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(57) ABSTRACT 
Channel apparatus for use with Submerged combustion 
systems and methods of use to produce glass. One channel 
apparatus includes a flow channel defined by a floor, a roof. 
and a wall structure connecting the floor and roof, the flow 
channel divided into sections by a series of skimmers. 
Channel apparatus include both high and low momentum 
combustion burners, with one or more high momentum 
combustion burners positioned immediately upstream of 
each skimmer in either the roof or sidewall structure, or 
both, and one or more low momentum combustion burners 
positioned immediately downstream of each skimmer in 
either the roof, the sidewall structure, or both, and positioned 
to transfer heat to the molten mass of glass without Sub 
stantial interference from foamed material. Certain embodi 
ments include increased height of glass-contact refractory, in 
particular immediately upstream of the skimmers. 
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-40 
Routing an initial foamy molten glass into a conditioning channel, the 
initial foamy molten glass having a density and comprising bubbles, 
at least some of the bubbles forming a bubble layer on top of the 4O2 
foamy molten glass, the conditioning channel comprising a flow 
channel defined by a channel floor, a channel roof, and a channel 

wall structure connecting the channel floor and channel roof, the flow 
channel divided into a plurality of serial sections by a series of 

skimmers extending generally substantially vertically downward a 
portion of a distance between the channel roof and channel floor. 

Positioning one or more high momentum combustion 
burners immediately upstream of each skimmer in either the 4O4. 

channel roof or channel sidewall structure, or both. 

Operating the high momentum burners to route combustion 
products from the high momentum burners to impact at least 4O6 
a portion of bubbles in the bubble layer on the foamy molten 

glass retained behind the skimmers with sufficient force 
and/or heat to burst at least Some of the bubbles. 

Positioning one or more low momentum combustion burners 
immediately downstream of each skimmer in either the 4O8 
channel roof, the channel sidewall structure, or both. 

Operating the low momentum burners to route combustion products 
from the low momentum burners to transfer heat to the molten mass 41 O 
of glass without substantial interference from the foamed material. 

Fig. 7 
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-50 
Melting glass-forming materials in a submerged combustion melter 
comprising a floor, a roof, and a wall structure connecting the floor 5O2 
and roof, the melter comprising one or more submerged combustion 
burners and a molten glass outlet, producing an initial foamy molten 
glass having a density and comprising bubbles, at least some of the 
bubbles forming a bubble layer on top of the foamy molten glass. 

Routing the initial foamy molten glass into a conditioning channel, 
the conditioning channel comprising a flow channel defined by a 5O4. 

channel floor, a channel roof, and a channel Wall structure 
connecting the channel floor and channel roof, the flow channel 
divided into a plurality of serial sections by a series of skimmers 

extending generally substantially vertically downward a portion of a 
distance between the channel roof and channel floor. 

Positioning one or more high momentum combustion 
burners immediately upstream of each skimmer in either the 5O6 

channel roof or channel sidewall structure, or both. 

Operating the high momentum burners to route combustion 
products from the high momentum burners to impact at least 508 
a portion of bubbles in the bubble layer on the foamy molten 

glass retained behind the skimmers with sufficient force 
and/or heat to burst at least Some of the bubbles. 

Positioning one or more low momentum combustion burners 
immediately downstream of each skimmer in either the 51 O 
channel roof, the channel sidewall structure, or both. 

Operating the low momentum burners to route combustion products 
from the low momentum burners to transfer heat to the molten mass 512 
of glass without substantial interference from the foamed material. 

Fig. 8 
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APPARATUS, SYSTEMS AND METHODS 
FOR CONDITIONING MOLTEN GLASS 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions 
made by reissue; a claim printed with strikethrough 
indicates that the claim was canceled, disclaimed, or held 
invalid by a prior post-patent action or proceeding. 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application may be related to assignee's U.S. non 
provisional patent application Ser. No. 13/268,130, filed 
Oct. 7, 2011, and to assignee's U.S. non-provisional patent 
application Ser. No. 13/458,211, filed April 27, which are 
both incorporated by reference herein. 

BACKGROUND INFORMATION 

1. Technical Field 
The present disclosure relates generally to the field of 

combustion furnaces and methods of use to produce glass, 
and more specifically to systems and methods for reducing 
foam or its impact during manufacture of glass using Sub 
merged combustion melters. 

2. Background Art 
Submerged combustion melting (SCM) involves melting 

glass batch materials to produce molten glass by passing 
oxygen, oxygen-air mixtures or air along with a liquid, 
gaseous fuel, or particulate fuel in the glass batch, directly 
into a molten pool of glass usually through burners Sub 
merged in a glass melt pool. The introduction of high flow 
rates of oxidant and fuel into the molten glass, and the 
expansion of the gases cause rapid melting of the glass batch 
and much turbulence. 
One drawback to submerged combustion is the tendency 

of the molten glass to foam. The foam may stabilize in a top 
layer when the molten mass is routed through conventional 
conditioning and/or distribution channels/systems down 
stream of the submerged combustion melter. The foam layer 
may impede the ability to apply heat to the glass using 
combustion burners to achieve or maintain temperature and 
compositional homogeneity of the molten glass, and may 
also impede the rate at which further bubbles in the melt rise 
and thus effect expulsion of the bubbles and mass flow rate 
of the melt in the channels. In extreme cases, the foam 
generated may interfere with the traditional energy applica 
tion methods employed, which may cause systems to require 
shutdown, maintenance and may result in a process upset. 
Attempts to reduce the foam problem through process 
adjustments have not met with complete Success in reducing 
foam to an acceptable amount. 

It would be an advance in the glass manufacturing art if 
foam could be reduced, or the effect of the foam reduced, 
during conditioning of molten glass manufactured using a 
Submerged combustion melter and methods. 

SUMMARY 

In accordance with the present disclosure, apparatus, 
systems and methods are described which reduce or over 
come one or more of the above problems. 
A first aspect of the disclosure is an apparatus comprising: 
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2 
a flow channel defined by a floor, a roof, and a wall 

structure connecting the floor and roof. 
the flow channel divided into a plurality of serial sections 

by a series of skimmers extending generally substan 
tially vertically downward a portion of a distance 
between the roof and floor; 

one or more high momentum combustion burners posi 
tioned immediately upstream of each skimmer in either 
the roof or sidewall structure, or both, to burst at least 
some foamed material retained behind the skimmers 
and floating on top of a molten mass of glass flowing 
in the flow channel by heat and/or direct impingement 
thereon, and 

one or more low momentum combustion burners posi 
tioned immediately downstream of each skimmer in 
either the roof, the sidewall structure, or both, and 
positioned to transfer heat to the molten mass of glass 
without substantial interference from the foamed mate 
rial. 

A second aspect of the disclosure is a system comprising: 
a Submerged combustion melter comprising a floor, a 

roof, a wall structure connecting the floor and roof, a 
melting Zone being defined by the floor, roof and wall 
structure, and a plurality of burners, at least Some of 
which are positioned to direct combustion products into 
the melting Zone under a level of molten glass in the 
melting Zone and form a turbulent molten glass, the 
melter vessel comprising a batch feeder attached to the 
wall or roof above the level, and an exit end comprising 
a melter exit structure for discharging the molten glass, 
the melter exit structure fluidly and mechanically con 
necting the melter vessel to a molten glass conditioning 
channel, the melter configured to produce an initial 
foamy molten glass having a density and comprising 
bubbles, at least some of the bubbles forming a bubble 
layer on top of the foamy molten glass; 

the molten glass conditioning channel comprising: 
a flow channel defined by a channel floor, a channel roof, 

and a channel wall structure connecting the channel 
floor and channel roof 

the flow channel divided into a plurality of serial sections 
by a series of skimmers extending generally substan 
tially vertically downward a portion of a distance 
between the channel roof and channel floor; 

one or more high momentum combustion burners posi 
tioned immediately upstream of each skimmer in either 
the channel roof or channel sidewall structure, or both, 
to burst at least some foamed material retained behind 
the skimmers and floating on top of the molten mass of 
glass flowing in the flow channel by heat and/or direct 
impingement thereon; and 

one or more low momentum combustion burners posi 
tioned immediately downstream of each skimmer in 
either the channel roof, the channel sidewall structure, 
or both, and positioned to transfer heat to the molten 
mass of glass without Substantial interference from the 
foamed material. 

A third aspect of the disclosure is a method comprising: 
a) routing an initial foamy molten glass into a condition 

ing channel, the initial foamy molten glass having a density 
and comprising bubbles, at least some of the bubbles form 
ing a bubble layer on top of the foamy molten glass, the 
conditioning channel comprising a flow channel defined by 
a channel floor, a channel roof, and a channel wall structure 
connecting the channel floor and channel roof, the flow 
channel divided into a plurality of serial sections by a series 
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of skimmers extending generally Substantially vertically 
downward a portion of a distance between the channel roof 
and channel floor, 

b) positioning one or more high momentum combustion 
burners immediately upstream of each skimmer in either the 
channel roof or channel sidewall structure, or both; 

c) operating the high momentum burners to route com 
bustion products from the high momentum burners to impact 
at least a portion of bubbles in the bubble layer on the foamy 
molten glass retained behind the skimmers with sufficient 
force and/or heat to burst at least some of the bubbles; and 

d) positioning one or more low momentum combustion 
burners immediately downstream of each skimmer in either 
the channel roof, the channel sidewall structure, or both; and 

e) operating the low momentum burners to route com 
bustion products from the low momentum burners to trans 
fer heat to the molten mass of glass without Substantial 
interference from the foamed material. 
A fourth aspect of the disclosure is a method comprising: 
a) melting glass-forming materials in a Submerged com 

bustion melter comprising a floor, a roof, and a wall structure 
connecting the floor and roof, the melter comprising one or 
more submerged combustion burners and a molten glass 
outlet, producing an initial foamy molten glass having a 
density and comprising bubbles, at least some of the bubbles 
forming a bubble layer on top of the foamy molten glass; 

b) routing the initial foamy molten glass into a condition 
ing channel, the conditioning channel comprising a flow 
channel defined by a channel floor, a channel roof, and a 
channel wall structure connecting the channel floor and 
channel roof, the flow channel divided into a plurality of 
serial sections by a series of skimmers extending generally 
substantially vertically downward a portion of a distance 
between the channel roof and channel floor; 

c) positioning one or more high momentum combustion 
burners immediately upstream of each skimmer in either the 
channel roof or channel sidewall structure, or both; 

d) operating the high momentum burners to route com 
bustion products from the high momentum burners to impact 
at least a portion of bubbles in the bubble layer on the foamy 
molten glass retained behind the skimmers with sufficient 
force and/or heat to burst at least some of the bubbles; 

e) positioning one or more low momentum combustion 
burners immediately downstream of each skimmer in either 
the channel roof, the channel sidewall structure, or both; and 

f) operating the low momentum burners to route combus 
tion products from the low momentum burners to transfer 
heat to the molten mass of glass without Substantial inter 
ference from the foamed material. 

