as U . S . Pat . No . 8 , 707 , 739 , Apr . 29 , 2014 , reissue applica container . 
tion Ser . No . 14 / 807 , 494 , filed Jul . 23 , 2015 , now U . S . Pat . Methods of producing molten glass using an SCM of this 
No . RE46 , 462 , issued Jul . 4 , 2017 . Certain systems and disclosure are considered another aspect of the disclosure . 
processes of the present disclosure may utilize measurement One embodiment may comprise flowing a fuel into the one 
and control schemes such as described in Applicant ' s U . S . 60 or more fuel inlet ports and through a third annulus defined 
patent application Ser . No . 13 / 493 , 219 , filed Jun . 11 , 2012 , by the second internal conduit 14 and a central , concentric 
now U . S . Pat . No . 9 , 096 , 453 , issued Aug . 4 , 2015 , and / or oxidant conduit 15 . In these embodiments an oxidant flows 
feed batch densification systems and methods as described into the one or more oxidant inlet ports and through the 
in Applicant ' s U . S . patent application Ser . No . 13 / 540 , 704 , oxidant conduit 15 , and the burner body and burner tip body 
filed Jul . 3 , 2012 , now U . S . Pat . No . 9 , 643 , 869 , issued May 65 are configured such that flow of oxidant out of the oxidant 
9 , 2017 . Certain SCMs and processes of the present disclo - conduit and flow of fuel out of the third annulus causes the 
sure may utilize devices for delivery of treating composi - oxidant to intersect flow of the fuel in a mixing region at 
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least partially defined by the generally central flow passage Brazing compounds and methods may be used to rein 
through the burner tip , combusting at least some of the fuel forced and / or seal one or more lap joints between burner tip 
in the mixing region to form a flame and combustion 4 and burner body 6 . Brazing allows the joining of dissimilar 
products , and directing the flame and combustion products metals and also allows for repairs to be made by removing 
into solid and / or partially molten glass forming materials 5 the braze material . For these embodiments to be successful , 
above the mixing region . Other method embodiments the mating surfaces must be parallel or substantially so , and 
reverse the location of fuel and oxidant , with fuel flowing of sufficient overlap to ensure that the brazing material can 
through the central third internal conduit and oxidant flow properly flow between the portions of the burner tip and 
ing through the third annulus . burner body being joined . In certain embodiments brazing 

In operation of burners and SCMs of the present disclo - 10 may be successfully achieved by making the burner tip walls 
sure , an inorganic glass - forming material is charged to the 28 , 30 and conduits 14 , 10 overlap with sufficient gaps to 
SCM . The mass flow rate of the inorganic material , for allow brazing material to enter the gaps , or braze material 
example glass - forming materials , is a function of the com - may simply seal the lap joints or double lap joints . 
position of the feed material , desired composition , viscosity , 16 Weld , solder , and braze compounds , sometimes referred 
and temperature of the molten glass , the flame temperature to as weld , solder , and braze alloys , to be useful in embodi 
of the burner ( s ) , the burner geometry , for example burner ments of the present disclosure , must have liquidus and 
exit , nozzle exit , and non - central passages sizes , the pressure solidus temperatures above the highest temperature of the 
in the mixing region of the burner , and other parameters . The burner tip . The highest temperature of the burner tip will be 
process operating conditions are generally not independent 20 a temperature equal to the melt temperature existing in the 
values but have some degree of interaction . Oxygen - en - SCM reduced by the flow of coolant through the burner tip , 
hanced oxidant / fuel melting is markedly different than the as well as by the flow of combustion gases through the 
traditional air - fuel melting processes . The general principle burner tip . The highest temperature of the burner tip during 
is to operate combustion in the mixing region of the burner normal operating conditions depends on the type of glass 
in a manner that replaces some of the air with a separate 25 being made , which makes the selection of weld , solder , or 
source of oxygen . The overall combustion ratio may not braze alloy not a simple matter . For Na — Ca — Si soda - lime 
change . The process of combining fuel and oxygen - enriched window glass ( Glass 1 ) , typical melt temperature may range 
oxidant will , in most embodiments , primarily occur in the from about 1273° C . to about 1330° C . ; for A CaSi E 
mixing region of the burners , after the gases have passed glass having low sodium and zero boron ( Glass 2 ) , the melt 
over a flame arrestor safety device . Varying the oxygen 30 temperature may range from about 1395° C . to about 1450° 
content of the oxidant can control the flame temperature of C . ; for B — Al — Si glass , zero sodium , zero potassium , high 
the combustion gases . Si ( Glass 3 ) , the melt temperature may be about 1625° C . ; 

