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UPWARDLY ANGLED BURNERS IN GLASS FURNACES

Field of the Invention

The present invention relates to the production of glass and more
particularly to improvements in the structure and operation of glassmelting

5  furnaces.

Background of the Invention

In glassmelting furnaces with which the present invention is useful, fuel is
combusted within an enclosure to generate heat of combustion that melts
glassmaking materials which are present in the glassmelting furnace. Such

10 glassmelting furaces can experience any of several operational drawbacks. One
such drawback is the formation of nitrogen oxides by the combustion within the
glassmelting furnace. Another drawback is the possible deterioration of the
interior surface of the roof (the “crown™) over the furnace, which is believed to be
caused by the interaction of the interior surface of the crown with volatile

15  substances emanating from the molten glassmaking materials. The present
invention provides a unique furnace structure and mode of operation which

enables the reduction or avoidance of these drawbacks.

U.S. Patent No. 6,253,578 discloses a furnace structure that reduces the
risk of damage to the crown of a furnace. This structure, while useful, is

20 potentially too limited in applicability to real-life glassmaking operations.

U.S. Patent No. 8,256,245 discloses a glassmelting furnace in which a
burner is directed toward the glassmaking materials. The present invention differs

from this disclosure and is believed to provide superior operational advantages.
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Brief Summary of the Invention

One aspect of the present invention is a furnace comprising:

(A) arear wall and a front wall which face each other, and two side
walls which face each other, the four walls defining an enclosure, a crown over
the enclosure and in contact with the four walls, at least one opening through
which glassmaking material can be fed into the enclosure to be melted, at least
one opening in the front wall through which molten glass can leave the enclosure,
and a layer of molten glass within the enclosure and contacting the interiors of the
four walls, wherein the distance from the top surface of the molten glass to the

junction of the side walls and the crown is 3.5 to 5.5 feet; and

(B) atleast one burner, situated in an opening in a side wall which is
between 35% and 65% of the distance from the top surface of the molten glass to
the top of the side wall, wherein the burner is oriented to be able to produce a
flame extending into the enclosure toward the crown that lies along a line that
forms an angle of up to 15 degrees relative 1o a horizontal plane passing through

the burner.

Another aspect of the present invention is a glassmelting method

comprising:

(A)  providing glassmaking material in a furnace comprising a rear wall
and a front wall which face each other, and two side walls which face each other,
the four walls defining an enclosure, a crown over the enclosure and in contact
with the four walls, at least one opening through which material can be fed into
the enclosure to be melted, at least one opening in the front wall through which
molten glass can leave the enclosure, and a layer of molten glass within the
enclosure and contacting the interiors of the four walls, wherein the distance from
the top surface of the molten glass to the junction of the side walls and the crown

18 3.5 t0 5.5 feet; and
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(B)  combusting fuel and gaseous oxidant in a burner which is situated
in an opening in a side wall that is between 35% and 65% of the distance from the
top surface of the molten glass to the top of the side wall, and which is oriented to
produce a flame extending into the enclosure toward the crown that lies along a
line which forms an angle of up to 15 degrees relative to a horizontal plane
passing through the burner, and wherein the visible portions of the flame do not
contact the opposing side wall, do not contact the molten glass, and do not contact

the crown.

Another aspect of the present invention is a glassmelting method

comprising:

(A) providing glassmaking material in a furnace comprising a rear wall
and a front wall which face each other, and two side walls which face each other,
the four walls defining an enclosure, a crown over the enclosure and in contact
with the four walls, at least one opening through which material can be fed into
the enclosure to be melted, at least one opening in the front wall through which
molten glass can leave the enclosure, and a layer of molten glass within the
enclosure and contacting the interiors of the four walls, wherein the distance from
the top surface of the molten glass to the junction of the side walls and the crown