Apparatus, systems and methods of the disclosure will 
become more apparent upon review of the brief description 
of the drawings, the detailed description of the disclosure, 
and the claims that follow. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The manner in which the objectives of the disclosure and 
other desirable characteristics can be obtained is explained 
in the following description and attached drawings in which: 

FIG. 1 is a schematic plan view of one embodiment of a 
glass conditioning channel apparatus and system in accor 
dance with this disclosure; 

FIG. 2 is a schematic cross-sectional view along line A-A 
of FIG. 1; 

FIGS. 3 and 4 are cross-sectional views along line B-B of 
FIG. 1 illustrating schematically two embodiments of con 
ditioning channels in accordance with the present disclosure; 
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FIG. 5 is a schematic cross-sectional view of another 

channel embodiment useful in certain embodiments of sys 
tems and methods of the present disclosure; 

FIG. 6 is a schematic plan view of another embodiment of 
a glass conditioning channel apparatus and system in accor 
dance with this disclosure; and 

FIGS. 7 and 8 are logic diagrams of two method embodi 
ments of the present disclosure. 

It is to be noted, however, that the appended drawings are 
not to scale and illustrate only typical embodiments of this 
disclosure, and are therefore not to be considered limiting of 
its scope, for the disclosure may admit to other equally 
effective embodiments. 

DETAILED DESCRIPTION 

In the following description, numerous details are set 
forth to provide an understanding of the disclosed systems 
and methods. However, it will be understood by those 
skilled in the art that the systems and methods covered by 
the claims may be practiced without these details and that 
numerous variations or modifications from the specifically 
described embodiments may be possible and are deemed 
within the claims. All U.S. published patent applications and 
U.S. patents referenced herein are hereby explicitly incor 
porated herein by reference. In the event definitions of terms 
in the referenced patents and applications conflict with how 
those terms are defined in the present application, the 
definitions for those terms that are provided in the present 
application shall be deemed controlling. 
As explained briefly in the Background, one drawback to 

submerged combustion is the tendency of the molten glass 
to foam, either from glass-forming reactions, combustion 
products, or both. The foam may stabilize in a top layer 
when the molten mass is routed through equipment down 
stream of the Submerged combustion melter, Such as fore 
hearths, conditioning channels, distribution channels, and 
the like. Attempts to reduce the foam problem through 
process adjustments have not met with complete Success in 
reducing foam to an acceptable amount. 

Applicants have discovered apparatus, systems and meth 
ods that may reduce or eliminate such problems. 

Various terms are used throughout this disclosure. "Sub 
merged as used herein means that combustion gases ema 
nate from combustion burners under the level of the molten 
glass; the burners may be floor-mounted, wall-mounted, or 
in melter embodiments comprising more than one Sub 
merged combustion burner, any combination thereof (for 
example, two floor mounted burners and one wall mounted 
burner). 
The terms “foam and “foamy” include froths, spume, 

suds, heads, fluffs, fizzes, lathers, effervesces, layer and the 
like. The term “bubble' means a thin, shaped, gas-filled film 
of molten glass. The shape may be spherical, hemispherical, 
rectangular, ovoid, and the like. Gas in the gas-filled bubbles 
may comprise oxygen or other oxidants, nitrogen, argon, 
noble gases, combustion products (including but not limited 
to, carbon dioxide, carbon monoxide, NO, SO, HS, and 
water), reaction products of glass-forming ingredients (for 
example, but not limited to, sand (primarily SiO2), clay, 
limestone (primarily CaCO), burnt dolomitic lime, borax 
and boric acid, and the like. Bubbles may include solids 
particles, for example soot particles, either in the film, the 
gas inside the film, or both. 
As used herein the term “combustion gases' means Sub 

stantially gaseous mixtures of combusted fuel, any excess 
oxidant, and combustion products, such as oxides of carbon 
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(such as carbon monoxide, carbon dioxide), oxides of nitro 
gen, oxides of Sulfur, and water. Combustion products may 
include liquids and solids, for example soot and unburned 
liquid fuels. 

“Oxidant’ as used herein includes air and gases having 
the same molar concentration of oxygen as air, oxygen 
enriched air (air having oxygen concentration greater than 
21 mole percent), and "pure oxygen, such as industrial 
grade oxygen, food grade oxygen, and cryogenic oxygen. 
Oxygen-enriched air may have 50 mole percent or more 
oxygen, and in certain embodiments may be 90 mole percent 
or more oxygen. Oxidants may be supplied from a pipeline, 
cylinders, storage facility, cryogenic air separation unit, 
membrane permeation separator, or adsorption unit. 
The term “fuel”, according to this disclosure, means a 

combustible composition comprising a major portion of, for 
example, methane, natural gas, liquefied natural gas, pro 
pane, atomized oil or the like (either in gaseous or liquid 
form). Fuels useful in the disclosure may comprise minor 
amounts of non-fuels therein, including oxidants, for pur 
poses such as premixing the fuel with the oxidant, or 
atomizing liquid fuels. As used herein the term “fuel 
includes gaseous fuels, liquid fuels, flowable solids, such as 
powdered carbon or particulate material, waste materials, 
slurries, and mixtures or other combinations thereof. When 
the fuel comprises gaseous fuel, the gaseous fuel may be 
selected from the group consisting of methane, natural gas, 
liquefied natural gas, propane, carbon monoxide, hydrogen, 
steam-reformed natural gas, atomized oil or mixtures 
thereof. 

The sources of oxidant and fuel may be one or more 
conduits, pipelines, storage facility, cylinders, or, in embodi 
ments where the oxidant is air, ambient air. Oxygen-enriched 
oxidants may be supplied from a pipeline, cylinder, Storage 
facility, cryogenic air separation unit, membrane permeation 
separator, or adsorption unit such as a vacuum Swing adsorp 
tion unit. 
A “flow channel' defined by a floor, a roof, and a wall 

structure connecting the floor and roof may have any oper 
able cross-sectional shape, for example, but not limited to, 
rectangular, oval, circular, trapezoidal, hexagonal, and the 
like, and flow path shape, for example, but not limited to, 
straight, ZigZag., curved, and combinations thereof. The 
phrase “substantially vertically downward' when referring 
to a skimmer means the portion of the skimmer attached to 
a roof section or between roof sections may make an angle 
with the roof of 90 degrees, or the angle may vary ranging 
from about 45 to about 135 degrees, or from about 75 
degrees to about 105 degrees. 

Conduits used in burners useful in the systems and 
methods of the present disclosure may be comprised of 
metal, ceramic, ceramic-lined metal, or combination thereof. 
Suitable metals include stainless steels, for example, but not 
limited to, 306 and 316 steel, as well as titanium alloys, 
aluminum alloys, and the like. Suitable materials for the 
glass-contact refractory, which may be present in SC melters 
and channel sections, and refractory burner blocks (if used) 
include fused zirconia (ZrO), fused cast AZS (alumina 
Zirconia-Silica), rebonded AZS, or fused cast alumina 
(Al2O). The melter, channel, and burner geometry, and type 
of glass to be produced may dictate the choice of a particular 
material, among other parameters. 
The terms “cooled' and “coolant may include use of any 

heat transfer fluid and may be any gaseous, liquid, or some 
combination of gaseous and liquid composition that func 
tions or is capable of being modified to function as a heat 
transfer fluid. Gaseous heat transfer fluids may be selected 
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6 
from air, including ambient air and treated air (for example, 
air treated to remove moisture), inorganic gases, such as 
nitrogen, argon, and helium, organic gases such as fluoro-, 
chloro- and chlorofluorocarbons, including perfluorinated 
versions, such as tetrafluoromethane, and hexafluoroethane, 
and tetrafluoroethylene, and the like, and mixtures of inert 
gases with Small portions of non-inert gases, such as hydro 
gen. Heat transfer liquids may be selected from liquids that 
may be organic, inorganic, or some combination thereof, for 
example, Salt solutions, glycol solutions, oils and the like. 
Other possible heat transfer fluids include steam (if cooler 
than the expected glass melt temperature), carbon dioxide, 
or mixtures thereof with nitrogen. Heat transfer fluids may 
be compositions comprising both gas and liquid phases, 
Such as the higher chlorofluorocarbons. 

Certain burners useful in apparatus, systems and methods 
of this disclosure may be fluid-cooled, and may include first 
and second concentric conduits, the first conduit fluidly 
connected at one end to a source of fuel, the second conduit 
fluidly connected to a source of oxidant, and a third sub 
stantially concentric conduit comprising a first end, a second 
end, and an internal surface, the internal surface of the third 
conduit forming, with an exterior Surface of the second 
conduit, a secondary annulus external to a primary annulus 
between the first and second conduits. The first end of the 
third conduit may extend beyond the first end of the second 
conduit, the first end of the second conduit may extend 
beyond the first end of the first conduit, and the secondary 
annulus may be capped by an end cap connecting the first 
end of the second conduit and the first end of the third 
conduit. 

In certain systems one or more of the non-submerged 
burners may comprise a fuel inlet conduit having an exit 
nozzle, the conduit and nozzle inserted into a cavity of a 
ceramic burner block, the ceramic burner block in turn 
inserted into either the roof or the wall structure, or both the 
roof and wall structure. 

In certain systems, one or more of the non-Submerged 
burners may be adjustable with respect to direction of flow 
of the combustion products. Adjustment may be via auto 
matic, semi-automatic, or manual control. Certain system 
embodiments may comprise a burner mount that mounts the 
burner in the wall structure or roof of the channel comprising 
a refractory, or refractory-lined ball joint. Other burner 
mounts may comprise rails mounted in slots in the wall or 
roof. In yet other embodiments the non-submerged burners 
may be mounted outside of the melter or channel, on 
Supports that allow adjustment of the combustion products 
flow direction. Useable Supports include those comprising 
ball joints, cradles, rails, and the like. 
As used herein the phrase "high momentum combustion 

burners means burners configured to have a fuel Velocity 
ranging from about 150 ft./second to about 1000 ft./second 
(about 46 meters/second to about 305 meters/second) and an 
oxidant velocity ranging from about 150 ft./second to about 
1000 ft./second (about 46 meters/second to about 305 
meters/second). As used herein the phrase “low momentum 
combustion burners means burners configured to have a fuel 
velocity ranging from about 6 ft./second to about 40 ft./ 
second (about 2 meters/second to about 12 meters/second) 
and an oxidant Velocity ranging from about 6 ft/second to 
about 40 ft./second (about 2 meters/second to about 12 
meters/second). When referring to one or more high momen 
tum burners “positioned immediately upstream” of a skim 
mer, this means that each channel section may have in either 
the roof or sidewall structure, or both, sufficient high 
momentum burners to produce flame and/or combustion 
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products streams that are able to burst at least some foamed 
material, by heat and/or direct impingement thereon, 
retained behind the skimmers and floating on top of a molten 
mass of glass flowing in the flow channel within about 12 
inches (about 30 cm) upstream of the skimmer. When 5 
referring to one or more low momentum burners "positioned 
immediately downstream” of a skimmer, this means that 
each channel section may have in either the roof or sidewall 
structure, or both, sufficient low momentum burners to 
produce flame and/or combustion products streams that are 
able to transfer heat to the molten mass of glass flowing in 
the flow channel within about 12 inches (about 30 cm) 
downstream of the skimmer. The fuel and oxidant velocities 
may be the same or different in a given burner, and from 
burner to burner. 