Certain burner embodiments may include an adjustable , and for B - A1 - Ca — Si E glass used for reinforcement fiber 
changeable and removable structure or insert 17 removably ( Glass 4 ) , the melt temperature maybe about 1385° C . This 
attached to central conduit 15 ( FIG . 1 ) , such as described in 35 information was taken from Rue , D . , “ Energy Efficient Glass 
Applicant ' s U . S . patent application Ser . No . 13 / 268 , 028 , Melting — The Next Generation Melter ” , p . 63 , GTI Project 
filed Oct . 7 , 2011 , now U . S . Pat . No . 8 , 875 , 544 , issued Nov . Number 20621 , March , 2008 ( U . S . Dept . of Energy ) . Based 
4 , 2014 . As used herein the word “ changeable ” , when on these temperatures , and assuming a drop in burner tip 
referring to a burner feature , means that that feature may be temperature of 300° C . due to coolant and gas flow through 
physically different from burner to burner by machining , 40 the burner tip , Table 1 lists the possible braze alloys that may 
molding , or spin forming , for example , while the term be used . 
" adjustable ” means that a feature of a burner may actually be 
varied without making physical modifications to the burner . TABLE 1 
Such adjustable , changeable and removable structures or Braze Alloys inserts include a body that is adjustable in the sense that 45 – 
threads or other connectors allow variation of the axial Glass Possible Braze 
position of the insert . Furthermore , physical parameters of Glass Type Melt T , ( °C . ) Alloys ! Solidus T , ( °C . ) 2 
such inserts may be changed , and the entire insert may be 1275 - 1330 Pt 1769 
removed and replaced with another insert of same or dif 1555 
ferent dimensions if desired . 1670 

Conduits of burner bodies and associated components Au / Pd ( 92 / 8 , 1200 
PALORO ( BAU - 8 ) ) ( such as spacers and supports between conduits , but not Ni / Pd ( 40 / 60 , 1238 burner tips ) used in SC burners , SCMs and processes of the PALNI ) Pd / Co 1219 

present disclosure may be comprised of metal , ceramic , ( 65 / 35 , PALCO 
ceramic - lined metal , or combination thereof . Suitable metals 55 BPD - 1 ) 

Pd / Ni / Au ( 34 / 36 / 30 , include carbon steels , stainless steels , for example , but not PALNIRO 4 ( AMS 
limited to , 306 and 316 steel , as well as titanium alloys , 4785 ) ) 
aluminum alloys , and the like . High - strength materials like Cu 1083 

C - 110 and C - 125 metallurgies that are NACE qualified may 
1395 - 1450 Pt 1769 be employed for burner body components . ( As used herein , 60 Pd 1555 

" NACE ” refers to the corrosion prevention organization 
formerly known as the National Association of Corrosion Au / Pd ( 92 / 8 , 1200 

Engineers , now operating under the name NACE Interna PALORO ( BAU - 8 ) ) 
1238 Ni / Pd ( 40 / 60 , tional , Houston , Tex . ) Use of high strength steel and other PALNI ) high strength materials may significantly reduce the conduit 65 Pd / Co ( 65 / 35 , 1219 wall thickness required , reducing weight of the burners PALCO BPD - 1 ) 

and / or space required for burners . 
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TABLE 1 - continued used . The controller may be selected from PI controllers , 
PID controllers ( including any known or reasonably fore 

Braze Alloys seeable variations of these ) , and may compute a residual 
equal to a difference between a measured value and a set Glass Possible Braze 

Glass Type Melt T , ( °C . ) Alloys ! Solidus T . ( ° C . 2 5 point to produce an output to one or more control elements . 
The controller may compute the residual continuously or 