is 3.5t0 5.5 feet; and

(B) feeding gaseous oxidant having an oxygen content of at least 21 vol.%
and fuel to combusting fuel and gaseous oxidant in a burner which is situated in
an opening in a side wall that is between 35% and 65% of the distance from the
top surface of the molten glass to the top of the side wall, and which is oriented to
produce a flame extending into the enclosure toward the crown that lies along a
line which forms an angle of greater than zero degrees up to 15 degrees relative to
a horizontal plane passing through the burner, and combusting in said burner said
gascous oxidant and said fuel furl that are fed to said burner, wherein the visible
portions of the flame do not contact the opposing side wall, do not contact the

molten glass, and do not contact the crown,

CA 2971701 2018-09-26



wherein said combustion forms a layer at or near the top surface of the flame,
which contains uncombusted fuel, partially combusted fuel, and byproducts of
partial combustion of the fuel, and in which the total amount of uncombusted fuel,
partially combusted fuel, and byproducts of partial combustion of the fuel is

5 higher than the amount thereof in the regions of the flame below that layer.

Brief Description of the Drawings

Figure 1 is a perspective schematic view of a glassmelting furnace with

which the present invention can be practiced.
Figure 2 is a top view of the furnacc of Figure 1.

10 Figure 3 is a cross-sectional view of the furnace of Figure 1, taken along a

vertical plane through a burner 11.
Figure 4A is a perspective view of a burner uscful in the present invention.
Figure 4B is a top view of the burner of Figure 4A.

Figure S is a front plan view of another burner useful in the present

15 invention,

3a

CA 2971701 2018-09-26
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Detailed Description of the Invention

Referring to Figures 1, 2 and 3, furnace 1 is a glassmelting furnace or any
other furnace in which a charge is exposed to very high temperatures provided by
combustion within the furnace. Examples of other furnaces with which the present
invention may be practiced include incinerators, and furnaces for melting
nonferrous such as copper or aluminum, and furnaces for heating or reheating iron

and steel objects such as bars, rods, and ingots.

In a glassmelting furnace, glassmaking ingredients such as soda ash, niter,
silica, sodium silicate, and/or pieces of broken glass (“cullet”) are fed into the
furnace through feed port 31 (Figure 2) where they are melted together to form a
bath 6 of molten glass. Furnace 1 includes side walls 2A and 2B, end wall 3, and
front wall 4 which includes opening 9 through which molten glass which is
present in the interior of furnace can flow out of furnace 1. Crown 5, which is
shown in Figure 3, abuts side walls 2A and 2B, end wall 3, and front wall 4. The
top of side wall 2A and 2B is considered to be the location where the interior of
the furnace changes away from the slope (usually vertical) of the side walls to the
orientation of the crown interior surface 23 which can be curved (as shown in
Figure 3) or planar, such as horizontal or angled with respect to the vertical.
Crown S is not shown in Figures 1 and 2, for ease of viewing the interior of

furnace 1.

Furnace 1 can be provided with one burner 11 but is preferably provided
with a plurality of burners 11, in side walls 2A and 2B. Figures 1 and 2 illustrate
one of many possible embodiments of such an arrangement, with burners in
opposing side walls being provided in staggered arrangement so that the burners

do not directly face each other.

Each burner 11 is fed gaseous oxidant 15, and fuel 16. Suitable oxidants

and fuels are described further herein.

Referring to Figure 3, burner 11 (which as stated can be the only such

burner present or is preferably one of numerous other such burners 11 in one or

CA 2971701 2018-09-26



WO 2016/106035

10

15

20

25

30

CA 02971701 2017-06-20

preferably both side walls of the furnace) situated in side wall 2A so that the
distance from the top surface 8 of the molten glass 6 to the opening 39 in the side
wall 1s 35% to 65% of the overall distance from the top surface of the molten

glass 8 to the top of the side wall 2A in which opening 39 is located.