In certain systems and methods the downstream compo 
nent may be selected from the group consisting of a condi 
tioning channel, a distribution channel, and a forehearth. 

Certain system and method embodiments of this disclo 
Sure may include Submerged combustion melters compris 
ing fluid-cooled panels such as disclosed in assignee's 
co-pending U.S. patent application Ser. No. 12/817,754, 
filed Jun. 17, 2010. In certain system and method embodi 
ments, the Submerged combustion melter may include one or 
more adjustable flame Submerged combustion burners com 
prising one or more oxy-fuel combustion burners, such as 
described in assignee's co-pending United States (US) pat 
ent application Ser. No. 13/268,028, filed Oct. 7, 2011. 

Certain system and method embodiments of this disclo 
sure may be controlled by one or more controllers. For 
example, burner combustion (flame) temperature may be 
controlled by monitoring one or more parameters selected 
from velocity of the fuel, velocity of the primary oxidant, 
mass and/or volume flow rate of the fuel, mass and/or 
Volume flow rate of the primary oxidant, energy content of 
the fuel, temperature of the fuel as it enters the burner, 
temperature of the primary oxidant as it enters the burner, 
temperature of the effluent, pressure of the primary oxidant 
entering the burner, humidity of the oxidant, burner geom 
etry, combustion ratio, and combinations thereof. Certain 
systems and methods of this disclosure may also measure 
and/or monitor feed rate of batch or other feed materials, 
Such as glass batch, cullet, mat or wound roving, mass of 
feed, and use these measurements for control purposes. 45 
Exemplary systems and methods of the disclosure may 
comprise a combustion controller which receives one or 
more input parameters selected from velocity of the fuel, 
velocity of oxidant, mass and/or volume flow rate of the fuel, 
mass and/or Volume flow rate of oxidant, energy content of 50 
the fuel, temperature of the fuel as it enters the burner, 
temperature of the oxidant as it enters the burner, pressure of 
the oxidant entering the burner, humidity of the oxidant, 
burner geometry, oxidation ratio, temperature of the burner 
combustion products, temperature of melt, and combina- 55 
tions thereof, and may employ a control algorithm to control 
combustion temperature based on one or more of these input 
parameters. 

Specific non-limiting apparatus, System and method 
embodiments in accordance with the present disclosure will 60 
now be presented in conjunction with FIGS. 1-8. The same 
numerals are used for the same or similar features in the 
various figures. In the views illustrated in FIGS. 1-6, it will 
be understood in each case that the figures are schematic in 
nature, and certain conventional features are not illustrated 65 
in order to illustrate more clearly the key features of each 
embodiment. 
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FIG. 1 is a schematic plan view, partially in cross-section, 

of one embodiment 100 of an apparatus and system of this 
disclosure. Illustrated Schematically is a Submerged com 
bustion melter 10 fluidly and mechanically connected to a 
first conditioning channel section 12 through an exit struc 
ture 14 and a transition section 16. Exit structure may be, for 
example, but not limited to, a fluid-cooled exit structure as 
described in assignee's pending U.S. patent application Ser. 
No. 13/458.211, filed Apr. 27, 2012. First conditioning 
channel section 12 comprises first and second Subsections 18 
and 20 in embodiment 100. First channel section 12 includes 
a roof and floor (both not illustrated in FIG. 1, but illustrated 
in FIG. 2), and a sidewall structure comprised of an outer 
metal shell 42, non-glass-contact brick or other refractory 
wall 44, and glass-contact refractory as further described in 
context of FIG. 2. First section 12 of embodiment 100 is 
configured to promote a change of direction of flow of the 
molten mass of glass of 90 degrees in passing from first 
subsection 18 through second subsection 20. In various 
embodiments, the change of direction varies from between 
about 30 degrees to about 90 degrees. 

Still referring to FIG. 1, the conditioning channel of 
embodiment 100 includes several sections, a second section 
22, third section 24, fourth section 26, and fifth section 28 
arranged in series, each section having a roof, floor, and 
sidewall structure connecting its roof and floor, and defining 
a flow channel for conditioning molten glass flowing there 
through. Sections 22, 24, 26, and 28 are divided by a series 
of skimmers, first skimmer 32, second skimmer 34, third 
skimmer 36, and fourth skimmer 38, each extending gener 
ally substantially vertically downward a portion of a dis 
tance between the roof and floor of the channel, with a final 
skimmer 40 positioned between fifth channel section 28 and 
a forehearth 30. The number of sections and the number of 
skimmers may each be more or less than five. Forehearth 30, 
which is not considered a part of the disclosure, may have 
one or more forming outlets denoted by dashed boxes 31,33, 
on its underneath side. Such as bushings, gob cutters, and the 
like, that are known in the art. 
The conditioning channel of embodiment 100 includes 

one or more high momentum combustion burners, denoted 
strictly by position for clarity as solid darkened circles 46, 
positioned immediately upstream of each skimmer 32, 34. 
36, 38, and 40 in the roof to burst at least some foamed 
material retained behind the skimmers and floating on top of 
a molten mass of glass flowing in the flow channel by heat 
and/or direct impingement thereon. As noted elsewhere 
herein, high momentum burners 46, also referred to as 
impingement burners, may alternately or additionally be 
positioned in section sidewall structures, or both in section 
roofs and section sidewall structures. In embodiment 100, a 
majority of high momentum combustion burners 46 are 
positioned along a centerline “CL” of the flow channel in the 
roof of each section, but this is not necessarily so in all 
embodiments and embodiment 100 includes at least two 
high momentum burners 46 that are not so positioned in 
channel first subsection 18. 
The conditioning channel of embodiment 100 also 

includes one or more low momentum combustion burners, 
denoted strictly by position for clarity as open circles 48. 
positioned immediately downstream of each skimmer 32. 
34, 36, 38, and 40 in the roof of each section to transfer heat 
to the molten mass of glass without Substantial interference 
from the foamed material. As noted elsewhere herein, low 
momentum burners 48, also referred to as non-impingement 
burners, may alternately or in addition be positioned in 
section sidewall structures, or both in section roofs and 
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section sidewall structures. In embodiment 100, a majority 
of low momentum combustion burners 48 are positioned 
along a centerline “CL” of the flow channel in the roof of 
each section, but this is not necessarily so in all embodi 
ments, and embodiment 100 includes at least four low 
momentum burners 48 that are not so positioned in channel 
first subsection 18 and second subsection 20. 

Referring again to FIG. 1, in embodiment 100 first 
subsection 18 has a flow channel W. width greater than a 
flow channel width W of second subsection 20. In embodi 
ment 100, each of the plurality of sections 22, 24, 26, and 28 
has a flow channel width W. W. W. W., wherein 
W>W>W>W. If N represents the Nth flow channel 
section in the plurality of sections, in certain embodiments 
W>W>W> . . . W. It is preferred that the flow channel 
width W be as wide as possible to promote long residence 
times for fining and large Surface area for foam to collect 
(rise from within the molten glass and collect behind skim 
mers), however, this must be balanced against cost of 
constructing larger footprint apparatus and systems. Width 
W may range from about 100 inches (about 250 cm) near the 
SC melter, down to about 10 inches (about 25 cm) near the 
discharge from the last skimmer 40, or from about 90 inches 
(about 230 cm) near the SC melter down to about 12 inches 
(about 30 cm) near the discharge from skimmer 40. 

In embodiment 100 skimmers are separated along a 
longitudinal length of the flow channel by a separation 
distance "D' of at least about 5 feet (152 cm), wherein the 
separation distance may be the same or different from 
section to section. In certain embodiments “D is greater 
than or equal to about 5 feet (152cm) and less than or equal 
to about 15 feet (456 cm). 

FIG. 2 is a schematic perspective, partial cross-sectional 
view along line A-A of embodiment 100 of FIG. 1, illus 
trating the sidewall structure of each section has sufficient 
glass-contact refractory 54 to accommodate the operating 
depth or level “L” of molten mass of glass “G”, wherein it 
is understood that level L denotes only the general level of 
liquid molten glass, and not the foam floating or accumu 
lating thereon. In certain embodiments, sidewall 45 includes 
glass-contact refractory 54 able to accommodate molten 
glass depth “d of no greater than about 10 inches (25.4 cm), 
in certain other embodiments no greater than about 5 inches 
(12.7 cm). As illustrated schematically in FIG. 2, the floor of 
each section may comprise a metal shell 42, a non-glass 
contact brick layer 44, a non-glass contact refractory Support 
or insulating layer 60, a series of refractory layers 56, 58. 
and 52, wherein layer 52 may be a glass-contact refractory 
layer. Alternatively, in embodiment 100, layers 52 and 56 
may define an open layer or cavity 58 for flow of a heating 
(or cooling) fluid. The thicknesses of materials or layers 42, 
44, 45, 5052, 54, 56, 58 and 60 depend on many factors, 
including the type of glass being produced, the material 
properties of the materials themselves, temperature and 
temperature homogeneity of molten glass desired or tar 
geted, and the like. 