1625 1769 non - continuously . Other possible implementations of the ?? 1670 disclosure are those wherein the controller comprises more 1385 1769 
Pd 1555 specialized control strategies , such as strategies selected 
Ti 1670 10 from feed forward , cascade control , internal feedback loops , 
Au / Pd ( 92 / 8 , 1200 model predictive control , neural networks , and Kalman PALORO ( BAU - 8 ) ) filtering techniques . Ni / Pd ( 40 / 60 , 1238 
PALNI ) The term " control ” , used as a transitive verb , means to 
Pd / Co ( 65 / 35 , 1219 verify or regulate by comparing with a standard or desired 
PALCO BPD - 1 ) 15 value . Control may be closed loop , feedback , feed - forward , Pd / Ni / Au ( 34 / 36 / 30 1135 cascade , model predictive , adaptive , heuristic and combina PALNIRO 4 ( AMS 
4785 ) ) tions thereof . The term " controller " means a device at least 

capable of accepting input from sensors and meters in real 
PALORO , PALNI , and PALNIRO are registered trademarks , and PALCO is a trademark 

of Morgan Technical Ceramics and / or Morgan Advanced Ceramics , Inc . time or near - real time , and sending commands directly to 
? From Internet website of Morgan Technical Ceramics and The Morgan Crucible Company 20 burner control elements , and / or to local devices associated plc , England 

with burner control elements able to accept commands . A 
In general , central internal conduit 15 may have an inner controller may also be capable of accepting input from 

diameter ( ID ) ranging from about 1 inch up to about 5 inches human operators , accessing databases , such as relational 
( 2 . 5 cm to 13 cm ) , or from about 2 inches up to about 4 databases ; sending data to and accessing data in databases , 
inches ( 5 cm to 10 cm ) , with other burner conduits sized 25 data warehouses or data marts ; and sending information to 
accordingly . and accepting input from a display device readable by a 

The total quantities of fuel and oxidant used by burners of human . A controller may also interface with or have inte 
the present disclosure may be such that the flow of oxygen grated therewith one or more software application modules , 
may range from about 0 . 9 to about 1 . 2 of the theoretical and may supervise interaction between databases and one or 
stoichiometric flow of oxygen necessary to obtain the com - 30 more software application modules . 
plete combustion of the fuel flow . Another expression of this The phrase “ PID controller " means a controller using 
statement is that the combustion ratio may range from about proportional , integral , and derivative features . In some cases 
0 . 9 to about 1 . 2 . the derivative mode may not be used or its influence reduced 

The velocity of the fuel in the various burner embodi significantly so that the controller may be deemed a PI 
ments of the present disclosure depends on the burner 35 controller . It will also be recognized by those of skill in the 
geometry used , but generally is at least about 15 meters / control art that there are existing variations of PI and PID 
second ( m / s ) . The upper limit of fuel velocity depends controllers , depending on how the discretization is per 
primarily on the desired penetration of flame and / or com - formed . These known and foreseeable variations of PI , PID 
bustion products into the glass melt and the geometry of the and other controllers are considered within the disclosure . 
burner ; if the fuel velocity is too low , the flame temperature 40 The controller may utilize Model Predictive Control 
may be too low , providing inadequate temperature in the ( MPC ) . MPC is an advanced multivariable control method 
melter , which is not desired , and if the fuel flow is too high , for use in multiple input / multiple output ( MIMO ) systems . 
flame and / or combustion products might impinge on a MPC computes a sequence of manipulated variable adjust 
melter wall or roof , or cause carryover of melt into the ments in order to optimise the future behavior of the process 
exhaust , or be wasted , which is also not desired . Similarly , 45 in question . It may be difficult to explicitly state stability of 
oxidant velocity should be monitored so that flame and / or an MPC control scheme , and in certain embodiments of the 
combustion products do not impinge on an SCM wall or present disclosure it may be necessary to use nonlinear 
roof , or cause carryover of melt into the exhaust , or be MPC . In so - called advanced control of various systems , PID 
wasted . Oxidant velocities depend on fuel flow rate and fuel control may be used on strong mono - variable loops with few 
velocity , but in general should not exceed about 200 ft / sec 50 or nonproblematic interactions , while one or more networks 
at 400 scfh flow rate . The pressure in mixing region 150 of of MPC might be used , or other multivariable control 
burners in accordance with the present disclosure should not structures , for strong interconnected loops . Furthermore , 
exceed about 10 psig ( 170 kPa absolute pressure ) . computing time considerations may be a limiting factor . 

Additionally , certain burner embodiments of this disclo - Some embodiments may employ nonlinear MPC . 
sure may also be provided with stabilization of the flame 55 A feed forward algorithm , if used , will in the most general 
with an auxiliary injection of fuel and / or oxidant gases . For sense be task specific , meaning that it will be specially 
example , a portion of the oxidant may be premixed with fuel designed to the task it is designed to solve . This specific 
as a primary oxidant , usually air , in conduit 15 , in addition design might be difficult to design , but a lot is gained by 
to a secondary or tertiary oxidant injection in the third using a more general algorithm , such as a first or second 
annulus . 60 order filter with a given gain and time constants . 