The burner or burners 11 in accordance with the present invention are
installed so that the burner produces a flame which extends from the burner, at or
through an opening 39 in the side wall, upward toward the crown 5, along a line
A-A that forms an angle G of up to 15 degrees (preferably greater than zero
degrees) relative to a horizontal plane H-H that passes through the burner. The
line A-A is considered to be the imaginary line which is equidistant (equally
spaced) from the outermost edges of the flame and which extends in the direction
from the burner outlet into the furnace. For example, where the burner forms a
wide, flat flame, the line A-A is considered to be the imaginary line which lies in
the plane of the flame and is equidistant from the outer edges of the flame in the
plane; and where the burner forms a conical flame, the line A-A is considered to
be the imaginary line which is the axis of rotation of that conical shape. The line
A-A is considered to meet the burner at an opening of the burner from which fuel

and oxygen emerge and are combusted.

The line A-A along which the flame extends from the bumner preferably
lies in a vertical plane which is perpendicular to the side wall from which the
flame extends into the furnace. That is, in a furnace in which the four walls form a
rectangle, the flame preferably extends “straight across™ the furnace interior
towards the opposing side wall. However, this vertical plane can form an angle of

up to 30 degrees relative to the side wall from which the flame extends.

In operation, each burner 11 combusts gaseous oxidant 15 and fuel 16,
within the interior of furnace 1. Gaseous oxidant 15 is fed into each burner 11.
Oxidant 15 is any gas or gaseous mixture that contains oxygen. One suitable
oxidant 15 is air, having an oxygen content of 20.9 vol.%. Preferably, gaseous
oxidant 15 has an oxygen content of at least 21 vol.%, more preferably greater

than 50 vol., even more preferably greater than 85 vol.%.

PCT/US2015/065997
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The oxidant 15 having the desired oxygen content can be provided in any
of several ways. It can be obtained from a separate commercial source already at
the desired oxygen content. It can be obtained by combining air and a higher-
content stream whose oxygen content is higher than the desired final oxygen
content for oxidant 15; in this case the higher-content stream can be obtained from
a separate commercial source, or can be produced by an on-site commercial air
separation unit which produces a product stream having an oxygen content higher

than the desired overall oxygen content of oxidant 15.

Suitable fuels 16 include any gaseous or liquid hydrocarbon, such as oil or
a hydrocarbon or mixture of hydrocarbons that are liquid at standard conditions
(that is, at 25C and 1 atmosphere pressure). Preferred fuels are hydrocarbons
which are gaseous at standard conditions, such as natural gas, methane, propane,

and the like.

Oxidant 15, or fuel 16, or both of them, can be fed to each burner 11 from
the source thereof through feed lines that are separate for each burner.
Alternatively, oxidant 15, or fuel 16, or both, can be fed to multiple burners 11

through a manifold which is fed by one feed line from the source thereof.

The oxidant and the fuel are fed to the burner or burners 11 and
combusted. The velocities, and the stoichiometric ratio, are provided as disclosed

herein to achieve the benefits of the present invention.

The oxidant and the fuel should be fed to each burner 11 at velocities such
that when the oxidant and fuel combust at the burner, no part of the visible flame
that results from the combustion should contact the side wall of the furnace 1
opposite from the side wall in which the burner is located. This helps to protect

the opposing side wall from excessive deterioration.

In addition, the oxidant and the fuel should be fed to the burner 11 at
velocities such that no part of the visible flame that is formed by the combustion
of the oxidant and the fuel contacts the surface 8 of the molten glass 6. The visible

flame is depicted in Figure 3 as flame 41.
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Furthermore, the velocities at which the oxidant and the fuel are fed to
burner 11 should be such that no part of the visible flame that is formed by the

combustion of the oxidant and fuel contacts the interior surface of crown 5.

These conditions are satisfied by appropriately providing the respective
velocities of the oxidant and the fuel. Typical examples of suitable velocities in
the central pipes of the burner gas supply are an oxidant velocity in the range of
70 to 350 (ft/s) and a fuel velocity of 70 to 200 (ft/s).