Referring again to FIG. 2, illustrated schematically is a 
low momentum burner 48, illustrating that burners 48 and/or 
48) may be adjusted or positioned to direct their flames 
and/or combustion products in a variety of directions, 
denoted generally by a cone angle 0, which may vary from 
0 to about 45 degrees, in any direction from 0 to 360 degrees 
about the Z-axis as denoted by the circular arrow about the 
longitudinal centerline of burner 48 (an x-y-Z set of coor 
dinate axis is provided for reference). 
An important aspect of the present disclosure is illustrated 

schematically in FIGS. 3, 4 and 5, which are cross-sectional 
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10 
views along line B-B of FIG. 1. FIGS. 3, 4, and 5 illustrate 
schematically three embodiments of conditioning channels 
in accordance with the present disclosure wherein the side 
wall structures and floors of each section may be comprised 
of glass-contact refractory extending at least 2 inches (5.1 
cm) above operating level L of molten glass upstream of 
each skimmer. Illustrated in FIGS. 3, 4 and 5 is skimmer 36 
positioned generally between sections 24 and 26. Skimmer 
36 has a distal end 37 that extends a sufficient fraction of the 
distance “h” (distance from roof to floor of a flow channel) 
so that distal end 37 is just below molten glass level L. Each 
section N has a height “h, and each skimmer may have a 
distal end 37 extending downward at least 0.5xh; in any 
case the distal end of each skimmer is designed to extend 
below operating level L of the molten mass of glass. A high 
momentum burner 46 is illustrated impinging on bubbles 62, 
destroying some of the bubbles, while non-impinging low 
momentum burners 48A and 48B supply heat. Note that 
burner 48B is positioned to provide heat to the glass without 
substantial interference from bubbles 62. High momentum 
burners 46 may vary the position of their flame and/or 
combustion product in the same or similar manner as burner 
48 illustrated schematically in FIG. 2, that is, angle f may 
vary from 0 to about 45 degrees, in any direction from 0 to 
360 degrees about the Z-axis. Note there are three heights of 
glass-contact refractory in this embodiment. Glass-contact 
refractory height RH exemplifies the height of the glass 
contact refractory in transition, increasing from a height 
such as height RH to height RH, where height RH is the 
height of glass-contact refractory in regions of high bubble 
volume. The height RH is the height that may extend 2 
inches or even 18 inches above the level of the molten glass 
L. The presence of this “extra glass-contact refractory 
allows accommodation of foam floating on the molten glass 
in those regions. In certain embodiments wherein foaming is 
a particular problem, the sidewall structure's glass-contact 
refractory may extend at least 2 inches (5.1 cm) above the 
operating level of molten mass of glass Lupstream of each 
skimmer, and in certain embodiments at least 18 inches (46 
cm) above the operating level L of molten mass of glass 
upstream of each skimmer. 

FIG. 4 illustrates Schematically in cross-section an 
embodiment 150 similar to embodiment 100. Skimmer 361 
of embodiment 150 includes a distal end 37 having a wing, 
ridge, or other appendage 39 protruding generally away 
from the body of skimmer 361 in the upstream direction. The 
purpose of embodiment 150 and skimmer 361 is primarily to 
emphasize that skimmers need not all be the same in a 
particular channel embodiment, and secondarily to illustrate 
other shapes of skimmers that may be useful in apparatus, 
systems, and methods of this disclosure. Other, structurally 
and functionally equivalent shapes and features for skim 
mers will become apparent to those of skill in this art having 
the benefit of hindsight of this disclosure. 

FIG. 5 is a schematic cross-sectional view similar to 
FIGS. 3 and 4, but slightly more close-up, of another 
channel embodiment 200 useful in certain embodiments of 
systems and methods of the present disclosure. Embodiment 
200 differs from embodiments 100 and 150 in having a 
primary high momentum burner 46A followed by a second 
ary high momentum burner 46B. As noted in schematically 
in FIG. 5, there may at times be created a depression in the 
bubbles layer 62 by primary high momentum burner 46A. In 
these embodiments it may be beneficial to install a second 
ary high momentum burner such as burner 46B, either 
having lower (but still relatively high) momentum, or less 
flame and combustion products, or both, in order to burst 
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more bubbles, or partially direct them back into the path of 
flame or combustion products from primary high momen 
tum burner 46A. Another variation may be to provide one or 
more tertiary high momentum burners. Such as exemplified 
schematically by dashed circle 46C. in a sidewall structure 5 
immediately upstream of skimmer 36. 

FIG. 6 is a schematic plan view of another embodiment 
300 of a glass conditioning channel apparatus and system in 
accordance with this disclosure. In embodiment 300, SC 
melter 10 feeds directly into a conditioning channel, rather 
than through an exit structure and transition section, and 
there is Substantially no change in direction of molten glass 
flowing out of melter 10 and section 212. Embodiment 300 
illustrates further possible variations and features of appa 
ratus, systems, and methods of this disclosure, for example, 
the provision in section 212 of multiple high momentum 
burners 246A in a first row immediately upstream of a 
skimmer 234, and a second row of high momentum burners 
246B immediately upstream of the first row. Burners 24.6B 
in the second row are slightly offset from burners 246A in 
the first row in order to burst bubbles that may be missed by 
burners 246A. Also illustrated schematically are low 
momentum burners 248A, 248B in opposite sidewalls of 
section 212, with two low momentum burners 248 posi- 25 
tioned immediately downstream of skimmer 234 in section 
222. Section 222 further includes three high momentum 
burners in a row immediately upstream of skimmer 236, and 
two sidewall-mounted low momentum burners 248C and 
248D positioned at variable angle 0, Section 224 includes 30 
similar features, including sidewall-mounted non-impinge 
ment burners 248E, 248F, but differs by the provision of 
only one low momentum burner and two high momentum 
burners upstream of skimmer 238. Section 226 has burner 
positioning similar to the sections in embodiment 100 of 35 
FIG. 1. Skimmer 240 separates section 226 from a fore 
hearth 230 having a shape promoting a change of direction, 
with two outlets 231 and 233 illustrated in dashed boxes. An 
exit structure 232 fluidly and mechanically connects melter 
10 with Section 212. 

FIGS. 7 and 8 are logic diagrams of two method embodi 
ments 400 and 500 of the present disclosure. Method 
embodiment 400 includes the step of routing an initial 
foamy molten glass into a conditioning channel, the initial 
foamy molten glass having a density and comprising 45 
bubbles, at least some of the bubbles forming a bubble layer 
on top of the foamy molten glass, the conditioning channel 
comprising a flow channel defined by a channel floor, a 
channel roof, and a channel wall structure connecting the 
channel floor and channel roof, the flow channel divided into 50 
a plurality of serial sections by a series of skimmers extend 
ing generally Substantially vertically downward a portion of 
a distance between the channel roof and channel floor, box 
402. The method continues with the steps of positioning one 
or more high momentum combustion burners immediately 
upstream of each skimmer in either the channel roof or 
channel sidewall structure, or both, box 404, and operating 
the high momentum burners to route combustion products 
from the high momentum burners to impact at least a portion 
of bubbles in the bubble layer on the foamy molten glass 
retained behind the skimmers with sufficient force and/or 
heat to burst at least some of the bubbles, box 406. Method 
embodiment 400 also includes positioning one or more low 
momentum combustion burners immediately downstream of 
each skimmer in either the channel roof, the channel side- 65 
wall structure, or both, box 408, and operating the low 
momentum burners to route combustion products from the 
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low momentum burners to transfer heat to the molten mass 
of glass without substantial interference from the foamed 
material, box 410. 
Method embodiment 500 includes melting glass-forming 

materials in a submerged combustion melter comprising a 
floor, a roof, and a wall structure connecting the floor and 
roof, the melter comprising one or more submerged com 
bustion burners and a molten glass outlet, producing an 
initial foamy molten glass having a density and comprising 
bubbles, at least some of the bubbles forming a bubble layer 
on top of the foamy molten glass, box 502. Embodiment 500 
further includes routing the initial foamy molten glass into 
a conditioning channel, the conditioning channel comprising 
a flow channel defined by a channel floor, a channel roof, 
and a channel wall structure connecting the channel floor 
and channel roof, the flow channel divided into a plurality of 
serial sections by a series of skimmers extending generally 
substantially vertically downward a portion of a distance 
between the channel roof and channel floor, box. 504. 
Method embodiment 500 further includes positioning one or 
more high momentum combustion burners immediately 
upstream of each skimmer in either the channel roof or 
channel sidewall structure, or both, box 506, and operating 
the high momentum burners to route combustion products 
from the high momentum burners to impact at least a portion 
of bubbles in the bubble layer on the foamy molten glass 
retained behind the skimmers with sufficient force and/or 
heat to burst at least some of the bubbles, box 508. Method 
embodiment 500 also includes positioning one or more low 
momentum combustion burners immediately downstream of 
each skimmer in either the channel roof, the channel side 
wall structure, or both, box 510, and operating the low 
momentum burners to route combustion products from the 
low momentum burners to transfer heat to the molten mass 
of glass without substantial interference from the foamed 
material, box 512. 
High momentum burners useful in apparatus, systems, 

and methods of this disclosure include those disclosed 
assignee's U.S. patent application Ser. No. 13/268,130, filed 
Oct. 7, 2011, which include an oxidant conduit and an inner 
concentric fuel conduit. Oxidant and fuel supplies for these 
burners may quick connect/disconnect features, allowing a 
hose of other source of fuel to be quickly attached to and 
detached from the conduits. For example, high momentum 
burner embodiments may comprise a nominal /2-inch stain 
less steel Schedule 40 pipe for the fuel conduit and a 
nominal 3/4-inch stainless steel Schedule 40 pipe for the 
oxidant conduit. Nominal /4-inch Schedule 40 pipe has an 
external diameter of 0.54 inch (1.37 cm) and an internal 
diameter of 0.36 inch (0.91 cm), while nominal 3/4-inch 
Schedule 40 pipe has an external diameter of 1.05 inch (2.67 
cm) and internal diameter of 0.82 inch (2.08 cm). The 
selection of conduit Schedule dictates the annular distance 
between the OD of the inner fuel conduit and the internal 
diameter (ID) of the oxidant conduit. These dimensions are 
merely examples, as any arrangement that produces the 
desired momentum and/or heat will be suitable, and within 
the skills of the skilled artisan in possession of this disclo 
sure. High momentum burners may be fluid-cooled by 
employing a third concentric conduit creating an annular 
region between the oxidant conduit and third conduit. 

For high momentum burners burning natural gas, the 
burners may have a fuel firing rate ranging from about 10 to 
about 1000 scfh (from about 280 L/hr. to about 28,000 
L/hr.); an oxygen firing rate ranging from about 15 to about 
2500 scfh (from about 420 L/hr. to about 71,000 L/hr.); a 
combustion ratio ranging from about 1.5 to about 2.5; noZZle 
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velocity ratio (ratio of velocity of fuel to oxygen at the fuel 
noZZle tip) ranging from about 0.5 to about 2.5; fuel gas 
velocity ranging from about 150 to about 1000 ft./sec (from 
about 46 m/sec to about 300 m/sec); and oxygen velocity 
ranging from about 150 to about 1000 ft./sec (from about 46 
m/sec to about 300 m/sec). Of course these numbers depend 
on the heating value of the fuel, amount of oxygen in the 
"oxygen stream, temperatures and pressures of the fuel and 
oxidant, and the like, among other parameters. In one typical 
operation, the high momentum burner would have a com 
bustion ratio of 2.05:1; a velocity ratio of 1; firing rate of 
natural gas of 500 scfh (14,000 L/hr) and 1075 scfh (30.400 
L/hr.) oxygen; natural gas and oxygen Velocities each of 270 
ft/sec (80 m/sec); natural gas pressure of 1 psig (6.9 KPa): 
and oxygen pressure of 0.6 psig (4.1 KPa), pressures mea 
Sured at the entrance to the combustion chamber. 
Low momentum burners useful in apparatus, Systems, and 

methods of this disclosure may include some of the features 
of those disclosed in assignee's U.S. patent application Ser. 
No. 13/268,130, filed Oct. 7, 2011. 