SC burners and methods of the present disclosure are Although only a few exemplary embodiments of this 
intended to be used , for example , to replace combustion disclosure have been described in detail above , those skilled 
burners in existing SCMs , and / or to be used as the main in the art will readily appreciate that many modifications are 
source of energy in new SCMs . possible in the exemplary embodiments without materially 

A combustion process control scheme may be employed . 65 departing from the novel teachings and advantages of this 
A master controller may be employed , but the disclosure is disclosure . Accordingly , all such modifications are intended 
not so limited , as any combination of controllers could be to be included within the scope of this disclosure as defined 
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in the following claims . In the claims , no clauses are 3 . The fluid - cooled combustion burner of claim 2 wherein 
intended to be in the means - plus - function format allowed by the outer spin - formed or stamped double lap joint comprises 
35 U . S . C . § 112 , Section F , unless “ means for ” is explicitly a first spin - formed or stamped outer lap joint portion of the 
recited together with an associated function . “ Means for ” corrosion resistant and fatigue resistant outer wall ( 30 ) of the 
clauses are intended to cover the structures , materials , and / or 5 spin - formed or stamp formed , one - piece , integral , corrosion 
acts described herein as performing the recited function and resistant and fatigue resistant burner tip ( 50 ) , and a second 
not only structural equivalents , but also equivalent struc spin - formed or stamped outer lap joint portion of the exter 
tures . nal conduit comprising material having corrosion and 
What is claimed is : fatigue resistance less than that of the corrosion resistant and 
1 . A fluid - cooled combustion burner comprising : 10 fatigue resistant material of the first spin - formed or stamped 
a burner body ( 6 ) comprising an external conduit ( 10 ) and outer lap joint portion . 

a first internal conduit ( 12 ) substantially concentric 4 . The fluid - cooled combustion burner of claim 3 
therewith , and positioned internal of the external con - wherein : 
duit ( 10 ) , the external conduit ( 10 ) comprising a first the first and second internal conduits and the external 
end , a second end , and a longitudinal bore having a 15 conduit comprise the same or different base materials 
longitudinal axis , the first internal conduit ( 12 ) com selected from the group consisting of carbon steel , 
prising a first end , a second end , and a longitudinal bore stainless steel , titanium , nickel - based alloys , and com 
having a longitudinal axis , the external conduit ( 10 ) binations and alloys of two or more of these ; and 
and first internal conduit ( 12 ) forming a first annulus the spin - formed or stamp formed , one - piece integral , 
( 11 ) for passing a cooling fluid there between , and a 20 corrosion resistant and fatigue resistant burner tip inner 
second internal conduit ( 14 ) substantially concentric and outer walls and crown comprise the same or 
with , and positioned internal of the first internal conduit different materials selected from the group consisting 
( 12 ) , the second internal conduit ( 14 ) comprising a first of noble metals , alloys of two or more noble metals , 
end , a second end , and a longitudinal bore having a alloys of one or more base metals with one or more 
longitudinal axis , and configured to form a second 25 noble metals , copper , copper alloys , and combinations 
annulus ( 13 ) between the first and second internal and alloys of two or more of these . 
conduits ( 12 , 14 ) , the burner body comprising fuel and 5 . The fluid - cooled combustion burner of claim 4 wherein 
oxidant inlet ports near the second ends of the conduits ; the spin - formed or stamped inner double lap joint comprises 
and a first weld , solder , or braze material , and the spin - formed or 

a spin - formed or stamp formed , one - piece , integral , cor - 30 stamped outer double lap joint comprises a second weld , 
rosion resistant and fatigue resistant burner tip ( 50 ) solder , or braze material , and wherein the first and second 
defined by a corrosion resistant and fatigue resistant weld , solder , or braze materials may be the same or different . 
inner wall ( 28 ) , a corrosion resistant and fatigue resis - 6 . The fluid - cooled combustion burner of claim 5 wherein 
tant outer wall ( 30 ) , and a corrosion resistant and the first and second weld , solder , or braze materials are 
fatigue resistant crown ( 32 ) , the corrosion resistant and 35 independently selected from the group consisting of braze 
fatigue resistant outer wall ( 30 ) removably fixed to the materials within the following table : 
first end of the external conduit ( 10 ) via an outer 
spin - formed or stamped double lap joint , and the cor 
rosion resistant and fatigue resistant inner wall ( 28 ) Glass 
removably fixed to the first end of the second internal 40 Glass Type Melt T , ( °C . ) Braze Material Solidus T , ( ° C . ) 
conduit ( 14 ) via an inner spin - formed or stamped 1 1275 - 1330 Pt 1769 
double lap joint , the spin - formed or stamp formed , 1555 
one - piece , integral , corrosion resistant and fatigue 1670 