The flame produced at burner 11 in accordance with this invention is
characterized in that the radiative heat flux from the upper surface of the flame
(seen as 81 in Figure 3), toward the crown 5, at any given distance from the upper
surface of the flame, is less than the radiative heat flux from the lower surface of
the flame (seen as 82 in Figure 3), toward the molten glass 6, at the same given

distance from the lower surface of the flame.

This condition can be achieved by carrying out the combustion under
conditions which promote the formation of a layer 83 at or near the top surface of
the flame, in which the total amount of uncombusted fuel, partially combusted
fuel, and byproducts of partial combustion of the fuel, is higher than the amount
thereof in the regions of the flame below that layer. Such uncombusted fuel,
partially combusted fuel, and byproducts of partial combustion, can also be
referred to as “soot”. This condition can be achieved by employing “staged
combustion”, that is, combustion wherein the fuel is fed into the furnace adjacent
to where only a portion of the total amount of oxygen needed for complete
combustion of the fuel is fed into the furnace, and the remaining amount of
oxygen needed for complete combustion of the fuel is fed into the furnace from a

greater distance away from where the fuel is fed.

The formation of the desired layer 83 can be promoted by carrying out
combustion with burners that feed fuel and oxidant at different elevations above
the molten glass 6, wherein the fuel (and, preferably, only a portion of the oxidant

for complete combustion of that fuel) is fed at an elevation above where the
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stoichiometric balance of the oxidant is fed. Examples of burners suitable for
operation in this way are shown in Figures 4A, 4B and 5. The burner of Figures
4A and 4B is of the type described in U.S. Patent No. 6,132,204 and is often
referred to as a wide flame burner because the flame that it typically produces is

5 wide and relatively flat.

In Figure 4A, burner 11 takes the form of burner 61 which includes an
upper rank 62 of orifices 64, 66 and 68, and a lower rank 63 of orifices 65, 67 and
69. Orifice 64 is at the end of a passage through which is fed one or the other of
oxidant or fuel, preferably oxidant. Orifice 64b is at the end of a passage through
10 which is fed the other of oxidant or fuel, preferably fuel. Orifice 64b is within
orifice 64 and is preferably concentrically situated in orifice 64, forming annular

space 64c.

In similar manner, orifice 66 is at the end of a passage through which is
fed one or the other of oxidant or fuel, preferably oxidant. Orifice 66b is at the end
15 of a passage through which is fed the other of oxidant or fuel, preferably fuel.
Orifice 66b is within orifice 66 and is preferably concentrically situated in orifice
66, forming annular space 66¢. Orifice 68 is at the end of a passage through which
is fed one or the other of oxidant or fuel, preferably oxidant. Orifice 68b is at the
end of a passage through which is fed the other of oxidant or fuel, preferably fuel.
20 Orifice 68b is within orifice 68 and is preferably concentrically situated in orifice

68, forming annular space 68c.

Preferably, as shown better in Figure 4B, orifices 64 and 68 are oriented
so that their respective axes 64a and 68a each form diverging angles relative to
axis 66a of orifice 66. Orifices 65 and 69 are similarly oriented so that their

25  respective axes (not visible in the top view of Figure 4B) each form diverging

angles relative to the axis of orifice 67.

In preferred operation of the burner of Figures 4A and 4B in accordance
with this invention, fuel is fed to and through orifices 64b, 66b and 68b into

furnace 1, and oxidant is fed to and through annular spaces 64c, 66¢ and 68c, into
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furnace 1. Oxidant is fed to and through orifices 65, 67 and 69 into furnace 1, and

the fuel and oxidant combust with each other.

The desired layer 83 in accordance with the present invention is preferably
realized by feeding the fuel through orifices 64b, 66b and 68b, and the oxidant
through orifices 64, 66 and 68, such that the amounts of oxygen fed are in a molar
excess of fuel over oxygen. Preferably, the total amount of oxygen fed through
orifices 64, 66 and 68 should be less than 30% of the total amount of oxygen
needed for complete combustion of the fuel that is fed. The additional amount of
oxygen that is needed to complete the combustion of the fuel is in the oxidant that
is fed through orifices 65, 67 and 69. The uncombusted material in layer 83

combusts in the furnace with this additional oxygen.