For low momentum burners using natural gas as fuel, the 
burners may have a fuel firing rate ranging from about 0.4 
to about 40 scfh (from about 11 L/hr. to about 1,120 L/hr.); 
an oxygen firing rate ranging from about 0.6 to about 100 
scfh (from about 17 L/hr. to about 2,840 L/hr.); a combustion 
ratio ranging from about 1.5 to about 2.5; nozzle velocity 
ratio (ratio of velocity of fuel to oxygen at the fuel nozzle 
tip) ranging from about 0.5 to about 2.5; a fuel velocity 
ranging from about 6 ft./second to about 40 ft./second (about 
2 meters/second to about 12 meters/second) and an oxidant 
velocity ranging from about 6 ft./second to about 40 ft./ 
second (about 2 meters/second to about 12 meters/second). 

Those of skill in this art will readily understand the need 
for, and be able to construct suitable fuel supply conduits 
and oxidant Supply conduits, as well as respective flow 
control valves, threaded fittings, quick connect/disconnect 
fittings, hose fittings, and the like. 
The flow channel may be rectangular as illustrated in FIG. 

2, or may be a shape Such as a generally U-shaped or 
V-shaped channel or trough of refractory material Supported 
by a metallic SuperStructure. 

High momentum burners and low momentum burners 
may be mounted to the sidewall structure and/or roof of the 
flow channel sections using adjustable mounts, such as a 
ceramic-lined ball turrets, as explained in the afore-men 
tioned Ser. No. 13/268,130 application. 

The flow rate of the foamy or reduced foam molten glass 
through the flow channel sections will in turn depend on 
many factors, including the dimensions of flow channel, size 
of SC melter, skimmer depth into the molten glass, tem 
perature of the melts, viscosity of the melts, and like 
parameters, but in general the flow rate of molten glass may 
range from about 0.5 lb./min to about 5000 lbs./min or more 
(about 0.23 kg/min to about 2300 kg/min or more), or from 
about 10 lbs./min to about 500 lbs./min (from about 4.5 
kg/min to about 227 kg/min), or from about 100 lbs./min to 
300 lbs./min (from about 45 kg/min to about 136 kg/min). 

Submerged combustion melters in system and method 
embodiments described herein may be any of the currently 
known Submerged combustion melter designs, or may be 
one of those described in assignee's currently pending patent 
application Ser. No. 12/817,754, filed Jun. 17, 2010. Sub 
merged combustion melters useful in the practice of the 
methods and apparatus of this description may take any 
number of forms, including those described in assignee's 
co-pending application Ser. No. 12/817,754, which 
describes sidewalls forming an expanding melting Zone 
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formed by a first trapezoidal region, and a narrowing melting 
Zone formed by a second trapezoidal region, wherein a 
common base between the trapezoid defines the location of 
the maximum width of the melter. Submerged combustion 
melter 602 may include a roof, side walls, a floor or bottom, 
one or more submerged combustion burners, an exhaust 
chute, one or more molten glass outlets, and optionally 
fluid-cooled panels comprising some or all of the side walls. 

Submerged combustion melters may be fed a variety of 
feed materials by one or more roll stands, which in turn 
Supports one or more rolls of glass mat, as described in 
assignee's co-pending U.S. application Ser. No. 12/888,970. 
filed Sep. 23, 2010, incorporated herein by reference. In 
certain embodiments powered nip rolls may include cutting 
knives or other cutting components to cut or chop the mat (or 
roving, in those embodiments processing roving) into 
smaller length pieces prior to entering melter 602. Also 
provided in certain embodiments may be a glass batch 
feeder. Glass batch feeders are well-known in this art and 
require no further explanation. The initial raw material may 
include any material Suitable for forming molten glass Such 
as, for example, limestone, glass, sand, Soda ash, feldspar 
and mixtures thereof. In one embodiment, a glass compo 
sition for producing glass fibers is "E-glass,” which typically 
includes 52-56% SiO, 12-16% Al-O, 0-0.8% Fe.O. 
16-25% CaO, 0-6% MgO, 0-10% BO, 0-2% Na,0+KO, 
0-1.5% TiO, and 0-1% F. Other glass compositions may be 
used. Such as those described in assignee's published U.S. 
application 20080276652. The initial raw material can be 
provided in any form such as, for example, relatively small 
particles. 

Certain embodiments may comprise a process control 
scheme for the Submerged combustion melter and burners. 
For example, as explained in the 970 application, a master 
process controller may be configured to provide any number 
of control logics, including feedback control, feed-forward 
control, cascade control, and the like. The disclosure is not 
limited to a single master process controller, as any combi 
nation of controllers could be used. The term “control, used 
as a transitive verb, means to verify or regulate by compar 
ing with a standard or desired value. Control may be closed 
loop, feedback, feed-forward, cascade, model predictive, 
adaptive, heuristic and combinations thereof The term “con 
troller” means a device at least capable of accepting input 
from sensors and meters in real time or near-real time, and 
sending commands directly to burner control elements, 
and/or to local devices associated with burner control ele 
ments and glass mat feeding devices able to accept com 
mands. A controller may also be capable of accepting input 
from human operators; accessing databases, such as rela 
tional databases; sending data to and accessing data in 
databases, data warehouses or data marts; and sending 
information to and accepting input from a display device 
readable by a human. A controller may also interface with or 
have integrated therewith one or more Software application 
modules, and may Supervise interaction between databases 
and one or more software application modules. The control 
ler may utilize Model Predictive Control (MPC) or other 
advanced multivariable control methods used in multiple 
input/multiple output (MIMO) systems. As mentioned pre 
viously, the methods of assignee's co-pending application 
Ser. No. 13/268,065, filed Oct. 7, 2011, using the vibrations 
and oscillations of the melter itself, may prove useful 
predictive control inputs. 

Submerged combustion burners useful in the SC melter 
apparatus described herein include those described in U.S. 
Pat. Nos. 4,539,034; 3,170,781; 3,237,929; 3,260,587; 
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3,606,825; 3,627,504; 3,738,792: 3,764,287; and 7,273,583, 
and assignee's co-pending patent application Ser. No. 
13/268,028, filed Oct. 7, 2011. The total quantities of fuel 
and oxidant used by the SC burners in systems of the present 
disclosure may be such that the flow of oxygen may range 
from about 0.9 to about 1.2 of the theoretical stoichiometric 
flow of oxygen necessary to obtain the complete combustion 
of the fuel flow. Another expression of this statement is that 
the combustion ratio may range from about 0.9 to about 1.2. 
In certain embodiments, the equivalent fuel content of the 
feed material must be taken into account. For example, 
organic binders in glass fiber mat scrap materials will 
increase the oxidant requirement above that required strictly 
for fuel being combusted. In consideration of these embodi 
ments, the combustion ratio may be increased above 1.2, for 
example to 1.5, or to 2, or 2.5, or even higher, depending on 
the organic content of the feed materials. 

The velocity of the fuel gas in the various SC burners 
depends on the burner geometry used, but generally is at 
least about 15 m/s. The upper limit of fuel velocity depends 
primarily on the desired mixing of the melt in the melter 
apparatus, melter geometry, and the geometry of the burner; 
if the fuel velocity is too low, the flame temperature may be 
too low, providing inadequate melting, which is not desired, 
and if the fuel flow is too high, flame might impinge on the 
melter floor, roof or wall, and/or heat will be wasted, which 
is also not desired. 

In certain embodiments the SC burners may be floor 
mounted burners. In certain embodiments, the SC burners 
may be positioned in rows Substantially perpendicular to the 
longitudinal axis (in the melt flow direction) of melter 10. In 
certain embodiments, the SC burners may be positioned to 
emit combustion products into molten glass in a melting 
Zone of melter 10 in a fashion so that the gases penetrate the 
melt generally perpendicularly to the floor. In other embodi 
ments, one or more burners may emit combustion products 
into the melt at an angle to the floor of melter 10, as taught 
in assignee's pending Ser. No. 12/817,754. 

Submerged combustion melters useful in Systems and 
methods in accordance with the present disclosure may also 
comprise one or more wall-mounted Submerged combustion 
burners, and/or one or more roof-mounted burners. Roof 
mounted burners may be useful to pre-heat the melter 
apparatus melting Zone, and serve as ignition Sources for one 
or more submerged combustion burners. Melters having 
only wall-mounted, Submerged-combustion burners are also 
considered within the present disclosure. Roof-mounted 
burners may be oxy-fuel burners, but as they are only used 
in certain situations, are more likely to be air/fuel burners. 
Most often they would be shut-off after pre-heating the 
melter and/or after starting one or more submerged com 
bustion burners. In certain embodiments, if there is a pos 
sibility of carryover of particles to the exhaust, one or more 
roof-mounted burners could be used to form a curtain to 
prevent particulate carryover. In certain embodiments, all 
submerged combustion burners are oxy/fuel burners (where 
"oxy' means oxygen, or oxygen-enriched air, as described 
earlier), but this is not necessarily so in all embodiments; 
Some or all of the Submerged combustion burners may be 
air/fuel burners. Furthermore, heating may be supplemented 
by electrical heating in certain melter embodiments, in 
certain melter Zones, and in the lehr. In certain embodiments 
the Oxy-fuel burners may comprise one or more Submerged 
combustion burners each having co-axial fuel and oxidant 
tubes forming an annular space there between, wherein the 
outer tube extends beyond the end of the inner tube, as 
taught in U.S. Pat. No. 7,273,583, incorporated herein by 
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reference. Burners may be flush-mounted with the melter 
floor in certain embodiments. In other embodiments, such as 
disclosed in the 583 patent, a portion of one or more of the 
burners may extend slightly into the melt above the melter 
floor. 