Au / Pd ( 92 / 8 ) 1200 resistant burner tip ( 50 ) comprising a generally central Ni / Pd ( 40 / 60 ) 1238 flow passage configured to pass a combustible mixture 45 Pd / Co ( 65 / 35 ) 1219 
therethrough , the generally central flow passage Pd / Ni / Au ( 34 / 36 / 30 ) 1135 

defined by the a corrosion resistant and fatigue resistant 1064 inner wall ( 28 ) , at least one of the corrosion and / or 2 1395 - 1450 1769 fatigue resistance being greater than material compris Pd 1555 
ing the external conduit ( 10 ) under conditions experi - 50 1670 

enced during submerged combustion melting of glass Au / Pd ( 92 / 8 ) 1200 
Ni / Pd ( 40 / 60 ) 1238 forming materials , wherein the outer spin - formed or Pd / Co ( 65 / 35 ) 1219 stamped double lap joint includes the first end of the 1625 1769 

external conduit curved outwardly , and the inner spin 1670 

formed or stamped double lap joint includes the first 55 1385 1769 
Pd 1555 end of the second internal conduit curved outwardly . 1670 

2 . The fluid - cooled combustion burner of claim 1 wherein Au / Pd ( 92 / 8 ) 1200 
the inner spin - formed or stamped double lap joint comprises Ni / Pd ( 40 / 60 ) 1238 

a first spin - formed or stamped inner lap joint portion of the Pd / Co ( 65 / 35 ) 1219 
Pd / Ni / Au ( 34 / 36 / 30 ) 1135 corrosion resistant and fatigue resistant inner wall ( 28 ) of the 60 

spin - formed or stamp formed , one - piece , integral , corrosion 
resistant and fatigue resistant burner tip ( 50 ) , and a second wherein Glass Type 1 is a Na - Ca — Si soda - lime window 
spin - formed or stamped inner lap joint portion of the second glass having a melt temperature ranging from about 1275° 
internal conduit comprising material having corrosion and C . to about 1330° C . ; Glass Type 2 is a Al - Ca — Si E glass 
fatigue resistance less than that of the corrosion resistant and 65 having low sodium and zero boron , and having melt tem 
fatigue resistant material of the first spin - formed or stamped perature ranging from about 1395° C . to about 1450° C . ; 
inner lap joint portion . Glass Type 3 is a B - A1 — Si glass , having zero sodium , zero 
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potassium , and high Si , and melt temperature about 1625° and the inner spin - formed double lap joint includes the 
C . ; and Glass Type 4 is a B — Al – Ca — Si E glass used for first end of the second internal conduit curved out 
reinforcement fiber having melt temperature about 1385° C . wardly . 

7 . The fluid - cooled combustion burner of claim 3 wherein 13 . The fluid - cooled combustion burner of claim 12 
the first spin - formed or stamped inner lap joint portion , the 5 W the first and second internal conduits and the external second spin - formed or stamped inner lap joint portion , the conduit comprise the same or different base materials first spin - formed or stamped outer lap joint portion , and the selected from the group consisting of carbon steel , second spin - formed or stamped outer lap joint portion are stainless steel , titanium , nickel - based alloys , and com 
formed by spin forming . binations and alloys of two or more of these ; and 

8 . A submerged combustion melter comprising at least the spin - formed , one - piece integral , corrosion resistant 
one fluid - cooled combustion burner of claim 7 . and fatigue resistant burner tip inner and outer walls 

9 . A submerged combustion melter comprising at least and crown comprise the same or different materials 
one fluid - cooled combustion burner of claim 3 . selected from the group consisting of noble metals , 