In Figure 5, burner 11 takes the form of burner 71, which includes upper
orifice 72 and lower orifice 73. In preferred operation of the burner of Figure 5 in
accordance with this invention, fuel is fed to and through orifice 72b into furnace
1, and oxidant is fed to and through orifices 72 and 73 into furnace 1, and the fuel
and oxidant combust with each other. The fuel fed through orifice 72b is in
stoichiometric excess relative to the oxygen that is in the oxidant that is fed
through orifice 72, and the stoichiometric balance of oxygen is fed through other

orifices in the furnace.

The combustion in this manner results in layer 83 which shields the crown
from some radiative heat transfer from the flame 81, whereas the lower portions
of the flame (i.e. further from crown 35) provide desirable unimpeded radiative
heat transfer to the molten glass 6. This, and the upward angle of the flame which
leads to reduced velocity of furnace atmosphere at the molten glass surface, in
turn protects the crown from being damaged by excessive heat, and it protects the
crown from the impingement of species in the furnace atmosphere (such as having
evolved from the molten glass) which could react with the crown interior surface

and accelerate the undesired deterioration of that surface.

PCT/US2015/065997
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The operation in accordance with this invention also provides the
advantages that there is lessened generation of nitrogen oxides and of particulate

pollutants in the combustion gases.

10
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WHAT IS CLAIMED |IS:

L A glassmelting method comprising:

(A) providing glassmaking material in a furnace comprising a rear wall
and a front wall which face each other, and two side walls which face each other,
the four walls defining an enclosure, a crown over the enclosure and in contact
with the four walls, at least one opening through which material can be fed into
the enclosure to be melted, at least one opening in the front wall through which
molten glass can leave the enclosure, and a layer of molten glass within the
enclosure and contacting the interiors of the four walls, wherein the distance from
the top surface of the molten glass to the junction of the side walls and the crown

is 3.5 to 5.5 feet; and

(B) feeding gaseous oxidant having an oxygen content of at least 21 vol.%
and fuel to combusting fuel and gaseous oxidant in a burner which is situated in
an opening in a side wall that is between 35% and 65% of the distance from the
top surface of the molten glass to the top of the side wall, and which is oriented to
produce a flame extending into the enclosure toward the crown that lies along a
linc which forms an angle of greater than zero degrees up to 15 degrees relative to
a horizontal plane passing through the burner, and combusting in said burner said
gaseous oxidant and said fuel furl that are fed to said burner, wherein the visible
portions of the flame do not contact the opposing side wall, do not contact the

molten glass, and do not contact the crown,

wherein said combustion forms a layer at or near the top surface of the flame,
which contains uncombusted fuel, partially combusted fuel, and byproducts of
partial combustion of the fuel, and in which the total amount of uncombusted fuel,
partially combusted fuel, and byproducts of partial combustion of the fuel is

higher than the amount thereof in the regions of the flame below that layer.

2, The glassmelting method of claim 1, wherein the velocity of the

gaseous oxidant in the burner is 70 to 350 feet per second.

11

CA 2971701 2018-09-26



3. The glassmeltimg method of claim 1, wherein said combustion is
carried out at a burner that feeds said gaseous oxidant and said fuel at different

elevations above the molten glass.

4. The glassmelting method of claim 1, wherein said combustion is
5 carried out at a burner that feeds said fuel and a portion of said gaseous oxidant at

an elevation above where the stoichiometric balance of the gaseous oxidant is fed.

5. The glassmelting method of claim 1, wherein said combustion is
carried out at a burner that includes an upper rank of orifices each of which
comprises two concentric passages and fuel is fed through one of the concentric

10 passages and a portion of said gaseous oxidant is fed through another of the
concentric passages, and a lower rank of orifices through which is fed gaseous

oxidant.

12
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