In certain embodiments, melter side walls may have a 
free-flowing form, devoid of angles. In certain other 
embodiments, side walls may be configured so that an 
intermediate location may comprise an intermediate region 
of melters having constant width, extending from a first 
trapezoidal region to the beginning of a narrowing melting 
region. Other embodiments of suitable melters are described 
in the above-mentioned 754 application. 
As mentioned herein, useful melters may include refrac 

tory fluid-cooled panels. Liquid-cooled panels may be used, 
having one or more conduits or tubing therein, Supplied with 
liquid through one conduit, with another conduit discharging 
warmed liquid, routing heat transferred from inside the 
melter to the liquid away from the melter. Liquid-cooled 
panels may also include a thin refractory liner, which 
minimizes heat losses from the melter, but allows formation 
of a thin frozen glass shell to form on the Surfaces and 
prevent any refractory wear and associated glass contami 
nation. Other useful cooled panels include air-cooled panels, 
comprising a conduit that has a first, Small diameter section, 
and a large diameter section. Warmed air transverses the 
conduits such that the conduit having the larger diameter 
accommodates expansion of the air as it is warmed. Air 
cooled panels are described more fully in U.S. Pat. No. 
6,244,197. In certain embodiments, the refractory fluid 
cooled-panels are cooled by a heat transfer fluid selected 
from the group consisting of gaseous, liquid, or combina 
tions of gaseous and liquid compositions that functions or is 
capable of being modified to function as a heat transfer fluid. 
Gaseous heat transfer fluids may be selected from air, 
including ambient air and treated air (for air treated to 
remove moisture), inert inorganic gases, such as nitrogen, 
argon, and helium, inert organic gases such as fluoro-, 
chloro- and chlorofluorocarbons, including perfluorinated 
versions, such as tetrafluoromethane, and hexafluoroethane, 
and tetrafluoroethylene, and the like, and mixtures of inert 
gases with Small portions of non-inert gases, such as hydro 
gen. Heat transfer liquids may be selected from inert liquids 
that may be organic, inorganic, or some combination 
thereof, for example, Salt solutions, glycol solutions, oils and 
the like. Other possible heat transfer fluids include steam (if 
cooler than the oxygen manifold temperature), carbon diox 
ide, or mixtures thereof with nitrogen. Heat transfer fluids 
may be compositions comprising both gas and liquid phases, 
Such as the higher chlorofluorocarbons. 

Both the melter and flow channel floors and sidewall 
structures may include a glass-contact refractory lining, as 
discussed herein. The glass-contact lining may be 1 centi 
meter, 2 centimeters, 3 centimeters or more in thickness, 
however, greater thickness may entail more expense without 
resultant greater benefit. The refractory lining may be one or 
multiple layers. Glass-contact refractory used in melters and 
channels described herein may be cast concretes such as 
disclosed in U.S. Pat. No. 4.323,718. Two cast concrete 
layers are described in the 718 patent, the first being a 
hydraulically setting insulating composition (for example, 
that known under the trade designation CASTABLE BLOC 
MIX-G, a product of Fleischmann Company, Frankfurt/ 
Main, Federal Republic of Germany). This composition may 
be poured in a form of a wall section of desired thickness, 
for example a layer 5 cm thick, or 10 cm, or greater. This 
material is allowed to set, followed by a second layer of a 
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hydraulically setting refractory casting composition (such as 
that known under the trade designation RAPID BLOCKRG 
158, a product of Fleischmann company, Frankfurt/Main, 
Federal Republic of Germany) may be applied thereonto. 
Other suitable materials for the refractory cooled panels, 
melter and channel refractory liners, and refractory block 
burners (if used) are fused zirconia (ZrO), fused cast AZS 
(alumina-Zirconia-Silica), rebonded AZS, or fused cast alu 
mina (AlO4). The choice of a particular material is dictated 
among other parameters by the melter geometry and type of 
glass to be produced. The refractory or refractory-lined 
channels or troughs described in accordance with the present 
disclosure may be constructed using refractory cooled pan 
els. 

Those having ordinary skill in this art will appreciate that 
there are many possible variations of the melter, channels, 
troughs, burners, and adjustment mechanisms to adjust 
combustion product direction described herein, and will be 
able to devise alternatives and improvements to those 
described herein that are nevertheless considered to be 
within the claims of the present patent. 

Although only a few exemplary embodiments of this 
disclosure have been described in detail above, those skilled 
in the art will readily appreciate that many modifications are 
possible in the exemplary embodiments without materially 
departing from the novel apparatus and processes described 
herein. Accordingly, all Such modifications are intended to 
be included within the scope of this disclosure as defined in 
the following claims. In the claims, no clauses are intended 
to be in the means-plus-function format allowed by 35 
U.S.C. S 112, paragraph 6 unless “means for is explicitly 
recited together with an associated function. “Means for 
clauses are intended to cover the structures described herein 
as performing the recited function and not only structural 
equivalents, but also equivalent structures. 

What is claimed is: 
1. An apparatus for conditioning molten glass comprising: 
a flow channel defined by a floor, a roof, and a sidewall 

structure connecting the floor and roof 
the flow channel divided into a plurality of serial sections 
by a series of skimmers extending generally Substan 
tially vertically downward a portion of a distance 
between the roof and floor; 

one or more high momentum combustion burners posi 
tioned immediately upstream of each skimmer in either 
the roof or sidewall structure, or both, to burst at least 
some foamed material retained behind the skimmers 
and floating on top of a molten mass of glass flowing 
in the flow channel by heat and/or direct impingement 
thereon, and 

one or more low momentum combustion burners posi 
tioned immediately downstream of each skimmer in 
either the roof, the sidewall structure, or both, and 
positioned to transfer heat to the molten mass of glass 
without substantial interference from the foamed mate 
rial. 

2. The apparatus of claim 1 comprising a first section 
fluidly and mechanically connecting the flow channel to a 
Submerged combustion glass melter, the roof, floor and 
sidewall structure of the first section configured to promote 
a change of direction of flow of the molten mass of glass, 
wherein the change of direction varies from between about 
30 degrees to about 90 degrees. 

3. The apparatus of claim 2 comprising wherein the first 
section has a first Subsection and a second Subsection, 
wherein the first Subsection causes the mass of molten glass 
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to flow in a first flow direction, and the second subsection 
causes the mass to flow in a direction different from the first 
direction. 

4. The apparatus of claim 3 comprising wherein the first 
subsection has a flow channel width greater than a flow 
channel width of the second subsection. 

5. The apparatus of claim 1 comprising wherein each of 
the plurality of sections has a flow channel width W. W. 
W. . . . W, wherein N represents the Nth flow channel in 
the plurality of sections, and WDW->W> . . . W. 

6. The apparatus of claim 1 comprising wherein the 
sidewall structure of each section has sufficient glass-contact 
refractory to accommodate an operating depth of molten 
mass of glass ranging from about 5 inches (about 13 cm) to 
about 15 inches (about 38 cm). 

7. The apparatus of claim 1 comprising wherein the 
sidewall structure of each section has sufficient glass-contact 
refractory to accommodate an operating depth of molten 
mass of glass ranging from about 5 inches (about 13 cm) to 
about 10 inches (about 25 cm). 

8. The apparatus of claim 1 comprising wherein the 
sidewall structures and floors of each section are comprised 
of glass-contact refractory, wherein the sidewall structure's 
glass-contact refractory extends at least 2 inches (5.1 cm) 
above an operating level of molten mass of glass upstream 
of each skimmer. 

9. The apparatus of claim 8 comprising wherein the 
sidewall structure's glass-contact refractory extends from at 
least 2 inches (5.1 cm) above the level of molten mass of 
glass upstream of each skimmer to about 18 inches (4.6 cm) 
above the operating level of molten mass of glass upstream 
of each skimmer. 

10. The apparatus of claim 8 comprising wherein the 
glass-contact refractory extends at least 2 inches (5.1 cm) 
above the operating level of molten mass of glass in each 
section, with the glass-contact refractory gradually extend 
ing higher up the sidewall structure in each section in 
regions immediately upstream of each skimmer to no less 
than 18 inches (4.6 cm). 

11. The apparatus of claim 1 comprising wherein all of the 
high momentum combustion burners are positioned along a 
centerline of the flow channel in the roof of each section. 

12. The apparatus of claim 1 comprising all of the low 
momentum combustion burners are positioned along a cen 
terline of the flow channel in the roof of each section. 

13. The apparatus of claim 1 comprising wherein the 
skimmers are separated along a longitudinal length of the 
flow channel by a separation distance "D' of at least about 
5 feet (152 cm), wherein the separation distance may be the 
same or different from section to section. 

14. The apparatus of claim 13 comprising wherein “D” is 
greater than or equal to about 5 feet (152cm) and less than 
or equal to about 15 feet (456 cm). 

15. The apparatus of claim 1 comprising wherein the flow 
channel of each section N has a height “h, and each 
skimmer has a distal end extending downward at least 
0.5xh and wherein the distal end of each skimmer are 
below an operating level of the molten mass of glass. 

16. The apparatus of claim 1 wherein the high momentum 
burners have a fuel velocity ranging from about 150 ft./ 
second to about 1000 ft./second (about 46 meters/second to 
about 305 meters/second) and an oxidant Velocity ranging 
from about 150 ft./second to about 1000 ft./second (about 46 
meters/second to about 305 meters/second). 

17. The apparatus of claim 1 wherein the low momentum 
burners have a fuel velocity ranging from about 6 ft/second 
to about 40 ft./second (about 2 meters/second to about 12 
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meters/second) and an oxidant Velocity ranging from about 
6 ft./second to about 40 ft/second (about 2 meters/second to 
about 12 meters/second). 

18. A system for conditioning molten glass comprising: 
a Submerged combustion melter comprising a floor, a 

roof, a sidewall structure connecting the floor and roof, 
a melting Zone being defined by the floor, roof and wall 
structure, and a plurality of burners, at least some of 
which are positioned to direct combustion products into 
the melting Zone under a level of molten glass in the 
melting Zone and form a turbulent molten glass, the 
melter vessel comprising a batch feeder attached to the 
wall or roof above the level, and an exit end comprising 
a melter exit structure for discharging the molten glass, 
the melter exit structure fluidly and mechanically con 
necting the melter vessel to a molten glass conditioning 
channel, the melter configured to produce an initial 
foamy molten glass having a density and comprising 
bubbles, at least some of the bubbles forming a bubble 
layer on top of the foamy molten glass; 

the molten glass conditioning channel comprising: 
a flow channel defined by a channel floor, a channel roof, 

and a channel wall structure connecting the channel 
floor and channel roof 

the flow channel divided into a plurality of serial sections 
by a series of skimmers extending generally Substan 
tially vertically downward a portion of a distance 
between the channel roof and channel floor; 

one or more high momentum combustion burners posi 
tioned immediately upstream of each skimmer in either 
the channel roof or channel sidewall structure, or both, 
to burst at least some foamed material retained behind 
the skimmers and floating on top of the molten mass of 
glass flowing in the flow channel by heat and/or direct 
impingement thereon; and 

one or more low momentum combustion burners posi 
tioned immediately downstream of each skimmer in 
either the channel roof, the channel sidewall structure, 
or both, and positioned to transfer heat to the molten 
mass of glass without Substantial interference from the 
foamed material. 

19. The system of claim 18 comprising wherein each of 
the plurality of sections has a flow channel width W. W. 
W. . . . W, wherein N represents the Nth flow channel in 
the plurality of sections, and WDW->W> . . . W. 

20. The system of claim 18 comprising wherein the 
sidewall structure of each section has sufficient glass-contact 
refractory to accommodate an operating depth of molten 
mass of glass ranging from about 5 inches (about 13 cm) to 
about 15 inches (about 38 cm). 

21. The system of claim 18 comprising wherein the 
sidewall structure of each section has sufficient glass-contact 
refractory to accommodate an operating depth of molten 
mass of glass ranging from about 5 inches (about 13 cm) to 
about 10 inches (about 25 cm). 