10 . The fluid - cooled combustion burner of claim 1 com - 15 alloys of two or more noble metals , alloys of one or 
prising a third internal conduit ( 15 ) substantially concentric more base metals with one or more noble metals , 
with and positioned internal of the second internal conduit copper , copper alloys , and combinations and alloys of 

two or more of these . ( 14 ) . 
11 . A submerged combustion melter comprising at least 14 . The fluid - cooled combustion burner of claim 13 

one fluid - cooled combustion burner of claim 1 . wherein the inner spin - formed double lap joint comprises a 
12 . A fluid - cooled combustion burner comprising : 20 first weld , solder , or braze material , and the outer spin 
a burner body ( 6 ) comprising an external conduit ( 10 ) and formed double lap joint comprises a second weld , solder , or 

a first internal conduit ( 12 ) substantially concentric braze material , and wherein the first and second weld , solder , 
or braze materials may be the same or different . therewith , and positioned internal of the external con 15 . The fluid - cooled combustion burner of claim 14 duit ( 10 ) , the external conduit ( 10 ) comprising a first 25 

end , a second end , and a longitudinal bore having a wherein the first and second weld , solder , or braze materials 
longitudinal axis , the first internal conduit ( 12 ) com are independently selected from the group consisting of 
prising a first end , a second end , and a longitudinal bore braze materials within the following table : 
having a longitudinal axis , the external conduit ( 10 ) 
and first internal conduit ( 12 ) forming a first annulus 30 Glass ( 11 ) for passing a cooling fluid there between , and a Glass Type Melt T , ( °C . ) Braze Material Solidus T , ( °C . ) 
second internal conduit ( 14 ) substantially concentric 
with , and positioned internal of the first internal conduit 1275 - 1330 Pt 1769 

Pd 1555 ( 12 ) , the second internal conduit ( 14 ) comprising a first 1670 
end , a second end , and a longitudinal bore having a 35 Au / Pd ( 92 / 8 ) 
longitudinal axis , and configured to form a second Ni / Pd ( 40 / 60 ) 
annulus ( 13 ) between the first and second internal Pd / Co ( 65 / 35 ) 1219 

Pd / Ni / Au ( 34 / 36 / 30 ) 1135 conduits ( 12 , 14 ) , and a third internal conduit ( 15 ) 1083 substantially concentric with and positioned internal of 1064 
the second internal conduit ( 14 ) , the burner body com - 40 1395 - 1450 Pt 1769 
prising fuel and oxidant inlet ports near the second ends Pd 

Ti 1670 of the conduits ; and Au / Pd ( 92 / 8 ) 1200 
a spin - formed , one - piece , integral ; corrosion resistant and Ni / Pd ( 40 / 60 ) 1238 

fatigue resistant burner tip ( 50 ) defined by a corrosion Pd / Co ( 65 / 35 ) 1219 
resistant and fatigue resistant inner wall ( 28 ) , a corro - 15 1625 Pt 

1670 sion resistant and fatigue resistant outer wall ( 30 ) , and 1385 1769 
a corrosion resistant and fatigue resistant crown ( 32 ) , Pd 1555 
the corrosion resistant and fatigue resistant outer wall 1670 

( 30 ) removably fixed to the first end of the external Au / Pd ( 92 / 8 ) 1200 
Ni / Pd ( 40 / 60 ) 1238 conduit ( 10 ) via an outer spin - formed double lap joint , 50 Pd / Co ( 65 / 35 ) 1219 

and the corrosion resistant and fatigue resistant inner Pd / Ni / Au ( 34 / 36 / 30 ) 1135 
wall ( 28 ) removably fixed to the first end of the second 
internal conduit ( 14 ) via an inner spin - formed double wherein Glass Type 1 is a Na - Ca — Si soda - lime window lap joint , the spin - formed , one - piece , integral , corro glass having a melt temperature ranging from about 1275° sion resistant and fatigue resistant burner tip ( 50 ) 65 55 C . to about 1330° C . ; Glass Type 2 is a Al - Ca — Si E glass comprising a generally central flow passage configured 
to pass a combustible mixture therethrough , the gen having low sodium and zero boron , and having melt tem 

perature ranging from about 1395° C . to about 1450° C . ; erally central flow passage defined by the corrosion Glass Type 3 is a B - A1 — Si glass , having zero sodium , zero resistant and fatigue resistant inner wall ( 28 ) , at least 
one of the corrosion and / or fatigue resistance being 60 p potassium , and high Si , and melt temperature about 1625° 60 C . ; and Glass Type 4 is a B — A1 — Ca — Si E glass used for greater than material comprising the external conduit 
( 10 ) under conditions experienced during submerged reinforcement fiber having melt temperature about 1385° C . 

16 . A submerged combustion melter comprising at least combustion melting of glass - forming materials , 
wherein the outer spin - formed double lap joint includes one fluid - cooled combustion burner of claim 12 . 
the first end of the external conduit curved outwardly , 
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