22. The system of claim 18 comprising wherein the 
sidewall structures and floors of each section are comprised 
of glass-contact refractory, wherein the sidewall structure's 
glass-contact refractory extends at least 2 inches (5.1 cm) 
above an operating level of molten mass of glass upstream 
of each skimmer. 

23. The system of claim 22 comprising wherein the 
sidewall structure’s glass-contact refractory extends from at 
least 2 inches (5.1 cm) above the level of molten mass of 
glass upstream of each skimmer to about 18 inches (4.6 cm) 
above the operating level of molten mass of glass upstream 
of each skimmer. 
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24. The system of claim 22 comprising wherein the 

glass-contact refractory extends at least 2 inches (5.1 cm) 
above the operating level of molten mass of glass in each 
section, with the glass-contact refractory gradually extend 
ing higher up the sidewall structure in each section in 
regions immediately upstream of each skimmer to no less 
than 18 inches (4.6 cm). 

25. The system of claim 18 comprising wherein all of the 
high momentum combustion burners are positioned along a 
centerline of the flow channel in the roof of each section. 

26. The system of claim 18 comprising all of the low 
momentum combustion burners are positioned along a cen 
terline of the flow channel in the roof of each section. 

27. The system of claim 18 comprising wherein the 
skimmers are separated along a longitudinal length of the 
flow channel by a separation distance "D' of at least about 
5 feet (152 cm), wherein the separation distance may be the 
same or different from section to section. 

28. The system of claim 25 comprising wherein “D” is 
greater than or equal to about 5 feet (152cm) and less than 
or equal to about 15 feet (456 cm). 

29. The system of claim 18 comprising wherein the flow 
channel of each section N has a height “h, and each 
skimmer has a distal end extending downward at least 
0.5xh and wherein the distal end of each skimmer are 
below an operating level of the molten mass of glass. 

30. The system of claim 18 wherein one or more of the 
high momentum burners are adjustable with respect to 
direction of flow of their combustion products. 

31. The system of claim 18 wherein one or more of the 
low momentum burners are adjustable with respect to direc 
tion of flow of their combustion products. 

32. The system of claim 18 wherein the high momentum 
burners have a fuel velocity ranging from about 150 ft./ 
second to about 1000 ft./second (about 46 meters/second to 
about 305 meters/second) and an oxidant Velocity ranging 
from about 150 ft./second to about 1000 ft./second (about 46 
meters/second to about 305 meters/second). 

33. A method for conditioning molten glass comprising: 
a) routing an initial foamy molten glass into a condition 

ing channel, the initial foamy molten glass having a 
density and comprising bubbles, at least some of the 
bubbles forming a bubble layer on top of the foamy 
molten glass, the conditioning channel comprising a 
flow channel defined by a channel floor, a channel roof, 
and a channel sidewall structure connecting the channel 
floor and channel roof, the flow channel divided into a 
plurality of serial sections by a series of skimmers 
extending generally Substantially vertically downward 
a portion of a distance between the channel roof and 
channel floor; 

b) positioning one or more high momentum combustion 
burners immediately upstream of each skimmer in 
either the channel roof or channel sidewall structure, or 
both; 

c) operating the high momentum burners to route com 
bustion products from the high momentum burners to 
impact at least a portion of bubbles in the bubble layer 
on the foamy molten glass retained behind the skim 
mers with sufficient force and/or heat to burst at least 
some of the bubbles; and 

d) positioning one or more low momentum combustion 
burners immediately downstream of each skimmer in 
either the channel roof, the channel sidewall structure, 
or both; and 

e) operating the low momentum burners to route com 
bustion products from the low momentum burners to 
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transfer heat to the molten mass of glass without 
Substantial interference from the foamed material. 

34. The method of claim 33 comprising adjusting one or 
more of the high momentum burners with respect to direc 
tion of flow of their combustion products. 

35. The method of claim 33 comprising adjusting fuel 
Velocity of the high momentum burners to a value ranging 
from about 150 ft./second to about 1000 ft./second (about 46 
meters/second to about 305 meters/second) and adjusting 
oxidant velocity to a value ranging from about 150 ft./ 
second to about 1000 ft./second (about 46 meters/second to 
about 305 meters/second), wherein the fuel and oxidant 
velocities may be the same or different. 

36. The method of claim 33 comprising adjusting fuel 
Velocity of the low momentum burners to a value ranging 
from about 6 ft/second to about 40 ft./second (about 2 
meters/second to about 12 meters/second) and adjusting 
oxidant Velocity to a value ranging from about 6 ft/second 
to about 40 ft./second (about 2 meters/second to about 12 
meters/second), wherein the fuel and oxidant Velocities may 
be the same or different. 

37. A method for conditioning molten glass comprising: 
a) melting glass-forming materials in a Submerged com 

bustion melter comprising a floor, a roof, and a sidewall 
structure connecting the floor and roof, the melter 
comprising one or more Submerged combustion burn 
ers and a molten glass outlet, producing an initial 
foamy molten glass having a density and comprising 
bubbles, at least some of the bubbles forming a bubble 
layer on top of the foamy molten glass; 

b) routing the initial foamy molten glass into a condition 
ing channel, the conditioning channel comprising a 
flow channel defined by a channel floor, a channel roof, 
and a channel wall structure connecting the channel 
floor and channel roof, the flow channel divided into a 
plurality of serial sections by a series of skimmers 
extending generally Substantially vertically downward 
a portion of a distance between the channel roof and 
channel floor; 

c) positioning one or more high momentum combustion 
burners immediately upstream of each skimmer in 
either the channel roof or channel sidewall structure, or 
both; 

d) operating the high momentum burners to route com 
bustion products from the high momentum burners to 
impact at least a portion of bubbles in the bubble layer 
on the foamy molten glass retained behind the skim 
mers with sufficient force and/or heat to burst at least 
some of the bubbles; 

e) positioning one or more low momentum combustion 
burners immediately downstream of each skimmer in 
either the channel roof, the channel sidewall structure, 
or both; and 

f) operating the low momentum burners to route combus 
tion products from the low momentum burners to 
transfer heat to the molten mass of glass without 
Substantial interference from the foamed material. 

38. The method of claim 37 comprising adjusting one or 
more of the high momentum burners with respect to direc 
tion of flow of their combustion products. 

39. The method of claim 37 comprising adjusting fuel 
Velocity of the high momentum burners to a value ranging 
from about 150 ft./second to about 1000 ft./second (about 46 
meters/second to about 305 meters/second) and adjusting 
oxidant velocity to a value ranging from about 150 ft./ 
second to about 1000 ft./second (about 46 meters/second to 

22 
about 305 meters/second), wherein the fuel and oxidant 
velocities may be the same or different. 

40. The method of claim 37 comprising adjusting fuel 
Velocity of the low momentum burners to a value ranging 

5 from about 6 ft/second to about 40 ft./second (about 2 
meters/second to about 12 meters/second) and adjusting 
oxidant Velocity to a value ranging from about 6 ft/second 
to about 40 ft./second (about 2 meters/second to about 12 
meters/second), wherein the fuel and oxidant Velocities may 
be the same or different. 

41. An apparatus for conditioning molten glass compris 
ing. 

a flow channel defined by a floor, a roof, and a sidewall 
structure connecting the floor and roof 

the flow channel divided into two sections by a skimmer 
extending generally substantially vertically downward 
a portion of a distance between the roof and floor, 

One or more high momentum combustion burners posi 
tioned upstream of the skimmer in either the roof or 
sidewall structure, or both, to burst at least some 
foamed material retained behind the skimmers and 
floating on top of a molten mass of glass flowing in the 
flow channel by heat and/or direct impingement 
thereon, and 

One or more low momentum combustion burners posi 
tioned downstream of the skimmer in either the roof the 
sidewall structure, or both, and positioned to transfer 
heat to the molten mass of glass without substantial 
interference from the foamed material. 

42. The apparatus of claim 41 comprising: a first section 
fluidly and mechanically connecting the flow channel to a 
submerged combustion glass melter: 

43. The apparatus of claim 42 comprising wherein the 
first section has a first subsection and a second subsection, 

35 wherein the first subsection causes the mass of molten glass 
to flow in a first flow direction, and the second subsection 
causes the mass to flow in a direction different from the first 
direction. 

44. The apparatus of claim 43 comprising wherein the 
40 first subsection has a flow channel width greater than a flow 

channel width of the second subsection. 
45. The apparatus of claim 41 comprising wherein the 

sidewall structure of each section has sufficient glass-con 
tact refractory to accommodate an operating depth of mol 
ten mass of glass ranging from about 5 inches (about 13 cm) 
to about 15 inches (about 38 cm). 

46. The apparatus of claim 41 comprising wherein the 
sidewall structures and floors of each section are comprised 
of glass-contact refractory, wherein the sidewall structure's 
glass-contact refractory extends at least 2 inches (5.1 cm) 
above an operating level of molten mass of glass upstream 
of each skimmer. 

47. The apparatus of claim 41 comprising wherein all of 
the high momentum combustion burners are positioned 
along a centerline of the flow channel in the roof of each 
Section. 

48. The apparatus of claim 41 comprising all of the low 
momentum combustion burners are positioned along a cen 
terline of the flow channel in the roof of each section. 

49. The apparatus of claim 41 comprising wherein the 
skimmers are separated along a longitudinal length of the 
flow channel by a separation distance 'D' of at least about 
5 feet (152cm), wherein the separation distance may be the 
same or different from section to section. 

50. The apparatus of claim 41 comprising wherein the 
flow channel of each section N has a height "hy', and each 
skimmer has a distal end extending downward at least 
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0.5xh and wherein the distal end of each skimmer are 
below an operating level of the molten mass of glass. 

51. The apparatus of claim 41 wherein the high momen 
tum burners have a fiel velocity ranging from about 150 
fi./second to about 1000 ft/second (about 46 meters/second 
to about 305 meters/second) and an oxidant velocity ranging 
from about 150 ft/second to about 1000 ft/second (about 46 
meters/second to about 305 meters/second) and the low 
momentum burners have a fuel velocity ranging from about 
6 ft/second to about 40 ft./second (about 2 meters/second to 
about 12 meters/second) and an oxidant velocity ranging 
from about 6 ft/second to about 40 ft./second (about 2 
meters/second to about 12 meters/second). 

52. The apparatus of claim 41 wherein the flow channel 
has a shape selected from One or more of rectangular, 
U-shaped, or V-shaped. 

53. A method for conditioning molten glass comprising: 
a) routing an initial foamy molten glass into a condition 

ing channel and under a skimmer; the initial foamy 
molten glass having a density and comprising bubbles, 
the conditioning channel comprising a flow channel 
defined by a channel floor; a channel roof, and a 
channel sidewall structure connecting the channel floor 
and channel roof the skimmer extending generally 
substantially vertically downward a portion of a dis 
tance between the channel roof and channel floor, 
thereby collecting foam into a region of high bubble 
volume on top of the molten glass upstream of the 
Skimmer, 

b) positioning one or more high momentum combustion 
burners above the region of high bubble volume 
upstream of the skimmer in either the channel roof or 
channel sidewall structure, or both, 

c) operating the high momentum burners to route com 
bustion products from the high momentum burners to 
impact at least a portion of bubbles in the region of 
high bubble volume on the molten glass retained behind 
the skimmers with sufficient force and/or heat to burst 
at least some of the bubbles, and 

d) positioning one or more low momentum combustion 
burners downstream of each skimmer in either the 
channel roof the channel sidewall structure, or both, 
and 

e) operating the low momentum burners to route com 
bustion products from the low momentum burners to 
transfer heat to the molten mass of glass without 
substantial interference from the foamed material. 

54. The method of claim 53 filrther comprising: 
receiving the initial foamy molten glass from a submerged 

combustion melter: 
55. The method of claim 53 comprising: 
adjusting fuel velocity of the high momentum burners to 

a value ranging from about 150 ft./second to about 
1000 ft./second (about 46 meters/second to about 305 
meters/second) and adjusting oxidant velocity to a 
value ranging from about 150 ft./second to about 1000 
fi./second (about 46 meters/second to about 305 
meters/second), wherein the fiel and Oxidant velocities 
may be the same or different, and 

adjusting fiel velocity of the low momentum burners to a 
value ranging from about 6 ft/second to about 40 
fi./second (about 2 meters/second to about 12 meters/ 
second) and adjusting oxidant velocity to a value 
ranging from about 6 ft/second to about 40 ft./second 
(about 2 meters/second to about 12 meters/second), 
wherein the fiel and Oxidant velocities may be the same 
or different. 
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56. A method for conditioning molten glass comprising: 
a) routing an initial foamy molten glass under a skimmer, 

thereby collecting foam into a region of high bubble 
volume on top of the molten glass upstream of the 
Skimmer, 

b) directing combustion products from at least one high 
momentum burner onto the region of high bubble 
volume on the molten glass with sufficient force and/or 
heat to burst at least some bubbles of the region of high 
bubble volume, and 

c) directing combustion products from at least one low 
momentum burner to transfer heat to the molten glass 
downstream of the skimmer: 

57. The method of claim 56 filrther comprising: 
positioning one or more high momentum combustion 

burners above the collected region of high bubble 
volume upstream of the skimmer, and 

positioning one or more low momentum combustion burn 
ers above the molten glass downstream of the skimmer. 

58. The method of claim 56 filrther comprising: 
receiving the initial foamy molten glass from a submerged 

combustion melter: 
59. The method of claim 58 filrther comprising: 
melting one or more of limestone, glass, sand, soda ash, 

feldspar, SiO, Al-O, Fe O, MgO, BO, NaO, KO, 
TiO, and F in the submerged combustion melter to 
create the initially foamy molten glass. 

60. A method for conditioning molten glass comprising: 
a) providing a conditioning channel comprising a flow 

channel defined by a channel floor; a channel roof, and 
a channel sidewall structure connecting the channel 
floor and channel roof, the conditioning channel having 
One more skimmers extending generally substantially 
vertically downward a portion of a distance between 
the channel roof and channel floor, 

b) routing an initial foamy molten glass having a density 
and comprising bubbles into the conditioning channel 
and under the One or more skimmers, thereby causing 
One or more regions of high bubble volume to collect on 
top of the molten glass at One or more first locations in 
the conditioning channel 

c) operating at least one high momentum burner above 
each of the One or more first locations to route com 
bustion products from the high momentum burners to 
impact at least a portion of bubbles in the One or more 
regions of high bubble volume with sufficient force 
and/or heat to burst at least some of the bubbles, and 

d) Operating at least one low momentum burner to route 
combustion products from the low momentum burner to 
transfer heat to the top of molten glass at a second 
location where regions of high bubble volume are not 
formed. 

61. The method of claim 60 filrther comprising: 
positioning one or more low momentum combustion burn 

ers in either the channel roof the channel sidewall 
structure, or both, at second locations where regions of 
high bubble layers are not formed; and 

positioning one or more high momentum combustion 
burners above the One or more first locations in either 
the channel roof or channel sidewall structure, or both. 

62. A method for conditioning molten glass comprising: 
a) providing a conditioning channel comprising a flow 

channel defined by a channel floor; a channel roof, and 
a channel sidewall structure connecting the channel 
floor and channel roof 

b) separating the conditioning channel into a plurality 
sections by positioning one or more skimmers in the 
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conditioning channel, each skimmer extending gener 
ally substantially vertically downward a portion of a 
distance between the channel roof and channel floor, 

c) positioning at least one high momentum burner and at 
least One low momentum burner in at least one of the 
plurality of sections in either the channel roof or 
channel sidewall structure, or both, 

d) routing an initial foamy molten glass having a density 
and comprising bubbles into the conditioning channel 
and under the One or more skimmers, thereby causing 
a region of high bubble volume to collect on top of the 
molten glass in a downstream portion of at least one 
Section, 

e) operating at least one high momentum burner above 
the region of high bubble volume in the at least one 
section to impact at least a portion of bubbles in the 
region with sufficient force and/or heat to burst at least 
some of the bubbles, and 

f) Operating at least one low momentum burner to route 
combustion products from the low momentum burners 
to transfer heat to the top of molten glass in upstream 
portions of each section where regions of high bubble 
volume are not formed. 

63. The method of claim 62 filrther comprising: 
receiving the initial foamy molten glass from a submerged 

combustion melter: 
64. The method of claim 63 filrther comprising: 
melting one or more of limestone, glass, sand, soda ash, 

feldspar, SiO, Al Og, Fe O, MgO, BO, NaO, KO, 
TiO, and F in the submerged combustion melter to 
create the initially foamy molten glass. 

65. An apparatus for conditioning molten glass compris 
ing. 

a flow channel defined by a floor; a roof, and a sidewall 
structure connecting the floor and roof 

the flow channel divided into a plurality of serial sections 
by a series of skimmers extending generally substan 
tially vertically downward a portion of a distance 
between the roof and floor, 

One or more high momentum combustion burners posi 
tioned upstream of each skimmer in either the roof or 
sidewall structure, or both, to burst at least some 
foamed material retained behind the skimmers and 
floating on top of a molten mass of glass flowing in the 
flow channel by heat and/or direct impingement 
thereon, and 

One or more low momentum combustion burners posi 
tioned downstream of each skimmer in either the roof, 
the sidewall structure, or both, and positioned to trans 
fer heat to the molten mass of glass without substantial 
interference from the foamed material. 

66. A system for conditioning molten glass comprising: 
a submerged combustion melter comprising a floor, a 

roof a sidewall structure connecting the floor and roof, 
a melting zone being defined by the floor; roof and wall 
structure, and a plurality of burners, at least some of 
which are positioned to direct combustion products into 
the melting zone under a level of molten glass in the 
melting zone and form a turbulent molten glass, the 
melter vessel comprising a batch feeder attached to the 
wall or roof above the level, and an exit end comprising 
a melter exit structure for discharging the molten glass, 
the melter exit structure fluidly and mechanically con 
necting the melter vessel to a molten glass conditioning 
channel, the melter configured to produce an initial 
foamy molten glass having a density and comprising 
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bubbles, at least some of the bubbles forming a bubble 
layer on top of the foamy molten glass, 

the molten glass conditioning channel comprising: 
a flow channel defined by a channel floor; a channel roof, 
and a channel wall structure connecting the channel 
floor and channel roof 

the flow channel divided into a plurality of serial sections 
by a series of skimmers extending generally substan 
tially vertically downward a portion of a distance 
between the channel roof and channel floor, 

One or more high momentum combustion burners posi 
tioned upstream of each skimmer in either the channel 
roof or channel sidewall structure, or both, to burst at 
least some foamed material retained behind the skin 
mers and floating on top of the molten mass of glass 
flowing in the flow channel by heat and/or direct 
impingement thereon, and 

One or more low momentum combustion burners posi 
tioned downstream of each skimmer in either the chan 
nel roof the channel sidewall structure, or both, and 
positioned to transfer heat to the molten mass of glass 
without substantial interference from the foamed mate 
rial. 

67. A method for conditioning molten glass comprising: 
a) routing an initial foamy molten glass into a condition 

ing channel, the initial foamy molten glass having a 
density and comprising bubbles, at least some of the 
bubbles forming a bubble layer on top of the foamy 
molten glass, the conditioning channel comprising a 
flow channel defined by a channel floor; a channel roof, 
and a channel sidewall structure connecting the chan 
nel floor and channel roof the flow channel divided 
into a plurality of serial sections by a series of skin 
mers extending generally substantially vertically down 
ward a portion of a distance between the channel roof 
and channel floor, 

b) positioning one or more high momentum combustion 
burners upstream of each skimmer in either the channel 
roof or channel sidewall structure, or both, 

c) operating the high momentum burners to route com 
bustion products from the high momentum burners to 
impact at least a portion of bubbles in the bubble layer 
On the foamy molten glass retained behind the skin 
mers with sufficient force and/or heat to burst at least 
some of the bubbles, and 

d) positioning One or more low momentum combustion 
burners downstream of each skimmer in either the 
channel roof the channel sidewall structure, or both, 
and 

e) operating the low momentum burners to route com 
bustion products from the low momentum burners to 
transfer heat to the molten mass of glass without 
substantial interference from the foamed material. 

68. A method for conditioning molten glass comprising: 
a) melting glass-forming materials in a submerged com 

bustion melter comprising a floor, a roof, and a side 
wall structure connecting the floor and roof the melter 
comprising one or more submerged combustion burn 
ers and a molten glass outlet, producing an initial 
foamy molten glass having a density and comprising 
bubbles, at least some of the bubbles forming a bubble 
layer on top of the foamy molten glass, 

b) routing the initial foamy molten glass into a condition 
ing channel, the conditioning channel comprising a 
flow channel defined by a channel floor; a channel roof, 
and a channel wall structure connecting the channel 
floor and channel roof the flow channel divided into a 
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plurality of serial sections by a series of skimmers 
extending generally substantially vertically downward 
a portion of a distance between the channel roof and 
channel floor, 

c) positioning One or more high momentum combustion 
burners upstream of each skimmer in either the channel 
roof or channel sidewall structure, or both, 

d) operating the high momentum burners to route com 
bustion products from the high momentum burners to 
impact at least a portion of bubbles in the bubble layer 
On the foamy molten glass retained behind the skin 
mers with sufficient force and/or heat to burst at least 
some of the bubbles, 

e) positioning one or more low momentum combustion 
burners downstream of each skimmer in either the 
channel roof the channel sidewall structure, or both, 
and 

f) Operating the low momentum burners to route combustion 
products from the low momentum burners to transfer heat to 
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